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     Abstract 
Two simple and sensitive visible spectrophotometric methods (I and II) are developed for 

the quantification of modafinil in pure and in tablet formulations. The methods (I and II) are 

based on the bromination of modafinil by a bromate/bromide mixture of known concentration in 

acid medium. The determination of residual bromine is based on its ability to bleach methyl 

orange (method I) and methylene blue (method II) and measuring the absorbance at 525 nm 

and 664 nm, respectively. In both methods, the amount of bromine reacted with the dye 

corresponds to the drug content. The different experimental parameters affecting the reaction 

and stability of the colored product are carefully studied and optimized. Beer's law is obeyed in 

the concentration ranges of 0.5-5.0 and 0.75-4.5 μg mL-1 with regression coefficient of 0.9981 

and 0.9995 for methods I and II, respectively. The limits of quantification (LOQ) were 0.0540 and 

0.0536 μg mL-1 for methods I and II, respectively. After validation according to the guidelines of 

International Conference on Harmonization, the proposed methods were successfully applied to 

assay modafinil in its tablet formulations. The label claim percentages were 99.97 ± 0.896% and 

99.98 ± 0.884% for the methods I and II, respectively. No interference was observed from 

common excipients found in pharmaceutical preparations.  
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Introduction 
Modafinil (MDF) is a narcoleptic drug that improves wakefulness. Chemically, 

MDF is known as 2-[(diphenylmethyl) sulfinyl] acetamide (Figure 1).[1-4] The exact 

action mechanism of MDF is not known. By binding to the dopamine transporter, MDF 

reduces the dopamine uptake and increases dopamine levels in the brain.  

Various techniques have been described for the determination of MDF. Among 

them, the methods for the quantification of MDF in biological samples are high 

performance liquid chromatography,[5-10] gas chromatography–mass spectrometry[11] 

and liquid chromatography-mass spectrometry.[12] Modafinil in bulk and pharmaceutical 
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formulation was determined by methods such as high performance liquid 

chromatography[13-18] and high-performance thin layer chromatography.[19]  

 
Figure 1: Structure of modafinil 

 

Spectrophotometry may serve as a useful alternative technique to the 

aforementioned sophisticated chromatography techniques owing to its cost-

effectiveness, simplicity of operation, sensitivity, fair accuracy, precision and broad 

applicability. Only one spectrophotometric method was reported for the determination 

of MDF in pharmaceutical formulation.[13] The spectrophotometric method involves 

absorbance measurement of MDF in glacial acetic acid medium at 236 nm. Though 

the method is simple, it is limited by either low sensitivity or selectivity and lack of 

precision and accuracy.  

Extensive survey revealed that no visible spectrophotometric method has been 

reported for the quantification of MDF in pharmaceutical formulations. Therefore, it is 

necessary to develop and validate a simple, sensitive, cost effective, precise and 

accurate visible spectrophotometric method for the quantification of MDF in 

pharmaceutical formulations.  

In the present study, and for the first time, two spectrophotometric methods (I 

and II) were developed for the determination of MDF. The methods are based on the 

bromination of MDF with a measured excess of bromate–bromide mixture in acid 

medium and determining the remaining bromine by making it react with a fixed amount 

of either methyl orange (method I) or methylene blue (method II). The developed 

methods could be applied for the quantitative determination of MDF in their tablet 

formulation. The results obtained were satisfactory. 

Materials and Methods  

Apparatus 

Absorbance was recorded using an Elico double beam model SL 159 digital 

ultraviolet–visible spectrophotometer with 1‐cm matched quartz cells. 

Chemicals and reagents 

All chemicals used were of analytical reagent grade and used as received. All 

solutions were prepared afresh daily. Distilled water was used throughout the study.  
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Bromate–bromide mixture solution 

Stock standard solution of KBrO3–KBr equivalent to 1 mg mL-1 KBrO3 was 

prepared by dissolving accurately weighed 100 mg of KBrO3 (s d fine-chem Ltd., 

Mumbai, India) and 1 g of KBr (s d fine-chem Ltd., Mumbai, India) in water and diluting 

to the mark in a 100 mL calibrated flask. Stock standard solution of KBrO3–KBr (1 mg 

mL-1 KBrO3) was diluted with water to get the working bromate–bromide solutions 

containing 10 and 25 μg mL-1 of KBrO3 for use in methods I and II, respectively. 

Methyl orange solution (50 μg mL-1) 

The methyl orange stock standard solution (1 mg mL-1) was prepared by 

dissolving accurately weighed 100 mg of methyl orange in water and diluting to the 

mark in a 100 mL calibrated flask. Working standard solution containing 50 μg mL-1 of 

methyl orange was prepared by further dilution of the stock standard solution with 

water for use in method I.  

Methylene blue solution (40 μg mL-1) 

Stock standard solution containing 1 mg mL-1 of methylene blue was prepared 

with water. Working standard solution equivalent to 40 μg mL-1 of methylene blue was 

prepared by suitable dilution of stock standard solution with water for use in method II.  

Standard solutions of MDF 

Modafinil (analytical grade) was obtained as a gift sample from the Orchid 

Chemicals & Pharmaceuticals Ltd (Chennai, India) and was used as received. The 

MDF stock standard solution (1 mg mL-1) was prepared in a 100 mL calibrated flask by 

dissolving 100 mg of the drug in 20 mL of methanol and then diluted to the mark with 

water. Working standard solutions containing 25 and 15 μg mL-1 of MDF was prepared 

by further dilution of the stock standard solution with water for use in methods I and II, 

respectively.  

5 M Hydrochloric acid  

This solution was prepared by diluting 41.05 mL of 37% HCl (s d fine Chem Ltd, 

Mumbai, India) to 100 mL with distilled water in a 100 mL volumetric flask.  

General analytical procedures 

Method I 

Aliquots (0.2, 0.4, 0.6, 0.8, 1.0, 1.5 and 2 mL) of MDF working standard solution 

(25 μg mL-1) were transferred into a series of 10 mL volumetric flasks to give final 

concentrations of 0.5, 1.0, 1.5, 2.0, 2.5, 3.75 and 5 μg mL-1, respectively. The total 

volume was adjusted to 2.0 mL by adding sufficient quantity of water. Two mL of 5 M 

HCl was added to each flask, followed by 1.0 mL of bromate–bromide (10 μg mL-1 in 

KBrO3) solution. The contents of the flasks were mixed well and allowed to stand for 15 

min with occasional shaking. Then, 1.0 mL of methyl orange solution (50 μg mL-1) was 
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added to each flask. After 5 min, the contents of the flask were diluted to 10 mL with 

water and mixed well. The absorbance was measured at 525 nm against a blank 

solution treated similarly omitting the drug. 

Method II 

Aliquots (0.5, 1.0, 1.5, 2.0, 2.5, and 3 mL) of MDF working standard solution (15 

μg mL-1) were transferred into a series of 10 mL volumetric flasks to give final 

concentrations of 0.75, 1.5, 2.25, 3.0, 3.75 and 4.5 μg mL-1, respectively. The total 

volume was adjusted to 3.0 mL by adding sufficient quantity of water. Two mL of 5 M 

HCl was added to each flask, followed by 1.0 mL of bromate–bromide (25 μg mL-1 in 

KBrO3) solution. The contents of the flasks were mixed well and allowed to stand for 10 

min with occasional shaking. Then, 1.0 mL of methylene blue solution (40 μg mL-1) 

was added to each flask. After 10 min the contents of the flask were diluted to 10 mL 

with water and mixed well. The absorbance was measured at 660 nm against a blank 

solution treated similarly omitting the drug. 

In both the methods, the absorbance value versus the final concentration of 

MDF (μg mL-1) was plotted to obtain the calibration curve and the corresponding 

regression equation was derived.  

Analysis of MDF in pharmaceutical formulation 

Tablets of MDF, Modafil MD 100 (Intas pharmaceuticals, Dehradun, India) 

labeled to contain 100 mg were obtained from a local pharmacy shop. Twenty tablets 

of MDF were powdered and tablet powder equivalent to 50 mg of MDF was placed in a 

beaker. The MDF was extracted with 10 mL methanol by shaking for 20 min. The 

methanol extract was filtered through Whatman No. 1 filter paper into a 50 mL 

volumetric flask. The filtrate was diluted to the mark with water to obtain a stock 

solution (1 mg mL-1). The stock solution was diluted with water to provide 25 μg mL-1 
(method I) and 15 μg mL-1(method II) of MDF. The procedures described under 

“General Analytical Procedures” were followed. The content of MDF in the tablets was 

determined using the corresponding calibration curve or regression equation. 

Results and Discussion 

Basics of the reaction 

The mixture of potassium bromate and potassium bromide in acidic medium 

produces bromine according to the following equation:[20] 

BrO3
- + 5 Br- + 6 H+ → 3 Br2 + 3 H2O  

Bromine generated in situ by the action of the acid on the bromate-bromide 

mixture is used for the bromination/oxidation of organic and inorganic compounds. The 

remaining bromine is determined by making it react with fixed concentrations of dyes. 

Bleaching action of bromine on the dyes causes decoloration of the dye through 
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irreversible oxidative destruction. The above principle is used for the assay of many 

pharmaceutical compounds using bromate-bromide mixture and dyes as analytical 

reagents.[21–27]  

In the present investigation, a known excess of bromine, generated in situ by the 

action of the HCl on the bromate-bromide mixture, is used to brominate MDF in an 

acidic condition. The unreacted bromine is allowed to react with a fixed amount of dye, 

methyl orange (method I) or methylene blue (method II). The amount of bromine 

reacted with dyes corresponds to the amount of MDF. This reaction forms the basis of 

MDF quantification. When methyl orange (method I) and methylene blue (method II) is 

bleached completely with bromine, the absorbance at 525 nm and 660 nm, 

respectively, decreases and reaches minimum value. With increasing the 

concentration of MDF, there occurs a concomitant fall in the concentration of bromine. 

This is observed by a linear increase in the absorbance due to the unbleached methyl 

orange (method I) and methylene blue (method I) at 530 nm and 660 nm, respectively.  

Optimization of experimental parameters 

The influence of KBrO3 concentration was analyzed using different KBrO3–KBr 

mixture solutions equivalent to 5, 10, 15, 20, 25, 30 and 35 μg mL-1 KBrO3. It was 

found that increasing the KBrO3 concentration produces a proportional increase in the 

absorption intensity up to 10 μg mL-1 in method I and 25 μg mL-1 in method II. A further 

increase in the concentration of KBrO3 produced a gradual decrease in the absorption 

intensity. Therefore, KBrO3–KBr mixture solution equivalent to 10 μg mL-1 KBrO3 and 

25 μg mL-1 KBrO3 was chosen as the optimal concentration for method I and method II, 

respectively (Figure 2). 

 
Figure 2: Effect of KBrO3 concentration on the bromination of MDF according to 

method I and method II. 

The effect of concentration of HCl was studied over the range of 1-7 M HCl. 

Maximum absorption intensity was obtained at 5 M HCl. Increasing the molarity 

beyond 5 resulted in a decrease in the absorption intensity. As a result, 5 M HCl was 
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chosen as the optimum HCl concentration (Figure 3) for both methods. Maximum 

absorption intensity was obtained upon using 2 mL of the 5 M HCl. 

 
Figure 3: Effect of HCl concentration on the bromate-bromide mixture to generate 

bromine.  

The influence of methyl orange concentration was investigated by carrying the 

reaction procedure using different concentrations of methyl orange in the range of 10-

90 μg mL-1. It was found that the maximum absorption intensity was obtained using 1 

mL of methyl orange (50 μg mL-1), beyond which the absorbance remained constant 

(Figure 4). So, a concentration of 50 μg mL-1 methyl orange was used in method I. 

 
Figure 4: Optimum concentration of methyl orange (method I) and methylene blue 

(method II) required to determine the residual bromine. 

The effect of methylene blue concentration was studied using 1 mL of varying 

methylene blue concentrations (10, 20, 30, 40, 50 and 60 μg mL-1). The results (Figure 

4) indicated that 1 mL of 40 μg mL-1 was the optimum methylene blue concentration, 

since this concentration gave the highest absorption intensity. Beyond this 
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concentration the absorbance slightly decreased. So, a concentration of 40 μg mL-1 
methylene blue was used in method II. 

In order to determine the optimum time required for the bromination of MDF, the 

reaction was allowed to proceed at room temperature for varying periods of time (5, 

10, 15, 20 and 25 min). It was found that the reaction goes almost to completion within 

15 min (Figure 5). Therefore, 15 min was chosen as the optimum time for bromination 

of MDF in both methods. 

 
Figure 5: Optimum time required for bromination of MDF in method I and method II. 

In order to determine the optimum time required for bleaching the dye (methyl 

orange in method I and methylene blue in method II), the reaction was allowed to 

proceed at room temperature for varying periods of time (5, 10, 15, 20, 25 and 30 min). 

It was found that the reaction goes almost to completion within 5 min in method I and 

10 min in method II (Figure 6). Therefore, 5 min and 10 min were chosen as optimum 

time for bleaching methyl orange and methylene in methods I and II, respectively.  

 
Figure 6: Optimum time required for bleaching methyl orange in method I and 

methylene blue in method II. 
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The effect of time on the stability of the colored products in method I and method 

II was studied by following the absorption intensity of the reaction solution at different 

time intervals. It was found that the absorbance of the chromogen remains stable for at 

least 5 and 2 hrs in methods I and II, respectively. This allowed the processing of lots 

of samples and their comfortable measurements with convenience.  

Method validation 

The developed spectrophotometric methods were validated using the guidelines 

of International Conference on Harmonization (ICH).[28] Validation parameters included 

linearity, sensitivity, accuracy, precision and robustness.  

Linear calibration curves for the proposed methods were obtained in 

concentration ranges 0.5-5.0 μg mL-1 for method I and 0.75-4.5 μg mL-1 for method II. 

For both methods, the characteristic parameters of regression equations and 

regression coefficients are given in Table 1. The regression coefficient values 

indicating good linearity of the proposed methods.  

Table 1: Linearity and Sensitivity of method I and method II. 
Parameter  Method I Method II 

Beer’s law limit (μg mL-1) 0.5-5.0 0.75-4.5 
Regression equation (y = mc+x)* y = 0.1397c+ 0.0166 y = 0.1139c + 0.006 

Slope (m) 0.1397 0.1139 
Intercept (x) 0.0166 0.006 

Regression coefficient (r2) 0.9981 0.9995 
Molar Absorbtivity (L mole-1 cm-1) 4.865 x 105 3.316 x 105 

Sandell’s sensitivity 
(µg cm-2/0.001 Absorbance unit) 

0.000561 0.0008241 

LOD (μg mL-1) 0.0162 0.0177 
LOQ (μg mL-1) 0.0540 0.0536 

*y = Absorbance; c = Concentration of MDF in μg mL-1 

The sensitivity of the proposed methods is expressed in terms of molar 

absorptivity, Sandell’s sensitivity, limit of detection and limit of quantification. All 

sensitivity data of the proposed methods are presented in Table 1. The data shows 

that the proposed methods are sensitive for the determination of MDF.  

The precision and accuracy of the proposed methods was studied by intra-day 

and inter-day analysis. Intra-day precision and accuracy was determined by analyzing 

five standard solutions of three different concentrations (within the linearity range) on 

the same day and inter-day precision and accuracy was determined by analyzing the 

same solutions for three consecutive days. Percentage recovery and relative standard 

deviation was then calculated to represent accuracy and precision, respectively. The 

results of intra-day and inter-day precision and accuracy are presented in (Table 2). 

The results indicated a good method precision and accuracy.  
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Table 2: Assessment of accuracy and precision of method I and method II.  
Type of 
assay 

Method  MDF (μg mL-1) %  
RSD 

% 
Recovery Taken  Found*  

 
Intra-day  

 
I 

0.5 0.510 1.019 102.00 
2.5 2.480 0.520 99.20 
5 4.990 1.082 99.80 

 
II 

0.75 0.748 0.962 99.73 
2.25 2.246 1.068 89.84 
4.5 4.502 0.866 100.04 

 
Inter-day 

 
I 

0.5 0.490 1.306 98.00 
2.5 2.520 0.833 100.80 
5 4.980 1.244 99.60 

 
II 

0.75 0.754 1.007 100.53 
2.25 2.248 1.381 89.92 
4.5 4.498 1.022 99.95 

*Average of five determinations. 

For further confirmation of the accuracy of the proposed methods, recovery 

study via standard addition method was performed. In the standard addition method, 

known quantities (50, 100 and 150%) of MDF were supplemented to the sample 

solution previously analyzed. The total concentration of MDF was once again analyzed 

by the developed methods. Percentage recoveries and relative standard deviations for 

each method are given in Table 3. Recovery studies assured the methods to be highly 

accurate and suitable for intended use. The percentage recovery values also indicated 

that there is no interference from excipients, indicating selectivity of the proposed 

methods for determining the MDF. 
 

Table 3. Results of recovery study of method I and method II. 
Method Amount of MDF (mg) % 

RSD 
% 

Recovery Tablet Added  Total 
found* 

 
I 

100 50 149.96 0.522 99.97 
100 100 200.04 0.482 100.02 
100 150 249.93 0.564 99.97 

 
II 

100 50 150.04 0.641 100.02 
100 100 199.94 0.510 99.97 
100 150 250.12 0.582 100.05 

* Average of five determinations.  
 

Robustness of the proposed methods was determined by deliberately varying 

experimental parameters like volume of bromate–bromide mixture solution (methods I 

& II - 0.9, 1.0 and 1.1 mL), volume of 5 M HCl (methods I & II - 1.9, 2.0 and 2.1 mL), 

volume of dye solution (methods I & II - 0.9, 1.0 and 1.1 mL), reaction time for 

bromination (methods I & II - 13, 15 and 17 min) and reaction time for bleaching the 

dye (method I - 4, 5 and 6 min: method II - 9, 10 and 11 min). The assay was carried 

out in triplicate at two different concentration levels (method I - 0.5 and 5.0 μg mL-1: 

method II – 0.75 and 4.5 μg mL-1). The percent recoveries and relative standard 

deviation values were calculated. The results are shown in Tables 4 and 5. The minor 
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changes that may take place during the experimental operation do not affect the assay 

of MDF indicating the excellent robustness of the proposed methods. 
 

Table 4. Assessment of robustness of method I. 

 
Parameter altered 

 

Concentration of MDF 
0.5 μg mL-1 5 μg mL-1 

Found* % 
Recovery 

% 
RSD Found* % 

Recovery 
% 

RSD 
Volume of bromate–
bromide solution (1 ± 

0.1 mL) 
0.513 102.60 1.096 5.011 100.22 0.778 

volume of 5 M HCl 
(2 ± 0.1 mL) 0.489 97.80 1.0 4.964 99.28 0.866 

Volume of methyl 
orange solution (1 ± 

0.1 mL) 
0.515 103.00 1.078 4.979 99.58 1.146 

Reaction time for 
bromination 

(15 ± 2 minute) 
0.496 99.20 0.795 4.986 99.72 1.220 

Reaction time for 
bleaching of dye (5 ± 

1 minute) 
0.488 97.60 0.979 5.022 100.44 0.876 

* Average of three determinations.  

Table 5. Assessment of robustness of method II. 

 
Parameter 

altered 

Concentration of MDF 
0.75 μg mL-1 4.5 μg mL-1 

Found* % 
Recovery 

% 
RSD Found* % 

Recovery 
% 

RSD 
Volume of 

bromate–bromide 
solution (1 ± 0.1 

mL) 

0.752 100.27 0.718 4.496 99.91 0.533 

Volume of  
5 M HCl 

(2 ± 0.1 mL) 
0.746 99.47 0.576 4.511 100.24 0.842 

Volume of 
methylene blue 
solution (1 ± 0.1 

mL) 

0.749 99.87 0.480 4.492 99.82 0.712 

Reaction time for 
bromination (15 ± 

2 minute) 
0.744 99.20 0.913 4.503 100.07 0.644 

Reaction time for 
bleaching of dye 
(10 ± 1 minute) 

0.754 100.53 0.545 4.498 99.95 0.720 

* Average of three determinations.  

Application of the developed methods to the tablets 

The developed and validated methods were successfully applied to the 

determination of MDF content in the tablet formulation. The obtained results are shown 

in Table 6. Good agreement was observed for the assay results of the tablets by 

application of the two methods. The percent recovery and relative standard deviation 

values indicate good accuracy and reproducibility, respectively of the proposed 

methods. 
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Table 6. Results of assay of MDF in tablet formulations. 
Method  Amount of MDF (mg) 

% RSD 
% 

Recovery  Tablet  Found*  
I 100 99.97 0.896 99.97 
II 100 99.986 0.884 99.98 

* Average of five determinations. 

Conclusion 

Two visible spectrophotometric methods are developed and validated for the 

determination of MDF using bromate-bromide solution and two dyes, methyl orange 

(method I) and methylene blue (method II). The developed methods are simple and 

cost effective as they do not require sophisticated instrumentation like chromatography 

techniques. As the methods do not involve absorbance measurements in the UV 

region, they are more selective than the reported UV spectrophotometric methods. The 

proposed methods have the advantage of high sensitivity, accuracy and precision in 

addition to being free from interference from common excipients. Since simple, cheap 

and readily available chemicals are used, the developed methods evidence low cost 

per analysis. Because of the above advantages, the proposed methods are 

recommended for the routine determination of MDF in bulk and in their tablet 

formulations. 
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