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ABSTRACT

Assay methods have been developed which are specific
for the analysis of diazepam in the presence of
formulation excipients, closely related degradation
products and manufacturing impurities. The methods
developed used difference ultraviolet
spectrophotometry and HPLC.

These methods have been applied to the analysis of
diazepam in formulations and to investigate the
reaction kinetics of the acid hydrolysis of diazepan.

From analysis of both fresh and stored samples of
formulations, it was seen that solid dosage forms
showed no degradation, but degradation products were
detected in liquid formulations.

Advantages and disadvantages were seen for both

techniques and criteria were established for the
choice of method.

The reaction kinetics of the degradation of diazepam
was studied, using HPLC and GC. Previous workers had
investigated the acid hydrolysis of diazepam using
non-specific analytical methods. An attempt was made
to repeat their work using the specific
chromatographic methods described. From initial work,
it appears that the results obtained are similar to

those previously generated. Further work is required
to investigate this more fully.
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1 INTRODUCTION
1.1 GENERAL INTRODUCTION

The quality of medicines is controlled by a variety of
official publications such as the British
Pharmacopoeia and the United States Pharmacopeia.
These contain monographs for both drug substances and
formulated medicines with specifications which must be
met. In general, these are not as strict as the
limits applied by pharmaceutical companies for the
medicines they produce. The specifications set by the
official bodies are check specifications which the
product must comply with throughout its shelf-life,
while those set by manufacturers are release
specifications which must be tighter than the check
specifications to ensure compliance at the end of the
product's shelf-life.

The monographs found in official publications include
a description of the drug or product, tests for
identity, physical constants, a quantitative assay of
the pure chemical entity (for drug substances) or the
principal active constituent(s) (for medicines) and
also limit tests to exclude excessive contamination.

In these official monographs, the assay method 1is
generally a non-specific one, the tests for identity
and impurities serving to confirm the identity and
purity of the sample and to complement the precision
of the non-specific assay. However, there are many
occasions in the development of a drug or medicine
where a specific assay is required for the drug in the
presence of decomposition products.




A great deal of information is required on a drug
substance, both in its pure form and in formulations
before submission to the Licensing Authorities can be
made for Product Licences. This information is
required to provide chemical, pharmaceutical and
analytical data to define the purity, potency and
stability of the drug and its dosage forms to avoid

any variation in the product which might be of
biological significance.

The stability of the drug substance is of great
importance and knowledge of this for both drug and
formulations is required. The stability of the drug
on exposure to heat, light, moisture, pH change are
all important and have a bearing on formulation to

minimise the degradation of the product and to allow
prediction of the shelf-life.

Tests for pharmaceuticals must be suitable for

detection of the active drug moiety in the presence of
many potential interferents including synthetic
intermediates, impurities of manufacture,

decomposition products and excipients present in the
formulation developed.

The requirements of a stability-indicating assay are

speed, ease of performance, sensitivity, selectivity

and robustness and methods should be assessed using
these criteria.



1.2 DIAZEPAM AND RELATED COMPOUNDS
1.2.1 1,4-Benzodiazepines

Diazepam is a widely used tranquiliser, a member of
the 1,4-benzodiazepine series of drugs. This class of
drug is used as tranquilisers, sleep inducers and
muscle relaxants. A number of molecules of this type

have been synthesised and are in clinical use, Fig.
1.1 shows some typical structures.

O

HCH
. 1 / 3
?_Crf =af/N
./l::::[:N' o ir[:::]:fq e
2
- R, —N/ \" ' C -N(
O
Ry
(a) (b)
Rl Rz R3 R4
Diazepam CH3 R H Cl
Oxazepam H OH H Cl
Nitrazepam H H H NO2
Lorazepam H OH Cl Cl
Flurazepam ’ -(CHZ)ZN(CZHS)z H F Cl
Prazepam —an‘q H H Cl
‘Flunitrazepam | CH3 H F NO2
Clonazepan | H H Cl NOZ
Fig, 1.1 (a) General structure

(b) Structure of chlordiazepoxide

Many of the compounds are interrelated, with
metabolism of some members producing other related
drugs or active metabolites, eg the metabolism of
diazepam, Fig. 1.2, gives oxazepam as one of



the metabolites.

| 0O
3,40 «{;

CH,

N/CHZ —
C E— demethylation ¢ 5

diazepam
l{ hydroxylation l

CHOH - 3 d
C CHOH

1.2.2 Phvsical properties of diazepam

AP

/

oxazepam

Fig. 1.2 Metabolic pathway of diazepam

Diazepam, 7-chloro-1,3-dihydro-l-methyl-5-phenyl-2H-
1,4-benzodiazepin-2-one (Fig. 1.3) has a molecular
weight of 284.75 and an empirical formula,

C, ¢Hq3C1N,0.

Diazepam is synthesised by a number of routes,
including that from 2-methylamino-5-chlorobenzophenone
(MACB) and ethylglycinate (Fig. 1.3) and occurs as an
off-white to yellow, practically odourless crystalline
powder. One reported synthetic precursor of diazepam
is desmethyl diazepam, (7-chloro-1,3-dihydro-5-phenyl-
2H-1,4-benzodiazepin-2-one) which is almost identical
in structure to diazepam but lacks the methyl group on



N-ln

Y L
ﬁ. +  H,NCH, COOCH, CHy; =) (X /cm2
cl cl =N

ethylglycinate
' am
MACR diazep
Fig. 1.3 Synthetic pathway of diazepam

Solubility characteristics indicate that diazepam 1is
poorly soluble in water (0.05 mg/ml), more soluble in
ethanol and methanol (41 and 49 mg/ml) and very

soluble in chloroform (more than 500 mg/ml) ([Florey,
(1972)].

The dissociation constant has been determined
spectrophotometrically and this has been quoted as a

pK, of 3.4 by Newton and Kluza (1978), and as 3.3 by
Barrett et al. (1973). Barrett and co-workers

predicted that the ionisation occurs at the N-4 atom
rather than the N-1 atom on the basis of the spectral

changes seen for a number of drugs of this group, Fig.
1.4.



oH 0-2 pH 5-12

Fig. 1.4 - Protonation of diazepam

1.2.3 Stability of 1,4-benzodiazepines

The hydrolysis scheme for diazepam proposed by
Nakano et al. (1979) is shown in Fig. 1l.5.

T /0 ¢H; 40 >

3
/f:.'l-{2 SR,
’ e
Cl =N & Cl =0 NH, ’ Cl

diazepam. GMACB MACB

Fig, 1.5 Degradation scheme for diazepam

+ H

+ glycine

A general hydrolysis scheme for 1,4-benzodiazepines
postulated by Cartensen et al. (1971) is shown in Fig.

1.6. In this scheme, the reaction to form the

acridone derivative is facilitated when R, is a

halogen, in particular fluorine.



Fig. 1.6  General degradation scheme for benzodiazepines

In this scheme, the point at which cleavage of the
ring occurs depends on the substitution of the
benzodiazepine involved. Han et al., (1976, 1977a and
1977b) followed the reactions of chlordiazepoxide,
demoxepam, diazepam, oxazepam and nitrazepam and
discussed the positions of cleavage for these
molecules. Demoxepam is predominantly cleaved at the
amide linkage, oxazepam would also be preferentially
cleaved at this linkage while for diazepam, methyl
substitution at the amide nitrogen (N-1) makes initial
azomethine hydrolysis the preferred pathway, (R, =
CHy, R, = H and R, = Cl1 for diazepam in Fig. 1.6).
This methyl substitution also makes diazepam one of



the more stable members of the series. In the case of
nitrazepam, the reaction was reported to proceed via
hydrolysis of the azomethine bond. As indicated by
the schematic diagram, this stage in the reaction 1is
reversible, with recyclisation occurring depending on
the conditions present.

The further degradation of these open-ring compounds
to carbostyril, benzophenone and acridone derivatives
are dependent on temperature and pH. At room
temperature, benzophenone derivatives are favoured
with carbostyril and acridone derivatives present at
10% and 1% respectively of the benzophenone content.
As the temperature increases, the incidence of these
other compounds increases. As can be seen from the
proposed routes, studies of the reaction kinetics of
hydrolysis would be very complicated with both
sequential reactions and parallel reactions occurring
simultaneously. Due to the low concentration of any
product other than benzophenone, and the rate

determining steps of conversion to benzophenone being
much larger than those to carbostyril or acridone
derivatives, the overall stability of diazepam was

judged by Cartensen et-al. (1971) by monitoring the
benzophenone formation.

Chlordiazepoxide has a different basic structure from
that of the other 1,4-benzodiazepines discussed here,
and a different initial step in its degradation
pathway, Fig. 1.7. The first stage in the hydrolysis
of chlordiézepoxide is the conversion to demoxepam, a
lactam, which then reacts in a similar way to the
other compounds discussed above.



chlordiazepoxide demoxepam

Fig. 1.7 Degradation scheme for chlordiazepoxide

All the steps in the degradation reactions were found
to be first—-order reactions.

The degradation of chlordiazepoxide has been followed
by both Maulding et al. (1975) and Han et al. (1976).
As might be expected from the similar structures of
these compounds, interference in the ultraviolet
spectrophotometric determination occurs. Maulding and
co-workers used two techniques to follow the
degradation of chlodiazepoxide to demoxepam, which
allowed separation of chlordiazepoxide from the
reaction mixture before its spectrophotometric
quantitation. The methods used were TLC and
extraction of the reaction mixture. In the case of
TLC, chlordiazepoxide was separated from other
compounds by TLC then extracted from the silica after
development of the plate. The content of starting
product was then measured by spectrophotometric
measurement of the recovered material. In the second

method, the samples taken from the reaction were



10

extracted with methylene chloride to remove any
demoxepam and benzophenone before measurement. These
determinations only followed the initial degradation
to demoxepam and not the further reaction to
benzophenone, although this material was present in
the acidic hydrolysis solutions. The reaction was
studied at a number of pH values and with different
concentrations of buffer present.

Han et al. (1976) described the complete kinetics of
the hydrolysis of chlordiazepoxide, from parent
molecule to benzophenone derivative, thus extending
the study performed by Maulding et al. The effect of
ionic strength and temperature on the rate constants

measured were reported. In this study the absorbance
of the reaction mixture was measured initially, at
appropriate time intervals through the reaction and at
t.o . The difference in absorbance between these
points was then plotted against time as described in
Appendix I. Sequential reactions were found to occur
and a number of rate constants were calculated, each
with a different slope, related to the reaction step
being monitored. Simplification in the determination
of one reaction step was possible by choice of
wavelength monitored. An isosbestic point of one
reaction stage was chosen to monitor a second reaction
stage eliminating interference from the first reaction

step. However, problems of interfering results from
different reactions resulted in the need for

mathematical treatment of the results to isolate each
stage in the reaction.

The studies performed by Han et al. were conducted at
elevated temperature with benzophenones and quinolines
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identified in the reaction mixture. Studies have also
been performed on 1,4-benzodiazepines using body
temperature to investigate possible effects on
bioavailability of these drugs due to the reversible
ring-opening reaction described [Nakano et al.,
(1979) 1.

These workers investigated the hydrolytic reaction of
diazepam in acid solution at body temperature using
spectrophotometry. It was found that the azomethine
bond was broken to give an open-ring compound which
was in equilibrium with protonated diazepam. The rate
constant for ring-closure was found to be much greater
than for ring-opening, resulting in a larger
concentration of diazepam than open-ring material at
equilibrium. The cyclization reaction rate was shown
to be pH dependent, with immediate ring-closure at pH
7, and very fast closure at values greater that the
pK, of diazepam. At high temperatures, the further
degradation to benzophenone is expected to occur, with
the potential for quinoline formation if the
concentration of water present is low, or the
temperature high. At body temperature, the reversible
reaction from diazepam to the open-ring compound was
expected to be the major reaction. The workers have
tentatively identified the open-ring intermediate as
2-glycyl (methyl)amino-5-chlorbenzophenone (GMACB) and
have used an authentic sample of this material to
confirm the ring-closure to diazepam. Further work
was performed on nitrazepam [Inotsume and Nakano,
(1980) ] and alprazolam [Cho et al., (1983)] which were
also found to undergo this ring-opening in acid with
recyclization when the solutions were neutralized.

This reversible nature and lack of extractibility of
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the open-ring form into organic solvents have made
isolation difficult.

Although this reaction was investigated to detect
possible effects on biocavailability of the drugs, it
is not thought likely to adversely affect
bioavailability. On administration of the drug
orally, GMACB may form in the acidic environment of
the stomach, and would not be absorbed. However, on
passage of the stomach contents into the small
intestine, the neutralisation would result in
reversion of the ring-opened material to parent
molecule and absorption would be possible.

This pH-dependent ring-opening has been used in a
recent marketed benzodiazepine product, midazolamn,

an 1/v sedative. This is formulated as a salt in
aqueous solution. At pH values lower than pH 4 it
undergoes ring-opening and is highly water soluble, at

pH values greater than pH 4, it undergoes ring-closure
to give a lipid soluble compound, Fig. 1.8.

CHs .  pH< 4 CH,s .
LR ®
5o

pH = 4 .

Fig. 1.8 Ring-opening reaction of midazolam

The ring-open form is stable in aqueous solution and
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has a solubility dependent on the pH of solution. It
is formulated in the ring-open form, but once injected
into the body, the ring closes at physiological pH and
stays closed to enhance the lipid solubility of the
drug and provide a fast onset of action after i/v
admiﬁistration, [Dundee, (1979)].

h'*

Work has also been performed on the solid state
stability of nitrazepam, [Genton and Kesselring,
(1977)]. In this study, the decomposition of
nitrazepam in microcrystalline cellulose was studied
by extraction of nitrazepam and degradation products,

separation of these by TLC and measurement of each by
diffuse reflectance measurement. The effect of

temperature and humidity was studied by following the
decrease of nitrazepam and the increase of 2-amino-5-
nitrobenzophenone and 3-amino-6-nitro-4-phenyl-2(1H)-
quinoloné. The reaction scheme found was as described
in Fig. 1.6 with a reversible reaction to an open-ring
intermediate being followed with the further reaction
to the benzophenone product (by addition of water) or
to the quinolone (by loss of water). The main product
is benzophenone in aqueous solution and quinolone in
solid state, with the ratio depending on the
availability of water. The direct formation of the
quinolone derivative without intermediates was only
seen at high temperatures, at or above the fusion
temperature. Further unidentified compounds were
observed in samples stored at high temperature and
humidity, which were thought to be breakdown products
of the benzophenone and quinolone products.

In addition to hydrolytic breakdown, a second route
for degradation is photochemical decomposition. This
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has been studied for diazepam [Cornelissen et al.,
(1978)]. These workers irradiated a solution of
diazepam in methanol for 17 hours. The solution was
then chromatographed to separate the various compounds
obtained and these were identified, after isolation,
by NMR and MS. The compounds isolated are shown 1in
Fig. 1.9 and were found to fall into three main
groups, benzophenones, 4-phenylquinazolinones and 4-
phenylquinazolines. The percentage of each type of
compound found was dependent on the solvent used, the

concentration of solution and the intensity and
~wavelength of light used.

{I:::I:NHCHS HCHI ./[:::I:NHZ
c cl

?HJ 4° / .

N GHy CH,

O N oo Q b %ﬁ
N w .

‘ N\ N\
o : CH,
c@) C{(X;“
RS

Fig. 1.9 Photochemical decomposition of diazepam

W Pl i ey Wi s B

Diazepam has been produced in a number of different
formulations, both liquid and solid. In the case of
solid formulations ie tablets, capsules and
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suppositories, very low moisture content is present
and these formulations have been shown to undergo
minimal decomposition after storage for extended
periods of time [Connors et al., (1979)]. As the major
route for degradation is hydrolysis, the liquid dosage
forms ie syrup and injection would be expected to

show more decomposition. The formulations produced
for these liquid preparations optimise the conditions
for stability. The pH-rate profile for hydrolysis of
diazepam indicates maximum stability of diazepam in
aqueous solution occurs at approximately pH 5, the pH
of the syrup formulation. - The use of a mixed solvent

system containing propylene glycol, ethanol, benzyl
alcohol and water shows enhanced stability and
solubility over that of a simple aqueous solution.
This type of mixed solvent system is used for Valium
injection, thus enhancing the stability of diazepam.

i

1.2.4 Analvtical methods for assay of diazepam

and other benzodiazepines

As might be expected for a drug substance which has
been so widely used, a great number of analytical
methods, using a variety of techniques, have been

published. These methods have been developed for use
in four main areas,

(1) for use in elucidation of the metabolism of the
drugs and their toxicology during initial
development of the drugs

(11) for checking the purity and specification of
the drugs during manufacture of the dosage

forms, and on storage of these for stability
determination
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(1ii) for studying tissue and body fluid levels of
the drug in clinical use for pharmacokinetic
studies

(iv) measuring tissue and body fluid levels during
forensic examination, eg after overdosage.

As a result of these different sample matrices, the
requirements of the analytical methods depend on the
application they are to be used for, the information
required and the other materials likely to be present
in the sample to be analysed, eg whether degradation
products, impurities, metabolites, co-formulated
drugs, or excipients are likely to be present.

Two reviews have been published on the analysis of
1,4-benzodiazepines. One of these deals with all
types of analytical methods as applied to measurement
of the drugs in body fluids [Clifford and Snmyth,
(1974) ], while the second describes the application of
chromatographic methods [Hailey, (1974)]. In the
years since these have been published, a number of

other analytical methods have been developed, using
new and improved analytical techniques.

In general, the major requirements for metabolic
study assays are sensitivity and specificity. For the
assay of active ingredient in formulations with this

group of drugs, sensitivity is not a problem although
specificity is still important.

For analysis of some members of the series,
particularily for metabolic or forensic studies, the
response of the drug substance'is poor and does not

give the sensitivity required. Also for analysis using



17

GC, not all the compounds are thermally stable. As a
result a number of assay methods have been developed
where the parent drugs are converted to the
benzophenone derivatives by the use of a hydrolytic
reaction before measurement. This has both advantages
and disadvantages, as specificity can be lost with
several parent molecules and metabolites converting to
the same benzophenone, preventing the determination of
each individually. However, this can increase the
sensitivity for the assay of levels of drug and
related compounds in toxicology studies. A review has

been published of analytical methods developed using
hydrolysis [Gasparic and Zimak, (1983)].

1.2.4.1 Titrimetric methods

The use of non-aqueous titration is described in both
the British Pharmacopoeia and the United States
Pharmacopeia [B.P., (1980); U.S.P., (1980)]. In both,
a sultable weight of diazepam is dissolved in acetic
anhydride and is titrated with 0.1 M perchloric acid
in glacial acetic acid. This type of method provides
a very precise measurement, but is non-selective with
the possibility of related compounds interfering in
the determination. These methods are generally used
for drug substance assay and are used in conjuction
with other tests in the monograph. Thus the lack of

specificity is compensated for by the use of identity
tests and TLC tests for determination of related

substances. The official methods also lack
sensitivity, requiring solutions of approximately

10 mg/ml. However, as the method is only applied to
drug substance, this does not pose a problen.
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1.2.4.2 Thin-layer chromatography methods

These methods have been used as semi-quantitative
methods for estimation of impurities or degradation
products. A number of different methods of detection
have been used; UV spectrophotometry [B.P., (1980);
U.S.P., (1980)], hydrolysis of the compound and

reaction with reagent on the plate [Gasparic and
zimak, (1983)].

Wouters et al., (1979) have developed systems for the
identification of 19 benzodiazepine derivatives using
three different chromatographic systems, while

Bakavoli et al. (1984) have used two-dimensional TLC

with hydrolysis before the second development to
identify 12 benzodiazepines.

More accurate measurement of the quantity of drug
present has used densitometric measurement [Grijalba
et al., (1979)]. In this work, a number of different
densitometric methods of quantitation were used, some
without internal standard and some with the incluion
of oxazepam as internal standard. Accuracy and
precision were claimed for the method, and it was

proposed as a means of quantitative analysis of

diazepam which would eliminate interference from any
of its degradation products.

l1.2.4.3 UV and visible spectrophotometry

This technique has been widely used for analysis of
members of the group of drugs, and UV

spectrophotometry is used in the current official
method for analysis of diazepam in formulations of the
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British Pharmacopoiea [B.P., (1980)]. These methods
involve preparation of solutions of diazepam in

methanolic sulphuric acid by extraction from tablets
and capsules and measurement of the absorbance at the

Apayx ©f 284 nm. For diazepam injection, chloroform is
used to extract diazepam from the injection, the

extract 1s evaporated, the residue dissolved in

0.05 M methanolic sulphuric acid and the UV absorbance

measured at the A .. of 368 nm. The method used by
the United States Pharmacopeia was also

spectrophotometric, but this type of method is non-

specific for diazepam in the presence of degradation

products [Newton, (1978)]. The current method in the
United States Pharmacopeia uses HPLC, Section 1.2.4.4.

Spectrophotometric methods for the determination of
benzodiazepines in body fluids are normally not
sensitive enough. To improve the sensitivity and

specificity of the measurement, a number of different
methods of modification have been used.

In benzodiazepines where the N-1 atom is not
substituted, eg nitrazepam, hydrolysis of the parent
molecule to its benzophenone product leaves a primary
amine group which can then undergo a diazotization and
coupling reaction with reagents such as Bratton-

Marshall reagent (N-(l-naphthyl)ethylenediamine) to
produce highly coloured azo dyes, Fig. 1.10.
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+
: N-1-(naphthyl)ethylenediamine
NO2
H -+ -
2 =NC1 =N 0 NHCH, CH, NH,
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1 =0 R, =0 R, —0 .
Fig. 1.10 Diazotization and coupling reaction

This type of colour reaction has also been used for
detection in TLC [Gasparic and Zimak, (1983)].

In the case of diazepam, as it is substituted in the
N-1 position, no colour reaction is possible.

However, MACB is intensly yellow in colour and can be
determined itself without prior reaction. This forms
the basis for a method proposed by Baggli et al.,
(1975). In this method, which was applied both to
pure drug and formulations, diazepam was dissolved in
ethanol or extracted into ethanol from formulations.

6 M hydrochloric acid was added and the mixture was
heated for 1 hour in boiling water. The solutions
were then cooled and extracted with chloroform and the
absorbance of the yellow solution obtained was

measured at 410 nm. The colour produced gave a linear
response and good recovery was obtained. No
interference was found from commonly used excipients.
However, the method would not be stability-indicating
as MACB present in the formulation before hydrolysis
would also be measured. If two determinations were
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made on the samples, one before hydrolysis and one
after hydrolysis, it may be possible to develop a
stability-indicating assay from this method, by
subtraction of the MACB measured before hydrolysis
from that measured after hydrolysis.

A colorimetric method for determination of nitrazepam
has been reported [Sanghavi and Jivani, (1979)] which
uses the change in absorbance of nitrazepam in the

presence of a strong base. This deprotonation results
in a shift in absorbance to give a yellow anion with
Apax ©f 355 nm, Fig. 1.11.

Fig. 1.11 =~ Deprotonation of nitrazepam

Ethanolic solutions of nitrazepam were mixed with 0.5 %
sodium hydroxide and left for 10 minutes to allow the
reaction to occur, the solutions were then diluted and
- the absorbance measured. A number of drugs including

promazine, sodium phencbarbitone and chlorpromazine
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hydrochloride were tested and found not to interfere
in the reaction. Recoveries of known weights of
nitrazepam from formulations were satisfactory.

It has been shown that MACB will interfere with
determination of diazepam using UV absorbance
measurements of diazepam in acidified alcohol at 284
nm [(B.P., (1980); U.S.P., (1980)]. Newton, (1978)

proposed a minor alteration to the official assay to
correct the problem. In this work it was shown that
while the UV spectra of MACB in ethanol and acidified
ethanol are similar, the corresponding spectra for
diazepam differ. Thus if the extracted diazepam was
redissolved in both ethanol and acidified ethanol, the

content of MACB could be measured from the ethanolic
solution at 405 nm without interference from
diazepam. - The acidified ethanol solution could then
be measured at the normal wavelength of 284 nm to
maximise sensitivity for diazepam, and the appropriate
corrections made for the - presence of MACB. This
method was found to be unaffected by the presence of
glycine or excipients used in the sample examined.

Kapp et al. (1979) have proposed a similar
modification to the UV, assay of diazepam to give
specificity in the presence of MACB. In this case,
the samples and standards are be prepared in 5%
hydrochloric acid in methanol and the UV determination
made at 315 nm. At this wavelength, there is very
little absorbance from MACB in this solvent, so little
interference is seen from MACB. However, the
wavelength is not on a A4, .. for diazepam but on the

spectral slope. This will reduce the sensitivity of
the measurement.
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A stability indicating assay has been reported for
prazepam, [Chafetz and Gaglia, (1967)]. This involves
the measurement of the protonated drug in acidic
methanol at 365 nm. At that wavelength, the
interference from the benzophenone degradation product
was less than 5 % of the absorptivity of the parent
drug. It was suggested by the authors that this
method would also be applicable to diazepam due to the
similarity in structures of both these molecules.

Other techniques have been applied to improve the
specificity of the UV measurement using derivative and
difference spectrophotometry and orthogonal

polynomials. The use of these techniques to improve
the specificity of analytical methods has increased
over recent years. They allow the use of a rapid,
simple technique for analysis ie UV spectrophotometry,
but with only a slight increase in either the sample
preparation complexity, or the analysis of the
spectral data obtained, give an increased specificity

without the requirement of solvent extraction or
isolation of the material being measured.
