
Chromatographic 
Analysis of 
Pharmaceuticals 
Second Edition, Revised and Expanded 

edited by 

John A. Adamovics 
Cytogen Corporation 
Princeton, New Jersey 

Marcel Dekker, Inc. New York-Basel «Hong Kong 



ISBN: 0-8247-9776-0 

The publisher offers discounts on this book when ordered in bulk quanti­
ties. For more information, write to Special Sales/Professional Marketing 
at the address below. 

This book is printed on acid-free paper. 

Copyright © 1997 by Marcel Dekker, Inc. All Rights Reserved. 

Neither this book nor any part may be reproduced or transmitted in any 
form or by any means, electronic or mechanical, including photocopying, 
microfilming, and recording, or by any information storage and retrieval 
system, without permission in writing from the publisher. 

Marcel Dekker, Inc. 
270 Madison Avenue, New York, New York 10016 

Current printing (last digit): 
10 9 8 7 6 5 4 3 2 1 

PRINTED IN THE UNITED STATES OF AMERICA 

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. 
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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-
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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. 
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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* 
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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 
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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 
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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 



70 Adamovics and Eschbach 

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 ) 



72 Adamovics and Eschbach 

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 

79 



80 Adamovics and Eschbach 

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 
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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-



98 
Adamovics and Eschbach 

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 
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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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