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A straightforward, quick, and accurate spectrophotometric 
method using diazotized sulfanilic acid as reagent to quantify 
minoxidil in both its pharmaceutical and pure forms.In this 
method, p-aminobenzen sulfonic acid (sulfanilic acid)  was 
diazotized with low molar sodium nitrite (NaNO2) solution in the 
presense of hydrochloric acid (HCl) to produce corresponding 
diazonium salt subsequently coupling with  minoxidil drug , a 
yellow color of azo dye which was water soluble and has a 
maximum absorption (λmax) at 400 nm compared a reagent 
blank. An under best conditions, the linearity of Beer's law was 
estimated in the concentration range of (5-40) μg/ml with an 
exceptional determination Linearity coefficint (R2= 0.9993) and 
molar absorptivity of 4.624*103  l/mol.cm. The detection limit 
(LOD), quantitation limit (LOQ) and precision ranges (RSD%) 
were calculated equal to 0.012 , 0.040 μg/mLand 0.16% to 1.59%, 
respectively. The stoichiometry was showed to be 1:1 (minoxidil: 
diazotized Sulfanilic acid). The procedure has been utilized 
successfully to determination of minoxidil in tablets. 
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Introduction:  

          Minoxidil a white drug powder, the chemical formula C9H15N5O and molecular weight 

209.25 g/mol chemically known as (2,4-diamino-6-piperidinopyrimidine 3-oxyde), has been 

used to treat severe hypertension in patients whose blood pressure is not adequately 

controlled with combinations of conventional antihypertensive medications. About 80% of 

patients showed good results [1], It works to hyperpolarize the cell membrane via activating 

potassium channels in the peripheral artery's smooth muscles [2]. The drug was showed side 

effects, including excessive hair growth, which was one of the reasons for discovering its 

effectiveness in treating androgenic alopecia (AGA), first in males and then in females [3,4]. 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.54153/sjpas.2025.v7i2.954
mailto:mohamed_tawfiq@uosamarra.edu.iq


32 
 

          The development of analytical methods is an important and crucial step in 

pharmaceutical analysis because it plays a major role in drug development and 

pharmaceutical quality control. This process includes selecting appropriate techniques and 

optimizing various parameters to ensure accurate and reliable analysis of pharmaceutical 

samples. Many literatures have revealed various analytical methods for the determination of 

minoxidil, such as high-performance liquid chromatography [5-7], electrochemistry [8-10], LC–

MS[11] and Spectrophotometric methods [12-14]. 

Experimental 

Apparatuses 

        Bruker ALPHA II FTIR Spectrometer, SHANGFEN N4S single beam UV-Visible 

Spectrophotometere  with 1.0-cm matched quartz cells ,Electronic balance (Sartorius balance) 

was  used for weighing chemical materials and pH meter . 

Reagent and chemical solutions 

all experiments were used materials high pure chemical: 

 Standard concentration of minoxidil (100 ppm): 

          A 10 mg dose of minoxidil that was acquired by the pharmaceutical industry from the 

Macklin Company (New Delhi -India) was dissolved in a quantity of ethanol, following that, 

the contents were transferred to a 100 mL standard flask and the volume was adjusted with 

distilled water. 

sulphamic acid (3% W/V) solution: 

        Using a standard flask, 3 g of sulphamic acid was dissolved in 100 mL of distilled water.. 

sulfanilic acid solution (10 ppm): 

        A 10 mg of sulfanilic acid was dissolved in 1000 mL of distilled water using standard flask. 

Sodium nitrite (0.2M):  

        Weighing and dissolving 1.38 g of sodium nitrite in distilled water to a final volume of 100 

ml. Hydrochloric acid (1 M):  

        Distilled water was used to dilute 8.35 ml of 11.97 M concentrated hydrochloric acid to 

100 ml.. phosphoric acid solution (1M): 

        A 6.29 ml of (15.9 M) concentrated phosphoric acid was diluted to 100ml using distilled 

water and bringing the volume to the mark. glacial acetic acid solution (1 M): A 5.75 ml of 

(17.4 M) concentrated glacial acetic acid was diluted to 100 ml using distilled water and 

bringing the volume to the mark. 

Buffer solution 

      The buffer solution was prepared at pH = 1.3, where 1.4912 g of potassium chloride was 

dissolved with distilled water and transferred to a 100 ml standard flask and completed to the 

mark, take 50 ml from buffer solution into a 200 ml standard flask and add 67.2 ml of 

hydrochloric acid 0.2M, then completed to the mark with distilled water [15]. 

Analysis of minoxidil in the pharmaceutical preparations 

       The pharmaceutical preparation Minoxidil Tablets, produced by Steadfast Medishield Pvt 

Ltd, New Delhi - India. Each tablet contains 5 milligrams. 20 tablets were ground and 

dissolved in 25 ml of ethanol. The solution was filtered and transferred to a 100 ml volumetric 

flask then compeleted to the mark by distilled water to prpduce 1000 micrograms/ml.   a 
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solution of 100 micrograms/ml was prepared, where 10 ml was taken, to a 100 ml volumetric 

bottle, and compeleted by distilled water to the mark. 

Procedure method   

        One mL (0.2M) sodium nitrite was added to each flask in an ice path (0–5°) with a stirrer 

after a series of 10 mL standard flasks, 1 mL (10) μg/ml of sulfanillic acid, and 1 mL of 1 M 

hydrochloric acid were cooling, add 0.25 mL (3%) sulphamic acid to remove residual nitrite, 

After 2 minutes add minoxidil containing (5-40) μg/ ml, A yellow solution was produced. 

After diluting the contents of the flasks with distilled water to the appropriate level, the 

samples' absorbance at 390 nm was measured in comparison to a blank solution [16]. 

Findings and Discussion 

        Analytical variables' effects on Absorption were studied, and the best circumstances were 

chosen to create and stable the azo dye. 

Fundamentals of the Approach 

         As indicated by the following proposed mechanism of interaction (Figure 1), the basic 

idea of the suggested method is based on the diazotization of sulfanilic acid in an acidic 

medium and reaction with an amount of sodium nitrite to form diazonium salt, which was 

then coupled with minoxidil drug to produce a yellow azo dye [17] in water soluble, whene gave 

maximum absorption at 390 nm. 

 

 
Figure 1. The Proposed Reaction's Mechanism 
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FT-IR spectral data  
          The infrared spectrum of the reagent, drug, and azo compound was compared (Figure 

2,3,4), and the spectrum showed a new band at 1444 cm-1 to the azo group -N=N- and this is 

consistent with the literature [18], in addition to the appearance of a broad band at 3331 cm-1 

due to the presence of water in it solution and maybe form hydrogen bonds. 

 
Figure 2. Minoxidil drug 

 

Figure 3. Sulfanilic acid 
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Figure 4. Azo drug 

 

Impact of different acid types on azo dye absorption  

        Absorbance for various volumes (0.5 - 2.0 mL) in strong and weak acid solutions (1M) has 

been investigated. The findings are displayed in Table (1). 

 Table 1. Impact of different acid types on azo dye absorption by used 

(1 mL) sulphanilic acid +(0.5 ml) minoxidil + (0.5 mL) NaNO2 

 

 

 

  

Effect of buffer solution  

The effect of the buffer solution was studied at pH = 1.3, the volumes between (0.1-0.4) ml 

were taken and added to the reaction product, and the volume was completed by distilled 

water in a 10 ml standard flask, the absorbance was measured at 390 nm, as shown in Table 

(2). As a decreased in absorption values was observed, it was cancelled. 

 

Table 2. Effect of buffer solution (pH = 1.3) 

Absorbance Buffer solution (KCl+HCl) 
0.268 With out 
0.134 0.1 

0.121 0.2 

2 1.5 1 0.5 Type of acid 

0.246 0.248 0.237 0.268 HCl 
0.265 0.252 0.244 0.258 H3PO4 

0.259 0.256 0.252 0.238 CH3COOH 
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0.118 0.3 

0.112 0.4 
 

Effect of nitrite size with time 

        The effect of the amount of sodium nitrite was studied, where take 1 ml of sulfanilic acid 

and add 0.5 ml of hydrochloric acid (1 M),then increasing volumes of sodium nitrite (0.2 M) 

were added between (3.5-0.25) ml, then 0.25 ml of sulphamic acid (3% ) was added, then 

added 0.5 ml of Minoxidil solution, its concentration was 100 μg /ml, and the solution was 

transferred to a 10 ml volumetric flask and the volume was completed with distilled water. 

The absorption was measured at 390 nm wavelength and the absorption values were 

recorded at different times, as shown in Table (3), where a volume of 1 ml of sodium nitrite 

was used at Time: 7 minutes for absorption values to stabilize. 

Table 3. Effect of nitrite size with time 

NaNO2(0.2) 0 3 5 7 10 12 
0.25 0.059 0.066 0.065 0.066 0.078 0.074 
0.5 0.268 0.224  0.209 0.204 0.199 0.193 
1 0.415 0.403 0.392 0.380 0.379 0.363 

1.5 0.618 0.603 0.588 0.581 0.557 0.543 
2 0.879 0.861 0.857 0.815 0.805 0.787 

2.5 1.045 1.020 0.988 0.960 0.939 0.933 
3 1.197 1.170 1.127 1.120 1.085 1.043 

3.5 1.406 1.370 1.337 1.287 1.245 1.211 
 

Effect of Sulphamic acid with time 

         Sulfamic acid was used to remove excess from sodium nitrite [19], which affects 

absorption values. After withdrawing 1 ml of sulfanilic acid, 0.5 ml of 1 M hydrochloric acid 

was added. Then 1 ml of sodium nitrite (0.2 M) was added, after which different volumes 

between (0.25-2) ml of Sulphamic acid (3%) were added. then 0.5 ml of a 100 µg/ml minoxidil 

solution was added. The solution was transferred to a 10 ml volumetric flask, and the volume 

was completed with distilled water. The absorption was measured at a wavelength of 390 nm, 

and the absorption values were recorded at different times, as shown in Table (4).  

Table 4. Effect of Sulphamic acid with time 

H2NSO3H(3%) 0 3 5 7 10 12 
0.25 0.415 0.403 0.392 0.380 0.379 0.363 
0.5 0.093 0.078 0.071 0.055 0.041 0.034 
1 0.023 0.020 0.014 0.010 0.008 0.006 

1.5 0.025 0.018 0.016 0.012 0.007 0.007 
2 0.025 0.016 0.014 0.012 0.008 0.007 

It was noted that an increase The acid leads to the disintegration of the nitrogen product and 

thus a decrease in the absorption values, so the volume of acid used in subsequent 

experiments was kept. 
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Effect of sulfanilic size  

         The optimal size of sulfanilic acid was studied, where different volumes ranging from 

(0.5-2) ml of the reagent(10 ppm) were withdrawn, 0.5 ml of hydrochloric (1 M) was added to 

it, then 1 ml of sodium nitrite (0.2) M was added, then 0.25 ml of Sulphamic acid (3%) was 

added, then add 0.5 ml of 100 µg/ml minoxidil , the solution transfered to a 10 ml volumetric 

flask and compeleted the volume with distilled water, the absorbance was measured at 390 

nm wavelength. Absorption values were recorded in Table (5). It is clear that the highest 

absorption value  at 1 ml of the reagent, which It was adopted in subsequent experiments.  

Table 5. Effect of Sulfanilic acid  

Reagent  
(10 ppm) 

0 3 5 7 10 12 

0.5 0.222 0.211 0.205 0.200 0.197 0.192 
1 0.415 0.403 0.392 0.380 0.379 0.363 

1.5 0.385 0.354 0.320 0.312 0.306 0.299 
2 0.252 0.239 0.236 0.223 0.218 0.214 

 

The effect of time 

         The effect of time on the stability of the product was studied by measuring the absorption 

versus the blank solution for different time periods and under the same conditions as the 

previous experiments, as shown in Table (6), where it was found that the best reaction time is 

after 25 minutes and it remains stable for another 20 minutes. 

Table 6. Effect of time 

60 55 
50 

45 40 35 30 25 20 15 10 5 
Tim

e 

0.30

7 

0.31

1 

0.31

5 

0.32

0 

0.32

4 

0.32

8 

0.32

9 

0.32

9 

0.34

0 

0.35

9 

0.37

9 

0.39

2 
Abs 

 

Absorption spectrum 

          Measurements were made of the product's absorption spectrum when 1 ml of sulfanilic 

acid was reacted with 0.5 ml of 1 M hydrochloric acid, 1 ml of 0.2 M sodium nitrite, and 0.25 

ml of 3%) sulphamic acid, then (0.5 ml) of 100 µg/ml minoxidil solution was added. ml and 

transfer the solution to a 10 ml volumetric vial and fill the volume with distilled water as 

shown in Figure (2). 



38 
 

 

Fig 2. (A) Absorption spectrum of the complex versus the blank solution 

             (B) Absorption spectrum of blank solution versus distilled water 

 

Standard curve preparation 

         After established the best conditions for the determination of the Minoxidil drug, a 

calibration curve was prepared. 1 ml of sulfanilic acid was taken, to which 0.5 ml of 

hydrochloric acid (1 M) was added, then 1 ml of sodium nitrite (0.2 M) was added, then 0.25 

ml of sulphamic acid (3%) was added, after which increasing volumes were added. (0.1-5.0 ml 

of minoxidil 100 µg/ml, the solution transferred to 10 ml volumetric flask, compeleted the 

volume with distilled water, then wait 25 minutes and measure the absorbance of each 

concentration against the blank solution at 390 nm wavelength, as Beer’s law was followed 

within the range of concentrations (40-5) µg/ml of Minoxidil, as shown in Figure (3). It gave a 

coefficient of estimation of 0.9993, the slope value was 0.0221, the molar absorption value 

was 4.624*103 L/mol.cm, and the Sandel sensitivity value was 0.0452 µg /cm2. 

 

Fig 3. Standard curve for the determination of Minoxidil by diazotization and coupling method 

y = 0.0221x + 0.2057
R² = 0.9993

0

0.2

0.4

0.6

0.8

1

1.2
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Accuracy and precision  

        The method's accuracy and precision were tested by calculating Average of Recovery% 

and RSD%, and under optimal conditions by taken five readings for three different 

concentrations of the Minoxidil drug within the limits of Beer's Law in the calibration curve, 

which gave 100.1519% to Average of Recovery% and 0.0112 to RSD % no more than, as 

shown in Table (7). By taking five readings of the blank solution's absorbance to identify the 

standard deviation value, the detection limit and quantitative limit were calculated, Table (8) 

shows the calculated values [20]. 

Table 7. Accuracy and precision 

 

 

 

 

 

 

  

Table 8. The detection limit and quantitative limit 

Slope SD LOD(µg/mL) LOQ(µg/mL) 
0.0221 0.0011 0.1642 0.4977 

 

Stoichiometry to Azo dye 

         To determine the rate and nature of the compound’s bonding, the molar ratios and 

continuous changes (JOB) methods were performed as follows: 

Molar ratio method [21] 

         It involved taken sulfanilic acid concentrations increasing in quantities (0.25-2.0) ml of 

1x 10-4 M into a series of 10 ml volumetric flask, adding 0.5 ml of hydrochloric acid (1M), then 

adding 1 ml of sodium nitrite (0.2M), then adding 0.25 ml of sulphamic acid (3%) After that, a 

fixed volume of 1 ml of minoxidil solution was added at the same concentration, 1x 10-4 M, the 

volume was finished to the appropriate level. Then passed 25 minutes, the absorbance values 

were recorded against the blank solution at 390 nm wavelength, showed a ratio of 1:1, as 

shown in the figure (4). 

Take
n 

(ppm
) 

Abs 
Found 
(ppm) 

Rec% 
Average of 
Recovery% 

RSD% 

10 
0.42

9 
10.1040

7 
101.0407 

100.1669 

0.0112 

20 
0.64

2 
19.7420

8 
98.71040 0.0057 

35 
0.98

5 
35.2624

4 
100.7498 0.0032 
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Fig 4. Curve of the molar ratio method for the determination of Minoxidil 

Continuous changes method (Job method) [22] 

          It included taking different volumes of sulfanilic acid (0.1-0.9) ml (1x 10-4M) into a 

series of 10 ml volumetric flask, added 0.5 ml of hydrochloric acid (1M) , then added 1 ml of 

sodium nitrite (0.2) molarity, then added 0.25 ml of sulphamic acid (3%), Then increasing 

volumes (0.9-0.1) ml of Minoxidil solution (1x 10-4M) were added so that the finaly volume of 

the reagent and the drug was 1 ml , the volume was completed to the mark. Then, after 25 

minutes, the absorbance values were recorded against the blank solution at 390 nm of 

wavelength, where it showed The ratio was 1:1, as shown in Figure (5). 

 

Fig 5. Curve of the Job method for the determination of Minoxidil 

Application of the method 

        The proposed method was applied to the pharmaceutical preparation of Minoxidil, where 

three different concentrations (10, 25 and 35) µg/ml were taken from the preparation with a 

concentration of 100 µg/ml by withdrawing volumes of 1.0, 2.5, and 3.5 ml, respectively, into 

a 10-ml volumetric flask under the same conditions, then add distilled water to the volume to 

0.51
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the required level. The solutions' absorbance was measured at a wavelength of 390 nm, where 

the value of the average of recovery% reached 100.852% in the pharmaceutical preparation, 

and the value of the RSD% not exceed 0.0111%. as shown in Table (9). 

Table 9. Application of the method for the determination of Minoxidil in a pharmaceutical 

preparation 

Pharmaceutical 
preparation 

(ppm) 
Abs 

Found 
µg/ml 

Rec% RSD% 

10 0.431 10.1945 101.9457 0.0111 
25 0.756 24.9004 99.6018 0.0045 
35 0.987 35.3529 101.0084 0.0032 

 

Summary of optical characteristics for the method proposed 

       The analytical characteristics for the determination of Minoxidil by the diazotization and 

coupling method and at the optimum conditions are summarized in Table (10). 

Table 10. Summary of optical characteristics for the method proposed 

 

 

 

 

 

 

 

 

 

Conclusion  

       In this work, minoxidil and diazotization of sulfanilic acid in an acidic solution were 

combined to create a yellow azo dye that was stable, soluble in water, and showed a maximum 

absorption peak at 390 nm in comparison to the blank solution. Beer's law demonstrated 

linearity within the concentration range of 5-40 μg/ml, with a molar absorptivity of 

4.624*103 l/mol.cm. , the RSD% was discovered to range from 0.0032% to 0.0111%. The 

recommended method for detecting minoxidil in pharmaceutical samples has the benefits of 

being inexpensive, straightforward, and sensitive. The method was effectively used to 

determination in pharmaceuticals.. 

 

 

Value Parameter 

390 λmax nm 

5-40 )1-Beer’s Law Limit (μg mL 
34.624*10 )1-cm1-Molar Absorptivity (Lmol 

0.1642 )1-Limit of Detection (μg mL 

0.4977 )1-Limit of Quantification (μg mL 

Yellow Color 
0.0221 Slope  

0.2057 Intercept 

0.9993 )2Correlation Coefficient (R 

0.0452 )2-Sandell’s Sensitivity (μg cm 

0.0112 > RSD% 

98.6651-101.0407 Recovery% 
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لتقدير   طيفية  طريقة  الاتطوير  تفاعل  طريق  عن  حمض  المينوكسيديل  مع  والاقتران  زوتة 

 السلفانيليك 
 

  3ستار رجب مجيد ،2ايمان ذياب السامرائي*، 1محمد ناجي توفيق
 تربية الانبار -وزارة التربية العراقية  -1

 ، العراق سامراء، كلية التربية، جامعة الكيمياءقسم  -2

 قسم الكيمياء، كلية العلوم، جامعة الانبار، العراق   -3

          الباحث الاول                                                                   اطروحة دكتوراةالبحث مستل من 

 معلومات البحث:   الخلاصة: 
ال السلفانيليك  باستخدام حمض  ودقيقة  وسريعة  واضحة  طيفية    مؤزوتطريقة 

ككاشف لتحديد كمية المينوكسيديل في كل من صورته الصيدلانية والنقية. في  

)حمض السلفانيليك(  أمينوبنزين حامض السلفونيك    –4ازوتة  هذه الطريقة، تم  

الصوديوم نتريت  محلول  قليل(  2NaNO)   إلى  حب .  تركيزه  مض  اجود 

( لإنتاج ملح الديازونيوم المقابل بعد ذلك يقترن مع عقار  HClالهيدروكلوريك )

في    لينتحالمينوكسيديل،   للذوبان  قابلة  التي كانت  لون أصفر من صبغة الآزو 

 ( امتصاص  أقصى  ولها  عند  λmaxالماء  مقارنة    390(  بالمحلول  نانومتر 

تم تقدير الخطية لقانون بير في مدى   الفضلى. وفي الظروف  الصوري للكاشف

( تقدير40-5التركيز  معامل  مع  ميكروغرام/مل   )  (=0.99932R  )

لتر/مول.سم. تم حساب حد الكشف    103*  4.624وامتصاصية مولية قدرها  

(LODو الكمي(  وLOQ)  الحد  )  مدى(  يساوي  RSDالدقة  بما   )٪0.012  

إلى  0.16ميكروجرام/مل    0.040و أن %1.59  تبين  وقد  التوالي.  على   %

هو   الكيميائية  العناصر  السلفانيليك    1-1قياس  حمض  )مينوكسيديل: 

 (. تم استخدام الإجراء بنجاح لتقدير المينوكسيديل في الأقراص.مؤزوت ال
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