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Abstract

The present paper describes a simple laboratory procedure for the quantification of diazepam, a central nervous
system depressant benzodiazepine, by ultraviolet spectroscopy. Standard solutions of diazepam, prepared from a
stock solution, were used to construct a calibration curve. Commercial tablets of diazepam were then analysed and
the results obtained were in accordance with the expected percentage range of the manufacturer’s claim and with
the specifications of the Portuguese Pharmacopeia.
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Resumo

O presente artigo descreve um método laboratorial simples para a quantificag@o de diazepam, uma benzodiazepina
depressora do sistema nervoso central, por espectroscopia de ultravioleta. Utilizaram-se solugdes padriao de
diazepam, preparadas a partir de uma solug@o stock, para construir a curva de calibragdo. Analisaram-se entdo
comprimidos comerciais de diazepam e os resultados obtidos foram de acordo com o esperado tendo em conta a
dosagem indicada e as especificacdes da farmacopeia portuguesa (2).
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Introduction

Ultraviolet spectroscopy is a simple and powerful tech-
nique commonly used in pharmaceutical analysis de-
spite the widespread use of high performance liquid
chromatography (1). This analytical tool is relevant
in the pharmaceutical industry in areas such as quality
control (2). Therefore, students of Pharmaceutical Sci-
ences need to be familiar with this methodology (3—11).
In this regard, this paper was designed to introduce the
technique of ultraviolet spectroscopy to undergraduate
students attending Pharmaceutical Organic Chemistry
classes and describes a simple laboratory procedure for
the quantitative assay of diazepam, a central nervous
system depressant benzodiazepine, in commercial tab-
lets.

Benzodiazepines are among the most commonly pre-
scribed drugs worldwide, being used mainly for the
treatment of anxiety disorders and insomnia. These
drugs are central nervous system depressants with seda-
tive-hypnotic, muscle-relaxant, anxiolytic and anticon-
vulsant effects (12). Diazepam (Figure 1) is a white or
light yellow crystalline powder, only slightly soluble in
water but soluble in dichloromethane and ethanol.

Cl

Introduciao

A espectroscopia de ultravioleta ¢ uma técnica simples,
exequivel e robusta que ainda é largamente utilizada em
analises farmacéuticas, apesar da utilizagao generaliza-
da da cromatografia liquida de alta eficiéncia (1). Esta
ferramenta analitica ¢ util na industria farmacéutica em
areas como o controlo de qualidade (2). E assim fun-
damental que os estudantes de Ciéncias Farmacéuticas
estejam familiarizados com esta metodologia (3—11).
Neste sentido, este trabalho foi concebido para intro-
duzir a técnica de espectroscopia de ultravioleta a es-
tudantes que frequentam aulas de Quimica Orgénica
Farmacéutica e descreve um procedimento laboratorial
simples para o ensaio quantitativo de diazepam, uma
benzodiazepina depressora do sistema nervoso central,
em comprimidos comerciais.

As benzodiazepinas estdo entre os farmacos mais pre-
scritos em todo o mundo, sendo utilizadas principal-
mente para o tratamento de ansiedade e insonia. Estes
farmacos sdo depressores do sistema nervoso central
com efeitos sedativo-hipnoéticos, relaxantes musculares,
ansioliticos e anticonvulsivos (12). O diazepam (Figura
1) é um po cristalino branco ou amarelo claro, apenas
ligeiramente soltivel em agua mas soltvel em dicloro-
metano e etanol.

Figure 1/ Figura 1. Diazepam
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The official monographs of the Portuguese Pharmaco-
peia (2) state that diazepam tablets should contain not
less than 90.0 % and not more than 110.0 % of the la-
belled amount of the active substance.

This laboratory experiment involves the quantification
of 5 mg diazepam tablets and makes use of a straight-
forward ultraviolet spectrophotometer usually available
at the undergraduate laboratory. Students are provided
with 5 mg diazepam tablets and a stock solution of diaz-
epam of known concentration, from which they prepare
their pharmaceutical sample and the standard solutions
of diazepam to construct a calibration curve. Sulphuric
acid 5 g L' in methanol is used as the solvent for all
the above solutions. A calibration curve is constructed
by plotting the average absorbances of the standard
solutions, which are assayed in triplicate, against their
known concentrations. Regression analysis is used to
determine the mass of diazepam in the prescription tab-
let. The value obtained is then compared with the manu-
facturer’s claim and with the pharmacopeia’s specifica-
tions. The entire laboratory procedure is completed in a
single three-hour period.

Materials and Methods

Apparatus and Reagents

A Shimadzu UV-1603 ultraviolet-visible spectropho-
tometer and 1 cm length quartz cells of 3 mL volume
were used. The operation temperature was kept constant
at 25 °C by means of a water bath. Commercial tab-
lets of diazepam with labelled amount of 5 mg were
obtained from a local pharmacy.

Preparation of Sample and Standard Solutions

A diazepam solution was prepared by accurately weigh-
ing 10 mg of the diazepam sample and dissolving it in
a volumetric flask to 100 mL, using sulphuric acid 5 g
L' in methanol as the solvent. A 25 mL aliquot of this
solution was taken and diluted in a volumetric flask to
250 mL, using the same solvent, in order to prepare a
stock solution of diazepam with a final concentration
of 10.0 mg mL"". Students were provided with both the
diazepam stock solution and the solvent.

Serial dilutions from the stock solution of diazepam
were performed, using the methanolic sulphuric acid
solution as the solvent, to prepare standard solutions
(usually 10 mL being generally sufficient) of the follow-
ing concentrations: 2.0 mg mL", 4.0 mg mL", 6.0 mg
mL! and 8.0 mg mL"'. These solutions, including the
stock solution of diazepam, were used as standards in
the acquisition of the calibration curve data.
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As monografias oficiais da Farmacopeia Portuguesa (2)
mencionam que os comprimidos de diazepam nao de-
vem conter menos do que 90,0 % e nao mais do que
110,0 % da quantidade indicada da substancia activa.
Este trabalho laboratorial envolve a quantificagdo de
comprimidos de 5 mg de diazepam, recorrendo a um
espectrofotometro de ultravioleta simples, geralmente
disponivel no laboratério de aulas. Sao fornecidos aos
alunos comprimidos com 5 mg de diazepam e uma
solugdo stock de diazepam de concentragdo conhecida,
a partir do qual se preparam a amostra e as solugdes
padrdo para construir uma curva de calibragdo. Para
todas as solugdes ¢ utilizado acido sulfurico 5 g L
em metanol como solvente. A curva de calibracdo ¢
construida representando as absorvancias médias das
solugdes padrdo, as quais sdo testadas em triplicado,
contra as suas concentra¢des conhecidas. Por analise
de regressdo, determina-se a massa de diazepam no
comprimido. O valor obtido ¢ entdo comparado com a
indicacdo do fabricante e com as especificacdes da Far-
macopeia. Este procedimento laboratorial ¢ completado
num periodo de trés horas.

Materiais e Métodos

Equipamento e Reagentes

Foi utilizado um espectrofotometro ultravioleta-visiv-
el Shimadzu UV-1603 e células de quartzo com um
centimetro de comprimento ¢ de 3 mL de volume. A
temperatura foi mantida constante a 25 °C por meio de
um banho de 4gua. Os comprimidos de diazepam com
dosagem de 5 mg foram obtidos a partir de uma farma-
cia local.

Preparagdo da amostra e das solugoes-padrdo

Preparou-se uma solu¢do diazepam por pesagem ex-
acta de 10 mg da amostra de diazepam e dissolugdo
em baldo volumétrico de 100 mL, utilizando-se acido
sulfirico a 5 g L' em metanol como solvente. Uma
aliquota de 25 mL desta solugdo foi diluida num baldo
volumétrico de 250 mL, utilizando o mesmo solvente,
para preparar uma solug@o stock de diazepam com uma
concentracgdo final de 10,0 pg mL"'. Foram fornecidos
aos estudantes tanto com a solucdo stock de diazepam
como o solvente.

Foram realizadas dilui¢des em série a partir da solugdo
stock de diazepam, utilizando a solu¢do de acido
sulfurico em metanol como solvente, para preparar
as solugoes padrao (10 mL sdo geralmente suficiente)
das seguintes concentragodes: 2,0 pug mL", 4,0 pg mL",
6,0 pg mL" e 8,0 ng mL. Estas solugdes, incluindo a
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The preparation of the pharmaceutical sample was
based on the assay described in the Portuguese Phar-
macopeia (2) for diazepam tablets. A 5 mg diazepam
tablet was accurately weighed and crushed with a mor-
tar and pestle. The powder was quantitatively dissolved
in a volumetric flask to 100 mL, using the same solvent
employed in the preparation of the standard solutions.
The solution was shaken for about 15 minutes and then
filtered. A 1:10 dilution, performed by taking a 5 mL
aliquot of this solution and diluting it to 50 mL in a
volumetric flask, using the same solvent, produced the
pharmaceutical sample to be analysed, with an expected
diazepam concentration of 5.0 mg mL .

Care was taken to protect all the above solutions from
light since diazepam is light sensitive.

Hazards: Diazepam is a central nervous system depres-
sant and it is harmful when in contact with the skin and
if swallowed. The sulphuric acid solution in methanol
used as a solvent is toxic and highly flammable. Diaze-
pam solutions must be handled with care. Students must
wear suitable protective clothing, gloves and chemical
safety goggles and avoid contact with eyes, skin and
clothing.

Ultraviolet Absorption Spectrum and Calibration Curve

The ultraviolet absorption spectrum of the diazepam
stock solution was registered between 400 nm and 200
nm. The pure solvent was used as the reference blank.
In all cases 1 cm length quartz cells were used, filled
with 3.0 mL of the solution under analysis.

The absorption maximums of the diazepam stock solu-
tion occurred at the wavelengths of 365 nm, 284 nm,
242 nm and 205 nm (Figure 2). Triplicate readings of
the absorbance of each of the standard solutions were
performed at the maximum wavelength of 242 nm. The
average absorbance of each standard solution of known
concentration was calculated and the values used in the
construction of the calibration curve, a plot of the ab-
sorbance as a function of concentration (mg mL™"). This
was done with the aid of Microsoft Excel, as was the
regression analysis.

Quantitative Analysis of Diazepam Tablets

The ultraviolet absorption spectrum of the pharmaceu-
tical sample was registered between 400 nm and 200
nm (Figure 2). Triplicate readings of the absorbance of
this solution were also obtained, at the same wavelength
used for the analysis of the standard solutions.

The concentration of the solution was determined using
the equation of the regression analysis obtained from
the calibration curve. This value was multiplied by ten,
which was the dilution factor, in order to determine the
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solucdo stock de diazepam, foram utilizadas como pa-
drdes para a aquisicao dos dados da curva de calibragao.
A preparag@o da amostra foi baseada no ensaio descrito
na Farmacopeia Portuguesa (2) para comprimidos de
diazepam. Um comprimido de 5 mg de diazepam foi
rigorosamente pesado e triturado utilizando almofariz e
pildo. O po foi dissolvido num baldo volumétrico de 100
ml, utilizando o mesmo solvente usado na preparagao
das solugdes-padrao. A solucdo foi agitada durante cer-
ca de 15 minutos e depois filtrada. Por fim procedeu-
se a uma diluicdo 1:10 de uma aliquota de 5 mL desta
solucdo para 50 mL num baldo volumétrico utilizando o
mesmo solvente, obtendo-se assim a amostra a ser ana-
lisada, com uma concentragdo prevista de 5,0 ug mL"
de diazepam.

Foi necessario ter o cuidado de proteger todas as
solugoes da luz, uma vez que o diazepam ¢ sensivel a
luz.

Perigos: O diazepam ¢ um depressor do sistema ner-
voso central e ¢ nocivo quando em contacto com a pele
e por ingestdo. A solucao de 4cido sulfurico em metanol
usada como solvente ¢ toxica e altamente inflamavel.
As solugdes de diazepam devem ser manuseadas com
cuidado. Os estudantes devem usar bata, luvas e 6culos
de seguranca e devem evitar o contato com os olhos,
pele e roupas.

Espectro de Absor¢do no Ultravioleta e Curva de
Calibracdo

O espectro de absor¢do no ultravioleta da solugdo stock
de diazepam foi registado entre 400 nm e 200 nm. O
solvente puro foi usado como branco de referéncia.
Em todos os casos, foram usadas células de quartzo de
um centimetro de comprimento, contendo 3,0 mL da
solucdo a ser analisada.

Os maximos de absorcao da solugdo stock de diazepam
ocorreram aos comprimentos de onda de 365 nm, 284
nm, 242 nm e 205 nm (Figura 2). Foram realizadas
leituras de absorvancia em triplicado para cada uma das
solugdes-padrdo, no comprimento de onda de 242 nm.
A absorvancia média de cada solugdo padrdo de con-
centracdo conhecida foi calculada e os valores foram
utilizados na constru¢do da curva de calibracdo, um
grafico da absorvancia em fun¢do da concentragdo (mg
mL™"). A curva de calibrag¢do foi feita com recurso ao
Microsoft Excel, bem como a analise de regressao.

Andalise Quantitativa dos comprimidos de Diazepam

O espectro de absor¢do no ultravioleta da amostra far-
maceéutica foi registado entre 400 nm e 200 nm (Figura
2). Foram obtidas leituras da absorvancia desta solugao
em triplicado, no mesmo comprimento de onda utili-
zado para a analise das solugdes-padrdo. A concen-
tracao da solucdo foi determinada usando a equagdo da



concentration of diazepam in the pharmaceutical sam-
ple in mg/tablet. This value was then compared with the
manufacturer’s claim and with the Portuguese Pharma-
copeia specifications for diazepam tablets.

Results and Discussion

Students must obtain the ultraviolet absorption spec-
trum of diazepam in order to ascertain the wavelength
of maximum absorbance. All absorbance readings
should be performed at this wavelength, at which the
sensitivity of the method is best. The stock solution of
diazepam, with a concentration of 10.0 mg uL™!, was
used for this purpose. The ultraviolet absorption spec-
trum of this standard solution is shown in Figure 2 (up-
per curve). There are four absorption peaks, at 365, 284,
242, and 205 nm.
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regressdo obtida a partir da curva de calibragdo. Este
valor foi multiplicado por 10, o factor de dilui¢do, a fim
de determinar a concentragdo de diazepam na amostra
farmacéutica em mg/comprimido. Este valor foi entdo
comparado com o indicado na embalagem e com as
especificagdes da Farmacopeia portuguesa para com-
primidos diazepam (2).

Resultados e Discussao

Os estudantes devem obter o espectro de absor¢do no
ultravioleta do diazepam, a fim de determinar o compri-
mento de onda de absorvancia maxima. Todas as leituras
de absorvancia devem ser realizadas neste comprimento
de onda, no qual a sensibilidade do método ¢ melhor. A
solucdo stock de diazepam, com concentragao de 10,0
mg pL!, foi utilizada para este proposito. O espectro de
absor¢ao no ultravioleta desta solucdo padrao ¢ mostra-
do na Figura 2 (curva superior). Observaram-se quatro
picos de absorcao, a 365 nm, 284 nm, 242 nm e 205 nm.

0,8 1

0,6 -

Absorbance
Absorvancia

0,4

0,2 1

0,0

T
200 250

wavelenght / nm
comprimento de onda / nm

T
300 350 400

Figure 2. Ultraviolet absorption spectrum of a 10.0 ug mL ™" standard diazepam
solution (upper curve) and a solution from a commercial sample of diazepam (lower

curve).

Figura 2. Espectro de absor¢do no ultravioleta de uma solugdo padrio de diazepam a
10,0 pg mL™" (curva superior) e de uma solugdo preparada a partir de uma amostra

comercial de diazepam (curva inferior).
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The ultraviolet absorption spectrum of the commercial
sample well-matched the one of the stock solution, en-
suring that the pharmaceutical sample contained diaze-
pam and that no interferences from excipients remained
in the solution. This spectrum is shown in Figure 2
(lower curve). The average absorbances of each diaz-
epam solution, at the wavelength of 242 nm, are regis-
tered in Table 1.

O espectro de absor¢do no ultravioleta da amostra
comercial também foi obtido e comparado com o da
solucdo de stock, de modo a assegurar que a amostra
farmacéutica continha o diazepam e que nao houve in-
terferéncia dos excipientes que eventualmente possam
ter permanecido na solugdo. Este espectro ¢ mostrado
na Figura 2 (curva inferior). As absorvancias médias de
cada solugdo de diazepam, ao comprimento de onda de
242 nm, estdo registadas na tabela 1.

Table 1. Absorbances (average of three readings) of diazepam solutions (4 = 242 nm).

Tabela 1. Absorvancias (média de trés leituras) das solugdes de diazepam (A4 =242

nm).
Concentration Tablet
4 2.00 4.00 6.00 8.00 10.0
Concentragdo | (ng mL ) Comprimido
Absorbance
0.216 0.407 0.612 0.821 1.013 0.526

Absorvancia

The standard calibration curve obtained (Figure 3)
shows a linear relationship between absorbance and
concentration in the 2.0 mg mL™" to 10.0 mg mL™! in-
terval, indicating that the Lambert-Beer Law is obeyed
within this range of concentrations.

A curva de calibragdo obtida (Figura 3) mostra uma
relacdo linear entre a absorvancia e a concentragdo no
intervalo de 2,0 mg mL™" a 10,0 mg mL™!, demonstran-
do que a lei de Lambert-Beer ¢ obedecida nesta gama
de concentragdes.

y=0.102x

0.8 R>=0.9995

Absorbance
Absorvincia

0.2 4

0.0

0.0 2.0 4.0

6.0 8.0 10.0 12.0
Concentration / ug mL™
Concentragio / ug mL™"

Figure 3. Standard calibration curve of diazepam obtained at the wavelength of 242 nm.

Figura 3. Curva de calibragdo do diazepam, obtida ao comprimento de onda de 242 nm.
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According to the calibration curve obtained, the con-
centration of the sample solution was determined as
5.16 mg mL™'. The mass of diazepam in the commer-
cial tablet was determined to be (5.16 + 0.01) mg. This
value is within the tolerable and expected percentage
range of the manufacturer’s claim as set forth by the
Portuguese Pharmacopeia (2).

There are several ways in which this experiment can
be modified. Diazepam tablets are available in differ-
ent formulations and any of these should give results
in the linear range of the absorbance-concentration plot
(Figure 3). Changing the commercial formulation from
student to student allows them to quantitatively analyse
different unknowns. Diazepam tablets of the same for-
mulation but from different manufacturers can also be
used. The experiment is also suited for the analysis of
other benzodiazepines such as chlordiazepoxide or al-
prazolam.

The laboratory experiment described herein allows stu-
dents to relate science and technology to everyday life
and simultaneously demonstrates the qualitative and
quantitative powers of ultraviolet spectroscopy. The use
of a familiar drug, such as diazepam, for this purpose
turns this experiment into an attractive and engaging
one. The results obtained are clear and reproducible,
making it easier for students to compare and evaluate
their results.
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De acordo com a curva de calibragdo obtida, a concen-
tracdo da solugdo da amostra foi determinada como
5,16 mg mL™". A massa de diazepam no comprimido
comercial € entdo 5,16 £ 0,01 mg. Este valor esta dentro
da gama permitida e esperada de acordo com a indi-
cacdo do fabricante e o estabelecido pela Farmacopeia
Portuguesa.

Este trabalho laboratorial pode ser modificado de varias
formas. Estdo comercialmente disponiveis comprimi-
dos de diazepam com diferentes formulagdes, sendo
que qualquer um deles devera dar resultados na regido
linear do grafico absorvancia-concentragao (Figura 3).
Alterando o tipo formulagdo de aluno para aluno per-
mitird analisar quantitativamente diferentes amostras.
Poderao também utilizar-se comprimidos com o mes-
mo tipo de formulagdo, mas de diferentes fabricantes.
Este procedimento pode também aplicar-se a analise de
outras benzodiazepinas tais como clordiazepoxido e al-
prazolam.

O trabalho laboratorial descrito permite que os alunos
relacionem a ciéncia e tecnologia com a vida real e,
simultanecamente demonstra o interesse qualitativo e
quantitativo da espectroscopia de ultravioleta. A utili-
zagdo de um farmaco conhecido como o diazepam torna
este trabalho atrativo e envolvente. Os resultados obti-
dos sdo claros e reprodutiveis, tornando mais facil para
os alunos a comparagao entre os seus resultados.

Agradecimentos

Este trabalho faz parte da componente laboratorial da
unidade curricular de Quimica Organica Farmacéutica,
coordenada pela Prof.* Dr.* Fatima Frazdo, a quem este
artigo ¢ dedicado.

Conflito de interesses
Os autores declaram que nao existem rela¢des financei-

ras ou pessoais que puderam ser vistas como um poten-
cial conflito de interesses.

127



Patricia Rijo et al.

References / Referéncias

M

@

(€)

Q)

®)

Hansen SH, Pedersen-Bjergaard S, Ras-
mussen KE. Introduction to pharmaceutical
chemical analysis. Chichester:Wiley; 2012.
Farmacopeia Portuguesa VII. 1° vol.
Lisboa:Instituto Nacional da Farmacia e do
Medicamento; 2002.

Byrd H, O’Donell SE. A general chemistry
laboratory theme: spectroscopic analysis of
aspirin. J Chem Educ 2003; 80:174—6.
Aberasturi F, Jiménez Al, Jiménez F, Arias
JJ. UV-visible first derivative spectropho-
tometry applied to an analysis of a vitamin
mixture. ] Chem Educ 2001; 78:793-5.
Ribone, ME, Pagani AP, Olivieri AC, Goi-
coechea HC. Determination of the active
principle in a syrup by spectrophotometry
and principle component regression analy-
sis. An advanced undergraduate experiment
involving chemometrics. J Chem Educ 2000;
77:1330-3.

128

6

7

(8

©

)

)

)

N

McDevitt VL, Rodriguez A, Williams KR.
Analysis of soft drinks: UV spectropho-
tometry, liquid chromatography, and capil-
lary electrophoresis. J Chem Educ 1998;
75:625-8.

Adams PE. Determining iron content in
foods by spectrophotometry. J Chem Educ
1995; 72:649-51.

Yarnelle MK, West KJ. Modification of an
ultraviolet spectrophotometric determination
of the active ingredients in APC tablets. J
Chem Educ 1989; 66:601-2.

Stolzberg RJ. Evaluation of derivative ultra-
violet spectrometry for determining saccha-
rin in cola and other matrices: an instrumen-
tal methods experiment. J] Chem Educ 1986;
63:351-3.

(10) Van Atta RE. Ultraviolet spectrophotometric
determination of caffeine in cola drinks: an
organic analytical experiment. J] Chem Educ
1979; 56:666.

(11) Fernandez LTH, Klappmeier FH. Experiment
for instrumental analysis. The determination
of aspirin by ultraviolet absorption. J Chem
Educ 1978; 55:266.

(12)Liu S. Central nervous system depressants.
In: Beale Jr. JM, Block JH, editors. Wilson
and Gisvold’s textbook of organic medicinal
and pharmaceutical chemistry. 12th ed., Lip-
pincott; 2011 p. 443-469.



