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Preface

I have aimed this book at an undergraduate audience of pharmaceutical science and
chemistry students and the book gives an introducticn to all the major techniques
used in the analysis of pharmaceuticals

Rapid advances have been made tn many analytical techniques over the last
10 years. To a larger extent than in many industries the quality control of
pharmaceuticals has become very important and has driven the development of
analytical techniques, particularly chromatographic techniques. Most of the existing
books on pharmaceutical analysis tend to try to cover every aspect of a technique
including elements in the technique which may be very seldom used and thus
comprehensive books on this topic are long. 1 have covered a wide range of
techniques in a relatively small amount of space by selecting what 1 consider to be
the most important points involved in each technique, working on the theory that it is
better to have grasped a few keypoints rather than a large number of facts which are
best consulted when a particular problem with a technique arises. Thus for in-depth
coverage of the more esoteric aspects of a technique, it would be better to consult a
specialist textbook on that particular technique.

I have included self-assessment exercises to bring out the keypoints in most of the
chapters and there is particular emphasis on simple arithmetical calculation of results
from analytical data because, although this is easy after practice, the decline in
arithmetical skills at undergraduate level requires some remedial attention.

One aspect of drugs that is not examined by other books on pharmaceutical
analysis is the importance of the concept of a pKa value, which has a bearing on a
number of areas of analysis; this topic is not covered with any emphasis in most
chemistry courses and 1 have tried to give it a particular emphasis in this book.
Stereechemistry is also sometimes a source of confusion and its relation to drugs is
discussed alongside some useful examples of this concept. As well as the
instrumental techniques, I have also considered titrimetric methods which are still
extensively used, particularly by pharmacopoeeial monographs. 1 have had hands-on
use of most of the instrumental techniques covered in the book (apart from capillary
electrophoresis), where T have had to rely on the vicarious experience of seeing PhD
students use this increasingly important technique, and near infrared and Raman
spectroscopy, to which I do not have access.

The longest chapter deals with high-pressure liquid chromatography, which is the
most widely used technique for the quality control of pharmaceuticals and which
could fill several books until one realises that many analyses are based on a few
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simple methods. Since my primary research interest has been in chromatography in
conjunction with mass spectrometry I have resisted the temptation to describe this
technique in too much depth since it is not central to pharmaceutical analysis, except
perhaps in the burgeoning area of biotechnologically produced drugs. Mass
spectrometry and nuclear magnetic resonance spectroscopy are usually placed
among the more complex spectrochemical techniques and I have tried to reduce their
complexity by showing their relevance to the analysis of drugs, which are often
rather simple molecules compared to complex natural products where such
techniques are relied on heavily to provide a solution to an baknown chemical
structure. T have treated statistics fairly superficially since much of the time simple
statistics are sufficient to determine whether ot not an analysis is reliable.

| would like to thank my colleagues in the Department of Pharmaceutical Sciences
for being such an entertaining bunch of people with which to share the frustrations of
academic life in the late 20th century. Finally, I should also like to thank my wife
and daughter for their patience with the late hours required to write this book in the
face of a busy lecturing and research schedule.

D. G. Watson 1999
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Control of the quality of
analytical methods

Introduction reproducibility Analytical blank

Control of errors in analysis Between-laboratory Calibration

reproducibility

Accuracy and precision Limit of detecticn

Standard operating procedure

Repeatab_ili_t_y and (SOP} for the assay of Linearity

reproducibility paracetamol tablets Range
Within-assay precision Compound random errors Robustness
Repeatability Reporting of results Selectivity
Between-day repeatability Other terms used in analytical Sensitivity
Within-laboratory procedures control

WWeighing by differance

+ Is the identity of the drug in the formulated product correct?

+ What is the percentage of the stated content of a drug present in a formuiation?

= Does this formulation contain solely the active ingredient or are additional impurities
present?

+ What is the stability of a drug in the formulation and hence the shelf-life of the product?

+ At what rate is the drug released from its formuolation so that it can be absorbed by the
body?

= Do the identity and purity of a pure drug substance to be used in the preparation of a
formulation meet specification?

+ Do the identity and purity of excipients to be used in the preparation of a formulation
meet specification?

= What are the concentrations of specified impurities in the pure drug substance?

= What is the concentration of the drug in a sample of tissue or biological fluid?

« What are the pKa value(s), partition coefficients. selubilities and stability of a drug
substance under development?

Introduction

Pharmaceutical analysis procedures may be used to answer any of the questions
outlined in Box 1.1 above, The quality of a product may deviate from the standard
required but in carrying out an analysis one also has to be certain that the quality of
the analysis itself is of the standard required. Quality control is integral to all
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medern industrial processes and the pharmaceutical industry is no exception. Testing
a pharmaceutical product involves chemical, physical and sometimes
microbiological analyses. It has been estimated that £10 billion is spent each year on
analyses in the UK alone and such analytical processes can be found in industries as
diverse as those producing food, beverages, cosmetics, detergents. metals, paints,
water, agrochemicals, biotechnological products and pharmaceuticals. With such
large amounts of money being spent on analytical quality control, great importance
must be placed on providing accurate and precise analyses. Thus it is appropriate to
begin a book on the topic of pharmaceutical analysis by considering, at a basic level,
the criteria which are used to judge the quality of an analysis. The terms used in
defining analytical quality form a rather elegant vocabulary that can be used to
describe quality in many fields and in writing this book the author would hope to
describe each topic under consideration with accuracy, precision and most
importantly with reproducibility so that the information included in it can be readily
assimilated and reproduced where required by the reader. The following sections
provide an introduction to the condrol of analytical quality. More detailed treatment
of the topic is given in the reference cited at the end of the chapter.!

Control of errors in analysis

A guantitative analysis is not a great deal of use unless there is some estimation of
how prone to error the analytical procedure is. Simply accepting the analytical result
could lead 1o rejection or acceptance of a product on the basis of a faulty analysis.
For this reason it is usual to make several repeat measurements of the same sample
in order to determine the degree of agreement between them. There are three types of
errors which may occur in the course of an analysis: gross, systematic and random.
Gross errors are easily recognised since they involve a majot breakdown in the
analytical process such as samples being spilt, wrong dilutions being prepared or
instruments breaking down or being used in the wrong way. If a gross error occurs
the results are rejected and the analysis is repeated from the beginning, Random and
systematic errors can be distinguished in the following example:

A batch of paracetamol tablets are stated to contain 500 mg of paracetamol per
tablet; for the purpose of this example it is presumed that 100% of the stated content
is the correct answer. Four students carry out a spectrophotometric analysis of an
extract from the tableis and obtain the following percentages of stated content for the
repeat analysis of paracetamol in the tablets:

Student I: 99.5%, 99.9%, 100.2%, 99.4%, 100.5%
Student 2. 95.6%, 96.1%, 95.2%, 95.1%, 96.1%
Student 3: 93.5%, 98.3%, 92.5%, 102.5%, 97.6%

~ Student 4: 94.4%, 100.2%, 104.5%, 97.4%, 102.1%

The means of these resulis can be simply calculated according to the formula:
- X;
= 2 = tion 1
x o [Equation 1]

Where ¥ is the arithmetic mean. ; is the individual value and n is the number of
measurements.
These results can be seen diagrammatically in Figure 1.1.
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Student 1 has obtained a set of results which are all clustered close to 100% of the
stated content and with a mean for the five measurements very close to the correct
answer. In this case the measurements made were both precise and accurate and
obviously the steps in the assay have been controlled very carefully.
Student 2 has obtained a set of results which are closely clustered but give a mean
which is less than the correct answer. Thus although this assay is precise it is not
completely accurate. Such a set of results indicates that the analyst has not produced
random errors which would produce a large scatter in the results but has produced an
analysis containing a systematic error. Such errors might include repeated inaccuracy
in the measurement of a volume or failure to zero the spectrophotometer correctly
prior to taking the set of readings. The analysis has been mainly well controlled
except for probably one step which has caused the inaccuracy and thus the assay is
precisely inaccurate.
Student 3 has obtained a set of results which are widely scattered and hence
imprecise, and which give a mean which is less than the correct answer. Thus the
analysis contains random errors or possibly, looking at the spread of the results, three
defined errors which have been produced randomly. The analysis was thus poorly
controlled and it would require more work than that required in the case of student 2
to eliminate the ervors. In such a simple analysis the random results might simply be
produced by, for instance, a poor pipetting technique where volumes both higher and
lower than thar required were measured.
Student 4 has obtained a set of results which are widely scattered yet a mean which
is close to the correct answer. It is probably only chance that separates the results of
student 4 from those of student 3 and although the answer obtained is accurate, it
would not be wise to trust it to always be so.

The best assay was carried out by student } and student 2 produced an assay
which might be improved with a little work.

In practice it might be rather difficult to tell whether student 1 or student 2 had
carried out the best analysis since it is rare, unless the sample is a pure analytical
standard, that the exact content of a sample is known. In order to determine whether
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student 1 or 2 had carried out the best assay it might be necessary to get other
analysts to obtain similar sets of precise results in order to be absolutely sure of the
correct answer. The factors leading to imprecision and inaccuracy in assay results are
outlined in Box 1.2

#§ giving rise to imprecision ard i

~Box1.2 Some

= Incorrect weighing and transfer of analytes and standards

+ Inefficient extraction of the analyte from a matrix, e.g. tablets

+ Incorrect use of pipettes, burettes or volumetric tlasks for volume measurement

» Measurement carried out using improperly calibrated instrumentation

» Failure to use an analytical blank

+ Selection of assay conditions that cause degradation of the analyte

+ Failure to allow for or to remove interference by excipients in the measurement of an
analyte

Self-test 1.1

Suggest how the following might give rise to errors in an analytical procedure:

{iy Analysis of a sucrose-based elixir using a pipette to measure aliquots of the elixir for
analysis.

(il Weighing out 2 mg of an analytical standard on a four-place analytical balance which
weighs a minimum of 0.1 mg.

(iii) Use of an analytical standard that absorbs moisture from the atmosphere.

{iv) Incomplete powdering of coated tablets prior to extraction.

(v) Extraction of an cintment with a solvent in which it is poorly soluble.

{vi! Use of a burette that has not been rinsed free of traces of a detergent.

3jB4N25eUl 9313u0g 3y} Jo BuIpRA BUEW SNOSIUBW JO 5507

(14) }91A1eUR DY) 40 AIBA0D2) JOOJ {A) ‘Bf|eUE BY) JO AIBA0DR) 1004 (A1} IUlELIDIUN §1 ucidiosqe
aamsiow 4o 33163p ayL (1) [%S°Z * 51 Bus 2 01 uone)al u} Yrym Bur 50°0 F 4o Aujeuedun ue
o1 aaay) BuiySiam Sue u) () 2nadid ay3 jo sbeuresp 213dwodul o} spea| AYsodsIA (1) isiemsuy

Accuracy and precision

The most fundamental requirements of an analysis are that it should be accurate and
precise. It is presumed, although it cannot be proven, that a series of measurements
(y) of the same sample will be normally distributed about a mean () i.e. they fall
into a Gaussian pattern as shown in Figure 1.2.

Fig. 1.2
The Gaussian
distribution,

j T
p-2ep-s p K+ |,|+2¢3x

The distance o shown in Figure 1.2 appears te be nearly 0.5 of the width of
distribution, however, because the function of the curve is exponential it tends to
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zero and does not actually meet the y axis until infinity where there is an
infinitesimal probability that there may be a value for x. For practical purposes
approximately 68% of a series of measurements should fall within the distance &
either side of the mean and 95% of the measurements should lie with 2¢ of the
mean. The aim in an analysis is to make & as small a percentage of the value of y as
possible. The value of & can be estimated using the Equation 2:

s= ,‘E&f_:)}z [Equation 2)

s = stanctard deviation
n = number of samples
x; = values obtained for each measurement
x = mean of the measurements

Sometimes # rather than » — 1 is used in the equation but. particularly for small
samples, it tends 10 produce an underestimate of ¢. For a small number of values it is
simple to work out 5 using a calculator and the above equation. Most calculators
have a function which enables calculation of s directly and on calculators ¢
estimated using the above equation is usually labelled as G, _,. For instance if the
example of results obtained by student 1, where the mean is calculated to be 99.9%,
are substituted into equation 2 the following calculation results:

(99.5 - 99.9)° + (99.9 — 99.9)2 + {100.2 - 99.9)% + (99.4 - 99.9)? +
(100.5 — 99.9)°

5-1
_ \Xz(mo.zt)l + (08 +(0.3) + (=0.5)% + (0.6)?

4

_\K0‘16+0+0.09+0.25+0.36_ 086 _ /5375 = 0.46
= 4 B P

5 =0.46% of stated content

The calculated valve for s provides a formal expression of the scatter in the
results from the analysis rather than the visval judgement vsed in Figure 1.1. From
the figure obtained for the standard deviation (SD) we can say that 68% of the resulis
of the analysis will lie within the range 9.9 + 0.46% (+ &) or within the range
99.44-100.36%. It we re-examine the figures obtained by student | it can be seen
that 60% of the results fall within this range, with two outside the range including
one only very slightly below the range, The range based on + & defines the 68%
confidence limits: for 95% confidence *+ 26 must be used, i.e. 95% of the results of
student 1 lie within 99.9 £ 0.92% or 98.98-100.82%. 1t can be seen that this range
includes all the results obtained by student 1.

The precision of an analysis is often expressed as the + relative standard
deviation (= RSD) (Equation 3).

RSD = > x 100% [Equation 3]
X

The confidence limits in this case are often not quoted but since it is the SD that
is an estimate of ¢ which is being used they are usually 68%. The advantage of
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expressing precision in this way is that it eliminates any units and expresses the
precision as a percentage of the mean. The results obtained from the assay of
paracetamol tablets are shown in Table 1.1.

Tahle 1.1 Results obtained for the analysis of paracetamol tablets by four analysts

Mean (% of stated S {% of stated = RSD (68% confidence)
Student content) content)
1 99.9 0.5 +0.5%
2 956 0.5 + 0.5%
3 96.9 4.0 +4.4%
4 99.7 4.0 + 4.0%

Self-test 1.2

Four analysts obtain the following data for a spectraphotometric analysis of an injection
containing the local anaesthetic bupivacaine. The stated content of the injection is .25%
weight in volume [wiv

Analyst 1 0.245% wiv, 0.234% wiv, 0.263% wiv, 0.261% wiv, 0.233% wiv.

Analyst 2: 0.236% wiv, 0.268% wifv, 0.247% why, 0.275% wiv, 0.285% wiv.

Analyst 3: 0.248% whv, 0.247% wiv, 0.248% wiv, 0.249% wiv, 0.253% wiv.

Analyst 4: 0.230% wiv, 0.233% wiv, 0.227% wiv, 0.230% wiv, 0.229% wiv.

Calculate the mean percentage of stated content and RSD for each set of results at the 8%
confidence lavel, Assuming the content really is as stated on the label, comment on the
accuracy and precision of each set of results. Calculate the precision of each assay with regard
to 95% confidence limits.

2'1F = OSY 3IUBPRUOD 8566 1Y ‘351aId pue B1RINJIRUL 160 F %E'L6

P 1sAeuy lope | F = (%Y SOUSPYUOT %66 1Y ‘as1324d pue 9124N308 1%E0 F %966 E sAeUY
LS LF = (ISH IUBPYUO) 966 1 251 pue AjeINddRUL %L F 6'V0L T JSAtRUY LG | F
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Repeatability and reproducibility

In order for an assay to be valid it must be possible to get it to work on every
occasion. The terms of repeatability and reproducibility are often rather poorly
defined to the extent that they don’t add very much to the general concept of
precision. In order to prevent overlap of the terms it is necessary to extend their
scope. First it is necessary to define in more specific terms what is meant by the
precision of an assay.

Within-assay precision

The precision of an assay is a measure of its ability to produce close agreement
between the results for several determinations of the same sample. Precision is a
fairly general term since it applies to the assay as it is described and the extent of the
details given for an assay may vary. There is no general agreement as to whether all
the operations within an assay are being assessed in determining precision. For
instance in a spectrophotometric assay a single weighing and extraction of a sample
may be made and then several aliquots of the extract may be taken and diluted to the
concentration required for analysis in order to assess the precision of the method.
The precision of the weighing and extraction steps is not assessed. This is
undersiandable since if the precision of every aspect of an assay were assessed then a
very large number of samples would be generated. For instance if five samples of
tablets were powdered and from each batch of powdered tablets five samples were
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weighed out and extracted separately and then five dilutions were prepared from
each extract. a total of 125 samples would be generated, which is rather an overkill,
Even in relatively simple assays such as titrations the question arises as to whether or
not one should make up several solutions of the titrant and standardise all of them
before carrying out the assay. Thus precision of an assuy cannot be a fixed term and
it is an assessment of the assay as it was carried out and as such should be called the
within-assay precision. If the number of operations which were assessed in order to
determine the within-assay precision was inadequate then it would exhibit poor
repeatability. For instance, if it really was necessary 10 assess the precision of the
extraction step in the assay of paracetamol tablets then this would confound attempts
to repeat the analysis on another occasion and achieve the saume accuracy and
precision. Thus it is useful to distinguish between repearabitity and within-assay
precision since it enables the routine assay to be limited 10 a sensible number of
repetitive steps.

Repeatability
This differs from simple within-assay precision in that it might be considered to
compare the sum total of the operations carried out in an assay of a particular sample
from the beginning, carried out by a single operator, with the same sum total of all
critical operations, carried out by the same operator. probably in sequence with the
initial assay and certainly within the same day.

Where repeatability is being assessed the sum total of operations in an assay
might be considered to include the following:

(i) The weighing out of all standards and samples

(ii)  Fresh preparation and standardisation of all solutions involved in the
quantitative aspects of the assay

(iii)  All dilution and extraction steps involved in the assay being carried oul from
the beginning.

Thus repeatability is a catch-all term and allows for the assessment of the
precision of some of the steps which may have been missed from the routine assay.
If repeatability is poor some extra operations may within the routine assay need to be
assessed for precision.

Between-day repeatability
This concept is simply as suggested in the term that the repeatability is assessed on
separate days ot even separated by several days by the same opcrator.

Within-taboratory reproducibility

Reproducibility is often used in the way that repeatability has been defined above but
this does not leave room for a term defining what happens when an analytical
procedure is handed over to another analyst. Since in the art world reproduction
relates to copying of an original by another artist it woultd seem appropriate to use
the term in the same way in analytical chemistry, If an assay is carried out in a
laboratory by several analysts it is unlikely that these analysts will weigh out
identical amounts of sample and use identical items of equipment. A clearly defined
assay procedure sheuld be capable of being reproduced by a number of analysts in a
laboratory. Furthermore, having confidence in its reproducibility should facilitate
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staff training and give confidence in the overall control of other parts of the
analytical process such as calibration and handling of a range of equipment.

Between-laboratory reproducibility

If a laboratory was fully confident in a particular assay it might submit it for testing
by several laboratorics, which would give a measure of how reproducible the assay
was in a wider sense with different operators and equipment. For an assay to succeed
in this type of exercise it would have to very robust. For example pharmacopoeial
monographs are designed, in theory, to be sufficiently robust to be reproduced
relatively easily by many laboratories. However, the tolerances for the precision of
such assays might be quite wide.

Standard operating procedure (SOP) for the assay of

paracetamol tablets

The terms defined above are perhaps iltustrated by using the example of the simple
assay which we have mentioned before. The assay in Box 1.3 is laid out in the style
of a SOP. This particular section of the operating procedure describes the assay itself
but there would also be other sections in the procedure dealing with safety issues, the
preparation and storage of the solutions used for extraction and dilution, the
glassware required and a specification of the instrumentation to be used.

analysis of paracetamol tablets

Box 1.3 Extract from a standard operatmg prooedure fqr thegf R

8. Assav procedure

8.1 Use a calibrated balance

8.2 Weigh 20 tablets

8.3 Powder the 20 paracctamol tablets and weigh by difference a quantity of tablet powder
equivalent to 125 + 10 mg of paracetamol

8.4 Shake the tablet powder sample with ca 150 ml of acetic acid (0.05 M} for 10 min ina
500 ml volumetric flask and then adjust the volume to 300 ml with more acetic acid

(0.05 M).

8.5 Filter ca 100 ml of the solution into a conical flask and then transfer five separate 5 mi
aliquots of the filtrate to 100 ml volumetric flasks and adjust the volumes to 100 ml with
acetic acid (0.05 M)

8.6 Take two readings of cach dilution using a UV spectrophotometer and using the
procedure specified in Section 9

The assay described in Box 1.3 assesses the precision of some of the operations
within the assay. If a single analyst was to assess the repeatability of the assay,
instructions might be issued to the effect the assay as described was to be repeated
five times in sequence, i.e. completing one assay before commencing another. If
between-day vepeatability were to be assessed the process used for determining the
repeatability would be repeated on two separate days. If the within-laboratory
reproducibility were to be assessed two or more analysts would be assigned to carry
out the repearability procedure. In arriving at a SOP such as the one described in
Box 1.3 there should be some justification in leaving out certain steps in the
complete assay. For instance, weighing is often the most precise step in the process
and thus repeat weighings of samples of tablet powder would not be necessary to
guarantee precision; the precision of the extraction might be more open to question.
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Each of the sections within an assay would have other SOPs associated with them
governing, for instance, the correct use and care of balances as listed in Box 1.4,

“Box 14 Procedure for the use of a calibrated balance

This balance is a high-grade analytical balance. It carries out internal calibration but as a
doubtle check it is checked with certified check weights. Any deviation of the check weight
values from those expected indicales need for servicing of the balance. Check weight
calibration should be carried out once a week according to the instructions in
SOPAXIC/OL.

Caution: The logbook (form SOP/001 AR/01} must be filled in. Any spillages on the
balance must be cleaned up immediately and recorded in the log. This balance is to be
used only for analytical grade weighings.

Operation

1. When carrying out weighing of amounts < 50 mg use tweezers to handle the weighing
vessel.

2. Make sure the door of the balance is shut. Switch on the balance and allow it to undergo
its internat calibration procedure. When it is ready the digital read-out will be 0.0000.
Wait 30 s 10 ensure that the reading has stabilised.

3. Introduce the weighing vessel onto the balance pan. Close the door. Wait 30 s to ensure
that the reading has stabilised and then send the reading to the printer.

4. If the tare is used in the weighing procedure, press the tare button and wait until the
balance reads 0.0000. Wait 3(} s to ensure that the reading has stabilised. If it drifts,
which under normal circumstances it should not, press the tare button again and wait for
a stable reading.

5. Remove the weighing vessel from the balance, introduce the sample into the vessel and
put it back onto the balance pan. Close the door and note the reading.

6. Remove the sample and adjust the sample size to bring it closer to the required amount.
Re-introduce the sample onto the balance pan. Close the door and note the reading.

7. Repeat step 5 until the target weight is reached. When the required weight is reached
wait 30 s 10 ensure that the reading has stabilised. Send the reading to the printer.

N.B. An unstable reading may indicate that moisture is being lost or gained and that the
sample must be weighed in a capped vessel.

Drate of issuer 6/10/95 Signatore:

COITIpOUI'Id random errors

Systematic errors in analysis can usually be eliminated but true random errors are
due to operations in an assay which are not completely controlled. A common type
of random error anises from the acceptance of manufacturers’ tolerances for
glassware. Table 1.2 gives the RSD values specified for certain items of grades A and
B glassware.

Table 1.2 Manufacturers' telerances on some items of glassware

tem of glassware Grade A Grade B
1 ml bulb pipette +0.7% + 1.5%
5 ml bulb pipette +0.3% +0.6%
100 ml volumetric flask * 0.08% +0.15%
500 ml volumetric fiask + 0.05% +0.1%

full 25 ml burette +0.2% +0.4%
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An estimate of compound random ertors is obtained from the square root of the
sum of the squares of the RSDs attributed to each component or operation in the
analysis. If the analysis of paracetamol described in Box 1.3 is considered then,
assuming the items of glassware are used correctly. Assuming the items of glassware
are used correctly the errors involved in the dilution steps can be simply estimated
from the tolerances given for the pipette and volumetric flasks. The British Standards
Institution (BS} tolerances for the grade A glassware used in the assay are as follows:

500 ml volumetric flask 500 ml = 0.05%
100 ml volumetric flask 100 ml = 0.08%
5 m one mark pipetie Sml+0.3%
Standard deviation of error from glassware =

V0.052 + 0.087 + 0.3 = +/0.0989 = 0.31%

Thus it can be seen that the compound error from the glassware differs little from
the largest error in the process, Of course the glassware errors can be eliminated by
calibration of the glassware prior to use but in general analysts will accept
manufacturers’ tolerances, The tolerated random error from glassware could be
readily eliminated; other random errors such as variation in the extraction efficiency
are more difficult to control.

Self-test 1.3

Estimate the compound random error in the following assay with respect to the dilution steps
described and calculate the error as 5D of the wiv percentage of the injection assuming it is
exactly 2% wiv,

A 2% wiv injection was diluted twice using grade A 5 ml bulb pipettes and grade A 100 ml
voturnetric flasks as follows:

Ditution 1.5 t0 100 ml

Ditution 2.5 to 100 ml

The uncertainty in the spectrophotometric reading was + 0.2%.

MM %00 F PUE %810 F LAMSUY

Reporting of results

In calculating an answer from the data obtained in an analysis it is important to not
indicate a higher level of precision than was actually possible in the assay. As
mentioned the previous section, when considering the accuracy of glassware used
with the assumption that it complied with the BS grade A standard, it was obvious
that there was some uncertainty in any figure < 1%. It might be possible to improve
on this degree of precision by calibrating glassware; however, any improvement in
precision in the real world would take time and hence have cost implications. Thus
for the purposes of most analyses. and for the purposes of the calculations in this
book, it would seem sensible to report four significant figures, i.e. to 0.1%. In the
process of carrying out calculations, five figures can be retained and rounded up to
four figures at the end of the calcutation. Since in pharmaceutical analyses the
percentage of the stated content of a drug in a formulation may be reported as being
between 90 and 99.9%. if the first significant figure is 9 then at the end of the
calcukation a more realistic estimate of precision is given by rounding the answer vp
to three significant figures. The SD or RSD reported with the answer should reflect
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the number of significant figures given; since there is usually uncertainty in figures
< 1% of the answer the RSD should not be reported to > 0.1%. Taking this into
consideration the correct and incorrect ways of reporting some answers are given in
Table 1.3.

Table 1.3 Significant figures in the reporting of analytical results

Answer = 5 Incorrect RSD Answer t S Correct RSD
% of stated conterit = 99.2 £ 0.22 0.22 % of stated content=99.2+ 0.2 0.2
% of stated content = 101.15 £ 0.35 0.35 % of stated content = 101.2 £ 0.4 0.4
(1.2534 = 0.00443% wiv 1.75 0.2534 + 0.0044% wiv 1.7
1.0051 + 0.0063% wiw 0.63 1.005 = 0.006% whw 0.6
1.784 £ 0.1242 ua/ml 6.962  1.784 £ 0.124 ugiml 7.0

Other terms used in analytical procedures control
Analytical blank

This consists of all the reagents or solvents used in an anatysis without any of the
analyte being present. A true analytical blank should reflect all the operations to
which the analyte in a real sample is subjected. It is used for example in checking
that reagents or indicators do not contribute to the volume of titrant required for a
titration, including zeroing spectrophotometers or in checking for chromatographic
interference.

Calibration

The calibration of a method invelves comparison of the value or values of a
particular parameter measured by the system under strictly defined conditions with
pre-set standard values. Examples include: calibration of the wavelength and
absorbance scales of a UV/visible spectrophotometer (Ch. 4}, calibration of the
wavelength scale of an IR spectrometer {Ch. 5} and construction of chromatographic
caltbration curves (Ch. 12).

Limit of detection

This is the smallest amount of an analyte which can be detected by a particular
method. [t is formally defined as follows:

X=Xp=3s;

Where x is the signal from the sample, x;, is the signal from the analytical blank
and s, is the SD of the reading for the analytical blank. In other words the criterion
for a reading reflecting the presence of an analyte in a sample is that the difference
between the reading taken and the reading for the blank should be three times the 3D
of the blank reading, The SD of the signal from the sample can be disregarded since
the sample and the blank should have been prepared in the same manner so that it
and the sample produce a similar SD in their readings. A true limit of detection
should reflect all the processes to which the analyte in a real assay is subjected and
not be a simple dilution of a pure standard for the analyte until it can no longer be
detected.



12 Pharmaceutical Analysis

Self-test 1.5
In which of the following cases has the {imit of detection been reached?
Signal from sample Sample 5D Signal from analytical blank Analytical blank 5D
1. Abs 0.0063 0.0003 0.0045 0.0003
2. abs 0.0075 0.0017 0.0046 0.0018
3. 0.335 ng/ml 0.045 ng/ml 0.045 ng/ml 0.037 ng/ml
z Jamsuy
Linearity

Most analytical methods are based on processes where the method produces a
response that is linear and which increases or decreases linearly with analyte
concentration. The equation of a straight line wkes the form:

y=a+bx

where a is the intercept of the straight line with the v axis and 5 is the slope of the
line. Taking a simpie example, a three-point calibration curve is constructed through
readings of absorbance against procaine concentration (Table 1.4).

Table 1.4 Data used for the construction of a calibration curve for the spectrophatometric
determination of procaine

Procaine concentration mg/100 ml Absorbance reading
0.8 0.604
1.0 0.763
1.2 0.939

The best fit of a straight line through these values can be determined by
determining a and b from the following equations:

2 —X My - )
b= Z(xa -x }2
a=y-bx

v; are the individual

where x, are the individual values for x, X is the mean value of x,,
values for y and ¥ is the mean of v,
From the data in Tabte 1.3:

-~ 08+10+12
X=——

3 =10
7= 0.604 + 0‘7;63 +{.931 = 0.766
b= (0.8 ~- 1.0)0.604 - 0.766) + (1.0 — 1.0%0.763 - .766) + {1.2 - 1.0)(0.931 —(1.766)

(0.8~ 1.0P+(10- 1.0+ (1.2 - 1.0¥
_ 00324 + 0+ 0.033

004 +004 - O8I8
a=10.766—0818 x 1.0 = —0.052

Thus the equation for the best fit is:
y=0.818x-0.052
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The statistical measure of the goodness of fit of the line through the data is the
correlation coefficient r. A correlation coefficient of > 0.99 is regarded as indicating
linearity. The correlation coefficient is determined from the following equation:

=X Xvi=¥))
r=
Il =¥ P~ 5 Y]

Substituting the values from Table 1.3:

r=
(0.8 — 1.0)(0.604 — 0.766) + (1.0 = 1.0)(0.763 - 0.766) + (1.2 — [.0K0.93]1 - 0.766)
\X{(O‘S ~ LOP 4+ {1.0- 107 + (1.2 - LOPI[(0.604 - 0.766) + (0.763 — 0.766)* +
(0.931 - 0.766)%)

. 0.0324 + 0 +0.033 _
V0.08 < 0.0534

Thus to three significant figures the straight line fit through the values in Table 1.3
is perfect. For a fuller treatment of the mathematical determination and signiticance
of a correlation coefficient see reference 1. The equation for the correlation
coefficient is very useful in that it can be applied to correlations between curves of
any shape and thus it can be used for spectral comparisons such as those carried out
between diode array specira obtained during high-pressure liquid chromatography
(Ch. 12 p. 251).

1.00

Range

The range of a method is related to its sensitivity, although there are methods such as
immunoassays which are capable of measuring very small amounts of material, but
are not very sensitive in that they measure over a restricted range of low
concentration. Thus, some types of detection have very wide dynamic ranges and
others may only function over a restricted range before finearity is lost. AUV
detector has a dynamic range of about | x 10* and for a particular compound it might
measure concentrations between 0.1 and 100 yg/ml. In contrast a flame photometer
has a range not much greater than 1 x 10. Sample concentrations must be adjusted so
that they fall into the range of the equipment used to make the measurement.

Robustness

This term refers to how resistant the precision and accuracy of an assay is to small
variations in the methed, e.g. changes of instrumentation, slight variations in
extraction procedures, sensitivity te minor impurities in reagents, etc. Robust assays
may not be capable of the highest precision or specificity but they are regarded as fit
for the purpose for which they are designed.

Selectivity

The selectivity of a method is a measure of how capable it is of measuring the
analyte alone in the presence of other compounds contained in the sample. The most
selective analytical methods involve a chromatographic separation. Detection
methods can be ranked according to their selectivity. A simple comparison is
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between fluorescence spectrophotometry and UV spectrophotometry, there are many
more compounds which exhibit UV absorption than there are those which exhibit
strong fluorescence, thus fluorescence spectrophotometry is a more selective method.
Because selective methods are based on more complex principles than non-selective
methods they may be less robust, e.g. fluorescence spectrophotometry is more
affected by changes in the analytical method than UV spectrophotometry.

Sensitivity

The sensitivity of method indicates how responsive it is to a small change in the
concentration of an analyte. It can be viewed as the slope on a response curve and
may be a function of the method itself or of the way in which the instrumentation has
been calibrated. Tn Figure 1.3 the method having a linear response y = 2.5 X is 5
times more sensitive than the method exhibiting a linear response y = 0.5x.
Sensitivity and the Gmit of detection of a methed are often confused. The limit of
detection is due to a combination of runge and sensitivity.

80 Fig. 1.3 .
Sensitivity as a function
50 of the slope of a
y = 2.500x response urve.

40 jug
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Concentralion

Weighing by difference
Weighing by difference is used to minimise weighing errors in an analytical
procedure. The sample is weighed in a suitable vessel, e.g. a glass weighing boat
with a spout, and then transferred immediately to the vessel in which it is going to be
analysed or dissolved. The weighing vessel is then rewcighed and the difference
between the weights before and after transfer gives the weight of the sample. This
method of weighing minimises errors due to, for example, the abserption of moisture
onto the surface of the vessel. It also means that there is not a requirement for
complete transfer of the sample that is to be analysed.

The points listed in Boxes 1.5 and 1.6 indicate how pharmaceutical preparations
may come to be out of specification.
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-~ Box 15 50urcesof imbuiii"cmiéiin_ pharmaceutical manufacture

* During the course of the manufacture of a pure drug substance, impurities may arise as
follows:
(i) Present in the synthetic starting materials
(i1} Result from residual amounts of chemical intermediates used in the synthetic
process and from unintended side reactions
(iit) Result from reagents, solvents and catalysts used in manutacture
* The process used to produce the formulated drug substance may introduce impurities as
follows:
(i) Particulate matter from the atmosphere, machines and devices used in the
manufacturing precess and from containers
{ii} lmpuritics that are present in the excipients used in the formulation
{iii) Cross contanination may occur from other processes carried out using the same
equipment, ¢.g. from mixers
{iv) Microbial contamination may occur
(v} The drug may react with the excipients used in the formulation
(vi} Impurities may be introduced from packaging, ¢.g. polymeric monomers.

B 0"15 Processes 'lé_#d_ihg_:'té'-ftherdeviat‘ioh of the actual content
~from the stated content of a drug in a formulation

= Incomplete mixing of drug with formulation excipients prior to compression inte tablets
or filling into capsules

« Physical instability of the dosage form:: tablets that disintegrate too readily; creams or

suspensions that separate and over- or undercompression of tablets leading to deviation

from the required weight

Chemical breakdown of the drug resulting from its reaction with air, water, light,

excipients in a formulation or with packaging materials

Partitioning of the drug into packaging materials,

L]
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Introduction

The physical properties of organic molecules such as pKa and partition coefficient
are dealt with extensively in pharmacy courses'? but do not feature greatly in
analytical chemistry courses. It is often suprising that analytical chemists cannot
distinguish between, for instance, basic, weakly basic, acidic, weakly acidic and
neutral nitrogen functions. The physical properties of drug moelecules along with

simple chemical derivatisation and degradation reactions ptay an important part in
the design of analytical methods. Dritg molecules ¢an be complex, containing
multiple functional groups that in combination produce the overall properties of the
molecule. This chapter will serve as a starting point for understanding the chemical
and physico-chemical behaviour of drug molecules that influence the development
of analytical methods. The latter part of the chapter focuses on some typical drugs
that are representative of a class of drug molecules and lists their physical properties
and the properties of their functional groups in so far as they are known,
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Calculation of pH value of aqueous solutions of
strong and weak acids and bases

Dissociation of water

The pH of a solution is defined as —log [H'], where [H'] is the concentration of
hydrogen ions in solution.
In pure water the concentration of hydrogen ions is governed by the equilibrium:

H,O0 —= H'+HO-
Ka

Ka is the dissociation constant for the equilibrium, is known as Kw in the case of
the dissociation of water and is determined by the following expression:

Kw = —J”[;]{[zg?' = [H]HO ] = 104

Since the concentration of water does not change appreciably as a result of
ionisation its concentration can be regarded as not having an effect on the
equilibrium and it can be omitted from the equation and this means that in pure
water:

[H*] = [HO ] = 107
The pH of water is thus given by —log 1077 = 7.00.

Strong acids and bases

If an acid is introduced into an aqueous solution the [H'] increases.

If the pH of an aqueous solution is known the [H'] is given by the expression
107H e g [H*] in pH 4 solution = 10 M = 0.0001 M. Since [H*][OH] = 107" for
water the concentration of [OH-] in this solution is 107" M.

A strong acid is completely ionised in water and [H*] is equal to its molarity, e.g.
0.1 M HCI contains 0.1 M H* (10-! H*) and has a pH of —log 0.1 = 1. For a solution
of a strong base such as 0.1 M NaOH [OH] = 0.1 M and [0.1][H"] = 107" therefore
[H*} = 10-"* M and the pH of the solution = 13. Although the pH range is regarded as
being between 0—14 it does extend above and below these values, ¢.g. 10 M HCl in
theory has a pH of -1.

Self-test 2.1

Calculate the pH of the following solutions.

(i 0.05M HCI
(i) 0.05M NaOH
{iii) 0,05 M H,50,.

HIW L0 SUWIRIU0 POSTH W SO0 22uis 07 (1) 1Lz ) L () sramsuy

Weak acids and bases

Weak acids are not completely ionised in aqueous solution and are in equilibrium
with the undissociated acid, as is the case for water, which is a very weak acid. The
dissociation constant Ka is given by the expression below:
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HA —= A +H*
Ka
_ [AHY)
[HA]

For instance in a 0.1 M solution of aLCllL acid (Ka = 1.75 x 1073) the equilibrium
can be written as follows:

Ka
CH,COOH —= CH,COO + H*
(0.1-x) X X
Ka— [CH,COO-][H*)
[CH,COCH]

The pH can be calculated as follows:

2

¥

175 % 105 = — X
% 01-%

Since the dissociation of the acetic acid does not greatly change the concentration
of the unionised acid the above expression can be approximated to:

175 x 1075 = 22
x=[H= V175 % 105 = 0.00132 M
pH=29

In comparison the pH ot 0.1 M HCl is 1.

The calculation of the pH of a weak base can be considered in the same way. For
instance in a 0.1 M selution of ammonia (Kb = 1.8 x 10~} the equilibrium can be
written as follows:

Kb
NH; + H,0 —= NH; + HO-
{0.1 =x) X X
If the concentration/activity of water is regarded as being 1 then the equilibrium
constant is given by the following expression:
[NH;I[HO']
[NH.)

1.8 x 10 =

Kb =

X:
(0.1 -%)

The concentration of NH; can be regarded as being unchanged by a smatl amount
of ionisation and the expression can be written as:
x=[HOT= V1.8 x10%=00013 M
- 14
H]=—=_—" _=77x10"M
[H] 0.0013 00013
pH=11.1

In comparison the pH of 0.1 M NaOH is t3.
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Self-test 2.2

Calculate the pH of the following solutions:

(i 0.1 M formic acid (Ka = 1.77 x 10-%)
{iiy 0.05 M phenol (Ka=1.3x10"9)
{ii} 0.15 M ethylamine (Kb = 5.6 x 10

&'LL () 19°G (1) 2 Z (1) istomsuy

Acidic and basic strength and pKa

The pKa value of a compound is defined as: pKa = - log Ka.
A pKa value can be assigned to both acids and bases.
For an acid, the higher the [H*] the stronger the acid, e.g.:

Ka
CH,COOH —= CH,CO0O + H*

In the case of a base it is the protonated form of the base that acts as a proton
donor, e.g..

Ka
NH; — NH, +H'

In this case the lower the [H*] the stronger the base.

If pKa is used as a measure of acidic or basic strength for an acid, the smaller the
pKa value the stronger the acid for a base the larger the pKua value the stronger the
base.

Henderson-Hasselbalch equation

- [AH]

Ka
[HA]

Can be rearranged substituting pH for —log [H*] and pKa for —log Ka to give:

A
H = pKa+log 101
P P og [HA]
For example when acetic acid (pKa 4.76) is in solution at pH 4.76. The
Henderson—Hasselbalch equation can be written as follows;

[CH,COO]

pH = 4.76 + log Ter=50m

From this relationship for acetic acid it is possible to determine the degree of
ionisation of acetic acid at a given pH.
Thus when the pH = 4.76, then:

[CH,CO0]
[CH,COOH]
1og JCH:COOT _

% [CH,COOH]

[CH,CO0-]
[CH,COOH]

4.76=4.76 + log

=10'=1
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Self-test 2.3

Determine the percentage of ionisation of acetic acid at (i} pH 3.76 and {ii) 5.76.
%0706 (11} 1%B0°6 {1} LiamiLiy

Acetic acid is 50% ionised at pH 4.76. In the case of a weak acid it is the
protonated form of the acid that is un-ionised and as the pH falls the acid becomes
less ionised.

For a base the Henderson-Hasselbalch equation is written as follows:

BH* — B + H*
IBI

H=pKa+1
p pKa + ng[BH+]

For example when ammonia (pKa 9.25) is in a solution at pH 9.25
Henderson-Hasselbalch equation can be written as follows:

[NH,]
[NH{]

9.25=925+log

[NH{]
[NH;]
[NH;]

=0

=10"=1

Ammonia is 50% ionised at pH 9.25. In this case it is the protonated form of the
base that is ionised and as the pH falls the base becomes more ionised.

Self-test 2.4

Calculate the percentage of ionisation of ammonia at (i) pH 8.25 and (i} pH 10.25.

%606 {11} 1%6°06 {1} stemsuy

An alternative way of writing the expression giving the percentage of ionisation
for an acid or base of a particular pKa value at a particular pH valuve is:

. . [ (ot - i
Acid: % 1onisation = W = 100

Base: % jonisation = 1 (ke -pH
ase; % ionisation = ST »x 100

lonisation of drug molecules

The ionisation of drug molecules is important with regard to their absorption into the
circulation and their distribution to different tissues within the body. The pKa value
of a drug is also important with regard to its formulation into a medicine and to the
design of analytical methods for its determination.
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Calculation example 2.1

Calculate the percentage of ionisation of the drugs shown in Figure 2,1 at pH 7.0

—

pka 8.0

Fig. 2.1
@\ ©\ lonisation of a basic
: JCHOCH,CHN (CH;), <o CHOCH,CH,N" H (GHa), an acidic drug.

Diphenhydramine lonised form
CHs ?Ha
iC4Hy —©— CHCOOH =™ iC4Hg—©— CHCOOD™
pKa4.4
Ibuproten lonised form
Diphenhydramine

This drug contains one basic nitrogen and at pH 7.0 its percentage of ionisation can
be calculated as follows:

Lo . Qo474
% lomisation diphenhydramine = —————
1 + 10%6-70
= 19 100=190 100=99.0%
L+ 102 101

tbuprofen
This drug contains one acidic group and at pH 7.0 its percentage of ionisation can be
calculated as follows:

{704

ercentage of ionisation of ibuprofen = ——————— x [0
P 8 P I+ 107044

26
=|—4|roﬁ)§x |00=%x100=99.3%
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' Self-test 2.5

Calculate the percentage of ionisation of the following drugs, which contain 1 group, which
ionises in the pH range 0-14 at the pH values of {i) 4 and {ii} 9.
JCHS
CHj OCH,CHCH,— NHCH
*CH3
Basze pKa 5.6
NH.CO —L/j
CHg N
Cy4Hg CH,CONH,
Base pha 8.1
Bupivacaing Atenclol
Acidic drugs
di¢c d Ii'
Acidic drugs
CH30 CH,COOH o N o
m Acid pKa 4.5 Y
N7 cHy Ny
e FAcid pKa
8.0
Sfluorauracil
o]
Indomethacin
%6°06 {1} "% 1070 {1} [1PEIN0ION)-S '%66'66 (1) "%0¥Z (B
urzey1AWopU| (9664 {11} "%E6'66 {1} 110U 1% T LL () "66'66 {1} SuieseAIdng siamsuy

Buffers

Buffers are used in a number of areas of analytical chemistry such as the preparation
of mobile phases for chromatography and the extraction of drugs from aqueous
solution. The simplest type of buffer is composed of a weak acid or base in
combination with a strong base or acid. A common buffer system is the sodium
acetate/acetic acid buffer system. The most direct way of preparing this butter is by
the addition of sodium hydroxide to a solution of acetic acid until the required pH is
reached. The most effective range for a buffer is 1 pH unit either side of the pKa
value of the weak acid or base used in the buffer. The pKa value of acetic acid is
4.76 thus its effective buffer range is 3.76-5.76.
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Calculation example 2.2

1 litre of 0.1 M sodium acetate buffer with a pH 4.0 is required. Molecular weight of acetic acid = 60 there
litre of 0.1 M buffer there will be 6 g of acetic acid. To prepare the buffer 6 g of acetic acid are weighed a
made up to ca 500 ml with water. The pH of the acetic acid solution is adjusted to 4.0 by addition of 2 M
hydroxide solution using a pH meter to monitor the pH. The solution is then made up to | litre with wates
Calculate the concentration of acetate and acetic acid in the buffer at pH 4.0.

Using the Henderson—Hasselbalch equation:

4.00=4.76+ log ICH,c00)

[CH,COOH]
[CH,C007) _
log [CH.COOH] —0.76

[CH,C00] _ 1097
[CH,COOH] ]

_ o1
1
The buffer is composed of 1 part acetic acid and 0.17 part acetate.

The buffer was prepared from 0.1 moles of acetic acid, after adjustment to pH 4.0 the amounts of acetic aci
acetate present are as follows:

CH;COOH = 11? x 0.1 moles = 0.085 moles
cH,c00 = 317 4 0.1 moles = 0.015 mol
A —mx Jdomeles = u. maoies

Since the acetic acid and acetate are dissolved in 1 litre of water, the buffer is composed of (0,085 M CH,C
and 0.015 M CH,COO. Although the concentrations of acetate and acetic acid vary with pH such a buff
be known as a 0.1 M sodium acetate buffer.

Note: The 0.1 M buffer should not be prepared by adding acetic acid to a solution of 0.1 M NaOH since a |
acetic acid would be required to adjust the pH to 4.0; in fact 0.1 moles of NaOH would require 0.57 mole
acetic acid to a produce a buffer with pH 4.0 and a strength of 0.57 M.

An alternative way of producing 1 litre of 0.1 M acetate buffer would be to mix
850 ml of a 0.1 M solution of acetic acid with 150 ml of a 0.1 M solution of sodium
acetate,

' Self-test 2.6

1 litre of a 0.1 ammonium chloride buffer with a pH of 9.0 is required. Ammonia has a pka
value of 9.25. If a precise molarity is required this buffer is best prepared from ammonium
chlotide. The pH of the ammonium chloride may be adjusted to pH 2.0 by addition of a
sotution of sodium hydroxide (assuming the presence of sodium is not a problem). A total of
5.35 g (0.1 moles) of ammonium chloride are weighed and dissclved in ca 500 m of water. The
pH is then adjusted to pH 9.0 by addition of 5M NaQH. The solution is then made up to 1 litre
with water,

Calculate the concentrations of NH; and NH, in the buffer at pH 9.0 and indicate an
alternative methed for preparing the buffer.

Ir this case:

[NH.]
[NH:]

pH = pKa + lag

1DHN W 1°0 JO [ Qb3 YL UOINoS eluOWWE W |0
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Some weak acids and bases have more than one buffer range, for example
phospheric acid has three ionisable protons with three different pKa values and can
be used to prepare buffers to cover three different pH ranges, The ionic species
involved in the ranges covered by phosphate buffer are:

H,PO; /H,PO, HPO? /H,PO; PO} /HPO?-
pH 1.13-3.13 pH 6.2-8.2 pH 11.3-13.3

The buffering ranges of a weak electrolyte are only discrete if the pKa values of
its acidic and/or basic groups are separated by more than 2 pH units, Some acids
have ionisable groups with pKa values less than 2 pH units apart so that they
produce buffers with wide ranges. For example, succinic acid, which has pKa values
of 4.19 and 5.57, can be considered to have a continucus buffering range between
pH 3.19 and 6.57.

' Self-test 2.7

Determine the buffer range(s) for the following compounds:

(i} Carbonic acid pKa 6.38, 10.32
(ii} Boric acid pKa9.14, 12.74
(i) Glycine 2.34, 9.60

fiv) Citric acid 3.06, 4.74, 5.4,

t'3-90°7 2Bues Bunayng snonuiucT JpRe 10 {a)
9OL=9'8 TEE-FEL PUDAID ) TTUEL=b L L PLOL-F LS (1) JUSINIOS WY 150] $1 TG YaIym
Y)IAR DSED AY] 4O ISNEIDG JNLDSN 10U St 2BURT IOMO| YL "ZE L L-Z2E°6 'S5 2-BE'S (1) siamsuy

Sometimes a salt of a weak acid with weak base is used in a chromatographic
mobile phase to, apparently, set the pH at a defined level, e.g. ammonium acetate or
ammonium carbonate. These salts are marginally more effective than a salt of strong
acid with a strong base at preventing a change in pH but they are not truly bufters.
Such salts have buffering ranges ca | pH unit cither side of the pKa values of the
weak acid and weak base composing them. For example the pH of a solution
ammonium acetate is cg 7.0'but it does not function effectively as a bufter unless the
pH either rises to ca 8.25 or falls to ca 3.76.

Abuffer is most etfective where its molarity is greater than the molarity of the
acid or base it is buffering against.

Calculation example 12.3

If 10 ml of 0.05 M HCI are added to 100 mi of 0.2 M sodium acetate buffer pH 4.5 the resultant pH can be
calculated as follows:

Molarity X volume = mmoles

Number of mmoles of acetate + acetic acid in 100 mi of buffer = 0.2 x 100 = 20 mmoles.

Using the Henderson—Hasselbalch equation:

452476+ log L0
-2 =4.76 4108 [CH,COOH]
[CH,COO]

log _————[CHjCOOH] =-0.26
[CHCOOT] _ 10-"% _ 9.55
[CH,COOH] =~ 3 ~ 1
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The buffer contains 1 part CH;COQOH and 0.55 parts CH,COO-.
CH,CQOH = ] x 20 = 12.9 mmoles CH;COO~ = 0.55 x 20 =7.1 mmoles

£.53 1.55
When HCl is added the following reaction occurs:

CH,CO0O- :L HC| —= CH,COOH + CI-
The amount of HCl added is 10 x 0.05 = 0.5 mmoles
Therefore after addition of HCI

The amount of acetate remaining is:
7.1 - 0.5 = 6.6 mmoles

The amount of acetic acid now present is:
12.9+0.5 = 13.4 mmoles

Therefore the pH of the buffer after addition of HC1 is determined as follows (amounts may be substitated in the
equation mstead of concentrations since CH,COO™ and CH;COOH are present in the same volume):

pH = 4.76 + log T63'—65 =476-031 =445

The new pH of the buffer is 4.45.
The molarity of the buffer has also changed since the total amount of CH,COO- and CH;COOH is now contained

in 110 ml instead of 100 m giving a new molarity of 0.2 x 190 — 0,182 M

110
If 10 ml of 0.05 M HCI were added to 100 ml of water the pH would be determined as follows:
log(005x----)—23

Self-test 2.8

10 ml of ¢.1 M HCl are added to 20 ml of 2 0.5 M sodium acetate buffer with a pH of 4.3
Calculate: the pH of the buffer after addition of the HCI, the molarity of the buffer after
addition of the HC, the resultant pH if the HCI had been added to 20 mil of water.

gp'L 40 Hd & 316 pinom
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Salt hydrolysis

When the salt of a strong acid and a strong base is dissolved in water it produces a pH

of ca 7.0. When salts of a weak acid and a strong base or of a strong acid and a weak

base are dissolved in water they will produce respectively alkaline and acidic solutions.
When sodium acetate is dissolved in water the acetate ion behaves as a base

removing protons from solution. For a weak electrolyte in water Kb x Ka= Kw. If a

0.1 M solution of sodium acetate in water is considered:

Kb
CH,CO0- + H,0 === CH,COOH + HO"
0.1 - %) X x
—14
Kb (CH,CO0") = Kw - 57k 10

Ka (CH;COOH) 1.75x10°
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Regarding the change in the concentration of water as not affecting the
equilibrium and regarding the [CH;COQ ] as being relatively unchanged by
hydrolysis.

a

%2
=10 —
57 1= 01
[HO] = V5.7 x 1071 = 7.6 x 10+
+ _LH_ G
[H]_7.6><10"‘_1'33XIO_
pH=8.9

' Self-test 2.9

Calculate the pH of a 0.1 M solution of NH,CL. Here salt hydrolysis increases [H*] and the
equilibrium in this case is:

Ka
NH; ——= NH,+H"
(0.1-x X b3

The Ka for this reaction is 5.6 x 10°'°,

£1° = Hd vamsuy

Activity, ionic strength and dielectric constant

The activity of ions in a solution is governed by the dielectric constant of the
medium they are dissolved in and by the total concentration of ions in solution. For
solutions of electrolytes in water with concentrations < 0.5 M the activity of the ions
present in solution is usually approximated to their individual concentrations. The
mean activity coefficient for an ion in solution is defined as:

activity
®  concentration
Although activity is regarded as | in dilute solutions this is still an approximation.

The activity of an electrolyte solution in water can be estimated from the following
equation:

log ¥, = 0.509 (z,z) VI

where = %Emiz 2

where —0.509 is a constant related to the dielectric constant of the solvent used to
prepare the electrolyte solution and to temperature, z is the charge on a particular
ion, 7 is the ionic strength of the solution and m is the molality (moles per kg of
solvent) of a particular ion in solution.

Using this equation the activity of H* in 0.1 M HCI can be calculated to be 0.69.
Thus the true pH of 0.1 M HCl is calculated as follows:

pH=-log 0.1 x0.69=12

This slight difference between the pH determined from activity and from
concentration is usually ignored. However, from the equation used to calculate the
activity coefficient it can be seen that the activity decreases with decreasing ionic
strength. In addition the constant (-0.509 for water) increases with decreasing
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dielectric constant, e.g. water has a dielectric constant of 78.5 and methanol a
dielectric constant of 32.6. Addition of methanol to an aqueous solution of an acid or
buffer will cause an increase in the pH of the solution throvgh decreasing the activity
of all of the ions in solution including H*. This effect should be noted with regard to
the preparation of high-pressure liquid chromatography (HPLC) maobile phases
which are often composed of mixtures of buffers and organic solvents. lonic strength
is important with regard to the preparation of running buffers for capillary
electrophoresis where the greater the ionic strength of the buffer the higher the
current through the capillary (Ch. 14).

Partition coefficient

An understanding of partition coefticient and the effect of pH on partition coefficient
is useful in relation to the extraction and chromatography of drugs. The partition
coefficient for a compound (P) can be simply defined as follows:

[N
Cy

P=

where C, is the concentration of the substance in an organic phase and C,, is the
concentration of thc substance in water.

The greater P the more a substance has an affinity for organic media. The valuc of
P for a given substance of course depends on the particular organic solvent used to
make the measurement. Many measurements have been made of partitioning
between n-octanol and water since n-octanol, to some extent, resembles biological
membranes and is also quite a good modet for reverse-phase chromatographic
partitioning. P is often quoted as a log P-value, e.g. a log P of | is equivalent to
P = 10. Where P = 10 for a particular compound partitioning into a particular
organic solvent, and partitioning is carried out between equal volumes of the organic
solvent and water, then ten parts of the compound will be present in the organic layer
for each part present in the water layer.

Calculation example 2.4

A neutrul compound has a partition coefficient of 5 between ether and water. What percentage of the compound
would be extracted from 10 ml of water if (i} 30 ml of ether were used to extract the compound or (i) three
10 ml volumes of ether were used in succession to extract the compound?

(i) Between water and an equal volume of ether 5 parts of the drug would be in the ether layer compared with
! part in the water layer. Where 3 volumes (30 m1) of ether were used to 1 volume (10 ml) of water the
distribution would be 15 parts of drug in the ether layer to | part in the water layer.

5

I3 100 =93.75%

Percentage extracted = T

(ii) Firstextraction
5 parts in the ether layer and 1 part in the water layer (total six parts)

At each extraction % of the material in the water layer is extracted.

Percentage extracted = g = 100 =83.3%

Percentage of drug remaining in water layer = 16.7%
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Second extraction
5
3]

= of the 16.7% rematning in the water layer is extractad.

Percentage extracted = % *x16.7=13.9%

Percentage of drug remaining in water layer = 2.8%

Third extraction

6

3 of the 2.8% remaining in the water layer is extracted.

Percentage exiracied = % x28=23%

Percentage of drug remaining in water layer = 0.5%
Total percentage of drug extracted =83.3 + 13.9+ 2.3 =99.5%

Self-test 2,10

A drug has a partition coefficient of 12 between chloroform and water,
Calculate the percentage of a drug that would be extracted from 19 ml of water with (i) 30 ml
of chloroform; (i) 3 x 10 ml of chloroform.

%56'66 (11) '9E° L6 (1) ssamsuy

Effect of pH on partitioning

Many drugs contain ionisable groups and their partition coefficient at a given pH
may be difficult to predict if more than one ionised group is involved. However,
often one group in a molecule may be much more ionised than another at a particular
pH thus governing its partitioning. It is possible to derive from the
Henderson—Hasselbalch equation expressions for the variation in the partitioning of
organic acids and bases inte organic solveni with respect to the pH of the solution
that they are dissolved in.

From the Henderson—Hasselbalch equation:

- _ P
For acids: Papp = Trioe
For bases: Papp = ST

Papp is the apparent partition coefficient that varies with pH. Thus it can be seen
when a compound, acid or base, is 50% ionised (i.e. pH = pKa) its partition
coefficient is half that of the drug in the un-ionised state;

P P

Papp = -
PP=1¥10° 2

As a general rule for the efficient extraction of a base into an organic medium
from an aqueous medium the pRa of the aqueous medium should be at least | pH
unit higher than the pKa value of the base and in the same situation for an acid the
pH should be 1 pH unit lower than the pKa value of the acid.
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Calculation example 2.5

A linctus formulation contains the following components:

Base A pKa 6.7, P (chloroform/0.1 M NaOH) = 100 3 mg/ml
Base B pka 9.7, P (chloroform/0.1 M NaOH) = 10 30 mg/m)
Benzoic acid pKa 4.2 P {chloroform /0.1 M HCI) = 50 5 mg/ml

In order to selectively extract base A 5 ml of the linctus is mixed with 15 ml of phosphate buffer pH 6.7 and
extracted once with 60 m] of chloroform.

Calculate the percentage and the weight of each component extracted.

Base A
AtpH6.7:

Papp = 100/1 + 105767 = [00/2 = 50

If 20 ml of agueous buffer phase were exiracted with 20 ml of chloroform there would be 1 part of the base in the
aqueous phase to 50 parts in the chloroform layer. Since 60 ml of chloroform are used in the extraction there will
be 1 part of the base remaining in the agueous phase and 150 parts in the chloroform layer.

Percentage extracted = 150/151 x 100 = 99.3%

Base A is present at 5 mg/ml in the elixir.

Amount of base A in 3 ml of elixir=5x5mg=25mg

Amount of base A extracted =23 X 150/151 = 24.8 mg

Base B
AtpH 6.7:
Papp = 10/1 + 10°7%7 = 10/1001 = 0.01

1f 200 ml of aqueous buffer phase were extracted with 20 ml of chioroform there would be 1 part of the base in the
agueous phase to 0.01 parts in the chloroform layer. Since 60 ml of chloroform are used in the extraction then
1 part of the base will remain in the aqueous phase while there will be 0.03 parts in the chloroform layer.
Percentage extracted = 0.03/1.03 x 100 = 3.0%
Base B is present at 30 mg/ml in the elixir
Amount of base B in 5 ml of elixir = 5 x 30 mg = 150 mg
Amount of base B extracted = .03 x 150 =4.5 mg

Benzoic acid
At pH 6.7 for an acid:

Papp = 50/1 + 105742 = 50/317 = 0.158

If 20 m] of aqueous buffer phase were extracted with 20 ml of chloroform there would be 1 part of the preservative
in the aqueous phase to 0.158 parts in the chloroform layer. Since 60 ml of chloroform are used in the extraction
1 part of the benzoic acid will remain in the aqueous phase while there will be 0.474 parts in the chloroform
layer.

Percentage extracted = 0.474/1.474 x 100 = 32.2%

Benzoic is present at 3 mg/ml in the elixir

Amount of benzoic acid in 5 ml of elixir =5 % 5 mg = 25 mg

Amount of benzoic acid extracted = 0.474/1.474 x25=80mg

The extract is not completely free of the other ingredients in the formulation. If back extraction of the extract with
an equal volure of pH 7.7 buffer is carried out approximately 1% of extracted base A will be removed but the
amount of base B and benzoic acid will be reduced to < 0.5 mg.
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' Self-test 2.11

A cough mixture contains the following components:

(i) Base 1 pKa=9.0 P{CHCI40.1 M NaOH) = 1000 30 mg/5Sml
(i) Base 2 pKa =9.7, P{CHCIL/0.1 M NaQH) = 10 30 mgfS ml
{iii} Acidic preservative pKa 4.3 P (CHO#0.1 M HC)) = 10 S mg/Sml

5 ml of the cough mixture is mixed with 15 ml of phosphate buffer pH 7.0 and extracted with
60 ml of chloroform. Calculate the weight of each component extracted.

B g7°0 sanealasad (1) Buw go) z aseg {11 Bw 067 | aseg (1) sromsuy

Drug stability

Many drugs are quite stable but functional groups such as esters and lactam rings
which occur in some drigs are susceptible (o hydrolysis and functional groups such
as catechols and phenols are quite readily oxidised. The most common types of
degradation which occur in pure and formulated drugs obey zero or first order
kinetics.

Zero order degradation

In zero order kinetics the rate of degradation is independent of the concentration of
the reactants. Thus if the rate constant for the zero order degradation of a substance
is 0.01 moles h™' then after 10 h 0.1 moles of the substance will have degraded. This
type of degradation is typical of hydrolysis of drugs in suspensions or in tablets
where the drug is initially in the solid state and gradually dissolves at more or less
the same rate as the drug in solutien is degraded, i.e. the equilibriwm concentration in
free solution remains constant.

First order degradation

First order kinetics of drug degradation has been widely studied. This type of
degradation would be typical of the hydrolysis of a drug in solution. Such reactions
are pseudo first order since the concentration of water is usually in such large excess
that it is regarded as constant even though it does participate in the reaction. In first
order kinetics the rate constant k has the units h ' or 57! and the rate of the reaction
for a drug is governed by the expression:

_dA] KA
di

where A is the concentration of the drug which will change as degradation proceeds.
This expression can be written as:

dy
@ =ka - x)

which can also be written as

j dx _!
—— = | kd¢
0 (@—x) 'n[
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where x is the amount of degraded product and a is the starting concentration of the
drug. From this expression by integration and rearrangement the following
expression arises:

n -2

I:l
k a-x

The half-life of the drug (the time taken for 50% of a sample drug to degrade, i.e.
where x is ¢/2) is thus given by the following expression:

1 a 1
Thus for aspirin. which has a rate constant of 0.0133 h™' for the hydrolysis of its
ester group at 25° and pH 7.0, the half-life can be calculated as follows:

0.693

tys= m =52.1h

The shelf-life of a drug, the time required for 10% degradation
{where xis (.1 a), is given by the following expression:

1] l

In =—=Inl.11
k

D=2 M 0.9a.

e —_

Calculation example 2.6

In a high-pressure liquid chromatography assay of aspirin tablets, 10 extracts are made and the extracts are diluted
with mobile phase sofution, which consists of acetonitrite/0.1 M sodium acetate buffer pH 4.5 (10:90) and
analysed sequentially. I the rate constant for the degradation of aspirin in the mobile phase is 0.0101 h~! at room
temperature how long can the analyst store the solutions at room temperature before the degradation of the
analyte is greater than 0.5%7

In this case we are interested in 1,905, 10

(f0.995q) _
Lo = —5oToT 0.5h
Thus in order for degradation to be < 0.5% the solutions would have to be analysed within 30 min of their being

prepared.

. Self-test 2.12

Determine the half-lives of the following drugs, which can undergo hydrolysis of their ester
functions in solution, under the conditions specified.

(i) Atropine at 40°C and pH 7.0 where k = 2.27 x 10-* h-",
{ii) Procaine at 37°C and pH 8.0 where k = 1.04 x 102 1.
(iii) Benzocaine at 30°C and pH 9.0 where k =227 % 103 h-".

P£ZL{M U999 (1) P 242y (1) isamsuy

Stereochemistry of drugs

The physiotogical properties of a drug are governed to a great extent by its
stereochemistry. In recent years it has emerged that, in some instances, even optical
isomers of a drug can have very different physiological effects. Since
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stereochemistry is concerned with the way in which a drug is orientated in space this
is something that is difficult to visualise on a flat piece of paper and the assignment
of absolute configuration to a drug some people find confusing. The three types of
isomerism encountered in drug molecules are geometrical isomerisin, optical
isomerism and diastereoisomerism,

Geometrical isomerism
Drugs which have a geometrical isomer are relatively uncommnton.

N N Fig. 2.2
O\ - | O\ - | Geometrical isomers,
ﬁ o, C S

/C C\.
H™ ™ GHN(CH,), {CH,),NCH;”™ "H

Zimeldine Geometrical isomer

An example of a drug with a geometrical isomer is the antidepressant zimeldine
(Fig. 2.2). The lack of free rotation about the double bond ensures that the
stereochemistry of this drug and and its isomer is different. Zimeldine is the enly
drug used. Other drugs which could also have geometric isomers of this type include
amitriptyline and triprolidine.

Chirality and optical isomerism

Optical isomerism of drug molecules is widespread. Many drug molecules only
comntain one or two chiral centres. A simple example is the naturally occurring
neurotransmitter adrenaline. When a compound has no symmetry about a particular
carbon atom the carbon atom is said to be a chiral centre. When a compound
contains one or more chiral centres it ts able fo rotate plane-polarised light to the
right {(+) or the left (-). A chiral centre arises when a carbon atom has four
structurally different groups attached to it.

Fig. 2.3
R and § enantiomers of

OH OH adrenaline.

1] J4
HO c.2 : 2C OH

T "y | 1

HO H H OH
A 8

Adrenaline can exist as two enantiomers that are mirror images of each other
(Fig. 2.3) and are thus non-superimposible. In Figure 2.3 the wedge-shaped bonds
indicate bonds above the plane of the paper, the dotted bonds indicate bonds pointing
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down into the paper and unbroken lines indicate bonds in the same plane as the
paper. In common with all pairs of enantiomers, the adrenaline enantiomers have
identical physical and chemical properties, the only difference in their properties is
that the enantiomers rotate plane-polarised light in opposite directions. However, the
two enantiomers of adrenaline do have different biological properties, the (—)
enantiomer exerts a much stronger effect, for instance, in increasing heart rate. It is
not possible simply by tooking at a structure drawn on paper to say which way it will
rotate plane-polarised light — this can only be determined by experiment. In order to
describe the configuration about a chiral centre a set of precedence rules was
developed:

(iy  The group of lowest priority attached to the chiral carben, often hydrogen, is
placed behind the plane of the paper with all the other groups pointing
forwards,

(ii)  The priorities are assigned to the atoms immediately attached to the chiral
centre in order of decreasing atomic mass. For example:

Br>Cl»>5>F>0>N>C>H

(i} If two atoms attached to the chiral centre are of the same precedence the
priority is assigned on the basis of the atoms attached to these atoms, for
example:

C

I
—C-Cl > —C-$ > —C-0>—CN> —C-C>—C-C>—C-H

(iv) If required the third atom in a chain may be considered, for example:
—C-CCl>» —C-C-0>—C-CN>—-CCC>-—-C-C-H

Using these rules we can assign the absolute configurations for adrenaline
structures A and B. Placing the group of lowest priority behind the paper, in this case
H.

For structure A we find moving in a clockwise direction (clockwise = R):

—0>»>—CN>—CLC

Thus the absolute configuration of A is R and it follows that its mirror image B
must be S (the order of precedence moves anti-clockwise).

To relate the (+) (dextrorotatory) and (=) {laevorotatory) forms of a molecule to
an absolute (R or §) configuration is complex and requires preparation of a crystal of
the compound suitable for analysis by X-ray crystallography. In contrast the
direction in which a molecule rotates plane-polarised light is easily determined using
a polarimeter.

X-ray crystallography of the enantiomers of adrenaline has shown that the (-)
form has the R configuration and the (+) form has § configuration.

It should be noted that in older literature the terms « and [ are used to denote (+)
and () respectively and D and L are used to denote R and § respectively. A mixture
containing equal amounts of (+) and (-) adrenaline or indeed enantiomers of any
drug is known as a racemic mixture and of course will not rotate plane-pelarised
light. The physical separation of enantiomers in a racemic mixture into their pure (+)
and (-) forms is often technically difficult.

Ampicillin (Fig. 2.4) provides a more complex example than adrenaline with
regard to assignment of absolute configuration since it contains four chiral centres.
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NHa Fig. 2.4

Ampicillin

Assignment can be made as follows:
Chiral centre 1:
—N>—C-0>—C-C configuration R
Chiral centre 2:
—N>—C-§>—C-0 configuration R
Chiral centre 3:
—8> —N=>—C-N configuration R

Chiral centre 4;

In this case since the molecule is drawn with the hydrogen pointing forward it is best
10 determine the configuration from the molecule as drawn and then assign the
opposite configuration,

—N > —C-§ » —C-O configuration R as drawn therefore
configuration § with H behind the
plane of the paper

The structures of drugs as drawn on paper do not always lend themselves to ready
assignment of absolute configuration and sometimes a certain amount of thinking in
three dimensions is required in order to draw the structures in a form where the
absolute configuration can be assigned. In drugs such as steroids, penicillins and
morphine alkaloids, which are all based on natural products, chirality is built into the
molecules as a result of the action of the stereoselective enzymes present in the plant
or micro-organism producing them. However, there are many synthetic drugs where
chiral centres are part of the structure. Many of these drugs are used in the form of
racemuates since there are technical difficulties in carrying out stereospecific chemical
synthesis or in resolving mixtures of enantiomers resulting from non-stereoselective
synthesis. In the past many such racemic mixtures have been used as drugs without
regard for the fact that effectively a drug that is onty 50% pure is being administered.
The so called ‘inactive’ enantiomer may in fact be antagonistic to the active form or
it may have different physiological effects.>* The most notable example, which gave
rise to much of the medicines legislation in the past 30 years, is the case of
thalidomide, which contains one chiral centre and was administered as a racemate in
order (o alleviate moming sickness during pregnancy. The active enantiomer
produced the intended therapeutic effects whilst the ‘inactive’ enantiomer was
responsible for producing birth defects in the children of mothers who took the
racemic drug. Current legislation requires a manufacturer seeking to license a new
drug in the form of a racemate to justify the use of the racemate as opposed to a pure
enantiomer.
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' Self-test 2.13

Assign absclute configurations to the chiral centres in the following drugs.
CH,
5
N HSCH ;
HO i"z 2 H\<|3o
H
HO CH,”” : NCOOH N
‘G’ " Hooor Tz )
{-) DOPA Captopril
52 $1 Judordes lydoq () o suemsuy

Diastereoisomers

Where more than one chiral centre is present in a molecule there is the possibility of
diastereoisomers, e.g. captopril. Another example of a synthetic drug with two chiral
centres is labetalol. The number of diasterecisomers arising from n chiral centres is
271 j.e. 2 in the case of labetalol. In the structure shown in Figure 2.5 chiral centres
t and 2 in structure A have the configurations R and § respectively: the enantiomer
of this structure (B) has the § and R configurations in centres 1 and 2. In addition
there is a pair of enantiomers C and D that are diastereoisomers of the structures A
and B, which have the configurations |R2R and 1525,

R 8 | R s Fig. 2.5
! The stereoisomers of
H,NOC o s i CHg OH CONH, labatalol.
1 2 | 2 1
C c | c c
HO P CHANH T NCH), | (OH” | SNHOH,” | on
H 1
H ! H H
A B
R s ; R s
H,NOC OH CHy ' CH; ?H CONH,
o Pl = c2 ¢t
HO TNCHNH " [ ™(CH,Y, | (CHe”” | SNHCH | OH
H 1
H ! H H
I
i
i
c D

The diastereoisomers in a mixture can be usually separated by ordinary
chromatographic methods. In the case of labetalol, two peaks would be seen in a
chromatographic trace obtained from a non-chiral phase — one due to the 1825,
LS5,2R pair of enantiomers and the other to the 1R,2R and 15.25 pair of enantiomers.
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The commercial drug is in fact administered as a mixture of all four isomers and the
BP monograph for labetalol checks the ratio of the two chromatographic peaks
produced by the two enantiomeric pairs of diastereoisomers. In order to separate the
enantiomeric pairs a chiral chromatography column would be required and
separation on a chiral column produces four peaks (Ch. 12).

'Self-test 2.14

Indicate the configuration of the pairs of enantiomeric diasterecisomers which compose the
drug isoxsuprine.

OH CHy  cH,
HOQCH—CH—NH —CH—CHQ—O—D
12 3

Isoxsupring

SEYZSL
PU€ ¥E ST H1 SE ST YL PU ¥E YZ S1 'HE ST S) PUR ST ¥Z ¥L 'SE ST S1 PUB ¥E HZ ¥ amsuy

An example of a pair of diastereoisomers used separately as drugs is
hetamethasone and dexamethasone shown in Figure 2.6. With a total of eight chiral
centres within the betamethasone and dexamethasone structures there is the
possibility 28 = 64 isomers of the structure and these divide into 32 enantiomeric
pairs. Both dexamethasone and betamethasone could have corresponding
enantiomers but because they are largely natural products, made by stereospecific
enzymes, their optical isomers do not exist. Semi-synthetic steroids are largely
derived via microbial fermentation from naturally occurring plant sterols, originally
obtained from the Mexican yam. The partially degraded natural products are then
subjected to a number of chemical synthetic steps 10 produce the required steroid,

Fig. 2.6

An example of
diastereoisomers used
saparately as drug
malecules.

CHLOH CHL0H
c=0

Betamethascne Dexamethasone

In betamethasone and dexamethasone the only sterecisomerism is at the
synthetically substituted 16 position. In the case of betamethasone the methyl group
is in the B-position, i.e. as one looks down on the molecule, it is closer than the
hydrogen at position 16 (not necessarily projecting vertically out of the plane of the
paper). In dexamethasone. the methy] group is in the o-position - further away than
the hydrogen at 16 (not necessarily projecting vertically down into the paper). OF the
two steroids betamethasone has the slightly stronger anti-inflammatory potency.
Another sterecchemical term is ¢is and trans and this refers to the relative
orientation of two substituents. In betamethasone the hydroxyl group at 17 and the
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methyl group at 16 are trans — on opposite sides of the ring; in dexamethasone the
hydroxyl group at 17 and the methyl group at 16 are cis — on the same side of the
ring. Otherwise the relative orientation of the substituents is the same in both drugs,
e.g. fluorine at 9 and hydrogen at 8 are trans to each other.

Measurement of optical rotation

Circutarly Plane-polarised Tihed plane-polarised light
polarized light light

Patarigar Anafyser Detector
Sample usually in
10 cm {1 dm) call

Fig. 2.7
Schematic diagram of a
polarimeter.

Figure 2.7 shows a schematic diagram of a polarimeter. Light can be viewed as
normally oscillating throughout 360° at 90° to its direction of travel. The light source
is usually a sodium lamp, the polarising material can be a crystal of Iceland spar, a
Nicol prism or a polymeric material such as polaroid. When circularly polarised light
is passed through the polariser its oscillations are confined to one plane. In the
absence of an optically active material the instrument is set so that no light is able to
pass through the analyser. When the polarised light is passed through an optically
active medium the plane in which the light is oscillating in becomes tilted and light
is able to pass through the analyser. The angle of rotation can be measured by
correcting for the tilt by rotating the analyser until light again does not pass through
it. The angle that the second polariser has 1o be rotated through to, once again,
prevent the passage of light through it gives the measured rotation ¢, The standard
value for the rotation produced by an optically active compound is fe] the specific
rotation of a substance where:

() = 1

c

where ¢ is the measured rotation, 1 is the pathlength of the cell in which the
measurement is made in dm and ¢ is the concentration of the sample solution in
£/100 ml,

The observed optical rotation is dependent on both the wavelength of the light
and the temperature. The sodium D line (589 nm) is usvally used to make
measurements. The solvent in which the sample is dissolved may alsc greatly affect
the [cr] of a substance. Values for [¢t] are usvally quoted with details of the
concentration of the solution used for measurement, the solvent, the temperature and
the type of light used. For example the specific rotation for () adrenaline is given as:

[)*D=-51°(c=2,0.5MHCD

The optical rotation was obtained at 25° using the sodium D line witha 2 g
100 ml™! solution in 0.5 M HCI.
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If an enantiomer is chemically pure it is possible to determine its degree of
enantiomeric purity by measuring its optical rotation relative to a standard value, e.g.
if an enantiotneric mixture contains 1% of enantiomer A and 99% of enantiomer B
[ce] will be reduced by 2% compared to the vatue for optically pure B. Examples of
the measurement of optical rotation as a guality control check are found in the BP
monographs for Timolol maleate, Tobramyein and Phenylephrine Hydrochloride.

. Self-test 2.15

Optical rotation measurements were made using the sodium O line at 25°Cin a 1 dm cell and
the readings obtained were as follows:

(i} Phenylephrine HCl 2.6% wiv in 0.1 M HCl & =-0.98°
(i) Timolel maleate 9.8% wivin 1 M HC); ¢ =-0.59

Calculate |ue] for these drugs and express it in the conventianal form.

{IDH N L “8'6) oZ0°9— = Qse[0) (1) [DH W 10 9T} oL "£E— = Qa[0} () Siamsuy

Profiles of physico-chemical properties of some drug
molecules

Procaine
C B A Fig. 2.8
H2N @ COOCH 20 H 2N(02H5)2
Procaine

Drug rpe: local anaesthetic.
Functional groups:
+ A Tertiary aliphatic amine, pKa 9.0.

+ B Ester, neutral.
» C Aromatic amine, very weak base pKa ca 2.

Half-life in water: 26 d at pH 7.0, 37°C.
Additional information: Procaine is formulated in injections and thus susceptible to
aqueous phase hydrolysis, in simple solution its degradation is first order (Fig. 2.9).

Fig. 2.9
Hydrolysis of procaine.

e HN OOH
H'/OH
H2N—©—COOCHZCH2N(02H5}2 —
.

Procaine HOCH,CHaN{C;Hs}s
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Self-test 2.16

Calculate:

(i) The percentage ionisation of pracaine at pH 7.0 {the icnisation of group C at this pH will
be negligible).
(i) The rate constant for its hydrolysis at pH 7.0 and 37°C.

U DL L () TR LB (1) SieMsUY

Closely related drug motecules: Proxymetacaine, benzocaine, amethocaine,
butacaine, propoxycaine, procainamide (for stability of an amide group see
paracetamol), bupivacaine. lignocaine, prilocaine.

Paracetamol

A Fig. 2.10
NH.CQ.CH,

./lx

Q)

b
B

Paracetamol

Drug type; Analgesic.
Functional groups:

* A Amide group, neutral.
* B Phenclic hydroxy group very weak acid pKa 9.5.

Half-life in water: 21.8 years at pH 6 and 25°C. Most amides are very stable to
hydrolysis (Fig. 2.11).

NH.CO.CHs NH, Fig. 2.11
Hydrolysis of
N N paracetamol.
@ S (D]« ongcoon
HYOH™ \T/
CH CH

Other drugs containing an amide group: Bupivacaine, procainamide, lignocaine,
beclamide, acebutolol.
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A Fig. 2.12
COCH p
. _ococn,
@)
Aspirin

Aspirin
Drug type: Analgesic.
Functional groups:

+ A Carboxylic acid, weak acid, pKa 3.5. « B Phenolic ester, particularly unstable.

Half-life in water; 52 h at pH 7.0 and 25°C; ca 40 days at pH 2.5 and 25°C.
Addirional information: The rate of HO- catalysed hydrolysis of esters is > the rate
of H* hydrolysis of esters. Solid aspirin absorbs water from the atmosphere and then
hydrolyses (Fig. 2.13).

Fig. 2.13
Hydrotysis of aspirin.

COOH COOH
_O.CO.CH, L__on
Q\I — ( T] +  CHCOOH
H' O™ o

FPariition coefficient of un-ionised compound ar acidic pH: Octanol/water ca 631.
Other drugs containing phenolic ester group: metipranolol, vitamin E, benorylate,
dipivefrin.

Benzylpenicillin

B Fig. 2.14
<Ei§¥—c cng 8.
Nl P2 CO. CH,
N
o7 ¢ COOH
» D
Benzylpenicillin

Drug rype: antibiotic.
Functional groups:
+ A Amide, neutral, relatively stable, see paracetamol.

» B Thioether, neutral, can be oxidised at high levels of oxygen stress.
+  Lactam ring, neutral, particularly susceptible to hydrolysis (Fig. 2.13).



42 Pharmaceutical Analysis

Fig. 2.1% e \L s CH, M-
Hydrolysis of "\\(D F—CH.CONH L _ HWoH
P ly

benzylpenicillin, Oﬁ N

COOH

= CH
; 3 3
7 n,
: }—CHQ,CO,NHT'/ :E
,, (\/f; “CH;
Hooc N
1’ COOH

Half-life: benzylpenicillin: 38 d at pH 6.75 and 30% ampicillin: 39 d at pH 6.5 and 25°.
Additional information: Consideration of the stability of these compounds is
particularly important since they may be formulated as oral suspensions,

+ D Carboxylic acid, weak acid pKa 2.8 (the strength of the acid is increased by the
adjacent lactam ring).

Compounds with similar properties: amoxycillin, cloxacillin, carbenicillin,
flucloxacillin, phenoxymethylpenicillin, cephalexin, cefuroxime.

5-Fluorouracil

Fig. 2.16
B-Fluorouracil and its

(o] [a]
- )J\». - H"-N J\N
N N ionised form,
%/J\O L\T/LO_
F F

Predorminant form
atpH .0

A

B
H H

Drug rype: anticancer
Functional groups:

* A Ureide nitrogen, acidic, pKa 7.0,
* B Ureide nitrogen, very weakly acidic, pKa 13.0.

Additional informarion: The molecule is quite stable.

Fartition coefficient of un-ionised molecule: Octanol/water ca 0.13.

Compounds containing an acidic nitrogen in a heterocyclic ring: phenobarbitone,
amylobarbitone, butobarbitone, bemegride, uracil, phenytoin, theophylline,
theobromine.
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A Fig. 2.17
NH.COCHCH2CH

COCH,
OCH,CHCHNH.CH{CH 3);
B OH ©

Acebutolol

Drug type: B-adrenergic blocker.
Functional groups:

+ A Amide, neutral, susceptible to hydrolysis under strongly acidic conditions
(see paracetamol).

+ B Aromatic ether group, potentially oxidisable under stress conditions.

» (C Secondary amine group pKa 9.4,

Partition coefficient of un-ienised compound: Octanol/water ca 483,

Sulphadiazine

A
Fig. 2.18 N B O c N o
Sulphadiazine and its / 3 2l / 3 _l
ionised form. C >_NH S NH; >* N=5 NH
=N Q =N 0
A

loniged form

Drug tvpe: antibacterial (Fig. 2.18).
Funciional groups:

» A Diazine ring nitrogens, very weakly basic pKa < 2.
+ B Sulphonamide nitrogen, weak acid, pKa 6.5,
+ (C Weakly basic aromatic amine pKa < 2.

Partition coefficient of un-ionised compound: Octanol/water ea 0.35 (log P octanol
water at pH 7.5 =—1.3).

Closely related compounds: sulphadoxine, sulphamerazine, sulphametopyrazine,
sulphaquinoxaline, sulphachloropyridazine, sulphamethoxazole, sulphathiazole.

Self-test 2.17

Calculate the % ionisation of sulphadiazine at pH 7.5.

S'¢£ Hd
18 9a1Bap AUe 01 PASIUOCI 10U 348 3 NJ3)oL ALY U sdnoub 2iseq APjEsm 3YL "9 6°06 Jemsuy
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Isoprenaline

Fig. 2.19

H3 Oxidation of
CHCHQNHCH isoprenaline.
CH3

¢02

CHs
—>~CHCH2NHCH

CHa

Drug tvpe: sympathomimetic (Fig. 2.19).
Functional groups:

+ A Secondary amine, base pKa 8.6.
+ B Benzyl alcohol group. neutral.
+ (C Catechol group, weakly acidic pKa valves ca 10 and 12,

Additional information: As indicated in the reaction above. the catechol group is
very readily oxidised upon exposure to light or air. Oxidation results in such
compounds turning brown, solutions of isoprenaline and related compounds must
contain antioxidants as preservatives.

Puarrtition coefficient of the un-ionised druy: The compound is highly water soluble
and cannot be extracted to any great extent into an organic solvent since it is ionised
to some extent at all pH values.

Closely rared compounds: Dopamine, adrenaline, noradrenaline, terbutaline, DOPA.

Prednisolone

cC Fig. 2.20
OH
B oD
HO OH E

A

Drug type: corticosteroid (Fig. 2.20).
Functional groups:

* Aand D ketone groups neutral.

* B and C secondary and primary alcohol groups, neutral.

* E Tertiary alcohol group, neutral, prone to elimination by dehydration at high
temperatures. Where the hydroxyl group at E is converted to an ester such as
valerate, e.g. betamethasone valerate, thermal elimination of the ester can occur
quiie readily. Another decomposition reaction of the valerate esters is the
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intramolecular transfer of the ester group from E to C (see the BP tests for
Betamethasone Valerate products).

Fartition coefficient: Octanol/water ca 70. The drug does not ionise so that the
partition coefficient is unaffected by pH. Despite being neutral compound the
hydroxyl groups in prednisolone give it a water solubility of ca 0.5 mg/ml.
Closely related compounds: dexamethasone, betamethasone. triamcinolone,
hydrocortisone, betamethasone valerate, betamethasone dipropionate.

Guanethidine

Fig. 2.21
Guanethidine and its
ionised form.

A A
B NH B NH 2

| I
O — CH,CHANHC . NH, Q;CHzOHeNHCvNHz
H

Predominant form of guanethidine
at pH 7.0; charge on A s delocalised
over all three nitrogens

Drrug type: anti-hypertensive (Fig. 2.21).
Functional groups:

+ A Guanidine group; one of Lhe strongest nitrogen bases pXa 11.4.
* B Tertiary amine pKa 8.3.

Compounds containing guanidine group: arginine, creatining, bethanidine,
streptomycin, phenformin, metformin, chlorhexidine.

Pyridostigmine bromide

A

e
*N Br

=
S
0.CON(CH3);

Fig. 2.22

Drug rype: anti-cholinergic.
Functional groups:

* A Salt of strongly basic quaternary ammeonium ion. Quaternary aramonium ions
are charged at all pH values.

* B Carbamate group. the nitrogen s neutral as in an amide but the carbamate
group is less stable than an amide having a stability similar to that of a phenolic
ester.

Compounds containing a quaternary ammonium group: aracarium besylate,
bretylium tosylate, clindium bromide, glycopyrronium bromide.
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Q Additional problems

1. Calculate the pH of the following solutions assuming that the concentration and the activity
of the solutions are the same:

{iy 0.05 MHCIL

{i) 0.1 M chloroacetic acid {Ka = 1.4 x 10"%.

tiii) 0.1 M phosphoric acid (First Ka 7.5 x 107,

(iv} 0.1 M fumaric acid {Ka 9.3 x 10~ and 3.4 x 107},
v} 0.1 M di-isopropylamine base (Kb = 9.09 x 10~).
{vi) 0.1 M imidazole base {Kb = 1.6 x 10"},

0L (8 1021 (A 6L (M) 9871 (1) *E6°L (1) 771 (1) ispemsuy

2. Caiculate the pH of the following salt solutions:

{} 0.1 M sodium formate (Ka formic acid = 1.77 x 10~
iy 0.1 M sodium fusidate (Ka fusidic acid = 4.0 x 10},
(i} 0.1 M ephedrine hydrochloride (Ka of ephedrine = 2.5 x 1077,

€5 () 176 (1) g (1} semsty

3. Calculate what volumes of the salt solutions specified which would be required 1o prepare
11 of the following buffers:

(i) 0.1 M phospharic acid/0.1 M sodium dihydrogen phosphate pH 2.5 (pKa H,PO, 2.13}

(i) 0.1 M sodium dihydrogen phosphate/0.1 M disodium hydrogen phosphate pH 8.0
{pKa H,PO; 7.21).

(i) 0.1 M sodium bicarbonate/0,1 M sadium carbonate pH 9.5 {pKa HCO; 10.32}.

W STLE LW 57898 (1) w S09BAW ST6EL (1) (W L OLIW 66T (1) Ssamsuy

4. Indicate the percentage of ionisation of the functional groups specified in the following
drugs at pH 7.0 (Fig. 2.23).

cl
Fig. 2.23
© M oapkass
CHa~ ), BpKa9.2
/J\ 1 CHCHCHoN(CH3)
o° N
GH (v
3 —/ ApKa 6.0
Theophylling

Chlorpheniramine

%1'66 8 %606 ¥ aunuenuaydioys (uaboniu pie) %95 | auliydoay) sismsuy

5. Calculate the percentage of the following compounds that would be extracted under the
conditions specified:

i) A solution of basic drug pKa 9.2 in an oral liquid is mixed with a buffer having a pH of
7.2 and is extracted with an equal velume of chloroform (the partition coefficient of
the un-ionised base into chloroform is 500).

{ii) an acidic drug with a pKa 4.2 is extracted from a solution of pH 4.5 with an equal volume
of chloroform (the partition coefficient of the un-ionised acid into chloroform is 300}

2%0°66 (1) 1% T ER {1} Sramsuy




Physical and chemical properties of drug molecules

47

&. Extracts containing benzylpenicillin were prepared for analysis in buffer at pH 6.5 at 25°C,
the rate constant for the hydrolysis of benzylpenicillin under these conditions is 1.7 x 107 s,
What is the maximum length of time the solutions can be stored before analysis so that no
maore than 1% decompasition occurs.

Yt issamsuy

7. Determine the absolute configurations of the chiral centres in menthol and phenbutrazate.
List the configurations of the pairs of enantiomeric diastereoisomers of menthol (Fig. 2.24).

. CH
Fig. 2.24 v13
9 3 0.1
2 [ A2
T Lo CHoCH
CHZCH,CO0N, |~ LHs
CH3™~ “CHj 3
Menthoi
Phenbutrazate

‘OB W 04 5B ILBZELNGUDL Y

E ST WI/SE YT §) WE YT HLISE ST S1 'S YT YLAE SZ S\ ST ST HI/HE BT 51 [loyuap
$E ST 51 ICTLANGUIY 'HE HZ §1 IOYIUSI Ssamsuy
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Principles
An analyte is chemically reacted with a standard solution of a reagent of precisely known
concentration or with a concentration that can be precisely determined. The amount of a
standard solution required to completely react with all of the sample is used to estimate the
purity of the sample.
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Applications

» Provide standard pharmacopoeial methods for the assay of unformulated deugs and
excipients and some formulated drugs, e.g. those that lack a strong chromophore.

« Used for standardisations of raw materials and intermediates used in drug synthesis in
industry. Suppliers of raw materials may provide these materials at a specified purity
which has heen assayed titrimetrically to a pharmacopoeial standard.

= Certain specialist titrations, such as the Karl Fischer titration used to estimate water
content, are widely used ip the pharmaceutical indusiry.

Advantages

« (Capable of a higher degree of precision and accuracy than instrumental methods of
analbysis with precisions of ¢a £ 0.1% being achievable.

+ The methods are generally robust.

*  Analyses can be automated.

* Cheap to perform and do not require specialised apparatus.

* They are absolute methods and are not dependent on the calibration of an instrument.

Limitations

* Non-selective.

+ Time-consuming if not automated and require a greater level of aperator skill than
routine instrumental methods.

+ Require Jarge amounts of sample and reagents.

« Reactions of standard solutions with the analyte should be rapid and complete.

Introduction

Titrimetric methods are still widely used in pharmaceutical analysis because of their
robustness, cheapness and capability for high precision. The only requirement of an
analytical method that they lack is specificity. This chapter covers the theoretical
basis of most of the commonly used methods; the practical aspects of titrations have
been covered thoroughly by other textbooks.'?

Instrumentation and reagents

Glassware

The manufacturers’ tolerances for the volumes of a number of items of glassware are
give in Chapter 1. The larger the volume measure the smaller the percentage the
tolerance is of the nominal volume. Thus for a Grade A 1 ml pipette the volume is
within x 0.7% of the nominal volume whereas for the 5 ml pipette the volume is
within £ 0.3% of the nominal volume. If greater accuracy than those guaranteed by
the tolerances is required then the glassware has to be calibrated by repeated
weighing of the volume water contained by the item of glassware. This exercise is
also useful for judging how good one’s ability to use a pipette is since weighing of
the volumes of water dispensed correctly several times from the same pipette should
give weights that agree closely.

Primary standards and standard solutions

Primary standards are stable chemical compounds that are available in high purity
and which can be used to standardise the standard solutions used in titrations.
Titrants such as sodivm hydroxide or hydrochloric acid cannot be considered as
primary standards since their purity is quite variable. So for instance sodium
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hydroxide standard solution may be standardised against potassium hydrogen
phthalate, which is available in high purity. The standardised sodium hydroxide
solution (secondary standard) may then be vsed to standardise a standard solution of
hydrochloric acid. Table 3.1 lists some commonly used primary standards and their
uses.

Table 3.1 Primary standards and their uses

Primary standard Uses

Potassium hydrogen phthalate standardisation of sodium hydroxide solution
Potassium hydrogen phthatate Standardisation of acetous perchloric acid

Potassium iodate Standardisation of sodium thiosulphate solution through
generation of jodine

Anhydrous sodium carbonate Standardisation of hydrochloric acid

Zinc metal Standardisation of EDTA solution

Direct acid/base titrations in the aqueous phase

Strong acid/strong base titrations

Figure 3.1 shows the titration curve obtained from the titration of a strong acid with
a strong base. The pH remains low until just before the equivalence point when it
rises rapidly to a high value. In many titrations a coloured indicator is used although
electrochemical methods of end-point detection are also used. An indicator is a weak
acid or base that changes colour between its ionised and un-ionised forms; the useful
range for an indicator is 1 pH either side of its pKa value. For example
phenolphthalein (PP) pKa 9.4 (colour changes between pH 8.4 and pH 10.4)
undergoes a structural rearrangement as a proton is removed from one of its phenol
groups as the pH rises and this causes the colour change (Fig. 3.2). Methyl orange
{MO) pKa 3.7 (colour changes between pH 2.7 and pH 4.7) undergoes a similar pH
dependent structural change. Both these indicators fall within the range of the
inflection of the strong acid strong base titration curve,

There are only a few direct strong acid strong base titrations carried out in
pharmacopoeial assays.

Strong acid/strong base titrations are used in pharmacopoeial assays of:
perchloric acid, hydrochloric acid, sulphuric acid and thiamine hydrochloride.

Weak acid/strong base and weak base/strong acid
titrations

On addition of a small volume of the strong acid or strong base to a solution of the
weak base or weak acid, the pH rises or falls rapidly to about 1 pH unit below or
above the pKa value of the acid or base. Often a water miscible organic solvent such
as ethanol is used to dissolve the analyte prior to addition of the aqueous titrant.

Figure 3.3 shows a plot of pH when | M NaOH is added to 25 mlofa 1 M
solution of the weak acid aspirin.

In the case of aspirin, the choice of indicator is restricted by where the inflection
in its titration curve lies; PP is suitable as an indicator whereas MO is not.

In the example of the titration of quinine with hydrochloric acid (Fig. 3.4), MO is
a suitable indicator because it falls within the inflection of the titration curve
whereas PP is not suitable.
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144 Fig. 3.1
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' Self-test 3.1

Which of these indicators could be used in the titration of aspirin and which could be used in
the titration of quinine?

(i) Bromophenol blue pKa 4.0.
(i) Methyl red pKa 5.1.

(iii) Cresclred pKa 8.3,

{iv} Chloraphenol blue pKa 6.0,

1) pue (1) :SuUan (A pue {n) udsy siamsuy

Some acids or bases can donate or accept more than one proton, i.e. | mole of
analyte is equivalent to more than 1 mole of titrant. If the pKa values of any acidic or
basic groups differ by more than ca 4, then the comipound will have more than one
inflection in its titration curve. Sodium carbonate is a salt of carbonic acid and it can
accept two protens. The pKa values of carbonate and bicarbonate are sufficiently
different (pKa 10.32 and 6.38) for there to be two inflections in the titration curve.
The two stages in the titration are:

1 - COy” +H* —= HCO,
2 HCO, + H* — H,CO,

In a titration of sodium carbonate, the first inflection is indicated by PP and the
whole titration by MO (Fig. 3.5).

14 Fig. 3.5
124 Titration of 1 M sodium
carbenate with 1 M HCL.
104 I pp
pH &
[-
44 ! MO
24
O T U U T T

ml HC added

Self-test 3.2

A sample containing 25.14 g of neutral salts, glucose and a sodium carbonates/bicarbonate
buffer was dissolved in 100 ml of water. A 25 ml aliquot of the resuttant solution required
20.35 ml of 0.0987 M HCl when titrated to the PP end-point. A second 25 ml aliquot was
titrated to the MO end-point and required 56.75 ml of the acid. Calculate the percentage of
Na,C0; (MW 106) and NaHCO,; (MW 84) in the sample.

Algandadsal ‘a7 ) 7 PUR %EE'E Siamiuy
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' Self-test 3.3

How many inflections do the following substances have in their titration curves when titrated
with a strong base? Draw the predominant forms of these substances which would exist at
pH 14,
COOH CHCCOH
Il
COOH HOOCCH
Qualic acid Fumaric acid
pKa 1.19, 4.21 pKa 3.03, 4.47
CH,COCH
] 2 (IJOOH
HO—C—COCH P
| o0 @ CH,CHNH,CI
CH,CCOH
Citric acid Phenylalanine
pKa 3.06, 474,54 pka 1.83, 9.13
Z sulue|ejAuayd ‘| PIIR LI 'L P JLIBWING ‘| PRE M[EX0 SIomMSUYy

Weak acid/strong base titration is used in the pharmacopoeial assays of: benzoic
acid, citric acid, chlorambucil injection, mustine injection, nicotinic acid tablets and
undecanoic acid.

Indirect titrations in the aqueous phase
These can be of the strong acid/strong base, weak acid/strong base or weak
base/strong acid type. The more common examples are weak acid/strong base.

Estimation of esters by back titration
Excess of sodium hydroxide is added to the ester. The following reaction occurs:

RCOOR' + XSNaOH —» RCOONa +R'OH

The XSNaOH is back titrated with HCI using PP as an indicator.

This procedure is used in pharmacopoeial assays of: benzyl benzoate, dimethyl
phthatate, ethy] cleate, methyl salicylate, cetostearyl aleohol, emulsifying wax,
castor oil, arachis oil, cod liver oil, coconut oil.

Saponification value

The assay of fixed oils provides a special case of ester hydrolysis since they are
triesters of glycerol. The saponification value for a tixed oil is the number of mg of
KOH equivalent to 1 g of oil. A high value means rancidity, a low value possible
adulteration with mineral oil, Almost all edible cils have a saponification value
between 188 and 196. Hydrolysis of the fixed oil is carried out with ethanolic KOH.

This procedure is used in the pharmacopoeial assays of: castor oil, cod liver oil,
cotton seed oil, almond oil and sesame seed oil.

Acid values are also determined for fixed cils. The acid value for a substance is
the number of mg of KOH required to neutralise | g of the test substance when it is
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Calculation example 3.1
The following data were obtained for a sample of cod liver oil:

Weight of oil taken for analysis =2.398 g

Ethanolic KOH (MW 56.1) used in determination = 0.986 M

Amount of ethanolic KOH used for hydrolysis and in blank titration = 25 ml
Amount of 0.470 M HCI required to neutralise excess KOH = 35.2 ml
Amount of 0.470 M HCl required in the titration of blank = 52.3 ml

Calculation
Amount of KOH used initiatly = 52.3 x 0.47 = 24.6 mmole

Amount of HCI required to neutralise excess KOH = 35.20 x 0.470 = 16.5 mmole
Amount of KOH used in hydrolysis = 24.6 — 16.5 = 8.1 mmole x MW =mg
Amount of KOH used in the hydrolysis = 8.1 x 56.1 = 454.0 mg

Amount of KOH/g of fixed 0il used in the hydrolysis = 454/2.398 = 189.3 mg

Therefore saponification value = 189.3.

' Self-test 3.4 ) —

Calculate the saponification value of a sample of castor il from the following data:

* Weight of oil taken for analysis = 2,535 g

+ Ethanolic KOH used in the hydrolysis = 1.03 M

+ Amount of KOH used in hydrolysis = 25 ml

+ Amount of 0.514 M HCl required to neutralise excess KOH = 34.2 mi
+« Amount of 8.514 M HCl required in the titration of blank = 50.2 ml

78I 4eMmsuY

titrated with 0.1 M ethanolic KOH to a PP end-point. This value is quoted for many
fixed oils in order to eliminate rancid oils, which contain large amounts of free fatty
acid. Typically acid values for fixed oils are in the range of 1-2.

Estimation of alcohols and hydroxyl values by reaction
with acetic anhydride (AA)

Alcohols can be determined by reaction with excess AA (Fig. 3.6). This is a useful
titrimetric method because the alcohol group is difficult to estimate by any other

means.

) — Py

Fig. 36 (_ })—CHOH + (©He0R0 —= (( D\—CHEOCOCH + CH,CO0H
Estimation of benzyl e 3

alcohel by reaction with

acetic anhydride. + XS (CH;COLO

The excess AA and acetic acid may be backtitrated with NaOH using PP as an
indicator.
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In a related assay. a hydroxyl value is determined for a fixed oil. A 1:3 mixture of
AA in pyridine is used in the determination: the pyridine is present as a catalyst. The
hydroxyl value may be defined as:

The number of mg of KOH required to neutralise a blank titration of the reagents -
the number of mg KOH required to neutralise excess AA + acetic acid after reaction
with [ g of the test substance.

Calculation example 3.2
The following data were obtained for a sample of castor oil:

" Weight of castor oil taken for analysis = 1.648 g
Volume of acetic anhydride used for the reaction = 5 ml
Molarity of ethanolic KOH used to neutralise the excess AA + acetic acid = 0.505 M
Volume of ethanolic KOH required to titrate 5 m{ of reagent = 53.5 ml
Volume of ethanolic KOH required to neutralise excess AA + acetic acid after reaction with the castor oil = 44.6 ml.
Number of mmoles of KOH used in the blank titration = 53.5 x 0.505 = 27.0
Number of mg of KOH used in the titration of the blank = 27.0 x 56.1 = 1515
Number of mmoles of KOH used in titration of AA + acetic acid = 44.6 x {1.505 = 22.5
Number of mg KOH used in titration of excess AA + acetic acid = 22.5 x 56.1 = 1262
Hydroxyl value = 1515-1262/1.648 = 154.

To be completely accurate the acid value for the fixed oil should be added te the hydroxyl value since any free acid
in the oil will titrate along with the excess reagents giving a small overestimate. The acid value for castor oil is
abeut 2.0 giving a hydroxyl value for the above sample of 136,

Reaction with acetic anhydride is vsed in pharmacopoeial assays of: benzyl alcohol
and dienestrol and determination of hydroxyl values of castor cil, cetesteryl alcohol
and cetomacrogol.

Non-aqueous titrations
Theory

Non-aqueous titration is the most common titrimetric procedure used in
pharmacopoeial assays and serves a double purpose, as it is suitable for the titration
of very weak acids and bases and provides a solvent in which otganic compcunds
are soluble. The most commonly used procedure is the titration of organic bases with
perchloric acid in acetic acid. These assays sometimes take some perfecting in terms
of being able to judge precisely the end-point.

The theory is very briefly as follows: Water behaves both as a weak acid and a
weak base thus in an aqueous environment it can compete effectively with very
weak acids and bases with regard te proton donation and acceptance as shown in
Figure 3.7.

The effect of this is that the inflection in the titration curves for very weak acids
and very weak bases is smail because they approach the pH limits in water of 14 and
0 respectively thus making end-point detection more difficult. A general rule is that
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H O + H === H0 Fig.3.7

Competition of water

with weak acids and
Competeswith RHN, + H =—= RANH;" bases for proton

acceptance and

donation.
HO + B === OH + BH
Competes with ROH + B =—= RO + BH

bases with pKa < 7 or acids with pKa > 7 cannot be determined accurately in
aqueous solution. Various organic solvents may be used to replace water since they
compete less effectively with the analyte for proton donation or acceptance.

Non-aqueous titration of weak bases

Acetic acid is a very weak proton acceptor and thus does not compete effectively
with weak bases for protons. Only very strong acids will protonate acetic acid
appreciably according to the equation shown below:

CH,COOH + HA —== CH,COOH," + A"

Perchloric acid is the strongest of the common acids in acetic acid solution and
the titration medium usually used for non-aqueous titration of bases is perchloric
acid in acetic acid, Addition of acetic anhydride, which hydrolyses to acetic acid, is
used to remove water from aqueous perchloric acid. Weak bases compete very
effectively with acetic acid for protons. Oracet blue, quinalidine red and crystal
violet (very weak bases) are used as indicators in this type of titration. A typical
analysis is shown in Figure 3.8 for LDOPA.

fFig. 3.8
Anatysis of DOPA by non-
agqueous titration,

HQ HO
NHg*

o
\ N I/‘“* |
O }—CHQCHGOOH + OHCOOH;  — HO—{( ) )— CH,CHCOOH
\ I

+  CHyCOOH

When the base is in the form of a sailt of a weak acid, removal of an anionic
counter ion prior to titration is not necessary, e.g. for salts of bases with weak acids
such as wrtrate, acetate or succinate, However, when a base is in the form of a
chloride or bromide salt, the counter ion has to be removed prior to titration. This is
achieved by addition of mercuric acetate; the liberated acetate is then titrated with
acetous perchloric acid. This is illustrated in Figure 3.9 for the example of
phenylephrine. HC1.

Non-aqueous titration with acetous perchloric acid is used in the pharmacopoeial
assays of: adrenaline, metronidazole, codeine, chlorhexidine acetate,
chlorpromazine. HCI, amitriptyline. HCl, propranolol. HCI, lignocaine HCl and
quaternary amine salts such as neostigmine bromide and pancuronium bromide.



58 Pharmaceutical Analysis

HC, HO Fig. 3.9
\ \ OH -3,
P N ?H + B S + ~ The analysis of
{{__) = CHCHNH; GH,CH o ({ )~ CHCHNH,CH; + Cl phenylephrine
iy — hydrochioride by non-

aqueous titration.

HG(CHZCOO)z + 2017 — = HgCla + 2CH3CO0™

2CH3CO0Hg+ +  2CH3CO0™ ——3=  4CH3COOH

Non-aqueous titration of weak acids

For the non-aqueous titration of weak acids a solvent such as an alcohel or an
aprotic, solvent is used that does not compete strongly with the weak acid for proton
donation. Typical titrants are lithium methoxide in methanol or tetrabuty! ammonium
hydroxide in dimethylformamide. End-point detection may be carried out with
thymel blue as an indicator or potentiometrically {(see p. 63).

Non-agueous titration of acidic groups is carried out in pharmacopoeial assays of.
barbiturates. uracils and sulphonamides. '

Argentimetric titrations
Argentimetric titrations are based on the reaction:

AgNO, + CI- —= AgCl(s) + NO,~

Potassium chromate may be used as an indicator producing a red colour with
excess Ag' ion. More widely applicabie is the method of back titration. Excess
AgNO, is added to the sample containing chloride or bromide ions. The excess
AgNQ, is then titrated with ammonium thiocyanate and ammonium ferrous sulphate
is used as an indicator of excess SCN .

AgNO, + NH,SCN —a= AgSCN (s) + NH,NO,

Before the back titration can be carricd out, the precipitated AgCl has to be
filtered off or coated with diethylphthalate to prevent SCN- causing dissociation of
AgCl. Organically combined chlorine has to be liberated by hydrolysis with sodium
hydroxide prior to titration. A halogen attached to an aromatic ring cannot be
liberated by hydrolysis and aromatic halides have to be burnt in an oxygen flask in
order to trelease the halogen for titration.

Argentimetric titration is used in pharmacopoeial assays of: sodium chloride and
potassium chloride tablets, thiamine hydrochloride, mustine chloride and carbromal,

Compleximetric titrations

These titrations are used in the estimation of metal salts, Ethylenediamine tetracetic
acid (EDTA}) shown in Figure 3.10 is the usual titrant used. It forms stable 1:1
complexes with all metals except alkali metals such as sedium and potassium. The
alkaline earth metals such as calcium and magnesium form complexes which are
unstable at low pH values and are titrated in ammonium chloride buffer at pH 10.
The general equation for the titration is:

M™ + Na,EDTA —= (MEDTA )" ¢ + 2H*
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HOOCCH, CH,COOH Fig. 3.10

NCH,CH,N EDTA.
HOOCCH,” “SCH,COOH

Elhylenediamine tetracetic acid

The end-point of the reaction is detecied using an indicator dye. The dye is added
to the metal solution at the start of the titration. and forms a coloured complex with a
small amount of the metal. The first drop of excess EDTA causes this complex to
break up resulting in a colour change.

Tiwation with EDTA is used in the pharmacopoeial assays of:
bismuthsubcarbonate, calcium acetate, calcium chiloride, calcium gluconate,
magnesium carbonate, magnesium hydroxide, magnesium trisilicate, bacitracin zing,
zinc chloride and zine undecanoate.

Insoluble metal salts are estimated by back titration; the sample is heated with
excess EDTA 1o form the soluble EDTA complex of the metal and then the excess
EDTA is titrated with salt solutions containing Mg>* or Zn>* of known concentration,

Back titration with EDTA is used in the pharmacopoeial assays of: aluminium
glycinate, aluminium hydroxide, aluminium sulphate. calcivm hydrogen phosphate.

Redox titrations

Redox titrations are based on the transfer of electrons between the titrant and the
analyte. These types of titrations are uswaily followed by potentiometry. although
dyes which change colour when oxidised by excess titrant may be used.

Theory

Reduction potential is a measure of how thermodynamically favourable it is for a
compound to gain electrons. A high positive value for a reduction potential indicates
that a compound is readily reduced and consequently is a strong oxidising agent, i.e.
it removes electrons from substances with fower reduction potentials. The oxidised
and reduced form of a substance are known as a redox pair. Table 3.2 lists the
standard reduction potentials for some typical redox pairs.

Table 3.2 Standard reduction potential (£,) for some redox pairs relative to the standard hydrogen
electrode potential 0

EO
Cet+e ——- Ce* 1.61V
MnO, + 5e + 8H* — Mn* + 4H,0O 1.51v
Cl,+2e — - 2C!- 1.36V
Br,+2e — - 2Br 1.065V
Fe* +e — - Fe 0y
IL+2e —- 21 0536V
AgCl+ e — Ag +ClI 0.223 v
2H-+2e ——- H, oV
Fe**+ 2 e — - Fe -0.440 v
Ca*+2e —- Ca -2.838 YV

A substance with a higher reduction potential will oxidise one with a lower
reduction potential. The difference in potential between two substances is the
reaction potential and is approximately the potential difference which would be
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measured if the substances comprised two halves of an electrical cell. For example
Cl; will oxidise Br according to the following equation:

Cl, + 2Br —m 2CI" + Br,

Taking values from Table 3.2 the reaction potential is given by:
136 -1.065=029V
For the reaction:

Ca+ Cl, —m CaCl,

The reaction potential is given by: 1.36 — (-2.888) = 4,248 V (i.e. a large difference
and calcium burns in chlorine).

Self-test 3.5

Complete the equations where reaction is possible and indicate the reaction potential.

i) ,+2CH et
(i) Bry+21I —-
(i) Ce* + Fe* —fg=
{iv] I+ Fe ——
(v) Fe¥ 4+ AgCl —jem-

{unoy by
SH Ul Apeaute st By) ucideal ON (A) 'A 9£6°0 (M) 'A GE8°0 () 'A 62570 (1) TUOIDESI ON (1) somsuy

In the above examples we have ignored the effect of concentration of oxidant and
reductant on E, values; in fact £ {the observed electrode potential) is stable over a
wide range of concentrations. The E-value for a solution containing a redox pair is
governed by the Nernst equation;

E = E,+ 2RT/nF In [Ox}/[Red]

where [0x] is the concentration of the oxidised form of a particular substance and
[Red] is the concentration of the reduced form of a particular substance.

F = Faraday’s constant

a = number of electrons transferred in the reaction

By substituting a value for the constant terms this equation can also be written as:

E=E, +0.0591/n log [Ox)/[Red]

Where n is the number of electrons transferred during the reaction. It is clear that
E is approximately equal to Eo except when there is a large difference between [Ox]
and [Red].

Self-test 3.6

Calculate the £ for the following redox pair when Mn* = 0.5 M and Mn* = 0.01 M
(£, M@ M = 1.51 V).

ALY oMUty

The titration curve for Fe?* against Ce** is shown in Figure 3.11. This curve
shown is for a titration carried out with a standard hydrogen electrode as the
reference electrode.
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et oe?t Fig. 3.11
Titration of 25 ml of

1.5 1 M Fe* with 1 M Ce®,
4
(=]
=

101 Fedvy a2t

05 T T ,

0 10 20 30 40 S0
m of Cerium {1V} added

Where a reference electrode has a reduction potential > 0, then the predicted
reading of the potential for a redox pair is obtained by subtracting the reduction
potential for the reference electrode, e.g. for an Ag/AgCl reference electrode (0.223 V
is subtracted.

' Self-test 3.7

Using the values in Table 3.1, what would be the approximate potential measured for the
Fe*iFe? redox pair present in the first part of the titration shown in Figure 3.11 measured
against;

{i} A standard hydrogen electrode.

{iy An Agfagll electrode?

Similarly what would the approximate potential be for the Ce™/Ce® redox pair on the piateau
after the end-point measured against?

{iii} A standard hydrogen electrode.

{iv) An AgiagCl electrode.

ABEL{A) A 1971 () A S50 (1) A L2°D () sramsuy

In carrying out redox titrations, standard Ag/AgCl or Hg/Hg,Cl, electrodes are
used as a reference in conjunction with an inert redox electrode, e.g platinum, which
takes its potential from the particular redox pair in the sclution in which it is
immersed.

Redox titration is used in pharmacopoeial assays of: ferrous salts, hydrogen
peroxide, sodium perborate and benzoyl peroxide by titration with KMnO,. Tn the
case of KMnQ, titrations the end-point may be detected when the purple colour of
the permanganate persists.

lodometric titrations
There are a number of types of iodometric assay.

Direct titrations

Todine is a moderately strong oxidising agent (See Table 3.1). During oxidation
iodine is reduced as follows:

L+2e=—2I

It will oxidise substances with lower reduction potentials, ¢.g. the titration of
ascorbic acid is carried out as shown in Figure 3,12,
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HOH,C HOH,C Fig. 3.12
Oxidation of ascorbic

HoR Q.0 HOH o, 0O acid by iodine,
vy === +2H" + 21

HO OH G o

Ascorbic acid

The iodine solution used is standardised against sodium thiosulphate (see l[ater).
In addition the end-point is detected using starch indicator, which produces a blue

colouration with excess iodine.

Direct iodometric titration is used in pharmacopoeial assays of: ascorbic acid,

sodium stilbigluconate, dimercaprol injection and acetarsol.

lodine displacement titrations

These tirrations involve displacement of iodine from iodide by a stronger oxidising

agent followed by titration of the displaced iodine with sodium thiosulphate. -
For example, the available chlorine in bleach is estimated as follows:

CL+2 1 ==2CI+],

The displaced iodine is then tirated with thiosulphate according to the following

equation:

28,07 + L, ==S5,0,>+2I

A different approach is used in the estimation of phenols, Bromine is generated
by reaction of potassium bromide with a defined volume of a standard solution of

potassium bromate according to the following equation:
BrO,™ + 5Br + 6H* —== 3Br, + 3H,0

The bromine generated is then reacted with the phenol and 1 mole of phenol
reacts with 3 moles of bromine (Fig. 3.13).

Br
kY
S, P
HO_\{\,.)) + 3Br, — HO—<\O}>—BF + 3HBr
N N
Brzr

Fig. 3.13
Reaction of phenol with
bromine.

Excess bromine is used and the bromine remaining after the above reaction is

reacted with iodide as follows:

Br,+21-——=2Br +1,

The liberated 1odine is then titrated with thiosulphate thus guantifying the excess

bromine.

lodine displacement titrations are used in pharmacopoeial assays of: liquefied

phenol, methyl hydroxybenzoate, propyl hydroxybenzoate and phenidione.
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' Self-test 3.8

A sample of phenoi glycerol injection was diluted with water and an aliguot was taken and
raacted with excess bromine generated from potassium bromide and potassium bromate solutions.
The excess bromine remaining after reaction was reacted with potassium iodide and the
liherated iodine was titrated with sodium thiosulphate. A blank titration was carried out where
the same quantity of bromine was generated as was used in the titration of the diluted injection,
potassium iodide was then added and the liberated iodine was titrated with sodium thiosulphate,
From the following data calculate the percentage of wiv of the phenol in the injection,
Weight of injection taken for analysis = 4.214 g,

The sample is diluted to 100 ml with water and then 25 ml of the solution is analysed.

The volume of 0.1015 M sodium thiosulphate required to titrate the XS bromine after reaction
with the sample = 22.4 ml.

The volume of 0.1015 M sodium thiosulphate required to titrate the bromine blank = 48.9 ml.
Density of glycerol = 1.26.

The equations of the reactions are given above.

AN % 10'G LAMSUY

lodine-absorbing substances in penicillins

A major stability problem in penicillins is the hydrolysis of the lactam ring as shown
in Figure 3.14. Penicillins with an open lactam ring are inactive as antibiotics since it
is the reactive lactam ring which kills the bacteria.

Fig. 3.14
Hydrolysis of the lactam
ring in penicilling,

NH

Y -8 H,O .
) CHCO,NH—'—|/ Ll gy s
N - ¢ CHCONH u I
= LN O,>_| 71

c NH,

COOH HOOC N
|!| COOH
Ampicillin Inactive ring open form

When the lactam ring is open it will react with iodine. 1 mole of the ring open
form of penicillin will react with 8 equivalents of iodine, the intact lactam ring will
not react. In this type of titration excess iodine solution is added to a sample of the
penicillin and the iodine which is not consumed in the reaction is estimated by
titration with sodiuvm thiosulphate. The value obtained for the amount of hydrolysed
penicillin in the sample should be no more than 5% of that obtained when all the
penicillin in the same amount of sample is completely hydrolysed to the ring-opened
form and then reacted with iodine. Most of the pharmacopoeial monographs for
penicillins indicate that this test should be carried out

lon pair titrations

This type of titration is widely used in the cosmetics and detergents industry since it
is very useful for estimating surfactants, which often cannot be analysed by
spectrophotometric methods because they lack chromophores. There are two types
of titration used.

Titrations using indicator dyes

A small amount of an anionic or cationic dye is added to an aqueous solution of the
analyte, which is a lipephilic cationic or anionic compound. A small amount of
coloured lipophilic ion pair is formed and this is extracted into a small amount of
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chloroform, which becomes coloured by the ion pair. Titration of the lipophilic anion
or cation is carried out with a lipophilic counter ion, e.g. benzethonivm chloride or
sodium dodecyl sulphate. At the end-point excess of the titrant breaks up the
coloured complex in the chloroform fayer.

lon pair titration using a coloured indicator complex is used in pharmacopoeial
assays of: dicyclamine elixir, procyclidine tablets, sodium dodecyl sulphate and
cetrimide emulsifying ointment.

Titrations using iodide as a lipophilic anion

This procedure is more widely used in pharmacopoeial assays than the dye
extraction procedure. Excess potassium iodide is added to an aquenus selution of the
analyte, which is a lipophilic cation. A lipophilic ion pair is formed between the
cation and the iodide ion and is then removed by extraction into an organic phase
such as chloroform. The excess iodide remaining in the aqueous phase is then
titrated in concentrated HCI (> 4 M) with potassium iodate. The iodate oxidises
iodide to I*, which immediately reacts with CI" to give ICI resulting in the following
equation:

KI(G; + 2K1 + 6 HCl —= 3 KCi + 3 IC1 + 3H,0

A small amount of chloroform is used as an indicator and in the presence of the
reaction mixture it becomes coloured purple by traces of iodine, which are present
during titration. The purple colour disappears at the end-point when the conversion
of all I- and [, into IC] is complete.

lon pair formation with iodide followed by titration of excess jodide with iodate
is utilised in pharmacopoeial assays of: cetrimide. cetylpyridium bromide, domiphen
bromide and benzalkonium chloride.

Diazotisation titrations

This type of titration is quite simple to carry out and is very useful for the analysis of
sulphonamide antibiotics and aminobenzoic acid-derived local anaesthetics. Titration
is carried out with acidified sodium nitrite causing the primary aromatic amine
function to be converted to a diazonium salt shown in Figure 3.15 for
sulphacetamide.

R

=
HN— U%SOQ.NH‘CO,CH;; + NaNG., +3HGC
=

cm§@ SO,NH.CO.CH; +2NaCl+ 2H0

Fig. 3.15

Reaction of
sulphacetamide with
nitrous acid.

A smalt amount of iodide is included in the titration mixture. At the end-point the
first drop of excess of nitrous acid converts iodide to iodine and this is detected using
starch indicator.

Titration with nitrous acid is used in pharmacopoeial assays of the following:
benzocaine, dapsone. primaquine, procainamide, procaine, sulphacetamide,
sulphadoxine, sulphamethizole, sulphapyridine and sulphathiazole.
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Potentiometric titrations

Potentiometric end-point detection

All of the titrations discussed in the preceding sections can be carried out using a
suitable electrode to measure the potential of the solution as the titration progresses.
The advantage of making potentiometric measurements in order to detect end-points
is that the measurements can be made in solutions which are coloured, unlike
indicator-based end-point detection, and give unambiguous end-points where
indicator colour changes are not clear or sudden. The disadvantage of potenttometric
titrations is that they are relatively stow since time has to be allowed for readings to
stabilise, particularly near the end-point of the titration. However, potentiometric
titrations can be automated and potentiometric end-point detection is used in
automatic titrators where the titrant is pumped into the sample under microprocessor
control. The electrode which is usually used to make the measurements in
potentiometric titrations is the pH-sensitive glass indecator electrode. This electrode
consists of a pH-sensitive glass membrane bulb which encloses a phosphate buffer
solution containing potassium chloride solution and saturated with silver chloride.
The solution is in contact with an internal reference electrode which consists of a
silver wire. The circuit is completed by a second reference electrode, which in
madern combination electrodes is a second silver/silver chloride electrode, which
contacts the external solution via a porous junction (Fig. 3.16). The electrode
monitors the variation in the potential difference which is largely caused by the
interaction of hydrogen ions with the outer surface of the pH sensitive glass
membrane.

Fig. 3.16
pH-sensitive glass
electrode.

To voltmeter

Ag/AQCH external
reference electrode

/ reference slectrode
Junction with
surrounding solution ‘\ pH-sensitive

Internal filling solution glass membrane
phosphate buffer pH 7.0

containing KCI and saturated

with AgCl

Ag/AgCl intemal
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The potential which developes on the inner and outer glass surfaces of the
electrode is due to the following equilibria:

H* + G- === H*GI-
Cuter membrane
H* + GlI- == H*'GI
Inner membrane

The number of GI- sites on the outer membrane increases with decreasing [H*]
and thus its potential becomes increasingly negative with respect to inner surface
with increasing pH. The Nernst equation can be simplified and written in the
following form for the glass electrode when the temperature is 20°C:

E = Ek - 0.059 [pH.

where £ is the measured potential in volis and Ek is a constant composed of the
sum of the various potential differences within the electrode, which do not vary
appreciably. The combination electrode is constructed so that its potential is ca 0V
at pH 7.0. It can be seen from the equation above that £ changes by 39.1 mV for
each pH unit.

Self-test 3.9

Assuming an indicator electrode is constructed so that £ = 0V at pH 7.0 calculate what its
potential would be at: {i} pH 1; (ii} pH 14

ALE0- (1) A 9E70+ (1} Siamsuy

When potentiometric titration is carried out, the volume of titrant added is plotted
against the measured potential. Since the electrode takes time to equilibrate, the
volume of titrant required to reach the end-point is first calculated and a volume of
titrant is added to within ¢a 1 ml of the end-point. Then the titrant is added in 0.1 ml
amounts until the steep inflection in the titration curve is passed. The end-point of
the titration is the point where the slope of the titration curve is at its maximum.
Thus if dE/dV is plotted for the titration, the maximum of the plot gives the end-
point. The end-point can also be determined frem the mid-point of the inflection in
the titration curve or from the tabulated data. Figure 3.17 shows a curve for the
titration of 2 mmoles of aspirin with 0.1 M NaOH. The end-point corresponds to the
mid-point of the inflection or if the tabulated data is examined it can be be taken to
be the mid-point between the two volumes where dE/dV is greatest, i.e. at 20.05 ml
between 20 and 20.1 ml. The actual end-point for exactly 2 mmoles of aspirin
titrated with 0.1 M NaOH should be 20 ml, addition of 0.1 ml aliquots towards the
end-point means that the end-point is only accurate to within + 0.03 ml.

Use of potentiometric titration to determine pKa values

Potentiometric titration provides the principal method for determining pKa values
and it is best applied to substances with pKa values < 11. For example the pXa of
benzoic acid can be determined as follows: A 0.01 M solution of benzoic acid

(50 ml) is titrated with 0.1 M KOH. The KOH is added in 0.5 ml increments; it
would be expected that 3 ml of 0.1 M KOH would be required to neutralise the
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Fig. 3.17

Titration of 20 mmoles of
aspirin (pKa 3.5} with

0.1 M NaOH. The end-
point corresponds to the
mid-point of the
inflection.

Enci-poinl
miof 0.1 M NaOH added

Table 3.3 Potential differance values obtained for titration of 2 mmoles of aspirin (pKa 3.5} against
3.1 M NaOH

mi of 0.1 M NaOH added potential mv
14 185
16 172
18 13
19 132
19.1 129
19.2 126
19.3 122
19.4 119
18.5 113
19.6 107
19.7 100
19.8 89
19.9 ral
20 -44
20.1 -177
202 -195
203 =206
20.4 =212
21 -2386
23 -266

benzoic acid. The pH of the titration is monitored with a glass electrode and the pH
of the mixture after 2,5 ml of (.1 M KOH has been added will equal the pKa value of
benzoic acid since:

) [C,H,COOK]
pka =pH—log 1~ 4 COOH]

The pKa value may be checked after addition of each 0.5 ml since the
concentrations of acid and salt are known at each point on the titration curve, The
slight increase in volume due to addition of the 0.1 M KOH may be ignored. For a
base, the Henderson-Hasselbalch equation is written as given in Chapter 2, page 20.
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Self-test 3.10

50 ml of a 0.01 M solution of the base diphenhydramine is titrated with 0.1 M HC and the pH
is monitered with a glass electrode. After 3 ml of 0.1 M HCl have been added the pH of the
solution is 8.82. What is the pKa of diphenhydramine?

O'6 MUY

Karl Fischer titration (coulometric end-point

detection)

The Karl Fischer titration is a specialised type of coulometric titration. Coloumetry
itself is a useful technique, but is not used as a mainstream technique for
pharmaceutical analysis. Essentially coulometry is based on the electrolytic
reduction of the analyte, i.e. the analyte is reduced by electrons supplied by a source
of electrical power and the amount of charge passed in order to convert the analyte o
its reduced form is equivalent to the amount of analyte present in solution.
According to Faraday's Law, where one molecule of analyte reacts with one
electron, | mole of analyte will react with 96 485 coulombs of electricity where
coulombs = amps % s. If iodine is reduced by coulometry, the following reaction
OCCUrs:

L+2e —m 21

One mole of iodine will consume 2 x 36 485 coulombs of electricity. The Karl
Fischer titration is widely used for (he determination of water in pharmaceuticals.
Quantitation in this case is not based on the total amount of current which flows
through the solution but the reduction of iodine is simply used to indicate the end-
point of the titration. The reagent consists of mixture of anhydrous methanol,
anhydrous pyridine, iodine and sulphur dioxide. The equation for the reaction of
water with the reagent looks complicated {see below)

H,O + 1, + SO, + 3CH,N + CH,OH —m 2C,H,N.HI + C:H,NH.SO,CH,

but the essential thing to note is that the presence of water causes the conversion of
iodine to iodide through its reduction by sulphur dioxide. When a titration is carried
out the reagent is added to the sample and reacts with the water in it. A potential is
applied across the solution containing the sample and no current flows until at the
end-point, when all the water has been consumed. The presence of iedine in solution
from addition of excess reagent allows current to flow through the solution in order
to carry out the reduction of iodine shown in the equation above, thus providing the
end-point detection.

The Karl Fischer titration is used to quantify water in pharmacopoeial assays of:
ampicillin trihydrate, benzylpenicillin sodium. gentamycin sulphate, tetracosactrin
and tobramycin.

Automation of wet chemical methods

Automatic titration (Fig. 3.18)

Titrations can be automated and controlled by a microprocessor. The titrant is
delivered via an automnatic burette and the end-point is detected potentiometrically
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with a glass combination electrode. Alternatively, if ions other than hydrogen are
being measured another ion-selective electrode may be used. The apparatus is
microprocessor controlled and can be programmed to run in various modes:

(i}  The rate of delivery of the titrant can be controlled according to rate of change
of potential so it is added more slowly as the rate of change in potential
increases, i.e. as the end-point is approached.

(it} For titrations which take time to equilibrate as the titrant is added, the
instrument can be programmed to delay after each incremental addition until
the potential becomes stable.

(iiiy The detection of the end-point can be pre-set at a fixed potential.

Fig. 3.18
Automatic titration
apparatus.

Alomatic buretle

Tilrant
Glass pH electrode

Magnatic slirrer
bead

Controlling microprocessor

The microprecessor control also enables the instrument to be set to calculate pKa
values directly from the pH profile it obtains by titration of a sample. A sample
changer can be incorporated so that several samples can be automatically titrated.

Flow injection analysis

Flow injection analysis (FIA) represents a refinement of wet chemical methods.

The basis of the technique is that the sample is injected into a continuously flowing
stream of reagent. The sample reacts with the reagent and this reaction is measured
with a detector. The range of detectors available is the same as that which is used in
conjunction with HPLC (Ch. 12, p. 248) except that there is no chromatographic
separation invelved. Thus the technique is not as selective as chromatographic
methods and its selectivity is dependent on the specificity of the reaction beiween the
analyte and the reagent or the property used for detecting it. A simple schematic
diagram of a flow injection analysis system is shown in Figure 3,19, The basic set up
may be modified te include several manifelds that allow the introduction of the
sample followed by additional reagents. The advantages of the technique are its
cheapness and rapidity.
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Sample injection Incubation Fig. 3.19
loop coil Asimple flow injection
Detactar analysis system.
| .
Reagent Switching i
Pump valve *
Waste

A precise volume of sample (1-100 ul) is injected and passed through the
incubation coil, which is of sufficient length to allow the sample to disperse in the
reagent but not long enough for the sample to become diluted so much that the
mtegrity of the plug of sample is lost. The detector response is dependent on the
degree of dispersion of the sample. A typical flow of the reagent + analyte is as
shown in Figure 3.20.

Flow Fig. 3.20
- Segmented flow in FIA.

| ol

05mm | camer ) sample } carier }sample |

2

The parameters which have to be optimised include:

(i) The length and internal diameter of the incubation coil
(i} The flow rate

(i)  The volume of sample injected

(ev)  The concentration of sample and reagents used.

Since a number of factors are involved in the optimisation, some time is required
to develop the method. However, when set up, the method can replace titrations and
replicate analyses can be conducted very quickly with minimal consumption of
reagents.

As in chromatography, the ideal peak shape obtained in FIA should be Gaussian,
although in practice the ideal shape may not have time to develop. The mathematics
governing the dispersion processes have been developed thoroughly and the process
is largely analogous to the dispersion occurring in capillary gas chromatography,
where longitudinal diffusion is the major factor governing band broadening.

Figure 3.21 illustraies an application of FIA to the Karl Fischer titration. The
consumption of the reagent by water is detected spectrophotometrically by
monitoring the stream of reagent at 615 nm. The absorbance due to the iodine in the
reagent is removed by its reaction with water, which causes formation of iodide and
thus negative absorbance is measured.
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Fig. 3.21

Calibration of Karl
Fischer FIA method for
determination of residual
in water in
pharmaceuticals, The
analyte was methanol
containing 0.05, 0.1, 0.2,
0.4 and 0.5% wv water.

0.5

Absorbance

nin I

Applications of FI.A in pharmaceutical analysis

Determination of chloroxine

The antibiotic chloroxine was determined utilising the formation of a complex
between the drug and AL** in an FIA system. The complex was determined by
measurement of fluorescence with 399 nm as the excitation wavelength and 496 nm
as the emission wavelength. In order to ensure sotubility of the complex in the
aqueous reagents a surfactant was included in the reagent mixture. The precision of
the method was greater than that obtained using a laborious batch method for
measuring samples manually using a fluorescence spectrophotometer.’

Determination of captopril

A FIA method for the determination of captopril was based on the oxidation of the
thiol group in the molecule by Ce**, This reaction results in the emission of light
{chemiluminescence), which can be measured. In this example the dye thodamine G
was used to enhance the emission of light by the reaction. The method developed
was rapid and precise.?

Determination of non-steroidal anti-inflammatory drugs

Diclefenac sodium, famotidine and ketorolac were analysed utilising their formation
of a coloured charge transfer complex with 2,4 dichloro-6-nitrophenol. The
complexes were detected by UV/visible spectrophotometry at 450 nm. The method
was not affected by the presence of common excipients in the formulations analysed.
The precision and accuracy of the method was comparable to that of HPLC methods
used to analyse the same samples.®
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Determination of promethazine

The generation of a coloured product upon the oxidation of promethazine with Ce%
was used in the development of a FIA method. Promethazine in tablet form could be
analysed by this method with a precision of £ 1% and at a rate of 122 samples per h.®
In a similar method promazine was oxidised by passing through a short coiumn
containing MnO, and then the oxidation product was measured.’

Determination of ¢hlorocresol

Chlorocresol is a preservative commonly used in injections and its determination
often involves the use of laborious extraction procedures in order to separate it from
formulation components, followed by spectrophotometric measurement. A FIA
method for chlorocresol was developed by utilising its reaction with nitrous acid to
form a coloured nitro compound. The method was accurate to 99.5% of the true
value of chlorocresol in a formulation and a precision of + 1% was achieved.®

Limit test for heavy metals

Many pharmacopoeial moaographs contain a limit test for heavy metals. Sometimes
the metal is specified, e.g. lead, but often the test is more general, Pharmacopoeial
tests often involve precipitation of the metals as their sulphides. A FIA method was
developed based upon complex formation between heavy metals and
diethyldithiocarbamate (DDC). Figure 3.22 shows the F1A system used for this
analysis and illustrates how relatively simple components can be assembled to carry
out a complex analytical task. The analysis was achieved by vsing a segmented flow
systern where alternate segments of buffer solution + reagent and carbon
tetrachloride were produced. In the first extraction coil, the heavy metals in the
sample are extracted as their complexes, along with some excess complexing agent,
into carbon tetrachloride. In the second extraction coil, the excess reagent in the
organic layer is back extracted by the borax solution, which is mixed into the carrier
stream. The flow was then passed into a phase separator which only allowed the
organic solvent to flow through to the detector.”

Sample injection

Acetate buffer
carner

Reagant

Back exlraciion .
Ex:tracﬁon coil Restrictor

Agqueous

Organic solvent

[ | Separator
[

Back extraction

solution Orgame

Detacior

Multichannel
peristaltic pump )
Digplacemenl
botlle conlaining
CCly

Fig. 3.22

FIA system used to
analyse heavy metal
residues by extraction of
their complexes with
DD into carbon
tetrachloride.
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Use of segmented flow in determination of partition
coefficients

A system similar to the one described above was used for determination of partition
coefficients. A FIA system with segmented flow was devised so that the partitioning
of a drug between aqueous buffer and chloroform could be measured. The aqueocus
and organic phases were separated using a phase separator. The system could be set
up to measure the concentration of the drug in either the organic or the aqueous
phase. Such a system enables rapid repeat determinations of partition coefficient at
various pH valves with minimal sample consumption."!

Automated dissolution testing

FIA was used to optimise sampling from a tablet dissolution apparatus in order to
determine the rate of release of iron (II} from a sustained release formulation. The
dissolution medium was automatically sampled at 30-minute intervals and the 100 g
aliquots of medium were mixed with the iron complexing agent ferrozine, diluted
and then passed into a spectrophotometric detector. The system was microprocessor
controlled thus enabling unattended sampling of the disselution medium for a
prolonged period."! '
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Applications in pharmaceutical analysis

+ A robust, workherse method for the quantification of drugs in formulations where there
is no interference from excipients,

+ Determination of the pXa values of some drugs.

= Determination of partition coetficients and solubilities of drugs.

+ Used to determine the release of drugs from fermulations with time, e.g. in dissolution

Radiation in the wavelength range 200-70( nm is passed through a solution of a
compound. The electrons in the bonds within the molecule become excited so that they
occupy a higher quantum state and in the process absorb some of the energy passing
through the solution. The more loosely held the electrons are within the bonds of the
molecule the longer the wavelength {lower the energy) of the radiation absorbed.

+ (Can be used to menitor the reaction kinetics of drug degradation.
= The UV spectrum of a drug is often used as one of a number of pharmacopoeial identity
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Strengths

* An easy-to-use, cheap and robust method offering good precision for making
quantitative measurements of drugs in formulations

s Routine method for determining some of the physico-chemical properties of drugs
which need to be known for the purposes of formulation

+ Some of the problems of the basic method can be solved by the use of derivative
spectra,

Limitations

* Only moderately selective. The selectivity of the method depends on the chromophore
of the individual drugs. e.g a coloured drug with an extended chromophore is more
distinctive than a drug with a simple benzene ring chromophore

+ Not readily applicable to the analysis of rixtures.

Introduction

The interaction between radiation and matter is a fascinating area in its own right.
Most drug molecules absorb radiation in the vltraviolet region of the spectrum
although some are coloured and thus absorb radiation in the visible region, e.g. a
substance with a blue colour absorbs radiation in the red region of the spectrum. The
absorption of UV /visible radiation occurs through the excitation of electrons within
the molecular structure to a higher energy state; Figure 4.1 illustrates the nature of
the transitions taking place. These transitions occur from the bottoin vibrational state
in the electronic ground state of the molecule to any one of a number of vibrational
levels in the electronic excited state. The transition from a single ground state energy
to one of a number of excited states gives width to UV spectra. Figure 4.1 shows a
UV spectrum in which individual bands for different Vo to Vn transitions can be
seen. Vibrational fine structure can be seen although the bands overlap extensively:
the vibrational bands themselves have width due to rotational transitions which are
intermediate in energy between each vibrational transition. The relative energy of
electronic:vibrational:rotational transitions is 100:1:0.01. In most molecules the
vibrational behaviour is complex and the degree of overlap of the different energies
of the vibrational transitions is too great for vibrational fine structure to be observed.

ve Fig. 4.1
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Factors governing absorption of radiation in the
UV/visible region

Radiation in the UV/visible region is absorbed through excitation of the electrons
involved in the bonds between the atoms making up the molecule so that the electron
cloud holding the atoms together redistributes itself and the orbitals occupied by the
bonding electrons no longer overlap. Short wavelength UV radiation < 150 nm

(> 8.3 ¢V) can cause the strongest bonds in organic melecules to break and thus is
very damaging to living organisms. It is the weaker bonds in molecules that are of
more interest to analysts because they can be excited by longer wavelength UV
radiation > 200 nm (> 6.2 V), which is at a longer wavelength than the region in
which air and common solvents absorb. Examining a very simple organic molecule
such as ethylene (Fig. 4.2} it can be seen that it contains two types of carbon—carbon
bonds, a strong ¢ bond tormed by extensive overlap of the sp? orbitals of the two
carbons and a weaker 1t bond formed by partial overlap of the p orbitals of the
carbon atoms. The & bond would become excited and break when exposed to
radiation at ca 150 nm. The weaker 5t bond requires less energetic radiation at ¢a
180 nm 10 produce the 1t* excited state shown in Figure 4.2. This excitation can
occur without the molecule falling apart since the ¢ orbitals remain unexcited by the
longer wavelength radiation at 130 nm. However, a single double bond is still not
vseful as a chromophore for determining analytes by UV spectrophotometry since it
is still in the region where air and solvents absorb.

Fig. 4.2
Excitation of the carbon-
carbon bonds in ethylene
by radiation in the short
wavelength UV region.

cantbond (e Dy @83
Exclted siate
AE

cabgeV

n* antibond
C c
n bond
Alkeng, o.g. elhylene
Ground state

@ bond

If more double bonds are present in a structure in conjugation (i.e. two of more
double bends in a series separated by a single bond) absorption takes place at longer
wavelengths and with greater intensity as detailed in Table 4.1 for a series of
polyenes. The A (1%.1 cm) value, which is described later, gives a measure of the
intensity of absorption. The type of linear conjugated system which is present in
polyenes is not very common in drug molecules.

Such extended systems of double bonds are known as ‘chromophores’. The most
common chromophore found in drug molecules is a benzene ring (Table 4.2).
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Table 4.1 Longest wavelength maxima and absorption intensities of some polyenes

Polyene A max A{1%, 1 om)
CH,(CH=CH),CH, 275 2800
CH,(CH=CH),CH, 310 6300
CH,(CH=CH),CH, 342 8000
CH,(CH=CH),CH, 380 9800

Benzene itself has its A max at a much shorter wavelength than a linear triene such
as hexatriene (A max 275 nm) and its sirongest absorbance is at the wavelength of
absorption of an isolated double bond at 180 am. It also has a strong absorption band
at 204 nm. This is due to the symmetry of benzene; it is not possible to have an
excited state involving all three bonds in benzene because this would mean that the
dipole {polarisation of the chromophore), a two-dimensional concept which is
created in the excited state. would be symmetrical and thus would have to exist in
three dimensions rather than two. There is a weak absorption in the benzene
spectrum close to the & max for hexatriene and this can occur because vibration of
the benzene ring in a particular direction can distort its symmetry and thus allow all
three double bonds to be involved in an excited state. If the symmetry of the benzene
ring is lowered by substitution, the bands in the benzene spectrum undergo a -
bathochromic shift — a shift to longer wavelength. Substitution can either involve
extension of the chromophore or attachment of an auxochrome (a group containing
one or more tone pair of electrons) 10 the ring or both, Table 4.2 summarises the
absorption bands found in some simple aromatic systems and these chromophore/
anxochrome systems provide the basis for absotrption of UV radiation by many
drugs. The hydroxyl group and amino grovp auxochromes are affected by pH
undergoing bathochromic (moving 1o a longer wavelength} and hyperchronie
(absorbing more strongly) shifts when a proton is removed under alkaline conditions,

Table 4.2 The UV absorption characteristics of some chromophores based on the benzene ring

Longest
Chromophore wavelength » max {4 1%, 1 cm)
@ 255 nm 28
Benzene
i 273 85
Lo
Benzoic acid
273 1420

i
@CH= CH-C-OH

Cinnamic acid

O

{CHL,NHCH,
Protriptyline

270 nm —— 287 nm

172 —= 271

@OH —_—
W - -
Phenol Bathochromic Hyperchromic
—_— [
@_NHS' N @—NHZ 255 nm —== 286 nm 16 —= 179
—_— - —_—
H‘-

Aniline

Bathochromic

Hyperchromic




Ultraviolet and visible spectroscopy

79

releasing an extra lone pair of electrons. The effect is most marked for aromatic
amine groups. The absorption spectrum of a drug molecule is due to the particular
combination of auxochromes and chromophores present in its structure.

Beer-Lambert Law
Figure 4.3 shows the absorption of radiation by a solution containing a UV-
absorbing compound.

Fig. 4.3
Ahsorption of light by a
selution,

Sample

The measurement of light absorption by a solution of molecules is governed by
the Beer-Lambert Law, which is written as follows:

loglA,=A=¢bc

where |, is the intensity of incident radiation, I, is the intensity of transmitted
radiation; A is known as the absorbance and is a measure of the amount of light
absorbed by the sample; € is a constant known as the molar extinction coefficient and
is the absorbance of a 1M solution of the analyte. b is the pathlength of the cell in
em, usuatly | cm and ¢ is the concentration of the analyte in moles liter'.

Self-test 4.1

Calculate the percentage of the incident radiation absorbed by a sarmple with an absorbance
of (i) Z; (i 0.1,

%907 (1) 7%0°66 (1) isIamsuy

In pharmaceutical products, concentrations and amounts are usuatly expressed in
grams ot milligrams rather than in moles and thus for the purposes of the analysis of
these products, the Beer-Lambert equation is written in the following torm:

A=4(1%,1lcm)be

A 18 the measured absorbance; A (1%, 1 cm) is the absorbance of a 1% wiv
{1 g/100 ml) solution in a 1 cm cell; b is the pathlength in cm (usvally 1 cm); and ¢ is
the concentration of the sample in g/100 ml. Since measurements are nsually made
in a | ¢m cell the equation can be written:

A

¢ = ————— which gives the concentration of the analyte in g/100 ml
A (1%, 1 cm) ytein ¢/

BP monographs often quote a standard A (1%, 1 c¢m) value for a drug which is to
be used in its quantitation,
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' Self-test 4.2

What are the concentrations of the following solutions of drugs in g/100 ml and mg/100 mi?

(il Carpimazole, A (1%, 1 cm} value = 557 at 291 nm, measured absorbance 3.557 at 291 nm.

{ii} Hydrocortiscne sodium phosphate, A {1%, 1 ¢m} value 333 at 248 nm, measured
absorbance 0,666 at 248 nm.

(it} lsoprenaline, A (1%,1 cm) value = 100 at 280 nm measured absorbance 0.500 at 280 nm.

1w gOL/Bw S W 0L/B 000 (1) Burjeuasdas i ooLBwW Z ‘w60 1L/B 2000
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Instrumentation

A simple diagram of a UV/visible spectrophotometer is shown in Figure 4.4. The
components include:

_ Monochromator Fig. 4.4

lit Slit Detector Schematic diagram of a
Wivisible
spectrophotometer.

S

Deuterium and
quartz halegen
lamps

(iy  The light sowrces — a deuterium famp for the UV region from 190-350 nm and
& quartz halogen or tungsten lamp for the visible region from 350-900 nm.

(i) The menochromatior — used to disperse the light into its constituent
wavelengths which are further selected by the slit. The monochromator is
rotated so that a range of wavelengths is passed through the sample as the
instrument scans across the spectrum.

(iii) The optics - may be designed to split the light beam so that the beam passes
though two sample cecmpartments and in such a double beam instrument, a
biank solution can then be used in one compartment to correct the reading or
spectrum of the sample. The blank is most commonly the solvent in which the
sample is dissolved.

Instrument calibration

Pharmacopoeial monographs usually rely on standard A (1%, 1 cm) values in order
to calculate the concentration of drugs in extracts from formulations. In order to use
a standard value the instrument used to make the measurement must be properly
calibrated with respect to its wavelength and absorption scales. In addition, checks
for stray light and spectral resolution are run. These checks are now often built into
the software of UV instruments so that they can be run automatically to ensure that
the instrument meets good manufacturing practice requirements.

Calibration of absorbance scale

The British Pharmacopoeia (BP) uses potassium dichromate solution to calibrate the
absorbance scale of a UV spectrophotometer, the A (1%, 1 cm) values at specified
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wavelengths have to lie within the ranges specified by the BP. The spectrum of a
0.0065% w/v solution of potassium dichromate in 0,005 M H,50, is shown in
Figure 4.5. The absorbance scale calibration wavelengths with corresponding

A (1%, 1 cm) values for 0.0065% wiv potassium dichromate solution which are
specified by the BP, are as follows: 235 nm (122.9-126.2), 257 wim (142.4-1457),
313 nm (47.0-50.3), 350 nm (104.9-108.2).

10 T T T Fig_ 4.5
The UY spectrum of
0.8 267.0 . 0.0065% wiv potassium

\235,5 dichromate sclution
o6l 3505 between 220 and 350 nm.
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Calibration of wavelength scale

The wavelength scale of a UV/visible spectrophotometer is checked by determining
the specified wavelength maxima of a 5% w/v solution of holmium perchlorate.

Figure 4.6 shows the spectrum of holmium perchlorate, the tolerances for calibration
wavelengths specified by the BPare: 241,15+ 1 nm, 287.15 2 | nm and 361.5 = 1 nm.

[ 241,15 287.15 ' ] Fig. 4.6

361.5 The absorbance maxima
08t 1 of a 5% wiv solution of
holmium perchlorate
between 200 and 400 nm,

GOSRT=OnTEe

The wavelength scale may also be calibrated according to the speciral lines of
deuterivm or mercury discharge lamps and such tests may be built into some
instruments.

Determination of instrumental resolution

The resolving power of an instrument is controlled by its slit width settings. For
some pharmacopoeial iests a certain resolution is specified. The resolving power of
an instrument can be assessed by using a 0.02% w/v solution of toluene in hexane.
The BP specifies that the ratio of the absorbance for this solution at 269 nm to that at
266 nm should be at least 1.5.



82

Pharmaceutical Analysis

Determination of stray light

Stray light is light which falls on the detector within a UV instrument without having
passed through the sample. It can arise either from light scattering within the
instrument or by entry of light into the instrument from outside. It gives a false low
absorbance reading for the sample since it appears as though the sample is absorbing
less light than it actually is. This 1s most serious where the sample has a high
absorbance, e.g. at an absorbance of 2 the sample is absorbing most of the light
passing through it and thus it would only require very low intensity stray light to
lower the reading substantially. Stray light is checked by measuring the absorbance
of a 1.2% solution of KCl in water against a water blank at a wavelength of 200 nm.
If the absotbance of the sample is < 2 then stray light is present and the instrument
needs to be serviced.

UV spectra of some representative drug molecules

Steroid enones

The chromophores of miost drugs are based on a modification of the benzene ring
chromophore. One large class of drugs that do not fit into this category are steroidal
androgens and corticosteroids. The spectra of hydrocortisone and betamethasone are
shown in Figure 4.7, These spectra aré commion to many steroids and all have
absorbance maxima of similar intensity at around 240 nm. The extra double bond in
betamethasone as compared with hydrocortisone does not make a great difference o
the wavelength of maximum absorption since it does not extend the original
chromophore linearly. However, the shape of the absorption band for betamethasone
is quite different from that for hydrocortisone. Such differences in the spectra can be
be employed in qualitative identity tests; these are used particularly in conjunetion
with HPLC identification checks where the method of detection is by diode array
UV spectrophotometry (Ch. 12 p. 250).

OH Fig. 4.7
o} The UV spectra of
Y HO OH hydrocortisone and
betamethasone.
fo1st .
s
4 . o]
T N Hydrocortisons |
b 1.0 2N s .
a / Belamethasons Hydrocorlisone
ph Y OH
g 08n 7 d
= AN o
. HC OH
0 L T
300 350
200 250 am L
o
Betamethasone

Table 4.3 summarises the absorption data for some steroid structures and
illustrates the effect of molecular weight on the A (1%, 1 cm) value. The strength of
the enone chromophote is similar for all the steroids since the A (1%, 1 cm) value is
based on the absorption of a 1% w/v solution: it will thus decrease as the molecular
weight of the steroid increases. This is of course true for all molecules.
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Table 4.3 Absorption maxima for some corticosteroids

Steroid Molecular weight A max A (1%, 1 cm) value
Hydrocartisone 3625 240 435
Betarmethasone 392.5 240 390
Clobetasol butyrate 479.0 236 330
Betamethasone 516.4 24 296

sodium phosphate

Ephedrine: the benzoid chromophore

Figure 4.8 shows the UV absorption spectrum of a 100 mg/ 100 ml solution of
ephedrine. Ephedrine has the simplest type of benzene ring chromophore, which has
a spectrum similar to that of benzene with a weak symmetry forbidden band

ca 200 nm with an A ([ %, 1 cm) value of 12. Like benzene its most intense
absorption maximum is below 200 nm, Fhere are no polar groups attached to or
involved in the chromophore so that its vibrational fine structure is preserved
because the chromophote does not interact strongly with the solvent.
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Fig. 4.8
The UV spactrum of
ephedrine, a simple
benzaid spectrum.

Drugs having a chromophore like that of ephedrine include: diphenhydramine,
amphetamine, ibuprofen and dextropropoxyphene.

Ketoprofen: extended benzene chromophore

The spectrum of ketoprofen is shown in Figure 4.9. In this case the simple benzoid
chromophaore has been extended by four double bonds and thus the symmetry of the
benzene ring has been altered. In addition, the strong absorbance band present in
benzene at 204 nm has undergone a bathochromic shift giving a A max for

ketoprofen at 262 nm having an A (1%. 1 cm) value of 647.

Fig. 4.9
UV absorption spectrum
of ketoprofen.

POSDTTOoOBTR

0.8 . L\ —
0.4 \J /
0 L 1 Il I\\‘_i_-_l_’
220 260 300 340

A nen

? GH,
: C. : GHCOOH

Ketoprofen




Pharmaceutical Analysis

Other drugs which have an extended benzoid chromophore include:
cyproheptadine, dimethindine, protriptyline, zimeldine.

Procaine: amino group auxochrome

Figure 4.10 shows the UV absorption spectra of a selution of procaine in 0.1 M HCI
and 0. 1M NaOH. In procaine, the benzene chromophore has been extended by
addition of a C = O group and under acidic conditions, as in Figure 4,10, the
melecule has an absorption at 279 nm with an 4 (1%, 1 cm) value of 104, In addition
te the extended chromophore, the melecule also contains an auxochrome in the form
of an amino group, which under basic conditions has a lone pair of electrons that can
interact with the chromophore producing a bathochromic shift. Under acidic
conditions the amine group is protonaied and does not function as an auxochrome
but when the proton is removed from this group under basic conditions a
bathochromic shift is produced and an absorption with A max at 270 nm with an

A (1%, | cm) value of 1000 appears.
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. 0.1 M NaOH
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n
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0 . s . N s '
220 280 300 340
*onm

Fig. 4.10

UV spectrum of procaine
under acidic and basic
conditions.

Drugs with a chromophore such as that of procaine include: procatnamide and
proxymetacaine, It should be noted that local anaesthetics such as bupivacaine and
lignocaine do not fall into this category since they are aromatic amides and the lone
pair on the nitrogen atom is not fully available due to electron withdrawal by the
adjacent carbonyl group.

Phenylephrine: hydroxyl group auxochrome

The chromophore of phenylephrine is not extended but its structure includes a
phenolic hydroxyl group. The phenolic group functions as an auxochrome under
both acidic and alkaline conditions. Under acidic conditions it has two lone pairs of
electrons, which can interact with the benzene ring and under basic conditions it has
three. Figure 4,11 shows the bathochromic and hyperchromic shift in the spectrum of
phenylephrine, which occurs when 0.1 M NaOH is used as a solvent instead of
0.1 M HCL. Under acidic conditions the A max is at 273 and has an A (1%, 1 cm)
value of 110 and under alkaline conditions the & max is a 292 nm and has an
A (1%, | cm) value of 182.

The types of shifts observed for procaine and phenylephrine can be exploited in
order to achieve analysis of mixtures. Two examples of this are given later in the
chapter.
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Fig. 4.11
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Use of UV/visible spectrophotometry to determine

pKa values
Where a pH-dependent UV shift is produced. it is possible to use it to determine the
pKa of the ionisable group responsible for the shift. In the case of phenylephrine, the
pKa value of the phenclic group can be determined conveniently from the
absorbance at 292 nm since the absorbance of the molecular species where the
phenolic group is un-ionised is negligible at this wavelength. This is not the ¢case for
all molecules. A general equation for determination of pKa from absorbance
measurement ai a particular wavelength is given below.

The following equation ¢can be used for an acid (for a base the log term is
subtracted) where increasing pH produces a bathochromic/hyperchromic shift:

pKa=pH + log j’_A

where A is the measured absorbance in a buffer of known pH at the wavelength
selected for analysis, Ai is the absorbance of the fully ionised species and Au is the
absorbance of the un-ionised species.

The wavelength used for analysis is one where there is the greatest difference
between the ionised and un-ionised species. An approximate knowledge of the pKa
value is required to select a suitable pH value, within = 1 of the pKa value, for
measurement of A. For accurate determination measurement is made at a number of
closely spaced pH values.

It should be noted that if the acid or base undergoes a shift to lower absorbance
and shorter wavelength with increasing pH the log term above is subtracted: this
situation is less common in drug molecules.

Calculation example 4.1

The absorbance of a fixed concentration of phenylephrine at 292 nm is found to be 1.224 in 0.1 M NaOH and 0.02
in 0.1 M HCI. Its absorbance in buffer at pH 8.5 is found to be 0.349, Calculate the pKa value of its acidic
phenolic hydroxyl group.

1224 — 0.349
83 +log 435 0.02

pKa=

=8.5+ 0402 =8.902.
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Self-test 4.3

Calculate the pKa value of the weakly basic aromatic amine in procaine from the data given
below. Absorbance of a fixed concentration of procaine in: 1 M HCI at 296 nm = 0,031;
absorbance in 0.1 M NaOH = 1,363; absorbance in buffer at pH 2.6 = 0.837.

Lp T Lomsuy

Applications of UV/visible spectroscopy to
pharmaceutical quantitative analysis

Introduction

Pharmacopoeial methods rely heavily on simple analysis by UV/visible
spectrophotometry 1o determine active ingredients in formulations, These methods
are vsually based on the use of a standard A (1%, | cm) value for the active
ingredient being assayed and this relies on the UV spectrophotometer being
accurately calibrated as described earlier in the chapter. Such methods also presume
that there is no interference from excipients (preservatives, colourants, etc.) present
in formulations and that the sample is free of suspended maiter, which would cause
light scattering.

Assay examples

Frusemide in tablet form
A typical example of a straightlorward tablet assay is the analysis of frusemide
tablets:

{iy  Tablet powder containing ca 0.25 g of frusemide is shaken with 300 ml of
0.1 M NaOH to extract the acidic frusemide.

(i)} The extract is then made vp to 500 ml with 0.1 M NaOH.

(ili) A portion of the extract is filtered and 5 ml of the filtrate is made up to 250 ml
with (.1 M NaOH.

(iv} The absorbance of the diluted extract is measured at 271 nm.

{v) TheA{1%, | cm) value at 271 is 580 in basic solution.

From the data below calculate the % of stated content in a sample of frusemide
tablets:

Stated content per tablet: 40 mg of frusemide

Weight of 20 tablets: [.656 g

Weight of tablet powder taken for assay: 0.5195 ¢
Absorbance reading: 0.596 (see Calculation example 4.2).

* * L] L]

Assay of cyclizine lactate in an injection
The steps in this assay are more difficult 1o follow since a number of extractions take
place prior to preparing the final dilution in order to remove excipients:

(i}  Dilute 5 ml of injection to 1({} ml with 1 M sulphuric acid.
(i)  Add 2 g of sodium chloride to 20 ml of this solution and shake with two 50 ml
quantities of ether.
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Calculation example 4.2
0.5195
1.656

Expected content in tablet powder taken: X 40 x 20 = 251.0 mg.
Dilution factor
5-250 ml = 50.

0.596
580

Concentration in original tablet extract: 1.028 X 50 = 51,40 mg/100mi.

Concentration in diluted tablet extract:

= 0.001028 g/100 ml = 1.028 mg/100 ml.

Volume of original extract: 500 ml.
Therefore amount of frusemide in original extract: 51.40 x 5 = 257.0,

257.0
251.0

' Self-test 4.4

Calculate the percentage of stated content of promazine hydrochloride in promazine tablets
from the following information:

Percentage of stated content: % 100 = 102.4%.

{i} Tablet powder containing ca 80 mg of promazine hydrochloride is ground to a paste with
10 ml of 2 M HCI.

{ii} The paste is then diluted with 200 ml of water, shaken for 15 min and finally made up to
500 ml. -

{iii} A portion of the extract is filtered.

{ivi 5 mlof the filtrate is taken and diluted ta 100 mi with 0.1 M HCL

(v) The absorbance is read at a wavelength of 251 nm.

» A {1%, 1 cm) value of promazine. HCl at 251 nm = 935
+ Stated content of promazine.HC per tablet = 50 mg
* Weight of 20 tablets = 1.667 g

* Weight of tablet powder taken for assay = 0.1356 g

+ Absorbance reading = 0.755.

£°66 = JUAOD PILLLS 0 2BEIUIIISY LIIMSUY

(iii) Add 20 ml of 5 M sodium hydroxide and extract with three 50 ml quantities of
ether.

(iv) Combine the ether extracts and then wash with two [0 mi quantities of a
saturated solution of sodium chloride.

{v)  Extract the ether layer with two 23 ml quantities of 0.05 M sulphuric acid and
then with two 10 ml quantities of water.

{vi} Combine the acidic and aqueous extracts and dilute to 100 ml with water.

{vii) Dilute 5 ml of this solution to 200 ml with .05 M sulphuric acid and measure
the absorbance of the resulting solution at 225 nm.

Calculate the percentage of w/v of cyclizine lactate in the injection from the
following information:

+ A{1%, 1 cm) of cyclizine lactate at 225 nm = 331
+  Volume of injection assayed = 5 ml

+ Measured absorbance = 0.413

+ Measurements were made in a 1 cm cell.
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Calculation example 4.3

The first dilution is 5 m] to 100 ml (x 20), Then 20 ml of this dilution is taken and extracted with ether to remove
excipients, the cyclizine remains in the acidic water layer since it is a base, After extraction with ether the acidic
layer is basified and the cyclizing is extracted into ether; it is then back extracted into 0.1 M sulphuric acid and
made up to 100 ml, thus the dilution factor in the second step is 20 to 100 ml (X 5). Finally a third dilution is
carried out in which 5 ml of the second dilution are dituted to 200 ml (x 40).

Total dilution: 20 x 5 x 40 = 4000,

0;;3 = 0.001248 /100 ml.

Concentration in original solution: 0.001248 x 4000 = 4.992 g/100 ml.
Concentration of injection = 4.992% w/v.

For the diluted injection ¢:

Self-test 4.5

Detarmine the concentration of the following injections:
Isoxsuprine infection is diluted as follows:

(i) Diluted 10 ml of injection to 100 ml and then 10 ml of the dilution to 100 ml.
* Absorbance reading at 274 nm = 0.387
« A%, 1cmd value at 274 nm = 73,

Hafoperidol infection:

(i} Add 15 mlof 1 MHCI to 5 ml of injection.
(i} Extract three times with ether washing the ether extracts with 10 ml of water.
(iii} Combine the aqueous layers and dilute to 10¢ ml.
{iv} Take 10 ml of the diluted agueous solution and dilute to 100 ml.
+ Absorbance reading at 245 nm = 0.873
* A{1%, 1 cm} value at 245 nm = 346.

A 9% §05°0 = uonaalul jopLadojey s o085 0 = vonsalul sulidnsxos) [siemsuy

Assay of penicillins by derivatisation (Fig. 4.12)

Imidazole/ HaCl Fig. 4.12
HgCl, NH, | Reaction of penicillins
@CH CONHI( @—CH—C')] s with mercury imidazole
N reagent.
COOH oo™

Ampicillin A max ¢a 325 nm

The BP utilises formation of a derivative in order to quantify penicillins in
formulations. Some penicillins do not have distinctive chromaphores: a further
problem with these molecules is that when they are in suspensions they are not
readily extracted away from excipients since they are quite insoluble in organic
solvents which are immiscible with water, Using the formation of a complex with the
mercuric ion in the presence of imidazole as a catalyst, a derivative of the penicillin
structure is produced, which has an absorption maximum between 325 and 345 nm.
In the assay, comparison with pure standard for the particular penicillin is catried out
rather than relying on a standard A(1%, 1 cm) value. This assay is used by the BP for
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analysis of preparations containing ampicillin, amoxycillin, carbenicillin, cloxactllin,
flucloxacillin and phenoxymethylpenicillin. The assay is not used for the closely
related cephalexins.

Calculation example 4.4

Cloxacillin injection is assayed using the mercury—imidazole reaction in comparison with a cloxacillin standard.
The sample and standard were both diluted in 500 ml of water and then 25 ml was taken from each of the
solutions and was made up to 100 ml. 2 ml of the sample and standard solutions were then reacted with
mercury-imidazole reagent. From the data below calculate the amount of cloxacillin per vial.

Weight of the content of 10 vials =2.653 g,

Weight of injection powder used for assay = 0.1114 g.

Weight of cloxacillin sodium standard used in calibration solution = 0.1015 g.
Absorbance of sample solution=0.111.

Absorbance of standard solution = 0.106.

In this calculation the dilutions can be ignored since:

Absorbance sample’
Absorbance of standard

0.111
0.106

Weight of cloxacillin in sample =

x weight of standard

Weight of cloxacillin in sample x0.1015=0.1063 g.

Contents of | vial

2.653
=0.2653 g.
10 02653 g

0.2653
0.1114

Amount of cloxacillin in 1 vial x0.1063=0.2532 g.

Assay of adrenaline in lignocaine adrenaline infection

Adrenaline is present as a vasoconstrictor in some local anaesthetic injections ina
much smaller amount than the local anaesthetic itself, which obscures the absorption
of adrenaline in the UV region. The selectivity of UV/visible spectroscopy for the
analysis of adrenaline can be increased by complex formation, which occurs between
iron {II} and molecules containing a catechol group (Fig. 4.13). These complexes are
purple in colour and absorb at ¢¢ 540 nm at much longer wavelengths than for
instance local anaesthetics, which do not form such complexes. The adrenaline in the
injection is quantified against a standard solution of adrenaline.

?H Fig. 4.13
* The complex faormed
=
CHOH,NH,CH; 172 S0, between adrenaline and
iron, which is used to
analyse adrenaline at low
levels in an injection.
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ey

Far

Adrenaline iron {Il} complex
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' Self-test 4.6

Adrenaline in bupivacainefadrenaline injection is assayed by complex formation with iron (I1).
20 ml of the injection Is mixed with 0.2 ml of reagent and 2 ml of buffer and a reading is taken
in a 4 cm pathlength cell. & reading of a solution containing 5.21 pg/ml of adrenaline is taken
under the same conditions.

The following results were obtained:

+ Absorbance of sample =0.173
+ Absorbance of standard solution = 0,181

Calculate the percentage of wiv of adrenaline in the injection.

AfM 9%5000°0 amsuUy

Difference spectrophotometry

In difference spectroscopy, a component in a mixture is analysed by carrying out a
reaction which is selective for the analyte. This could be simply bringing about a
shift in wavelength through adjustment of the pH of the solution in which the analyte
is disselved or a chemical reaction such as oxidation or reduction. In the following
example the selective alkaline shift of aspirin is used to determine it in a preparation
alse containing dextropropoxyphene, naphthalene sulphonic acid and caffeine.
Caffeine, dextropropoxyphene and the naphthalene sulphonic acid anion do not
undergo appreciable alkaline shifts whereas aspirtn does. Figure 4.14A shows the
spectrum of the extracl from tablets in 0.1 M HCI — in fact there is relatively minor
interference at the wavelength used for the determination of aspirin but by using the
sample in HCL in place of a blank in the reference cell one can be sure that
interference from the excipients is eliminated. Figure 4.14B shows the difference
spectrum with the capsule extract in 0.1 M HCl in the reference cell and the capsule
extract in 0.1 M NaOH in the sample cell. The absorbance at 299 nim is thus wholly
due to aspirin. The problem remains of how to quantify the analyte in such a sample.
This can be readily carried out using standard additions which invelves adding a
known amount of aspirin standard to the sample and comparing the absorbance of
the original sample extract with the absorbance of the spiked sample.

20 . r T T . — 20 y T T Fig. 4.14
g} u H%?H‘ UV difference spectrum
£ sl J1sl ) : used in the
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Analysis of aspirin in dextropropoxyphene compound
tablets

Analysis was carried out by difference spectrophotemetry. A one-point standard
calibration for the determination of aspirin in dextropropoxyphene compound
capsules was prepared by adding a known amount of aspirin te the sample from a
standard stock solution. Stated content in the capsules:

»  Aspirin 250 mg
+ dextropropoxyphene napsylate 100 mg
» caffeine 30 mg.

(13 5 mlof the solution of sample in methanol is diluted to 500 ml with 0.1 M
HCl: Reference solution.

(ii} 5 ml of the solution of sample in methanol is diluted to 500 ml with 0.1 M
NaOH.

(i) 5 ml of the solution of sample solution in methanol and 5 ml of aspirin
standard solution were mixed and then diluted to 500 ml with (.1 NaOH.

Readings were taken at 299 nm of the sample solutions with and without standard
addition against the reference solution prepared by diluting the sample extract with
0.1 M HCL. '

The following data were obtained:

+  Weight of contents of 20 capsules = 10.556 g
*  Weight of capsule content analysed =0.1025 g
+ Capsule contents were dissolved in methanol and adjusted to 100 ml
+ Concentration of aspirin standard solution = 50.4 mg/100 ml
»  Absorbance of sample at 299 nm in 0.1 M NaCOH without standard addition
= 0.488
» Absorbance of sample at 299 nm in (.1 M NaQH with standard addition = 0.974,

Calculation example 4.5

In dilution (iii) aspirin standard solution is diluted 5 ml to 500 ml (< i00).

Concentration of aspirin standard in standard addition solution: %g = 0.504 mg/100 ml.

The difference between the absorbance with standard addition and that without represents the absorbance due to a
0.504 mg/100 m] solution of aspirin.

Absorbance difference: 0.974 — (.488 = 0.486.

0.488

Therefore concentration of aspirin in the sample solution = 5,486

x 0.504 = 0.506 mg/100 ml

Dilution factor for sample = 5 ml to 500 ml {x 100).

Concentration of aspirin in undiluted sample solution = 0.506 x 100 = 50.6 mg/100 ml.
Volume of initial extract = 100 ml.

Therefore amount of aspirin extracted from the capsule powder = 50.6 mg.

0.1025 . 1000 = 48.6 mg.

Amount expected in capsule powder analysed = 230 X 20 X 10,356

Therefore percentage of stated content = 506 » 100 =104.1.

48.6
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Derivative spectra

Derivative spectra can be used to clarify absorption bands in more complex UV
spectra. The technique is used extensively in the rapidly developing field of near
infrared spectrophotometry (see Ch. 5) and can also be applied in the determination
of the purity of chromatographic peaks when they are monitored by diode array
detection. The main effect of derivatisation is to remove underlying broad abserption
bands where there is only a gradual change in slope. The first derivative spectrum is
obtained by plotting, for instance, the slopes of 2 nm segments of the spectrum and
this results, as shown for a Gaussian band in Figure 4.15, in a spectrum where the
slope is zero at the maximum of the peak and the slope is maximum at
approximately half the peak height. In the second derivative spectrum the slopes of
adjacent 2 nm segments are compared and this gives the points of maximum
curvature of the spectrum. The rate of curvature of a spectrum has its greatest
negative value at its maximum and the greatest rates of curvature are observed for
narrow absorption bands. Figure 4.15 shows the first, second, third and fourth
derivatives of a Gaussian band.

Fig. 4.15 :
/\ Derivatives of a Gaussian
A A / absorption band.
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As would be expected, the first order spectrum of pseudoephedrine, shown in
Figure 4.16, gives maxima at the points where the slope is at a maximum in the zero
order spectrum. In addition, the second order spectrum gives minima corresponding
to the maxima in the zero order spectrum, i.e. where the negative curvature of the
spectrum is at its maximum.

By examining the UV spectrum of an elixir containing pseudoephedrine,
dextromethorphan and triprolidine (30 mg, 10 mg and 1.25 mg, respectively) shown
in Figure 4.17, it can be seen that the pseudoephdrine spectrum lies on top of a large
background due to dextromethorphan and triprolidine, which have much stronger
chromophores than pseudoephedrine. However, the underlying slope of the
absorption curve due to contributions from dextromethorphan and triprolidine is
shallow. The steepest underlying increase is due to dextromethorphan, which reaches
a maximum at 278 nm. When the second derivative spectrum is examined it can be
se¢en that the only peaks derive from pseudoephedrine and even where the
dextromethorphan makes its maximum contribution at 278 nm there is little
absorption in the second derivative spectrum. Thus it would be possible to use the
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Fig. 4.16

UV spectrum of
pseudoephedrine with its
first and second
derivative spectra, The
minima correspond to
the maxima in the
absorbance spectrum.
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Fig. 4.17

{A) UV spectrum of an
extract elixir containing
pseudcephedrine,
dextromethorphan and
triprolidine. (B) Second
derivative spectrurm of
the extract. Mote the
absorbance maximum of
dextromethorphan
disappears.

height of the pseudoephedrine peak to determine the amount of pseudoephedrine in
the elixir with suitable calibration. e.g. standard additions of pseudoephedrine to the
sample extract.

The signal:noise ratio is poorer in the second derivative spectra because through
dividing the spectrum into segments in order to calculate the derivative the
underlying noise is less efficiently averaged out, which occurs when the spectrum is
scanned in much narrower segments.

Applications of UV/visible spectroscopy in

preformulation and formulation

UV/visible spectrophotometry is a standard method for determining the physico-
chemical properties of drug molecules prior to formulation and for measuring their
release from formulations. The type of properties which can be usefully determined
by the UV method are listed as follows.
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Partition coefficient

The partition coefficient of a drug between water and an organic solvent may be
determined by shaking the organic solvent and the water layer together and
determining the amount of drug in either the aqueous or organic layer by UV
spectrophotometry. If buffers of different pH values are used, the variation of
partition coefficient with pH may be determined and this provides another means of
determining the pXa value of a drug.

Solubility

The solubility of a drug in, for instance, water may be simply determined by shaking
the excess of the drug in water or butfer until equilibrium is reached and then using
UV spectrophotometry to determine the concentration of the drug that has gone into
solution. Another method for determining solubility, where an ionisable group is
present in the drug, is to dissolve varying concentrations of the salt of the drug in
water and then add excess acid to a solution of the salt of an acidic drug or excess
base to a solution of the salt of the basic drug, thus converting the drugs into their
un-ionised forms. When the solubility of the un-ionised drug in water is exceeded, a
cloudy selution will result and UV spectrophotometry can be used to determine its
degree of turbidity by light scattering, which can be measured at almost any
wavelength, e.g. 250 nm.

Release of a drug from a formulation

UV spectrophotometry is used routinely to monitor in vitro release of active
ingredients from formulations. For simple formulations the drug is simply monitored
at its A max. In the example shown in Figure 4.18 the rate release of
pseudoephedrine from a controtled release formulation was monitored.! The release
of the drug was followed by monitoring its release into distilled water using a UV
spectrophotometer set at 206 nm. In the example given in Figure 4.18 the particle
size of the ethylcellulose used in the formulation affected the rate of release.

c Fig. 4.18
u Release of pseudo-
T 100 — ephedrine from a
; controlied release
1 formulation. Reproduced
\i with permission Int. J.
8 Pharmaceutics {see
o O 250-420 um Reference 1).
v B 177250 um
& 0 149-177
i ® 105-149 pm
< A 74-105 um
s
e
d I T T T T T T 1
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If UV-absorbing excipients were present in such a formulation the UV
wavelength used for monitoring release would need to be selected carefully or high-
pressure liquid chromatography (HPLC) coupled to UV detection might be used. For
such studies the sampling of the dissolution medium may be fully automated so that
the medium is filtered and pumped through to the UV spectrophotometer at set time
intervals in order to take a reading.
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Additional problems

Principles
+ Electromagnetic radiation ranging between 500 e and 4000 cn! (2500 and
201000 nm) is passed through a sample and is absorbed by the bonds of the molecules in
the sarnple causing them to streteh or bend. The wavelength of the radiation absorbed is
characteristic of the bond absorbing it.

Applications

for identifying drugs.

method.

and tablets.

Strengths

* A qualitative fingerprint check for the identity of raw material used in manutacture and

» Used in synthetic chemistry as a preliminary check for compound identity particularly
for the presence or absence of a carbonyl group, which is difficult to check by any other

« Can be vsed to characterise samples in the solid and semi-solid states such as creams
* Used as a fingerprint test for films, coatings and packaging plastics.
+ Can be used to detect polymorphs of drags (polymorphs are different crystal forms of a

molecule that have different physical properties such as solubility and melting point
which may be important in the manufacturing process).

+ Provides a complex fingerprint which is vnique to the compound being examined.




98 Pharmaceutical Analysis

+ Computer control of instruments means that matching of the spectrum of a compound
to its standard fingerprint can now be readily carried out.

Limitations

* Racely used as a quantitative technique because of relative difficulty in sample
preparation and the complexity of spectra,

+ Usually can only detect gross impurities in samples,

+ Sample preparation requires a degree of skill, particularly when potassium bromide
{KBr) discs are being prepared.

* The technique is lacking in robustness since sample handling can have an effect on the
spectrum obtained and thus care has to be taken in sample processing.

Introduction
The infra region can be divided up as shown in Table 5.1.

Table 5.1 Infrared ranges

Ranges Far infrared Middle infrared Near infrared
Wavelength range 50-1000 pym 2.5-50 pm 0.8-2.5 um
Wave number range 200-10 ¢m- 4000-200 cm-! 12 500-4000 cm~
Energy range 0,025 eV-0.0012 eV 0.5 eV-0.025 eV 1.55 eV-0.5 eV

The middle infrared region is commonly used for structural confirmation but near
infrared spectrophotometry. which has been used for very many years to contrel the
products such as flour and animal feed, is finding increasing applications in quality
control in the pharmaceutical industry. For the purposes of explaining infrared
spectroscopy, a molecule is viewed as being joined by bonds which behave like
springs. If the simple molecule HCI is examined in the gas phase it can be seen that
it has an absorbance maximum at ca 2900 cm™'. which results from the transition
between the bottom vibrational state Vo and the fiest excited state Vi (Fig. 5.1). The
spacing of the lower vibrational levels in IR spectrophotometry is equal so that even
if the V1=V2 transition occurred the energy absorption would be the same as for
Vo-V\. Quantum mechanics does not allow a Vo—V2 transition, although these types
of transition over 2 or 3 levels occur weakly and give rise to near-infrared spectra.

A Fig. 5.1
hv Absorbance in IR
= radiation by a simple
. % molecule HCJ.
Resonance <
- H = Va
J+ J- E Va2
2 Vi
Bond has a resonant o
frequency at which it will Vo
stretch

In order for the electrical component in electromagnetic radiation to interact with
a bond, the bond must have a dipele. Thus symmetrical bonds such as those in O, or
N, do not absorb infrared radiation. However, the majority of organic molecules
have plenty of asymmetry. In even small organic molecules the modes of vibration
are complex. This is illustrated by the vibrational modes which can occur in a
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methylene group shown in Figure 5.2. The large number of bonds in pelyatomic
molecules means that the data obtained by IR analysis is extremely complex and
provides a unique “fingerprint” identity for the molecule. Quite a lot of structurat
information can be obtained from an IR spectrum but even with modern

instrumentation it is not possible to completely ‘unscramble’ the complex
absorbance patterns present in IR spectra.

Fig. 5.
\ /4 \ / t" ‘ Vligbrastizon modes of a
H\ /H H\ /H H H methylene group.
C. C C
/N /N /N

Symmetric stretch  Asymmetric siretch

Wagging
PN
- H *—H HooH H\ /H
WA % ¢
c ‘.
X Y A S
/ /N /N
Rocking Twisting Scissoring

Factors determining intensity and energy level of
absorption in 1R spectra

Intensity of absorption

The intensity with which a bond absorbs radiation depends on its dipole moment.
Thus the order of intensity of absorption for the following C-X bonds is:

cC0O > C(Cl » CN > (C-C-OH > CC-H

Similarly:

OH > NH > CH

The intensity depends on the relative electronegativity of the atoms involved in
the bond.

Self-test 5.1

Predict the order of intensity of absorption of the following bonds:
0] {ii} (i (iv} v}

C-OH C=NH C=C-H C=C-0H C-F =5

() KA1 104) 0 200 1(A) istemsuy

The intensity of the stretching of carbon—carbon double bonds is increased when
they are conjugated to a pelar double bond and such bonds in the A ring of the
corticosteroids are quite prominent (e.g. see Fig. 5.12).
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The order of intensity is as follows:

C=C-C=0>C=CC=C >»(C=C-C—

Energy level of absorption
The equation which determines the energy level of vibration of a bond is shown

below:
7

k is a constant related to the strength of the bond, e.g. double bonds are stronger
than single bonds and therefore absorb at a higher energy than single bonds. y is
related to the ratio of the masses of the atoms joined by the bond.

_ _mym,
K= m, + m,
e.g. for O-H bonds = 161 =0.94 for C-O bonds g = 12x 16 =113

17 17

where m, and m, are the masses of the atoms involved in the bond.

According to the g term the highest energy bonds are the X-H (OH, NH, CH).
The order of energy absorption for some common bonds is as follows, which reflects
# and the strength of the bonds:

O—H>N—H>C—H>C=N>(C=C>C=0>C=C>C—0>C—C>C—F>C--Ll

Instrumentation

Two types of instrument are commonly used for obtaining IR spectra: dispersive
instruments which use a monochromator to select each wavenumber in turn in order
to monitor its intensity after the radiation has passed through the sample and Fourier
transform instruments that use an interferometer. The latter generates a radiation
source in which individual wavenumbers can be monitored within a ca 1 s pulse of
radiation without dispersion being required. In recent years, Fourier transform
instruments have become very common. A simple diagram of the layout of a
continuous wave instrument is shown in Figure 5.3. The actual arrangement of the
optics is much more complicated than this but the diagram shows the essential
component parts for a dispersive IR instrument. The filament used is made of metal
oxides, e.g. zirconium, yttrium and thorium oxides and is heated to incandescence in
air, The sample is contained in various ways within discs or cells made of alkali
imetal halides. Once the light has passed through the sample it is dispersed so that an
individual wavenumber or small number of wavenumbers can be monitored in turn
by the detector across the range of the spectrum.

In a Fourier transform IR instrument the principles are the same except that the
monochromater is replaced by an interferometer. An interferometer uses a moving
mirror to displace part of the radiation produced by a source (Fig. 5.4) thus
producing an interferogram which can be transformed using an equation called the
‘Fourier transform’ in order to extract the spectrum from a series of overlapping
frequencies. The advantage of this technique is that a full spectral scan can be
acquired in about 1 s compared to the 2-3 min required for a dispersive instrument
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Monochromator ) Fig. 5.3
Slit Schematic diagram of a
Thermocouple continuous wave IR
instrument.
IR radiati Sample between
radiation KO discs
source
Readout
[ Fixed mirror Fig. 5.4
z 52 Michelson interferometer
% Beam T used in FT-IR instruments.
Source = splitter ¢
oo RN
N :
Sample 5 ;
2 : Moving mirror
@) Detector
Waveform
contains frequency
information

to acquire a spectrum. Also, because the instrument is attached to a computer several
spectral scans can be taken and averaged in order to improve the signal:noise ratio
for the spectrum.

Instrument calibration

In order to ensure that instruments conform with BP specifications. the wavelength
scale of the instrument is checked by obtaining an IR spectrum of polystyrene film
{shown in Figure 5.3}. Some of the bands used to check the accuracy of the
wavelength scale of an IR spectrophotometer are shown in Figure 5.5, The permitted
tolerances for variation in the wavelengths of absorption are mainly = 0.3 nm. Two
of the bands at 907 cm-!, 1028 cm', 1495 ¢m™' or 1601 cm™' (usvally 1028 and
1601 cm™'} are overlayed onto standard BP spectra to indicate that the spectra have
been obtained on a correctly calibrated instrument. In addition to specifying
tolerances for the wavelength scale, the BP specifies the degree of resclution which
the instrument must be capable of achieving, e.g. the maxima at 2851 cm-' and the
minimum at 2870 cm™' should have a valley between them of > 18% transmittance.
In Figure 5.5 the valley between the minimum and maximum at these two
wavelengths is ca 25% transmittance.
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100 Fig. 5.5
IR spectrurm of
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Sample preparation

Traditionally three modes of sample preparation have been used prior to [R analysis:

(i}  The sample is run as a film sandwiched between two NaCl or potassium
chloride (KCl) discs. For this method the sample must be a liquid, in which
case it can be run without preparation, or must be ground to a paste in a liquid
matrix, usually liquid paratfin (Fig. 5.6). In this case the liquid paraffin (nujol}
contributes some peaks to the spectrum at ca 3000 cm™' and ca 1400-

1500 cm'. However, sample preparation is relatively simple and this
procedure is used where a chemist just wants a quick identification of certain
structural features in a molecule. This procedure is also used to identify
different crystal forms {polymorphs) of a drug because the pressures used to
prepare KBr discs can cavse polymorph interconversion.

(i)  The sample is ground to a powder with KBr or KCI. KBr is usually used unless
a hydrochloride salt is being analysed in which KCl is used to avoid halogen
exchange. On a weight-for-weight basis the weight of the sample used is about
1% of the weight of KBr used. About 200 mg of the finely ground powder are
transferred to a die block and the sample ts then compressed into a disc under
vacuum by subjecting it to a pressure of 800 KPa (Fig. 5.6). This 15 the
procedure used in pharmacopoeial methods to prepare a drug for analysis by IR,

(iii) IR spectra of liquids or sclutions in an organic selvent, commonly chloroform,
may be obtained by putting the liquid intc a short pathlength cell with a width
of ca 1 mm. Cells are constructed from sedium or potassium chlorides and
obviously aqueous samples cannet be used.

(iv) A more recent development in sample preparation is the use of diffuse
reflectance (Fig. 5.7). Diffuse reflectance is a readily observed phenomenon.
When light is reflected off a matt surface the light observed is of the same
intensity no matter what the angle of observation. Samples for diffuse
reflectance are treated in the same way as those prepared for KBr disc
formation except that instead of being compressed the fine powder is loaded
into a small metal cup, which is placed in the path of the sample beam. The
incident radiation is reflected from the base of the cup and during its passage
through the powdered sample and back absorption of radiation takes
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Fig. 5.6
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place-yielding an infrared spectrum which is very similar to that obtained
from the KBr disc method. In fact the spectrum produced is an absorbance
spectrum rather than a transmittance spectrum but it can be readily converted
into a transmittance spectrum if the instrument is attached to a computer. The
diffuse reflectance technique is widely used in near-infrared
spectrophotometry and it can also be used to examine films and coatings if
they are put onto a reflective background. It is also a wseful technique for
examining polymorphs since the sample can be prepared for analysis with
minimal grinding and compression, which can cause interconversion of
polymorphs.

Attenuated total reflectance (ATR) is another recent development in sample
handling (Fig. 5.8). In this case the sample may be run in a gel or cream and
this method may be used to characterise both formulation matrices and their
interactions with the drugs present in them. If the active ingredient is relatively
concentrated and if a blank of the matrix ts run using the same technique it
may be subtracted from the sample to yield a spectrum of the active
ingredient. ATR also provides another technigque which can be used for the
characterisation of polymorphs.
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Fig. 5.8
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Suggest methods for analysis of the following samples by R spectrophotometry:

{iy Pethidine.hydrochioride.

{ii} Pethidine free base (liquid).

{iiiy A cream containing 2% wiw salicylic acid.
{iv) A polymorphi¢ form of a drug.

(W) A plastic to be used in packaging.
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Application of IR spectrophotometry in structure

elucidation

As indicated earlier, the extent to which IR spectrophotometry can be used to
elucidaie structures is limited. The information given in Figure 5.9 is confined to the
more easily recognisable bands in the IR spectra of molecules; this is to discourage
the notion that IR is a technique used for extensive structure elucidation—in
pharmaceutical analysis it is a fingerprint technique. The most readily assigned
absorptions are usually at > 1500 ¢cm™'. The bands < 1500 cm™' are in the fingerprint
region of the spectrum where the absorption is very complex and 1t is difficult to be
confident in the assignment of absorptions to particular functional groups. Fuller
tables of the bands in the fingerprint region are given elsewhere' and the present
treatment is focused largely on the bands > 1500 em.

Examples of IR spectra of drug molecules

Some examples of interpretations are given in Figures 5.10-5.14 and Tables 5.3-5.6.
In the examples only limited interpretation of the fingerprint region is attempted
since often assignments in this region are not certain. Even above 1500 cm™ it is
sometimes difficult to assign bands thus IR is not a primary structure elucidation
technique.
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Fig. 5.9
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Table 5.2 Additional comments an IR bands in Figure 5.9

Band

Comment

A

mo

Restricted rotation about N-CO bond produces diastereomers giving two bands
in the case of secondary amides; see spectrum of phenoxymethylpenicillin

{Fig. 5.14)

C=C unconjugated gives a very weak absorption but when conjugated the C=C
bond gives a much stronger absorption found typically in many steroids

C=C aromatic: the band at 1600 cm~* may be weak unless the aromatic ring is
substituted with polar substituents, e.g. a phenol, aromatic ether or aromatic
amine free base

N-H bend is often obscured by stronger aromatic C=C stretching bands

50, bands: although this absorption is in the fingerprint region, these bands are
quite prominent in sulphonamides

C-H bending in many cases is not very distinctive in drug molecules because of
the complexity of the fingerprint region

Fig. 5.10
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Tabte 5.3 Interpretation of the IR spectrum of paracetamol

Wavenumber

Assignment

Comments

A 3360 cm™

B 3000 ¢m'=3500 cm™

Cca 3000 cm!

D 1840-1940 cm-!

N-H amide stretch

Phenolic OH stretch

C-H stretching

Aromatic overtone
region

This band can be seen quite clearly
although it is on top of the broad CH
stretch

Very broad due to strong hydrogen
bonding and thus obscures other
bands in this region

Not clear due to underlying OH
absorption

Quite clear fingerprint but does not
reflect 2 hand pattern proposed for
p-disubstitution.?

E 1650 cm- C=0 amide stretch C=0 stretching in amides occurs at a
low wavenumber compared to other
unconjugated C=0 groups

F 1608 cm™! Aromatic C=C stretch This band is strong since the aromatic
ring has polar substituents which
increase the dipole moment of the C=C
bonds in the ring

G 1568 cm! N-H amide bending Strong absorption in this case but this
is not always so

H 1510 cm- Aromatic C=C stretch Evidence of a doublet due to
interaction with ring substituents

1810 em™ =C-H bending Possibly aromatic C-H bending but the
fingerprint region is teo complex to be
completely confident of the
assignment

100 Fig. 5.11
| The infrared spectrum of
aspirin as a KBr disc.
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Table 5.4 Interpretation of the IR spectrum of aspirin

Wavenumber Assignment Comments
A 2400-3300 cm™’ Carboxylic OH stretch Very broad and complex due to strong
hydrogen honding. The broad band
ohscures other bands in this region
B ca 3000 cm " C-H stretching Not clear due to underlying OH
absorption
C 1757 cm-? C=0 ester stretch Due the acetyl group which is an
unconjugated aliphatic ester
D 1690 cm! C=0 conjugated C=0 of the acid is conjugated to the
carboxylic acid stretch aromatic ring
E 1608 cm’ Aromatic C=C stretch These bands are intense since the
ring is substituted with polar groups
F 1460 ¢m? Aromatic (=C stretch
Fig. 5.12 100
The infrared spectrurm of
dexamethascne obtained
as a KBr disc.
Corticosterpids provide
some of the best &
examples for the c [’
assignment of IR bands ‘E
because of the @ /
prominence of the bands E 50 _M\ ,—'r
in their spectra above = "\‘ f
1500 cm", & Vo

\
A
0= I |
4000 3500 3000 2500 2000 1500 1000 500
11 o™

Table 5.5 Interpretation of the IR spectrum of dexamethasone

Wavenumber Assignment Comments
A 3140-3600 cm™ Alcoholic OH stretch Broad due to hydrogen bonding
B 2750-3122 ¢! C-H stretch Complex region due to the large
hydrocarbon skeleton of steroid
C 1705 ¢m? C=0 unconjugated Ketone at 20-position C=0 stretch,
ketone stretch generally lower than an ester
C=0 stretch
D 1655 cm C=0 conjugated Ketone at 3-position
ketone stretch
E 1615 cm™? C=C ¢onjugated Strengthened by being conjugated to
a C=0 group. Trisubstituted C=C
absorbs at a higher wavenumber than
disubstituted
F 1600 cm™! C=C conjugated strengthened by being conjugated to

a C=0 group. Disubstituted C=C
absorbs at lower wavenumber than
trisubstituted
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The spectrum of dexamethasone obtained by the DRIFT technique is shown in
Figure 5.13 and is very similar 1o that obtained using a KBr disc. However, the
proportion of dexamethasone powdered with KBr and vsed to obtain the DRIFT
spectrum was 10 times that used to prepare the KBr disc, which yielded the spectrum
shown in Figure 5.12. As discussed earlier in this chapter, the use of DRIFT has

some advantages over the preparation of a KBr disc.

100 Flg. 5.13
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Table 5.6 Interpretation of IR spectrum of phenoxymethyl penicillin potassium

Wavenumber Assignment Comments

A 3360 cm! N-H amide stretch Two bands indicating restricted
rotation about the N-CO bond
resulting in steregisomers

B 2900-3100 cm! C—H stretch Aliphatic and aromatic C-H stretching
C 2400-ca 3000 cm* OH stretch absent since the carboxylic
acid is in the form of its potassium salt
D 1765 cm! C=0 lactam ring High energy C=0 stretch typical of a
stretch lactam ring
E 1744 ¢m’ C=0 carboxylic Salt thus ahsence of H bonding means
acid stretch the stretch is of higher energy than in
an acid. Compare with esters
F 1690 crmn! C=0 amide stretch
G 1610 cm™ C=C stretch Aromatic ring stretch, broad band
possibly obscuring amide N-H bend
H 1505 cm-' and C=C stretch Aromatic ring
1495 cm-!
Self-test 5.3
Assign the bands A-E indicated in the spectrum of hydrocortisone.
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IR spectrophotometry as a fingerprint technique

Preparation of samples for fingerprint determination

The majority of samples prepared for fingerprint determination in order to determine
their degree of conformity with BP standards are prepared as KBr or KCl discs. The
instructions with regard to sample preparation stipulate that 1-2 mg of the substance
being investigated should be ground with 0.3-0.4 g of KBr or KCI. The KBr or KCl
should be free from moisture. The mixture should be compressed at 800 KPa and
discs should be discarded if they do not appear uniform. Any disc having a
transmittance < 75% at 2000 cm™ in the absence of a specific absorption band
should be discarded. The instrument used to measure the IR spectrum should be
calibrated using a polystyrene film. Formulations are usually extracted with a
specified solvent and it is stipulated that adequate spectra will be obtained only if
excipients in the formulation are adequately removed. For pure substances, if
difficulty is encountered with obtaining a fingerprint match to the BP spectrum of a
reference standard for the substance being examined. the analysis should be repeated
where the substance being investigated and the reference standard have been
recrystallised from the same solvent. As can be seen in Figure 3.15, even closely
related compounds give ditferent [R spectra in the fingerprint region. '
Dexamethasone and betamethasone only differ in their stereochemistry at the 16
position on the steroid skeleton. However. this smali difference is great enough to
result in a different tingerprint spectrum for the two compounds. There are even
slight differences in the absorptions of the bands due to C=C stretching at 1620 cm.

pr Fig. 5.15
BETAMETHASONE Comparison of the
fingerprint regions of
dexamethasone and

OH hetamethasone.
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. Self-test 5.4

Compare the fingerprint regions of the following spectra with the spectrum of paracetamol
given in Figure 5.10. Which spectrum is due to paracetamol? Suggest what the structure of the
uriknown compound might be.
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Infrared spectrophotometry as a method for
identifying polymorphs

IR spectrophotometry along with differential scanning calorimetry and X-ray
powder diffraction provides a method for characterising polymorphic forms of
drugs. The existence of polymorphs, different crystalline forms of a substance, has
an important bearing on drug bioavailability, the chemical processing of the material
during manufacture and on patent lifetime. Until recently the standard method of
sample preparation for characterising polymorphs by IR was by using a nujol mull to
prepare the sample. However. the DRIFT technique has an advantage since it does
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0.4420— Fig. 5.16
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not introduce the interfering peaks which are present in nujol and which may
obscure areas of interest in the fingerprint region of the spectrum. In addition, low
polarity samples may be soluble in nujol thus causing their polymorphs to break
down. Figure 5.16 shows the spectra of the fingerprint region of two polymorphs of
sulphamethoxazole prepared by powdering the samples with KBr and then analysing
using DRIFT.? The units on the Y axis are Kobeia Munk units, which are an
expression of the data obtained by DRIFT. These can be mathematically converted
into transmittance or absorbance if required.

Near-infrared analy5|s (NIRA)

KEYPOINTS

Principles

» Electromagnetic radiation in between 1000 and 2500 nm is weakly absorbed by the X-H
bonds of molecules causing them 1o stretch. The wavelength of the radiation absorbed is
characteristic of the bond absorbing it.

Applications

* Quantitative analysis of multiple components in a sample and in pack quantification of
drugs in formulations

» Fingerprint check for the identity of a drug and quality control of complex excipients
such as lactose and cellulose used in formulation

» Determination of physico-chemical properties of drugs and excipients such as particle
size, water content and polymorphism

+ Determination of the physical properties of formulations such as blend uniformity and
particle size.

Strengths

» NIR radiation has good penetration properties and thus minimal sample preparation is
required and thick sample layers can be used to compensate for the weakness of NIR
absorption

« Intense radiation sources can be used since they can be protected by quartz envelopes
unlike middle-IR sources

+ Has the potential to replace chromatography as a method for more rapid analysis of
multicomponent samples.




Infrared spectrophotometry

113

Limitations

 Extensive method development is required before the technique can be used as a truly
rapid analysis technique. Development of a method requires a specialist operator with
computing knowledge

» [Instruments are expensive compared with middle-IR instruments.

Introduction

The near-infrared region of the spectram is generally defined as the wavelength
range from 700 nm to about 2500 nm. The absorption bands in this region of the
spectrum are due to overtenes and combinations of fundamental mid-IR vibration
bands. Quantum mechanical selection rules forbid transitions over more than one
energy level. However, molecules do not behave as ideal oscillators and anharmonic
vibration enables overtone bands to occur at two, three, four times, ¢tc. the energy
tevel of the fundamental bands of the mid-IR region. Such overtone bands are ca
1000 times weaker than the bands seen in the mid-infrared region. Most of the useful
bands in this region are overtones of X—H stretching. The NIRA technigue was
developed in the [950s but the paucity of structural information which could be
obtained from it caused it to be neglected until the 1980s when applications for it
were found in the agricultural and textile industries. The strength of NIRA lies in the
quantitative information which it can yield and its ability to identify constituents in
multicomponent samples, The applications in quantitative analyses arrived with the
ready availability of advanced computing facilities and this is the weakness of the
technique, i.e. extensive software development has to take place before the spectral
measurements yield useful information. However, it might be anticipated that
increasingly sophisticated software will become available. NIRA has the potential to
produce great savings in sample preparation and analysis and lends itself very well
to process conirol, The technique is largely used in the DRIFT mode.

Examples of NIRA applications

Extensive use has been made of NIRA in agriculture where it has been used to
determine the protein, fibre, water and triglyceride contents of feedstuffs and the
quality of crops. By training the computer to recognise the near-infrared (NIR)
spectra of the major components making up a crop, the individwal components can
be monitored in the crop itself. The components that can be measured by NIRA often
cannot be measured by the usual spectroscopic methods. The fundamental work
done in the quality control of agricultural products can be readily extended to the
quality control of pharmaceutical formulations.

1.40- Fig. 5.17
NIRA of USP aspirin

© samiples with decreasing
|5
S 1.004 particle size. Reproduced
£ with permission from
§ 0.60- Applied Spectroscopy
< Reviews (see Reference

0.0 .

T T T
1200 1600 2000 2400
Wavelangth nm




14

Pharmaceutical Analysis

Determination of particle size in United States
Pharmacopoeia (USP) grade aspirin

It has been found that there is a linear relationship between NIR absorption and
particle size. NIRA can provide a rapid means for determining particle size. Figure
5.17 shows the effect of particle size on the NIR spectra of USP grade aspirin;* the
absorbance of the sample increases with decreasing particle size. Particle size is an
important factor to be controlled in formulation and manufacture and NIRA provides
a rapid means for its defermination. In order to validate such a technique it would
have to be calibrated against one of the existing methods for particle size
determination.

Determination of blend uniformity

NIRA provides an excellent method for the direct monitoring of the uniformity of
blends when drugs are being formulated. Figure 5.18 shows the effect of blending
time on the uniformity of a sample containing hydrochlorothiazide, lactose,
magnesium stearate and croscarmellose sodium.® The most notable variations in
absorbance intensity in the spectrum of the blend occur at 2030 nm and 2240 nm.
Absorbance at these wavelengths can be attributed to hydrochlorothiazide and
lactose, respectively, The more complete the blend. the less the standard deviations
of the absorbances at these wavelengths obtained when several batches sampled at
the same time point are compared. As would be expected the standard deviations
shown in Figure 5,17 decreases with blend time but the decrease is less marked after
10 min. In this study it was found that blending for more than 20 min caused a loss
in uniformity due to an alteration in the flow properties of the powder resulting from
a change in the distribution of the magnesium stearate. NIR probes can be inserted
directly into blenders to monitor mixing.

. Y

1200 1300 1400 1500 160D 1700 1600 1800 2000 1)) 200 2300 2400
Warvetength im

Fig. 5.18

The effect on differences
in blend time on the
uniformity of a
formulation containing
lactose and
hydrochlorothiazide.
Reproduced with
permission from

J. Pharm. Biomed. Anal.
{see Reference 5).

Determination of active ingredients in multicomponent
dosage forms

NIRA has been used to analyse multicomponent tablets, e.g. aspirin/caffeine/
butalbarbital, and can examine such tablets in a pass/fail manner.® The tablets fail
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when the ingredients fall outside the specified range as shown in Figure 5.19, which
is derived by the monitoring of two wavelengths in the NIR spectrum of the
formulation. This might appear simple but a great deal of development work was
carrted out in order to determine which wavelengths 1o monitor in order give the best
discrimination.

In-pack determination of active ingredients

In clinical trials of a new drug it is important to ensure that the tablets have been
packed and coded correctly. Figure 5.20 shows the absorbance of tablets monitored
at 4 wavelength which can be correlated with the content of active ingredient.” It was
possible to distinguish between tablets containing 0, 5. 10, 15 and 20% of the active
ingredient. It was also possible tc adapt the method to determination of the active
ingredient of the tablets ‘in pack’ using a fibreoptic probe, although the precision
was not quite as good as that obtained from the unpackaged tablets.

Determination of polymorphs

NIRA provides a non-destructive alternative to differential scanning calorimetry for
the determination of polymorphic forms of drugs, e.g. the polymorphic forms of
caffeine.® NIRA has also been used to determine optical purity. While the pure
opposite enantiomers of a substance have identical NIR spectra. mixing two
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enantiomers together causes a change in the spectrum. Thus there is potential for
determining the percentage of each enantiomer in an enantiomeric mixture and
hence for the control of enantiomeric impurities.?

Moisture determination

Use can be made of a sirong absorption band for water at 1940 nm in the NIR region
in order to quantify the water in pharmaceuticals; good agreement has been found
with Karl Fischer determinations. Recently a study was carried out in order to
determine water content in freeze-dried sterile product in glass ampoules.* The
method developed was only partially successful due to variations in the hydrogen
bonding of water with the product but it should be possible to optimise the
wavelengths used for monitoring such bound water.

Q Additional problems

1. Four steroids (i), (i), {iii} and {iv) correspond to the structures below (Fig. 5.21). The steroids
are analysed by IR as KBr discs. The principal bands in their spectra between 1500 cm~' and
4000 ¢! are given below. Determine which of the structures given below correspond to
{iy, (i, €iiiy and {iv).

(i) Stercid ca 3600 cm™, 1710 ¢m', 1670 cm', 1620 cm",
{ii) Steroid 3460 cm' (broad band), ca 3000 cm-, 1710 cm', 1660 cm™, 1620 em™, 1630 ¢m,
(i) Stercid 2900-3500 cm-' (very broad band obscuring other bands in this region),
1605 ¢m-!, 1580 cm', 1500 cm.
{iv} Steroid 3400 cm™ {broad band), ca 3000 cm', 1670 ¢, 1605 co™!

Fig. 5.21 OH ' * ' J\:O
o 1
by Iy

Testosterone Progesterong

P
jee,

Qesiradiol Dexamethasong

JUOIBIS015Y (A} JOIRENISIO (111} JDUOSBYLAWEXDN (1)) 'duosaisabold (1) Hamsuy

2. The principal bands between 1500 ¢m™ and 4060 em-' are given for the molecules shown
below (Fig. 5.22). Associate each set of data with ane of the molecules.

(i) ca 3000 cm™, 2300-2900 e (very broad), 1600 cm™' (weak}, 1500 cm™".

{iiY  3300-3500 ¢! (broad), ca 3000 ¢cm™, 1750 cm™, 1720 cm™', 1650 em™, 1612 o,
1600 cm'.

{iii) 3370 cm' (sharp), 2300-3200 e~ (broad band obscuring other bands in this region),
1780 cm-! (with slight shoulder at 1750 cm™'), 1630 cm™, 1605 emc', 1580 ¢m?, 1500 ¢,

{iv) 3380 cm™, 3320 ¢, €a 3000 cm’, 2300-2900 cm™' (very broad), 1690 cm™', 1620 cm™,
1600 cm™', 1500 em™'.
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Process control of components in a shampoo

NIRA was studied as a technique for process control in the manufacture of shampoo.®
The formulation contained detergent, solids, water and glycerol. In order to carry out the
process control samples of shampoe were taken at various points in the production
process. NIR reflectance spectra were obtained for 75 samples over the range
1100-2500 nm. A multiple step-up linear regression analysis was performed at nine
wavelengths. This type of statistical test consists in multiple correlations of absorbances
at different wavelengths with the concentration of the ingredients of the shampoo
determined by classical methods. Correlation coefficients of (.99 were obtained for
water, solids and detergent with a rather lower correlation for glycerol, which at 1% in
the matrix was close to the limits of detection. The technique was deemed suitable for
flow through monitoring. The computer monitoring of the the process by NIRA could
be used to control actuators and valves within the chemical processing plant.

References

1. D.H. Williams and 1. Fleming. Spectroscopic methods in organie chemistry, 4th Edn.
McGraw-Hill. London {1989).

R.E. Schrimer. Modern methods of pharmaceutical analvsis. Vol |, CRC Press. Boca Raton (1991).
K.J. Hartaver, E.S. Miller and 1.K. Guillory. Int. ). Pharmaceutics. 85, 163-174 (1992).

E.W. Ciurczak. Applied Spectroscopy Reviews. 23, 147-163 (1987).

D.J. Wargo and J.K. Drennen. I. Pharm. Biomed. Anal. 14, 1415-1423 (1996).

E.W. Ciurczak and T. Maldacker. Speciroscopy 1, 36-39 (1986).

M.A, Dempster, JLA. Jones, LR, Last, B.E MacDonald and K.A. Prekble, J. Pharm. Biomed. Anal.
L1412, 1087-1092 (1993},

I.E. Last and K.A. Prebble, ). Pharm. Biomed. Anal. 11712, 1071-10746 (19933,

9. PL. Walling and I.M. Dabney. J. Soc. Cosmet. Chem. 39, 195-199 (1988},

=il

o

Additional reading

Infrared Characteristic Group Frequencies: Tables and Charts. G. Socrates 2nd Edo. Wiley
Interscience {1994),

Fourier Transform Infrared Spectrometry. P. Griffiths and J.A. De Haseth. Wiley Interscience (1986).

Making Light Work: Advances in Near Infrared Spectroscopy. |. Murray and I.A. Cowe. Wiley
Interscience (1992).



Atomic spectrophotometry

Atomic emission
spectrophotometry

Keypoints
Intraduction
Instrumentation

Examples of quantitation by
AES

Assay of sodiurn and
potassium ions in an v
infusion

Interferences in AES analysis

tonisation

Viscosity
Anionic interference

Assays based on method of
standard additions

Assay for KCI, NaCl and
glucose iv. infusion

Atomic absorption
spectrophotometry

Keypoints

Intraduction

Instrumentation

Examples of assays using AAS

Assay of magnesium and
calcium in haemodialysis
fluid

Some examples of limit tests
employing AAS
Assay of lead in sugars

Trace metals in a silicone
foam cavity wound dressing

Applications of AAS in BP
assays

Inductively coupled plasma
emission spectroscopy

Atomic emission spectrophotometry (AES)

Principles

Strengths

Limitations

Applications in pharmaceutical analysis

+  Quantification of alkali metals int alkali metal salts, infusion and dialysis solutions.

* Determination of metallic impurities in some of the other inorganic salis vsed in
preparing these solutions.

Atoins are thermally excited so that they emit light and the radiation emitted is measured.

» Flame photometry provides a robust, cheap and selective meshod based on relatively
simple instrumentation for quantitative analysis of some metals.

*  Only applicable 10 the determination of alkali and some alkaline earth mevals.

Introduction

Atomic emission spectroscopy plays an important role in the control of sodium,
potassium and lithium in a number of raw materials and formulations.
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Atoms contain various energy states as illustrated in Figure 6.1 for the sodium
atom. The normal unexcited state is the ground state. Sodivm contains | electron in
its outer (3p) orbital and if energy is gained by the atom this electron may be excited
10 a higher state and then subsequently lose its excess energy by falling back to a
lower energy orbital. Thus when a sodium salt is heated in a flame the outer
electrons in the volatilised atoms are excited and then return to the ground state with
emission of energy, which appears for example as yellow light {wavelength
589.3 nm). The major line in the sodium emission spectrum is due to an electron
falling from the 3p excited state to the 35 ground state; the atomic emission spectrum
of sodium contains two other major lines at 819.5 nm and 330.2 nm due to the
transitions shown in Figure 6.1. Atomic emission lines are very narrow (< 0.01 nm).
Only a limited number of elements are sufficiently excited by thermal energy for
AES measurements to be carried out. Common elements with emission lines suitable
for utilisation in their quantitation are Ca, Ba, Na, Li and K.

Instrumentation
Fig. 6.2
Monachromator/Filter Detactor Schematic diagram of an
Flame cell w atomic emission
spectrophotometer.
| - ]
- -

Sample Readout

An atomic emission spectrophotometer {Fig. 6.2) is composed of the following
COITIPOHCIIISZ

(it  Flame. The sample containing the metal is volatilised in a natural gas flame at
2000°C. A higher temperature (2500°C) may be obtained using air/acetylene
and is required for analysis of Mg by AES.
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(iiy Mownochromator/Filter. The radiation emitted by the excited atoms is passed
through a filter or a monochromator in more expensive instruments. Thus a
narrow band of emitted radiation is selected and interfering sources of
radiation such as the flame and other components in the sample are screened
out.

(iii) Detector. The intensity of the selected radiation is then measured using a
photosensitive cell.

Examples of quantitation by AES
In order to measure a sample by AES a calibration curve is constructed by aspirating
solutions of known concentration into the flame.

Assay of sodium and potassium ions in an i.v. infusion

Standard solutions of sodium chloride (NaCl) and potassium chloride (KCl) in water
were prepared and diluted appropriately to give a calibration curve across the
working range across the range of the instrument {ca 8.05—-1 mg/100 ml). The assay
was then carried out by diluting the infusion until its concentration was close to that
at the mid-point of the calibration series. Water is used as a blank. The following
results were obtained:

(i) + Weight of NaCl used to prepare standard solution =(0.5092 g

*  Weight of KCI used to prepare standard solution = 0.1691 g
Both standards were transferred to the same 1000 ml volumetric tlask and
diluied to 1000 mil.

(i)  Dilutions were carried out on standards:

»  Step I 20 ml of the standard solution was wransferred to a 100 ml
volumetric flask and was diluted to 100 ml (diluted standard sclution)

* Step 2: A calibration series was prepared by transferring the following
volumes of diluted standard solutions to 100 ml volumetric flasks 0, 5, 10,
15 and 25 ml.

(iii) The infusion solution was diluted as follows:

* Step I: 5mlto 250 ml

« Step 2: 10 ml to 100 ml.

(iv) The instrument was used with a sodium filter to establish the sodiom
calibration curve and then the sodium in the sample. The instrument was
switched to a potassium filter in order to determine the potassium calibration
curve and the potassium in the sample. Table 6.1 shows the readings obtained
for sodium {Na) and potassium (K) in the calibration solutions as well as the
concentrations of Na and K in the calibration solutions (calculated below).
Calculate the concentrations of Na and K in the infusion solution in mmoles/L.
Atomic weights: Na =23; K=39.1; C1=35.5.

Table 6.1 Data used in Calculation example 6.1

Amount of Na Flame photometry Amount of K Flame photometry
mg/ 100 ml reading mg/100 ml reading

1] 0 (1] 0

0.2002 20.7 0.08923 224

0.4004 41.0 0.1785 41.2

0.6006 60.6 0.2677 61.2

0.8008 80.3 0.3569 80.3

1.010 100 0.4462 100
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Calculation example 6.1

0.5092 g of NaCl/l is equivalent to 0.5092 x 5%—35 = 0.2002 g of Na/l = 200.2 mg/1.
=20.02 mg/100 ml
0.1691 g of KCl is equivalent to 0.1691 x % = 0.08923 g of K/l = 89.23 mg/l.
= 8.923 mg/100 ml.
Dilutions of standards
Step I 20 10 100 ml (X 5).
Step 2: Point 1 =3 to 100 (x 20).
Total dilution = 5 x 20 = 100.
Concentrations in solution used for point 1.
_ 2002 _ _8923 _
Na= S0 - 0.2002 mg/100ml K T 0.08923 mg/100 ml.

The rest of the points in the calibration series are simply % 2, x 3, x 4 and x 5. These values give the
concentrations in Table 6.1,

The equations of the lines obtained for the above data were:

For Na y = 99.0 x +0.722.
For Ky =222 x +1.3.

Reading of diluted sample for Na = 70.2 Reading of diluted sample for K = 70.6.

Dilution of sample

Step I 5 10 250 ml {x 50).

Step 2: 10 ml to 100 ml {x 10} Total dilution 50 x 10 = 500.
Concentration of Na in infusion

Substieuting into the equation of the line for Na.

70.2 -0.772

C trati f Na in diluted le =
Oncentration o 1 tuted sample 990

= 0.701 mg/100 ml.

Dilution factor = x 300,

Concentration of Na in infusion = 0.701 x 500 = 351 mg/100 ml = 3510 mg/.

=310 _ (53 mmoles.

23

Self-test 6.1

From the data given in Calculation example 6.1, calculate the concentration of K in the
infusian. -

|SAOMIL §'GE HaMSLIY

Self-test 6.2

From the following data calkulate the potassium content per tablet in effervescent KCI
bicarbonate tablets.

* Weight of 20 tablets = 35.6751 g
+ Weight of tablat powder taken for assay = 0.1338 g
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The sample is dissolved in 500 ml of water and then 5 ml of the sample solution are taken and
diluted to 100 mil.

» Weight of KU used to prepare standard = 0.1912 g

The standard was dissolved in 100 ml of water and 5 ml of the standard solution were diluted
to 250 ml.

The diluted standard solution was used to prepare a calibration series by transferring 0, 5, 10,
15, 20 and 25 ml te 100 ml volumetric flasks and making up to voiume.

The following readings were obtained for the calibration series: 0, 20.3, 40.1, 60.3, 80.1
and 100.

» Reading cbtained for potassium in the diluted sample solution = 73.9.

19((el 19d Bw 2°960 N (AN UCITRIGIED P3ILY 13INAWOD B WOLH) Hamsuy

Interferences in AES analysis

lonisation

At high flame temperatures, atoms such as K may completely lose an electron thus
reducing the observed emission from the sample;

_c
K=—=K*

+e

Tonisation is an equilibrium and may be shifted to the left by addition of another
readily ionised element to the sample which produces electrons. The emission lines
from the added metal are unlikely to interfere because AE lines are very narrow, and
thus there will be no overlap, e.g. strontium chloride solution is added in order 10
suppress the ionisation of K in the BP assay of effervescent KCI tablets.

Viscosity

Organic substances in a sample can either increase of decrease the rate at which it is
drawn into the flame relative to a standard solution by increasing or decreasing the
viscosity, e.g. sucrose decreases the rate thus giving a false low reading while
ethanol increases the rate thus giving a false high reading.

Anionic interference

Anions such as sulphate and phosphate form involatile salts with metal ions and
reduce the reading of the sample solution. These anions may be removed by the
addition of lanthanum chloride which precipitates them out and replaces them with
the chloride anion.

Assays based on method of standard additions

The methed of standard additions can be used with many analytical techniques
where interference from the matrix has to be eliminated and is of general use in
residue or trace analysis. Essentially the technique involves addition of increasing
volumes of a standard solution to a fixed volume of the sample to form a calibration
series. An advantage of the technique is that since several aliquots of sample are
analysed in order to produce the calibration series the method gives a measure of the
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precision of the assay. For example five identical aliquots of sample solution are
mixed with increasing volumes of a standard solution. If x is the amount of metal ion
in the sample solution the amounts of metal ion added should be ca 0, 0.5x, 1.5x,
2.0x and 2.5x. The calibration curve obtained will look something like that shown in
Figure 6.3. The concentration of the metal in the sample is given by the distance
between the origin and where the graph intersects the x axis, i.e. the peint where

Y = 0 in the equation of the line.

1007 Fig. 6.3
* A standard additions
curve,
Reading
> T T T T T T
Amount in Amount of standard added mg/100 ml
sample

Assay for KCI, NaCl and glucose i.v. infusion

Analysis of the infusion was carried out using the method of standard additions, and
the below data was obtained. From the tabulated datz given below plot a curve and
determine percentage of w/v of NaCl and KCl in the infusion.

(i)  The following standard stock solutions were prepared in order to calibrate the
instrument for sodium and potassium:

* NaCl (0.2351 g} was dissolved in de-ionised water and the solution was
made vp to 1000 ml,

* KCI1¢0.3114 g) was dissolved in de-ionised water and the solution was
made up to 1000 ml.

(i) An aliquot (20 mi) of each stock solution was transferred to the same 100 ml
volumetric flask and the volume was adjusted to 100 ml with de-ionised water
(diluted stock solution).

(iii) The sample of i.v. infusion was diluted by transferring 5 ml te a 100 ml
volumetric flask and making up to volume with de-ionised water.

(iv) A calibration curve was prepared by transferring, in each case, 5 ml of diluted
sample solution plus varying amounts of diluted stock solution to a 100 ml
volumetric flask as indicated in Table 6.2 and then making up to 100 ml with
de-ionised water.

Table 6.2 Results obtained from additions of Na and K

Volume of sample Volume of difuted Reading Reading
solution added stock solutlon added Final volume of Na for K

5 0 100 26.1 30.1

5 5 100 393 45.2

5 10 100 54.2 58.8

5 15 100 69.2 731

5 20 100 84.1 87.0

5 25 Ho 100 100
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Calcudation example 6.2

Dilutions of standards

Initial concentration of NaCl = 0.2531 gfl = 253.1 mg/l = 25.31 mg/100 ml.
Dilution I+ 20 to 100 ml (< 5).

Dilution 2: Point 1 on calibration curve = 5 to 100 ml {x 20).

Total dilution = 5 x 20 = 100.

Concentrations in solution used for point 1.

NaCl = 221 _ 02531 mg/100 m1.

100

The rest of the points are simply X 2, X 3, x 4 and X 3, this value giving the following concentrations of added
NaCl in the calibration series; 0.2531, 0.5062, 0.7593, 1.012 and 1.266 mg/100 ml.

The data were used to ploi a calibration curve for NaCl. -
Equation of line obtained for NaCl: y = 58.57x + 25.09.
When y = () the negative x value = concentration of NaCl in the diluted sample.

25.09
58.57

Dikutions of sample were 5 to 100 ml (X 20) then 5 to 100 ml (< 20) = % 400.

Concentration of NaCl in diluted sample = = 0.4284 mg/100 ml.

Concentration of NaCl in sample = 171.4 mg/ 100 ml = 0.1714 g/100 ml = 0.1714% wiv.

Self-test 6.3

From the data given ahove calcutate the percentage of wiv of KCl in the sample.
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AES is used in pharmacopoeial assays of; (1) Na in albumin solution and plasma
protein solution; (2) K, Na and barium (Ba} in calcium acetate used to prepare
dialysis solutions; (3) Ca in adsorbed vaccines (e.g. diphtheria and tetanus).

It is also used to determine sodium and potassium concentrations in urine.

Atomic absorptlon spectrophotometry (AAS)

- KEYPOINTS - -

Principles

Atoms of a metal are volatilised in a flame and their absorption of a narrow band of
radiation produced by a hollow cathode lamp, coated with the particutar metal being
determined, is measured.

Applications in pharmaceutical analysis
* Determination of mesal residues in drugs remaining from the manufacturing process.

Strengths
» More sensitive than AES. A highly specific method of analysis useful in some aspects of
quality control.

Limitations
* Only applicable to metatlic elements.
* Each element requires a different hollow cathode lamp for its determination.
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Introduction

For many atoms the energy difference between their ground state orbital and the
excited state is too great for thenmal excitation of a significant number of electrons

to take place. Where energy differences are too great to get an emission reading,
AAS may be used. Metal atoms are volatilised in a flame and radiation is passed
through the flame. In this case the volatilised atoms, which are mainly in their ground
state and thus not emiiting energy, will absorb radiation with an energy corresponding
to the difference between their ground state and the excited state (Fig. 6.4). The
number of atoms in the ground state which are available for excitation is much greater
than the small fraction that become excited and emit energy in AES. Thus AAS is a
much more sensitive technique than AES. Since the width of absorption or emission
lines in atomic spectra is exiremely narrow, the only source of light where significant
absorption can be observed, after it passes through the sample, is where the light is
produced by excitation of the atoms of the element being analysed.The lamp used is
called a ‘hollow cathode lamp’ and the cathode is coated with the metal which is to
be analysed. For example in the analysis of zinc (Zn), a Zn-coated cathode is used
and the excitation of the Zn atoms produces a narrow band of radiation at 214 nm,
which can be efficiently absorbed by the atoms in the flame. The disadvantage of
this is that the lamp has to be changed every time a different element is being
analysed and only one element can be analysed at a time. Modern instruments have
about 12 lamps mounted on a carousel, which may be automatically rotated into line
with the flame and improve the speed of multi-element analyses, Further information
on the technique can be found in the additional reading.

A Fig. 6.4
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Instrumentation
An atomic absorption spectrophotometer (Fig. 6.3) consists of the following
components:

(iy  Light source. A hollow cathode lamp coated with the element being analysed.

(ii}  Fiame. The flame is usually air/acetylene providing a temperature ca 2500°C.
Nitrous oxide/acetylene may be used to produce temperatures up to 3000°C,
which are required to volatilise salts of elements such as aluminium or calcium.

{iiiy Monochromaior. The monochromator is used to narrow down the width of the
band of radiation being examined and is thus set to monitor the wavelength
being emitted by the hollow cathode lamp. This cuts out interference by
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radiation emitted from the flame, from the filler gas in the hollow cathode
lamp and from other elements in the sample.
(iv) Detector. The detector is a photosensitive cell.

Examples of assays using AAS

AAS is used principally in limit tests for metals in drugs prior to their incorporation
into formulations. The sample is generally dissolved in 0.1 M nitric acid to avoid
formation of metal hydroxides from heavy metals, which are relatively involatile and
suppress the AAS reading.

Assay of calcium and magnesium in haemodialysis fluid
The calcium (Ca) and magnesium (Mg) in a haemodialysis solution were analysed
using atomic absorption spectrophotometry as follows:

(i)  Standard solutions containing Ca at a concentration of 10,7 mg/10¢ ml of
water and containing Mg at a concentration of 11.4 mg/ 100 ml of water were
diluted as follows.

(ti}  Dilution: 10 ml of both solutions were transferred to the same 00 ml
volumetric flask and diluted to 100 ml (diluted standard solution}.

(iii) The calibration series was prepared by diluting the diluted standard solution
with water as indicated in Table 6.3.

Table 6.3 Data ohtained from assay of Ca and Mg by AAS

Volume taken Readings for Ca Readings for Mg
for dllution {(mh) Final volume {ml) dilution series dilution series
0 100 0.002 0.005
5 100 0.154 0.168
190 100 0.310 0.341
15 100 0.379 0.519
20 100 0.619 0.685
25 100 0.772 0.835
Note:

* The dialysis solution was diluted from 5 to 250 m| before analysis of Ca

« Atomic absorption reading obtained for Ca = 0.343

+ The dialysis solution was diluted from 10 to 100 ml before analysis of Mg
+ Atomic absorption reading obtained for Mg = (1.554

+ (Ca atomic weight = 40

+ Mg atomic weight = 24

+ Calculate the concentration of Ca in the dialysis solution in mmol I''.
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Calculation example 6.3

Concentration of Ca standard solution = 10,7 mg/100 ml.

Initially both solutions were diluted 10 to 100 ml (x 10).

Thus the concentration of Ca in the diluted standard solution = 1.07 mg/100 ml.

For point 2 on the calibration curve, 5 ml of the diluted standard solution were diluted to 100 ml {x 20).

Concentration of Ca used for point 2 = ]2—?;- =(.0535 mg/100 ml.
Points 3, 4, 5 and 6 are X 2, x 3, x 4 and x 5, this value giving the following concentrations: (1,107, 0.165, 0.2140

and .2675 mg/100 mt.
In conjunction with the absorption readings these values were used to plot a calibration curve for Ca.

The eqguation obtained for the calibration line was:
y = 2.664 x — 0.007.

Reading for Ca in the diluted dialysis solution = 0,34},
From the equation for the calibration line the concentration of Ca in the diluted dialysis solution = 0.1314 mg/100 ml.
The dialysis solution was diluted 5 to 250 ml {x 50) for Ca analysis. |
Therefore concentration of Ca in the undiluted dialysis solution =
6

6.57 mg/100 ml = 65.7 mg/l = % mmoles/1 = 1.643 mmoles/l.

Self-test 6.4

From the data given above calculate the concentration of mg in the haemodiatysis solution in
mrncles/].
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Salf-test 6.5

Zing (Zn) is added 1o insulin to retard its rate of absorpticn into the bloodstrearn. The total
concentration of 2n in Zn insulin suspension is determined by atomic absorption .
spectophotometry. From the following data calculate the total concentration of Zn ina Zn
insulin suspension in percentage of wiv from the following data:

+ Concentration of Zn in the standard solution used te prepare the calibration line =
50.5 mg/100 ml,

+ Dilution 1: 5 ml of standard sclution were diluted to 508 ml with 0.01 M HCI (diluted
standard selution).

* The calibration line was prepared as follows: 10, 20, 30, 40 and 50 ml amounts of diluted
standard solution were diluted to 100 ml with 0.01 M HCI.

* The following absorption readings were obtained: 0.151, 0.313, 0.454, 0.605 and 0.755. 2 ml
of the Zn insulin suspension (100 unitsfml) were diluted to 200 ml with 0.01 M HCl and the
following reading was obtained; 0,595,

AM %EBGL00 aMRLY
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Some examples of limit tests employing AAS

Assay of lead in sugars

AAS is used in BP assays to conduct limit tests for lead and nickel in sugars and
polyels. In this case, the concentrations of the metals are very low compared with the
concentration of the sugar and thus it is not even possible to compensate for the
interference by the sugar using the method of standard additions. In this case, the
lead is extracted from a solution of the sugar by forming an organosoluble complex
with ammonium pysrolidinedithiocarbamate (APDC) and by then extracting the
complex into organic solvent. The solution of the metal complex in the organic
solvent is then assayed by AAS in comparison with a series of standards added to the
sugar solution to form a calibration series based on the method of standard additions.

A limit test for lead in mannitol (the BP limit is set at 0.5 ppm) was carried out as
follows:

(i) A solution containing 100 g of mannitol in 250 m] of water was prepared.

(i) A standard solution containing 101.4 mg/100 ml of lead was prepared with
0.01 M HNO..

(iii) 10 ml of this solution was diluted to 1000 ml {diluted standard solution).

(iv) 4 x 50 ml aliguots of the mannitol solution were mixed, respectively, with:
{a) 0, (b} 0.5 ml, {¢) 1.0 ml and (d) 1.5 ml of diluted standard solution.

(v}  Each sample was then mixed with a solution of APDC and the samples were
then extracted with 10 ml 4-methylpentan-2-one. The organic layer was then
separated and was then analysed by AAS.

{vi) The following readings were obtained: (a) 0.057, (b) 0.104 (¢) 0.156 and (d)
0.217.

Caiculate the lead content in the mannitol in ppm: ppm = pg/g of substance.

Calculation example 6.4
101.4
10

101.4 g of mannitol wete dissolved in 250 mt of solution, therefore in each 50 ml aliquot there was 20.28 g.

The amount of lead added 1o the four samples was: 0, 0.5 X 10.4 = 5.2 ug, 1 x 10.4 = 10.4 yg and
1.5% 10.4=156 pg.

Diluted lead standard solution contains = 10.4 mg/100 ml = 0.0104 mg/ml = 10.4 pg/ml.

The equation for the line obtained by plotting amount of lead added against the readings is:
y=0.010 x + 0.054 {r = 0.998).

The negative intercept (y = U) gives the content of lead in the sampie.

_ 0.054
001

5.4 pg of lead is present in a solution containing 20.28 g of mannitol.

X

=54 pug

Lead content in the mannitol = 2(5]"218 = 0.266 pg/g = 0.266 ppm.
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' Self-test 6.6

The procedure used to determine lead in mannitol was also used to determine nicket in a sample
of mannitol. Calculate the content of nickel in a sample of mannitol from the following data:

* 100.5 g of mannitol was dissolved in 250 ml of water.

o A standard solution containing nickel at 10.6 ppen {10.6 prgiml) was used to prepare a
calibration series by adding 0.5 mi, 1.0 ml and 1.5 ml of the standard to 50 ml aliquots of the
mannitol solution.

+ The following readings were obtained: 0.378, 0.543, 0.718, 0.891. Calculate the content of
nickel in ppm in the sample of mannitol.

wdd g5 Hamsuy

Trace metals in a silicone foam cavity wound dressing

This expandable wound dressing is prepared by mixing a silicone elastomer with an
organotin catalyst to form an expandable dressing immediately prior (o application.
Most of the tin is not extractable from the dressing matrix but a limit test for
extractable tin is carried out as follows:

(iy 5 g of dressing cut into pieces is shaken with 50 ml of 0.9% w/v sodium
chioride for 4 h,

(ii} The solution is filtered and the tin is determined by AAS using a nitrous
oxide/acetylene flame and measuring the absorption at 235.5 nm. The limit set
for the tin is 6 ppm (6 pg/g).

(iii} The same solution is used to determine whether the sample passes 5 ppm
limits for cadmium, copper, lead and zinc but using an air/acetylene flame and
using the lamps appropriate for the detection of these elements.

Applications of AAS in BP assays

AAS is used in a number of limit tests for metallic impurities, e.g.: magnesivm and
strontium in calcium acetate; palladium in carbenicillin sodium and lead in bismuth
subgallate. It is also used to assay metals in a number of other preparations: zinc in
zinc insulin suspension and tetracosactrin zinc injection; copper and iron in ascorbic
acid; zinc in acetylcysieine; lead in bismuthsubcarbonate; silver in cisplatinum; lead
in oxyprenolol; aluminivm in albumin solution and calcium, magnesium, mercury
and zinc in water used for diluting haesmodialysis solutions.

Inductively coupled plasma emission spectroscopy

If high enough temperatures can be reached, any element can be excited to a level
where it will produce emission of radiation. Such high temperatures can be achieved
by using plasma emission. A schematic diagram of an inductively coupled plasma
{1CP) “torch’ is shown in Figure 6.6.

High temperatures are achieved by heating argen with high intensity
radiofrequency radiation. At such high temperatures ail elements will emit radiation
as they are excited and then retum to the ground state. In order to derive spectral
information from the process an efficient monochromator and computer processing
of the data are required in order to unscramble the large number of lines that are
derived from a particular sample. ICP has been used to determine a complex of the
metal ion dysprosium, which is used as a magnetic resonance jmaging contrast
agent, in serum.’
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S Fig. 6.6
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Principles

« Certain molecules, particularly those with a chromophore and a rigid structure, can be
excited by UV/visible radiation, and will then emit the radiation absorbed at a longer
wavelenzth. The radiation emitied can then be measured.

Applications

+ Determination of fluorescent drugs in low-dose formulations in the presence non-
flucrescent excipients.

* In carrying cut limit tests where the impurity is fluorescent or can be simply rendered
fluorescent.

+ Ugeful for studying the binding of drugs to components in complex formulations

*  Widely used in bioanalysis for measuring small amounts of drug and for studying
drug—protein binding.

Strengths

* A selective detection method and can be used to quantify a strongly fluorescent
compound in the presence of a larger amount of non-fluorescent material.

+ Can be used to monitor changes in complex molecules such as proteins which are being
used increasingly as drugs.

Limitations

+ The technique only applies to a limited number of molecules.

* Fluorescence s subject to interference by UV absorbing species, heavy tons in solution.
and is aftected by temperature.
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Introduction

Figure 7.1 illustrates the behaviour of an excited electron in a fluorescent molecule.
In a non-fluorescent molecule when an electron is excited to the electronic excited
state, it returns back to the ground state by losing the energy it has acquired through
conversion of the excess electronic energy into vibrational energy. It a molecule has
a rigid structure the loss of electronic energy through its conversion into vibrational
energy is relatively slow and there is a chance for the electronic energy to be emitted
as ultraviolet or visible radiation. The energy emitted is of lower energy than the
energy absorbed because, as indicated in Figure 7.1, the excited electron moves to
the lowest energy vibrational state in the excited state before returning to the ground
state. Thus fluorescence emission is typically shifted by 50150 nm towards a longer
wavelength in comparison with the wavelength of the radiation used to produce
excitation. The fluorescence spectrum of a molecule is, ideally, 2 mirror image of the
longest wavelength band in the absorption spectrum of the molecule but often the
spectrum is distorted due to partial overlap between the absorption and the emission
spectra. Vibrational fine structure of the flucrescence band may be observed if the
molecule does not interact with the solvent strongly (cf. UV spectra) and can be
observed in the tluorescence spectra of polycyclic aromatic hydrocarbons such as
anthracene. The shape of the fluorescence spectrum is independent of the
wavelength used for excitation since the transition producing the fluorescence
spectrum is always from the first excited state to the ground state. In a molecule
containing a number of UV absorption bands, the longest wavelength maximum is
the one associated most strongly with the production of fluorescence. In addition, the
wavelength usvally used to produce excitation is close to the A max of the longest
wavelength absorption band in the spectrum of the analyte.

Intemal collision Fig. 7.1
Energy changes upon
| Elecuenic = .~ abs?r;?uon of U‘VNI‘SINE
excited ﬁ m?"ma‘ radiation resulting in
= | state i fluorescence.
o™ Yo
g 2
= gl s . 2
§ E & Lowest vibrational 3
s B 2 state in excited 3
u% w ul state 2 ,
Vi
Elecironic e
ground ¥ o o
slale §E Excitation Em:ssnzl
Wavelength
Instrumentation

Figure 7.2 shows a schematic diagram of a fluorescence spectrophotometer. Since
emission is being observed the light being emitted is observed at right angles to the
light being used to excite the sample.

The instrument has two monochromators: one to select the wavelength to be used
for excitation of the sample, the other to scan the wavelength range of the light
emitted by the sample.

The lamp used, which is a quartz halogen lamp, preduces radiation of high
intensity to take advantage of the fact that the strength of the fluoresence is related to
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the number of photons absorbed multiplied by the [luerescence quantum yield {9).
For strongly fluorescent compounds, ¢ is close to 1; for non-fluorescent compounds
¢ = 0. The wavelength which gives maximurm excitation is not necessarily exactly
the same as the longest wavelength absorbance maximum in the compound since
the intensity of light emitted by the quartz halogen lamp varies markedly with
wavelength, unfike the devterium and tungsten lamps used in UV/visible
spectrophotometers. The lamp gives radiation of maximum intensity between

300 and 400 nm,

Exciling Siit Fig. 7.2
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Although the radiation emitted is observed at right angles to the exciting radiation,
some of the exciting radiation can be detected by the emission detector because it is
scattered by solvent molecules (Rayleigh scatter) or by colloidal particles in solution
(Tyndall scatter). The presence of this scatter makes the use of the second
monochromator necessary and also means that the fluorescence band has o be
shifted by at least 20 nm beyond the excitation band for fluorescence measurements
to be made without interference. Another, weaker, type of scatter which may be
observed is Raman scatter. In Raman scatter, which is solvent dependent, the
wavelength of the incident radiation is shifted to a longer wavelength by about 30 nm
when methanol is vsed as a solvent and about 10 nm when chloroform is used as a
solvent, Raman scatter is discussed in more detail later in this chapter.

Molecules which exhibit fluorescence
It is not entirely possible to predict how strongly fluorescent a molecule will be. For
example adrenaline and noradrenaline differ in their structures by only a single
methyl group but noradrenaline exhibits fluorescence nearly 20 times more intensely
than adrenaline. Generally, fluorescence is associated with an extended
chromophore/auxochrome system and a rigid structure. Quinine (Fig. 7.3) is an
example of a strongly fluorescent molecule as might be expected from its extended
chromophore and rigid structure. The chromophore in ethinyloestradiol is just an
aromatic ring but the presence of a phenolic hydroxyl group in combination with
rigid ring structure in the rest of the molecule renders it fluorescent (Fig. 7.3).
Figure 7.4 shows the fluorescence spectrum of ethinyloestradiol. When the
fluorescence spectrum of the molkecule is scanned with a wavelength of 285 nm
being used for excitation, two maxima are seen. The maxima at 285 nm is due to
scatter of t'l__1.e exciting radiation and the second more intense maximum at 310 nm is
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due to fluorescence. The separation of the exciting radiation and emitted radiation is
not great in this example, but this is partly because excitation is taking place at a
relatively short wavelength where the displacement of wavelength with energy is
iower. For example, the difference between 285 and 310 nm is .35 eV, whereas with
an excitation wavelength at 385 nm, an energy displacement of 0.35 eV would give
an emission wavelength at 443 nm.

Like ethinyloestradiol many other phenols exhibit fluorescence and as is the case
for ethinyloestradiol, this fluorescence is pH dependent and dees not occur under
alkaline conditions when the phenolic group becomes ionised. Table 7.1 shows some
examples of fluorescent drug and vitamin molecules.

Table 7.1 Examples of drugs which yield fluorescence spectra

Compound Excitation Emission Limit of detection pg/ml
Pentobarbitone 265 440 0.1

Adrenaline 295 335 0.1

Chlorpromazine 350 430 0.1

Riboflavin 444 520 0.01

Procaine 275 245 0.01

Noradrenaline 285 325 0.006

Quinine 350 450 0.002

Factors interfering with fluorescence intensity

If the concentration of a solution prepared for fluorescence measurement is too high,
some of the light emitted by the sample as flucrescence will be reabsorbed by other
unexcited molecules in solution. For this reason, fluorescence measurements are best
made on solutions with an absotrbance of less than 0.02 at their maximum, i.e.
solutions of a sample 10-100 weaker than those which would be vsed for
measurement by UV spectrophotometry.




Molecular emission spectraoscopy

137

Heavy atoms in solution quench fluorescence by colliding with excited molecules
so that their energy is dissipated, e.g. chloride or bromide ions in solution cause
collisional quenching.

Formation of a chemical complex with other molecules in solution can change
fluorescence behaviour, e.g. the presence of caffeine in solution reduces the
fluorescence of ribotlavin. This alteration of fluorescence upon binding is used to
advantage when examining binding of fluorescent molecules to proteins or other
constituents of cells.

Applications of fluorescence spectrophotometry in
pharmaceutical analysis

Determination of ethinyloestradiol tablets

The BP utilises a fluorescence assay to determine ethinyloestradiol in tablets, The
tablets contain low dosages of the drug so that interference by excipients is likely to
cause problems in UV/visible spectrophotometric measurements. The sample is
measured using an excitation wavelength of 280 nm and measuring the emission at
320 nm. As was seen when the fluorescence spectrum of ethinyloestradiol was
discussed earlier, the optimum excitation wavelength for ethinyloestradiol is 285 nm
and the emission maximum is 310 nm. Thus, this assay as described brings out two
important points that may have been either consciously or empirically adjusted for in
the design of the assay:

(i) The wse of a slightly shorter excitation wavelength reduces possible
interference from Raman scatter, which may overlap with the fluorescence
spectrum and is dependent on the wavelength of the exciting radiation,
whereas the fluorescence maximum is not.

(ii}  The intensity of Rayleigh and Tyndall scatter at shorter wavelengths is greater
and thus the emission is observed at the slightly longer wavelength of 320 nm
to reduce interference from this source.

After the fluorescence of the sample extract in methanol has been determined,
1 M sodium hydroxide solution is added to the sample solution and the fluorescence
is determined again. The addition of sodium hydroxide removes the fluorescence by
ionising the phenol group of the ethinyloestradiol and thus any residual flucrescence
which is due to excipients can be subtracted from the reading. In the BP assay the
ethinyloestradiol content of the tablet extract is determined by comparison with the
fluorescence of a solution containing a known amount of ethinyloestradiol standard
analysed using the same conditions.

Calculation example 7.1

A methanolic extract from ethinyloestradiol tablets is measured using fluorescence spectrophotometry. A standard
containing the pure drug is also measured under the same conditions. Calculate the content per tablet of the drug
from the following data:

Weight of 20 tablets = 2.5673 g.
Weight of tablet powder taken for assay = 0.5257 g.
Volume of methanol extract of tablets = 50 ml.

Fluorescence reading of methanol extract of tablets = 64.1.
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Fluorescence reading of sample after addition of 0.1 M NaOH = 3.5.
Concentration of standard solution of ethinyloestradiol = 4.85 pg/mi.
Fluorescence reading of standard solution = 62.3.

Fluorescence reading of standard solution after addition of 0.1 M NaOH = 4.1,
Corrected reading for tablet extract = 64.1 — 3.5 = 60.6.

Corrected reading for standard = 62.3 - 4.1 = 58.2.

Amount of ethinyloestradiol in tablet extract = 60.2/58.2 x 4.85 = 5.02 pg/ml.,
Total amount in extract = 50 x 5.02 = 251 pg.

Number of tablets in tablet powder analysed = 2,5673/0.5257= 4.884.

Content of ethinyloesiradiol per tablet = 251/4.885 = 51.4 ug.

Determination of dissolution rate of digoxin tablets

Some compounds which are not naturally fluorescent can be rendered fluorescent by
simple chemical reactions. For instance digoxin can be converted to a fluorescent
derivative by dehydration with HCl and followed by oxidation with H,(,. The drug
has a narrow therapeutic index and it is important to ensure that the correct dose of
drug is delivered by the dosage form. To ensure effective release of the drug from the
tablet matrix, the BP indicates that dissolution testing should be carried out. The
drug is given in low desage (ca 100 pg per tablet) making measurement of the
concentration released into the dissolution medium difficult. The BP assay for
release indicates that 75% of the drug from six tablets should be released into 600 ml
of dissolution medium after 2 h. The fluorescence measurements are made on the
dissolution medium after derivative formation vsing an excitation wavelength of

360 nm and an emission wavelength of 490 nm. The drug in solution is quantified in
comparison with a sclution containing a known concentration of standard treated in
the same way as the sample.

Determination of aluminium in water for injection as a
fluorescent complex

Fluorescence measurements are useful in limit tests where the trace impurity is
flucrescent or can be rendered fluorescent by chemical modification. An example is
the determination of aluminium in water for use in haemodialysis solutions by
formation of its salt with 8-hydroxyquinelone (Fig. 7.5) followed by quantification
of the complex using fluorescence spectrophotometry. The excitation wavelength is
set at 392 nm and the emission is measured at 518 nm. This type of fluorescent
complex can be vsed to determine low levels of a number of metal ions.

Fig. 7.5
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Determination of stability of peptide drugs in solution
The structural complexity of peptide drugs which are being produced increasingly by
biotechnelogy means that additional quality control checks are necessary both for
low level contaminants such as immunogenic proteins and for changes in the tertiary
(three-dimensional) structure of the protein in solution which may affect its activity,
During stability studies, peptide drugs are likely to form aggregates and this
eventually results in precipitation. Such changes can alter the efficacy of the drug. In
addition it is important to monitor for the inhibitien of such changes where
stabilisers and other formulation aids are added to the protein solution. Fluorimetry
provides a method of following such changes in solution and was recently used in a
study of the stability of recombinant fibroblast growth factor in solution.!
Flucrescence in this peptide is largely due to the presence of tyrosine residues
{excitation 277 nm and emission 305 nm) and a tryptophan residue (excitation
290 nm and emission 350 nm) in its structure. Protein denaturation is accompanied
by a gradual fall in the emission peak of the tyrosine residues at 305 nm and a
gradual rise in the emission peak of the tryptophan residue at 350 nm. This effect is
shown in Figure 7.6 and illustrates the fact that the strength of fluorescence is
dependent on the local environment of the chromophore.

Measurement of the effect was found to be capable of quantifying the amount of
denatured protein in solution,

Fig. 7.6

The effect of
denaturation on the
fluorescence spectrum of
fibroblast growth factor.
An excitation spectra of
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bFGF B Emission spectra
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{5ee Reference 1).
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Fluorescent derivatives and flow injection analysis

Flow injection analysis is discussed in more detail in Chapter 3. Some simple
chemical reactions which result in the formation of fluorescent denvatives are shown
in Table 7.2. All of these reactions could be adapted to enable analysis by FIA.

Table 7.2 Examples of chemical cornversion of drug molecules into fluorescent derivatives

Excitation Emission
Compound Reagent nm nm
Adrenaline K Fe{CN}, 410 530
Primary amines/amine acids Fluorescamine 380 480
Chlorpheniramine H.0, 350 436
Fluphenazine H, 0, 350 405
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Raman spectroscopy

KEYPOINTS

Principles

* The Raman effect is analogous to fluorescence except that it is not wavelength
dependent and does not require the molecule to have a chromophore. The energy shift in
cmr! due to inelastic scattering of laser radiation is measured rather than wavelength.
The shifts measured correspond to the wavenumbers of the bands present in the middle-
IR spectrum of the molecule.

Applications

+ Has potential for indenatifying complex samples, e.g. drugs in formulations and in pack

+ Samples such as peptide pharmaceuticals can be analysed for changes in their three-
dimensional structure

* Provides additional fingerprint identity information complementary to middle-1R
spectroscopy.

Strengths

+ Complementary to middle-IR spectroscopy but requires very little sample preparation
since near-infrared (NIR) radiation with its good penetration properties can be used for
the analysis :

*+ Increasingly a readily available option on middle-IR FT-IR instruments.

Limitations
* Not yet fully established as a quantitative technigue
+ The solvent may interfere if samples are run in solutien.

Introduction

All molecules can be polarised so that the electrons within them are displaced
slightly in the direction of the applied field. This effect is not subject exactly to the
laws of quantum mechanics, but the wavenumber of the displacement of radiation
by a particular group is the same as the wavenumber of the radiation absorbed by
that particular group in middle-IR spectroscopy. In fact the Raman effect is
encountered when making fluorescence measurements in the UV visible region,
although it is usually weak in comparison with Rayleigh and Tyndall scatter. It is
analogous to fluorescence except that it is not wavelength dependent. does not
require the molecule to have a chromophore and the energy shitt in cm™ is
measured rather than in wavelength. Figure 7.7 illustrates the Raman effect; the
radiation can be either shifted to slightly higher energy (anti-Stokes shift) or to
slightly lower energy (Stokes shitt). The Stokes shift is usually determined in
Raman spectroscopy.

Comparison of the FT-Raman spectrum and FT-IR spectra of
dichloroacetophencne (Fig. 7.8) illustrates the fact that the Raman shift for a
particular group is similar in energy to the energy of IR absorption for the group in
the middte-infrared region.? The two spectra provide complementary information.

The general rule is that those bands that absorb weakly in the middle-IR region
will absorb strongly in the Raman region and vice versa. For example in
dichloroacetophenone, it can be seen that the aromatic C-H groups which absorb IR
radiation weakly give a strong Raman effect while the C=0 group in the structure
absorbs IR radiation strongly but gives a weak Raman effect.
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Instrumentation

The geometry of a Raman spectrometer (Fig. 7.9} is analogous to that for 2
fluorescence instrument. Since the Raman effect is weak but proportional to the
intensity of energy applied, lasers are used 10 provide high-intensity radiation in the
visibie region, generally somewhere between 450 and 800 nm. Lasers provide
several emission lines and in the case of a fluorescent molecule a tine may be
selected that gives Raman scatter where fluorescence does not interfere with the
measurement. In recent years NIR lasers in conjunction with Fourier transtorm
instruments have beceme available.? The use of NIR radiation has two advantages:

(i}  Unlike UV/visible radiation, it does not excite fluorescence in molecules
which can result in interference in measurements.

(ii) It has good penetration properties so that a sample in the solid phase can be
examined without any sample preparation.

NIR Raman spectroscopy has good potential for the analysis of pharmaceutical
formulations and biological materials.
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Raylelgh/ Fig. 7.9
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Applications

Rapid fingerprinting of drugs

The Raman spectra of heroin, morphine and codeine (Fig. 7.10) are highly
characieristic because of the change in the bands due to the aromatic ring.? The
FT-IR spectra of these compounds are quite similar. Near-infrared Raman
spectroscopy can provide a rapid methed for characterising drugs with minimal
sample preparation and analysis time.

- Fig. 7.10
Raman spectra of heroin,
morphine and codeine,

cHeoo @ OCOCH, Reproduced with
3 permission frem author.
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Phenyl fing
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Raman shift (cm~%

Analysis of drugs in their formulations

Drugs can be characterised directly in formulated materials. For example diclofenac
formulated in sodium alginate was characterised by subtracting the spectrum of the
alginate matrix from the spectrum of the formulation containing diclofenac (Fig. 7.11).
It is also possible to analyse drugs which are packaged by subtracting the spectrum
of the pack. This allows for instance a final quality control (QC} check on, for
instance, blister-packed tablets.

A quantitative application
FT-Raman is potentially a quantitative technique but does not currently have the




Molecular emission spectroscopy

143
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sensitivity of NIR when it comes to determination of individual components in
complex mixtures. Raman spectroscopy was used to determine glycine and calcium
carbonate in an antacid tablet.” The intensity of the bands at 1088 ¢m™! for calcium
carbonate and 893 cm! for glycine were used as the basis for quantitation (Fig. 7.12).

Precisions of < £ 3.5% were achieved for the contents of the ingredients in the tablet.
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Principles

Radiation in the radiofrequency region is used to excite aloms, usually protons or carbon-
13 atoms, so that their spins switch from being aligned with to being aligned against an
applied magnetic field. The range of frequencies required for excitation and the complex
splitting patterns produced are very characteristic of the chemical structuse of the
molecule.

Applications in pharmaceuntical analysis

+ A powerful technique for the characterisation of the exact structure of raw materials
and finished products

» Can determine impurities, including enantiomeric impurities, without separation down
to cat the 10% level

«  Can potentially be vsed for fingerprinting mixtures

+ Has good potential for quantitative analysis of drugs in formulations without prior
separation.

Strengths
« Provides much more information about malecular structure than any other technigue.

Limitations

« Acrelatively insensitive technique requiring > 5 mg of sample for proton nuclear
magnetic resonance {NMR) and > 20 mg for carbon-13 NMR

» Expensive instrumentation requiring a specialist operator although awtomation is
increasingly available for routine methods,
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Introduction

The nuclei of certain atoms act as if they are spinning and this gives them the
properties of a magnetic vector. Common nuclei with this property are 'H; 13C; 5N
I¥F; 28j and *'P. When such nuclei are placed in a magnetic field they will tend to
align with the field (Fig. 8.1).

-4 8, Fig. 8.1
Alignment with applied
With magnetic field.
NIE_M|s
Against
NIE__8 s

The energy difference between the spin being aligned with the field and against the
field depends on the strength of the magnetic field applied. The greater the field
strength the greater the energy difference A E:

AE=hyB,

where 4 is Planks constant, ¥ is the magnetogyric ratio of a particular nucleus and B,
is the applied magnetic field.

Spin against field Fig. 8.2
Ground and excited state
k No A for a nucleus, e.g. a
proton undergoing
magnetic resonance.
Absorption
v "
——- Relaxation AE
BO
¥
T ] N‘ ‘r
Spin with field

Figure 8.2 illustrates the absorption of ¢nergy to produce alignment against the
applied magnetic fietd. Compared to other spectroscopic techniques, the energy
difference between the ground and excited state is not large and thus A N, the
difference between the number of protons in the low energy (&) and high energy
states {N,), is very small. This is because the energy difference between the two states
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is low relative to the thermal energy in the environment. This means that NMR is a
relatively insensitive technique because the net energy absorption by the population
of low energy protons in a sample is low. The wavelength of the radiation used in
NMR is of low energy and is in the radiofrequency region. The units of energy used
in NMR are in Hertz, which is a unit of frequency (c/k. where ¢ =3 x 10" cm/s and
A is in cm). The stronger the magnetic field applied the greater the radiation frequency
in Hertz (the shorter the wavelength} required to cause the spin of a nucleus to align
against the field. The values for the strength of the applied magnetic field are in the
range 14 000-140 000 Gauss (1.4-14 Tesla). A proton in the ground state witl absorb
radiation having a frequency of ca 60 mHz at 1.4 T and ca 600 mHz at (4 T. NMR
instruments are described in terms of the frequency at which they cause protons to
resonate, thus a 600 mHz instrument is one which causes protons to resonate at a
frequency of ca 604 mHz. At higher magnetic field strength greater sensitivity is
obtained because of the greater difference in the populations of the higher and lower
energy states. For a 60 mHz instrument the population difference between the ground
and excited state for a proton is ea 1 in 100 000, whereas for a 600 mHz instrument
the population difference is ca 1 in 10 000, i.e. about a 1(-fold increase in sensitivity.

Instrumentation

Fig. 8.3

Schematic diagram of a
continuous wave NMR
spectrometer.
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Figure 8.3 gives the basic layout of a continuous wave NMR spectrometer, These
intruments were the original type of instrument and have largely been replaced by
Fourier transform instruments. However, the principles of operation are broadly
similar:

(i)  The sample is placed in a narrow glass NMR tube and is spun in the fixed
magnetic field at ca 30 revolutions/s by means of an air turbine thus ensuting
uniformity of the magnetic field across the sample in a horizontat direction.
The sample is analysed in solution in a deuterated solvent to ensure there is no
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interference from protons in the relatively much larger amount of solvent with
the signal from the sample protons.

(ii)  The reference point of 0 parts per million {ppm} is determined by the
frequency at which the protons in tetramethylsilane (TMS) absorb. Sometimes
residual protons in the solvent are used to lock the protons in a spectrum, e.g.
the residual proton in deuterated chloroform is at 7.25 ppm relative to TMS.

(i) In order to obtain a proton spectrum the radivfrequency radiation is swept
across a range of ca 10 ppm, ¢.g. 1000 Hz when the magnetic field is recorded
on a 100 mHz instrument or 6000 Hz when the spectrum is recorded on a
600 mHz instruiment. The receiver coil measures the absorption of radiation as
the frequency is swept over the range being examined.

{iv) As well as determining the frequency at which protons in the molecule absorb.
the instrument determines the area of each signal which i3 proportional to the
number of protons absorbing radiation, ¢.g. three protons give an area three
times as large as a signal due to one proton in the same molecule.

(v) Modern instraments. rather than being based on a continuous wave, are based
on a putsed wave. In brief, the short powerful pulse used in this type of
spectroscopy behaves as a spread of frequencies covering the Hz range of
interest, ¢.g. the range in which protons resonate. Most of the principles of the
continuous wave instrument still hold but rather than the absorption of radiation
by the sample being observed emission is observed as the excited protons
relax back to the ground state following the short high energy pulse of radiaticn.
Thus spectra are accumulated using a high intensity pulse followed by a time
delay of a few seconds while the relaxation data of different protons in the
molecule are collected. This type of procedure enables a spectrum to be acquired
every few seconds as opposed to a few minutes required (o cellect the data
using a frequency sweep on a continuous wave instrument. The data from a
number of pulses are accumulated using a computer, undergo mathematical
manipulation (Fourier transformation) and are combined to produce a spectrum
in which the signal to noise characteristics are much improved compared to a
spectrum obtained on a single scan continuous wave instrument.

Proton NMR
Chemical shifts

Proton ('H) NMR is the most commonly used form of NMR because of its sensitivity
and the large amount of structural information it yields, The exact absorption or
resonance frequency of a proton depends on its environment. For example. a proton
attached to carbon atom is affected predominantly by the groups which are separated
from the carbon atom to which it is attached by one bond or to a lesser extent two
bonds. As discussed earlier, the chemical shift of a proton is determined in relation to
the protons of tetramethylsilane, which are arbitrarily assigned a shift of ( ppm. Shifi
values for individual protons in a molecule are expressed in ppm and the value of
1 ppm in Hertz depends on the strength of the applied magnetic field which determines
the energy required to excite a proton. For example, at a field strength 100 mHz a
shift of | ppm = 100 Hz. Proton shifts in organic compounds range from slightly
below 0 ppm to 14 ppm. i.e. from a d value of slightly less than 0 10 a @ value of 14.
The chemical shift is determined by the extent to which a proton is deshielded by
the groups to which it is attached. The more a proton is shiclded by the electron
density around it, the lower its @ value. If a proton is attached to a system that
withdraws electrons from its environment such as an electronegative group or to a
group which affects its environment by creating a field opposing the applied
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magnetic field, such as occurs in the case of protons attached to an aromatic ring, its
d value will increase, i.e. it will resonate at lower field {lower frequency).

Note:

(i) Alky] protons such as those in CH, and CH, groups not attached to adjacent
electronegative groups resonate between g 0.2-2 ppm.

(ii}  Protons on CH;, CH, and CH groups attached to electronegative atoms or
groups such as O, N, F, Cl, CN, C=C and C=0 resonate between d 2-5.

(iii) Protons attached directly to C=C resonate between ¢ 4-7.

(tv) Protons attached to aromatic rings resonate between d 6-9. Tables 8.1 and 8.2
show @ values in ppm for protons attached to some common organic groups,

If the NMR spectrum of methylacetate is examined, {Figure 8.4) it can be seen to
yield two signals of the same size at d 2.06 and @ 3.67 more or less as predicted for
CH,CO and CH;OCO groups according to the values in Table 8.1,

- E=

Determine the frequency difference between the shifts of the protons of the methyl groups of
methyl acetate in Hz at field strengths of 60 mHz, 250 mHz and 400 mHz.

4206 0d3.67
CH,COOCH,
Methyl acetate

2H vt9 2H 520 2H 9'96 Ssamsuy

Table 8.1 Approximate chemical shift values for non-aromatic protons attached to carbon

Group 4 ppm Group o ppm Group 2 ppm
CH.-C 09 R-CH,C 1.4 CH-C 15
CH,-C-0 1.3 R-CH,-C-N 14 CH-C-0 2.0
CH,-C=C 16 R-CH,-C-O 1.9 CH-CO-N 2.4
CH,-CO 2.0 R-CH,-CO-N 2.2 CH-CO 2.7
CH;-CO-N 2.0 R-CH,-C=C 2.3 CH-N 2.8
CH;-N 2.4 R-CH,-CO 2.4 CH-Ar 33
CH;-Ar 23 R-CH,-N 2.5 CH-O 39
CH,-O 33 R-CH,-Ar 29 CH-N-CQ 4.0
CH;N- {R}, 33 R-CH,-O 36 CH-CI 4.2
CH;-C-CO 37 R-CH,-0-CO 4.1 R-CH=C 4.5-6.0
B4 3.67 (3H). A8 2.06 (3H). Fig. 8.4

The 270 mHz H' NMR
spectrum of methyl
acetate.

A B
CH,COOCH,

TMS

60 50 40 30 20 10 0 ppm
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' Self-test 8.2 C ;.

Predict the approximate shifts in ppm of the CH, and CH, groups in the following molecules
and the number of protens producing the signal at each shift:
CH,
CH,COCH, CH,COCH, COCH, CH, CON N
CH,
Acetone Acetylacetong Diamethylaming
acemalide
CH, COCH;
CH;CH,OCOCH,
Ethyl acetate Toluene Acetophencne
HE 9°7 @ucusydo1dIe 1HE £°7 £ BUAN[OL 'HZ I'F @ 'HE 0°Z ¢ 'HE £'L e e1e1eAyla tHo bz @
HE 07 ¢ APIAIBIIE SUIWEBAYISWIP HZ t'7 € 'HY 0'Z @ SUC1a0RIA1908 [HY O'7 £ JU0IDdE S1amsuy

Table 8.2 Chemical shift values for protons attached to an aromatic ring. The effects of the
substituents are either added to or subtracted from the chemical shift for benzene at o = 7.27

ortho X X
H
meta
H
H
para
Substituent X H ortho H meta H para
NG, 0.94 0.18 0.39
OH -0.49 -0.13 -0.20
NH, -0.76 -0.25 -0.63
Cl 0.01 -0.06 -0.08
COOH 0.80 ' 016 0.25
NH,* 0.40 0.20 0.20
CH, -0.16 -0.09 -0.17
OR -0.46 -0 -0.46
CH,-CO-NH ~0.12 -0.07 =321
COOR 0. 0.1 o1

Calculation example 8.1

NH; NO, NH,

SH H NO,

Anitine Nitrobenzene Nitroanitine
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Aniline: In aniline the 1 and 5 and 2 and 4 protons are equivalent:
H-1 and H-5 shift =727 - 0.76 = 6.5 ppm.

H-2 and H-4 shift = 7.27 — 0.25 = 7.02 ppm.

H-3 shift = 7.27 - 0.63 = 6.64 ppm.

Thus the spectrum of aniline would contain:

2H 6.51 ppm; 2H 7.02 ppm and [H 6.64 ppm.

Nitrobenzene: In nitrobenzene the 1 and 5 and 2 and 4 protons are equivalent.
H-1 and H-5 shift = 7.27 + (.94 = 8.21 ppm.

H-2 and H-4 shift = 7.27 + 0.18 = 7.45 ppm.

H-3 shift = 7.27 + (.39 = 7.66 ppm.

Thus the spectrum of nitrobenzene would contain:

2H 8.21 ppm; 2H 7.45 ppm and 1H 7.66 ppm.

Nitroaniline: In nitroaniline the 1 and 4 and 2 and 3 protons are equivalent.
H-1 and H-4 shift = 7.27 - 0.76 + 0.18 = 6.69 ppm.

H-2 and H-3 shift = 7.27 - 0.25 + 0.94 = 7.96 ppm.

Thus the spectrum of nitroaniline would contain:

2H 6.69 ppm and 2H 7.96 ppm,

' Self-test 8.3

Datarmine the shifts of the protons in the following molecules:
COOH

OH OH
i
M H> T H5 H nt
2
24 HY ZH y H H3
3y 3H

COOH

Phenal Benzoic acid p-hydroxybenzoic acid
OH OH
1 1 4
H COOH H H
2y " 2 COOH
H H
3 3
o-hydroxybenzoic acid m-hydroxybenzoic acid
854 tH L8 L EH DE L TH
"€0'L € LH PI2e J102U3GAXOIPAY-U b6, € ¥H [ET L EH '6E'L TH ‘D69 £ LH PIE I0ZUGAXOIPAY-0

‘F6'L 2 EH PUB ZH ‘P69 @ ¥H PUe (H Pre ozusaixelpAy-d [z9° L ¢ EH ‘£p°L £ PH pue
ZH 'LO8 ¢ SH PUR LH PR JI0ZURG [Z0°L @ EH 'FL°L € H ‘TH "BL'9 € SH PUB LH |OUBYd S1amsuy

Spin spin coupling

In some of the molecules considered above we have neglected an additional shift
effect which is caused by the spin of the protons on the atoms next te a particular
proton. In examining the proton NMR spectrum of ethyl acetate (Fig. 8.5). it can be
seen that its spectrum is more complicated than that of methy! acetate and that the
signal due to the CH, group B in the alcohol part of the ester is now three lines
instead of one, the middle line of the three corresponding to the chemical shift
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estimated from Table 8.1. The protons of the adjacent CH, group C can align their
spins in three different ways relative to the CH, as seen in Figure 8.6. For alignment
1 there are two equivalent alignments where the effects of the adjacent protens
cancel each other out and do not perturb the signal of the methy] group from its
predicted shift (ca 1.30 ppm). This preduces a central line which is twice the height/
area of the two lines produced by alignments 2 and 3. The CH, group itself is aiso
split by the effect of the adjacent methyl group. In this case statistical analysis of the
possible combination of the spins of the adjacent methyl protons indicates that the
signal of the CH, protons should be a quartet with the lines in the quartet being in
the ratio 1:3:3:1; the mid-point between the two central lines gives the predicted
chemical shift of 4.1 ppm. The methy] group A appears, as it does in methyl acetate,
as a singlet since it is isolated from any adjacent protons. The effect of adjacent
protons on the signal for a given group is known as coupling and coupling constants
are given in Hz; the range of coupling constants between adjacent protons is
0-20 Hz. When when two protons are close in chemical shift, coupling can cause
their signals to overlap. The coupling constant is independent of the applied
magnetic field and thus the size of coupling constants in ppm will decrease with
increasing field strength although their values in Hz remain the same. The higher the
field strength the less likely it is that signals from individval protons will overlap.
The spectrum in Figure 8.5 was obtained on a 270 mHz (1 ppm = 270 Hz)
instrument. The shifts in ppm obtained for the three lines in the CH; group signal are:
1.235, 1.262 and 1.289. Therefore these lines are evenly spaced 0.027 ppm apart,
which is equivalent to 270 x 0.027 Hz = 7.29 Hz. Figure 8.7 shows the spectrum of
ethyl acetate obtained on a 60 mHz (1 ppm = 60 Hz) instrument; in this case the
coupling constants are large {ca 0.1 ppm) relative to the ppm scale but have a similar
coupling constant of ca 7 Hz to that observed using the 270 mHz instrument.

A Fig. 8.5
di3H) 270 mHz NMR 'H
208
spectrum of ethyl
acetate.
A cC B
H,C B
CH,COQGH ,CH, oE
1.262
1289, 4
c Il 1.235
d(2H)
4.110 4 g5
44,135 -3 /e g
il 4.059
™S
1.
— ! ! ]
8.0 5.0 4.0 3.0 20 1.0 0
ppm
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As the number of adjacent protons in a molecule increases, the splitting pattern of
the protons increases in complexity. Figure 8.8 shows the proton NMR spectrum of
propyl acetate. In this case the CH; group B is present as a triplet as in ethyl acetate,
but the CH, group C now has six lines due to the presence of five adjacent protons —
three on group A and two on group D. The ratio of the lines in this case is 1:5:10:10:5:1.

‘ Fig. 8.6
; lT Tl Possible spin alignments

of two pratons.
Magnetic
field 2

Fig. 8.7
60 mHz NMR 'H spectrum
of ethyl acetate.
Reproduced with
permission of Aldrich
Chemical Co.

A {3H) Fig. 8.8
§2.04 270 mHz 'H NMR
spectrum of propyl
A D C B B{3H) acetate,
CH5COOCH,CHLCH5 0.89
50.M | §0.87
S
0 a4 [
54.04
54.06 | §4.02
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TMS
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The number of lines expected and their refative intensities can be obtained from
Pascal's triangle shown in Figure 8.9,

Fig. 8.9

Pascal's triangle
indicating the pattern of
lines produced by &
particular number of
adjacent protons having
the same coupling
constants to a particular
signal.
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1 2 1
I3 3 1
I 4 6 4 1
I 5 10 10 5 1

= - -
n
WK — O

th

If the protons of groups B uand D in propyl acetate did not have similar coupling
constants with the protons on group C a more complicated pattern of lines would
result as indicated in Figure 8.10. In the case shown in Figure 8.10A, the protons can
be viewed as being split into four lines by an adjacent methyl group and each of the
four tines are further split into three lines by a CH, group giving a total of 12 lines (a
quartet of triplets). If the coupling constants to adjacent protons are not widely
different the patterns tend to merge into those that would be expected if all the
adjacent protons coupled identically as in the case of propyl acetate, where coupling
to five adjacent protons on two carbons produces six lines.

Fig. 8.10
Coupling of CH, with
adjacent and CH, and CH,
A groups where the
coupling constants ta the
I |1 adjacent groups are
unequal,

l Tends towards

As indicated in Figure 8.10 splitting patterns can be complex but the NMR
spectra of many drug molecules do not reach this level of complexity. Some classes
of molecules such as the steroids or prostaglandins provide examples of spectra
where complex splitting patterns occur but the majority of drug molecules contain
one or two aromatic rings with varying types of relatively simple side chain. In the
case of complex molecules such as steroids, two-dimensional NMR techniques
involving proton-proton and proton~carbon correlations have simplified spectral
interpretation. The most complex applications of NMR are found in the structure
elucidation of natural products.
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Application of NMR to structure confirmation in
some drug molecules

Proton NMR spectrum of paracetamol

Fig. 8.11
270 mHz 'H NMR
spectrum of paracetamel.
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The NMR spectrum of paracetamol run in CD;0D is shown in Figure 8.11. The
spectrum shows a signal for an isolated CH, group at @ 2.07 ppm due to CH;CONH.
The broad signal at 8 4.88 is due to the proton in CD,;0OH, which forms as a result of
exchange of deuterium with the NH and OH protons of paracetamol, this is why the
protons attached to these groups are not seen in the spectrum. The other signals in
the spectrum are two doublets with mean shifts of @ 6.72 ppm and @ 7.30, which
from the information given in Table 8.2 can be said to be assigned to the equivalent
protons 2 and 3 and 1 and 4, respectively. Proton 1 is coupled to proton 2 and proton
4 is coupled 1o proton 3, thus cavsing the signals to appear as doublets.

Proton NMR spectrum of aspirin

Figure 8.12 shows the proton NMR spectrum for aspirin run in CD,0D. The methyl
group is isolated and appears at 9 2.28, which could be predicted from Table 8.1.
There is a broad peak at @ 4.91 due to CD,OH formed by exchange with the -COOH
group on aspirin. The aromatic region is more complex than that observed for
paracetamol because th2 four aromatic protons are non-equivalent. The four proton
signals have mean shifts of 7.13 ppm, 7.34 ppm, 7.60 ppm and 8.02 ppm and from
Table 8.2 it is possible to assign these signals to protons 4, 2, 3 and | respectively.
H-! is a doublet due to coupling to H-2; H-2 appears as a triplet due to overlap of
two doublets caused by coupling to H-1 and H-3. Similarly, H-3 is a triplet due to
coupling equally with H-2 and H-4, and H-4 is a doublet due to coupling with H-3.
Tt is actually possible with a closer view to see additional splitting of all of the
aromatic proton signals and this is due to long-range coupling between the protons
meta to each other, i.e, H-1 and H3 and H2 and H4, which can eccur in aromatic
systems and can be up to 3 Hz. Para coupling can also occur but it is only ea 1 Hz.
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A 3H Fig. 8.12
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Proton NMR spectrum of salbutamol: A more complex
example
A Fig. 8.13
270 mHz 'H NMR
A spectrum of salbutamol.
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Figure 8.13 shows the NMR spectrum of salbutamol obtained in CD,0D and in this
case the spectrum is somewhat more complex. The signal at d 1.40 arises from the
t-butyl group A in which the CH; groups are all equivalent and have no adjacent
protons to which they could couple. The signal ac d 4.65 is due to the CH, group D,
which is also not coupled to any other protons. The protons on the aromatic ring are
also readily assigned: the doublet at d 6.80 is due t0 H-3, which is coupled to H-2.
H-2 appears at d 7.22 and is split into a doublet via coupling to H-3 and each peak in
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the doublet is split again through meta-coupling to H-1, which appears at g 7.37 and
is split into a closely spaced doublet through meta-coupling to H-2. A signal centred
at d 4,97, appearing on the shoulder of a broad peak due to CD,OH. is due 10 proton
C. This proton is attached to a chiral centre and is coupled to the two adjacent
protens B1 and B2, which are non-equivalent since they are immediately next to a
chirai centre. Thus proton C has two different coupling constants to protens Bl and
B2. and appears as a doublet of doublets. The most complex signal in the spectrum is
due to protons B1 and B2 and this requires more detailed explanation. These protons
produce what is known as an ‘AB type signal’ where, because the protons are close
in chemical shift {less than 30 Hz apart), they give lines which are of unequal sizes
as shown in Figure 8.14.

The NMR spectrum is perturbed in an AB system so that the ratio of line Fig. 8.14
. . . . . . : R Line intensities in AB
mtensities composing the doublet instead of being 1:1 are given by: systems
. . V.-V
Line ratio = —-——2
1= Vy

where the difference berween v, and v, is 30 Hz and the difference between v,
and v, is 10 Hz, the line ratio of the outer to inner lines will be 1:3. The smaller
the difference in shift in Hz between the inner A and B lines the smaller will be
the satellite peaks.

A B

—

Vi Vo ¥y W

The place to start with the analysis of the signal for the B protons in salbutamol is
with signal C, which gives the couplings of the B1 and B2 protons with the proton
on position C. From analysis of this signal the two couplings are 4 and 10 Hz. The
total width of the B signal is 44 Hz, thus its width in the absence of coupling 1o the C
proton would be 37 Hz (see Fig. 8.15 for clarification). To make the full analysis
one has to try some values for the AB coupling that make approximate sense in
relation to the final signal. If the coupling of the B protons to each other is 12 Hz,
then the pattern when plotted on graph paper (Fig. 8.15) gives more or less the
pattern seen for the B protons in salbutamol (leaving 13 Hz from the total signal
width for separation of the inner lines). Two other points should be noted: the ratio
of the outer to the inner lines is ca 1:3 as predicted from the equation shown in
Figure 8.14 and the original separation of the B1 and B2 signals is given by the
following equation:

Og) — Oy = m—\ﬂ] (vy—v,y)

If the differences between the frequencies are substituted in the equation this gives a
difference in frequency of Bl and B2 of 22 Hz, i.e. the germinal coupling (coupling
of protons on the same carbon) of the two signals gives shifts of 7.5 Hz in one
direction and 4.5 Hz in the other direction instead of the usual even splitting.
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OH H Fig‘ 8.15
e A typical AB system split
\Cl,’ : '.’- 10 Hz by a third () proton with
I coupling constants
/ \C/ observed for the B1 and
4Hz - N B2 protons in salbutamol.
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' Self-test 8.4

Using the values given in Tables 8.1 and 8,2 predict the approximate NMR spectra of the
following drug molecules with respect to chemical shift, the number of protons in each signal

and the multiplicity of their proton signals.

sl D B
H H
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H H H H
F D E c
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H H CH,
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H H CH4
G E C
Clafibrate
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' Self-test 8.5

Use graph paper 1o determine the coupling constants experienced by lines for protons A and B
shown below, which are coupled to each other and 1o a third proton and determine the
separation of the A and B signals.

B A

6Hz 5Hz 6Hz 9Hz 11Hz 1Hz 11Hz
54| sbed uo uemsuy

' Self-test 8.6

Assign the protons in the 'H NMR spectrum of phenylephrine. {Note: pratons B and C are
non-equivalent since they are next to an asymmetric centre).

E e
HO,  HoOH H A
| .
o C—C-NHCH, 1 singlet (3H)
H H
H Hp ¢
G F
6 doublet (1H)
5 singlet (1H) )
4 doublet (1H} 2 mulliplet (2H)
7 triplet (1H)
walter
3 quartet (1 H)\
I 'l_,_;|\_
8.0 7.0 60 50 40 30 2.0 ppm
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Carbon-13 NMR
Chemical shifts

Nuclei other than 'H give nuclear magnetic resonance spectra. One of the most
useful is '*C but since the natural abundance of '*C is anly 1.1% of that of C, the
3C resonance is relatively weak. '*C resonance occurs at a frequency ca 25.1 mHz
when proton resonance is occurring ca 100 mHz (i.e. at 2.33 Tesla). Thus it is at
lower energy than proton resonance and the spread of resonances for 1*C is aver ca
180 ppm, thus there is less likelihood of overlapping lines in '*C NMR. Table 8.3
shows the chemical shifts of some '*C signals. It is possible to calculate these quite
precisely! and the following table is only an approximate guide. A *C atom will
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couple to any protons attached to it, e.g. a carbon with one proton attached will
appear a doublet, to get the most information from the weak carbon spectrum it is
better if this coupling is removed. In the salbutamol example the coupling is
removed using the J med technique.

Table 8.3 Typical chemical shifts of *C atoms

Group o ppm Group o ppm Group d ppm
R,C'%C 5-20 C-H, =N 35-65 Q). C-C-N 50-70
H,C'+-C=C 15-30 C-H,C-0 55-75 (Q),C-C-0 7090
H.C'*-Ar ca 20 (C),HC-C 25-55

H,C'-CO0 ca 20 (C),HC-CO 40-70 ArCrH 115-135
H,C'*-CO 22-32 (CQ),HC-Ar ca 40 ArC™-C 137-147
H.C*-N 2540 (OOHC-Ar 70-80 ArCe(l 135
H,C'*-0 45-55 (C),HC-N 45-75 ArC*CO 137

C-H, - C 16-46 {C),HC-0 6585 ArC-N 145-155
C-H,C*-CO 30-50 (0,0 C 35-55 ArC'-Q 150-160
C-H,C*-Ar ca 30 (Q,C*-C-CO 45-65 =0 170-200
O-H,CH-Ar 60-70 (C),C-C-Ar 45-65

An example of a '3C spectrum

A
OHe G
CHCHZNHQ—CHa A
1
2 CH,
6 A
5 EHZOH Signal from
OH solvent
EC

Cand CH, up

CH3 and CH down

T 150 100 50 ppm

Fig. 8.16
1 mod *C NMR spectrum
of salbutama! sulphate.

Figure 8.16 shows the J mod spectrum of salbutamol sulphate. As can be seen the

I mod "*C spectrum of salbutamol is much simpler than its proton spectrum. The
carbons can be assigned as follows: Ad 26 ; Cd58.8; Ed 61, D9 70.4; 39 116:
2+60127.1:50 §29.5; 19 133 and 4 d 156 (carbons 3 and 5 are shifted upfield
through being ortho to an OH group). The signal due to carbon B is missing and this
illustrates one of the problems of '*C NMR which is that the relaxation times of the
carbon atoms tend to vary more widely than those for protons in 'TH NMR and thus
their signals may be missed or not fully accumulated, This is particularty true for
quaternary carbons and it can be seen in Figure 8,16 that the quaternary carbons 1, 4
and 5 give weaker signals than the other carbons which have protons attached. In the
case of quaternary carbon B, its signal has been completely missed. Thus the signals
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in °C are less quantitative than 'H NMR signals. A ) mod spectrum is one of the
medern equivalents of the *C spectrum: it allows the number of protons attached to
the carbon atoms to be known while at the same time removing the signal
broadening due to the coupling between '*C and its attached protons.

Seif-test 8.7
Assign the signals in the J mod C-13 spectrum of procaine shown below (€ and CH, up CH, and
CH down) obtained on a 400 mHz instrument.
H G B A
| FE D C _CHOCH
HyN —@—COOCHZCHzN\ 51,9
CH,CH,
H G B A
816
2.
1?0_215|5.a 11‘9 6
134.6 1171 1.1
160 140 120 100 80 60 40 20 Ppm
8=GSLIPEL DL LLLHOBLL 472041 39190675 1°1S 4 1°LL ¥ Jamsuy

Two-dimensional NMR spectra

A simple example

Computer control of NMR instruments has led to great advances in both data
acquisition and processing and has given rise to advanced NMR structural
elucidation techniques. One of the the first of these was two-dimensional

Fig. 8.17
The praoton-proton
correlation spectrum of
the aromatic region of
aspirin.
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proton—proton correlation or COSEY. This technique enables correlations to be made
between protons which are coupled to each other. Taking the simple example of the
aromatic proton region of aspirin the correlated spectroscopy COSEY spectrum
appears as shown in Figure 8.17, the diagonal gives the cotrelation of the signals
with themselves, i.e. A with A, B with B, etc. On either side of the diagonal identical
information is presented, thus only one side of the diagonal is required for spectral
interpretation. From the information given in Figure 8.17, it can be seen that A is
coupled to C, B is coupled to C and D, and C is weakly coupled to D via long-range
meta-coupling. COSEY has simplified interpretation of complex NMR spectra.
There are a number of techniques stemming from the basic two-dimensional
technique, which for example allow cosrelation between carbon atoms and the
protons attached to them and correlations of carbon atoms with protons one or two
bonds removed from them, heteronuclear multiple bond correlation (HMBC).

A more complex example

Tranexamic
acid

oe

Fig. 8.18

The proton-proton
correlation spectrum of
tranexamic acid.
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The anti-haemorrhagic drug tranexamic acid when drawn in a two-dimensional
representation may look as if all four protons on position 2 and all four protons on
position 3 are equivalent. However, when the structure is drawn as indicated on the
left in Figure 8.18 it is apparent that, because the molecule is forced for steric
reasons to remain with the carboxylic acid and methylamine groups more or less in
the plane of the paper, the axial (a) protons, which are held above and below the
plane of the paper, and the equatorial (¢} protons, which are hetd more or less in the
plane of the paper, are no longer in an equivalent environment. This introduces a
number of additional couplings between the protons in the molecule leading 10 an
increased complexity of its spectrum. Assignment of the protons in this spectrum is
simplified by two-dimensional NMR and as for the aspirin example the correlations
can be derived from the signals either side of the diagonal. The place to start in this
type of assignment is usuall;i with the simplest signal, which in this case is due to the
4" protons which only couple to the 4 protons. The 4 protons themselves present the
mast complex signal since they are separately coupled to the 4, 3a and 3e protons
preducing 3 x 3 X 3 = 27 lines which are not all seen because of the overlap of the
signals. Two additional factors emerge from examination of the signals due to axial
and equatorial protons in Figure 8.18 that are applicable to the interpretation of more
complex molecules:

(i}  The signals due to 2a and 3a experience three couplings due to coupling to the
equatorial protons attached to the same carbon {germinal coupling) and due 10
coupling (9-13 Hz) to two adjacent axial protons resulting overall in broad
signals. The signals due to 2e and 3e protons are narrower since they only
experience one large germinal coupling to the axial proton attached to the
same carbon. The axial/ equatorial and equatorial/equatorial couplings
(e.g. 2¢/3a and 2¢/3e) are small (2-5 Hz) resulting in narrower signals overall,

(i)  Axial protons (2a and 3a) are usually upfield from equatorial protons (2e and
3e) since they are shielded by being close in space to other axial protons.

Application of NMR to quantitative analysis

NMR can be used as a raptd and specific quantitative technique. For example a drug
can be rapidly quantified by measuring suitable protens (often isolated methyl
protons) against the intense singlet for the methyl groups in t-butanol, The amount of
drug present can be calculated using the following formula for the methy] groups in
t-butanol used as an internal standard {int. std.):

Area signal for drug protons
Area signal for int. std. protons
MW drug N No. protons from int. std.
MW int.std. No. protons from drug

» mass of int, std. added x

Amt. of drug =

An advantage of this method of quantitation is that a pure external standard for
the drug is not required since the response is purety proportional to the number of
protons present and this can be measured against a pure internal standard. Thus the
purity of a substance can be determined without a pure standard for it being available.
Figure 8.19 shows the spectrum of an extract from tablet powder containing aspirin,
paracetamol and codeine with 8 mg of t-butanol added as an internal standard. In the
analysis, deuterated methanol containing 8 mg/ml of t-butanol was added to the
sample of tablet powder, and the sample was shaken for 5 min, filtered and
transferred to an NMR tube. The t-butanol protons gave a signal at 9 1.31, the
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Paracetamol Fig. 8.19
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butanol added as an

COOH internal standard.

0COCH;  NACOCHs 4 ianci s
r g

Codeing s, ?H3

NCH 4 S /"j _,—""_‘CHS”?_OH

[ﬁ ! g ' CHg

c:H30 -

H.llv ""3,_-_4[ _

CH,CQ group in aspirin gave a signal at & 2,35, the CH,CON group in paracetamol
gave a signal at 2 2,09 and the CH;O group in codeine gave a signal at d 3.92. The
low amount of codeine present would be likely to make its quantitation inaccurate in
the example shown. which was only scanned for a few minutes. Since its signal is
close to the baseline, a longer scan would improve the signal:noise ratio giving better
quantitative accuracy.

The data obtained from the analysis is as follows:

» Stated content/tablet = aspirin 250 mg, paracetamol 250 mg, codeine phosphate
6.8 mg

= Weight of | tablet = 0.6425 g

»  Weight of tabler powder taken for analysis = 0.1228 g

»  Weight of t-butanol internal standard added = 8.0 mg

* Area of internal standard peak = 7.2

* Area of aspirin CH; peak = 5.65

»  Area of paracetamol CH, peak = 6.73

* Codeine phosphate CH, peak = 0.115

» MW t-butanol = 74.1

= MW aspirin = 180.2

+ MW paracetamol = 151.2

= MW codeine phosphate = 3974

+  Number of protons in t-buryl group =9

+  Number of protons in methyl groups of aspirin, paracetamol and codeine = 3.

Calculation of the paracetamol in the tablets is shown in Example 8.2.

Other specialised applications of NMR

There are a number of other specialised applications of NMR which are valuable in
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Calculation example 8.2

Weight of aspirin and paracetamo] expected in the tablet powder = 250 x géigi =4797 mg

Weight of codeine expected in the tablet powder = 6.8 x gzgg =1.300 mg

Calculation for aspirin
Substitating into the formula given ahove:

mg of aspirin present in extract = 365, 8x 180.2 x % =45.80 mg

7.2 741
45.8
Percentage of stated content = x 100 = 95.48%
47.97
Self-test 8.8

From the above data calculate the percentage of stated content for paracetamol and codeine
phosphate.

%5851 s1eydsoyd suBpo? % zE GE [CLBIRIERT MUY

pharmaceutical development. Chiral NMR employs chiral shift reagents. e.g.
europium tris(d.d-dicamphoylmethanate), which can be used to separate signals from
enantiomers in a mixture and thus quantify them. Solid state NMR can be used to
examine crystalline structures and characterise polymorphs and crystal hydrates.
Biological NMR uses wide bore sample tubes and can be used to examine drugs and
their metabolites directly in biological fluids such as urine or cerebrospinat fluid.
High-pressure liquid chromatography (HPLC)} NMR is currently under development
s0 that impurities or drug metabolites can be chromatographically separated by
HPLC and identified by using an NMR spectrometer as a detector.

' Answer to Self-test 8.5

A B

27 Hz

11 Hz 18 Hz 11 Hz
—p |-t - |-t

I ot a
5 . " A
-_‘ 'I_./ \'-._‘ B \‘
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Principles

+ Charged molecules or molecular fragments are generated in a high vacuum region or,
immediately prior to a sample entering a high vacuum region. using a variety of
methods for ion production. The jons are generated in the gas phase so that they can
then be manipulated by the application of either electric or magoetic fields to enable the
determination of their molecular weights.

Applications

formulation excipients.

*  Mass spectrometry provides a highly specific method for determining or confirming the
identity or structure of drugs and raw matertals vsed in their manufacture,

¢+ Mass spectrometry in conjunction with either gas chromatography (GC-MS) or liquid
chromatography (LC-MS) provides a method for characterising impurities in drugs and

* GC-MS and LC-MS provide highly sensitive and specific methods for determining
drugs and their metabolites in biological fleids and tissues.
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Strengths

+ The best method for getting rapid identification of trace impurities, which should
ideally be carried out using chromatographic separation in conjunction with high
resolution mass spectrometry so that elemental compositions can be determined

+  With the advent of electrospray mass spectrometry and the re-emergence of time of
flight mass spectrometry, the technique will be of major use in the quality conirol of
therapeutic antibodies and peptides.

Limitations

» Miass spectrometry is not currently used in routine guality control {QC} but is placed in
a research and development (R & D) environment where it is used to solve specific
problems arising from routine processes or in process development

+ The instrumentation is expensive and requires support by highly trained personnel and
regular maintenance. However, these limitations are gradvally being removed.

Introduction

A mass spectrometer works by generating charged molecules or molecular fragments
either in a high vacuum or immediately prior to the sample entering the high vacuum
region. The ionised molecules have to be generated in the gas phase. In classical
mass spectremetry there was only one methed of producing the charged molecules
but now there are quite a number of aiternatives. Once the molecules are charged and
in the gas phase they can be manipulated by the application of either electric or
magnetic fields to enable the determination of their molecular weight and the
molecular weight of any fragments which are produced by the molecule breaking up.

Instrumentation

Electron multipliar Fig. 9.1

@ ﬂ Magnetic sector mass

spectrometer.
LI Source + lenses p
L

i
- Elgctrostatic analyser

| | Magnetic
I - analyser

Collector slit

A schematic view of a magnetic mass specirometer is shown in Figure 9.1.

(i} The sample is introduced into the instrument source by heating it on the end of
a probe until it evaporates, assisted by the high vacuum within the instrument.

(ii)  Once in the vapour phase, the analyte is bombarded with the electrons
produced by a rhenivm or tungsten filament, which are accelerated towards a
positive target with an energy of 70 V. The analyte is introduced between the
filament and the target, and the electrons cause ionisation as follows:
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M+e—m M7

(iii) Since the electrons used are of much higher energy than the strength of the
bonds within the analyte (4—-7¢V) extensive fragmentation of the analyte
usually occurs,

(iv) Two types of system are commonly used to separate ions on the basis of their
charge 0 mass ratio.

Magnetic sector instruments

In a magnetic sector instrument the ions generated are pushed out of the source by a
repeller potential of same charge as the ion itself, and are then accelerated in an
electric field of ca 3-8 kV and wravel through an electrostatic field region so that they
are forced to fall into a narrow range of kinetic energies prior to entering the field of
a circular magnet. They then adopt a flight path through the magnetic field
depending on their charge to mass (m/z) ratio; the large ions are deflected less by the
magnetic field:

_ A

Ty

where H is the magnetic field strength and r is the radius of the circular path in
which the ion travels and V = the accelerating voltage.

7

At particular values for H and V, only ions of a particular mass adopt a flight path
that enables them to pass through the collector slit and be detected. If the magnetic
field sirength is varied, ions across a wide mass range can be detected by the
analyser. a typical sweep time for the magnetic field across a mass range of 1000 is
5-10 s but faster speeds are required if high resolution chrematography is being used
in conjuction with mass spectrometry. The accelerating voltage can also be varied
while the magnetic field is held constant in order to produce separation of ions on the
basis of their kinetic energies.

Quadrupole instruments

A cheaper and more sensitive mass spectrometer than a magnetic sector instrument is
based on the quadrupole analyser (Fig. 9.2), which uses two electric tields applied at
right angles to each other, rather than a magnetic field, to separate ions according to
their /7 ratios. One of the tields used is DC and the other oscillates at
radiofrequency.

fig. 9.2
Quadrupole mass
spectrometer.

Target + 70 eV Sample lons

Quadrupole -
— » m Multiplier

Repeller

+VE

Lens stack

-VE
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The effect of applving the two electrostatic fields at right angles to each other,
one of which is oscillating, is to create a resonance frequency for each m/z value;
ions which resonate at the frequency of the quadrupole are able to pass through it
and be detected. Thus ions across the mass range of the mass spectrum are selected
as the resonance frequency of the quadrupole is varied. A quadrupole instrument is
more sensitive than a magnetic sector instrument since it is able to collect ions with a
wider range of kinetic energies. The disadvantage of a simple quadrupole mass
spectrometer is that it cannot resolve jons to an extent > 0.1 amu whereas a magnetic
sector instrument can resolve ions to a level of 0.0001 amu or more. This enables the
latter to be used w determine accurate masses for unknown compounds and thus
assign their elemental compositions.

Mass spectra obtained under electron impact

ionisation conditions

The original type of ionisation employed in mass spectrometry was electron impact
(EL) ionisation as described earlier. This type of ionisation uses high energy electrons
which produce extensive fragmentation of the bonds within the analyte. It is still
very commonly used in standard chemical analyses but is not as readily applicable
where molecules are very involatile or unstable. In these cases there is a range of
other ionisation techniques which can be applied. These ionisation techniques, which
are often used in conjunction with chromatography. are discussed in the sections on
GC-MS and LC-MS. However, they may also be applied without prior
chromatographic separation having been carried out.

A & —= D"+ N Fig. 9.3

/ Electron impact
\ B" + N —»C + R

M—» M +8 ionisation.

Figure 9.3 shows a generalised scheme for decomposition of a melecule under EI
conditions. The principles of the scheme are as follows:

{iy M represents the molecular ion which bears one positive charge since it has
lost one electron and the unpaired electron which results from the loss of one
electron is represented by a dot.

(i) M7? may lose a radical which, in a straightforward fragmentation not involving
rearrangement, can be produced by the breaking of any single bond in the
melecule. The radical removes the unpaired electron from the molecule
leaving behind a cation A*.

(ili) This cation can lose any number of neutral fragments (N} such as H,O or CO,
but ro further radicals.

(iv) The same process can occur in a different order with a neutral fragment
(H,0, CO,, eic.) being lost to produce B* and since this ion still has an
unpaired electron it can lose a radical (o produce C*; this ion can thereafter
only lose neutral fragments.

To summarise, the following rules apply to mass spectrometric fragmentation:

(i)  The molecular ion can lose only ene radical but any number of neutral fragments.
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(ii)  Once a radical has been lost only neutral fragments can be lost thereafter.

Molecular fragmentation patterns
Homolytic and heterolytic a-cleavage

CH.BH Fig. 9.4
2 El mass spectrum of
1OU‘| ethanol.
% CHGCHOH
k-] ra
5 45
4 CH ,CH + Mt
2 20 46
£ 27 \
: |
o il - 11 ! L L 1 |_ i,
20 30 440
miz

Under EI conditions the analyte develops a positive charge through the loss of
one electron. If there is an electronegative atom in the structure of the molecule such
as nitrogen or oxygen, this positive charge will be on the electronegative atom(s). If
an electronegative atom is absent the charge is more difficult to locate with certainty.
Figure 9.4 shows the EI spectrum of ethanol which provides an example of two
types of fragmentation. The process is as follows:

(i)  Homolytic a-cleavage (Fig. 9.5) is promoted by the presence of a hetero atom
such as oxygen, nitrogen or sulphur and in molecules containing a hetero atom
it often gives rise to the most abundant ion in the mass spectrum {the base peak).

CH Fig. 9.5
+- + Homolytic c~cleavage of
CH3_CH“‘0H —_— CHQ—CH=OH + 'H ethanoal.
miz 46 miz 45

TN g +
CHy—CH,~OH ———a  CH;=OH + CHg

myz 46 mz3

(i)  One electron in the bond broken goes to the radical and the other combines
with the unpaired electron on the hetero atom to produce a double bond; the

hetero atom becomes positively charged.
¢iii} Loss of the largest possible radical is most favoured, In the case of ethanol,
loss of CH,— gives rise to the base peak in the mass spectrum at m/z 31.

For many drug molecules this type of fragmentation dominates their mass spectra.
A minor ion in the spectrum of ethanol results from heterolytic a-cleavage
(Fig. 9.6).
As is illustrated in Figure 9.7, homolytic a-cleavage is the major fragmentation
mechanism for chains containing hetero atoms.
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/’\ Fig. 9.6
+ - + Heterolytic a-cleavage of
CH3;—CH,—OH ¥ GH, + -OH ethanol.
miz 46 miz 29
. + Fig. 9.7
OH OH Some further examples
CH3—CH;-CH—CHy —— CH;—CHz - + CH—CH; of homaolytic c<leavage.
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+- *
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Self-test 9.1

Indicate the typeis) of cleavage and the fragments lost which gives rise to the major ions in the
spectrum of butan-2-of shown in Figure 9.8,

.
CHz—CH—C=0H
mz73
(i)T
CH3+ {iii) GH, ] (i) .
CH=OH  <— CHy,—CH;/—CH—OH —® CHy;—CH;—CH=0H
miz 45 mz 74 mz59
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Figure 9.9 shows the spectrum of n-butanol. In this case homolytic a-cleavage,
which gives rise to the ion at m/z 31, does not completely dominate the spectrum and
the spectrum preduced ts more complex as a resuli. Loss of the neutral fragment
H,O occurs via a 1.4 elimination (Fig. 9.10); this produces an ion at m/z 56 which,
since it is still a radical cation, gives rise to the fragment at m/z 41 via loss of CH,
and followed by loss of H; as a neutral fragment to give m/z 39.




Cleavage with proton transfer
Cleavage with proton transfer is also common in the mass spectra of drug molecules.
Tn the first two examples the' initial step is homolytic c-cleavage as shown in Figure
9.11: this is followed by loss of a neutral hydrocarbon fragment.
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3 Fig. 9.8
CHCHCH El mass spectrum of
45 butan-2-ol.
100—]
3
=
o
=
=
-g +
@ CH.CHOH
@
£
1]
® 27 59
o« k]| .
M--H
|..l. ||| .||. l....lui; ?:3 . .
20 40 60 80 100
miz
. CHY Fig. 9.9
CH.OH CHx+ 56 El mass spectrum of
100 —] n-butanol.
31 4
L1
2 43
o
-
[=
=
!
z
3 39 .
= M’-H
oL il .,..ll T
I ! |
20 40 60 80
miz
o Fig. 9.10
+ Loss of water via 1,4
( HO?) -H,0 EHZ elimination.
H THe )
| > CH CH
CH:  CH, ol
“CHY 2
Mz 56
1.4 -elimination



174 Pharmaceutical Analysis

+
. ~ CH,=OH Fig. 9.11
. . _r . Some examples of
R—CHy= O-CH,GH—R" —» CHy=O-CHCH—R' — Y cleavage involving
H H CH,=CHR' intramolacular proton
transfer.
CH.=NH,
N + TN ¢ z
R=CH,—N-CHCH—R  —> CH2=I‘I~I~CH2CI>H—F|‘ — .
H |!| H H CH,=CHR'
0(:H2 CHR 0
H —
@J @(H + CHy=CHR
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R J . ©<H +  CH,=CR

Table 9.1 shows some typical smal] fragments which are lost from the molecular
ions of molecules.

Table 9.1 Common losses from a molecular ion
Radicals/neutral

Loss amu fragments lost Interpretation
1 H- Often a major ion in amines, alcohols and aldehydes
2 H,

15 CH, Most readily lost from a quaternary carbon

17 OH- or NH,

18 H,O Readily fost from secondary or tertiary alcohols

19/20 F-/HF Fluerides

28 co Ketone or acid

29 CHe

30 CH.0O Aromatic methyl ether

£ CH;0- Methyl ester/methoxime

3 CH,NH, Secondary amine

32 CH,OH Methyl ester

33 H,O + CH,

35/36 Cl-/HCI Chloride

42 CH,=C=0 Aretate

43 CH, Readily lost if isopropyl group present

43 CH,CO- Methyl ketone

a3 CO + CH;

44 CQ, Ester

45 CO,H: Carboxylic acid

a6 C;H,0H Ethyl ester

46 CO+HO

57 CHy

59 CH,CONH, Acetamide

60 CH,COOH Acetate

73 (CH,).Si Trimethylsilyl ether

90 {CH,);5i10H Trimethylsilyl ether
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Fragmentation of ring structures

More complex types of fragmentation involve rearrangement of the structure of a
molecule prior to fragmentation and this is more likely to occur if the molecule has a
ring in its structure. Figure 9.12 shows the El spectrum of cyclohexanol.

H Fig. 9.12
H
0 The EI mass spectrum of
I cyclobexanol,
100 OH 5?/
] | 82 HO
3
3
50— -CH
2 ?
= 67
[}
« 44
Fil .
27 | | “ M
100
IM:L al :] 1. !I..l”]_hll..- i | |.|I| l.a — |I|.
20 440 G0 80 100

mz

The major ions in the spectrum are due to the loss of the nevtral fragment water,
as in the case of n-butanol 1,4 elimination is probably involved. The base peak is
formed via homolytic cleavage next to the OH group followed by proton transfer
(Fig. 9.13). The base peak of the mass spectrum is formed as shown in Figure 9.13.

Fig. 2.13
Cleavage of cyclohexanol

+° + +
OH OH OH
‘7 I . | with structural
» \I:L —_— | rearrangement.

mz 160 miz 57

Retro Diels—Alder fragmentation is another type of fragmentation which occurs
in compounds with ring systems.

The peak at in/z 68 in the mass spectrum of limonene results from the molecule
breaking in half as shown in Figure 9.14.

El mass spectra of some drug molecules

Examples where the molecular ion is abundant

In the case of some drugs the molecular ion may be abundant in the mass spectrum.
Figure 9.15 shows the mass spectrum of codeine, where the molecular ion at m/; 299
is the base peak. The extended ring structure of the molecule means that apart from
the abundant molecular ion, the fragmentation of codeine is not easy to interpret
because of the structural rearrangements which occur. The only other ion in the mass
spectrum of codeine closely related to the molecular ion is at n/2 229 and formation
of this ion involves some rearrangement of the ring structure.
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CH, Fig. 9.14
El mass spectrum of
f iy limonene produced by
100 28 CH; retro Diels—Aider
] 6 fragmentation.

miz 136 m/z 68 i
NCH,, Fig. 9.15
The El mass spectrum of
codeine.
M
\ 299
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CHO o OH
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Drugs which yield abundant molecular ions under El conditions include: catteine,
coumatetralyl, cyclazocine, dextromethorphan, dichlorphenamide. diflunasii,
dimoxyline, fenclofenac, flurbiprofen, griseofulvin, harmine, hydralazine,
hydroflumethiazide, ibogaine, ketotifen, levatlorphan, methaqualone, nalorphine.
These drugs are characterised by having ring structures without extensive side
chains, or if side chains are present. they do not contain hetero atoms which would
direct cleavage to that part of the molecule.

Drug molecules in which homolytic a-cleavage dominates
the spectrum

Since many drugs contain hetere atoms the fragmentation of drug molecules is often
directed by o-homolytic cleavage adjacent to these atoms. Figure 9.16 shows the
mass spectrum of bupivacaine, where homelytic a-cleavage is directed by the
nitrogen atom in the heterocyclic ring resulting in an ion at m/z 140, which
dominates the spectrum.

Fig. 9.16
The El mass spectrum of
bupivacaine.

+
N
|
CH,
140
100 - CH,
CONH
N
1
CH
CHa o]
CH,
245
L ]

200

A similar type of fragmentation dominates the spectrum of other local anaesthetics
such as prilocaine and procaine; and sympathomimetics such as ephedrine, salbutamol
and terbutaline and B-adrenergic blockers such as propranolol and oxyprenolol.

Isotope peaks

Figure 9.17A shows the mass spectrum of chloroquine under El conditions. This
molecule gives a spectrum typical of a basic compound with a side chatn. In this
case homolytic ¢t-cleavage takes place adjacent to the nitrogen in the side chain with
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the charge being retained on the smaller portion of the molecule resulting in an ion at
m/z 86, Another feature of the spectrum which can be noted is the double molecular
ion which occurs at m/z 319 and m/z 321, and which arises from the presence of a
chlorine atom in the molecule. Chlorine has two common isotopes with atomic masses
35 and 37 in the ratio 3:1, and the small molecular ion for chloroquine at m/z 319 has
a peak associated with it in a 3:1 ratio at mvz 321. This is seen more cleatly in the
negative ion chemical ionisation (NICT) spectrum of chloroquine {Fig. 9.17B). NICI
is a soft ionisation technique which produces little, if any, fragmentation in a molecule
and results in an abundant molecular ion. In this case, the chlorine isotope peak for
chloroguine at m/z 321 can be seen clearly. Bromine in the structure of a molecule’
will also produce an isotope pattern since it has isotopes with atomic weights of 79
and 81 which occur in more or less a 1:1 ratio. These typical patterns can be vseful
in characterisation of impurities in synthetic drugs becauwse reactive intermediates
which are used in drug synthesis may contain bromine or chlorine. If more than one
chiorine or bromine atom is present, then the isotope pattern is more complex.

The isotopes of all the other elements commonly found in drug molecules are
much less abundant, although because of the nuraber of carbon atoms in large
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Fig. 9.17.

(A) The El mass spectrum
of chloroquine. (B) The
NICI mass spectrum of
chloroquine,
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P Self-test 9.2

Predict the base peak in mass spectra of the following molecules:
OCHLCHCH JNHCH{CH 3),
H2N—QCONHCH SCHN(CH:)
(i} Procainamide CH,CH,OCH,
(i} Metoprolol
CHOCH ,CHN{CH ) - COOCHCH,—N Y
O, CeHs
> CH,
{iliy Diphenhydramine
{iv) Flavoxate
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molecules, the M+1 ion for carbon is usually substantial. Although the abundance of
carbon-13 is only 1.1% compared with carbon-12, the presence of 40 carbon atoms
in a molecule would give rise to an M+! ion with a 44% abundance since there is a
44% probability that the molecule will contain a carbon-13 atom.

Tropytium ion

Another type of directed fragmentation occurs in molecules which have a benzyl
group. For instance, the spectrum of levodopa (L-dopa) is dominated by an ion at
m/7 123 which arises from the formation of a tropylium ion as shown in Figure 9.18.
This ion is readily formed in any compound with a benzyl group. The benzyl CH,
becomes incorporated into a seven-membered ring structure in which the positive
charge on the ion is delocalised around the ring structure, giving a very stable cation.
Of course other types of fragmentation can compete; in the case of L-dopa, homolytic
cleavage next to the nitrogen atom is possible which gives rise to a fragment at

my/z T4, but this fragment is of lower abundance than the fragment at m/z 123,

OH Fig. 9,18
HO Two routes of

fragmentation in the
HO CI;OOH /1 mass spectrum of L-dopa.
HO—@—CHQCH—NHz mz 123
\ (T‘OOH
CH=NH,
+
mz¥4
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Self-test 9.3

Predict the likely base peak in the mass spectra of the following molecules:

i
CH;O  OCH,4 =N
cmo—@—oHe—N N—H CH30—©—CH2—NCHECH2N(CH3)2
p—
{i) Trimetazidine {ii) Mepyramine
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McLafferty rearrangement

McLafferty rearrangement can occur in carboxylic acids, esters, ketones and amides

which have a side chain containing at least three carbon atoms. The generalised
fragmentation is shown in Figure 9.19. For example, the sedative drug apronal has a
McLafferty fragment as a major ion in its mass spectrum arising as shown in

Figure 9.20. !

Fig. 9.19

)
Ry H 6 Ry H BH The MclLafferty
@j\ e )\ rearrangement.
R Ry

R,= GH,R. OH, OR, NHR.

Bz=H or aikyl
CH, CH; Fig. 9.20
\Cl-lj’C H EH McLafferty
i N *  CH,: CH—CHx, .~ fragmentation of
CH;=CH—-CH ?O : ‘-\NHCONHz apronal.
NHCONH,
mz142
Apronal
CHa—CH =CH2

This type of fragmentation is not particularly commen in drug molecules, often
because where it is possible homolytic ¢t-cleavage dominates the spectrum, but it is a
feature of long chain lipid molecules such as fatty acid esters.

Gas chromatography-mass spectrometry (GC-MS)

For the chromatographic aspects of GC-MS, refer to Chapter 11. Gas
chromatography (G-C) was the earliest chromatographic techniqgue to be interfaced
to a mass spectrometer. The original type of gas chromatograph had a packed GC
column with a gas flow rate passing through it at ca 20 ml/min and the major
problem was how to interface the GC without losing the mass spectrometer vacuum,
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This was solved by use of a jet separator where the column effluent was passed
across a very narrow gap between two jets and the highly diffusable carcier gas was
largely removed, whereas the heavier analyte molecules crossed the gap without
being vented. The problem of removing the carrier gas no longer exists since GC
capillary columns provide a tflow rate of 0.5-2 ml/min, which can be directly
introduced into the mass spectrometer without it losing vacuum.

{onisation techniques used in GC-MS

There are three main types of ionisation used with GC-MS, which will be discussed
in turn.

Electron impact

This type of ionisation has been discussed earlier in this chapter. The mass spectrum
of psoralen under EI conditions is shown in Figure 9.21 along with the
corresponding GC trace, which is produced by the total ion current {TIC) across the
scan range of the mass spectrum. The molecular ion M*- is in this case in good
abundance at m/z 186 and other ions arise as follows: m/z 158 (M*—CO), m/z 130
(M*+=2C0), m/z 102 (M*-3CO).

o] o] Fig.9.21
The TIC GC
chromatagram for
psoralen and the El
0 / spectrum obtained from
L the chromatographic
Psoralen MW 186 peak.
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Positive ion chemical ionisation (PICl)
In the PICI mode a reagent gas is continuously intreduced into the ion source. e.g.
methane (isobutane and ammonia are also used). The gas interacts with electrons
produced by the filament to produce a series of ions shown in Figure 9.22,

The positively charged ions can either associate with the analyte or can transfer a
proton te the analyte. The most commoenly observed adduct ions are illustrated by
the PICI spectrum of psoralen (Fig. 9.23). In this case, the ions arise via addition
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¥ Fig, 9.22
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of: H* (msz 187), C,Hs* {m/z 215y and CH,* (m/z 227) to the molecular ion. The
signal:noise ratio indicated by the baseline of the corresponding GC trace shows

that, while the fragmentation of the melecule is reduced, ionisation efficiency is also

reduced in comparison with EL

Negative ion chemical ionisation (NICI)

The most common form of ienisation occurring in the case of negative ion spectra is
electron capture ionisation. Again a reagent gas is used and the electrons collide with

it so that their energies are reduced to < 10eV. Molecules with a high affinity for

electrons are able to capture these low energy thermal electrons. This is often loosely
called NICI but since it does not involve the formation of a chemical adduct it is not
strictly chemical ionisation. The two commonly observed types of electron capture

are shown in Figure 9.24.

AB + e

/ AB’
\

A+

Resanance electron capture

B Dissociative electron capture

Fig. 9.24
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The NICI spectrum of psoralen (Fig. 9.25) indicates that resonance capture is
occurring so that most of the ion current is carried by the molecular ion at m/z 186,
The associated GC trace indicates that 1onisation is ca 10 times more efficient for the
same amount of psoralen in comparison with EL In addition, since most of the ion
current is channelled into the molecular ion, an analytical method which selectively
monitored the molecular ion of psoralen would be ca 40 times more sensitive if NICI
conditions were used rather than EI. The technique only works for compounds which
are electron capturing. The small ion at m/z 218 indicates that the psoralen has also
formed an adduct with traces of oxvgen present in the instrument, i.e. true chemical
ionisation.

800 Psoralen Fig. 9.25
1 NiC) spectrum of
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Applications GC-MS to impurity profiling

With the advent of requirements by the American Food and Drug Administration
{FDA) for identification of any impurity at a level of > 0.1% in pharmaceuticals, mass
spectrometry with chromatography has found a role in impurity identification. Such
impurities can arise either from the manufacturing process or from degradation of the
drug. Figure 9.26 shows a GC-MS trace for a commercial sample of the B-blocker
propranclol. The synthetic route leading to propranolol is shown in Figure 9.27,

Propranciol Fig. 9.26

GC-MS trace of a
commaerciat sample of
propranolol with
impurities.

TIC

Impurily 2

Impurity 1
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SN
OH OCH,CH—CH;
o
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+ CICH,CH—-CH, —
1-naphithol

OCH,GH—CH; —HNGH(CHy),

9ol

Isopropylamine Propranolol

HaNCH(CH,),

Fig. 9.27
Synthesis of propranolol.

There is one major additional peak in the sample which runs after propranolol
(impurity 2). The mass spectrum for propranolol is shown in Figure 9.28.

Due to CgH, ,NO+ Fig. 9.28
118 El mass spectrum of
100 propranclcl.
8 +
£ M”- CH . NC
i
3 144
=]
[14
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£ 127 MI- C3H -H 259 M*
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The molecular ion can be seen at rm/z 259 and the two major fragment ions at
m/z 144 and 113 arise as shown in Figure 9.29,

The impurity peak shows a major fragment at m/z 158 (Figure 9.30). This
compound must have a molecular weight higher than that of propranolol since its
GC retention time is longer. However, there is no substantial ion of molecular weight
higher than that of propranolol in its mass spectrum. The mass spectrum of the
impurity under PCI conditions is shown in Figure 9.31.

Impurity 2 gives an apparent molecular ion at m/z 302 and also shows a major
fragment at »/z 158. This information is consistent with an additional isopropyl
being attached to the nitrogen in propranolel as shown in Figure 9.32. The fragment
at m/z 158 observed both under EI and PCI conditions arises as shown in Figure 9.32.
Thus, this exira peak is manufacturing impurity, probably arising from a small
amount of disopropylamine being present in isopropylamine used as a reagent in one
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Fig. 9.29
The major fragmentation
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OH

/\‘ :
O.CH,.C.CH;NH(iP), o .,
H— . ™
H + GH,=CH.CH}NHI(iPr),

H

miz 301 n¥z 158

Fig. 9.32

MS fragmentation of the
impurity peak in
propranolal.

of the later stages of the synthesis. It is also possible to detect in the propranolol
sample a very minor amount of 1-naphthol, impurity 1 (Fig. 9.26), which is used in
an earlier stage of its synthesis.

Liquid chromatography-mass spectrometry (LC-MS)
The interfacing of a liquid chromatograph to a mass spectrometer proved much more
difficult than interfacing a gas chromatograph since each mole of solvent introduced
into the instroment produces 22.4 | of solvent vapour, even at atmospheric pressure.
The technique has made huge advances in the last 10 years and there are many types
of interface available, the most successful of which are the electrospray and
atmospheric pressure ionisation sources, Table 9.2 summarises the major types of
LC-MS interface which are available. In many cases, LC flow rates have to be in the
range 10-100 gl per min so that either splitting of the eluent from a normal column
is required or microbore chromatography is used. Table 9.3 summarises some
additional ion separation methods which are used in conjunction with liquid

chromatography.

Table 9.2 LC-MS interfaces

Interface

Comments

Particle beam

Dasclvalion
chamber

omenium

Nebuliser  soparator

Thermospray
From LG Jet ol sample vapour
al 10 Tor

@ (LT —'

Heated capillary

Filarman

To MS high vacuum

Useful interface which is applicable to a wide
range of molecules. The volatile solvent
molecuies are stripped from the sample and
lost in a process similar to that used in the
early jet separators used in GC-MS. The
heavier sample molecules enter the MS and
can be ionised by the standard methods of El,
PICI or NICI. Gives spectra with EI
fragmentation which can be referred for
identification to El spectral libraries built up
over many years. No solvent background thus
sensitive to the 10-7 g level. Solvent flow rate
up to 1 ml/min, mass range up to 1000 amu

The eluent from the column is vapourised and
a portion of the vapour (ca 1%] is transferred
to the mass spectrometer and the rest of the
vapour is pumped to waste. The spectra
produced are like Cl spectra since the
presence of solvent vapour with the sample
reduces the energy of the ionisation process
and adducts can be formed with the solvent.
Sensitive to the 10~ g level; mass range up to
2000 amu
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Table 9.2 LC-MS interfaces (Cont.}

Interface

Comments

FRIT-FAB (fast atom bombardment}

FAB gun
Porous FRIT

FastXe ToMS

T =
long sputlsred
Capillary from LC, from the surlace
moklle phase
contging 1% of mvolahle
malrix, 8.9 glyceral Sampla o invelanle
makrix

Electrospray (ES} ionisation

N, gas
+ 30V

\ i
Capillary trom L&

‘ |* -High vacuum
at high voltage

+ 3KV Agroaol Sampling
at almospharic orilice
prassure

Atmospheric pressure ionisation (AP1)

Catona discharge pin + kY
M, s
M; gas + To MS
MNaw
H;0+

Capillary from LG

The mobile phase enters the instrument
directly so that the flow rates can only be ca
10 g/min. The mobile contains 1% of an
involatile matrix, e.q. glycerol. The sample
flows out onite the centre of a porous disc and
the solvent, apart from the involatile matrix,
evaporates. The sample in the matrix is struck
by fast atoms (Xe or Cs) from a FAB gun and
the high energy of the atoms generates ions
from the sample. Soft ionisation technique
produces limited fragmentation. Sensitive to
102 g level for lipophilic compounds, mass
range up to 2000 amu or more

The mast commeon LC-MS interface. Flow
rates up to 1 ml/min but best at 200 pl/min or
below. A charged aerosol is generated at
atmospheric pressure and the solvent is
largely stripped away with a flow of N; gas.
The charged molecules are drawn into the M5
by electrostatically charged plates.

Can determine both small molecules and
molecules up to 200 000 amu. Spectra can be
simple, containing melecular ion only, or
fragmentation can be induced by varying the
cone valtage. More suitable for polar
molecules

Very similar to ES but can operate at normal
LE flow rates 0.2-2 ml/min. ES instruments can
be simply converted to run this technigue.
lonisation is more analogous to Cl with the
corona discharge producing jons such as H,O*
and N, which promote the ionisation of the
sample. Complementary to ES since this
interface will ionise less polar molecules

Table 9.3 Additional ion separation methods

Matrix-assisted Jaser desorption with
time of flight (MALDI-TOF)

Sample in Lasat beam Lers slack

Rallechicn

=
Ay s

AT

Datactor

Can be used for very large proteins > 200 000
amu. The sample is dissolved in a light-
absorbing matrix, soft ionisation is promoted
by a pulsed laser and ions are ejected from
the matrix and accelerated using an
electrostatic field into a field-free region. The
lighter ions travel fastest. In order to improve
resolution a device called a “reflectron’ is used
1o focus the kinetic energies of a population
of a particular ion prior to its entering a field-
free region. The length of time taken for ions
to reach the detector gives their molecular
weight (MW). The pulsed nature of the
jonisation ensures there is no overlap
between spectra, Ideal technique for
characterisation of the MW of large proteins
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Tahle 9.3 Additional ion separation methods (Cont.)

Tandem mass spectrometry Commenly known as M5MS. One quadrupole
Caliswon call comaining argon is used to filter out the molecular ion of the
Croice shamcaton et e compound of interest which s introduced
methods into a collision cell where argon gas is used to
l ¢ induce futher diagnositic fragmentation of
—— = the molecular ion. The secondary fragments
j—— = [I g can then be separated with a second quadrupole.
il T ? Three or four quadrupoles tan be used to
produce even more filtering. The technigue
Festauaupole ot <an remove the need for a chromatographic
ror fram seiected step replacing it with high-speed ion filtering
fon trap The ion trap separates ions by capturing them
Hamisghonca within a circular electrode where they orhit
Chuiee ol snfzation : until they are ejected by a variation in
’/ \ voltage. The technology is developing rapidly
¢ mmE— N and has advantages over a quadrupale in that
o — e I' e it ions can be trapped while tandem MS5-type
W L e fragmentation is produced. Can filter out
trom L ? eecrosevoisee  background while the ion of interest is

retained in the trap before being further

Ri lacirode .
iiahal fragmented and ejected

Applications of LC-MS in pharmaceutical analysis

Determination of impurities in insulin-like growth factor
with ES-MS

ES-MS provides an excellent means for quality control of recombinant proteins,
some of which are now used as drugs, e.g. human insulin, interterons, erythropoietin
and tissue plasminogen activating factor.' The advantage of ES-MS in the
determination of proteins is that multiple charges can be formed on a protein to bring
it within range of standard mass spectrometers which have a mass range of
EO00-2000 amu, A protein with a charge of 10+ and a MW of 10 000 would show up
at 1000 amu. It would be further characterised by having ions in a series bearing
different charges, ¢.g. 909 (114}, 1000 (10+), 1111 (9+), 1250 (8+). ete. The
simplicity of the single ion spectra for each charge number means that small
amounts of related proteins that may contaminate the main protein show up quite
clearly. Thus, variations in protein structure such as degree of glycosylation or in the
terminal amino acids of the protein can be seen quite clearly.

An example of how ES-MS can be used to determine minor impurities in a
recombinant protein is shown in Figure 9.33, where some small additional icns in
the mass spectrum of recombinant insulin-like growth factor (IGF) can be seen. The
major ions in the spectrum are dve to IGF itself bearing varying charge but the minor
impurities also give rise to peaks and these can be interpreted as shown in Table 9.4,

Before the advent of this technique the determination of protein molecular weight
was a laborious process and control and identification of minor impurities more or
less impossible,

Characterisation of a degradant of famotidine

Tablets of famotidine, an anti-ulcer compound. were subjected to stress conditions in
pack.” Figure 9.34 indicates the profile obtained from analysis of an extract from the
stressed tablets by LC-atmospheric pressure chemical ionisation mass spectrometry
(APCIMS). The structure of famotidine is shown in Figure 9.35.
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Fig. 9.33

ES-MS of insulin-darived
Measured mass = 7848.2 Da A= 7493.3 Da growth factor and minor
E B=75/7.0Da impurities.
€=781090a Reproduced with
B g T;Q?z.g ga permission from Elsevier.
=7664.2Da {see Reference 1).
c o
A
1050 1150
B+
6+
9+
A | W\ d__s..t._.__
BOO 900 1000 1100 1200 1300 1400 1500 1600
mz
Table 9.4 Minor impuritias in HGF
Assignment MW Da
IGF 7643
IGF-N terminal glycine-proline 7494
IGF-C terminal alanine 7577
IGF oxidised methionine 7664
IGF + hexose 7810
IGF + 2 » hexose 7972

Famotidine

Major impurity

Fig. 9.34

LC-M5 profile of
famotidine and
degradant.
Reproduced with
permission from Pharm,
Biomed. Anal. (see
Reference 2).




190

Pharmaceutical Analysis

+H" = m/z 189
H.N 5

el

N
CH230H20H2—9?5‘§02
NH, NH,

Famotidine Mw 337

Fig. 9.35
Fragrmentation of
famotidine.

The mass spectra obtained for famotidine and its degradant by APCIMS and

APCIMS-MS are shown in Figures 9.36 and 9.37.

100 - 3384
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o 259.2
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3
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2 338
3 155 259
2
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o

71
‘ 113
B | 138
miz

Fig. 9.36
Mass spectra of
famotidine obtained
under APCI conditions
with tandern M5.

(A) Without additienal
fragmentation; (B) After
collisionally promoted
fragmentation.
Reproduced with
permission from Pharm.
Biomed. Anal. (see
Reference 2).

The degradant had a MW 12 amwu higher than that of famotidine. The fragment at
m/7 189 was common to both spectra, indicating that the two molecules were similar
in structure. The degradant was found to have the structure shown in Figure 9.38 and
was proposed to result from reaction of famotidine with formaldehyde residues
present in the packaging. The structure of the degradant was confirmed by synthesis
of a standard for the degradant by reaction of famotidine with formaldehyde.
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100

Relative abundance

=
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:

Redative abundance

155

HoN,

C=N
H,N

]

{ L
N~ GH, SCH;CH, -7 50,
1

HN. __.NH

Fig. 9.37

Mass spectra of a
famotidine degradant
obtained under APC)
conditions with tandem
M3, (A} Without
additional
fragmentation; (B) After
collisionally promoted
fragmentation.
Reproduced with
permission from Pharm,
Biomed. Anal. (see
Reference 2).

Profiling impurities and degradants in butorphanol

tartrate

HPLC coupled to an ES-MS was used to elucidate the stucture of a number of
degradants in butorphanot? following its storage in aqueous solution. Figure 9,38
shows the LC-MS profile of the degradants which were detected in butorphanol.

100, m/z 344
[L Hydroxybutorphanol
100y miz 314
h'\ Ring contracted butorphano
100 m/z 328
I"\ Buterphanol
100 mvz 342
r__‘\h Ketobutorphanol
100y miz 310
’j\\ 41,10 butorphanol
0 5.0 100 15.0 20.0
Mmin

Flg. 9.38

LC-MS selected ion
profile of the degradants
formed from
butorphanol.
Reproduced with
permission from Pharm.
Biomed. Anal. (see
Reference 3).
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Figure 9.39 shows the APCI MS-MS spectrum of butorphanol, where additional
fragmentation of the molecule was produced in a collision cell as an aid to
identification.

Fig. 9.39 100 310
MS5—MS spectrum of
butorphanol ionised
using APC.

Reproduced with
permission from Pharm.
Biomed. Anal. (see
Reference 3).

Relative abundance

328
124 18D 135199 242 282

Lo L

Some of the ions present in butorphanol shown in Figure 9.39 can be explained
by the following losses; 310 (MH-H,(), 282 (MH-H.O-C,H,) and 242
(MH-H,0-C.H,}. An ion at m/z 199 formed by rearrangement of the structure prior
to fragmentation with loss of one of the rings was assigned the following structure

(Fig. 9.40):

Fig. 9.40
Characteristic fragment

H,0 ion generated from
butorphanol and related
degradants.

The fragment in Figure 9.40 was characteristic of the nucleus of the molecule and
provided an important peinter in the elucidation of structure of the other degradants.
By comparison with mass spectrum obtained for butorphanol, the degradants shown
in Figure 9.41 were found to be present.
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H Fig. 9.41
N Degradants present in
N ’CH2<> / OH butorphanaol.
HO '
OH
HO
Butorphano! MW 327 Norbutorphanol MW 259
H <>
~CH
\ N s
OH
HO

Rydroxybutorphanol MW 343

/CHE"Q l
o N,CH2—<>

A1, 10 Butorphanol MW 309 OH
HO

HOY

Ketotutorphanol MW 341
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Introduction

Chromatography is the most frequently used analytical technique in pharmaceutical
analysis. An understanding of the parameters which govern chromatographic
performance has given rise to improvements in chromatography systems so that the
ability to achieve high resolution separations is continually increasing. The system
suitability tests which are described at the end of this chapter are now routinely
included in chromatographic software packages so that the chromatographic
performance of a system can be monitored routinely. The factors determining
chromatographic efficiency will be discussed first in relation to high pressure liquid
chromatography {HPLC).

Void volume and capacity factor
Figure 10.1 shows a HPLC column packed with a solid stationary phase with a
liguid mobile phase flowing through it.

If a compound does not partition appreciably intc the stationary phase, it will
travel through the column at the same rate as the solvent. The length of time it takes
an unretarded molecule to flow through the column is determined by the void volume
of the column (V,). The porous space within a silica gel packing is usually about 0.7
x the volume of the packing; a typical packing volume in a 0.46 % |5 cm column is
ca 2.5 cm, Thus in theory it should take solvent or unretarded molecules, flowing at
a rate of 1 ml/min, c¢ 1.8 min to pass through the void volume of such a column (the
internal space is likely to be reduced where the silica gel has been surface coated with
stationary phase). The length of time it takes a retarded compound to pass through
the column depends on on its capacity factor (K'), which is a measure of the degree
with which it partitions (adsorbs) into the stationary phase from the mobile phase:

V-V, e,

K':r_
v, .

(o
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Fig. 10.1

Schematic diagram of
bands for three different
compounds travelling
—- through a HPLC column,
Unretained compound The compound with the
flows at the same rate as largest capacity factor

the solvent emerges last.
é\ Wy Injection )

Time

Soivent flow ——p» Solvent tlow

A

|+
N

g

¢A

where V, is the void velume of the column, V, is the retention volume of the analyte,
7, is the time taken for an unretained molecule to pass through the void volume and 7,
is the time taken for the analyte to pass through the column. In the example shown in
Figure 10.1, compound B has a larger capacity factor than compound A. For
example, if a compound had a K of 4, the V, of a column was 1 ml and the sclvent
was flowing through the column at 1 ml/min, the total time taken for the compound
to pass through the column would be 5 min, i.e. for the | min required te pass
through the void space in the column 4 min would be spent in the stationary phase.
This is a simplification of the actual process but it provides a readily understandable
model. As can be seen in Figure 10.1 the peaks produced by chromatographic
separation actually have width as well as a retention time and the processes which
give rise Lo this width will be considered later.

' Self-test 10.1

Calculate the time taken for the following compounds to emerge from a chromatographic
column under the specified conditions.

K' of compound Vv, of column {ml) Solvent flow rate {mlfmin}
[ 1 1
10 1 2

UL §° PUE UL/ SS19MSUY

Calculation of column efficiency

The broader a chromatographic peak is relative to its retention time the less efficient
the column it is eluting from. Figure 10.2 shows a chromatographic peak emerging
at time ¢, after injection; the efficiency of the column is most readily assessed from
the width of the peak at half its height W, and its retention time using Equation 1:

Equation 1 n=554(t/W ;)"

where # is the number of theoretical plates.
Column efficiency is usually expressed in theoretical plates per metre:
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Fig. 102

Determination of
retention time and peak
width at half height,

- — = —m = m = = == e = = = = = —
l— f
i
|
(

n . I tU

Injection | solvent front
| orunretained
{ component

Time (min}

n % 1OO/L

where L is the column length in cm.
A stricter measure of column efficiency, especialty if the retention time of the
analyte is short, is given by equation 2:

Equation 2 Neff=5.34 (1" /WY

where N ¢ff is the number of effective plates and reflects the number of times the
analyte partitions between the mobile phase and the stationary phase during its
passage through the columm and ¢, = 71—,

Another term which is used as a measure is H, the “height of a theoretical plate’:

H=L/Neff

where H is the length of column reguired for one partition step to occur.

' Self-test 10.2 e

A standard operating procedure states that a column must have an efficiency > 30 000
thearetical plates/m. Which of these 15 ¢m columns meets the specification?

Retention time of analyte {min) W, {min}
1. 6.4 0.2
2. 586 0.2
3. 106 0.6

| ULUR|OD amsuy

Origins of band broadening in HPLC

Van Deemter equation in liquid chromatography
Chromatographic peaks have width and this means that molecules of a single
compound, despite having the same capacity factor, take different lengths of time to
travel through the column. The longer an analyte takes to wravel through a column,
the more the individual molecules making up the sample spread out and the broader
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the band becomes. The more rapidly a peak broadens the less efficient the column.
Detailed mathematical modelling of the processes leading to band broadening is very
complex.! The treatment below gives a basic introduction to the origins of band
broadening. The causes of band broadening can be formalised in the Van Deemter
equation (Equation 3) as applied to liquid chromatography:

A B
mt oyt Caut+ Cou'"

Equation 3 H= W

H is the measure of the efficiency of the column (discussed above); the smaller the
term the more efficient the column.

u is the linear velocity of the mobile phase; simply how many cm/s an unretained
molecule travels through the column and A is the ‘eddy’ diffusion term; broadening
occurs because some molecules take longer erratic paths while some, for instance
those travelling close to the walls of the column, take more direct paths thus eluting
first. As shown in Figure 10.3, for two molecules of the same compound, molecule X
elutes before molecule Y. In liquid chromatography the eddy diffusion term also
contains a contribution from streaming within the solvent volume itself, i.e. A (see
the C,, term) is reduced if the diffusion coefficient of the molecule within the mobile
phase is low because molecules take less erratic paths through not being able to
diffuse out of the mainstream so easily.

Fig. 10.3

Eddy diffusion around
particles of stationary
phase.

Particles of stationary phase

B is rate of diffusion of the molecule in the liquid phase which contributes to peak
broadening through diffusion either with or against the flow of mobile phase; the
contribution of this term is very small in liquid chromatography. Its contribution to
band broadening decreases as flow rate increases and it only becomes significant at
very low flow rates.

C, is the resistance to mass transfer of a molecule in the stationary phase and is
dependent on its diffusion coefficient in the stationary phase and upon the thickness
of the stationary phase coated onto siltica gel:

d* thickness
D

Ly

C.\' =

where ¢? thickness is the square of the stationary phase film thickness and D, is the
diffusion coefficient of the analyte in the stationary phase.

Obviously the thinner and more uniform the stationary phase coating, the smaller
the contribution to band broadening from this term. In the example shown in Figure
10.4, molecule Y is retarded more than molecule X. It could be argued that this effect
evens ouf throughout the length of the column, but in practice the number of random
partitionings during the time required for elution is not sufficient to eliminate it. As
might be expected. C, makes less contribution as i decreases,
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Fig. 10.4

Resistance to mass
transfer of a molecule
within a particie of
stationary phase.

Mobile phase flow

Solid support
Stationary phase

C,, 1s resistance to mass transfer brought about by the diameter and shape of the
particles of stationary phase and the rate of diffusion of a molecule in the mobile
phase.

C - & packing

" D

"

where 4° packing is the square of the stationary phase particle diameter and D, is the
diffusion coefficient of the analyte in the mobile phase.

The smaller and more regular the shape of the particles of stationary phase, the
smaller the contribution to band broadening from this term. In Figure 10.5 molecule
X is retarded more than molecule Y both in terms of pathlength (this really belongs
to the eddy diffusion term) and contact with stagnant areas of solvent within the pore
structure of the stationary phase. With regard (o the latter effect, the smaller the rate
of diffusion of the molecular species (53,,) in the mobile phase, the greater the
retardation will be. There are an insufficient number of random partitionings during
elution for these effects to be evened out,

Solvent flow Fig. 10.5
Band broadening due to

resistance to diffusion of
a molecule within the
mohile phase, cantained
within the pores of a
stationary phase and due
to irregularities in
staticnary phase pore
structure,

Solvent flow
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Thus, a low diffusion coefficient for the analyte in the mobile phase increases
efficiency with regard to the A term but decreases efficiency with respect to the C,
term. On balance, a higher diftfusion coefficient is more favourable. Higher column
temperatures reduce mass transfer effects because the rate of diffusion of a molecule
in the mobile phase increases.

In practice the contributions of the A, Cye and C,4'” terms to band broadening are
similar except at very high flow rates where the Cae terms predominate. At very low
flow rates, the B term makes more of a contribution, A compromise bas to be reached
between analysis time and flow rate. Advances in chromatographic techniques are based
on the minimisation of the effects of the various terms in the Van Deemter equation
and it has provided the rationale for improvements in the design of stationary phases.

G

Self-test 10.3

Indicate which of the following parameters can decrease or increase column efficiency in ligquid
chromategraphy.

* Very low flow rate

Large particle size of stationary phase

small particle size of stationary phase

Thick stationary phase coating

Thin stationary phase c¢oating

Regularly shaped particles of stationary phase
Irreqularly shaped particles of stationary phase
High temperature

Low temperature

Uneven stationary phase coating

Even stationary phase coating

Unifarm stationary phase particle size
Nen-uniform stationary phase particle size

Low diffusion coefficient in the mobile phase
High diffusion coefficient in the mobile phase
Low diffusion coefficient in the stationary phase
High diffusion coefficient in the stationary phase.
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Van Deemter equation in gas chromatography

The Van Deemier equation can be applied to gas chromatography with a different
emphasis on the relative importance of its terms, In fact, the interactions between an
analyte and a stationary phase are much simpler in gas chromatography than those in
liquid chromatography since the mobile phase does not modify the stationary phase
in any way. The theoretical considerations are different for packed GC columns vs
open tubular capillary celumns. _

In gas chromatography the Van Deemter equation can be written as:

H=A+£+Cu
u
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where H is the measure of column efficiency, 4 is the eddy diffusion coefficient B is
2 x the diffusion coefficient of the analyte in the gas phase, C is composed of terms
relating to the rate of diffusion of the analyte in the gas and liquid phases (mass
transfer, see above) and  is the carrier gas velocity.

For an open tubular capillary column (Fig. 10.6) the eddy diffusion coefficient
does not play a part in band broadening and the € term is largely composed of the
transverse diffusion coefficient in the gas phase since the liquid ilm coating of the
capillary column wall is typically 0.1-0.2% of the internal diameter of the column.
Blu is most favourable for nitrogen {diffusion coefficients of molecules are lower in
nitrogen than in the other commonly used carrier gases hydrogen and heltum).
However, nitrogen only gives better efficiency where « is small since the size of the
term Cu is governed by the resistance to transverse diffusion which is greatest for
nitrogen. i.e. fast flow rates of nitrogen reduce the interaction of the analyte with the
stationary phase. Most often helium is used as a carrier gas in capillary GC sinee it
gives a good efficiency without having to reduce the flow rate, which would give
long analysis times. Transverse diftusion effects are reduced by reducing the internal
diameter of a capillary column and thus the smaller the internal diameter of a
column, the more efficient it is.

Fig. 10.6
Band broadening factors
in open tubular columns,

Liquid p T
— - >
-
% | Longitudinal Gas flow
@
Liquid p — —

With a packed GC column the separation efficiency is lower because, although
the longitudinal diffusion coefficient is lower, the eddy dittusion coefficient (4)
causes band broadening (Fig. 10.3). In addition. mass transfer effects are greater for
a packed column because of the irregular structure of the particles of packing and the
consequent uneven coating of a relatively thick liquid phase. However, whatever
type of GC column is used, the C,, term is not as significant as that in liquid
chromatography because of the high diffusion coefficient of molecules in the gas
phase.

Parameters used in evaluating column performance
Having optimised the efficiency of a chromatographic separation the quality of the
chromatography can be controlled by applying certain system suvitability tests. One
of these is the calculation of theoretical plates for a column and there are twe other
main parameters for assessing performance: peak symmetry and the resolution
between critical pairs of peaks. A third performance test, the peak purily parameter,
can be applied where two-dimensional detectors such as diode or coulometric array
or mass spectrometry detectors are being used. The reproducibility of peak retention
times is also an important parameter for controlling performance,

Resolution
The more efficient a column the greater degree of resolution it will produce between
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closely eluting peaks. The resolution beween two peaks — A and B (Fig. 10.7} is
expressed in Equation 4:

Equation 4 R,=2Ug— 1, /Wy + Wy,

where 1.5 and 1, are the retention times of peaks A and B and W;; and W, are the
widths of peaks A and B at baseline. An R, of 1 indicates a separation of 4G between
the apices of two peaks. Complete separation is considered to be £, = 1.2. The
retention times of peaks A and B are 26.3 and 27.2 min respectively. The substitution
of these values and the values obtained for peak widths at base for A and B into
Equation 4 is as follows:

C2272-263) _
R.= 0.56 +056 16

It is obvious without calculation that peaks A and B are well resolved. With
incomplete separation, the determination of resolution is more difficult since the end
and beginning of the two partially overlapping peaks has to be estimated; if the peak
shape is good it is easiest to assume the same symmetry for the leading and tailing
edges of the two peaks. If this is carried out for peaks B and C in Figure 10.7, their
resolution is found to be .83, which is not an entirely satisfactory resolution, More
is required of the integrator which is used to measure peak areas when peaks overlap
since it must be able to decide where one peak ends and the other begins, Ideally
peak overlap should be avoided for quantitative accuracy and precision.

Flg. 10.7

Determination of the
degree of resolution
betwean
chromatographic peaks.

EA 1B tc Time (tnin)

Self-test 10.4

The BP assay of betamethasone 17-valerate states that it must be resolved from
betamethasone 21-valerate so that the resolution factor is > 1.0. Which of the following ODS
columns meet the specification?

Retention time of Retention time of

betamethasone betamethasone Wwidth at base of bet Width at base of bet
21-valerate (min) 17-valerate {min) 21-valerate (min) 17-valerate (min)

1. 9.5 a5 0.4 0.5

2.9.3 8.6 04 0.4

7 pue | uamsuy
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Peak asymmetry

Another situation which may lead to poor integrator performance is where peaks are
1ailing and thus have a high element of asymmetry. The cxpression used to assess
this is:

Asymmetry factor (AF) = b/a

where a is the leading half of the peak measured at 10% of the peak height and b is
the trailing half of the peak measured at 10% of the peak height (Fig. 10.8). This
value should fall. ideally, in the range 0.95-1.15. Poor symmetry may be caused
through: loading too much sample onto the column, sample decomposition, the
analyte adsorbing strongly onto active sites in the stationary phase, poor trapping of
the analyte when it is loaded onto the column or too much ‘dead volume” in the
chromatographic system.

Fig. 10.3
Determination of peak
asymmetry.

A Tirne {tnin) B Time (rin)

The peak in Figure 10.8A has an asymmetry factor of 0.97 and this is due to its
tailing slightly at the front edge; this may be due to inefticient trapping of the sample
at the head of the column as it is loaded. The peak in Figure 10.8B has an
asymmetry factor of 1.77 and is thus tailing quite badly; the most common cause of
tailing is due to adsorption of the analyte onto active sites in the chromatographic
column.

Data acquisition

An integrator, whether it is based on a microprocessor or PC software, simply
measures the total amount of current which flows over the width of a
chroematographic peak. To do this it measures the rate of increase of voltage
approximately 30 times across the width of the peak. The parameter which indicates
when measurement should start is the peak threshold which determines the level that
the voltage of the signal should rise to before accumulation of the signal will occur.
To avoid storage of baseline drift the peak width parameter is linked to the peak
threshold parameter, which indicates that if the signal rises above baseline the slope
of the rise should have a certain steepness before it is regarded as a peak. A narrow
peak width setting indicates that the expected slope should be steep and a wide peak
width setting indicares that the expected slope should be relatively shallow. For good
digital recording a peak should be sampled ca 30 times across its width. The setting
relates to the estimated width at half-height of peaks in a chromatogram, e.g. a width
setting of 0.4 min would cover many HPLC applications. There is quite a wide
degree of tolerance in the peak width setting although it should be set within + 100%
of the expected peak width at half-height to ensure accurate peak integration.



204

Pharmaceutical Analysis

A factor which can cause a loss of precision in chromatographic quantification is
the reproducibility of the way in which peaks are integrated. If peaks have good
symmetry, are well resolved frony neighbouring peaks and are well above baseline
noise, integration is likely to be reproducible. The peak threshold (PT) setting has
the greatest effect on peak area and it has 1o be set high enough for fluctuations in
the baseline to be ignored. 1n the example shown in Figure 10.9, in the first case the
threshold is set too low and a tail of baseline drift is attached to the peak during
integration. In the second case, the threshold is set higher and the tail is ignored. The
area of peak A determined with a peak threshold of 100 4V is only 94% of the area
determined for peak A with tailing baseline included at a threshold of 10 ¢V. This
could make a significant difference to the precision of the analysis depending on
how reproducibly the peak tail was integrated. This type of effect is only likely to be
significant if the size of the peaks is low in relation to baseline fluctuations.

PT 101V PT 100 wV
B 8
A A
C C
Y | /! N
\ S }/
—_— } ....... o ——e — 7 T_'_"/
Start Stop Start  Stop

Fig. 10.9
The effect of the peak
thrashoid setting.

The two fused peaks shown in Figure 10.9 are not as affected by a change in the
peak threshold setting, however, their areas can only be approximated because of
their overlap. It is possible by setting the integrator to produce a tangent skim to
change the way in which these peaks are integrated as shown in Figure 10.10. In this
instance where the peaks are almost resolved and are not vastly different in height,
the integration method vsed in Figure 10.9 probably gives a better approximation of
the arcas,

Fig. 10.10
Tangent skimming of a
peak on a tailing edge.

Report generation

Computerised data handling systems will generate reports including a number of
system suitability parameters. Figure 10.11 shows a chromatogram with a report
form appended. In order for the report to be generated, the computer has to be given
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some information, e.g. the expected retention times of peaks for which resolution
factors have to be measured and the retention time of an unretained peak in order 1o
determine capacity factor. With increasing dependence on computers, it is important
to be able to guesstimate whether the computer is generating sensible data; the
ability to calculate the various efficiency parameters from first principles is an
important check on the performance of the integrator.

1S Fig. 10.11
Chromatographic trace
A gC with report including
II' M D system suitability tests.
R4 .
Time {min)
n per wu)

Component Retention time Area % cotumn AF min R, K
A 20.1 16.3 50 166 0.96 0.2 - 18.3
B 208 13.2 65229 0.87 02 1.4 18.9
C 212 15.5 81189 1.13 0.17 0.81 19.2
D 220 221 44 397 0.99 0.23 1.8 20.0
IS 257 379 64316 0.75 0.23 - 234

Reference
1. J.C. Giddings, Unified separation science. Wiley Interscience. Chichester (1991},
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Principles

A gaseous mobile phase flows under pressure through a heated wbe either coated with a
liquid stationary phase or packed with liquid stationary phase coated onto a solid support.
The analyte is loaded onto the head of the column via a heated injection port where it
evaporates, Tt then condenses at the head of the column, which is at a lower temperature.
The oven temperature is then either held constant or programmed to rise gradually. Once
on the column separation of a mixture oceurs according to the relative lengths of time
spent by its components in the stationary phase. Monitoring of the column effluent can be
carried out with a variety of detectors.

Applications

* The characterisation of some unformulated drugs, particularly with regard to detection
of process impurities.

* Limit tests for solvent residues and other volatile impurities in drug substances.

* Sometimes used for quantification of drugs in formulations, particularly if the drug
lacks a chromophore,
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» Characterisation of some raw materials used in syntbesis of drug molecules.

+ Characterisation of volatile oils (which may be used as excipients in formulations},
proprietary cough mixtures and tonics, and fatty acids in tixed oils.

« Measurement of drugs and their metabolites in biological fluids.

Strengths

= Capable of the sume quantitative accuracy and precision as high-pressuce liquid
chromatography (HPLC), particularly when vsed in conjunction with an internal
standard.

» Has much greater separating power than HPLC when used with capillary columns,

+ Readily automated.

« Can be used 1o determine compounds which lack chromophores.

* The mebile phase does not vary and does not require disposat and, even if helium is
used as a carrier gas, is cheap compared to the organic sotvents used in HPLC.

Limitations

e Only thermally stable and volatile compounds can be analysed.

* The sample may require derivatisation to convert it to a volatile form, thus introducing
an extra step in analysis and, potentially, interferants.

* Quantitative sample inrroduction is more difficult because of the small velumes of
sample injected.

* Aqueous solutions and salts cannot be injected into the instrement,

Introduction

The use of gas chromatography (GC) as a quantitative technique in the analysis of
drugs has declined in importance since the advent of HPLC and the increasing
sophistication of this technique. However, it does still have a role in certain types of
quantitative analysis and has broad application in qualitative analysis. Since HPLC
currensly dominates guantitative analyses in the pharmaceutical industry, the strengths
of GC may be overlooked. Capillary GC is capable of performing much more efficient
separations than HPLC albeit with the limitation that the compounds being analysed
must be volatile or must be rendered volatile by formation of a suitable derivative'
and must also be thermally stable, GC is widely used in environmental science,
brewing, the food industry, perfumery and flavourings analysis, the petrochemical
industry, microbiclogical analyses and clinical biochemistry. Although packed column
GC is still used in the pharmaceutical industry, this chapter will concentrate to a large
extent on open tubular capiilary GC, which is the more modern manifestation of GC.

Instrumentation
Figure 11.1 shows a schematic diagram of a GC system. The principles of the system
are that:

(i}  Injection of the sample may be made manuaily or using an autosampler
through a resealable rubber septum.

(i}  The sample is evaporated in the heated injection port area and condenses on
the head of the column.

(iii) The column may either be a capillary or a packed column, which will be
discussed in more detail later. The mobile phase used to carry the sample
through the column is a gas — usually nitrogen or helium.,

(iv) The column is enclosed in an oven which may be set at any temperature
between ambient and ca 400°C.

(vy The most commonly used detector is the flame ionisation detector (FID).
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Fig. 11.1
Schematic diagram of a
capillary GC system,

E injection with microlitre
i synnge

Rubber septum

Flame ionisation
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Syringes

The volumes injected in GC are routinely in the range of 0.5-2 ul. The most
commonly used type of syringe is shown in Figure 11.2; the usual syringe volumes
are 5 and 10 gl. A recommended technique for injection into a capillary GC is to fill
the syringe with about 0.5 ul of solvent and draw this solvent into the barrel slightly
before filling with sample. The sample is also drawn into the barrel to leave an air
gap below it. The syringe needle can then be introduced into the injector and lefi for
a couple of seconds to warm up before the plunger is depressed. The syringe is then
withdrawn immediately from the injection port.

Fig. 11.2
10 pl sample in barrel
syringe.

Sample Flushing

solvent

1 .

[ ]
b-—._.___i.-

it Air

Injection systems

Packed column injections

Injection generally occurs through a resealable rubber septum. The injector port is
held at 150-250° depending on the volatility of the sample and direct injection of
0.1-10 gl of sample is made onto the head of the columa. The amaount of sample
injected onto a packed column is ca -2 yg per component. Injection into packed
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1 fig. 11.3
Injection onto the head
of a packed column.

Injeclion made into a plug of
silanized glass wool

Packing material

Gas flow

columns presents less of a problem than sample introduction into a capillary column
since all of the sample is introduced into the packed column (Fig. 11.3). Thus, although
packed columns do not produce high resolution chromatography, this is their strength.

Spiitisplitiess injection

This type of injector is used in conjuction with capillary column GC. Capillary
columns commonly have internal diameters beteen 0.2 and 0.5 mm and lengths
between 12 and 50 m. Injection takes place into a heated glass or quartz linet rather
than directly onto the column.

In the split mode, the sample is split into two unequal portions the smaller of
which goes onto the column. Split ratios range between 10:1 and 100:1, with the
larger portion being vented in the higher flow out of the split vent. This technique is
used with concentrated samples. In the splitless mode. all of the sample is introduced
onto the column and the injector purge valve remains closed for 0.5-1 min after
injection. The difficulty faced with split/splitless injection onto a capillary column is
in obtaining goed injection precision.? Attention has to be paid to certain points:

()  Since injection is made at high temperatures into an injection port, a lack of
precision resulting from decomposition of some of the components in a
mixture before they reach the column has to be considered. Thus it is
important to ensure that the sample has minimal contact with metal surfaces
during the injection process since these can catalyse decomposition.

(ii)  If a split injection is used, care has to be taken that there is no discrimination
between more and less volatile components in a mixture in terms of the
proportion lost through the split vent.

(iii} If a splitless injection is made, volumes have to be kept below ca 2 g in case
the sample backflashes through rapid expansion of the solvent in which it is
dissolved, into either the gas supply lines or the purge lines. Each 1 ul of
solvent expands greatly upon vapourisation, e.g. methanol ca 0.66 ml/iul or
ethyl acetate ca 0.23 mi/ul at atmospheric pressure.

(iv) Even if an internal standard (p. 259) is used to compensate for losses, the
possibility of it being discriminated randomly against either through differences
in volatility or decomposition compared to the sample has to be considered.
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(v)  In the splitiess mode the sample must be efficiently trapped at the head of the
column, For this to occur, it must be sufficiently involatile, i.e. have a boiling
point > ca 30°C higher than the column starting temperature, If the sample is
relatively volatile it has (o be injected into the GC in a low volatility solvent
which will condense at the head of the column, trapping the sample in the
process.

(vi) Sample transfer may be slow and it is important to take this into account when
setting purge valve times, e.g. for a typical | ml/min flow of helium through a
capillary column, about 0.5 min would be required to transfer a 2 ul injection
volume of ethy] acetate onto the column.

(vil) Injection precision is greatly improved by the use of an autosampler to carry
out injection since it can achieve much better precision in measuring volumes
of ca 1 yl than a human operator.

Cool on-cofumn injection

Direct on-column injection into the capillary column may be carried out in a manner
analogous to injection into a packed column. This technique requires a syringe with
a very fine fused silica needle. The technique has the advantages of: (1) reduced
discrimination between components in mixtures; (2) no sample degradation in a hot
injector; and (3) no backflash, hence quantitative sample transfer. It also has the
following disadvantages: (1) samples have to be clean otherwise residues will be
deposited on the column; (2) the injector is mechanically more complex and requires
more maintenance than a septum injection system; and (3) the syringe needle may
damage the head of the column.

GC oven

GC ovens incorporate a fan which ensures uniform heat distributicn throughout the
oven. They can be programmed to either produce a constant temperature, isothermal
conditions or a gradual increase in temperature. Oven programming rates can range
from 1°C/min to 40°C/min. Complex temperature programmes can be produced
involving a number of temperature ramps interspersed with periods of isothermal
conditions, e.g. 60°C (1 min)/ 5°Cfmin o 100°C (5 min)/10°C/min to 200°C

(5 min). The advantages of temperature programmes are that materials of widely
differing volatilities can be separated in a reasonable time and also injection of the
sample can be carried out at low temperature where it will be (rapped at the head of
the column and then the temperature can be raised until it elutes,

Types of column

Packed columns

The columns are usually made from glass which is silanized to remove polar silanol
Si—OH groups from its surface that can contribute to the peak tailing of the peaks of
polar analytes. These columns have internal diameters of 2—5 mm, The columns are
packed with particles of a solid support which are coated with the liquid stationary
phase. The most commonly used support is diatomaceous earth (mainly calcium
silicate). This material is usually acid washed to remove mineral impurities and then
silanized as shown in Figure 11.4 to remove the polar Si~OH groups on the surface
of the support, which can lead (o tailing of the analyte peak.
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0 CH3 o) CH:1 . Fig‘ 1.4

| | | | . Silanization of free

Si—0OH + CI_?i_CH3 E— %;51_0—?%—{%3 silanel groups.
CH, é CH,

The support can then be mechanically coated with a variety of liquid stationary
phases. The mobile phase most commonly used in packed column GC is nitrogen
with a flow rate of ca 20 ml/min. Packed column GC affords a relatively low degree
of resolution compared to capillary GC; typically 4000—6000 plates fora 2 m
column compared to > 100 000 plates for a 25 m capillary column. The high
temperature fimit of packed columns is ca 280°C: beyond this temperature the liquid
stationary phase evaporates at a rate which creates a large background signal.
However, for many routine quality control operations, they are quite adequate.

Capillary columns

Capiltlary columns are made from fused silica, usually coated on the outside with
polyamide to give the column flexibility, Coating on the outside with aluminium has
also been used for high temperature (> 400°C) work. The internal diameter of the
columns ranges between 0.15 and 0.5 mm. The wall of the column is coated with the
liquid stationary phase, which may have a thickness between 0.1 and 5 gm. The most
common type of coating is based on organo silicone polymers, which are chemically
bonded to the silano] groups on the wall of the column and the chains of the polymers
are further cross-linked. These types of phases have more or less replaced the wall-
coated open tubular (WCOT) and support-coated open tubular (SCOT) columns,
which are reported in earlier literature, for most routine applications. SCOT columns
are sometimes encountered in very high temperature work. The wall-bonded phases
are stable to at least 325°C and some types of coating will withstand temperatures of
370°C. The non-silicone based polymers, e.g. carbowax. cannot be bonded onto the
wall of the column in the same way and columns with these coatings are less
temperature stable. For instance, the temperature limit for a carbowax capillary
column is ca 240°C. The most commonly used carrier gas in capillary GC is helium
and the flow rates used are between 0.5 and 2 ml/min. Since the flow rate from the
end of the capillary column is low compared to the internal space of some detectors.
‘make up’ gas often has to be added to the gas flow post column in order to sweep
the sample through the internal volume of the detector at a reasonable rate. Typically
ca 100 ng per component is loaded onto a capillary column.

Selectivity of liquid stationary phases

Kovats indices and column polarity

Kovats indices ({-values) are based on the retention time of an analyte compared to
retention times of the series of #-alkanes. For a particular GC phase, [-values are
very reproducible from one column or from one GC to another. However, they are
slightly affected by GC programming conditions. #-Alkanes have most affinity for
non-polar phases and tend to elute more quickly from polar phases. In contrast, a
polar analyte will elute more slowly from a polar phase and thus relative to the
n-alkanes, its retention time and thus its I-value will increase as the polarity of the
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GC phase increases. A measure of the polarity of a stationary phase is given by its
McReynold’s constant (Table 11.1), which is based on the retention times of

~benzene, n-butanol, pentan-2-one, nitropropane and pyridine on a particular phase.

The higher the McReynold’s constant the more polar the phase. Many stationary
phases are described by an OV-number. The higher the number after the OV the
more polar the phase.

Table 11.1 McRaynold's constants

Phase Chemical type McReynold's constant
Squalane Hydrocarbon o
Silicone Ov-1 Methylsiticone 222
Silicone SE-54 94% methyl, 5% phenyl, 1% vinyl 337
Silicone OV-17 50% methyl, 50% phenyl 886
Silicone OV-225 50% methyl, 25% cyanopropyl, 25% phenyl 1813
Carbowax Polyethylene glycol 2318

i-values provide a useful method for characterising unknown compounds and
tables of [-values have been compiled for a large number of compounds.* Under
temperature programming conditions, where the GC temperature rises at a uniform
rate, e.g. 10°C/min, a plot of the carbon numbers of n-alkanes (where | carbon = H)0)
against their retention times is a straight line, Under isothermal conditions, where the
column is maintained at the same temperature throughout the analysis, a plot of
carbon number against the logarithm of the retention times of the n-alkanes is a
straight line. Such calibration curves can be used to convert the retention time of a
compound into an -value,

Examples of the separation of mixtures by GC

Analysis of peppermint oit on two GC phases

Figure [1.5 shows the structures of some of the major components in peppermint oil.
The use of the retention index system is illustrated in Figures 11.6 and 11.7 for
peppermint oil run in comparison with n-alkane standards on both a weakly polar
OV-5-type columin and a polar carbowax column.

Figure | 1.6 indicates approximate /-values for some of the components in
peppermint oil on a BPX-5 column; this column selects mainly on the basis of
melecular weight and shape. For example B-pinene has the same molecular weight
as limonene but has a more compact shape and thus a lower F-valve. Menthyl acetate
has a higher /-value than menthol because of its higher molecular weight.

A carbowax column is highly selective for polar compounds. As can be seen in
Figure 11.7 the group of polar compounds including menthol and menthone is

Fig. 11.5

The structures of some
components in
peppermint oil.
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resolved more extensively on a carbowax column with the alcohol menthol and a
number of other minor alcohols eluting at around [2 min. In addition, the less polar
ketone menthone and a number of minor ketones elute at around 10 min, Menthyl
acetate, which on the non-polar BPX-5 column ran later than menthol, runs earlier
than menthol on the carbowax column because its polar alcohol group is masked by

the acetate and it thus has a lower polarity than menthol.

1=1192
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Fig. 11.6

{A) Peppermint ail
analysed on a BPX-5
column (12 m x 0.25 mm
iad. » 025 pm film).
Pregrammed S0°C

{1 min}, then 5*C/min to
70°C, then 10°C/min to
200°C. (B} n-alkanes
C8-C16 chromatographed
under the same
conditions.
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Flg. 11.7
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column {¥5 m = 0.25 mm
= 0.5 pm film),
Pragrammed 50°C
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70°C then 10°C/min to
200°C, (B) ralkanes
C10-C18
chromatographed under
the sarne conditions.
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' Self-test 11.1
’ o Sl

Associate the following f-values obtained on an OV-1-type column with structures of the local
anaesthetics shown below. i-values: 1555, 2018, 2323 and 2457. Note: axygen in an ether
linkage is equivalent to ca 1 CH, unit.

H,N
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Butacalne Benzocaine
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Analysis of the fatty acid composition of a fixed oif by GC

A very polar phase such as carbowax is generally only used for samples requiring a
high degree of polar discrimination for adequate separation or retention. An example
of this is in the analysis of farty acids with ditfering degrees of unsaturation. On a
non-polar column such as BPX-3, a series of C-18 acids such as stearic, oleic, linoleic
and linolenic acids, which contain respectively 0, 1, 2 and 3 double bonds, overlaps
extensively. However, on polar columns such as carbowax they are separated.

The BP monographs for many of the fixed oils contain a GC analysis to confirm
the content of the fatty acids composing the triglycerides (fatty acid triesters of
glycerol) present in the oil. The monograph for almond oil states the composition of
the fatty acids making up the triglyceride should be:

+ palmitic acid (16:0) 4.0-9.0%

= palmitoleic acid (16:1) < 0.65%
= margaric acid (17:0) < 0.2%

« stearic acid (18:0) 0.9-2.0%

» oleic acid {18:1) 62.0-86.0%

* linoleic acid (18:2) (7.0-30.0%)
» linolenic acid (18:3} < 0.2%

» arachidic acid (20:(0 < 0.1%

+ behenic acid (22:00 < 0.1%.

The first number in brackets, e.g. 16, refers to the number of carbon atoms in the
fatty acid and the second number, e.g. 0, refers to the number of double bonds in the
fatty acid. The percentage of each component is determined in relation to the sum of
the areas of the chromatographic peaks of all the components listed above.

In order to determine the fatty acid composition of the triglycerides, they have to
be first hydrolysed and the liberated fatty acids converted to their methyl esters, which
have a good chromatographic peak shape compared to the free acids. A convenient
method for achieving hydrolysis and methylation in one step is shown in Figure 11.8.

A GC trace of methanolysed almond oil is shown in Figure 11.9. It can be seen
that the methy] esters stearic, oleic and linoleic acid are incompletely resolved on a
BPX-5 column, The esters of the minor C-20 and C-22 acids are also incompletely
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Fig. 11.8
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separated. When a carbowax column is used, complete separation of oleic (18:1),
lincleic {18:2), stearic acid (18:0) and a small amount of linolenic acid (18:3) in the
sample is achieved.

The chromatogram obtained on the carbowax column gave the percentage of areas
of the peaks in this particular sample of almond oil as follows: 16:0(7.0%), 16:1
(0.4%), 17:0(0.12%), 18:0 (1.5%), 18:1 (62.8%), 18:2 (28.4%), 18:3 (0.16%), 20:0
(0.09%), 22:0 (0.09%). Thus the almond oil is within the BP specification given
above (Fig. 11.9B).

Chiral selectivity
An advanced type of column selectivity is chiral discrimination. Since enantiomers
have identical physical properties they are not separable on conveational GC
columns. However, if chiral analytes are allowed to interact with a chiral
environment they will form transitory diastereomeric complexes which result in their
being retained by the column to a different extent. As increasing numbers of
enantiomerically pure drugs are synthesised in order to reduce side-effects, this type
of separation will become increasingly important.

Chirasil Val was one of the first chiral GC phases; it has one chiral centre as can
be seen in its structure as shown in Figure 11.10. '

Methylsilicone Fig. 11.10
pelymar backbone The structure of Chirasil
| HSC\ /CH3 val.
0 GH CH,

CHy—Si——(CH,};—— CONHCH.CO.NH—C—CH;’

o Chiral CHg
| side chain

A number of variations on this type of coating have been prepared and offer
some improvement over the original phase. Figure 11.11 shows the volatile
pentafluoropropionamide-trifluoroethyl ester (PFP-TFE) derivatives of L and D
phenylalanine. Figure 11.12 shows the separation of PFP-TFE derivatives of the D
and L enantiomers of the amino acids phenylalanine and p-tyrosine on a Chirasil Val
column, the D(RY-enantiomers elute first. Chirasil Val generally performs best for the
separation of enantiomers of amino acids, for many other compounds it is not as
effective,

<I:0c><:|-|2t:|=3 CFaCHzcooci

c c
] v
©/CH2/I-II NHCOC,Fs  ¢,F,CONH ” ' \CHZ
H \©

PFP-TFE derivative of L phenylalaning PFP-TFE derivative of D phenylalanine

Fig. 11.11
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Fig. 11.12 . _ L phenylalaning
Separation of the D phenylalanine
PFP-TFE derivatives of
the D and L isomers of
phenylalanine and =
p-tyrosine on a Chirasil E D yrosine
Val coiurrjn 25 m x § £ yrosine
.25 mm i.d. = 0.16 pm §
film. Programmed 120° g
(1 min} then 3°/min to o
180°, I ”
l_l
I | I .
min
5 10
More recently alkylated cyclodextrins have been developed as chiral phases.
These phases are based on cyclodextrins, which are cyclic structures formed from 6,
7 or 8 glucose units. Alkylation of the hydroxyi groups in the structure of the
cyclodextrins lowers their melting points and makes them suitable as GC phases. The
cyclodextrins contain many chiral centres and separate enantiomers of drugs according
to how well they fit into the chiral cavities of the cyclodextrin units (see Ch. 12 p. 273),
An alternative to buying expensive chiral columns in order to separate
enantiomers is to use a chiral derivatisation agent. These reagents can be based on
natural products which usually occur in enaniiomerically pure form. Chiral
derivatising agents can often produce better separations than chiral columns, but if
reaction conditions are too strong, there is a risk of small amounts of racemisation
occurring in the analyte. i.e. chemical conversion of an enantiomer into its opposite,
Reaction of an enantiomeric mixture with a chiral derivatising agent produces a pair
of diastereoisomers which are separable by GC on non-chiral columns, e.g. the esters
of menthol with (+) chrysanthemic acid 4
It can be seen in Figure 11.13 that, although the menthol portions of the esters are
mirror images, addition of the chiral acylating reagent generates esters which are not
mirror images but are diastereoisomers and thus have different physical properties.
Fig. 11.13
{+} chrysanthemyl esters
of menthot.

Use of derivatisation in GC

Derivatisation has been mentioned above without fully indicating why it is necessary
for conducting GC analysis. Derivatisation is generally required prior to GC if a
compound is highly polar so that good chromatographic peak shape can be achieved.
A large number of derivatisation strategies are available.” In the following example,
derivatisation is used to improve the peak shape of pseudoephedrine (Fig. 11.14).
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Dexiromsthorphan Triproliding
H OH H OGOCF,
I _CH, (CF,CQ),0 < H
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H  NHCH, W NCH,
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Pseudoephedring
Psaudoephedring
TFA derivative

Fig. 11.14

The componentsin a
decongestant +
derivatisation of
pseudoephedrine with
triflucroacetic anhydride
{TFA).

A decongestant syrup was basified with ammonia and extracted into ethyl acetate,
thus enswring that the components extracted were in their free base forms rather than
their salts, which is important for obtaining good chromatographic peak shape. Salts
of bases will thermally dissociate in the GC injector port but this process can cause a
loss of peak shape and decemposition.

If the extract is run directly, the trace shown in Figure 11.15A is obtained. The
free bases of triprolidine and dextromethorphan give good peak shape but
pseudoephedrine which is stronger base and which has in addition a hydroxyl group
in its structure gives a poor peak shape. This can be remedied by masking the polar
alcohol and amine groups of pseudoephedrine by reaction with trifluoroacetic
anhydride TFA. Treatment with TFA does not produce derivatives of the tertiary
bases in the extract. This reagent is very useful because it is very reactive and boils
at 40°C thus excess reagent can be evaporated very easily prior to GC analysis and
thus unlike many reagents it does not leave any residue.

Silylating reagents are ancther popular class of derivatisation reagents. These
reagents introdiice residues into the sample, although this is not a great problem if the
analyte is relatively involatile. An example of a silylation reaction is shown on
page 226.

Summary of parameters governing capillary GC
performance

Carrier gas type/flow

According to the Van Deemter equation hydrogen and helium give higher
efficiencies at high flow rates compared with nitrogen, For practical analysis times
hydrogen or helium are used in capillary GC and typical flow rates for hydrogen and
heliom are in the range of 30-30 cr/s; nitrogen has its optimum flow rate at

10-20 cm/s. Table 11.2 shows typical pressure settings to achieve optimal flow rate
for three columns. The gas flow rate decreases with increasing temperature and this
may have an influence on column efficiency. Modern instruments have flow
programming so that the flow can be sel to remain constant as the temperature rises.
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Fig. 11.15 A
GC traces of an extract 1
from a decongestant
syrup. (A} Underivatised
and (B) after treatment
with triflucroacetic —
nhydride, >
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Table 11.2 Effect of ternperature on flow rate at constant pressure

Column Pressure Temperature T, Flowrate Temp Flowrate T,
() (s) {Q (s)

25mx 0.5 mmid. 22.2KPa 100° 83 30wmss 250° 237emfs 106

25mx=x025mmid. 91.1KPa 100° 83 30comss 250° 237 amis 106

2Zmx025mmid 428KPa 100° 40  30cmss 250° 23.7 cmfs 51
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Column temperature

As column temperature increases the degree of resolution between two components
decreases because the degree of interaction with the stationary phase is reduced as
the vapour pressure of the analytes increases, Lower temperatures produce better
resolution.

Column length

The separating power of a column varies as the square root of its length. Thus if a
two-fold increase in resolution is required and a four-fold increase in column length
would be required, this would result in a four-fold increase in analysis time. The
increased resolution afforded by length can often be replaced with a decrease in
temperature ensuring that more interaction with the stationary phase occurs,
especially if the stationary phase has characteristics that enable it to select one
analyte more than another.

Film thickness phase loading

The greater the volume of stationary phase the more a solute will partition into it. If
the film thickness or loading of stationary phase doubles then in theory the retention
of an analyte should double. Thus thicker films are used for very volatile materials
to increase their retention time and 10 increase resolution between analytes without
increasing the column length.

Internal diameter

The smaller the internal diameter of a capillary column the more efficient the column
is for a given stationary phase film thickness on the capillary wall. This is because
the mass transfer characteristics of the column are improved with the analyte being
able to diffuse in and out of the mobile phase more frequently because of the shorter
distance for transverse diffusion (Ch. 10 p. 201).

' Self-test 11.2

A fixed temperature is used and the head pressure is adjusted so that the linear velocity of a
helium carrier gas through the following capillary columns is 20 cmis: (i) 30 m x 0.25 mm id. x
0.25 pwm OV=1 film; (i) 15 m x 0.15 mm x 0.2 pm OV-1 film; (iii) 12 m x 0.5 mm i.d. x 1.0 pm
ov-1 film.

a. List the columns in the order in which they would increasingly retain a n-hexadecane
standard.
b. List the columns in order of increasing efficiency.

() 0 (11} 20 () (1) " sssamsuy

GC detectors

There are many GC detectors available although the flame ionisation detecter
remains the most widely used and the most widely applicable to quality control of
pharmaceutical products. However., newer detectors such as the plasma emission
detector for analysis of trace impurities or the GC-FTIR detector for the structural
characterisation of components in mixtures are becoming increasingly important.
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Selectivity in a detector is most often required for sensitive bioanalytical methods
where trace amounts of compounds are being analysed in the presence of interferants
which are also present in the sample matrix. The properties of some commonly used

detectors are summarised in Table 11,3,

Table 11.3 Commonly used GC detectors

Detector

Applications

Flame ionisation

— Output

™— lons

F—————— Air

Hydrogen

Columnn effluent
Electron capture

Collectors
output

Thermal
electrons

ArgonfCOgz
make-up gas

Column efflusnt
Nitrogen phosphorus
Collector

Heated rubidium
silicate bead

Jet ———--.— Ajr

?Column effluent
Thermal conductivity (TCD)

Filament resistance
charges type of vapour

-

Column
effluent

Compounds are burnt in the flame producing
ions and thus an increase in current between the
jet and the collector. Detects carbon/hydrogen-
containing compounds. Insensitive to carbon
atoms attached to oxygen, nitrogen or chlorine.
In combination with capillary GC it may detect
as low as 100 pg-10 ng. Wide range of linear
response ca 10¢

Compounds with a high affinity for electrons
enter the detector and capture the electrons
produced by the radioactive source thus
reducing the current to the collectar. Highly
halogenated compounds can be detected at the
50 fg-1 pg level. Has a large internal volume
therefore some chromatographic resolution may
be lost. Linearity of response is not as great as
FID, e.g. t0°. Mainly used for analysis of drugs in
body fluids. Has wide application in
environmental monitoring, e.g.
chlorofluorocarbons in the atmosphere

Nitrogen and phosphorus-containing
compounds react with the alkali metal salt in
the detector to produce species such as CN,
various phosphorus anions or electrons all of
which preduce an increase in current which
generates the signal. Detects phosphorus
compounds at the pg level, nitrogen compounds
at the low ng level. Highly selective for nitrogen
and phosphorus-containing compounds. Used
mainly in the analysis of drugs and their
metabolites in tissues and bodily fluids

Responds to cooling effect of the analyte
passing over the fitament. Relatively insensitive
to organic compounds in comparison to FID. It is
a universal detecter which can be used to
determine water vapour. It is also non-
destructive so that analytes can be collected
after detection, if required. Used to determine
water in some BP assays, e.g. water in the
peptides menotrophin, gonadorelin and
salcatonin
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Table 11.3 Commonly used GC detectors (Cont.)

Applications

Detector
Radiochemical detector
Column _ps
effluent / — CO,
ing lube
Drying Cul
Iron filings
Radicactivity
counter

Microwave-induced
plasma atomic emission
Plasma

forming Column effluent

gas
Microwave
cails
Cooling
jachket Plazma
Multiling —————t=- Diffraction
emission grating
ML LI ~.—
_ A
Diode array
detecior
Fourier transform (FT)
infrared {IR) detectar
IR source
Interferometer
Flow Column
cell = pifluent
[ —~
Detector

“C and *H present in the molecule are
respectively converted to “CO, and *H.. Its
sensitivity depends on the degree of
radioactivity of the analyte. Useful for metabolic
labelling studies, making metabolites of drugs
easy to detect. The detector tends to work
better with packed columns since it has a large
internal space

A hot plasma of argon is produced by heating to
> 6000°C which causes all the elements in the
compound to produce emission spectra. The
individual emission lines are passed through
diffraction grating and detected by a diode
array detector. Detects individual elements, e.g.
chlorine in organochlorine pesticides and metals
in organometallics. Sensitive to the pg levet for

© some elements. Most widely used in

environmental monitoring but also has useful
potential for impurity profiling of drugs and
metabelism studies

Essentially just an FT-IR instrument coupled to a
G, thus atlowing IR spectra of compounds
eluting from the GC column to be obtained.
More useful for structure elucidation rather
than quantitative studies. The detector is
sensitive to the 10 ng level, Used as a teol for
qualitative identification. There are some
examples of quantitative applications, e.g.
determination of propandiol in acyciovir cream.®

Applications of GC in quantitative analysis

HPLC has more or less supplanted GC as a method for quantifying drugs in
pharmaceutical preparations. Many of the literature references to quantitative GC
assays are thus old and the precision which is reported in these papers is difficult to
evaluate based on the measurement of peak heights or manual integration. It is more
difficult to achieve good precision in GC analysis than in HPLC analysis and the
main sources of imprecision are the mode of sample introduction, which is best
controlled by an autosampler, and the small volume of sample injected. However, it
is possible to achieve levels of precision similar o those achieved using HPLC
methods. For certain compounds that lack chromophores, which are required for
detection in commonly used HPLC methods, quantitative GC may be the method of
choice, for analysis of many amino acids, fatty acids, and sugars, There are a number
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of assays in the BP. US Pharmacopoeia and the Enropean Phanmacopoeia which are
based on GC, but the selection of compounds analysed in this way appears to be
rather random and many of the assays described could also be carried out by HPLC.
The BP format for assays (both for HPLC and GC assays) is, most often, to tun three
samples. These are: a calibration standard containing more or less equal amounts of
a pure standard and an internal standard (Solution 1); an extract of the sample
containing no internal standard o check for interference from the formulation matrix
{Solution 2); and an extract from the sample containing the same amount of internal
standard as Solution | (Solution 3). This is illustrated in Figure 11.16 for the analysis
of methyltestosterone in a tablet formulation using testosterone as an internal
standard p. 259.

Fig. 11.16
Chromatograms of
Solutions 1, 2 and 3
prepared for the analysis
of methyltestosterone
tablets. RTX-1 column

15 m x 0.25 mm i.d. x
0.25 pm film,
Programmed 150°(1 min)
then 10%/min to 320°C

(5 min).

=
E 1 |2 8
Me Test
§ Me Tesi Me Test
2 Test
2 Test
e
o
rd "
I | | | I LI | |
o] 10 20 © 10 200 10 20

min min min

Analysis of methyltestosterone in tablets

A calibration solution containing ca 0.04% w/v of methyltestosterone and ca 0.04%
w/v testosterone in ethanol is prepared {Solution 1). A weight of tablet powder
containing ¢& 20 mg of methyltestosterene is extracted with 50 ml of ethanol to
prepare Solution 2. Solution 3 is prepared by dissolving tablet powder containing
ca 20 mg of methyliestosterone in exacify 50 ml of ethanol containing exactly the
same concentration of testosterone as Solution 1. In this example 0.5 gl amounts of
the solutions were injected into the GC in the splitless mode.

Solution | gives a response factor for the calibration solution as follows:

area of methyltestosterone peak in calibration solution
area of testosterone peak in calibration solution

Solution 3 gives a response factor for the sample as follows;

area of methyhiestosterone peak in sample solution
area of testosterene peak in sample solution

The amount of methyltestosterone in the tablet powder can be calculated as follows:

response factor for sample
response factor for calibration solution
vol. sample solution
100

X Fowlv of

amount of methyltestosterone =

methyltestosterone in calibration solution <

Data from analysis of methylftestosterone tablets
+ Weight of 5 tablets = 0.7496 ¢
+ Stated content of methyltestosterone per tablet = 25 mg
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+ Weight of tablet powder taken for assay =0.1713 g
»  Solution 1 contains: (.04% w/v methyltestosterone and 0.043% w/v testosterone
+ Solution 3 contains: the methyltestosterone extracted from the powder taken for

assay and 0.043% w/v testosterone

» Solution 1: Peak area testosterone = 216 268: Peak area methyltestosterone

=212992

+ Solution 3: Peak area testosterone = 191 146; Peak area methyltestosterone

=269 243,

Calculation example 11.1

. 212992
| = =0
Response factor for Solution 1 16 268 0.5849
. _ 269243
Response factor for Solution 3 = 91128 = 1.409

Amount of methyltestosterone in the tablet powder determined by analysis =

1.409 s0 -
Gogag < 004 % 155 = 002861 g =28.61 mg

Amount of methyltestosterone expected in tablet powder =

weight of powder analysed _0.1713 -
weight of § tablets x stated content of 5 tablets 07498 5x25=28.57Tmg
Percentage of stated content = 322; x 100 =100.1%

A dilution factor may be incorporated into this calculation if the sample is first
extracted and then diluted in order to bring it into the working range of the instrument.
This approach to quantitation does not address the linearity of the method but since
the variation in the composition of formulations should be within + 10% of the stated

amount there is some justitication for using it.

The precision of the method is readily

addressed by carrying out repeat preparations of sample and calibration solutions.

Analysis of atropine in eyedrops

Another group which is used to mask polar groups in molecules in order to improve
GC peak shape is the trimethylsilyl group. Atropine Eye Drops BP are used to dilate
the pupil prior 1o cataract surgery. The 1993 BP method for the analysis of Atropine
Eye Drops BP uses derivatisation with a trimethylsilyl group to mask an alchohol

group as shown in Figure 11.17.

CH,

Fig. 11,17

. . . |
Trimethylsilylation of -CH, )—COOCHCH,0H —» -CH COOCHCH,08i—CH,
atropine. 3 3 27

BSA CHy

Afroping
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The method involves extraction of atropine and a homatropine internal standard
from the aqueous phase which is rendered alkaline by the addition of ammonia
followed by trimethylsilylation with ¥,Obistrimethylsily] acetamide (BSA).

In the calculation using the results of this experiment it is better to use amount
rather than concentration as a standard measure since after the initial accurate
volume measurement used for the addition of the standard and internal standard to
the calibration solution {Solution 1) and for the addition of the intemal standard to a
fixed volume of eyedrops the volumes need only be measured approximately; this is
the advantage of using an internal standard (Fig. L1.18). The following formula is
used:

amount of atropine in the eyedrop sample =
response factor for sample

—— — x amount of atropine in calibration solution
response factor for calibration solution

Fig. 11.18
Chromatograms of
solutions 1, 2 and 3
prepared for the analysis
of atropine in eyedrops,
RTX-1 column 15 m x
0.25 mm i.d. = 0.25 um
film. Programmed $40°C
{1 min} then 10°/min to
320°C {5 min}.
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Brief description of the assay

Solution 1 is prepared from exactly 5 ml of 0.4092% wiv atropine sulphate solution
and exactly 1 ml of 2.134% w/v homatropine hydrobromide solution. The solution is
basified and extracted, the solvent is removed and the residue is treated with 2 ml of
BSA and then diluted to 50 ml with ethyl acetate. Solution 3 is prepared from exacrly
2 ml of eyedrops and exactly 1 ml of 2.134% w/v homatropine hydrobromide
solution. The solution is basified and extracted, the solvent is removed and the
residue is treated with 2 ml of BSA and then diluted to 50 mi with ethyl acetate.

Data from analysis of eyedrop formulation

*  Volume of eyedrops analysed = 2.0 ml

» Stated content of eyedrops = 1.0% wiv

+ Solution 1: Peak area homasropine TMS = 118 510; Peak area atropine TMS
= 146 363

» Solution 3: Peak area homatropine TMS = 145 271; Peak area atropine TMS
=117 964.
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Calculation example 11.2

Amount of atropine sulphate in Solution = 0.4092 x %0- ={.02046 g.

146363 _
Response factor for Solution | = 18510 = 1.2350,
. 117 964
Res lution 3 = ——— = 0.8120.
esponse factor for Solution 145271 0.8
0.8120

Amount of atropine sulphate in Solution 3 = x 0.02046 g =0.01345 g.

1.2350

This was the amount originally present in 2 ml of eyedrops therefore percentage of w/v of atropine sulphate in
eyedrops

=0.01345 x —1%0- =0.6725% w/v.

The amount determined in the evedrops is well below the stated amount of 1%
wiv and this is because this sample of eyedrops was ca 10 years old and had
probably suffered extensive degradation.

Self-test 11.3

Calculate the percentage of the stated content of hyascine hydrobromide in travel sickness
tablets from the following data. The assay is carried out in a manner similar to the eyedrop
assay described above. The amount of atropine added as an internal standard does not enter
into the calculation if we assume that the same amount is added to Solutions 1 and 3.

+ Weight of 20 tablets = 2.1881 ¢

* Weight of tablet powder taken =0.9563 g

« Stated content per tablet = 0.6 mg

» Concentration of hyoscine hydrobromide standard solution = 0.0341% wiv
+ Volume of hyoscine hydrobromide solution added to Selution 1 = 15 ml

+ Area of hyoscine peak in Solution 1 = 147 881

+ Area of atropine peak in Selution 1 = 159983

« Area of hyoscine peak in Solution 3 = 167 799

» Area of atropine peak in Solution 3 = 173 378,

05 1701 cdoMsUY

Quantification of ethanol in a formulation

Gas chromatography provides a useful methed for quantifying very volatile
materials. In this case columns are required, which strongly retain volatile
compounds. Ethano! is used in the preparation or tinctures and in disinfectant
solutions. Typically ethanol may be quantified against a related alcobol. In the 1993
BP assay of chloroxylenol solution ethanol is quantified against a propan-1-ol
internal standard. The cotumn used is packed with Porapak Q; Porapak is an
example of a porous polymeric stationary phase which retains low molecular weight
compounds strongly. These types of phases are also effective in separating gases
such as CO,, ammonia and acetylene. As an alternative to a Porapak column, a thick
film (e.g. 5 pm film) GC capillary column may be used for this type of analysis.
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Determination of manufacturing and degradation
residues by GC

Determination of pivalic acid in dipivefrin eye drops

GC provides a useful technique for estimating volatile degradation products. For
example the pivalic acid release from the hydrolysis of dipivefrin in an eyedrop
preparation (Fig. 11.19) used for treating glancoma may be estimated by GC.¢
Isovaleric acid, which is an isomer of pivalic acid, provides a suitable internal
standard. Breakdown products of esters are maore likely to occur in aqueous
formulations such as eyedrops or injections.

Fig. 11.1%

Breakdown of dipivefrin
resulting in formation of
pivalic acid.

(CHz),C—CO0 HO

oH OH
(CHz);C—CO0 CH.CH,—NHCH, — HO CH.CH, —NHCH,

+ 2{CH,),C—COOH Quaniified against {CH3),CH,CH,COOH
) ) Internal standard Isovaleric acid
Pivalic acid

Dimethylaniline in bupivacaine injection (Fig. 11.20)
Dimethylaniline is both a manvfacturing impurity in bupivacaine and since it is
formulated in injections a pessible breakdown product, although hydrolysis of
amides is much slower than hydrolysis of esters. The BP uses a spectrophotometric
method to assay for this impurity but GC provides a more sensitive and specific
method for this determination,

Fig- 11.20
Bupivacaine and its
degradation product,

CH
CH, 3
NH
NH.CD —O 2
I
CH, CyHg CH,
Bupivacaine Cimethylaniline
{manutacturing impurity and
hydrolysls product)

The GC trace obtained from injection of a 10% w/v solution of bupivacaine free
base extracted from an injection gave the trace shown in Figure 11.21. It is apparent
from comparison with a standard for dimethylaniline that there is < 0.1% of the
impurity present although a number of other peaks due to excipients or impurities
can be seen in the GC trace.
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Bupivacaine Fig. 11.21
| '| GC analysis of impurity

residues in bupivacaine
extracted from an
injection. RTX-1 calumn
15 m % .25 mm .d, x
0.25 um film,
Programmed 70°(3 min}
then 20%/min te 320°C
{5 min}.

FID response (mv)

Dimethylaniline

min

Determination of a residual glutaraldehyde in a

polymeric film

Sometimes derivatisation can provide a highly specific method of detecting impurities.
In this example the low molecular weight impurity glutaraldehyde, which is not
stable to direct analysis by GC, is reacted with a high melecular weight derivatisating
reagent pentafluorobenzyloxime; the reaction is shown in Figure 11.22. This reaction
stabilises the analyte and increases its retention time into a region where it can be
readily observed without interference from other components extracted from the
sample matrix. The derivative is also highly electron capturing. In this example a GC
method was found to be superior to a HPLC method using derivatisation with
dinitrophenylhydrazine since the residues from the reagent produced less
interference in the analysis.

F F Fig. 11.22
Application of a selective
+ E ONH derivatisation procedure
OHCCH,CH,CH,CHO 2 used for the analysis of
F Agusous pyridine glutaraldehyde in a
Glutaraldehyds F polymeric film,
Pentafluorobenzyloxime
F F F F
F ON=CH,CH,CH,=NO F
F F F F

The converse of this type of reaction has been used to determine hydrazine as a
manufacturing impurity in the drug hydralazine by reaction of the hydrazine residue
with benzaldehyde to form a volatile derivative for GC analysis.’



Gas chromatography

231

Determination of residual solvents
Typical BP procedures

The current BP methods for determination of solvent residues in pharmaceuticals
remaining from the manufacturing process rely on direct injection of the sample
dissolved in a suitable solvent {often water) and are based on packed column GC.
Some examples are given in Table 11.4.

Table 11.4 Some BP procedures for the analysis of residual solvents

Drug Residues GC conditions

Ampicillin sodium Dichloromethane 10% polyethylene glycol 60°
Ampicillin sodium Dimethyt aniline 3% Ov-17 80°

Colchicine Ethyl acetate and chioroform 10% polyethylene glycol 75°
Gentamycin sulphate Methanol Porapak Q 120°
Menotrophin water Chromosorb 102, 114°, TCD
Warfarin sodium Propan-2-ol 10% polyethylene glycol 70°

Determination of residual solvents and volatile impurities
by head space analysis

A more refined method for determining residual solvents and volatile impurities is
based on head space analysis.

Fig. 11.23
Sampiing of the head
space in a sealed vial.

-—— Gas-light syringe

Rubber septurn

Sample slurried
or in solution

Heat

The simplest method of sampling is to put the sample into a sealed vial and heat it
as shown in Figure 11.23. The sample, either in solution or slurried with a relatively
involatile solvent with little potential for interference, e.g. water, is put into a sealed
vial fitted with a rubber septum and heated and agitated until equilibrium is
achieved. Then a fixed volume of head space, e.g. 1 ml is withdrawn, The sample is
then injected into a GC in the uswal way. If capillary column GC is used a split
injection has to be used to facilitate sample injection; a flow of 10:1 out of the split
vent would ensure that a 1 ml sample could be injected in about 5 s with the flow
through the column being 1 ml/min. Several points are important o note:
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(i) Partition equilibrium must be established by heating for an appropriate length
of time and at an appropriate temperature
(it A clean room is required away from all other sources of volatiles such as

laboratory solvents
(iii} Potential interference from rubber septa must be checked
(iv}) Reactive contaminants may react with the sample matrix at high temperatures
(v)  If the sample is ground and mixed in preparation for the head space analysis
care has to be taken to ensure that no volatiles are lost.

For best reproducibility the process should be automated and for quantitative
accuracy it would be best to use the method of standard additions (Ch. 6 p. 123).
Suitable columns include packed columns containing Porapak Q or long thick film
(3—5 um) capillary columns, which for best selectivity should be coated with a phase
which is moderately polar to polar.

Figure 11.24 shows a chromatographic trace for residual solvents in a sample of
cephalosporin obtained by automatic sampling of the head space in a sealed vial.®
The cephalosporin sample (300 mg) was suspended in diethylene glycol (DEG)

(the low vapour pressure of this material meant that it was not present in large
amounts in the head space).

Methanol Ethanot Fig. 11.24
Solvent impurities in

cephalosporin analysed
by sampling of the head
space above a heated
DEG soluticn of the drug.
Separation was carried
out on column (10 feet «

FID response (mv)

Acetone 18 in i.d) packed with
Porapak Q. Reproduced
with permission from
Ethyl DEG J. Chromatology (see
1 L“L I?_iwe_tdhylethirfacetaled § Reference 8).
I ;
0 min 70

Self-test 11.4

Which of the following <apillary columns would be most suitable for use in the determination
of residual solvents by head space analysis (consult Table 11.1):

{iy OV-1column 12 m x ¢.2 mm i.d. x .25 pm film
{ily OV-17 column 15 m < 0.33 mm i.d. x 0.5 pm film
(i) OW-225 columb 30 m x 0.5 mm i.d. x 3 pm filn
{ivl QV-1 column 25 m > 0.5 mm i.d, x 1 gm film.

() amsuy
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Purge trap analysis

Another form of head space analysis uses a purge trapping device to trap volatile
impurities. In this technique a gas, e.g. helium, is bubbled through the sample which
is dissolved in suitable solvent (usvally water) and the volatile impurities are thus
*stripped’ from the solution and passed in the stream of gas through a potymeric
adsorbant where they become trapped and thus concentrated. The stream of gas is
then switched so it passes in reverse direction through the polymeric trap, which is
heated to desorb the trapped volatiles and the gas stream is then diverted into the
GC. This type of procedure is used in environmental analysis to concentrate volatiles
in water which are present at low levels.

' Self-test 11.5

Suggest an analytical procedure based on GC for solving the following probiems:

(i} Determination of residual sclvents in a penicillin,

(i) Determination of the stability, in a formulation, of a drug with a propyl ester group.
(i) Determination ¢f an amphetamine sulphate in tablet form.

{iv) Determination of terbutaline in tablet form.

HO
[<:>—CH2(|:HCH3 ] 50,5 CHOH,NHC(CH)
NH," 2 OH
HO
Amphetamine Terbutaling

97z 'd a3s {A) 9zz 'd ses () l6ez “d aas (1) 2£Z 'd 298 (1) stamsuy

Applications of GC in bioanalysis

In order to determine an optimum dosage regimen for a drug and to determine its
mode of metabolism, methods for analysis of the drug and its metabolites in blood,
urine and tissues have to be developed. Analysis of drugs in biological fluids and
tissues by GC is quite common although GC-MS (see Ch. 9) has replaced many
GC methods which are reliant on less selective types of detector.

A typical application of GC to the determination of a drug in plasma is in the
determination of the anti-epileptic drug valproic acid® after solid phase extraction
{see Ch. 15) by GC with flame ionisation detection. In this procedure, caprylic acid,
which is isomeric with valproic acid, was used as an interpal standard. The limit of
detection for the drug was | pg/ml of plasma. The trace shown in Figure 11.25
indicates the more extensive interference from background peaks extracted from the
biological matrix which occurs in bicanalysis compared to the quality control of bulk
materials.

An example of the use of GC with nitrogen selective detection is in the
quantification of bupivacaine in plasma.'” Bupivacaine contains two nitrogen atoms
in its structure which makes it a good candidate for this type of analysis. The limits
of detection which can be achieved with a nitrogen selective detector for this
compound are much better than methods based on flame ionisation detection, which
are much less selective.
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Caprylic acid Fig, 11.25
Plasma e {A) The GC trace of an
blank extract of blank plasma
obtained from a patient,
{B) The GC trace of an

extract of plasma
obtained from the same
Valproic patient after treatment
acid \ with valproic acid (peak
1) to which caprylic acid
{peak 2) has been added
as an internal standard.

s L Ll

Q Additional problems

1. Indicate the order of elution of the following compounds from an OV-1 column.
QCOCH,
CH,
GH30H
M
Q
Testosterone
propicnate 2 Nandrolone
CH, QCOCH 5 CH3OH
Q
3 Testosterone 4 Testosterone
heptanoate
O OH CH :?CO(CHQ}ECHa
Ljéjﬁ !
G
5 Methyliestosterone 6 Nandrolone
decanoale
9'E"L'G'YT Ssamsuy
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Principles

A liquid mobile phase is pumped under pressure through a stainless steel column
containing particles of stationary phase with a diameter of 3—10 pm. The analyte is loaded
onto the head of the column via a loop valve and separation of a mixture occurs according
to the relative lengths of time spent by its components in the stationary phase. It should be
noted that all components in a mixture spend more or less the same time in the mobile
phase in order to exit the colurmn. Monitoring of the column effluent can be carried out
with a variety of detectors,

Applications

* The combination of high-pressure liquid chromatography (HPLC) with monitoring by
UV/visible detection provides an accurate, precise and robust method for quantitative
analysis of pharmaceutical products and is the industry standard method for this
purpose.

* Monitoring of the stability of pure drug substances and in drugs in formlations with
quantitation of any degradation products,

»  Measurement of drugs and their metabolites in biological fluids.

* Determination of partition coefficients and pKa valves of drugs and of drug protein
binding.

Strengths

+ Easily controlled and precise sample introduction ensures quantitative precision,

* HPLC is the chromatographic technique which has seen the most intensive
development in recent years leading to improved. columns, detectors and sofeware
control.

« The variety of columns and detectors means that the selectivity of the method can be
readily adjusted.

« Compared o GC thers is less risk of sample degradation because heating is not required
in the chromatographic process.

* Readily automated.

Limitations

= There is still a requirement for refiable and inexpensive detectors which can monitor
compounds that lack a chromophore.

+ Drugs have to be extracted from their formulations prior to analysis.

+ Large amounts of organic solvent waste is generated, which is expensive to dispose of.

Introduction

HPLC is the technique most commonly used for the quantitation of drugs in
formulations (Fig. 12.1). Pharmacopoeial assays still rely quite heavily on direct UV
spectroscopy but in industry detection by UV spectrophotometry is usually combined
with a preliminary separation by HPLC. The theoretical background of HPLC has been
dealt with in Chapter 10. There are many comprehensive books on this technique.'-

Instrumentation

A standard instrumental system for isocratic elution consists of:

(i)  Asolvent reservoir.

(ii} A pump capable of pumping solvent up to a pressure of 4000 psi and at flows
of up to 10 ml/min.

(iii) A loop injector which may be fitted with a fixed volume loop between 1 and
200 g (20 g1 is often used as standard).
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Fig. 12.1 Pump Load Uvivisible detactor
A typicat HPLC system set
to a flow rate of 1 mil/min,
indicating a column back
pressure of 1265 psi and
connected to a Wivisible
detector which is set to
maonitor the column
effluent at 260 nm.

'* Wavelength 260 nen

Column

Injection loop

Waste

Integrator

Solvent reservolr

(iv) A column, which is uswally a stainless steel tube packed, usually, with
octadecylsilane coated (ODS-coated) silica gel of average particle diameter
(3.5 or 10 pm).

(v)  Adetector, which is usually a UV/visible detector, although for specialist
applications a wide range of detectors is available.

(vi) A data capture system, which may be a computing integrator or a PC with
software suitable for processing chromatographic data.

{(vii) The column is connected to the injector and detector with tubing of narrow
internal diameter ca 0.2 mm in order to minimise ‘dead volume’, i.e. empty
space in the system where chromatography is not occurring and band
broadening can occur by longitudinal diffusion.

(viii) More advanced instruments may have automatic sample injecticn and a
column oven and are capable of mixing two or more solvents in varying
proportions with time to produce a mobile phase gradient.

Stationary and mobile phases

There are two principal mechanisms which produce retardation of a compound
passing through a column, These are illustrated in Figure 12,2 for silica gel, which is
a straight-phase packing, where the mechanism of retardation is by adsorption of the
polar groups of a molecule onto the polar groups of the stationary phase. Also
included in this figure is ODS-coated silica gel, which is a reverse-phase packing,
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where the mechanism of retardation is due to partitioning of the lipophilic portion of
a molecule into the stationary phase.

Silica gel and ODS silica gel are two of the most commonly used packings for
straight and reverse-phase chromatography applications. respectively, but there is a
variety of straight and reverse-phase packings available, most of which are based on
chemical modification of the silica gel surface, although in recent years stationary
phases which are based on organic polymers have become available, The extent to
which a compound is retained will depend primarily upon its polarity, in the case of
silica gel, and primarity upon its lipophilicity in the case of a reverse-phase packing
such as ODS silica gel. Most drug molecules have both lipophilic and polar groups.
The other factor to consider with regard to the degree of retention of a particular
compound, apart from the stationary phase, is the nature of the mobile phase. The
more polar a mobile phase, the more quickly it will elute a compound from a silica
gel column and the more lipophilic a mobile phase the more quickly it will elute a
compound from 4 reverse-phase colummn.

CH,O
c|>00|-t
l CHCH,

CHGH,
COOH
{ Hydrogen CH,0 &z Vander Waals
;/ bonding & z inferaction
OH 0|H OIH CiCIsH 37 ':r:n-aH s OCHy
Cl::—o Si c 5i—0 %Si—-—o-——-—Si—-—Oﬁ—ﬁ-Ti*—O
Si—0O 5i—0 Si C Si—0 S5i—0 Si—0
Straight phase (silica gel) Reverse phase (ODS silica gel)

In practice a restricted range of solvents is used with straight- and reverse-
phase columns.

In straight-phase chromatography, four commeonly used solvents are:

hexane: dichloromethane; isopropanol; methanol
.

Increasing strength
In reverse-phase chromatography, four commonly used solvents are:

water; methanol; acetonitrile;  tetrahydrofuran (THF)

Increasing strength

The stronger a solvent or solvent mixture, the more quickly it will elute an
organic compound from a particular column.

Fig. 12.2

Interaction of naproxen
with the surfaces of silica
gel and ODS silica gel
HPLC packings.
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' self-test 12.1

Prednisolone {see Fig, 12.3 for the structure) is to be eluted from an ODS column,

List the following solvent systems in order of decreasing rate at which they will elute
prednisclone (i.e. in order of decreasing strength):

1. a. (i) methanoliwater (20:80); {ii} methanol/iwater (80:20); (iii} methanaliwater {50:50).
b. (i) acetonitrilefwater (50:50); {ii) methanol/water {50:50); (iii) acetonitrilefwater/THF
(S0:40:10).

Prednisolone is to be eluted from a silica gel column.
List the following systems in order of decreasing rate at which they will alute prednisolone:

2. (i) hexanefisopropancl (90:10); {ii) hexane/dichloromethane {90:10}; {iii} dichloromethane/
methanel (90:10}; {iv) dichloromethanefisopropancl (90:10);(v) dichloromethane/
methanal (80:20%.

Q) 1) (A0 Q) A3 -z () () () tg ) Co) T ety siamsuy

Structural factors which govern rate of elution of
compounds from HPLC columns

Elution of neutral compounds

For a neutral compound it is the balance between its polarity and lipophilicity which
will determine the time it takes for it to elute from an HPLC column; the pH of the
mobile phase does not play a part. In the case of a reverse-phase column, the more
lipophili¢ a compound is the more it will be retained. For a polar column such as a
silica gel column the more polar a compound is the more it will be retained, Palarity
can often be related to the number and hydrogen bonding strength of the hydroxyl
groups present in the molecule; this is illustrated as follows for a series of
corticosteroids shown in Figure 12.3. When these compounds are eluted from a
reverse-phase column using a mobile phase containing methanol/water (75:25), the
expected order of elution would be: prednisolone, betamethasone, betamethasone
17-valerate, betamethasone 21-valerate and betamethasone dipropionate,
Prednisoione should elute shortly before betamethasone since it lacks a lipophilic
methyl group at position 16 (the fluorine group in betamethasone also contributes to
its lipophilicity); the valerates both have large lipophilic ester groups masking one of
their hydroxyl groups. The 21-hydroxyl group hydrogen bonds more strongly to the
mobile phase since it is an unhindered primary alcohol; thus its conversion to an
ester has a greater effect on the retention time of the molecule than esterification of
the 17-hydroxyl group, which is a tertiary alcohol and is hindered with respect to
hydrogen bonding to the mobile phase. Finally, the dipropionate of betamethasone
has two lipophilic ester groups masking two hydroxyl groups and this would mean
that it would be most strongly retained by a lipophilic stationary phase. Figure 12.4
shows the chromatogram obtained from the mixture of corticosteroids obtained using
an ODS column with methanol/water (75:25) as the mobile phase indicating that the
order of elution fits prediction. The lipophilicity of the steroids reflects their
pharmaceutical uses since the more lipophilic esters are used in creams and
ointments for enhanced penetration through the lipophilic layers of the skin. The
order of elution of these steroids would be more or less reversed on a polar silica gel
column, although chromatographic behaviour is usually more predictable on reverse-
phase columns.
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OH OH
21 ° 21 o 51— OH
)7 H l?OH 1?0
HO OH - Ho 16 HO < OCOGH,
u]
0 o

Prednisolone Betamethasone Betamethasone 17-valerate

0

21— OCOCH, 21— 0OCOCH,
[a) [s]
17 JococH
HO QH 16 HO ?gz 5
0 0

Betamethasone 21-valerate Betamethasone 17,21-dipropionate

Fig. 12.3

The structures of some
corticosteroids listed in
arder of their elution
from an ODS ¢olumn
aluted with a
methanoliwater {75:25}
mobile phase and below
the chromatogram
produced by the mixture.

Prednisolone  Betamethasone
5,43 min_ _6.24 min

Betamethasone 21-valerate

20.60 min
Betamethasone Betamethasone dipropicnate
17-valerate
17.77 min 21.52 min

I—h—«

Time

Fig. 12.4

Prednisclone and
betamethasone and their
esters eluted from an
oDs column

(25 cm x 4.6 mm) with
methanol/water (75:25)
as mobile phase, Uy
detection at 240 nm,

Considering the chromatogram shown in Figure 12.4 in more detail, the resolution

between the betamethasone 21-valerate and the betamethasone dipropionate is

incomplete, increasing the water content of the mobile phase weuld result in longer
retention times for these two components and better separation. however, increasing

the water content would also give very long retention times. If a formulation

contained both the 21-valerate and 17,21-dipropionate, another type of column might
be chosen to effect separation of these two components within a reasonable length of
time, ¢.g. a silica gel column. If the betamethasone dipropionate were absent from




High-pressure liquid chromatography

243

this mixture, a different separation strategy could be adopied to bring the valerate
esters closer to betamethasone and prednisolone. It would not be possible to add
more methanol to the mobile phase without losing resolution between betamethasone
and prednisolene but after these two compounds had eluted, it an HPLC system with
a binary or ternary gradient system were used, the instrument could be programmed
to gradually increase the methanol content in the mobile phase to expedite the
elution of the later running valerates. For example, a suitable solvent programme
might be as follows:

methanol/water (75:25) for 7 min, then ramping the sotvent composition to
methanol/water (83:15) up to 17 min. This type of programme would greatly reduce
the retention times of the valerates.

' Self-test 12.2

Predict the order of elution, from first to last, of the following steroids from an ODS column
with methanoliwater {70:30) as the mobile phase.

H OH
o’d?:l] HO' : f

Testosterone Castradiol
OH OH
o] o
Nandrolone Methyliastosterone
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Control of elution rate of ionisable compounds by
adjustment of pH of mobile phase

This area is not often considered in any detail in books on HPLC; however,
pharmacists generally have a good grasp of the concept of pXa and it is worth
devoting some space to its effects in relation to HPLC. An additional factor which
can be used to control the solvent strength of the mobile phase is pH; pH control is
employed mainly in reverse-phase chromatography. However, mobile-phase
conditions may be selected in straight-phase chromatography where the ionisation of
the analytes is suppressed, and basic compounds are run in a basic mobile phase and
acidic compounds are run with an acidic mobile phase. Control of the rate of elution
via the pH of the maobile phase is of course only applicable to compounds in which
the degree of ionisation is dependent on pH but this covers a majority of commonly
used drugs. The pH of the mobile phase can only be set within the range of
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¢a 2-8.5 pH units because of the tendency for extremes of pH to dissolve silica gel
and break the bonds between silane-coating agents and the silica gel support. This
pH range is gradually being extended with the advent of more stable coatings, The
eftects of pH on retention time, suprisingly, are as yet not fully understood. The
following examples give an approximation of the effect of the pH mobile phase on
the retention time of drugs on a reverse-phase HPLC column, which provides a
starting point for considering the effect of pH on retention time. In fact many drugs
are still retained by lipophilic stationary phases to some degree even when they are
fully ionised; in this case the drug is probably partitioning into the reverse phase as a
lipophilic ion pair. The greatest effects of alteration of pH in the mobile phase are
observed within 1 pH unit ¢ither side of the pKa value of the drug, i.e. where the
partition coefficient of the partially ionised drug varies between 90% and 10% of the
partition coefficient of the un-ionised drug (see Ch. 2, p. 29).

Calculation example 12.1
The effect of pH on the HPLC retention time of an jonisable acidic drug.

Ibuprofen, an acidic drug, which has a pKa of 4.4 , is analysed by chromatography on ODS silica gel with a
mobile phase consisting of acetonitrile/0.1 M acetate buffer pH 4.2 (40:60).

The ¢, for the column at a mobile phase flow rate of 1 ml/min is 2.3 min. The retention time of ibuprofen at pH 4.2
is 23.32. If K’app is the apparent capacity factor of the partially ionised drug, then K'app at pH 4.2 = 23.32-2.3/
23=9.14.

Using the expression introduced in Chapter 2 for the effect of pH on partition coefticient of an acid, it is possible
to predict approximately the effect of pH on retention time since the effect of pH on partition coefficient will
reflect its effects on capacity factor and in theory:

Kapp = K'f1 + 1(pH-pfa

Using the observed K'app at pH 4.2: 9.14 = K'/1 + 104+ = K'/1 63
=914 x 1.63=14.90

If ibuprofen is anatysed using the same QDS column with the mobile phase now composed of acetonitrile/0.1 M
acetate bufter at pH 5.2 (40:60) the partition coefficient will now be lowered as follows:

KappatpH 5.2 = K'/1 + 1024 = 14 9/7.3.
K'app at pH 5.2 = 2.04.
Retention time =1, + 1, X K'app = 2.3 + 2.3 x 2.04 = 7.0 min.

Experimentally, the retention time of ibuprofen was found in fact to be 12.23 min. This reflects the fact that the
pKa of the drug may not be exactly as given in the literature under the conditions used for chromatography and
the fact that the low dielectric constant of the maobile phase in comparison with water suppresses ionisation so
that the drug is less ionised than predicted. However, the calculation gives a reasonable approximation of the
behaviour of ibuprofen.

The same type of calculation shown in Calculation example 12.1 can be carried
out for basic drugs. Figure 12.5 shows the structures of some local anaesthetic drugs
with their pKa values.

Figure 12.6 shows the effect of the pH of the mobile phase on the four local
anaesthetics shown in Figure 12.5. The largest effects of pH are on bupivacaine and
pentycaine which are very close in structure; the pH adjustment made in the example
is within = 1 pH unit of their pKa values. The least effect is on procaine, which has a
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CH3\©,CH3 N

C,H,
Bupivacaine pKa 8.1

CH,

CH;

CH,

CHy

NH,

Prilacaine pKa 7.9

NHCO —O

N
Pentycaine pKa ca 8.1

|
NHCOCHNHG,H, GOOCHCH N(CsHZ),

Procaine pKa 9.0

fig. 12.5
The structures of some

local anaesthetic bases,
1

CSHH

Calculation example 12.2

The effect of pH on the HPLC retention time of an ionisable basic drug. Bupivacaine, which has a pKa of 8.1, is
analysed by chromatography on QDS sitica gel with a mobile phase consisting of acetonitrile/TRIS buffer
pH 8.4 (40:60) at a flow rate of 1 ml/min. The ¢, for the colurnn at a mobile phase flow rate of 1 ml/min is

2.3 min. The retention time of bupivacaine at pH 8.4 is 17.32. If K’app
partially ionised drug, then for a base:

K'app = K'/1 + 1{eke-pH
The X'app at pH 8.4 = 17.82-2.3/2.3
6.75=K/1+108%=K/15

K =675%1.5=10.13

is the apparent capacity factor of the

=6.95

If the drug were analysed using acetonitrile/TRIS buffer pH 7.4 (40:60) at a flow rate of 1 ml/min using the same

column, the retention time can be estimated as follows:

K'app at pH 7.4 = K'/1 + 108174 = 10
K’app at pH 7.4 = 1.69
Retention at pH 7.4 time = ¢, + ¢, x K'app=2.3 + |

.13/6.01

69 % 2.3 =6.18 min

Experimentally, the retention time was found to be 10.80 min. The deviation from the theoretical value was

probably due to the factors discussed earlier for ibuprofen,

higher pKa (9.0) than the other drugs and is
this reason, the lowering of the pH has a les
effect of pH on prilocaine might initially ap
this is because it is closer to 1, than the othe
observed at the lower pH is in fact in line w

thus already 80% ionised at pH 8.4; for
s marked effect on its retention time, The
pear somewhat less than expected but

t drugs; the decrease in its retention time
ith the decreases observed for

bupivacaine and pentycaine. In chromatogram B, the procaine peak has tost some of
its integeity due 10 its proximity to the solvent front; this results in poor trapping of

the analyte at the head of the column. The ¢
phase on the pKa of analytes is given some

ffect of the organic content of the mobile
additional consideration in Box 12.1.
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Prilocaine Frilocaine
A 6.93 min. g 521 min.
Bupivacaine
10.80 min,
Pentycaine
Frocaing 15.85 min,
Procaing 3.26 min.
4.05 min. Bupivacaine
17.30 min. _
Pentycaine
26.16 min,

| i
,_J N N lJLL__LNJL_

MIN MIN

Fig. 12.6

Some local anaesthetics
aluted from an ODS
column with

{A) acetonitrile/TRIS.HCI
buffaer pH 8.4 {60:40} and
{B} acetonitrile/TRIS.HCI
buffer pH 7.4 {60:40).

' Self-test 12.3 L

The retention time of the acidic drug naproxen on an QDS column with a t, of 2.3 minutes in a
mixture containing acetonitrile/ 0.05 M acetate buffer pH 5.2 (40:60) is 9.07 minutes. The pKa
of naproxen is 4.2; what would be the effect of reducing the pH of the mobile phase to 4.2?
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- Box.12.1. Additional considerations of mobile phase pH.
A major factor which is often ignored in preparing mobile phases is the effect of the

addition of organic solvent to the buffer. The effect of addition of acetonitrile on the pKa
value of acetic acid has been calculated to be as fotlows:*

Percentage of wiw acetonttrile: 0 10 30 40 50
pKa value of acetic acid: 4.75 5.0 5.6 6.0 6.4

The addition of organic solvent thus suppresses the ionisation of the acid reducing the [H*]
in solution and the overall effect is an increase in pH. The same effect can be observed for
other buffers such as phosphate and citrate and with 50% organic solvent the effective pH
of the mobile phase may be [-1.5 units higher than the measured pH of the buffer before
mixing.

Summary of stationary phases used in HPLC

The intention of this book is (o focus mainly on applications of techniques to
pharmaceutical analysis. Detailed discussions of staticnary phases and detectors can
be found elsewhere.'** Table 12.1 summarises some of the stationary phases which
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are used in HPLC. Currently. ODS silica gel or related phases such as octyl silica gel
are used for > 80% of all pharmaceutical analyses as judged from a comprehensive
survey of the literature;* other phases are only used where special selectivity is
required, such as for very water-soluble compounds or for bicanalytical separations
which may be critical because the sample matrix produces many interfering peaks.
In recent years polymeric phases have become available for certain specialist
applications; the surface chemisteies of these phases are similar to those of the silica
gel-based phases. Advantages of the polymeric phases are stability to extremes of pH
and the lack of secondary interactions of analytes with uncapped silanol groups.
Disadvantages include expense and a tendency to swell when in contaci with
lipophilic mobile phases, which can destroy them. Such phases are best used with
predominantly agueous-based mobile phases.

Table 12.1 Seme commonly used HPLC stationary phases

Stationary phase

Applications/comments

QDS silica gel

Octyl silane and
butyl silane silica gels

Phenyl silane silica gel

Silica gel

Aminopropyl
silica gel
Cyanopropyl
silica gel

Strong cation
exchanger {SCX)

Strong anion
exchanger {SAX}

The most commonly used phase, applicable to most problems in
analysis of pharmaceutical formulations. Early phases gave
problems with strongly basic compounds because of incomplete
endcapping of silanol (5i-OH) groups. Amines adsorb strongly
onto free silanol groups not covered by the stationary phase.
Fully endcapped phases and phases with low metal content are
now available, which enable the analysis of strongly basic
compounds that formerly tended to produce tailing peaks. ODS
silica gel can even be applied to the analysis of peptides, where
wide-pore packings are used to improve access of these bulky
molecules to the internal surface of the packings

Useful alternatives to ODS phases. The shorter hydrocarbon
chains do not tend to fead to shorter retention times of analytes
since the carbon loading on the surface of the silica gel may be
higher for these phases and retention time is also dependent on
how much of the stationary phase is accessible to partitioning by
the analyte’

Useful for slightly more selective analyses of compounds
containing large numbers of aromatic rings, e.g. propranolol and
naproxen, where some additional interactions can occur with the
phenyl groups on the stationary phase. These interactions are,
however, very subtle

Often used in the past for problematical compounds but with
gradual improvement of reverse phases increasingly less used.
Useful for chromatography of very lipophilic compounds such as
in the separation of different classes of lipids and in the analysis
of surfactants, which tend to form micelles under the conditions
used for reverse-phase chromatography

A moderately polar phase often used for the analysis of sugars
and surfactants

A moderately polar phase apglicable to the analysis of
surfactants

Usually based on ion pairing of the analyte with sulfonic acid
groups on the surface of the stationary phase. Useful for analysis
of very polar compounds such as aminoglycosides and other
charged sugar metecules and pelar bases such as catecholamines
Usually based on ion pairing of the analyte with quaternary
ammonium groups on the surface of the stationary phase. Useful
for the separation of polar compounds with anionic groups such
as nucleotides and anionic drug metabolites such as sulphates or
glucuronides
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Summary of detectors used in HPLC

For the majority of analyses of drugs in formulations, variable wavelength UV or
dicde array UV detectors are used. A typical UV dector has a narrow cell about

1 mm in diameter with a length of 10 mm, giving it an internal volume of about 8 pd.
The linear range of such detectors is between (.000] and 2 absorbance units and
samples have to be diluted sufficiently to fall within the range. Although the exact
concentration of a sample passing through the flow cell is not known, a suitable
concentration can be approximated as shown in Calculation example 12.3.

Calculation example 12.3

A typical elution volume of chromatographic peak volume is 400 gl. If 20 4 (0.02 ml) of a solution containing
paracetamol at a concentration of 1 mg/100 mt is injected into an HPLC system with a flow cell with a
pathlength of 10 mm:

Amount of paracetamol injected = 1 mg x 0.02/100 = 0.0002 mg.

Mean concentration of paracetamol in the peak volume = 0.0002 x 100/0.4 = 0.05 mg/100 m].
The A{1%, 1 ¢cm) value for paracetamol at 245 nm is 668.

The absorbance of a 0.05 mg (0.00005 g) solution = 0.00005 x 668 = 0.0334.

The mean absorption across the peak would be 0.00334,

If the peak has a Gaussian shape, the maximum absorption for the peak would be ca 1.5 times the mean
absorption, i.¢. in this case 0.05 or 50 milliabsorbance units (mAU).

Selective detectors tend to be employed where the analyte is present in small
amounts in 2 complex matrix such as in bioanalytical procedures where components
extracted from the biolagical matrix along with the analyte can cause interference.
Some formulated compounds have only very poor chromophores — these include:
sugars, lipids, surfactants, amino acids and some classes of drugs. e.g. a number of
anticholinergic drugs lack chromophores. In these cases an alternative to UV
detection has to be employed.

Table 12.2 Some detectors commonly used in HPLC

Detector Applications
Variable wavelength Based on absorption of UV light by an analyte. A robust
UV detector detector with good sensitivity works approximately in the

range of 0.01-100 pg of a compound on-column, The
1o monochromatic  sensitivity of the detector in part depends on the A(1%,
1 cm} value of the compound being analysed. The early
detectors operated at a fixed wavelength (usually 254 nm);
currently detectors are available which can be adjusted to
—em— Flow operate at any wavelength over the full Uvivisible range

Detsctor
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Tahle 12.2 Some detectors commonly used in HPLC (Cont.)

Detector

Applicatlons

Diode array detector
{DAD)

1o

polychromatic

—a—— Floiwy

Dispersion

o B B B
Evaporative light

scattering detector
{ELSDY

Electrochemical
detector

AgiAgCt
Reference

Flow

Current
from
oxidation

Pulsed amperometric
detector

An advanced type of UV detector with the ability to monitor
across the full UV range simultanecusly using an array of
photodiodes which detect light dispersed by a fixed
monochromator over a range of wavelengths offering a
resolution of ca 1 nm. Useful for complex mixtures
containing compounds with widely different absorbance
ranges and for mixtures where peaks overlap
chromatographically but can be separated in terms of UV
absorbance. The detector gives a full UV spectium of each
peak in the chromatogram which aids in identification of
unknowns

Detection is based on the scattering of a beam of light by
particies of compound remaining after evaporation of the
mobile phase. This detector is of growing importance; itis a
universal detector and does not require a compound to have
a chromophore for detection. Applications include the
analysis of surfactants, lipids and sugars. Unlike the
refractive index detector, which was formerly used for this

- analysis, it can be used with gradient elution and is robust

enough to function under a wide range of operating
conditions. However, it cannot be used with involatile
materials such as buffers in the mobile phase or to detect
very volatile analytes. Typical applications include; analysis
of chloride and sodium ions in pharmaceuticals, lipids used
as components in formulations, sugars and sugar polymers.
Sensitive to ¢ca 10 ng of analyte

The electrochemical detector is usually used in the
coulometric mode. A fixed potential is applied between the
working and reference electrode. Detection is based on
production of electrons when the analyte is oxidised, which
is the more common mode of operation, or consumption of
electrons in the reductive mode. The current flowing across
the detector cell between the working and auxiliary
electrodes is measured. The working electrode that carries
out the oxidation or reduction is usually made from carbon
paste. Most applicable to selective bicanalyses such as the
analysis of drugs in plasma, e.qg. catechols such as adrenaline
and thiol drugs such as the angiotensin-converting enzyme
inhibitor captopril and the anti-rheumatic drug
penicillamine

There is really no distinction between this detector and an
electrochemical detector except that the detector has arisen
largely as part of ion chromatography and tends to be used
in the amperometric mode where conduction of current
between two electrodes by an ionic analyte is measured
rather than current changes resulting from oxidation or
reduction of the analyte. The working electrode in this
detector is usually gold rather than carbon paste. Highly
sensitive to ionic compounds, the detector is used in ion
chromatography for the analysis of inorganic ions such as
phosphate and sulphate. Typical pharmaceutical applications
include the analysis of cardenolides and aminoglycoside
antibiotics which do not have chromophores. Sensitivity is
typically down to ¥ ng of analyte. Widely used in
glycobiology for the analysis of sugar residues derived from
glycoproteins. In the pulsed mode, the polarities of the
electrodes are alternated in order 10 keep the electrode
surfaces clean
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Table 12.2 5ome detectors commonly used in HPLC (Cont.)

Detector Applications

Refractive index detector (RI) Detection is based on changes of refractive index when the
analyte passes through the sample cell (S5amp.) in the
detector, the reference cell (Ref.} being filled with the
mobile phase. Like the ELSD, the RI detector is a univeral
detector with even less selectivity than the ELSD. It is very

.—-—'—'_'_._._.‘/
7 sensitive to mobile phase composition and temperature

Mirror || Samp. Light

| making it non-robust. It is still used as a universal detector

since it is cheaper than an ELSD. Sensitive to ca 1 pg of

Ref. Detector
compound
Fluorescence detector Detection is based on fluorescent emission following
Flow excitation of a fluorescent compound at an appropriate
wavelength. A robust and selective detector applicable to
l T compounds exhibiting fluorescence and to fluorescent

derivatives. Most useful for selective bioanalyses. Sensitive to
helow the ng level for highly fluerescent compounds.
| Normally uses a Xenon lamp for excitation but instruments
Excitation with high intensity deuterium lamps are available for
| ax¢itation of short wavelength absorption bands

Emission

Self-test 12.4

Rank the following detectors in order of decreasing: a. Selectivity b. Robustness ¢. Sensitivity:

{i} Variable wavelength UV detector.
{ily ELSD.

{iii) Rl detector,

{iv) Electrochemical detector.

HORANPP

'as13 10a1p AN YIbuB[aARM SIQELIEA "I013313P [EIRUBYICAS|R ANASUSS JoTalap 1Y
1019319p [RIWSYICNIFB "QS5TT U0IINR0 AN YIBUIPARM A|QRLIRA SSILISNGOY J0YBP 1Y
‘3513 401IRIRP A YIBUIFARM JRLIEA 10YIALIP |EIWAYDOINIDZ ANARISSS SIeMSUY

Performance of a diode array detector (DAD)
Sometimes it is not possible to be completely confident that an HPLC has
chromatographically resolved all the compounds in a sample and it might be
suspected that a particular chromatographic peak might be due to more than one
component. The DAD has developed into a tool of some sophistication for
determining the purity of chromatographic peaks eluting from a HPLC column.
Since a whole UV/visible spectrum is acquired several times across the width of a
peak, this povides a means of checking the purity of the peak by checking for
variations in the shape of the absorption spectrum across the chromatographic peak.
Figure 12.7 illustrates four methods for looking at the purity of a peak using the
information acquired by a DAD.

In the example illustrated in Figure 12.7, the spectrum of the apex of the peak (A)
{where interference by impurities is likely to be the least} is compared with a
spectrum from the leading edge of the peak (B). Comparison of individual spectra
from anywhere across the width of the peak may also be made with a spectrum
produced by combining each spectrum taken across the chromatographic peak to
produce a composite spectrum for the peak. The four methods used are:
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Fig. 12.7
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(iy  Spectrum A and spectrum B are normalised to get the best possible overlay
and are then correlated by plotting their absorbances at ca 1 nm intervals
across the spectra against each other. The correlation coefficient of best fit line
through the resultant points can be determined (Ch. 1 p. 12). A goed
correlation between the spectra should give r?> 0.995 and the r* for such a
plot is multiplied by 1000 to give a similarity factor, which is quoted as
measure of peak purity when the spectra of leading and tailing ends of the
peak are compared (o the spectrum of the apex. A perfect match is 2 = 1,000,

(i)  Spectra can be correlated to the apex spectrum or to a composite spectrum at
several points across the width of the chromatographic peak giving rise to a
similarity curve. The threshold curve gives an indication of the contribution
from noise to spectral differences which is greatest at the ends of the peak,
where spectra are weak in comparison with background noise from the mobile
phase ete. An impurity is detected when the similarity curve rises above the
threshold curve. In the example illustrated the major impurity in the peak is
around point B,

(iii)  For a very minor impurity, spectral differences across the peak can be amplified
by plotting the values for: 1000 — similarity/1000 - threshold across its width.

(iv) Ifitis possible to determine the wavelength where the impurity absorbs
strongly relative to the analyte, a ratiogram can be construcied. This is
obtained by plotting the ratio of a wavelength where the sample absorbs
strongly and the impurity absorbs weakly against a wavelength where
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impurity absorbs intensely. If the peak is impure, the ratio will fall around
where the impurity ¢lutes. A pure peak will exhibit a fairly constant ratio
across the width of the peak.

Applications of HPLC to the quantitative analysis of

drugs in formulations

The majority of applications of HPLC in pharmaceutical analysis are to the quantitative
determinations of drugs in formulations, Such analyses usuwally do not require large
amounts of time to be spent optimising mobile phases and selecting columns and
detectors so that analyses of complex mixtures can be carried out. A standard joke is
that most quality control applications can be carried out with an ODS column and
with methanol:water (1:1) as a mobile phase. Analyses of formulations are not quite
that simple but compared to analysis of drugs in biological fluids or elucidation of
complex drug degradation pathways, they present fewer difficulties. The main potential
interferants in analysis of a formulation are preservatives, colourants (see Ch. 15)
and possible degradation products of the formulated drug. Some formulations
contain more than one active ingredient and these may present more of an analytical
challenge since the different ingredients may have quite different chemical properties
and elute at very different times from an HPLC column. In this case, achieving a
short analysis time may be difficult. Since the emphasis in pharmaceutical analysis is
on quantitative analysis of formulations, this will be considered first,

Analyses based on calibration with an external standard

HPLC assays of formulated drugs can often be carried out against an external
standard for the drug being measured. The instrumentation itself is capable of high
precision and in many cases drugs are completely recovered from the formulation
matrix. If complete recovery can be guaranteed, then the area of the chromatographic
peak obtained from a known weight of formulation can be compared directly with a
calibration curve constructed using a series of solutions containing varying
concentrations of a pure standard of the analyte. The us¢ of a single point of
calibration can also be justified since in quality control applications, the content of
the formulation is unlikely to vary by > % 10% from the stated content. The Food
and Drug Administration (FDA) have suggested that for an assay of the active
ingredients in a formulation, calibration should be carried within a range of + 20% of
the expected concentration in the sample extract, The steps required in a quantitative
HPLC assay based on the use of an external standard are summarised as follows:

+  Weigh accurately an analytical standard for the analyte and dissolve it in a precise
volume of solvent to prepare a stock solution,

* Prepare zppropriate dilutions from the stock to produce a calibration series of
solutions so that (1) appropriate amounts of analyte are injected into the
instrument giving consideration to its operating range and (2} the concentration of
analyte which is expected in a diluted extract from the sample is at approximately
the mid-point of the range of concentrations prepared in the calibraticn series.

= Inject the calibration solutions into the HPLC system starting with the lowest
concentration and finishing with a blank injection of the mobile phase to check
for carryover, '

* Prepare the formulation for extraction, e.g. powder tablets, and weigh accurately
portions of the prepared material.
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*+ Extract the formulation with a solvent which is likely to give good extraction
recovery and make up to a precise volume,

+ Filter if necessary and take a precise aliquot of the sample extract and dilute this
until its concentration falls at approximately the mid-potnt of the calibration
series prepared using the analytical standard.

* Inject the diluted sample solution into the HPLC system. Replicates of the sample
preparation and of the injection of the sample in HPLC may be carried out;
sample preparation procedures are more likely to give rise to imprecision than
instrumental variation.

* Plot a calibration curve for the area of the peaks obtained in the calibration series
against the concentrations of the solutions. The peak areas given by integrators
are in arbitrary units and may be to seven or eight figures. Assays are not usually
precise beyond four significant figures, thus it may be appropriate to only
consider the first five figures from the integrator output of any significance, e g.
78993866 might be better considered as being 78994000.

¢ Check the linearity of the calibration curve, i.e. r > 0.99. Determine the
concentration of the diluted sample extract from the calibration curve by substituting
the area of its chromatographic peak into the equation for the calibration line.

Analysis of paracetamol tablets using a calibration curve

Tablets
Tablets contain paracetamol 500 mg, phenylpropanolamine 5 mg.

Explanation of the assay

Even without chromatographic resolution the small amount of phenylpropanolamine
present in the formulation could be disregarded since its A(1%, 1 ¢m) value at the
wavelength 243 nm used for monitoring paracetamol is ca 4 compared to an A(1%,

1 cm) of 668 for paracetamol. An ODS column retains paracetamol adequately if the
amount of water in the mobile phase is high. Thus the mobile phase used is 0.05 M
acetic acid/acetonitrile (90:13); the weakly acidic mobile phase ensures there is no
tendency for the phenol group in paracetamol (pKa 9.5) to ionise. The tablet extract
has (o be diluted sufficiently to bring it within the range of the UV detector. Figure 12.8
shows the chromatographic traces obtained for an extract from paracetamol tablets
and a paracetamnol standard (1.25 mg/100 ml) run using the system described above.

A  Paracetamol B Paracelamol Fig, 12.8

3.363 min 3,442 min {A) Extract from ‘
paracetamol tablets in
comparison with
(B} paracetamol standard
at about the same
concentration. Column:
SF 8F ODS 4.6 mm x 150 mm,
mobile phase
acetonitrile: 0.05 M
acetic acid (85:15) flow
rate 1 mbmin,
{5F = solvent front).

Time Time
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Assay

(iy  Weigh out 125 + 10 mg of the paracetamol standard and transfer it to a 250 ml
volumetric flask made up to volume with acetic acid (0.05 M) and shake weil
{stock solution).

(i}  Prepare a series of solutions from the stock solution containing 0.5, 1.0, 1.5,
2.0 and 2.5 mg/10¢ ml of paracetamol.

(i} Weigh and powder 20 tablets.

(iv) Weigh out tablet powder containing 25 mg + 10 mg of paracetamol.

(v)  Shake the tablet powder sample with ca 150 m] of acetic acid (0.05 M) for
5 min in a 250 ml volumetric flask and then adjust the volume o0 250 ml with
more acetic acid (0.05 M).

(vi} Filter ca 50 ml of the solution into a conical flask and then transfer a 25 ml
aliquot of the filtrate to 100 mt volumetric flasks and adjust the volume to
100 ml with acetic acid (0.05 M).

{vii) Take 10 ml of the diluted extract and transfer to a further 100 ml volumetric
flask and make up to volume with 0.05 M acetic acid.

(viii) Analyse the standards and the extract using the chromatographic conditions
specified earlier.

Data obtained

*  Weight of 20 tablets = 12.1891 g

= Weight of tablet powder taken = 150.5 mg

+  Weight of paracetamol calibration standard = 126.1 mg.

Table 12.3 Data obtained from the analysis of paracetamol standard solutions by HPLC

Concentration of paracetamol standard solution Area of chromatographic peak
mg/ 100 ml

0.5044 17994

1.009 36 109

1.513 54121

2.018 71988

2.522 29934

Area of paracetamol peak extracted from tablets = 45 205.
Calculate the percentage of the stated content of paracetamol in the tablet powder
analysed.

y = 35656.585% + 80.803 r = 1.000 Fig. 12.9
Calibration curve for the

Paracetamol tablets determination of

100 000 paracetamod in tablets
. obtained from HPLC
] analysis of calibration
§ 80 000 standards.
£
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The graph shown in Figure 12.9 is obtained from the data given in Table 12.3; it
is linear with r= 1.000.

The equation of the line can be used to calculate the amount of paracetamol in the
diluted extract of the tablet powder.

Calculation example 12.4

Substituting the arca obtained for the paracetamol peak obtained from the analysis of the tablet powder extract into
the equation for the line: :
45205 =35 656x + 80

Solving for x gives the concentration of the extract in mg/100 ml.

45 205-80

Concentration of paracetamol in diluted tablet extract = 35656

= 1.266 mg/100 ml.
Dilution steps

The dilution steps used were:

* 25 ml into 100 ml {x 4)

« 10mlinto 100 ml (x 10)
-+ Total = x40,

Concentration of paracetamol in undiluted tablet extract
1.266 mg/100 ml x 40 = 50.64 mg/100 ml.

Amount of paracetamol in undiluted tablet extract

» The volume of the undiluted tablet extract = 250 ml

* Amocunt of paracetamol in 100 ml of the extract = 50.64 mg

» Amount of paracetamol in 250 ml of extract = 250/100 x 50.64 mg = 126.6 mg
»  Amount of paracetamol found in the tablet powder assayed = 126.6 mg.

Amount of paracetamol expected in the tablet powder taken for assay

»  Weight of 20 tablets = 12.1891 g

» Weight of one tablet = 12.1891/20 = 0.6004 g = 609.5 mg

+ Stated content per tablet = 500 mg

» Amount of paracetamol expected in the weight of tablet powder taken for assay =
150.5 /609.5 % 500 mg = 123.5 mg.

Percentage of stated content
» Percentage of stated content = 126.6/123.5 x 100 = 102.5%.

' Self-test 12.5

Calculate the percentage of stated content in paracetamol tablets using the calbration curve
given above and the following data:

Data

* Weight of 20 tablets = 12.2243 g

* Weight of tablet powder taken = 152.5 mg

+ Stated content per tablet = 500 mg

* Initial extraction volume = 200 ml.

Dilution steps

* 20 mlinto 100 mi

* 10 mlinto 100 ml

* Area of chromatographic peak for paracetamol extracted from the tablets = 44519,

9GR8 JdoMsuy
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Assay of paracetamol and aspirin in tablets using a
narrow range calibration curve

Tablets
Tablets contain paracetamol 250 mg, aspirin 250 mg, codeine phosphate 6.8 mg.

Explanation of the assay

This problem is slightly more difficult than that posed by paracetamol tablets since
there are two major active ingredients in the formulation. The codeine phosphate
cannot be determined vsing the chromatographic system described here since it
elutes from the column in the void volume and is obscured by the solvent front.
Again an ODS column is quite suitable, and since aspirin is ionised extensively
above pH 4.0, the pH of the mobile phase can be manipulated to move it to a region
of the chromatogram where it can be run in the same mobile phase as paracetamol
without its retention time being inconveniently long. Figure 12.10 shows the effect
of mobile phase pH on the elution time of aspirin; the pXa of paracetamol is much
higher than that of aspirin and it is unaffected by the adjustment in pH of the mobile
phase. The mobile phase which resulted in chromatogram B is preferred for the
analysis. '

Brief outline of the assay

The assay is more or less the same as that described for the paracetamol tablets
except that the tablets are extracted with 0.05 M sodium acetate buffer pH 4.4. The
calibration standard solutions are prepared so that they contain both aspirin and
paracetamol in 0.05 M sodium acetate buffer pH 4.4 in the concentration range
1.0-1.3 mg/100 ml.

Fig. 12.10

{A} A tablet extract
containing paracetamol
and aspirin run at a pH of
ca 3.7 in 0.05 M acetic
acid/acetonitrile {85:15)
(150 mm x 4.6 mm ODS
column, flow rate

1 milf min}. (B} Shows the
tablets extract run at pH
4.4 in 0.05 M sodium
acetate buffer/acetonitrile
(85.15). QDS ¢olumn

150 mm x 4.6 mm, flow
rate 1 mlimin. Uy
detection at 243 nm.

Paracetamol Paracetamol
A 33T min B 3,35 min
SF
SF
Aspirin
Aspirin
P 4.92 min
17.42 min
Time

Time
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Data obtained

+ Weight of 20 tablets = 11.2698 ¢

+ Weight of tablet powder taken = 283.8 mg

= Weight of paracetamol standard = 125.5 mg
+ Weight of aspirin standard = 127.3 mg.

Mean area of chromatographic peaks for a duplicate analysis of the tablet extract:

»  Agpirin: 15366
* Paracetamol: 44 535,

The equations for the calibration lines obtained were as follows:
* Aspirin: ¥y =12 136 x + 139
¢ Paracetamol: v =35 374 x - 35.

Dilution of sample
* Initial volume in 250 ml.

Diluted:

o 2510 100 ml
« 10to 100 ml

Self-test 12.6

Calculate the percentage of the stated content of aspirin and paracetamol in the tablet
powder analysed using the data obtained above.

%466 = ULIIUSE [JUSLUOD PRIETS O 9% | 00| * [CWEIDIeIeY S1oMSLIY

Assay of active ingredients in a linctus using a single
point calibration for each analyte

Content per 5 mi of linctus
Pseudoephedrine hydrochloride 30 mg, triprolidine hydrochloride 1.25 mg,
dextromethorphan bromide 10 mg and preservatives.

Explanation of the assay

This assay is altogether more difficult since three active ingredients are involved and
several excipients interfere in the analysis, including one major excipient
(methylparaben), which is not removed in the extraction process. In addition the
active ingredients are bases which have a tendency to interact with any uncapped
silanol groups in the stationary phase and it is essential to use a column which is
deactivated with respect to the analysis of basic compounds. The three active
ingredients are all at different concentrations in the formulation so that attention has
to be paid to selection of a detection wavelength at which each component can be
detected. In this particular assay a DAD would be useful.

Brief outline of the assay

The linctus is sugar free so that it is sufficiently non-viscous to be measured with a
pipette rather than weighed. An aliquot of the linctus (5 ml) is made basic by
addition of 1 ml of 10 M ammonia solution. The aqueous fayer is extracted with
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2 % 10 mt of chloroform. The chloroform layers are combined and evaporated to
dryness using a rotary evaporator. The residue is dissolved in ca 10 ml of methanol
and transferred to a 100 mi volumetric flask and then diluted to volume with mobile
phase. The areas of the peaks obtained from the linctus extract are compared with a
solution containing pseudoephedrine. HCI, dextromethorphan.HBr and
triprolidine. HCI (structures shown in Fig. 11.14) at the same concentrations as would
be expected in the linctus extract.

Figure 12.11 shows the chromatogram of the linctus extraction; the eluent was
monitored at 260 nm. This analysis illustrates some of the difficulties of analysing a
more complex formulation and is by no means definitive, The main criticism of the
chromategram shown in Figure 12.11 is that the shape of the dextromethorphan peak
is not perfect and it is incompletely resolved from the methylparaben, The
pseudoephedrine peak elutes quite close to the void time of 2.3 min and although 1t
is present in largest amount in the formulation (30 mg/3 ml} it produces a relatively
small peak in terms of area because its A(1%, I ¢m) value at 260 nm is only 12.
Dextromethorphan produces a slightly tailing peak due to interaction with uncapped
silanol groups; this interaction is less at tower pH values. The A(1%, 1 cm) value of
dextromethorphan at 260 nm is ca 30. Triprolidine produces a peak with a
reasonable shape, probably because it is a weaker base (pKa 6.5} than
dextrometherphan (pKa 8.5), and this also accounts for its longer retention fime
since it is less ionised at pH 6.8 than dextromethorphan. The A(1%, 1 cm) value of
triprolidine at 260 nm is ca 250 which accounts for the large area of its
chromatographic peak despite the fact that it is the least abundant component in the
formulation (the GC analysis of the active ingredients in this formulation is less
problematical, see Ch. 13 p. 217). The data obtained are shown below.

Pseudosphedrine Methylparaben Fig. 12.11
3.11 min 12.11 min The HPLC chromatagram
B Triproliding of an extract from a
16.86 min linctus containing
pseudoephedrine,
dextrometherphan,

triprolidine and

Dextro methylparaben. ODS
methorphan

X column 25 cm x 4.6 mm,
13.48 min

mobile phase
acetonitrile/0.05 M
phosphate buffer pH 6.8
(35:65) 1 ml/min. UV
rmonitoring at 260 nm.

Time

Data obtained

* Volume of elixir extracted = 5 ml

+ Final volume of extract = 100 ml

+ Calculate the percentage of stated content for the triprelidine. HCI in the formulation.
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Standard + concentration Area of peak in standard Area of peak in sample
Pseudoephedrine. HCI 325178 318915

31.23 mg/100 mi

Dextromethorphan.HEr 479518 469 293

10.51mg/100 ml

Triprotidine HCI 643 793 627 158

1.254 mg/100 ml

Calculation example 12.5

From simple ratio:

Concentration of psendoephedrine. HCI in extract = 31.23 x

318915
325178

= 30.63 rag/100 ml.

5 ml of elixir were extracted to produce 100 ml of extract solution.

5 ml of elixir are stated to contain 30 mg of triprolidine,

Percentage of stated content =

30.63
30,0

x 100 =102.1%.

Self-test 12.7

R

Calculate the percentage of stated content of: (i) triprolidine.HCI; and (i) dextromethorphan.
HEr in the elixir.

%8201 (10} "%EL L6 (1) Sismsuy

Assays using calibration against an internal standard

If the recovery in an assay is good and the instrumentation used for measurement of
the sample is capable of high precision, the use of an internal standard is not
necessary. HPLC instrumentation is usually capable of high precision but for certain
samples, recoveries prior to injection into the HPLC may not be accurate or precise.
Examples of formulations in which recoveries may not be complete include
ointments and creams, which require more extensive extraction prior to analysis.
Problems of recovery are also typical of advanced drug delivery systems, which may
be based on polymeric matrices in which a drug is dispersed. An internal standard is
a compound related to the analyte (the properties required for an internal standard
are summarised later), which is ideally added to the formulation being analysed prior
to extraction. Quantification is achieved by establishing a response factor for the
analyte relative to the internal standard, i.e. a ratio for the areas of the
chromatographic peaks obtained for equal amounts of the analyte and internal
standard; ideally this should be close to 1 for equal amounts of analyte and internal
standard. The response factor may be based on a single-point calibration or a full
calibration curve may be constructed; all the BP assays of this type are based on
single-point calibrations. Once a response factor has been established the sample is
extracted with a sclution containing the same concentration of internal standard as
was used in determining the response factor (or a solution which after dilution will
yield an extract in which the internal standard is at the same concentration as in the
calibration solution). Provided the solution containing the fixed concentration of
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internal standard is added to the sample in a precisely measured volume, any
subsequent losses of sample are compensated for since losses of the analyte will be
mirrored by losses of the internal standard. The example given in Box 12,3 is typical
of a BP assay incorporating an internal standard.

»  ldeally should be closely related in structure to the analyte

s Should be stable

s Should be chromatographically resolved from the analyte and any cxcipients present in
the chrowmatogram of the formulation extract

+  Should elute as close as possible to the analyte with the restrictions above

+ For a given weight should produce a detector response similar to that produced by the
analyte

Assay of hydrocortisone cream with one-point calibration
against an internal standard

Explanation of the assay

Excellent separations of corticostereids can be achieved on an ODS column with a
suitable ratio of methanol/water as an eluent. In this assay hydrocortisone is
quantified using betamethasone as an internat standard. The structure of
betamethasone is close to that of hydrocortisone but since it is more lipophilic it
elutes from the ODS column after hydrocortisone (Fig. 12.12). The assay is a
modification of the BP assay for hydrocortisone cream. In the assay described here
the internal standard 1s added at the first extraction step rather than after extraction
has been carried out in order to ensure that any losses in the course of sample
preparation are fully compensated for. Extraction is necessary in the case of a cream
because the karge amount of oily excipients in the basis of the cream would soon
clog up the column if no attempt was made to remove them. The corticosteroids are
sufficiently polar to remain in the methanol/water layer as they have a low solubility
in hexane, while the oily excipients are removed by extraction into hexane, The
sodivm chloride (NaCl) is included in the sample extraction solution to prevent the
formation of an emulsion when the extract is shaken with hexane. Solution 2, where
the internal standard is omitted, is prepared in order to check that there are no
excipients in the sample which would interfere with the peak due to the internal
standard.

Brief outline of the assay
(i)  Prepare a mixture of methanol/15% aqueous NaCl solution (2:1).
(i)  Prepare Sclution 1 as follows:
+ Mix together 10 ml of a 0.1% w/v solution of hydrocortisone and add
10 ml of a 0.1% w/v solution of betamethasone in methanol (internal
standard solution)
-+ Add 20 ml of methancl and then add water to dilute the solation to 100 ml.
(1ii) Prepare Solution 2 as follows:
+ Disperse cream containing ca 10 mg of hydrocortisone in 30 ml of the
methanol/NaCl solution + 10 ml of methanol
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Fig. 12.12
Chromatogram from the
analysis of hydrocortisone
cream with
betamethasone as an
internal standard on an
005 calumn

(25 cm x 4.6 mm} with
methanolfwater (70:30}
as the mobile phase.

{A) Calibration standard
(Solution 1}, {8) Cream
extract + internal
standard (Solution 3},
(C) Cream extract
without the addition of
internal standard
{Solution 2).

S Lﬁ_bu_w

Hydrocortisone
Hydrocorlisane 5.76 min
5.69 min
Betamethasone Hydracortisone
6.72 min Betamethasons 5.67 min
£.76 nn

Tirme Time Time

* Extract the dispersed cream with warm hexane (50 ml)

* Remove the lower layer (methanol water layer) and wash the hexane layer
with 2 x 10 ml of the methanol/NaCl sotution combining the washings with
the original extract

+ Dilute the extract to [0 ml with water.

(iv) Prepare Solution 3 as follows:

* Repeat the procedure used in preparing Solution 2 except in the initial step.
use 30 m| of methanol/NaCl selution + 10 mi of the betamethasone internal
standard solution.

* Analyse the solutions using a mobile phase containing methanot/water
{70:30) and an ODS column.

+ Set the UV detector at 240 nm.

The calculation carried out from the data obtained in the assay described above
uses response factors for the sample and standard (Box 12.3),

Data obtained

+ Stated content of hydrocortisone cream = 1% w/w

¢ Weight of hydrocortisone cream used to prepare solution 3=1.173 g

* Area of hydrocortisone peak in Solution 1 = 103 026

* Area of betamethasone peak in Solution 1 = 92 449

+ Area of hydrocortisone peak in Solution 3 = [13 628

*  Area of betamethasone peak in Solution 3 = 82 920

= Concentration of hydrocortisone in the solution used in the preparation of
Solution 1 = 0.1008% w/v .

* Concentration of betamethasone used in preparation of Solutions 1 and 3 =
0.1003% wiv.
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Assays based on the use of an internal standard use response factors to compare the sample
solution with the calibration solution. In this case a simple one-point calibration is vsed.
The concentration of betamethasone can be ignored since it is the same in Solutions 1 and
3; it should usually be the case that the same concentration of internal standard is present
in the calibration and sample solutions. If this is the case then for the assay described
above:

Response factor for Selution 1 (calibration solution)
_ area of hydrocortisone peak in Solution 1

= area of betamethasone peak in Solution |
Response factor for Solution 3 (sample solution)

_ area of hydrocortisone peak in Selution 3

~ area of betamethasone peak in Solution 3

The amount of hydrocortisone in the crearn can be calculated as follows:
Concentration of hydrocortisone in Solution 3 =

Response factor for Solution 3
Respunse factor for Solation |

x concentration of hydrocortisone in Solution 1

volume of Solution 3
100

Calculation example 12.6
Solution 1 is prepared by diluting 10 ml of a 0.1008% w/v solution of hydrocortisone to 100 ml.
Dilution % 10.

0.1008

Concentration of hydrocortisone in Solution 1 = = 0.01008% wiv.

103 026
02 449

113 628
82920

Response factor for Solution 1 = =1.1144.

Response factor Solution 3 = = 1.3703.
1.3703

Concentration of hydrocortisone in Solution 3 = RIET]

x 0,01008 = 0.01239% w/v = 0.01239 g/100 ml.

volume of Solution 3

Amount of hydrocortisone in Solution 3 = 100

» weight of hydrocortisone/100 ml.
The volume of Sotution 3 = 100 ml.

Amount of hydrocortisone in Solution 3 = % x 001239 =0.01239 g.
Weight of hydrocortisone cream analysed = 1,173 g.

0.01239

Percentage of w/w of hydrocortisone in cream = WEE

x 100 = 1.056% wiw.
Stated content of hydrocortisone in the cream = 1% wiw.

Percentage of stated content = x 100 = 105.6%.

1.056
1

The cream confarms to the BP requirement that it should contain between 90-110% of the stated content.
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. Self-test 12.8

Betamethasone valerate is analysed in a sample of cintment used for treating haemarrhoids,
the related steroid baclomethasone dipropionate is used as an internal standard. The
following data were produced:

* Stated content of betamethasone valerate in ointment = 0,05% wiw

* Weight of ointment analysed = 4.3668 g

+ Area of hetamethasone valerate peak in Solution 1 (calibration solution) = 89 467

» Area of beclomethasone dipropionate in Solution 1 = $1 888

* Area of betamethasone valerate peak in Solution 3 = 87 657

+ Area of beclomethasone dipropionate peak in Solution 3 = 90 343

+ Concentration of betamethasone valerate present in the calibration selutien
= 0.004481 % wiv

* Concentration of beclomethasone dipropionate in the calibration solutien and in the sample
extract solution = 0.00731% wiv (Note: if this is the same in both the calibration and sample
solutions, it can be ignored)

* Volume of sample extract = 50 ml.

Calculate the % w/w of betamethasone valerate in the cream

MM SHE | LS00 Lamsty

Assay of miconazole cream with calibration against an
internal standard over a narrow concentration range

Explanation of the assay

In this case the selective extraction of oily excipients from the cream is made
somewhat easier by the fact that the miconazole (pKa 6.5) is almost fully ionised at
pH 4.0; the econazole internal standard used differs from miconazole by only one
chlorine atom (Fig, 12.13). Thus a preliminary extraction can be made with hexane
to remove much of the basis of the ointment and then the sample can be simply
diluted with mobile phase, filtered and analysed.

N Fig. 12.13
é ) The structures of
M miconazole and

Cl econazole,
o]

Cl
R = Cl miconazole R = H econazole

Brief outline of the assay

A chromatographic mobile phase consisting of acetonitrile/0.1 M sodium acetate
buffer pH 4.0 (70:30) is prepared. Separate stock solutions in 250 ml of
chromatographic mobile phase containing miconazole nitrate (200 + 20 mg) and
econazole nitrate (200 £ 20 mg) (internal standard) are prepared. 25 ml of econazole
nitrate stock solution is transferred to five 100 ml volumetric flasks and varying
amounts of miconazole stock solution: 15, 20, 23, 30 and 35 m] are added to the five
flasks. The flasks containing the calibration series are diluted to volume with mobile
phase. A sample of cream containing 20 mg miconazole nitrate is shaken with 25 ml
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of the stock solution of econazole nitrate for 5 min. The sample is then extracted
with 50 ml of hexane, and the hexane layer is removed and discarded. Nitrogen gas
is then blown through the solution for a few minutes to remove residual hexane and
the solution is then transferred o a 100 ml volumetrie flask, diluted to volume with
mobile phase and a portion {20 ml) is filtered prior to analysis. The detection
wavelength used is 220 nm since miconazole and econazole lack strong
chromophores. On a 15 ¢cm x 4.6 mm ODS column at a flow rate of 1 ml/min,
econazole elutes at ca 6 min and miconazole elutes at ca 10 min; the extra chlorine
atom in the structure of miconazole increases its lipephilicity considerably.

Data obtained

+  Weight of miconazole used to prepare stock solution = 201.5 mg
+  Weight of cream taken for assay = 1.0368 g

+ Area of miconazole peak obtained from sample = 119 923

= Area of econazole peak obtained from sample = 124 |18,

Table 12.4

Concentration of miconazole

in calibration solution Area of miconazole  Area of econazole  Area miconazole
mg/ 100 ml peak peak Area econazole
12.09 70655 123563 05718

16.12 96 218 125376 0.7674

20.15 119793 126 783 0.9449

24.18 151310 127 889 1.183

28.21 t6b 673 125436 1.329

The equation of the line obtained from the above data y = 0.048 x - 0.006;
r=10.998

Self-test 12.9

Calculate the percentage of wiv of miconazole in the cream from the data obtained
above.

AP G PEE"L LAMSUY

Assays involving more specialised HPLC techniques
Although more than 80% of all sepacations by HPLC utilise reverse-phase
chromatography. there are certain analytes which require more specialised
chromatographic methods. A few examples are given in the following section.

Assay of adrenaline injection by chromatography with an
anionic ion-pairing agent

Explanation of the assay

Injections of local anaesthetics often contain low concentrations of adrenaline in
order to localise the anaesthetic for a time by constricting blood vessels in the
vicinity of the injection. Adrenaline can be analysed by straight-phase
chromatography, for instance on silica gel, but this generally requires strongly basic
conditions under which the catechol group in adrenaline is unstable. Adrenaline is
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not retained by reverse-phase columns and elutes in their void volume. A commonly
used technique for the analysis of adrenaline and other highly water-soluble amines
is ton pair chromatography. This can be viewed essentially as the generation of an
ion exchange column in situ. The process is illustrated in Figure 12.14 where sodium
octanesulphonic acid (SOSA) is added to the mobile phase (e.g. sodium phosphate
buffer (.1 M/methanel 9:( containing 0.02% SOSA); the SOSA partitions into the
lipophilie stationary phase and saturates it. The stationary phase is then able to retain
adrenaline by electrostatic interaction. Elution occurs by a combination of
displacement of adrenaline from its ion pair by sodium ions and by migration of the
ion pair itself in the mobile phase. An additional benefit of using an ion-pairing
reagent, rather than resorting 10 straight-phase chromatography. is that the organic
solvent content in the mobile phase can be kept low, thus enabling the use of an
electrochemical detector, which works best in mobile phases with a low content of
organic solvent and which is highly selective for the readily oxidised catechol groups
of adrenaline.

OH Fig. 12,14
Interaction of adrenaline
HO -, with an ion-pairing agent
coated onto an ODS
stationary phase,

oH
o, Now

-
NH;CH,
__:‘: Electrostatic interaction
CaHn 803_ CBH‘J? 5103“ CgHy7 505

¢ Van der Waals interaction
OCISHS? OCISHB? ociSHST

5—0 Si—O Si—0O

S5i—0O Si—0O 5—0

Assay of ascorbic acid by chromatography with a
cationic ion-pairing agent and electrochemical
detection

Ascorbic acid is highly polar and is not retained by reverse-phase columns. One
technique for retaining it on a reverse-phase column is to use a cationic ion-pairing
reagent. In the example given in Figure 12,15, cetrimide is used as the ion-pairing
reagent in the mobile phase {e.g. 0.1 M sodium acetate buffer pH 4.2/acetonitrile
95:5 containing 0.03 M cetrimide). Again the low organic solvent content of the
mobile phase enables monitoring with an electrochemical detector. Selectivity is
important in the determination of ascorbic acid because it is often present in
multivitamin formulations and as a preservative in pharmaceutical formulations
containing other components in large amounts.
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Interaction of ascorbic

CHOH O 0 acid with an lon-pairing
agent coated onto the
surface of an ODS '
column.

- CH
Electrostatic interaction
CraHagN'ICH3);  CygHpgN (CH),

CH,OH Fig. 12.15
|

A, O

,

¢ Van der Waals interaction
OCigHy;  OCigHy;  OCyHy,

S C Si o Si O

Assay of proteins with wide-pore HPLC packings

For large molecules such as peptides, chromatographic packings have to be used
with wide pores to facilitate partitioning of the large structures into the stationary
phase. Typically ODS packings with ¢.0003 ym pores are used. The 1993 BP assay
for human insulin is based on this type of packing. The chremophores in proteins are
usually not particularly strong so that UV detectors are set at short wavelengths. The
mobile phases used are similar to those used for chromatography of small melecules
on ODS columns. The mobile phase used in the BP analysis of insulin is composed
of a mixture of phosphate buffer pH 2.3 and acetonitrile and detection is carried out
with the wavelength of the UV detector set at 214 nm. Peptide drugs may be
contaminated with closely related peptides, which may differ by only one or two
amino acids from the main peptide but may have high biclogical potency even when
they are preseat in small amounts. The BP assay of human insulin includes at test for
the presence of porcine insulin, which ditfers from human insulin by only one amino
acid out of 30. The monograph stipulates that there should be a resolution of at least
1.2 between the peaks for human and porcine insulin when a test solution containing
equal amounts of the two insulins &s run.

Proteins may differ widely in lipophilicity depending on their amino acid
composition. In the literature example shown in Figure [2.16. the reproducibility of
three batches of a 300 A ODS packing for the separation of a mixture of proteins
was studied.” The mobile phase used was the popular system for protein analysis
utilising gradient elution with aqueous trifluoroacetic acid and acetonitrile with
gradually increasing acetonitrile content. Under these conditions the most lipophilic
proteins elute last,

Another method used for eluting proteins from an ODS column is via the salting
out effect, where mobile phase gradient is run from high o low salt concentration;
again the most lipophilic proteins elute last.
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In Fig. 12.16

Separation of a mixture

of proteins on three lots

Ang N of the same wide-pore
Enk .
(300 A ODS5 packing.

Solvent A: HOMH,CNf

CA trifluoroacetic acid
(95:5:0.1 wivivy). Solvent B:
H,0/CH,CNATifluoroacetic
acid (5:95:0.085 viviv).
Gradient 85% A + 15% B
to 47% A + 53% B over
20 min. Proteins: Leucine
enkephalin (Enk},
angiotensin {Ang), Rnase
{RN), insulin {In),
cytochrome C {Cy),
lysozyme {Ly), myoglobin
{My) and carbonic
anhydrase {CA).
Reproduced with
permission from
). Pharm. Biomed. Anal.
(see Reference 3).

Absorbance 215 pm

10 20
min

Assay of hyaluronic acid by size exclusion chromatography

Polymeric materials have a number of pharmaceutical applications, Hyaluronic acid
is a high molecular weight polymeric carbohydrate (Fig. 12.17) which has excited
much interest in recent years because properties such as the promotion of wound
healing are attributed to it. It is also used as a surgical aid during surgery to remove
cataracts. In recent years, high performance gel filtration columns containing rigid
beads of porous polymers have become available for determination of high
molecular weight analytes. The retention mechanisn in size exclusion or gel
permeation chromatography (GPC} is based on the extent to which an analyte enters
pores within the stationary phase (Fig. 12.18). The largest molecules are completely
excluded from the internal space of the column and elute from the column first.
Columns with varying pore sizes are available and for hyaluronic acid a large pore
size is required since the polymer has a molecular weight > 10 Daltons. In order to
determine molecular weights, such columns are calibrated with polymeric standards
of known molecular weight, although corrections related to the viscosity of the
analyte have to made when one type of polymer is used for calibrating a column
used in order to determine the molecular weight of a different type of polymer
because of differences in three-dimensional shape.
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CHOH HO CooH Fig. 12,17
H o] o— The hyaluronic acid
H H @ polymer.
O
cl: H H
H wnHcocH, O "
Small molecules freely enter pores Fig. 12.18

intermediate molecules enter pores The mechanism

to differing extents governing the analysis of
high molecular weight

Large molecules are excluded analytes GPC.

from pores

Typically such an assay can be carried out using a column packed with an
aqueous compatible porous pelymer with a mobile phase consisting of, for example,
0.05 M sodium sulphate solution. Hyaluronic acid exhibits some weak UV
absorption due to its N-acetyl groups at short wavelengths and UV monitoring of the
eluent can be carried out at ca 215 nm. Alternatively a refractive index detector or an
ELSD can be used to monitor the eluent for polymers exhibiting no UV absorption at
all. GPC of lipophilic polymers can be conducted in the same way using polymeric
phases which are compatible with organic solvents.

Analysis of non-ionic surfactants with an ELSD and
gradient eiution

Non-ionic surfactants are used in formulations to sotubilise drugs with poor water
solubility; these compounds consist in their simplest form of an alkyl group attached
to a polyethylene glycel chain. Non-ionic surfactants are usually mixtures, e.g.
Cetomacrogoel 1000, which has the general formula:

CHy(CH,),(OCH,CH,),OH

where m is 15 or 17 and n is 20 to 24. These compounds are amphiphilic and have
affinity for water and organic solvents. Their analysis by HPLC requires a universal
detector which dees not require substances to have a chromophore in order to detect
them. Formerly RI detectors were used for this type of analysis but the ELSD allows
gradient elution to be used, which is advantageous where complex mixtures contain
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Fig. 12.19 Hexane 76 Gradient
Elution of non-ionic Chioroform 19

surfactants of varying Methanol 5
chain lengths from an
aminapropyl column
with a hexane/
chloroform/methanol
gradient and ELSD
deatection.

Redrawn from Reference
9.

Hexane 56
Chloroform 14
Methancl 30

Alkylpolyethylene glycol ofigomers

min

compounds with widely ditferent lipophilicities or polarities. For example mixtures
similar to Cetomacrogol 1000 have been separated on a polar aminopropyl column
using a gradient between hexane/chloroform/methanol (76:19:5) and hexane/
chloroform/methanol (56:14:30) over 30 min with ELSD monitoring of the eluent’
as shown in Figure 12.19. The methanol content of the mobile phase is gradually
increased with time so that the more polar (longer chain) components elute within a
reasonable time.

Assay of catecholamines in urine by ion exchange
chromatography with electrochemical detection

The determination of drugs in biological matrices presents a particular analytical
challenge. In the example given'” an electrochemical detector is used because of its
high selectivity for catecholamines which oxidise at a relatively low potential thus
reducing interference by other less readily oxidised components in the urine.
However, even with a selective detector there is still interference by the sample
matrix. Figure 12.20A shows a chromatogram obtained using an ODS column with
an ion-pairing agent which produces retention of the catecholamines as described
carlier for assay of adrenaline in an injection (in the current example the ion-pairing
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™ Fig. 12.20

Nadr Analysis of adrenaline
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| MDA {nadr) and dopamine

; Madr : {DA) in urine using: (A)

| An 0DS column with ion-
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. — ' T " min before extraction.
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Reproduced with
permission from

J. Chromatogr. Biomed,
Apps. (see Reference 10).

agent is dimethylcyclohexyl sulphate). Figure 12.20B shows that selectivity for the
catecholamines is increased when an ion exchange column is used in conjunction
with electrochemical detection.

Derivatisation in HPLC analysis

Derivatisation in pharmaceutical analysis is most often used to improve the
selectivity of bioanalytical methods. However. in some cases it is necessary to detect
compounds which lack a chromophore. The analysis of aminoglycoside antibiotics is
difficult because of complete absence of a chromophore and in addition the
antibiotics are usually mixtures of several components. The BP assay of neomycin
eyedrops carries out an identity check on the neomycin B and neomycin C
components in the eyedrops by derivatising them so that they are detectable by UV
monitoring (Fig. 12.21). The polarity of the highly polar amino sugars is reduced in
some degree by the derivatisation so that they can be run on a silica gel column in a
mobile phase composed of chloroform and ethanol. The advantage of using silica in
this case is that the excess non-polar fluorodinitrobenzene derivatising agent will
elute from the column well before the polar derivatised glycosides. Derivatisation
reactions have also been extensively used in the analysis of amino acids. The
literature on derivatisation for HPLC is extensive but generally the use of a suitable
detector would be preferred instead of resorting 1o derivative formation. In recent
years pulsed amperometric detection has been increasingly applied to the analysis of
aminoglycosides,

Separation of enantiomers by chiral HPLC

Although about 40% of drugs are chiral compounds, only about 12% of drugs are
administered as pure single enantiomers. This situation is gradually changing as a
number of companies have now started to move owards producing enantiomerically
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Fig. 12.21 HZNCHZ
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pure forms of established drugs. Thus chromatographic separation of enantiomers is
important from the point of view of quality controt of enantiomerically pure drugs
and also in biocanalytical studies where the pharmacokinetics of two enantiomers
may be monitored separately.

The basis of separation in chiral HPLC is the formation of temporary
diastereomeric complexes within the chiral stationary phase. This causes
enantiomers. which normally exhibit identical partitioning into a non-chiral
stationary phase, to partition to a different extent into the stationary phase. In order
for separation to eccur, the enantiomers must have three points of contact with the
stationary phase. This is shown in Figure 12.22, where enantiomer | interacts with
groups A, B and C. Its mirror image. enantiomer 2, is unable to interact in the same
way with more than two of the groups on the chiral stationary phase no matter how it
is positioned.

There are numerous chiral stationary phases available commercially, which is a
reflection of how difficult chiral separations can be and there is no universal phase
which will separate all types of enantiomeric pair. Perhaps the most versatile phases
are the Pirkle phases, which are based on an amino acid linked to aminopropyl silica
gel via its carboxyl group and via its amino group te (a-naphthyljethylamine; in the
process of the condensation a substituted urea is generated. There is a range of these
type of phases. As can be seen in Figure £2.23, the interactions with phase are
complex but are essentially related to the three points of contact model. Figure 12.24
shows the separation of the two pairs of enantiomers (RR, 5S. and RS, S R present
in labetalol (see Ch. 2 p. 36) on Chirex 3020.
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Enantiomer 1 Enantiomer 2 Fig. 12.22
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Another popular chiral HPLC phase is based on cyclodextring anchored onto the
surface of silica gel. Cyclodextrins consist of 6, 7 or 8 glucose units linked together
into a ring. They adopt a barrel-like shape and the hydrophobic portion of an analyte
fits into the cavity. For good separation, the chiral centre in the molecule must be
level with the chiral 2 and 3 positions of the glucose units, which are arranged
around the barrel rim, and which carry hydroxyl groups that can interact with the
groups attached to the chiral centre through three-point contact. Figure 12,25 shows
the B-blocker propranolel included within the cyclodextrin cavity.

OH Fig. 12.25
Mechanism for chiral
separation on a
cyclodextrin phase.

Propranolol

Hydrophobic cavity

Other chiral phases include those based on proteins, cellulose triacetate, amino
acids complexed with copper and chiral crown ethers.

Two other strategies for preducing separations of enantiomers involve the
addition of chiral medifiers to the mobile phase (e.g. chiral ion-pairing reagents).
which can bring about separation on for instance an ordinary ODS column and the
formation of derivatives with chirally pure reagents that produce different
diasterecisomers when reacted with opposite enantiomers of a particular compound
(see GC example, Ch. [ p. 219).
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Q Additional problems

1. Some non-steroidal anti-inflammatory drugs {NSAIDs} were found to have the followlng
capacity factors in a particular mobile on a reverse-phase column; aspirin 0.4, naproxen 3.6,
ibuprofen 14.5, diclofenac 10.4, paracetamol 0.2. Given that the column had a ¢, of 2 min
determine the retention times of the NSAIDs,
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2. Predict the order of elution from first to last of the following stercids from an ODS column
in methanolfwater {60;40) as a mobile phase {Fig. 12.26).

Fig. 12.26 CH, OH
¢
HO OH
/
o
CH,
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CH, CH, o
c 0O G
HO OH HO OCOCH,
P P
0 o 0
CH;,
Prednisolone Fluorometholone Progestercne
acetate
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3. Predict tha order of elution from first to last of the following morphinane compounds from
an ODS column in an acetonitrile/buffer mixture pH 8.0 {10:90). Assume the pKa values of
the bases are all similar (Fig. 12.27)

Fig. 12.27
Morphinane NGCH,
compounds
eluted from
an ODA
column.
2H

Codeine Morphine Ethylmorphine
NCH, ?NCHQ gNH

| CgHgCH,0 HO 9 OH

Thebalne Benzylmorphine Normorphine
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4. An analysis is carried out on codeine linctus stated to contain 0.3% wiv of codeine
phosphate. The mobile phase consists of 0.1 M acetic acid/methano! {40:60), contains 0.01 M
octane sulphonic and chromatography is carried out on a reverse-phase column with UV
monitating at 285 nm. A one-point calibration was carried out against a calibration
standard containing ca 0.06% wiv codeine phosphate, The following data were obtained:

Weight of linctus analysed = 12.7063 g

Density of linctus = 1.25 gfm!

The linctus is diluted to 5¢ ml with water prior to analysis

Area of codeine peak obtained by analysis of the linctus = 86 983

Area of codeine phosphate calibration peak = 84 732

* Percentage of wiv of codeine phosphate in calibration standard = 0.06047.

Why is the octane sulphonic acid included in the mabile phase?
Calculate the percentage of wiv of codeine phasphate in the jinctus.
A % EGOL) aMsUY

5. Analysis is carried out on tablets containing naproxen 100 mg and aspirin 250 mg per tablet.
A narrow range calibration curve is constructed within + 20% of the expected concentration
of the diluted tablet extract. UV monitoring of the column effluent is carried out at 278 nm.
Suggest a column and mobile phase for this analysis; both aspirin and naprexen are
discussed earlier in this chapter. Suggest a suitable column and mobile phase for this
analysis. The following data were obtained for the analysis:

* Weight of 20 tablets = 10.3621 g
* Weight of tablet powder assayed = 257.1 mg
* Volume of initial extract = 250 ml.

Dilution steps:

* 10t0 100 ml

¢ 20t0 100 ml

« Calibration curve for naproxeny = 174 040 x + 579 r=0.999
* Calibration curve for aspirin y = 54 285 x + 1426 r = 0.999

where x is in mg/100 mi

* Area of peak obtained for naproxen in diluted sampie extract = 72 242
= Area of peak obtained for aspirin in diluted sample extract = 54 819.

Calculate the percentage of stated content for naproxen and aspirin.

% 1" 66 utiidse fog /£ uakosdeu Siamsuy

6. Analysis is carried out on a ¢ream stated to contain 2% wiw of both miconazole and
hydrocortisone. An ODS column is used with a mobile phase consisting of acetonitrile/
acetate buffer pH 4.0 (70:30) and the eluent is monitored at 220 nm. A narrow range
calibration curve, within £ 206% of the expected concentration of each analyte in the sample
extract was prepared for each analyte by plotting the ratic of the areas of the analyte peaks
against fixed amounts of the internal standards for both analytes. The internal standards
used were: econazole and hydrocortisone 21-acetate for miconazale and hydrocertisone,
respectively.

How would the retention time of hydrocortisone compare in the mobile phase used in this
assay with a mobile phase containing methanol/acetate buffer pH 4.0 (70:30) and why do you
think hydrocortisone 21-acetate is used as an internal standard rather than the betamethasone
used in the assay discussed earlier in this chapter?

Suggest a suitable extraction procedure for extracting the analytes from the cream and for
removing oily excipients and indicate any other preparation which might be required prior to
analysis.

The following data were obtained:

* Weight of cream taken for assay = 1.0223 g
+ Final volume of extract from cream = 100 m!
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+ Equation of line for miconazole y = 0.044 x - 0.013 r = 0.999
+ Eqguation of line for hydrocortisone y = 0.048 x - 0.024 r = 0.99%

whera x is in mg/100 ml,

+ Area of hydrocortisone peak in sample extract =62 114

» Area of hydrocortisone acetate peak in sample extract = 64 452
* Area of miconazole peak in sample extract = 35 557

» Area of econazole peak in sample extract = 38 385

Calculate the percentage of wiv of miconazale and hydrocortisone in the cream.
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Principles

*  An analyte migrates up or across a layer of stationary phase (most commonly silica
gel), under the influence of a mobile phase (usuvally a mixture of organic solvents),
which moves through the stationary phase by capillary action. The distance moved by
the analyte is determined by its relative affinity for the stationary vs the mobile phase.

Applications

+ Used to determine impurities in pharmaceutical raw materials and formulated products

+ Often used as a basic identity check on pharmaceutical raw materials,

+ Potentially useful in cleaning validation, which is part of the manufacture of
pharmaceuticals,

Strengths

+ Deitection by chemical reaction with a visualisation reagent can be carried out, which
means that more or less every type of compound can be detected it a suitable detection
reagent is used.

+ Robust and cheap.

+ In conjunction with densitometric detection, it can be used as g quantitative technigue
for compounds which are difficult to analyse by other chromatographic methods
because of the absence of a chromophore.

» Since all the components in the chromatographic system can be seen, there is no risk, as
is the case in gas chromatography (GC) and HPLC analyses, that some components are
not observed because they do not elute trom the chromatographic system.

+ Batch chromatography can be used to analyse many samples at once, increasing the
speed of analysis. and can be automated.
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+ The method is flexible since thin layer chromatography (TLC) plates can be simply
treated with a variety of chemicals thus imparting a wide range of properties to the
stationary phase.

Limitations

+ The number of theoretical plates available for separation is limited in routine TLC
systems, although high performance TLC (HPTLC) plates can offer nearly the same
efficiency in a 10 cm distance as an HPLC column of the same length

» Sensitivity is often limited

» Not suitable for volatile compounds

» Requires more operator skill for optimal use than HPLC.

Introduction

Thin layer chromatography (TLC}) has developed inte a very sophisticated technique
for identification of compounds and for determination of the presence of trace
impurities. Since it was one of the earliest chromatographic techniques, a huge array
of TLC-based tests is available and pharmacopoeial monographs reflect the extent to
which this technique has been developed as a fundamental quality control technique
for trace impurities. The reason for its prominence in this regard is due to its
flexibility in being able to detect almost any compound, even some inorganic
compounds. Following TLC, the entire chromatogram can be seen and thus there is
no doubt over whether or not components in a sample have failed (o ¢lute from a
chromatographic system as is the case with HPLC and GC, and even capillary
electrophoresis (CE). In this short chapter it would be impossible to outline all of the
tests that can be used; comprehensive reviews of the technique have been written.!?
Even the most advanced form of TLC, high performance TLC (HFTLC), remains
essentially a simple technigue. The sophistication in the application of the technique
derives from the broad choice of stationary phases, mobile phases and the wide
range spray reagents which can be used for visualising the chromatogram.

Instrumentation
Figure 13.1 shows a simple thin layer chromatography apparatus.

The most frequently used system is a glass or plastic plate coated with silica gel;
for routine applications the silica gel particle size is in the range 2-25 yum. The
method of use for this system is as follows:

{(iy  Afew gl of sample solution are slowly spotted onto the plate at the origin. If
more than ca | pl is applied at once. the spot will spread o far. The spot has
10 be allowed to dry between each application of 1 ul. Loadings of sample are
typically 20 ug.

(i) The bottom (.5 cm of the plate is immersed in the mobile phase contained in a
tank and the liquid mobile phase is allowed to travel up the silica gel plate by
capillary action.

(iiiy The more polar a compound is the more it adsorbs (partitions into} the silica
gel stationary phase, the less time it spends in the mobile phase as it travels up
the plate and thus the shorter the distance it travels up the plate in a given time.

TLC chromatogram
A diagram of a typical thin-layer chromatography plate after development and
spraying to locate the analytes is shown in Figure 13.2.
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Fig. 13.1
Basic apparatus for thin-
layer chromatography.

Spot sample (2-10 W) onto plate
with microcapillary
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