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FOREWORD

The analysi. of pharmaceuticals can be subdivided into several distinct classes of
analytical problems. The classes are listed in Table 1. Each class of problems imposes
a unique set of constraints on the analyst. For example, the determination of the purity
of a drug substance usually requires an analysis of high specificity and precision, but
does not require high sensitivity or preliminary isolation of the analyte from a sample
matrix. Analysis of a potent drug in a low dose formulation on the other hand requires
selectivity, precision, high sensitivity, and (usually) a preliminary separation of the
drug from excipients. Evaluation of reference standards requires use of absolute meth-
ods such as coulometry, differential scanning calorimetry, or NMR that do not need
a standard of the test substance for calibration, and so on. As a consequence of the
diverse requirements of the different classes of problems, all common organic analyti-
cal techniques are routinely used in pharmaceutical analysis. Instrumental methods are
particularly important in modern pharmaceutical analysis, but classical procedures are
often used in conjunction-with them. The classical methods remain very important in
routine quality control of pharmaceuticals.

The objective of ‘“Modern Methods of Pharmaceutical Analysis’’ is to review the
major methods in current use in pharmaceutical analysis. The review covers principles,
special instrumentation, experimental techniques, and a survey of pharmaceutical ap-
plications for each method. The discussion of principles is intended to provide insight
into important experimental variables, possible sources of error in applications of the
technique, and factors that should be taken into account when adapting the method
to solve new analytical problems. Tables of buffer compositions, characteristics of
chromatographic column packings, physical properties of solvents, positions of UV,
IR, and NMR absorption bands, and other frequently used reference data are also
included in the text. The literature surveyed in each section has been selected to dem-
onstrate the range of applications of the technique in pharmaceutical analysis and to
provide essential details of specific applications that can serve as a guide in related
analytical development efforts. More comprehensive reviews of the applications liter-
ature are referenced whenever they are available.

.

Table 1

Classes of Problems in Pharmaceutical Analysis
. Detection, isolation, and identification of impurities in a drug substance or formulation
. Evaluation of the purity of reference standards of drug substances
. Purity determination of a drug substance for routine quality control
. Identification tests for quality control of a drug substance
° Determination of the potency of a formulation for routine quality control
. Identification of the drug substances in a formulation for routine quality control
. Evaluation of content uniformity for low dose formulations

Analysis of other materials such as moisture, residual solvents, heavy metals, preservatives, specific
impurities, etc. in drug substances and their formulations

. Determination of the chemical and physical stability of drug substances and their formulations
Measurement of physical properties such as crystalline form, dissolution rate, disintegration times,
hardness, pH, color, etc. for drug substances and formulations



INTRODUCTION

During the development of a new drug product, detailed chemical studies must be
made of raw materials, synthetic intermediates, the drug substance itself, and the final
formulated product. These studies must identify types and levels of impurities, degra-
dation products, degradation rates, and analytical methods suitable for monitoring
these factors. The information resulting from these studies is used to identify potential
sources of safety problems in the product, to meet the requirements of foreign and
domestic regulatory agencies, and as a basis for establishing quality control procedures
and specifications for the product. The analytical effort required to provide this infor-
mation can be divided into a number of tasks as shown in Table 1. The requirements
for specificity, precision, accuracy, and the degree of complexity acceptable in the
analytical procedure vary considerably from task to task and therefore require a variety
of analytical techniques to satisfy them.

For example, the identification of impurities and degradation products requires the
extensive use of chemical separations followed by qualitative analysis of the isolated
product. Gas chromatography(GC) and high pressure liquid chromatography (HPLC)
are frequently used to separate trace impurities, but older techniques such as thin layer
chromatography (TLC), fractional crystallization, fractional distillation, and solvent
extraction are still very important. However, the classical methods of identification by
preparation and characterization of derivatives have been almost completely replaced
by modern spectral methods of analysis. Elemental analysis, nuclear magnetic reso-
nance spectroscopy (NMR), infrared spectroscopy (IR), and mass spectroscopy (MS)
— especially GC/MS — are used.almost exclusively for identification of unknown
products. R

In addition to identification of degradation products, it is necessary to measure the
rates of degradation of the drug and its formulations under a variety of conditions.
This information is needed to define conditions for storage and handling that will
assure potency and safety throughout the expected shelf life of the product. Stability
studies are especially demanding of analytical precision and accuracy because changes
of a few percent over a period of 3 to 5 years are significant and must be accurately
quantitated. In order to be able to detect such small changes reliably with a limited
number of replicate assays at each time point, the analysis must be very precise, free
of interference from the degradation products, and free of ‘‘drift’’ due to changes in
instruments, standards, operators, etc. over a period of years. Gas chromatography,
high pressure liquid chromatography, spectrophotometric, titrimetric, and electro-
chemical metbods are all capable of adequate precision. Regardless of the method of
measurement, the procedure must be carefully designed to avoid chemical interferences
and the method precision must be determined experimentally for use in designing the
stability study.

The set of analytical procedures developed to control the quality of the final mar-
keted product must include both qualitative and quantitative methods in order to as-
sure the identity and purity of the product. Several categories of tests are usually in-
cluded in a product specification and these are summarized in Table 2. All the
procedures called out in the specification must be amenable to routine use in a quality
control laboratory and must therefore be as simple and rapid as possible. The proce-
dures used during product development can often be simplified without loss of essen-
tial specificity or accuracy because the real problems associated with the product have
been defined by the developmental work. However, control limits on both-the purity
of the drug substance and the drug content of the finished formulation are usually
very tight, thus requiring very precise quantitative procedures for testing compliance.
The preferred solution to the problem of quantitative control assays is therefore to use



HPLC or GC methods which afford simplicity, high speed, good specificity, and ex-
cellent precision and accuracy. An alternate that may be chosen when suitable GC or
HPLC systems cannot be found, or for facilities where these instruments are not read-
ily available (a common problem in some foreign countries), is to combine a precise
but nonspecific quantitative assay with a qualitative chromatographic test that shows
the absence of interfering impurities. This approach is widely used in the compendia
and in control procedures for older products. The quantitative analysis in these cases
is often a titrimetric or spectrophotometric method, and the qualitative test a thin layer
or paper chromatogram. Regardless of the methods chosen for the final measurement,
quantitative analysis of formulated products almost always requires a preliminary sep-
aration of the drug from excipients. This separation is frequently accomplished by
extraction, solvent partitioning, filtration, or column chromatography, but many other
techniques find occasional application. In spite of the multiplicity of methods avail-
able, finding a reasonably simple procedure that gives a clean, quantitative separation
of the drug from the excipients is often the most difficult step in development of pro-
cedures for analyzing formulations. )

In many cases, quantitative analysis of drugs also requires the use of an analytical
reference standard of well defined purity. A reference standard is required whenever
a relative technique such as GC, HPLC, ultraviolet, visible or infrared spectrophoto-
metry, fluorometry, or polarography is used for the analysis. Standards are also re-
quired for some qualitative tests such as identification by retention time, retention
volume, R, value. The evaluation of the reference standard is accomplished using a
series of tests similar to those listed in Table 2 for analysis of the drug substance.
However, relative analytical techniques cannot be used to obtain a purity value because
of their requirement for a reference standard (area normalization is used to estimate
purity from GC and HPLC traces, but the values obtained must be treated as rough
approximations to the time purity). The purity value of the standard must instead be
derived from absolute methods, i.e., methods which do not require a standard of the
same substance. The available absolute methods are titrations and gravimetric proce-
dures (including methods used for elemental analysis), NMR, coulometry, differential
scanning calorimetry, and phase solubility analysis. The requirement for reference
standards in analysis with a wide spectrum of applications in pharmaceutical develop-
ment and control makes the absolute methods especially important in modern phar-
maceutical analysis. '

The range of problems encountered in pharmaceutical analysis coupled with the im-
portance of achieving the highest specificity, precision, and accuracy possible result in
new techniques for organic analysis being adopted quickly in the pharmaceutical in-
dustry. The purpose of this book is to review several of the newer methods that now
find wide application in pharmaceutical analysis, as well as several older methods (e.g.,
phase solubility analysis and ultraviolet/visible spectroscopy) of unique importance.
The principle of each technique is discussed with emphasis on factors that directly
affect its proper application to analytical problems. A thorough understanding of these
principles is essential when selecting instruments, operating conditions, and sample
preparation procedures to optimize the performance of an analysis, or when trying to
identify the cause of a failure encountered in an existing procedure. Tabulations of
data useful in method development and applications are also presented, including ta-
bles of characteristic ir, nmr, and uv band positions; composition of standard buffer
solutions; properties of solvents; and properties of column packings for GC and
HPLC. Finally, selected applications of each technique to problems in pharmaceutical
analysis are reviewed. It is hoped that the broad coverage given each of the selected
techniques will make Modern Methods of Pharmaceutical Analysis useful as a source

of ideas and guidance in developing practical solutions to problems in pharmaceutical
analysis.



Table 1 :
ANALYTICAL TASKS IN DEVELOPMENT AND MARKETING OF A DRUG

Determination of identity and purity of starting materials and intermediates used in manufacturing the drug
substance

Determination of the identity and purity of the drug substance

Isolation and identification of trace impurities in the drug substance

Determination of degradation rates and prcducts for the drug substance

Determination of identity and purity of excipients used in manufacturing formulated products

Determination of degradation rates and products for the formulated drug

Establishment of an analytical reference standard for the drug substance

Table 2
OUTLINE OF QUALITY CONTROL TESTS FOR DRUG PRODUCTS
Identification Tests

Purpose: to confirm the identity of the principal component of a lot of raw material or formulation
Types of tests: color tests, melting points of the drug or derivative of the drug, formation of precipitates, ir
or nmr spectrum, mass spectrum, X-ray powder pattern, chromatographic mobility, optical rotation, re-
fractive index, density
Quantitative Analysis of the Drug Substance

Purpose: to determine the percent purity of the drug substance or the content of the active ingredient(s) in
a formulation

Types of tests: Absolute methods — titrations, gravimetric procedures, differential scanning calorimetry,
coulometry, nuclear magnetic resonance spectrometry, phase solubility analysis

Relative methods — gas chromatography, high pressure liquid chromatography, spectrometry (uitraviolet,
visible, or infrared), fluorometry, polarography, microbiological assays

Tests for Specific Impurities

Purpose: to control the quantity of a specific impurity or group of inpurities in the drug product, such as
water, solvents, metals, and trace organic impurities
Types of Tests: any test listed in Quantitative Analysis of the Drug Substance, atomic absorption, atomic
emission, or semiguantitative limit tests using relative size of spots on thin layer chromatograms, spot tests
with visual color comparison, etc.
Chromatographic Screen

Purpose: qualitative examination of the product for impurities, including contaminants not previously en-
countered

Types of tests: paper, thin layer, gas or high pressure liquid chromatography; electrophoresis; bioautography
Miscellaneous

Purpose: control of specific properties known to affect product performance or required by regulatory
agencies

Types of tests: crystal form (X-ray or infrared spectroscopy), sterility, pyrogens, particle size, foreign matter,
density, color, odor, etc. i .
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NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY
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1. INTRODUCTION

Nuclear magnetic resonance (NMR) spectroscopy is the branch of spectroscopy deal-
ing with the absorption of radio frequency radiation by substances held in a magnetic
field. Absorption results from interaction of the radiation with the magnetic moment
of nuclei in the sample, and it occurs at different frequencies for nuclei in chemically
different environments within a molecule (Figure 1). Because the dependence of fre-
quency on chemical environment is relatively simple, NMR has become an extremely
important tool for elucidation of molecular structure, including stereochemistry and
conformation. The sensitivity of the NMR spectrum to molecular structure makes it
an excellent choice for identification testing in pharmaceutical analysis.

" NMR also offers several unique advantages as a quantitative analytical technique.
First, it is an absolute quantitative technique, in the sense that a reference standard of
the substance being analyzed ‘is not required. Proper choice of the absorption band
used in an analysis will often yield a very specific assay which requires very little sample
preparation prior to measurement. Finally, NMR is applicable to a very wide range of
organic and inorganic compounds.

The principle disadvantages of NMR are the high cost of the instrument and its lack
of sensitivity. Under typical operating conditions, a minimum 10 mg sample is required
for NMR analysis. Use of signal averaging, high magnetic field strengths, and other
special techniques can reduce the quantity of sample to as low as 10 ug in favorable
cases, but only with a considerable loss of convenience. Nonetheless, many quantita-
tive applications of NMR in pharmaceutical analysis have been reported in the litera-
ture, and the number of applications can be expected to increase rapidly in the future.

[I. THEORY OF NMR

The theory of NMR is treated in numerous reference books at the elementary,'-”
intermediate,*® and advanced levels." The theory will be reviewed here only to the
extent necessary to provide a basis for discussing the applications of NMR in pharma-
ceutical analysis.

A. Nuclear Magnetic Moments

One of the physical properties characterizing a nucleus is its angular momentum.
The maximum observable value of the angular momentum is fil, where h = h/2n
where h is Planck’s constant and I is the spin quantum number of the nucleus. I is
restricted to integral and half integral values. A nucleus with spin I has 21 + 1 states
with corresponding observable components of the angular momentum of Al, A(I — 1),
ad —2),...., A¢)).
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Nuclei for which I is not zero also have a magnetic moment which is parallel to the
angular momentum vector. The magnitudes of the observable components of the an-
gular momentum and magnetic moment are related by u = y (hI) where y is the gyro-
magnetic ratio of the nucleus. If the magnetic moment of the nucleus is y, the maxi-
mum observable components of u are given by mu/I where m is the magnetic quantum
number and may assume values I, I — 1, I — 2,..., —I. The 2I + 1 values of the
observable component of the magnetic moment correspond to the 2I + 1 angular
momentum states of the nucleus. In the absence of electromagnetic fields, all 21 + 1
states will have the same energy.

When the spin quantum number of a nucleus is greater than "2, the nucleus will
have an electric quadrupole moment in addition to its magnetic moment. This is of
considerable importance in NMR spectroscopy because the electric quadrupole mo-
ment allows the nucleus to interact with electric as well as magnetic fields, and the
electric field interactions are often much stronger than the magnetic interactions. As
will be seen a little later, this has an important effect on the width and fine structure
in an NMR band. Table 1 lists nuclei with nonzero values of I along with their quad-
rupole moments and natural abundances. All the elements listed in the table can be
studied using NMR techniques. A useful relation between the atomic number (Z), iso-
topic mass (A) and nuclear spin I is displayed in the following:*

1: I is half-integral if A is odd
2. I is zero if both A and Z are even
3. I is integral if A is even but Z is odd

As indicated above, only nuclei with nonzero values of I will have NMR spectra.

B. Nuclear Energy Levels for an Isolated Nucleus in a Magnetic Field

If a magnetic nucleus (I = 0) is placed in a magnetic field of strength H, the
21 + 1 nuclear energy levels will no longer be degenerate, but will have energies given
by

Em=m‘th (1

where m is the magnetic quantum number. The spacing between levels is therefore
y hH, and is quite small. An example is given in Figure 2. The small spacing between
levels limits the absorption of electromagnetic radiation to rather long wavelengths.
In particular, NMR spectrometers normally operate at wavelengths between 1 and
300m in the radiofrequency region. The corresponding frequency range is approxi-
mately 1 to 350 MHz. The small difference in energy also leads to almost equal popu-
lations for the energy levels. The populations of the upper and lower magnetic states
will differ only by a few parts per million at room temperature.

The very small population differences have important implications for practical
NMR spectroscopy. Net absorption of energy from a radiofrequency field is the result
of transitions of nuclei from lower to higher nuclear energy levels, and will only occur
when the lower level has a greater population than the upper. As the excess is only
one in a million at room temperature, a maximum of one out of every million nuclei
is able to participate in energy absorption at a given instant, which is a major cause
of the low sensitivity of NMR compared to other spectroscopic techniques. Once ex-
cited to an upper level, nuclei are often very slow to return to the lower level: half
lives of excited states for a number of frequently studied nuclei including 'H and *C
are on the order of seconds. A radiofrequency field of moderate intensity can cause
upward transitions more rapidly than the nuclei can relax back to the lower states.
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