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Preface 

The first edition of Chromatographic Analysis of Pharmaceuticals was 
published in 1990. The past years have allowed me to evaluate leads that I 
uncovered during the researching of the first edition, such as the first pub
lished example of the application of chromatography to pharmaceutical 
analysis of medicinal plants. This and other examples are found in a rela
tively rare book, Uber Kapillaranalyse und ihre Anwendung in Pharmazeu-
tichen Laboratorium (Leipzig, 1992), by H. Platz. Capillary analysis, the 
chromatographic technique used, was developed by Friedlieb Runge in the 
mid-1850s and was later refined by Friedrich Goppelsroeder. The principle 
of the analysis was that substances were absorbed on filter paper directly 
from the solutions in which they were dissolved; they then migrated to 
different points on the filter paper. Capillary analysis differed from paper 
chromatography in that no developing solvent was used. We find that, 
from these humble beginnings 150 years ago, the direct descendant of this 
technique, paper chromatography, is still widely used in evaluating radio
pharmaceuticals. 

This second edition updates and expands on coverage of the topics in 
the first edition. It should appeal to chemists and biochemists in pharma
ceutics and biotechnology responsible for analysis of pharmaceuticals. As 
m the first edition, this book focuses on analysis of bulk and formulated 
drug products, and not on analysis of drugs in biological fluids. 

in 



IV Preface 

The overall organization of the first edition — a series of chapters on 
regulatory considerations, sample treatment (manual/robotic), and chro
matographic methods (TLC, GC, HPLC), followed by an applications sec
tion—has been maintained. To provide a more coherent structure to this 
edition, the robotics and sample treatment chapters have been consolidated, 
as have the chapters on gas chromatography and headspace analysis. This 
edition includes two new chapters, on capillary electrophoresis, and super
critical fluid chromatography. These new chapters discuss the hardware 
behind the technique, followed by their respective approaches to methods 
development along with numerous examples. All the chapters have been 
updated with relevant information on proteinaceous pharmaceuticals. The 
applications chapter has been updated to include chromatographic methods 
from the Chinese Pharmacopoeia and updates from U.S. Pharmacopeia 23 
and from the British and European Pharmacopoeias. Methods developed 
by instrument and column manufacturers are also included in an extensive 
table, as are up-to-date references from the chromatographic literature. 

The suggestions of reviewers of the first edition have been incorpo
rated into this edition whenever possible. This work could not have been 
completed in a timely manner without the cooperation of the contributors, 
to whom I am very grateful. 

John A. Adamovics 
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Regulatory Considerations 
for the Chromatographer 

JOHN A. ADAMOVICS Cytogen Corporation, Princeton, 
New Jersey 

I. INTRODUCTION 

Analysis of pharmaceutical preparations by a chromatographic method can 
be traced back to at least the 1920s [1]. By 1955, descending and ascending 
paper chromatography had been described in the United States Pharmaco
peia (USP) for the identification of drug products [2]. Subsequent editions 
introduced gas chromatographic and high-performance liquid chromato
graphic methods. At present, chromatographic methods have clearly be
come the analytical methods of choice, with over 800 cited. 

The following section describes challenges presented to scientists in
volved in the analysis of drug candidates and final products, including the 
current state of validating a chromatographic method. 

И. IMPURITIES 

In the search for new drug candidates, scientists use molecular modeling 
techniques to identify potentially new structural moieties and screen natural 
sources or large families of synthetically related compounds, along with 
modifying exisiting compounds. Once a potentially new drug has been iden-

1 



2 Adamovics 

tified and is being scaled up from the bench to pilot plant manufacturing 
quantities, each batch is analyzed for identity, purity, potency, and safety. 
From these data, specifications are established along with a reference stan
dard against which all future batches will be compared to ensure batch-to-
batch uniformity. 

A good specification is one that provides for material balance. The 
sum of the assay results plus the limits tests should account for 100% of the 
drug within the limits of accuracy and precision for the tests. Limits should 
be set no higher than the level which can be justified by safety data and no 
lower than the level achievable by the manufacturing process and analytical 
variation. Acceptable limits are often set for individual impurities and for 
the total amount of drug-related impurities. Limits should be established 
for by-products of the synthesis arising from side reactions, impurities in 
starting materials, isomerization, enantiomeric impurities, degradation prod
ucts, residual solvents, and inorganic impurities. Drugs derived from bio-
technological processes must also be tested for the components with which 
the drug has come in contact, such as the culture media proteins (albumin, 
transferrin, and insulin) and other additives such as testosterone. This is in 
addition to all the various viral and other adventitious agents whose absence 
must be demonstrated [3]. 

A 0.1% threshold for identification and isolation of impurities from 
all new molecular entities is under consideration by the International Con
ference on Harmonization as an international regulatory standard [4,5]. 
However, where there is evidence to suggest the presence or formation of 
toxic impurities, identification should be attempted. An example of this is 
the 1500 reports of Eosinophilia-Mylagia Syndrome and more than 30 
deaths associated with one impurity present in L-tryptophan which were 
present at the 0.0089% level [6]. 

The process of qualifying an individual impurity or a given impurity 
profile at a specified level(s) is summarized in Table 1.1. Safety studies can 
be conducted on the drug containing the impurity or on the isolated impu
rity. Several decision trees have been proposed describing threshold levels 

Table 1.1 Criteria That Can Be Used for Impurity Qualification 

Impurities already present during preclinical studies and clinical trials 

Structurally identical metabolites present in animal and/or human studies 

Scientific literature 

Evaluation for the need for safety studies of a "decision tree" 
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for qualification and for the safety studies that should be performed [4]. 
For example, a 0.1% threshold would apply when the daily dose exceeds 10 
mg, and a 0.5% threshold at a daily dose of less than 0.1 mg. Alternatively, 
when daily doses exceed 1000 mg per day, levels below 0.1% would not 
have to be qualified, and for daily doses less than 1000 mg, no impurities 
need to be qualified unless their intake exceeds 1 mg. 

The USP [7] provides extensive discussion on impurities in sections 
1086 (Impurities in Offical Articles), 466 (Ordinary Impurities), and 467 
(Organic Volative Impurities). A total impurity level of 2.0% has been 
adopted as a general limit for bulk pharmaceuticals [5]. There have been 
no levels established for the presence of enantiomers in a drug substance/ 
product. This is primarily because the enantiomers may have similiar phar
macological and toxicological profiles, enantiomers may rapidly intercon-
vert in vitro and/or in vivo, one enantiomer is shown to be pharmacologi
cally inactive, synthesis or isloation of the perferred enantiomer is not 
practical, and individual enantiomers exhibit different pharmacologic pro
files and the racemate produces a superior therapeutic effect relative to 
either enantiomer alone [8,9]. 

For biotechnologically derived products the acceptable levels of for
eign proteins should be based on the sensitivity/selectivity of the test 
method, the dose to be given to a patient, the frequency of administration 
of the drug, the source, and the potential immunogenicity of protein con
taminants [10]. Levels of specific foreign proteins range from 4 ppm to 
1000 ppm. 

The third category of drugs are phytotherapeutical preparations; 80% 
of the world population use exclusively plants for the treatment of illnesses 
[11]. Chromatography is relied on to guarantee preparations contain thera
peutically effective doses of active drug and maintain constant batch com
position. A quantitative determination of active principles is performed 
when possible, using pure reference standards. In many phytotherapeutic 
preparations, the active constituents are not known, so marker substances 
or typical constituents of the extract are used for the quantitative determi
nation [11]. The Applications chapter of this book (Chapter 8) contains 
numerous references to the use of chromatographic methods in the control 
of plant extracts. 

Ш. STABILITY 

The International Conference on Harmonization (ICH) has developed 
guidelines for stability testing of new drug substances and products [12-
14]. The guideline outlines the core stability data package required for 
Registration Applications. 
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A. Batch Selection 

For both the drug substance (bulk drug) and drug product (dosage form) 
stability information from accelerated and long-term testing should be pro
vided on at least three batches with a minimum of 12 months' duration at 
the time of submission. 

The batches of drug substance must be manufactured to a minimum 
of pilot scale which follows the same synthetic route and method of manu
facturer that is to be used on a manufacturing scale. For the drug product, 
two of the three batches should be at least pilot scale. The third may be 
smaller. As with the drug substance batches, the processes should mimic the 
intended drug product manufacturing procedure and quality specifications. 

B. Storage Conditions 

The stability storage conditions developed by the ICH are based on the four 
geographic regions of the world defined by climatic zones I ("temperate") 
and II ("subtropical"). Zones III and IV are areas with hot/dry and hot/ 
humid climates, respectively. The stability storage conditions as listed in 
Table 1.2 are arrived at by running average temperatures through an Arr-
henius equation and factoring in humidity and packaging. 

Long-term testing for both drug substance and product will normally 
be every 3 months, over the first year, every 6 months over the second year, 
and then annually. A significant change in stability for drug substance is 
when the substance no longer meets specifications. For the drug product, a 
significant change is when there is a 5% change in potency, exceeded pH 
limits, dissolution failure, or physical attribute failure. If there are signifi
cant changes for all three storage temperatures, the drug substance/product 
should be labeled "store below 250C." For instances where there are no 
significant changes label storage as 15-300C. There should be a direct link 
between the label statement and the stability characteristics. The use of 
terms such as ambient or room temperature are unacceptable [12-14]. 

Table 1.2 Filing Stability Requirements at Time of Submission 

• 12 months long-term data (25°C/60% RH) 

• 6 months accelerated data (40°C/75% RH) 

• If significant change, 6 months accelerated data (30°C/60% RH) 
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C. Biologies 

Degradation pathways for proteins can be separated into two distinct 
classes; chemical and physical. Chemical instability is any process which 
involves modification of the protein by bond formation or cleavage. Physi
cal instability refers to changes in the protein structure through denatur-
ation, adsorption to surfaces, aggregation, and precipitation [15]. 

Stability studies to support a requested shelf life and storage condition 
must be run under real-time, real-temperature conditions [16,17]. The pre
diction of shelf life by using stability studies obtained under stress condi
tions and Arrhenius plots is not meaningful unless it has been demonstrated 
that the chemical reaction accounting for the degradation process follows 
first-order reaction. 

IV. METHODVALIDATION 

The ultimate objective of the method validation process is to produce the 
best analytical results possible. To obtain such results, all of the variables 
of the method should be considered, including sampling procedure, sample 
preparation steps, type of chromatographic sorbent, mobile phase, and 
detection. The extent of the validation rigor depends on the purpose of 
the method. The primary focus of this section will be the validation of 
chromatographic methods. 

The four most common types of analytical procedures are identifica
tion tests, including quantitative measurements for impurities, content, 
limit tests for the control of impurities, and quantitative measure of the 
active component or other selected components in the drug substance [18]. 
Table 1.3 describes the performance characteristics that should be evaluated 
for the common types of analytical procedures [18]. 

A. Specificity 

The specificity of an analytical method is its ability to measure accurately 
an analyte in the presence of interferences that are known to be present in 
the product: synthetic precursors, excipients, enantiomers, and known (or 
likely) degradants that may be present. For separation techniques, this 
means that there is resolution of > 1.5 between the analyte of interest and 
the interferents. 

The means of satisfying the criteria of specificity differs for each type 
of analytical procedure: For identification, in the development phases, it 
would be proof of structure, whereas in quality control, it is comparison to 
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a reference substance [17]; for a purity test, to ensure that all analytical 
procedures allow an accurate statement of the content of impurities of an 
analyte [18,19]; for assay measurements, to ensure that the signal measured 
comes only from the substance being analyzed [18,19]. 

One practical approach to testing the specificity of an analytical 
method is to compare the test results of samples containing impurities ver
sus those not containing impurities. The bias of the test is the difference in 
results between the two types of samples [20]. The assumption to this 
approach is that all the interferents are known and available to the analyst 
for the spiking studies. 

A more universal approach to demonstrating specificity of chromato
graphic methods has been outlined [21]. For peak responses in high-
performance liquid chromatography (HPLC), gas chromatography (GC), 
capillary electrophoresis (CE), or supercritical fluid chromatography (SFC) 
or the spots (bands) in TLC or gel electrophoresis, the primary task is to 
demonstrate that they represent a single component. The peak homogeneity 
of HPLC and GC as well CE and SFC responses can be shown by using a 
mass spectrometer as a specific detector. The constancy of the mass spec
trum of the eluting peak with time is a demonstration of homogeneity, 
albeit not easily quantified [22]. 

Multiple ultraviolet (UV) wavelength detection has become a popular 
approach to evaluating chromatographic peak homogeneity. In the simplest 
form, the ratio between two preselected wavelengths is measured, and for a 
homogenous peak, the ratio remains constant. A ratio plot of pure com
pounds appears as a square wave, whereas an impurity distorts the square 
(Fig. 1.1). This technique is most useful when the spectral properties of the 
overlapping compounds are sufficiently different and total chromatographic 
overlap does not occur [23]. The ability to detect peak overlap can be 
enhanced by stressing (heat, light, pH, and humidity) the analyte of interest 
and evaluating the wavelength ratios. A degradation of 10-15% is consid
ered adequate. The utility of this approach has been demonstrated for 
pipercuronium bromide [23]. Potentially, additional information about 
peak purity can be obtained by recording UV-vis data at the upslope, apex, 

PURE IMPURE 
COMPOUND SAMPLE 

-TL Ги 
Figure 1Д Ratio plots. 



8 Adamovics 

and downslope of a chromatographic response using photodiode array de
tection [24-27]. An example of this approach has been published for a 
method used in assaying an analgesic [28]. 

Peak purity can be assessed with a higher degree of certainty only by 
additional analysis using a significantly different chromatographic mode. 
The collected sample should also be analyzed by techniques that can be 
sensitive to minor structural differences such as nuclear magnetic resonance 
(NMR) spectroscopy [29-31]. 

B. Linearity 

The evaluation of linearity can be best described as the characterization of 
the test method response curve. A plot of the test method response against 
analyte concentration is often expected to be linear over a specified range 
of concentrations. Some assays generate nonlinear curves. 

The function of the standard curve is to allow the prediction of a 
sample concentration interpolated from the standard data. This predictive 
feature does not require linearity of the assay response curve, but only 
that it be a reasonable description of the correlation between response and 
concentration. Attempting, a rigorous fit of a calculated curve fitting to the 
standard data may defeat the function because such rigorous curve fitting 
may emphasize the difference between the sample and the standard assay 
responses. 

The test method response curve is characterized by comparing the 
goodness of fit of calculated concentrations with the actual concentrations 
of the standards. For a linear response, this value would be the correlation 
coefficient derived from a linear regression using least squares. Nonlinear 
response curves require curve fitting calculations with the corresponding 
goodness-of-fit determinations [32]. Plotting the test results graphically as 
a function of analyte concentration on appropriate graph paper may be an 
acceptable alternative to the regression line calculation. 

Experimentally, linearity is determined by a series of injections of 
standards at six different concentrations that span 50-150% of the expected 
working range assay [20]. The AOAC recommends 25-200% of the nomi
nal range of analyte [33] using standards and spiked placebo samples [34]. 
Response linearity for known impurities at 0.05-5.0% of the target analyte 
should also be evaluated [28]. A linear regression equation applied to the 
results should have an intercept not significantly different from zero; if it 
does, it should be demonstrated that there is no effect on the accuracy of 
the method [20]. 

The range of an analytical method is the interval between the upper 
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and lower level of analyte in the sample, for which it has been demonstrated 
that the method has a suitable level of precision, accuracy, and linearity. 

C. Limit of Measurement 

There are two categories within the level of measurement, the first is the 
limit of detection (LOD). This is the point at which a measured value is 
larger than the uncertainty associated with it; for example, the amount of 
sample exhibiting a response three times the baseline noise [34]. The limit 
of detection is commonly used to substantiate that an analyte concentration 
is above or below a certain level, in other words, a limit test [30,35]. 

The second category is referred to as the limit of quantitation. This 
limit is the lowest concentration of analyte in a sample that can be deter
mined with acceptable precision and accuracy; for example, the lowest 
amount of analyte for which duplicate injections resulted in a relative stan
dard deviation (RSD) of <2% [34]. Limit of quantitation is commonly 
used for impurity and degradant assays of drug substances and products 
[35]. 

The limit of measurement for an analyte is not a unique constant 
because of day-to-day variation in detector response. Extensive discussions 
of these limits have been published [36,37]. 

D. Precision (Random Error) 

The precision of a test method expresses the closeness of agreement among 
a series of measurements obtained from multiple sampling of the same 
homogenous sample. The concept of precision is measured by standard 
deviations. It can be subdivided into either two or three categories. The 
European Community (EC) [19] divides precision into repeatability and 
reproducibility. Repeatability expresses precision under conditions where 
there is the same analyst, the same equipment, a short interval of time, and 
identical reagents. This is also termed intra-assay precision. Reproducibility 
expresses the precision when the laboratories differ, when there are reagents 
from different sources, different analysts, tested on different days, equip
ment from different manufacturers, and so on. The Food and Drug Admin
istration (FDA) [18] uses a three-category definition of precision. The same 
definition is used by the EC and FDA for repeatability. The FDA differs 
from EC by the term "intermediate precision" (see Table 1.3) which is 
determined within laboratory variation: different days, different analysts, 
different equipment, and so forth. Reproducibility expresses the precision 
between laboratories (collaborative studies). Several organizations differ in 
their approaches to collaborative studies: the United States Pharmacopeia 
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uses procedures validated by pubic comment and ruggedness testing rather 
than a collaborative study process [38], whereas the International Union of 
Pure and Applied Chemistry's and AOAC Offical Methods of Analysis 
have developed harmonized procedures for collaborative studies [39]. 

The reproducibility standard deviation is typically two to three times 
as large as that for repeatability. Precision decreases with a decrease in 
concentration. This dependence has been expressed as RSD = 2(1"°-5explogC), 
where RSD is expressed as a percentage and C is the concentration of the 
analyte [38]. For the concentration ranges typically found in pharmaceuti
cal dosage forms (1-10"3), the RSD under conditions of repeatability 
should be less than 1.0%, and less than 2.0% under conditions of reproduc
ibility [21]. These are similiar to the 1.5 0Zo recommendation made for RSD 
of system repeatability after analyzing a standard solution six times [35]. 
For method repeatability, which includes sample pretreatment, six replicate 
assays are made with a representative sample. A RSD no greater than 2% 
should be obtained. 

E. Accuracy 

Accuracy is the closeness of agreement between what is accepted as a true 
value (house standard, international standard) and the value found (mean 
value) after several replicates. This also provides an indication of systematic 
error. 

Two of the most common methods of determining accuracy are by 
comparing the proposed test procedure to a second test procedure whose 
accuracy is known and the recovery of drug above and below the range of 
use. Average recovery of the drug should be 98-102% of the theoretical 
value. Recoveries can be determined by either external or internal standard 
methods. 

Quantification by external standard is the most straightforward ap
proach because the peak response of the reference standard is compared to 
the peak response of the sample. The standard solution concentration 
should be close to that expected in the sample solution. Peak responses are 
measured as either peak height or area [41]. 

For the internal standard method, a substance is added at the earliest 
possible point in the analytical scheme. This compensates for sample losses 
during extraction, cleanup, and final chromatographic analysis. There are 
two variations in the use of the internal standard technique. One involves 
the determination of response factors which are the ratios of the analyte 
peak response to the internal standard peak response. The second is re
ferred to as response ratios which are calculated by dividing the weight of 
the analyte by the corresponding peak response. 

An internal standard must be completely resolved from all other peak 
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responses except where mass discrimination or isotopically labeled samples 
are used as the internal standard. The internal standard should elute near 
the solute to be quantified. The detector response should be similiar in area 
or height to the analyte of interest. The internal standard should be similiar 
in terms of chemical and physical properties to the analyte being measured. 
Substances that are commonly used as internal standards include analogs, 
homologs, isomers, enantiomers, and isotopically labeled analogs of the 
analyte. The internal standard should not be present or be a potential 
degradant of the sample. Finally, the internal standard should be present in 
reasonably high purity. 

Internal standards are often used in dissolution testing of oral dosage 
forms [42]. Internal standards should be avoided in stability-indicating 
assays due to the possible coelution with unknown degradation products. 

F. Ruggedness (Robustness) 

The ruggedness of an analytical method is the absence of undue adverse 
influence on its reliability of performance by minor changes in the labora
tory environment [43]. This validation parameter is not recognized by all 
organizations with testing oversight, as this characteristic is implied by 
collaborative validation programs (see Section IV.D). 

The difference in chromatographic performance between columns of 
the same designation (i.e., C,g) is the most common source of chromato
graphic variability. To check the column-to-column ruggedness, the specif-
icty (selectivity) of at least three columns from three different batches sup
plied by one column manufacturer should be checked [44]. A similarly 
designated column from another manufacturer should also be evaluated. 
Table 1.4 lists the specifications recommended to define a liquid chromato
graphic column [45,46]. Testing procedures have also evolved for the evalu
ation of gas chromatographic capillary columns [47]. Variability is also 
caused by the degradation of the chromatographic column. 

Besides the sorbent stability, consideration should also be given to the 
stability of the sample solution. The widespread use of automatic sample 
injectors makes it necessary to determine the length of time that a sample is 
stable. 

V. SYSTEM SUITABILITY TESTING 

After a method has been validated, an overall system suitability test should 
be routinely run to determine if the operating system is performing 
properly. 

An acceptable approach is to prepare a solution containing the analyte 
and a suitable test compound. If the method being used is to control the 
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Table 1.4 HPLC Column Specifications 

Column packing 
Brand name 
Chemical composition 
Particle shape 
Particle size (mean size, size distribution) 
Pore diameter (mean distribution) 
Surface area 
Maximum pressure limit 
Operating range (temperature and pH) 
Bonded phase type 
Surface coverage 
Elemental analysis 
Procedure for preparing bonded phase 
Residual hydroxy groups 

Column 
Dimensions 
Type of end fitting (frit pore size) 
Selectivity 
Column efficiency 
Peak asymmetry 
Column permeability 
Reproducibility of column selectivity between columns 
Maximum operating pressure 

level of impurities, the minimum resolution between the active component 
and the most difficult to resolve impurity should be given. The chromato
graphic system should demonstrate acceptable resolution of the test solu
tion and system precision. According to the USP, a system can be consid
ered suitable if it meets the requirements for both precision and one of the 
tests listed in Table 1.5. A review reflecting this approach has been pub
lished [48], as have more elaborate approaches [23]. 

A. System Resolution 

There are several formulas available for calculating resolution factors. The 
formula recommended in USP 23 for GC and HPLC is as follows: 

= 2(t2 - t.) 
W2 + W1 
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Table 1.5 System Suitability Tests 

Resolution 
Precision 
Peak asymmetry factor 
Column efficiency 
Capacity factor 

where t2 and t, are the retention times of the two components and W2 and 
W1 are the corresponding widths at the peak base. The width is obtained by 
extrapolating the relatively straight sides of the peaks to the baseline. 

Some computer data systems have based their resolution calculations 
on the peak width at half the distance from the apex to the base of the peak 
[49]. Peak widths have also been measured at the point of inflection. 

For TLC or planar electrophoresis, resolution can be calculated by 

W1 4- W2V/2 

where the distance between zone centers (d) is divided by the averages of 
the widths (W) of the zones [50]. 

Representative resolution values are tabulated in Table 1.6. Resolu
tion values are typically greater than 1.5 and are generally expressed as a 
range of values. 

B. Determination of System Precision 

After a standard solution is injected a number of times, the relative stan
dard deviation of the peak responses is measured as either the peak height 
or peak area. When using an internal standard method, the response ratio 
is calculated. Maximum allowable system related standard deviations made 
at the 99% confidence level have been tabulated [44]. For the USP mono
graphs, unless otherwise stated, five replicate chromatograms are used if 
the stated limit for relative standard deviation is 2% or less. Six replicate 
chromatograms are used if the stated relative standard deviation is more 
than 2.0%. The current USP emphasis is to perform all the replicate injec
tions prior to sample assay and during testing whenever there is a significant 
change in equipment, or a critical reagent, or when a malfunction is sus
pected. 

Performing all the standard injections prior to sample assay has been 
controversial [51]. The main point of contention is that the analyst does 
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Table 1.6 Representative System Suitability Values from USP 23 

Cefazolin 

Ceftizoxime 

Chlorthalidone 

Dactinomycin 
for injection 

Dipivefrin 

Ergoloid 

Fentanyl 
injection 

Insulin 

Lidocaine 

Oxycodone 
tablets 

Oxycodone/ 
acetaminophen 
tablets 

Vancomycin 

Resolution 

4.0 

4.0 

1.5 

— 

— 

2.5 
1.35 
1.0 

-

-

3.0 

-

2.4 

3.0 

Precision 

2.0 

2.0 

2.0 

1.0 
3.0 

2.0 

1.5 

2.0 

1.5 

1.5 

2.0 

2.0 

-

Asymmetry 
factor 

1.5 

2.0 

2.0 

2 

1.2 

2.5 

2.0 

2.5 

— 

2.0 

— 

— 

Theoretical 
plates 

1500 

2000 

— 

1200 

500 

950 

-

— 

-

— 

1500 

not have overall control of the chromatographic system from beginning to 
end. The recommendation is to periodically inject duplicate standard solu
tions which should agree to within 0.5% of their values [51]. For planar 
techniques such as TLC or gel electrophoresis, this is a moot point because 
standards can be run alongside the samples in adjacent lanes. For example, 
when determining the the molecular homogeneity of proteins using SDS-
PAGE gel electrophoresis, the two outer lanes contain molecular-weight 
standards that bracket the expected masses with the reference standards of 
the protein of interest in the next inner lanes followed by the sample tracks 
in the inside lanes. 
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C. Asymmetry Factor (Tailing Factor) 

If the peak to be quantified is asymmetric, a calculation of the asymmetry 
would also be useful in controlling or characterizing the chromatographic 
system [52]. Peak asymmetry arises from a number of factors. The increase 
in the peak asymmetry is responsible for a decrease in chromatographic 
resolution, detection limits, and precision. Measurement of peaks on sol
vent tails should be avoided. 

The peak asymmetry factor (tailing factor) can be calculated by sev
eral different methods. By the USP, 

-p _ "0 .05 

2f 

where W0 05 is the width of the peak at 54¾ peak height and f is distance at 
5% height from the leading edge of the peak to the distance of the peak 
maximum as measured at the 5% height. The system suitability test for 
antibiotics and antibiotic drugs recommends measurement at 10% of the 
peak height from the baseline [53]. Representative values from the USP are 
presented in Table 1.6. Values vary from 1 to 3. For a symmetrical peak, 
the factor is unity which increases as tailing becomes more pronounced. 
A variety of alternative models have been proposed to more accurately 
characterize peak tailing [54]. 

D. Column Efficiency 

The resolution factor is considered to be a more discriminating measure 
of system suitability than column efficiency [44]. Yet, column efficiency 
determinations are required for the assay of antibiotics and antibiotic-
containing drugs [53]. The reduced plate height (hr) for the column is 
determined by first calculating the number of theoretical plates per column: 

or N = I 6 ( ^ ) 2 

where t is the retention time of the analyte and Wh/2 is the peak width at 
half-height or W is the width at the base of the peak. 

The height equivalent to one theoretical plate is calculated by 

h = t 
n 

where L is the length of the column. Finally, the reduced plate height is 
determined by 

N = 5.545 
W, h/-> 
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where dp is the average diameter of particles in the column. 
The reduced plate has the advantage of being independent of column 

length and particle diameter. The resulting number can also be compared to 
the theoretical limiting value of 2. 

The calculation of column theoretical plates by the width at half-peak 
height is insensitive to peak asymmetry. This is because the influence of 
tailing usually occurs below that measurement location. The consequence 
will be an overestimate of the theoretical plates for non-Gaussian peaks. 
Nine different calculation methods for efficiency have been compared for 
their sensitivity to peak asymmetry [54]. Besides being influenced by the 
calculation method, column efficiency is sensitive to temperature, packing 
type, and linear velocity of the mobile phase. 

E. Column Capacity 
The column capacity factor is calculated by 

к = tr ~ tm 
tm 

where the retention time of the solute is tr and the retention time of solvent 
or unretained substance is tm. The corresponding retention volume or dis
tance can also be used, as they are directly proportional to retention time. 
Retention volumes are sometimes preferred, because tr varies with flow 
rate. The factor is then calculated by 

V - V 
V = r m 

v m 
where Vr is the retention volume of the solute and V1n is the elution volume 
of an unretained substance. There is no universally accepted method for the 
accurate measurement of the volume of an unretained substance. Numer
ous methods have been proposed [54]. 

For TLC, 

Rf 

where Rf is the distance traveled by the analyte to that of the mobile phase 
[50]. 

The factors which influence the reproducibility of retention in HPLC 
have been studied [55]. The conclusion is that the relative method of re-

Regulatory Considerations for the Chromatographer 17 

cording retention (e.g., relative capacity factors of retention indices) is 
more robust for reliable interlaboratory comparisons than the use of capac
ity factors. 

VI. PRODUCTTESTING 

Product testing is one of the most important functions in pharmaceutical 
production and control. A significant portion of the CGMP regulations (21 
CFR 211) pertains to the quality control and drug product testing. 

Out-of-specification laboratory results have been given additional em
phasis by the FDA, particularly after the Ban v. FDA court case [55]. 
An out-of-specification result falls into three catogories: laboratory error, 
non-process-related or operator error, and process-related or manufactur
ing process error. Retesting of the same sample is appropriate when the 
analyst error can documented. An outlier test on some chemical assays, 
particularity those involving extensive sample preparation and manipula
tion, is justifiable but is not a routine approach to rejecting results [56]. 

VII. CONCLUSION 

There are numerous variables to consider in developing an accurate and 
rugged chromatorgaphic method. The extent depends on the purpose of the 
test: that is, stability-indicating assays are the most demanding, whereas 
identification tests are the least demanding. 

From the six validation variables listed, specificity, accuracy of dos
age form assay, and ruggedness are the most crucial. In the initial stage of 
developing a chromatographic method, the primary goal is to measure an 
analyte in the presence of interferences. The second step is to demonstrate 
that the analyte can be accurately measured. The ruggedness and accuracy 
of a method can be improved with the development of treatment steps that 
require minimal manual manipulation and use of column packings that do 
not vary from lot to lot [57]. 

The efforts at harmonization of the requirements among Europe, the 
United States, and Japan for methods validation, stability testing, and 
indentification of impurities are welcomed by all pharmaceutical analysts. 
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Sample Pretreatment 

JOHN A. ADAMOVICS Cytogen Corporation, Princeton, 
New Jersey 

I. INTRODUCTION 

In most instances, formulated drugs cannot be chromatographically ana
lyzed without some preliminary sample preparation. This process can gen
erally be categorized into sampling and sample cleanup steps with the over
all goal of obtaining a representative subfraction of the batch. This chapter 
is a discussion of manual and automated sample preparation procedures 
for pharmaceutical formulations. 

II. SAMPLING 

A. General 

Samples submitted to a pharmaceutical laboratory for testing must be rep
resentative of the production lot or another bulk unit from which it was 
taken. This criterion helps to avoid a risk of obtaining out-of-specification 
results for a lot within specifications and vice versa. The Food and Drug 
Administration (FDA) requires that a description of a sampling plan be 
submitted to assure that the sample of the drug product obtained is repre
sentative of the batch [1]. The plan should include both the sampling of 
Production batches and the selection of subsamples for analytical testing. 

23 
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The plan is only applicable to batches of one particular size, so procedures 
for scale-up or scale-down of this sampling plan to other batch sizes must 
be provided. If samples are to be pooled, a justification must be given. 
Additional guidelines have been developed for determining whether a pro
duction lot is wellmixed or segregrated and for the estimation of the sample 
size and number [2]. 

B. Vegetable Drugs (Crude Drugs) 

The United States Pharmacopeia (USP) requires that for homogenous 
batches of vegetable drugs, all the containers of the batch be sampled if 
there are 1-10 containers, 11 if there are 11-19, and for more than 19, n(# 
samples containers to be samples) = 10 + [N(# containers batch)/10] [3, 
p. 1754]. When the batch cannot be considered homogenous, it is divided 
into subbatches that are as homogenous as possible, then each one is sam
pled as a homogenous batch. Samples should be taken from the upper, 
middle, and lower sections of each container. If the crude material consists 
of component parts which are 1 cm or less in any dimension, and in the case 
of all powdered or ground materials, the sample is withdrawn by means of 
a sampling device that removes a core from the top to the bottom of the 
container. For materials > 1 cm, sample by hand. For large bales, samples 
should be taken from a depth of 10 cm. 

In the Chinese Pharmacopoeia [4], 5 packages are sampled if the total 
is < 100, 5% if the total ranges from 100 to 1000, and for > 1000 packages, 
1% of the part in excess of 1000 are sampled. If there is sufficient sample, 
the quantity obtained should be 100-500 g for common drugs, 25 g for 
powdered, 5-10 g for precious drugs. 

C. Sampling of Dosage Units 

Parenterals 

Generally speaking, parenteral dosage forms are homogenous or can be 
demonstrated to be so while validating the manufacturing process. For 
relatively small lots such as 3000 doses, generally two dosage units are 
analyzed in duplicate for each of the testing parameters and samples are set 
aside for reserve and stability. 

Tablets and Similar Dosage Forms 

The blending of a formulation containing an active ingredient with the 
excipients is often carried out in lot sizes which will produce thousands of 
tablets or similiar dosage forms. When the proportion of the active ingredi-
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ent to the total mass is small, as would occur with potent drugs, it may be 
difficult to obtain a uniformly distributed mixture. Dosage forms of digi-
toxin and thinyl estradiol tablets are documented instances of heterogenous 
blends [5-7]. 

With these considerations in mind, these types of solid dosage forms 
can be sampled either by assaying multiple individual units or a composite 
sample of those individual units. Individual unit sampling should occur 
when the range of values in the separate units is large and/or when it is 
necessary to establish the variability of the units. Compositing is used when 
homogeneity is not a significant problem or when the unit variability is not 
important. 

A number of organizations have devised procedures for tablet sam
pling. The Pharmacopeia of Japan [8] requires that the content of the 
active ingredient in each of 10 tablets be assayed. The assay result from 
each tablet should not deviate from the average content by more than 15%. 
If one tablet shows a deviation exceeding 15% but not 25%, the contents 
of 20 additional tablets should be assayed. From the average of these 30 
determination, not more than 1 tablet should be between 15% and 25% 
and none should exceed 25%. The content uniformity requirements of USP 
(905) calls for assaying 10 units individually and assaying a composite speci
men. The results of the two procedures are each expressed as one average 
dosage unit and the difference between these two numbers is evaluated. 
This approach is applicable to tablets, capsules, suppositories, transdermal 
systems, suspensions, and inhalers. 

Numerous reports have noted the apparently large differences be
tween the average composited assay value and the average assay value for 
the individual tablets [9]. One possible explanation for this observation is 
that during the ginding or blending of a composite sample segregation of 
the tablet components has occurred. The result of this is a nonrandomized 
mixture. The forces and mechanisms that come into play during particle 
segregation have been discussed [9] and the procedures to minimize them 
are discussed later in this chapter [10,11]. 

Other Dosage Forms 

Upon standing, liquid dosage forms such as gels, lotions, and suspensions 
are likely to become nonhomogenous. Prior to sampling, formulations of 
these types must be homogenously mixed. For a suspension or syrup, with
drawing an accurate aliquot is difficult. For inhalation products, the total 
contents of a dosage unit are assayed. For transdermal preparations, the 
uniformity can be determined by punching out known surface areas of the 
membrane. USP (905) has content uniformity requirements for the above 
dosage forms. 
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III. SAMPLE PREPARATION TECHNIQUES 
A. Direct Analysis 
Liquid dosage forms often can be directly asayed or simply diluted with 
water or mobile phase prior to testing. Benzethonium chloride tincture, 
prilocaine hydrochloride [3, pp. 173 and 1287], and numerous biological 
products such as OncoScint CR/OV (a monoclonal antibody DTPA conju
gate) are examples. 

Volatile impurities in bulk solvents or solvents in dosage forms such 
as ethanol and methanol are directly analyzed by gas chromatographic 
methods. These methods are discussed in Chapter 4. 

B. Liquid-Solid Extraction 
A frequently encountered procedure is the extraction of a substance from a 
solid dosage form, such as in the analysis of tablets. This can be a relatively 
simple procedure involving the selection of a solvent or solvent combination 
which ideally provides good solubility of the substance of analytical interest 
and minimal solubility of components that interfere with the chromato
graphic analysis. Over the last several years there has been increased interest 
in extracting analytes using supercritical fluids such as carbon dioxide [12-
17]. The primary limitation of this approach has been the limited solubility 
of most polar drugs such as antibiotics in supercritical fluids. Sulfamethox
azole and trimethoprim have been extracted with supercritical carbon diox
ide from a drug formulation [18]. The ultility of supercritical chromatogra
phy is discussed in Chapter 7. 

For the majority of procedures, the first step requires either the grind
ing or milling of the solid matrix into a fine powder followed by solvent 
extraction, and filtration or cenrifugation to eliminate particulates. 

One problem that has been encountered in grinding tablets is the 
physical separation of the analyte of interest in the matrix. This phenome
non helps explain discrepancies that occur between the average of the indi
vidual tablet assay values prepared by direct dissolution and those of the 
corresponding tablet composites. Table 2.1 outlines various advantages and 
disadvantages of sample preparation procedures for overcoming segrega
tion of tablet components [9-11]. 

The efficient extraction of analytes adsorbed or absorbed as in creams, 
ointments, and other semisolid formulations are difficult to achieve. For 
adsorbed analytes, displacement from the adsorption sites by a small 
amount of acid, base, or buffer is effective. For semisolid formulations, 
solvent extraction is generally performed at elevated temperatures so as to 
melt the solid and increase the extraction efficiency. 
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Particulates from the sample matrix that are carried over during the 
sample preparation should be removed prior to analysis by either high-
performance liquid chromatography (HPLC) or gas chromatography 
(GC). This is especially true for particles less than 2 /mi in size. These 
particulates will pass through the frits on a liquid chromatographic column 
and settle on top of the sorbent which will eventually cause an increase in 
the back pressure of the chromatographic system and susequently decrease 
the column performance. 

One efficient removal procedure is to use а 0.45-цт filter. There are 
basically two types of filters: depth and screen. Depth filters are randomly 
oriented fibers that will retain particles throughout the matrix rather than 
just on the surface. They have a higher load capacity than screen filters. 
Due to the random nature of the matrix, they have no definite upper-limit 
cutoff particle size retained. Their porosity is identified as a "nominal pore" 
size to indicate this variable. 

The most common depth filter of 0.45 цт nominal porosity is glass 
microfiber. These filters are compatible with organic and aqueous solutions 
between pH ranges of 3-10. 

Screen filters are polymeric membranes that have uniform distribu
tion of pore sizes. They are relatively thin so that there is a minimal amount 
of liquid retention. Screen filters clog more rapidly than depth filters. Table 
2.2 lists the common screen filter materials and their solvent compatabili-
ties. 

In developing a method that requires filtration, adsorption of the 
analyte onto the filter must be taken into account. For dilute solutions of 
adriamycin, >95% is adsorbed to cellulose ester membranes and about 
40% to polytetrafluoroethylene membranes [19]. For more concentrated 
solutions, as would be encountered in bulk formulation testing, filter ad-
Table 2.2 Commonly Available Screen Materials 
Membrane material Solvent compatibility 

Teflon Organic solvents or aqueous/organic mixtures 
Resistant to strong acids and bases 
Organic and aqueous compatible pH range of 3-10 

PVDF Aqueous and organic/aqueous mixtures 
Resistant to strong acids and bases 
Low protein binding 

Cellulose esters Aqueous 
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sorption is not as important a concern. Nevertheless, the common practice 
is to discard the first several milliliters of the filtrate. For protein-based 
products there is significant nonspecific binding to nylon-based micropo-
rous membranes and minimal binding to hydrophilic polyvinylidene fluo
ride membranes [20]. 

C. Liquid-Liquid Extraction 
In the simplest form, an aliquot of an aqueous solution is shaken with an 
equal volume of an immiscible organic solvent. This is an useful approach 
when the analyte of interest partitions itself in one layer and the interfering 
matrix partitions into the second layer. Because this rarely occurs, several 
physical and chemical factors can be changed to alter the partitioning. One 
approach is to add sodium chloride to the aqueous solvent to produce a 
saturated solution. 

In aqueous solution, organic acids and bases exist in equilibrium mix
tures in their neutral and ionic forms. Because the neutral and ionic forms 
will not have the same partition coefficient, the amount extracted depends 
on the acid-base equilibrium. For an efficient extraction, the analyte should 
be at least 950Zo in the extracable form. This would usually mean either as 
its free acid or free base. Figure 2.1 is a nomogram relating pK values to 
percentage of ionization at various pH values [21]. In most cases, pH 
adjustment of the sample to pH = pK — 2 for acidic compounds or pH 
= pK + 2 for basic compounds is sufficient. 

Generally, a single extraction is not sufficient for drugs where the 
chromatographic interferences are numerous and the concentration of the 
analyte in the sample is low. One approach to this type of situation is to 
back extract the drug analyte from the organic phase into an aqueous phase 
of opposite pH [22]. A scheme of a back extraction for a basic drug is 
shown in Figure 2.2. For example, chlorpheniramine, has a pKa value of 
9.1, which means that it is protonated in acidic solutions, and extract into 
aqueous solutions. In alkaline aqueous solutions, chlorpheniramine is ex-
tractable into an aqueous immiscible slovent. Reextraction into dilute acid 
would further purify the chlorpheniramine extract from coextracted neutral 
excipients. 

Even though conventional extraction has been useful in testing of 
dosage forms, there are drawbacks. The primary difficulty is with the low 
extraction efficiencies that are common for highly ionic or amphoteric com
pounds. A review of 37 literature references that used conventional extrac
tion techniques for analytes of drug products quoted recoveries of lower 
than 80% in 7 of the references reviewed [23]. 

An additional liquid extraction technique used to increase extraction 
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Figure 2.1 Nomogram relating pK values of acids to percentage ionization 
at various solutions pH values. (Reprinted from Ref. 17 with permission.) 

efficiency and selectivity is ion-pair extraction. Ion-pair extraction was first 
used to extract strychnine from a syrup formulation [23]. This technique is 
based on the formation of an association complex between the ionic species 
and the countenon of opposite charge. Ion pairs formed between relative
ly large organic anions and cations often have solubility in low-polarity 
organic solvents. A primary requirement is that the counterion must be 
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Figure 2.2 Scheme for the back-extraction procedure of a basic drug. 

chosen so that the pH range of the drug and counterion overlap. General
ly, there is a trade-off between extraction efficiency and selectivity [23]. 
The various parameters that affect ion-pair extraction have been reviewed 
[24]. 

The development of a standarized analysis strategy using ion-pair 
extraction from basic drugs have been reported [23]. This approach has 
been used to assay basic drugs in syrups, ointments, emulsions, and suppos
itories. Ion-pair formation with tri-rt-octylamine extracted colorants from 
syrups, oral suspension, tablets, gelatin capsules, suppositories, and gran
u l e s ^ ] . 

A major problem in liquid-liquid extraction for sample preparation is 
emulsion formation which leads to lower recoveries. Emulsions occur 
readily when solvents of similiar densities are mixed and when extraction 
solutions are highly basic. 

The separatory funnel is the classical liquid-liquid apparatus used to 
segregate immiscible phases. The pear-shaped funnel developed by E. R. 
Squibb in the 1880s is still the most commonly used by chemists. Other 
separatory funnel designs which have higher overall efficiency have been 
designed but have not become popular. 

"• Open-Column Chromatography 
Open-column chromatographic methods are no longer widely used in quan
tifying drug poducts. Yet, a number of methods in the USP 23 [3] describe 
the use of open-column methods for sample pretreatment. Columns packed 
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with silicates or alumnia are the most widely cited and are used to clean up 
amcinonide cream [3, p. 74], dexamethasone gel [3, p. 469], and lindane 
cream [3, p. 892]. Cumbersome and time-consuming, open-column proce
dures are being displaced by commerically available disposable cartridges 
containing a variety of sorbents and selectivities. 

E. Column Liquid-Solid Extraction 

General Considerations 

Disposable columns or cartridges filled with a sorbent are being used for 
sample cleanup and is referred to as solid-phase extraction (SPE).The pack
ing material used in these cartridges are similiar to the material found in 
HPLC columns but has larger particle sizes. Analytichem International 
(now Varian Sample Preparation Products) introduced their Chem-Elut 
cartridges in the mid-1970s using diatomaceous earth as packing material. 
Throughout the 1980s, SPE cartridges packed with a variety of materials 
exhibiting a wide range of chemistries were formulated and marketed. 
In the early 1990s, cartridges containing rigid glass-fiber disks embedded 
with silica were introduced. These disks have reduced bed volumes which 
require substantially smaller solvent volumes (Ansys, Inc., Irvine Califor
nia) [26-30]. 

Procedure 

There are two strategies for sample cleanup using this approach. The first 
is to select a sample solvent that allows substances of interest to be totally 
retained on the extraction column sorbent while eluting substances that 
would interfere with the chromatographic assay. The analytes of interest 
are then eluted with a small volume of a solvent that will displace the 
analytes from the sorbent. This strategy is useful when the analyte of inter
est is present in a low concentration. The alternative approach is to retain 
the matrix interferences while eluting the desired analyte. 

The first step in using SPE is to condition the sorbent with an appro
priate solvent. This prewetting increases the capacity of the bonded surfaces 
by opening up the hydrocarbon chain of the bonded-phase sorbents [31]. 
For nonploar sorbents, such as C,8, and for the ion exchangers, one column 
volume of methanol followed by one column volume of distilled water is 
required. Excessive washing with water will reduce analyte recovery [32]. 
Polar sorbents such as diol, cyano, amino, and silica should be rinsed with 
one column volume of a nonpolar solvent such as methylene chloride. 
Aternate cleanup methods may have to be developed if the analyte is sensi* 

Sample Pretreatment a 

tive to lead, zinc, and copper, as silica-based sorbents are known to contain 
these contaminants [33]. 

Cartridge loadability and solvent flow rate effects must also be con
sidered when developing cartridge-based sample preparation methods. The 
quantity of sorbent in the cartridge is obviously related to the loadability as 
the analyte's capacity factor k. The larger the k, the greater the analyte 
mass loading. Overloading the cartridge will cause the analyte to "break 
through" with an earlier retention volume. The column capacity of an ana
lyte is also reduced by the presence of competing analytes. 

Linear velocity of the solvent through the cartridge will affect the 
recovery and bandwidth of the analyte. For example, a flow velocity of 0.3 
ml/min gave a narrow band for riboflavin and a recovery of 100%. At the 
excessive velocity of 27 ml/min, decreased recoveries and band broadening 
were observed [34]. 

Methods Development 

As in analytical liquid chromatography (LC), analyte retention depends 
on sample concentration, solvent strength, and sorbent characteristics. An 
empirical approach to methods development initially involves screening the 
available sorbents. The first step is to determine which sorbents best retain 
the analyte. The second consideration is to evaluate the solvents needed to 
elute the compound and the compatibility of those sorbents to the chro
matographic testing procedure. The third step is to test the blank sample 
matrix to evaluate the presence of possible interferents. Finally, recoveries 
of known quantities of analyte added to the sample matrix must be deter
mined. 

Increased solvent polarity is required to elute retained compounds 
from silica sorbents while decreasing solvent polarity for C18 sorbents. Un
der these conditions, most polar analytes elute last from the silica and first 
from the C18 sorbents. Methanol has been demonstrated to be superior to 
acetonitrile during the SPE of basic drugs such as pentacaine, propranolol, 
and stobadin [26], whereas a second of basic drugs indicated that there was 
not a significant difference [30]. 

Numerous examples of the ulitity and selectivity of these sorbents are 
given below. Table 2.3 lists nine steroids that were tested for their retentive-
ness on five different sorbents [31]. The steroid standards at 1 mg/ml were 
dissolved in methanol-water for the evaluation of a C18 sorbent. For all the 
other sorbents, the steroids were dissolved in methylene chloride. At the 
Polarity extremes for these steroids, cholesterol (the least polar) is retained 
°nly on C18, whereas hydrocortisone (most polar) is retained on all five of 
the sorbents tested. 
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Table 2.3 Retentiveness of Nine Steroids on Various Sorbents 

Steroid C18 CN Silica Diol NH2 

Cholesterol 

Cholesterol palmitate 

Cortisone 

Deoxycorticosterone 

Estradiol 

Hydrocortisone 

Hydrocortisone 
acetate 

Prednisone 

Progesterone 

'+ = retained. 
b - = unretained. 
Source: Adapted from Ref. 30. 

As another example, desonide and parabens in cream and ointment 
formulations were cleaned up by SPE by first testing mixtures of hexane-
chloroform with silica, diol, and aminopropyl sorbents [36]. The solvent 
combination of 20% chloroform in hexane was found to be the optimum 
for dissolving the ointment base and yielding high recoveries of the ana-
lytes. The silica and aminopropyl sorbents were found to give nearly identi
cal quantitative results, whereas the diol sorbent gave lower recoveries. 
Table 2.4 outlines the solvent considerations needed to elute retained com
pounds on silica and C18 sorbents. 

The selectivity of C18 sorbents has been demonstrated by the separa
tion of a mixture of eight FD&C colorants [37]. Cartridges packed with C18 

were washed with increasing concentrations of isopropanol in a water-
isopropanol eluent. This procedure is a viable alternative to the conven
tional time-consuming methodology of two chromatographic columns used 
for the separation and identification of colorants in drugs [37]. Additional 
examples of published sample preparative procedures using SPE are cited 
in Table 2.5. 

A general strategy for relatively polar analytes has been developed 
[38]. In this approach, the cyanopropyl-silica-bonded phase remains the 

+ + + - -
+ + + - -

+ + + + + 

+ + + - -
+ - + 
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Table 2.4 Separation Guidelines Using C18 and Silica Solid Phases 

Sorbent Silica C ] 8 

Packing polarity 

Typical solvent 
polarity range 

Typical sample 
solvent 

Elution solvent 

Sample elution order 

Solvent required to 
elute retained com
pounds 

High 

Low to medium 

Hexane, toluene, 
CH2Cl2 

Ethyl acetate, ace
tone, CH3CN 

Least polar sample 
components first 

Increased solvent po
larity 

Low 

High to medium 

H2O, buffers 

H2CVCH3OH, 
H20/CH3CN 

Most polar sample 
components first 

Decreased solvent po
larity 

Source: Adapted from Water Chromatography Division Literature. 

preferred and first choice sorbent. For unretained small polar drugs, the C18 

sorbent is the first alternative, using water as the wash solvent and either 
methanol (for acids) or methanol-phosphate buffer pH 3 (for bases). If 
enough retention is not shown on either of the above and if the drug has 
ionizable functions, the use of an ion-exchanging solid phase is recom
mended. 

F- Applications—Sample Treatment 

Bulk Drug 

A solvent or combination of solvents must be chosen so that the analyte is 
soluble and compatible with chromatographic procedures. The solvents 
most commonly used to solubilize bulk drugs are acetone, acetonitrile, 
chloroform, ethanol, methanol, and water. Besides the USP, two other 
sources contain useful solubility data on pharmaceuticals [42,43]. 

Tablets and Other Solids 

Solids for oral use are the most common dosage form. The preparation step 
generally consists of grinding or milling of the tablets. During this step, 
active ingredients can undergo physical separation from other tablet com-



Table 2.5 Column Liquid-Solid Extraction of Pharmaceutical Formulations 

Sample Sorbent Procedure 
Chromatographic 

method Reference 

Amino acids from aqueous 
solutions 

Bacitracin ointment 

Benzalkonium chloride 
from eye wash solutions 

Carbohydrates from aque
ous solutions 
xylose, fructose, glucose, 
sucrose, and lactose 

SCX Condition sorbent with hexane, 
methanol and water. Adjust 
sample pH to 7 and wash sor
bent with water, elute with 0.1 
TV hydrochloric acid. 

Diol Heat and shake ointment with 
methylene chloride. Add sus
pension to sorbent. Dry col
umn, elute with 0.1 /V hydro-
choloric acid. 

CN Wash sorbent with acetonitrile 
and water. After adding sam
ple, wash with 1.5 N hydro
chloric acid. Air dry the sor
bent, elute with methanol—1.5 
7Vacid(8:2). 

CN Condition sorbent with acetoni
trile dilute sample with acetoni
trile. Dilution is critical. Wash 
column with acetonitrile and 
elute with water. 

Analytical col
umn— C8, mo
bile phase — 
phosphate 
buffer acetoni
trile 

Analytical col
umn—CN, mo
bile phase—ace
tonitrile - 0 . \M 
sodium acetate 
(3 :2) 

J.T. Baker, SPE 
Applications 
Guide 

J.T. Baker, SPE 
Applications 
Guide 

J.T. Baker, SPE 
Applications 
Guide 

J.T. Baker, SPE 
Applications 
Guide 

Chlortetracycline ointment 

Desonide, methyl, propyl, 
butyl hydroxybenzoate 
cream and ointment 

Estradiol valerate and tes
tosterone enanthate from 

Diol Heat and shake with hexane. 
Add suspension to sorbent and 
wash with hexane. Dry sor
bent, elute with 0.17V hydro
chloric acid-methanol (1 : 1). 

Silica or NH2 Sample dissolved in hexanechlor-
oform (8:2) . Add to sorbent 
and wash with hexane. Elute 
with methanol. 

Silica gel Oil dissolved with carbon tetra
chloride. Add to sorbent, elute 

HPLC, C8, 0.05M 
phosphate 
buffer-aceto-
nitrile 

HPLC, C18, metha-
nol-water (3 : 2) 

HPLC, C8, aceto-
nitrile-water (7 : 

J.T. Baker, SPE 
Applications 
Guide 

36 

39 



Table 2.5 (Continued) 

Oo 
Sample Sorbent Procedure 

Chromatographic 
method Reference 

Methylparaben syrup and Kieselguhr 
ointment 

Parabens from lotions and 
other cream-based for
mulations 

Sulfa in topical cream Cl8 

Vitamin A and vitamin E, 
fat-soluble vitamins 

Cl8 

Vitamin B12 in multivitamin SAX & 
tablets phenyl 

Add 0.01M hydrochloric acid to 
sample, add to sorbent. Elute 
with diethyl ether or ethanol. 

Agitate sample with methanol, 
centrifuge. Dilute supernatant 
with water. Condition the col
umn with methanol than wa
ter, add sample. Elute with 
methanol. 

Dissolve with tetrahydrofuran. 
Dilute with 0.01M ammonium 
phosphate to precipitate lipid 
components. Add sample to 
conditioned sorbent, elute. 

Add 1 % acetic acid to round tab
let, heat to 55 0C for 2 min. 
Add isopropanol, add sample 
to sorbent that had been 
washed with l°7o acetic acid. 
Wash sorbent with isopropa-
nol-1% acetic acid (55 : 45) 
followed by methanol-water 
(8 : 2). Air dry the sorbent, 
elute with 

ко 
methylene сЫошЬ 
> enhance stability 

Extract powder in low actinic 
flask with aqueous solution 
containing phosphate buffer-
citric acid and metabisulfite. 
Condition sorbent with metha
nol, water, and extraction sol
vent. Fit SAX column on top 
of phenyl column. After apply
ing sample, wash with extrac
tion solvent. After removing 
the SAX column, phenyl col
umn is washed with water, air 

GC or TLC 

HPLC, C18, aceto-
nitrile-water 
(45 : 55) 

HPLC, C ig, ammo
nium phos-
phate-methanol 
(4:1) 

C8, acetonitrile-
methanol-water 
(47 : 47 : 6) 

41 

J.T. Baker, SPE 
Applications 
Guide 

J.T. Baker, SPE 
Applications 
Guide 

J.T. Baker, SPE 
Applications 
Guide & Ap
plied Separa
tions 

J.T. Baker, SPE 
Applications 
Guide 
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ponents. This phenomenon has led to poor reproducibility when duplicate 
assays from tablet composites were assayed [9-11]. Various alternative 
methods have been suggested; these include direct dissolution of a represen
tative number of individual tablets in a suitable solvent, the sieving and 
regrinding of the ground tablets, the grinding of a composite with a suitable 
organic solvent and the evaporation of the solvent, and the dissolution of 
the composite tablet sample in a solvent. For enterically coated tablets, 
manual grinding with a mortar and pestle can lead to erratic results which 
are overcome by repeated resieving and regrinding of the particles to a 
uniformly sized powder. Alternatively, removing the tablet coating with an 
organic solvent prior to manual grinding facilitates more uniform grinding 
of the tablets. Direct dissolution in a suitable solvent usually produces the 
most accurate and precise analytical results. 

As an example, ethinyl estradiol tablets are powdered and triturated 
with four 20-ml portions of chloroform, decanted, filtered, and analyzed 
by TLC [3, p. 639]. Numerous other examples can be found in the latter 
half of this book. 

Injectables 

Injectables are the next most common dosage form. A common preparation 
is to dilute an aliquot with mobile phase as is the case for the USP proce
dures for dexamethasone [3, p. 475]. Another common approach is to 
dilute with methanol, as is done for the assay of diazepam [3, p. 491 ]. 

Sample preparation procedures for GC are generially more involved. 
For example, for methadone hydrochloride, 0.5N sodium hydroxide is 
added to give the free base, followed by extraction with methylene chloride. 
An internal standard is added after the extract is dried with anhydrous 
sodium sulfate [3, p. 970]. The assay of interleukin-la formulated with 
human serum albumin does not require any sample treatment prior to anal
ysis by capillary electrophoresis [44]. 

Creams and Ointments 

Sample preparation for complex formulations, such as creams, can fre
quently be as simple as dissolving the cream in the totally organic mobile 
phase such as the ones typically used in normal-phase chromatography. 
Organic solutions of flurometholone [3, p. 677] and hydrocortisone acetate 
[3, p. 758] creams were assayed by HPLC and hydroquinone cream by TLC 
[3, p. 769]. A similiar approach has been applied to sample preparation of 
ointments. 

A fairly common, yet labor-intensive, procedure is to heat the cream 
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or ointment with methanol or acetonitrile until it melts, ~60°C. The melt 
is vigorously shaken, in some cases, with cooling in an ice-methanol bath, 
until it solidifies. Procedures requiring the partitioning of an ointment be
tween a hydrocarbonlike solvent (hexanes) and polar solvent (methanol-wa-
ter) have also been developed. For the GC assay of clioquinol cream, a por
tion of the cream is dried in a vacuum oven, and the dried sample is then 
derivatized [3, p. 349]. Several other examples are presented in Table 2.6. 

Table 2.6 Sample Preparations Procedures for Several Representative 
Creams and Ointments 

Drug Procedure Reference 

Clobetasone-17-
butyrate 

Clotrimazole 

Hydrocortisone 17-
butyrate 

Ibuprofen 

Methyl salicylate 

Tretinoin 

Weigh out ointment (equivalent to 0.5 45 
mg) in 10-ml volumetric flask. Add 
6 ml methanol, place in water bath 
(~ 600C) for 2 min, shake, add in
ternal standard, dilute with meth
anol 

Extract cream with acetonitrile/tetra- 46 
hydrofuran 

5 g cream warmed in water bath at 47 
75 0C for 15 min; 1-ml sample of the 
melted cream transferred into a 
10-cm test tube; 5 ml methanol 
added, warmed (75 0C) for 10 min, 
vortexed, centrifuged 

Ointment was weighed into a 50-ml 48 
volumetric flask and suspended in 
tetrahydrofuran/0.02M phosphate 
buffer (pH 4), filtered 

Disperse ointment in 10 ml chloro- 49 
form, heat to 500C, cooled, filtered 

Cream weighed (1 mg drug), 20 ml tet- 3 (p. 191) 
rahydrofuran (stabilized), shaken, 5 
ml aliquot further diluted THF 
aqueous phosphoric acid, filtered 
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Aerosols 

Aerosols used for inhalation therapy are generally packaged in containers 
with metered values. The standard procedure is to discharge the entire 
contents of the container for assay. For betamethasone dipropionate and 
betamethasone valerate topical aerosols, the contents are discharged into a 
volumetric flask and the propellants carefully boiled off. Precautions 
should be taken, as many of these propellants are flammable. The residue 
is diluted to volume with isopropanol-acetic acid (1000: 1) and filtered 
[50]. Another approach is to discharge the contents into ethanol or dilute 
acid. An alternative is to immerse the canister in liquid nitrogen for 20 min, 
open the canister, evaporate the liquid contents, and dissolve the residue in 
dichloromethane. A unit spray sampling apparatus for pressurized metered 
inhalers has been described [51]. The components in an aerosol product 
that can be the cause of assay variance have been studied [52]. A method to 
quantify the volatile components of aerosol products has been developed 
[53]. 

Elixirs and Syrups 

The majority of procedures simply require dilution with water or water-
miscible solvents such as methanol [3, p. 515]. Several of the procedures 
require pH adjustment, followed by extraction with an organic solvent [3, 
pp. 778, 1202, 1339, 1595, 1579]. 

Gels 

Various procedures have been used for sample treatment of gels. Gels can 
be dissolved in 0.001N hydrochloric acid [3, p. 564] or dispersed with 
acetonitrile [3, p. 179]. Gels are also partitioned between solutions of vari
ous buffers and chloroform [3, p. 466]. 

Lotions 

Sample treatment procedures are similiar to those cited for creams and 
ointments [3, pp. 466, 686, 758]. Acetone and a mixture of chloroform and 
methanol (1 : 2) [3, p. 196] have been used to dilute lotions prior to assay. 
For assuring batch-to-batch uniformity a diffusion-cell system has been 
developed [54]. 

Phytotherapeutical Preparations 

Medicinal plants are used as either isolated pure active constituents or com
plex mixtures of various constituents such as infusions, tinctures, extracts, 
and galenical preparations. The most common methods are partitioning 
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among nonmiscible solvents, SPE, irreversible adsorption or precipitation 
of undesirable components, and acid-base extraction [55-57]. 

Suspensions 

Suspensions are either diluted [3, pp. 739, 781, 1343] or partitioned be
tween water and an immiscible solvent [3, pp. 631, 686, 942]. 

Other Formulations 

Suppositories are dissolved in a separatory funnel with 0.01N hydrochloric 
acid and chloroform. After the suppository has dissolved, the chloroform 
layer is discarded and the aqueous layer is chromatographically assayed. 
Three devices have been compared as useful in vitro models for measuring 
drug release from a suppository [58]. 

An intrauterine contraceptive device is assayed for impurities by cut
ting off and discarding the sealed ends of the container and removing the 
contraceptive coil. After shaking the core with methanol and allowing the 
insoluble portion to settle, the extract is assayed by TLC. 

The assay of transdermal preparations of scopolamine involve remov
ing the polyester backing and extracting with chloroform at 600C for 30 
min [59]. Of the variety of different techniques evaluated for extracting 
triamcinolone acetonide in dermatological patches, liquid-liquid dispersion 
gave the best recovery and precision [60]. 

A generalized procedure using a method based on a reversed-phase 
column and three simple extraction procedures has been evaluated for 111 
drugs and their various dosage forms [61]. 

G. Automation 

When considering automating the sample preparation steps and interfacing 
with chromatographic systems, laboratory robotics has been the method of 
choice. A laboratory robotics system has a robotic arm and controller, a 
computer linked to a controller or connected directly to the robotic arm, 
and application peripherals for performing specific functions in the applica
tion process. 

Over the past 10 years, several robotic systems and workstations have 
become available for laboratory automation development. The major dif
ference between a robotic system and workstation is customization. Ro
botic systems are designed and engineered around a specific application, 
usually demanding a unique set of requirements. Table 2.7 lists robots that 
are commercially available. 

The robotic workstation is designed to perform a set of common tasks 



с 
cj 
£ 
E 
о 
U 

с ŝ с ° S о 
З Е ' 5 .а а 2 •5 о м а, — и 

тз 

и с 
и ев 
<л Ui 

Я «л 

CJ 
ел 
се 
3 

« С 
О. .2 

и 
ел 
>. 

СЛ 
О 
О 

Х> 
о 

ей 
JD 3 _я 

> 

is 
'о 
Ui 
IU 

E 
о 
U 

t~ 

3 
CCJ 

H 

с 
о 
U 

8. 
н 

1 
СЛ 

о 
X) 

тз =5 

« >> 
."S и 
E 2 

се 

а 

H 

С 
О 
а 
и 

•о 
< 

< 
Oi 
< 
U 
СЛ 

оо 
о о 
с -> 

-с с 

§ 2 

о 
X) се 
"̂  S S S 
Ui - ^ 

о «-• 

Rl 
Q . 

Т З 

с 
D 
о х> 
- " ? 
•-I I—) ев 1 ^ 

CU 

се 

a 
H 

о 

щ (Л К 
Z 

х: 

X 
X 
о ел 
OO Q 

с 

ел 

U 

3 

1 Й 

с 
г О « 

. 2 « 
з с . 
E =5 .S 

и 

ел 
CX 
U 

тз <и 

3 

се 
CJ 
се 

CU 

< и 
(К о 

се 
Q. 

ТЗ 

vo 
X 

ё 
OO 
"S 
с 

(J 
Cu 
E 

.2 

I 

ее 
<и 

С а « —5 u, a W О 03 .~ и -> х: .а 3 о 
•§ я * а 2£ 
• ^ • * -» C ^ 

•§ О , 
• Я «О (U 
з 5 о 

2 

CJ 

3 
тз 
CJ 

I 

ее 
D. 

ТЗ 
CJ 
3 

_с 
в 
о 
и 

се 

а 
JS 

I s 1 
VO 
X 
X о 

00 

Qu 

тз 
CJ 

3 

о 
Cu 
E 
о 
CJ 
CJ 

тз 
CJ 

3 

JtSS 

о 
U 

ев 
о 

X 

о х> о 
(А 

се 
CJ 

Ж 

с 
CJ 'о 

ел 

оо 

X ) 

тз 
CJ 

IJ 

a 
E 
о 
U 

VO X ) 

й Л 

с 

о тз 

cj C 

E >> 
N 

CJ CJ 

се о 
*С тз с 
•>> 
U 

г5 
S 1 
U S 
з. °-
S о 
E д 
N 

се 
E >> 
N 

JQ 

5 

с 

I: 
&• 

•в 
ю 

1 

1 
& 

I ъ 
S I 
1 
$ в 

.«J 

1 

I а с 

E о 

(U 

со 

44 

Sflwp/e Pretreatment 45 

relative to standard or prescribed procedures. Because the workstation has 
defined functions and a rigid design, it is manufactured in a assembly-line 
fashion, decreasing both size and cost. Laboratory workstations evolved 
around developments in robotics and microprocessor technology and a de
mand for bench-top automation. To meet a growing need, several worksta
tions were developed in response to a need for SPE automation. Their 
architecture ranges from a robotic arm and controller integration to the 
dedicated accessories of an analytical instrument. Table 2.8 lists several 
workstations and their relative capabilities. (Tables 2.6 and 2.7 are not 
intended to be complete listings of all products or their capabilities.) 

The Zymark and Gilson ASPEC workstations process solid-phase 
extraction samples sequentially without the intervention of a human ana
lyst. These workstations are programmed to activate extraction cartridges 
with solvent to prepare them to receive a specimen. After the sample appli
cation, cartridges are washed to remove impurities. The analytes of interest 
are then eluted into collection tubes or injected onto a liquid chromato-
graph for sequential analysis. 

The Speed Wiz is designed to operate more like a laboratory techni
cian. Multiple cartridges are activated by pumping activation solvents sim
ultaneously to each solid-phase cartridge. The sample is applied to the 
cartridge manually. After the operator changes the collection tubes, the 
wash and elute steps are similiar to the activation step. 

The Prospekt extraction system is somewhat different from the previ
ous solid-phase extraction workstations. It combines a high-performance 
liquid chromatographic autosampler with a high-pressure solid-phase car
tridge unit to perform in-line solid-phase extraction sample preparation. 
Although the addition of a simple fraction collector would permit this 
system to be used in a manner similiar to the robotic workstations just 
described, it is primarily designed to prepare samples for direct analysis by 
HPLC. The Prospekt requires special cartridges that operate at pressures 
typical of HPLC systems (1000-4000 psi). This system requires smaller 
volumes of solvent for cartridge preparation and elution than those systems 
utilizing cartridges manufactured in syringe bodies. It also permits elution 
of analytes by backflushing the cartridge. This reduces solvent required for 
elution and minimizes the simultaneous elution of interfering compounds. 
Dedicated SPE workstations have been described [62]. 

Applications - Tablets 

The various applications of the analysis of tablets for dissolution testing, 
content uniformity, stability-indicating assays, and routine quality control 
assays have all been targets of automation using a robot system. 



Table 2.8 Workstations and Capabilities 

Workstation 

ASPEC XL 

ASTED 

BenchMate 

Millilab 

Manufacturer 

Gilson Medical Elec
tronics, Box 27, 
Middletown, WI 

Gilson Medical Elec
tronics, Box 27, 
Middletown, WI 

Zyamark Corp., Hop-
kinton, MA 

Millipore Corp. Wa
ters Chrom. Div., 
34 Maple St., Mil-
ford, MA 

Available 
laboratory 
functions 

SPE, HPLC injection 

Dialysis, SPE, con
centration 

SPE, dilution, filtra
tion, vortex, HPLC 
injection, UV visi
ble sip 

SPE, dilution, filtra
tion, HPLC injec
tion, mixing 

Method of 
control/ 

programming 

PC or front 
panel/basic 

PC or front 
panel/basic 

Indirect/direct 
PC/menu 
based 

Indirect/direct 
PC/menu 
based 

Process 
method 

Serial or 
batch 

Serial 

Serial 

Serial or 
batch 

Comments 

Standard SPE 
columns 

Proprietary SPE 
columns only 

Built-in analyti
cal balance 

Discontinued 

Micro Lab 

HP 7686 Prep-
Station 

Speed Wiz 

Prospekt 

Hamilton, Box 10030, 
Reno, NV 

Hewlett-Packard 

Applied Separations, 
Box 20032 Lehigh 
Valley, PA 

Spark Holland 

SPE, dilution, filtra
tion, HPLC injec
tion mixing 

SPE, dilution, 
tion, HPLC 
tion, mixing 

SPE 

SPE 

filtra-
injec-

Indirect/direct 
PC/menu 
based 

Direct PC/ 
menu based 

Indirect/direct 
PC/menu 
based 

Indirect/direct 
PC/menu 
based 

Serial or 
batch 

Serial 

Batch 

Serial 

Dedicated acces 
sory for HP 
GC/LC 

Marketed by 
Jones Chro
matography 
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The automation of the HPLC determination of tablet content unifor
mity has been applied to the analysis of a variety of tablets and is used 
routinely for quality control purposes. The routine used is fairly typical of 
that described by other workers, in that the operator presents the samples 
to the robotic system in tubes. The system then continues the analysis as 
follows: 

1. Water is added, and the sample tube is placed into either a vortex mixer 
or sonic bath to disperse the tablet. 

2. Internal standard solution is added. 
3. The sample is further treated in the vortex mixer. 
4. The sample is transferred to the centrifuge. 
5. After centrifugation, the sample is returned to the sample rack. 
6. The sample is transferred from the centrifuge tube to an autosampler 

vial, being diluted where necessary. 

Two early examples of this approach have been published [63,64]. 
A slightly more complex HPLC analysis of oral contraceptive tablets , 

for content uniformity has been described [65]. The analysis was automated 
because it represented a high proportion of the laboratory workload, it 
was relatively routine, and it would reduce contact with steroids, therefore 
minimizing health risks. The last point was emphasized by placing the ro
botic system in a room separate from the main laboratory, with the control
ler outside the room. This is significantly different from the approach fol- i 
lowed by many users of laboratory robotics, who often place the system in 
a main laboratory area. The robotic system performs the following steps, 
after the operator places the tablets into tubes in racks located on the robot 
table: 

1. Aqueous sodium chloride is added. 
2. Chloroform containing internal standard is added. 
3. The tablet is disrupted on a vortex mixer. 
4. A portion of the organic layer is transferred into a second tube. 
5. The second tube is transferred to the evaporator station, where the 

chloroform is evaporated. 
6. The samples are reconstituted with methanol-water. 
7. The samples are transferred to autosampler vials via a filter. 

An approach similar to that above has been used to analyze composite 
samples consisting of from 5 to 32 tablets. In this case, the tablets were 
disintegrated by a Polytron tissue homogenizer. 

However, the need for composite sample analyses should perhaps be 
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Questioned when assay automation is being considered. Composite samples 
are often used to obtain analytical data on batches of tablets (instead of 
analyzing several single tablets) because of the time (and consequently cost) 
savings involved. However, by automating the assay procedures and opera
ting the equipment overnight, it may be possible (and desirable) to perform 
a larger number of single-tablet assays rather than analyzing fewer compos
ite samples. This illustrates a fundamental point of assay automation using 
robotics — it is not necessarily the direct automation of a manual approach 
that will provide the best answer to a given problem. The manual approach 
itself, and the reasons for its existence, should perhaps be questioned prior 
to automation of a procedure. 

An automated HPLC tablet content uniformity assay for a multipo-
tency range of tablets (the active constituent not identified being at 0.1, 0.2, 
or 0.3 mg/tablet) has been described [66]. In this application, a further 
degree of communication was introduced between the robotic and HPLC 
systems, with the robot being able to alter its actions, dependent on the 
result of the HPLC analysis. 

A generalized six-step procedure for the preparation of tablets for 
chromatography, incorporating most of the features of the methods dis
cussed above, could be described as follows: 

1. The operator presents tablets in a container, usually a bottle or tube, to 
the system which then commences the procedure sample by sample. 

2. Details of the sample (e.g., analyte and potency) and the procedure 
to be followed are entered into the system either by the operator, or 
automatically from bar-coded labels on the tablet containers. 

3. The container cap (if present) is removed from the container, and if a 
tablet weight is required, the tablet is transferred to a preweighed sec
ond tube. This second tube can then be reweighed with the tablet to 
obtain the sample weight, and hence a mean tablet weight can be de
rived through the run. If a tablet weight is not required, Step 3 could 
be omitted. 

4. A measured amount of liquid is added to the sample, which is dispersed 
by vortex mixing and/or ultrasonication. An internal standard may be 
included at this stage if required. 

5- The sample is clarified by centrifugation or filtration. 
«• The clear sample solution is injected onto a chromatograph or trans

ferred to vials for subsequent analysis, either manually or via an auto
sampler. 

Dissolution testing for solid dosage forms generates numerous sam
ples that can be automated using the Zymate Dissolution Testing System. 

his system automates the vessel cleaning, sample addition, media addi-
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tion, and vessel sampling for single-point or sustained-release testing. Up to 
24 lots of 6 samples may be stored on the system for the paddle method, 
and up to 13 lots of 6 samples for basket methods. The basket and paddle 
methods may also be combined. A second system, AUTO DISS®, differs 
from robot-assisted systems in that it can carry out all operating synchro- \ 
nously[67]. 

Analysis of Suppositories 

Although sharing similarities with the tablet procedures, this differs from 
the typical tablet assay by using organic solvents and having two evapora-; 
tion steps [68]. The unit operations carried out by the system are the fol
lowing: 

1. The suppository is weighed. 
2. Pentane is added, and the suppository dispersed. 
3. The excipient matrix is extracted with pentane. 
4. The pentane extract is evaporated. 
5. The residue is reconstituted in methanol. 
6. The methanol solution is evaporated. 
7. The residue is reconstituted with internal standard solution. 
8. The sample solution is filled into capped vials. : 

Analysis of Parenterals 

In this procedure the operator first enters the experimental parameters, 1 
including the number, size, and type of samples to be prepared, the dilution 1 
required, and the type of autosampler to be used [69]. The system then] 
treats each sample as follows: 

1. The ampule is transferred to the breaker station, where the ampule is 
opened. 

2. A portion of the sample is transferred into a clean tube, followed by 
diluent, and the tube contents are mixed on a vortex mixer. 

3. The programmed serial dilutions are performed. 
4. The final analytical solution is transferred to the appropriate autosam

pler vial, which is capped. 

This system has been used to prepare several parenteral products for 
chromatographic analysis. A similar system has been used in the laboratory 
for the analysis of epinephrine in multipotency combination parenteral. In 
this case, the test solution is presented to the system as an accurately mea
sured sample, the system then dilutes as programmed according to the 

Sample Pretreatment 51 

potency of the sample, mixes, centrifuges (if necessary), and injects the 
sample solution onto an HPLC fitted with an electrochemical detector. 
Exactly the same sample preparation system is also used for the dilution/ 
deproteination of biological fluids prior to analysis for antibiotics. This 
underlines another important aspect of the use of robotics in pharmaceuti
cal analysis. Analytical procedures which traditionally have been viewed as 
very different and are often carried out in different laboratories, for exam
ple, the analysis of drugs in parenteral formulations and the analysis of 
drugs and metabolites in body fluids, if viewed in terms of the unit opera
tions involved, become essentially identical operations. As such, a number 
of apparently disparate assays can be brought together and usefully auto
mated using a single robotic system. 

IV. CONCLUSIONS 

Decreasing the number of manual sample treatment steps increases the 
overall accuracy and ruggedness of a chromatographic method. The num
ber of sample treatment steps depends on the characteristics of the analyte, 
the formulation, and the chromatographic procedure. With the introduc
tion of robotics there is a rethinking of traditional methods and procedures. 
For instance, the additional testing capacity that robotics/automation pro
vides may lead to improved asssay precision and testing of several single 
tablets instead of analyzing a composite sample. 
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Planar Chromatography 

JOHN A. ADAMOVICS and JAMES C. ESCHBACH 
Cytogen Corporation, Princeton, New Jersey 

I. INTRODUCTION 

Paper and thin-layer chromatography (TLC) along with several additional 
variants are generally referred to as planar chromatography. Planar chro
matographic methods can be traced back to the mid-180Os with a variant of 
paper chromatography (capillary analysis). In Holland sometime after 
1905, this technique was used to evaluate medicinal plants and was used 
routinely in Germany by the 1920s [l] .By the late 1930s alumina was 
layered on a glass plate to analyze pharmaceutical tinctures [2]. Amino 
acids, antibiotics, nucleotides, and radiolabeled substances were routinely 
being analyzed in the late 1940s. 

The importance attributed to planar chromatography varies according 
to geographic regions. Approximately 40% of the methods in the United 
states Pharmacopeia and over 80% of the chromatographic methods de
scribed in the Japanese and Chinese pharmacopoeias are based on planar 
chromatography. There are a number of reasons for the popularity of the 
о dest chromatographic technique. One obvious strength is in qualitative 

rug identification where a large number of samples can be tested simulta
neously. These procedures have modest demands on equipment and re-
ourceSj w n j c n J11J1̂ g5 j t a n ideai technique for remote are^s without elec-
ncity and by operators with limited training [3]. 

57 
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When compared with high-performance liquid chromatography 
(HPLC), TLC allows for greater flexibility in choice of chromatographic 
solvents and has versatile postchromatographic schemes which enhance the 
sensitivity and specificity of detection. Furthermore, several techniques are 
available for the optimization of the separation, such as development in 
two dimensions, multiple development, and sorbent impregnation. In addi
tion, the chromatographic process can be easily followed and halted at any j 
time. Unlike HPLC, in planar chromatography, all the components of a 
sample can be detected. Certainly, there are numerous disadvantages to 
planar chromatography which will be discussed later. 

II. MATERIALSANDTECHNIQUES 
A. Sorbent 

For paper chromatographic procedures, the typical sorbent used is a-
cellulose which has weak ion-exchange properties. For separation of lipo
philic substances, these sorbent properties can be modified by esterification 
or silicone treatment [4]. Besides the conventional rectangular forms, un
usual sorbent shapes such as triangles have been used [5]. For analysis of 
radiopharmaceuticals, glass microfiber impregnated with silica gel or silicic 
acid are used (Gelman, Ann Arbor, MI). Commercially, the technique is 
known as instant thin-layer chromatography (ITLC). 

For TLC, silica gel is by far the most widely used sorbent, and glass is 
the most popular sorbent support. Adherence to the glass plate is generally 
accomplished by the addition of such binding agents such as calcium sul
fate. The diversity of the commerically available plates are listed in Table 
3.1 [6]. Most of these sorbents are carefully controlled in terms of consis- I 
tent pore size, particle size, and surface area. A number of chromato-
graphic procedures, particularily the separations that use anhydrous devel
oping solvents, require control of the silica gel moisture content. The 
"ideal" is to have 11-12% water by weight [7]. 

Silica gel plates are modified to form a reversed-phase sorbent by 
being impregnated with liquid paraffin, silicone oil, or fats. Reversed-phase 
plates of this type are used in the identification of steroid hormones [8,9]. 
Table 3.2 lists various other substances that have been used for impregna
tion [10,11]. Sorbents that are impregnated with amminium oxalate, am
monium sulfate, magnesium acetate, sodium acetate, and silver nitrate have : 

one time or the other been commerically available. As an example, impreg
nated adsorbents have been used for the resolution of sulfa drugs [19]. 

Chemicaljy bonding hydrocarbon chains, using monochlorosilane and 
related methods, to the silica gel are more reproducible than sorbents im- ; 
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Table 3.1 Nomenclature of TLC Plates 

„cji» A product composed of silica gel, e.g., Anasil from 
Analabs 

G Gypsum (CaSO4 • Vi H2O) binder ("soft" layers) 

g Starch binder 
Q Organic binder, such as polymethacrylate or polycar-

boxylate; layers are "hard" or abrasion resistant 
H or N No "foreign binder"; products may contain a different 

form of the adsorbent, e.g., colloidal or hydrated sil
ica gel or colloidal silicic acid, to improve layer sta
bility 

HL Hard or abrasion-resistant layer containing an inor
ganic hardener (Analtech) 

HR Specially washed and purified (highly refined) 
P Thicker, preparative layer or material for preparing 

such layers (for cellulose, see below) 
P + CaSO4 Preparative layer containing calcium sulfate binder 
F or UV Added fluorescent material such as Mn-activated zinc 

silicate 
254 and 366 Used after F or UV to indicate the excitation wave

length (nm) of the added phosphor 
6 0 Silica gel 60 (Merck) has pore size of 60 A (1OA = 1 

nm). Other pore size designations are 40, 80, 100. 
" Plates divided into a series of parallel channels 
L Layer with a preadsorbent sample dispensing area 

(Whatman) 
Symbol used in all Whatman products 

RP 
Reversed-phase layer; RP,8 or RP-C18 would indicate 

that octadecylsilane groups are chemically bound to 
silica gel 4 7 Q ' • y These numbers after the adsorbent name usually indi
cate pH of a slurry 

(Continued) 
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Table 3.1 (Continued) 

E, T Aluminum oxide layers having specific surface areas 
MN 300 or 400 Machery Nagel proprietary fibrous celluloses 
Avicel American Viscose cellulose (microcrystalline) 
CM Carboxymethyl cellulose 
DEAE Diethylaminoethyl cellulose 
Ecteola Cellulose treated with ethanolamine and epichlorhydrin 
PEI Polyethyleneimine cellulose 
P Phosphorylated cellulose 

Source: From Ref. 7. 

Table 3.2 Silica Plate Impregnation Materials 

Impregnate 

Carbomer 

Tetradecane 

Tetradecane 

2% Copper sulfate and 2% 
ethylenediamine 

0.1 % Copper sulfate 

1 % Zinc acetate 

EDTA 

Purpose 

Identification of neomycin 
sulfate 

Identification of 
cephradine 

Identification of cefaclor 

Resolution of seven barbi
turates 

Resolution of sulfa drugs 

Resolution of seven antihis
tamines 

Resolution of serotonin, 
epinephrine, and norepi
nephrine 

Reference 

12 

1.' 

14 

15 

16 

17 

18 
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pregnated with hydrocarbons [20,21]. An analogy to what is commonly 
seen with sorbents used during HPLC analysis, TLC reversed-phase sor-
bents can show significant differences in chromatographic performance 
when compared side by side [22]. Chromatographic behavior of various 
pharmaceuticals indicate that there is no advantage in using smaller chained 
hydrocarbons such as C2 or C8. 

Alumina, which is discussed in greater detail in Chapter 5, and cellu
lose are the two most often used nonsilica-based sorbents. Alumina has 
been used to separate compounds such as fat-soluble vitamins, alkaloids, 
and antibiotics. Cellulose-based ion-exchange layers have wide application 
for sulfonamides, nucleic acids, and steroid sulfates. 

Cellulose was the first sorbent for which the resolution of racemic 
amino acids was demonstrated [23]. From this beginning, derivatives such 
as microcrystalline triacetylcellulose and /3-cyclodextrin bonded to silica 
were developed. The most popular sorbent for the control of optical purity 
is a reversed-phase silica gel impregnated with a chiral selector (a proline 
derivative) and copper (II) ions. Separations are possible if the analytes of 
interest form chelate complexes with the copper ions such as D,L-Dopa and 
D,L-penicillamine [24]. Silica gel has also been impregnated with (—) bru-
cine for resolving enantiomeric mixtures of amino acids [25] and a number 
of amino alcohol adrenergic blockers were resolved with another chiral 
selector [26]. A worthwhile review on enantiomer separations by TLC has 
been published [27]. 

The reader should refer to chapters within the Handbook of Thin-
Layer Chromatography [27] for a more thorough discussion of sorbents 
technology. 

B. Sample Application 
Optimal resolution for planar methods are only obtained when the applica
tion spot size or width at the origin is as small or narrow as possible. As 
with any chromatographic procedure, sample and solvent overloading will 
decrease resolution. Studies show that in most instances automated sample 
application is preferred over manual application especially when applica
tions are greater than 15 /Л [28]. Inadequate manual application of a sample 
will cause diffusion and "double peaking." Depending on the purpose of 
he analysis, various sample amounts are recommended [29] and listed in 
able 3.3. The design of commercially available automatic spotters has 

been reviewed [30]. 
A manual sample application of 0.5 /A is the smallest volume that can 

e reproducibly applied [28]. For volume applications greater than 2-10 
' the sample should be applied stepwise with drying between each step. 
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Table 3.3 Recommended Sample Application Parameters 

Spot Sample Sample 
diameter concentrat ion amount 

Purpose (mm) (0Zo) (щ>) 

Densitomery 2 mm for 0.5/d 0.02-0.2 0.1-1 , 
(HPTLC plate) 

Sample volumes — 1-10 
(conventional) 

Identification 3 mm for 1 ^l 0.1-1 1-20 • 
Sample volumes — — 

Purity testing 4 mm for 2 ц\ 5 100 
Sample volumes — — 

Narrower separation zones are also obtained by "streaking" versus "spot-: 
ting" application techniques [28]. Sample streaking is easily accomplished 
with the currently available commerical applicators. 

Another approach to sample application is to use preadsorbent TLC 
plates. No special skills are required for sample application. These plates 
are precoated with two different materials. There is a lower sample applica
tion zone which is relatively inert, ideally no separating properties of its 
own. This zone is commonly kieselguhr (diatomaceous earth). The sample 
is spotted in the application zone; as the developing solvent passes through 
the sample spot, all the sample will move with the solvent front. At thee 
interface between the two layers, the sample is compacted, which improves Щ 
resolution [31]. Sample application on these preconcentration zones may! 
also help to minimize degradation of labile drugs [32,33]. I 

C. Development Techniques a 
Conventional and High-Performance TLC Щ 

Solvent development is usually by ascending chromatography, in which the Щ 
lower edge of the sheet or plate is dipped into the developing solvent. • 
For good chromatographic reproducibility, mobile phase chambers must be я 
saturated with the vapors of the mobile phase [29]. A paper lining is usually Щ 
inserted in the chamber and saturated with the mobile phase. Not all chro- Щ 
matographers consider it necessary for reproducible chromatography [29]. • 
A review with emphasis on various chamber types and development modes • 
has been published [34]. Щ 
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A mobile-phase developing distance of approximately 10-15 cm is 
typical, but some chromatographers prefer developing their plates 15-20 
cm. For high-performance TLC (HPTLC) plates, which typically have par
ticle sizes of 5 цт versus 20 цт for conventional plates, a developing 
distance of 3-6 cm is typical. Interestingly, similiar efficiencies are obtained 
when both types are developed 8 cm [29]. 

Two-Dimensional Development 
For two-dimensional or bidirectional chromatography, a single sample is 
spotted at the corner of a sheet or plate and developed in the conventional 
manner [35]. After development, the sheet or plate is dried and rotated by 
90° for a second solvent migration which may be the same or a different 
mobile-phase combination. A large variety of stationary-phase combina
tions have been used. Mixed sorbents or two separated sorbents using two 
different mobile phases have been described [36,37]. 

The major advantage of this technique over the one-dimensional sys
tem approach is the increased resolution and higher spot capacity. The 
two-dimensional technique has the potential of separating 150-300 compo
nents [35]. This is because the whole area of the plate is used, which in
creases the resolving power by almost the square of that obtained by one-
dimensional development. This procedure can also be used for determining 
whether decomposition occurred during the chromatographic process. Usu
ally one sample per plate (never more than four samples per plate) can be 
analyzed. 

A strategy for selection of solvent systems has been developed and 
illustrated for 14 anesthetics [38] and 15 steroids [39]. Additional informa
tion can also be found in a dated but nevertheless useful review [36]. 

Overpressurized TLC 
The primary distinction of overpressurized (OPTLC) from the other tech
niques is that the mobile phase is pumped into the sorbent. This is accom
plished by covering the chromatographic plate with a plastic membrane 
held in place by external pressure. The pumping of the mobile phase con
trols the rate at which the chromatogram is developed. Consequently, the 
Maximum resolution occurs at some optimal flow rate. OPTLC is a closed 
system which has also been described as corresponding to a high-
Performance liquid chromatographic column having a relatively thin, wide 
cross section [40]. 

Advantages of OPLC include the following: quicker development 
.,mes ' c°nstant and adjustable optimized mobile-phase flow rate, reproduc-

Ie Rf values, and direct correspondences of results with HPLC. The cou-
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pling of OPLC to HPTLC has also been described [41]. A variant of this 
approach is to use a vacuum chamber [42]. A comprehensive review of 
OPTLC describes general properties, methods of developing chromato-
grams, and the apparatus description with numerous applications [43]. 

Continuous Development 

The chromatographic plate is placed in a specially designed developing tank 
with a slot on the lid for a protuding plate. Upon reaching the slot, the 
solvent evaporates at a continuous rate. Similar to multiple development 
techniques, there is a greater resolution of low-Rf solutes than with conven
tional development techniques. Disadvantages of the method are that there: 
is a broadening of high-Rf zones and longer development times. The tech
nique is described in the USP 23 for identifcation of netilmicin sulfate and 
for assay of antibiotics. The technique has also been used in analysis of 
steroids [44]. 

Multiple Development 

This technique requires that the chromatographic sorbent be repeatedly 
developed in the same or different solvent. The sorbent is dried between 
each development. In other words, one 20-cm development has a longer 
development time than two 10-cm developments. This technique is mos" 
useful for resolution of components with Rf values below 0.5. 

An instrumental form of multiple development is referred to as pro
grammed multiple development. The sorbent is heat dried between each 
development. A instrumental variation is referred to as automatic multiple 
development. In this case, the mobile phase is removed from the developing 
chamber and the sorbent dried under vacuum. These techniques have been 
reviewed recently [27,45]. 

Circular and Anticircular Development 

Proponents of these two planar chromatographic techniques claim certain 
advantages over the conventional rectangular procedures. For circular de
velopment (radial development), the samples are spotted around the center 
of the circular sorbent. The solvent is fed into the center of the plate which 
led to migration of the sample toward the sorbent edge. The apparent 
advantages of this technique are the increased resolution of low-Rr compo
nents and faster development times. As indicated by the name, anticircular 
development is the opposite of circular chromatography. The samples are 
spotted on the outside edge of a circular sorbent, with solvent flows from 
the edges of the plate inward to the center of the plate. This method has an 
advantage for separation of compounds with high-Rf values. 
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When comparing the above two methods to linear development, anti-
circular apparently is superior in terms of sensitivity, number of samples 
per plate, speed of analysis, and solvent consumption. Conventional linear 
TLC ranked second to the anticircular techniques [46]. Also refer to the 
Handbook of Thin-Layer Chromatography [27] for additional details. 

Gradient Development 

Conventioal development procedures of two or more component planar 
mobile-phase systems form phase gradients. The most polar phase stays 
near the bottom of the development plate [29]. Besides these mobile-phase 
gradients, stationary-phase gradients based on having a sorbent of varying 
composition and medium gradients such as temperature have been studied 
[27,47]. 

Thin-Layer Rod/Stick Chromatography 

This is a cylindrical form of planar chromatography where the support is a 
rodlike narrow glass or quartz tube. Stick chromatography has been used 
for the identification of numerous pharmaceuticals [48]. 

Preparative Chromatography 

The traditional procedures are similiar to analytical methods with the major 
differences being the use of thicker sorbent layers. These procedures are 
generally faster and more convenient than classical column chromatogra
phy [6,49]. Preparative scale TLC usually has decreased analyte resolution 
compared to analytical TLC. 

Significant advances have been made in instrumental preparative pla
nar chromatography with the introduction of centrifugally accelerated layer 
chromatography [27]. One disadvantage of this technique is that it is lim
ited to mobile phases with relatively low water content because that higher 
contents the sorbent is sloughed off. Preparative thin-layer chromatogra
phy can be a useful technique for the isolation of pharmaceutical impurities 
and degradants. 

D - Radiopharmaceuticals 

Radiochemical purity determinations consist of separating the different 
c emical substances containing the radionuclide. The radiochemical purity 
° larjeled pharmaceuticals is typically determined by paper chromatogra
phy (paper impregnated with silica gel or silicic acid). The most frequently 

ed radioisotope is technetium-99m obtained by daily elution with saline 
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of a "Mo-"mTc generator. In the elution process, TcO4" [Tc(VII)] and 
possibly reduced forms such as Tc(VI) and Tc(V), and Tc(IV) can be 
obtained which are known to cause problems in imaging and preparation 
of "mTc kits. The presence of these impurities can be determined by using 
two developing solvents, acetone and saline, and paper impregnated with 
silica gel [50]. As another example of determination of radiochemical pu
rity is assessing the efficacy of the radiolabeled preparations by paper im
pregnated with silica gel and saline as developing solvent for '" In-labeled 
antibodies which are used in radioimmunoimaging of benign and malignant 
disease. "1In, not bound to the antibody, migrates with the solvent front as 
a DTPA chelate and the antibody remains at the origin [51]. Audioradiog-
raphy and other related techniques have been reviewed [27]. 

III. DETECTION 

After solvent development, the detection procedures can be either qualita
tive or quantitative. Qualitative procedures require that a drug product be 
identified on the chromtographic plate as having the identical Rf and at 
about equal magnitude to a reference sample. Semiquantitative estimations 
can be a visual comparison of the size and intensity of the spots versus 
various standard concentrations. Quantitative procedures require either 
densitometry or the extraction of the components of interest from the sor-
bent followed by spectrophotometric measurement. 

A. Visualization Methods 

There are various means by which pharmaceuticals can be visualized on 
planar sorbents. The most straightforward is the direct viewing of drugs 
that have color. Adriamycin, beta carotene, gentian violet, and methylene 
blue are the most common examples. 

Many pharmaceuticals are located using short-wavelength (254 nm) 
ultraviolet (UV) light on sorbents impregnated with phosphor. Compounds 
that are naturally fluorescent can be detected under long wavelength UV 
(350 nm) light. In fact, over 40% of the planar methods in the USP require 
simple detection by UV irradiation. Certain pharmaceuticals will not ab
sorb UV because they are in the wrong ionic form. For instance, barbitu
rates are not visible if the sorbent is acidic but becomes so if ammonia 
fumes are blown over the sorbent. 

For drugs where the UV detection is inadequate, the reaction of the 
drug substances with various chemical reagents provide compound- or 
class-specific reactions. The result is either colored or fluorescent chro-
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matographic zones which, in turn, enhance the specificity and/or sensitivity 
of the procedure. 

Several hundred reagents are described as being useful for substance 
visualization [6,27,52,53]. A relatively common test is to place the sorbent 
into a tank of iodine crystals. The iodine vapors form weak-charge transfer 
complexes with unsaturated bonds of the sample. This is visibly detected as 
brown spots. Reaction with iodine is generally reversible but has been 
shown to oxidize compounds such as mercaptans and disulfides. 

Another useful detection mode is to char the sample with a corrosive 
reagent. The most common charring reagent used in the USP is a metha-
nolic solution of sulfuric acid which is sprayed on the chromatographic 
plate. After spraying, the chromatographic plate is heated above 900C for 
30 min. Black zones on a white-gray background appear when the charring 
is complete. Charring may also occurr by heating a sorbent impregnated 
with ammonium bisulfite or ammonium sulfate. For substances that are 
unreactive to the above procedures, 5% nitric acid is added to increase the 
charring reagents oxidizing capabilities. Under less rigorous conditions, 
heating the plates in the presence of acid vapor or ammonium bicarbonate 
generates fluorescent derivatives, which in most instances are many times 
more sensitive than those obtained by charring [52,53]. 

A number of spray reagents are available for visualization of nitroge
nous compounds. Ninhydrin is useful for primary and secondary amines 
[54] and acidified iodoplatinate reacts with primary, secondary, tertiary 
amines, and quaternary ammonium compounds. Visualization reagents 
used for detection of specific drugs are listed in the last part of this book. 
Quantification is possible for the above detection procedures if the formed 
products are stable and where interferences are absent. 

B. Quantification 

The most commonly described USP procedure for quantification is the 
scrap and elution approach. Low analyte recoveries can occur but can be 
minimized by using polar organic solvents such as methanol, ethanol, or 
acetone. Generally, analytes with high-Rf values can be desorbed with high 
recoveries by using the mobile phase. One example of this procedure is the 
USP assay procedure of the steroid methyl prednisolone acetate in cream 
formulation. This steroid is separated from its excipients by TLC, extracted 
from the sorbent, derivatized, and measured spectrophotometrically. 

Over the past decade, commerically available densitometers for in 
situ quantification have become available. This instrumentation has been 
reviewed along with its theoretical foundation [27]. Most scanners are capa
ble of measuring absorbance, fluorescence, and fluorescence quenching 
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Table 3.4 Several Representative Examples of 
Quantification of Drug Substances 

Drug substance 

Amilodipine 

^-Aminosalicylic acid 

Chlordiazepoxide 

Chloroprocaine 

Diazepam 

Diuretics 

Lovastatin 

Rifaximine 

Sulfonamides 

Vitamins 

Formulation 

Tablets 

Bulk 

Bulk/tablet 

Bulk/injectable 

Bulk/tablet 

Injectable/tablets 

Bulk 

Cream 

Bulk/tablets 

Tablets 

Reference 

56 

57 
61 
59 
60 

62 

63 
64 
58 
65 

along with providing spectra of the individual components. Scanners can 
routinely provide reproducibility of less than 5% and often to within 1%. 
Image analysis techniques using a video camera have become a cost-
effective alternative to conventional scanning densitomers. Using the best 
available technolgy, TLC reproducibility is approaching that commonly 
obtained with liquid chromatography [55]. Several representative examples 
of quantification are listed in Table 3.4. 

Specific detectors are also available for quantification of radiophar
maceuticals. These detectors use a position-sensitive proportional counter. 
These detectors are sensitive to the beta and gamma nuclides listed in Table 
3.5. The detector analog output can also be represented as an analog curve. 
Various other detection procedures have also been used, such as flame 
ionization [66], mass spectrometry [27,67], and infrared (IR) [68,69]. 

IV. METHODSDEVELOPMENT 

Planar techniques can tolerate application of either solutions or suspen
sions. In addition, the solvent used to dissolve the sample need not be 
compatible with the TLC mobile phase as is the case for HPLC methods. 
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Table 3.5 Nuclides That Can Be 
Detected by Thin-Layer 
Radiochromatography 

Nuclide Emitter 

3H 
1 2 5I 
. 3 I 1 

14C 
35S 
32P 
3 3 p 

9 9 m T ( ; 

123т 

201T-] 

51Cr 
58Co 
59Fe 

Beta 
Gamma-beta (Auger) 
Beta, gamma 
Beta 
Beta 
Beta 
Beta 
Gamma 
Gamma 
Gamma 
Gamma 
Gamma 
Gamma 

In general, a planar method tends to have fewer sample preparative tech
niques than either gas chromatography (GC) or HPLC methods. The pri
mary criteria for TLC is that the matrix should not distort or streak the 
analyte band or spot. One other concern should be the stability of the drug 
after sample application. For example, vitamin D, is stable on prewetted 
silica gel but decomposes quickly once the sorbent is dried. 

To generate a stragedy for methods development, the first step is to 
review the pharmaceutical literature including vendor catalogs [24]. The 
salient features from the literature and pharmacopeia methods are listed in 
the last chapter. Specific methods, as those for pharmaceutical impurities 
[14, (466)], colorants [70], and preservatives [71] have been complied. 
Numerous mobile-phase systems have been advocated for the assay of phar
maceuticals [3,52,72,73]. The Handbook of Thin-Layer Chromatography 
[27] should be referred to when methods are being sought for specific 
drug classes such as amino acids, antibotics, carbohydrates, steroids, and 
hydrophilic and lipophilic vitamins. A thin-layer chromatographic atlas for 
plant drug analysis is also useful [74]. 

For analysts who are faced with either a new drug product or un
known impurities, time-consuming choices will have to be made regarding 
which TLC systems to test from the hundreds proposed. Over the last 
several years, efforts have been directed toward choosing only a handful of 
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TLC systems for use in the assay of pharmaceuticals. One such attempt was 
based on first screening 800 pharmaceuticals with the best eight TLC sys
tems listed in Table 3.6 [75]. Based on discriminating power of the system 
(i.e., the likelihood that two drugs selected at random will be separated by 
a TLC system), System 4 was considered the most discriminating for basic 
nitrogeneous drugs and System 5 for neutrals and acids [54]. 

A second approach to determining optimum TLC systems is based on 
principal components analysis. This is another statistical approach aimed at 
the identification of pharmaceuticals [76]. By using this approach on 360 
drugs, 4 mobile phases from a set of 40 were chosen as giving the most 
diverse chromatographic information. Table 3.7 lists the four chosen mo
bile phases. 

A third approach compared the five halogen-free mobile-phase sys
tems listed in Table 3.8 using the standarized mobile phases listed in Table 
3.6 [77]. The main criterion for the comparison was the number of "accept
able" spots for 22 acids and neutral drugs. The authors concluded that 
the mobile-phase Systems 1 and 5 in Table 3.8 gave a greater number of 
"acceptable" spots for acidic and neutral drugs than did the mobile phases 
of Table 3.5. For basic drug substances, solvents 3 and 4 in Table 3.8 were 
considered better than the systems in Table 3.6. In addition, halogen-

Table 3.6 Standardized TLC Systems 

System 

1 

2 

3 

4 

5 

6 

7 

8 

Sorbent 

Silica dipped in methanolic 
0. IM KOH solution and 
dried. 

Same as System 1 

Same as System 1 

Same as System 1 

Silica 

Silica 

Silica 

Silica 

Mobile phase 

Methanol-ammonia 
(100:1.5) 

Cyclohexane-toluene-
diethylamine (75 : 15 : 10) 

Chloroform-methanol (9:1) 

Acetone 

Chloroform-acetone (4 : 1) 

Ethyl acetate-methanol-ammo-
nium hydroxide (85 : 10 : 5) 

Ethyl acetate 

Chloroform-methanol (9:1) 
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Table 3.7 Standardized TLC Systems According to Principal Component 

Analysis 

System Sorbent Mobile phase 

j silica Ethyl acetate-30% ammonia 
(85 : 10 : 5) 

2 Silica Cyclohexane-toluene-
diethylamine (65 :25 : 10) 

3 Silica Ethyl acetate-chloroform (1:1) 

4 Silica dipped in methanolic Acetone 
0. IM KOH solution and 
dried. 

containing mobile phases should be avoided due to their toxicity and dis
posal problems. Another important factor that should be mentioned is that 
the sorbents in Table 3.8 do not have to be treated with potassium hydrox
ide, as they do in the systems in Tables 3.6 and 3.7. 

A fourth approach, which has been popular among HPLC chroma-
tographers, is to use a simplex optimization algorithm to determine the 
optimal solvent [27]. This approach was used in the separation of antican
cer platinum (II) complexes [78], drug screening [79], and alkaloids [80]. 

Table 3.8 Universal Halogen-Free TLC Mobile Phases 

System Sorbent Mobile phase 

1 Silica Toluene-ethyl acetate-85% formic acid 

(50 : 45 : 5) 

2 Silica Toluene-acetone-27V acetic acid (30 : 65 : 5) 

3 Silica 2-Propanol-toluene-conc. ammonium 
hydroxide (29 : 70 : 1) 

4 Silica 2-Propanol-toluene-ethyl acetate-2Af acetic 
acid (35 : 10: 35 : 20) 

5 Silica Toluene-dioxane-methanol-conc. ammo
nium hydroxide ( 2 : 5 : 2 : 1 ) 
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A TLC method/approach that is low cost, maintenance free, fast and 
reliable, an apparatus that is made of a plastic bag, and that does not 
require electricity (for developing countries) has been suggested [3]. The 
feasibility was demonstrated by the analysis of a partial list of the essential 
drugs established by the World Health Organization. 

In the above approaches to choosing a TLC system, silica gel has been 
the sorbent of choice. This is due to the greater separation potential that 
silica gel has over reversed-phase sorbents. For purity testing, it is advisable 
to use both silica gel and reversed-phase sorbents. 

V. CONCLUSION 

Although HPLC has superseded TLC in many application areas, conven
tional TLC plays a useful role where cost, rapidity, and simplicity are the 
overiding factors. Quantitative TLC has continued to grow in popularity. 
For in-depth discussions and additional references of the topics discussed in 
this chapter, the reader should refer to Planar Chromatography Reviews in 
Analytical Chemistry (years ending in even numbers) and CAMAG Bibliog
raphy Services. 
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I. INTRODUCTION 

Chromatographic analyses of pharmaceutical compounds has evolved as 
the drug industry matured. Gas-liquid chromatography (GLC) developed 
from the early 1950s to the present with many concurrent innovations in 
chromatography columns and detection systems. Packed open tubular col
umns (¼-¼ in. ID x 6') have been replaced with capillary (0.25 mm ID) 
and megabore (0.5 mm ID) wall coated columns (30, 60, or 120 m) achiev
ing greater baseline separation and selectivity. GLC has been supplanted in 
many areas of pharmaceutical analysis by high-performance liquid chroma
tography (HPLC), in particular for the assay of compounds that are ther
mally unstable and with molecular weights greater than 1000. GLC is the 
technique of choice for thermally stable, relatively volatile analytes such as 
residual solvents. 

H. STATIONARYPHASES 

The selection of a gas chromatographic stationary phase is one of the most 
critical aspects of this technique. There are several hundred stationary 
phases which have been used in packed columns [1]. Only a few common 
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phases are usable for capillary columns which demand high thermal stabil
ity, coatability, and reproducible deposition of the stationary phases on the 
column wall. 

The stationary phase applied to the capillary column can be nonpolar, 
polar, or of intermediate polarity. The most common nonpolar stationary-
phase column is methylpolysiloxane (HP-I, DB-I, SE-30, CPSIL-5) and 
5% phenyl-95% methylpolysiloxane (HP-5, DB-5, SE-52, CPSIL-8). Inter
mediate polar phases such as 50% phenyl-50% methylpolysiloxane (HP-
17, DB-17, CPSIL-19) and polar phases such as polyethylene glycol (HP-
20M, DB-WAX, CP-WAX, Carbowax-20M) are popular. 

Phases in capillary columns are bound and cross-linked and offer 
the highest degree of stability and nonextractability. Cross-linking of the 
stationary phase immobilizes the film and reduces bleed at elevated temper
atures and imparts the ability to regenerate contaminated phase by solvent 
rinsing. Cross-linking reactions of stationary phases is through free-radical-
induced reaction of alkyl, and alkenyl substituents on the polymer or radia
tion can be used to initiate the reaction [2]. Capillary columns offer high 
stationary-phase inertness, ease of use, on-column injection capability, in
creased speed of analysis, and cold trapping, attributes not normally associ
ated with packed-column chromatography. 

The above phases represent the most common phases used in solving 
nearly all of the frequently encountered application problems. There are 
many other stationary phases which are produced to "tune" the phase polar
ity for specific applications. In addition to these phases, there are liquid 
crystalline, chiral, cyclodextrin, polymers such as polystyrene, divinylben-
zene, molecular sieves, and alumina, which are designed for specific separa
tion problems. The chemistry of fused silica deactivation and stationary-
phase application, bonding, and cross-linking has been reviewed in detail 
[3,4]. 

A. Nonpolar and Moderately Polar Phases 

Polysiloxanes are the most common phases used in the production of non-
polar to moderately polar capillary stationary phases. They offer high-
temperature stability and a wide liquid range between their glass-transition 
and decomposition temperatures giving them wide operational tempera
tures (-60-3000C). Methylpolysiloxane, a nonpolar stationary phase, 
shows the highest operational temperatures, highest degree of inertness, 
and generally produces columns with the highest efficiencies. Most separa
tions on these columns are due to differences of solute vapor pressures with 
some selectivity by weak dispersion interactions. 

Octylmethylpolysiloxane nonpolar phases have been used successfully 
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in GC and capillary supercritical fluid chromatography (SFC). Octylmeth-
ylpolysilane columns used in SFC are thought to offer a greater degree of 
inertness over that of the methylpolysiloxane, for certain compounds. The 
long alkyl chain reduces the chance of solute interaction with residual active 
sites. 

The moderately polar phases, such as those containing 5-50% phenyl 
or biphenyl with the remainder as methylpolysiloxane, have no permanent 
dipole but can be temporarily polarized by a solute. This characteristic 
produces selectivity to polar solutes through dipole-induced dipole interac
tion with solutes. The thermal stability of these stationary phases is similar 
to that of the methylpolysiloxanes. 

B. Polar Stationary Phases 

The polyethylene glycols or Carbowaxes and cyanopropylpolysiloxanes are 
the most common of the polar stationary phases. These phases possess 
permanent dipoles, and acid-base interaction with solutes is common. 
These phases are very retentive toward solutes with polar or polarizable 
functionality. They have lower upper temperature stabilities and higher 
lower minimum operational temperatures compared to the nonpolar 
phases. When these phases are cross-linked, the operational upper tempera
ture limits are about 220-2700C and the lower limits about 40-600C. 

The Carbowax column is very sensitive to oxidation when the station
ary phase is exposed to traces of water or air especially at temperatures 
above about 16O0C. A new type of cross-linking has been reported to 
impart resistance to oxidative degradation of the stationary phase [5-7]. 
Two other phases which show promise are an oligo-(ethylene oxide)-
substituted polysiloxane (glyme) and an 18-crown-6-substituted polysilox-
ane [8]. The glyme column offers a polar phase with good operational 
conditions to a low of a least 200C with the same selectivity of Carbowax. 
The crown polysiloxane selectivity is based on the interaction of the solute 
molecule with the cavity of the crown ether. 

Cyanopropyl silicone, another polar stationary phase [9-13], is highly 
polar because pi-complex interactions take place between the nitrile groups 
of the stationary phase and pi-electrons of unsaturated analytes. For a long 
time this phase was limited to packed-column GC due to its low viscosity 
and poor coatability on capillary walls. New cyanoalkyl-substituted sili
cones have been produced with gumlike characteristics, making open tubu
lar capillary column coating possible. The separation selectivity is de
pendent on the number of double bonds and location with respect to 
configuration geometry. These phases are stable to about 3000C. 
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C. Liquid-Crystal Phases 
Liquid-crystalline stationary-phase selectivity is thought to occur through 
the geometrical interaction of the ordered crystals which are coupled to the 
polysiloxane backbone, with the geometrical features of the solute. Reten
tion on these phases is highly dependent on the solute size, shape, and how 
well it fits into the uniform arrangements of the stationary phase. The 
degree of order associated with each crystalline phase varies with the tem
perature. Most liquid-crystal phases can be classified as semetic, nematic, 
or isotropic at various temperature ranges. Semetic phases are the most 
highly ordered, followed by the nematic state, and then the isotropic state, 
which has more liquidlike properties. Nematic phases favor the retention 
of linear molecules, whereas the isotropic phases retain planar or rodlike 
solutes. 

A commercially available semetic phase composed of biphenylcarbox-
ylate ester attached to the polysiloxane backbone of a fused silica column 
has been shown to be ideal for the separation of geometric isomers of 
polycyclic aromatics of various classes of compounds [14,15]. This column 
exhibits a wide semetic temperature range of 100-30O0C and has been 
shown to be stable to at least 280 0C. Liquid-crystal stationary phases have 
also been employed in SFC [16]. 

D. Cyclodextrin Phases 
There has been a great deal of interest in the use of cyclodextrins as station
ary phases [13]. Cyclodextrins are cyclic oligosaccharides composed of var
ying numbers of glucopyranose units. Cyclodextrins are available in the 
alpha, beta, and gamma forms. The glucopyra-nose units are linked to
gether so all secondary hydroxyl groups are situated on one of the two 
edges of a formed ring, with primary hydroxyls on the outer edges. The 
cavity formed is lined with glycosidic oxygen bridges which are rich in 
electron density. 

Gamma cyclodextrin is the largest of the three compounds, composed 
of eight glucose units, with a molecular weight of 1297, a cavity diameter 
of 10 A, and a cavity volume of 510 A3. Alpha is the smallest, composed of 
six glucose units, with a molecular weight of 972, a cavity diameter of 5-6 
A and a cavity volume of 176 A3. Beta cyclodextrin, which is intermediate 
in size, is composed of seven glucose units and has a 1135 molecular weight, 
a cavity diameter of 6-8 A, and a cavity volume of 346 A3. It is these 
cavities that result in the ability of cyclodextrin stationary phases to sepa
rate enantiomers. In fact, cyclodextrins can be a host molecule for com
pounds having the size of one or two benzene rings or a side chain of 
comparable size. 
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Octakis (2,3,6-tri-O-methyl-gamma-cyclodextrin) was used to sepa
rate enantiomers of methyl esters of deltametrinic acid and permetrinic 
acid; the positional isomers of nitrotoluene were also separated on the same 
column [17,18]. Various alkyl- and dialkyl-benzenes have been separated 
on beta- and gamma-cyclodextrin [19]. A complete review of the use of 
cyclodextrins in chromatography has been published by Hinze [20]. Cyclo
dextrins have been analyzed by packed-column gas chromatography as their 
dimethylsilyl ethers [21]. 

E. Absorption 
Capillary columns coated with aluminum oxide and molecular sieves can be 
described as absorption phases [22]. These columns are also known as 
porous-layer open tubular (PLOT) columns. Aluminum oxide PLOT col
umns deactivated with potassium chloride have been very effective at the 
separation of C,_10 hydrocarbons. 

These columns offer excellent loadability and easy separability of light 
hydrocarbon isomers. Some nonlinear absorption is experienced with these 
columns, and as a result, some peaks will exhibit tailing effects. Water 
absorption by the alumina can reduce the selectivity of the column. Condi
tioning the column at 2000C is generally sufficient to remove the surface-
absorbed water. 

Polar compounds such as alcohols, aldehydes, and ketones are 
strongly absorbed to the active sites of the alumina. In most cases, they will 
not be easily desorbed from the alumina even after a conditioning at 2000C. 
Only after long conditioning, column back-flushing, and cutting, will the 
selectivity of the column be returned. Isomers of perflouroalkanes and 
flourobenzenes differing by a 10C boiling point have been separated on an 
aluminum oxide PLOT column [23]. 

Molecular sieves have been applied to fused silica columns, 10 m x 
0.5 mm ID. Molecular sieve 13 X has great retentivity for hydrocarbons 
and is ideal for the separation of naphthene/paraffin mixtures. Molsieve 
5A has been applied to 0.32-mm-ID columns to give a porous layer of about 
30 цт for the analysis of permanent gases. 

A good application is the determination of headspace oxygen in Iy-
ophilized and rubber-stoppered pharmaceutical bottles, vials, and pouches. 
The efficiency of nitrogen purging during bulk drug packaging can be deter
mined by simply injecting a portion of the headspace of the sealed vial 
against air as the standard. A small dab of silicone rubber cement is applied 
to multilayer aluminum-polyproplene pouches and is allowed to cure over
night. A syringe fitted with a 22-gauge needle pierces the pouch through the 
silicone dab, and the inside pouch atmosphere can be sampled. 
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F. Porous Polymers 

The porous polymer stationary phases which for many years have been 
available in packed gas chromatography columns has only recently become 
available as a coated capillary [24]. These cross-linked porous polymer 
columns are produced by copolymerizing styrene and divinylbenzene. The 
pore size and surface are varied by altering the amount of divinylbenzene 
added to the polymer. These PLOT capillary columns exhibit the same 
separative characteristics as Poropak Q packed columns. 

Columns lengths of 10-25 m with a 0.32-mm ID and 10-/*m film 
thickness are available commercially. These phases are ideal for the separa
tion of analytes in aqueous solutions or trace analysis of residual water, 
because the hydrophobic nature of the polymer allows water to be eluted as 
a sharp peak. The upper operational temperature of 25O0C makes these 
phases a good choice for the separation of polar light hydrocarbons and 
alcohols. At subambient temperatures oxygenated gases such as CO and 
CO2 are separated without tailing. 

Porous polymers containing various metal chelates bound to nitrogen 
functionalities have been used to separate oxygen from argon, nitrogen, 
and carbon monoxide [25]. The porous polymer is synthesized with pyridyl 
functional groups, which serve as an axial base for the metal chelate in 
coordinate bond formation between the metal chelate and the polymer. It 
also serves to activate the metal complex for oxygen coordination. 

III. HARDWARE 
A. Capillary Inlets 

There are several types of capillary inlets in use today which can be divided 
into two categories: direct on-column injection and split/splitless injection 
techniques. 

Direct injection simply transfers the entire sample to the analytical 
column. Direct injection techniques include direct flash vaporization (hot 
direct injection) and cold on-column. Direct flash vaporization has become 
popular used with wide-bore capillary columns (> 530 ^m ID) having phase 
ratios less than 80 and high sample volume capacity and can easily accom
modate injections of up to 10 /Л of sample. 

Specially designed direct flash injection port liners, called Uniliners, 
made by Restek Corporation (Port Matilda, PA) can be used for both flash 
vaporization and wide-bore on-column injections. In the direct flash mode, 
an injection syringe with up to a 22-gauge needle can be used to seal the 
vaporization chamber while а 530-дт ID column butts to the bottom of the 
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liner. This design eliminates exposure of the sample to the polyamide outer 
coating and reduces sample exposure to the metal surface of the syringe. 
With the use of a syringe of the proper needle gauge, the tightly controlled 
radial restriction of the liner seals the expansion chamber and reduces flash
back spillover into the injector cavity, allowing for full automation using a 
standard syringe. 

The liner may also be inverted, reversing the location of its radial 
restrictions. If the narrower restriction is placed at the top and a wide-bore 
column into the bottom restriction, the column will enter into the expansion 
chamber and butt to the narrower end. In this mode, a 26-gauge needle can 
be used to perform wide-bore on-column injections. The advantage of this 
mode of sample introduction is that exposure to active sites of the glass 
liner is eliminated. The disadvantage is that small samples must be used 
relative to the direct flash. The effect of depositing particles directly on the 
column is more severe for the on-column procedure, along with wider sol
vent peaks. 

Cold on-column injections allow the inlet and/or inlet section of the 
column to be cooled or maintained at lower temperatures than the oven. 
Cold on-column injection suffers from the possibility of sample zone band 
broading due to excessive solvent flooding. The advantage of cold on-
column injection is that it reduces sample discrimination or sample loss, 
due to syringe needle heating during injection. 

For flash vaporization injection, the effect of injection speed, choice 
of solvent, and injector temperature greatly affect the solvent peak width. 
Injection of a low-boiling solvent at high injector temperatures can cause 
the entire expansion volume of the liner to be exceeded by the expanded 
solvent. It must be remembered that 1 /Л of liquid solvent injected at 2500C 
at 10 psig head pressure is converted to some 200-1000 ц1 of gas. Thus, as 
the injection volume increases, the injection rate should be adjusted so as 
not to exceed the expansion volume available in the port liner. Generally, 
nonpolar solvents perform best in the direct flash mode. The injection rate 
should follow the following formula [26]: 

. . (Expansion volume sample + Solvent) — Liner volume 
Injection rate > ^— - -

Column flow rate 
On-column injection into columns of 320 fim or less is more difficult 

and not easily automated. This usually requires the use of a fused silica 
needle of sufficiently small outer diameter or a needle capable of entry into 
the analytical column. The column is usually placed into a specially de
signed injection port fitted with "duck bill" or isolation-valve-type septa. A 
second approach which has shown great success is the use of a precolumn 
of a wide-bore capillary (530 /лп ID) which is connected to the analytical 
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column (320 /лп ID or less). This technique is usually called retention gap. 
Sample injection volumes of up to 100 /xl can be made. 

Compared with on-column injection into 320-/*m-ID columns, the 
advantage of the retention gap approach is that large sample volumes can 
be injected. The effects of particulates deposited on the precolumn is not 
severe. The approach can be automated and the length of the flooded zone 
is more controllable. The length of the flooded zone in the column inlet 
and the evaluation of different retention gaps have been studied [27]. A 
comprehensive review of the retention gap technique has been published 
[28]. 

Splitless injection involves keeping the injector split vent closed during 
the time the sample is deposited on the column, after which the vent is 
reopened and the inlet purged with carrier gas. In splitless injection, the 
inlet temperature is elevated with respect to the column temperature. The 
sample is focused at the head of the column with the aid of the "solvent 
effect." The solvent effect is the vaporization of sample and solvent matrix 
in the injection port, followed by trapping of the analyte in the condensing 
solvent at the head of the column. This trapping of the analyte serves to 
refocus the sample bandwidth and is only achieved after proper selection of 
the solvent, column and injector temperatures. Splitless injection tech
niques have been reviewed in References 29 and 30. 

Splitless, direct, and cold-on-column techniques all utilize the solvent 
effect to maximize sample loading and minimize sample bandwidths. There 
is a wealth of information on how to best utilize the solvent effect to 
minimize the starting sample bandwidths in the splitless mode of injection. 
Several articles review the proper use of the solvent effect [31-36]. Splitless 
injection is ideal for dilute clean samples; it, however, is not suited for 
heat-sensitive samples. Classical split injection is discussed in a comprehen
sive review recently published [37]. The solvent effect in split injection has 
been discussed in two articles [38,39]. 

In programmed temperature vaporization (PTV) injection, the sam
ple is introduced into an injector kept below the boiling point of the sample 
solvent. After withdrawal of the syringe needle, the vaporization chamber 
packed with glass wool is heated rapidly after the sample solvent has evapo
rated (splitless mode). In the split PTV injection mode, the sample is vapor
ized after the needle is removed while keeping the split vent open. This flash 
heating vaporizes the sample, driving it into the column. The advantage to 
PTV injection is that it subjects samples to less thermal stress compared to 
vaporization techniques of injection. Also, the splitless PTV mode is less 
prone to be affected by a sample matrix than classical splitless techniques. 
For a complete review of the PTV injection, see Refs. 40-42. The perfor-
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mance of PTV injection has been compared with hot-splitless and on-
column [43] injection, and with classical splitless injection [44]. 

Several published reports review the basic types of inlets available for 
capillary gas chromatography [45-50]. Reference 41 can be a useful guide 
to the proper selection of an inlet system and the parameters for its opti
mum performance (Table 4.1). 

B. Capillary Columns 

Capillary columns are usually composed of fused silica with polyamide 
outer coating to give flexibility and reduce breakage of the capillary during 
handling. Capillary columns can be categorized into three classes. The meg-
abore or wide-bore columns are greater than 0.32 mm ID, whereas normal 
bore or high-resolution columns are 0.32-0.22 mm ID, and microbore or 
high-speed columns are 0.2-0.1 mm ID. 

The high-speed columns are generally used where the highest efficien
cies and speeds are required, such as gas chromatography-mass spectrome
try (GC-MS) applications where reduced run times can increase source and 
electron multiplier lifetimes. A second advantages of fused silica capillaries 
in GC-MS applications have been lower temperatures and consequent mi
nor change in vacuum during temperature programming, resulting in better 
sensitivity. Other advantages of fused silica capillaries in GC-MS applica
tion have been discussed by Settiage and Jaeger [51]. 

High-speed columns yield 5000-10,000 plates per meter, whereas most 
high-resolution columns give 3000-5000 plates per meter. Most applications 
of capillary columns are with column lengths of 10-50 m and are somewhat 
dependent on the complexity of the sample and the number of components 
of interest. A general rule is that samples with 20-50 components are best 
handled on columns of 20-30 m, whereas samples of 50 or more compo
nents will require 30-50 m of column. 

Capillary supercritical fluid chromatography (SFC) columns are 0 .1-
0.025 mm ID and 3-20 m in length. Good reviews of the technique of SFC 
have been recently published [52-55]. It was reported that the optimum 
inner diameter for capillary SFC based on plate height, linear velocity, 
analysis time, and column length was around 0.050 mm. 

One type of column is the wall-coated open tubular column (WCOT) 
in which the stationary phase is applied and bound directly to the walls of 
the column. Porous-layer open tubular columns (PLOT) are columns in 
which the stationary phase is deposited on fine particles of absorbent, ab
sorbed on the walls of the column, increasing the available surface area of 
the column wall. Support-coated open tubular (SCOT) columns are those 
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Table 4.1 Selection of the Injection System and Optimum Performance 
Parameters 

Split injection Application for 
• relatively concentrated solutions: 1% to 20 

ppm (FID*) per component 
• analysis of undiluted samples 
• headspace analysis 
• rapid, fully isothermal analysis 

Sample handling; high flexibility regarding 
sample concentration, solvent, and column 
temperature; optimal reproducibility of ab
solute retention times; demand for analyses 
requiring high accuracy; high risk of system
atic errors. 

Splitless injection Application for 
• dilute samples; 50-0.5 ppm (FID) per compo

nent 
• dirty samples, especially if accuracy of the re

sults is not very important 

Produces relatively accurate results for volatile 
solutes; problems with quantitation of high-
boiling solutes (matrix effects!); requires re-
concentration of the initial bands by cold 
trapping or solvent effects, which often 
forces cooling of the column for the injec
tion. This is time-consuming and causes 
problems with absolute retention times. 

PTV injection Produces better quantitative results than classi
cal vaporizing injection but is not yet suffi
ciently explored to be classified as a routine 
method with known working rules. 

On-column injection Diluted samples: 300-0.01 ppm (FID) per com
ponent; optimum method for producing 
highly accurate results; not suitable for very 
dirty samples (samples containing more than 
0.1% of involatile by-products); requires 
cooling below solvent boiling point. 
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Table 4.1 (Continued) 

Sample volume If evaporation inside the syringe needle cannot 
be avoided, use 5- or 10-/Л syringes, resulting 
in a minimum sample volume injected corre
sponding to the needle volume. Injection of 
0.5-1-/Л volumes improves elution from the 
syringe needle. Splitless injection: maximum 
sample volume around 2 ц1 (1 ц\ plus needle 
volume). 

Split injection: small sample volumes tend to 
reduce problems. 

Length of syringe needle Long needles, releasing the sample near the col
umn entrance, for spitless injection and for 
split injection with low split flow rates. 

Short needles, providing a long way for the 
sample to evaporate, for split injection with 
high split flow rates. Short syringe needles 
help to avoid sample evaporation inside the 
syringe needle. 

Packing material strongly promotes decompo
sition of labile solute material and tends to 
retain (adsorb) high-boiling components. 
Split-injection: promoted evaporation may 
improve or worsen quantitative results (to be 
tested). 

Splitless injection: a light plug of glass wool re
duces matrix effects for solutes having fairly 
high boiling point. 

Carrier gas flow rate Splitless injection: high carrier gas flow rates 
improve the efficiency of the sample trans
fer; below 2.5 ml/min sample transfer be
comes unsatisfactory (below 1.5 ml/min if 
solvent recondensation accelerates the sam
ple transfer). 

Split injection: use high carrier gas flow rates 
to obtain maximum sensitivity; low carrier 
gas flow rates for very high split ratios. High 
carrier gas flow rates strongly favor use of 
hydrogen as carrier gas as well as columns 

(Continued) 
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Table 4.1 (Continued) 

with up to 0.35 mm ID (wider bore columns 
provide strongly reduced separation efficien
cies of only weakly increased flow rates). 

Column temperature Split injection: relatively unimportant; column 
during injection temperatures below the solvent boiling point 

promote the recondensation effect, causing 
more sample material to enter the column 
than expected from the present split ratio. 

Splitless injection: reconcentration of the 
bands broadened in time requires either low
ering of the column temperature at least 60-
900C below the elution temperature of the 
solutes of interest (cold trapping) or keeping 
of the column at least 20-25 0C below the sol
vent boiling point to create solvent effects. 

Injector temperature Minimum injector temperature if sample evap
oration inside the syringe needle is to be 
avoided. 

If sample evaporation inside the syringe needle 
is unavoidable, the maximum injection tem
perature which can be tolerated without de
grading solute material. 

Splitless injection: high injector temperature 
improves sample transfer and reduces matrix 
effects. 

Split injection: high injector temperature pro
motes evaporation, which may or may not 
be advantageous. 

Width of injector insert Sample vapors must not overfill the injector in
sert. 

Splitless injection: inserts with 3.5-4 mm ID. 
Split injection: wide-bore inserts (3-5 mm ID) 

reduce deviations between the preset and the 
true split ratio and improve evaporation 
(prolonged evaporation time). 

Narrow inserts ( - 2 mm ID) reduce dilution of 
sample vapors with carrier gas; of interest 
for analyses requiring maximum sensitivity. 
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Table 4.1 (Continued) 

Packed inserts Packing the vaporizing chamber, e.g. with (si-
lanized) glass wool, improves sample evapo
ration and hinders involatile by-products 
from entering the column. 

*FID = flame-ionization detection 
Source: From Reference 41, with permission. 

in which the stationary phase is deposited on a solid support coating the 
column wall. 

A fourth type of column is the whisker walled (WW) in which the 
wall of the column has been etched by chemical means, leaving behind 
whiskers on the surface of the column. These projections of the fused silica 
significantly increase the available surface area of the column. Wall-coated, 
porous-layer, and support-coated capillary columns have all been available 
as whisker walled and have been given the acronyms WWCOT, WWPLOT, 
and WWSCOT, respectively. 

The film-thickness stationary phase of these columns is usually 0.1-10 
^m and can be broken into three film-thickness ranges. Thin-film columns 
are usually 0.1-0.2 цт offering the greatest stationary-phase stability. They 
have smaller sample capacity compared to the thicker films but are the film 
thickness of choice for high-temperature work. Thick-film columns are 
generally 0.6-10 ^m and offer high sample capacity, better retentivity to 
volatile compounds, and a high degree of inertness, but have a larger 
amount of bleed at the higher temperatures compared to the thinner-film 
columns. 

The medium-film thickness is about 0.3-0.6 цт and generally offers 
the best compromise of sample capacity, retentivity, and phase stability. 
The phase ratio determines the capacity of the column and influences its 
retentivity of solutes. The phase ratio (/3) can be defined as the ratio of the 
inner column radius to that of the product of twice the stationary-phase 
film thickness or 0 = r/2df. We can now also use phase ratios to group 
film thicknesses and now say that thick-film columns have phase ratios 
of less than about 80. (In capillary SFC the typical stationary-phase film 
thicknesses are 0.1-0.3 /tm.) The effective phase ratio can change in capil
lary SFC, depending on the characteristics of the stationary phase and the 
operating density [57]. The change in phase ratio can be attributable to a 
swelling of the stationary phase under certain SFC conditions. 
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C. Detection 

There are different types of detectors available for gas chromatography 
designed for specific analytical uses. The thermal conductivity detector is a 
universal detector which will respond to everything including water. Selec
tive detectors such as electron capture and flame ionization respond to 
certain functional or elemental characteristics of the analyte. Specific detec
tors respond in such a way as to give specific qualitative information con
cerning the analyte's structure. Specific detectors include Fourier transform 
infrared, flame photometric, and mass selective detection. The following 
subsections highlight most of the detectors available and outline useful and 
interesting applications. 

Electron Capture 

Electron-capture detectors show great sensitivity to halogenated com
pounds. In electron-capture detectors, the carrier gas is ionized by beta 
particles from a radioactive source (usually tritium or nickel-63), to pro
duce a plasma of positive ions, radicals, and thermal electrons. Thermal 
electrons are formed as the result of the collision of high-energy electrons 
and the carrier gas. 

Electron-absorbing compounds react with the thermal electrons to 
produce negative ions of higher mass. When a potential difference is ap
plied to the detector collector, thermal electrons are collected to produce 
the standing current of the detector. Thus, the reduction in standing current 
due to the combination of thermal electrons and electron-capturing com
pounds provides the analytical signal. The other possible reaction that can 
take place in the detector is the interaction of an excited carrier molecule 
with a sample to produce an electron. This reaction increases the standing 
current and results in negative peaks. 

To reduce the likelihood of these types of reactions, the detector gas 
of choice is 5% methane in argon. The methane serves to increase the 
energy-reducing collisions and prevent the high-energy collisions that form 
electrons. Thus, the low-energy reactions are favored and detector noise is 
minimized. It has also been shown that the response characteristics of the 
detector can be altered dramatically by the addition of oxygen or nitrous 
oxide to the carrier gas [58]. These dopants react to negative ions, which 
act as a catalyst to electron capture and thus enhance response with certain 
molecules. 

Poole [59] has outlined some molecular features governing the re
sponse of electron-capture detectors to organic compounds, which can be 
used as a guide to judge response and selection of the proper derivative: 
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1. Alcohols, amines, phenols, aliphatic saturated aldehydes, thioethers, 
ethers, fatty acid esters, hydrocarbons, aromatics, vinyl-type fluorori-
nated, and those with one chlorine atom all give a low response. 

2. A high response is given by halocarbon compounds, nitroaromatics, 
and conjugated compounds containing two groups which in their own 
right are not strongly electron attracting but become so when connected 
by specific bridges. 

3. Compounds with a halogen atom attached to a vinyl carbon have a 
lower response than the corresponding saturated compounds. 

4. Greater sensitivity is obtained if the halogen atom is attached to an allyl 
carbon atom than the corresponding saturated compound. 

5. Response for the halogen decrease in the following order I > Br > Cl 
> F and increase synergistically with multiple substitution on the same 
carbon. 

Several reviews of the electron-capture detector have been published 
[59-61]. The fundamental properties of derivatization techniques to en
hance electron-capture detection have been published [62,63]. There have 
been many reported pharmaceutical applications of the electron capture 
detector; a few selected interesting applications are listed in Table 4.2. 

Thermionic 

The most popular thermionic detector (TID) is the nitrogen-phosphorus 
detector (NPD). The NPD is specific for compounds containing nitrogen 
or phosphorus. The detector uses a thermionic emission source in the form 
of a bead or cylinder composed of a ceramic material impregnated with an 
alkyl-metal. The sample impinges on the electrically heated and now molten 
potassium and rubidium metal salts of the active element. Samples which 
contain N or P are ionized and the resulting current measured. In this 
mode, the detector is usually operated at 600-8000C with hydrogen flows 
about 10 times less than those used for flame-ionization detection (FID). 

There is no sustaining flame in this operational mode, as there is 
in flame-ionization detection, and most hydrocarbons give little response 
because they are not ionized. The NPD has the highest sensitivity to N and 
P compounds, with limits of detection of about 1-10 pg. The detector can 
also be operated with hydrogen and air ratios to provide a self-sustaining 
flame. This mode is called the flame thermal-ionization detector (FTID). 

In the FTID mode, the detector is specific for nitrogen- and halogen-
containing compounds, with limits of detection to about 1 ng. By operating 
the detector with air only as the detector gas, the detector response to 
halogens are increased compared to FTID and weak response to nitrogen 
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Table 4.2 Pharmaceutical Applications 
Using Electron-Capture Detection 

A n a l v t e Reference 

Amino acids 
Amines, /3-aminoalcohoIs 
Prostaglandin 
Antiarrhythmics 
Arylalkylamines 
ACE inhibitors 
Prostaglandins 
Thromboxane antagonist 
Anilines 
Opiates 
Propylnorapomorphine 
Phenols 
Chlorinated phenols 
Carboxylic acid, phenols 
Phenols 
Methylene chloride 
Tyosyl peptide 
Iodine 
Reduced sulfur 
Beta-blockers 
Propane-, butane-diols 

64 
65 
66 
67 
68 

69,70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 

compounds can be obtained. The most sensitive response to nitrogen com
pounds is obtained when the detector is operated with nitrogen as a detector 
gas. Typical limits of detection of detection of nitrogen compounds can be 
achieved in the range 0.1-1 pg. 

Organolead compounds may be detected by turning off the heating to 
the thermionic source and running in the FTID mode. In this mode, the 
combustion of organolead compounds lead to long-lived negative-ion prod
ucts which are detected at the TID collector. 

When using a TID, the gas flow in the detector greatly affects the 
response curve for many compounds. When performing trace analysis, it is 
worth taking the time to generate detector gas flow versus response curves 
to obtain optimal sensitivity. Chlorinated solvents and silanizing reagents 
can deplete the alkali source and should be avoided. Glassware should be 
rinsed free of any traces of phosphate detergents. Phosphoric-acid-treated 
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columns, glass wool, and stationary phases with high nitrogen content 
should not be used as they can generate a large background signal. Three 
recent reviews of thermionic detection have been published [83-85]. Several 
interesting applications are listed in Table 4.3. 

Photoionization 

When a compound absorbs the energy of a photon of light it becomes 
ionized and gives up an electron. This is the basis for the photoionization 
detector (PID). The capillary column effluent passes into a chamber con
taining an ultraviolet (UV) lamp and a pair of electrodes. As the UV lamp 
ionizes the compound, the ionization current is measured. 

The PID allows for the detection of aromatics, ketones, aidehydes, 
esters, amines, organosulfur compounds, and inorganics such as ammonia, 
hydrogen sulfide, HI, HCl, chlorine, iodine, and phosphine. The detector 
will respond to all compounds with ionization potentials within the range 
of the UV light source, or any compound with ionization potentials of less 
than 12 eV will respond. 

The advantage to the detector is that some common solvents such 
as methanol, chloroform, methylene chloride, carbon tetrachloride, and 
acetonitrile give little or no response if a lamp with an ionization energy of 
10.2 eV is used. The most common lamps available are 9.5, 10.0, 10.2, 
10.9, and 11.7 eV. To enhance the selectivity of the detector, a lamp is 
chosen which is just capable of ionizing the analyte of interest. 

Table 4.3 Pharmaceutical Applications Using 
Thermionic Detection 

Analyte Reference 

Methylpyrazole 86 
Antiarrhythmics 87 
N-P compounds 88 
Aminobenzoic acid 89 
Reducing disaccharides 90 
Antihistamines 91 
Symphathomimetic amines, psy

chomotor stimulants, CNS 
stimulants, narcotic analgesics 92 

Benzodiazepines 93 
Barbiturates 94 
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A major advantage to this technique is that inorganics can be detected 
to low levels (1-2 pg) using a nondestructive detector. This means that the 
PID can be connected in series with other detectors and is ideal for odor 
analysis. The sensitivity of the detector is directly related to the efficiency 
of ionization of the compound. The PID is about 5-10 times more sensitive 
to aliphatic hydrocarbons, 50-100 times more sensitive to ketones than 
FID, and 30 times more sensitive to sulfur compounds than flame photo
metric detection. Several reviews on the PID and its sensitivity have been 
published [94-97]. 

Flame Photometric 

The flame photometric detector (FPD) uses the principle that when com
pounds containing sulfur or phosphorus are burned in a hydrogen-oxygen 
flame, excited species are formed, which decay and yield a specific chemilu-
minescent emission. The detector is composed of a dual-stacked flame jet 
and a photomultiplier tube. By selecting either a 393- or 526-nm bandpass 
interference filter between the flame and photomultiplier, sulfur or phos
phorus detection is selected. The dual-flame arrangement enhances detector 
response because the first flame is where most of the combustion of the 
column effluent takes place, whereas the second flame is where the emission 
takes place. This minimizes emission quenching that can occur when sol
vents and sulfur or phosphorus species are in the flame simultaneously. 
The second type of quenching is observed at high concentrations of the 
heteroatom species in the flame. At high concentrations, the energy absorp
tion due to collisional effects, chemical reactions between species, or reab-
sorption can reduce photon emissions. 

Gas flows as well as hydrogen-air or hydrogen-oxygen flow ratios are 
critical to maximum response. Sensitivity on the sulfur mode decreases 
with increases in detector temperature, whereas in the phosphorus mode it 
increases with increased detector temperature. 

The response of the detector in the phosphorus mode is linear with 
respect to concentration. In the sulfur mode, the square root of the re
sponse is proportional to concentration. The selectivity for sulfur or phos
phorus to hydrocarbons is about 104-105 to 1, thus the presence of most 
solvents is not a problem. The reactions that occur in the flame are being 
studied. The species most commonly responsible for emissions in the sulfur 
mode is S2, whereas in the phosphorus mode it is HPO. The typical sensitiv
ity of the FPD is about 10-20 pg of a sulfur-containing compound and 
about 0.4-0.9 pg of a phosphorus-containing compound. 

Detection difficulties in the sulfur mode are quite frequently attrib
uted to problems with the detector. The analyst must always keep in mind 

Gas Chromatography 97 

that there is a possibility for absorption and oxidation with sulfur species 
[98]. A recent review on the sulfur detection mode of the FPD has been 
published [99]. The separation of trace amounts of seven volatile reactive 
sulfur gases has been achieved [100]. Carbon disulfide has been determined 
to 1 pmol/liter in water [101]. 

Electrolytic Conductivity 

The electrolytic conductivity (ELCD) detector is specific for the detection 
of sulfur, nitrogen, and halogens. The detector is composed of a furnace 
capable of temperatures of at least 10000C; effluent from the GC column 
enters the furnace and is pyrolyzed in a hydrogen- or oxygen-rich atmo
sphere. The decomposition takes place (reduction or oxidation) and several 
reactor species are produced. The effluent is passed through a scrubber tube 
to remove the unwanted species. The scrubbed effluent is brought into 
contact with a deionized alcohol-water mixture stream (conductivity liq
uid). The gas-liquid contact time is sufficient that the species enter the 
conductivity solution, which is pumped at 4-5 ml/min through a conductiv
ity cell. The presence of these species in the conductivity liquid changes its 
conductivity and results in the analytical signal. 

When the detector is operated in the (X = halogen) reductive mode 
with hydrogen as a reaction gas, H2S, HX, NH3, and CH4 are the major 
reaction products of the decomposition of sulfur-, halogen-, and nitrogen-
containing compounds. If a nickel furnace tube is used and a scrubber 
containing Sr(OH)2 or AgNO3 is used, HX will be removed. In addition, 
H2S gives little or no response; thus, the only response is from the nitrogen-
containing compounds. If the scrubber is removed and the nickel furnace 
tube is replaced with a quartz tube, no NH3 or CH4 is produced; conse
quently, the only response will be from halogen-containing compounds. 

In the oxidative mode using air as the furnace reaction gas, sulfur-, 
halogen-, and nitrogen-containing compounds produce SO2 and SO3, HX, 
CO2, H2O, and N2 products. Carbon dioxide gives little response because 
the gas-liquid contact time is short and it is poorly soluble in the alcoholic 
conductivity solution. Water and N2 also give CaO scrubber, and as before, 
HX can be removed with a AgNO3 or Sr(OH)2 scrubber. The oxidative 
mode is the usual mode for selective detection of sulfur-containing com
pounds. 

The electrolytic conductivity detector is a good alternative to the FPD 
for selective sulfur detection. The ELCD has a larger linear dynamic range 
and a linear response to concentration profile. The ELCD in most cases 
appears, under ideal conditions, to yield slightly lower detection limits for 
sulfur (about 1-2 pg S/sec), but with much less interference from hydrocar-
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bons compared to the FPD. The performance of the ELCD compared to 
FPD and the performance in the sulfur mode in the presence of hydrocar
bons have been published [102,103]. A useful article for troubleshooting 
operator problems has been published [104]. The use of the ELCD for 
nitrogen-selective detection has been reviewed [105]. The ELCD has been 
used for the determination of barbiturates without sample cleanup [106]. A 
report dealing with the detection of benzodiazepines, tricyclic antidepres
sants, phenothiazines, and volatile chlorinated hydrocarbons in serum, 
plasma, and water has been published [107]. 

Chemiluminescence 

The principle of chemiluminescence detection is a chemical reaction form
ing a species in the electronically excited state that emits a photon of mea
surable light on returning to their ground state. 

The oldest chemiluminescent detector was the thermal energy analyzer 
(TEA), which was specific for N-nitroso compounds. N-nitroso com
pounds such as nitrosamines are catalytically pyrolyzed and produce nitric 
oxide which reacts with ozone to produce nitrogen dioxide in the excited 
state, which decays to the ground state with the emission of a photon. A 
photomultiplier in the reaction chamber measures the emission. Nitrosodi-
methylamines have been detected to about 30-40 pg [108]. 

More recently, chemiluminescence detectors based on redox reactions 
have made possible the detection of many classes of compounds not de
tected by flame ionization. In the redox chemiluminescence detector 
(RCD), the effluent from the column is mixed with nitrogen dioxide and 
passed across a catalyst containing elemental gold at 200-4000C. Respon
sive compounds reduce the nitrogen dioxide to nitric oxide. The nitric oxide 
is reacted with ozone to give the chemiluminescent emission. The RCD 
yields a response from compounds capable of undergoing dehydrogenation 
or oxidation and produces sensitive emissions from alcohols, aldehydes, 
ketones, acids, amines, olifins, aromatic compounds, sulfides, and thiols. 
The RCD gives little or no response to water, dichloromethane, pentane, 
octane, carbon dioxide, oxygen, nitrogen, and most chlorinated hydrocar
bons. 

The usefulness of the detector is for those compounds giving low 
response to the FID, such as ammonia, hydrogen sulfide, carbon disulfide, 
hydrogen peroxide, carbon monoxide, formaldehyde, and formic acid, 
which all give apparently good response to the RCD. By changing the 
catalyst from gold to palladium, saturated hydrocarbons can be detected. 
The specificity of the detector decreases as the catalyst temperature in
creases and as gold is substituted for palladium. 
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The sulfur chemiluminescence detector (SCD) is based on the reaction 
of compounds containing a sulfur-carbon bond and fluorine. In the SCD, 
an electrical discharge tube converts sulfur hexafluoride into flouride, 
which enters a vacuum chamber containing a photomultiplier tube; the GC 
column enters the chamber via a heated transfer line. The vacuum pump 
keeps the chamber at low pressure. In this chamber, fluorine and sulfur-
containing compounds react to form HF in the excited state, which decays 
to the ground state through the emission of a photon of light. Most sulfides, 
thiols, disulfides, and heterocyclic sulfur compounds can be detected in the 
mid to low picogram range. This detector gives little or no response to 
saturated hydrocarbons, methylene chloride, acetonitrile, methanol, and 
carbon tetrachloride. Weak responses are seen for compounds with C-H 
bonds such as alkenes and organics with amine groups. The advantage of 
the SCD over the FPD is that there is a linear response with respect to 
concentration and that there is no quenching due to solvent. Limits of 
detection for ethyl sulfide are about 5 pg. Reviews on the use of chemilumi
nescence detectors have been published [109-111]. 

Helium Ionization 

The helium ionization detector (HID) is a sensitive universal detector. In 
the detector, Ti3H2 or Sc3H3 is used as an ionization source of helium. 
Helium is ionized to the metastable state and possesses an ionization poten
tial of 19.8 eV. As metastable helium has a higher ionization potential than 
most species except for neon, it will be able to transfer its excitation energy 
to all other atoms. As other species enter the ionization field the metastable 
helium will transfer its excitation energy to other species of lower ionization 
potential, and an increase in ionization will be measured over the standing 
current. 

The detector requires a helium source of at least 99.9999% pure, 
because the purity of the detector gas will affect the detector response, its 
background current and the polarity of the response for certain com
pounds. With very high-purity helium, the detector will respond negatively 
to hydrogen, argon, nitrogen, oxygen, and carbon tetrafluoride. The mag
nitude of the negative response will decrease as the purity of the helium 
decreases, until the minimum in the background current is reached. At the 
minimum in the background current, all gases, except neon, will give a 
positive response accompanied with a decrease in the overall sensitivity of 
the detector. 

The HID is about 30-50 times more sensitive than the FID, with 
typical detection limits of low parts per billion of most gases. The HID 
has been used to detect nitrogen oxides, sulfur gases, alcohols, aldehydes, 
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ketones, and hydrocarbons. The analysis of impurities in bulk gases and 
liquids is an ideal application for this detector. 

Formaldehyde, which is difficult to detect at trace levels without deri-
vatization, was determined in air to about 200 ppb with the HID. Reviews 
of the performance characteristics and applications of the HID have been 
published [113,114]. 

Mass Selective 

The mass spectrometer when used as a detector for GC is the only universal 
detector capable of providing structural data for unknown identification. 
By using a mass spectrometer to monitor a single ion or few characteristic 
ions of an analyte, the limits of detection are improved. The term mass 
selective detection can refer to a mass spectrophotometer performing se
lected ion monitoring (SIM) as opposed to operation in the normal scan
ning mode. Typical limits of detection for most compounds are less than 
10~ l2g of analyte. 

Comprehensive reviews of the use of the mass spectrometer as a detec
tor in GC have been published [115-118]. The vast majority of references 
have been for the detection of pharmaceuticals and their metabolites in 
biological matrices. 

Fourier Transform Infrared 

The use of an on-line Fourier transform infrared (FTIR) detector with GC 
has allowed for the identification of unknowns and the distinction between 
structurally similar compounds. Many compounds with structural simi
larities cannot be identified by electron impact mass spectrometry be
cause the fragmentation patterns are (or are nearly) identical. An example 
is the identification of positional isomers of substituted chlorobenzenes, 
whose mass spectra are identical. In these cases, chemical ionization can 
be used to highlight structural differences. The infrared detector (IRD) 
gives quite different spectra for positional isomers, and when compared 
to library spectra of authentic compounds, it gives unequivocal identifi
cation. 

The FTIR is also useful in the identification of unknown solvents 
when performing trace analysis for residual solvents in bulks. The FTIR 
also must be looked upon as a complement to data collected by GC-MS. 
Reviews on the performance and application of the FTIR to various prob
lems have been published [119,120]. Reviews on the use of the FTIR in 
combination with mass spectrometry have been published [121-123]. 
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Atomic Spectroscopy 

Atomic spectroscopy as a means of detection in gas chromatography is 
becoming popular because it offers the possible selective detection of a 
variety of metals, organometallic compounds, and selected elements. The 
basic approaches to GC-atomic spectroscopy detection include plasma 
emission, atomic absorption, and fluorescence. 

Microwave-induced plasma (MIP), direct-current plasma (DCP), and 
inductively coupled plasma (ICP) have also been successfully utilized. The 
abundance of emission lines offer the possibility of multielement detection. 
The high source temperature results in strong emissions and therefore low 
levels of detection. Atomic absorption (AA) and atomic fluorescence (AF) 
offer potentially greater selectivity because specific line sources are utilized. 
On the other hand, the resonance time in the flame is short, and the limit of 
detectability in atomic absorption is not as good as emission techniques. 
The linearity of the detector is narrower with atomic absorption than emis
sion and fluorescence techniques. 

The microwave-induced plasma (MID) operating with helium at at
mospheric pressure is quickly becoming a valuable means of element-
selective detection of carbon, halogens, hydrogen, oxygen, nitrogen, and 
many organometallics. A TM0IO cavity is popular and is used with helium 
flows of about 60 ml/min. Nitrogen (about 1 ml/min) has been used as a 
scavenger gas to reduce carbon deposits on the plasma containment tube. 
Other cavities have been used to detect other elements, but the TM0IO cavity 
has been the cavity of choice for capillary applications [124]. Sensitivity is 
influenced by the choice of carrier gas and microwave power, but limits of 
detection have been determined for fluorine to be about 5 pg/sec [125]. 
When a rapid scanning instrument was used for bromine and chlorine, 
limits of detection were reported to be about 200-300 pg/sec and 50-150 
pg/sec for bromine and chlorine, respectively. Ten elements have been 
simultaneously determined by GC-GC-microwave plasma emission spec
troscopy [126]. 

The ICP is composed of a torch containing the plasma of gases. A 
radiofrequency (RF) is transferred by induction to the plasma through a 
coil wrapped around the torch. When the coil is energized with 0.5-5 kW 
of RF-power, a magnetic field is induced in the torch, heating the plasma 
gases to 50000K. The torch is composed of several tubes, each carrying 
different gas flow velocities. Usually, the outer stream is high flow and 
serves to dissipate heat given off through the touch wall and also helps 
sustain the plasma. The center gas stream carries the sample through the 
RF coil region of rapid heating and ionization. As the sample ions and 
atomic species pass through the plasma, the atomic species return to their 
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ground state with the emission of a characteristic radiation. Because of the 
high cost of operation of the ICP, applications of GC-ICP are not as 
frequent as the other techniques. The ICP is much more tolerant of organic 
solvents compared to the other techniques because of the high plasma tem
peratures. 

In CG-direct-current plasma (DCP), a direct-current arc is struck 
between two electrodes as an inert gas sweeps between the electrodes carry
ing the sample. Carrier gases such as helium, argon, and nitrogen have been 
used. 

Gas chromatography-atomic absorption (AA) has gained popularity 
because the interfacing is quite simple. In its crudest form, the effluent 
from the GC column is directly connected to the nebulization chamber of 
the AA. Here, the effluent is allowed to be swept into the flame by the 
oxidant and flame gases. There have been several recent reviews of the 
technique [127,128]. 

Atomic fluorescence spectroscopy (AFS) has also been used as a 
means of detection in gas chromatography. Alkylmercury compounds have 
been determined in air by cold-vapor GC-AFS with limits of detection of 
about 0.3-2.0 pg [129]. 

A comprehensive review of directly coupled gas chromatography-
atomic spectroscopy applications has been published [128]. This review list 
over 100 references classified according to the detection technique and is 
highly recommended. Another excellent review outlines the advances in 
interfacing and plasma detection [130]. A review of the gas chromato
graphic detection of selected trace elements (mercury, lead, tin, selenium, 
and arsenic) has been published. This article reviews the many different 
detection methods available including atomic emission techniques [131]. 

D. Liquid Chromatography-Gas Chromatography 

The number of articles dealing with the on-line coupling of the two most 
widely used separative techniques, liquid and gas chromatography, are few. 
Many analyses of complex mixtures or trace analyses in complex matrices 
utilize a liquid chromatograph for sample cleanup or for analyte concentra
tion prior to gas chromatographic analysis. 

Successful transfer of large volumes of liquid chromatography (LC) 
effluent to GC requires that the solvent must be evaporated some place in 
the inlet system. The two most common approaches to the evaporation are 
the retention gap and concurrent solvent evaporation. In concurrent solvent 
evaporation, the column oven is kept above the boiling point of the LC 
solvent. Using a valve-loop interface, LC effluent up to several milliliters is 
driven by the carrier gas into a precolumn. In this case, the eluent evapo-
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rates from the front of the liquid plug. At the head of the liquid plug, the 
high-boiling components are deposited, whereas the volatiles are evapo
rated along with the solvent. 

A second approach takes full advantage of the retention gap by the 
addition of a small amount of cosolvent. The cosolvent is a higher-boiling 
solvent compared to the bulk eluent and serves to trap the volatiles while 
the bulk solvent evaporates. Thus, the sample is focused and the chroma
tography starts with sharp bands of analyte. The effects of the cosolvent 
and concurrent solvent evaporation have been reviewed [132], along with 
the minimum temperature need for concurrent solvent evaporation [133]. 

The application of the loop-type interface for LC-GC for multifrac-
tion introduction has been introduced [134]. The use of microbore LC 
columns have been used as a means to reduce the injection volumes of 
solvent [135,136]. 

Two approaches to the venting of the solvent prior to the detector 
have been presented in detail [137]. Packed GC columns coupled to capil
lary columns have been used for the total transfer of effluent from the LC 
[138]. The current status of LC-GC has been reviewed [139]. The use 
and performance of the ELCD, NPD, and FPD GC detectors in liquid 
chromatography has also been reviewed [140]. Even though the majority of 
applications are not directly related to the analysis of pharmaceuticals, they 
may nevertheless be useful [ 141 -146 ]. 

E. Headspace Analysis 

Headspace sampling is useful for those samples where 

Direct injection would reduce column life because the matrix is corrosive or 
contains components which would remain on the column 

Extensive sample preparation would be required before injection to remove 
the major components which would interfere with the analysis 

Degradation of a component of the matrix in the injection port or on the 
column would generate degradants which would interfere with the 
analysis of the components of interest 

Additional advantages are realized with headspace sampling. Sample 
preparation time is minimized because the sample in many cases is simply 
placed in a vial which is then sealed and capped. The compound(s) of 
interest may be released from the matrix by heat or chemical reaction, and 
aliquots of the headspace gas are collected for assay. Columns last longer 
because a gaseous sample is much cleaner than a liquid sample. The solvent 
peak is much smaller for a vapor sample than for a solution sample. 
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Static Sampling 

A sample is placed in a glass vial that is closed with a septum and thermo-
stated until an equilibrium is established between the sample and the vapor 
phase. A known aliquot of the gas is then transferred by a gas-tight syringe 
to a gas chromatograph and analyzed. The volume of the sample is deter
mined primarily from practical considerations and ease of handling. The 
concentration of the compound of interest in the gas phase is related to 
the concentration in the sample by the partition coefficient. The partition 
coefficient is included in a calibration factor obtained on a standard. The 
analysis can easily be automated where a series of samples is to be analyzed, 
resulting in improved precision. 

Improvement in sensitivity can be obtained by increasing the tempera
ture of the sample or by the salting-out effect, which is particularly useful 
for compounds such as phenols and fatty acids which form strong hydrogen 
bounds in aqueous solutions. With some compounds, the use of a more 
sensitive detector such as an electron-capture detector or an element-
specific detector will enhance sensitivity. 

Volatiles in solid samples will yield good chromatograms when ana
lyzed by headspace chromatography. However, for purposes of calibration, 
it is difficult to mix a certain amount of a volatile compound into a sample 
homogeneously. In addition, an excessive period may be required to equili
brate between the solid and the gas phase, for example, monomers arising 
from polymers. One solution to this problem is to dissolve the sample in a 
suitable solvent. The solvent should have a longer retention time than the 
volatile compounds of interest. Back-flushing techniques can be used to 
rapidly remove the solvent from the column. Suitable solvents are water, 
benzyl alcohol, dimethylformamide, and high-boiling hydrocarbons. How
ever, if the highest sensitivity is required, solvents should be avoided, as 
dilution reduces the detection limit. An alternative to the use of solvent is 
to heat the polymer above the glass-transition point. Another alternative is 
the use of dynamic sampling, which will be described later. 

Multiple Stage 

Quantitative analysis is best performed on liquid samples or on solutions 
prepared from solid samples. This approach is not possible when a suitable 
solvent cannot be found. Multiple static extractions can be conducted in 
these situations. 

Dynamic Sampling 

Samples are purged with an inert gas, and volatiles are cold-trapped or 
absorbed on a packing such as charcoal or Tenax. The trap or packing is 
then rapidly heated to transfer the volatiles to the chromatographic column. 
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This technique is useful when a solid sample cannot be dissolved or heated 
above a transition temperature. However, this exhaustive extraction can be 
time-consuming. 

IV. APPLICATIONS 

A. Separation of Enantiomers 

It has long been recognized that biological activity of certain chiral com
pounds varies and is related to their stereochemistry. Biological activity of 
certain enantiomers can vary dramatically and not only be biologically 
active but toxic as well. It is for these reasons that the separation of enanti
omers is so important (see additional discussion in Chapter). There are two 
approaches to the separation of enantiomers by GC. 

The first is the use of chiral derivatizing reagents followed by separa
tion of the resulting diastereoisomers on a nonchiral column. In this ap
proach, the chiral reagent must be both chemically and optically pure. The 
material must be carefully characterized in terms of enantiomeric purity 
and must not exhibit racemization during storage. In Table 4 for a racemic 
mixture containing the (R) and (S) enantiomers, if the chiral reagent con
taining (R') and trace of (S') is reacted with the racemic mixture, several 
products will be formed. 

Table 4.4 Quantitation of Enantiomeric Separations Using 
Chiral Reagents on a Nonchiral Column 

Racemic mixture: 
Chiral reagent: 
Products formed: 
Peaks separated: 
Peak 1 components: 
Peak 2 components: 

R 
R' 

RS' + RR' 
— 

RS' + SR' 
RR' + SS' 

R 
S' 

SS' + SR' 
— 
— 
— 

To quantitate the percentage of S in the racemic mixture: 

«7„S = P<A 1 + **> " 
- Al 

- X 100 
(Al + A2)(2P - 1) 

where 

P = purity of the chiral reagent, expressed as (percent/100) 
Al = area of the first peak 
A2 = area of the second peak 
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The (R) compound will react with the reagent to form (RS') and 
(RR'), whereas the (S') portion of the racemic mixture will react with the 
reagent to form (SS') and (SR'). Because the separation is carried out on a 
nonchiral column, only two peaks will be apparent; that is, (RS') and 
(SR') will coelute, and (RR) and (SS) will coelute. The percentage of the S 
component in the mixture is then determined by the formula shown in 
Table 4.4. 

From the formula shown in Table 4.4, the optical purity of the chiral 
derivatizing reagent is very important. If the reagent is 99% pure, the 
minimum detectable trace enantiomer is approximately 0.3%. The choice 
of chiral reagent is very important because it must impart a sufficient differ
ence in functionality to the enantiomers to resolve the diasteroisomer prod
ucts formed. Second, the reaction must be both quantitative and produce 
stable derivatives resistant to racemization. A good practice to confirm the 
identity of the peaks after reaction with chiral reagents is to react a single 
sample of high optical purity with both (R) and (S) chiral reagents. Suppose 
there is a sample which is predominantly (S) and react it with a (S) chiral 
reagent. The major peak should be the coelution of (SS) and (RR). If this 
same sample is then reacted with (R) reagent, the major peak is composed 
of (SR) and (RR). Thus, the major peaks should reverse in elution order 
and confirm the correct peak. 

There are several types of chiral derivatizing reagents commonly used 
depending on the functional group involved. For amines, the formation of 
an amide from reaction with an acyl halide [147,148], chloroformate reac
tion to form a carbamate [149], and reaction with isocyanate to form the 
corresponding urea are common reactions [150]. Carboxyl groups can be 
effectively esterified with chiral alcohols [151-153]. Isocynates have been 
used as reagents for enantiomer separation of amino acids, 7V-methyIamino 
acids, and 3-hydroxy acids [154]. In addition to the above-mentioned reac
tions, many others have been used in the formation of derivatives for use 
on a variety of packed and capillary columns. For a more comprehensive 
list, refer to References 155-159. 

The second general approach and in most instances the preferred 
method of enantiomeric separation is the use of nonchiral derivatization 
reagents followed by separation on a chiral stationary phase. This direct 
method allows the analyst a greater selection of derivatizing reagents, con
sequently making method development easier. The derivatizing reagents do 
not have to be as stringently characterized and monitored for enantomeric 
purity changes. More importantly, the reaction need not be quantitative. 
The disadvantage of this approach to enantomeric separation is that most 
chiral stationary phases have low upper temperature limits (200-2400C 
max). Therefore, one must choose a derivative that will not only allow for 
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the introduction of the functionality for separation of entantiomers but 
also produce a derivative with volatility within the operational range of the 
column. Quantitation in these cases is much easier because the enantiomers 
are directly resolved. 

There have been many reported chiral stationary phases for use in 
both packed and capillary gas chromatography. Most of these phases are of 
the carbonyl-bis-L-valine isopropyl ester, diamide, and peptide phase types. 
The most common phase is Chirasil-Val from Alltech Applied Science Lab
oratories (State College, PA). This phase is ideal for the separation of a 
variety of enantiomers including amino acids, sugars, amines, and peptides. 
The phase is composed of L-valine-tert-butylamide linked through a car-
oxamide group to a polysiloxane backbone every seven dimethylsiloxane 
units apart. 

B. Excipients, Preservatives, and Pharmaceuticals 

The last half of this book includes an extensive listing of gas chromato
graphic methods used to analyze pharmaceuticals and excipients in a wide 
variety of formulations. Additional applications are listed in Table 4.5. 

C. Headspace Analysis 

Ethylene Oxide—Single Stage 

Romano et al. [186] developed a headspace method for the analysis of 
residual ethylene oxide in sterilized materials. A weighed portion of sample 
was heated at 1000C for 15 min. Duplicate headspace samples were re
moved with a gas-tight syringe (no differences were found between hot and 
cold sampling) and injected into a column packed with Porapak R. A 
flame-ionization detector was used and the results of the two injections 
were averaged. The vial was purged, recapped, and reheated under the 
above conditions. Duplicate samples were again withdrawn and analyzed. 
The sum of the two averages represented the ethylene oxide content of the 
sample. An external standard was used for calibration (Figure 4.1). 

Samples of materials which were sterilized by ethylene oxide were 
halved; one portion was analyzed by the headspace method and the other 
by an extraction method using dimethylformamide. Good agreement was 
obtained between the methods with the exception of cotton which was 
neither swelled nor dissolved by dimethylformamide. The headspace 
method for cotton gave considerably higher values than did the extraction 
method (i.e., 494 ppm versus 325 ppm) even when the extraction was car
ried out over a 3-day period. The authors speculated that when undissolved 



108 Adamovics and Eschbach 

Table 4.5 Gas Chromatographic Methods 
Used in the Analysis of Pharmaceuticals and 
Excipients 

Analyte 

Alkaloids 
Antiarrhythmics 
Antibiotics 
Antidepressants 
Antiepileptics 
Arsenic 
Carbohydrates (glycoproteins) 
Creams 
Cytotoxic Drugs 
EDTA 
Fatty acids 
General 
Germicidal Phenols 
Iodide 
Lithium 
Parabens 
Psychotropics 
Residual Solvents 
Steroids 
Stilbesterols 
Surfactants 
Vitamins 

Reference 

159 
164 

160, 161 
162, 163 

165 
166 
167 
168 
169 
170 
171 

172-174 
175 
176 
177 
178 
179 
180 

181, 182 
183 
184 
185 

polar solids are being extracted, ethylene oxide partitions between the solid 
and liquid phases and an equilibrium are established. The precision of the 
method was determined by checking paired polyester halves against each 
other. An average deviation of 3.2 ppm between paired halves was found at 
levels of 60-84 ppm. 

Gramiccioni et al. [187] reported the determination of residual ethyl
ene oxide in sterilized polypropylene syringes and in materials such as plas-
ticized PVC, polyurethane, and para rubber. The sterilized object was cut 
into small pieces, weighed, and placed into a flask containing N,N-
dimethylacetamide (DMA). The flask was capped and shaken to make the 
sample homogeneous. After 24 hr it was shaken again and a sample was 
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Figure 4.1 Analysis of a polyester sample for ethylene oxide (EO) show
ing Freon 12 used as a diluent in the sterilization process. (From Reference 
186.) 

transferred to a vial which was subsequently sealed. The vial was thermo-
stated at 650C for 1 hr to reach equilibrium. Headspace analysis was con
ducted using a 24% FFAP on 100-110 mesh Anakrom column at 500C. 
The detection limit of 0.1 \i% EO/ml DMA corresponded to 2 /ug/g of 
sterilized object. Recovery over the range of the procedure of 0.1-0.2 \i% 
EO/ml DMA was 98% (Figure 4.2). 

Bellenger et al. [188] analyzed ethylene oxide in nonreusable plastic 
medical devices using methanol as an internal standard. A 200-mg sample, 
cut into small pieces, was treated with dimethylformamide and mixed with 
methanol internal standard in a vial. The sample was heated at 1000C for 
10 min and the headspace gases chromatographed on a Chromosorb 102 
column at 1400C. The analysis range was linear up to 100 ppm. For levels 
less than 10 ppm, the results agreed satisfactorily with those obtained by a 
colorimetric method. For levels greater than 10 ppm, the headspace tech
nique yielded values greater than those of the colorimetric method. The 
authors explained that this variance was due to saturation of the scrubbers 
utilized in the trap used in the colorimetric method. The solubility of the 
test material also affected the result by salting out the methanol. It was 
necessary, therefore, to limit the amount of sample to 200 mg. 
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Figure 4.2 Chromatogram of an ethylene oxide (EO) sterilized sample. 
(From Reference 187.) 

In another investigation, ethylene oxide in polyvinylchloride was de
termined by dissolving 65 mg of sample in 1 ml of dimethylacetamide [189]. 
Headspace analysis was conducted on a glass column packed with Porapak 
T under isothermal conditions. The solvent was removed by back-flushing. 
An external standard was used for calibration. A vinylchloride monomer 
was also detected in this analysis (Figure 4.3). 

A statistical evaluation of methods using headspace gas chromatogra
phy for the determination of ethylene oxide in plastic surgical items was 
performed by Kaye and Nevell [190]. Two methods were evaluated: an 
external standard method using ethylene oxide in air, and an internal stan
dard method using a dilute aqueous solution with acetone as the internal 
standard. Carbowax 2OM (10%) on a Chromosorb column at 1200C was 
used for the external standard method. For the internal standard method, a 
Chromosorb 101 (80-100 mesh) column was used at 125°C. Sealed vials, 
empty or containing preweighed plastic samples, were evacuated, and por
tions of calibrating solution or internal standard solution were introduced. 
Each vial was placed in a heated block at 1200C for 10 min, and a sample 
of headspace gas was drawn for analysis. For the external standard method, 
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Figure 4.3 Analysis of ethylene oxide (EO) in a PVC sample. (From 
Reference 189.) 

each vial containing a weighed plastic sample was placed in an air-
circulating oven at 1200C for 15 min. A sample of headspace was taken 
immediately after removing the vial from the oven. Studies were conducted 
on high-level (80 /*g/g) and low-level (12 /*g/g) materials. The two methods 
gave similar results. Determinations using either method were reliable to 
within 3% for residual levels of 80 /*g/g or 7% for residual levels of 12 ̂ g/g. 

Residuals 
Boyer and Probecker [191] determined organic solvents in several pharma
ceutical forms using a Perkin-Elmer HS-6 headspace sampler. Typically, 
the samples were heated at 900C for 10 min to establish equilibrium. Head
space samples were injected onto a Chromosorb 102 column. Ten injections 
of a mixed ethanol-acetone standard using methanol as the internal stan
dard gave better precision than manual injections as measured by the rela
tive standard deviation; 1.63% and 2.48% for ethanol and acetone, respec
tively, using the sampler as compared to 4.77% and 3.93% by manual 
injection, respectively. Methods were reported for acetone and ethanol in 
dry forms such as tablets and microgranules, ethanol of crystallization in 
raw materials, and ethanol in syrups. Denaturants such as л-butanol and 
isopropanol in ethyl alcohol were determined using ethyl acetate as the 
internal standard. 
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Litchman and Upton [192] reported the determination of triethyla-
mine in streptomycin sulfate and in methacycline hydrochloride to levels as 
low as 0.05%. A weighed sample was treated with IM sodium hydroxide 
solution at 600C for 1 hr. A headspace sample was manually withdrawn 
and analyzed on a polystyrene column at 1600C using a flame-ionization 
detector. The levels of triethylamine found ranged from 0.15% to 0.36% 
for streptomycin sulfate and from 0.06% to 0.13% for methacycline hydro
chloride. Recoveries were better than 94%. The precision of the determina
tion, based on five replicate weighings of sample, was 2% for streptomycin 
sulfate and 5% for methacycline hydrochloride. 

Bicchi and Bertolino [193] analyzed a variety of pharmaceuticals for 
residual solvents. Samples were equilibrated directly or dissolved in a suit
able solvent with a boiling point higher than that of the residual solvent to 
be determined. Equilibration conditions were 90 or 1000C for 20 min. A 
Perkin-Elmer HS-6 headspace sampler was used. The chromatographic 
phase chosen was a 6' x Vs in. column packed with Carbopack coated 
with 0.1% SP 1000. Residual ethanol in phenobarbital sodium was deter
mined by a direct desorption method. An internal standard, r-butanol, was 
used. Typically, 0.44% of ethanol was detected (compared to a detection 
limit of 0.02 ppm). The standard deviation of six determinations was 0.026. 
Pharmaceutical preparations which were analyzed by the solution method 
included lidocaine hydrochloride, calcium pantothenate, methyl nicotinate, 
sodium ascorbate, nicotinamide, and phenylbutazone. Acetone, ethanol, 
and isopropanol were determined with typical concentrations ranging from 
14 ppm for ethanol to 0.27% for acetone. Detection limits were as low as 
0.03 ppm (methanol in methyl nicotinate). 

Ethanol 
Kojima [194] reported the determination of ethanol in various samples of 
tinctures. The sample was dissolved in л-propanol (as the internal standard) 
at a concentration of 1.0-5.0% (v/v). A portion was equilibrated at 500C, 
and 2 ml of the headspace gas was manually injected onto a column of 
either 5% polyethylene glycol 20 M on Chanelite CS (60-80) mesh and 
was assayed using a flame-ionization detector. Interfering peaks were not 
detected in the five tinctures studied. Ethanol contents ranged from 65% to 
90% and results were in good agreement with those obtained by conven
tional methods. Kojima [195] subsequently expanded the method to the 
determination of ethanol in a variety of liquid and solid drug forms where 
the content ranged from 2% to 73%. 

1-Menthol, d,l-Camphor, and Methyl Salicylate 
Nakajima and Yasuda [196] have successfully applied headspace gas chro
matography to the analysis of 1-menthol, (/,/-camphor, and methyl salicy-
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late. Sample portions with ethyl salicylate as internal standard were added 
in 1-ml measures to 50 ml of 30% ethanol in a 100-ml vial, which was 
subsequently sealed. After shaking for 30 min, the vial was equilibrated in 
a constant-temperature water bath at room temperature for 30 min. Head
space gas (1 ml) was withdrawn with a gas-tight syringe and injected onto a 
1.5 m x 3 mm Gaschrom Q (80-100 mesh) column coated with 2% 
DCQF-I and 1.5% OV-17. Standard solutions were analyzed in a similar 
manner. 

When 1 ml of gas was injected seven times from a single vial of mixed 
standard and internal standard solution, the coefficients of variation of the 
peak heights were 3.18%, 2.96%, and 0.85% for 1-menthol, camophon, 
and methyl salicylate, respectively. 

When 1 ml of gas was injected from each of seven vials, the coeffi
cients of variation of the peak heights were 4.64%, 2.24%, and 0.71% for 
1-menthol, camphor, and methyl salicylate, respectively. 

Recoveries were better than 97% in a variety of preparations. The 
authors found that the method could not be applied to samples containing 
castor oil. 

Choline 
Sauceman et al. [197] reported the determination of choline, (/3-hydrox-
ethyl)-trimethylammonium hydroxide, in liquid and powder formula prod
ucts. Ethyl ether was added to the sample as an internal standard. The 
sample was digested under alkaline conditions for 24 hr at 1200C. Under 
these conditions, choline undergoes the Hofmann elimination reaction to 
form trimethylamine. The equilibrated headspace was sampled and ana
lyzed on a 28% Pennwalt 223 + 4% KOH on Gas Chrom R column. A 
typical chromatogram is shown in Figure 3. Ten replicate injections of 
headspace gas from a single standard gave a relative standard deviation of 
3.21%. No interfering peaks were produced when samples were digested in 
the absence of potassium hydroxide. Other quaternary N compounds did 
not interfere with the analysis. Typical RDSs on the analysis of 10 replicate 
samples of Enfamil and Pro Sobee were 9.6% and 7.7%, respectively. 
Sampling was performed by both a manual method and an automated 
method using a headspace sampler at 400C. Better method precision was 
obtained with the automated method (CV of 1.8%) than with the manual 
method (CV of 3.2%). A throughput of up to 400 samples a week was 
possible with the automated method. 

Camphor 
Ettre et al. [198] reported the determination of camphor in an ointment 
using the method of standard additions. Camphor, 5 mg, was added to a 
1-g sample of a rub-in ointment. Volatiles were chromatographed on a 
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Carbowax 2OM column (Figure 4.4). The concentration of camphor in the 
sample was 1.1 % . 

Dimethylnitrosamine 

The determination of trace levels of dimethylnitrosamine (DMNA) in phar
maceuticals containing aminophenazone has been reported [199]. A tablet 
was pulverized and suspended in a headspace vial in a solution of 2Af 
H2SO4 (to remove volatile amines) to which had been added solid potassium 
sulfate (for a salting-out effect). The vial was heated at 1200C for 1 hr. 
Headspace gases were injected onto a 5% Carbowax 10M on Chromosorb 
G, AW-DMCS column and detected using a nitrogen phosphorous detector 
(Figure 4.5). Calibration was carried out by the method of addition. The 
detection limit using this method was 20-40 ppb. A typical level of DMNA 
found was 75 ppb. 

Oxygen 

Lowering of oxygen levels is one way to increase the shelf life of pharma
ceutical products. Lyman et al. [200] developed a method for the determi
nation of oxygen in both aqueous and nonaqueous products. The method 
was applied to liquids and to solids with a melting point of 750C or less. A 
known amount of sample (2-3 g) in a 20-ml vial was first purged in an ice-
water bath. The sample was then heated at 750C with stirring and degassed 
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Figure 4.4 Determination of camphor (C) in a rub-in ointment. I —sam
ple; II —sample plus 5 mg camphor. (From Reference 198.) 
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Figure 4.5 Analysis of 75 ppb dimethylnitrosamine (DMNA) in a tablet 
containing aminophenazone. (From Reference 199.) 

for 6 min (glass-coated stirring bars were most effective; Teflon contributed 
oxygen to the system). The headspace was then purged onto a molecular 
sieve column and analyzed using a thermal conductivity detector. The purge 
tjme was carefully controlled at 50 sec to get the maximum amount of 
oxygen onto the column with the least amount of tailing and band broad
ening. 

The volume of the sample vial was chosen as 20 ml to ensure a good 
purge efficiency and to handle samples of 2-3 g. A calibration curve was 
obtained by analyzing sample vials which had been spiked with known 
amounts of oxygen gas. The accuracy of the method was determined by 
analyzing air-saturated water and comparing results with literature data on 
the amount of oxygen in water at known temperatures and pressure. The 
amount of oxygen found averaged about 90% of the theoretical value. The 
quantitation limit was 1 ppm for a 3-g sample. Precision of the method 
depended on the type of sample. Air-saturated water produced a coefficient 
of variation of about 4%. The method was developed to solve a problem 
with a cream product. Each of the ingredients was analyzed for oxygen. 
Totaling the contribution of the four ingredients gave a theoretical oxygen 
concentration of about 12 ppm. The final product assayed between 25 and 
30 ppm. The source of the higher levels was believed to be due to air 
bubbles trapped in the cream. Each step of the manufacturing process was 
monitored using this method to isolate trouble spots. The final product 
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level ultimately was reduced to 5 ppm, which resulted in an increase of shelf 
life to more than 2 years. 

Fyhr et al. [201] reviewed several commercially available oxygen ana
lyzers intended for the analysis of oxygen in the headspace of vials. How
ever, preliminary validation revealed insufficient reproducibility and linear
ity. The authors developed headspace analysis systems. Sample volumes 
down to about 2.5 ml could be used without significant errors. Sample 
recovery was in the range 100-102%. It was necessary to measure the head
space pressure and volume in order to be able to present the assay in partial 
oxygen pressure or in millimoles of oxygen. Up to 40 vials per hour could 
be analyzed using this technique. 

Ethylene Oxide—Multiple Stage 
Multiple static extractions can be conducted until the sample is exhaustively 
extracted. The result is the sum of the individual extractions. This, how
ever, can be a time-consuming process. 

KoIb and Pospisil [202] have shown that quantitative results can be 
obtained after several extractions because the extraction follows an expo
nential relationship. This approach has been termed discontinuous gas ex
traction. These workers determined the amount of ethylene oxide in a sam
ple of sterilized gloves. Volatiles were chromatographed on a Chromosorb 
102, 60-80 mesh column using a flame-ionization detector. A typical chro-
matogram is shown in Figure 4.6. The calculated amount of ethylene oxide 
(four extractions) was 5.4 ppm. 

KoIb [203] describes a stepwise gas-extraction procedure called multi
ple headspace extraction (МНЕ). Using this method, KoIb found that the 
determination can be performed with only two extractions. The volume of 
the sample was compensated for by adding a similar volume of an inert 
material such as glass beads. Ethylene oxide in surgical silk sutures was 
determined by this procedure. The extrapolated total area (four steps) was 
nearly identical to the total area value obtained using the two-step МНЕ 
process, 184 versus 183, respectively. 

Residual Solvents—Multiple Stage 

Methylene chloride in a tablet was analyzed by KoIb [203] using the multi
ple headspace extraction method (three steps). The sample was analyzed as 
a dry powdered material using a glass capillary column, Marlophen 87, 
isothermally at 350C. A concentration of 35 ppm was found, which was in 
reasonable agreement with that obtained (40 ppm) when the sample was 
dissolved in water and analyzed by normal headspace analysis using the 
method of standard addition for quantitation. The extrapolated total area 
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Figure 4.6 Headspace analysis of ethylene oxide (EO) from sterilized 
gloves. (From Reference 203.) 

(four steps) was similar to the total area value obtained using the two-step 
МНЕ process. 

Residuals—Dynamic Sampling 
Wampler et al. [204] used dynamic headspace analysis to determine the 
presence of three types of volatile materials in pharmaceuticals: naturally 
occurring volatiles in raw materials, processing agents, and decomposition 
products due either to the chemical instability of the compound or to bacte
rial action. Thermal desorption was accomplished using a Chemical Data 
Systems Model 320 sample concentrator with Tenax traps. A capillary gas 
chromatograph equipped with a 50 m x 0.25 mm fused silica capillary 
column (SE-54) and a flame-ionization detector was utilized. Aspirin sam
ples which are either past their prime or which have been improperly stored 
degrade to give acetic acid which produces a vinegary smell. One crushed 
aspirin tablet was subjected to analysis at desorption temperatures ranging 
from room temperature to 700C (Figure 4.7). The authors subjected a 
powdered pharmaceutical to analysis for residual solvents. The most in
tense peak in the chromatogram was toluene which was used as a solvent in 
the manufacturing process. The amount of toluene was quantitated using 
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Figure 4.7 Volatiles in a buffered aspirin tablet. (From Reference 204.) 

benzene as an internal standard. One microliter of benzene (1% in metha
nol) was added to the powdered sample before analysis. In the example 
given, a toluene concentration of 0.0086% was found. Spiked samples 
showed the recovery of toluene to be 95%. The method gave a relative 
standard deviation of 1.5%. 

Letavernier et al. [205] analyzed residual solvents from processing 
operations in film-coated tablets. They also determined residual solvents 
which arise from migration from packaging materials into pharmaceutical 
products. A weighed sample (35 mg to 1 g) was heated and volatiles swept 
with nitrogen gas onto a Tenax trap refrigerated with liquid nitrogen. After 
a specified time, the Tenax trap was rapidly heated (maximum of 3000C) 
to desorb volatiles which were swept onto a Porapak Q column. The au
thors were able to fingerprint solvents from several types of coated tablets. 
Cyclohexanone could be detected at a level of 0.2 mg/g of sample. 

Characterization of Bacteria 

Zechman et al. [206] characterized pathogenic bacteria by analysis of head-
space volatiles. Cultures of microorganisms were heated with magnetic stir
ring for 20 min of 370C. Volatiles were swept onto a Tenax trap. The 
organics were desorbed at 200-2200C onto a CPWAX-57CB chemically 
bonded high-capacity fused silica capillary column with a 1.3-jim film 
thickness. A flame-ionization detector was used. Anisole was added to each 
culture before analysis to serve as an internal standard for calculating rela
tive retention times and to monitor transfer efficiency. Chromatograms 
were found to be reproducible in retention times and relative appearance of 
the profiles. Volatile bacterial metabolites consisted of three to six major 
constituents. The prominent constituents produced by several strains of 
bacteria were as follows: 
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Staphylococcus aureus: isobutanol, isopentanol, and acetone 
Pseudomonas aeruginosa: isobutanol, butanol, and isopentanol 
Pseudamonas mirabilis and Klebsiella pneumoniae: isobutanol, isopentyl 

acetate, and 9 isopentanol 

Heated Thiamine Solutions 

Reineccius and Liardon [207] studied volatiles evolved from heated thia
mine solutions. Samples of 2% thiamine hydrochloride in various 0.2M 
buffers were heated under various conditions. A temperature of 400C and 
a sampling time of 45 min were found to minimize artifact formation and 
yet produce sufficient volatiles for analysis. Nitrogen was used as the purge 
gas at a flow rate of 50 ml/min. Several materials were evaluated as absor
bents, with graphite found to be the optimum. A microwave desorption 
system was used to rapidly desorb the trapped volatiles onto a fused silica 
capillary column. Twenty-five compounds were identified in the headspace 
of the heated thiamine solutions. 

Organic Volatile Impurities 

The United States Pharmacopeia (USP) test (467) describes three different 
approaches to measuring organic volatile impurities in pharmaceuticals. 
Method I uses a wide-bore coated open tubular column (G-27, 5% phenyl-
95% methylpolysiloxane) with a silica guard column deactivated with phe-
nylmethyl siloxane and a flame-ionization detector. The samples are dis
solved in water and about 1 p\ is injected. Limits are set for benzene, 
chloroform, 1,4-dioxane, methylene chloride, and trichloroethylene. Meth
ods V and VI are nearly identical to method I except for varying the chro
matographic conditions. For the measurement of methylene chloride in 
coated tablets, the headspace techniques described above are recom
mended. 

V. CONCLUSION 

The use of capillary columns is becoming increasingly common particularly 
for the resolution of very complex mixtures. Gas chromatography has 
found its niche in the monitoring of certain impurities, measuring and 
characterizing excipients, preservatives, and active drugs. In assays where 
sensitivity is required, gas chromatographic methods are still unsurpassed. 

Chapter 8 is a comprehensive listing of published GC methods that 
have been used in the assay and identity of drug products, and several 
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excellent reviews [208-214] should also be consulted for more detailed dis
cussions. 
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High-Performance Liquid 
Chromatography 

JOHN A. ADAMOVICS and DAVID L. FARB Cytogen 
Corporation, Princeton, New Jersey 

I. INTRODUCTION 

Historically, high-performance liquid chromatography (HPLC) can be 
traced back to the amino acid analyzers of the early 1960s. By 1975, liquid 
chromatographic instrumentation was described in the United States Phar
macopeia. Since that time, HPLC has become the most popular chromato
graphic technique in the pharmaceutical laboratory. 

This chapter is intended to be a practical overview of the liquid chro
matography sorbents, instrumentation, and the various method develop
ment approaches used in pharmaceutical laboratories for both relatively 
small molecules and biomolecules. 

II. SORBENTS 

A. Silica Gel 

More than 90% of the column packings are based on silica gel and its 
bonded phases [1]. The primary reasons for its widespread use is because 
of high surface area and porosity, easy preparation, adjustable polarity, 
and good mechanical strength. Silica gel optimized for chromatography 
should have the characteristics listed in Table 5.1 [2]. 

135 



136 Adamovics and Farb 

Table 5.1 Characteristics of Optimized Silica Gel 

Typical values Ideal value 

Specific surface area (mVg) 150-400 200 
Mean pore diameter (nm) 6-10 or 30 < 10 
Specific pore volume (ml/g) -0.2-1 0.7 
Trace metal content (ppm) <1000 <1000 
Surface pH neutral Acid to basic 
Mean particle size (/ли) 3.5 or 10 — 
Apparent density (g/ml) 0.4-0.6 0.45 
Source: Adapted from Reference 1. 

A silica gel with a higher surface area gives a higher capacity ratio, as 
demonstrated by the determination of famotidine [3] in the presence of its 
potential degradants and preservatives. The capacity factor increased by 
more than a factor of 3 when the silica surface area increased from 200 to 
35OmVg. 

The resolution of relatively low-molecular-weight molecules decreases 
sharply as a function of both pore diameter and pore volume. For proteins, 
the resolution increases as the pore diameter and pore volume of the silica 
gel is increased [4,5]. 

Iron and other metal oxide impurities are commonly found in rela
tively large amounts (0.3% by weight) in commercial-grade silica gel [6]. 
These metal impurities are believed to be the major contributing factor to 
the poor chromatographic performance of band broadening and tailing of 
basic analytes [6-10]. Fortunately, most of these metal impurities which 
are believed to cause higher acidities of certain silanols and consequently 
increased interactions with bases can be removed from silica gel with acid 
washes [7,11]. The important consideration is that the silica should be as 
pure as possible. 

The importance of small, < 10 /an, particle size has been known for 
some time [13]. The smaller the liquid chromatographic packing size, the 
higher the chromatographic efficiency. The optimum particle size with re
gard to analysis time, plate number, and pressure drop is 2-4 цт [6]. For 
sorbents used in preparative procedures, particle sizes greater than 10 ^m 
are generally used primarily because of their greater loading capacity. The 
15-/*m particle seems to represent a reasonable compromise between resolu
tion and loading capacity for preparative procedures. 

Apparent density is related to the specific pore volume and can be 
measured relatively easily. Silica gels with low apparent density do not 
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have the structural strength to withstand high pressures generated during 
packing; consequently, they do not pack efficiently [2]. 

B. Reversed Phase 
The use of silica-based reversed-phase sorbents still predominates in the 
pharmaceutical laboratory . The organic bonding reactions used to generate 
these phases have been reviewed [1]. The historic disadvantage of these 
packings has been chemical stability where eluents with pH values above 7 
were not recommended due to dissolution of the silica, and below pH 2, 
due to cleavage of siloxane linkages. Column degradation also occurs with 
high salt concentrations and in the presence of some ion-pairing reagents. 

Numerous alternatives have been used to minimize sorbent degrada
tion. One of the first approaches was to react (end cap) the unreacted 
silanol groups with a smaller silane such as trimethylchlorosilane. Manufac
turers have reported enhanced stability of these end-capped packings up to 
pH 10. End-capping may also decrease the peak tailing of some polar 
analytes. Also, coating the silica with a polymethyloctadecylsiloxane gener
ated by gamma rays or free radical generators have reportedly given pack
ings greater stability in various solvents and at high pH [14]. Increased 
stability has also been generated by using zirconia-cladded [15] and alu
mina-doped [16] silicas. In general, the working pH range increases when 
the bonding density and/or purity of the silica is used [ 1 ]. 

The most popular alternative to silica-based sorbents is fully poly
meric reversed-phase poly(styrene-divinylbenzene) (PRP) which is stable 
over a pH range of 1-13 and behaves much like a high-carbon-content C,8 
column [17-19]. These gels are also a basis for a number of other sorbents, 
the most familiar being the ion-exchange supports [20,21]. The first mod
ern liquid chromatography utilized sulfonated poly(styrene-divinylbenzene) 
polymeric ion-exchange packing. These polymers have also been derivatized 
on C18 to give a sorjjent which is chemically stable over a broad pH range 
and has characteristics similar to C18 [22]. 

C. Other Silica-Based Sorbents 
A vast range of materials have been bonded to silica such as phenyl, cyano, 
nitro, amino, and diol functionalities. The variety of silica-based sorbents 
are listed in the United States Pharmacopeia (USP) [23] where it is noted 
that of the 33 column packings, 19 are silica based. The synthesis and 
characteristics of over 80 nonconventional bonded silicas have been re
viewed [24]. In spite of the number of chromatographic packings, 50% of 
the chromatographers develop methods using a C18 sorbent [1]. Sorbents 
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that are used to resolve enantiomers and biomolecules will be discussed 
later in this chapter. 

D. Nonsilica-Based Sorbents 
Alumina 

During the last 20 years, the chromatographic use of aluminum oxide has 
steadily decreased even though alumina partially or totally overcomes the 
difficulty arising from the relatively low pH stability of silica [25,26]. Alu
mina oxide is stable over a broader pH range (2-12) than silica gel but 
generally has a lower specific surface area, typically 70 rnVg [27,28]. 

Like silica, alumina can also act like an ion exchanger. Alumina has 
amphoteric properties with both cation and anion-exchange properties 
ranging over a broad pH range. At solvent pH values below that of the pK 
of the alumina surface, the alumina surface has a positive net charge. At a 
higher pH, the surface charge is negative (Figure 5.1). The zero-point 
charge (no net charge) of alumina occurs at a pH of 9.2 but can be shifted 
to 6.5 in acetate buffer and 3.5 in citrate buffer [29]. Similar to what has 
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Figure 5.1 Alumina is an anion exchanger in acidic solvents and a cation 
exchanger in neutral or basic solvents. (Reproduced with permission from 
Reference 28.) 
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occurred with silica, alumina-based reversed phase has been prepared by 
the free-radical polymerization of cross-link polymers to alumina particles 
or by chemically bonding alkyl groups to alumina [30]. Cyano bonded 
to alumina has been shown to be useful in resolving various pencillins, 
cephalosporins, macrolide antibiotics, and tricyclic antidepressants [26]. 

Carbon 
Similiar to alumina, graphitized carbon has a wide range of pH stability. 
The advantages of a carbon-based sorbent is that it has a highly stereoselec
tive surface for resolving isomeric compounds and is inherently reproduc
ible [31-33]. The primary disadvantage is that the carbon particles are not 
easily modified. Steroids [34,35], adamantanes [36], amino acids [37], and 
analgesics [33] have been chromatographed on various carbon packings. 
Chiral compounds have been resolved when cyclodextrins have been added 
to the mobile phase [38]. 

A partial listing of the variety of resins used for biomolecules is listed 
in Table 5.5. 

E. Column Hardware 
Due to its ability to withstand high pressure, its relative low cost, and 
inertness, stainless steel has become the standard material of columns and 
other chromatographic components. However, under certain circum
stances, stainless steel has been shown to interact with the sample and the 
mobile phase [39]. The best known example is chloride salt corrosion of 
stainless steel. Data indicate that nearly all common eluents dissolve iron 
from stainless steel [39]. It appears that proteins also adsorb to stainless 
steel [39]. The adsorption process is fast, whereas desorption is slow, a 
result which leads to variable protein recoveries. A number of manufactur
ers are offering alternatives to stainless components with Teflon ™-lined 
columns and Teflon frits. Titanium is being explored as an alternative to 
stainless steel. A cheaper and simpler procedure is to oxidize the surface of 
the stainless steel with CN nitric acid. This procedure should be repeated 
about every 6 months. 

Columns made of glass and KeI-F with operating pressures of up to 
4000 psi have been manufactured. Radially compressed plastic cartridges 
containing sorbent are also a viable alternative [40]. 

Various advantages can be realized by varying the column dimensions 
from the conventional 4.6 mm ID x 25 cm. One approach has been to use 
shorter columns of 3-10 cm packed with 3-/un or 5-/*m particles. When 
operating at high flow rates (2-5 ml/min), this approach has become 
known as fast HPLC [41]. 
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Increased productivity can be the main advantage of the shorter col
umns. For instance, content uniformity testing was performed on 42 sam
ples with the conventional chromatographic run time of 20 min, and for the 
fast chromatographic system, a run time of only 30 sec [42]. Speed can be 
used to the pharmaceutical analyst's advantage if the analysis time is limited J 
by the chromatographic run time, but this is not generally the case. For 
instance, most autosamplers require up to 1 min to inject the sample, and 
sample preparation, especially for complex matrices, involve several time-
consuming steps. The extent to which fast chromatography is used will also 
be limited by the analyst's capability to review and keep up with the data 
output [43]. 

A second alternative to the conventional chromatographic column is 
to use a narrower column bore, typically 1-3 mm ID. For these narrow-bore 
columns, the primary advantage is an increase in mass sensitivity [44] along 
with reducing the volume of the eluent. In contrast to the 1-2-mm-ID 
columns the 3.0-mm-ID columns can be used with conventional HPLC 
equipment. The most likely role for narrow-bore columns will be in phar
maceutical analysis as an interface to detectors such as a mass spectrometer. 

III. INSTRUMENTATION 

Liquid chromatography (LC) instrumentation is continuously being refined 
and improved. Advances in electronics are incorporated into pumps, system 
injectors, data handling, and detectors. The reader is directed to the annual 
reviews from PITTCON published in LC-GCMagazine от American Labo
ratory or the Column Liquid Chromatography: Equipment and Instrument 
review in Analytical Chemistry for the fundamental developments in instru
mentation. 

A. Detection 
The detection systems employed by HPLC are based on instrumentation \ 
designed to respond a particular physical or chemical property of the sam
ple component being eluted. By far, the most common types are spectro-
photometric detectors. 

Over the past decade, a considerable amount of research and develop
ment has been expended in producing HPLC-mass spectrometers (MS). 
The application of LC-MS to pharmaceutical analysis is discussed later in 
this chapter. 

Spectrophotometric Detectors 
The simplest spectrophotometric detector is the fixed-wavelength variety 
which most commonly utilizes a low-pressure mercury source with a high-
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energy output at several discrete lines. As will be seen in Chapter 8 of this 
book, this detector is by far the most commonly used detector. The primary 
reason for its popularity is that this detector is both durable and inexpen
sive. 

Most of these fixed-wavelength detectors can be filtered with a series 
of filters and or phosphors to detect at wavelengths varying from 280 to 546 
nm. Wavelengths in the range 214-229 nm can be monitored by the use of 
zinc and cadmium source lamps, respectively [46]. 

The use of multichannel UV detectors has increased dramatically over 
the last 10 years. These utilize either a deuterium or xenon lamp source. 
The individual wavelengths are isolated by a monochromator. This offers 
the advantage of being able to tune the exact wavelength or lambda maxi
mum absorbance for a compound of interest. Differences in UV absorptiv
ity can be exploited. For example, by using detection at 206 nm for the 
antibiotic aztreonam, both aztreonam and arginine, its weakly UV-
absorbing counterion, can be detected [47]. At 254 nm, only aztreonam is 
detected. If interfering analytes have different UV maximum, monitoring 
the wavelength maximum for the analyte of interest will enhance the selec
tivity. A variant of this approach is to use absorbance ratioing as a means 
of identifying related substances. The ratio response provides a screen for 
determining which related substances have significant changes in spectral 
characteristics. This has been used on the impurities of vancomycin and 
daptomycin [48]. Absorbance ratioing has also been used for peak purity 
assessment of sulfasalazine [49]. 

A more popular approach for detemining peak purity has been the 
use of diode-array detectors which were first introduced in 1982 [50]. Peak 
homogeneity of similiar benzodiazepines [51] and theophylline have been 
determined by this technique [52]. Rapid-scan detectors are also useful in 
confirming the presence of known components such as colorants, which 
are commonly used in drug products [53,54] and identification of related 
substances [55,56]. 

There are relatively few examples where wavelengths below 200 nm 
have been used to monitor chromatographic eluants. One example is the 
antibiotic cortalcerone which,.is resolved from numerous monosaccharides 
using an amino-phase column with 70% aqueous acetonitrile and UV detec
tion at 195 nm. Several techniques have been developed for detection of 
low-UV-absorbing or non-UV-absorbing analytes. One approach is to form 
an ion pair between any ionic analytes of interest and an UV-absorbing 
species dissolved in the mobile phase [58-60]. A second method uses a 
UV-absorbing mobile phase which results in negative peaks when the non-
absorbing analyte elutes. This is referred to as indirect photometric chroma
tography (IPC). IPC has been used to analyze a lactated Ringer's irrigating 
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solution and buffered solutions of cephalosporin for chloride, phosphate, 
bisulfite, and sulfate [61] and other inorganic anions [62]. A similar ap
proach was used for the detection of hydrogen peroxide in the cephalothin 
matrix [63] and ethanol, glycerol, isopropanol, propylene glycol, and N,N-
dimethylacetamide in various formulations [64]. 

Inorganic anions, such as chloride and sulfate, can be detected at UV 
wavelengths as low as 195 nm [65]. Detection at wavelengths below 195 nm 
requires transparent or nonabsorbing mobile phases with dissolved oxygen 
removed. The detection of these anions is important in numerous pharma
ceutical limits tests. 

Fluorescence 

Fluorescence is a luminescence phenomenon that occurs when a compound 
absorbs radiation, UV or visible, and then emits it at a longer wavelength. 
There are relatively few drugs that have such strong native fluorescence 
[66]. For these compounds, fluorescence detection can usually achieve in
creased specificity and sensitivity over that obtained with UV detection. 

The choice of the mobile phase is very important, as fluorescence is 
sensitive to fluorescence quenchers. Highly polar solvents, buffers, and 
halide ions quench fluorescence. The pH of the mobile phase is also impor
tant to fluorescence efficiency; for example, quinine and quinidine only 
display fluorescence in strongly acidic conditions, whereas oxybarbiturates 
are only fluorescent in a strongly alkaline solution [67,68]. Due to the 
stability of the chromatographic sorbents, the use of very acidic or basic 
mobile phase may not be possible. One alternative is to alter the effluent 
pH postcolumn. Postcolumn addition of sulfuric acid has been used for the 
assay of ethynodiol diacetate and mestranol in tablets [69]. Another exam
ple is the determination of tetracycline antibiotics in capsules and syrup 
where EDTA and calcium chloride were added to enhance fluorescence 
[70]. 

Fluorescence detection can be further extended by precolumn derivati-
zation of amino acids using phenylisothiocyanate (PITC) as shown in Fig
ure 5.2. This derivatization procedure along with others using reagents such 
as orthophthalaldehyde (OPA) can be easily adapted to automation using 
an autoinjector [71]. Postcolumn derivatization using OPA has been used 
to analyze neomycin drug products [72]; especially amino bisphosphonate 
[73]. A variety of precolumn and postcolumn fluorogenic derivatization 
procedures have been used for aminoglycoside antibiotics [74]. UV irradia
tion of tamoxifen postcolumn yields highly fluorescent phenanthrene deriv
atives that can be easily detected. 
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Figure 5.2 Chromatographic analysis of amino acid IV solution that had 
been derivatized with PITC. Samples assayed on a Pico-Tag Free Amino 
Acid analysis column at 470C using gradient elution. (Courtesy of Bob 
Pfeifer and Mary Dwyer, Waters, Division of Millipore.) 

The advantages and disadvantages of precolumn and postcolumn pro
cedures have been compared. In general, precolumn procedures have a 
number of significant advantages over postcolumn procedures [66]. 

Electrochemical 
Several detectors employ the measurement of an electrochemical property 
to monitor a liquid chromatographic effluent. The two most commonly 
used are the conductivity and amperometric detectors. 

Conductivity detector?, monitor differences in the equivalent conduc
tances of the sample ion and the competing ions in the mobile phase. There 
are two distinct strategies for maximizing the conductivity response signal. 

The first approach uses a suppressor device which is located between 
the analytical column and the detector cell. This device chemically removes 
the mobile-phase buffer counterions, thus reducing the background con
ductivity. This type of detector increases postcolumn dead volume and puts 
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limitations on the types of mobile phases that can be used. In addition, 
the cost of the suppressor and the frequency of its replacement can be 
significant. 

A simpler and technologically superior approach is the measurement 
of the direct electrical conductance. The background conductivity of the 
mobile phase is electronically subtracted, not requiring a suppressor device. 
One example of direct conductivity detection is the simultaneous determina
tion of potassium nitrate and sodium monofluorophosphate in dentrifices 
[76]. Alendronate, a bisphonate, can be directly detected in intravenous 
solutions and tablets using an anion-exchange column and conductivity 
detection [77]. Another example, from one of the author's (JA) laboratory 
is shown in Figure 5.3. Direct conductivity detection makes it possible to 
selectively detect choline in the presence of an equal molar amount of an 
antibiotic which is not detected. 

Applicability of the conductivity detector can be extended by chemical 
derivatization or by the use of postcolumn photochemical reactions [78]. 
The use of a photochemical reaction detector, also known as a photocon
ductivity detector, can also be very selective. Only certain organic com
pounds such as trinitroglycerin, chloramphenicol, and hydrochlorothiazide 
will undergo photolytic decomposition to produce ionic species. 

The second type of electrochemical detector is amperometric, which 
can be either by direct current or pulsed. The direct-current mode is used 

CHOLINE 

£ 
Figure 5.3 Chromatogram of choline in the presence of equal molar 
quantity of antibiotic. A silica gel packed column with the mobile phase of 
aqueous 1% phosphoric acid with direct conductivity detection. The antibi
otic is not detected by the conductivity detector. 
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for compounds which can be electrolytically oxidized or reduced at a work
ing electrode. The oxidative mode is generally restricted to compounds 
containing an easily oxidized moiety, such as a phenol. This mode has been 
limited to relatively low applied potentials due to oxidation of the aqueous 
mobile phase. Even with these restrictions, a number of drugs, including 
doxorubicin, haloperidol, morphine, naloxone, paracetamol, phenothi-
azines, salicylic acid, tricyclic antidepressants [79], melphalan and chloram
bucil in tablets [80], and aztreonam [81], can be detected. 

The selectivity of amperometric detection has been useful in simplify
ing the sample pretreatment steps in the determination of a number of 
drug products [82-86]. A method requiring no sample preparation using an 
amperometric detector and UV detector in series was developed for lido-
caine hydrochloride injectable solutions [87]. The drug epinephrine is quan
tified with the amperometric detector, whereas lidocaine and methyl para-
ben are detected by ultraviolet light. Disodium EDTA had to be added to 
the mobile phase to eliminate a peak response from iron leached from the 
stainless steel. 

Iodide in vitamin tablets can be found by amperometric detection 
[88]. Nonaqueous eluents of methanol-containing ammonium perchlorate, 
which are relatively oxidant resistant, have been used in conjunction with a 
silica column to detect a wide range of drugs [89]. The use of higher poten
tials not possible in totally aqueous mobile phases allows for the detection 
of secondary and tertiary aliphatic amines; 462 drugs have been detected in 
this manner. For compounds that are not electroactive, a procedure using a 
postcolumn photolysis can generate electroactive species [90] for penicillins 
[91], proteins [92], and barbiturates [93]. 

Operation of amperometric detectors in the reductive mode is more 
difficult because dissolved oxygen in the sample and mobile phase will 
interfere. Nevertheless, the quinone of doxorubicin and the nitro group of 
chloramphenicol have been reduced [94]. 

Pulsed amperometric detection (PAD) was developed because the Pt 
or Au electrodes under constant potential is rapidly fouled by electroactive, 
aliphatic, organic compounds. The electrode is cleaned and reactivated 
through use of a triple-step potential waveform. The triple-step process 
starts with the application of the detection potential followed by a large 
positive oxidative potential where the elecrode surface is cleaned and then 
reduced. Aminoglycosides have been detected using PAD [95-97], but, by 
far, the greatest application o? this detector has been for the detection of 
monosaccharides and their oligomers in glycoproteins. This specific appli
cation has generated much interest since it was demonstrated that changes 
in glycosylation due to changes in manufacturing of a protein may impact 
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on the potency of the drug product. Several examples are erthropoietin 
[98], human serum transferrin, human immunoglobulin, and human a-
antitrysin [99], interleukin-3 [100], and OKT3* [101]. ' 

Refractive Index 

The refractive index detector was one of the first on-line HPLC detectors 
used. Detection is based on changes in the refractive index of the effluent I 
when an analyte is present versus the solvent alone. This detector is com
monly used when an analyte does not have a suitable UV chromophore. An \ 
example would be the detection of carbohydrates in drug preparations or 
acetylcholine in an ophthalmic solution [102,103]. Figure 5.4 is a chromato- : 
gram of propylene glycol, propylene carbonate, and resorcinol in anhy
drous ointment detected by a refractive index detector [104]. 
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Figure 5.4 Chromatogram of commercial anhydrous ointment where the 
peak responses are propylene glycol (a), propylene carbonate (b), and resor
cinol (c). (Courtesy of Journal of Pharmaceutical Sciences.) 

High-Performance Liquid Chromatography 147 

Radioisotopes 

Two basic approaches have been used for monitoring of radioisotopes in 
liquid chromatographic effluents. Radioisotopes in liquid chromatographic 
eluents can be either fraction collected or detected by an on-line detector 
[105,106]. Not surprisingly, fraction collection followed by liquid scintilla
tion counting is more expensive and time-consuming than the use of an 
on-line flow-through detector. The one advantage of off-line detection is a 
greater counting precision. 

On-line detection can be classified as either homogeneous or heteroge
neous. In the homogeneous system, the effluent is mixed with a liquid 
scintillation cocktail before passing through a flow cell that is positioned in 
a scintillation counter. In the heterogeneous system, the effluent passes 
through a flow cell packed with a solid scintillator. 

Radioisotope detectors commonly have an energy range of 0-1500 
keV, which allows the user to adjust for low-, medium-, and high-energy 
radioisotopes. These detectors can be used for detection of beta-emitting 
radioisotopes and low-energy gamma emitters such as the important radio
pharmaceuticals 32P, ""1Tc, 111In, and 125I [107-109]. Radioistope detectors 
in series with UV detectors are used to evaluate the stability of antibody-
"1In which are used for in vivo tumor imaging and for EDTMP-153Sm 
chelates which are used for the relief of bone pain caused by tumor metasis. 

Atomic Absorption and Emission 

Most of the existing methods for the assay of metal-containing drugs are 
generally based on nonspecific nonchromatographic methods [110]. Chro
matographic interfaces that are coupled to an atomic absorption detector 
for the specific detection of mercury-containing drugs have been specifi
cally designed [111]. As another example, Ridaura, a gold-containing anti
rheumatic drug, was detected by interfacing a liquid chromatograph with 
an emission detector [112]. 

Polarimeter 

Polarimetry coupled to a liquid chromatograph has been used to determine 
the optical purity of drugs [113-121]. The advantages of this approach for 
determining optical purity is that the enantiomers do not need to be re
solved and only eluates which give rise to optical rotation or circular dichro-
ism are detected. This advantage makes on-line polarimetry inherently more 
accurate than conventional polarimetry because minor interfering compo-
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nents can be chromatographically resolved. The shape of the chromato
graphic peak when a UV detector is added in series to the polarimetry is a 
useful indicator of homogeneity; that is, a pure enantiomer will exhibit a 
trace that is of the same shape on both detectors. The disadvantages are 
that optically pure standards are required for quantification and that the 
polarimetry is 100 times less sensitive than UV detection. On-line polarime
try has been used in studying ethambutol [120], ephedrine, camphor [119], 
nicotine [117], and lorazepam [116]. Chromatographic methods for resolv
ing enantiomers are discussed in Section IV. 

Light Scattering 

The principle of operation and basic theory of this detection mode has been 
reviewed [44]. This detection mode has been applied to the analysis of 
steroids in bulk drugs and in formulations [122]. The main attribute of this 
detection mode is that it can directly measure mass concentrations of all 
components including unknown impurities. A variant of this technique, 
low-angle laser light-scattering photometer, is used as a molecular-weight 
detector for size-exclusion chromatography [123,124]. This can be particu- , 
larly useful for determining the physical stability of protein products which 
tend to noncovalently polymerize when heated or shaken. 

Evaporative Light Scattering 

The eluate is nebulized and the aerosol passes through a heated tube where 
the mobile phase is vaporized. The remaining microparticles are then passed 
through a beam of light. The incident light is scattered by the particles 
[125]. This detector detects any sample less volatile than the mobile phase, 
such as lipids, carbohydrates, surfactants, and polymers. Unlike RI and 
low-wavelength UV, gradient conditions can be used. 

Fourier Transform Infrared 

There continues to be major problems with coupling HPLC to FTIR (Fou
rier transform infrared) due to the interference caused by water. The inter
face is the critical component in the system [126]. The two basic types of 
interfaces are continuous and capture. A continuous interface has been 
developed that uses a liquid-liquid extraction. In this approach, the ana-
lytes are extracted from the mobile phase by mixing postcolumn with a 
stream of IR (infrared) transparent, water-immiscible solvent. In the ca-
pure technique, the eluent is deposited on a continuously moving, IR trans- ; 

parent, inert substrate from which the eluent can be easily removed by 
evaporation. These techniques have been applied to identification of race-
mic precursors of diltizam, AZT derivatives, and steroids [127]. 
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Mass Spectrometry 

Mass spectrometry is the most universal of detectors because it detects 
most organic compounds and is highly selective when selective ionization 
techniques are employed. Off-line LC-MS where the analyte is collected, 
concentrated, and analyzed by mass spectrometry is a relatively common 
practice in the pharmaceutical industry. When the compound in the col
lected fraction is unstable, on-line LC-MS techniques are preferred. There 
are eight LC-MS interfaces that have been reviewed [128] and their perfor
mance characteristics tabulated (Table 5.2). 

Liquid chromatography thermospray—mass spectrometry has been 
utilized to determine the identity and purity of taxol, solvent-induced degra
dation of cloxacillin [129], benzodiazepines, and ethanolamine-type anti
histamines [130]. Electrospray LC-MS has been used for peptide mapping 
of the human growth hormone [131]. 

B. Preparative Scale 

There are two distinct instances where isolating quantities of purified mate
rial occur in the development of a potential drug product. The first instance 
occurs during the purification of the bulk drug which generally involves 
processing kilograms of sample. The second instance occurs with the isola
tion of impurities and degradants from the bulk and formulated product 
which may only require micrograms of an analyte for structure elucidation. 

Isolation of material from an HPLC separation is greatly simplified 
when chromatographic conditions can be easily translated from the analyti
cal scale to the preparative scale. If it is necessary to maintain equivalent 
analysis time, the linear velocity of the mobile phase must be kept the same. 

The correlation between analytical and preparative procedures is 
found by calculating the square of the ratio of analytical to preparative 
column inner diameters and multiplying that value by the flow rate of the 
analytical system: 

r . „, , . , /Diameter preparative column\ 
Mow rate preparative = Flow rate analytical I -

V Diameter analytical column I 

The same factor is used for the scale-up of the sample load. The 
translation of an analytical method to a preparative system is obviously 
dependent on the sorbent characteristics of the preparative column. Several 
reviews on preparative methods, column-packing techniques, theory, and 
equipment design have been published [132-135,145]. Specific examples of 
the application of preparative procedures are listed in Table 5.3. 
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Table 5.2 The Performance of LC-MS Interfaces 

Interface MBI 

HPLC column Conventional 
(1 : 10) micro-
bore 

Eluate flow 1.5-2 ml/min 
(nonpolar mo
bile phase) 

0.1-0.3 ml/min 
(polar mobile 
phase) 

DLI 

Conventional 
(1:20) 
microbore 

l-50jtl/min 

TSP 

Conven
tional 

0.1-2 ml/ 
min 

API-HPN 

Conven
tional 

2 ml/min 

API-HIGH 
API-ESP flow ISP 

Microbore Conven
tional 

5-10^1/min 0.1-2 ml/ 
min 

PB 

Conventional 
(1 : 10) 
microbore 

0.1-0.5 ml/ 
min 

CF-FAB 

Conventional 
(1 :100) 
microbore 

1-5 jil/min 

Involatile com- No (with excep-
pounds tion of FAB) 

Yes 

Thermally un
stable com
pounds 

Ionization 
modes 

No 

EI, CI (volatile) 
FAB (Invola
tile) 

Yes 

CI (Conven
tional) EI 
(Microbore) 

Yes 

Yes 

CI 

Yes 

Yes 

CI 

Yes 

Yes 

CI 

Yes 

Yes 

CI 

No 

No 

CI, EI 

No 

Yes 

CI, EI 

Information 
obtained 

Structural/ 
molecular 

Molecular Molecular Molecular Molecular Molecular/ Structural/ 
structural molecular 

Structural/ 
molecular Cl 
reagent 
buffer or gas 
solvent 
buffer sol
vent solvent 
buffer/sol
vent gas gas 

Advantages CI, EI, FAB Involatile and 
thermally 
unstable 

Conven
tional 
HPLC 
column 

Instrument 
stability 

Instrument 
stability 

High MW 
corn-

Conven
tional 
HPLC 
column 

CI, EI CI, EI 
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Table 5.3 Several Representative Preparative Liquid 
Chromatographic Procedures 

Compound 

AZT phosphate diglyc-
eride 

Aztreonam 

Bacitracin 

Benzodiazepinone 

Cephacetrile 

Cefonicid 

Steroids 

Numerous drugs 

Vitamin D, 

Comment Reference 

Purified for structure confirma- 136 
tion, efficacy studies 

Isolation of impurities and degra- 137 
dants 

Assayed for microbial activity 138 

Enantiomer separation 139 

Purification of bulk material 140 

Purification of bulk material 141 

Comparison of preparative 142 
equipment 

Review of preparative proce- 143 
dures in pharmaceutical in
dustry 

Resolved from previtamin D, 144 
recycle 

Biomolecules 

Chromatography isolation procedures for biotechnology products use both 
low pressure and high pressure. The approach depends largely on the stabil
ity of the molecular structures to the combined shear forces of high flow 
rates and hydrophobic surfaces which tend to unfold proteins. Due to Food 
and Drug Administration (FDA) requirements to address the removal of 
biological contaminants and the need to add a variety of biologic impurities 
into most biotechnology fermentation cultures, multistep column isolation 
procedures are routinely used to ensure complete removal of residual mate
rials such as viruses, nucleic acids, endotoxin, surfactants, stationary-phase 
leechates, and proteinaceous cofactors which are used for cell expression or 
during purification [146]. Table 5.4 lists the parameters used in selecting 
resins. 

For larger protein products that maintain their native conformation 
through a complex set of secondary and tertiary structural interactions, the 
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Table 5.4 Resin Selection Criteria 

Economic Chemical Physical 

Supply Recovery of mass Recovery of activity and 
Longevity Clearance of DNA, structural integrity 
Sanitation steps virsus, endotoxin, 
Specificity proteins, residual 
Throughput leechates 
Capacity 

recovery of an active, unaltered structure often is the greatest challenge 
facing any chromatographic preparation. To eliminate unrelated proteins, 
DNA, and viruses, for example, product-specific affinity chromatography 
preparations are preferable. Resins constructed of high-affinity ligands 
show very high specificity, capacity, and throughput; however, product 
recovery is usually dependent on the relatively harsh conditions (to pro
teins) for elution. One manufacture of recombinant human antihemophilic 
factor has overcome this limitation in using monoclonal antibodies for the 
affinity ligand by initially screening their murine hybridoma cells for a 
clone-producing low-affinity antibody (personal communication). As a re
sult, their purification step sacrifices throughput and capacity but is effec
tive in clearing unwanted contaminants while preserving the product's mo
lecular integrity. 

Affinity separations include both group-specific and product-specific 
classes of interactions. Protein A has been extensively employed as a group-
specific ligand to purify monoclonal antibodies, but its specificity is insuffi
cient for some materials. For example, if a monoclonal is harvested in 
media containing 5% fetal bovine serum, the polyclonal bovine antibodies 
are not differentiated by a linear gradient on a protein A column but com
pletely separated using step elution on a preparative cation exchanger col
umn (ABx) [147]. 

High-affinity resins are perhaps most useful in removing problematic 
contaminants from the product stream. An example is the use of a column 
of polymyxin B (theoretical capacity of 6 mg/cc) to remove 90-98% of the 
residual endotoxin [148] from protein preparations. 

A list of commercially available, group-specific affinity resins is shown 
in Table 5.5 [149]. The same suppliers also provide a variety of hydropho
bic, reversed-phase, size-exclusion, and ion-exchange resins. 
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Table 5.5 Chroma 
Biomolecules 

Supplier 

Amicon 

Bioprobe 

Bioprocessing 

Bio-Rad 

Chromatochem 

Cuno 

DuPont 

Genex 

3M 

PerSeptive Biosys-
tems 

Pharmacia LKB 

Repligen 

Sepragen 

Sterogene 

TosoHass 

tographic Resins Used for 

Matrix 

Matrex cellufine 
Agarose 

Polymer 
Agarose 

Controlled pore glass 

Macroporous hydro-
philic 

Polymer-coated silica 

Cellulose/acylic poly
mer composite 

Fluoropolymer 

Agarose 

Polymeric 

Poros polymeric ag
gregates 

Cross-linked agarose 

Agarose 

Cellulose 

Hardened agarose 
Cellulose 

Tresyl toyopearl 

the Purification of 

Ligand 

Formyl, amino, car-
boxyl, sulfate, dyes 

Protein A, AL (protein 
G mimic), hydrazide, 
FMP 

Protein A, gelatin, lysine 

Protein A 

Protein A/G 

Protein A/G, benzami-
dine 

Dyes, antibodies 

Protein G 

Protein A, antibodies, 
lectins 

Protein A, trypsin 

Blue dye 

Protein A 

Protein A, hydroxylapa-
tite 

Preactivated 

Heparin, cibacron blue, 
iminodiacetate 
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Hydrophobic, reverse phase. Although many reversed-phase 
(RP) applications have been developed for the analysis of biotechnol
ogy products, a few preparative methods are employed in either the 
exchange of counterions or purification of some peptide hormones. 
Peptide products consisting of noncovalently linked subunits, how
ever, are more susceptible to dissociation due to the strong apolar 
environments encountered with typical reverse-phase HPLC. Never
theless, the activities of three such hormones were preserved by use of 
a short-chain aliphatic (C4), a derivatized solid phase, and a neutral 
mobile phase [150]. Hydrophobic interaction methods are being pro
posed as a replacement to RP HPLC for the chromatography of large 
biomolecules. As this technique is largely dependent on the aqueous 
solubility of each protein or peptide, it shows promise in discriminat
ing subtle differences in hydrophobic tendency. 

Size exclusion. Peptide hormones of similar molecular weight 
(MW) can differ significantly in retention over size-exclusion chroma
tography unless the mobile phase was carefully selected to overcome 
all ionic and hydrophobic interactions with the resin support-silanol 
groups for silica and aromatic groups for polydivinylbenzene. For re
combinant G-CSF, IFN-alpha, and interleukin-2, this multimodal inter
action of the size-exclusion resin was used to advantage in their selective 
isolation [151]. When size-exclusion HPLC is employed for the analyti
cal characterization of many biomolecules, special detection techniques 
using either low-angle light scatter or mass spectroscopy can be used to 
establish the correct molecular weight of eluting biomolecules. 

Ion exchange, metal chelation. Polypeptides that differ by a 
single change in their amino acids have been differentiated by ion-
exchange HPLC. Using a l-in.-diameter sulfopropyl cation-exchange 
column and a low-ionic-strength gradient from acid to neutral pH buff
ers, recombinant human interleukin 1-alpha (pi 5.3) and 1-beta (pi 6.7) 
were separated from their desamido (pi 5.1) and ЛГ-met (pi 6.5) forms 
[152]. For many proteins, a combination of ion-exchange types and 
adsorption versus flow-through techniques are used to maximize the 
removal of trace proteins and contaminants that may otherwise be 
carried with the product. A typical flow chart uses both size-exclusion 
and ion-exchange methods along with virus-inactivation steps for the 
isolation of human immunoglobin G from plasma, this is illustrated in 
Figure 5.5 [153]. 

An overview of the use of liquid chromatography in biotechnol
ogy presents additional examples [154]. 
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IV. METHODDEVELOPMENT 

The primary purpose of this section is to compare and contrast the numer
ous approaches that have been used to develop a HPLC method. The 
characteristics of a validated method are described in Chapter 1. 

One of the more notable attempts at simplifying and systematizing the 
development of liquid chromatographic methods has been to use computer-
based expert systems; four of these systems have been reviewed [155]. An 
expert system ideally allows a computer to simulate the train of thought of 
an expert. The logical structure of an expert system can be described as a 
decision tree, where, at each node, there are a number of possible connec
tions with the next node. A chromatographic problem in this context is a 
search for a path along this decision tree from some initial state to a final 
validated method [156,157]. To keep expert systems within feasible dimen
sions of available computer technology, the elimination of redundant possi
bilities is necessary. One approach is to limit the number of sorbents. Sor-
bent redundancy and the superiority of one sorbent over another for 
resolution of pharmaceuticals has been investigated for TLC (thin-layer 
chromatography) [158], GC [159], and HPLC [160]. A review of this 
book's application section (Chapter 8) clearly indicates that there is no 
single correct approach to chromatographic methods development. Conse
quently, the configuration of an expert system would most likely reflect the 
philosophy of one "expert" and not the widely varying methods that are 
found in the published literature. An approach to resolving this problem 
has been attempted by integrating several expert sytems [161]. The various 
expert systems available have been used for analysis of analgesics [162], 
steroids [163], basic drugs [164], diclofenac and its bromide impurity [165], 
nifedipine [166], sulphonamides [167], and zalospirone [168]. Despite the 
rapid advances made, computer-assisted method development has had rela
tively little impact on everyday work. The use of chemometrics undoubtedly 
has a future as an aid to method development. The following subsections 
review approaches to developing methods for enantiomers, biomolecules, 
drugs containing basic functionality, and neutral drugs. 

A. Enantiomers 
The majority of the new drugs approved and the most often prescribed 
drugs in the United States have at least one asymmetric center [169]. Ap
proximately half of these chiral drugs are of a racemic composition. Many 
of the optically pure drug substances are of natural origin, while the major
ity of the synthetically derived products are in racemic form [172]. Enanti
omers can differ in their pharmacological activity or one may be inactive or 
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be toxic. Some examples are listed in Table 5.6 and reviewed in literature 
[170,171]. Clearly, the presence of an unwanted enantiomer could lead to 
unwanted side effects or to a less potent formulation. The three general 
approaches to resolving enantiomers are: derivatization of enatiomers to 
form diastereomers which are followed by separation on an achiral column; 
forming diastereometric complexes with a chiral selector which is added to 
the mobile phase; and separation of the enantiomers on a chiral sorbent 
(also refer to discussion on p. 105). 

The advantages of using the indirect mode over the direct mode is that 
there is an improved peak symmetry and resolution over the direct mode 
[172]. Disadvantages are the need for a derivatizable functional group, 
knowledge of chiral purity, and stability of the derivatizing agent and quan
titative derivatization conditions [172]. The major disadvantages of the 
direct mode of analysis is poor selectivity between achiral impurities and 
the enantiomers with limited ability to control analyte elution. Direct chiral 
separations are generally more susceptible to resolution changes than 
achiral columns, with certain chiral sorbents showing lot to lot variability 
[172] and limited column lifetimes, which make it difficult for them to 
withstand long-term stability studies. 

Diastereomeric Derivatives 

Enantiomers are derivatized with an optically pure chiral derivatization 
reagent to form a pair of diastereomers. The ability to resolve the diastereo
meric derivatives on an achiral sorbent is enhanced when the chiral centers 
of the enantiomers and the derivatives are in close proximity [181]. Two 
different separation mechanisms have been proposed. One postulates that 
the diastereomers are separated by differences in molecular structure and 
polarity [182]. The other possible mechanism is based on differences in the 
diastereomer energies of adsorption [183]. Table 5.7 lists the chiral reagents 
that have been used for separation of enantiomers as diastereomers. 

One of the most commonly used class of derivatization agents for 
diasteromer formation are isothiocyanates and isocyanates. Enantiomers of 
/3-blockers, amphetamine, epinephrine, methamphetamine, and mexiletine 
have been resolved after derivatization with these agents. Isothiocyanates 
produce thiourea derivatives upon reaction with primary and secondary 
amines. Thiourea derivatives also provide a strong UV absorbance for the 
detection of enantiomers lacking a strong UV chromophore. Isocyanates 
produce ureas when reacted with amines. The physical properties of these 
ureas are similar to thiourea derivatives. Isocyanates will also react with 
alcohols to yield carbamates. 

Optically pure chiral o-phthaladehyde (OPA>related reagents would 
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Table 5.6 Pharmacological Activities of Enantiomeric Forms 

Drug Comment Reference 

Amphetamine 

Epinephrine 

Ibuprofen 

Ketoprofen 

Labetalol 

Methamphetamine 

Nebivolol 

Penicillamine 

Penicillin V 

Propoxyphene 

Propranolol 

Synephrine 

Warfarin 

(S)-form is a CNS stimulant, 173 
whereas (R)-form has little ac
tivity 

One of the enantiomers is 10 174 
times as active as a vasocon
strictor 

S-isomer active, R-isomer inac- 175 
tive 

(S)-( +) enantiomer is analgesic/ 176 
anti-inflammatory, R-( - ) iso
mer active against bone loss in 
periodontal disease 

R,R-stereoisomer has beta- 177 
blocking activity, SR diastereo
mer has alpha-antagonist activ
ity, two other isomers are 
inactive 

(S)-form is a controlled sub- 178 
stance, whereas (R) form is 
used as a nasal decongestant 

(+ )-/3-blocker and (—) is a vaso- 179 

dilator 

L-isomer is toxic 174 

L-isomer has little if any antibi- — 
otic activity 

One isomer is an antitussive, 174 
whereas the other is inactive 

Only (S)-form has j8-adrenergic 178 
blocking activity 

One isomer has 60 times more 173 
pressor activity 

(S)-form is 5 times more potent 180 
as by a blood anticoagulant 
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Table 5.7 Chiral Derivatization Reagents for Separation of Enantiomers 
as Diastereomers 

Compound 

Acebutolol 

Alprenolol 

Amphetamines 

3-Aminoquinuclidine 

Atenolol 

Chiral Reagent 

R - ( - ) , S-( + )-l-(Napthyl)ethyl 
isocyante 

R-1-Phenylethyl isocyanate 

L-7V-tert-butoxycarbonylleucine 

R-( — )-Benoxaprofen 

S-(-)-l-Phenylethyl isocyanate 
R-1-(1-Napthyl)ethyl isocyanate 
RR-( + )-O,0-Dibenzoyltartaric 

acid 
SS-( - )-0,0-Dibenzoyltartaric 

acid 

S-a-Phenylethyl isocyanate 
( - )-Menthyl chloroformate 
RR-O, O, -Di-/Koluoyltartaric 

Reference 

185 

186 

187 

188 

189 

190 
191 
192 

acid anhydride 
2,3,4,6-Tetra-0-acetyl-(8-D-

glucopyranosyl isocyanate 

Baclofen 

Betaxolol 

Bupranolol 

Carprofen 

Chloroamphetamine 

L-N-Acetylcysteine + 
O-pthaldialdehyde 

S-( + )-Naproxen 

R-(-)-l-(Napthyl)ethyl isocya
nate 

2,3,4-Tri-O-acetyl-a-D-
arabinopyranosyl isothiocya-
nate 

L-Leucinamide 

2,3,4,-Tri-O-acetyl-a-D-
arabinopyranosyl isothiocya-
nate 

193 

194 

195 

196 

196 

197 

Diacetolol R-1-Phenylethyl isocyanate 186 
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Table 5.7 (Continued) 

Compound 

Diltiazem 

Encainide 

Ephedrine 

Epinephrine 

Chiral Reagent Reference 

S-(-)-N-1-(2- 198 
Naphthylsulphonyl)-2-
pyrrolidine carbonyl chloride 

(+ )-2-(2-Naphthyl)propionyl 

chloride 

( - )-Menthyl chloroformate 199 

L-1 - [(4-Nitrophenyl)sulphonyl] 200 
chloride 

2,3,4,6-Tetra-0-acetyl-/3-D- 201 
glucopyranosyl isothiocyanate 

2,3,4,6-Tetra-O-acetyl-0-D- 242 
glucopyranosyl isothiocyanate 

2,3,4,-Tri-O-acetyl-a-D- 202 
arabinopyranosyl isothiocya
nate 

Etodolac 

Fenoprofen 

Flavodilol 

Flecainide 

Flunoxaprofen 

Flurbiprofen 

Gossypol 

S-1 -Phenylethylamine 

R-1 -Phenylethylamine 
L-Leucinamide 

(-)-Menthyl chloroformate 

( - )-Menthyl chloroformate 
L-l-[(4-Nitrophenyl)-

sulphonyl] prolyl chloride 
R-l-(2-Napthyl)ethyl isothiocya

nate 
S-1-(1-Napthyl)ethyl isothiocya

nate 

S-1 -Phenylethylamine 

L-Leucinamide 
R-1-Phenylethyl isocyanate 

(+ )-Dehydrobietylamine 
R-(—)-2-Amino-1 -propanol 

Wi 

204 
205 

206 

207 
208 

209 

210 

211 
212 

213 
214 

(Continued) 
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Table 5.7 (Continued) 

Compound 

Ibuprofen 

Ketoprofen 

Lombricine 

Loxaprofen 

Metaproterinol 

Methylphenidate 

Metroprolol 

Mexiletine 

Naproxen 

Chiral Reagent Reference 

L-l-[(4-Nitrophenyl)- 215 
sulphonyl]prolyl chloride 

R-1 -(Napthyl)ethyl isocyanate 191 
R-( + )-l-Ferrocenylethylamine 243 
S-( + )-Ferrocenylpropylamine 243 

L-l-[(4-Nitrophenyl)- 204 
sulphonyljprolyl chloride 

L-Leucinamide 218 

L-Butoxycarbonylcysteine + 216 
O-phthaldialdehyde 

S-1 -(4-Dimethylaminoaphthyl)- 217 

ethylamine 

( - )-Menthyl chloroformate 218 

tf-10-Camphorsulphonic acid 244 
(-)-Heptafluoro- 244 

butyrylthioprolyl chloride 
( - )-Menthyl chloro formate 219 
S-Ethyl 3-(chloroformoxy) buty- 220 

rate 
S-( + )-Benoxaprofen 221 
L-7V-tert-Butoxycarbonylleucine 187 
S-tert-Butyl 3-(chIoroformoxyl)- 220 

butyrate 
2,3,4-Tri-O-acetyl-a-D- 188 

arabinopyranosyl isothiocya-
nate 

R-l-(2-Napthyl)ethyl isothiocya- 209 
nate 

S-I-(I -Napthyl)ethyl isothiocya- 209 
nate 

2,3,4,6-Tetra-0-acetyl-/3-D-
glucopyranosyl isothiocyanate 

L-Phenylalanine-jS-napthylamide 223 
L-Alanine-/3-napthylamide 223 
R-( +)-1 -Ferrocenylethylamine 243 
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Table 5.7 (Continued) 

Compound Chiral Reagent Reference 

Norephedrine 

Oxprenolol 

Pindolol 

Piprofen 

Practolol 

Prenalterol sulphate 

Prenylamine 

Pronethalol 

Propafenone 

Propranolol 

S-( + )-Ferrocenylpropylamine 
S-(-)-N-l-(2-Napthyl-

sulphonyl)-2-pyrrolidine car-
bonyl 

S-1 -(4-Dimethylaminonaphthyl)-
ethylamine 

2,3,4,6-Tetra-0-acetyl-j3-D-
glucopyranosyl isothiocyanate 

2,3,4-Tri-acetyl-a-D-
arabinopyranosyl isothiocya
nate 

S-(+)-Benoxaprofen 

2,3,4,6-Tetra-0-acetyl-/3-D-
glucopyranosyl isothiocyanate 

R-1 -Phenylethylamine 

2,3,4-Tri-O-acetyl-a-D-
arabinopyranosyl isothiocya
nate 

2,3,4,6-Tetra-0-acetyl-/3-D-
glucopyranosyl isothiocyanate 

R-(-)-l-(Napthyl)ethyl isocya
nate 

2,3,4,6-Tetra-0-acetyl-/3-D-
glucopyranosyl isothiocyanate 

R-l-(2-Napthyl)ethyl isothiocya
nate 

S-1-(1-Napthyl)ethyl isothiocya
nate 

2,3,4,6-Tetra-0-acetyl-/3-D-
glucopyranosyl isothiocyanate 

R-( + )-l-Phenylethyl isocyanate 

243 
222 

196 

202 

200 

221 

196 

224 

196 

225 

226 

196 

209 

209 

225 

227 

{Continued) 
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Table 5.7 (Continued) 

Compound Chiral Reagent 

L-AATrifluoroacetylprolyl chlo
ride 

Reference 

228 

Proxyphylline 

Pseudoephedrine 

Salsolinol 

Solatol 

Tiaprofenic acid 

Thyroxine 

Tocainide 

Toliprolol 

Warfarin 

L-yv-tert-butoxycarbonylleucine 
L-Af-tert-Butoxycarbonylalanine 
R-1-Phenylethyl isocyanate 
(-)-Menthyl chloroformate 
S( - )-Flunoxaprofen isocyanate 
RR-0,O-Diacetyltartaric acid an

hydride 

(-)-Camphanoyl chloride 

2,3,4,6-tetra-O-acetyl-^-D-
glucopyranosyl isothiocyanate 

L-l-[(4-Nitrophenyl)-
sulphonyl]prolyI chloride 

S-1-(1-Napthyl)ethyl isothiocya
nate 

L-N-Trifluoroacetylptolyl chlo
ride 

( - )-Menthyl chloroformate 
2,3,4,6-Tetra-0-acetyl-/3-D-

glucopyranosyl isothiocyanate 

L-Leucinamide 

L-MAcetylcysteine 

R-(-)-0-Methylmandelic acid 
S-1-(1-Napthyl)ethyl isothiocya

nate 
R-l-(2-Napthyl)ethyl isothiocya

nate 
S-( + )-l-(Napthyl)ethyl isocya

nate 

(-)-Menthyl chloroformate 

L-Carbobenzylproline 

230 
232 
231 
206 
232 
233 

234 

201 

200 

235 

236 

219 
188 

205 

237 

238 
209 

209 

239 

219 

240 
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be expected to be useful fluorescent derivatization agents for pharmaceuti
cals containing amines. The primary application of this derivatization agent 
has been used to resolve a-amino acids and lombrincine. Homochiral 
amines such as S or R-I- phenylethylamine and dehydroabiethylamine have 
been used to derivatize enantiomeric organic acids such as fenoprofen, 
ibuprofen, ketoprofen, loxoprofen, and naproxen. 

Although these chiral derivatization reagents have demonstrated their 
utility for indirect chiral separation, the arguments against them include 
length of time involved for derivatization, possibilty of racemization, and 
presence of optically active contaminants, variability of the formation rate 
of the diasteromers [184]. 

Mobile-Phase Additives 

A number of enantiomers have been resolved by forming diastereomeric 
complexes with a chiral selector which had been added to the mobile phase. 
These complexes can be resolved on conventional achiral sorbents. Metal 
chelates, ion-pairing agents, and proteins have been used as chiral selectors. 

Copper chelates of amino acid enantiomers such as proline or phenyl
alanine have been used to resolve enantiomers of amino acids and structur
ally related compounds [241,245]. Other metals such as zinc and cadmium 
have also been used. Metal chelates have been used to resolve a-amino-a-
hydroxy carboxy acids and a-methyl-a-amino acid enantiomers [246]. One 
example of pharmaceutical interest is the resolution of D-penicillamine 
from the L-antipod [247] and resolution of L,r>thyroxine [248]. 

The elution order of the resolved enantiomers can be controlled by 
the ligand. Generally, the D-ligand selector gives an elution order reversed 
from the L-ligand selector elution order, but this is not always the case 
[249]. 

Diastereomeric complexes can also be formed by ion-pairing of an 
enantiomer with a chiral counterion. In order to form this diastereomeric 
complex, it has been postulated that at least three interaction points be
tween the ion pair are required [250]. Nearly all of these form weak com
plexes in aqueous mobile phases. Consequently, the chromatographic meth
ods that have been developed have been either silica or diol columns with 
low-polarity mobile phases. Enantiomeric amines, such as the beta-
blockers, have been optically resolved when ( + )-10-camphorsulfonic acid 
was used as the chiral counterion [251]. Enantiomers of norephedrine, 
ephedrine, pseudoephedrine, and phenyramidol have all been resolved from 
their respective enantiomers with и-dibutyltartrate [252]. Enantiomers of 
naproxen, a chiral carboxylic acid, are resolved from each other by either 
using quinidine or quinine in the mobile phase [253]. In these studies, silica 
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Figure 5.6 Chiral stationary phases: classification according to chiral rec
ognition mechanisms and chemical structures. (From Reference 256.) 

sorbents gave greater resolution than either diol or cyano sorbents [254]. 
The protein albumin has been used as a chiral complexing agent for the 
separation of carboxylic acid enantiomers and local anesthetics. The stereo
selectivity was found to be dependent on albumin concentration and DH 
[255]. 

An unexpected but possibly related phenomenon is the separation of 
enantiomers of nicotine in a totally achiral system [256]. The mechanism is 
unclear but may involve the formation of in situ diastereometric dimers, 
where a dimer formed from the same two enantiomers could possibly re
solve from a racemic dimer. 

Chiral Stationary Phases 

Approximately 70 chiral stationary phases (CSPs) have been marketed 
since 1981 [256]. A classification scheme has been proposed for the numer
ous commercially available CSPs which takes into account chiral recogni
tion mechanism and chemical structure (Figure 5.6). 

The majority of the type IA CSPs are based'on amino acid deriva
tives. The separation mechanisms are based on hydrogen bonding, charge-
transfer, dipole stacking, and stearic interactions. The majority of these 
phases are covalently bonded with a few being ionically attached. The ionic 
phases are restricted to mobile phases containing less than 20% propanol 
in hexane [257-259]. Enantiomeric purity of amphetamine tablets [260], 
decongestant dextromethamphetamine [261], etodalac [262], and various 
^-lactams [263] have been examined using these chiral sorbents. Derivatiza-
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tion is usually required to achieve resolution. These sorbents have good 
stability and are compatible with all conventional mobile phases. The ana-
lytes are limited to low to medium polarity [256]. 

Type IB sorbents are chiral ligand exchangers. Several columns are 
commercially available with either proline, hydroxyproline, or valine and 
Cu(II) bonded to silica [256]. The binding is via a 3-glycidoxpropyl spacer; 
Cu(II) needs to be added to the mobile phase to minimize the loss of copper 
from the sorbent. Silica modified by L-( + )-tartaric acid has also been 
synthesized. These columns generally have poor efficiency and analytes are 
limited to bidentate solutes [256]. 

Type II sorbents are based on an inclusion mechanism. Chiral recog
nition by optically active polymers is based solely on the helicity of that 
polymer. Optically active polymers can be prepared by the asymmetric 
polymerization of triphenylmethyl methacrylate using a chiral anionic initi
ator [264]. Helical polymers are unique from the previously discussed chro
matographic approaches because polar functional groups are not required 
for resolution [265]. These commercially available sorbents have been used 
to resolve enantiomers of a-tocopherol [266]. The distinction between this 
group (lib) and the sorbents containing cavities is vague (Ha). 

The chiral recognition of these types of CSPs is based on the partial 
insertion of an enantiomer into a chiral cavity. Completely enveloped mole
cules cannot be separated. Of the various sorbents in this category, cyclo-
dextrin-bonded phases have been the most extensively studied [267]. Cyclo-
dextrins are cyclic, nonreducing oligosaccharides that contain 6-12 glucose 
units, all in the chair conformation. Cyclodextrin is linked to silica via 
various coupling techniques [267]. Derivatized celluloses have also been 
used as CSPs [272-275]. Substituted polyacrylamides are a third class of 
CSPs which resolve enantiomers by inclusion into asymmetric cavities 
[271]. Dynamically coating permethylated /3-cyclodextrins and related de
rivatives on a bare silica surface has also been shown to be enantioselective 
[272-275]. Table 8 lists the various chiral drugs that have been resolved 
using these phases. 

Natural polymers like cellulose and amylose comprise the Type HIA 
CSPs, but the mechanical stability of these packings is not sufficiently 
adequate to be used as a chromatographic sorbent. More satisfactory sor
bents have been obtained by chemically modifying them as ester or carba
mate derivatives and then coating them onto large-pore silica (300 A ) 
[276]. These CSPs are marketed under the trade names ChiralCel (cellu
lose) and ChiralPak (amylose). These packings have a wide scope of appli
cations, good stability, and use on a preparative scale. 

Type IV CSPs are proteins immobilized primarily on silica. The sol-
ute-CSP complexes are mainly due to ionic and hydrophobic interactions 
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Table 5.8 Representative Enantiomeric Drugs Resolved 
on Type II CSPs 

Benzothiadiazine diuretics Mephobarbital 
Chlorpheniramine Oxazaphosphorines 
Chlorthalidone Phenothiazines 
Hexobarbital Propranolol 
Ketoprofen Terfenadine 
Mephenytoin Thalidomide 

and been used for a wide array of pharmaceuticals. Four are commercially 
available: bovine serum albumin (BSA), a,-acid glycoprotein, ovomucoid 
(OVM), and human serum albumin (HSA) [253,277-287]. 

Resolution of the enantiomeric compounds, aromatic amino acids, 
amino acid derivatives, aromatic sulfoxides, coumarin derivatives, benzoin, 
and benzoin derivatives have been accomplished on the albumin columns. 
The a-acid glycoprotein protein column has been used to resolve 50 enan
tiomeric drugs [288]. The mobile-phase requirements of these sorbents have 
been reviewed [288]. Although the selectivity of these sorbents are often 
outstanding, the solute capacity is only 1 nmol per injection. 

Enantiomer Separation Strategy 

Figure 5.7 presents a guide to choosing the CSP best fitted to the racemate 
structure. Optimization strategies for various CSPs, including the effect of 
organic modifier and eluent pH on enantioselectivity, have been reported 
[289-292]. 

B. Biomolecules 

For the characterization and routine analysis of biopharmaceutical prod
ucts, HPLC is being chosen to replace other more time-consuming determi
nations of identity, purity, and potency. The limitations previously noted 
for preparative purifications of biomolecules are not as critical in analytical 
applications. Instead, the standard analytical criteria of precision, linearity, 
accuracy, limit of detection, ruggedness, and specificity are the major con
cerns in HPLC analyses of biomolecules. Selectivity of a particular bioana-
lytical separation is ideally dependent on three primary physiochemical 
macromolecular parameters (size and shape, charge density, and surface 
hydrophobicity); however, due to competing chemical phenomena, each 
method must also be evaluated with regard to protein self-aggregation, 
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Figure 5.7 Enantiomer separation strategy: choice of CSP according to 
solute polarity. (From Reference 256.) 

deamidation, oxidation, alkylation of amines, and hydrolytic cleavage. 
There are four basic approaches for separation: reversed-phase, size-
exclusion, ion-exchange, and affinity chromatography. Each will be dis
cussed in general terms and also with specific examples. 

Due to the tendency of larger proteins and peptides to unfold on 
hydrophobic surfaces and then to elute as multiple undifferentiated confor
mations, reversed-phase techniques are limited to smaller materials (usually 
< 10 kD or 80 residues) with limited secondary structures. However, it is 
still the method of choice for the characterization of specific peptide frag
ments from larger proteins (i.e., peptide mapping). Appropriate stability 
formulations for recombinant interferon gamma and a recombinant plas
minogen activator were developed by analyzing their trypsin fragmentation 
profiles on reversed-phase (C18) HPLC [293]. Stability changes due to de
amidation and oxidation were identified by an altered retention of the 
affected peptides and the appearance of new mass ions in their mass spec-
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tra. A useful high-sensitivity peptide mapping technique was used for re
combinant human erythropoietin to confirm the identity with limited 
amounts of natural product that was isolated in minute quantities from 
normal urine. Both materials were iodinated using 1-125 NaI and chlora-
mine T, proteolytically fragmented with trypsin, and then separated by 
reversed-phase (C18) HPLC [294]. Confirmation of structural identity was 
established with superimposable chromatograms, because single amino acid 
substitutions, oxidation, deamidation, and alkylation modifications are all 
readily differentiated by reversed-phase (C18 or C8) HPLC using TFA and 
gradient elution with increasing acetonitrile. 

Reversed-phase analyses of small intact polypeptide products are es
pecially useful in determining minute changes in related impurities due to 
degradation. The stability of human insulin in different infusion admix
tures was assayed by reversed-phase HPLC using repeated injections over 
6-hr periods to establish its incompatibility with sodium bisulfite and stabi
lization by glucose [295]. The content of desamido degradants and stability 
of bovine, porcine, and human insulins in pharmaceutical delivery systems 
were measured at a sensitivity limit of 0.05 ^g per injection using reversed-
phase (C)8) HPLC or reversed-phase (CN) HPLC with an octanesulpho-
nate ion-pair agent [296]. 

Proteolytic secretion variants of recombinant human growth hormone 
were isolated by anion-exchange HPLC; but compared analytically to the 
reference standard using reversed-phase (C4) HPLC with an ammonium 
bicarbonate/acetonitrile mobile phase rather than the more commonly used 
TFA/acetonitrile mobile phase [297]. 

In contrast to reversed-phase applications, size-exclusion HPLC ap
plications are primarily suited for molecules that range from 15 kD to 
nearly 1 million MW. With the use of a physiological buffered mobile 
phase, size-exclusion HPLC is dominant in determining the composition 
of aggregated forms of biotechnology products. The significance of this 
parameter is paramount, as both in vitro activity and in vivo circulation of 
proteins are often dependent on a specific monomer or aggregated species. 
The stability of recombinant-derived analogs of alpha interferon, gamma 
interferon, and interleukin-2 was evaluated for degradation into inactive 
aggregate forms using silica-based size-exclusion HPLC at a low pH [298]. 
The results obtained from HPLC using the nonphysiological mobile phase 
do not necessarily reflect the potency or aggregate composition at physio
logical pH. Unfortunately, low yield and altered retention times were ob
served for the recombinant products at neutral pH. Without independent 
equivalency data, this HPLC method would be very difficult to validate for 
use in either purity or potency analyses. 

The analytical results obtained from size-exclusion HPLC, which was 
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validated for analysis of human growth hormone potency, correlated with 
and were more precise than the traditional bioassay results obtained with 
hypophysectomized rats [299]. For both human insulin and human growth 
hormone, size-exclusion HPLC was employed with a physiological mobile 
phase similar to the formulation vehicle to analyze for noncovalent dimers. 
Because fractions containing the dimeric molecules were inactive, the quan
tity of monomer determined by HPLC was used indirectly to establish 
potency and dosage. As mentioned previously, reversed-phase (C18) HPLC 
was employed to determine trace amounts of monomeric impurities (de
samido and sulfoxide derivatives); reversed-phase (C8) HPLC of the pep
tide fragments obtained through proteolysis with S. aureus or trypsin was 
compared to that of the reference material to determine identity [300]. 

Size-exclusion HPLC is particularity useful in either direct pharmaco
dynamic studies of the radiolabeled product or indirect studies that employ 
a labeled monoclonal antibody. In order to observe shifts in apparent MW 
due to noncovalent binding interactions, the mobile phase for these analy
ses should be a physiological buffer and the ligand size cannot be less than 
half that of the labeled protein. In cases where complexation may interfer 
with in vivo targeting, size-exclusion HPLC can be used prior to clinical 
administration of the potential or existing biotechnology product to estab
lish the most effective regimen or dose. 

Ion-exchange HPLC accommodates biomolecules of all sizes, shapes, 
and charge as long as the pH and salt conditions promote good solubiliza
tion without self-aggregation or chemical derivatization. The pH of the 
mobile-phase buffer is selected in an anion-exchange column to provide a 
net negative protein charge, and in a cation exchanger, a net positive pro
tein charge. Differences in protein or peptide charge densities are usually 
resolved by applying a gradient of increasing salt rather than pH. Further
more, separation can be enhanced by selecting a buffer whose pH is close 
to the protein pi and applying a shallow gradient at a lower ionic strength 
that still promotes ionic interactions. With extremely low ionic strengths, 
however, mixed-mode interactions can be expected with proteins, including 
cationic, anionic, and hydrophobic forces. Some knowledge of the pK of 
groups involved is very helpful in selecting optimum conditions for ion-
exchange HPLC. For example, deamidated molecules with a pi near the pK 
of carboxyl groups would be difficult to resolve, as the effective charge 
difference is less in buffers with a pH near the carboxyl group pK. Finally, 
the degree that a single charge difference is resolvable depends on the total 
number of charge groups on the protein surface. This latter limitation is 
significant for larger proteins where isoform heterogeneity becomes ex
tremely difficult to resolve for proteins over 50 kD MW. Nevertheless, 
chromatofocusing techniques, which essentially involve a very gradual 
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change in pH stabilized by high concentrations of many different ampho
teric buffer molecules, have successfully used ion-exchange HPLC to re
solved the isoforms of monoclonal antibodies. The major utility of ion-
exchange techniques for biotechnology products appears in establishing 
their amino acid and carbohydrate compositions and sequence. For amino 
acid analyses, ion-exchanger resins have a long well-established history of 
use. For carbohydrate and oligosaccharide analyses, anion-exchange sepa
rations are a more recent and complementary application, because peptide 
residues containing carbohydrate cannot be sequenced directly. 

Two classes of carbohydrates are resolvable using anion-exchange 
HPLC: negatively charged species containing single or multiple sialic acid 
residues and neutral species. Because the neutral monosaccharrides and 
oligosaccharides are all partially ionized at high pH, they show slightly 
different anion-exchanger retentions due to their different pKa values. 
Chromatographic detection of carbohydrates may be accomplished by at
taching a chromophore to the reducing end or by using a pulsed amperome-
tric detector. 

Changes in bioengineered expression systems can alter the number 
and composition of carbohydrate residues attached to recombinant or 
monoclonal antibody products [301]. The use of high pH anion-exchange 
HPLC and pulsed amperometric detection (Dionex Corp) has enabled the 
analytical profiling or "mapping" of the characteristic biantennary carbohy
drate structures following their enzymatic release from both murine and 
humanized monoclonal antibodies [302]. 

For a recombinant human granulocyte colony-stimulating factor mul
tiple HPLC analyses have been used to determine glycosylation. Cation-
exchange (sulfopropyl) HPLC of the intact molecule was performed at a 
pH of 5.4 to determine the content of di- and mono-sialylation versus 
asialo- or aglyco-species [303]. Peptide fragments of each species were then 
generated using 5. aureus protease and CNBr digestions and separated on 
reversed-phase (C4) HPLC to identify the specific site of carbohydrate 
attachment. 

Affinity chromatography techniques have shown less utility in analyti
cal testing than in preparative separations for a variety of reasons, including 
cost and the difficulty of validating consistent operation as the column 
changes over time. Protein A affinity has been commonly used to quanti-
tate the total antibody content of either ascites or cell culture fluids. To 
provide guidance in the development of a purification process, specific 
immunoaffinity resins are either available or can be readily prepared to 
quantitate the levels of unrelated protein contaminants. To rapidly deter
mine what the active species in a mixture is, a monoclonal antibody that 
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interferes with or inhibits the bioassay is often used. Inactive variants of 
human growth hormone were confirmed using a tandem chromatography 
technique which utilized an immunoaffinity column and a size-exclusion 
column [304]. In this case, polyclonal antibodies were used to differentiate 
the more readily bound monomer from the noncovalent dimer form. Al
though most large protein products are heterogeneous mixtures which are 
not easily differentiated chromatographically, inhibitory monoclonal anti
body columns may be used in a potency assay to selectively differentiate 
those modifications that affect the active site of an enzyme or hormone. 
For radiolabeled monoclonal antibody products, affinity chromatography 
has been routinely applied in both open (low-pressure) columns and in 
TLC format using immobilized antigen to differentiate active from inactive 
substances. 

The FDA requirements for "well-characterized" biopharmaceutical 
products have been discussed at length [305]. A central concern is that tests 
for identity, purity, impurities, and potency (mass of the active substance) 
should be sensitive, quantitative, and validated. Although HPLC measure
ments of mass eliminate much of the variability inherit in bioassays and are 
preferable for determination of dosage, whenever possible the product's 
potency should also be determined by a cell-based bioassay. In addition, 
variations in the primary structure, including posttranslational and process-
related modifications, need to be detectible and evaluated. The tests used to 
characterize a biotechnology product and process or to establish release and 
stability specifications are uniquely determined by the particular cellular or 
formulation instability noted for each molecule. For example, monoclonal 
antibodies from (unstable) murine hybridoma cell lines can switch large 
sections of DNA (or peptide domains), but the resulting protein differences 
are readily detected either immunochemically or by ion-exchange (ABx) 
HPLC. Minor heterogeneity in the carbohydrate composition, in deamida-
tion and in the C-terminal lysine residue are consistent and reproducible 
characteristics of monoclonals, which are either inconsequential or detecti
ble through potency (antigen-binding) studies. On the other hand, produc
tion of recombinant products often involve incorrectly folded or aggregated 
structures, as well as single amino acid substitutions, more random attach
ment of carbohydrate (or no carbohydrate in the case of prokaryote expres
sion), oxidations of methionine, and N-terminal or lysine alkylations. Each 
of these chemical modifications are often detectible using tryptic fragmen
tation, RP HPLC to separate the resulting peptides, and mass spectroscopy 
to detect differences in their molecular composition. The significance of 
HPLC techniques for many biopharmaceutical products is summarized in 
Table 5.9. 
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Table 5.9 Characterization Techniques for Biomolecules 

Analytical parameter Monoclonal antibody 

Characterization 

Identity 

Purity and impurities 

Potency 

Carbohydrate map 
N-terminal sequence 

ABx-exchange 
(IEF-PAGE) 

Size exclusion 
(SDS-PAGE) 
(ELISA) 

Antigen binding (UV 
absorbance) 

Recombinant 

Tryptic map (LC/MS) 
Peptide sequences 

Ion exchange 

Size exclusion 
Reversed phase 

(SDS-PAGE) 

(Cell transduction) 

C. Drugs Containing a Basic Functionality 

Reversed Phase 

As discussed in the beginning of this chapter, reversed-phase packings are 
the most widely used for analysis of basic drugs, but they generally give 
asymetric peaks. For quantitative analysis, an asymmetry factor of less than 
1.5 is preferred. 

Numerous studies have been performed on the relationship of peak 
symmetry and various commerically available reversed-phase packings 
which has led to several generalizations [306]. For compounds having a 
pKa <6 , little or no asymmetry problems (factor < 1.5 and plate numbers 
4000-6000) were observed. Asymmetric peaks were obtained for com
pounds with pKa > 6. Structural parameters such as flexibility of the pro-
tonated N atom also seems to be a contributing factor. When tailing occurs, 
the addition of silanol-blocking agents, such as triethylamine, is the most 
effective approach to minimizing its occurrence. In addition, the use of 
electrostatically shielded phases improved peak shapes. Finally, polymeric-
based stationary phases generally give an acceptable symmetry but a low 
plate number. 

Silica 

Over the last 10 years there has been an increasing number of publications 
that have demonstrated the ulility of using aqueous eluents with nonbonded 
silica for the analysis of not only basic analytes but also neutral and acidic 
pharmaceuticals.This approach was first demonstrated in 1975 for the 
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screening and quantification of basic drugs in biological fluids [307]. Table 
5.10 is a listing of the published drug product assays using this approach. 

The second example in Table 10 demonstrates the advantages of this 
silica approach [308]. Using a mobile phase of methanol-water (75 : 25) 
buffered with ammonium phosphate at pH = 7.8, various syrups and tab
lets were analyzed for antihistamines, antitussives, and decongestants. A 
comparison between reversed-phase and silica methods of similar cough 
syrups clearly demonstrates that peak responses obtained by the aqueous 
silica method are more symmetric than the reversed-phase methods (com
pare Figure 5.8 with Figure 5.9). In addition, the sample preparation proce
dures in the silica method are relatively simple, requiring dilution for syrup 
formulations and dissolution for tablets. 

Changes in mobile-phase components such as pH, ionic strength, and 
water content have been systematically studied [3,310,316,317]. These stud
ies indicate that retention of basic analytes is mediated primarily by the 
cation-exchange properties of the silica [2]. Interestingly, it has been sug
gested from retention data of various pharmaceuticals that the retention 
mechanisms of silica with aqueous eluents and reversed-phase systems are 
similar [317,318]. Due to the ion-exchange properties of silica, mobile-
phase pH adjustments are useful in changing the retention of ionic com
pounds. 

In order to unambiguously ascertain the influence of surface silanols, 
the quaternary ammonium compound emepronium was studied [320]. The 

Table 5.10 HPLC Assay for Silica of Drugs Containing Basic 
Functionalities 

Antihistamines, antitus
sives, and decongestants 

Catecholamines 
Famotidine 
Hydroxyzine hydrochloride 
Imidazoline derivatives 

Prazosin hydrochloride 
Pseudoephedrine hydro

chloride 
Succinylchloine 
Triprolidine hydorchloride 

Syrup and tablets 

Various preparations 
Oral dosages 
Syrups 
Capsules, ointments, and 

nasal drops 
Capsules 
Syrup and tablets 

Injection 
Syrup 

References 

308, 309 

310 
3 

311 
312 

313 
314 

315 
315 
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Figure 5.8 Chromatogram of cold syrup using C18 column with detection 
at 254 nm (a), diphenhydramine (b), and chlorpheniramine (c). (From Ref
erence 319.) 

<«> (Ы 

p gUI 
Figure 5.9 Resolution of acetaminophen (a), phenylpropanolamine (b), 
chlorpheniramine (c), and dextromethorphan (d) by silica gel using metha
nol, water, and phosphate buffer at pH-7.8. (Courtesy of Journal of Phar
maceutical Sciences.) 
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retention of emepronium increased with the increase of the mobile phase 
pH (0-11). This retention behavior was attributed to the various types of 
silanols present on silica with the strongly acidic sites being ionized even at 
low pHs and the weakly acidic sites ionized at neutral or basic pHs [320]. 

For other drugs that have tertiary, secondary, and primary nitrogens, 
the pKa values of the individual compounds are important in predicting 
retention when varying the pH of the mobile phase [320]. For example, the 
retention of phenylpropanolamine with a pKa of 9.0 rapidly decreases as it 
becomes the free base at a pH greater than 8. For lidocaine with a pKa of 
7.9, the formation of its free base and decrease of retention occur at a pH 
greater than 7. In compounds such as benzocaine, which has a pKa at 2.8, 
little or no change occurs with pH variation in the mobile phase [3]. 

The pH of the mobile phase can also affect the peak shape in aqueous 
silica methods. Differences in solvation, which depends on the degree of 
protonation, has been cited as a possible explanation [320]. 

The nature of the ionic components of the mobile phase will affect 
analyte retention, as would be expected by an ion-exchange mechanism. In 
other words, retention of ionic analytes can be increased by ions of the 
opposite charge and decreased by ions of the same charge [317]. 

Addition of surfactants, such as cetyltrimethylammonium bromide 
(CTMA), causes silica to mimic separations obtained with reversed-phase 
sorbents. The impurities of propranolol and pharmaceutical preparations 
of catecholamines have been chromatographically studied using this surfac
tant [310,316]. The one apparent advantage of using these surfactants is 
that the brand-to-brand variations in selectivity commonly seen for bonded 
phases is avoided [310]. For basic analytes, the addition of either methanol 
or acetonitrile changes the sorbent selectivity. Commonly, a retention mini
mum occurs at about 50% organic solvent content with increases in reten
tion at either increased or decreased organic content [312]. 

Additional interactions between silica and neutral and acidic analytes 
have been observed [3,317,321]. One example is the resolution of methyl-
paraben from propylparaben, benzoic acid, and famotidine [3]. Retention 
mechanism studies appear to show that interactions with the siloxane brid
ges are important [322]. 

Antibiotics containing acidic functionalities have also been success
fully chromatographed with aqueous silica systems [317,321,322]. 

Alumina 

Bases that have been assayed by aqueous alumina methods are listed in 
Table 5.11 [27-29,47]. 

The amphoteric character of alumina leads to a more complex reten-



178 Adamovics and Farb 

Table 5.11 Drugs Analyzed by 
Alumina Using Aqueous Mobile Phases 

Acetylcodeine Narcotine 
Atropine Papaverine 
Codeine Procaine 
Morphine Strychnine 
Naphazoline Thebaine 

tion mechanisms than that for silica. When the net charge on an alumina 
surface is zero, it is referred to as the zero point of charge (ZPC). By 
lowering the pH, the net charge on the surface becomes positive (anion 
exchanger), and at a pH higher than that of the ZPC, the alumina surface 
becomes negative (cation exchanger). ZPC is not a constant value but de
pends on the nature of the buffer being used in the mobile phase. For 
example, citrate buffer gives the alumina a ZPC at pH = 3.5 [28]. When 
the pH of the mobile phase incorporating citrate buffer exceeds 3.5, alu
mina becomes a cation exchanger. The ZPC of other buffers is listed in 
Table 5.12. 

In developing a mobile-phase system for basic drugs, for example, 
brucine and dihydromorphine, the following consideration must be kept in 
mind. These two bases are positively charged below a pH of 6.5 and would 
be best chromatographed with a cation exchanger. According to the above 
discussions, using citrate buffer at a pH above 3.5, alumina becomes a 
cation exchanger. The other buffers listed in Table 5.11 could also be used, 
but their influence on chromatographic behavior of these base compounds 
is minimized because they would be anion exchangers below pH = 6.5. 

Table 5.12 Zero-Point Charge of 

Alumina in Various Buffers 

Buffer ZPC 

Citrate 3.5 
Acetate 6.5 
Phosphate 6.5 
Borate 8.3 
Carbonate 9.2 
Source: Adapted from Reference 28. 
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Increasing the ionic strength of the mobile phase generally decreases 
the retention of most analytes on ion exchange. This seems to be primarily 
due to increased competition of ions for the ion-exchange sites [29]. 

The addition of organic solvents such as methanol or acetonitrile 
improves selectivity of the sorbent. For the basic analytes studied, retention 
increased with decreasing acetonitrile content. For a decreasing methanol 
content, certain analytes increased in retention and others decreased [29]. 

D. Neutral Drugs—Steroids 

Both nonbonded silica and bonded-phase sorbents have been utilized in the 
analysis of steroids. For the silica column, the mobile-phase composition is 
water-saturated butyl chloride : butyl chloride : tetrahydrofuran : metha
nol : glacial acetic acid [323]. This procedure has been adopted as method 
for 17 drugs formulated as tablets, suspensions, creams, lotions, ointments, 
and injectables. The apparent advantage of this approach over other possi
ble approaches such as reversed phase is the following: a minimal number 
of assay variables for a relatively large number of drug products, conse
quently an increase in laboratories efficiency. For example, fluorometho-
lone cream needs only to be dissolved in acetonitrile and extracted with 
hexane prior to assay by the above silica procedure [324]. This is in contrast 
to a reversed-phase method for a related glucocorticoid, betamethasone 
dipropionate, which requires the addition of methanol, heating, shaking, 
reheating, shaking, freezing, and centrifugation [325]. Consistent with the 
above examples, one proposal suggests that the above silica method be 
used only for oil-based formulations and that aqueous-based formulations 
should be analyzed by alkyl-bonded methods using aqueous mobile phases 
[326]. 

A third proposal for standardization of steroid analysis has been pub
lished. Once again, the procedure requires the use of silica but with aqueous 
mobile phases containing cetyltrimethylammonium bromide as a mobile-
phase additive [327]. 

The authors compared this aqueous silica method with alkyl-bonded 
procedures by testing 12 different corticosteroids on 8 different silica sorbe
nts and on 6 different reversed-phase sorbents. The variations in selectivity 
of the 12 corticosteroids among the silica columns were found to be sub
stantially less than those based on the reversed-phase sorbents. Based solely 
on this comparison, silica-based separations using aqueous mobile phases 
would be preferred over reversed-phase sorbents for assay of steroids [328]. 
The arguments on which sorbent is best for the assay of steroids will more 
than likely continue. 
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E. Multidimension Column Techniques 

Multidimensional chromatography has been called column switching, cou
pled-column chromatography, recycle chromatography, and mode sequenc
ing, among other terms. 

There are two basic approaches: off-line and on-line. The off-line 
method, as discussed in the chapters on sample pretreatment, are most 
often used because they involve either manually or automatically collecting 
a fraction from a sample cleanup sorbent. The appropriate fraction is trans
ferred and then assayed by a second chromatographic method. The manual 
steps are time-consuming and potentially introduce significant error to the 
precision and accuracy of the method. The on-line method, when fully 
automated, would have the chromatography system perform sample pre
treatment by column switching between two or more columns. 

For the on-line procedures there are numerous combinations of sorbe-
nts and mobile phases. The primary objective is to partially separate the 
component(s) of interest on one column, followed by diversion of those 
fractions of interest onto a second column. The sorbents used for each 
column can be different, but the mobile phases must be miscible. To 
achieve column switching, high-pressure, low-internal-volume, valves are 
used. Numerous valve configurations are used and these are discussed ! 

below. 
The analysis of the o-hydroxybenzoate preservatives in pharmaceuti

cal syrups and parenterals appears to be the first example of on-line cou
pled-column analysis. These formulations were injected directly onto a 
short column of Amberlite XAD-2 resin using a mobile phase with which 
these preservatives are strongly retained. After washing the short column 
with bisulfite reagent, which elutes interfering aldehydes and acids, the . 
short column is switched in-stream to a longer analytical column using a 
mobile phase that elutes the preservatives. The procedure was shown to be 
free of interferences from common drugs, dyes, flavoring agents, and other 
excipients [329]. 

Calcium pantohenate (CP), the calcium salt of vitamin B3, is a com
ponent of a variety of multivitamin formulations [330]. Column switching 
using a C18 guard column with a C8 analytical column has been utilized to 
remove interfering material. The guard column retains the formulation 
excipients which are back-flushed off the guard column (Figure 5.10). 

In another method, creams and ointments of a developmental cortico
steroid are simply dissolved in tetrahydrofuran-isopropanol (30 : 60), clari
fied by centrifugation, and injected directly onto the HPLC column [331]. 
The automated switching valves direct the analytes plus an internal stan
dard through the guard column to the reversed-phase analytical column, 
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Figure 5.10 Typical valve configuration for multidimensional chromatog
raphy where the interfering matrix is retained on the guard column, whereas 
the analytes of interest are resolved on the analytical column. 

while retained excipient materials are back-flushed to waste. Column 
switching reduces required sample preparation times by a factor 
of ~ 3 . 

A nearly identical procedure is used in the analysis of hydrocortisone 
and sulconazole nitrate in a topical cream [332]. 

Another useful approach to analyzing creams is to initially dissolve 
the formulation in tetrahydrofuran. The first column, which is packed with 
a gel permeation sorbent, resolves the analyte of interest from the cream 
excipients. The second column, which is packed with a C18 sorbent, further 
fractionates the analytes [333,334]. 

Nine structurally diverse substances of an analgesic tablet can be re
solved by two columns containing C8 material. The separation is better and 
faster than that obtained with a gradient elution method [335]. 

A three-column ion-exchange and reversed-phase system has been de
veloped for the assay of enprostil in soft elastic gelatin capsules [336]. A 
two-column approach has also been used to resolve D,L-amino acids in 
complex matrices [337]. Erythromycin A and its known impurities were 
resolved using two C18 columns [338]. 
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The major disadvantage of column switching is that some excipients 
may become irreversibly bound to the sorbents, consequently requiring 
relatively frequent changes in the sorbents. Under these circumstances, the 
off-line sample pretreatment cleanup procedures described in Chapter 2 
should be used. 

F. Antibiotics 

A review of the chromatographic behavior of 90 penicillin and cephalspor-
ins and their correlation to hydrophobicity has been published [339]. The 
current state of chromatographic methods submitted to the USP for com
plex antibiotics has been reviewed [340]. A comparison has been made 
between poly(styrene-divinylbenzene) stationary phases and silica-based re-
versed-phase sorbents for analysis of erthromycin and minocycline, and 
it was concluded that the nonsilica-based packings are more stable and 
reproducible [341]. The comparative retentions of ampicillin, amoxicillin, 
and pencillin G was determined on Ci8, cyanopropyl-silica and poly(sty-
rene-divinylbenzene), and nonbonded silica [342]. 

G. Size Exclusion 

This technique for separating molecules according to size has been exten
sively used for the determination of polymeric molecular-weight distribu
tions. The one big advantage this technique has over other chromatographic 
modes is that under ideal conditions, the analyst has merely to dissolve the 
sample in the mobile phase and inject it. The only decision is the choosing 
of the optimum pore size, which can be selected by knowing the molecular-
weight operating range of the packed column and of the sample. The molec
ular weight of heparin solution has been determined in this manner [343]. 
Molecules (<2000 Da) can be resolved if they have at least a 10% differ
ence in size. This approach is not widely used; however, there are several 
examples in pharmaceutical analysis which demonstrate its utility. Aspirin 
in tablets has been easily resolved from salicyclic acid on a size-exclusion 
column using chloroform as the mobile phase [344]. In a similiar manner, 
tolnaftate was resolved from BHT using methylene chloride as the solvent 
[345]. 

Besides using a simple mobile phase requiring little or no method 
development, the sample preparation steps can be simplified. This has been 
shown in the analysis of benzocaine ointment which is dissolved in tetrahy-
drofuran, filtered, and injected (Figure 5.11). Using an identical approach, 
a solution of the corticosteroid halcinonide is resolved from the excipi-
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Figure 5.11 Analysis of benzocaine ointment using a size-exclusion col
umn with UV and RI detection: Tween 85 (a), benzocaine (b), and benzyl 
alcohol (c). (Courtesy of Millipore Corporation, Waters Chromatography 
Division.) 

ent antioxidant BHT. This approach has also been demonstrated for the 
assay of other steroidal creams [345]. 

H. Generalized Approaches 

At this point, if the chromatographic problem is still unresolved, more 
general approaches should be investigated. A number of strategies have 
been developed that ideally would provide "first-run problem solving." The 
criterion is to elute all components by broad eluent polarity changes follow
ing by the detection of all the components. One approach is to use a gradi
ent elution; optimized mobile-phase conditions for isocratic separations 
have been determined in this manner [346]. 

A second approach is to use TLC as a scouting technique. A good 
correlation from TLC to HPLC is generally obtained when mobile phases 
contain solvents equal to or less polar than ethyl acetate [347]. For solvents 
more polar than ethyl acetate, the correlation is not as useful because the 
more polar solvent absorbs preferentially to the TLC sorbent [347]. Under 
these circumstances, compensation for this change in TLC can be made 
by using a LC solvent mixture less polar than the TLC solvent mixture. 
Correlations of mobility between TLC and HPLC separations for cephalo
sporin antibiotics and steroidal hormones have been reported [348-350]. If 
all else fails a three part series on the basics of separations should be 
consulted [351-353]. 
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V. CONCLUSION 

The last decade has seen a tremendous improvement in HPLC instrumenta
tion. However, the most significant changes have occurred in the column 
sorbent technology, detection, and automation. HPLC has become the 
primary tool in the pharmaceutical industry in characterizing the purity and 
impurities of pharmaceutical products. 

In the next several years, advances in column technology particularly 
for the resolution of enantiomers and proteins will continue. This author 
also expects that sorbent manufacturers will be paying greater attention to 
minimizing the all too common column-to-column variations. 
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Capillary Electrophoresis 

SHELLEY R. RABEL* and JOHN F. STOBAUGH 
University of Kansas, Lawrence, Kansas 

I. INTRODUCTION 

In the development of therapeutic agents, the pharmaceutical industry es
sentially imposes on itself the highest standards currently available. Due to 
continuing progress in techniques, instruments and so on, current methods 
of pharmaceutical analysis must utilize the available advanced technologies, 
which are generally characterized by high sensitivity, selectivity, robustness, 
precision, accuracy, and speed. The multitude of high-performance liquid 
chromatographic (HPLC) instruments in the typical pharmaceutical labo
ratory attests to the dominance of this analytical technique in pharmaceuti
cal analysis. However, the advent of automated commercial capillary elec
trophoresis instrumentation has resulted in a substantial increase in the 
number of capillary electrophoresis (CE) applications in the pharmaceuti
cal industry over the last 5 years. Capillary electrophoresis has been utilized 
in the quantitation of drug-related impurities [1], stability studies [2], chiral 
analysis [3], stereoisomeric separations [4], and formulation analysis [5]. 
Continued interest in the research and development of biotechnology-
derived products has promoted the widespread use of CE to monitor the 
synthetic and purification processes in addition to the analysis of these 
therapeutic entities in formulations [6]. 

*Current affiliation: DuPont Merck Pharmaceutical Company, Wilmington, Delaware. 
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A review of capillary electrophoresis applications in pharmaceutical 
analysis was published in 1993, and the goal of this chapter is to provide an 
update on the various disciplines within the technique and includes selected 
applications. Recent developments in the areas of capillary technology, 
instrumentation, and detection will be reviewed here. Useful strategies for 
method development involving several classes of pharmaceuticals and 
biotechnology products will be addressed. The formats within capillary 
electrophoresis have evolved to such an extent that this chapter is not com
prehensive in scope. Therefore, the reader will be directed to other reviews 
on the various aspects of capillary electrophoresis. Of particular interest to 
many separation scientists may be a special issue of an Applied Biosystems 
Newsletter, which addresses the future role of CE, method development in 
CE, and selected applications in the area of drug analysis and protein 
separations [7]. 

II. CAPILLARY ELECTROPHORESIS FORMATS 

A. Capillary Zone Electrophoresis 

Capillary electrophoresis performed in free solution is perhaps the most 
straightforward of CE formats. Selectivity in capillary zone electrophoresis 
(CZE) is based on differences in electrophoretic mobility of individual 
analytes, which depends on the mass-to-charge ratio and the solution con
formation of the analyte. The simultaneous analysis of both positively and 
negatively charged species within a single analysis is possible due to elec-
troosmosis, which is the "bulk flow" of solvent within the capillary. Elec-
troosmotic activity is derived from the interaction of cationic buffer consi-
tuents with the negatively charged silanol groups at the inner surface of the 
capillary. The density of the electrical layer deceases exponentially with 
distance from the capillary wall, generating a zeta potential. The bulk 
movement of material within the capillary arises due to the migration of 
hydrated cations toward the cathode. This results in the "plug" flow profile, 
shown in Figure 6.1, as opposed to laminar flow in HPLC. 

J 
Figure 6.1 "Plug-flow" in capillary electrophoresis. 
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Jorgenson and Lukacs [8] have described a number of parameters, 
which may be helpful in characterizing CE separations. The linear velocity 
(v) of a given analyte in free-solution capillary electrophoresis may be 
represented by the following equation: 

V - (Meo + Me1)E (1) 

where /ieo and це1 represent the contributions from the electroosmotic flow 
coefficient and the electrophoretic mobility, respectively. The effective elec
tric field (E) is equal to the applied voltage divided by the length of the 
capillary. As in HPLC, the peak efficiency may be evaluated by the number 
of the theoretical plates (N): 

N = 25(Meo + "e,) v (2) 

The efficiency is therefore directly proportional to the the applied voltage 
(V) and inversely proportional to the diffusion coefficient of the analyte 
(D). The sum of contributions from electoosmotic flow (/ieo) and the elec
trophoretic mobility (/xd) result in the overall, or "apparent," electropho
retic mobility of the analyte: 

M = MeO + McI ( 3 ) 

The expression used to calculate resolution is shown in Equation (4): 

V ^ 
Rs = 0.177(M, - M2) fTT^T ~ (4) 

in which (/i, - H2) represents the difference in the overall electrophoretic 
mobilities of the two species and Ji. is the average of the two electrophoretic 
mobilities. A more detailed discussion and interpretation of theoretical con
cepts in CZE may be found in the recent text by Camilleri [9]. 

The key operational parameter in free-solution capillary electrophore
sis is the pH of the running buffer, as the electroosmotic flow and ioniza
tion of the analyte can be regulated by this variable. The role of buffers in 
capillary electrophoresis has been discussed in detail, with emphasis on 
buffer concentration, buffer type, and pH effects [10]. The effect of or
ganic solvents on separation and migration behavior has been studied for 
dipeptides [11] and somatostatin analog peptides [ 12]. The order of migra
tion as well as the selectivity may be manipulated by organic modifiers in 
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the running buffer, however, in the case of the dipeptides, the separation 
deteriorated with greater than 15% acetonitrile. Furthermore, the type of 
organic solvent used for the separation of somatostatin analog peptides had 
a profound effect on the order of elution. 

In the near future, CE will very likely serve as an orthogonal separa
tion technique, which complements the results generated by HPLC. The 
use of such contrasting techniques to confirm results is particularly useful 
in the determination of peak homogeneity [13] and identification [14]. 
Although the quantitive capabilities of CE have been met with skepticism, 
strides toward improvement in this area are being made as workers become 
familiar with different facets of the technique and as the instrumentation 
has improved. A growing awareness of the need to normalize the peak 
area in order to quantitate drug-related impurities has improved the overall 
quality of quantitative CE methods reported in the literature in recent years 
[15]. Unlike HPLC, analytes do not migrate with uniform linear velocity. 
The migration rate of each analyte will differ according to the inherent 
electrophoretic mobility of the molecule; thus, slower migrating peaks will 
require more time to pass through the detector. Corrections for detection 
window residence time are made by dividing the peak area response by the 
migration time. The use of automated instrumentation generally results in 
enhanced reproducibility of injection and migration times. In addition, 
autosamplers contribute to the ease of analysis in routine stability studies 
[2]. For example, Qin et al. report on a stability-indicating assay for an 
inhibitor of angiotensin-converting enzyme [16], in which the precision of 
injection was 0.62%. 

B. Micellar Electrokinetic Capillary Chromatography 

Many pharmaceutical preparations contain multiple components with a 
wide array of physico-chemical properties. Although CZE is a very effective 
means of separation for ionic species, an additional selectivity factor is 
required to discriminate neutral analytes in CE. Terabe first introduced the 
concept of micellar electrokinetic capillary chromatography (MEKC) in 
which ionic surfactants were included in the running buffer at a concentra
tion above the critical micelle concentration (CMC) [17]. Micelles, which 
have hydrophobic interiors and anionic exteriors, serve as a pseudostation-
ary phase, which is pumped electrophoretically. Separations are based on 
the differential association of analytes with the micelle. Interactions be
tween the analyte and micelles may be due to any one or a combination of 
the following: electrostatic interactions, hydrogen bonding, and/or hydro
phobic interactions. The applicability of MEKC is limited in some cases to 
small molecules and peptides due to the physical size of macromolecules 
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and their inability to fully partition into the interior of the micelle. How
ever, MEKC was successful in the separation of a family of decapeptide 
antibiotics [18] utilizing a zwitterionic surfactant. The selectivity in MEKC 
may be manipulated by variables such as the type of surfactant, pH (in 
the case of ionic solutes), temperature, and various additives (organic, 
ion-pairing agent, etc.) [19]. Donato et al. examined the effects of pH, 
surfactant concentration and influence of organic modifer on the separa
tion of some non-steroidal antiinflammatory drugs [20]. The same group 
also applied CE and MEKC to the direct analysis of the non-steroidal 
antiinflammatory drugs in a several pharmaceutical formulations without 
sample pretreatment [21]. A cationic surfactant (СТАВ) was effective in 
the reverse electroosmotic flow (EOF) separation for both neutral and an
ionic antibiotics [5]. The levels of neomycin and hydrocortisone determined 
in otosporin ear drops were in good agreement with those reported on the 
label. Janini and Issaq have presented an overview of the different surfac
tants employed in MEKC and the effects of additives [22]. 

C. Electrokinetic Chromatography (Chiral Separations) 
The importance of stereoselective separations in pharmaceutical analysis 
cannot be underestimated. Drug racemates often display unique character
istics with respect to therapeutic effectiveness and the potential to cause 
adverse side effects. Although the majority of pharmaceuticals have been 
marketed as racemic mixtures in the past, the current trend in the pharma
ceutical industry is to develop new drug candidates as a pure isomer. The 
development of optically pure pharmaceuticals demands analytical methods 
to confirm enantiomeric purity throughout synthetic processes and stabil
ity-indicating assays capable of detecting small amounts of enantiomeric-
ally related impurities. Various analytical approaches have been utilized 
in the HPLC separations of enantiomers, including chiral mobile-phase 
additives [23], chiral stationary phases [24], or reaction with a chiral re
agent to form diastereomers. Whereas the separation of diasteromerically 
related analytes based on differences in physico-chemical properties is rou
tinely performed by HPLC techniques, the same separation in CE is not 
straightforward due to the absence of an interactive stationary phase. 
Therefore, the general approach to separating enantiomers by CE has been 
to add chiral selectors to the running electrolyte to form a pseudostationary 
phase. This direct approach to the separation of enantiomers is preferred 
because inaccurate results can arise following derivatization due to racemi-
zation or the presence of chiral impurites in the reagent itself. Recently, 
several excellent reviews have characterized the different groups of selectors 
and examined the different mechanisms of chiral recongnition [25,26]. Chi-
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ral selectors may be conveniently grouped into four major classes [25] 
based on host-guest complexation, chiral micellar solubilization, ligand 
exchange, and polymer-based recognition. The following discussion of chi
ral separations is limited to the more widely used techniques and recent 
applications thereof. 

Cyclodextrins are the most commonly used chiral selector in guest-
host complexation. These cyclic oligosaccharides consists of six to eight 
glucose units (a-, /3-, and 7-cyclodextrin), which are linked by glycosidic 
bonds to form truncated cone-shaped structures. The chiral selectivity in
herent in cyclodextrins originates from the chiral centers present in the 
individual glucose units. The inner cavity is hydrophobic in nature, whereas 
the outer rim is composed of secondary hydroxyl groups, which provide a 
degree of hydrophilicity. The propensity for an analyte to partition into the' 
cavity of the host molecule is a function of its hydrophobicity, hydrogen-
bonding capability, and the size and shape of the guest molecule. Investiga- , 
tions have been focused on the use of those modified cyclodextrins, which ; 
may have higher solubility than the neutral cyclodextrins [27] as well as 
those which may exhibit specific mechanisms of interaction between the 
host and guest molecules. Carboxymethylated, carboxyethylated, and succi-
nylated /3-cyclodextrins have been described for the separation of basic and 
neutral drugs [28]. The derivatized cyclodextrins are neutral at low pH; 
however, at pH values above 5, the carboxylic acid group is ionized and the 
cyclodextrins serve as chiral selectors for the separation of neutral enanti-
omers. Tait and co-workers [29] demonstrated the superiority of polyanio-
nic /3-cyclodextrin derivatives over neutral cyclodextrin selectors for the 
separation of racemic mixtures of ephedrine and pseudoephedrine. Numer
ous cyclodextrin derivatives varying in size and type of functionalities have 
been explored in the separation of basic drugs [3,30]. As shown in Figure » 
6.2, enantiomeric impurities for ephedrine and norephedrine have been 
quantitated at levels below 0.5% [30]. The larger cavity provided by 7-
cyclodextrin was effective in the separation of a dansylated neuroactive 
drug and dansylated amino acids [31]. The dansyl-derivative of the N-
methyl-D-aspartate antagonist provided adequate sensitivity such that 0.1 % 
of the antipode was detectable [30]. Experimental parameters that influence 
resolution in chiral separations, such as the type and concentration of cyclo
dextrin, effect of organic solvent and other buffer additives, and pH, have 
been investigated in the separation of numerous enantiomers of pharmaceu
tical importance [4,32,33]. The addition of cyclodextrins in the running 
buffer has also been beneficial for the separation of the cis- and trans-
epimers of pilocarpine in an opthalmic formulation [34]. Baseline separa
tion of the two epimers and the primary hydrolysis product of pilocarpine 
was observed using a coated column in the presence of /3-cyclodextrin. The 
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Figure 6.2 Separation of norepinephrine (N) and epinephrine (E) and the 
corresponding enantiomeric impurities present at 0.5%. (From Ref. 30.) 

use of surface-modified capillaries in conjuction with cyclodextrins adds 
another dimension to the separation whereby efficiency may be increased 
without sacrificing enantioselectivity [35]. Nonionic polymers may be used 
to either dynamically or permanently modifiy the capillary surface. Signifi
cant increases in the separation efficiency, and thus resolution, of basic 
pharmaceutical enantiomers may result due to the diminished analyte-sur-
face interactions. Li and Lloyd have recently reported electrochromato-
graphic separations utilizing capillaries packed with a chiral stationary 
phase composed of /3-cyclodextrin for the enantiomeric separations of hex-
obarbital and dansylated amino acids [36]. Cyclodextrins have not been 
exclusively used as chiral selectors; these modifiers have also been instru
mental in achiral separations such as the separation of a series of sulphona-
mides in combination drug formulations [37]. 

Chiral micellar solubilization may involve the use of chiral surfac
tants, or a combination of achiral surfactants and a chiral selector. Terabe 
[26] and Bereuter [25] provide a comprehensive overview of applications 
involving chiral surfactants such as bile salts or synthetic amino acid surfac
tants. The use of cyclodextrins (CD) as the chiral selector in combination 
with MEKC was successful for the separation of neutral racemic nonsteroi
dal aromatase inhibitors and barbituates [38]. Further approaches to the 
separation of enantiomers utilizing a combination of CD-MEKC have been 
described in the review by Terabe [26]. 
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Another class of chiral selectors gaining in popularity are those which 
are polymeric. Linear maltooligosaccharides were effective in the chiral 
discrimination of the enantiomeric pairs of nonsteroidal anti-inflammatory 
pharmaceuticals, coumarinic anticoagulant compounds, and diastereomers 
of cephalosporin antibiotics [39]. Proteins, such as bovine serum albumin 
(BSA), may be categorized as polymeric discriminators and have been uti
lized in running buffers as chiral selectors. Barker et al. have incorporated 
BSA as a chiral pseudostationary phase for the separation of (6R)- and 
(6S)-leucovorin [40]. Problems with respect to protein-wall interactions 
were encountered; however, these adsorptive processes were overcome by 
using PEG-coated capillaries. The addition of dextran to form a polymer 
seiving network allowed control of the mobility of the BSA, thereby allow
ing time for the mechanism of separation to manifest itself. The inclusion 
of dextran in the running buffer in addition to bovine serum albumin was 
effective in separating racemates of ibuprofen, leucovorin, and dansylated 
amino acids [41]. The addition of the enzymatic protein cellulase to the 
supporting electrolyte proved successful in the enantiomeric separation of 
several j8-blockers [42]. In some instances, 2-propanol was required as a 
modifier to regulate the interactions between the analyte and the protein. 

D. Sieving Separations 

The growing interest in biopolymers as pharmaceutical entities has stimu
lated the need for rapid and readily automated methods of analysis for 
these complicated molecules. Whereas traditional slab-gel electrophoretic 
techniques are time-consuming and labor-intensive, capillary gel electro
phoresis (CGE) provides rapid analysis times, the potential for automation, 
high-efficiency separations, and improved quantitation capabilities. The 
high resolving power of CGE is attributed to the anticonvective nature of 
the separation medium, which minimizes molecular diffusion contributions 
to band dispersion. Cross-linked polyacrylamide gels, in which the pore 
sizes can be controlled by the extent of cross-linking, have been widely used 
as sieving networks [43]. Several separation mechanisms may operate in 
CGE, depending on the separation conditions. In the absence of denatur-
ants, the separation of native proteins is dependant on charge and size of 
the analyte. Incorporation of SDS and reducing agents for the separation 
of proteins results in protein complexation with SDS such that the charges 
on the protein are occluded. In this situation, the separation is based solely 
on the molecular weight [44]. This approach was effective in the analysis of 
recombinant bovine somatotropin in which the monomer, dimer, trimer, 
and tetramer forms could be resolved [45]. In addition to cross-linked 
polyacrylamide gels, applications utilizing linear polyacrylamide networks 
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have been reported. Wu and Regnier employed linear polyacrylamide gels 
at concentrations of 4-12% for the separation of native proteins ranging 
from 20,000 to 45000 molecular weight [46]. Interestingly, separations were 
found to be dependent only on charge with no appreciable contribution 
from sieving mechansims. The use of linear polyacrylamide gels was also 
instrumental in conducting enzyme microassays in capillaries due to the 
ability to incubate the reaction within the capillary for several hours with
out band dispersion [46]. Several concerns have been expressed regarding 
the use of cross-linked polyacrylamide gels [47]. Bubble formation has been 
especially problematic and has been the source of irreproducible separa
tions, erratic currents, and short column lifetimes. Paulus outlines precau
tions to be taken in the successful preparation and operation of polyacryl
amide gel capillaries [47]. Column stability has been an issue and, in 
general, the need for coated capillaries to prevent the electroosmotic flow 
(EOF), and thus the movement of gel within the capillary, has been recog
nized. Nakatani produced a stable capillary coating through the use of SI-
C bonds in order to stablize both cross-linked and linear polyacrylamide 
gels for the separation of oligonucleotides [48]. A comparison of coated 
and uncoated capillaries used in combination with non-cross-linked poly
acrylamide gels revealed that the important factor in the stability of the gels 
was the viscosity [49]. In the presence of viscous gels, coated capillaries 
were not required to prevent EOF. In fact, the performance of the uncoated 
capillaries for the separation of high-molecular-weight proteins was supe
rior to that of the coated capillaries. Although the use of linear polyacryl
amide gels has extended the lifetime of the capillary, only 20-40 injections 
can normally be performed before capillary performance declines [50]. An 
additional problem is that polyacrylamide gels display significant ultravio
let (UV) absorbance below 214 nm. Efforts to avoid the aforementioned 
problems have been directed toward the use of replaceable sieving networks 
composed of liquid polymers of lower viscosity. UV transparent materials 
such as dextrans [50], poly(ethylene glycol), poly(ethylene oxide) [51], and 
methylcellulose have been utilized as sieving matrices. The use of a dextran 
gel as the sieving medium and a short length (7 cm) of capillary for separa
tion resulted in resolution of SDS-protein complexes of carbonic anhy-
drase, ovalalbumin, bovine serum albumin, and phosphorylase b in under 
2 min [52]. Figure 6.3 illustrates the excellent reproducibility and longevity 
of the columns when utilizing a replaceable linear polyacrylamide sieving 
medium [53]. A commercially available size separation kit including a hy-
drophilic linear polymer network (not polyacrylamide in origin) was suc
cessfully used in the separation of monomer-dimer forms of recombinant 
human ciliary neurotrophic factor as well as SDS-protein complexes rang
ing from 20,000-200,000 Da [54]. Parameters, such as column diameter 
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Figure 6.3 Reproducibility of SDS-protein separations utilizing a re
placeable polymeric gel. The peaks correspond to mellitic acid (1), a-
lactalbumin (2), carbonic anhydrase (3), ovalalbumin (4), bovine serum 
albumin (5), phosphorylase b (6), 0-galactosidase (7), and myosin (8) 
(From Ref. 53.) 

and length, and temperature, that may influence capillary SDS-gel separa
tions, have been investigated in a nonacrylamide separation medium [55]. 
In a separate study, temperature effects on the sieving separation of SDS-
protein complexes were examined for branched dextrans and polyethylene 
oxide) [51]. Capillary electrophoresis in a gel format has also been used 
extensively for the separation of oligonucleotides and DNA synthesis as 
discussed in several reviews [56,57]. Guttman and co-workers have devel-
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oped strategies for the prediction of migration behavior of oligonucleotides 
using polyacrylamide gels, and determined that both chain length and the 
base composition contribute to the migration patterns [58]. Additional 
studies probing the influence of pH on the migration of homooligomers 
have determined that pH plays a significant role and equilibration time can 
be minimized by preparing the gel at the same pH as the running electrolyte 
[59]. A recent area of interest in the treatment of disease states has been the 
concept of antisense therapy. Capillary gel electrophoresis has been an 
effective tool with which to characterize interactions of peptide nucleic acid 
antisense reagents to complementary oligonucleotides because the bound 
and unbound forms can be easily separated [60]. The anticonvective nature 
of the gel allowed the measurement of binding kinetics through multiple 
injections without zone dispersion. 

E. Capillary Isoelectric Focusing 

Capillary isoelectric focusing (CIEF) provides yet another dimension to 
capillary electrophoresis by introducing a separation mechansim based on 
differences in the isoelectric points (pi) of biomolecules [61]. Separations 
of proteins in CIEF rely on the formation of a pH gradient along the 
longitudinal axis of the capillary and the migration of analytes to the pH 
region equal to their pi, at which point migration of the neutral molecule 
ceases. Several steps, either performed independently or simultaneously, 
are involved in executing an analysis by CIEF. The sample is first dissolved 
in a mixture of carrier ampholytes, which will form the foundation of the 
pH gradient in the capillary. The choice of pH ranges will depend on the pi 
values of the analytes; however, the narrowest range which will sufficiently 
encompass the pis results in the greater resolving power. A focusing step is 
required to establish the pH gradient and concurrently focus the analytes 
into discrete zones along the pH gradient. Once migration of the analytes 
ceases, the current will diminish. In order to detect the proteins, the individ
ual zones must be mobilized, or eluted, past the detection window. This 
step may be performed electrophoretically by the addition of salt, hydrody-
namically or electroosmostically. Chen and Wiktorowicz [62] utilized hy-
drodynamic mobilization in the presence of an electric field for the detec
tion of proteins and related mutant forms. This mobilization procedure 
allowed the detection of the analytes while maintaining the pH gradient and 
minimized the distortion of the zones due to laminar flow. 

Electroosmotic flow in CIEF is detrimental to the focusing process; 
thus, initial efforts were aimed at the development of coated capillaries to 
eliminate EOF. An additional concern, which also prompted the use of 
coated capillaries, was the propensity for proteinaceous material to adsorb 
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onto the fused silica surface. Hjerten and Zhu proposed the use of hydro-
philically modified surfaces in order to facilitate the formation of stable pH 
gradients [63,64]. However, the hydrolytic stability of these coatings was a 
problem, especially under the extreme alkaline conditions required in CIEF. 
Nelson has developed three new coatings for use in CIEF using alternative 
derivatization methods rather than typical siloxane chemistries [65]. An 
alternative approach to circumvent the problem of limited capillary lifetime 
and protein adsorption has been the addition of polymeric additives to the 
running buffer [66]. The inclusion of viscous polymers such as methylcellu-
lose not only minimizes surface adsorption but, more importantly, allows , 
simultaneous focusing and mobilization. Supression but not elimination of J 
the EOF permits the formation of zones while electroosmotically pumping 
the analytes past the detector. Analysis times of proteins with methylcellu* 
lose and uncoated capillaries were improved by the addition of tetramethy-
lethylenediamine (TEMED) to the sample and by reversal of the polarity 
[67]. The inclusion of TEMED effectively blocked the cathodic portion of 
the capillary and forced the focusing of analytes at the anodic region such 
that the length to the detection window could be decreased. The concentra- ( 

tion of phosphoric acid (anolyte) was seen as a crucial factor in minimizing jj 
anodic drift and thus improve separations of acidic proteins [67]. Further
more, the need for desalting of recombinant protein samples was essential 
in all CIEF methods due to the high currents generated during focusing and 
the resultant poor separations. Dialysis of monoclonal antibody isoform 
samples was necessary to remove salt prior to CIEF analysis [68]. The 
generation of joule heat in the presence of > 10 mM salt concentrations 
may contribute to protein denaturation and/or precipitation [69]. The ad
dition of nonionic detergents to the sample and ampholytes has reduced 
the risk of precipitation and improved the separation reproducibility of 
immunoglobulins [69]. Molteni and Thormann have examined various pa
rameters that affect separations in CIEF with electroosmotic mobilization 
[70]. Factors such as capillary conditioning procedures, capillary dimen
sions, types and concentrations of additives, ampholytes, anolytes, catho-
lytes, and the length of the sample zone were shown to influence the separa
tion and resolution. 

The performance of commerically available coated and uncoated cap
illaries utilizing electroosmotic mobilization has been assessed for model 
protein mixtures [71]. Although successful separations of basic and neutral 
proteins were achieved on uncoated capillaries, coated capillaries were re
quired for the separation of acidic proteins in order to provide a constant 
EOF throughout the capillary. Yeo and Regnier [72] have reported novel 
coatings for CIEF, which are produced by dynamically modifying octade-
cylsilane-derivatized capillaries by adsorption of methylcellulose or surfac-
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tant PF-108. Again, the EOF was adequately suppressed such that focusing 
and mobilization steps could be combined. Under these conditions, hemo
globin variants differing by 0.03 pi units could be resolved. For a compres-
hensive overview of CIEF methods and applications to peptides/proteins 
and antibodies the reader is directed to a review by Mazzeo and Krull [73]. 

III. INSTRUMENTATION 

The basic components of any capillary electrophoresis system (Fig. 6.4) are 
a high-voltage power supply, detector, capillary, and safety unit to shield 
the user from the high voltages associated with the technique. The availabil
ity of commercial CE systems, which have rendered improvements in injec
tion and migration reproducibility as well as detection, has encouraged the 
use of this technique in pharmaceutical analysis. Altria recently reported 
values routinely obtained for relevant analytical figures of merit utilizing 
commercial instruments [74]. Limits of detection for pharmaceuticals were 
in the low microgram per milliliter range and the reproducibility, as deter
mined by the relative standard deviation (RSD), of migration times was 
approximately 1%. Drug-related impurities could be detected at 0.02% (w/ 
w), provided external calibrations were utilized for cases where the main 
drug peak was off-scale. The precision (RSD) with regard to peak area was 
less than 1-2% for analyses in which an internal standard was included. 

A. Sample Introduction 

The small dimensions associated with CE preclude the injection of large 
volumes. The sample may be introduced to the capillary either by a diplace-
ment technique (i.e., pressure, vacuum, or siphoning) or via electrokinetic 
injection. The majority of commercial instruments apply a pressure differ-
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Figure 6.4 Components of a capillary electrophoresis apparatus. 
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ential for sample injection. Theoretical discussions concerning the attri
butes of different methods of injection may be found in the literature 
[9,75]. Various preconcentration strategies have been used to overcome the 
lack of sensitivity resulting from the injection of small volumes. One of the 
most simplistic methods to increase the sample loading in CE, is the use of 
"peak stacking" [76]. Sample stacking is achieved by hydrodynamically 
loading the sample, which may differ either in pH or buffer concentration 
from that of the running electrolyte. The higher electric field within the 
sample plug results in rapid migration of charged species toward the inter
face between the sample plug and the running buffer. Once the boundry is * 
reached, migration of ions is retarded and sample stacking occurs. Alterna
tively, the use of discontinuous buffer systems (isotachophoretic precon
centration) has been effective in increasing the injection volume by at least 
a factor of 30 for the micropreparative separation of several peptides (Fig. 
6.5) [77]. Isotachophoretic preconcentration techniques employ a leading 
and terminating electrolyte on either side of the injection plug. Isotacho
phoretic sample preconcentration was combined with capillary electropho-
resis-mass spectrometry (CE-MS), which enhanced the limit of detection 
for proteins by a factor of 100 [78]. Another type of on-line preconcentra
tion employs the principles of liquid chromatography by using commer
cially available capillaries, which are 1 mm in length and packed with a 
polymeric reverse-phase material. The application of this preconcentration 
method to the quantitative analysis of several pharmaceuticals improved 
the sensitivity by several orders of magnitude [79]. Yet another on-line 
preconcentration strategy takes advantage of the affinity of proteins for 
metal ions and thus utilizes a preconcentration capillary containing immobi
lized metal chelates to preconcentrate proteins in a dilute sample [80]. 

B . Capillary Technology 
The fused silica capillaries used in CE are inexpensive and flexible due to 
the outer polyimide coating, and are available in inner diameters ranging 
from 10 to 300 /tm. Fused silica is transparent to UV light, which allows the 
capillary serve as its own detection flow cell [81]. The success of CE is 
primarily due to the large surface-to-volume ratio of these capillaries, which 
allows the effective dissipation of heat generated by high voltages while 
retaining high-efficiency separations. However, this high surface-to-volume 
ratio also poses a dilemma in CE due to the high potential for solute-
surface interations. Coulombic interactions with the capillary surface are 
especially problematic in the case of basic proteins/peptides, resulting in a 
loss of efficiency, and reproducibility, and in extreme cases elution may not 
occur. Various approaches, many of which will be discussed in more detail 
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in future sections addressing method development, have been used to mini
mize adsorption of proteins to capillary surfaces. One of the more popular 
strategies has been to chemically modify the inner capillary surface to pro
duce a nonionic, hydrophilic coating and, thus, sterically shield the silanol 
functionalities. In addition to preventing the adsorption of analytes, vari
ous workers advocate the use of surface coatings to reduce, or possibly 
eliminate, electroosmotic flow in CE [82]. In the absence of EOF, migra
tion is solely dependent on the individual electrophoretic mobilites of the 
analytes; thus, an additional source of variation is removed. The elimina
tion of EOF is also benefical in capillary isoelectric focusing as well as 
capillary gel electrophoresis. The presence of EOF in CIEF works against 
the establishment of a stable pH gradient, whereas the presence of EOF in 
gel-filled capillaries results in the extrusion of the gel [83]. 

Numerous approaches to the chemical modification of capillary sur
faces, either by covalent or physical means, have been investigated and 
reviewed [81,83-85]. Table 6.1 summarizes the surface chemistries reported 
in the literature. The hydrolytic stability over a wide pH range and the 
reproducibility of chemically modified surfaces are of concern to those who 
produce and utilize these capillaries. Although polymeric coatings generally 
exhibit greater stability than the nonpolymeric counterparts, the issue of 

Table 6.1 Capillary Coatings 

Coating 

Cross-linked, linear polyacrylamide (Si-C) 
Linear polyacrylamide 
Poly(vinylpyrrolidinone) 
Cross-linked polyacrylamide 
Hydroxylated polyether functions 
Polyethyleneimine (cross-linked) 
Epoxy coatings 
C-8, C-18 
Carbohydrates 
Hydrogel polymers 
Polyvinylmethylsiloxanediol 
Polyethylene glycol 
Poly(methylglutamate) 
Aryl pentafluoro group 
Immobilized protein 
C-18/surfactant additives 

Reference 

48 
63,86 

87 
88 
89 

90,91 
92 
93 
94 
95 
96 

91,97 
82 
98 
99 
100 
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producing polymerized surface coatings reproducibily from batch to batch 
should be addressed. Schomburg points out several sources of difficulty in 
performing reproducible silanization reactions [83]. The number of silanol 
functionalities available for derivatization is unpredictable and dependent 
on the pretreatment of the capillary (i.e., etching, drying, and rinsing). 
Various silanization reagents react differently: The presence of water in 
trifunctional silanization reagents may result in polymerization, and by
products of silanization (such as HCl) may catalyze unwanted polymeriza
tions. Although significant strides to prevent surface adsorption have been 
made through the use of modified capillaries, the separation efficiencies 
realized were far less than those predicted. Further research to probe the 
mechanism of interaction of proteins with various coatings [101] may pro
vide insight into future chemistries that may result in higher theoretical 
plate counts. 

C. Detection 

The development of therapeutic entities with increased potency and the 
need to detect minute amounts of the active drug and related impurities 
exacerbates the issue of detector sensitivity in pharmaceutical analysis. In 
addition to the preconcentration methods previously discussed, alternative 
strategies used to overcome the lack of sensitivity in CE include improve
ments in optical design [102], the use of various capillary geometries, and 
alternative modes of detection. The following section gives a brief overview 
of the more commonly used detection methods in CE. 

Spectrophotometric Methods 

Although UV absorbance is the most widely used mode of detection in CE, 
it offers the least sensitivity due to the short optical path length. Efforts to 
solve this problem have resulted in new capillary geometries such as the 
bubble cell, z-cell, multireflection cell, and retangular capillaries. Attempts 
have been made to maximize the radial illumination efficiency and mini
mize the scattered light by positioning a sapphire or quartz ball lens next to 
the capillary [103]. Improvements in sensitivity associated with the various 
geometries along with additional enhancement techniques are summarized 
by Albin and co-workers [104]. Unlike HPLC, the use of low UV wave
lengths (< 200 nm) is feasible in CE because there is no appreciable absorp
tion of the running buffers. Most pharmaceuticals absorb more efficiently 
at lower wavelengths, which made the determination of a dimeric impurity 
of albuterol at 0.02% (w/w) possible [105]. Altria presents various meth
ods, including wavelength switching, voltage gradients, and the use of wide-
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bore capillaries, to optimize sensitivity for the quantitation of selected phar
maceuticals [105]. 

Fluorescence offers the possibility for a 100-fold to 1000-fold im
provement in detection sensitivity and improved selectivity as compared 
with UV detection; however, few solutes possess inherent fluorescence, 
thereby limiting the number of applications. Despite these limitations, nu
merous efforts continue in the area of laser-based fluorescence detection in 
CE [106]. The exceptional spatial coherence of the laser excitation source 
has proven ideal for use with capillary systems due to the ability to focus 
the beam onto the detection window of the capillary. Wu and Dovichi have 
described the components and parameters used to construct and operate 
LIF detectors [107]. The utility of LIF detection has been demonstrated 
in the detection of native proteins containing tryptophan and/or tyrosine 
residues. The 275.4-nm line of an argon-ion laser served as the excitation 
source for the detection of various biopharmaceuticals in dosage formula
tions, peptide mapping, and purity analysis at subnanomolar levels [108]. 
In another study, the feasiblity of a relatively inexpensive pulsed UV laser 
operating at 248 nm was evaluated for the detection of nanomolar levels of 
native peptides/proteins containing tryptophan residues [109]. Toulas and 
Hernandez describe a novel collinear CE-LIF design for the analysis of 
several drugs, peptides, amino acids and oligonucleotides, which permitted 
the detection limits ranging from 100 fM to 10 nM [110]. In cases where 
solutes lack a chromophore, precolumn or postcolumn derivatization may 
be possible [111]. In a recent review, Szulc and Krull [112] outline precol
umn and postcolumn derivatization techniques and derivatization schemes 
for amino acids, peptides/proteins, DNA, and oligosaccharides. Yet an
other alternative for nonfluorescent analytes is the use of indirect detection 
methods [113]; however, the lack of selectivity of the method results in 
poor detection limits. In addition, sensitivity is generally compromised in 
the case of indirect techniques due to the the high background. Thermo-
optical-based spectroscopy has demonstrated high sensitivity and is thus 
another means of detection used in CE [114]. This technique requires that 
analytes only absorb UV-visible radiation and, therefore, is applicable to a 
larger range of molecules than fluorescence detection. 

Electrochemical Detection 

Oxidative electrochemical detection has demonstrated high sensitivity and 
specificity for the detection of electroactive solutes. The success of electro
chemical detection in CE depends on the ability to isolate the high electric 
fields associated with the method from the detector. Some of these detec
tion schemes have been reviewed by Yik [115]. Several configurations uti-
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lize a fractured capillary covered with either with a porous glass joint [116] 
or more recently a on-column nafion joint [117]. Investigations into the use 
of chemically modified electrodes has resulted in increased selectivity of 
certain types of analytes such as thiols [118,119], glucose [119], and carbo
hydrates [120]. The electrochemical detection of peptides has been possible 
by on-column formation of a Cu(II)-peptide complex, which undergoes 
oxidation at a carbon fiber electrode [121]. Unlike amperometric detection, 
conductivity is nonspecific and serves as the basis for a universal detector 
for all solutes with typical detection limits in the micromolar range. Huang 
has described on-column [122] and end-column [123] conductivity detec
tion schemes for CE. 

Mass Spectrometry 

Mass spectrometry is a valuble tool with which an abundancy of structural 
information may be obtained from a minute amount of material. Capillary 
electrophoresis may be interfaced with mass spectrometry by electrospray 
ionization [124-126] or continuous-flow, fast-atom bombardment methods 
[127,128]. Several reviews discuss applications of the interfacing tech
niques, and address the attributes and disadvantages associated with these 
methods [129,130]. Critical parameters involved in the optimization of CE-
electrospray ionization mass spectrometry analysis have been reviewed as 
well [131]. 

HI. METHODS DEVELOPMENT 

A. Proteins and Peptides 

The use of CE methods for routine quality control of synthetic or recombi
nant peptides-proteins necessitates optimization strategies for rapid 
method development. Ideally, the methods should be simple, fast, and 
robust. Because capillary electrophoresis in the zone format is the most 
simplistic, initial efforts should be directed toward the use of a simple 
buffer system [61]. The high efficiency and reproducibility in protein-pep-
tide separations demands that interactions between the analyte and capil
lary wall be neglible. The use of low-pH buffers generally results in en
hanced reproduciblity, and hence ruggedness, as slight variations in the 
capillary surface will have little impact on the already suppressed EOF. 

Several strategies exist for optimizing protein-peptide separations on 
uncoated capillaries. Operation at low pH values discourages coulombic 
interactions between the analyte and capillary surface because the analyte 
will carry a positive charge and the silanol surface will be protonated 
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[87,132]. The other alternative is to utilize buffers of high pH above the pi 
of the peptide/protein such that the negative charge of the protein-peptide 
will repel the ionized silanol surface [133-136]. Although the use of extreme 
acidic or alkaline pH buffers has been successful in some instances, one 
should be aware of the potential for protein denaturation and/or aggrega
tion and precipitation. Recently, Langenhuizen and Janssen [137] set forth 
to define a general optimization strategy for method development of phar
maceutical peptides. Four classes of pharmaceutical peptides, which dem
onstrated a large range of pi values, molecular masses and chain lengths, ' 
were used in the study. As expected, the most influential parameter was the 
pH of the buffer. The generalizations drawn from their results were that, 
separations of basic to neutral peptides were optimal at low pH values, 
whereas acidic peptides behaved well at neutral pH. After an optimal pH' 
region is established, the next variable to manipulate is the concentration of 
the buffer. Buffers of medium to high concentration (50-100 mM) were 
the most effective, acheiving good peak shape. The presence of high salt 
concentrations, which may be carried over from the purification process," 
most likely will be detrimental to the peak shape and thus efficiency [138], 
therefore some type of desalting is often required. ' 

The separation may be refined by adjusting the temperature of the 
capillary, and the effects of temperature on the electrophoretic behavior of 
polyglycine peptides has been examined in detail [139]. Although the effect 
of temperature may differ for individual separations, the real emphasis 
should be placed on the careful control of temperature in order to obtain 
reproducible separations. 

In situations where simple buffer systems are not adequate for separa
tion, or analyte-wall interactions are still problematic, the use of additives 
in the running electrolyte may be effective yet simple alternative. High 
concentrations of alkali-metal salts, especially potassium salts, have met 
with some success in competing with cation-exchange sites on the silica 
surface [140]. The large currents associated with high buffer salt concentra
tions result in excessive joule heating, which forces the use of lower electric 
fields and longer analysis times. However, this may be avoided through the 
use of zwitterionic buffers, which are nonconducting [141]. Trialkylamine 
additives, which may also compete for cation-exchange sites at the silica 
surface, have been recommended for the analysis of therapeutic proteins 
[6]. Basic proteins are especially troublesome; however, the use of a buffer 
at a pH of 2.5 in combination with amine or amino sugar additives has been 
effective in the prevention of analyte surface adsorption [142]. Finally, in 
severe cases of protein-wall interaction, the use of modified capillaries as 
discussed in the section on instrumentation may be necessary. The increas-
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ing availability of commercially modified capillaries makes this alternative 
more feasible. 

When all the options within capillary zone electrophoresis have been 
exhausted, alternative modes may be necessary. Micellar electrokinetic 
chromatography would be a possibility [143], followed by IEF, CGE, and, 
finally, CITP [61]. Regardless of the mode of CE employed, several pre
cautionary tips may be of help in optimizing the robustness of the method 
[61]. As stated previously, maintenance of capillary temperature is crucial 
for reproducible separations. Minimization of solute-wall interactions will 
also increase the reproducibility of the migration times. Alteration of the 
solutions in the buffer resevoirs either through evaporative processes or 
changes in pH incurred during operation may also have detrimential effects 
on the ruggedness of the method. For example, frequent replenishment of 
the buffers at each electrode was important in maintaining a constant pH 
for the separation of proteins. Drift in the pH of the solutions was attrib
uted to the oxidative and reductive processes occurring at the electrodes 
[144]. The ruggedness of methods may also be influenced by washing pro
cedures; therefore, careful records on capillary pretreatment may be critical 
in transferring methods between laboratories. 

B. Small Molecules 

Again, for reasons of simplicity and the development of rugged methods, 
the use of free-zone capillary electrophoresis is preferred over other CE 
formats. Obviously, the type of analytes to be separated will dictate the 
format within capillary electrophoresis required. Separation of neutral ana
lytes necessitates some type of pseudostationary phase, whereas chiral com
pounds require a chiral discriminator. In the case of ionizable analytes, 
manipulation of pH will affect the selectivity to the greatest extent. The 
initial choice of pH should encompass both the charged and uncharged 
form of the solute. Thus, knowledge of the pKa values for the solutes 
contained in a mixture is paramount for rapid method development. One 
should note the importance of temperature control in maintaining the pH 
of the running electrolyte, especially in the case of temperature-sensitive 
buffers and the temperature dependence of analyte pKa values. In addition 
to optimizing the pH of the buffer, parameters such as capillary dimen
sions, applied voltage, ionic strength, and temperature may be of conse
quence to the separation. The following discussion will address some of 
these variables; however, a detailed account of practical guidelines to fol
low for pharmaceutical analysis is given by McLaughlin et al. [145]. 

In choosing the ideal length and inner diameter of the capillary, there 
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are often trade-offs between resolving power and the analysis time. In 
situations where many components in a complex mixture must be resolved 
the use of a longer capillary may be required to obtain higher plate counts 
and resolution. The advantage of longer capillaries is the effective heat 
dissipation, which leads to high efficiencies. However, these efficiencies are 
obtained at the expense of longer analysis times. Conversely, the use of 
short capillaries are especially useful for method development in order to 
rapidly screen separation conditions. Furthermore, short capillaries often 
give adequate resolution of simple mixtures with fast analysis times. The 
choice of inner diameter will affect the mass loading and, thus, the concen
tration sensitivity for the method. Although improvements in sensitivity are 
observed with a larger inner diameter, the efficiency may be compromised 
due to the inability to remove heat. The applied voltage is another factor 
that will affect the the efficiency and resolution. Efficiency, resolution, and 
speed of analysis will improve with higher voltages, until the heat can no i 
longer be effectively removed. The buffer type and ionic strength may also > 
contribute to manipulation of selectivity, resolution, and peak shape. The: 
use of high-ionic-strength buffers results in high theoretical plate counts 
and increased sensitivity due to peak stacking, again until the heat gener
ated from the high currents cannot be eliminated. 

The effects of temperature on a CE separation are severalfold. With 
increasing temperature, the viscosity of the running electrolyte decreases 
and analysis times are shorter. The high currents associated with elevated 
temperatures generates additional heat; thus, the efficiency and resolution 
may be altered. Changes in selectivity are often observed with different 
temperatures because solute mobilities are a function of diffusion coeffi
cients, which are, in turn, dependent on temperature. Changes in selectivity 
may result from alteration of solute pKa values with temperature changes. 

The pH of the running buffer is the most important parameter to 
manipulate; however, a question arises regarding all of the other variables 
and the relative importance attached to each for a particular separation. 
Furthermore, it would be useful to know which initial experiments will 
render the most information. Khaledi and co-workers [146] outline two 
strategies for optimization of method development. The first of these is the 
sequential (or simplex) method in which the experiments are performed in 
series and the future latter experiments are based on results from the previ
ous experiment. The other alternative is to design a set of experiments to be 
performed simultaneously. The use of an overlapping resolution mapping 
scheme has been successful in determining the optimum separation condi
tions for 12 amino acid derivatives as well as a mixture of seven antimalarial 
drugs from nine preliminary experiments [147]. The first step in the proce
dure was to determine the criteria for the separation (i.e., baseline resolu-
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tion, analysis time); second, two variables were chosen based on the phys
ico-chemical characteristics of the analytes. The nine mapping experiments 
were performed and the resolution under each condition was calculated to 
provide plots from which a grid could be constructed. The global optimum 
from the grid could then be defined in order to obtain the separation condi
tion. Khaledi et al. [146] present a comprehensive overview of optimization 
strategies and introduce predictive models that lead to rapid method devel
opment for complex mixtures. 

IV. CONCLUSION 

The evolution of capillary electrophoresis has expanded the versatility of 
this method making possible the analysis of pharmaceuticals displaying a 
wide array of physico-chemical properties. A wealth of knowledge regard
ing the various modes of CE has been accumulated through the many 
applications to real problems, which have been reported in the literature. 
The largest impact leading to the widespread industrial use of CE has been 
the development of automated systems. As separation scientists gain experi
ence from routine use of CE, idiosyncrasies leading to lack of reproducibil
ity have been identified and addressed to improve the ruggedness of the 
method. Questions still remain regarding the lack of sensitivity of this mi-
croanalytical method; however, preconcentration techniques, new capillary 
geometries, and advancements in detector design have helped to overcome 
this problem to some degree. Although capillary electrophoresis was ini
tially thought to be more of a qualitative rather than a quantitative tech
nique, numerous advances in quantitative capabilities have been demon
strated for pharmaceutical applications; thus, one would expect to see 
expanding use in the pharmaceutical setting. 

REFERENCES 

1. K. D. Altria, J. Chromatogr., 636:125-132 (1993). 
2. K. D. Altria and P. C. Connolly, Chromatographic 57:176-178 

(1993). 
3. M. Heuermann and G. Blaschke, J. Chromatogr., 648:261-274 

(1993). 
4. T. E. Peterson, J. Chromatogr., 650:353-361 (1992). 
5. M. T. Ackermans, F. M. Everaerts, and J. L. Beckers, J. Chroma

togr., 606:229-235 (1992). 
6. N. A. Guzman, J. Moschera, K. Iqbal, and A. W. Malick, J. Chro

matogr., 608:197-204 (1992). 



232 Rabel and Stobaugh 

1. Capillary Electrophoresis The Future in Separations Technology, Bi-
osystems Reporter, pp. 3-14 (September 1993). 

8. J. W. Jorgenson and K. Lukacs, Science, 222:266-272 (1983). 
9. P. Camilleri (ed.), Capillary Electrophoresis: Theory and Practice, 

CRC Press, Boca Raton, FL, 1993. 
10. G. M. Janini and H . J . Issaq. In Capillary Electrophoresis Technol

ogy (N.A. Guzman, ed.), Marcel Dekker, Inc., New York, 1993, pp. 
119-160. 

11. G. M. Janini, K. C. Chan, J. A. Barnes, G. M. Muschik, and H. J. 
Issaq, Chromatographia, 35:497-502 (1993). 

12. M. Idei, I. Mezo, Z. Vadasz, A. Horvath, I. Teplan, and G. Keri, J. 
Liquid Chromatogr., /5:3181-3192 (1992). 

13. K. D. Altria and Y. K. Dave, J. Chromatogr., 633:221-225 (1993). 
14. K. D. Altria and D. C. M. Luscombe, J. Pharm. Biomed. Anal., 11: 

415-420(1993). 
15. K. D. Altria, Chromatographia, 55:177-182 (1993). 
16. X. Z. Qin, D. P. Ip, and E. W. Tsai, J. Chromatogr., 626:251-258 

(1992). 
17. S. Terabe, K. Otsuka, K. Ichikawa, A. Tsuchiya, and T. Ando, 

Anal. Chem., 56:111-113 (1984). 
18. H. K. Kristensen and S. H. Hansen, J. Chromatogr., 625:309-315 

(1993). 
19. S. Terabe. In Capillary Electrophoresis Technology (N.A. Guzman, 

ed.), Marcel Dekker, Inc., New York, 1993, pp. 65-88. 
20. M. G. Donato, E. van den Eeckhout, W. van den Bossche, and P. 

Sandra, J. Pharm. Biomed. Anal., //:197-201 (1993). 
21. M. G. Donato, W. Baeyens, W. van den Bossche, and P. Sandra, J. 

Pharm. Biomed. Anal., /2:21-26 (1994). 
22. G. M. Janini and H. J. Issaq, J. Liquid Chromatogr., /5:927-960 

(1992). 
23. A. Walhagen and L. Edholm, Chromatographia, 32: 215-223 (1991). 
24. R. Kuhn and S. Hoffstetter-Kuhn, Chromatographia, 54:505-512 

(1992). 
25. T. L. Bereuter, LC-GC, /2:748-766 (1994). 
26. S. Terabe, K. Otsuka, and H. Nishi, J. Chromatogr., 666:295-319 

(1994). 
27. T. Schmitt and H. Engelhardt, J. High Resolut. Chromatogr., 16: 

525-529(1993). 
28. T. Schmitt and H. Engelhardt, Chromatographia, 57:475-481 

(1993). 
29. R. J. Tait, D. O. Thompson, V. J. Stella, and J. F. Stobaugh, Anal. 

Chem., 66:4013-4018 (1994). 

Capillary Electrophoresis 233 

30. M. W. F. Nielen, Anal. Chem., 65:885-893 (1993). 
31. A. Werner, T. Nassauer, P. Kiechle, and F. Erni, J. Chromatogr., 

666:375-379(1994). 
32. S. Palmarsdottir and L.-E. Edholm, J. Chromatogr., 666:337-350 

(1994). 
33. H. Nishi, Y. Kokusenya, T. Miyamoto, and T. Sato, J. Chroma

togr., 659:449-457 (1994). 
34. W. Baeyens, G. Weiss, G. Van Der Weken, and W. van den Bossche, 

J. Chomatogr., 635:319-326(1993). 
35. D. Belder and G. Schomburg, J. Chromatogr., 666:351-365 (1994). 
36. S. Li and D. K. Lloyd, J. Chromatogr., 666:321-335 (1994). 
37. C. L. Ng, H. K. Lee, and S. F. Y. Li, J. Chromatogr., 632:165-170 

(1993). 
38. E. Francotte, S. Cherkaoui, and M. Faupel, Chirality, 5:516-526 

(1993). 
39. A. D'Hulst and N. Verbeke, J. Chromatogr., 608:215-2%! (1992). 
40. G. E. Barker, P. Russo, and R. A. Hartwick, Anal. Chem., 64:3024-

3028(1992). 
41. P. Sun, N. Wu, G. Barker, and R. A. Hartwick, J. Chromatogr., 

645:475-480(1993). 
42. L. Valtcheva, J. Mohammad, G. Pettersson, and S. Hjerten, J. 

Chromatogr., 638:263-211 (1993). 
43. B. L. Karger, A. S. Cohen, and A. Guttman, J. Chromatogr. 492: 

585-614(1989). 
44. K. Weber and M. Osborn, J. Biol. Chem., 244:4406 (1969). 
45. K. Tsuji, J. Chromatogr., 652:139-147 (1993). 
46. D. Wu and F. E. Regnier, Anal. Chem., 65:2029-2035 (1993). 
47. A. Paulus. In Practical Capillary Electrophoresis (D. Goodall, ed.), 

University Press Series, (in press). 
48. M. Nakatani, A. Shibukawa, and T. Nakagawa, Anal. Sci., /0:1-4 

(1994). 
49. D. Wu and F. E. Regnier, J. Chromatogr., 608:349-356 (1992). 
50. K. Ganzler, K. S. Greve, A. S. Cohen, B. L. Karger, A. Guttman, 

and N. C. Cooke, Anal. Chem., 64:2665-2611 (1992). 
51. A. Guttman, J. Horvath, and N. Cooke, Anal. Chem., 65:199-203 

(1993). 
52. R. Lausch, T. Scheper, O. W. Reif, J. Schloesser, J. Fleischer, and 

R. Freitag, J. Chromatogr., 654:190-195 (1993). 
53. W. E. Werner, D. M. Demorest, J. Stevens, and J. E. Wiktorowicz, 

Anal. Biochem., 2/2:253-258 (1993). 
54. A. Guttman, J. A. Nolan, and N. Cooke, J. Chromatogr., 632:111-

175(1993). 



234 Rabel and Stobaugh 

55. K. J. Tsuji, J. Chromatogr., 661:257-264 (1994). 
56. J. P. Landers, R. P. Oda, T. C. Spelsberg, J. A. Nolan, and K. J. 

Ulfelder, BioTechniques, 14:98-109 (1993). 
57. A. S. Cohen, D. L. Smisek, and P. Keohavong, Trends Anal. Chem. 

72:195-202(1993). 
58. A. Guttman, R. J. Nelson, and N. Cooke, J. Chromatogr., 593:291-

303(1992). 
59. A. Guttman, A. Arai, and K. Magyar, J. Chromatogr., 605:175-179 

(1992). 
60. D. J. Rose, Anal. Chem., 65:3545-3549 (1993). 
61. R. Weinberger, In Practical Capillary Electrophoresis, Academic 

Press, San Diego, CA, 1993. 
62. S. M. Chen and J. E. Wiktorowicz, Anal. Biochem., 206:84-90 

(1992). 
63. S. Hjerten, J. Chromatogr., 547:191-198 (1985). 
64. S. Hjerten and M.-D. Zhu, J. Chromatogr., 346:265-210 (1985). 
65. T. J. Nelson, J. Chromatogr., 625:357-365 (1992). 
66. J. R. Mazzeo and I. S. Krull, Anal. Chem., 65:2852-2857 (1991). 
67. J. R. Mazzeo and I. S. Krull, Chromatogr., 606:291-296 (1992). 
68. C. Silverman, M. Komar, K. Shields, G. Diegnan, and J. Adamov-

ics, J. Liquid Chromatogr., 15:201-219 (1992). 
69. M. Zhu, R. Rodriguez, and T. Wehr, J. Chromatogr., 559:479-788 

(1991). 
70. S. Molteni and W. Thormann, J. Chromatogr., 655:187-193 (1993). 
71. J. R. Mazzeo, J. A. Martineau, and I. S. Krull, Methods, 4:205-212 

(1992). 
72. X. W. Yao, and F. E. Regnier, J. Chromatogr., 652:185-193 (1993). 
73. J. R. Mazzeo and I. S. Krull. ln:Capillary Electrophoresis Technol

ogy (N.A. Guzman, ed.), Marcel Dekker, Inc., New York, 1993, pp. 
795-818. 

74. K. D. Altria, J. Chromatogr., 646:245-251 (1993). 
75. P. Jandik and G. Bonn. In Capillary Electrophoresis of Small Mole

cules and Ions, VCH Publishers, Inc., New York, 1993. 
76. R.-L. Chien and D. S. Burgi, Anal. Chem., 64:1046-1050 (1992). 
77. C. Schwer and F. Lottspeich, J. Chromatogr., 625:345-355 (1992). 
78. T. J. Thompson, F. Foret, P. Vouros, and B. L. Karger, Anal. 

Chem., 65:900-906(1993). 
79. M. E. Swartz and M. Merion, J. Chromatogr., 652:209-213 (1993). 
80. J. Cai and Z. El Rassi, J. Liquid Chromatogr., 16:2001-2024 (1993). 
81. F. E. Regnier and D. Wu. \n:Capillary Electrophoresis Technology 

(N.A. Guzman, ed.), Marcel Dekker, Inc., New York, 1993, pp. 
287-309. 

Capillary Electrophoresis 235 

82. D. Bentrop, J. Kohr, and H. Engelhardt, Chromatographia, 52:171-
178(1991). 

83. Schomburg. In Capillary Electrophoresis Technology (N.A. Guz
man ed.), Marcel Dekker, Inc., New York, 1993, pp. 311-356. 

84. C. Schoneich, S. K. Kwok, G. S. Wilson, S. R1 Rabel, J F. Sto
baugh, T. D. Williams, and D. G. Vander Velde, Anal. Chem., 65: 
67R-84R(1993). 

85. J. Kohr and H. Engelhardt. In Capillary Electrophoresis Technology 
(N.A. Guzman, ed.), Marcel Dekker, Inc., New York, 1993, pp. 
357-381. 

86. K. A. Cobb, V. Dolnik, and M. Novotny, Anal. Chem., 62:2478-
2483(1990). 

87. R. M. McCormick Anal. Chem., 60:2322-2328 (1988). 
88. M. Huang, W. P. Vorkink, and M. L. Lee, J. Microcolumn Sep., 4: 

233-238(1992). 
89. W. Nashabeh and Z. El Rassi, J. Chromatogr., 559:367-383 (1991). 
90. J. K. Towns and F. E. Regnier, J. Chromatogr., 576:69-78 (1990). 
91. M. Huang, W. P. Vorkink, and M. L. Lee, J. Microcolumn Sep., 4: 

135-143(1992). 
92. J. K. Towns, J. Bao, and F. E. Regnier, J. Chromatogr., 599:221-

237(1992). 
93. A. M. Dougherty, C. L. Woolley, D. L. Williams, D. F. Swaile, R. O. 

Cole, and M. J. Sepaniak, J. Liquid Chromatogr., 14:901-921 (1991). 
94. G. J. M. Bruin, R. Huisden, J. C. Kraak, and H. Poppe, J. Chroma

togr., 450:339-349 (1989). 
95. M. Huang and M. L. Lee, J. Microcolumn Sep., 4:491-496 (1993). 
96. D. Schmalzing, C. A. Piggee, F. Foret, E. Carrilho, and B. L. 

Karger, J. Chromatogr., 652:149-159 (1993). 
97. G. J. M. Bruin, J. P. Chang, R. H. Kuhlman, K. Zegers, J. C. 

Kraak, and H. Poppe, J. Chromatogr., 477:429-436 (1989). 
98. S. A. Swedberg, Anal. Biochem., 185:51-56 (1990). 
99. Y. F. Maa, K. J. Hyver, and S. A. Swedburg, J. High Resolut. 

Chromatogr. Commun., 14:65-61 (1991). 
100. J. K. Towns and F. E. Regnier, Anal. Chem., 65:1126-1132 (1991). 
101. Z. Zhao, A. Malik, and M. L. Lee, Anal. Chem., 65:2747-2752 

(1993). 
102. E. S. Yeung. In Capillary Electrophoresis Technology (N.A. Guz

man, ed.), Marcel Dekker, Inc., New York, 1993, pp. 587-603. 
103. G. J. M. Bruin, G. Stegeman, A. C. Van Asten, X. Xu, J. C. Kraak, 

and H. Poppe, J. Chromatogr., 559:163 (1991). 
104. M. Albin, P. D. Grossman, and S. E. Moring, Anal. Chem., 65: 

489A-497A(1993). 



236 Rabel and Stobaug. 

105. K. D. Altria, LC-GC, 77:438-440 (1993). 
106. L. Hernandez, N. Joshi, P. Verdeguer, and N. A. Guzman. In Capil

lary Electrophoresis Technology (N.A. Guzman, ed.), Marcel Dek-
ker, Inc., New York, 1993, pp. 605-614. 

107. S. Wu and Dovichi, J. Chromatogr., 450:141-155 (1989). 
108. T. T. Lee, S. J. Lillard, and E. S. Yeung, Electrophoresis, 14:42 

438(1993). 
109. K. C. Chan, G. M. Janini, G. M. Muschik, and H. J. Issaq, 

Liquid Chromatogr., 75:1877-1890 (1993). 
110. C. Toulas and L. Hernandez, LC-GC, 70:471-4722 (1992). 
111. L. N. Amankwa, M. Albin, and W. G. Kuhr, Trends in Anal.Chem., 

77:114-120(1992). 
112. M. E. Szulc and I. S. Krull, J. Chromatogr., 659:231-245 (1994). , 
113. E. S. Yeung and W. G. Kuhr, Anal. Chem., 65:275A-282A (1991);' 
114. J. M. Saz and J. C. Diez-Masa, J. Liquid Chromatogr., 77:499-5¾ 

(1994). 
115. Y. F. Yik and S. F. Y. Li, Trends Anal. Chem., 77:325-332 (1992).; 
116. R. A. Wallingford and A. G. Ewing, Anal. Chem., 59:1762-176^ 

•1987). 1 
117. T. J. O'Shea, R. D. Greenhagen, S. M. Lunte, C. E. Lunte, M..RJ 

Smyth, D. M. Radzik, and N. Watanabe, J. Chromatogr., 593:305 
312(1992). 

118. T. J. O'Shea and S. M. Lunte, Anal. Chem., 65:247-250 (1993). 
119. T. J. O'Shea and S. M. Lunte, Anal. Chem., 65:307-311 (1994). 
120. T. J. O'Shea, S. M. Lunte, and W. R. LaCourse, Anal. Chem., 65 

948-951 (1993). 
121. M. Deacon, T. J. O'Shea, S. M. Lunte, and M. R. Smyth, J. Ch 

matogr., 652:377-383 (1993). 
122. X. Huang, T. K. J. Pang, M. J. Gordon, and R. N. Zare, And. 

Chem., 59:2747-2749 (1987). 
123. X. Huang and R. N. Zare, Anal. Chem., 65:2193-2196 (1991). 
124. R. D. Smith, N. T. Olivares, N. T. Nguyen, and H. R. Udseth, Anal,. 

Chem., 60:436-441 (1988). 
125. R. D. Smith, C. J. Barinaga, and H. R. Udseth, Anal. Chem., 60: 

1948-1952(1988). 
126. C. G. Edmonds, J. A. Loo, C. J. Barinaga, H. R. Udseth, and R. 

D. Smith, J. Chromatogr., 474:21-37 (1989). 
127. M. A. Moseley, L. J. Deterding, K. B. Tomer, and J. W. Jorgenson, 

Rapid Commun. Mass Spectrom., 5:87-93 (1989). 
128. M. A. Moseley, L. J. Deterding, K. B. Tomer, and J. W. Jorgenson, 

J. Chromatogr., 576:167-173 (1993). 
129. R. D. Smith and H. R. Udseth. In Capillary Electrophoresis Tech-

Capillary Electrophoresis 237 

nology (N.A. Guzman, ed.), Marcel Dekker, Inc., New York, 1993, 
pp.525-567. 

130. K. B. Tomer. In Capillary Electrophoresis Technology (N.A. Guz
man, ed.), Marcel Dekker, Inc., New York, 1993, pp. 569-586. 

131. M. A. Moseley, J. W. Jorgenson, J. Shabanowitz, D. F. Hunt, and 
K. B. Tomer, J. Am. Soc. Mass Spectrom., 5:289-300 (1992). 

132. P. D. Grossman, J. C. Colburn, H. H. Lauer, R. G. Nielsen, R. M. 
Riggin, G. S. Sittampalam, and E. C. Rickard, Anal. Chem., 61: 
1186-1194(1989). 

133. H. H. Lauer and D. McManigill, Anal. Chem., 55:166-170 (1986). 
134. P. D. Grossman, J. C. Colburn, and H. H. Lauer, Anal. Biochem., 

779:28-33(1989). 
135. M. Zhu, R. Rodriguez, D. Hansen, and T. Wehr, J. Chromatogr., 

576:123-131(1990). 
136. F. T. A. Chen. J. Chromatogr., 559:445-453 (1991). 
137. M. H. J. M. Langenhuizen and P. S. L. Janssen, J. Chromatogr., 

655:311-318(1993). 
138. T. Satow, A. Machida, K. Funakushi, and R. L. Palmieri, J. High 

Resolut. Chromatogr., 74:276-279(1991). 
139. N. Chen, L. Wang, and Y. Zhang, J. Chromatogr., 644:175-182 

(1993). 
140. J. S. Green and J. W. Jorgenson, J. Chromatogr., 478:63-70 (1989). 
141. M. M. Bushey and J. W. Jorgenson, J. Chromatogr., 450:301-310 

(1989). 
142. D. Corradini, A. Rhomberg, and C. Corradini, J. Chromatogr., 

667:305-313(1994). 
143. M. A. Strege and A. L. Lagu, J. Chromatogr., 650:337-344 (1993). 
144. M. A. Strege and A. L. Lagu, J. Liquid Chromatogr., 76:51-68 

(1993). 
145. G. M. McLaughlin, J. A. Nolan, J. L. Lindahl, R. H. Palmieri, K. 

W. Anderson, S. C. Morris, J. A. Morrison, and T. J. Bronzert, J. 
Liquid Chromatogr., 75:961-1021 (1992). 

146. M. G. Khaledi, C. Quang, R. S. Sahota, J. K. Strasters, and S. C. 
Smith. In Capillary Electrophoresis Technology (N.A. Guzman, 
ed.), Marcel Dekker, Inc., New York, 1993, pp. 

147. C. L. Ng, Y. L. Toh, S. F. Y. Li, and H. K. Lee, J. Liquid Chroma
togr., 76:3653-3666 (1993). 



7 
Supercritical Fluid 
Chromatography of Bulk and 
Formulated Pharmaceuticals 
JAMES T. STEWART The University of Georgia, A thens, 
Georgia 

NIRDOSH K. JAGOTA Bristol-Myers Squibb Pharmaceutical 
Research Institute, New Brunswick, New Jersey 

I. INTRODUCTION 

Supercritical fluid chromatography (SFC) is a column chromatographic 
technique in which a supercritical fluid is used as a mobile phase. A super
critical fluid is a gas or liquid brought to a temperature and a pressure 
above its critical point. The first report of SFC dates back to 1962 when 
Kesper et al. [1] used supercritical fluid chlorofluorocarbons as a mobile 
phase for the separation of metal porphyrins. It was not until the early 
1980s that an important breakthrough of the technique occurred. This was 
the introduction of capillary SFC and the availability of commercial instru
mentation. These became major factors in the recent rise in popularity of 
SFC. According to the latest estimation, approximately 100 SFC articles 
are published in major journals every year. 

In SFC, the mobile phase is delivered by a high-pressure pump. The 
sample is usually injected as a solution by means of a high-pressure injec
tion valve. The column may either be a packed column, comparable to a 
high-performance liquid chromatographic (HPLC) column, or an open 
capillary column, comparable to a capillary gas chromatographic (GC) 
column, but with somewhat smaller internal diameters (50-100 /*m). Detec
tion is performed either on-line, (i.e., UV-VIS) or after the expansion of 
the fluid [i.e., flame ionization detection (FID) or mass spectrometry 
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(MS)]. The mobile phase is kept as a supercritical fluid by means of a 
restrictor until either on-line detection has been performed or just before 
the expansion into a gas phase detector. Figure 7.1 shows a line diagram for 
a typical SFC apparatus. 

II. HARDWARE 
A. Pumps 
Three types of pump are used in SFC [2]: 

1. Pneumatic amplifier pump: This pump is composed of two cylind 
that are different in piston cross-sectional area. The piston его 
sectional area ratio between the two cylinders equals the pressure amp 
fication factor from the low-pressure cylinder to the high-pressure i 
inder, and also equals the flow rate attenuation factor from t' 
high-flow-rate cylinder to the low-low-rate (high-pressure) cylinder. 
practice, an area ratio of 5 : 10 is recommended for reasons such 
safety, reliability of ultrahigh-pressure seals and connectors, fluid com 
pressibility, and high-pressure cylinder volume. 

2. Reciprocating piston pump: The reciprocating piston pump is a contin 
uous-flow pump similar to an HPLC pump. Three major differenc 
of a reciprocating pump from an liquid chromatographic (LC) pum 
are the addition of a pump cooling system, the requirement of a pul" 
dampener, and the greater minimization of postpump interface vol 
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Figure 7.1 Schematic diagram of an SFC instrument. (Reprinted with 
permission from Ref. 2, Analytical Supercritical Fluid Chromatography 
and Extraction, Edited by M.L. Lee and K.G. Markides, 1990.) 
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ume. Commercially reciprocating pumps are available which have feed
back control to compensate for fluid compressibility, minimizing pres
sure ripple and, thus, producing reporducible results. 

3. Syringe pump: This pump is widely employed for both open-tubular-
column and packed-column SFC applications. Microprocessor control 
allows reproducible SFC fluid pressure or density programming. 

B. Sample Introduction 

Sample introduction is a major hardware problem for SFC. The sample 
solvent composition and the injection pressure and temperature can all 
affect sample introduction. The high solute diffusion and lower viscosity 
which favor supercritical fluids over liquid mobile phases can cause prob
lems in injection. Back-diffusion can occur, causing broad solvent peaks 
and poor solute peak shape. There can also be a complex phase behavior as 
well as a solubility phenomenon taking place due to the fact that one may 
have combinations of supercritical fluid (neat or mixed with sample sol
vent), a subcritical liquified gas, sample solvents, and solute present simul
taneously in the injector and column head [2]. All of these can contribute 
individually to reproducibility problems in SFC. Both dynamic and timed 
split modes are used for sample introduction in capillary SFC. Dynamic 
split injectors have a microvalve and splitter assembly. The amount of 
injection is based on the size of a fused silica restrictor. In the timed split 
mode, the SFC column is directly connected to the injection valve. High
speed pneumatics and electronics are used along with a standard injection 
valve and actuator. Rapid actuation of the valve from the load to the inject 
position and back occurs in milliseconds. In this mode, one can program 
the time of injection on a computer and thus control the amount of injec
tion. In packed-column SFC, an injector similar to HPLC is used and 
whole loop is injected on the column. The valve is switched either manually 
or automatically through a remote injector port. The injection is done 
under pressure. 

C. Oven 

The chromatographic oven for SFC should meet the same requirements as 
a conventional GC oven. The oven is usually designed such that thermal 
gradients between any two points in the oven area where a column is placed 
are less than ± 0.10C. 
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D. Columns 

Both capillary and packed columns are available for use. Much of 
recent interest in SFC is based on the stability and high efficiencies 
capillary columns. Because these columns are deactivated, the elution 
analytes with unmodified carbon dioxide is possible. Some of the comm 
stationary phases available as capillary columns are as follows: 

1. SB-methyl-100: This is a 100% methylpolysiloxane stationary ph: 
and is considered the least polar phase. Flexible siloxane bonds contrl 
ute to excellent diffusion characteristics and high efficiencies. 
phase is often used as the first choice in the analysis of unknot 
samples in SFC because of the high resolution it delivers and the vol 
ity-based elution order of solutes. 

2. SB-phenyl-5: This stationary phase, which contains 5% phenyl sub 
tution, has a slight amount of polarizability with increased capacity 
polar solutes. 

3. SB-phenyl-50: This stationary phase has 50% polarizable pht 
groups present on the silica surface and exhibits apparent dipoles. 
varying intensity depending on the local environment. This phase 
moderately polar in a general sense and exhibits good selectivity 
isomers containing polar functional groups, due to slight differences 
the isomers' abilities to introduce dipoles within the stationary phase 

4. SB-biphenyl-30: This stationary phase has 30% biphenyl substitu" 
which provides enhanced polarizability when compared to phe 
substituted stationary phases. It is in the middle polarity range am 
the SFC stationary phases. 

5. SB-cyanopropyl-25: This phase has 25% cyanopropyl substitution •• 
often gives longer retention for polar solutes. 

6. SB-cyanopropyl-50: This is the most polar stationary phase curren" 
available in capillary SFC. It has 50% cyanopropyl substitution and 
useful for polar analytes such as pharmaceuticals. 

7. SB-smectic: This phase is a liquid polysiloxane. Its selectivity is b 
on solute size and shape. Solutes are separated on the basis of mole 
lar geometry, with the length-to-breadth ratio determining elution Of, 
der within an isomeric series. 

One disadvantage of a capillary column is that the use of large injetf 
tion volumes of sample solvent is not possible due to the low capacity of 1 
column, thus resulting in difficulty in trace analysis. Another problem wi 
capillary columns is that linear velocities of 10-20 times the optimum vel 
ity are required in order to achieve a reasonable analysis time. 
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A column consisting of a deactivated silica-based stationary phase is 
used for the packed-column mode. A packed column allows larger volumes 
of sample solvent to be injected, thus improving sensitivity. Generally, the 
column dimensions are 1 x 100-250 mm and the particle size is 5 /лп. 
Commercial SFC instruments are also available that will handle the classical 
4.6 x 150-mm or 250-mm columns. With the introduction of electronically 
controlled variable restrictors to control the back pressure, the packed col
umns are becoming increasingly more popular. This feature allows the inde
pendent flow and pressure control of mobile phases, thus helping in rapid 
optimization of selectivities. Some of the commonly used packed columns 
are as follows: 

1. Octadecylsilane (ODS): This is a polymer-coated silica packing with 
increased loadability of a porous silica support. Nonpolar compounds 
may be separated using the hydrophobic functionalities offered on 
ODS. 

2. Cyanopropyl: It contains cyanopropyl packing and can be used in a 
normal-phase mode utilizing the strong dipole of cyano functional 
groups. It also offers high selectivity for phenols, alcohols, acids, and 
other polar compounds. 

3. Si-60: It contains silica 60 A and offers a large surface area compared 
to regular silica packing. 

4. Polystyrene-divinylbenzene: This is a polymer-based column and gives 
better peak shape comparable to other columns such as octadecylsilane 
and cyanopropyl columns. 

E. Detectors 

Different types of detectors are used in conjunction with SFC. Some of the 
commonly used detectors are as follows: 

(a) Flame ionization 
(b) Ultraviolet 
(c) Fluorescence 
(d) Chemiluminescence 
(e) Fourier transform-infrared 
(f) Mass spectrometer 
(g) Electrochemical 
(h) Electron capture 
(i) Thermionic ionization 
(j) Light scattering 
(k) Nitrogen-phosphorus 
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Other than chemiluminescence and electrochemical, all of the above detec
tors are commercially available. 

F. Mobile Phases 

Carbon dioxide is the most popular mobile phase for SFC because of its low 
critical temperature (310C) and pressure (7.3 MPa). It is also inexpensive, 
nontoxic, nonflammable, and easily disposable. Other gases such as nitrous 
oxide and ammonia can also be used. Nitrous oxide is more polar than 
carbon dioxide, with ammonia being the most polar. Both nitrous oxide 
and ammonia are difficult to handle in the laboratory. 

The solvating power of a supercritical fluid is manipulated by chang
ing its density. An increase in density increases the solvating power of the 
supercritical fluid. In addition, the oven temperature can be varied to affect 
the selectivity of a supercritical fluid. The polarity of a supercritical fluid is 
altered by the addition of an organic modifier such as methanol or acetoni-
trile. Table 7.1 lists some of the commonly used organic modifiers added to 
carbon dioxide [2]. Supercritical fluids generally exhibit a high number 
of theoretical plates and selectivity when compared with HPLC or GC 
columns. 

Ш. APPUCATION OF SFC TO SELECTED BULK AND 
FORMULATED PHARMACEUTICALS 

Jagota and Stewart [3] have reported the SFC analysis of diazepam and 
chlordiazepoxide and their related compounds. The separations were 
achieved using a 7-m x 50-ptm capillary SB-cyanopropyl-50 column with a 
carbon dioxide mobile phase and FID detection. Typical analysis time for 
either mixture was within 30 min (see Figs. 7.2 and 7.3). A combination 
of oven temperature and pressure gradient was employed to give baseline 
resolution of the analytes. The limits of detection of the various compounds 
were in the 150-225-/xg/ml range. The SFC method was applied to the assay 
of diazepam and chlordiazepoxide in their respective tablet dosage forms. 
Recoveries of 101-103% of the labeled amounts of drug were obtained 
from the assays. Accuracy and precision of spiked samples of both analytes 
were in the 0.4-4% and 1.8-4.0% ranges, respectively. A comparison of 
SFC to HPLC analysis of the drugs in their tablet dosage forms indicated 
that accuracy was comparable, but precision was better with HPLC (see 
Table 7.2). The SFC method was not sensitive enough to detect the related 
compounds of either diazepam or chlordiazepoxide at the 0.01-0.1% levels 
of the drug substance. 
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Table 7.1 Frequently Used Modifiers in SFC 

Modifier 

Methanol 
Ethanol 
1-Propanol 
2-Propanol 
1-Hexanol 
2-Methoxy ethanol 
Tetrahydrofuran 
1,4-Dioxane 
Acetonitrile 
Dichloromethane 
Chloroform 
Propylene carbonate 
/V.jV-dimethylacetamide 
Dimethyl sulfoxide 
Formic acid 
Water 
Carbon disulfide 

Temp. 
(0C) 

239.4 
243.0 
263.5 
235.1 
336.8 
302 
267.0 
314 
275 
237 
263.2 
352.0 
384 
465.0 
307 
374.1 
279 

Pressure 
(atm) 

79.9 
63.0 
51.0 
47.0 
40.0 
52.2 
51.2 
51.4 
47.7 
60.0 
54.2 
— 
-
— 
— 

217.6 
78.0 

Molecular 
mass 

32.04 
46.07 
60.10 
60.10 

102.18 
76.10 
72.11 
88.11 
41.05 
84.93 

119.38 
102.09 
87.12 
78.13 
46.02 
18.01 
76.13 

Dielectric 
constant 
at 2O0C 

32.70 
24.30 
20.33 
18.30 
13.3 
16.93 
7.58 
2.25 

37.50 
8.93" 
4.81 

69.0 
37.78" 
46.68 
58.5C 

80.1 
2.64c 

Polarity 
index" 

5.1 
4.3 
4.0 
3.9 
3.5 
5.5 
4.0 
4.8 
5.8 
3.1 
4.1 
6.1 
6.5 
7.2 
— 

10.2 
-

"Data from Burdick and Jackson Solvent Guide, 1984. 
"25 0C. 
cData from Eastman Organic Chemical Bull., 47: pp. 1-12 (1975). 
Source: Reprinted from M.L. Lee and K.E. Markides. Ref. 2, with kind permission 
of M.L. Lee. 

Jagota and Stewart [4] have also reported the SFC separation of 
various mixtures of chlordiazepoxide with clidinium bromide, amitriptyline 
hydrochloride, and the estrogens, estrone, equilin, rf-equilenin, a-estradiol, 
and /3-estradiol. The clidinium bromide-chlordiazepoxide mixture was sepa
rated on a 10-m x 50-дт ID (inner diameter) SB-biphenyl-30 capillary 
column within 25 min using pump and oven programs with FID detection 
as shown in Figure 7.4. The amitriptyline-chlordiazepoxide mixture was 
separated on a 7-m x 50-/xm ID SB-cyanopropyl-50 capillary column using 
pump and oven programs and FID detection as shown in Figure 7.5. The 
retention times for amitriptyline and chlordiazepoxide were 20.3 and 13.8 
min, respectively. The best SFC separation of the chlordiazepoxide-estro-
gens mix was achieved on a 10-m x 50-/*m ID SB-cyanopropyl-50 capillary 
column using pump and oven programs with FID detection (see Fig. 7.6). 
The a-estradiol peak could not be baseline resolved from the nearby /3-
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Figure 7.2 Typical SFC separation of MCAB (1), diazepam (2), ACMPG 
(3) and nordiazepam (4) on a SB-cyanopropyl-50 column using tempera
ture and pressure gradients. Concentration of each compound was 1 mg/ml 
in methylene chloride. (From Ref. 3.) 
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Figure 7.3 Typical SFC separation of ACB (1), chlordiazepoxide (2) and 
demoxepam (3) on a SB-cyanopropyl-50 column at 1200C oven tempera
ture and a pressure gradient. Concentration of each compound was 1 mg/ 
ml in methylene chloride. (From Ref. 3.) 
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Table 7.2 Comparison of Diazepam and Chlordiazepoxide Dosage 
Form Analysis Using SFC and HPLC 

Compound 
Labeled Amount found Amount found 

amount (mg) by SFC (mg) by HPLC (mg) 

Diazepam3 10 

Chlordiazepoxided 10 

10.29 ± 0.42" 
RSD, c4.08% 

10.13 ± 0.32 
RSD, 3.16% 

10.16 ± 0.12 
RSD, 1.18% 

10.08 ± 0.04 
RSD, 0.40% 

aValium tablet, 10 mg, Roche lot unknown. 
bMean ± standard deviation based on n = 3. 
CRSD = relative standard deviation. 
dLibrium capsule, 10 mg, Roche lot 6159-02. 
Source: Ref. 3. 

estradiol peak. The retention times of the six analytes were in the 70-90-min 
range. It was interesting to note that the relative retention data obtained by 
these SFC methods for the various chlordiazepoxide mixtures was compara
ble to that obtained with HPLC methods, as shown in Table 7.3. 

The SFC separation of selected estrogens (estrone, equilin, a-
estradiol, /3-estradiol, and rf-equilenin) was achieved on a SB-cyanopropyl-
50 capillary column using a carbon dioxide density gradient at an oven 
temperature of 73°C [5]. A typical analysis time on the 7-m column was 21 

75.0 г 
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Figure 7.4 Typical SFC separation of clidinium bromide (1) and chlordi
azepoxide (2) on a SB-biphenyI-30 column. (From Ref. 4.) 
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Figure 7.5 Typical SFC separation of chlordiazepoxide (1) and amitripty-
line hydrochloride (2) on a SB-cyanopropyl-50 column. (From Ref. 4.) 

min, as shown in Figure 7.7. Accuracy and precisions of the method were 
in the 1-6% range. The SFC assay was applied to three commerical prod
ucts: one in which the estrogens were conjugated, one in which they were 
esterified, and a single entity dosage form containing only /3-estradiol. 
Based on a 20-nl injection and limited solubility of the estrogens in chloro-
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Figure 7.6 Typical SFC separation of chlordiazepoxide (1), estrone (2), 
«-estradiol (3), /3-estradiol (4), equilin (5), and rf-equilenin (6) on a SB-
cyanopropyl-50 column. (From Ref. 4.) 
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Table 7.3 Comparison of SFC and 
HPLC Relative Retention Data of 
Chlordiazepoxide Mixtures 

Mixture 

1. Clidinium bromide 
Chlordiazepoxide 

2. Chlordiazepoxide 
Amitriptyline 

hydrochloride 
3. Chlordiazepoxide 

Estrone 
a-Estradiol 
/3-Estradiol 
Equilin 
cf-Equilenin 

Relative retention 

SFC4 

0.55 
1.00 
0.68 
1.00 

0.82 
0.83 
0.86 
0.87 
0.90 
1.00 

HPLC 

0.60" 
1.00 
0.71 
1.00 

с 
0.85d 

1.00 
с 

0.75 
0.69 

"See chromatographic parameters, Experi
mental Section, Ref. 4. 
"USP XXII method. 
cNo data were reported. 
dMobile phase for estrogens was 44 : 55 pH 
2.5 phosphate buffer containing 0.1% TEA/ 
absolute methanol; octadecylsilane column 
(3.9 mm x 30 cm), flow rate 1.2 ml/min; 
electrochemical detection at + 600 mV ver
sus Ag/AgCi. 
Source: Ref. 4. 

form, only the estrone levels could be determined in the conjugated or 
esterified dosage forms. The estrone levels found by SFC were close to 
labeled amounts expressed as total conjugated or esterfied estrogens. In the 
/3-estradiol tablet, SFC analysis gave essentially 100% of the labeled 
amount. A comparison of SFC to HPLC assay of /3-estradiol showed no 
statistical difference between the test results at the 95% confidence level. 

The SFC separation of nonsteroidal anti-inflammatory drugs 
(NSAIDs) was investigated by Jagota and Stewart [6]. These compounds 
vary in chemical structure and functional group chemistry and provide a 
representative sample of acidic drugs to study. Using a 10-m x 50-/*m ID 
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Figure 7.7 Typical SFC separation of estrone (1), equilin (2), a-estradiol 
(3), ^-estradiol (4), and rf-equilenin (5) on a SB-cyanopropyl-50 column. ; 
[Reprinted from Ref. 5, J. Pharm. Biomed. Anal. 10, Jagota and Stewart, 
"Supercritical Fluid Chromatography of Selected Oestrogens," p. 667 
(1992) with kind permission from Elsevier Science Ltd., The Boulevard, 
Langford Lane, UK.] 

SB-biphenyl-30 capillary column, many of the compounds were separated, 
but they could not all be separated in a single injection (see Figs. 7.8 and 
7.9). Tailing factors were generally in the 1-1.5 range and the limits of 
detection (S/N = 3) were in the 75-250-/ig/ml range. The SB-cyanopro
pyl-50 capillary column was also found to be suitable for SFC separation of 
the NSAIDs. Tailing factors were in the 1-1.8 range and the limits of 
detection (S/N = 3) were in the 80-400-ftg/ml range. The biphenyl column 
was arbitrarily selected to demonstrate the applicability of the SFC assay ' 
to selected tablet or capsule dosage forms of ibuprofen, ketoprofen, and 
mefenamic acid. The amounts found were within 95-105% of the labeled 
amounts of each drug. 

Jung and Schurig [7] have investigated enantiomeric separations using 
capillary SFC and an immobilized cyclodextrin stationary phase of film 
thickness 0.25 /tm. The authors found no loss in selectivity and column 
performance after several months. Many NSAID enantiomers could be 
separated, but amine-containing drugs such as ephedrine or synephrine had 
to be derivatized with trifluoroacetic acid anhydride prior to assay (see Fig. 
7.10). There was little or no enantioselectivity with beta blockers, oxaze
pam, lorazepam, fenoprofen, etololac, thalidomide, testosterone, and pro
methazine. Although the enantioselectivity was rather low in comparison to 
chiral HPLC, there are advantages of much higher column efficiencies and 
the high compatibility of SFC with FID and MS detection. 

The analysis of controlled drugs using capillary and packed supercriti
cal fluid chromatography interfaced with mass spectrometry was reported 
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Figure 7.8 Typical SFC separation of ibuprofen (1), fenoprofen (2), na
proxen (3), ketoprofen (4), and tolmetin (5) on a SB-cyanopropyl-50 col
umn. [Reprinted from Ref. 6, J. Chromatogr. 604, 255 (1992) with kind 
permission of Elsevier Science Publishers, The Netherlands.] 

by MacKay and Reed [8]. They emphasized the advantages of SFC versus 
HPLC such as identification of involatile adulterants and the promise of 
reproducible SFC-MS. A 10-m x 50-/*m ID biphenylpolysiloxane capillary 
column and a 25-cm x 1-mmcyanobonded silica packed column were used 
in the study. The controlled drug sample consisted of a seizure of diamor-
phine, which was screened by HPLC and found to contain N-phenyl-2-
naphthylamine, methaqualone, narcotine, papaverine, phenobarbitone, 
acetylcodeine, diamorphine, acetylmorphine, and an unknown compound 
which was not confirmed by GC-MS analysis. The authors mentioned that 
narcotine and papaverine could not be separated on a GC column but are 
easily separated by SFC because it enables solubility, polarity, and steric 
effects to influence a separation which would otherwise be governed by 
volatility. 

The SFC analysis of mercaptopurine, trimethoprim, triprolidine, 
pseudoephedrine, permethrin, zidovudine, and trifluridine was reported by 
Mulcahey and Taylor [9]. The mobile phase was carbon dioxide containing 
methanol and the packed column was a cyanopropyl (250 X 4.6 mm ID). 
Figures 7.11 and 7.12 show separations of the compounds of interest. In 
order to elute trimethoprim from the column without severe tailing, tetra-
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Figure 7.9 Typical SFC separation of flufenamic acid (1), mefenamic 
acid (2), acetylsalicylic acid (3), ketoprofen (4), and fenbufen (5) on a 
SB-cyanopropyl-50 column. [Reprinted from Ref. 6, J. Chromatogr. 604, 
255 (1992) with kind permission of Elsevier Science Publishers, The Nether
lands.] 

butylammonium hydroxide was added to the methanol prior to adding to 
the carbon dioxide mobile phase. Upon addition of the base to the mobile 
phase, trimethoprim elutes easily. Pseudoephedrine and triprolidine would 
not elute from the cyanopropyl column with the tetrabutylammonium hy
droxide containing mobile phase. Instead, these drugs had to be extracted 
using a supercritical fluid extraction experiment prior to SFC analysis. In 
this manner, SFC chromatograms of the two drugs could be obtained. 

Crowther and Henion have reported the SFC assay of polar drugs on 
packed columns using mass spectrometric detection [10]. Their method was 
shown to be suitable for a multicomponent mixtures containing nonpolar 
and polar analytes. They mentioned that one of the advantages of SFC 
versus HPLC was the faster column reequilibration time. In this method, 
silica, amino, nitrile, and diol packed columns (20 cm x 2.1 mm ID) were 
used. Cocaine, codeine, caffeine, methocarbamol, phenylbutazone and ox-
yphenbutazone were separated on one or more of these columns and mass 
spectra were obtained. 

Lee et al. [11] have reported the SFC separation of NSAIDs on a 
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Figure 7.10 Separations of enantiomers by open-tubular SFC on a 5-m 
x 50-/хт ID fused silica column coated with a 0.25-/*m film of immobilized 
Chirasil-Dex. (Reprinted from Ref. 7 with kind permission of Dr. Alfred 
Huthig Verlag GmbH, Heidelberg.) 

10-m x 50-jtm ID SB-methyl capillary column with a carbon dioxide mo
bile phase and an oven temperature of 1500C. For some unexplained rea
sons, the interfacing of SFC and MS has produced reduced electron impact 
(EI) sensitivity compared to GC-MS. The use of chemical ionization (CI) 
helps to circumvent the problem but lacks the structural information avail
able from EI. Charge exchange (CE) has been used to obtain El-like mass 
spectra when combined with SFC. The authors showed that the CE tech
nique blended with SFC-MS did indeed offer sensitivity approaching that 
ofGC-MS. 

Koski et al. [12] have developed an SFC separation of prostaglandins 



254 Stewart and Jagota 

2 3 

U« 

mln 

Figure 7.11 Separation of four of the compounds of interest employing a 
mobile-phase gradient. Elution order: (1) permethrin, (2) zidovudine, (3) 
trifluridine, (4) mercaptopurine. Flow = 2 ml/min CO2, 150 ^1/min meth
anol for 1.5 min, 150-450 /al/min in 2.0 min, hold at 450 ^1/min column. 
Deltabond CN (250 x 4.6 mm ID). Oven temperature: 6O0C; UV detec
tion at 254 nm. (Reprinted from Ref. 9, with kind permission of Dr. Alfred 
Huthig Verlag, GmbH, Heidelerg.) 

without derivatization using SFE coupled with open-tubular SFC. The com
pounds investigated were prostaglandin F2a and prostaglandin FIa and 
their esters and prostaglandin E2. Using a carbon dioxide mobile phase and 
FID, the prostaglandins were directly injected on-column or, if SFE were 
used, placed on the column by solute focusing. Eleven prostaglandins were 
efficiently separated within 35 min using a density program with constant 

SFC of Bulk and Formulated Pharmaceuticals 255 

KJJ 

Figure 7.12 Separation of three compounds using tetrabutylammonium 
hydroxide in the mobile phase. Elution order: (1) permethrin, (2) zidovud
ine, (3) trimethoprim. Flow = 2 ml/min CO2, 100 ц\ methanol-tetrabutyl-
ammonium hydroxide for 2.0 min, 100-500 ^1/min methanol-tetrabutyl-
ammonium hydroxide for 2.0 min, 100-500 ^1/min methanol-TBAOH in 
4.0 min, hold at 500 /Л/min. Column: Deltabond CN (250 X 4.6 mm ID). 
Oven temperature: 6O0C; UV detection at 254 nm. (Reprinted from Ref. 9 
with kind permission of Dr. Alfred Huthig Verlag GmbH, Heidelberg.) 

oven temperature. With S/N = 3, the minimum detectable quantity was 9 
ng for a typical compound such as the isopropyl ester of 15-proprionate 
PGF2a. When SFE was used, a 100-/nl sample size could be placed in the 
extraction cell and this would produce an even lower minimum detectable 
quantity. 

Miscellaneous steroids were separated on a packed phenyl column 
(Spherisorb, 10 cm x 4.6 mm ID) using UV detection at 254 nm and a 
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carbon dioxide mobile phase with organic modifiers [13] (see Fig. 7.13). A 
light-scattering detector using either tungsten or a laser was used. It was 
found that some of the steroids that lacked a UV chromophore could be 
successfully detected with the light-scattering detector. The study showed 
that light-scattering detectors could be readily interfaced to SFC and will 
extend the range of detectors available for SFC. 

UU 
5 
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Figure 7.13 Typical chromatogram for steroids: (1) medroxyprogester
one acetate, 2.0 mg/ml; (2) cortisone acetate, 2.0 mg/ml; (3) methylpred-
nisolone acetate, 2.0 mg/ml; (4) isoflupredone acetate, 2.0 mg/ml; (5) 
hydrocortisone, 1.6 mg/ml. [Reprinted from Ref. 13, 3. Pharm. Biomed. 
Anal. 8, Loran and Cromie, "An Evaluation of the Use of Supercritical 
Fluid Chromatography with Light Scattering Detection for the Analysis 
of Steroids" (1990) with kind permission from Elsevier Science Ltd, The 
Boulevard, Langford Lane, UK.] 
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Lynam and Nicolas have evaluated chiral separations by HPLC versus 
SFC [14] The enantiomers studied were pharmaceutical synthetic precur
sors. Repeated injections of trans-stilbene oxide and carbobenzyloxy phe-
nylalaninol were made and the chromatographic parameters Rs, N, and a 
were calculated daily. SFC gave superior enentiomeric resolution of peaks 
and there was a faster solvent equilibration. The columns were quite stable 
in both SFC and HPLC systems. 

White et al. [15] have reported on the SFC determination of cyclo
sporin, ionic polyether antibiotics, and fat-soluble vitamins. Cyclosporin is 
a cyclic undecapeptide that has potent immunosuppressive activity and is 
particularly effective in the prevention of graft rejection after organ trans
plantation. A 9-m x 50-/ЛП ID fused silica open-tubular column with a 
0.20-/*m film thickness of DB-5 was used for the cyclosporin. The column 
was heated at 1500C. The carbon dioxide mobile phase was held at 200 atm 
for 10 min, then subjected to a linear pressure program to 300 atm at 10 
atm/min. The retention time of the cyclosporin was about 25 min. The 
antibiotics were organic sodium salts and belonged to a class called iono-
phores. A 10-m x 50-/Ш1 ID fused silica open-tubular column with a 
0.2-fim DB-5 film thickness was used. The column was heated to 1000C 
and the carbon dioxide mobile phase held at 225 atm for 5 min and then a 
linear pressure program to 306 atm at 4 atm/min. The antibiotics were fully 
separated within 24 min. The vitamins were chromatographed on the same 
DB-5 stationary phase using 1400C column temperature and the carbon 
dioxide mobile phase at 150 atm for 10 min, then ramped to 200 atm at 5 
atm/min. The following are the compounds and their retention times: vita
min K3 menadione, 11 min; vitamin K1, 32 min; vitamin E, 28 min; vitamin 
A, 20 min; and provitamin B, 34 min. 

The SFC analysis of barbiturates has been reported by Smith and 
Sanagi [16]. The method utilzed packed columns of ODS bonded silica (200 
x 3 mm ID) or polystyrene-divinylbenzene polymer (150 X 4.6 mm ID) 
with a carbon dioxide mobile phase and FID detection. The barbiturates 
were strongly adsorbed on the ODS column and were not observed to elute. 
The drugs did elute with reasonable retention times on the polymer column. 
Unfortunately, there was peak tailing, and adsorption remained a problem 
with all the barbiturates studied. The authors were prevented from adding 
methanol as a polar modifier to the mobile phase because the detection was 
by FID. 

Peytavin et al. [17] have reported on the chiral resolution of meflo
quine, halofantrine, enpiroline, quinine, quinidine, chloroquine, and pri
maquine by subcritical fluid chromatography on a (S) naphthylurea column 
(250 x 4.6 mm ID). The mobile phase consisted of carbon dioxide, metha
nol, and triethylamine at a 3-ml/min flow rate. Except for primaquine and 
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chloroquinine, the enantiomers were separated at a column temperature 
of 40-600C and pressure below 15 MPa. A typical chromatogram of the 
separation of quinine and quinidine is shown in Figure 7.14. Carbon diox
ide—methanol 0.1% triethylamine (98:2 v/v) was used to separate the 
halofantrine enantiomers, whereas a 80 : 20 v/v mix was more suitable for 
mefloquine, enpiroline, quinine, and quinidine enantiomers. The authors 
concluded that carbon dioxide entailed specific solvation of these antima
larial drugs and played an important role in chiral recognition on the (S) 
naphthylurea phase. Furthermore, methanol in the mobile phase affected 
capacity factors and preserved selectivity, whereas triethylamine was useful 
for efficiency optimization. 

Berge and Deye studied the effect of column surface area on the 
retention of polar solutes [18]. They found that there was a linear relation
ship between retention and the surface area. 4-Hydroxy benzoic acid was 
used as a model acidic compound, and sulfamethazine, sulfanilamide, sulfi-
somidine, and sulfapyridine were used as the model basic compounds. The 
separations were carried out on a packed Nucleosil Diol column with a 
methanol-modified carbon dioxide as the mobile phase. The UV detector 
was used for the analysis. It was observed that 0 .1% acetic acid for the 
acidic solutes and 0.1% isopropylamine for basic solutes was required in 
the methanol to achieve the separations. The efficiency was found to be 
similar for 100-, 300-, and 500-A packing materials. 

Karlsson et al. reported the supercritical fluid chromatography of 
methaqualone, cotinine, and reclopride, among other compounds, using 
capillary columns of different polarities [19]. Detection was either thermi
onic nitrogen-phosphorus or flame ionization. Supercritical nitrous oxide 
was used as the mobile phase. The detection limits obtained were in the 
range of 2-4 ppm and the precision was in the range of 3-12%. 

Janicot et al. presented the separation of opium alkaloids using sub-
critical and supercritical fluid chromatography [20]. Carbon dioxide-meth-
anol-triethylamine-water mixtures were used as the mobile phase with 
packed aminopropyl or bare silica columns. The influence of aminated 
polar modifiers such as methylamine, ethylamine, and triethylamine was 
studied. Figure 7.15 shows the separation of six opium alkaloids narcotine, 
papaverine, thebaine, codeine, cryptopine, and morphine on a Lichrosorb 
Si-60 column. The method gave comparable results with HPLC. 

Steuer et al. demonstrated the use of supercritical fluid chromatogra
phy in the separation of enantiomers of 1,2 amino alcohols, namely pindo
lol, metoprolol, oxprenolol, propranolol, and DPT 201-106 using ion-
pairing modifiers [21 ]. The mobile phase consisted of carbon dioxide mixed 
with acetonitrile containing triethylamine as a counterion and 7V-benzo-
xycarbonylglycyl-L-proline as a chiral counterion. They found that the ca-
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Figure 7.14 Chromatographic separation of diastereoisomers; quinine 
and quinidine; stationary phase; (S) naphthylurea 250 x 4.6 mm ID. 
Chromatographic conditions: CO2 methanol, 0 .1%, TEA (80:20), 3 ml/ 
min, 5O0C, 12.5 MPa, and X = 230 nm. (Reprinted from Ref. 17 with kind 
permission of Wiley-Liss, Inc. New York.) 
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Figure 7.15 Separations of opium alkaloids on bare silica. Column = 2 
x 0.46 cm ID; stationary phase, 5-/лп LiChrosorb Si-60 silica; mobile, 
phase, carbon dioxide-methanol-methylamine-water (83.37: 16.2:0.15:" 
0.23, w/w); Solutes: 1, narcotine; 2, papaverine; 3, thebaine; 4, codeine; 5« 
crytopine; 6, morphine. [Reprinted from Ref.20, J. Chromatogr. 437, 351 
(1988) with kind permission of Elsevier Science Publishers, The Nether-. 
lands.] 

pacity factor increases with the concentration of counterion and decreases 
with the TEA concentration. The chiral selectivity was found to be larger at 
lower pressures, and increasing temperatures caused it to decrease. They 
also found that due to absence of isocratic conditions, H versus U curves 
for supercritical and subcritical conditions cannot be well described by the 
Van Deemter equation. 

Perkins et al. reported the packed-column SFC of four veterinary 
antibiotics (levamisole, furazolidone, chloramphenicol, and lincomycin) 
using an amino column with methanol-modified carbon dioxide as the mo
bile phase [22]. A baseline separation of all four analytes was obtained in 
less than 4 min. The effect of several modifiers such as 2-methoxy-ethanol, 

© 
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propylene carbonate, 2-propanol, and dimethylformamide was also 
studied. 

Matsumoto and co-workers demonstrated the use of atmospheric 
pressure chemical ionization mass spectrometry for the analysis of fat-
soluble vitamins (vitamins K, E, and D3 and vitamin A acetate) [23]. Car
bon dioxide was used as the mobile phase. 

Steuer et al. compared supercritical fluid chromatography with capil
lary zone electrophoresis (CZE) and high-performance liquid chromatogra
phy (HPLC) for its application in pharmaceutical analysis [24]. Efficiency, 
performance, sensitivity, optimization, sample preparation, ease of method 
development, technical capabilities, and orthogonality of the information 
were the parameters studied. They concluded that SFC is ideal for moder
ately polar compounds, such as excipients, for which mass detection is 
required. 

Edder et al. reported the capillary supercritical fluid chromatography 
of basic drugs of abuse, namely nicotine, caffeine, methadone, cocaine, 
imipramine, codeine, diazepam, morphine, benzoylecgonine, papverine, 
narcotine, and strychnine [25]. They compared the separation of these 
drugs on DBS and DB wax columns. The chromatographic conditions in
cluded a carbon dioxide mobile phase and a flame-ionization detector. It 
was noted that on the DBS column, all peaks other than methadone and 
cocaine were separated. With the exception of benzoylecgonine and papav
erine, all other peaks were separated on a DB wax column. A reproducibil
ity of less than 5% was obtained with an internal standard method. The 
detection limits obtained were within 10-50 ppm on both the columns. A 
linearity of >0.99 was obtained for methadone, codeine, and morphine in 
the concentration range 10-1000 ppm. 

Veuthey and Haerdi reported the separation of amphetamines using 
packed-column SFC [26]. The amphetamines were derivatized with 9-
fluorenylmethyl chloroformate and chromatographed with a methanol or 
2-propanol-modified carbon dioxide as the mobile phase. The separations 
were compared on bare silica and aminopropyl-bonded silica columns. 
Both columns gave comparable results and the separation of all five am
phetamines (methylamphetamine, amphetamine, phenethylamine, ephed-
rine, and norephedrine) was achieved in less than 5 min. Both methanol 
and 2-propanol-modified carbon dioxide gave comparable results. It was 
observed that the modifier concentration had more effect on the solvating 
power than the mobile-phase density. 

Later et al. analyzed steroids, antibiotics, and cannabinoids on a 
methylpolysiloxane (SE-33) capillary column using carbon dioxide as the 
mobile phase [27]. Figure 7.16 shows the separation of tetrahydrocannabi
nol and its six metabolites in less than 20 min. 
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Figure 7.16 Capillary supercritical fluid chromatogram of tetrahydrocan
nabinol and six metabolites. Conditions: supercritical CO2 at 1200C; 15-m 
x 50-/ЛП ID SE-33 column; density programmed from 0.40 g/ml after a 
7-min hold to 0.56 g/ml at 0.01 g/ml/min; FID at 2800C. (Reprinted from 
Ref. 27, J. Chromatogr. ScL by permission of Preston Publications, a 
division of Preston Industries.) 
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Li and co-workers demonstrated the use of SFC in the analysis of 
panaxadiol and panaxatriol in ginseng, a famous traditional Chinese medi
cine [28]. A capillary SB-cyanopropyl-50 column with a carbon dioxide 
mobile phase and flame-ionization detector was used for the analysis. 
Methyltestosterone was used as an internal standard for the quantitation. 
Figure 7.17 shows the SFC separation. The method was found to be linear 
(r > 0.999) in the range studied and the precision obtained was in the range 
2.2-5.7%. 

Smith and Sanagi reported the packed-column SFC of benzodiaze
pines (diazepam, lorazepam, lormetazepam, nordazepam, temazepam, es-
trazolam, chlordiazepoxide, triazolam, cloxazolam, ketazolam, and lopra-
zolam) with methanol-modified carbon dioxide as the mobile phase [29]. 
The effect of methanol concentration on separation was studied on three 
columns: polystyrene-divinylbenzene, octadecylsilane, and cyanopropyl-
bonded silica columns. They concluded that proportion of methanol has 
marked effect on the selectivity of compounds containing different func
tional groups. 

Smith and Sanagi also studied the SFC of barbiturates (barbitone, 
butobarbitone, amylobarbitone, pentobarbitone, talbutal, quinalbarbitone, 
methohexitone, phenobarbitone, and heptabarbitone) using a packed poly
styrene-divinylbenzene or octadecylsilane column with a methanol-modi-
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Figure 7.17 Capillary supercritical fluid chromatograms of ginseng ex
tract. (1) Methyltestosterone (internal standard), (2) panaxadiol, (3) pa
naxatriol. [Reprinted from Ref. 28, Biomedical Chrom. (1992) with kind 
permission of John Wiley and Sons, Ltd., UK.] 
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fied carbon dioxide [30]. Again, they concluded that proportion of modi
fier has profound effect on the selectivity. 

Steuer et al. used ion-pairing techniques in packed-column supercriti
cal fluid chromatography [31]. They studied the combined effect of ion-
pairing reagents and mobile-phase density on the selectivity for a wide range 
of pharmaceuticals such as pindolol, propranolol, bopindolol, isradipin, 
and spirapril. They concluded that the selectivity is more dependent on the 
density of supercritical fluids. They also demonstrated that the optimized 
separations were obtained faster by SFC than by HPLC. It was also ob
served that a diol phase with TBA and acetate in methanol as ion-pairing 
agents was the best choice for initial conditions for method development 
for both anionic and cationic compounds. Figure 7.18 shows the optimiza
tion of the method for the separation of bopindolol, its precursor, and 
benzoic acid as a degradation product within 30 min. 

Scalia and Games developed a packed column SFC method for the 
analysis of free bile acids: cholic acid (CA), chenodeoxycholic acid 
(CDCA), deoxycholic acid (DCA), lithocholic acid (LCA), and ursodeoxy
cholic acid (UDCA) [32]. The baseline separation of all five bile acids was 
achieved on a packed phenyl column with a methanol-modified carbon 
dioxide in less than 4 min. The elution order showed a normal-phase mecha
nism because the solutes eluted in the order of increasing polarity following 
the number of hydroxyl groups on the steroid nucleus. The method was 
also applied to the assay of UDCA and CDCA in capsule and tablet formu
lations. The method was found to be linear in the range 1.5-7.5 ng/ml (r > 
0.99, n = 6). The average recoveries (n = 10) for UDCA and CDCA were 
100.2% with a RSD of 1.7% and 101.5% with a RSD of 2.2%, respectively. 
The reproducibility of the method was less than 1.5% (n = 10) for both 
UDCA and CDCA. 

Perkins et al. reported the separation of mixtures of sulphonamides 
on packed silica and amino columns with a methanol-modified carbon 
dioxide along with a UV or mass spectrometer detector [33]. The MS was 
performed using both moving-belt and modified thermospray interfaces. 
Figure 7.19 shows the separation of sulphadoxine, sulphamethazine, sul-
phadimethoxine, sulphamerazine, sulphaquinoxaline, sulphachlorpyridaz-
ine, and sulphathiazole on an amino-bonded column. The mobile phase 
was methanol-modified carbon dioxide at a flow rate of 4 ml/min. The 
initial methanol concentation was 15% which was increased to 25% after 4 
min and the temperature was increased to 9O0C. The separation was com
pared on a silica column. Although all eight compounds were separated on 
a silica column, there was difference in the elution order. They also con
cluded that a reduction in methanol concentration enhanced the separation. 

Berry et al. studied the SFC separation of xanthines, carbamates, 
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F i g u r e 7.18 Optimization of the separation of bopindolol (2), its precursor 
(3), and benzoic acid (1) as a degradation product within 30 min. Conditions: 
carbon dioxide, 20% methanol, 20 mM TBA, 20 mA/ acetic acid; flow rate, 4 
ml/min. Column: diol, 10 urn (100 mm x 4.6 mm ID). [Reprinted from Ref. 
31, J. Chromatogr. 500, 469 (1990), with, kind permission of Elsevier Science 
Publishers, The Netherlands.] 



266 Stewart and Jagota 

0 5 10 min 

Figure 7.19 Ultraviolet trace (270 nm) obtained from SFC of a mixture 
of (A) sulphadoxine (1-SDX), (B) sulphamethazine (2-SMT), (C) sulpha-
merazine (3-SMZ), (D) sulphadimethoxine (4-SDM), (E) sulphadiazine (5-
SDZ), (F) sulphaquinoxaline (6-SQX), (G) sulphachlorpyridazine (7-
SCP), and (H) sulphathiazole (8-STZ) on a 100 x 4.6-mm ID column 
packed with 5-jtm amino-bonded Spherisorb. The mobile phase was ini
tially carbon dioxide modified with 15% methanol at a flow rate of 4 ml/ 
min. After 4 min, the concentration of methanol was increased to 25%. 
Column pressure, 361 bars; temperature, 9O0C. [Reprinted from Ref. 33, 
J. Chromatogr. 540, 239 (1991) with kind permission of Elsevier Science 
Publishers, The Netherlands.] 

sulphonamides, steroids, and ergot alkaloids [34]. A silica- or aminopro-
pyl-bonded column with a methanol- or methoxy ethanol-modified carbon 
dioxide was used for the separations. SFC-MS was accomplished using a 
moving-belt HPLC-MS interfaced with a modified thermospray device. 

Anton et al. reported the use of packed-column SFC for a stability-
indicating assay of crotaniton cream and liquid dosage forms [35]. A silica 
or cyano column or both columns in tandem were used for the analysis. 
The methanol-modified carbon dioxide with or without pressure program
ming was used for the separation. UV, and evaporative light-scattering 
detectors were used in tandem. The method was found to be linear (r > 
0.99) for bulk drug, bulk drug in cream, and bulk drug in lotion. The 
precision of the assay was less than 1%. The recoveries obtained were close 
to 99%. 

Berger and Wilson presented the separation of 14 antipyschotic drugs 
(triflupromazine HCl, carphenazine maleate, methotrimeprazine, proma-
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zine HCl, perphenazine, chloroprothixine, deserpidine, thiothixene, reser-
pine, acetophenazine dimaleate, ethopropazine, promethazine HCl, propri-
omazine HCl, and triflupromazine HCl) using packed-column SFC [36]. A 
cyanopropyl column along with a tertiary mobile phase consisting of car
bon dioxide, methanol, and isopropylamine and an UV detector were used 
for the separation. It was noted that none of the solutes eluted without the 
addition of isopropylamine in the mobile phase. They observed that change 
in temperature (over 300C range) had much more effect on selectivity than 
the modifier concentration, which affected the retention time but not the 
selectivity. This may be due to the fact that a thick film of mobile-phase 
components is adsorbed on the packing and behaves as the part of the 
effective stationary phase. However, above 1% modifier concentration, the 
adsorbed film is essentally complete and changes little with increased modi
fier concentration or pressure. The small changes in temperature have a 
significant impact on both the thickness and composition of adsorbed film, 
thus affecting the selectivity. Detection limits obtained were as low as 125 
ppb for а 5-/Л injection. 

Berger and Wilson also reported the separation of 10 antidepressants 
(amitriptyline, imipramine, nortriptyline, desipramine, protripyline, bucliz-
ine, benactyzine, hydroxyzine, perphenazine, and thioridazine) using a 
packed-column SFC with a tertiary mobile phase [37]. A Lichrosphere 
cyanopropyl column with a mobile phase consisting of supercritical fluid 
carbon dioxide with 10% modifier (methanol with 0.5% isopropylamine) 
was used for the separation. It was noted that solutes did not elute without 
the addition of isopropylamine. Detection limits obtained were as low as 88 
ppb for a 5-/il injection. 

Biermanns et al. reported the chiral resolution of /3-blockers, includ
ing propranolol, metoprolol, and atenolol using packed-column supercriti
cal fluid chromatography [38]. A Chiracel OD column with a mobile phase 
of 30% methanol with 0.5% isopropylamine in carbon dioxide was used for 
the separation. A baseline separation of isomers was obtained in less than 5 
min at a mobile-phase flow rate of 2 ml/min. While keeping the column 
outlet pressure constant, the flow rate was increased to 4 ml/min and it was 
noted that, although the retention was reduced, the resolution remained the 
same. Both R- and S-propranolol gave linear responses from 0.25-2500 
ppm with a correlation coefficient of >0.9999. The detection limit was 
approximately 250 ppb for a S/N ratio of 3. The reproducibility for both 
R- and S-propranolol was less than 1.5%. It was also noted that 0.09% 
R-propranolol can be quantitated in the presence of 2500 ppm of S-
Propranolol. 

A surfatron microwave-induced plasma was reported for the selective 
detection of catechols after SFC separation of the compounds as cylic bo-
ronate esters [39]. An available spectroscopic system was modified to utilize 
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the 749.4-nm line of third-order boron emission. The separations were 
achieved on a 10 m x 50 цт ID SB-methyl-100 column using a 200-nl 
injection. Both supercritical-fluid-grade carbon dioxide and nitrous oxide 
were used as the mobile phase with separations of the esters within 10-15' 
min. Sensitivity of boron in catechol boronate was 25 pg/sec. Cortisone was 
also studied, but the small peak obtained demonstrated that the practical 
sensitivity of the microwave-induced plasma was too low for an application 
of real and practical importance. 

Jung and Schurig have reported the chiral separations of several phar
maceuticals including NSAIDs, Norgestrel, and hexobarbital using super
critical fluid chromatography [40]. Separations were performed on a capil-
lary-immobilized polysiloxane-B-cyclodextrin (Chirasil-Dex) column witb 
carbon dioxide as the mobile phase. It was observed that separations were' 
better at lower temperatures. In comparison with GC, SFC gave higher 
separation factors but similar resolution. 

Heaton et al. have reported the supercritical fluid chromatography of 
taxicin I and taxicin II extracted by supercritical fluid extraction of Taxu$; 
baccata, the English yew tree [41]. They compared capillary- and packed-:; 
column SFC and concluded that packed-column SFC was better than сариЧ 
lary-column SFC for quantitative analysis of these compounds. Capillary 
SFC was done on either a biphenyl or carbowax column with unmodified 
carbon dioxide as the mobile phase. The packed-column SFC was per
formed on a nitrile column with a mobile phase consisting of a methanol 
gradient with carbon dioxide. 

Gyllenhaal and Vessman have described the packed-column SFC of 
omeprazole and related compunds using an amino column with triethyla-
mine- and methanol-modified carbon dioxide as the mobile phase [42]. 
Triethylamine (1%) was added to the methanol. The method was compared 
with an existing HPLC method, and it was concluded that SFC was about 
2.5 times faster and gave a higher degree of selectivity than HPLC. 

Masuda et al. have reported the supercritical fluid chromatography of 
retinol palmitate and tocopherol acetate using an octadecylsilyl silica gel 
column with ethanol-modified carbon dioide as the mobile phase [43]. Both 
retinol and tocophenol eluted within 5 min. The method was applied to the 
determination of these compounds in an ointment formulation. The 
method was found to be linear for both retinol and tocophenol from 0.5 to 
2.5 /tg/ml. 

IV. CONCLUSIONS 

Supercritical fluid chromatography offers high selectivity and efficiency. 
Method development is faster and easier than HPLC. The future of SFC 
lies in the use of both capillary and packed columns. Although capillary 
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columns offer a higher number of theoretical plates for separation, they 
lack in sample loadability, thus affecting the sensitivity in terms of concen
tration. Packed columns, on the other hand, offer greater sample loadabil
ity and a reproducibility comparable to HPLC. SFC will emerge as a com
plimentary technique to HPLC and its.use in applications such as chiral 
separation and purity analysis will increase. Many of these applications are 
just beginning to find their way into the scientific literature. 
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8 
Applications 

JOHN A. ADAMOVICS Cytogen Corporation, Princeton, 
New Jersey 

I. INTRODUCTION 

The purpose of this chapter of the book is to provide the analyst with a 
supplementary up-to-date reference source that describes analytical proce
dures for detecting and characterizing drug substances and related impuri
ties in a variety of matrices from plant extracts to drug product. This 
chapter is meant to complement the preceding chapters and to direct the 
reader to references on topics not discussed in the preceding chapters but 
considered relevant to the topic of this book. 

The procedures described in this chapter vary from general methods 
as developed by chromatographic manufacturers to very exacting methods 
such as those used in stability-indicating assays. The substances have been 
arranged alphabetically according to their generic names. There are also 
general classifications such as methods for amino acids, analgesics, anti
bodies, antibiotics, antihistamines, barbiturates, colorants, opium alka
loids, prostaglandins, and sulphonamides. For more complete coverage of 
phytochemicals, several references are recommended [1-3] and for biotech
nology-related products refer to Ref 4 and the most recent USP. Each 
procedure is subdivided into a description of the sample, mode of analysis, 
sample pretreatment steps, chromatographic sorbent, mobile phase, type of 
detection, pertinent comments, and reference. 
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Even though there are a number of citations to spectral data and 
physical data such as NMR, UV, IR, MS, mp, and so forth, the most 
comphrensive references are Clarke's [4] and Mills [5] and from the refer
ence standard retailers (Sigma, Alltech Applied Science Labs, Quantime-
trix, and USP). 
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II. ABBREVIATIONS 

ACN 
AcOH 
AOAC 
BP 
CE 
CI 
CP 
DAD 
DSC 
DMAB 
DSS 
EC 
ECD 
EI 
EP 
EtOAc 
EtOH 
FID 

Acetonitrile 
Acetic acid 
Association of Offical Analytical Chemists 
British Pharmacopoeia 
Capillary electrophoresis 
Chemical ionization 
Chinese Pharmacopoeia 
Photodiode array detection 
Docusate sodium 
/7-Dimethylaminobenzaldehyde 
Decane sodium sulfonate 
Electrochemical detection 
Electron-capture detector 
Electron impact mass spectrometry 
European Pharmacopoeia 
Ethyl acetate 
Ethanol 
Flame-ionization detector 

Z/ 

HPA 
HSA 
IPA 
ISTD 
JP 
LD 
MAb 
MeOH 
MLL 
MPPH 
MS 
MSTFA 
NH4OH 
NPD 
PO4 

PrOH 
PRP 
PSA 
REA 
RI 
RIA 
SFC 
SCX 
SLS 
SPE 
SRM 
TBA(H) 
TCD 
TEA 
THF 
USP 

1-Heptane sulfonate 
1-Hexane sulfonate 
Isopropyl alcohol 
Internal standard 
Japanese Pharmacopoeia 
Limit of detection 
Monoclonal antibody 
Methanol 
Mean list length 
p-Methylphenytoin 
Mass spectrometer 
/V-methyl-iV-(trifluorosily)trifIuoracetamide 
Ammonium hydroxide 
Nitrogen phosphorous detector 
Phosphate buffer 
Propanol 
Poly(styrene)-divinyIbenzene 
1-Pentane sulfonate 
Radiative energy attenuation 
Refractive index detector 
Radioimmunoassay 
Supercritical fluid chromatography 
Strong cation exchanger bonded to silica 
Sodium lauryl sulfate 
Solid-phase extraction 
Selected reaction monitoring 
Tetrabutylammonium hydroxide 
Thermal conductivity detector 
Triethylamine 
Tetrahydrofuran 
United States Pharmacopeia 

HL TABLE OF ANALYSIS 

The following table is a listing of the chromatographic methods that have 
been used to test over 1,300 pharmaceuticals, their excipients, and impuri
ties. 



Drug Mode 
Sample 

pretreatment 
Sorbent 
(temp.) 

Mobile 
phase Detection Comments Ref. 

Acebutolol hydrochloride 
Bulk 

Acecainide 
Bulk 

Acecarbromal 
Bulk 

Acedapsone 
Bulk 

TLC 

GC 

TLC 

TLC 

Acefylline piperazine 
Bulk 

Acenocoumarin 
(See warfarin) 

Acepromazine maleate 
Bulk 

Bulk 

GC 

TLC 

HPLC 

Prepare three 
solutions of 20 Ail, 
100 j j and 1 mg/ml 
in MeOH 

Silica (spray 0.1A/ 
MeOH KOH) 

Dissolve in 0.05A" 
HCl, 1 mg/ml - 5 
ml/50ml H,0 

Silica (KOH Ammonium hydroxide-
treated) methanol (1.5 : 100) 

USP-G2 — 
(between 100 
and 300 'C) 

Silica CH2Cl;-acetone (4 : 1) 

Silica G Toluene-acetone (2 : 1) 

USP-G2 
(between 100 
and 300-C) 

NH4OH-MeOH — 
(1.5: 100) 

C-8, 0.4 x 15 (H20-triethylamine 
cm (700 : 6J)-CHjCN (7 : 

Char 

FID 

Chlorinate 

GC [2], HPLC [3]. Also, 
TLC [267]; enantiomer 
resolution [703,707] 

Dry plate in air, spray No secondary spot with 
with 0.5% sodium the 1-mg/ml solution is 
nitrite in HCl, after 
a few minutes 0.1% 
n-(l-naphtyl) 
ethylenediamine 
HCl 

FID 

Acidified 
iodoplatinate 

280 nm 

more intense than the 
principal spot obtained 
with the 200 /jg/ml soln 
and no two spots are 
more intense than the 
spot obtained with 50 
Mg/ml soln., p. 385 

USP 23, p. 15, assay; re
lated compounds by 
TLC injection, assay, p. 
16 

[8] 

[1138] 

[2] 

[1] 

[5] 

Acetaminophen (Paracetamol) 
Bulk TLC 

Capsules HPLC 

Capsules containing aspirin and 
caffeine 

Transfer 1 g to a 
glass-stoppered, 15-
ml centrifuge rube, 
add 5 ml ether, 
shake for 30 min, 
centrifuge for 1000 
rpm for 15 min. 
Apply 200 MI. 
Alongside spot 10 
^g of p-chloro-
acetanilide. 

Weigh contents of not 
less than 20 

' capsules, calculate 
the average weight-
dissolve in mobile 
phase to obtain final 
volume of 200 ml -
filter (0.5/лп) 
discard first 10 ml. 

Weigh the contents of 
at least 20 capsules, 
transfer accurately a 
weighed portion 
equivalent to 250 
mg acetaminophen 
to a 100-ml 
volumetric flask, 
add 75 ml 
MeOH-AcOH (95 : 
5), shake 30 min. 
Dilute to volume 
with MeOH-
AcOH-transfer2.0 
ml to 3.0 ml internal 
std solution (benzoic 
acid in MeOH 6 

Silica gel Hexane-acetone (75 : 25) UV 

C18, 0.39 
cm 

OO H2O-MeOH (3 : 1), 
ml/min 

243 nm 

C18, 4.6 > 10 cm H2O-MeOH-AcOH 
(69:28:3) , 2.0 ml/min, 
45 "C 

275 nm 

Limit forp-chloro-
acetanilide, ^0.001%, 
USP 23, p. 17 

USP 23, p. 17, assay; oral 
solution, p. 18, 
suppositories, p. 19, 
after melting- add 
H2O- wash with 
hexane- dilute with 
mobile phase; tablets 

Assay, for salicylic acid 
use 302 nm and weigh 
equivalent to 250 mg 
aspirin-100 ml with 
AcOH-MeOH, p. 21; 
for aspirin tablets, 
sonicate powder with 
CHCl3-MeOH-AcOH 
(78 :20:2), 280 nm, 
benzoic acid ISTD, p. 
20; TLC, GC, and 
HPLC review [11] 

[5] 

[5] 

[5] 



Drua Mode 
Sample 

pretreatment 
Sorbent 
(temp.) 

Mobile 
phase Detection Comments Ref. 

Capsules with codeine phosphate HPLC 

Tablets with diphenydramine 
citrate 

HPLC 

Acetanilide 
Bulk 

Bulk 

Bulk 
Acetazolamide 

Bulk 
Bulk 

Tablets 

mg/ml)-add to 50 
ml volumetric, 
dilute to volume 
with MeOH-AcOH. 

Remove 20 capsules, C18, 3.9x30 
transfer equiv. of cm, 1.5 ml/min 
550 mg 
acetaminophen to 
250-ml vol. flask, 
dissolve in mobile 
phase- 15 ml dilute 
to 50 ml -filter, 
discard first few ml. 

Shake powder with C8 (3 5 "C) 
MeOH, add H2O 

4.44gDSC/L(MeOH-
H2O-THF-H3PO4 

(600:360:40: 1) 

280 nm 

H2O-MeOH (3 : 2) 254 nm 

GC 

HPLC 

TLC 

TLC 
HPLC 

HPLC 

* — 

— 

— 

— 

Sonicate powder 
(-100 mg) with 10 
ml 0.5WNaOH, 5 
min, dilute to 100 
ml with H2O-10 

USP-G2 
(100-300°C) 

Silica 

Silica 

Silica 
Silica 

C18, 4.6 x 25 
cm, 2.0 
ml/min 

— 
MeOH-0.0 IAZNH4ClO4 

EtOAc 

EtOAc 
MeOH-OOlMNH4ClO4, 

pH6.7 
NaOAc (4.1 g/950ml) 

H2O, 20 ml MeOH, 30 
ml ACN 

FlD 

— 
Acidified KMnO4 

— 

254 nm 

USP 23, assay p. 24. 
similiar procedures for 
oral solution, oral 
suspension and tablets 
containing codeine, p. 
26 

USP 23, p. 27, 
ISTD-guaifenesin 
[2,12-17,22,73.75. 
141,310,649,650. 
1082, 1133]; stability 
[1104]; with 
pseudoephedrine 
tablets, p. 28 

[5] 

[3,10] 

[1. 10. 18] 
[2.8.10] 

Suspension HPLC 

ml- +ISTD-
sulfadiazine-100 ml 
with H2O 

Dilute in mobile phase C1 Phosphate buffer (pH 
5.ObMeOH (65 :35) 

Acetic acid 
In Bulk 

Otic solution 
Acetohexamide 

Bulk 

Bulk 
Acetone 

Benzethonium chloride, 

Neat 

tincture 

GC 

GC 

HPLC 

TLC 

GC 

GC 

Dissolve in H2O 

Dilute in MeOH 

— 

— 
Dilute with H2O 

— 

(150°C) 
USP-G35 

Silica 

Silica 

USP-S3 
(120°C) 

USP-S4 
(8°C/min) 

— 

— 
MeOH (1% NH4OH)-

CH2Cl2 (5 : 95) 
EtOAc 

— 

— 
Acetophenazine maleate 

Bulk 

Acetorphine Hydrochloride 
Bulk 

Bulk 

Acerylcarbromal 
Bulk 

Bulk 

Acetylcholine 
Bulk 

Ophthalmic Solution 

HPLC Silica MeOH (1% NH4OH)-
CH2Cl2 (95 : 5) 

254 nm 

FID 

254 nm 

FID 

FID 

254 nm 

Stability-indicating; 
HPLC [109] 

BP, p. 395, 
ISTD-dioxane 

USP, ISTD-anisole 

Also [112] 

~ 

USP, ISTD-MeOH. 

[103] 

[4] 

[5] 

[10. 1105] 

[1] 

[5] 
resolves from EtOH 

USP, assay, also [2], 
AOAC [19]; [399] 

TLC 

HPLC 

GC 

TLC 

HPLC 

HPLC 

— 

— 

Dissolve in mobile 
phase 

Dissolve in 
MeOH-HPA 
(1 : 90), pH 4.0 with 
AcOH 

Silica (Spray 
0.1 M KOH, 
MeOH) 

Silica 

USP-G2 
(100-300°C) 

Silica (0.1 M 
KOH, MeOH) 

Silica 

C18 

Ammonium hydroxide-
methanol(!.5 : 100) 

MeOH-OOLVZNH4CIO4, 
pH6.7 

-

MeOHO-OLWNH4OH, pH 
67 

1% H5PO4 

MeOH-HPA(I :90). pH 
4.0 with AcOH 

Acidified 
iodoplatinate 

" 

FID 

Conductivity 

RJ 

— 

-

— 

Unpublished 

USP 23, p. 33; TLC [I]; 
HPLC [20]; also. HPLC 
[111] resolved from 
choline, detected by 
postcolumn 
immobilized enzyme 

[10] 

[3] 



Drug Mode 

Sample 
pretreatment 

Sorbent 
(temp.) 

Mobile 

phase Detection 

215 nm 

214 nm 

/?-Anisaldehyde 

254 nm 

Comments 

ISTD-L-tyrosine 

USP 23, p. 34, ISTD-
phenylalanine; 
inhalation solution with 
isoproterenol use 280 
nm, p. 35 

HPLC [1138] 

GC, UV, MS, NMR, and 

IR 

Ref. 

[1066] 

[5] 

[8] 

[10. p. 24] 

Acetylcysteine 
Aqueous solutions 

Bulk and solution 

Tablets 

Acintrazole 
Bulk 

Acivicin 

Bulk 

Aconitine nitrate 

Bulk 

Acriflavine 
Bulk 

HPLC Dilute in H1PO4, pH 2 C1, (60"C) 0.5% MN aq. NaCIO4, pH 
2.0 

HPLC Dissolve in bisulfite C1 , KH2PO, (6.5 g/1) 

soln. (1 in 2000) 

Acetyldigitoxin 

Bulk 
Acetydihydrocodeine 

Bulk 

Acetylmethadol 

Bulk 

Acetylsalicylic acid 

Bulk 

TLC 

HPLC 

HPLC 

HPLC 

HPLC Extract with mobile 

phase 

TLC — 

HPLC Dissolve in mobile 

phase 

TLC 

TLC 

Silica Benzene-EtOH (7 : 3) 

Silica, 30 cm * MeOH ( 1 % NH 4 OH)-

4 mm, 10 ^m CH2CI2(I : 9 ) 

Silica, 30 cm * MeOH ( 1 % NH 4 OH)-
4 mm, 10Mm CH2CI2 (2 : 98) 

C18 CH5CN-H2O gradient 

C1, H 2 0 - C H , C N - H ; P 0 4 

(76 : 24 : 0.5) 

Silica NH 4OH-MeOH 

(1 .5 : 100) 

C !8 H 2 O-CH 3 CN-ClO 4 -

HSA-DMCH (995 ml : 5 
ml :0 .8 m l : 1.88 g : 
0.62 g), pH 6.2 

254 nm 

220 nm 

295 nm 

Acidified 

iodoplatinate 

214 nm 

Silica (0.1 M NH 4 OH-MeOH 

KOH, MeOH) ( 1 . 5 : 1 0 0 ) 

Silica (0.1 M NH 4 OH-MeOH 

KOH 1 MeOH) (1 .5 :100 ) 

Acidified 

iodoplatinate 

254 nm 

GC, UV, MS, NMR, and [10. p. 30] 

IR 

GC, HPLC [113, 142, 

143] 

Resolved from salicylic 

acid, caffeine, and 

acetaminophen 

[8] 

[21] 

Acrinol 
Ointment w 

Actinomycin 
Bulk 

Acyclovir 

Bulk 

ith zinc oxide TLC 

HPLC 

HPLC 

Shake with ether, 
acetic acid & H2O, 
aq. layer used 

Dissolve 25 mg in 0. 

Adrenaline Hydrochloride 
Bulk 

Injection 

Ether-EtOH-AcOH 
( 4 0 : 10 : 1) 

CH 3 CN-H 2 O(I : 1) 

/VNaOH-diluteto ml/min 

volume with H2O, 
50 ml 

Adenine 

Bulk 

Adiphenine hydrochloride 

Bulk 

Bulk 
Bulk 

Adipiodone (lodipamide) 
Bulk 

Adrenaline acid tartrate 
Bulk 

GC 

GC 

HPLC 
TLC 

TLC 

TLC 

Head space 

— 

— 

Dissolve 1 mg in 
0.08% M e O H -
NaOH 

Dissolve in H2O, 
apply, spray with Na 
bicarbonate solution 
followed by acetic 
anhydride, heat 

Electrometer 

254 nm 

USP-G2 — FID 
(between 100 
and 300°C) 

Silica MeOH-0.01WNH 4ClO 4 — 

Silica (0.1 M NH 4 OH-MeOH (1.5 : Acidified 
KOH 1 MeOH) 100) iodoplatinate 

Silica (HF254) /J-BuOH-AcOH-H2O 

( 4 : 1 : 5 ) 
254 nm 

Silica HCOOH-acetone-CH,Cl2 Ethylenediamine/ 

(0.5 : 50 : 50) ferric cyanide 

TLC — 

HPLC Dissolve in mobile 

phase 

Silica (0.1 M NH 4 OH-MeOH 
KOH 1 MeOH) ( 1 . 5 : 1 0 0 ) 

C1 , MeOH-buffer (380 : 620); 

buffer = 7.8 g KH2PO4 & 
0.14 g SDS, pH 3.8 with 
H3PO4/! with H2O 

Acidified KMnO4 

280 nm 

JP, p. 1306 identification 

USP 23, p. 36, assay, 

limit for guanine and 

identification; HPLC, 

stability indicating, 

more stable in alkaline 

[128] 

USP 23, volatile 

impurities [467] 

CP, p. 409, identification 
& injection i.d. 

EP.pt . II-7, pp. 254-3 , 
noradrenaline also 
assayed; HPLC, 
resolved from 
lidocaine/ bupivacaine 
[130] 

HPLC [23] 

CP, assay p. 411; BP, 
vol. II, p. 586 [4] TLC, 
injection, 

[7] 

[782] 

[5] 

[5] 

[3] 

[2] 

[1] 

[1138] 

[6] 

[1138] 

EP.pt


Drag 

Adriamycin 
Ajmaiine 

Bulk 
Bulk 

Alanine 
Bulk 

Albenazole 
Bulk 

(Doxorubicin) 

Mode 

HPLC 
TLC 

TLC 

TLC 

Sample 
pretreatment 

Dissolve in CH5CI 

60% EtOH 

Dissolve 50 mg in 3.0 
ml AcOH, dilute to 

Sorbent 
(temp,) 

Silica 
Silica 

Silica 

Silica 

Mobile 
phase 

MeOH-0.01 WNH4CIO4 

CHCI,-acetone-
diethylamine 

( 5 : 4 : 1 ) 

/7-BuOH-H,0-AcOH 
( 3 : 1 : 1 ) 

CH,Cl-AcOH-ether 
( 6 : 1 : 1 ) 

Detection 

Dragendorff 

Ninhydrin 

Short wavelength 

Comments 

GC[Il] 
JP, p. 71, purity: [1.11] 

— 

USP 23, p. 37, purity; 
similiar procedure in 

Ref. 

[3] 
[7] 

[24] 

[5] 

Albuterol 
Bulk 

Alclofenac 
Bulk 

Alcometasone Dipropionate 
Bulk 

Bulk 

Cream 

50 ml with 
AcOH^l.Omlto 
100 ml with AcOH 

TLC Dissolve in MeOH at 
0.1 mg/ml 

HPLC 

HPLC Dissolve in MeOH 

TLC 

TLC/ 
HPLC 

Dissolve in MeOH-
CHXl2(I :2) 

Add MeOH, heat to 
60°C until sample 
melts, remove and 
shake vigorously 

Silica MEK-IPA-EtoAc-H.O-
NH4OH 
(50:45 : 35 : 18 : 3) 

IPA-CHOOH-O. I M 
KH2PO4 (13.61 g/L) 
(540: 1 : 1000) 

CP [1138, p. 412] 

USP 23, purity, p. 38. 
same for sulfate salt and 
tablets, p. 39; HPLC for 
tablet assay, C18 HSA 
(1.13 g / l i 1)+ 12 ml 
AcOH - MeOH (6 : 4): 
enantiomers [137] 

TLC and GC, p. 323 

C18 

Silica 

Silica 

0.05/WKITPO4-MeOH 
(1:2) 

CHCIj-acetone (7 : 1) 

CHClj-acetone (7 : I) 

254 nm 

350 nm 

350 nm 

USP 23, p. 40, 
ISTD-betami 
assay 

USP 23. p. 40 

[5] 

Ointment 

Alcuronium Chloride 
Bulk 

Alendronate 
Tablets 

Aletamine 
Bulk 

Allobarbitone (Allobarbital) 
Bulk 

AlKprodine 
Bulk 

TLC/ 
HPLC 

TLC 

TLC 

TLC 

HPLC 

HPLC 

until sample 
solidifies, place in 
ace- MeOH bath, 
centrifuge 

Add 2,2,4-
trimethylpentane 
vortex, add 
MeOH-H2O 
(45 : 5), mix 
centrifuge, use 
lower layer 

Dissolve in solution 
consisting of 1.6 
in A/ nitric 
acid-2mA7 CuSo4, 
sonicate, filter 

Silic 

Silica (0.1 M 
KOH) 

CHCl,-acetone (7 : 1) 

NH4OH-MeOH 
(1.5 : 100) 

Silica, uncoated 16 mAY HNO,-2m/V/ 
CuSO4. 25 kV 

Silica (0.1 M 
KOH) 

Silica 

Silica 

NH4OH-MeOH 
(1.5: 100) 

S1 = CHCI,-acetone (8 : 2) 
S, = EtOAc 
S,-CHCl1MeOH (9: 1) 
S4 = EtOAc-MeOH cone. 

NH4OH (85 : 10:5) 
CHXl, (1% NII4OH) 

(99: 1) 

MeOH(IVoNH4OH)-
CHXI, (5 :95) 

350 nm 

KMnO4 

240 nm 

KMnO4 

254 nm 

USP 23, p. 41 

HPLC [1105] 

Compared to HPLC 
methods; H P L C -
conductivity [139]; also 
[145] 

ItRn = 50, hR,, = 66, 
ItRn = 56, hRf4 = 3 I 
also GC, SE-30 
RI: 1606; UV, MS. 
NMR, IR [9, p. 52] 

TLC. GC, p. 326 [25] 

[5] 

[132] 

[9] 

GC. UV, MS. NMR. & 
IR 

[9. p. 56] 



Drug 

Sample Sorbent Mobile 
Mode pretreatment (temp.) phase Detection Comments Ref. 

Allopurinol 
Bulk 

Bulk 

Tablets 

Allyoestrenol 
Tablet 

Aloxiprin 
Bulk 

Alphadolone acetate 
Bulk 

Alphaprodine 
Bulk 

Alphaxalone 
Bulk 

Alprazolam 
Bulk 

TLC Dissolve in 10% 
diethylamine 

Cellulose Butanol-5M NH4OH 
(saturated) 

254 i 

HPLC 

HPLC 

GC 

TLC 

TLC 

HPLC 

HPLC 

HPLC 

Add 10 ml 0.1 Af 
NaOH to 50 mg of 
allopurinol, shake, 
add H2O to 50 ml 
volume 

— 

-
Dissolve in 

MeOH-CHCI3 

(1 : D 

— 
Dissolve in IPA 

Silica 

C11, 4 * 30 cm, 
1.5 ml/min 

USP-G-I 
(220-C) 

Silica 

Silica 

Silica 

C1 , (60"C) 

C-18, Hypersii, 
5 д т ; flow 
rate 1.5 ml/ 
min. 

CH2CI2-MeOH ( 1 % 
NH4OH) ( 9 9 : 1) 

0 .05MKH 2 PO 4 

— 

CHCIj-acetone (4 : 1) 

Toluene-EtOAc (1 : 1) 

MeOH-O.OlM NH4OH 

IPA-H7O (CO2 free) 
(25 : 75) 

51 = MeOH, H2O, 
PO4 (O. IM) (55 : 2 5 : 
20), pH : 7.25 

52 = MeOH, H2O, 
PO4(O. IM) ( 7 : 1 :2 ) , 
pH: 7.67 

254 nm 

254 nm 

— 

Various spr 

Ceric sulfa 

~ 
205 nm 

BP, p. 19, related 
substances, JP, p. 75 
[7], for HPLC/TLC 
review [831], p. 326 
[25]. GC [8], impurities 
[24]; CP [1138, p. 414]; 
USP 23, p. 45 

Tablets [26, 27] 

USP 23, assay, p. 45 

ISTD-epiandrosterone 

[4] 

[9] 

[419] 

— 
BP, addendum 1983, 

p. 213 

HPLC [9], GC [6] 

BP, addendum 1983, p. 
213 ;TLC,p .330 [25] 

Cap. Fact. 1: 4.70 

Cap. Fact. 2: — 

[1] 

[4] 

[3] 

[4] 

[135 

Bulk/tablets 

Alprenolol 
Bulk 

Alprostadil 
Bulk injection 

Alteplase 
Bulk 

HPLC Dissolve bulk in 
CH1CN; shake 
powder with 

HPLC 

Silica, 
Spherisorb 
5W, 2 ml/min. 

Silica 

CH3CN, centrifuge 

53 = MeOH-perchloric 
acid (IL: 100 (J) 

54 = MeOH, H2O, TFA 
( 9 9 7 : 2 : 1) 

/7-BuOH-H2O-
A C O H - C H 3 C N - C H C I , 

(50 : 20 : 0.5 : 850 : 80) 

Silica MethanolicO.OlM 
ammonium perchlorate, 
p H 6 . 7 

Silica HPLC Dissolve bulk in 
CH2Cl2, derivatize 
with 2-
acetonapthone 

HPLC Dilute 1 mg in H2O, C18, 4.6 * 10 
dialyze-add 
dithiothreitol-
dialyze against NH4 

carbonate-trypsin-
24 hr 

cm, 1 ml/min 

r-Amyl 
alcohol-CH,CI2 -H 2 O 
( 7 . 5 : 1000 M ) 

Mobile phase A—6.9 g 
KH2PO4/!, pH 2.85; 
mobile phase 
B - C H 3 C N , gradient 
with 100%A-0-30%Bat 
0.33%/min-I%/min B 
until 60% B-IO min 

254 nm 

254 nm 

214 nm 

Cap. Fact. 3: 2.04 

Cap. Fact. 4: 3.38 

[135] 

USP 23, p. 46, [5] 
ISTD-triazoIam, also p. 
331 [25], [9] 

GC and TLC, also [8]; 
[263]; TLC [1139]; 
HPLC enantiomers 
[703,707,919] 

USP 23, p. 49, 
ISTD-methyltestos-
terone 

USP 23, p. 50, peptide 
mapping, 20 major 
peaks; purity by 
electrophoresis and 
single-chain content by 
size exclusion 

[3] 

[5] 

HPLC MeOH added to 
powder, centrifuged 

CH3CN-H2O(I : 1) 271/235 nm ISTD-poIythiazide [29] 

HPLC 

HPLC 

TLC 

Silica MeOH-OOlMNH4OH, 
pH6.7 

Silica 1% H3PO4 

Silica (0.1 M NH4OH-MeOH 
KOH) (1.5:100) 

Conductivity 

Char 

TLC [I]; GC [2] 

GC [8,10]; TLC [1,8]; 
HPLC [920] 



Dm a 
Sample 

pretreatment 
Sorbcnt 
(temp.) 

Mobile 
phase Detection Comments 

Ambenonium chloride 
Bulk 

Ambucetamide 
Bulk 

Amcinonide 
Bulk 

Cream 

Ointment 

Amdinocillin 
Bulk 

Ametazole 
Bulk 

Amethocaine (Tetracaine 
hydrochloride) 
Eye drops 

Amfepramone (Diethylpropion) 
Bulk 

Amidarone 
Bulk 

TLC 

TLC 

Silica(0.1M 
KOH) 

NH4OH-MeOH 
(1.5 : 100) 

Silica (0.1Л/ NH4OH-MeOH 
KOH) (1.5 : 100) 

HPLC Dissolve in mobile Silica, 2.1 x 60 IPA CH2Cl , 
phase cm, I ml/min (4 : 100) 

HPLC Partition between Silica, 2.1 x 60 IPA-CHXT, 
cycIohexane-CHCTj cm. 1 ml/min (4 : 100) 
(1 : I) and 10% 
H2SO4, use a Mg 
silicate column 

HPLC Dissolve ointment C,„ 4.6 * 25 MeOH-H2O 
into beadlets in a cm, 1 ml/min (4 :1) 
centrifuge tube with 
MeOH, heat, cool, 
add mobile phase, 
filter 

HPLC Dissolve in H1O 

TLC Dilute if necessary 

HPLC 

HPLC 

C18, 4.6 x 25 Buffer-CH,CN (85 : 15); 
cm, 5 ^m, 1 buffer-KH,PO„. 1.36 g/ 
ml/min pH 5.0 

SiIiCa(MeOH NH4OH-MeOH 
NH4OH) (1.5 : 100) 

Silica rc-Hexane-dibutyl 
ether-AcOH (80 : 16:4) 

Silica MeOH (1% 
NH4OH)-CHXI2 (2 : 98) 

Silica MeOH-O-OlMNH4ClO4, 
pH6.7 

Char 

Char 

HPLC [1105] 

254 nm USP 23. assay, p. 74 

254 nm 

254 nm USP 23, assay, p. 74 

220 nm USP 23. p. 75. assay 

Char GC [2] 

254 nm BP, vol.11, p. 566, related [4] 
substances, also [25]: 
HPLC [1105] 

254 nm UV, GC. MS. NMR. and [9. p. 666] 
IR 

— TLC [I]; GC [2]; HPLC [3] 
[449] 

Amidopyrine 
Bulk 

Amikacin 
Bulk 

Bulk 

3ulk 

Amiloride 
Bulk 

Tablets 

Amino acids 
Parenterals 

Aminobenzoic acid 
Gel 

Aminocaproic acid 
Bulk 

Aminoglutethimide 
Bulk 

TLC Dissolve in HX) 

HPLC 

TLC 

TLC 

Dissolve in H :0, 
derivatize with 
2,4,6-trinitroben-
zene-sulfonic acid 

Dissolve in H1O 

Silica 

Silica 

C18, 4.6 x 25 
cm, 5 ^m, 
3OX, 0.8 
ml/min 

Silica gel H 

Mix in MeOH-CHCIj Silica 
(4:1) 

HPLC Sonicate powder with C18, 3.9 * 30 
MeOH-0.1 ,VHCl cm, 1 ml/min 
(15 : 2), dilute with 
H2O, sonicate, mix 
and filter 

HPLC o-Phthaladehyde 

MeOH-0.01,M NH4OH, 
pH 6.7 

MeOH-CHCI1-NH4OH 
(60 : 30 : 25) 

Buffer-MeOH (28 : 72); 
buffer-KH2P04, 2.7 g/l, 
pH6.5 

CHCl,-MeOH-NH4OH-
H2O(I : 4 : 2 : 1) 

THF-3 WNH4OH (15 :2) 

H,0-MeOH-buffer 
(71 :25 :4); buffer-136 
mg/ml KH2PO4, pH 3.0 

Gradient 

HPLC Dissolve sample and Phenyl (L 11). MeOH-AcOH-H2O (30 : 
salicylic acid (ISTD) 3.9 x 30 cm, 1 I : 69) 
in MeOH ml/min 

HPLC Dissolve in H2O with С,8,4.6х15 Buffer-KH2P04 (10 
methionine (ISTD) cm, 3OX, 0.7 g)-HPA (0.45 g)-MeOH 

ml/min (250 ml) 

HPLC Dissolve in acetate 
buffer-MeOH 
(1 : 1); see mobile 
phase 

C18, 3.9 x 15 cm Acetate buffer-MeOH 
40X, 1.3 (73 : 27); buffer—240 
ml/min ml 0.1 A1AcOHtO 200 

ml 0.1 WKOH, pH 5.0 
dilute to 2 L 

GC [2]; TLC [1.337] 

Ninhydrin USP23, p.76. identity [5] 

340 nm USP 23, p.76, assay of [5] 
sulfate salt and for 
injection 

Ninhydrin CP, p. 418, identity for [1138] 
bulk and injection 

350 nm USP 23. p. 78, [5] 
chromatographic purity: 
BP vol. II, p. 731 [4] 

286 nm USP 23. p.78, assay. [5] 
same procedure for 
tablets with 
hydrochlorothiazide [1. 
8,46.140]; review 
[1046], HPLC [1105] 

Fluorescence Common amino acids; [1039] 
enantiomers [142]; 
parenterals [ 144] 

280 nm USP 23, p. 83, assay [5] 

210 nm USP 23. bulk and similar [9. p. 90] 
procedure for injection. 
p. 83 

240 nm USP 23. p. 85, assay, [5] 
volatile impurities 
<467>, separate 
procedure for 
azoaminoglutethimide. 
same procedure for 
tablets, p. 86 



Drue 
Sample 

Mode pre treatment 
Sorbent 
(temp.) 

Mobile 
phase Detection Ref. 

Aminoglycoside 
Ear drops Dissolve in 100 m/V/ 

CMA 
SIIK 0.0 Ш imidazole acetate, 

pH5.0, 12 kV 

Aminohippuric acid 
Bulk 

Aminophenazone 
Bulk 

Aminophylline 
Bulk 

Aminopyrine 
Bulk 

Aminosalicylic acid 
Bulk and tablets 

TLC 

Tablets, granules, suspension 

Amiodarone hydrochloride 
Bulk and tablets 

HPLC 

HPLC 

HPLC 

HPLC 

TLC 

— 

Dissolve in 
H2O-MeOH (4 : 1) 

-

Shake with mobile 
phase, filter, use 
low-actinic flasks 

Extracted with 
AcOH-H2O 
(15 : 85), low-
actinic flasks 

Dissolve in MeOH 

Silica (MeOH-
0.1 M 
NH4OH) 

Silica 

C1,, 3.9 x 15 
cm,l ml/min 

Silica 

C18, 4.6 x 25 
cm, 1.5 
ml/min 

^Bondapak C18 

Silica HF254 

NH4OH-MeOH 
(1.5 : 100) 

S, = CHCIj-acetone 
(8:2) 

S, = EtOAc 
Sj = CHCIj-MeOH (9 : I) 
S4 = EtOAc-MeOH cone. 

NH4OH (85: 10:5) 

200 ml MeOH, 960 mg 
PSA/I, pH 2.9 AcOH 

CH2Cl2-MeOH (1% 
NH4OH) (98 : 2) 

MeOH-buffer (3 : 10); 
buffer—17.04 g 
K2HPO4, 16.56 g 
KH2PO4, 9.2 g TBAH/1; 
5mMPICB5, pH3.5 
w/AcOH-MeOH (9 : 1) 

CHCI3-MeOH-CH3OOH 

214 nm 

Char 

254 r 

254 nm 

254 nm 

254 nm 

Resolved dihydrostrepto-
mycin, lividomycin. 
amikacin, kanamycin. 
tobramycin, and 
sisomycin; HPLC-OPA 
derivatization [148]; 
HPLC-PAD [149-151] 

hRf, = 25. 
hRc = 15, hRn = 58. 
hRf4 = 61; tablets GC 
[55OJ; HPLC, dosage 
forms [551]; TLC. 
stability [553] 

USP 23, p. 87, assay. 
also for oral solution, p. 

(80 : 15 : 5) 

GC[IO] 

USP 23, assay, p. 92, also 
for tablets, limit for 
aminophenol also 
described, ISTD-
acetaminophen; TLC 
[1], GC [2], stability 
[1104]; suppositories 
[155,175] 

CP, related substances, p. 
421; [141] 

147] 

[9] 

[5] 

[152] 

[1138] 

Amiphanazole 
Bulk 

Amitriptyline 
Bulk 

TLC 

TLC 

Silica (base 
treated) 

Bulk 

Bulk 

TLC Dissolve in methanol Silica 

Injection and tablets 

Amobarbital 
Bulk 

Bulk 

HPLC 

HPLC Dilute with H,0 

TLC Dissolve in ethanol 

Silica, 5 ^m 

C18, 4 x 30 cm, 
2 ml/min 

Silica 

Silica 

NH4OH-MeOH 
(1.5: 100) 

51 = EtOAc-MeOH-conc. 
NH4OH (85: 10:4) 

52 = MeOH 
53 = MeOH-1-butanol 

( 3 : 2 ) - 0.1MNaBr 
54 = MeOH-conc. NH4OH 

(100: 1.5) 
55 = cyclohexane-

toluene-diethylamine 
(75: 15: 10) 

56 = CHCl3-MeOH (9 : 1) 
57 = acetone 
Ammonium hydroxide-

chloroform-methanol 
(1 : 135: 15) 

Isooctane-diethylether-
methanol-diethylamine-
water (400 : 325 : 225 : 
0.5 : 15); Flow rate: 2.0 
ml/min 

KH2PO4, 11.04g/l, 
pH2.5 

Ammonium hydroxide-
chloroform-ethanol 
(5 :80 : 15) 

CH2CI2-MeOH (1% 
NH4OH) (99: 1) 

Char 

254 nm 

279 r 

254 nm 

254 nm 

254 nm 

hRri = 70, hRn = 26, 
hRn = 51,hR„ = 51, 
hR,, = 55, hRr„ = 32, 
hR„= 15, also, GC, SE-
30/OV-LRl: 2196 

USP 23, p. 93, volatile 
impurities <467>; 
impurities [925]; TLC 
[1,8, 921]; GC 
[2,8,921]; and HPLC 
[3,8,168,922,1054] 

(f1 = 0.93, RRT = 0.47 
(diamorphine, 1.00, 49 
min); embonate, BP, v. 
II, p. 686 and v. I, p. 29 
[4], adsorption [177] 

USP 23, p. 93, assay; CP 
[p. 422, 1138], related 
substances, 
CHCl,-toluene(l : 1), 
silica 

EP, pt. II-5, p. 166-2, for 
GC, USP 23 [5] and 
[10,924,1138]; 
stability [923] 

[1321 

[5] 

[133] 

[5] 

[6] 

[9] 



Drug 

Amobarbilone (Amobarbital) 
Bulk 

Amodiaquine hydrochloride 
Bulk 

Mode 

TLC 

TLC 

Sample 
pretrealment 

Shake with CHCl3 

saturated with 
NHjOH 

Sorbent 
(temp.) 

Silica 

Silica 

Mobile 
phase 

S, = CHC^-acetone 
(8:2) 

S, - EtOAc 
S,-CHCl1-MeOH (9: I) 
Sj = EtOAc-MeOH cone. 

NH4OH (85 : 10:5) 

CHCl1 (sat. 
NH4OH)-EtOH 
(dehydrated) (9 : 1) 

Detection 

254 nm 

Comments 

hRf, = 52. ItR1, = 65. hR„ 
= 58. hRr4 = 40: also 
GC. SE-30OV-1.RI: 
1718 

USP 23, p. 97. 
chromatographic purity. 
organic volatile 

Ref. 

[132] 

[5] 

Amoxapine 
Bulk 

Amoxicillin 
Bulk 

Capsules 

HPLC 

GC 

HPLC 

Add 1 N NaOH and 
cyclohexane, shake 

Capsules, tablets, suspension TLC Dissolve in 0.1 WHCI 
uae within 10 min 

C1! 

Silica 

Amphetamine sulfate 
Tablets Dissolution 

CHXIj-McOH (1% 
NHjOH) (95 : 5) 

H2O-MeOH-AcOH 
(74:25 : 1) 

MeOH-pyridine-CHCI,-
H,0 (90:10:80:10) 

Buffer-methanol 
(3 : 2); buffer — 1.1 g 
HPA, 25 ml 14% acetic 
acid to 575 ml water 

FID 

Amperometric 

Ninhydrin 

254 nm 

GC [2.10]. USP 23 TLC. 
p. 99 & tablet assay by 
HPLC. p. 100: review 
[159] 

EP. pt. 11-7. p. 260-3. 
ISTD-naphthalene 

[32,34,47.319.438]: 
stability [1104]: CE 
[176] 

USP 23. p. 100, 
identification, assay by 
HPLC, oral suspension 
& tablets with 
clavulanate. assay by 
HPLCp. 103: also. BP. 
p. 31 [4] 

USP 23. p. 104: GC [2.8. 
10,702.926,927): 
tablets [336]: salts and 
optical isomers are 
DEA controlled: SCF 
[170]: HPLC [243, 
251,335] 

[9] 

[6] 

3ulk 

Bulk 

Silica 

TLC Silica 

Amphotercins 
Bulk, parenteral, and topical 

Ampicillin 
Capsules, oral suspensions 

HPLC For bulk, weigh into 
volumetric and 
dissolve with 
DMSO 

TLC Dissolve in acetone-
0.1 WHCl (4 : 1) 

Silica 

Methylene chloride-
methanol (1% 
ammonium hydroxide) 
(9: 1) 

51 = EtOAc-MeOH-conc. 
NH4OH (85 : 10 : 4) 

52 = MeOH 
S, = MeOH-I -butanol 

(3 :2)-0.1/WNaBr 
S4 = MeOH-conc. NHjOH 

(100: 1.5) 
S< = cyclohexane-

toluene-diethy !amine 
(75: 15: 10)' 

56 = CHCl5-MeOH (9 : 1) 
57 - acetone 

MeOH-POj buffer (pH 
2.6)(10:3) 

Acetone-toluene-H;0-
AcOH (650 : 100 : 
100:25) 

254 nm Separation of [9] 
enantiomers [339.343-
346,703,928-934,1126] 

— hR,, = 44, ItRn,= 12. [132] 
hR„ = 75, hR„ = 43. 
hR„= 15. hRf6 = 9, hRr 

= 18; also, GC, SE-
30XIV-1, RI: 1123; also 
[51, 52], enantiomer 
resolution [57-59]; GC 
[264,273,484.485]; 
spectrophotofluorimetry 
[349]GC/MS [350. 
713];mpIR [348] and 
thermal analysis [353. 
354]; TLC [488]: 
standard stability [678]; 
HPLC [231,481.567, 
705, p. 218, 1138]; CE 
[759]; SPE (Varian); 
Toxilab, TLC [564]; 
HPLC [672]; GC [706, 
p. 156]; historical 
[652]; colorassay 
(Marquis test reagent 
kit) [1118] 

313 nm Method developed for [116] 
potency of ampho A & 
B. PRP sorbent [776] 

Ninhydrin USP 23, pp. 106-9, [5] 
identification, assay 
HPLC, p. 107, with 
probenecid capsules 
assay by HPLC. p. 111. 
with sulbactam, p. 113; 
with cloxacillin [171]; 
UV [174] 



Drue Mode 
Sample 

pretreatment 
Sorbent 
(temp.) 

Mobile 
phase Detection Comments Ref. 

Amprolium 
Bulk 

Amyl nitrate 
Neat 

Analgesics 
Bulk 

HPLC Add 50 mg+ -100 ml Trimethylsilane, Dissolve 1.10 g HPA in 
(H2O-MeOH- Ll 3 50OmIH2O+12 ml 
CH1CN) (50 : 45 : 5) AcOH + 2.0 ml TEA + 

450 ml MeOH + 50 ml 
ACN, filter 

254 nm 

Capsules/tablets 

Androsterone 
Bulk 

Anileridine 
Bulk 

Anisodamine hydrobromide 
Bulk 

Antazoline 
Bulk 

GC 

HPLC 

GC 

HPLC 

TLC 

HPLC 

Grind,ultrasonicate 
with H20/CH,CN, 
filter 

USP-G2 
(between 100 
and 300-C) 

C,g 

Silica 

2-Propanol-formic 
acid-PO, 

5 mM PO4, pH 
2.6-CH1CN (95 : 5), 1 
ml/min 

MeOH 

USP 23, assay, p. 114; 
also for oral solution 
and soluble powder 

USP-G2 
(between 100 
and 300-C) 

Silica 

Aluminum 
oxide 

Silica 

— 

Methylene chloride-
methanol (1 % 
ammonium hydroxide) 
(98 : 2) 

CHCl,-dehydrated EtOH 
(95 : 5) 

MethanolicO.Ol M 
ammonium perchlorate 
adjusted to pH 6.7 

FID 

254 nm 

Dilute K, 
iodobismuthate 
TS-KM2(I : 1) 

— 

— 

Also [3];GC 

CP, other alkaloids, 
isolated form root of 
Scopolia tangutica 
Maxim. 

TLC [I]; GC [2]; HPLC 
[180,935,936,1061, 
1105]; GC [706, p. 
164]; USP 23, p. 117, 
TLC, chromatographic 
stability 

[5] 

FID 

240 nm 

254 nm 

also, total nitrites by GC, 
USP 23, p. 115 [5] 

Forty drugs; haloethane 
[204] 

Resolved aspirin, 
fenbufen, ibuprofen, 
indomethacin, 
ketoprofen, sulindac, 
naproxen, tolmetin 

[2] 

[1044] 

[178] 

[2] 

[9} 

[1138] 

Anthra/in 
Bulk 

Antibiotics 
Formulations 
Bulk 

HPLC 

HPLC 
CE 

Dissolve in CH2Cl2 
followed by mobile 
phase 

Silica 

Silica 
(50 um > 
cm) 

Antibodies (IgG) 
Bulk 

Antihistamines 
Tablets 

и-Нехапе-СН2С12-АсОН 
(82 : 12 :6) 

0.05M PO4-O. \M borate, 
50 pH7.06, 15 kV 

CE 

CE 

Dilute in 10 mA/ 
HEPES-MES, pH 
7.0, reduce with 
DTT 

Extract powder with 
MeOH, filter 

eCap SDS 200 
coated 
capillary, 47 
cm * 100 ^m 

Silica, 47 cm * 
50 (.m 

14.1 kV, 30min 

10mMSDS-0.05jW 
borate-0.05M PO4-IO 
mMTBA-lOmM 8, p-
cyclodextrin 

Antipyrine 
Bulk HPLC Silica CH2Cl2-MeOH (1% 

NH4OH) (98 : 2) 

354nm USP23,assay, p. 118, [5] 
use low-actinic glass. 
ISTD-onitroaniline. 
same procedure for 
cream & ointment 

— Review [1142] 
PDA Resolved pencillin-G, 

ampicillin, amoxicillin, [185] 
chlorotetracycline, 
tylosin, HPLC p-lactam 
antibiotics [186], 
antibacterials [407], 
PRP [342], HPLC 
[601,602]; novobiocin 
[322,907] 

214 nm MW separations, paper [187] 
[181,182] 

214 nm Resolved pheniramine, [193] 
doxylamine, 
metapyrilene, 
thonylamine, 
triprolidine, 
dimenhydrinate, 
cyclizine, 
promethazine, 
chlorophen iram ine; 
HPLC [192,424,1063] 

254 nm GC [9]; ear drops [9] 
[153,154]; USP 23, 
ordinary impurities, p. 
142, with benzocaine 
solution & with 
phenylephrine, assay by 
HPLCp. 125 [5] 



DnJ2 Mode 
Apomorphine hydrochloride 

Bulk 

Bulk 

Apraclonidine hydrochloride 
Bulk 

Sample 
pretreatment 

Sorbent 
(temp.) 

Silica 

Silica 

Mobile 
phase 

CH.CN-formic acid-
EtOAc-CHXl. (30 : 5 
30:5) 

Methanolic 0.0Ш 
NH4CiO4, pH 6.7 

Detection Comments Ref. 

TLC 

HPLC 

Dissolve in MeOH 

HPLC Dissolve in mobile 
phase 

Aprinidine 
Bulk 

Aprobarbitai (Aprobarbitone) 
Bulk 

Bulk 

C8, L7 CH,CN-P0 4 -buffer (6.8 
ml H,P04 /2 IbMeOH 
(56 : 40 : 4) 

USP-G2 
(between 100 
and 300°C) 

Apronal (Apronalide) 
Bulk 

TLC 

HPLC 

TLC 

Silica 

Silic, 

Silica 

S1 = CHCl3-acetone 
( 8 : 2 ) 

S; = EtOAc 
S, = CHCl3-MeOH (9 : 1) 
S4 = EtOAc-MeOH cone. 

NH4OH (85 : 1 0 : 5 ) 
Methylene 

chloride-methanol ( 1 % 
ammonium hydroxide) 
(98 : 2) 

NH4 vapor 

220 nm 

FID 

254 nm 

Chloroform-acetone 
( 4 : 1 ) 

Acidified 
potassium 
permanganate 

EP.pt . II—4, p. 136-2. [6] 
also, BP addendum 
1983. p. 214 [4] 

TLC [1.157]; GC & 
HPLC [9]: also [3] 
[156.653]; USP 23. 
ordinary impurities p. 
127 

USP 23, purity, p. 128. [5] 
for ophthalmic solution 
TLC for ID and HPLC 
for assay, p. 129 

Also [194,1138.1143] [2] 

hRfl = 48, hR„ = 65. [132] 
hRn = 57. hRf4 = 37; 
also GC, SE-30 O V - I . 
RI: 1622 

GC [8,9]; TLC [8]; also [9] 
p. 359 [25] and [166]; 
TLC [261]; GC [404]: 
GC. JW DB-17: p. 54 
[705] 

Arginine 
Bulk, parentemal 

Ascorbic acid 
Bulk 

HPLC Dissolve in mobile 
phase 

Silica 0 .1%H;PO4 

Oral tonic 

Aspartame 
Bulk 

Aspirin 
Bulk 

Tablets 

Atenolol 
Bulk 

TLC Dissolve in abs. EtOH Silica MeOH-ace tone-H,0 
(20 : 4 : 3) 

CE Dissolve in 0.1MPO 4 Coated, 20 cm x 0.1AZPO4, pH 5.0, 8 kV 
25 jim 

GC Silyation USP-G2 
(200°C) 

TLC 

HPLC Shake powder with 
CHCI,-formic 
acid-ACN (EtOH 
free) (99 : 2 : 99) 

HPLC 

C18 

Silica 

H 2O-CHjCN-HPA 
"(850: 150: 2 g) adjust 
pH to 3.4 with AcOH 

Methanol-О.ОШ 
ammonium perchlorate, 
pH adjusted to 6.7 

206 nm Impurities TLC [24]; [30] 
HPLC [554]; USP 23 
organic volatile 
impurities p. 129 [5] 

UV Impurities; TLC, GC & [24] 
HPLC review [49]; 
HPLC [64,196-198, 

265 nm 736,738,739-745] [195] 
review [801]; stability 
[1104]; USP 23 organic 
volatile impurities p. 
130 [5]; TLC [728] 

FID USP 23, for [5] 
determination 5-benzyl-
3,6-dioxo 2-piperazine-
acetic acid; HPLC 
[51,200-202,1124, 
1144-1146] 

— U S P 2 3 , p. 1321, see [5] 
procedure for 
propoxyphene; JP. p. 

280 nm 1200 [7]; 
[12,203.475,1074.1147] 
USP 23, pp. 133-136 
also for capsules, 
extended & delay 
release tablets 

— For pharmaceutical forms [3] 
[52]; HPLC, GC and 
TLC [8,939,940,1148]; 
[188,190,191]; HPLC 
[272, 751, pp. 7,13]; 
HPLC review 
enantiomers [703,707]; 
CP TLC />-hydroxy-
phenylacetamide p. 439 
[1138] 

EP.pt


Mode 
Sample 

pretreatment 
Sorbent 
(temp.) 

Atropine 
Bulk TLC Silica 

Bulk 

Tablets with Diphenoxylate 
Hydrochloride 

Bulk 

TLC 

GC 

Dissolve in methanol Silica 

GC 

Atropine sulfate 
Injection TLC 

Add pH 2.8 buffer to 
powder, extract with 
chloroform, discard 
organic layer, adjust 
to pH 9.0 extract 
with chloroform 

Dissolved in methanol 

Dissolve in EtOH 

USP-G3 
(230°C) 

0.25-^m film 
chemically 
bonded 5% 
phenyl 
polydimethyl 
siloxane. 
Injector 
275 0C, 
column 600C 
after inj. 
40°C/min to 
250°C,30 
min. 

Silica 

Mobile 
phase Detection Comments 

S, = EtOAc-MeOH-conc. 
NH4OH (85 : 10 : 4) 

S2 = MeOH 
S, = MeOH-1-butanol 

(3 : 2)-0.IMNaBr 
54 = MeOH-conc. NH4OH 

(100: 1.5) 
55 = cyclohexane-

toluene-diethylamine 
(75 : 15 : 10) 

56 = CHCl3-MeOH (9 : 1) 
57 = acetone 
Chloroform-acetone-

diethylamine (5 : 4 : 1) 

hRfl=25, hR,,= 6, 
hRn=28, hR„=18, hR„= 
6, hR«= 3, ItR17= l;also 
GC, SE-30/OV-1.RI: 
2199; enantiomers 
[199]; HPLC [205] 

CHCl1-DEA (9 : 1) Iodoplatinate JP, p. 297, also, EP, 
pt. II—2, p. 68-2 foreign 
alkaloids and 
decomposition products 

Ref 

[132] 

Iodoplatinate 

FID 

IS, scanned 
between m/z 33 and 
500/sec. EI 

USP 23, p. 145, 
impurities; p. 364 [25] 

USP 23, p. 535, 
ISTD-homatropine, 
assay; also [9, 159], 
enantiomers [57,1065]; 
stability [1104] 

Propoxyphene forms 
major artifacts in the 
injector zone. 
Benzoylecgonine 
degrades to ecgonine 
and benzoic acid. 
Atrophine forms 
dehydroatropine and O-
(phenyl acetyl) tropine 

[5] 

15] 

— 

[7] 

Injection and tablets GC Render alkaline and USP-G3 
extract with CH2CI2 (225 'C) 

FID 

Azacitidine (5-azacytidine) 
Bulk 

Azacyclonal 
Bulk 

HPLC 

HPLC 

Azaperone 
Injection 

Azapetidine 
Bulk 

Azapropazone 
Bulk 

Azatadine maleate 
Bulk 

Azathioprine 
Bulk 

Tablets 

Tablets 

C-18 

Silica 

MeOH-PO4 buffer 
(5 : 95) 

MeOH-COlMNH4CIO4, 
pH6.7 

UV 

HPLC 

TLC 

TLC 

TLC 

TLC 

TLC 

Dissolve in MeOH 
(0.5 mg/ml) & dilute 
with ISTD 1 : 1 
(benzophenone, 0.5 
mg/ml) 

— 

— 
Dissolve in 

toluene-MeOH 
(1:1) 

Dissolve in 
dimethylamine 

Shake powder with 6 

C-18 

Silica (0.1 M 
MeOH-KOH) 

Silica (above) 

Silica 

n Cellulose 

д Cellulose 

CHjCN-O.OlM PO4 
buffer, adj. pH 7.8 

NH4OH-MeOH 
(1.5: 100) 

As above 

Toluene-2-propanol-
diethylamine 
(10: 10: 1) 

Butanol sat. 6/VNH4OH 

Butanol sat. 6/VNH4OH 

243 nm 

Char 

Char 

254 nm 

254 nm/350 nm 

254 nm/350 nm 
/VNH4OH, filter 

HPLC Sonicate powder with 
NH4OH-MeOH 
(1:25) 

C-18 Buffer-MeOH (7 : 3), 
buffer-HPA 1.1 gin 
700 ml H2O 

254 nm 

[6], BP, v. H, p. 566 
[4]; GC method USP 
23, p. 537, BP, v. II, pp. 
571, 583, & 736 [4], 
[8,9,53-56, 
160-162,855,1105, 
1149] 

Cytarabine and 
degradants; 
[654,655,1150]; 
stability [1104] 

TLC [I]; GC [2] 

USP 23, assay, p. 149; 
chromatographic purity 
bulk, TLC, p. 149 

GC [2,11] 

GC/HPLC [11,158] 

USP 23, chromatographic 
purity, p. 150; tablets 
TLCID, p. 150 

USP 23, limit test, p. 151, 
same for injection, p. 
152, volatile impurities 
<467>; JP, p. 42 [7]; 
BP, v. II, p. 737 and v. 
I, p. 42 [4]; p. 368 [25], 
[59] 

USP 23, uniformity of 
dosage forms, p.151; 
[10,1104] 

[58] 

[1] 

[5] 

[1] 

[5] 

[5] 

[5] 



Drug 
Azithromycin 

Bulk 

Azlocillin 
Bulk 

Aztreonam 
Bulk, parenteral 

Bacampicillin hydrochloride 
Bulk 

Mode 

HPLC 

HPLC 

HPLC 

HPLC 

Sample 
pretreatment 

Dissolve in AcCN, 
dilute in mobile 
phase 

Dissolve in mobile 
phase 

Dissolve in mobile 
phase 

Dissolve in H2O. 0.8 
mg/ml, filter 

Sorbent 
(temp.) 

Mobile 
phase 

Gamma alumina 5.8 g PO4/2130 ml (30 
RP ML H2O + 870 ml 

CH1CN, mix, adj pH 
ll.Ow/KOH 

Silica 

Silica 

c„ 

BtOH-AcOH-buffer-
BtOAc (9 :25 : 15 : 50) 

0.1% H1PO4 

pH 6.8, 0.02A/ 
PO4 buffer-CH,CN 

Detection 

Amperometric 
+0.8V 

I2 vapor 

206 nm 

254 nm 

Comments 

USP 23, assay, similiar 
procedure for capsules. 
p. 153 

USP 23, p. 154. ID. assay 
HPLC C-18, 210 nm 

Also, USP 23, p. 156diol 
L20; [60.61,210]: 
stability [1104] 

USP 23, assay, p. 157, 
ID by TLC same for 

Ref. 

15] 

[5] 

[30] 

[5] 

Bacitracin 
Bulk 

Baclofen 
Bulk 

Tablets 

Bamethan 
Bulk 

TLC Dissolve in 1% 
EDTA solution 

TLC Dissolve in 
EtOH-AcOH (4 : I) 

HPLC Dissolve tablet 
powder in 
MeOH-AcOH 
(75 : 10 ml) dilute 
to 250 ml w/H20 

HPLC — 

Silica 

Silica 

C-18 

(1:1) 

Butanol-pyridine-
EtOH-AcOH 
(60: 15: 10 :6 :5 ) 

Butanol-H20-AcOH 
( 4 : 1 : 1)" 

0.3/V AcOH-
MeOH-OJeW PSA 
(55 : 44 : 2) 

1% Triketohydrinene 
hydrate, heat 

Cl2 vapor 

265 nm 

Silica MeOH-OOlA/ 
NH4ClO4, pH 6.7 

oral suspension & 
tablets, tablets assyed 
by HPLC 

USP 23, ID, p. 158. also 
used for ID of other 
formulations; BP 
addendum 1983. p. 274 
[4]; HPLC 
[71,169,220] 

USP 23, ID for bulk & 
tablets, p. 163; [8]. p. 
369 [25] 

USP 23. assay, ISTD 
benzoic acid, flow 0.6 
ml/min, 3.9 x 30 cm, 
HPLC IP [213]; HPLC 
cyclodextrin [242] 

GC [2,8]; HPLC [8]; 
TLC [1] 

Bamifylline 
Bulk 

Suppositories 

Bamipine 
Bulk 

Cream 

Various formulations 

Barbital (Barbitone) 
Bulk 

Bulk 

TLC 

HPLC 

TLC 

HPLC 

HPLC 

"" 
MeOH added, shaken 

15 min, filtered 

Ultrasonic with 
MeOH, dilute with 
mobile phase 

Add EtOH (95%) for 
all formulations, for 
solids sonicate, let 
settle 

Silica (OAM 
MeOH-KOH) 

C1, 

C1, 

Silica 

C2 

(LiCrosorb) 

NH4OH-MeOH 
(1.5: 100) 

MeOH-THF-PO4 

(60 : 4 : 40), 0. IM, 
pH7.5 

MeOH-THF-PO4 

(60:4:40) , OAM, 
pH7.5 

MeOH-CH2Cl2(I :4), 
MeOH contains 
0.02% NH4OH 

NH4OAc (15mM)-
CH5CN (35 : 65), pH 
4.7, 0.9 ml/min 

Char 

278 nm 

Char 

258 nm 

251 nm 

[8] 

Tablets and bulk also 
analyzed, resolved from 
impurities 

GC [2]; also [11,214] 

Tablets, solutions & 
ointments 

Resolved from 
trimipramine, 
clomipramine, 
thinriHaTinn 

[1] 

[214] 

[1] 

[74] 

TLC Dissolve in ethanol 

TLC 

Silica 

Silica 

Ammonium hydroxide-
chloroform-ethanol 
(5 : 80 : 15) 

51 = CHClj-acetone 
(8:2) 

52 = EtOAc 
Sj = CHCI1-MeOH 

(9:1) 
S4 = EtOAc-MeOH 

cone. NH4OH 
(85: 10:5) 

254 nm 

prochlorperazine, 
chloroprothixene, & 
haloperidol; HPLC 
[212,225,253,424] 

EP, pt. II-5, p. 170-2 
[8], 372 [25]; HPLC 
and GC [9,167,632, 
942]; general ref. 
[163-166]; stability 
[1104] 

ItRn= 41,hRn = 61, 
ItRn = 57, hRf4 = 33; 
also GC, SE-30 OV-L 
RI: 1497 

[6] 



Drug 
Bulk 

Mode 

TLC 

Sample 
pretreatment 

Sorbent 
(temp.) 

Mobile 
phase Detection Comments 

Silica Chloroform-acetone 

(dry)(9 : 1 ) 

Barbiturates 

Bulk GC 25 m x 0.25 
mm, Heliflex, 
AT-I , 0.2 ^m, 
160-C 

, flow rate 3.5 

nl/min 

Beclamide 
Bulk 

Beclomethansone dipropionate 

Bulk 

TLC Silica (0.1M NH 4 OH-MeOH (1 .5 : 
M e O H - 100) 
KOH) 

Mercuric sulfate 
followed by 
diphenylcarbazone 
or potassium 
permanganate 

FID 

Bulk 

Bendroflumethiazide 

Dosage forms 

Belladonna extract 

Bulk and tablets 

HPLC Dissolve in MeOH + C-18 CH3CN-H2O (3 : 2) 
ISTD (testosterone 

dipropionate) 
HPLC Dissolve in mobile C-18 MeOH-H 2 O (74 : 26) 

phase + ISTD 
(methyl 
testosterone) 

HPLC Dissolve in M e O H - Phenyl, 7 ^m MeOH-H 2 O (2 : 3), 1.5 

buffer pH 2.0 (3 : 2) ml/min 

GC Dissolve in acid USP-G3 — 

Char 

254 nm 

240 nm 

270 nm 

FID 

Reference 

[31], derivatization 
[65-67], reviews 
[68,69]; CE [691]; GC 
[528, 531];GC/TLC 
[527]; GC/IR/MS 
[686]; color assay 
[1118]; [70-72,85, 
106,107] 

Resolved tefradecane, [230] 
barbital, amobarbital, 
pentobarbital, 
secobarbital, 
hexobarbital, 
phenobarbital; resolved 
R,S hexo'/mepho-
barbital [232], GC [250] 
HPLC [31,117,1113, 
1117] 

GC [2,8]; HPLC [8] [1] 

USP 23, assay, p. 167; for [5] 
cream and ointment, BP 
1983, p. 268 v. H, p. 
696; p. 374 [25]; CP [1138] 

assay, p. 444 [1138], 
same procedure for 
ointment HPLC [215] 

Resolved from degradants [227] 

USP 23, assay, p. 167 [5] 

Benorilate (Benorylate) 

Bulk TLC Dissolve in 

methanol-chloro-

form(l : 9 ) 

Benzalkonium 
Eye care 

Benzethidine 
Bulk 

Benzhexol 
Tablets 

Benzocaine 
Bulk 

HPLC SPE: C1,, T H F -
mobile phase 

( 7 : 3 ) 

HPLC — 

Silica Methylene chloride-

acetic acid-ether 

( 8 0 : 5 : 15); dry, 

develop in a second 

mobile phase 2,2,4-

trimethylpentane-

ether-formic acid 

( 4 5 : 4 5 : 10) 

Cyano, Zorbax H 2 O-THF-TEA 

(2500 : 1500 :2 ) , pH 
3.0 

TLC 

TLC 

Shake powder with 
chloroform 

Silica 

Silica 

Silica 

Bulk TLC Silica 

MeOH ( 1 % NH 4 OH)-
CH2CI2(I :99) 

Chloroform-methanol 
( 9 : 1 ) 

51 = CHCl,-acetone 
( 8 : 2 ) 

52 = EtOAc 
S, = CHCl4-MeOH 

( 9 : 1 ) 
S, = EtOAc-MeOH 

cone. NH4OH 
( 8 5 : 1 0 : 5 ) 

51 = E tOAc-MeOH-
conc. NH4OH 
( 8 5 : 1 0 : 4 ) 

52 = MeOH 

S, = MeOH-1-butanol 
(3 : 2 ) - 0 . 1 M N a B r 

54 = MeOH-conc. 
NH 4 OH(IOO: 1.5) 

55 = cyclohexane-

254 nm 

215 r 

Iodoplatinate 

BP, addendum 1983, p. 

216; HPLC [945]; 

HPLC, GC, & TLC, p. 

376 [937], [1138] 

Column-switching, 
sample cleanup [218] 

[4] 

[216] 

GC, MS, NMR, and IR [9, p. 194] 

BP, vol. 11, p. 738; TLC [4] 
[I] ; GC [2]; HPLC [3, 
922] 

hRf, = 56, h R n = 62, h R D [132] 

= 63, hRf4 = 76; also 
GC, SE-30OV-1 .RI : 
1555; topical 
formulation [229,386]; 
HPLC [249]; cream 
w/phenindamine [379] 

hRfl = 76, hR n = 84, [132] 

hRn = 87, hRr„ = 67, 
h R n = 6, hRf6 = 57, 
hR„ = 66; also, GC, SE-
30/OV-1,RI: 1555 



Drua Mode 
Sample 

pretreatment 
Sorbent 
(temp.) 

Mobile 
phase Comments Reference 

Bulk TLC Dissolve with 40°/ 
alcohol 

Benzoylecgonine 
Bulk GC Dissolved in 

methanol 

Benzphetamine 
Bulk 

Benztropine 
Injection 

HPLC 

TLC Evaporate, dissolve 
residue in acetone 

Silica 

toluene-diethylamine 
(75: 15: 10) 

56 = CHCI1-MeOH 
(9: I) 

57 = acetone 
Propanol-10% 

ammonium hydroxide 
(88: 12) 

Silica 

UV 

0.25-/ЛП film 
chemically 
bonded 5% 
phenyl 
polydim ethyl 
siloxane; 
injector 
275°C, 
column 600C 
after inj. 
40°C/min to 
250°C,30min 

Silica 

MS, scanned between 
m/z 33 and 500 per 
sec. EI 

MethanolicO.Ol M 
ammonium 
perchlorate pH 
adjusted to 6.7 

Ethanol-13.5 A/ 
ammonium hydroxide 

Iodoplatinate 

Impurities, GC [9]; HPLC [24] 
[9,946]; p. 383 [937]: 
stability [923]; also. 
resolved from 
dextromethorphan and 
cetylpyridinium by 
HPLC [259]; GC* 
[404.756] 

Propoxyphene forms [143] 
major artifacts in the 
injector zone. 
Benzoylecgonine 
degrades to ecgonine 
and benzonic acid. 
Atrophine forms 
dehydroatrophine and 
0-(phenyl acetyl) 
atrophine; urine, HPLC 
[706, p. 159] 

TLC and GC, p. 385 [3] 
[937] and [9] 

BP, vol. II. p. 584 and p, [4] 
738;ToxiLabTLC 
[564], GC [404, 706, p. 
156] 

Injection 

Tablets 

Benzydamine 
Cream 

Ben zy !morphine 
Bulk 

Dilute with water 

Shake powder with 
phosphoric 
acid-water-2-
propanol (I : 600 : 
400), filter 

C-8 

C-8 

Acetonitrile -0.005 M 
buffer (65 : 35) 

Buffer-0.83mlOSA/l 
dilute with water, 
adjust pH to 3.0 with 
phosphoric acid 

259 nm 

HPLC 

HPLC Dissolve in RP-select B 
CH3CN-H2O(I:!) (Merck) 

TLC Silica 

Bulk 

Betamethasone 
Tablets 

Bezitramide 
Bulk 

HPLC 

HPLC Derivatize with 
homochiral reagent 

Silica 

Silica 

Silica 

0.05WNH4OAc-CH, 
CN, pH 7.0 (45 :55) 

51 = EtOAc-MeOH-
conc. NH4OH 
(85: 10:4) 

52 = MeOH 
53 = MeOH-I-butanol 

(3 : 2H)JWNaBr 
54 = MeOH-conc. 

NH4OH(IOO: 1.5) 
55 = cyclohexane-

toluene-diethylamine 
(75: 15: 10) 

56 = CHCl3-MeOH 
(9:1) 

57 = acetone 
MethanolicO.Ol M 

ammonium 
perchlorate, pH 
adjusted to 6.7 

я-Нехапе-СН2С12-
IPA(IOO: 100:4) 

MethanolicO.Ol M 
ammonium 
perchlorate pH 
adjusted to 6.7 

23Or 

USP 23, assay; p. 388 
[937] and [9, 922] GC 
[404,706, p. 156]. 388 
[937] and [9, 922] 

Bulk and gel, also assayed 
irradiated samples 

hRf] =41,hRG = 20, 
hRn = 23,hRr4 = 41. 
hRB = 6, hRf6 = 23, 
hRn = 8; also, GC, SE-
30/OV-I1RI: 3015 

[221] 

GC [I]; TLC [2] 

240 nm Resolved epimers along [254] 
with dexamethasone 

- TLC[I] [3] 



Biotin 
Various formulations 

Biperiden 
Bulk 

Mode 

HPLC 

TLC 

Bisoprolol 

Boldine 
Syrup 

Brallobarbital (Brallobarbitone) 
Bulk 

Sample 
pretreatment 

ISTD added in PO4 

buffer, filtered 

Dissolve in 
chloroform 

Sorbent 
(temp.) 

Ci8 (Tosoh) 

Silica (base 
treated) 

Mobile 
phase 

5OmAZPO4-CH5CN 
(9: l)pH4.5, 2SmM 
1-BSA 

Toluene-methanol 
(965 : 35) 

Detection 

EX:370nm 
EM: 440 nm 

Iodoplatinate 

Comments 

Postcolumn 
derivatization, other 
methods discussed 

BP, p. 59; impurities 
[937], GC [8,10]; p. 396 
[937]; [922] 

HPLC [235]; degradation 
[238] 

Reference 

[240] 

[4] 

HPLC Dilute with H2O, Na PRP-I Hamilton H2O-CH1CN-MeOH-
carbonate added to 
saturation, extract 
with ether, 
centrifuge 

TLC 

Bromazepam 
Bulk 

Bulk 

TLC 

TLC 

SIIK 

Silica (spray 
0.1 M 
methanolic 
potassium 
hydroxide) 

Silica 

Ш Т Е А ( 5 0 : 2 5 : 
25:5) 

51 = CHClj-acetone 
( 8 : 2 ) 

52 = EtOAc 
S1 = CHCI3-MeOH 

( 9 : 1 ) 
S4 = EtOAc-MeOH-

conc. NH4OH 
( 8 5 : 1 0 : 5 ) 

Ammonium hydroxide-
methanol(1.5 : 100) 

S, = CHClj-acetone 
( 8 : 2 ) 

S2 = EtOAc 
S, = CHCIj-MeOH 

( 9 : 1 ) 
S4 = EtOAc-MeOH-

conc. NH4OH 
(85 : 10 : 5) 

304 nm 

Char 

Tablets also assayed 

hRfl = 52, hR 0 = 69, ItRn [132] 
= 57, hRf4 = 29; also 
GC, SE-30OV-1 .RI : 
1858 

Also, p. 400 [937]; [1138] 

ItRn = 13 ,hR„ = 20, hR„ [134] 
= 47, hR„ = 64; also, 
GC, SE-30OV-1 

Bulk 

Bulk HPLC 

Brompheniramine 
Bulk 

Bulk 

Bromvaletone 
Tablets 

HPLC 

GC 

Buclizine 
Bulk 
Bulk 

HPLC Extract w/CHjCN, 
ISTD-carbamaze-
pine 

GC — 
HPLC — 

C-18, Hypersil, 
5 ^m; Flow 
rate 1.5 
ml/min. 

Silica, 
Spherisorb 
5W, 2 ml/min 

Silica 

DB-5 

51 - E tOAc-MeOH-
conc. NH4OH 
(85 : 10 : 4) 

52 = MeOH 
S, = MeOH-1-butanol 

(3 :2)-0.1 MNaBr 
54 = MeOH-conc. 

NH 4 OH(IOO: 1.5) 
55 = cyclohexane-

toluene-diethylamine 
(75 : 15 : 10) 

56 = CHCIj-MeOH 9:1) 
57 = acetone 
51 = MeOH, H2O, PO4 

( 0 . 1 Л / ) ( 5 5 : 2 5 : 2 0 ) , 
pH 7.25 

52 = MeOH, H2O, PO4 

(0 .1*0(7 : 1 :2 ) , 
pH : 7.67 

53 = MeOH-perchloric 
acid 
(IL: 100 ^1) 

54 = MeOH, H2O, TFA 
( 9 9 7 : 2 : 1) 

Methylene chloride-
methanol ( 1 % 
ammonium 
hydroxide) (9 : 1) 

C1, CHjCN-0.05WPO 4 , pH 
(Nucleosil) 2 . 7 ( 2 : 3 ) , 1.5 ml/min 

3 % O V - l 
Silica Methanolic 0 .0 \M 

ammonium 
perchlorate, pH 
adjusted to 6.7 

254 nm 

FID 

hRn = 64, h R p = 74, VlRn 

= 69, hR„ = 61 ,hR„ = 
12, hRf6 = 4 1 , h R n = 53; 
also, GC, SE-30/OV-1, 
RI: 2663 

[132] 

Cap. Fact. 1:3.91 

Cap. Fact. 2: — 

Cap. Fact. 3: 0.07 

Cap. Fact. 4 :0 .13 ; 
also [699, 922] 

TLC, GC, & HPLC, p. 
403 [937]; [1138]; 
impurities [925]; 
enantiomers [919]; 
HPLC [922] 

Resolved 23 anti
histamines 

Other methods discussed 

[135] 

[135] 

[9] 

[706, p. 164] 

[255] 

UV, MS, NMR, and IR [9, p. 262] 
TLC [ I ] ; GC [2], [706, p. [3] 

164] 



Drug 
Bufotenine 

Bulk 

Mode 

TLC 

Bulk HPLC 

Sample 
pretreatment 

— 

Sorbent 
(temp.) 

Silica 

Silica 

Mobile 
phase 

51 = E tOAc-MeOH-
cone. NH1OH 
( 8 5 : 1 0 : 4 ) 

52 = MeOH 
S, = MeOH-I-butanol 

(3 : 2 ) - 0 . IWNaBr 
54 = MeOH-conc. 

NH 4 OH(IOO: 1.5) 
55 = cyclohexane-

toluene-diethylamine 
( 7 5 : 1 5 : 10) 

56 = CHCI1-MeOH 
(9:1) 

S7 = acetone 
MethanolicO.OlM 

ammonium 
perchlorate. pH 
adjusted to 6.7 

Detection 

— 

Comments 

ItRn = 33, hR,,= IChRn 
= 34, hR„ = 35, Rf5 = O. 
Rf6 = 1, Rn = 1; also. 
GC, SE-30/OV-1.RI: 
2030; UV, MS, HPLC. 
NMR, and IR [9, p. 
266] 

TLC [I]; GC [2]; some 
trade and other names: 
3-(p-dimethylamino-
ethy!)-5-hydroxyindole; 

Bumetamide 
Tablet 

Bupivacine hydrochloride 
Bulk 

Injection 

HPLC 

TLC 

HPLC 

Eluent-acetone 
(9.5:0.5) 

Dissolve in 
isopropylamine-
chloroformO :99) 

Dilute in methanol 

RP-8 (Varian) 

Silica 

C-18 

MeOH-H2O-CH1CN 
(60 : 40 : 0.5), I 
ml/min 

Hexanes-
isopropylamine 
(97 : 3) 

Acetonitrile-buffer 
(65 : 35); 
buffer-mono and 
dibasic sodium 
phosphate (1.95 and 
2.48 g/1, pH 6.8) 

231 nm 

Char 

263 nm 

3-(2-dimethylamino-
ethyl)-5-indolol: N, ,X-
dimethylserotonin; 5-
hydroxy-Л', .V-
dimethyltryptamine: 
mappine 

Other methods described 

USP 23 purity p. 226, 
and BP, vol. II. p. 586 
[4]; [1,1138] 

USP 23, p. 226, 
ISTD-dibutyl phthlate; 
[8,922]; silica [LlO]; 
GC [2,10,8]; 
enantiomers [919]; 
[569,937] 

[132] 

236] 

Buprenorphine 
Tablets 

Butalbital 
Bulk 

HPLC 

TLC 

Add base, extract 
with ether, 
evaporate to 
dryness, dissolve in 
methanol 

C-18 

Silica 

Tablets with aspirin 

Bulk 

Butethal 
Bulk 

Butorphanol 
Bulk 

Butoxyethy! nicotinate 
Bulk 

Butriptyline 
Bulk 

HPLC 

TLC 

HPLC 

GC 

TLC 

HPLC 

Acetonitrile-formic 
acid (400 : 4) with 
powder, filter 

(Same procedure as 
for butabarbital 
bulk) 

C-18 

MeOH 

0.05<WPSA-methanol-
acetonitrile, pH 2.0 
( 3 0 : 5 5 : 15) 

S1 = CHCl,-acetone 
( 8 : 2 ) 

S, = EtOAc 
53 = CHCl3-MeOH 

( 9 : 1) 
54 = E tOAc-MeOH-

conc. NH4OH 
( 8 5 : 1 0 : 5 ) 

Water-acetonitrile-
phosphoric acid 
( 3 1 0 0 : 7 2 5 : 4 ) 

Silica 

USP-G3 
(250-C) 

Silica (spray 
0ЛМ 
methanolic 
KOH) 

Silica 

Methylene chloride-
methanol ( 1 % 
ammonium 
hydroxide) (99 : 1) 

— 

NH 4 OH-MeOH 
( 1 . 5 : 100) 

MeOH-OOlM 
ammonium 
perchlorate, pH 
adjusted to 6.7 

290 nm Applicable to injection [947] 
formulations; TLC [ I ] : 
HPLC [3,234] 

hRfl = 54, hR„ = 67, hR n [132] 
= 57, hR,4 = 44; also GC, 
SE-30/OV-1.RI: 1668 

214 nm USP 23, p. 234; TLC & [5] 
GC: p. 414 [937,1138]; 
HPLC [9, 948] 

USP 23, p. 232; also, pK [5] 
and spectral data 
[569,937]; GC [228]; 
CE [260] 

254 nm Also GC; HPLC [938] [9] 

FID USP 23, p. 240 

Acidified iodoplatinate GC [2] 

TLC [ I ] ; GC [2] 



Drug Mode 
Sample 

pretreatment 
Sorbent 
(temp.) 

Mobile 
phase Detection Comments Reference 

Butyl aminobenzoate (Butamben) 
Bulk 

Caffeine 
Bulk 

GC USP-G2 
(between 100 
and 300-C) 

Silica 

Bulk 

Capsules 

Bulk 

TLC 

TLC 

TLC 

Dissolve in methanol-
chloroform (2 : 3) 

(See propoxyphene 
hydochloride) 

Silic, 

51 = E tOAc-MeOH-
conc. NH4OH (85 : 
1 0 : ) 

52 = MeOH 
Sj = MeOH- l-butanol 

(3 : 2 b O . I W N a B r 
S = MeOH-conc. 

NH 4 OH(IOO: 1.5) 
Sj = clohexane-

toluene-diethy !amine 
(75 : 15 : 0) 

56 = CHCI1-MeOH 
( 9 : 1 ) 

57 = acetone 
Ammonium 

hydroxide-acetone-
chloroform 

51 = E tOAc-MeOH-
conc. NH4OH 
( 8 5 : 1 0 : 4 ) 

5 2 = MeOH 
S1 = MeOH-l-butanol 

(3 : 2 ) - 0 . IM NaBr 
5 4 = MeOH-conc. 

NH 4 OH(IOO: 1.5) 
55 = cyclohexane-

toluene-diethylamine 
(75 : 15 : 10) 

5 6 = CHCl3-MeOH 
(9:1) 

5 7 = acetone 

254 nm 

hRfl = 50, hR 0 = 60, 
hR„ = 55, hR„ = 52, 
hR,, = 3, hRt6 = 58. hRp 
= 25; also, GC, SE-
3 0 / O V - l . R I : 1810; 
HPLC [949-952]; with 
paracetamol [260]; with 
K sorbate in neonatal 
oral solution [305]; 
HPLC review 
[394,420]; TLC [421] 

ED, pt. II 7, p. 267-2 , [1] 

USP 23, p. 242; HPLC 
[119] 

hRfl = 50, hR n = 60, 
hR„ = 55, hR„ = 52, 
hRfs = 3, hRf6 = 58, h R n 

= 25; also, GC, SE-
30 /OV- l .RI : 1810 

[6] 

[51 

[132 

Bulk 

Bulk 

Bulk 

HPLC 

HPLC 

HPLC 

Silica 5pim 

Silica 

C-18 

Calcifediol 
Bulk 

Camazepam 
Bulk 

HPLC 

HPLC 

EtOAc Silica 

C-18 

Bulk 

Bulk 

HPLC 

HPLC 

C-18 HS 
Perkin-
Elmer, 3 ^m 

C-18, Hypersil 
5 ^m flow 
rate 1.5 
ml/min 

lsooctane- diethyl- 279 nm 
ether-melhanol-
diethylamine-water 
(400 : 325 : 225 : 0.5 
: 15); flow rate: 2.0 
ml/min 

Methylene chloride- 254 nm 
methanol (1 % 
ammonium 
hydroxide (98 : 2) 

Acetonitrile-buffer 220 nm 
(156 :344) , buffer: 
4.8 g phoshoric 
acid-6.66 g 
potassium 
dihydrogen 
phosphate/I, pH 2.30 

Heptane-CH,CI2-
EtOAc-heptane 
(water sat.) 
( 6 : 3 : 5 : 6 ) 

Acetonitrile-buffer 
(156 :344) , buffer: 
4.8 g phoshoric 
acid-6.66 g 
potassium 
dihydrogen 
phosphate/1, pH 2.30 

S, = MeOH-H 2O 254 nm 
( 7 : 3 ) 

S1 = 5 mM P04(pH 6 ) -
MeOH-CHjCN (57 : 
17 :26 ) , flow 1.5 
ml/min 

51 = MeOH, H2O, PO4 — 
( 0 . 1 Л О ( 5 5 : 2 5 : 2 0 ) , 
pH 7.25 

52 = MeOH, H2O, P 0 4 
(0 .1M)(7 : 1 . 2 ) , pH 
7.67 

254 nm 

220 nm 

k1 = 1.61. R R T - 0 . 6 4 . 
(diamorphien, 1.00. 49 
min) 

[3,751], GC [2,9, 953]. 
review [954] 

GC [404]; ToxiLab TLC 
[564, 656]; HPLC [705, 
p. 185]; pK and spectral 
data [937] 

USP, p. 243 

Also GC & TLC, GC [2]; 
midazolam [862]; 
ketazolam [879] 

Resolved 19 benzo
diazepines, RRT1: 1.403 
RRT 2 : 1.085 (azinphos-
methyl, 1.00) 

Cap. Fact 1 :3.61 

Cap. Fact 2 : 2.58 

[9] 

[5] 

[ H ] 

[134] 

[135] 



Drag Mode 
Sample 

pretreatment 
Sorbent 
(temp.) 

Mobile 
phase Detection Comments 

Bulk 

Calcitonin 
Aerosol 

Camphor 
Ointments 

Capreomycin sulfate 
Bulk 

Caprolactam 
Parenteral 

Captopril 
Bulk 

Carbamazepine 
Bulk 

Bulk 

HPLC 

HPLC Derivatized with 
fiuorescamine 

Silica, Sj - MeOH-perchloric 
Spherisorb acid (IL: 100^1) 
5W, 2ml/min S4 = MeOH, H2O, TFA 

(997 : 2 : 1 ) 

G2000 SW XL 
Supelco 

OAMPO4 buffer, pH 
7.5-CH3CN-MeOH 
(6 : 3 : 1 ) 

GC Disperse in CHCI,, 1.95% OV-
50"C, filtered, ISTD 210-1.5% 
added OV-17, 

Supelco 
130°C 

Paper 

HPLC 

TLC 

TLC 

HPLC 

Dissolve in citrate 
buffer 

w-Propanol-water-
acetic acid-TEA 
(75 : 33 : 8 : 8) 

Add carbonate, ISTD, Silica, л-Hexane-IPA (9 : 1), 
extract with CHCl,, Supelcosil 5 1.5 ml/min 
dry, dissolve in IPA ^m, 250 x 8 

cm 

— Silica 

Dissolve in 
chloroform 

Silica 

Silica 

EX:370nm 
EM: 420 nm 

FID 

UV 

210 nm 

Cap. Fact. 3 : 0.08 [135] 

Cap. Fact. 4 : 0.14, 
also [108-112] 

Autosampler [320] 

Resolved from menthol, [378] 
methyl salicylate and 
thymol; 10-campho-
rsulphonic acid, HPLC 
[384] 

USP 23, p. 262 [5] 

Plasticizers identified, [318] 
semipreparative 

Benzene-AcOH 
(75 : 25) 

Toluene-methanol 
(95 : 5) 

Methylene chloride -
methanol (1% 
ammonium 
hydroxide) (98 : 2) 

I2 

Chromate 

254 nm 

GC & HPLC; HPLC 
p.l 134 [96]; stability 
[1104]; USP 23, p. 262 

BP, p. 78, also JP, p. 78 
[7]; [I]; impurities 
[925] 

Also p. 428 [937], [H]; 
GC [9]; HPLC [955]; 
USP 23, p. 266, organic 
volatiles 

GC[275];GC/MS[705, 
p. 55]; Toxi Lab TLC 
[564]; CE [723]; HPLC 
[569] 

[510 

[4] 

[9] 

CarbeniciIIin 
Tablets 

Carbetidine 

TLC 

Carbidopa 
Tablets with levodopa 

Bulk 

Carboprost tromethamine 
Bulk, injection 

Carbroma! 
Bulk 

Bulk 

Tirturate powder with 
acetone-EtOAc-
pyridine-AcOH-
water (200 : 100 : 
25: 1.5:75) 

TLC Add MeOH-0.05 N 
HCl, mix filter 

HPLC Dissolve in mobile 
phase 

HPLC Partition between 
CH2Cl2/citric acid 
buffer, derivatize 
with bromo-2-
acetonapthone 

TLC Dissolve in 
chloroform 

Silica 

Silica 

Silica 

Silica 

Acetone-pyridine-
water-EtOAc-
AcOH (400 : 25 : 
75 : 300 : 2) 

л-Butanol-CH-CI-
AcOH-acetone-
water (40 : 40 : 40 : 
60 : 35) 

0.05AZPO4-EtOH 
(95 :5), pH 2.7 

Water-1,3-butanediol-
CH2CL (0.5 :7:992) 

S, = CHCl3-acetone 
(8:2) 

S2 = EtOAc 
S, = CHCl1-MeOH 

(9: 1) 
S4 = EtOAc-MeOH-

conc. NH4OH 
(85 : 10 : 5) 

Chloroform-ether 
(3:1) 

Spray 
triketohydrindene 

280 r 

254 nm 

254 nm 

USP 23, p. 260 

Would be expected to [10] 
chromatographically 
migrate on silica HPLC. 
CH,OH (l%NH4OHb 
CH2CI2 (1 :9), similar 
to piperdolate 

USP 23; [8] [5] 

USP 23, resolved [5] 
methyldopa and 3-O-
methylcarbidopa 

USP 23, ISTD-
guaifensin, resolved 
from impurities 15 R-
epimer and 5-trans 
epimer 

hRn = 53, hR„ = 56, [132] 
hR„ = 64,hRf4 = 73; 
also GC, SE-30/OV-1, 
RJ: 1513 

BP, p. 32; [1,8] [4] 



Drug Mode 
Sample 

pretreatment 
Bulk HPLC 

Sorbent 
(temp.) 
Silica 

Mobile 
phase 

Methylene chloride-
methanol(l% 
ammonium 
hydroxide) (99 : 1) 

Comments 
RI Also GC [9] 

Reference 
(9] 

Carboplatin 
Infusion fluids 

Carisoprodol 
Tablets with aspirin 

Tablets with aspirin and codeine 

Bulk 

Carnitine 
Tablets 

Cathine ((+)-norpseudoephedrine) 
Bulk 

HPLC 

HPLC 

HPLC 

HPLC 

HPLC 

HPLC 

— 

Dissolution 

Dissolution 

Precolumn 
derivatization with 
9-anthryldiazo-
methane 

— 

C-18(30"C) 

C-18(30DC) 

Silica 

Silica 

Silica, 
30 cm x 4 

Methanol-1-2% acetic 
acid (51 :49) 

Acetonitrile-buffer 
(45 : 55); buffer-2.2 
g DSC and 
ammonium nitrate 
0.8 g/550 ml water 

Methylene chloride-
methanol (1 % 
ammonium 
hydroxide (98 : 2) 

MeOH-5% aq. 
SDS-HjPO4 
(990: 10: 1) 

MeOH (1% NH4OH)-
CH2CI2(I :9) 

RI 

254 nm 

RI 

250 nm or EX: 365 
nm , EM: 412 nm 

254 nm 

See cisplatin for details: 
stability [419]; [334] 

USP 23, p. 276; GC [2] 

USP 23 

TLC[l,ll];ToxiLab 
[564] 

Recovery from crude 
drugs, vitamins, & 
antacids 

GC, UV, MS, NMR, and 
IR 

[5] 

[Я 

[5] 

[9] 

[409] 

[9, p. 16i 

Bulk 

Cefaclor 
Bulk 

TLC 

HPLC PO4 buffer, pH 2.5 

mm 
Silica (spray 0.1 Ammonium Aidified 

Л/methanolic hydroxide-methanol potassium 
potassium (1.5 : 100) permanganate 
hydroxide) 

C (YMC) 5OmMPO4, pH 4.0-
CH3CN gradient, 
2.25^t5% 

220 nm 

GC [2]; HPLC [3] 

Resolved process-related [316] 
impurities; USP 23 [5] 

Cefadroxil 
Bulk 

Cefazolir 
Bulk 

Ceftazidine 
Injectable 

Cephalexin 
Capsules 

Capsules 

Cephalosporin C 
Bulk 

Cephradine 
Bulk 

Chloralbetamine 
Chlorambucil 

Tablet with melphalan 

HPLC Mobile phase-30% 
0.02WNaOS, 
ultrasonicate, 
centrifuge 

HPLC Dissolve in pH 7, PO4 
buffer 

PlRP-S, CH3CN-0.02M 
Hamilton and OSA-0.2M 
others, 50°C H1PO4-H2O (10 : 5 : 

20 : 5), 1 ml/min 

HPLC H2O 

TLC Mix powder with H2O, 
filter 

HPLC Mix powder with 
mobile phase 

HPLC — 

HPLC Dissolve in H2O 

с 
^-18 

C1, 
(Ultrasphere) 

Same procedure 
as USP 
cefaclor 

Silica 

Silica 

SCX 

CH,CN-buffer(l :9); 
buffer- PO4, 0.9 g 
citric acid, 1.3 g/1 
H2O 

0.0IAZNH4OAc-
MeOH (89: 11), 1.5 
ml/min 

0.1% H3PO4-MeOH 
(95 : 5) 

2% aq. acid adipic acid 

1 N AcOH-sodium 
sulfate, 24.2 g/1, pH 
4.7(1 : 199) 

HPLC Powder extracted with 
H2O-CH3CN 
(1 : 1), filtered, 
diluted with mobile 
phase 

0.1AZPO4-I mM 
Na2-EDTA-CH3CN 
(7 :3 , pH 4.0), 1.5 
ml/min 

Resolved related [272] 
substances; USP 23; 
HPLC [97] 

254 nm USP 23, p. 284; [1092]; 
stability [262] 

254 nm Stability eye drops [417] [385] 

— USP 23; impurity profile [5] 
[258] 

220 nm Unpublished, see below 

250 nm [1128] [761] 

254 nm USP 23 , ITD- [5] 
sulfanilamide, TLC 
[815]; cephalexin & m-
hydroxycephalexin are 
degradants, see 
cephalexin; CE [265]; 
cephalosporins 
[396,411]; high-MW 
impurities [397] 

— MS, NMR, and IR [9, p. 392] 

PAD, 0.9V/0.95V Methods reviewed [332] 



Drug 
Sample Sorbent Mobile 

Mode pretreatment (temp.) phase Detection Comments Reference 

Chloralhydrate 
Bulk 

Chloramphenicol 
Topical 

Chlorcyclizine 
Bulk 

Chlordiazepoxide 
Bulk 

GC 3 % OV-1,4' 
4", 80-C 

HPLC MeOH, ISTD, mobile ^Bondapak, C1, CH1CN-H2O (35 : 65) 
phase w/ precolumn 

TLC Dissolve in methanol 

TLC 

Bulk TLC 

Silica Chloroform-methanol-
13.5Л/ ammonium 
hydroxide 
(90 : 8 : 2) 

Silica S1 = CHCl,-acetone 
( 8 : 2 ) 

52 = EtOAc 
53 = CHCl1-MeOH 

( 9 : 1) 
54 = E tOAc-MeOH-

conc. NH4OH 
(85 : 10 : 5) 

Silica S1 = E tOAc-MeOH-
conc. NH4OH 
( 8 5 : 1 0 : 4 ) 

S, = MeOH 
S, = MeOH-l-butanol 

(3 :2)-0.1 MNaBr 
5 4 = MeOH-conc. 

NH 4 OH(IOO: 1 : 5 ) 
55 - cyclohexane-

toluene-diethylamine 
( 7 5 : 15 : 10) 

56 = CHCl1-MeOH 
( 9 : 1 ) 

57 = acetone 

FID MS, NMR, and IR [9. p. 394] 

280/240 nm Methods reviewed; HPLC [386] 
[412]; [6,121,122,136, 
145,229,784,785] 

lodoplatinate BP, p. 98; HPLC [3, 10] [4] 

hRr, = 10, hR„ = 1 1 , [132 
hR„ = 53, hRf4 = 52: 
also GC, SE-30/OV-1. 
RI: 2797 

hRfl = 52, hR n = 76. [132] 
hR 0 = 77, hR„ = 62. 
hR„ = 2, hRt6 = 50, hR„ 
= 22; also GC, SE-
30/OV-1,RI :2797 

Bulk and tablets 

HPLC 

TLC Dissolve in acetone 

C-18 HS. 
Perkin-FJmer, 
3 fjm 

Silica 

S1 - MeOH. ILO 
( 7 : 3 ) 

S2 = S m M PO4 (pH 
б Ь М е О Н CH1CN 
(57 : 17 : 26) 
Flow: 1.5 ml/min 

Ethyl acetate 

Bulk 

Bulk 

Chlorocresol 
Ointments 

Chloroquine 
Bulk 

Chlorothiazide 
Bulk 

HPLC 

C-18, Hypersil. 
5 ^m; Flow 
rate: 1.5 
ml/min 

Silica 
Spherisorb 
5W, 2 ml/min 

S1 = MeOH, H , 0 . PO4 

(0.1/W) (55 : 2 5 :20) , 
pH :7.25 

S- = MeOH, H-O, PO4 

(OAM)O : 1 : 2 ) . pH: 
7.67 

S1 = MeOH-Perchloric 
acid (IL: 100 ^L) 

S4 = MeOH, H , 0 , TFA 
(997 : 2 : 1 ) 

HPLC Extract with hexane C lg, ODS-2 CH 1CN-H 2O (I : I), 1 
Perkin Elmer ml/min 

Silica 

HPLC Dissolve in CH1CN & 
mobile phase 

Methylene chloride 
methanol ( 1 % 
ammonium 
hydroxide) ( 4 : 1 ) 

0 .1MPO 4 buffer -
CH1CN ( 9 : 1) 

Char 

275 nm 

254 nm 

254 nm 

Resolved 19 
benzodiazepines. RRT1: 
1.008; RRT2: 0.462 
(azinphosmethyl. 1.00) 

USP 23 , p. 343. related 
sustances. TLC review 
[956] also, spray with 
sodium nitrite reagent. 
also. BP.vol. II, p. 526 
and p. 745 [4] and EP 
vol. HI, p. 183 [6[: 
[957,958]; stability 
[1104] 

Cap. Fact I: 6.41 

[134 ] 

Cap. Fact 1 

Cap. Fact. 3: 2.27 
Cap. Fact. 4: 5.9 

HPLC-diode array [118. 
699]; [769]; pK and 
spectral data [937]; 
tablets [422] 

Compared to colorimetry 

T L C [ L I l ] . GC [2, 9. 
H ] ; HPLC [3,415.418]; 
review [959]; 
enantiomers [388] 

USP 23, EP. pt. I I-9. p. 
385 [6]; TLC/HPLC. p. 
454 [25]; [9]; 
photodecomposition 
[408] 

[135] 

[135] 

[377] 

[9] 



Drue 
Sample 

Mode pretreatment 
Sorbent 
(temp.) 

Mobile 
phase Detection Comments 

Chlorpheniramine 
Elixir Add water, render 

alkaline, extract with 
chloroform 

Silica 

Chiorproamide 
Bulk 

Formulations - tolbutamide 

Chlorpromazine 
Tablets 

HPLC 

HPLC Sonicate powder in C18, Hypersil 
MeOH, filter 

TLC Mix powder with 
methanol-diethyl-
amine (95 : 5), filter 

Silica 

Chlorprothixene 
Bulk TLC Silica 

MeOH-NaOAc-THF EC +200 mV, 
(5 :4 : 1), 0 .Ш +55OmV 
AcO, pH 4.8, 1.2 
ml/min 

MeOH-OOlAZPO4, pH 228 or230 nm 
3.0(1 : 1), I ml/min 

Cyclohexane acetone-
diethylamine 
( 8 : 1 : 1 ) 

S1 = EtOAc-MeOH-
conc. NH4OH 
(85: 10:4) 

S, = MeOH 
S, = MeOH-l-butanol 

(3:2)-0.1MNaBr 
S4 = MeOH-conc. 

NH4OH(IOO: 1.5) 

Reference 

Ethyl acetate- Dragendroff BP, vol. II, pp. 552. [4] 
methanol-Шacetic related substances, also. 
ac id(5:3 :2) JP, p. 1206 [7], EP. pt. 

11-9, p. 386 [6]: 
impurities [925]: GC [2. 
706, p. 164, 960]; 
HPLC (3,9,420,961-
965,922]; enantiomers 
[919];ToxiLabTLC 
[267, 564] 

TLC [1,4,8]; GC [2,8], [405] 
HPLC [3,10.123, 
124,1120] 

Other methods reviewed [330] 

254 nm BP, vol. II, p. 552, p. 591. [4] 
p. 723, and p. 748. also 
EP, vol. Ill, p. 188; 
TLC[I.H]; GC 
[2,9,11]; HPLC [3.9. 
922];TLC [224]; GC 
[264]; HPLC [567, 
700]; GC/MS [705, p. 
55] 

— hRf, = 74, hRn = 34, [132] 
hR„ = 51,hRf4 = 56. 
hRr, = 51,hR,e = 50, 
hRf, = 22; also GC, SE-
30/OV-1.RL2797; 
HPLC [700]; USP 23 
[5], TLC [1,8]; GC 
[2,8,9]; HPLC [3,9] 

Chlortetracycline hydrochloride 
Bulk 

Bulk/related substances 

MeOH 

Chlorzoxazone 
Bulk 

Tablets with acetaminophen 

Ciclopiroxolamine 
Topical 

Cimetidine 
Bulk and tablets 

Cinnarizine 
Bulk 

HPLC 

TLC Dissolve in methanol 

HPLC Add methanol to the 
powder, mix, and 
filter 

S, = cyclohexane-
toluene-diethylamine 
(75 : 15 : 10) 

56 = CHCl1-MeOH 
(9: 1) 

57 - acetone 

Kieselguhr with CHCI,-acetone-EtOAc 
glycerol, ( 2 : 1 : 1 ) , use lower 
EDTA layer with EDTA, pH 

7.0 
PRP-I 2.5-65% 2-methyl-2-

propanol, 5% 1.0 M 
CIO4-H2O, 1 ml/min 

Silica Hexane-dioxane 
(63 : 37) 

C-18 Methanol-water linear 
gradient 

HPLC Alkylationtoform 1- C18-DeHa CHjCN-H2O (1 : I), 10 
alkyloxypirydone Рак, 15 cm x ^l/min 

330 ^m 

HPLC Dissolve in mobile-
phase buffer 

C-18 Acetonitrile-buffer 
(16:84); 
buffer-acetic 
acid-0.2% sodium 
acetate (95 : 5) 

51 = EtOAc-MeOH-
conc. NH4OH 
(85 : 10:4) 

52 = MeOH 
S, = MeOH-1-butanol 

(3:2)-0. IMNaBr 

HN4 vapor, 350 nm BP, p. 108, EP, pt. 
11-5, p. 173 [6]; TLC 

[1] 

254 r 

254 nm 

280 nm 

300 nm 

228 nm 

Other methods reviewed. 
collaborative study; 
ointment [308]; HPLC 
[311,314,315] 

USP 23, p. 358 [5], TLC 
[1,8]; GC [2,8,9]; 
HPLC [3,9]; impurities 

USP 23, p. 364; ISTD-
phenacetin; HPLC 
[8,9]; GC [2,8] 

USP 23; [3,8,9]; TLC [I]; 
also, TLC [267]; 
ToxiLab TLC [564]; pK 
and spectral data [937] 

hRri = 85. hR,, = 79, 
hRn = 87, hRf4 = 76. 
hR„ = 51, hRK = 78, 
hRn = 66; also GC, SE-
30/OV-1,RI:3065 

[4] 

307] 

[5] 

[389b] 

[132] 



Mode 
Sample 

pretreatment 
Sorbent 
(temp.) 

Mobile 
phase Comments 

Cisplatin 
Bulk 

Clarithromycin 
Residues 

Clavulanic acid 
Amoxicillin tablet, suspension 

HPLC 

HPLC 

HPLC 

S4 = MeOH-conc. 
NH 4 OH(IOO: 1.5) 

Ss - cyclohexane-
toluene-diethylamine 
(75 : 15 : 10) 

56 = CHCI,-MeOH 
( 9 : I) 

57 - acetone 
Silica MethanolicO.Ol M 

ammonium 
perchlorate, pH 6.7 

Alumina Varied phosphate 
cone, 0.OLM-O.IA/ 

Swab with EtOH-H2O 
(1 : 1) 

H,0, filter 

С,= Nucieosil 

Clemastine 
Bulk and tablets 

Tablets 

TLC Dissolve in methanol 

HPLC Mix powder with 
methanol-water 
(1 : 1), centrifuge, 
filter supernatant 
layer 

CH1CN-H2O 
(400:600). 16.3 g/l 
Na.OAc, pH 6.6. 1.7 
ml/min 

CHjOH-PO4, pH 
6-H2O (15 : 1 : 84). 

Silica Diisopropyl alcohol-
formic acid-water 
(70 : 20 : 5) 

C-8 Methanol-buffer 
(83 : 17); buffer a) 
9.47 g dipotassium 
hydrogen phosphate, 
b) 9.08 g potassium 
dihydrogen 
phosphate, dilute 
each to 31, mix a-b 
(612:388) 

205/220 nm 

EC 

235 nm 

Spray potassium 
permangenate 

220 nm 

TLC [1,8]; GC [1.8.706 
p. 164] 

Stability, hydrolysis: 
[1104-] 

[395] 

Methods reviewed; HPLC [389a] 
[392,393] 

Methods reviewed; [319] 
determination of clvan-
2-carboxylate [410] 

USP 23, p. 385. [5] 
identification, also JP. 
p. 161 [4]; [1.8] 

USP 23. assay; [3.10]; [5] 
GC [3.8.10] 

CIidinium 
Capsules 

Clindamycin 
Topical 

Cliquinol 
Bulk 

Clobazam 
Bulk 

HPLC H2O sonicate, 
centrifuge 

HPLC 

ODS-3. Partisil 

Cls, Novapak 

HPLC MeOH-CH1CN(I : 1) ^Bondapak. 
C-18 

TLC Silica 

Bulk HPLC 

HPLC 

HPLC 

C-18 HS, 
Perkin-Elmer, 
3 fim 

C-18. Hypersii, 
5 ^m; Flow 
rate 1.5 
ml/min 

Silica, 
Spherisorb 
5W, 2 ml/min 

CHjCN-0.3,VZPO4 

( 3 2 : 6 8 ) , pll 4.3 

CH,CN-acetate 
( 2 7 : 7 3 ) , pH 5.8, 
0.0 \M HSA 

MeOlLH 2 O-HjPO 4 

( 8 0 0 : 2 9 8 . 8 : 1.2) 

S1 - CHCTj-acetone 
( 8 : 2 ) 

S, = EtOAc 
S, = CHCIj-MeOH 

( 9 : I) 
S4 = EtOAc-MeOH 

cone. NH4OH 
(85 : 1 0 : 5 ) 

S1 = MeOH, H , 0 
( 7 : 3 ) 

S, = 5 mM PO4 (pH 6 ) -
MeOH-CH1CN (57 : 
17 : 26) Flow: 1.5 
ml/min 

S, = MeOH, H2O, PO4 

(OAM)(SS : 2 5 :20) , 
pH 7.25 

S, = MeOH, H2O. PO4 

(OAM)(T: 1 :2 ) , pH 
7.67 

53 = MeOH-perchloric 
acid (IL: 100 , J ) 

54 - MeOH, H2O. TFA 
(997 :2 : 1) 

325 nm Resolved impurities and [277] 
chlordiazepoxide; USP 
23; TLC [1,8.24]: 
HPLC [8,1105.1109] 

600-625 nm Postcolumn [380] 
chemiluminescence 
with Ru(bpy),-'': USP 
23 [5]; BP [4]; TLC 
[ I ] ; GC [10.771]; 
stability [1104] 

254 nm ISTD-metronidazole: [387] 
USP 23 [5]; BP [4] 

— hRf, = 5 3 . h R , , = 49. [132] 
ItRn = 70, hR„ = 74; 
also GC. S E - 3 0 / O V - I . 
Rl: 2694 

254 nm Resolved 19 benzo- [134] 
diazepines. RRT1: 
0.755. RRT2: 0.582 
(azinphosmethyl. 1.00) 

Cap. Fact. 1: 3.91 

Cap. Fact. 2: — 

Cap. Fact. 3: 0.07 

Cap. Fact. 4 :0 .13 



Drug 

Bulk 

Clobetasone-17 butyrate 

Ointment 

Clocinizine 
Clomethiazole (See 

chlormethiazole) 
Clomipramine 

Bulk 

Mode 

TLC 

Sample 
pre treatment 

— 

Shake with MeOH, 
60 0C, add ISTD 

Sorbent 

(temp.) 

Silica (spray 
OAM 
methanolic 

potassium 

hydroxide) 

C |g, Novapak 

Mobile 
phase 

Ammonium 
hydroxide-methanol 

(1.5 : 100) 

H2O-MeOH (7 : 3) 

Detection 

Char 

235 nm 

Comments 

Various other 
visualization reagents 

can be used 

ISTD-clobetasone 

propionate 

Reference 

[1] 

[321] 

TLC 

Clomipramine hydrochloride 

Bulk capsules 

Clonazepam 
Bulk 

TLC Dissolve in methanol 

TLC 

Silica S1 =EtOAc-MeOH-
conc. NH4OH (85 : 
1 0 : 4 ) 

S2 = MeOH 
S, = MeOH-1-butanol 

(3 : 2 ) - O . IM NaBr 

S4 = MeOH-conc. 
NH 4 OH(IOO: 1.5) 

Ss = cyclohexane-
toluene-diethylam ine 
( 7 5 : 1 5 : 10) 

56 = CHCI1-MeOH 
( 9 : 1 ) 

5 7 = acetone 
Silica Acetone-13.5W 

ammonium 
hydroxide-ethyl 
accetate ( 5 : 1 : 1 5 ) 

Silica S1 = CHCI,-acetone 

( 8 : 2 ) 

S2 = EtOAc 

S, = CHCIj-MeOH 

( 9 : 1 ) 

S4 = E tOAc-MeOH-

conc. NH4OH (85 : 

1 0 : 5 ) 

Spray dichromate 

hRfl = 72. hRK = 26. 
hR n = 54, hR„ = 51 . 
hRr, = 54. hRf6 = 34. 
h R n = 18: also GC. SE-
30 /OV-1 .RL2406 

BP, addendum 1983, p. 

222 and p. 265; TLC 

[1,8]; GC [2,8]; HPLC 

[3.8] 

hR„ = 35, hRn = 45, 
hRn = 56, hR„ = 68; 
also GC, SE-30/OV-I . 
Rl: 2885 

[132] 

[4] 

[132] 

Bulk TLC SiMc, 

Bulk 

Bulk 

HPLC 

HPLC 

HPLC 

Bulk and tablets 

Tablets 

TLC Dissolve in acetone, 
for tablets, filter 

Dissolve in dimethyl-
formamide 

C-18, HS, 
Perkin-Elmer, 
3 ^m 

C-18, Hypersii, 
5 ^m; flow 
rate 1.5 
ml/min. 

Silica, 
Spherisorb 
5 W, 2 
ml/min. 

Silica 

C-IS 

51 = E tOAc-MeOH-
conc. NH4OH 
( 8 5 : 1 0 : 4 ) 

52 = MeOH 

S, = MeOH-1-butanol 
(3 : 2) -0 . lA/NaBr 

54 = MeOH-conc. 
NH 4 OH(IOO: 1.5) 

5 5 = cyclohexane-
toluene-diethylam ine 
(75 : 15 : 10) 

5 6 = CHCl1-MeOH 
( 9 : 1 ) 

5 7 = acetone 
S1 = MeOH, H , 0 

( 7 : 3 ) 
S1 = S m M PO4 (pH 

6) -MeOH-CH,CN 
( 5 7 : 17 :26) Flow: 

1.5 ml/min 
51 = MeOH, H2O, PO4 

(OAAf) (55 :25 :20) , 
pH: 7.25 

52 = MeOH, H2O, PO4 

(OAM) 

(7 : 1 : 2), pH: 7.67 
S, = MeOH-perchloric 

acid (IL: 100 /J) 
S4 = MeOH, H2O1TFA 

(997:2 : 1) 
Ethyl acetate-carbon 

tetrachloride (1:1) 
Water-methanol-

acetonitrile ( 4 : 3 : 3 ) 

hRn =68, hRn = 85. 

hRn = 87, hR„ = 72, 

hRf5 = O, hRf6 = 53. 

hRp = 61;aIsoGC, SE-

30/OV-1.R1:2885 

254 nm Resolved 19benzo- [134] 
diazepines, RRT,: 
0.684 RRT2: 0.406 
(azinphosmethyl, 1.00) 

— Cap. Fact. 1: 2.85 [135] 

Cap. Fact. 2: — 

Cap. Fact. 3: 0.25 [135] 

Cap. Fact. 4: 0.29 

Sprays, see ref. USP 23, p. 401, related [5] 

substances 
254 nm USP 23, p. 402, ISTD-o- [5] 

dichlorobenzene, assay; 
GC & HPLC [8,9]; p. 
480 [937]; HPLC [922] 

pK and spectral data 
[937]; GC/TLC [758] 



Drug 
Clonidine 

Bulk 

Clorazepate 
Bulk 

Bulk 
Clostebol 

Bulk 

Mode 

TLC 

Sample 
pretreatment 

)lve in methanol 

Sorbent 
(temp.) 

Silica 

Mobile 
phase 

Toluene-dioxane-
dehydrated alcohol-
ammonium 
hydroxide (10 : 8 : 
2 : 1) 

Detection 

Spray sodium 
hypochlorite and 
potassium iodide 

Comments 

USP 23, p. 403. 
chromatographic purity: 
[I. 8]; pK and spectral 
data [937]; GC [2.8.10]: 
review [159, p. 109] 

HPLC 

GC 

Clotrimazole 
Ointments 

Cloxacillin 
Syrup 

Cloxazolam 
Bulk 

HPLC 

— C-18, HS. S1 = MeOH, H,0 
Perkin-Flmer, (7 : 3) 
3 ^m S, = 5 m.W POj (pH 6)-

MeOH-CH5CN 
(57 : 17 :26) Flow: 
1.5 ml/min 

— Amino Acetonitrile 

— DB-I J& W, 30 — 
m * 0.25 mm. 
0.1 m 180--
320-C 
(10°C/min): 
320 °C for 4 
min 

Sonicate with MeOH C18, Nucleosil MeOH-H,0 (9 : 1). I 
ml/min 

HPLC Dilute in H,0, add 
ISTD 

C1S. ̂ Bondapak MeOH-AcOH (6 : 4), 
1.5 ml/min 

C-18, Hypersil, 
5 ^m flow 
rate 1.5 
ml/min. 

S1 = MeOH, H,0. PO4 

(0.IM) (55 :25 :20). 
pH 7.25 

S, = MeOH, H.O. PO4 

(OAM)(T: 1 :2), pH 
7.67 

Resolved 19 benzo
diazepines, RRT1: 
1.032, RRT,: 0.598 
(azinphosmethyl. 1.00) 

254 nm [966]. HPLC [699] 

FID Resolved 17 anabolic 
steroids: HPLC. [749]: 
review of GC/MS 
analysis of anabolic 
steroids [1119] 

258 nm ISTD-chrysene 

254 nm Bulk, capsules, and 
injection formulations; 
LC-MS [317]: HPLC 
[173] 

Cap. Fact. 1: 14.27 

Cap. Fact. 2: 2.89 

134] 

[9] 

[706. p. 168] 

[413] 

Cocaine 
Bulk 

Silica. 
Spherisorb 
5W, 2 
ml/min. 

Silica 

Bulk 

Bulk 

Bulk 

Bulk 

HPLC 

TLC 

GC 

HPLC 

Silica. 5 ^m 

S, - MeOH perchloric 
acid (IL: 100 fj) 

S4 - MeOH. H.O, TFA 
(997:2 : 1) 

S1 = EtOAc-MeOH-
conc. NH4OH 
(85 : 10:4) 

S, = MeOH 
S1 = MeOH-1-butanol 

(3 :2) -0.1 M NaBr 
S4 = MeOH-conc. 

NH4OH(IOO : 1.5) 
S< - cyclohexane-

toluene-
diethylamine 
(75 : 15 : 10) 

S„-CHCl-MeOH 
(9: I) 

S7 = acetone 
Isooctane -diethyl-

ether-methanol-
diethylamine-water 
(400:325 :225: 
0.5 : 15), flow rate: 
2.0 ml/min 

Acetonitrile 

CP-SiI 8 (10-m) 

Methylene chloride-
methanol (1 % 
ammonium 
hydroxide (99 : 1) 

279 nm 

NPD 

254 nm 

Cap. Fact. 3 2.24 

Cap. Fact. 4: 5.92: 
GC/TLC [758] 

hRf, = 77, hR,, = 35. 
hRr, = 30. hRf4 = 65. 
hRp = 47. hRft = 47. 
hRn = 54; also. GC. SE-
30/OV-1.RL2187 

k1 =0.71. RRT = 0.47 
(diamorphine. 1.00.49 
min) 

Diastereoisomers. 
resolved 
pseudoallocaine 

Resolved from 
methaqualone 

TLC [1,8]; GC [2.8.9]: 
HPLC [1,8,105,669, 
1130]; review [967]: 
enantiomers [233. 919]; 
stability [923]; history 
[244.278]; ToxiLab ' 
TLC [564]: studied on 
38 TLC systems [256]: 
TLC [289.333]; GC 
[273,331.404.466.709] 

[132] 

[133 ] 

[9] 



Drug 
Codeine 

Bulk 

Bulk 

Elixir 
Bulk 

Cough syrup 

Bulk 

Mode 

TLC 

HPLC 

TLC 

TLC 
HPLC 

HPLC 

TLC 

Sample 
pretreatment 

-

Dissolve in ethanol 

(See terpin hydrate) 

Dilute with mobile 
phase 

Dissolve in 0.0IN 
hydrochloric 
acid-methanol 
(4:1) 

Sorbent 
(temp.) 

Silica 

Silica, 
5 дт 

(Same proce
dure as for 
codeine 
phosphate 
hemihydrate) 

Silica 

C-18 

Silica 

Mobile 
phase 

51 = EtOAc-MeOH-
cone. NH4OH 
(85: 10:4) 

52 = MeOH 
Sj = MeOH-l-butanol 

(3 :2)-0.1M NaBr 
S4 = MeOH-conc. 

NH4OH(IOO : 1.5) 
S, = cyclohexane-

toluene-diethylamine 
(75 : 15 : 10) 

S6 = CHCIj-MeOH 
(9: 1) 

S7 = acetone 
Isooctane-diethyl-

ether-methanol-
diethylamine-water 
(400 : 325 : 225 : 
0.5 : 15), flow rate: 
2.0 ml/min 

Methylene chloride-
methanol(l% 
ammonium 
hydroxide) (95 : 5) 

Methanol-0.05A/ 
potassium 
dihydrogen(13 : 87) 

Ammonium 
hydroxide-
cyclohexane-
ethanol (6 : 30 : 72) 

Detection 

279 nm 

254 nm 

254 nm 

Dragendorff 

Comments 

hRfl = 35, hRn = 20, 
ItRn =22, hRf4 = 33, 
hRf5= 6, hRf6= 18, 
ItR17= 3; also GC. SE-
30/OV-1,RI:2376; 
semisynthetic codeine 
base HPLC (27I]; 
dissolution [383] 

k1 = 6.36, RRT= 1.57 
(diamorphine, 1.00,49 
min) 

EP. pt. II—6, p. 76 

USP 23, p. 418 
Also p. 490 [937]; TLC, 

GC, & HPLC [8]: 
HPLC [13,119] 

Also [172.1105] 

EP.pt. II—6, p. 74-3; 
DAD [118]; HPLC 
[567,705, p. 215]; GC 
[264,273,300,404,709]; 

Referen 

[132] 

[133] 

[6] 

f5] 
[9] 

[152] 

[6] 

Colorants 
Bulk 

Cortalcerone 
Crude 

Cortisone acetate 
Bulk 

Bulk 

Crotamiton 
Cream 

Cyanocobalamin (Vitamin B12) 
Multivitamin 

Cvclizine 
Bulk HPLC 

Dissolve in H2O, 
0.15%, use within 15 
min 

0.0 IA/Na borate 
gradient with 0. IA/ 
Na perchlorate 

254 nm 

CE [280]; TLC 
[256,290,656,682]; 
ToxiLabTLC[564]; 
GC/MS [670]; spectral 
and pK data [937]; SCF 
[252]; general [286] 

Impurities resolved; 
[762-766,768-770. 
772,777-781,783,786. 
788-790.795,797.798, 
802-805,808.810-
813,814,816-819] 

HPLC 

TLC 

HPLC 

Extracted from 
mycelium 

Dissolve in MeOH-
CH1CI(I :9) 

Dissolve in THF 

Separon SGX 
NH2 

Silica 

Silica 

CH1CN-H2O (7 : 3), 
pH 5.0 with 0.1 M 
PO4, 1.5 ml/min 

CHCIrH,0-MeOH 
(423 : 1 : 77) 

Butylchloride-butyl 
chloride (H2O 
sat.bTHF-MeOH-
AcOH (95 : 95 : 14 : 
7:6) 

195 nm 

Tetrazolium blue 

254 nm 

— 

JP. p. 181; EP. pt. 11-8. 
p. 321 [4] 

USP 23, p. 429; dosage 
forms [347]: [4, 24, 
25,820.821.827-830] 

HPLC 

HPLC 

Add MeOH, shake, 
sonicate, filter 

SPE 

c„ 

C11, 
^Bondapak, 
40°C 

CH1CN-MeOH (3 : 

15-50% MeOH 
gradient in 0.02A/ 
PO4 15 min, 1.5 
ml/min 

254 nm 

55Or 

USP23;TLC[11;GC[2] 

Alternative to 
microbiological 
methods; CE [730]; 
HPLC [416.727,730]; 
TLC [728]; review 
[726] 

Silica, 10 Mm MeOH (1% NH4OH) -
CH2Cl2 (2 : 98) 

254 nm 

[764] 

[414] 

H] 

[5] 

[376] 

UV, GC, MS, NMR, and [9, p. 53 
IR 

EP.pt


Drua 

Bulk injection 

Bulk 

Cyclobarbital (Cyclobarbitone) 
Bulk 

Bulk 

Bulk 

Mode 
TLC 

TLC 

GC 

TLC 

Sample 
pretreatment 

Dissolve in methanol 

— 

— 

Sorbent 
(temp.) 
Silica 

Silica 

DB-5 

Silica 

Mobile 
phase 

S1 = EtOAc-MeOH -
cone. NH4OH 
(85 : 1 0 : 4 ) 

S, = MeOH 
Sj - MeOH-1-butanol 

(3 : 2 ) - 0 . LWNaBr 
Sj = MeOH-conc. 

NHjOH(IOO: 1.5) 
S1 = cyclohexane-

toluene-diethylamine 
(75 : 15 : 10) 

S , , -CHCl , MeOH 
( 9 : 1) 

S7 = acetone 
Chloroform-methanol 

13.5A/ammonium 

S1 - CHCT.-acetone 
( 8 : 2 ) 

S; = EtOAc 
S, - CHCL, MeOH 

Detection 

Iodine vapor 

FlD 

Comments 
ItRn = 68. ItR1, = 40. 

ItRn = 52, hR,4 - 57. 
hRr, = 49. hRf„ = 41 . 
ItR17= 16: also GC. SE-
30 OV-I . RI: 2020 

BP. addedum 19S3. p. 
223. p. 277. and p. 301: 
GC [2]: HPLC [3]: TLC 
impurities [925] 

Resolved 23 
antihistamines 

ItR11 = 50. ItR1- = 64, 
ItRn = 58, hRr4 - 35: 
also GC. SE-30OV-1 . 
RI: 1963 

Reference 
[132] 

[•»] 

[706. p.164] 

[132] 

TLC Dissolve in water, heat Silica 
to 60-C 

HPLC — Silica 

( 9 : I) 
S4 = EtOAc-MeOH 

cone. NH4OH 
(85 : 10 : 5) 

Ammonium 
hydroxide-ethanol-
chloroform 
(5 : 15 : 80) 

Methylene chloridc-
methanol (1 % 
ammonium 
hydroxide) (98 : 2) 

254 nm 

EP.pt . II—5. p. 175-2; p. 
498 [925] 

TLC [8]; GC [9.8]: 
HPLC [8,968] 

[6] 

№ 

C\ clopentolate 
Bulk 

Cyclophosphamide 
Tablets 

Cyciosporine 
Bulk 

Fermentation 

Cyproheptadine 
Bulk 

Cytokine, recombinant (leukocyte 
A. interferon) 
Injectable 

Dapsone 
Bulk 

Daunorubicin 
Injection 

Demeclocyciine 
Capsules 

TLC Dissolve in methanol 

HPLC Shake with H2O, filter 

HPLC CHjCN-H 2 O(I : 1) 

HPLC 

Cyclohexane-diethyl 
amine (95 : 5) 

H2O-CH1CN (7 : 3) 

C18 H : 0-CH)CN-r butyl-
methyl e ther-H,P0 4 

(520 : 430 : 5 0 : 1 ) 
C8. Supelco, CHjCN-H-O(I : I) 

60»C 

CE 0.05M PO4. pH 7, 500 Silica, 57 cm * 0.05M Na tetraborate 
/jg/ml human serum 75/^m, 10 kV buffer, pH 
albumin, 50 ng/ml 8.3-0.025Л" LiCl , 
«-acetyl tryptophan 

254 nm 

195 nm 

210 nm 

202 nm 

HPLC 

TLC 

-
Dissolve in 

chloroform 

Silica, IO /jm 

Silica 

MeOH(I 0ZoNHjOH)-
C H X L (5 :95) 

Chloroform -methanol 
( 9 : 1) 

254 nm 

Char, UV 

USP 23. p. 439. 
identification, also BP. 
p. 132, p. 567. and p. 
754 [4]: TLC [I] ; 
impurities [925J: GC 
[2]; HPLC [3]: 
enantiomers [919] 

U S P 2 3 , p.44I: 
[2,8.837-840]: stability 
[1104] 

USP 23 . p. 444. column 
a t80°C, 1.2 ml/min 

Other methods discussed 

UV. MS, GC. NMR. and 
IR 

BP, p. 134; GC [2,8.10]: 
HPLC [3.8,10,922]; 
impurities [925] 

Resolved from 
interleukin-I a 

TLC Dissolve in methanol Silica Toluene-acetone (2 : 1) Sodium nitrite solution EP, pt. I I -2 , p. 77, related 
substances; impurities 
[925] 

HPLC 

HPLC 

Dissolve in mobile 
phase 

H2O-CH1CN (62 : 38) 

Powder, sonicate with PRP. 60"C 2-methyl-2-propanol-
mp, cenrifuge 0.2Л/ PO4 (pH 9.0)-

0.02M TBA (pH 

254 nm USP 23, p. 454; 
[841-843]; derivative 
[435] 

254 nm Resolved impurities, 
methods reviewed, 
ointment analvzed 

[303] 

[9. p. 574) 

[6] 

[453] 

EP.pt


Mode 
Sample 

pretreatment 
Sorbent 
(temp.) 

Mobile 
phase Comments Reference 

Denopamine 
Bulk tablets 

Desipramine 
Bulk 

Tablets 

Bulk 

Desmethyldiazepam 
Bulk 

HPLC 

TLC 

GITC derivative 

TLC Shake powder with 
methanol, filter 

HPLC — 

HPLC 

9.0)-0.0 IMEDTA 
(pH 9.0)water 
( 8 : 1 0 : 15 : 1 0 : 5 7 ) 

ODS-2. Inertsil 0.05(WPO4, pH 
3,0-MeOH (44 : 56) 

250 nm 

Silica 

Silica 

C-18, HS, 
Perkin-Elmer, 
3 ^m 

51 = E tOAc-MeOH-
conc. NH4OH 
(85 : 1 0 : 4 ) 

52 = MeOH 
S1 = MeOH-1-butanol 

(3 : 2)-0. \M NaBr 
S4 = MeOH-conc. 

NH 4 OH(IOO: 1.5) 
S, - cyclohexane-

toluene-diethylamine 
(75 : 15 : 10) 

56 - CHCl1-MeOH 
( 9 : 1) 

57 ~~" acetone 
Toluene-methanol 

(95 : 5) 

Methylene chloride-
methanol ( 1 % 
ammonium) 
hydroxide ( 4 : 1 ) 

51 = MeOH. H2O 
( 7 : 3 ) 

52 = 5 шЛ/ PO4 (pH 6> 
MeOH-CH1CN 
( 5 7 : 1 7 : 2 6 ) 

Flow: 1.5 ml/min 

Enantiomers resolved 

hRf, = 4 L h R n = 7. 
hR„ = 71,hR f4 - 2 6 . 
hR r ! = 20, hR f t = I I , 
hRf, = 3; also, GC. SE-
30 /OV-1 .RL2242 

Potassium dichromate 

254 nm 

254 nm 

BP. vol. II, p. 756, also 
EP vol. Ill, Supplement. 
p. 99 [6] 

TLC [1,8]; GC (2,8.9]; 
HPLC [3,8,858.922]; 
ToxiLab [564]; GC 
[404,706, p. 163]: pK 
and spectral data [937] 

Resolved 19 benzo
diazepines, RRT,: 
1.040. RRT2: 0.589 
(azinphosmethyl. 1.00); 
CE [691] 

[459] 

[132] 

[4] 

[9] 

[134] 

Desomorphine 
Bulk 

Dexamethasone 
Bulk 

Dexbrompheniram ine 
Tablets 

Dexchlorpheniramine 
Bulk 

Dextromethorphan 
(Racemethorphan) 
Bulk 

Bulk 

Syrup 

Bulk 

HPLC 

HPLC 

TLC, 
GC& 
HPLC 

TLC 

MeOH 

Ethyl acetate 

Silica, 10^m MeOH ( 1 % NH 4 OH)-
CH2CI2(I : 4 ) 

C8 H2O-CH1CN (3 : 2) 

TLC Dissolve in methanol 

HPLC Dissolve in water 

HPLC Dilute with water 

HPLC 

Silica 

Silica 

C-I8 

C-18 

Silica 

Isopropanol-10% 
ammonium 
hydroxide (7 : 3) 

Ammonium 
hydroxide-
methylene chloride-
methanol-toluene-
ethyl acetate (2 : 10 : 
1 3 : 5 5 : 2 0 ) 

Buffer-water (7 : 3), 
pH3 .4 

Buffer-0.007A/ 
DCS-0.007A/ 
ammonium nitrate 

Methylene chloride-
methanol (1 % 
ammonium 
hydroxide) (9 : I) 

254 nm 

254 nm 

UV 

Dragendorff 

280 nm 

254 nm 

GC, UV, MS. NMR. IR 

USP 23, numerous TLC 
and HPLC methods for 
wide array of 
formulations; AOAC 
methods 988.26/0.27; 
compatability (442]; 
HPLC [458,832-836, 
859] 

Compendial evaluation 

Impurities 

EP, pt. II—6, p. 20 -2 . 
Also BP, addendum 
1983, p. 224(4 ] ; 
[1,8,925] 

USP 23, p. 482; resolved 
from bamipine and 
phenylephrine [424] 

Also [3]; GC [2,8] 

[9. p. 622] 

[5] 

[969] 

[925] 

[6] 

(5] 

[9] 



Drue 
Sample 

pretreatment 
Dextromoramide 

Bulk 

Sorbent 

(temp.) 
Mobile 
phase 

Tablets 

Dextropropoxyplene 
(Propoxyphene) 
Bulk 

Bulk 

TLC 

HPLC 

TLC 

Mix powder with 

methanol, centrifuge 

Silica S1 - E tOAc-MeOH-

conc. NHjOH (85 : 
1 0 : 4 ) 

S, - MeOII 

S , - MeOH 1-butanol 
(3 :2)-0.1,WNaBr 

Ŝ  = MeOH-conc. 
NII4OH(IOO : 1.5) 

S< = cyclohexane-
toluene-diethy lamine 
(75 : 15 : 10) 

56 - CHCl1-MeOH 
( 9 : 1) 

57 = acetone 
Silica Methanol 

Silica MethanolicO.OlA/ 
ammonium 
perchlorate, pH 
adjusted to 6.7 

Silica S1 - HtOAc M e O H -

conc. NH4OH (85 : 
1 0 : 4 ) 

S, =- MeOH 

Sj = MeOH-1-butanol 
(3 :2) -0 .1 MNaBr 

S4 = MeOH-conc. 
NH 4 OH(IOO: 1.5) 

Ss -7 cyclohexane-
toluene-diethylamine 
(75 : 15 : 10) 

56 = CHCl1-MeOH 
( 9 : 1 ) 

5 7 = acetone 

Detection 

Draeendorff 

Comments 

hRn = 78. h R c - 71. 
hR„ -= 78. ItR14 = 76. 
hR,, = 40. hR,6 = 71. 
hR,- = 61; also GC. SE-
30 'OV-I . RI: 2940 

Reference 

BP, addendum 1983. p. 
300:[8] 

TLC [I ] : GC [2]; HPLC 
[970]; impurities [430] 

hRfl = 80. hR,- = 50. 
hRR = 63.hR f 4 = 68. 
hR„ = 59, hRf(, = 55. 
IJR17 - 54: also GC. SE-

30/OV-l . RI: 2188; also 
GC [264]; GC. TMS 
derivative [705. p. 55]; 
HPLC [567] 

[132] 

H] 

[3] 

Diamorphine (Heroin) 
Bulk 

Diazepam 

Bulk 

Silica 

Silica 

Bulk TLC 

Bulk HPLC 

HPLC 

Silica 

C-18, HS, 
Perkin-Elmer, 

3 fjm 

C-18, Hvpersil. 
5 ^m; flow 
rate 1.5 
ml/min. 

Methanolic 0 .0 \M 
ammonium 

perchlorate, pH 
adjusted to 6.7 

S, = CHCl,-acetone 

( 8 : 2 ) 
S2 = EtOAc 
S, = CHCI1-MeOH 

( 9 : 1) 
54 - E tOAc-McOH-

conc. NH4OH 
( 8 5 : 1 0 : 5 ) 

S, = E tOAc-MeOH-

conc. NH4OH 
( 8 5 : 1 0 : 4 ) 

S, = MeOH 
S1 = MeOH-I-butanol 

(3 : 2 ) - 0 . \ M N a B r 
Sj = MeOH-conc. 

NH 4 OH(IOO: 1.5) 

55 = cyclohexane-
toluene-diethylamine 
(75 : 15 : 10) 

56 = CHCl5-MeOH 
( 9 : 1 ) 

57 ^ acetone 
51 = MeOH, H.O 

( 7 : 3 ) 

52 = 5 mM PO4 (pH 6 ) -
MeOH-CH1CN ( 5 7 : 
17 :26) Flow: 1.5 
ml/min 

51 = MeOH, H2O, POj 
(0.1 AsO (55 : 2 5 : 2 0 ) , 
pH 7.25 

52 = MeOH, H2O, PO4 

(0.1 M) ( 7 : 1 :2 ) , pH 
7.67 

254 nm 

TLC [I] ; GC [2]; aq. [3] 

stability [437]; studies 

on 38 TLC systems 
[256] 

hRf, = 58, hRD = 48, [132] 

hRn = 72, hRt4 = 76; 
also GC, SE-30/OV-1. 

RI: 2425 

hR„ = 76, h R c = 82, [132] 

hR„ = 85. hR„ = 75. 
hRf5 = 23,hR r 6 = 73. 
hR„ = 59; also GC, SE-
3 0 / O V - I , R I : 2 4 2 5 : 
GC/HPLC [454] 

Resolved 19 benzo
diazepines, RRT1: 
1.198, RRT,: 0.879 
(azinphosmethyl. 1.00) 

Cap. Fact. 1: 9.47 

Cap. Fact. 2: 2.13 



Drue Mode 
Sample 

pretreatment 
Sorbent 
(temp.) 

HPLC 

TLC Dissolve in acetone 

Silica, 
Spherisorb 
5W1 2 
ml/min. 

Silica 

Capsules 

Extended-release capsules 

Injection 

Tablets 

HPLC Shake powder with 
methanol 

HPLC Same as above plus 
centrifugation and 
fi Iteration 

HPLC Dilute in methanol 

HPLC Same as for capsules 

Mobile 
phase Detection Comments 

S, = MeOH-perchloric 
acid (IL: 10(M) 

S, - MeOH, H2O, TFA 
(997:2 : 1) 

Heptane-ethyl acetate 
(1:1) 

Methanol-water 
(65 : 35) 

Cap. Fact. 3: 1.75 

Cap. Fact. 4: 3.59 

254 nm USP 23, p. 489, 
identification and 
related compounds, 
TLC and GC review 
[971]; also BP, vol. II. 
p. 529 [4] and EP. pt. 
II, p. 22 [8] 

254 nm USP 23, ISTD-
sulfanilamide; [3,8.9]: 
GC [2,8,9]; with 
otilonium [432]. acid 
degradants [441] 

For extended-release 
capsules, ISTD-
ethylparaben. Injection, 
ISTD- tolualdehyde; 
for tablets, ISTD-
ethylparaben; HPLC 
[922]; stability [923]; 
tablets TLC [426] 
GC [264, 273]; CE 
[691,723]; TLC [268, 
276]; ToxiLab TLC 
[564]; TLC/GC [758]; 
HPLC [146,406,556, 
567, 569,699,858] 
GC/MS [705, p.55]; pK 
and spectral data [937]; 
color assay for 
ketobenzodiazepine 
derivatives [1118]; 

[135] 

[5] 

Dibenzepin 
Bulk 

Diclofenac 
Bulk 

HPLC 

TLC 

Silica 

Silica 

Bulk 

Dicioxacillin 
Capsules with amoxycillin 

Diethvlpropion (Amfepramone) 
Bulk 

Digitalis 
Powder 

TLC 

HPLC Extract powder with 
H2O, filter 

HPLC 

Silica 

TLC 

Digitoxin 
Bulk TLC 

Mix, shake and boil 
with EtOH-lead 
acetate soln., decant 
supernatant, extract 
with CHCl1, 
centrifuge, evapor
ate, dissolve in 
MeOH-CHCl1 

(1:1) 

MeOH-DMF-CHCl, 
( 2 : 2 : 1 ) 

Silica 

Silica 

MethanolicO.OlM-
ammonium 
perchlorate, pH 
adjusted to 6.7 

51 = CHClj-acetone 
(8:2) 

52 = EtOAc 
S, = CHCI1-MeOH 

(9:1) 
S4 = EtOAc-MeOH-

conc. NH1OH (85 : 
10: 5) 

Chloroform-ethanol 
(4:1) 

MeOH-0.02M Acetate 
(pH 5.0)(1 : 1),1 
ml/min 

MethanolicO.OlA/ 
ammonium 
perchlorate, pH 
adjusted to 6.7 

EtOAc-MeOH-H2O 
(30 :4 :3 ) 

Chromic acid 

Chloramine T 

TLC [1,8]; GC [2,8]: 
HPLC [8] 

hR„ = 25, hRn = 40, 
ItRn = 47, hR„ = 13; 
also GC, SE-30/OV-I, 
RJ: 2771 

GC & HPLC, p. 533 
[937]; HPLC 
[427,431,444,972]: 
TLC [434] 

ISTD-pencillin; HPLC 
cyano [171]; capsules 
[456] 

TLC [1,9]; GC [2,9]; 
HPLC [9]; stability 
[923]; ToxiLab [564] 

USP 23, p. 512; TLC 
[440]; HPLC 
[844-847] 

Silica Cyclohexane-AcOH-
acetone (49 : 49 : 2) 

Chloramine T USP23.JP, p. 201 [7], 
EP, pt. 11-2, p.78 [6]: 

[438] 

[3] 

[5] 



Mode 
Sample 

pretreatment 
Sorbent 
(temp.) 

Mobile 
phase Detection Comments Reference 

Dihydralazine 
Bulk 

Dihydrocodeine 
Bulk 

Dihydromorphine 
Bulk 

Diltiazem 
Bulk 

TLC 

TLC 

HPLC 

HPLC 

HPLC Derivatize with S (-)Л'-
l-(2-naphthyl-
sufonyl)-2-
pyrrolidine-
carbonyl chloride 

Silica (sprayed NHjOH-MeOH 
with O. IM (1.5 : 100) 
MeOH-
KOH) 

Silica S, = EtOAc-MeOH-
conc. NH4OH (85 : 
10:4) 

S, = MeOH 
S,-MeOH-I-butanol 

(3 :2)-0.1/WNaBr 
S, = MeOH-conc. 

NH4OH(IOO: 1.5) 
S5 ^ cyclohexane-

toluene-diethylamine 
(75: 15: 10) 

S„ = CHCl1-MeOH 
(9: I) 

S7 = acetone 
Silica Methylene chloride-

methanol (1 %) 

Silica Methylene chloride-
methanol (1% 
ammonium 
hydroxide) (4:1) 

Silica Methylene chloride-
ethyl acetate 
(100:9) 

Char 

254 nm 

254 nm 

254 nm 

TLC [25]; impurities 
[24]: GC [2,8]: HPLC 
[848,849] 

HPLC [8,443] 

hRfl = 27, hRn= 11. 
hR„= 19, hRH = 26, 
hRr! = 8. hRft = 13. hR,-
= 2; also GC. SE-
30/OV-1,RI:2365 

Also GC [2,8]; TLC & 
HPLC[I, 8]; ToxiLab 
TLC [564]; GC, TMS 
derivative [705, p. 55] 

Also [3]; TLC [I]; GC 
[2,9] 

Resolution of 
enantiomers; 
[455,703,922]; tablets 
[428] 

[9] 

[9] 

[973] 

Dimethindene 
Bulk HPLC 

Diphenoxylate hydrochloride 
Tablets with atropine sulfate HPLC Dissolution 

Diphenyldramine 
Tablets HPLC Powder extracted with 

diluent 

Diphenylpyraline hydrochloride 
Bulk' GC 

3ulk HPLC 

Dissolve in water 
render alkaline, 
extract with 
chloroform 

Dipipanone hydrochloride 
Tablets TLC (See TLC procedure 

for cyclizine) 

Dipivefrin 
Ophthalmic formulations HPLC No treatment 

Dirithromycin 
Bulk ' HPLC 

Silica 

C-8 

Silica 

Methylene chloride-
methanol (1 % 
ammonium 
hydroxide) (4 : 1) 

Methanol-potassium 
phosphate, dibasic 
0.05M(73 :27) 

CHjCN-5 mM 
HSA-AcOH 
(70:30: 1), 
1.8 ml/min 

Methylene chloride-
methanol(l% 
ammonium 
hydroxide)(9 : 1) 

Zm ^Bondapak CHjCN-1% 
DDS-AcOH 
(51 :46:3) ,2 
ml/min 

C18, Hypersil CHjCN-5-mM PO4, pH 
7.5(44: 19:37) 

254 nm TLC [I]; GC [2,10]; [10] 
HPLC [3.922]; 
enantiomers [919] 

210 nm USP 23, TLC, BP, p. [5] 
162 [4]; GC [2,974]; 
HPLC [3,975] 

258 nm Peak purity, methods [423] 
reviewed; LC-MS 
[425]; HPLC-diode 
array [118]; ToxiLab 
TLC [564] 

FID BP, p. 162. ISTD- [4] 
dibenzyl 

254 r TLC [I]; GC [2.10]: [10] 
HPLC [3] 

BP, addendum 1983. p. [4] 
300 and vol. II. p. 604; 
TLC [I]: GC [2]: HPLC 
[3,567] 

254 nm MS, preparative TLC of [451] 
degradants 

205 nm Purity, related substances [439] 



Drug Mode 
Sample 

pretreatment 
Sorbent 
(temp.) 

Silica 

Mobile 
phase 

Toluene -ammonium 
hydoxide-ethanol 
(dehydrated) 
(170:2:28) 

Spray 

Detection 

bismuth 
iodide solution 

Comments 

USP 23, p. 541, 
identification, 
chromatographic purity. 
also, BP, p. 164 and p. 
530 [4], [1,8]; GC [2,8]; 
HPLC [3,11,976]: 
enantiomers [919]: CE 
[691] 

Reference 

[5] 
Disopyramide phosphate 

Bulk 

Capsules 

Docusate 
Soft gelatin capsules 

Doretinel 
Alcohol eel 

TLC Dissolve in methanol 

TLC Mix with methanol 
and filter 

Dothiepin 
Tablet 

Doxepin 
Bulk 

HPLC H2O-MeOH, filter C2,, Chromega- aq. 0.005MPIC A-
bond CH1CN (3 : 7) 

HPLC SPE, C1, OSD-2, MeOH-THF-0.025Af 
Spherisorb PO4 ( 5 : 1 : 4 ) , 1.5 

ml/min 

CE Extract powder with Fused silica, 72 50inMPO,w/10mM 
CH3CN-H2O (3:2), cm x 50 pim p-cyclodextrin-1 -
filter propanol (9:1) 

TLC Silica S1 = EtOAc-MeOH-
conc. NH4OH (85 : 
10:4) 

S2 = MeOH 
S, = MeOH-1-butanol 

(3 :2)-0.\MNaBr 
54 = MeOH-conc. 

NH4OH(IOO: 1.5) 
55 - cyclohexane-

toluene-diethy !amine 
(75: 15: 10) 

56 = CHCl1-MeOH 
(9:1) 

57 = acetone 

214 nm Resolved from progester- [452] 
one (ISTD), methods 
reviewed 

300 nm Retinoid stability [457] 

220 nm Resolved cis, trans [429] 
isomers, 25 kV; 
isomers [450] 

— hRn = 65, hRc = 24, [132] 
ItRn = 45, hRf4 = 51. 
hR„ = 52, hRf6 = 37. 
hRn= 13; also GC, SE-
30/OV-I1RI: 2217; E/Z 
[436] 

Bulk Silica 

Doxorubicin (Adriamycin) 
Bulk/injection 

Doxycycline 
Bulk' 

HPLC 

TLC 

Mobile phase 

MeOH 

Dronabinol 

Droperidol 
Bulk 

Bulk 

TLC 

TLC 

Silica spray 
with 10% 
EDTA, pH 
9.0, 
Machery-
Nagel 

Silica 

Silica 

Methylene chloride-
methanol (1 % 
ammonium 
hydroxide) (98 : 2) 

H2O-CH1CN (adj. pH 
2)(69:31) 

CH2CI2-MeOH-H2O 
(59:35:6) 

Acetone 

S, = EtOAc-MeOH-
conc. NH4OH (85 : 
10:4) 

S2 = MeOH 
S1 = MeOH-1-butanol 

(3 :2)-0.\MNaBr 
S4 - MeOH-conc. 

NH4OH(IOO: 1.5) 

254 nm Also [3]; GC [2,8,9, [9] 
977,978]; TLC [1,8]; 
ToxiLab TLC [564]; 
GC [706, p. 163]; 
HPLC [858]; resolved 
isomers, related 
compounds, volatile 
impurities, capsules 
[433] 

254 nm ISTD-2-naphthalene [5] 
sulfonic acid, USP 23; 
TLC [I]; HPLC 
[461,850-854,856, 
857,860] 

280 nm Methods reviewed, [460] 
correlated to HPLC; CE 
[445];USP23[5];BP 
[4]; EP, pt. II-7 [6] 

Names: 
Soft gelatin capsule 
(-)-delta-9-(trans) 
tetrahydrocannabinol: 
[129] 

Dragendroff Review; TLC [1,8]; GC [979] 
[2]; HPLC [3,8] 

— ItRn= 59, hRn = 71,hR„ [132] 
= 73, hR,4 = 67, hRf! = 
2, hRf6 = 48, ItR17 = 36; 
also GC, SE-30/OV-1, 
RJ: 3430 



Mode 
Sample 

pretreatment 

TMS derivative 

Sorbent 
(temp.) 

Silica 

DB-5, J&W, 20 
m x 1.8 mm, 
0.4 pM, 
20O0C(I 
min)—300nC 
at 10DC/min 

Mobile 
phase 

S1; = cyclohexane-
toluene-diethylam ine 
(75: 15: 10) 

56 = CHCl5-MeOH 
(9: I) 

57 = acetone 

Methanolic 0.0Ш 
ammonium 
perchlorate, pH 
adjusted to 6.7 

Detection 

MS 

Comments Reference 

Ecgonine 
Bulk 

Bulk 

Econazole 
Powder 

Enalapril 
Tablets 

Ephedrine 
Bulk 

HPLC 

GC 

HPLC Extract with MeOH 

CE H2O 

C,„ Nova-Рак MeOH-THF-TEA 
(0.1 A/, pH7.0) 
(70: 12: 18) 

Silica, 57 cm * 50 mA/P04, pH 8.25, 
75 д т 16.IkV 

Silica S1 = EtOAc-MeOH-
conc. NH4OH 
(85 : 10:4) 

52 = MeOH 
53 = MeOH-1-butanol 

(3 :2)-0. IM NaBr 
54 = MeOH-conc. 

NH4OH(IOO: 1.5) 
55 = cyclohexane-

toluene-diethylamine 
(75 : 15 : 10) 

56 = CHCIj-MeOH 
(9:1) 

57 = acetone 

230 nm 

200 nm 

TLC[I] 

Resolved from cocaine, [706. p.l] 
ecgonine methyester, 
and benzoylecgonine 

Methods reviewed, [463] 
creams, resolved from 
miconazole 

Stability indicating; [470] 
HPLC [471] 

hRfl = 27, hRR = 10, [132] 
hRn = 64, hRf4 = 30, 
hRB = 5, hRf6 = 5, 
hRn= 1, also GC, 
SE-30/OV-LRI: 1363 

Herbal extract g Ephedra herba 
extracted 50% EtOIl 
(15 ml) RT, 30 min, 
centrifuged, filtered 
ISTD-benzyltriethyl 
ammonium chloride 

Fused silica, 
60 cm * 75 
^m ID, 28 
kV 

0.02A/isoleucine -
0.005.W barium 
hydroxide (pH 10) 

Ephedrine hydrochloride 
Oily formulations 

Epicillin 
Bulk 

Epinephrine 
Bulk 

Ergocalciferol (Vitamin D2) 
Bulk 

Ergotamine 
Bulk 

HPLC ISTD, acetic acid and 
chloroform, vortex, 
inject, aq. 

C-8 

HPLC Cyano Nucleosil 

CE Dilute in 0.0\MHCl 

TLC Dissolve in CHCl3 

TLC 

0.05M(pH7) 
PO4-MeOH 
( 7 : 3 . 6 ) 

Silica, 50c m : 
75дт 

Acetonitrile-O.IA/ 
dihydrogen phosphate 

220 nm 

10mA/Tris-18mMMe, 
p-CD, pH 2.4, 15 kV 

214 nm 

206 nm 

Silica CHCIj-MeOH (9 : 1) Spray 0.1% 
bromocresol purple 

Silica S1 = EtOAc-MeOH- — 
cone. NH4OH (85 : 10 
:4) 

S2 = MeOH 
S, = MeOH-1-butanol 

(3 :2) - 0.1 M NaBr 

Resolved: ISTD: 4 min: 
methylpseudoephed-
rine: ~5 min; 
pseudoephedrine: 6.2 
min; ephedrine: 6.8 
min; methylephedrine: 
7.8 min; norpseudo-
ephedrine: 8.1 min; 
norephedrine: 8.8 min 

HPLC studies [567,569]; 
studied on 38 TLC 
systems [256,257]; 
HPLC enantiomers 
[274,703]; enantiomers 
[340];GC/MS[351]: 
GC [404]; pK and 
spectral data [937] 

Also USP 23, p. 589(5]; 
GC [2,8,9,279-282, 
980-982]; HPLC 
[3,8,9,984- 986]; TLC 
[1,925]; enant. 
[464,919] 

Resolved from 
ampicillin, oxacillin. 
flucloxacillin, 
dicloxacillin 

Resolved d/l forms; 
HPLC [500] 

USP 23, p. 602; [863] 

[323] 

[171] 

[463] 

[5] 

hRfl = 42, FiP42 = 67, 
ItR0 = 64, hR„ = 63,Rf< 
= l,hRf6 = 34, hRn = 
22; also GC, SE-
30/OV-1,R1:2366 

[132] 



Sample Sorbent Mobile 
Drug Mode pretreatment (temp.) phase Detection Comments Reference 

Bulk TLC Dissolve in 
methanol-
chloroform (1 : 9) 

Silica 

54 = MeOH-conc. 
NH4OH(IOO: 1.5) 

55 - cyclohexane-
toluene-diethylamine 
(75: 15 : 10) 

56 = CHCl1-MeOH 
(9: 1) 

57 = acetone 
Dimethylformamide-

ether-chloroform-
ethanol (dehydrated) 
(15 :70 : 10: 5) 

Erthomycin 
Bulk 

Estradiol valerate 
Bulk 

Estazolam 
Bulk 

HPLC 

HPLC 

HPLC 

MeOH-0.2M PO4 
(pH 7.0)(1: 1) 

MeOH, sonicate, 
refrigerate, 4 hr 

RPR-I, 
Hamilton, 
70-C 

Cs, Zorbax 

C-18, Hypersil 
5 ^m; Flow 
rate 1.5 
ml/min 

Silica, 
Spherisorb 
5W.2 
ml/min. 

CHjCN-2-methyl-2-
propanol-0.2iWPO„ 
(pH 9.O)-H2O 
( 3 : 16.5:5:75.5) 

MeOH-H2O (85: 15), 
1 ml/min 

, S1 = MeOH, H2O, PO4 
(0.1^)(55:25:20), 
pH7.25 

S2 = MeOH, H2O, PO4 
(OAM)(T- 1 :2), 
pH: 7.67 

Sj = MeOH-perchloric 
acid (IL: 100^0 

S4 = MeOH, H2O, TFA 
(997 : 2 : 1 ) 

Spray DMAB 

215 nm 

222 nm 

USP 23, p. 606, related [5] 
alkaloids prior to 
development place each 
spot over ammonia; 
also ED, pt. 11-6, p. 
224 [6] and BP, vol. H. 
p. 765 [4]; TLC [I]; 
GC [2]; HPLC 
[3,986,987]; GC [988]; 
stability [923] 

Resolved from [472] 
impurities; HPLC 
[474,476,477,489]: 
[4,6,865,867-871.874-
877] 

Resolved from [482] 
norethisterone; 

Cap. Fact. 1:3.80 [135] 

Cap. Fact. 2: — 

Cap. Fact. 3: 1.47 [135] 

Cap. Fact. 4: 1.68 

Estrogen, conjugated 
Bulk'tablets HPLC ISTD-ethyl paraben, C8, Zorbax 

powder, glass beads, 
mobile phase 

Ethambutol 
Bulk 

Ethanol 
Cough Syrup 

Ethinamate 
Bulk 

PO4 (6.8 g/730 ml)-
CH3CN (730 : 270), 1 
ml/min 

[483,878]; USP 23 [5]; 
impurities [24] 

210 nm Method review, resolve 
equilin sulfate, estrone 
sulfate along with other 
conjugates; history 
[478]; fluorodensi-
tometry [480]; USP 23 
[5]; HPLC [880-882] 

Bulk 

Ethionamide 
Tablets 

Ethisterone 
Bulk TLC Dissolve in 

EtOH-CHCl, (1 : 3) 
Silica CHCIj-MeOH (95 : 5) Char EP, pt. H^t, p. 142; BP 

[4]; HPLC [887] 

[479] 

HPLC 

HPLC 

TLC 

TLC 

TLC 

PerbenzoyI derivative 

Dissolve in acetone 

Shake powder with 
methanol, centrifuge 

D-phenyl 
glycine 
(Pirkle 
column) 

Fast analysis 
column (bio 
Rad) 

Silica 

Silica 

Silica 

л-Hexane-IPA 
(75 : 25), I ml/min 

" 

51 = CHCl3-acetone 
(8:2) 

52 = EtOAc 
Sj = CHCIj-MeOH 

(9:1) 
S4 = EtOAc-MeOH-

conc. NH4OH 
(85: 10:5) 

Methanol-chloroform-
acetic acid (15 : 8 : 1) 

Chloroform-methanol 
(9: 1) 

235 nm 

Rl 

Potassium 
permanganate 

254 nm 

Resolved stereoisomers; 
[468,469]; BP [4], JP 
[7]; GC review [884] 

See USP 23 [5] for GC 
methods; [661] 

hRfl = 49, ItR12 = 59, 
hRn = 58, hRf4 = 72; 

also GC, SE-30/OV-1, 
RI: 1363 

Impurities; TLC, GC, & 
HPLC [1,2,8,9] 

BP, vol. II, p. 768, 
addendum 1983, p. 230 
and EP, pt. 11^», p. 141; 
[I]; GC [2] impurities 
[925] 

[465 

[462] 

[132; 

[24] 

[4] 

[6] 



Drug 
Ethosuximide 

Bulk 

Bulk 

Bulk 

Bulk 

Ethybenztropine (Benzhydryl 
ether) 

Л'-Ethy !amphetamine 
Bulk 

Mode 

TLC 

GC 

HPLC 

GC 

Sample 
pretreatment 

Dissolve in 
chloroform 

— 

Sorbent 
(temp.) 

Silica 

U SP-G 5 
(140DC), 
Silica 

Cyclodex-B, 
30 m * 0.25 
mm, 0.2 ^m, 
1600C 

Mobile 
phase 

S, = CHC^-acetone 
( 8 : 2 ) 

S, = EtOAc 
Sj = CHCIj-MeOH 

( 9 : 1) 
S. = E tOAc-MeOH-

conc. NH1OH 
(85 : 1 0 : 5 ) 

— 
Methylene chloride-

m e t h a n o l ( l % 
ammonium 
hydroxide) (99 : 1) 

— FID, 

Detection 

FID 

254 nm 

300°C,N, , 30 
ml/min 

Comments 

hRn = 50, h R c = 56, 
ItRn = 59, hRf4 = 58; 
also GC. SE-30/OV-1. 
RI : 1206 

USP 23, p. 642 
impurities; BP, vol. 11, 
p. 555, assay [4] TLC 
[1,8]; GC [2,8]; HPLC 
[8] 

Expected to migrate, 
chromatographically by 
HPLC similar to 
/V'-ethy !amphetamine 

Reference 

[132] 

[5] 

[9] 

[706. p.158] 

HPLC 

Ethylenediaminetetracetic acid 
(Edetic acid) 

Bulk HPLC Add cupric nitrate 

Silica, 10 ^m, 
30 cm x 4 
mm 

M e O H ( I 0 / . N H 4 O H b 
CH1Cl2 (2 : 8) 

254 nm 

C8 TBH (10 ml 2 5 % 
MeOH)-MeOH-H2O 
(10 : 90 : 900), pH 7.5 

254 nm 

GC described, also TLC 
[267]; /V-ethylamphet-
amine. N, Л'-dimethyl-
amphetamine (also 
known as A',/V,alpha-
trimethylbenzeneethana 
mine: A,*V,aIpha-
trimethylphenethyl-
amine) 

Disodium form USP 23 , 
p. 571;opthalmic 
HPLC [478] 

[10] 

[5] 

Ethvlestrenol 
Bulk 

Ethyl loflazepate 
Bulk tablet 

GC 
3 % O V - l , N2, 32 ml/min 

Chromosorb, 
280-C, 4' * 
1/4" 

HPLC Powder, add MeOH, MCH-10, CH 5 CN-H 2 O(I : 1),1 

sonicate, add mobile Micropak ml/min 
phase 

FlD 

230 nm 

MS, NMR, IR described; [10] 
NMR [773] 

TLC also evaluated; [485] 
benzodiazepine; HPLC 
[774] 

GC-MS, urine [778] 

Etorphine 
Bulk 

Etoxeridine (Carbetidine) 
Famotidine 

Parenterals 

Fencamfamin(e) 
Bulk 

Fenethylline 
Bulk 

Fenfluramine 
Tablets 

HPLC 

HPLC Mobile phase 

HPLC 

HPLC 

TLC Shake powder with 
cholorform, filter 

Silica MethanolicO.OlM 
ammonium 
perchlorate, pH 
adjusted to 6.7 

Silica MeOH-H : O-0.05M 
PO4 (10 : 4 : 16) 

Silica Methanolic 0.01 M 
ammonium 
perchlorate, pH 
adjusted to 6.7 

Silica Methylene chloride-
me thano l ( l% 
ammonium 
hydroxide) (98 : 2) 

Silica Methanol-13.5 M 
ammonium hydroxide 

254 nm 

254 nm 

Dragendorff 

T L C [ I ] 

Resolved from parabens 
& degradants; stability 
[494.504]; L C - M S 
[503]; USP 23, p. 652 

[5] 

TLC [1,8]; GC [2,8] 

GC [2,9]; HPLC. p. 613 
[937]; [(+)c/s-4-
methylaminorex 
(+)ds-4,5-dihydro-4-
methyl-5-phenyl-2-
oxazolamine)] 

BP, vol. II. p. GC assay. 
p. 770; TLC, GC. & 
H P L C p . 614 [937]: 
HPLC & GC [9.264]; 
CE [501] 

[9] 

W 



Drug 
Fenoterol 

Tablets 

Fenproporex 
Bulk 

Mode 
Sample 

pretreatment 

Sonicate powder in 
H2O 

Sorbent 
(temp.) 

Silica, 50 cm * 
75 д т 

Mobile 
phase 

O.OIA/Tris, pH5.0, 
12.5 kV 

Detection 

214 nm 

Comments 

Compared to 
isotachophoresis & 
HPLC, review, 
resolved salbtamol/ 
terbutaline 

Reference 

[491] 

Fentanyl 
Bulk 

GC 

TLC 

Bulk 

Injection 

HPLC 

GC Dissolve in water, 
render alkaline, 
extract with 
chloroform 

USP-G2 
(100-300°C) 

Silica S, = EtOAc-MeOH-
conc. NH4OH 
(85: 10:4) 

S, = MeOH 
Sj = MeOH-1-butanol 

(3 : 2H). IA/NaBr 
S, = MeOH-conc. 

NH4OH(IOO: 1.5) 
S5 = cyclohexane-

toluene-diethylamine 
(75: 15: 10) 

S4 = CHCl1-MeOH 
(9: 1) 

S7 - acetone 
MeOH (1% NH4OHb 

CH2CI2 (2 : 98) 

Bulk HPLC 

Silica, 30 cm x 

4 mm, 10 Aim 

USP-G2 
(240°C) 

Silica, 30 cm * MeOH (1% NH4OHb 
4 mm, 10 Mm CH2Cl2 (2 :98) 

254 nm 

254 nm 

TLC, GC, & HPLC [8] 

hRfl = 75, hRe = 69. 
hR, = 77. hRB = 70, 
hR15 = 45. hRB = 74. 
IrRn = 58; also GC. 
SE-30/OV-1,RI:2650 

UV, MS, NMR, IR. & 
GC data 

USP 23, p. 654, ISTD-
papaverine; TLC [1.8]; 
GC [2,8,9]; HPLC 
[3,8,9]; GC [243,705, 
p. 57, 706, p. 159]; pK 
and spectral data [937]; 
homologs [189] 

UV, MS, NMR, IR, & 
GC data 

[132] 

[10. p. 928] 

[5] 

[11, p. 930] 

Flucytosine 
Capsules 

Fludiazepam 

Flumcinol 
Bulk 

Flunitrazepam 
Bulk 

HPLC Extract powder with 
H2O, filter 

С,,, Pharmex 

HPLC 

TLC 

Bulk TLC 

0.05MPO4, pH 4.5, 1 
ml/min 

300 nm 

Bulk HPLC 

C18, Lichro-
sorb 

Silica 

Silica 

C-18, HS, 
Perkin-

MeOH-H2O (7 : 3) 

S, = CHClj-acetone 
(8:2) 

S2 = EtOAc 
Sj = CHCl1-MeOH 

(9:1) 
S4 = EtOAc-MeOH-

conc. NH4OH 
(85: 10:5) 

S1 = EtOAc-MeOH-
conc. NH4OH 
(85 : 10 : 4) 

S2 = MeOH 
S1 = MeOH-I -butanol 

(3 :2)-0.IMNaBr 
S4 = MeOH-conc. 

NH4OH(IOO: 1.5) 
S5 = cyclohexane-

toluene-diethylamine 
(75 : 15 : 10) 

S6 = CHCl1-MeOH 
(9:1) 

S7 = acetone 
S1 = MeOH, H2O 

(7:3) 

PDA, 210 nm 

254 nm 

iSTD-5-aminouracil, 
stability; review [499]; 
USP 23; [889,890] 

Structurally similar to 
flunitrazepam expected 
to have similar 
chromatographic 
behavior 

Review, impurities, also 
chiral separation, 
compared to GC 

InRn = 54, hR„ = 48, 
hR„ = 72, hR„ = 76; 
also GC, SE-30/OV-1, 
RI: 2645 

hRfl = 76, hRn = 79, 
hRn = 82, hRt4 = 63, 
hR„ = 10, hRf6 = 72, 
hRn = 63; also GC, SE-
30/OV-1,RI:2645 

[493] 

Resolved 19 benzo
diazepines, RRT, : 

[492] 

[132] 

[134] 



Drug Mode 

HPLC 

Fluocinolone acetonide 
Cream 

Fluorouracil 
Bulk 

Fluoxetine 
Capsules 

Fluoxymesterone 
Bulk 

TLC 

TLC 

Sample 
pretreatment 

— 

_ 

Partition between 
H2O-CHCl3 , 
centrifuge, discard 
aq. layer 

Sorbent 
(temp.) 

Elmer, 3/^m 

C-18, Hypersil 
5 ^m, flow 
rate 1.5 
ml/min. 

Silica, 
Spherisorb 
5W, 2 
ml/min. 

Silica (spray 
OAM 
methanolic 
potassium 
hydroxide) 

Silica 

Mobile 
phase 

S : - 5 m A Y P 0 4 ( p H 6 ) -
MeOH-CH3CN 
( 5 7 : 1 7 : 2 6 ) 

Flow: 1.5 ml/min 
, S1 = MeOH. H : 0 , PO4 

(0.1Л/) (55 :25 :20) , 
pH 7.25 

S2 - MeOH, H2O, PO4 

(OAM)(I : 1 : 2 ) , pH 
7.67 

53 = MeOH-perchloric 
acid (IL: XOOfA) 

54 = MeOH, H2O, TFA 
( 9 9 7 : 2 : 1) 

Ammonium hydroxide-
methanol(1.5 : 100) 

CHCl5-DEA (2 : 1) 

Detection 

— 

Various reagents 

Char 

Comments 

0.725, RRT2: 
0.510(azinphosmethyl. 
1.00) 

Cap. Fact. 1: 3.10 

Cap. Fact. 2: — 

Cap. Fact. 3: 0.34 

Cap. Fact. 4: 0.38 

TLC [8]; GC [2,8]; 
HPLC [8] 

USP 23. p. 667— 
numerous formulations 
evaluated, also HPLC 

Reference 

[135] 

[135] 

[1] 

[5] 

Silica CH2Cl2-MeOH ( 1 % 
NH4OH) (95 : 5 ) 

HPLC 

TLC 

Mix powder with 0.1 
N HCI, filter 

C,g, ^Bonda-
pak 

Silica 

1OmMPO4 , 0.2% 
AcOH, 2 ml/min 

51 = CHCl-ace tone 
( 8 : 2 ) 

52 = EtOAc 
Sj = CHCl3-MeOH 

( 9 : 1 ) 

254 nm USP 23 [5]; JP [7]; BP [10] 
[4): TLC review [891]: 
stability [1104] 

234 nm Stability indicating [498] 

ItRn = 3 , ItRn = 3, [132] 
ItRn = 41 , ItRf4 = 72; 
also GC, SE-30/OV-I. 
RI: 2785 

Fluparoxan 
Bulk 

Fluphenazine 
Bulk 

Flurazepam 
Bulk 

CE In electolyte 

Bulk 

Bulk 

HPLC 

HPLC 

Silica, 57 cm > 
50 ^m 

Silica 

Silica 

C-18, HS, 
Perkin-
Elmer, 3 jum 

C-18, Hypersil, 
5 ^m, flow 
rate I.5 

S4 = E tOAc-MeOH-
conc. NH4OH 
( 8 5 : 1 0 : 5 ) 

(10 mM borax, 1OmM 
Tris, 15OmMp 
cyclodextrin, 6M 
u r e a H P A (8 : 2), pH 
2.5, 16 kV 

CH2Cl2-MeOH ( 1 % 
NH4OH) (4 : 1) 

51 = E tOAc-MeOH-
conc. NH4OH 
(85 : 10: 4) 

52 = MeOH 
S, = MeOH-l-butanol 

(3 :2)-0.1 M NaBr 
S4 = MeOH-conc. 

NH 4 OH(IOO: 1.5) 
Ŝ  = cyclohexane-

toluene-diethylamine 
(75 : 15 : 10) 

56 = CHCI1-MeOH 
( 9 : 1 ) 

57 = acetone 
S, = MeOH, H , 0 

( 7 : 3 ) 
S2 = SmM PO4 (pH6)-

MeOH-CH1CN 
( 5 7 : 1 7 : 2 6 ) 

Flow : 1.5 ml/min 
S1 = MeOH, H2O, PO4 

(0.1 M) (55 : 2 5 :20) , 
pH7.25 

254 nm 

254 nm 

1% limit of quantitation 

TLC [1,8,24]; GC 
[2,8,9); HPLC 
[3,1105); USP 23 [5): 
BP [4); review [892] 

hRn = 72, hR„ = 52, 
hRn = 45, hR„ = 62, 
hR„ = 30, hRre = 48, 
hRf, = 40; also GC. SE-
30/OV-I 1RI: 2785 

Resolved 19 benzo
diazepines, RRT1: 
2.050. RRT2: 1.329 
(azinphosmethyl, 1.00) 

Cap. Fact. 1: — 

Cap. Fact. 2:3.11 

[491 

[9) 

134] 

[1351 



Drug Mode 
Sample 

pretreatment 
Sorbent 

(temp.) 

ml/min. 

Silica, 

Spherisorb 
5W, 2 
ml/min. 

Silica 

Mobile 

phase 

S2 - MeOH, H : 0 , PO, 
(OAM)(J: 1 : 2 ) , pH 
7.67 

Sj = MeOH-perchloric 

acid (IL: 1 0 0 ^ 0 
S4 - MeOH, H1O, TFA 

( 9 9 7 : 2 : 1) 
Ammonium 

hydroxide-ethyl 

acetate (1 ; 200) 

Comments Reference 

Bulk 

Bulk 

TLC Dissolve in methanol 

HPLC 

Folic acid 

Bulk 

rosinopnl 
Bulk 

Fursemide 

Bulk 

Gentamicin 

Cream/eye drops 

Glutathione 

Pharmaceutical prep. 

TLC 

HPLC 

HPLC 

TLC 

HPLC 

MeOH-NH4OH 

( 9 : 2 ) 

Mobile phase 

Mobile phase 

Disperse with CHCI5, 

extract with H2O 

H2O, filtration 

Silica 

Silica 

Silica 

Methylene 
chloride-methanol 
( 1 % ammonium 
hydroxide) (98 : 2) 

EtOH-propanol-

NH4OH (3 : 1 : 1) 

CHjCN-H2O-H1PO4 

(4000 : 1 5 : 2 ) 

C„Nucleosi l 0 .02MPO 4 - IPA-

cetrimide (780 : 300; 

2.5), pH 7.0, 1 ml/min 

Silica CHCh,-MeOH-13.5M 

NH 4 OH(I : 1 : 1), 

lower layer 

C18, 5 mMoctylamine 

Spherisorb, orthophosphate, pH 
OSD-2 6.4, 1.5 ml/min 

Cap. Fact. 3: 6.10 

Cap. Fact. 4: 13.41 

254 nm USP 23, p. 687, & [5] 
capsules, ID by TLC 

and GC review [989] 

and BP, addendum 

1983, p. 235 and p. 266 

[4];[1,8] 
254 nm GC [2,8,264]; HPLC [9] 

[8,922]; GC [273.404]; 

TLC [276]; CE [723]; 
[496] 

350 nm EP, pt. II—2, p. 67-2 & [6] 

BP, p. 202 [4] 

205 nm Related impurities [497] 

250 nm Review, related [495] 

impurities, also TLC; 

HPLC-EC [505] 

Ninhydrin BP, vol. II, p. 547 & 610 [4] 

230 nm Review, resolved [507] 

oxidized glutathione; 

HPLC [506,507] 

GIutethimide 
Bulk TLC Silica 

Bulk 

Bulk 

Guaiphenesin 

Capsules/elixir 

Guaizulene 

Ophthalmic 

Granulocyte colony stimulating 

factor 

Bulk 

Halazepam 
Bulk 

TLC Dissolve in methanol 

HPLC 

HPLC H.O, filter 

HPLC Borate buffer (1.71 g 
boric acid/0.265 g 
borate) H2O/100 ml, 
extract with light 
petroleum, residue 
dissolved in EtOH 

Silica 

Silica 

Silica 

S, = CHClj-acetone 
( 8 : 2 ) 

S2 = EtOAc 
Sj = CHCl,-MeOH 

( 9 : 1 ) 
S4 = E tOAc-MeOH-

conc. NH4OH 
( 8 5 : 1 0 : 5 ) 

Ethyl acetate-water 
(95 : 5) 

Chlorine gas and 
potassium iodide 

Methylene 
chloride-methanol 
( 1 % ammonium 
hydroxide) (99 : I) 

1 O m M P O 4 - M e O H -

CH1CN (8 : 2 : 1), pH 

5.5, 1.2 ml/min 

«-Hexane-EtOAc 
(98 : 2), I ml/min 

CE 

HPLC 

Sialic acids removed 
with neuramindase 

Silica, 100 cm 
* 75 ^m 

C-18, Hypersil, 
5 ^m, flow 
rate 1.5 
ml/min. 

pH8 .0 , 5 0 m M P O 4 - 5 0 
mM borate, 3OkV 

51 = MeOH, H2O, PO4 

(0.1 M) (55 : 2 5 :20) , 
pH7.25 

52 = MeOH, H2O, PO4 

(O . IM)(7 : 1 :2 ) , pH 

7.67 

254 nm 

245 nm 

600 nm 

2 l 4 n m 

hRn = 63, hR n = 62, 
hRn = 70, hRf4 = 78; 
also GC, SE-30/OV-1, 
RI: 1836 

BP, vol. II, p. 211 and p. 
774, review [990]; 
HPLC, USP 23 [5]; 
impurities [925] 

TLC, GC, & HPLC, p. 
642 [937], [8,991]; GC 
[9,264,273,404,705, 
992]; HPLC [993] 

Methods reviewed. 

resolved from 

theophylline, compared 

to 3rd derivative UV; 

GC [2] 

[132] 

[4] 

[9] 

[508] 

[509] 

Glycoforms resolved; 
peptide mapping [518] 

Cap. Fact. 1: 16.46 

Cap. Fact. 2: 2.82 

Cap. Fact. 3: 1.05 

[510] 

[135] 

[135] 



Mode 
Sample 

pretreatment 
Sorbent 
(temp.) 

Tablets 

Haloperidol 
Bulk 

HPLC Extract powder with 

Silica, 
Spherisorb 
5W, 2 
ml/min. 

C-18 
methanol, centrifuge 

TLC Silica 

Bulk solution 

Bulk 

TLC Dilute with methanol 

HPLC 

Silica 

Silica 

Heparin 

Heroin (Diamorphine/ 
diacetylmorphine) 

Bulk CE 

Mobile 
phase 

Sj = MeOH-perchloric 
acid (IL: 100 ̂ O 

S1 = MeOH, H2O, TFA 
(997 :2 : 1) 

Water-acetonitrile 
(3:1) 

S1 -EtOAc-MeOH-
conc. NH4OH 
(85 : 10:4) 

S, = MeOH 
Sj = MeOH-1-butanol 

(3 :2)-0. IM NaBr 
S4 = MeOH-conc. 

NH4OH(IOO: 1.5) 
S; = cyclohexane-

toluene-diethylamine 
(75: 15 : 10) 

56 = CHCIj-MeOH 
(9:1) 

57 = acetone 
Chloroform-methanol-

]3.5M ammonium 
hydroxide (92 : 8 : 1) 

Methylene chloride-
methanol(l% 
ammonium 
hydroxide) (95 : 5) 

Fused silica; 75 mM SDS-6 mW 
ID—75 urn, Na2B4O7-IOmW 
L—90 cm Na2HPO4 (pH 9.1), 20 

kV, cathode detector 
side 

Detection 

254 nm 

Dragendorff 

254 nm 

Cap. Fact. 4: 1.34 

GC & HPLC [10.699] 

hRrl = 74. hR,, = 51. ' 
hR„ = 75, ItR14 = 67. 
hR,,= 10. hRB = 27. 
hRn = 33; also GC, SE-
30/OV-1.RL2942 

BP, addendum 1983. p. 
297, vol. II, p. 612 and 
p. 776; [1,8,925] 

GC [2,8]; HPLC 
[8,922,995,996]; TLC 
[564] 

CE [516] 

Fraction A: methaqua-
lone. Fraction B: 
morphine, heroin, 
codeine, methaqualone, 
6-acetyl morphine. 

[994] 

[132] 

H] 

[130] 

Hexobarbital (Hexobarbitone) 
Bulk TLC Silica S1 = CHCl,-acetone 

(8:2) 
S, = EtOAc 
S7 = CHCl3-MeOH 

(9:1) 
S4 = EtOAc-MeOH-

conc. NH4OH 
(85: 10:5) 

Fraction C: benzoyl-
ecgonine. morphine. 6-
acetyl morphine, 
codeine. Detection limit 
100ng/ml;[748]: 
impurities [746]; 
history [244]; CE 
[265]; SCF [266]; GC 
[273,292-300.404,705 
p. 55]; GC-IR [284]; 
general [280-283.285]; 
HPLC [81,84-92.105. 
306,569]; IR [325]; 
TLC [656]; GC-MS 
[326-328]; poppy seed 
[747], see morphine; 
stability [517] 

hR,, = 65, hRp. = 65. 
hRn = 69, ItRn = 51: 
also GC, SE-30/OV-1, 
RI: 1857 [697,705. p. 
53]; GC. p. 54 [705]; 
EP, pt П-5. p. 183-2: 
TLC, GC, HPLC p. 656 
[937], [8,9,126,924. 
938]; enantiomers 
[919]: GC [275.404]; 
bulk also by TLC. see 
cyclobarbital [6] 

[132] 

[604] 

Human growth hormone, (HCH, 
somatotrophin) 

Dosage HPLC C-4, Vydac, 
4.6 x 250 
nm, 5 ,urn 

29% 1 -PrOH-0.5 M 
phosphate, pH 6.5, 
45°C, 1.0 ml/min 

Fluorescence (Somatotropin) column 
conditioned by 
injecting 20 x 10 nl of 
5 mg/ml protein. 
resolved from N-
methionyl recombinant 
human growth 

[724] 



Drug Mode 
Sample 

pretreatment 
Sorbent 
(temp.) 

Mobile 

phase Detection Comments Reference 

Iuman normal 

immunoglobulins 
Bulk 

ivdralazine 

Bulk 

Bulk 

HPLC 

TLC 

HPLC 

Dilute with pH 7 
buffer 

Dissolve with 0.1 M 

methanolic 

hydrochloric acid 

Dissolve in mobile 

phase 

Hydrochlorothiazide 

Bulk HPLC 

Hydrocodone 
Bulk TLC 

Agarose pH 7.0 buffer 

Silica Ethyl acetate-13.5/W 
ammonium 
hydroxide-hexane 
( 2 : 2 : 8 ) upper layer 

SCX Acetonitrile-0.5 M 

potassium phosphate, 
dibasic adjust to pH 
3.5(55 :45) 

Silica Methylene 
chloride-methanol 
(1% ammonium 
hydroxide) (9 : 1) 

Silica S1 = EtOAc-MeOH-
conc. NH4OH 
(85: 10:4) 

S2 = MeOH 
S, = MeOH- -1-butanol 

(3:2)-0.1WNaBr 
S4 - MeOH-conc. 

NH4OH(IOO: 1.5) 

DMAB 

280 nm 

254 nm 

hormone; also [760]; 
HPLC [767]; 
somatropin for 
injection [918] 

EP.pt. 11-8, p. 338-4 

HPLC [8,218,937,997, 
922]; stability 
[923];USP 23, forTLC, 
EP, pt. II-9, p. 394 [6]: 
tablets [5]; also see 
methyldopa and timolol 
maleate; [515] 

hRfl = 3 L h R n = 11, 
h R n = 13,hRB = 25. 
hRre = 4, hRr6 = 20. 
ItR17 = 4; also, GC, SE-
30 /OV-I ,RI :2440 

[6] 

BP, addendum 1983. p. [4] 

237; [1,999] 

USP 23, ISTD-
methylparaben. assay, 
GC [1000]; HPLC 
[9,515,1001,1002]; 
stability [511] 

[9] 

Bulk 

Hydrocortisone 

Bulk 

HPLC 

HPLC 

Silica 

C18, adsorbo-

sphere 

Hydromorphone 
Bulk TLC 

55 - cyclohexane-

toluene-diethylamine 

(75 : 15 : 10) 

56 = CHCIj-MeOH 

( 9 : 1) 

5 7 = acetone 

Methylene chloride-

methanol ( 1 % 

ammonium 

hydroxide)(95 : 5) 

MeOH-H 2O (7 : 3) 

51 = E tOAc-MeOH-
conc. NH4OH 
( 8 5 : 1 0 : 4 ) 

52 = MeOH 
Sj = MeOH-1-butanol 

(3 : 2 ) - 0 . \ M N a B r 

54 = MeOH-conc. 
NH 4 OH(IOO: 1.5) 

55 = cyclohexane-
toluene-diethylamine 
(75 : 15 : 10) 

5 6 = CHCl1-MeOH 
( 9 : 1 ) 

57 = acetone 

254 nm TLC [1,8]; GC [9] 

[2,8,9,848,849]; HPLC 

[3,8,996,998] 

254 nm SCF creams, ointments [513] 

[512]; hydrocortisone 
17-butyrate [514]; 
cream SPE [513]; USP 
23, p. 759, numerous 
methods and 
formulations [5]; 
impurities [24]; BP [4]; 
JP [6]; stability [1104]; 
[893-903] 

— hR„ = 18, h R n = 12, [132] 

h R B = 14, hRf4 = 23. 
hRf5 = 3,hR f6 = 9, 
hR n = 2; also GC, SE-
30/OV-1,RJ:2467 

EP.pt


Drue Mode 
Sample 

pretreatment 
Sorbent 
(temp.) 

Mobile 
phase Detection Comments Reference 

luman normal 
immunoglobulins 

Bulk 

Ivdralazine 
Bulk 

Bulk 

HPLC 

TLC 

HPLC 

Dilute with pH 7 
buffer 

Dissolve with 0.1Л/ 
methanolic 
hydrochloric acid 

Dissolve in mobile 
phase 

Hydrochlorothiazide 
Bulk HPLC 

Hydrocodone 
Bulk TLC 

Agarose pH 7.0 buffer 

Silica Ethyl acetate-13.5A/ 
ammonium 
hydroxide-hexane 
( 2 : 2 : 8 ) upper layer 

SCX AcetonitriIe-0.5 M 
potassium phosphate, 
dibasic adjust to pH 
3 . 5 ( 5 5 : 4 5 ) 

Silica Methylene 
chloride-methanol 
( 1 % ammonium 
hydroxide) (9 : 1) 

51 = E tOAc-MeOH-
conc. NH4OH 
( 8 5 : 1 0 : 4 ) 

52 = MeOH 
S, = MeOH-1-butanol 

(3 : 2 ) - 0 . I M N a B r 
S4 = MeOH-conc. 

NH 4 OH(IOO: 1.5) 

DMAB 

280 nm 

254 nm 

hormone; also [760]: 
HPLC [767]; 
somatropin for 
injection [918] 

EP, pt. 11-8, p. 338-4 

HPLC [8,218,937,997, 
922]; stability 
[923];USP23, forTLC. 
EP, pt. 11-9, p. 394 [6]: 
tablets [5]; also see 
methyldopa and timolol 
maleate; [515] 

hRfl = 3 1 , h R n = 11, 
h R n = 13,hR„ = 25. 
hRB = 4, hRf6 = 20, 
hR„ = 4; also, GC, SE-
30/OV-I 1RJ: 2440 

16] 

BP. addendum 1983. p. [4] 
237;[1.999] 

USP 23, ISTD-
methylparaben, assay, 
GC [1000]; HPLC 
[9,515,1001.1002]; 
stability [511] 

[9] 

Bulk 

Hydrocortisone 
Bulk 

HPLC 

HPLC 

Silica 

C18, adsorbo-
sphere 

Hydromorphone 
Bulk 

55 = cyclohexane-
toluene-diethylamine 
( 7 5 : 1 5 : 10) 

5 6 = CHCb-MeOH 
( 9 : 1 ) 

57 = acetone 
Methylene chloride-

methanol ( 1 % 
ammonium 
hydroxide) (95 : 5) 

MeOH-H 2O (7 : 3) 

51 = EtOAc MeOH 
cone. NH4OH 
(85 : 1 0 : 4 ) 

52 = MeOH 
S, = MeOH-1-butanol 

(3 : 2 ) - 0 . IMNaBr 
54 = MeOH-conc. 

NH 4 OH(IOO: 1.5) 
55 ~ cyclohexane-

toluene-diethylamine 
( 7 5 : 1 5 : 10) 

5 6 = CHCl3-MeOH 
( 9 : 1) 

57 = acetone 

254 nm TLC [1,8]; GC 
[2,8,9,848,849]; HPLC 
[3,8,996,998] 

254 nm SCF creams, ointments 
[512]; hydrocortisone 
17-butyrate[514]; 
cream SPE [513]; USP 
23, p. 759, numerous 
methods and 
formulations [5]; 
impurities [24]; BP [4]; 
JP [6]; stability [1104]; 
[893-903] 

hRrl = 18, h R r = 12, 
hRR = 14, ItR14 = 23, 
hR„ = 3, hRr6 = 9, 
hR n = 2; also GC, SE-
30/OV-1,R1:2467 

[9] 

[513] 



Drug 

Bulk 

Mode 

HPLC 

Hydroxvzine 
'Bulk ' TLC 

Bulk 

Syrup 

Syrup HPLC 

Sample 
pretreatment 

Sorbent 
(temp.) 

Silica 

Mobile 
phase 

Methylene chloride-
methanol ( 1 % 
ammonium 
hydroxide)(4 : 1) 

Detection 

254 nm 

Comments 

TLC [1,8,564]; GC 
[2,8.9]: HPLC [3,8.9]; 
IR, UV. MS. NMR. and 
IR[IO, p. 1126]; GC. 
TMS derivative [705. 
P-55] 

Reference 

[9] 

TLC Dissolve in a mixture 
of sodium hydroxide 
solution-acetone 
(1 : 1) 

TLC Dilute with methanol 

Capsules HPLC 

Add 0.1 yv sodium 
hydroxide, extract 
methanol-water, 
filter through 
sodium sulfate, 
evaporate, dissolve 
with methanol 

Dissolution 

Silica S1 = EtOAc-MeOH -
cone. NH4OH 
(85 : 1 0 : 4 ) 

S, = MeOH 
53 = MeOH-l-butanol 

(3 :2)-0 .1W NaBr 
54 - MeOH-conc. 

NH 4 OH(IOO: 1.5) 
S, = cyclohexane-

toluene-diethylamine 
( 7 5 : 1 5 : 10) 

56 = CHCIj-MeOH 
( 9 : 1 ) 

57 = acetone 
Silica Toluene-ethanol-

ammonium hydroxide 
( 1 5 0 : 9 5 : 1) 

Silica Toluene-ethanol-
ammonium hydroxide 
( 1 5 0 : 9 5 : 1) 

SCX Methanol-0.05 M 
potassium dihydrogen 
phosphate (6 : 4) 

SCX Methanol-0.05 M 
potassium dihydrogen 
phosphate (6 : 4) 

Iodoplatinate 

Iodoplatinate 

232 nm 

232 nm 

ItR11 = 53, ItRn, = 56. 
hR n = 65. hRf4 = 68. 
hRi, = 9. hRf6 = 54. 
h R p = 19: also GC. SE-
30 /OV-1 .RL2049 

[132] 

JP, p. 281 

USP 23, identification; 
[ I ] ; TLC [564]; also 
tablets 

USP 23;[3,8,9,1002, 
1003]; GC [2]; HPLC 
[1004] 

[7] 

USP 23 [5] [5] 

Capsules 

Hyoscine 
Bulk 

HPLC Mix with methanol, 
filter 

TLC Dissolve in methanol Silk 

Hyoscyamine 
Bulk 
Tablets, sulfate elixir, 
injection, oral solution, and 
tablets 

TLC 
GC 

Dissolve in methanol 
Dissolve powder in a 

buffered pH 9.0 
solution, extract 
with methylene 
chloride 

Silica 
USP-G2 

(225°C) 

lbogaine 
Bulk 

Ibuprofen 
Bulk 

Ibutilide 
Saline 

Iloprost 
5% Dextrose 

HPLC 

HPLC 

Buffer-methanol 
(1 : 1), buffer 7 g/1 
potasssium dihydrogen 
phosphate, pH 4.4 

Ammonium 
hydroxide-methanol-
acetone-chloroform 
(2 : 10 : 30 : 50) 

Chloroform-acetone 

HPLC Derivatize with 1-
naphthylisocynate, 
C,„ SPE 

Silica Methylene 
chloride-methanol 
( 1 % ammonium 
hydrox ide ) (1 :1 ) 

Cyclobond 1 CH,CN-0 .01%TEA 
(3 : 2), pH 4.0, 0.6 
ml/min 

Pirkle column MeOH-0.05% 
TFA-0.05% TEA 

HPLC CHCI3 extract dried, 
redissolve in MeOH 

C18, Hypersil 0.02/WPO4(pH 
3.O)-MeOH-CH3CN 
(456 : 144 :400) , 1.8 
ml/min 

232 nm USP 23 assay: GC [5] 
[404,706, p. 164] 

Dragendorff EP, pt. II—7, p. 106-2, [6] 
foreign alkaloids, also 
BP, vol. II, p. 615 and 
777 [4]; [ I ] ; GC [2] 

doplatinate 
FID 

254 nm 

USP 23 
USP 23 ISTD-

homatropine 
hydrobromide, assay; 
GC [2]; HPLC [3]; 
TLC, root cultures 
[223] 

TLC [ I ] ; GC [2,9]; 
HPLC [3] 

(Я 
[5] 

[9] 

230 nm 

207 nm 

Resolved d,l isomers; 
USP 23. p. 786; BP [4]; 
enantiomers [521, 
909,910]; [911,917]; 
ointment [520] with 
methods review 

Resolved enantiomers 

ISTD-2-naphthoic acid 

[519] 

[522] 

[523] 



Drue Mode 
Sample 

pretreatment 
Sorbent 
(temp.) 

Silica 

Silica 

Silica 

Mobile 
phase 

S1 = EtOAc-MeOH-
conc. NH4OH 
(85: 10:4) 

S2 = MeOH 
S, = MeOH-1-butanol 

(3 :2)-0.\MNaBr 
S, = MeOH-conc. 

NH4OH(IOO: 1.5) 
Ss = cyclohexane-

toluene-diethylamine 
(75: 15: 10) 

56 = CHCI3-MeOH 
(9: 1) 

57 = acetone 
Ethyl acetate-water-

hydrochloric acid-
acetic acid 
(11 :1 :1 :7) 

Methylene chloride-
methanol-water-
diethylamine (850 : 
150: 1 :0.25) 

Detection 

Potassium dichromate 
solution 

251 nm 

Comments 

hRf, = 67, hRn = 21, 
hRD = 47, hRf4 = 48, 
hR„ = 49, hRK = 23, 
hR„= 13; also GC, SE-
30/OV-1,RI:2223 

JP, p. 287 and BP, vol. II, 
p. 238 and p. 799 

GC [404, 706, p. 163, 
978] 

TLC and GC review; 
TLC, GC, & HPLC, p. 
679 [937], [8]; HPLC 
[9,567,569,698,978, 
922] 

Reference 

Imipramine 
Bulk 

Bulk 

Various dosage forms 

Indapamide 
Bulk 

Indobufen 
Dosage Forms 

lndomethacin 
Bulk 

TLC 

TLC Dissolve in ethanol 

HPLC 

HPLC MeOH, mobile phase C11, Lichrosorb MeOH-aq. 1% AcOH 
with TEA (0.2%) 
(1:1) 

HPLC 

TLC 

Chiracel OD 

Silica 

Hexane-lPA-formic 
acid(160:40;l), 1.5 
ml/min 

51 = CHCl3-acetone 
(8:2) 

52 = EtOAc 
S, = CHCl3-MeOH 

(9:1) 

250 nm Method review, stability 
indicating; [1,8] 

270 nm Various chiral sorbents 
evaluated along with 
* - 1 8 

— hRfl = 16, hRc = 20, 
hRD = 38, hRf4 = 6; also 
GC, SE-30/OV-1.RI: 
2685 

[132] 

[7] 

[1088] 

[524] 

[525] 

Bulk 

Insulin 
Injectable 

Iodine 
Tablets 

Iodochlorohydroxquin 
Cream/ointment 

Iododoxorubicin 
Bulk 

Isomethadone 
Bulk 

lsopilocarpine 
Bulk 

Isosorbide 
Bulk 

TLC 

HPLC 

Dissolve in methanol Silica coated 
with 
phosphate 
buffer 

S4 = EtOAc-MeOH-
conc. NH4OH 
(85: 10:5) 

Ether-light petroleum 
(7:3) 

C4, Gradient 
Macrosphere A : 0.3% TFA in H2O 

B : 0.3% TFA in 95% 
CHjCN/5% H2O 

25% B to 50% B in 30 
min, 1 ml/min 

HPLC 

HPLC 

HPLC 

HPLC 

HPLC 

HPLC 

H2O, sonicate, filter C18, ^Bonda-
pak 

lOmiW 
trimethylphenyl 
ammonium bromide 

THF, sonicate, Amino Zorbax 1-chlorobutane-
acetylated 35 "C THF-AcOH-MeOH 

(97.4:2.0:0.5:0.1). 
1 ml/min 

H2O-CH3CN (58 : 42) TMS Zorbax 254 nm 
with 1 g/l SLS, pH 
2.0, 1.4 ml/min 

— Silica, 30 cm * MeOH(l% NH4OH)-
4 mm, IO ^m CH2Cl, (2 : 98) 

Water Cyano Aq. 0.1% TEA 
Spherisorb, (pH 2.5) 
25-C 

H2O C,,, Hypersil H2O-MeOH (4 : 1) 

280 nm 

231 nm 

244 nm 

254 nm 

220 nm 

210 nm 

EP, pt. II—2, p. 92: 
[1.8,925], p. 239. BP 
[4] 

Resolved bovine and 
porcine sourced insulin: 
HPLC [535,983,1021, 
1092]; human insulin
like growth factor [537] 

Dry kelp 

Stability indicating 

254 nm Stability indicating 

[5] 

[534] 

[526] 

[529] 

[530] 

GC, UV, MS. NMR. and [ 10. p. 1226] 
IR 

Resolved from [532] 
pilocarpine, pilocarpic 
acid, and isopilocarpic 
acid 

Methods reviewed; also [533] 
TLC and DSC; HPLC 



Drug 
Sample 

pretreatment 
Sorbent 
(temp.) 

Mobile 
phase Comments Reference 

Ketamine 
Bulk 

Ketazolam 
Bulk 

Bulk 

Ketobemidone 
Bulk 

Ketoconazole 
Bulk 

Ketoprofen 
Gel 

TLC Dissolve in methanol 

HPLC 

TLC 

HPLC 

Silica Benzene-methanol-
ammonium hydroxide 
(80 :20: I) 

Dragendorff 

TLC Dissolve in CHCl1 

HPLC MeOH, 500C, 10 min, C18, Hypertsil, CH3CH-PO4 (pH 3.0) 
shaker, centrifuge guard column (2 : 3) 

254 nm 

[536,1094-1096,1098. 
UOO]; USP 23 [5] 

USP 23. foreign amines: 
TLC [1,8,564,925]: GC 
[2,8,9]; HPLC 
[8,9,272.569.861]: 
enantiomer [541,919] 

C-18, Hypersil, 
5 pim, flow 
rate 1.5 
ml/min 

Silica, 
Spherisorb 
5 W, 2 
ml/min. 

Silica (spray 
0AM 
methanolic 
potassium 
hydroxide) 

Silica 

Silica 

S1 = MeOH, H2O, PO4 

(0.1^0(55:25:20), 
pH7.25 

S2 = MeOH, H2O, PO4 
(0.1 M) (7: 1 :2), pH 
7.67 

S; = MeOH-perchloric 
acid (IL: 10<M) 

S4 = MeOH, H2O, TFA 
(997:2 : 1) 

Ammonium 
hydroxide-methanol 
(1.5: 100) 

Methanolic 0.0\M 
ammonium 
perchlorate, pH 6.7 

Hexane-MeOH-
EtOAc-H2O-AcOH 
(42 : 15 :40 : 2 : 1) 

— 

Dragendorff 

— 

I2 

Cap. Fact. 1: 13.02 

Cap. Fact. 2: 2.29 

Cap Fact V 0 07 

Cap. Fact. 4: 0.12 

GC [2]; HPLC 
[937,1005] 

TLC [I]; GC [2] 

USP 23 

Resolved from parabens; 
[1,1115,1116] 

[5] 

[135] 

[5] 

[542] 

Ketorlac 
Ophthalmic with thimerosal 

Khellin 
Fruits/tablets 

Labetalol 
Bulk 

Levomoramide 
Bulk 

Levorphanol 
Bulk 

Bulk 

HPLC H2O C8, Whatman, MeOH-IOmM acetate 
RACII (pH4.5)-THF 

(30 : 67 : 3) 

Extract with 
CHCl1-MeOH 
(1:1) 

— 

C|g, AiBonda-
pak 

Silica 

H,0-MeOH-CH,CN 
(49:49:2) , 1.5 
ml/min 

Methanolic 0.0Ш 
ammonium 
perchlorate, pH 6.7 

TLC 

TLC 

HPLC 

Silica (spray NH4OH-MeOH (1.5-
OAM 100) 
methanolic 
KOH) 

254 nm Compared to colorimetric [539] 
techniques 

250 nm 

Acidified potassium 
permanganate 

Silica S1 = EtOAc-MeOH-
conc. NH4OH 
(85: 10:4) 

S2 = MeOH 
S; = MeOH-1-butanol 

(3:2)-0. IMNaBr 
54 - MeOH-conc. 

NH4OH(IOO: 1.5) 
55 = cyclohexane-

toluene-diethylamine 
(75: 15: 10) 

56 = CHCIj-MeOH 
(9: 1) 

57 = acetone 
Silica Methylene 

chloride-methanol 
(1% ammonium OH) 
(1:1) 

254 nm 

Methods reviewed 

GC [2] and for 
enantiomers [1006]; 
TLC & HPLC [8]; 
HPLC [922]: HPLC. 
enantiomers [707]; 
HPLC [569] 

GC [2], procedure 
described for 
morinaminde 
(morphazinamide) 

hRn = 41,hRn= 11, 
hRn = 49, hRf4 = 35. 
hRf5= 15, hRf6 = 8, 
hRn = 4; also GC, SE-
30/OV-l, 1:2232 

TLC [1,8]; GC [2,8,9]; 
HPLC [3,8]; GC, TMS 
derivatives [705, p. 55] 

[132] 

[9] 



Drug 
Lidocaine (Lignocaine) 

Injection with epinephrine and 
solution 

Injection with dextrose 

Loperamide 
Bulk 

Capsules 

Loprazolam 
Bulk 

Mode 

HPLC 

HPLC 

TLC 

TLC 

HPLC 

Sample 
pretreatment 

Dilute with mobile 
phase 

Dilute with methanol 

Dissolve in 
chloroform 

Shake contents with 
methanol, filter 

Sorbent 
(temp.) 

C-18 

C-18 

Silica 

C-18, Hypersil. 
5 ^m flow 
rate 1.5 
ml/min 

Silica, 
Spherisorb 
5 W, 2 
ml/min 

Mobile 
phase 

Buffer-acetonitrile 
( 4 : 1 ) 

Buffer-Acetic acid (50 
ml ) -wa te r (930ml) 
pH 3.4 with 1 N 
sodium hydroxide 

Buffer-aceton itri Ie 
( 4 5 : 5 5 ) ; p H 7 
buffer-Mono- and 
dihydrogen phosphate 

Ch loroform-methanol-
formic acid 
( 8 5 : 1 0 : 5 ) 

For capsules: methanol-
buffer (95 : 5) 

Buffer-water-acetic 
acid (3 : 1), adjust to 
pH 4.7 with 1 N 
sodium hydroxide 

, S1 = MeOH, H2O, PO, 
( 0 . 1 ^ ) ( 5 5 : 2 5 : 2 0 ) , 
pH 7.25 

52 - MeOH, H2O, PO, 
(OAM)(I : 1 :2 ) , pH 
7.67 

53 = MeOH-perchloric 
acid (IL: 100 ^1) 

S, - MeOH, H2O, TFA 
( 9 9 7 : 2 : 1) 

Detection 

254 nm 

261 nm 

Iodine Vapor 

Comments 

USP 23; TLC [1,8]: GC 
[2,8,9, 1008]; HPLC 
[3,8,9,922]; review 
[1007] 

USP 23, assay; TLC 
resolved from 
diazepam and 
promethazinium 
maleate [226]; GC 
[404,714]; HPLC 
[406,569.671]; 
ToxiLab, TLC [564] 

USP 23, identification 
and purity; TLC 
[1,8,925]; GC [8]; 
HPLC [8,10,543. 
922,1008] 

Cap. Fact. 1:6.09 

Cap. Fact. 2: — 

Cap. Fact. 3: 20.9 

Cap. Fact. 4: 50.7 

Reference 

[5) 

[5] 

[5] 

[135] 

[135] 

Lorazepam 
Bulk TLC 

Bulk TLC 

Bulk 

Bulk 

HPLC 

HPLC 

Silica 

Silica 

C-18, HS, 
Perkin-
Elmer, 3 ^m 

C-18, 
Hypersil, 5 
^m flow 
rate 1.5 
ml/min 

Silica, 
Spherisorb 
5W, 2 
ml/min. 

S, = CHCI,-acetone 
( 8 : 2 ) 

S2 = EtOAc 
S, = CHCl1-MeOH 

( 9 : 1 ) 
S4 = EtOAc-MeOH 

cone. NH4OH 
( 8 5 : 1 0 : 5 ) 

S1 = E tOAc-MeOH-
conc. NH4OH 
( 8 5 : 1 0 : 4 ) 

S2 = MeOH 
S1 = MeOH-I-butanol 

(3:2)-0. IMNaBr 
S4 = MeOH-conc. 

NH4OH(IOO: 1.5) 
S5 = cyclohexane-

toluene-diethylamine 
(75: 15: 10) 

S6 = CHCl1-MeOH 
(9: 1) 

S7 = acetone 
S1 = MeOH, H2O (7 :3) 
S2 = 5 mM PO4 (pH 6)-

MeOH-CH1CN 
(57: 17:26) 

Flow: 1.5 ml/min 
S1 = MeOH, H2O, P04 

(0.1A/)(55 :25 :20), 
pH 7.25 

S2 = MeOH, H2O, P04 
(OAM)(T: 1 :2), pH 
7.67 

S, = MeOH-perchloric 
acid (IL: 100^1) 

S4 = MeOH, H2O, TFA 
(997:2: 1) 

ItRn = 23, hRn = 39, 
hRn = 41,hR„ = 45; 
also GC, SE-30/OV-1, 
RI: 2402 

hRfl = 45, hRn = 82, 
hR„ = 82, hR,4 = 52, 
hRfs = 1, hRf6 = 36, 
hRn = 28; also GC, SE-
30/OV-1,RI:2402 

П321 

Resolved 19 
benzodiazepines, 

RRT,: 0.772, RRT,: 
0.417 

Cap. Fact. 1:4.60 

Cap. Fact. 2: — 

Cap. Fact. 3:0.11 

Cap. Fact. 4 :0 .15 

[134] 

[135] 

[135] 



Drug Mode 
Sample 

pretreatment 
Sorbent 
(temp.) 
Silica 

Silica 

C-18, HS, 
Perkin-
Elmer, 3 ̂ m 

C-18, 
Hypersil,5 
^m flow 
rate 1.5 
ml/min 

Silica, 
Spherisorb 
5 W, 2 
ml/min. 

Silica 

Mobile 
phase 

Chloroform-methanol 
(10: 1) 

Methylene chloride-
methanol (1% 
ammonium 
hydroxide) (95 : 5) 

S1 = MeOH, H2O (7 :3) 
S, = 5mM PO4 (pH 6)-

MeOH-CH1CN 
(57: 17:26) 

Flow: 1.5 ml/min 
S1 = MeOH, H2O, PO, 

O.IM) (55 :25 :20), 
pH 7.25 

S2 = MeOH, H2O, PO, 
(OAM)(I : 1 :2), pH 
7.67 

S3 = MeOH-perchloric 
acid (IL: 10<Ы) 

S4 = MeOH, H2O, TFA 
(997:2 : 1) 

S1 = EtOAc-MeOH-
conc. NH4OH 
(85: 10:4) 

S2 = MeOH 
S, = MeOH-l-butanol 

(3 :2)-0. LM NaBr 
S4 = MeOH-conc. 

NH4OH(IOO: 1.5) 
S5 = Cyclohexane-

toluene-diethylamine 
(75: 15: 10) 

S6 = CHCl3-MeOH 
(9:1) 

S7 = acetone 

Detection Comments Reference 

Bulk 

Bulk 

Lormetazepam 
Bulk 

TLC Dissolve in acetone 

HPLC 

Bulk HPLC 

Lysergic acid diethylamide 
Bulk TLC 

254 nm 

254 nm 

254 nm 

BP, addendum 1983. p. 
242 

GC [2,8]; HPLC 
[3,699.922,1114]: CE 
[69I]: enantiomers 
[540]; TLC/GC [758] 

Resolved from 19 
benzodiazepines. 
RRT1: 0.902, RRT2: 
0.644 (azinphosmethyl. 
1.00) 

Cap. Fact. 1:6.39 

Cap. Fact. 2:— 

Cap. Fact. 3:0.10 

Cap. Fact. 4:0.14: 
resolution enantiomers 
[793] 

hRfl = 59, hRr_ = 60. 
hRB = 59, hR„ = 60. 
hRf, = 3, hR№ = 39. 
IrR17= 18; also GC, SE-
30/OV-I1RI: 3445; see 
[25-27] 

Thermally unstable. GC 
not generally applicable 
[43,61-64,101-103, 
1051 

[4] 

[9] 

[134] 

[135] 

[135] 

(132] 

Silica, 30cm ~ MeOH (1% NH4OHb 
4 mm, 10Mm CH2Cl2 (5 : 95) 

Maprotiline 
Bulk TLC Silica 

Bulk 

Mazindol 
Bulk 

Tablets 

Tablets 

TLC Dissolve in methanol 

TLC Dissolve in methanol-
chloroform (1:9) 

HPLC Shake powder with 
methanol, filter 

HPLC Dissolution 

Silic 

Silica 

Cyano 

C-8 

51 = EtOAc-MeOH-
conc. NH4OH 
(85 : 10:4) 

52 = MeOH 
53 = MeOFI-l-butanol 

(3 : 2H)TMNaBr 
54 = MeOH-conc. 

NH4OH(IOO: 1.5) 
55 = cyclohexane-

toluene-diethylamine 
(75: 15: 10) 

56 = CHCI3-MeOH 
(9:1) 

57 = acetone 
2-Butanol-ethyl 

acetate-2 Л' 
ammonium 
hydroxide (6 : 3 I) 

Chloroform-ethanol-
ammonium 
hydroxide 
(80:20: 1) 

Methanol-O.OIM 
potassium 
monohydrogen 
phosphate (1 : 4) 

Acetonitrile-buffer 
(3:2) 

Buffer-Mono and 
dihydrogen 
phosphate 

Expose to 
hydrochloric acid 
followed by high-
intensity UV 

254 nm 

271 nm 

GC. UV, MS. NMR. and [10. p. 1290] 
IR: analysis [355-357. 
paper/spectrophoto. 
TLC [358,360-366]; 
GC/MS[514,725];MS 
[359.368]: HPLC 
[119,367,569]; Erlich 
test [1118] 

hRfl = 35, hRK = 6,hRn 
= 71,hRf4= 15, hRf! = 
17, hRf6 = 5, hRn = 2; 
also GC, SE-30/OV-1. 
Rl: 2356 

USP 23, chromatographic 
purity; TLC [1,8]; GC 
[2,8,10]; review [700, 
706 p. 163,1009] 

USP 23 chromatographic 
purity; [1,8] 

USP 23, ISTD-
amitripyline, assay; 
HPLC [3,9] 

USP 23; GC [2,8,9] 

[132 

[5] 

[5] 

[5] 

[5] 



Drug 
Mebutamate 

Bulk 

Mode 

TLC 

Bulk 

Mecloqualone 
Bulk 

Medazepam 
Bulk 

TLC 

HPLC 

TLC 

Bulk HPLC 

Sample 
pretreatment 

— 

Sorbent 
(temp.) 

Silica 

Silica 

Silica 

Silica 

C-18, HS, 
Perkin-Elmer, 
3Fm 

Mobile 
phase 

S1 = CHCl,-acetone 
( 8 : 2 ) 

S, = EtOAc 
Sj = CHCl1-MeOH 

( 9 : 1) 
S4 = EtOAc-MeOH-

conc. NH4OH 
( 8 5 : 1 0 : 5 ) 

Chloroform-acetone 
( 4 : 1 ) 

Methylene chloride-
methanol ( 1 % 
ammonium 
hydroxide) (99 : 1) 

51 = EtOAc-MeOH-
conc. NH4OH 
( 8 5 : 1 0 : 4 ) 

52 = MeOH 
Sj = MeOH-I-butanol 

(3 :2 ) -0 .1MNaBr 
54 = MeOH-conc. 

NH 4 OH(IOO: 1.5) 
55 = cyclohexane-

toluene-diethylamine 
( 7 5 : 1 5 : 10) 

5 6 = CHCl3-MeOH 
( 9 : 1 ) 

57 = acetone 
S1 = MeOH, H2O 

( 7 : 3 ) 
S2 = 5 mM PO4 (pH 

6 ) - MeOH-CH 3CN 
( 5 7 : 1 7 : 2 6 ) 

Flow: 1.5 ml/min 

Detection 

Various sprays 

254 nm 

254 nm 

Comments 

ItRn = 10, hR„ = 35. hR n 

= 35, hRf4 = 60;also 
GC, SE-30/OV-1 .RI : 
1889 

GC [2] 

GC [9] 

hR„ = 78, hR n = 79, hRD 

= 83, hRf4 = 67, hR„ = 
40, hRf6 = 74, hR n = 
62; also GC, SE/OV-1. 
RJ: 2226 

Resolved 19 
benzodiazepines, 
RRT1: 3.104, RRT2: 
0.393 

Reference 

[132] 

(I] 

[9] 

[132] 

[134] 

Bulk HPLC 

Bulk 

Mefenamic acid 
Bulk 

TLC Dissolve in methanol 

TLC 

Bulk 

Mefonorex 
Bulk 

Meperidine 
Bulk 

Meprobamate 
Bulk 

TLC Dissolve in methanol-
chloroform (1 : 3) 

HPLC 

C-18, Hypersil, 
5 Fm, flow 
rate 1.5 
ml/min 

Silica, 
Spherisorb 
5W, 2 ml/min 

Silica 

Silica 

Silica 

S1 = MeOH, H2O, PO4 

(0. IAO (55 : 2 5 :20) , 
pH 7.25 

S2 = MeOH, H2O, PO4 

(OAKf)(T: 1 :2 ) , pH 
7.67 

S3 = MeOH-perchloric 
acid (IL: 100 Fl) 

S4 = MeOH, H2O, TFA 
( 9 9 7 : 2 : 1) 

Cyclohexane-acetone-
ammonium 
hydroxide 
( 6 0 : 4 0 : 1) 

S1 = CHCIj-acetone 
( 8 : 2 ) 

S2 = EtOAc 
S1 = CHCIj-MeOH 

( 9 : 1) 
S4 = E tOAc-MeOH-

conc. NH4OH 
( 8 5 : 1 0 : 5 ) 

Isobutanol-ammonium 
hydroxide ( 3 : 1 ) 

GC H1O 

Silica, 30 cm * MeOH ( 1 % NH 4 OH)-
4 mm, 10Fm CH2CI2 (2 : 98) 

USP-G3 — 
(1900C) 

254 r 

254 nm 

254 nm 

FID 

Cap. Fact. 1 : — [135] 

Cap. Fact. 2: 6.44 

Cap. Fact. 3: 3.66 [135] 

Cap. Fact. 4: 9.50 

JP, p. 425; TLC [1,8]; [7] 
GC [2,8,978]; HPLC 
[3,406,569,699,922] 

hRfl = 4 1 , h R n = 54, hRn [132] 
= 54, hR„ = 14; also 
GC, SE-30/OV-1.R1: 
2201 

JP, p. 57 and BP, p. 273 [7] 
[4]; TLC [1.8]; GC 
[8,10]; HPLC [8,10] 

GC, UV, MS, NMR, [10. p. 1332] 
and IR 

SP 23 chromatographic [5] 
purity; HPLC [1010]; 
stability [922]; GC 
[264, 273,404]; GC/MS 
[705, p. 55]; ToxiLab 
TLC [564] 

TLC Silica S1 = СНОз-acetone 
( 8 : 2 ) 

hRfl = 9, hR n = 34, hRn 

= 32, hR„ = 60; also 
[1321 



Drug Mode 
Sample 

pretreatment 
Sorbent 
(temp.) 

Silica 

Mobile 
phase 

52 = EtOAc 
53 = CHCl3-MeOH 

( 9 : 1) 
S, = E tOAc-MeOH-

conc. NH4OH 
( 8 5 : 1 0 : 5 ) 

Acetone-toluene (1 : 1) 

Detection 

Vanillin acid 

Comments Reference 

Bulk 

Mepyramine (Pyrilamine) 
Bulk 

Bulk 

Mescaline 
Bulk 

TLC Dissolve in ethanol 

TLC 

HPLC 

TLC 

Dissolve in water, 
render alkaline, 
extract with 
chloroform 

Silica Ethyl acetate-3A/ 
acetic acid-methanol 
( 5 : 2 : 3 ) 

Silica Methylene chloride-
me thano l ( l% 
ammonium 
hydroxide) (95 : 5) 

Silica S1 = E tOAc-MeOH-
conc. NHjOH 
( 8 5 : 1 0 : 4 ) 

S2 = MeOH 
Sj = MeOH-I-butanol 

(3 : 2)-0. Ш NaBr 
54 = MeOH-conc. 

NH 4 OH(IOO: 1.5) 
55 = cyclohexane-

toluene-diethylamine 
( 7 5 : 1 5 : 10) 

56 = CHCI1-MeOH 
( 9 : 1 ) 

57 = acetone 

254 nm 

254 nm 

GC, SE-30/OV-1.RI: 
1796 

EP, vol. Ill, p. 278; TLC [6] 
[1,8,925]; GC 
[2,8,9,264,404,101I]; 
HPLC [8,1012,1013]; 
GC, p. 54(705] ; 
ToxiLab TLC [564] 

BP. p. 278. and vol. II. p. [4] 
556, also, EP, pt. II-7. 
p. 278-2; TLC [ I ] ; GC 
[2]; HPLC [3] 

TLC [24]; GC [9]: HPLC [9] 
[569,967] 

hRn = 24, hR c = 6, hR„ [132] 
= 63 ,hR B = 20 ,hR„ = 
4, h R a = I C h R 1 7 = 12; 
also GC. SE-30/OV-1. 
RI: 1688; TLC [1,8]; 
GC [2,8,9]; HPLC 
[3,8.119] 

Fresh plant 
lyophilized, 
defatted with ether 
and extracted with 
MeOH-NH 3 3 3 % 
(99 : 0), containing 
150mg/l 
methoxamine 
hydrochloride ISTD 

ODS-I , 
Spherisorb, 
150 x 4.6 mm, 
3 F m 

Mesterolone 
Bulk GC 

Metacycline 
Bulk 

Methadone 
Bulk 

HPLC 

TLC 

DB-I, J&W, 
30 m * 0.25 
mm, 0.1 Fm; 
180-320EC 
(lOEC/min), 
320EC for 4 
min 

PRP-I, 60EC 

Silica 

CH 1CN-H 2O 
(108-892) containing 
5.0 ml of phosphoric 
acid (85% and 0.28 
ml of hexylamine per 
liter; flow rate 1.0 
ml/min 

DAD 

2-Methyl-2-
propanol-P0 4 buffer 
(pH 9.0, 2M)-EDTA 
(pH 9.0,1OmAf)-H2O 
( 2 . 5 : 10 : 10 :77 .5 ) 

51 = E tOAc-MeOH-
conc. NH4OH 
(85 : 1 0 : 4 ) 

52 = MeOH 
S, = MeOH-l-butanol 

( 3 : 2 ) - 0 . 1 M N a B r 
54 = MeOH-conc. 

NH 4 OH(IOO: 1.5) 
5 5 ^ cyclohexane-

toluene-diethylamine 
(75 : 15 : 10) 

5 6 = CHCl1-MeOH 
( 9 : 1 ) 

57 = acetone 

FID, N2, 30 ml/min 

254 nm 

p. 168] 

Structure assignments 
confirmed by GC/MS, 
resolved from 
anhalamine, 
anhalonidine, 
isopellotine, 
methoxamine, Л'-
methyl mescaline, 
pellotine, and 
anhalorine 

Resolved 17 anabolic [706. 
steroids; review [1119]: 
GC-MS review of 
anabolic steroids 
[1119]; HPLC, FT-IR. 
& M S M 1 4 1 ] 

TLC and HPLC [544] 
comparison 

hRn = 7 7 , h R n = 1 6 , h R n [132] 
= 60, hRf4 = 48, hR„ = 
61,hR f 6 = 20, hR„ = 
27; also GC, SE-
30/OV-1 ,PJ :2148 



Drug 
Bulk 

Injection 

Mode 
HPLC 

GC 

Sample 
pretreatment 

Sorbent 
(temp.) 

Silica, 5 Fm 

Mobile 
phase 

Isooctane-diethyl-
ether-methanol-
diethylamine-water 
(400 : 325 : 225 : 
0.5 : 15); 
flow rate: 2.0 ml/min 

Detection 
279 nm 

Comments 
k1 = 1.00, RRT = 0.49 

(diamorphine, 1.00,49 
min) 

Reference 

[133] 

Make alkaline and USP-G2 
extract with (170EC) 
methylene chloride 

Oral concentrate HPLC Dilute with water C-18 

Meth amphetamine 
Bulk 

Bulk 

HPLC 

HPLC 

Silica, 5 Fm 

Silica 

Gradient using formic 
acid-water-ammo
nium hydroxide to 
acetonitrile 

Isooctane-diethyl-
ether-methanol-
diethylamine-water 
(400 : 325 : 225 : 
0.5 : 15); flow rate: 
2.0 ml/min 

Methylene chloride-
methanoI(l% 
ammonium 
hydroxide) (4 : 1) 

280 nm 

279 nm 

USP 23, ISTD- [5] 
procaine, assay. 
procedure tablets, p. 
649; GC [2,8,9,60, 
1015,1017,1095] 

USP 23, assay, procedure [5] 
for oral solution, p. 
650; [3,9,1016]; 
enantiomer[919]; USP 
23 [5], identification, 
also BP, p. 280 [4], 
TLC, GC, and HPLC 
review [1014,1016], 
EP, vol. II, p. 282, pt. 
II-9, p. 408 [6]; [1,8]; 
impurities [925] 

k'=3.50,RRT= 1.12 [133] 
(diamorphine, 1.00,49 
min) 

TLC [8]; GC [8,9]; [9] 
Simon test reagent kit 
[1118] 

HPLC [119,567,672, 
705, p. 218]; GC [264, 
273,404]; CE [759]; 

Methandienone 
Bulk 

Methandriol 
Bulk 

Methandrostenolone 
(Methandienone) 

Bulk 

Methaqualone 
Bulk 

Bulk 

TLC Dissolve in ethanol 

GC 

ToxiLab TLC [564]; 
optical isomers [339]; 
GC/MS [352,712,703]; 
duration of detectability 
[662]; impurities 
[114,116] 

HPLC 

TLC Dissolve in methanol- ' 
chloroform (1 : 1) 

TLC Dissolve in methanol 

Bulk TLC 

Silica 

3% OV-1, 
Chromosorb 
WHP, 80/100 
mesh, 4N * 
1/4", N2, 32 
ml/min 

C-18, 
Accubond, 
J&W, 4.6 
mm x 25 cm, 
5Fm 

Silica 

Silica 

Silica 

Cyclohexane-ethyl 
acetate (1 : 1) 

Time 
0 
8 
17 
21 

— 

CH,CN 
45 
45 
90 
90 

1.5 ml/min 

Ether (water sal 

H2O 
55 
55 
10 
10 

t.) 

Chloroform-acetic 
acid-cyclohexane 
(5: 1:4) 

S1 = EtOAc-MeOH-
conc 
(85: 

. NH1OH 
10:4) 

S, = MeOH 

Vanillin acid 

FID 

254 nm 

DMAB 

254 nm spray 
fluorescin solution 

— 

BP, p. 282; TLC, p. 744 
[937]; GC [2] 

MS, NMR, and IR 

Resolved from 8 other 
anabolic steroids, also 
SPE [706, p. 322]; GC 
[706, p. 168]; HPLC 
[806]; review [1119]; 
BP, p. 282 [4]; GC [2] 

BP, p. 282 

USP 23, identification; 
impurities [925]; TLC 
[1,8]; GC [1,8,9]; HPLC 
[3,8,9,978] 

HPLC-diode array [118]; 
and HPLC [751, p. 13]; 
ToxiLab TLC [564]; 
GC [264,273,404] 

hRfl = 78, hR,, = 78, hRn 

= 84, hR,„ = 70, hRf, = 
37, ItRf6 = 80, hRf, = 56, 
also GC, SE-30/OV-1, 

[4] 

[10. p. 1384] 

[706. p. 273 

[4] 

[5] 

[130] 



Drug Mode 
Sample 

pretreatment 
Sorbent 
(temp.) 

Mobile 
phase Comments Reference 

Methixene 
Bulk 

Methocarbamol 
Bulk 

Injection 

Tablets 

Methohexital (Methohexitone) 
Bulk 

HPLC 

HPLC Dissolve in methanol 

HPLC Dilute with mobile 
phase 

HPLC Mix powder with 
mobile phase 

TLC — 

SiIU 

Silica 

Injection GC Reconstitute, add 
hydrochloric acid, 
extract with 
chloroform 

USP-GlO 

S5 = MeOH-l-butanol 
(3 :2)-0.1A/NaBr 

54 = MeOH-conc. 
NH4OH(IOO: 1.5) 

55 = cyclohexane-
toluene-diethy !amine 
(75 : 15: 10) 

S6-CHCl3-MeOH 
(9 : I)1 

S7 = acetone 

Methylene chloride-
methanol (1% 
ammonium hydroxide 
(9:1) 

Buffer-methanol 
(75:25) 

Buffer-Potassium 
dihydrogen phosphate 
(6.8 g/1, pH 4.5) 

51 = CHCl,-acetone 
(8:2) 

52 = EtOAc 
S, = CHCIj-MeOH 

(9: 1) 
S4 = EtOAc-MeOH-
conc. NH4OH 
(85 : 10:5) 

254 run 

274 nm 

RI: 2125; also CE [265. 
280]; SCF [266] 

TLC [I]; GC [2,10]; 
HPLC [3] 

USP 23, ISTD-caffeine; 
TLC [1,8,925]; GC 
[9,1017]; HPLC, p. 698 
[564,754,018]; [8,9] 

ItRf1 = 73, hRf, = 72, hRn 
= 71, hRB = 58; also 
GC, SE-30/OV-1.RI: 
1766 

USP 23. ISTD-
apobarbital, assay; TLC 
[1,8,925]; GC ГД9]; 
HPLC [8,9]; p. 753 
[937] 

[10] 

[5] 

[1321 

[5] 

Methoxyamphetam ine 
Bulk TLC 

Methoxyphenamine 
Bulk 

Methylenedioxyamphetamine 
Bulk 

HPLC 

TLC 

Bulk 

Bulk 

HPLC 

GC TMS derivative 

Silica S1 = EtOAc-MeOH-
conc. NH4OH 
(85: 10:4) 

S1 = MeOH 
51 = MeOH-1-butanol 
(3:2)-0.1WNaBr 

54 = MeOH-conc. 
NH4OH(IOO: 1.5) 

55 = cyclohexane-
toluene-diethylamine 
(75 : 15 : 10) 

56 = CHCl3-MeOH 
(9:1) 

57 = acetone 

Silica Methanolic 0.01Л/ 
ammonium 
perchlorate, pH 6.7 

Silica S1 = EtOAc-MeOH-
conc. NH4OH 
(85: 10:4) 

52 = MeOH 
S, = MeOH-I-butanol 

(3 :2 ) -0 .1 MNaBr 
54 = MeOH-conc. 

NH4OH(IOO: 1.5) 
55 = cyclohexane-
toluene-diethylamine 
(75 : 15 : 10) 

56 = CHCl3-MeOH 
(9:1) 

57 = acetone 
Silica MeOH (1% NH4OHb 

CH2Cl2(I :4) 
J&W, DB-5, 20 — 
m x 0.18 mm 

hRn = 44, hRn = l l ,hR n 
= 74, hRf4 = 73,hRB = 
36, hRf„ = 77, hRn = 69; 
also, GC, SE-30/OV-1, 
RI: 1412; 4-ethoxyam-
phetamine, some trade 
or other names: 4-
methoxy-cc-
methylphenethylamine; 
paramethoxy 
amphetamine; PMA 

TLC [925]; GC [2]; 
ToxiLab TLC [564]; 
[338,341] 

3,4-Methylenedioxy 
amphetamine, hRfl = 45, 
hRE= 11, hR„ = 76, 
hRf4 = 39, hRf, = 17, 
hR,6= 12, hRn= 17; 
also GC, SE-30/OV-1, 
RJ: 1472; also 
[822,823,825,826] 

[132] 

254 nm GCUV, MS, NMR, IR [10, p. 1460] 

— p. 56; HPLC, GC, UV, [705] 
MS, NMR, IR[IO, p. 
1460] 



Drug 
Methyldopa 
Oral suspension 

Mode 

HPLC 

Sample 
pretreatment 

Dilute with 0.1 N 
H2SO4 

Sorbent 
(temp.) 

C18 

Mobile 
phase 

POd(6.8g/l;pH3.5) 

Detection 

280 nm 

Comments 

USP 23, p. 994, assay, 
also applicable to 
methyldopa-glucose 
reaction product; [1121. 
1123,1125,1127]; [4.6]; 
methods review [545] 

Reference 

[5] 

Methylephedrine 
Bulk 

Herbal extract 

HPLC 

CE 1 g Ephedra herba 
extracted 50% EtOH 
(15 ml) RT, 30 min, 
centrifuged, filtered. 
ISTD-benzyltriethyl-
ammonium chloride 

Fused silica, 60 
cm x 75 ^m 
ID, 28 kV 

MethanolicO.OlA/ 
ammonium 
perchlorate, pH 6.7 

0.02/Wisoleucine-
0.005Л/barium 
hydroxide (pH 10) 

TLC [I]; GC [2,264] 

Resolved ISTD: 4 min. 
methylpseudo-
ephedrine: ~5 min, 
pseudoephedrine: 6.2 
min, ephedrine: 6.8 
min, methyl
ephedrine: 7.8 min, 
norpseudoephedrine: 
8.1 min, norephedrine 

[131] 

Methylpentynol 
Bulk TLC Silica CHCI,-acctonc (4 : 1) KMnO4 GC [2] 

Methylphenidate 
Bulk TLC Silica S, = EtOAc-MeOH-

conc. NH4OH 
(85 : 10:4) 

S. = MeOH 
53 = MeOH- 1-butanol 
(3 :2)-0.IWNaBr 

54 = MeOH-conc. 
NH4OH(IOO: 1.5) 

Ŝ  = cyclohexane-
toluene-diethylamine 
(75 : 15 : 10) 

hRn = 70, hRr_ = 42. 
hRn = 70, hRf4 = 57, 
hRf! = 34, hRft = 34. 
hRf, = 23; also GC. SE-
30/OV-l.RI: 1737 

Bulk TLC Dissolved in methanol 

S6--CIICl, MeOH 
(9: 1) 

S7 ~ acetone 
Silica Chloroform-methanol-

ammonium hydroxide 
(190: 10: 10) 

Dragendorff 

Methylphenobarbital 
(Mephobarbital) 

Bulk 

Methyltestosterone 
Bulk 

Bulk 

TLC 

TLC 

HPLC 

(Same procedure as 
for cyclobarbital) 

Dissolve with 
ch loroform-ethanol 
(1:1) 

Silica (activate 
at I05°C, 1 hr) 

C-18, 
Accubond, 
J&W, 4.6 
mm x 25 cm, 
5 /̂ m 

Toluene-ethyl acetate 
(I : I) 

Time CH,CN H,0 
0 45 55 
8 45 55 
17 90 10 
21 90 10 

Extract, elute measure 
at 241 nm 

254 nm 

Methyprylon(e) 
capsules and tablets 

Metipranolol 
Solution 

Metolazone 
Bulk 

HPLC 

HPLC 

HPLC 

Dissolution 

H,0 

C-18 

Silica 

Methanol-water (3 : 2) 

CHjCN-H20-buffer 
(175 :315 : 10); 
buffer: PIC B6 

Methylene chloride-
methanol (1% 
ammonium 
hydroxide) (98 : 2) 

280 nm 

254 nm 

254 nm 

USP 23 limit test erythro 
R and S isomers; TLC 
[I]; GC [2.8.1020]; 
HPLC [3,9,1019]; 
stability [923] 

Enantiomer resolution 
[703] 

. 18 ' -2; EP.pt. IJ-5, p. , . ^ . 
[1,8]; GC [2,9,404]; 
HPLCp. 771 [937]. [8] 

USP 23 assay, also BP. 
vol. H, p. 788 [4], EP, 
pt. П-9, p. 410 [6]; GC 
& HPLC [9]; impurities 
[925]; resolved 9 
anabolic steroids. Also 
SPE [706, p. 322]; GC 
[706, p. 168]:GC/MS 
[852]; HPTLC of 
anabolic compounds 
[222]; seven eluents: 
review [1119] 

USP 23, ISTD-ethyl 
paraben;TLC[l,8];GC 
[2,8,9]; HPLC [8,9] 

Degradants resolved 

TLC [I]; HPLC, p. 779 
[937], [8,922] 

[6] 

[5] 

[706. p. 273] 

[5] 

[10] 

EP.pt


Drue Mode 
Sample 

pretreatment 
Sorbent 
(temp.) 

Mobile 
phase Detection Comments Reference 

Metoprolol 
Bulk 

Tablets 

Metronidazole 
Bulk 

Injection 

Metyrapone B 
Bulk 

Mexiletine 
Bulk 

Capsules 

Mianserin 
Bulk 

TLC Dissolve in 
chloroform 

HPLC Mix powder and 
methanol, heat, 
sonicate, centrifuge, 
dilute with mobile 
phase, filter 

TLC Dissolve in acetone 

HPLC Dissolve in methanol 

TLC 

TLC Dissolve in methanol 

TLC Shake contents with 
methanol, filter 

Silica 

C-18 

Silica 

C-18 

Silica 

Silica 

TLC Dissolve in methanol-
\3.5M ammonium 
hydroxide 

Silii 

Chloroform, equilibrate 
chamber with 
ammonium hydroxide 

PSA (961 mg)— 
sodium acetate (82 
mg) in 550 ml 
methanol, 470 ml 
water, and 0.57 ml 
acetic acid 

Chloroform-ethanol 
(dehydrated)-
diethylamine- water 
( 8 0 : 10 : 10 : 1) 

Buffer-methanol 
(93 : 7), buffer-0.68 g 
potassium dihydrogen 
phosphate, pH 4.0 in 
930 ml water 

CHC 3-MeOH (48 : 3) 

Chloroform-methanol-
18Л/ammonium 
hydroxide 
( 8 5 : 14 : 1) 

Methylene chloride-
methanol ( 9 : 1 ) 

Place plate in with 
potassium 
permanganate and 
hydrochloric acid, 
spray potassium 
iodide 

254 nm 

Spray titanium 
trichloride 

320 nm 

KI 

Ninhydrin 

Iodine vapor 

USP 23, chromatographic 
purity; [1,8,1022]; 
HPLC [922] TLC [564] 

USP 23, assay, ISTD- [5] 
oxprenolol; GC [2,8]; 
HPLC [3,8,10,272, 
703,707,751,919] 

USP 23, for tablets. BP, [5] 
vol. II, p. 790 [4], for 
GC and TLC; TLC 
[1,8] 

USP 23, assay; GC [2.8]; [5] 
HPLC [8,9,922,1024, 
1025] 

USP 23, BP, p. 294 & [5] 
356 [4]; TLC [1.8]; GC 
[2,8,10]; HPLC [8.10] 

BP. addendum 1983. p. [4] 
243; TLC [ I ] ; GC [2]; 
HPLC [3]; enantiomer 
resolution [703] 

BP, addendum 1983. p. [4] 
244, for GC assay, p. 
303; TLC [1,8]; GC [2, 
8]; HPLC [3,922] 

Miconazole 
Bulk/injection 

Minocycline 
Bulk 

Minoxidil 
Bulk 

Monensins A and B 
Fermentation broth 

Moperone 
Bulk 

Morazone 
Bulk 

Morphine 
Bulk 

TLC CHCl1 

HPLC Mobile phase 

HPLC Dissolve in mobile 
phase 

in MeOH 

HPLC 

HPLC 

TLC 

Silica 

Silica 

C-18 

C,s (Separon, 
Czech), 30"C 

Silica, 30 cm * 
4 mm, 10 (jm 

Silica 

Silica 

«-Hexane-CHCl;-
MeOH-NH 4OH 
( 6 0 : 3 0 : 10 : 1) 

0.2 NH4 oxa la te -DMF-
0.1 M EDTA (550 : 
250 : 200), adj. pH 
6.2 with TBA 

Methanol-water-acetic 
acid (7 : 3 : 1), add 
3.0 g DSC/1, adjust to 
рНЗ.О 

MeOH-H 2 O ( 8 8 : 12), 
0.8 ml/min 

MeOH ( 1 % NH 4 OH)-
CH2CI2 (2 : 98) 

М е О Н - 0 . 0 Ш 
NH4ClO4, pH 6.7 

51 = E tOAc-MeOH-
conc. NH4OH 
(85 : 1 0 : 4 ) 

52 = MeOH 
S, = MeOH-1-butanol 

(3 :2)-OAM NaBr 
54 = MeOH-conc. 

NH 4 OH(IOO: 1.5) 
55 = cyclohexane-

toluene-diethylamine 
( 7 5 : 15 : 10) 

56 = CHCb-MeOH 
(9 : 1) 

5 7 = acetone 

I2 

280 nm 

254 nm 

RI/210nm 

254 nm 

USP 23, purity, assay, 
identity 

USP 23 ; HPLC [10,546. 
547]; review [759] 

USP 23; CE [548]; TLC 
[1,552]; HPLC [10, 
549,569,922] 

MS detection 

GC, UV, MS, NMR, 
and IR [10, p. 1550]; 
GC [870.872] 

TLC [1,8]; GC [2,8]; 
HPLC [8] 

hRfl = 20, h R E = 18, 
hR n = 23,hR f4 = 37, 
hR„ = 0, hRf6 = 9, 
h R n = 1; also GC, SE-
30/OV-I 1RJ: 2454 

[5] 

[5] 

[5] 

[555] 

[10] 

[3] 

[132] 

file:///3.5M


Drug Mode 

Illicit 

HPLC 

Sample 
pretreatment 

— 

~~ 

Sorbent 
(temp.) 
Silica 

Silica (satur
ated with 0.1 N 
NaOH) 

Silica (Porasil 
T), 30 cm 

Mobile 
phase 

Isooctane-diethyl-
ether-methanol-
diethylamine-water 
(400 : 325 : 225 : 
0.5 : 15) 

flow rate: 2.0 ml/min 

2-dimensional 
development 
Cyclohexane-
toleune diethyamine 
(75: 15 : 10) 
Chloroform-
methanol (9:1) 

Chloroform-rnethanol 

Detection 
279 nm 

— 

210^100 nm 

Comments 
k1 =7.86, RRT-2.16 
(diamorphine, 1.00.49 
min) 

Bulk: TLC [6, EP. pt. 
II—2, p. 97], HPLC [9]: 
for injection with 
pseudomorphine [556]; 
with hydromorphone, 
bupivacaine [559] 

Compared 26 TLC 
systems, selectivity of 
100 drugs examined. 2-
D development time 
2-3 hr 

Resolved from 
diamorphine and 6-

Reference 
[133] 

[18] 

[76] 

acetylmorphine in 25 
min. Also [77-92]; 
TLC [1,4,8.19,35^42. 
115,1026] 

HPTLC analysis by 
dansyl derivatization 
[247]; as opium in plant 
extract by TLC [565. p. 
78]; ToxiLab TLC 
[564]; poppy straw 
extract SFC [252]; SFC 
[279]; studied on 38 
TLC systems [256. 
287-291,656,682]; GC 
[2,8,9,50,264,300,302, 
304,404,705, p. 
55,709]; CE [265,280]; 
HPLC [3,8,93,94,119, 
120,269,286,309,312, 
313,323,324,490,567] 

Morph in е-Л -ox ide 
Bulk 

Moxlactam disodium 
Injection 

Myrophine 

Nabilone 
Bulk 

Silica, 30 cm * 
4 mm, 10 д т 

HPLC H,0 

TLC CHCl, Silica 

Nadolol 
Bulk 

Nafcillin 
Bulk 

Naloxone 
Bulk 

TLC CHCIj-MeOH(I:!) 

TLC 

Silica 

Silica 

TLC Dissolve in water, pH Silica 
5.5-9.0, extract with (activated) 
CHCIj 

Nandrolone 
(19-Nortestosterone) 

Injection sites HPLC Extract with 
tetrahydrofuran 

Lichrosorb, 
C-18, 5^m 

MeOH (1% NH4OH)-
CH2CI2(I :4) 

0.011WNH4OAc-
MeOH (19: 1) 

Benzene-EtOAc 

Acetone-CHCI,-
NH4OH (8 : 1 : 1) 

CH2Cl2-MeOH (1% 
NH4OH) (9: 1) 

MeOH-ammoniated 
butanol, butanol 
prepared by shaking 
100 ml butanol with 
60 ml NH4OH, 
discard 1% lower 
layer 

CHjCN-H2O gradient 

254 nm 

254 nm 

Visual 

254 nm 

254 nm 

Ferric chloride 

UV 

GC, UV, MS, IR [10, p. 1556] 

USP 23, assay, resolve 
R/S isomers 

Benzylmorphine myristic 
acid ester, recommend 
HPLC procedure 
described above for 
morphine-A'-oxide. 

Another name for 
nabilone: (±)-trans-3-
(1,1 -dimethylheptyl)-
6,6a,7,8,10,10a-
hexahydro-1 -hydroxy-
6,6-dimethyl-9H-
dibenzo [b,d] pyran-9-
one 

USP 23; TLC[1,1131]; 
GC [2,8,1131]; HPLC 
[562,573] enantiomer 
[561,1065] 

USP 23; [2,3,10,958, 
1133,1134] 

Resolved from estradiol, 
testosterone, 

[5] 

[446] 

[5] 

[10] 

[5] 

[611] 



Drug 
Sample 

Mode pretreatment 
Sorbent 
(temp.) 

Mobile 
phase Detection Comments Reference 

Bulk 

Naproxen 
Bulk 

Narcotine (Noscapine) 

Natamycin 
Bulk 

Neomycin 
Elixir 

Niacin (Nicotinic acid) 
Nicodeine 

Bulk 

Nicomoprhine 
Bulk 

Nicotine 
Bulk 

TLC Dissolve in acetone 

TLC MeOH 

TLC 

TLC H,0 

HPLC 

HPLC 

TLC 

Silica 

Silica 

Silica 

Silica 

«-Heptane-acetone 
(3:1) 

Toluene-THF-AcOH 
(30:3 : 1) 

nortestosterone; also 
HPLC [706. p. 273]; 
GC [307, p. 168]; SPE 
[706, p. 322]; GC/MS 
[852]; review [1119] 

Char USP 23, identification of 
injection, BP, vol. II, p. 
641 [4] 

254 nm USP 23, [1,2,4,8,9,1099, 
1105]; enantiomers 
[1065]; [568,570,571, 
572,574] 

Also, SCF [266]; plant 
extract by TLC [565], 
p. 67; TLC [682] 

Silica, 30 cm x MeOH (1 % NH4OH)-
4 mm, 10 cm CH2Cl2 (5 : 95) 

MeOH (1% NH4OH)-
CH2Cl2 (5 : 95) 

Silica S, = EtOAc-MeOH-
conc. NH4OH 
(85 : 10 : 4) 

hRfl = 61,hR,, = 39, 
hRn = 22, hR„ = 54, 
hRB = 39, hR,6 = 35, 

[5] 

CHCI1-MeOH-H2O 
( 6 : 2 : 2 : 1 ) 

3.85% NH4OAc 

Ninhydrin 

Heat, spray sodium 
hypochlorite 

Degradants 

BP, addendum 1983, 
p. 271; EP, pt. II—5, 
p,197;USP23 [5]; 
[580,619,1135-1137, 
1139,1140,1152] 

[447] 

[4] 

254 nm UV, MS, NMR, and IR [10] 

254 nm UV, MS, NMR, and IR [10. p. 1606] 

[132] 

Bulk 

Nicotinic acid 
Bulk 

Nifedipine 
Bulk 

Nikethamide 
Bulk 

Nimetazepam 
Bulk 

HPLC 

TLC 

HPLC 

CHCl2 

MeOH 

S2 - MeOH 
S, = MeOH-l-butanol 

(3 :2)-0. IA/NaBr 
S4 - MeOH-conc. 

NH4OH(IOO: 1.5) 
Ss = cyclohexane-

toluene-diethylamine 
(75: 15; 10) 

S0 - CHCl1-MeOH 
(9: 1) 

S7 = acetone 
Silica Methylene chloride-

methanol (1 % 
ammonium 
hydroxide) (9 : 1) 

Silica (KOH NH4OH-MeOH 
treated) (1.5 : 100) 

hR17= 13; also GC. SE-
30/OV-l.RI: 1348 

Silica 

Silica 

Diisopropyl ether 

Propanol-CHCI, 

C-18, Hypersil, 
5 ^m; Flow 
rate 1.5 
ml/min 

Silica, 
Spherisorb 
5W, 2 ml/min. 

S1 = MeOH, H,0, PO4 

(0.1/1/)(55:25:20). 
pH 7.25 

S2 = MeOH, H,0, PO4 

(0.1,W) (7: 1 :2), pH 
7.67 

S1 = MeOH-perchloric 
acid (IL: 100 ^1) 

S4 - MeOH, H,0, TFA 
(997:2 : 1) 

254 nm TLC [1,564]; GC [9] 
[2,9,264]; HPLC 
[3,9,578,1027]; in plant 
extract by TLC [565] 

— GC [2,4,1153-1 155] [I] 

254 nm USP 23; TLC [1,8]; GC [5] 
[2,8,10,1099]: HPLC 
[3,8,10,563,575,584, 
807] 

254 nm EP, pt. II-6, p. 233-2; [6] 
TLC [I]; GC [1,10,19, 
45,1099]; HPLC 
[10,1099] 

— Cap. Fact. 1:3.62 [135] 

Cap. Fact. 2: — 

Cap. Fact. 3: 1.12 [135] 

Cap. Fact. 4: 1.56 



Drusj Mode 
Sample 

pretreatment 
Nitrazepam 

Bulk TLC 

Bulk TLC 

3ulk 

Bulk 

HPLC 

HPLC 

Sorbent 
(temp.) 

Silica 

Silica 

C-18, HS, 
Perkin-Elmer, 
3 ^m 

C-18, Hypersil, 
5 /̂ m, Flow 
Rate 1.5 
ml/min. 

Silica, 

Mobile 
phase 

S1 = CHCI,~acetone 
(8:2) 

S2 = EtOAc 
S, = CHCl2-MeOH 

(9:1) 
S4 = EtOAc-MeOH-

conc. NH4OH 
(85: 10:5) 

S1 = EtOAc-MeOH-
conc. NH4OH 
(85: 10:4) 

S, = MeOH 
S1-MeOH-I-butanol 

(3 :2)-0.IMNaBr 
S4 = MeOH-conc. 

NH4OH(IOO: 1.5) 
Ss = cyciohexane-

toluene-diethylamine 
(75 : 15 : 10) 

S6 = CHCl1-MeOH 
(9: 1) 

S7 = acetone 
S1 = MeOH, H,0 

(7:3) 
S, = 5 m,V/ PO4 (pH 

6)-MeOH-CH,CN 
(57 : 17:26) 

Flow: 1.5 ml/min 
S1 = MeOH, H2O, PO4 

(0.1*0(55:25:20), 
pll 7.25 

S2 = MeOH, H2O, PO4 
(0.1*0(7: 1 :2), pH 
7.67 

S, = MeOH-Perchloric 

Comments Reference 

hRfl = 35, hRn = 45, 
hR„ = 55, hRf4 = 61: 
also GC, SE-30/OV-1. 
RI: 2750 

hRn = 61, hRn = 84, 
ItRn = 86, hR„ = 68, 
hRf! = O, hRf6 = 36. 
ItR17 = 55; also GC. SE-
30/OV-1,RI:2750 

[132] 

[1321 

Resolved 19 benzo
diazepines, RRT,: 
0.703, RRT2: 0.380 
(Azinphosmethyl. 1.00) 

Cap. Fact. 1: 3.00 

Cap. Fact. 2: — 

Cap. Fact. 3:0.99 

134] 

Bulk TLC Dissolve in methanol-
chloroform (1:1) 

Spherisorb 
5W, 2 ml/min 

Silica 

Nitrendipine 
Bulk 

Nitrofurantoin 
Bulk 

Nitroglycerin 
Diluted 

Nomifensine 
Bulk 

Nordiazepam 
Bulk 

HPLC 

TLC 

TLC 

TLC 

TLC 

MeOH 

DMF 

Acetone, filter Silica 

Silica 

acid (IL: 100 ^L) 
S4 - MeOH, H2O, TFA 
(997 : 2 :1 ) 
N itromethane-ethyl 

acetate (85 : 15) 

C18, Novapak THF-CH2CN-buffer 
(5 : 35 : 60); Buffer: 
0.05MNH4OH, 
0.05Л/РО4(рН5.0), 
1.5 ml/min 

Silica Nitromethane-meth-
anol(9 : 1) 

254 nm 

235 nm 

Heat, UV 

Toluene-EtOAc-
AcOH (16 : 4 : 1) 

Spray 5% 
dipehylamine, 340 
nm 

Silica (KOH Ammonium hydrox-
treated) ide-methanol 

(1.5 : 100) 

51 = EtOAc-MeOH-
conc. NH4OH 

(85 : 0 : 4) 
52 = MeOH 
S2 = MeOH-1-butanol 

(3:2)-0.1 MNaBr 

Cap. Fact. 4: 1.78 

EP, supplement, vol. III. [6] 
p. 132, for capsules: 
BP, addendum 1983, p. 
267, for tablets; vol. II, 
p. 793 [4], EP, pt. II—9. 
p. 415 [6]; TLC[I, 
1028]; GC [2,9,1027]; 
HPLC [3,9,1029, 
1027]; synthesis [558]: 
TLC/GC [758]; HPLC 
[567,699,762]; CE 
[723] 

Related compounds; [^76] 
HPLC [577] 

EP, pt. II 2, p. 101; HPLC [6] 
[10,904,1099]; [4,24, 
1104]; USP 23 [5] 

USP 23; stability [1104]: [5] 
[1,473,646,905] 

GC [2]; HPLC [3,922] 

hRn = 69, hRc = 82, [132] 
hRn = 83,hR„ = 62. 
hR„ = 4, hR,,, = 55, 
ItR17 = 60; also, GC, 
SE-30/OV-1,RI:2496 



Drue Mode 

3ulk HPLC 

Sample 
pretreatment 

— 

— 

Sorbent 
(temp.) 

C-18, Hypersil, 
5 дт ; Flow 
Rate 1.5 
ml/min 

Silica, 
Spherisorb 
5W, 2 ml/min 

SiIiCa(KOH 
treated) 

Mobile 
phase 

Ŝ  - MeOH-conc. 
NH21OH(IOO: 1.5) 

Ŝ  = cyclohexane-
toluene-diethylamine 
(75 : 15 : 10) 

56 - CHCI1-MeOH 
(9: 1) 

57 - acetone 
S1 = MeOH, H,0. PO4 

(O. I M) (55 :25 :20). 
pH 7.25 

S2 = MeOH, H2O, PO, 
(0.1 M) (7: 1 :2), pH 
7.67 

S, = MeOH-perchloric 
acid (IL: 100 д1) 

S, = MeOH, H2O, TFA 
(997 :2 : I) 

Ammonium hydrox-
ide-methanol 
(1.5: 100) 

Detection 

— 

Dragendorff 

Comments 

Cap. Fact. I: 8.00 

Cap. Fact. 2: — 

Cap. Fact. 3: 1.36 

Cap. Fact. 4: 3.18 

GC [2,1027]: HPLC [3. 
1027]; ToxiLab TLC 
[564]; HPLC [699.858]: 
CE [723]: TLCGC 
[758] 

Reference 

[135] 

[135] 

[1] 

Norephedrine 
Injection 

Norethanolrolone 
Tablets 

Bulk 

Bulk 

HPLC 

HPLC 

HPLC 

GC 

AcOH 

C-18, 

1.1 gHPES/800ml. 
200 MeOH. pH 3.0 

Methanol-water (7 : 3) 

Time CH1CN H2O 
Accabond. 
J&W, 4.6 mm 
* 25 cm, 5 ^m 

DB-I, J&W, 30 
m * 0.25 mm, 

0 
8 
17 
21 

45 
45 
90 
90 
— 

55 
55 
10 
IO 

280 nm 

240 nm 

USP 23, p. 1097; HPLC [5] 
[579]: GC [264]; HPLC 
photodiode array [685] 

TLC. p. 822 [937]; GC [1031] 
[1030] 

Resolved 9 anabolic [706. p. 273] 
steroids. Also SPE [706. 
p. 322]; HPLC, MS, 
FT-IR[IHl] 

FID, N, at 30 ml/min Resolved 17 anabolic 
steroids. Also, SPE 

[706. p. 168] 

Norethisterone 
Tablets 

Normethadone 
Bulk 

Normorphine 
Bulk 

Norpipanone 
Bulk 

Nortriptyline 
Bulk 

HPLC 

TLC 

HPLC 

Powder in MeOH, 
centrifuge, mobile 
phase 

— 

0.1 ^m, 
180-3200C 
(10°C/min), 
320DC for 4 
min 

Cyclobond-1 

Silica(KOH 
treated) 

Silica 

0.05Л/РО,, pH7-
MeOH (6 :4), 0.5 
ml/min 

Ammonium hydrox-
ide-methanol 
(1.5 : 100) 

Methylene chloride 
methanol (1% 
ammonium 
hydroxide) (1:1) 

TLC 

TLC 

Silica(KOH 
treated) 

Silica 

[706. p. 322]; review 
[1119] 

Resolved from 
ethinylestradiol and 
norgestrel 

Acidified iodoplatinate TLC [8]; GC [2,8.1027]; 
HPLC [1027] 

TLC [I]; GC [2. 9]; 
resolved from 
norcodeine, codeine, 
morphine and it O-
glucuronide conjugates 
by HPLC-EC [239] 

Ammonium hydrox-
ide-methanol 
(1.5: 100) 

51 = EtOAc-MeOH-
conc. NH4OH 
(85 : 10:4) 

52 = MeOH 
Sj.^MeOH-1-butanol 

(3 :2)-0. LWNaBr 
54 - MeOH-conc. 

NH4OH(IOO: 1.5) 
55 - cyclohexane-

toluene-diethylamine 
(75: 15 : 10) 

56 = CHCl3-MeOH 
(9:1) 

S2 = acetone 

Dragendorff GC [2] 

hRfl = 45, hRc = 9, 
hRn = 71.hR„ -34 , 
hRf, = 27, hRl6 = 16. 
hR17 = 4; also GC, SE-
30/OV-1,RI:2210 

[483] 

[9] 

[132] 



Sample 
pretreatment 

Sorbent 
(temp.) 

Mobile 
phase Comments Reference 

Bulk 

Noscapine (Narcotine) 
Bulk TLC 

Bulk 

Nystatin 
Ointment with cliquinol 

Opipramol 
Bulk 

HPLC 

HPLC 

TLC 

TLC 

Silica Methylene chloride-
methanol (1% 
ammonium 
hydroxide) (9 : I) 

Silica S1 = EtOAc-MeOH-
cone. NH4OH 
(85 : 10:4) 

S, = MeOH 
S, = MeOH-l-butanol 

(3:2)-0. \M NaBr 
S, = MeOH-conc. 

NH4OH(IOO: 1.5) 
Ss = cyclohexane-

toluene-diethy !amine 
(75: 15: 10) 

56 = CHCl1-MeOH 
(9: 1) 

57 = acetone 
Silica, 5 ^m Isooctane-diethyl-

ether-methanol-
diethylamine-water 
(400 : 325 : 225 : 
0.5 : 15); flow rate: 
2.0 ml/min 

Silica Methylene chloride-
methanol (1 % 
ammonium 
hydroxide)(98 : 2) 

Add acetone, warm 
on steam bath, filter 
with pledget glass 
wool 

Silica Benzene-MeOH 
(9: 1) 

254 nm 

279 nm 

254 nm 

Silica (KOH Ammonium hydrox- Acidified 
treated) ide-methanol iodoplatinate 

(1.5 : 100) 

TLC and GC [8,1027]; 
review [1032]; HPLC 
[922] 

hRfl = 78, hRr_ = 72, 
hRD = 75. hRf4 = 64. 
hRrs = 22, hRr„ = 74. 
hR,, = 64; also GC, 
SE-30/OV-1.RL3120 

k1 =0.37, RRT = 0.34 
(diamorphine, 1.00, 49 
min) 

TLC [1.8.925.1033]; GC 
[2,9,8,1034]; HPLC 
[3,8,1025,1035); 
studied on 38 TLC 
systems [256] 

USP 23. p. 1113; HPLC 
[10,581,776.908]: 
stability [1104] 

TLC [8[; GC [8]: HPLC 
[3,8,922] 

[9] 

[9] 

[1] 

Bulk 

Opium alkaloids 
Cough mixtures 

Orphenadrine citrate 
Bulk 

Oxandrolone 
Bulk 

Tablets 

Oxazepam 
Bulk 

HPLC H,0 

TLC Dissolve in 
methanol 

TLC 

Silica 

Silica 

Acetonitrile-dioxane-
1% ammonium 
acetate (8 : I : 1) 

MeOH-H,O-0.2A/ 
PO4 (pH 7.0), 
(35 : 60 : 5), 2.5 mM 
CTMA, 1 ml/min 

Methanol-ammonium 
hydroxide (100: 1) 

254 nm 

254 nm 

254 nm 

1036] 

Resolved morphine, 
codeine, thebaine, 
papaverine, noscapine: 
GC [329] 

USP 23, chromatographic 
purity; TLC [1,8^564]: 
GC [2,8,9]; HPLC 
[3,8,9.923,1037] 

GC 

TLC 

3ulk 

Dissolve in 
chloroform 

Mix powder with 
chloroform 

Silica 

USP-G1 
(250-C) 

Silica 

Silica 

Chloroform-methanol 
(19: 1) 

— 

S, = CHCIj-acetone 
(8:2) 

S, = EtOAc 
S1 = CHCIj-MeOH 

(9: I) 
S4 = EtOAc-MeOH-

conc. NH4OH 
(85: 10:5) 

S, = EtOAc-MeOH-
conc. NH4OH 
(85: 10:4) 

S, = MeOH 
Sj = MeOH-l-butanol 

(3 :2)-0.\MNaBr 
54 = MeOH-conc. 

NH4OH(IOO: 1.5) 
55 = cyclohexane-

toluene-diethylamine 
(75 : 15 : 10) 

Char 

FID 

USP 23, identification: 
impurities [925] 

USP 23, assay 

hRfl = 22, hRn = 37, 
ItRn = 42, hRf4 = 47; 
also GC, SE-30/OV-1, 
RI: 2336; [879] 

ItRn = 47, ItRn = 81. 
hRn = 82, hRf4 = 56, 
hR„ = 0, ItR16 = 40, hRr, 
= 51; also GC, SE-
30/OV-1,R1:2336 

[5] 

[5] 

[132; 

[132 



Sample 
Mode pretreatment 

Sorbent 
(temp.) 

Mobile 
phase Detection Comments 

Bulk HPLC 

HPLC 

Tablets 

Tablets 

TLC Mix powder with 
acetone, centrifuge 

HPLC Dissolution 

Oxprenolol 
Bulk TLC Dissolve in mobile 

phase 

C-18, HS. 
Perkin-Elmer. 
3 /̂ m 

C-18, Hvpersii. 
5 /̂ m; flow 
ratel .5 ml/min 

Silica, 
Spherisorb 
5W, 2 ml/min. 

(Same 
procedure as 
for lorazepam) 

C-8 

Silica 

56 = CHCI,-MeOH 
(9:1) 

57 = acetone 
S1 - MeOH, H,0 

(7:3) 
S, = 5 m,V/ POj 

(pH 6)-MeOH-
CH5CN (57: 17:26) 

Flow: 1.5 ml/min 
S1 = MeOH, H.O. 

PO4(O-LI/) 
(55 : 25 : 20). pH 
7.25 

S, = MeOH, H,0,P04 
(O. \M) (7: I :2), pH 
7.67 

S, = MeOH-perchloric 
acid (IL: 100 ^I) 

S4 = MeOH. 11,0,TFA 
(997 : 2 : 1 ) 

Methanol-water-
acetic acid 
(60 :40: 1) 

254 nm 

Chloroform-methanol 
(9:1) 

Potassium 
hexacvanoferrate 

Resolved 19 benzo- [134] 
diazepines. RRTi: 
0.802, RRT,: 0.390 
(azinphosmethyl, 1.00) 

Cap. Fact. 1:4.62 

Cap. Fact. 2: — 

Cap. Fact. 3: 0.47 

Cap. Fact. 4: 0.55 

BP. addendum 1983. p. [4] 
267; TLC [1,8]: 
stability [923]: 

USP 23; TLC and GC [5] 
review [1038]; GC 
[2.8.9,1039]; HPLC 
[8,9,922,1040]: HPLC. 
enantiomers [406.751. 
p. 15]; HPLC 
[569,697,699, 858] 

BP. p. 320: TLC [5] 
[1.8.267]: GC [2.8]; 
HPLC [3,8.582.707. 
1027,922]; enantiomer 
[919]; stability [592] 

Oxvcodone 
B'ulk TLC 

Bulk 

Oxymetholone 
Bulk 

Tablets 

Oxymorphone 
Bulk 

HPLC 

GC 

TLC 

TLC 

Silica S1 = EtOAc-MeOH-
conc. NH4OH 
(85: 10:4) 

S, = MeOH 
S, = MeOH -1-butanol 

(3 :2)-0. LV/NaBr 
S4 = MeOH-conc. 

NH4OH(IOO : 1.5) 
Ŝ  - cyclohexane-

toluene- diethylamine 
(75: 15 : 10) 

S„ - CHCl., MeOH 
(9: 1) 

S7 = acetone 
Silica Methylene chloride-

methanol (1 % 
ammonium 
hvdroxide) (98 : 2) 

254 nm 

hRf, = 60. hRr. = 30. 
IrRn = 33. hR„ = 50. 
hR,-, = 23, hR„, = 51. 
hR,-, = 39: also GC. SE-
30/OV-1.RL2524 

[132] 

DB 

Dissolve in ethanol-
chloroform (1 : I) 

J&W. 30 
m * 0.25 mm. 
0.1 um. 180 
320°C 
(10°C/min). 
320°C/4 min 

Silica 

Silica 

FlD. N, at 30 ml/min 

Ethanol (absolute)-
toluene (2 : 98) 

S1 - EtOAc-MeOH-
conc. NH4OH 
(85 : 10:4) 

S . - MeOH 
S, = MeOH 1-butanol 

(3 :2) 0.1 Л/NaBr 
S4 = MeOH-conc. 

NII4OH(IOO: 1.5) 
S, = cyclohexane-

toluene -diethylamine 
(75 : 15: 10) 

Vanillin acid 

TLC [1.8.564]; GC 
[2.8.9.404]; HPLC 
[3.8]: GC, TMS 
derivatives [705, 
p. 55] 

Resolved 1 
steroids. 

7 anabolic 
review [U 19] 

BP. vol. Il 
p. 797 

hRr, = 33. 
hRr, = 3 
hRf, = 1 
ItRn = . 
30'OV-

p. 321 and 

hRc = 26. 
6. hR„ = 48. 
0. hRR, = 37. 
0; also GC. SE-
1. RI: 2538 

Cl 

[706. p.l 

[4] 

[132] 



Drug Mode 
Sample 

pretreatment 
Sorbent 
(temp.) 

SAX 

Mobile 
phase 

S 6 - C H C l 1 - M e O H 
( 9 : 1) 

S7 = acetone 
0.05 M sodium 

borate, pH 9,1 

Comments Reference 

Suppositories 

Oxyphenbutazone 
Bulk TLC 

Tablets 

Oxyphenc} limine 
Bulk 

Oxuetracycline hydrochloride 
Bulk TLC 

Extract with 0.1 N 
hydrochloric acid 
and chloroform. 
discard chloroform 
laver 

TLC Shake powder with 
ethanol (absolute), 
centrifuge, expose 
plate to carbon 
dioside, 2 min 

TLC 0.01 ,Vmethanelic 
HCI 

Same procedure as 
forchloro-
tetracycline 

Silica 

Silica 

Silica 

S, = CHCf-acetone 
( 8 : 2 ) 

S, = EtOAc 
S 1 ^ C H C l 1 - M e O H 

( 9 : 1) 
S4 = EtOAc MeOH -

cone. NH4OH 
( 8 5 : 1 0 : 5 ) 

Chloroform-acetic 
acid ( 4 : 1 ) with 
0 02% butylated 
hydroxytoluene 

CHCI,- MeOH 
(65 : 27) 

254 nm 

254 nm 

Blue tetrazolium 

Oxvtocin 

USP 23, ISTD-procaine 
hydrochloride, assay; 
GC & HPLC [9]; TLC 
[ I ] ; GC [2]; HPLC [3] 

hRfl = 52. hR,, = 62, 
hRD = 57. hRf4 = 7; also 
GC. SE-30/OV-I .RI : 
1630 

BP. vol. II, p. 798. for [4] 
eye ointment, p. 572. 
EP.pt . H-9, p. 418 [6]; 
TLC [1,8,1041]; GC 
[2,8]; HPLC [8,9.1042] 

U S P 2 3 ; T L C [ i ] : G C [5] 
[2,8,9]; HPLC [3] 

EP.pt. I I - 5 , p. 198; [4] 
TLC [ I ] ; HPLC [1156]: 
stability [1104] 

HPLC [1093,1132] 

Pancuronium 
Bulk HPLC Silica CH1CN H , 0 (96 : 4) 

containing CIO4 

213 nm Resolved from [605] 
vecuronium and 
pipercuronium; BP [4]; 
TLC [1,1157] 

Papa\erine 
Bulk TLC 

Bulk 

Powder with ethyl aminobenzoate 
and scopolia extract 

HPLC 

TLC 

Paracetamol (Acetaminophen) 
Bulk 

Parahexvl 

TLC 

TLC 

Silica, 5 дГП 

Add water, shake. 
filter, add 1 N 
hydrochloric acid, 
extract with 
chloroform, discard 
the chloroform, 
render alkaline, 
extract with ether 

Dissolve in ethanol-
water (1 : I) 

Add peroxide-free 
ether to the powder, 
shake, centrifuge, 
dilute with methanol 

Silica S1 - EtOAc MeOH-
conc. NH4OH 
( 8 5 : 1 0 : 4 ) 

S2 = MeOH 
S 1 - M e O H I-butanol 

(3 : 2 ) - 0 . LW NaBr 
S4 = MeOH-conc. 

NH4OII(IOO : 1.5) 
S1 = cyclohexane-

toluene-diethylamine 
(75 : 15 : 10) 

5 6 = CHCl5-MeOH 
( 9 : 1 ) 

57 = acetone 
Isooctane-diethyl-

ether-methanol-
diethylamine-
water(400 : 325 : 
225 :0,5 :15); flow 
rate: 2.0 ml/min 

Chloroform -meth-
anol-acetone-
ammonium 
hydroxide 
( 7 5 : 15 : 1 0 : 2 ) 

Silica Diethylamine-ethyl 
acetate-toluene 
(I : 2 : 7 ) 

Silica Chloroform-acetone-
toluene (65 :25 : 10) 

Silica 

279 r 

Dragendorff 

254 nm 

hRn = 69. h R c = 74. 
h R n - 7 4 , hRf4 = 6 1 . 
hRfl = 8, hRf(, -- 65. hR,-
= 47; also GC. SE-
30 /OV-1 .RL2825 

132] 

k1 - 1.33. RRT = 0.58 
(diamorphine. 1.00.49 
min) 

JP. p. 1216; also poppy 
straw SCF [252]; in 
plant extract, TLC 
[565]. p. 82; T L C -
densitometry [656]; 
ToxiLab TLC [564]; 
SCF [266]; GC [404]; 
HPLC [209,567] 

EP.pt . I I -2 , p. 102; 
TLC [1.8]; GC [2,8,9]; 
HPLC [3,8.9] 

EP. pt. II, p. 49. also. BP, 
p. 326 [4]; TLC [1,8]; 
GC [2,8]; HPLC [8,75. 
593,1043,1045,1047, 
1048] 

Some trade or other 
names: 3-hexyl- l -
hydroxy-7.8,9,10-

rn 

[6] 

[6] 

EP.pt
EP.pt
EP.pt


Drua Mode 
Sample 

pretreatment 
Sorbenl 
(temp.) 

Mobile 
phase Detection Comments Reference 

Paraldehyde 
Bulk 

Parabens 

Pecazine (Mepazine) 
Bulk 

Pemoline 
Bulk 

Penfluridol 
Bulk 

GC 

TLC 

HPLC 

TLC 

USP-G2 

Silica 

Silica 

Bulk 

Penicillamine 
Tablets 

TLC 

HPLC 

Silica(KOH 
treated) 

Dissolution 

NH 1 OH-McOH 
(1.5 : 100) 

MethanolicO.OIA/ 
ammonium 
perchlorate. pH 6.7 

S, = EtOAc MeOH 
cone. NH4OII 
(85 : 1 0 : 4 ) 

S : = MeOH 
Sj- MeOH l-butaiiol 

(3 :2)-0.1 A/NaBr 
Ŝ  - MeOH cone. 

NHjOH(IOO: 1.5) 
S5 - eyefohexane-

toluene-diethylamine 
(75 : 1 5 : 1O)' 

S 6 - C H C I , MeOH 
( 9 : I) 

S7 = acetone 
Ammonium 

hydroxide-methanol 
(1.5 : 100) 

0.01 A/PO4 , p H 7 

FID 

Acidified 
iodoplatinate 

Dragendroff 

tetrahydro-6.6,9-
trimethy l-6H-dibenzo|b. 
d]pyran: synhexyl: 
synthesis [883]; see 
cannabinoids 

Also p. 729 [1018]. [9] 

[915.916] 

GC [2]: HPLC [3J 

TLC [ I ] : GC [2.9]: 
HPLC [8.1049] 

ItRn - 83. hRr_ = 67. 
hR,-, = 89. hR14 = 76. 
hRr, = 17. ItR1,, = 60. 
hR n = 60; also GC. 
SE-30/OV-I. RI: 3380 

TLC [8]: GC [2,8.1027]: 
HPLC [1027] 

USP 23; [624,1158.1159] 

[132] 

Penicillin G (procaine) 
Bulk 

Pentaerythritol tetranitrate 
Formulations 

TLC 

HPLC 

Dissolve in 
acetone-0. IA/ citric 
acid-0. IA/ sodium 
citrate ( 2 : 1 : 1 ) 

Mobile phase 

Pentazocine 
Bulk SIIK 

Tablets with aspirin TLC Dissolve in 
methanol-
chloroform (1 

Silica 

Pentobarbital (Pentobarbitone) 
Bulk TLC Silica 

Toluene-dioxane-
AcOH (90 : 25 : 4) 

254 nm/350 nm 
starch solution and 
DMAB 

H,0 -CH s CN 230 nm 
(35 : 65) 

S1 = E tOAc-MeOH- — 
cone. NH4OH 
(85 : 1 0 : 4 ) 

S, = MeOH 
S, = MeOH-1-butanol 

(3 : 2)-0.1Л/NaBr 
S4 - MeOH-conc. 

NH 4 OH(IOO: 1.5) 
Ss = cyclohexane-

toluene-diethylamine 
(75 : 15 : 10) 

56 = CHCl1-MeOH 
( 9 : 1) 

57 = acetone 
Formic acid-ethyl 254 nm 

acetate-methanol 
(90 : 5 : 5) 

S, = CHCE-acetone 
( 8 : 2 ) 

S, = EtOAc 
S j - C I I C l 3 - M e O H 

( 9 : 1) 
S4 = E tOAc-MeOH-

conc. NH4OH 
(85 : 10 : 5) 

USP 23; [46.48.73] 

Collaborative study; [8] 

ItRn = 72. hR,, = 33. 
hRn = 72 ,hR B = 61 . 
hR,, = I5,hRB, = 12. 
ItRn = 28; also GC, SE-
30/OV-1.RI:2275 

USP 23, identification. 
with naloxone tablets. 
for lactate counterion. 
BP. vol. II, p. 647 and 
p. 801 [4]; TLC [1.8. 
1050]: GC [2.8.9.264. 
564]; HPLC [3,8.9. 
1051]: enantiomer [919] 

hRf] = 55. hR c = 66, 
hRn = 59, hRr4 = 44; 
also GC, SE-30/OV-1. 
RI: 1740 

[1321 

[5] 



Drua Mode 
Sample 

pretreatment 
Sorbent 
(temp.) 

Mobile 
phase Detection Comments 

TLC Dilute with ethanol 

Pentoxifylline 
Bulk 

Pentoxyverine (Carbetapentane) 
Bulk 

Perphenazine 
Injection and Oral Solution 

Silica 2-Propanol-acetone-
chloroform-
ammonium 
hydroxide 
( 9 : 2 :2 :4) 

Silica, 30 cm x MeOH (1% NH4OH)-

Syrup 

Tablets 

Pethidine (Meperidine) 
Bulk 

TLC Dilute with methanol 

TLC Add water, render 
alkaline, extract 
with chloroform 

TLC Mix powder with 
chloroform, filter 

TLC — 

Silica 

Silica S1 - LtOAc-MeOH-
conc. NH4OH 
(85 : 10:4) 

S : = MeOH 
S, = MeOH-1-butanol 

{3 :2)-0.IAZNaBr 
S4 ^ MeOH-conc. 

NH4OH(IOO: 1.5) 
S, ^ cyclohexane 

toluene-diethylamine 
(75 : 15 : 10) 

S6-CHCI3-MeOH 
(9:1) 

S7 = acetone 

254 nm 

254 nm 
4 mm, 10 дгп 

Silica (spray 
with 0.1 A/ 
methanolic 
KOH) 

Silica 

Silica 

CH 2 CL(I :99) 

NH4OH MeOH 
(1.5 : 100) 

Acetone- ammonium 
hydroxide (200 : I) 

" 

Dragendroff 

Iodoplatinate 

USP 23, identification; 
also EP, pt. II—5. p. 200 
andpt. II-9. p. 419 [6]; 
impurities [925]; TLC 
[1,8]; GC [2,9,824,968. 
1052]; HPLC [8,9] 

UV, MS, NMR. IR 

GC [2] 

USP 23, identification. 
also BP, vol. II. p. 802 
[4]; TLC [1,8.1053]; 
GC [2.9]; HPLC 
[3,9,700.1054] 

hRfl = 62. hR,, = 34. 
hR„ = 40. hRB = 52. 
hRn = 37. hRB = 34. 
hR,-,= 11; also GC. SE-
30/OV-l, RI: 1751 

[10. p. 1760] 

TLC Dissolve in water. Coat kieselguhr Diethylamine-light 
render alkaline, with petroleum-
extract with ether phenoxy- phenoxyethanol 

ethanol (1 : 100:8). use 
supernatant 

Phenacetin 
Powder with aspirin and caffeine 

Phenazocine 
Bulk 

Phenazone (Antipyrin) 
Bulk 

Phencyclidine 
Bulk 

TLC Mix with MeOH, 
filter 

HPLC 

TLC 

HPLC 

Phenethylamine (Phenylethylamine) 
Bulk HPLC 

Silica CHCl3-acetone-
NH4OH (45 :5 : 1) 

Silica Methylene chloride 
methanol (1 % 
ammonium 
hydroxide) (95 : 5) 

Silica(KOH Ammonium hydrox-
treated) ide-methanol 

(1.5: 100) 

Silica,30cm* MeOH (1% NH4OH)-
4 mm, IO Mm CH2Cl2 (5 : 95) 

Dichlorofluorescein 

Dragendorff 

EP. vol. II, p. 318 and 
vol. 11-9, p. 419 [6]; 
BP, p. 335 [4]; TLCC 
[1,8]; GC [2,8.9.264]; 
HPLC [3.8.9.922] 

JP. p. 122 and p. 1226: 
EP, pt. 11-6, p. 241-2 
[6]; TLC [1.8]; GC 
[2,8,1099]; HPLC 
[8,9,928,929] 

TLC [1,267]; GC [2,9] 

Acidified iodoplatinate TLC [8]; GC [2,8]; HPLC 
[3.8] 

254 nm 

Pheniramine 
Bulk TLC Dissolve in methanol 

Silica, 30 cm x McOH (1% NH4OH-
4 mm, 10 цт CH2Cl2)(I :4) 

Silica Cyclohexane-
chloroform-
diethylamine 
( 5 : 4 : 1 ) 

254 nm 

Dragendorff 

UV, MS, NMR, IR, ethyl 
analog [10, p. 1782]; 4-
hydroxyl analog [10, p. 
1784]; morpholine 
analog [10. p. 1786]; 
pyrrolidine analog [10. 
p. 1788]; color test 
[1118]; [400-403] 

UV, MS, NMR, IR; also 
TLC [267,564]; GC 
[896,899]; HPLC 
[897.898,900] 

BP, p. 339; GC & HPLC 
[9]; TLC (I]; GC [2,9. 
264,706, p. 164]; HPLC 
[3,922]; enantiomers 
[919] 

[6} 

[7] 

m 

[1] 

780] 

[10.p.1794] 

[4] 



Drus Mode 
Sample 

pretreatment 
Sorbent 
(temp.) 

Mobile 
phase Detection Comments Reference 

TLC 

Phenobarbital 
Tablets 

Elixir HPLC 

Mix powder with 
methanol-buffer 
(1 : 1) 

Add hydrochloric 
acid, extract with 
chloroform 

Silica S1 = EtOAc-MeOH-
conc. NH1OH 
(85: 10:4) 

S, - MeOH 
S, -= MeOH- 1-butanol 

(3 : 2)-0.1Л/NaBr 
Sj - MeOH-conc. 

NH1OH (100 : 1.5) 
S< = cyclohexane-

toluene diethylamine 
(75 : 15 : 10) 

S11 = CHCI1-MeOH 
(9:1) 

S7 - acetone 

C-18 Methanol-buffer 
(2 : 5). buffer-6.6 g 
sodium acctatc-3 ml 
acetic acid, L water. 
pH 4.5 

Phenobarbitone 
Bulk TLC 

Phenomorphane 
Bulk 

Silica S, = CHCl1 acetone 
(8:2) 

S2 = EtOAc 
S1 = CHCI1-MeOH 

( 9 : I) 
S4 = E tOAc-MeOH-

conc. NH4OH 
(85 : 10:5) 

Silica, 30 cm * MeOH (l%NH4OH-
4 mm, 10 Mm CH2Cl2)(I :9) 

254 nm 

ItRn = 46. ItR12 = 34. 
hRn = 45, hRH = 50. 
hRf, = 14. ItR16 = 21. 
hRn = 14; also GC. SE-
30/OV-1.R1: 1431: 
TLC [9. 564]; GC 
[2.9.264] 

USP 21, p. 817. ISTD-
caffeine. assay; also EP. 
pt. 11-5. p. 201 [6]: 
TLC [1.8]; GC [2.8.9]; 
HPLC [8,9,1055.1056]: 
stability [923] 

General methods; SCF 
[266]. GC. p. 54 [705]. 
GC [275]; CE [69I]: 
[406,569] 

hRfl =47. hRc = 65. 
ItRn = 56, ItR14 = 29; 
also GC. SE-30OV-1. 
RI: 1957 

UV, MS. NMR. IR 

[132] 

[10. p. 18 

Phenoperidine 
Bulk 

Phenothiazine 
Bulk 

Phenprobamate 
Bulk 

Phentermine 
Bulk 

HPLC 

HPLC 

TLC 

TLC 

Silica 

Silica 

Silica 

Capsules and tablets HPLC Add 0.04M 
phosphoric acid, 
filter 

GC 

Bulk 
Phenylbutazone 

Bulk 

GC 

TLC 

TMS 

C-18 

>% OV-I, 4' •• 
1/4", 32 
ml/min 
nitrogen 

DB-5 

Silica 

MemanolicO.OlA/ 
ammonium 
perchlorate, pH 6.7 

CH2CI2-CH1CN (4 : 1) 

Silica (KOH Ammonium hydrox-
treated) ide-methanol 

(1.5 : 100) 

51 = EtOAc-MeOH-
conc. NH4OH 
(85 : 10:4) 

52 = MeOH 
S1 = MeOH-1-butanol 

(3 :2)-0.IWNaBr 
54 = MeOH-conc. 

NH4OH(IOO: 1.5) 
55 = cyclohexane-

toluene-diethylamine 
(75 : 15 : 10) 

56 = CHCl1-MeOH 
(9: 1) 

57 = acetone 
Buffer-methanol 

(3 : 2), buffer-HPA, 
1.1 g/575 ml water, 
25 ml diluted acetic 
acid 

S1 = CHCl3-acetone 
(8:2) 

254 nm 

FID 

FID 

TLC [I]; GC [2,1027] 

GC, p. 738 [19]; [10, 
639]; HPLC [587] 

TLC [8]; GC [2.8] 

hRrl = 48, ItR12 = 11, 
hRn = 78, hRf4 = 46, 
hR„ = 26, hRr6 - 31, 
ItR17= 15; also GC, SE-
30/OV-l.RI: 147 

USP 23, assay; TLC [1, 
264,564]; GC [1,9]; 
HPLC [3,9] 

MS, NMR. IR 

[10] 

[132] 

[10. p. 1824] 

Amphetamine precursor [706. p. 156] 

hRn = 78. ItR12 = 68, [132] 
hR„ = 76, hRf4 = 64; 



Drue 
Sample 

Mode pretreatment 
Sorbent 
(temp.) 

Silica, 30 cm * 
4 mm 

Silica 

C-18 

Mobile 
phase 

S : - EtOAc 
S3 = CHC1-MeOH 

(9: 1) 
S4 = EtOAc-MeOH-

cone. NH4OH 
(85: 10:5) 

MeOH (1% NH4OHb 
CH2CL(I :4) 

Methylene chloride-
methanol (1% 
ammonium 
hydroxide) (4:1) 

Methanol- water 
(55:45) 

Comments Reference 

1 -Phenylcyclohexylamine 
Bulk 

Phenylpropanolamine 
Bulk 

Phenytoin 
Injection 

HPLC 

HPLC 

Pholcodine 
Bulk 

Physostigmine 
Bulk 

HPLC Dissolve in mobile 
phase 

HPLC 

TLC 

Silica, 30 cm * MeOH (1% NH4OH-
4 mm, 10/am CH2CI2)(I :9) 

Silica S1 = EtOAc-MeOH-
conc. NH4OH 
(85 : 10:4) 

S2 = MeOH 
Sj = MeOH-1-butanol 

(3 :2)-0.IjWNaBr 
54 = MeOH-conc-

NH4OH(IOO: 1.5) 
55 = cyclohexane-

toluene-diethylamine 
(75: 15: 10) 

56 = CHCl3-MeOH 
(9: 1) 

57 = acetone 

also GC, SE-30/OV-1, 
RJ: 2365HPLC [406] 

GC. UV. MS, NMR, IR 

254 nm TLC [1,925]: GC [2,9, 
588,603,1057-1060]; 
HPLC [3. 1062-1065. 
1067]; stability [1066] 

254 nm USP 23, assay; TLC [1.8. 
925]; GC [2.8]; HPLC 
[8,1068.922.1069] 

GC [273]; CE [691] 

254 nm UV, MS, NMR, IR; also 
HPLC [567]; cough 
mixtures [596] 

— hRfl = 57, hR„ = 40. 
ItRn = 38, hRf4 = 55. 
ItRn= 12. hRf«, = 36. 
hRn= 18; also GC, SE-
30/OV-l.RJ: 1804 

[10. p. 18 

[9] 

[10] 

Bulk 

Phvtomenadione (Vitamin K,) 
Tablets 

Pilocarpine 
Ophthalmic solution 

Piminodine 
Bulk 

Pinazepam 
Bulk 

Pindolol 
Bulk 

Piperacillin 
Bulk 

TLC Dissolve in ethanol 

TLC Disperse powder 
with H2O, extract 
with 2,2,4-
trimethylpentane 

HPLC Dilute in MeOH 

TLC 

HPLC 

HPLC 

HPLC Dissolve in mobile 
phase 

Silica Ammonium 
hydroxide-isopro-
panol-cyclohexane 
(2:23 : 100) 

Silica Cyclohexane-ether-
MeOH (50 :20 : 1) 

Silica tt-Hexane-2% 
NH4OH-in IPA 
(3:7) 

Dragendorff EP, pt. II, p. 286; TLC [1. 
8]; USP 23 [5] 

254 nm BP. vol. II. p. 807: GC 
[2]; review [796] 

220 nm USP 23; TLC [1,24.572]; 
GC [2]; HPLC 
[19,272,569,570,589. 
597,608,710,871,942] 

Silica (KOH Ammonium hydrox- Acidified potassium 
treated) ide-methanol permanganate 

(1.5: 100) 

C-18, Hypersil, S1 - MeOH, H2O. PO4 — 
5 (jiii. 
flow rate 
1.5 ml/min 

Silica, 
pherisorb 
5W, 2 ml/min 

(0.1 M) (55 :25:20), 
pH 7.25 

S, = MeOH, H2O, PO4 

(OAM)(I: 1 :2), pH 
7.67 

S, = MeOH-pcrchloric 
acid (IL: 100 /J!) 

S4 = MeOH, H2O, 
TFA (997:2: I) 

Silica MethanolicO.OU/ 
ammonium 
perchlorate, pH 6.7 

MeOH-0.2iWPO4-
TBA (450 : 547 : 3), 
pH5.5 

HPLC [3]; GC [1027] 

Cap. Fact. 1: 10.96 

Cap. Fact. 2:2.13 

Cap. Fact. 3: 1.32 

Cap. Fact. 4:2.19; 
also [906,907] 

— TLC [1,8]; GC [2,8. 
1027]; HPLC [8.607. 
922,1027]; enantiomer 
[706,707,919] 

254 nm USP 23, [941] 

[6] 

[4] 



Dm» Mode 

TLC 

TLC 

Sample 
pretreatment 

-

Sorbent 
(temp.) 

Silica(KOH 
treated) 

Silica 

Mobile 
phase 

Ammonium hydrox-
ide-methanol 
(1.5 : 100) 

Chloroform-acetone 
(4: 1) 

Detection Comments Reference 
Piritramide 

Bulk 

Piroxicam 
Bulk 

Polymyxin B Sulfate 
Bulk 

Practolol 
Bulk 

Prazepam 
Bulk 

Bulk 

TLC Dissolve in H2O-HCI 
(1 : 1), heat at 
135-C for5hr 

TLC Dissolve in methanol 

HPLC 

Silica 

Silica 

Silica 

C-18 HS, 
Perkin-Elmer, 
3//m 

Water-phenol (25 : 75) 

Methanol-13.5 M 
ammonium 
hydroxide (99 : I) 

S1 = EtO A C-MeO H-
conc NH4OH 
(85: 10:4) 

S, = MeOH 
Sj = MeOH-I-butanol 

(3 : 2)-0.1MNaBr 
54 = MeOH-conc 

NH4OH(IOO: 1.5) 
55 = cyclohexane-

toluene-diethylamine 
(75 : 15 : 10) 

56 = CHCI5-MeOH 
(9:1) 

57 = acetone 
S1 = MeOH-H ,O 

(7:3) 
S, = SmM PO4 (pH 6)-

MeOH-CHjCN 
(57: 17:26) 

Flow: 1.5 ml/min 

Dragendorff 

254 nm 

254 nm 

TLC [8]: GC [8]: HPLC [1] 
[3,8,1099] 

TLC [8]: HPLC [5.591] 
review [1070] 

EP, pt. II-5. p. 203-2 and 
BP, addenum 1983. p. 
274; HPLC [944] 

BP. p. 36LTLC[I]; 
HPLC [3] 

Enantiomer resolution by 
HPLC [703, 707] 

hRn = 81,hRn = 85. 
hRD = 89, hRf4 = 65. 
hR,, = 36, hRf6 = 74, 
hRn = 63; also, GC, 
SE-30/OV-1,RI:2641 

Resolved 19 benzo
diazepines, RRT,: 
1.979, RRT,: 2.130 
(azinphosmethyl, 1.00) 

[6] 

H] 

[134] 

Bulk 

Bulk 

Capsules 

Tablets 

Capsules and tablets 

Prazosin 
Capsules 

Bulk 

Capsules 

Prednisolone 
Bulk 

TLC Dissolve in acetone 

TLC Shake contents with 
acetone, filter 

TLC Shake powder with 
chloroform, filter 

HPLC Add water to contents, 
followed by acetic 
acid and methanol, 
mix, filter 

TLC Shake contents with 
chloroform-
methanol (1 : 1), 
centrifuge 

HPLC Dissolve in methanol, 
dilute with 
methanol-water 
(7:3) 

HPLC Shake contents with 
0.08% hydrochloric 
acid-methanol 
(3 : 2), filter 

HPLC Dissolve in water 
saturated 
CHCIj-THF 

C-18, Hypersil, S1 = MeOH, H2O, PO4 

5Mm, flow (0.1/W) (55 :25 :20), 
rate 1.5 pH7.25 
ml/min S, = MeOH, H2O, PO4 

(OAM)(T: 1 :2), pH 
7.67 

Silica, S3 = MeOH-perchloric 
Spherisorb acid (IL: 100 ̂ 1) 
5W, 2 ml/min S4 = MeOH1H2O1TFA 

(997 : 2 : 1) 
Silica Heptane-ethyl acetate 

( I : I) 
Silica 

Silica 

C-18 

Silica 

Silica 

Methanol-water-acetic 
acid 

Silica Ethyl acetate-
diethylamine (19 : 1) 

Methanol-water-acetic 
acid-diethylamine 
(700:300 : 10:0.2) 

Butyl chloride-butyl 
chloride (water 
saturated)-THF-
MeOH-AcOH 
(59 : 95 : 14 : 7 : 6) 

254 nm 

254 nm 

254 nm 

254 nm 

Cap. Fact. 1: — 

Cap. Fact. 2: 4.20 

Cap. Fact. 3: 1.49 

Cap. Fact. 4:2.71 

USP 23 

USP 23; TLC [1,8]; GC 
[2,8,9]; HPLC [8,699. 
1027]; TLC/GC [758] 

USP 23, identification; 
TLC [1,8] 

USP 23, assay; HPLC 
[3,8,19.922,1071] 

USP 23, BP [4]; HPLC 
[9,369-373] 

[135] 

[135] 

[5] 

[5] 

[5] 



Drua 
Sample Sorbent 

Mode pretreatment (temp.) 
Mobile 
phase Detection Reference 

Prednisone 
Bulk 

Prilocaine 
Injection 

HPLC Dilute in H7O 

HPLC Dilute with water Cyano 

Primidone 
Tablets 

Procainamide 
Bulk and capsules 

Injection 

Bulk 

Injection 

Prochlorperazine 
Bulk 

Procyclidine 
Bulk 

GC Add EtOH to powder, USP-G3 
boil 1 hr (260°C) 

TLC Dissolve in methanol Silica 

TLC Dilute with water Silica 

HPLC Dissolve in water C-18 

HPLC Dilute with water 

HPLC 

C-18 

Silica, 30 cm > 
4 mm 

TLC Silica 

H1O-MeOH-THF 
(688 : 62 : 250) 

Buffer-methanol 
acetonitrile-acetic 
acid (950: 10:20 : 
20); buffer-OSA 
(2.16 g) and EDTA 
(37 mg) in 950 ml 
water 

Methanol-ammonium 
hydroxide-ethyl 
acetate (2 : I : 22) 

Described as (3 in 20) 
and triethylamine (1 
in 1000)in0.02A/ 
aqueous sodium 
acetate, pH 4.5 

MeOH (1% NH4OH-
CHXI,) (5 : 95) 

S1 = EtOAc-MeOH-
conc. NH4OH 
(85 : 10:4) 

S, = MeOH 
S, = MeOH-l-butanol 

(3 : 2HXlMNaBr 
S4 = MeOH-conc. 

NH4OH(IOO: 1.5) 

254 nm USP 23, BP [4]; 
[1,24,25,374] 

254 nm USP 23, assay, BP. p. 364 
[4]: GC [10]; TLC 
[267] 

FID USP 23. BP [4]: [1,2,8.9. 
375] 

254 nm USP 23, identification. 
also BP, vol. II, p. 655 
[4]; TLC [1,11,24]; GC 
[2.8,9]; HPLC 
[3,9,1072] 

254 nm USP 23, ISTD-procaine 
hydrochloride: HPLC 
[705. p. 185]; CE [691]: 
ToxiLab TLC [564] 

254 nm UV, GC, MS, NMR. 
IR, HPLC [609] 

— hR„ = 72, hRK= 19, 
hR„ = 68, hRf4 = 48. 
hRrs = 63,hRf6 = 31, 
hRn = 23;alsoGC, SE-
30/OV-1,RI:2156 

Bulk 

Progesterone 
Bulk 

Prolintane 
Bulk 

GC Dissolve in water 

55 = cyclohexane-
toluene-diethylamine 
(75: 15: 10) 

56 = CHCI1-MeOH 
(9:1) 

57 = acetone 

TLC 

TLC 

Dissolve in EtOH-
CHCl1(I : 1) 

Silica (activate CHCI1-EtOAc (2 : 1) 
105°C) 

Promazine 
Tablets 

Promethazine 
Bulk 

TLC Mix powder with 
methanol, filter 

TLC 

Silica S1 = EtOAc-MeOH 
cone. NH4OH 
(85 : 10:4) 

S2 = MeOH 
S1 = MeOH-1-butanol 

(3 :2)-0. IWNaBr 
S4 = MeOH-conc. 

NH4OH(IOO: 1.5) 
S1 = cyclohexane-

toluene-diethylamine 
(75 : 15 : 10) 

56 = CHCl1-MeOH 
(9: 1) 

57 - acetone 

Silica Cyclohexane-acetone-
diethylamine 
(8: I . I ) 

Silica S1 = EtOAc-MeOH-
conc. NH4OH 
(85 : 10:4) 

FID USP 23, related 
compounds, also TLC, 
BP, vol. II, p. 812 [4]; 
TLC [1,8]; GC [2,8,10]; 
HPLC [3,10] 

Scrap, elute, measure USP 23, BP [4]; 
at241nm [2.3,7,10,376,1099] 

— ItRn = 65, hR,,= 16. 
ItRn = 35, hRr4 = 44. 
hRn = 41,hRf6 = 30. 
hRn= 11; also GC, SE-
30/OV-1,RI:2316; 
HPLC [567] 

254 nm BP, vol. II, p. 813, TLC 
[1,8]; GC [2,8,1027]; 
HPLC [3,567.569. 
1027] 

— hRn = 65, hRP_ = 30, 
hR„ = 44, hRf4 = 50, 
hR„ = 37, hRf6 = 35, 

[5] 

[5] 

[132] 

[4] 



Drue Mode 
Sample 

pretreatment 
Sorbent 
(temp.) 

Mobile 
phase Detection Comments Reference 

Bulk 

Propiomazine 
Bulk 

Propofol 
Emulsion 

Propoxyphene 
Tablets with acetaminophen 

TLC Dissolve in methanol 

HPLC 

HPLC MeOH, centrifuge 

TLC Shake powder with 
methanol, filter 

Silica 

S2 = MeOH 
S j - M e O H - 1 - b u t a n o l 

(3 : 2 H U M N a B r 
54 - MeOH-conc. 

NH 4 OH(IOO: 1.5) 
55 = cyclohexane-

toluene-diethylamine 
(75 : 15 : 10) 

56 = CHCI1-MeOH 
( 9 : 1 ) 

57 = acetone 
Diisopropyl ether-ethyl Potassium 

acetate-acetic acid permanganate 
( 3 0 : 1 5 : 5 ) 

Silica, 30 cm * M e O H ( I V o N H 4 O H b 
4 mm, 10Mm CH2CI2 (5 :95 ) 

Phenyl, 
Dynamax 
Microsorb 

Silica 

Capsules with aspirin and 
caffeine 

Bulk 

Capsules 

TLC 

GC 

GC 

Add methanol to 
powdered contents, 
centrifuge 

Add water, render 
alkaline, extract 
chloroform 

Mix powder with 
acetone, add water, 
mix, filter 

Silici 

USP-G2 
(1600C) 

USP-G2 
(1600C) 

MeOH-PO 4 (0.3Л/, pH 
5 . 0 ) ( 7 : 3 ) 

Butyl acetate-
chloroform-formic 
acid(3 : 2 : 1) 

254 nm 

276 nm 

FID 

URn= 17; also GC, SE-
30/OV-l , RI: 2259; also 
[1075-1077] 

BP, p. 373; TLC [1,11]: 
GC [2.11,706, p. 164): 
H P L C [ I l ] ; 
enantiomers [606] 

H] 

UV, GC, MS, NMR. IR [10. p. 1950] 

2nd derivative UV 

USP 23, identification, 
same procedure for 
propoxyphene 
napsylate formulations; 
[24] 

USP 23, identification 

USP 23, ISTD-tricosane, 
assay and related 
compounds, also BP, p. 
144 [4,1077] 

ГЯ 

[Я 

[51 

Propranolol 
Bulk 

Dissolved in mellianol 0.25-,^m HIm. 
chemical Iy 
bonded 5°o 
phenyl poly-
dimethyl 
siloxane: 
injector 
275-C. 
column 60ЯС 
after injec
tion 
40 cC'min to 
250"C 30 rnin 

TLC Dissolve in methanol 

Propyhenazone 
Bulk TLC 

Propylhexedrine 
Bulk 

Prostaglandins 
Bulk 

TLC 

TLC 

Silica 

Silica (KOII 
treated) 

Silica 

MS. scanned between 
m /3J and 500 per 

Toluene methanol 
( 9 : 1) 

Anisaldehvde acid 

S, - CHCI, acetone 
( 8 : 2 ) 

S, -- EtOAc 
S 5 - C H C f - M e O H 

( 9 : 1 ) 
S 4 - E tOAc-MeOH-

conc. NH1OH 
(85 : 10: 5) 

Ammonium hydrox-
ide-methanol 
(1.5 : 100) 

EtOAc-isooctane-
EtOH-formic acid 
(35 : 0.5 : 0.3) 

Acidified 
iodoplatinate 

Propoxyphene forms 
major artifacts in the 
injector zone: 
benzoylecgondine 
degrades to ecgonine 
and benzoic acid; 
Atrophine forms 
dehydroatropine and (Л 
(phenyl acetyl) tropine: 
also GC [143.273]; 
ToxiLab TLC [564] 

BP. p. 374: TLC [1.8. 
925]; GC [2.8]: HPLC 
[3.8.9.922,1078]; 
ToxiLab TLC [564]: 
SPEHPLC [119.566. 
567.569. 751. p. 7]: 
enantiomers [590.604. 
703,707] 

ItR11 = 6 L h R 1 . - 5 0 . 
hR„ - 67. hRt4 = 75: 
also GC. SE-30 OV-I . 
RI: 1922 

GC [2.958.1079]; TLC 
[267] 

[143 

Phosphomolybdic acid Prostaglandins A. B. D. 
E, F. and thromboxane 
B-2; HPLC [95. 
99-102.104.594,598. 
599.600.1104] 

[4] 



Protripty line 
Bulk 

Bulk 

Proxyphylline 
Bulk 

Pseudoephedrine 
Tablets 

Syrup 

Tablets 

Herbal extract 

HPLC 

TLC 

TLC 
HPLC 

HPLC 

CE 

Dissolve in 
chloroform 

Silica S1 = E tOAc-MeOH-
conc. NHjOH 
(85 : 1 0 : 4 ) 

S, = MeOH 
S, = M e O H - 1-butanol 

(3 : 2)-0.1Л/NaBr 
S4 - MeOH cone. 

NHjOH (100 : 1.5) 
S, - cyclohexane-

toluene- diethylamine 
(75 : 15 : 10) 

56 = CHCl1-MeOH 
( 9 : 1) 

5 7 = acetone 
Silica Methylene chloride-

methanol ( 1 % 
ammonium 
hydroxide)(4 : I) 

Silica Chloroform-ethanol 
ammonium 
hydroxide 
( 9 0 : 10 : 1) 

(See procedure for 
triprolidine) 

Dilute with 0.01 Л' Silica 
hydrochloric acid 

Add 0.0 \N Silica 
hydrochloric acid to 
powder, filter 

I g Ephedra herba Fused silica, 
extracted 50% EtOH 60 cm * 75 
(15 mL) RT, 30 Mm ID, 28 кV 
min, centrifuged, 

0.25% Ammonium 
acetate ethanol 

0.02Л/ isoleucine-
0.005Л/barium 
hydroxide (pi I 10) 

ItR11 - 4 L h R 1 . - 6 . 
hR,i = 69. h R u " 19. 
hR„ = 17. hR,-„ = 7. 
h R r =-2; also GC. SE-
3OOV-L RI: 2261 

254 nm TLC [1.8]; GC [2.9. 
1080]: HPLC [567. 
922] 

EP. vol. II. supplement, p. 
145. TLC [1.8]: GC 
[2.8.1027]: HPLC [3. 
8.1027]: enantiomer 
[703] 

USP 23 

USP 23, also triprolidine 
hydrochloride, p. 1099: 
TLC [ I ] : GC [2, 9]; 
HPLC [3.9.1018]: 

Resolved: ISTD: 4 min. 
methyl pseudo
ephedrine: ~5 min 
psuedoephedrine: 6.2 

filtered ISITJ-
benzy ltriethy 1-
ammonium chloride 

Psiiocin (Psilocyn) 
Bulk TLC 

Bulk 

Psilocybin 
Bulk 

HPLC 

HPLC 

Silica S1 = E tOAc-MeOH-
conc. NHjOH 
(85 : 1 0 : 4 ) 

S, = MeOH 
S1 = MeOH 1-butanol 

(3 : 2)-0.IAZNaBr 
S4 = MeOH -cone. 

N H , O H ( 1 0 0 : 1.5) 
Ss - cyclohexane -

toluene -diethylamine 
(75 : 15 : 10) 

S1, - CHCl1 MeOH 
( 9 : 1 ) 

S7 = acetone 
Silica Methanol ( 1 % 

ammonium 
hydroxide) 

Silica. 30 c m * MeOH ( 1 % NHjOH) 
4 mm, 10 ^m 

Bulk HPLC Silica, 30 cm " 
4 mm, IO ^m 

MeOH ( 1 % NH 4 OH)-
C H X L ( I : 9 ) 

min. ephedrine: 6.8 
min. methylephedrine: 
7.8 min. norpseudo-
ephedrine: 8.1 min. 
norephedrine: 8.8 min 

ToxiLab [564]; 
enantiomers [703]: 
HPLC [705, p. 185] 

hR„ - 5 0 . h R c - 12, 
hRn = 48. hRH = 39. 
hRf, = 5. hRft = 9. h R r 

= 9; also GC. SE-
30 'OV-I . Rl: 1976 

254 nm TLC [ I ] ; GC [2]; HPLC 
[3.391] 

254 nm UV. MS. NMR. and IR: [10. p. 
also GC-MS [390]: 
HPLC [1090.1091]: 
analysis [1023.1089) 
Erlich test reagent 
[1118] 

l-[l-(2-thienyl)cyclo-
hexyl] pyrrolidine. 
Some other names: 
TCPY 

254 nm UV. GC, MS. NMR. IR: [ 10. p. 
analysis [1023.1089]: 
HPLC 11090.1091] 



Drua Mode 
Sample 

pretreatment 
Sorbent 
(temp.) 

Mobile 
phase Detection Comments 

Pyndoxine (Vitamin B-6) 
Bulk 

Quinidine 
Bulk 

Injection 

Bulk 

Bulk, capsules, and tablets 

Quinine 
Bulk 

TLC Dissolve in H,0 

HPLC Dissolve in mobile 
phase 

HPLC Dilute with mobile 
phase, mix 

TLC Dissolve in methanol 

HPLC (Use same procedure 
as described for the 
gluconate) 

TLC — 

Silica 

3ulk HPLC Silica, 5 ̂ m 

NH,OH-acetone 
CCI4 THF 
(9 : 65 : 13 : 13) 

Water acetonitrile-
buffer-diethylamine 
(86 : K) : 2 : 2, 10%): 
buffer•- 35 ml MSA 
and 20 ml acetic acid 
500 ml water 

Diethylamine -ether 
toluene 
(10 :24 :40) 

S1 - EtOAc-MeOH-
conc. NH4OH 
(85 : 10:4) 

S; =- MeOH 
S, = MeOH-1-butanol 

(3 : 2)-0. LUNaBr 
S, MeOI I-cone. 

NH4OH(IOO: 1.5) 
S< - cyclohexane-

toluene diethylamine 
(75 : 15 : K)) 

S„ CHCl, MeOH 
(4:1) 

S7 = acetone 
Isooctane-diethyl-

ether-methanol-
diethylamine-water 

Spray 

lodoplatinate 

279 nm 

EP. pt. II-6. p. 245-2; 
HPLC [97.98.108. 
610.736-739.745.750]; 
TLC [728JiCE [741]: 
review [1160] 

USP 23. limit test for 
related compounds and 
assay; GC & HPLC [9] 

LP. pt. II. p. 17 and BP. 
vol. II. p. 818 |4]:TLC 
[1.564.656] 

USP 23; GC [2]: HPLC 
[2.9221 

ItR11 - 42. hR,- - 27. 
ItRn - 6 5 . hRfl = 51. 
hRr, - 2 . hR l b- 11. 
hR,- - 4: also GC. SH-
30 OV-L RI: 2803 

k1 -2.71 RRT-0.95 
(diamorphine. LOO. 49 
min) 

[6] 

[6] 

[132] 

Bulk TLC Dissolve in methanol Silica 

Racemoramide 
Bulk 

Ramipril 
Bulk 

GC — 3% OV-L 4' 
1 '4"; 32 
ml/min. 
nitrogen 

HPLC Derivatize with TFA Chiralcel OT 
anhvdride (+) 

Ranitidine 
Bulk 

Remoxipride 
Rescinnamine 

Bulk 

Reserpine 
Bulk 

Rifaximine 
Cream 

HPLC 

SiIiCa(KOH 
treated) 

Silk 

(400 : 325 : 225 : 
0.5 : 15): How rate: 
2.0 ml/ min 

Diethylamine ether -
toluene (K): 24 :40) 

MeOH. 0.8 ml min 

MethanolicO.OLV/ 
ammonium 
perchlorate. pll 6.7 

lodoplatinate EP.pt. 11-6. p. I 8-2 and 
BP. \ol. ILp. 661 [4]. 
use same for the sulfate 
salt: TLC [IJ; GC 
[2.9.922]. 

Also studied on 38 LLC 
systems [256.257J: 
TLC-densitometry 
[656]; HPLC [569): GC 
[709] 

UV. MS. NMR. IR 

Enantiomers 

Review [1081]; TLC 
[267]:ToxiLabTLC 
[564] 

HPLC [1095 1097] 

Ammonium hydrox- Acidified potassium GC [2.1082]; HPLC [3] 
ide-methanol 
(1.5 : 100) 

Methylene chloride 
methanol (1 % 
ammonium 
hydroxide)(98 : 2) 

Double elution; 
(a) CHCI1: (b) 
CHCl1-EtOAc-
MeOH(I :9:0.5) 

permanganate 

ILC [1.8]: HPLC |8.6I 1. 
612.1082]: also dosage 
forms by HPLC 
[627-629, 705. p. 215] 

Oxidative products 

[6] 

[10. p 2028] 

[-20] 

[ I ] 

[9] 

EP.pt


Drusi Mode 
Sample 

pretreatment 
Sorbenl 
(temp.) 

Mobile 
phase Comments Reference 

Salbutamol 
Bulk 

Salic>lamide 
Bulk TLC 

3ulk 

Salic> lie acid 
Bulk 

Topical foam 

Silica. 50 cm • 
75 д т 

Silica 

HPLC 

TLC Silica 

TLC 

HPLC 

(See thianthol. 
capsium, and 
chloral) 

Dilute with mobile 
phase, cool below 
room temp., filter 

20 m,V Na citrate. pH 
2.5. 3OkV 

S, -CHCl , - ace tone 
( 8 : 2 ) 

S; - EtOAc 
S 1 - C I ( C I 1 - M e O H 

( 9 : 1) 
Sj -= EtOAc MeOH-

conc. NH1OH 
(85 : 10 : 5) 

Methylene chloride 
methanol (1¾ 
ammonium 

hydroxide) (98 : 2) 

S1 - CHCL-acetone 
( 8 : 2 ) 

S. -• HtOAc 
S1 - CHCI, MeOH 

( 9 : 1 ) 
S4 - EtOAc MeOH-

conc. NH4OH 
(85 : 10: 5) 

Buffer-methanol-
acetonitrile acetic 
acid (700 : 150: 
150: 1); buffer • 
tetramethyl-

Methods for impurities 
reviewed; compared to 
HPLC & TLC LC-MS 
[636]: HPLC [3.638. 
1099]: BP [4]: TLC [1] 

hR„ - 3 8 . h R c - 5 5 . 
hR„ = 43. ItR14 = 48: 
also GC. SE-30 OV-I . 
Rl: 1455 

TLC [1.8]: GC |9.264|; 

HPLC [8]; review 

[1083] 

hRn = 7. hR,- = 25. 
hRn = 24. ItR1 4- 10; 
also GC. SE-30 OV-
Rl: 1308 

JP. p. 1263. p. 1270. and 
p. 1312: TLC [1.925] 

USP 23. ISTD-benzoic 
acid; GC [21: HPLC |9] 

| 613 ] 

[9] 

[7] 

[5] 

Scopolamine 

Injection and tablets 

Secobarbital (Quinalbarbitone) 

Urine 

Capsules 

Capsules formulated with sodium 

amobarbita! 

Selegiline 

Tablets 

GC Add water, render 

alkaline, extract 

with methylene 

chloride, dry extract 

with sodium sulfate 

M S M S No sample treatment, 
\pt\ direct insertion 

GC Add 20% 
hydrochloric 
acid, extract with 
chloroform 

GC Add water. 

hydrochloric acid 
and chloroform to 
contents and shake. 
filter chloroform 
layer through 
sodium sulfate 

GC Add water and 
hydrochloric acid, 
extract with 
chloroform 

USP-G3 

(225-C) 

Sennoside A & B 

Crude dnm 

HPLC 

HPLC 

Powder, 150ZoCHjCN 

in l l .O , filter 

H , 0 

USP-GlO 
(200°C) 

(Same 
procedure as 
for seco
barbital) 

USP-GIO 
(175°C) 

Cyano. 
Spherisorb 

C18, TSK gel. 

ODS 

ammonium 
hydroxide 
pentahydrate (225 
mg/700 ml water) 

FID USP 23, assay, ISTD-

homatropine 
hydrobromide; GC & 
HPLC [8,9]; impurities 
[925]; stability [923]; in 
plant extract [565]. p. 
67; GC [404] 

CI. methane. SRM LD = 10 ng 

FID 

FID 

0.1 W POj, pll 3 . 1 -
CH1CN(SS : 15) 

Pretreatment column: 
(a) H 2 O-CH 1 CN-
AcOH (680 : 3 2 0 : 
1), pll 5.0; (b) 
analysis column. 

USP 23. assay, barbital. 
for TLC and GC review 
[1084]; GC [8, 9]; 

HPLC [8] 
USP 23, assay, for EP. pt. 

115. p. 205 [4] 

USP 23. assay. ISTD-
aprobarbital: [569] 

Related impurities; 

dissolution [626] 

Column switching 

[ H ] 

[625] 

[614] 



Sample 
pretreatmenl 

CH5CN 

Sorbcni 
(temp.) 

C van о. 
Spherisorb 

Mobile 
phase 

Acetate buffer. 
0.IAZ-CH1CN(GSO 
320) with 15 т Л / 
ПАВ. 1 ml min 

CH1CN ЮтД/РО, 
buffer (37 : 63) 

Detection Comments Reference 

Sertaconazole nitrate 
Bulk 

Sim\astatin 
Bulk HPI.C CH1CN 

Sotalol 
Bulk 

Stanolone (Adrostanolone. 
dihy drotesloslerine) 

Bulk GC Dissolve in 
chloroform 

Bulk 

Stanozolol 
Bulk 

C1. Ultraspherc 25 m.\l PO1 (pi 1 
4.S)-CH1CN (35 : 
65). 1.5 ml min 

Silica (KOH Ammonium hydrox-
treated) tde methanol 

(1.5 : 100) 

(230"C) 
DB-I. JW. 20 

m ' 0.25 mm. 
0.1 ^m. 
1 8 0 - 3 2 0 4 ' 
(I0°C min). 
320-C. 4 min 

LC Dissolve in methanol 
chloroform (1 : 4) 

Silica Chloroform methanol 
( 9 : 1) 

260 nm 

238 nm 

KID 

FID 

Char 

Related compounds. 
cream also analy zed 

ISTD-lovastatin 

GC [2.81: HPLC [3.8]: 
enantiomer resolution 
[703.707] 

BP. p. 425. assay 

Resolved 17 anabolic 
steroids: also. SPE [706. 
p. 322] 

BP. addendum 1983. p. 
254 and USP 23 [5]: 
LLC [I ] : [1027]: 2-D 
HPTLC of anabolic-
compounds. [222]; SPL 
[706. p. 322]; GC [706. 
p !68]: analysis review 
of GC MS of anabolic 
steroids [1119] 

[630] 

[641] 

[ I ] 

[4] 

706. p. 16 

[4] 

Strychnine 
Bulk 

Silica, 5 /̂ m 

Bulk HPLC 

Sufentanil (Sufentany!) 
Bulk HPLC 

S1 EtOAc MeOH 
cone. NH4OH 
(85 : IO :4) 

S, - MeOH 
S1 - MeOH-1-butanol 

(3 : 2)-0.1Л/NaBr 
S1 - MeOH-conc. 

NII1OH(K)O : 1.5) 
S< = cyclohexane-

toluene -diethylamine 
(75 : 15 : 10) 

S1, - CHCI1-MeOH 
( 9 : D 

S- = acetone 
Isooctane- diethyl-

ether-methanol 
diethylamine-water 
(400 : 325 : 225 : 
0.5 : 15): flow rate: 
2.0 ml'tnin 

Methylene chloride-
methanol ( 1 % 
ammonium 
hydroxide) 

Silica, 30 cm ' MeOH ( 1 % NH4OH) -
4 mm. 10 д т CH.CL (2 : 98) 

hRn - 33. liR,- = 8. 
hRn = ILhR 1 4 = 26. 
hRls = 8. h R f „ - 19. 
hR,- = 2: also GC. SE-
30 'OV-I . Rl: 3119 

279 nm k1 - 15.43. RRT = 4.34 
(diamorphine. 1.00. 
49 min) 

254 nm TLC [1.8]; GC [2.8.9]; 
HPLC [3.8.63I]; review 
[1085] 

HPLC-diode array 
[1118]; plant extract by 
TLC [565]. p. 67: 
TLC-densitometry 
[656] 

Also studied on 38 TLC 
systems [256]: HPLC 
studies [566.567.633-
635] 

254 nm UV. MS, NMR. IR: 
solubility and 
physochemica! 



Mode 
Sample 

pretreatment 
Sorbent 
(temp.) 

Mobile 
phase Comments Reference 

Sulfur 
Ointment 

Sulphonamides 
Bulk 

HPLC Partition between 
H2O and CHXI, 

CE MeOH 

Taxol 
Bark extract 

Telazol (see Tiletamine) 
Temafloxacin 

Bulk 

HPLC 

C1,. LiChro Cart MeOH-aq. 5% ЛсОН 
(85 : 15). 1.2 ml'min 

Silica, 50 cm * 0.05AZPO4 0.05AZ 
50 ^m, I 5 kV borate (pH 6.4)-2 

mAZ p -cyclodextrin 

Supelocosil 
LC-F 

CH1CN THF-H-O 
(17:28:55). 1.5 
ml Tn in 

HPLC CH1CN H X ( L l ) C18. Nucleosil Gradient with PO, 
buffer, pH 2.4 -
CH1CN-THF 

Temazepam 
Bulk TLC Silica S, ~ CHCT-acetone 

(8:2) 
S, - EtOAc 
S5 = CHCI1-MeOH 

(9:1) 

properties [HOl]: GC 
[1102]; review [1103]: 
see fentanv] 

210 nm Resolved sulphameth-
oxypyridazine. 
sulphachloropyri-
dazine, sulphasalazine. 
sulphamerazine. 
sulphaquanidine. 
sulphadiazine. 
sulphaquinoxaline. 
sulphamethazine; CE 
[616.617.637]: HPLC 
[618.620]: HPLC SPE 
[62I]; HPTLC. 15 
sulphonamides [622]; 
tablets [623]: GC [705. 
p. 57. 706. p. 159]: CE 
[616] 

227 nm Penta-fluorophenyl 
phase: phenyl and C,>: 
HPLC |643 646.648. 
664.681.688]; LC-MS 
[651] 

325 nm Related substances 

ItRn = 51. hR,- = 47. 
ItRn - 6 5 . hRl4 " 63: 
also GC. SE-30 OV-I. 
RI: 2633 

[640] 

[642] 

[652] 

TLC 

Bulk 

Bulk 

Tetracycline 
Bulk 

Silica 

C-18. HS. 
Perkin Elmer. 
3 ^m 

C-18. Hypersil 
5 ^m. flow 
rate 1.5 
ml min 

Spherisorb 
5W, 2 ml'min 

Silica(KOII 
treated) 

S1- EtOAc MeOlI 
cone. NH1OH 
(85 : 10:5) 

S1 - EtOAc-McOH 
cone. NHXH 
(85 : 10:4) 

S, -- MeOH 
S, = MeOH 1-butanol 

(3 :2) -0.1 AZ NaBr 
S4 ~ MeOH-conc. 

NH4OH(IOO: 1.5) 
S; - cyclohexane-

toluene-diethy famine 
(75 : 15 : 10) 

S11-CHCI, MeOH 
(9 : I) 

S7 - acetone 
S1 - MeOH-H X 

(7:3) 
S, 5 mAZ PO4 

"(рНб)-МеОН CII1 
CN (57: 17 :26) 
Flow : 1.5 ml'min 

S1 - MeOH. HX- PO4 

(0.1 AZ) (55 :25 :20). 
pH 7.25 

S , - MeOIl. ILO. PO4 

(0.1 AZ) (7: 1 :2). 
pH 7.67 

S1 - MeOH-perchloric 
acid (IL: 100,J) 

S4-' MeOH. 11,0. TFA 
(997:2 : 1) 

Ammonium hydrox-
ide-methanol 
(1.5: 100) 

Drasendorff 

hRn = 63. ItR1, = 82. 
hRn = 82. hRl4 = 53. 
ItR1, = 8. hR„, = 59. 
fiR,-- 53: also GC. SE-
30 OV-I. RI: 2633 

254 nm Resolved 19 benzo
diazepines. RRT1: 
0.194. RRT.: 0.538 
(a/inphosmethyl. 1.00) 

Cap. Fact. 1: 5.76 

Cap. Fact. 2: — 

Cap. Fact. 3: 0.42 

Cap. Fact. 4: 0.45 

GC |2]: HPLC [663.699. 
922,1027]; TLC [704] 

134] 

[135] 

CE 0.02,¼ PO4 (pll 2.2) Silica, 20 cm x 5 mAZ EDTA in 0.02AZ 
25 (ini, 10 kV PO4 (pH 3.9) buffer 

265 nm Resolved tetracycline. 
epitetracycline. 



Dru» 
Sample 

pretrcatment 
Sorbent 
(temp.) 

Mobile 
phase Detection Comments Reference 

Terfenadine 
Bulk 

Testosterone 
Bulk 

Serum 

Tetrazepam 
Bulk 

MPLC 

HPLC 

HPIX" 

HPLC 

— 

— 

id Elm 

p-cyclodextrin. 
Astec 

C-18. 
Accubond. 
J&W. 4.6 mm 
* 25 cm, 5 ^m 

Silica, 
Brow nice. 15 
mm * 4.6. 
7Mm.60-C 

FtOH-
(6.6 
min 

Time 
0 
8 
17 
21 

-CH,CN-hexane 
: 3.3 : 90).2 ml ' 

CH ,CN J L Q 
45 55 
45 55 
90 10 
90 10 

1.5 ml min 
Cl 1,CN O.I.U 

plws 
(86: 

phate buffer 
15). I ml min 

218-220 nm 

254 nm 

247 nm 

Thalidomide 
Bulk 

Thebaine 
Bulk TLC 

C-18, Hypersil. S1 =- MeOH. 11,0. POj 
5 дП1. flow (0.1 M) (55 : 25 : 20). 

pH7.25 
S, - MeOH, И.О. PO, 

(0.1.1/)(7: 1 : 2), pH 
7.67 

S, -- MeOH-perchloric 
Acid (IL: 100,J) 

5W. 2 ml'min S, = MeOH. H.O. TFA 
( 9 9 7 : 2 : 1) 

rate I.3 
ml'min 

Silica, 
Spherisorb 

Chiraccl OJ Hexane-FtOH(l 
1 ml'min 

S1 = EtOAc-MeOH-
conc. NHjOH 
(85 : 1 0 : 4 ) 

I), 240 nm 

anhydrotetracycline. 4-
epianhydrotetracycline: 
HPLC [658-660: 679. 
680]: CE [689] 

Lnantiomers resolved 

Resolved 8 other anabolic 
steroids: also SPF [706. 
p. 322]: GC [706. p. 
168] 

Limit detection - 5 
nm ml. resolved 4 other 
anabolic steroids: 
review [1119] 

Cap. Fact. 1:21.44 

Cap. Fact. 2: 4.13 

Cap. Fact. 3: 2.03 

Cap. Fact. 4: 5.20: 
also HPLC [699] 

R. S resolved 

hRn - 4 5 . h R r - 2 2 . hRn 

- 32. hRf4 = 45 . hRf< -
23, liRft - 37, hR,- = 5: 

706. p 

HPLC 

Theobromine 
Bulk 

Theophylline 
Capsules with guaifensin 

Tablets with ephedrine 
and phenobarbital 

Thiamine (Vitamin B,) 
Bulk 

Silica, 5 ^m 

TLC Dissolve in 
methanol-
chloroform (2 : 3) 

TLC 

Silica 

Add water to 
contents, extract 
with chloroform 

Mix powder with 
chloroform-
methanol (4 : 1), 
filter 

Silica 

S, MeOII 
S, - MeOH- 1-hutanol 

(3 : 2 ) - 0 LWNaBr 
Sj MeOII-cone. 

NHjOH(IOO : 1.5) 
S, - cyclohexane-

toluene diethylainine 
(75 : 15 : 10) 

S n - C H C l , MeOH 
( 9 : 1) 

S7 - acetone 
Isooctane diethyl-

ether-methanol-
diethylamine-W'ater 
(400 : 325 : 225 : 0.5 
: 15): flow rate: 2.0 
ml'min 

Ammonium 
hydroxide acetone-
chloroform-
butanol (1 : 3 : 3 : 4) 

Cellulose Methanol-water 

^Bondapak. C1, 

Chloroform-aeetone-
methanol-
ammonium 
hydroxide 
(50 : 10: 10 : 1) 

MeOH-5 тЛ/aceta te 
(pH 5.0) (28 :72) . 
1.5 m|/min 

279 nm 

254 nm 

254 nm 

254 nm 

EX: 370 nm 
EM: 430 nm 

also GC. SE-30 OV-I . 
Rl: 2517: UV. MS. 
NMR. IR[IO. p. 2204] 

k1 = 3 . 5 3 . R R T - 1.15 [133; 
(diamorphine. 1.00.49 
min) Also poppy straw. 
SCR [252]; studied on 
38 "FLC systems [256]: 
HPLC [705. p. 215]: 
see morphine and 
codeine: also. TLC 
[290] 

FP. pt. 11—7. p. 298: TLC [6] 
[1.656]; GC [9]; HPLC 
[3.705, p.185] 

USP 23 

USP 23. identification. [5] 
FP. pt. II 7. p. 300 [6] 
GC [275.404]; HPLC 
[406.657,677.705, p. 
185]; TLC [656]; CE 
[690] 

Resolved from riboflavin: [716] 
HPLC [737-740,745. 
750]: TLC [728]: 
review [726.1 161] 



Drua Mode 

Sample 

pretreat merit 
Sorbent 
(temp.) 

Mobile 

phase Detection Comments Reference 

Thieth\ Iperazine 
Bulk 

Bulk 

Injection 

Thimerosal 
Solution 

Thiopental 
Bulk 

Thiopentone 
Bulk 

HPLC 

TLC 

TLC 

Thioproperazine 
Thioridazine 

Bulk 

Oral solution 

TLC 

Dissolve in methanol 

Add water, render 
alkaline, extract 
with chloroform 

Silica, 30 cm x MeOH ( 1 % NH 1 OH)-
4 mm, 10/im C H X L ( I : 9) 

Silica 2-Propanol water 

ethyl acetate 
( 5 : 3 : !) 

Silica Toluene-ethanol-

ammonium 
hydroxide 
(40 : 10 : 1) 

HPLC CH1CN H2O ( 3 : 7 ) wBondapak, CIR PO4 buffer CH5CN 
( 1 5 : 8 5 ) 

TLC (Same procedure as 
for cyclobarbital 
calcium) 

254 nm 

Oxidation 

350 nm 

254 nm 

Dissolve in 

methanol-
ammonium 
hydroxide (49 : 1). 

carry out under 

subdued light 
Add water, render 

alkaline, extract 

with chloroform 

Silica 

S i CHCI; acetone 
( 8 : 2 ) 

S; - LTOAc 
S, - CHCL, MeOII 

( 9 : 1) 
S, •• HtOAc-MeOH 

cone. NH4OH 

(85 : 10 : 5) 

2-Propano! ammonium 
hydroxide 
( 7 4 : 2 5 : 1) 

254 nn 

Toluene acetone 
hexane dietlnl-
amine (15 : 1 5 : 
1 5 : 1 ) 

UV. MS. NMR. IR 

USP 23: TLC [1.8]: GC 

12.8.10]: HPEC [3] 

USP 23 

Photodegradation: HPEC 
[671.672.676] 

EP. pt. 11-5. p. 212: GC 
[8.9]: HPLC [8.9] 

hR,-, -= 77. hR,- - 74. HR,-
- 6 8 . h R „ - 4 9 : a l s o 
GC. SE-30OV-1 

GC [1105 J 

USP 23. chromatographic 
puritv. also BP. p. 453 

H) 

[10. p. 2226] 

[5] 

[?] 

[668] 

[6] 

[132] 

[?] 

254 nm 350 nm USP 23. identification 

Bulk 

hiothixene 

Capsu 

Bulk 

Capsu! 

les 

les 

Tiletamine (2-(F.thylamino)-2-(2 
thien\l)-c\clohexamine) 

fiiidine 
Bulk 

TLC Dissolve in 
methanol-
chloroform (1 : 1) 

HPEC Dissolve in methanol 

HPLC Mix contents with 
methanol, filter 

HPLC 

Timolol 

Bulk 

Tablets 

Tinidazole 

IV Fluid 

TLC 

ILC 

HPEC 

DB-5.J&W. 30 
m - 0.25 mm. 
0.25 Mm 
55"CmIn. 
55°C-225"C 
at 25°C/min, 
225-C/5 min. 
2 2 5 - 320°C at 
25°C7min. 
320-C for 6 
min 

Silica Methanol-ethyl 
acetate diethylamine 
(65 : 35 : 5) 

Silica Ethanolamine water 
methanol 

Silica (0.2 :200 : 1400) 

I'll). N, at 30 ml min 

Iodoplatinate 

Silica CIECE 

Resolved 10 antidep
ressants; also GC [404] 

[706. p. 163 

USP 23. identification; 

GC [9[; HPLC 
[3,9.10861 

USP 23, a s s a y * (E) 

isomer, p. 1058; TLC 
[I ] ; GC [2] 

Formulated with 

zolazepam combination 

known as Telazol 

UV, MS. NMR. IR; also 

[127.1106-1108] 

Dissolve in methanol 

Add 0.1 N 
hydrochloric acid. 

add methanol and 

centrifuge 

Add 0.05M 
potassium 

dihydrogen 

phosphate to 

powder, sonicate 

Applied directly 

Silica 

Silica 

C-18 

Silica 

Ammonium hydrox

ide-methanol-
chloroform 

(80 :20 : I) 

Buffer-methanol 
(3 : 2). Buffer-

potassium 
dihydrogen 

phosphate (22.08 g/2 

1 water. pH 2.8) 

CHCl3-MeOH (9 : 1) 

1 Iodine vapor 

295 nm 

Extract with LtOH. 

310 nm 

USP 23, chromatographic 

purity: also BP, 

addendum 1983. p. 257 
and p. 273 [4]; TLC 

[1.8.564.925] 

USP 23. assay; GC [2.8. 
9]; HPLC [3,8,9.665. 

667.922]; enantiomers 
[683,707] 

HPLC[IIlO] 

[5] 

[10. p. 2352] 

[666] 



Mode 
Sample 

pretreatmenl 
Sorbent 
(temp.) 

Mobile 
phase Detection 

340 nm 

295 nm 

282 nm 

Fluorescence 
Excitation = 31 
nm; Emission = 
nm 

!0 
440 

Comments 

Method review 

Normal phase also 
studied [693.694.696] 

Review; metabolism 
[ПИ] 

Detection limit I ^g I; pR 
[1112]; bulk. HPLC 
[684] 

Reference 

[674] 

[692] 

[675] 

Tobramycin 
Polymeric drug delivery system 

Tocopherols (see Vitamin H) 
Bulk 

Tolfenamic acid 
Capsules 

Trazodone 
Bulk 

Tretinoin 
Cream 

Triamcinolone 
Derrnatological patches 

Triamterene 
Bulk 

Triazolam 
Bulk 

Precolumn 
derivatization 

HPLC 

HPLC Powder. MeOH 

C, CH1CN-5OmAZPOj. 
pH 3.5 (62 : 38) 

C18. Zorbax CH1CN MeOH-CH, 
Cl. (60 : 35 : 5) 

C,j. I.ichrosorb 0.05M Acetate (pH 
4.6)-MeOH. 1.9 
ml'min 

HPLC Add 0.5 ml to Bond UItrasphere, CH 1 OH-ITO (I : 1) 
Elut, C-18 (1 ml) C-8. 5 ^m. 15 containing 0.5 ml in 
column. Wash with cm > 4.6 mm 1 I. of 20 g'l tetra-
H : 0 (2*). 10% ammonium 
MeOH- H-O (I : 9). perchlorate in MeOH 
Elut with 0.5 ml and 0.5 ml of70°o 
MeOH perchloric acid. 1 

ml min 

THF 

SFC SCF extraction 

TLC 

TLC 

Dissolve with 
dimethylsulfoxide. 
dilute in methanol 

C18, Novapak THF-PO. buffer 
(42 : 58). 1 ml'min 

C11. Spherisorb MeOH-H-O (7 : 3). 0.5 
ml min 

Silica Methanol-acetic 
acid ethyl acetate 
(1 : 1 : 8 ) 

Silica S, CHCf-acetone 
( 8 : 2 ) 

S, - HtOAc 
S1 - CHCl1 -MeOH 

( 9 : 1) 

365 nm ISTD anthracene. [698] 
degradants 

240 nm Stability-indicating. LSP [714] 
23 [5]; stability [l 104] 

250 nm BP. p. 462 and EP. pt. II. [4J 
p. 58 [6] and JP. p. 689 
[7]: TLC [1.564]: 
HPLC [10.922] 

[152] 
hRfl - 5. hR,-, = 2. TiR1-, -

4 L h R n - 4 3 : also GC. 
SE-30 OV-I . RI: 3134 

Bulk HPLC C-1 8. Hvpersil. 
5 fiin, flow 
rate 1.5 

Silica. 
Spherisorb 
5 W. 2 ml/min 

Sj HtOAc McOII 
cone. NHjOH 
(85 : 10 : 5) 

S1 - MeOH. H-O. PO4 

(0.1 AZ) (55 : 2 5 : 2 0 ) . 
pH 7.25 

S, = MeOH, TLO. PO4 

"(0.1 M) ( 7 : 1 :2 ) , pH 
7.67 

S1 = MeOH-perchloric 
acid (IL: 100/.1) 

Sj - MeOH, H.O. TFA 
(997 : 2 : 1 ) 

Cap. Fact. 1:4.38 [135] 

Cap. Fact. 2: — 

Cap. Fact. 3: 1.39 [135] 

Cap. Fact. 4: 1.73 

Same procedure as for 
diazepam; also HPLC 
[687.699.762]; GC 
[763]; GC MS [885. 

Trifluoperazine 
Bulk 

Bulk 

Trimethoprim 
Bulk 

HPLC 

Trimethozy amphetamine 
(3 4 5-trimethoxv amphetamine) 
Bulk ' HPLC 

HPLC — 

TLC Dissolve in methanol 

Dissolve in 
methanol-chloro-
form (9 : 1) 

Triturate with 
methanol. 
centrifuge 

Add methanol to the 
powder, centrifuge 

Silica 

Silica 

Silica 

Silica 

MeOH(I0ZoNH4OH)-
CH-CI, (5 : 95) 

Ammonium 
hydroxide-acetone 
(1 : 200) 

Chloroform-methanoT 
6 Л' ammonium 
hvdroxide 
(95 : 7.5 : 1) 

254 nm 

Iodoplatinate 

254 nm 

C-18 

Silica 

l°o Acetic acid-
acetonitrile (84 : 16) 

MeOH ( 1 % NH 4 OH)-
CH 2 CL(I :4) 

UV. MS. NMR. IR [10. p. 2302 

USP 23. identification. [5] 
also EP. pt. II. p. 59 [6]: 
TLC [1.11]: GC [2.8.9]; 
HPLC [3.9.673.922] 

USP 23 , also BP. p. 466 [5] 
[4]: TLC [ I ] : GC [2.9]: 
HPLC [647.678,922] 

USP 23. assay, also BP. [5] 
addendum 1983. p. 308 
[4]: HPLC [3.9] 

UV. MS, NMR. IR [10, p. 2322] 



Drus 
Sample 

pretreatment 
Sorbent 
(temp.) 

Mobile 
phase Detection Comments Reference 

Trimipramine 
Bulk 

3ulk 

Tripelennamine 
Formulations 

Triprolidine 
Bulk 

Tablets 

S>rup 

Tablets 

S\rup with pseudoephedrine 

Tablets with pseudoephedrine 

TLC 

HPLC 

Dissolve in 
methanol-
ammonium 
h \drox ide(9 : I) 

TLC Dissolve in methanol 

TLC Add 0.01 /V 
hydrochloric acid 

HPLC Dilute with 0.01 Л' 
hydrochloric acid 

HPLC Add 0.01 ,V acid. 
mix. Hlter 

HPLC Dilute with 0.01 Л' 
acid 

TLC Add water to the 
powder 

Silica 

S1 - LtOAc-MeOH 
cone. NHjOH 
(85 : 1 0 : 4 ) 

S ; - MeOH 
S ; " MeOH 1-butanol 

(3 : 2 ) 0.1 M NaBr 
Sj - MeOH-conc. 

NH 4 OH(IOO: 1.5) 
S;= cyclohexane-

toluene diethylamine 
(75 : 15 : 10) 

S1," CIlCL MeOH 
( 9 : 1) 

S- " acetone 
Toluene-methanol 

(95 :5) 

hRfl - 8 0 . h R c - 36. hRn 

- 56. hRfJ = 59. hRf, = 
62, hR, - , -54 . h R r = 37. 
also. GC. SE-30OV-1 . 
RI: 2201 

Cvano 

Silica 

Silica 

Silica 

Silica 

Silica 

Silica 

Methanol-water 
prop\ !amine 
(90 : IO :0.0!) 

Butanol acetic acid 
water (8 : 2 : 2) 

0.25 .V Ammonium 
acetate-ethanol 
(3 : 17) 

Butanol-acetic acid-
water (8 : 2 : 2) 

Potassium dichromale 

254 nm 

EP. vol. III. p. 359; TLC 
[I] : GC [2.10]; HPLC 
[3.10.9221 

LLC [1.564]: GC [2.10. 
706]: HPLC [3.9.569] 

USP 23. chromatographic 
purity, also BP. p. 467 
[4]:[1.81 

USP 23. assay; GC [2.8. 
10]: HPLC [3.10.922. 
1018] 

USP 23. identification 

[132] 

[6] 

[108" 

BuIk 

Iropicamide 
Bulk 

Tryptophan 
Bulk 

Vanconncin 
Injection 

Verapamil 
Bulk 

3ulk 

Vinblastine 
Bulk 

Vincristine 
Injection 

TLC Dissolve in 
chloroform 

HPLC 

HPLC 

HPLC 

Silica Toluene-dio\ane-I3 .5 
ammonium 
hydroxide (12 : 7 : 1 ) 

Cyclobond III. MeOH-I0O TLAA 
Varcx Astec (15 : 85). pll 5.0. 0.4 

ml min 

С,,. Ultrasphere Gradient: PBAH-O. Ll/ 
acetate, pll 4,5. 1.5 
ml min 

Silica S1 - E tOAc-MeOII-
conc. NH1OH 
(85 : I 0 : 4) 

S; -- MeOH 
S1 - MeOII- I-butanol 

(3 : 2) 0.1.WNaBr 
S1 - MeOH-conc. 

NH1OII (H)O : 1.5) 
S< cvclohexane 

toluene diethylamine 
(75 : 15 : K)) 

S1, CIICI1 MeOH 
(9 : I) 

S- acetone 
Silica Methy lene chloride -

methanol ( l°o 
ammonium 
hydroxide) (98 : 2) 

Silica Benzene CHCI1 DEA 
( 4 0 : 2 0 : 3 ) 

Silica Ether -MeOH-40% 
methylamine 
(95 : 10: 5) 

254 nm 

254 nm 

(NLLbSO4 

Resolved 23 
antihistamines 

BP. p. 468. TLC [1.24. 
925]: GC [2]: 
enamiomer [919] 

Resolved D.L: HPLC 
[704] 

[706. p. 164 

[4] 

[-01] 

Methods reviewed. 
EDTA detected: 
stability [725] 

hRM = 7 4 . I tR 1 - -44 . hR,, 
- 6 1 . I tR 1 1 -59 . hR,, -
23. hR„, - 70. hR,- -
42: also GC. SE-
30 OV-I . RL 3200 

TLC [1,8.564]: GC [8. 
10]: HPLC 
[3.8.237,717.718.922]: 
enantiomer [237.919] 

BP. p. 473: TLC 11]: 
[1162,1163] 

USP 23; BP. vol.11, p. 
677 [4]; [1164]: TLC. 
GC. HPLC [8] 

[4] 



Dru2 
Sample 

Mode pretreatment 
Sorbent 
(temp.) 

Mobiie 
phase Detection Comments 

Vitamin A (Retinol acetate and 
palminate) 

Bulk 

Vitamin B {See thiamine» 
Vitamin B- (Riboflavin. see 

thiamine] 
Vitamin B- {See niacin) 
Vitamin B. {See pyridoxine) 
Vitamin B i ; {See cyanocobalamin) 
Vitamin C {See ascorbic acid) 
Vitamin 0 : (Ergocalciferol) 
Vitamin D, (Chlolcalciferol) 

Oil 

Vitamin E (Tocopherol acetate) 
Bulk 

HPLC 

Vitamin H (See biotin) 
Warfarin 

Bulk and injection 

Tablets 

CHCI; Silica 

Toluene/mobile 
phase 

GC Dissolve in low-
actinic elassware 

Silica 

USP-G2 
(245-C) 

Dissolve in 0.1 /V 
sodium hydroxide 
and 0.2Л-/ potassium 
dihydrogen 
phosphate 

Mix with the above 
buffer, filter 

C-S 

Yohimbine 
Bulk TLC 

Cyclohcxane--ether Phosphomolybdic acid USP 23: JP [7]; stabilit\ 
( 4 : 1 ) [1104]: review 

[726.799,1165]: HPLC 
[750]: HPLC-PDA 
[729] 

/7-Hexane amyl 
alcohol (997 : 3) 

Acetic acid -water-
methanol (I : 36 : 64) 

S1 - E t O A c - M e O H -
coiic. NH4OH 
(85 : 1 0 : 4 ) 
(3 : 2 ) - 0 . IM NaBr 

254 nm AOAC: USP 23 [5]: 
HPLC [73 1-735]: 
review [726.1166] 

FID USP 23: HPLC [736.743 
750.800] 

280 nm USP 23. ISTD-
propylparaben. assay. 
HPLC, TLC [I); GC 
[2.9]: HPLC 
[9.219.569.922.1 105]; 
stability [923]; CE 
[753]: enantiomers 
[752] 

— hRfl = 65, hR,, = 66. 
ItRn - 70. hR,4 = 63. 
ItR1, - 5, hRr„ = 38. 

[116-] 

[>] 

Bulk 

Bulk HPLC PRP-I 
mm 

Zalcitabine 
/ ido\udine 

Zeranol 
Zolazepam 

Zomepirac 
Bulk TLC Silica 

S- - MeOH 
S, = M e O H - 1-biitanol 

(3 : 2 ) - 0 . I M NaBr 
S4 - MeOH-conc. 

NH4OH(IOO : 1.5) 
Ss - Cyclohexane-

toluene-dicthylamine 
( 7 5 : 15 : 10) 

S „ - C H C l 1 - M e O H 
( 9 : 1) 

S- - acetone 
Methylene chloride-

methanol ( 1 % 
ammonium 
hydroxide) (98 : 2) 

A. 20 mA/ammonium 
hydroxide 

B. CII1CN. Linear 
gradient 15-100% B 
in I 7 min, hold 3 min 

hR,-= 52: also CC. SF-
30 OV-I . Rl: 3269 

CHCT1-AcOH (9 : I) 

TLC [I ] : GC [2.8.9]; 
HPLC [8.1027] 

Hamilton Application 
Catalog #13, p.8 
(1992); resolved from 
morphine, codeine. 
thebaine. cocaine. 
reserpine. and 
methadone: also plant 
extract [565]. p. 67: 
HPLC [569.705. p. 
215]; TLC [656] 

Sterisomers [757] 
Stability indicating [755]: 

also [206] 
G C M S [852] 
Formulated with 

tiletamine combination 
known as Telazol 

USP 2 1 , p. I 133; TLC 
[1]. GC [2.9] 

[9] 
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