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 A simple and sensitive spectrophotometric method was developed for the 

determination of nitrazepam (NZP) in pharmaceutical tablets. The method was based 

on oxidative coupling organic reaction of reduced NZP with pyrocatechol in the 

presence of ferric sulfate to form red water soluble product with maximum 

absorbance at 510 nm. The reaction conditions were studied and optimized. The 

linear range for the determination of NZP, and the detection limit were 1– 24 µg mL-

1 and 0.698 µg mL-1, respectively. The proposed method has been applied 

successfully for the determination of NZP in pharmaceutical tablets. A statistical 

comparison of these results with those obtained by the British pharmacopoeia 

procedure using the Student t-test and variance ratio F-test shows a good agreement 

and indicates no significant difference in accuracy and precision at the 95% 

confidence  
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Introduction: 

       Nitrazepam (NZP) is 2H-1,4-benzodiazepin-2-

one, 1,3-dihydro-7-nitro-5-phenyl-, C15H11N3O3 

[1].  

       NZP is a powerful hypnotic drug, anticonvulsant 

and a sedative in the group of drugs, which is known 

as benzodiazepines[2].  

       Various methods have been reported for 

determining this drug in biological and 

pharmaceutical samples. These include: flow 

injection-voltammetric[3], micellar liquid 

chromatographic[4], micellar electrokinetic capillary 

chromatographic[5], thin layer chromatographic[6], 

thin layer chromatographic-densitometric[7], high 

performance liquid chromatographic[8], reverse 

phase-high performance liquid 

chromatographic[9,10],  spectrophotometric[11, 12]. 

       Many colorimetric methods for the 

determination of NZP in pharmaceutical preparations 

are described in Table (1). The BP recommends a 

spectrophotometric method for NZP tablets at 280 

nm[23].  

This search describes the development of 

simple and sensitive spectrophotometric method for 

the quantitative determination of  NZP in 

pharmaceutical tablets. The proposed method was 

based on reduction of the nitro aromatic drug (NZP) 

to the corresponding 
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primary aromatic amine followed by oxidative 

coupling reaction of the latter with pyrocatechol in 

the presence ferric sulfate and the measurement of 

the absorbance of the compounds thus, formed.  

 

Experimental:-                                  

Apparatus 

      A Shimadzu UV-VIS 260 digital double-beam 

recording spectrophotometer (Kyoto, Japan) was 

used for all spectral and absorbance measurements 

with matched 1-cm quartz cells.  

Chemicals and reagents 

      Chemicals and reagents of analytical grade used 

in present study. The standard material of NZP and 

excipients usually used in pharmaceutical tablets 

were provided from the State Company for Drug 

Industries and Medical Appliances (SDI), Samarra-

Iraq.  

Pharmaceutical tablets 

       Pharmaceutical tablets were obtained from 

commercial sources. Mogam Tablets: 5 mg 

Nitrazepam for each tablet (Domina 

Pharmaceuticals, Damascus-Syria). 

Solutions 

Nitrazepam (NZP) reduction solution (500 µg 

mL-1)[22] 

http://en.wikipedia.org/wiki/Medication
http://en.wikipedia.org/wiki/Anticonvulsant
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       This was prepared by dissolving 0.0500 g of 

NZP in ethanol. It was transferred into 50 mL 

volumetric flask, and diluted to the mark with the 

same solvent. The solution was transferred into 

beaker of 125 mL. A 20 mL of distilled water, 20 mL 

of hydrochloric acid (11.64 N), and 3 g of zinc 

powder were added. The beaker was allowed to stand 

for 15 min at room temperature, then the solution 

was filtered into 100 mL volumetric flask, washed 

the residues with distilled water, and diluted to the 

mark volume with distilled water to obtain 500 µg 

mL-1 of NZP reduction solution. More dilute 

solution was prepared daily by appropriate dilution 

using distilled water. 

Pyrocatechol (PC) solution (5 mM) 

       This was freshly prepared by dissolving 0.1101 g 

of PC and diluting to 200 mL with distilled water in 

volumetric flask.  

Ferric sulfate solutions (10 mM) 

       This was prepared by dissolving 0.5619 g of 

ferric sulfate and diluting to 100 mL with distilled 

water in volumetric flask.  

Solutions of pharmaceutical tablets 

Tablets samples: Twenty tablets were accurately 

weighted and finely powdered. An amount of the 

powder equivalent to 50 mg of NZP was dissolved in 

30 mL of ethanol. The solution was filtered into a 50 

mL volumetric flask, the residue was washed with 

ethanol and diluted to volume with the same solvent 

to obtain 1000 µg mL-1 of NZP. This solution was 

transferred into 125 mL beaker and was reduced as 

described above. Further appropriate solutions of 

pharmaceutical tablets were made by using distilled 

water. 

Analytical procedure 

       Into a series of 25 mL volumetric flasks an 

increasing volume of the reduced solution of drug 

(100 µg mL-1) were transferred to cover the range of 

the calibration graph (1 – 24 µg mL-1). To each of 

these were added 1.5 of PC (5 mM) and 1 mL of 

ferric sulfate (10 mM) and diluted to the mark with 

distilled water, mixed well and left for 20 min at 

room temperature (25˚C). The absorbances were 

measured at 510 nm versus the reagent blanks, 

prepared in the same way but containing no drug. 

 

RESULTS AND DISCUSSION 

Absorption spectra of the colored product 

       When a solution of reduced NZP was mixed 

with PC reagent and oxidized with ferric sulfate, an 

intense red color forms immediately, which became 

stable after 20 min. The red solution has a maximum 

absorption at 510 nm. Fig. (1) shows the spectra of 

the red solution formed and of the reagent blank. The 

maximum absorption at 510 nm was used in all 

subsequent experiments.  

Optimum conditions for product formation 

     The effect of various variables on the color 

development was tested to establish the optimum 

conditions for the determination of NZP by oxidative 

coupling with PC reagent in the presence of ferric 

sulfate. 

       In the subsequent experiments, 500 µg of the 

reduced NZP was taken in 25 mL final volumes and 

the absorbances of a series of solutions were 

measured by varying one and fixing the other 

parameters at 510 nm versus reagent blank after 20 

min from the beginning of the reaction. 

Effect of oxidant 

       Fe2(SO4)3.9H2O was found to be a useful 

oxidizing agent for oxidative coupling reaction, other 

oxidizing agents such as NBS, K2Cr2O7, K2S2O8, 

NaIO4, KIO4, and NaIO3 have also been tested, but 

none offered real advantages over ferric sulfate. 

      The effect of the different volumes (0.3 – 2.0 

mL) of 10 mM ferric sulfate solution was examined 

on the maximum absorbance of the colored product 

in the presence 1.5 mL of PC (5 mM). Fig. (2) shows 

that 1.5 mL of the solution  was enough to obtain a 

maximum absorbance, and it was used in the 

subsequent experiments. 

Effect of the coupling reagent  

       Pyrocatechol (PC) was found to be a useful 

coupling reagent for oxidative coupling reaction, 

because it produced stable oxidative coupling organic 

products rapidly. Moreover, this reagent is easily to 

obtain and solve in water. Other coupling reagents 

such as resorcinol, phloroglucinol, phenol, 2-

nitrophenol and 3-nitrophenol did not give product 

when tried in place of PC. 

       The effects of the different volumes (0.3 – 2.0 

mL) of 5 mM PC solution were examined on the 

maximum formation of the colored product. Fig. (2) 

shows that 1 mL of the solution was optimum and 

was used in the subsequent experiments. 

Effect of order of addition 

     To obtain optimum results the order of addition of 

reagents should be followed as given under the 
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analytical procedure, otherwise a loss in color 

intensity and stability was observed. The order of 

addition of reagents cited under analytical procedure 

was used in all subsequent experiments. 

Effect of temperature 

       The effect of temperature on the color intensity 

of the product was studied. In practice a maximum 

absorbance was obtained when the color was 

developed at room temperature (25˚C), but when the 

color was developed in an ice-bath (5˚C) or in a 

water-bath (45˚C) a loss in color intensity and 

stability were observed. It is therefore recommended 

that the color reaction should be carried out at room 

temperature (25˚C). 

Effect of reaction time 

     The color intensity reached a maximum after 

reduced drug solution had been reacted immediately 

with PC and ferric sulfate in aqueous medium and 

became stable after 20 min and remained stable for at 

least 60 min. Therefore, 20 min development time 

was selected as optimum in the analytical procedure. 

Structure of the product 

        Based on the mole ratio and continuous 

variation methods, it was found that reduced NZP 

reacted with PC in a ratio of 1:1 as shown in Fig. (3) 

and Fig. (4).        

       The reduced drug of NZP, by virtue of their 

strong electron donating ability, coupling with PC 

(oxidized to o-benzoquinone by ferric sulfate), 

leading to the formation of oxidative coupled    

products[24], as shown in Fig. (5).  

Stability constant of the product 

       The product formed was soluble in water. The 

apparent stability constant was calculated by 

comparing the absorbance of a solution containing 

stoichiometric amount of NZP and PC (concentration 

of both NZP and PC are 2 mM) that of a solution 

containing a five-fold excess of PC reagent. The 

stability constant of the product in water under the 

described experimental of conditions was                     

1.004 × 105 L mol-1.  

Optical characteristics  

       Employing the conditions described under the 

analytical procedure, a calibration graph for NZP was 

studied. The linearity of calibration graph, molar 

absorptivity, Sandell’s sensitivity, limit of detection, 

and limit of quantitative are summarized in Table (2). 

The slope, the intercept, the standard deviations for 

residuals, slope and intercept and the correlation 

coefficient were evaluated by a least-squares 

regression analysis[25], and are also included in the 

same Table. The obtained correlation coefficient 

value is highly significant.  

 

Accuracy and precision 

       The accuracy and precision of the determination 

of MPH was studied depending upon the value 

percentage of the relative error (E%), recovery 

(Rec.%), and relative standard deviation (RSD%), 

respectively. For five replicates of each concentration 

of MPH containing 8, 12, and 16 µg mL-1. The 

results in Table (3) show a good accuracy and 

precision.  

Effect of interferences 

       To evaluate the selectivity of the proposed 

method for the analysis of pharmaceutical 

preparations containing NZP, the interfering effect of 

excipients were examined by determining NZP in the 

presence of the interference applying the analytical 

procedure.  

       The excipients studied were: lactose, talc, starch, 

magnesium stearate, and PVP. For this study, 

solution was containing NZP and each one of the 

excipients was taken separately in concentrations 

five-times greater than that of NZP were analyzed. 

Under the reaction conditions used all of them do no 

interfere as shown in Table (4). 

Pharmaceutical applications  

       The proposed method was applied for the 

determination of NZP in tablets by the analysis of 

three different concentrations of sample using the 

analytical procedure. The results obtained are 

summarized in Table (5). 

Evaluation of the proposed method 

       For evaluating the competence and the success 

of the proposed method, the results obtained were 

compared with those obtained by standard BP 

method[23]. 

       The same pharmaceutical tablets for NZP were 

analyzed by standard BP method. The results 

obtained by the two different methods (Table (6)) 

were statistically compared, using the Student t-test 

and variance ratio F-test at 95% confidence level[25]. 

In all cases, the calculated t- and F-values (Table (6)) 

did not exceed the theoretical values, which indicate 

that there is no significant difference between either 

methods in accuracy and precision in the 

determination of NZP in pharmaceutical tablets.  
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       From an analytical point of view, it is concluded 

that the described procedure allow for the 

determination of NZP in pharmaceutical tablets. 

Unlike the other procedures, the instrument is simple 

and inexpensive. Its importance lies in the chemical 

reaction upon which the procedure is based, rather 

than upon the sophistication of the instrument. This 

aspect of spectrophotometric analysis is of a major 

interest in analytical pharmacy, since it offers a 

distinct possibility in the assay of a particular 

component in complex pharmaceutical preparations. 

The reagents utilized in the proposed method are 

cheaper and readily available, and the procedure do 

not involve any critical reaction conditions, such as 

heating, extraction or removal of excipients, and 

hence could be used for routine quality control in 

drug industries.  The method was found to be simple, 

low cost, and fairly selective than some of the 

reported colorimetric methods (Table (1)). 

       The proposed method advantage over the 

standard BP method (spectrophotometric method) are 

more selective, as they depend on the presence of the 

nitro group, and less prone to interfere, which are 

normally encountered in single wavelength UV 

measurements. 

       The proposed method was applied to analysis of 

NZP in tablets solutions, suggesting that it used as a 

reliable and advantageous alternative to the other 

previously exported methods for routine analysis of 

NZP in these samples.  
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Table (1): Colorimetric methods for the determination of 

NZP in pharmaceutical preparations 
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Table (2): Analytical values of statistical treatments for 

the calibration graph 
Parameter Value 

Correlation coefficient, r 9.995775 × 10-1 

Regression equation 

y = b x + a; y = absorbance, 

x = concentration (µg mL-1) 

y = 0.017270 x + 

0.031276 

Slope, b (mL µg-1) 1.727021 × 10-2 

Intercept, a 3.127631 × 10-2 

Standard deviation of the residuals, 

Sy/x 
4.020463 × 10-3 

Standard deviation of the slope, Sb 1.514278 × 10-4 

Standard deviation of the intercept, Sa 2.141916 × 10-3 

Linearity range (µg mL-1) 1 – 24 

Molar absorptivity, ε (L mol-1 cm-1) 4.858109 × 103 

Sandell’s sensitivity, S (µg cm-2) 

per 0.001 absorbance unit 
5.790319 × 10-2 

Limit of detection, LOD (µg mL-1) 6.983929 × 10-1 

Limit of quantification, LOQ (µg mL-1) 2.327976 

 

Table (3): Accuracy and precision of the proposed 

method 
Concn., µg mL-1  

E% Rec.%  RSD% 
Present Found 

8.000 08.024 + 0.300 100.300 1.413 

12.000 12.076 + 0.633 100.633 0.809 

16.000 16.068 + 0.425 100.425 0.492 

 

Table (4): Effect of excipients on the recovery of 12 µg 

mL
-1

 of NZP 
Excipient, 

60 µg mL-1 

Concn. of 

NZP, µg mL-1 E%* Rec.%* 

 Found 

Lactose 11.949 – 0.425 099.575 

Talc 12.030 + 0.250 100.250 

Starch 12.071 + 0.592 100.592 

Mg stearate 11.970 – 0.250 099.750 

PVP 12.020 + 0.167 100.167 
    * Average of five determinations. 

 

Table (5): Application of the proposed method for 

determination of NZP in pharmaceutical tablets 
Pharmace

utical 

tablets 

Concn. of MPH,  

µg mL-1 E%* Rec.%* 
RSD

%* 
Present Found 

Mogam 

Tablets 

8.000 

12.000 

16.000 

8.058 

12.040 

16.073 

+ 0.725 

+ 0.333 

+ 0.456 

100.725

100.333

100.456 

1.127 

0.818 

0.647 
* Average of five determinations. 

 

Table (6): The comparison of the proposed method with 

standard BP methodusing t- and F-statistical tests 
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* Average of five determinations. 

 

 
Fig. (1): Absorption spectra NZP a of the product 

obtained by the reaction of PC with  40 µg mL
-1

 of 1- 

reduced NZP in the presence of ferric sulfate versus 

reagent blank, 2- reagent blank versus distilled water 
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Fig. (2): Optimum conditions for determination of NZP 
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Fig. (3): Mole ratio plot 
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Fig. (4): Continuous variation plot 
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Fig. (5): Reaction scheme 
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 الخلاصة
ت ة مما ب فنيبا بحتسدسممن   تعت ممن بح ةي مم    مم ثسممي   ي سةسمم  حت ممنية بحزةيتةبفيثممةر صممل بدلاممةب  بح ممين زي    يمم يتضمم ا بحث ممو ت مميية  ةي مم   ي        

يتدمميا زممةت   دثةيتممةا بح نيممني     ثيجممين  مما بحثةيةيدممةتيديا  بحعضممي  حممنيبن بحزةيتةبفيثممةر بح بتممفا مثيسممة    سمم يح بحبةة مميا ي ممة   بح يممنةيد يةي  
بً  تممر نةبسمم  يت ثيمما ظممةيل بحت ة مما بح ضمم    دممةا  ممن  بحب يمم  حت ممنية تة  زممةزي  510  زممن  مميا  مميجل ب ت ة ممي  أظ ممة ألا مم   ممة  ب مم  صممل بح ممةن أ

   ث ا بح ةي   ثزجةح صل ت نية بحزةيتةبفيثةر صل بدلاةب  بح ين زي   ي -1 ا ةيدةيغةبر  0.698يث ن دشل  -1 ا ةيدةيغةبر  1 – 24بحزةيتةبفيثةر ثيا 
 ما زتمة    ةي م  نسمتية بدنييم  بحثةي مةزل  ي يجمن أزم    ييجمن صمةح  عزمي  صمل نلام  ي   منبلاي    F ي t زتة ج مة    مة يةً ثةسمتع ةا ببتثمةة  تمر   ةةزم  

  95%بح ةي   بح  تة    ا   ةي   نستية بدنيي  بحثةي ةزل  زن  ستي      
 


