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Abstract 

To determination of sulfanilamide (SNA) as a pure and pharmaceutical forms by 

easy, fast, and sensitive method. A liquid ion association complex of SNA 

formation by NiCl4
-2

 in the presence of nonionic surfactants TritonX-114 and 

mixture of (TritonX-114+Tween80) to form cloud point layer. The highest 

absorption at 277nm with both surfactants. The optimum conditions effect on the 

separation method was studied: concentration of HCl (0.8M), temperature (75℃), 

heating time (15min), the concentration of Ni (II) was 100μg.mL
-1

, and (0.5mL) of 

both surfactants. The calibration curve was linear over the concentration range of 
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10-100μg.mL
-1

with LOD of (0.984 μg.mL
-1

)
 
and LOQ of (2.98 μg.mL

-1
) with 

TritonX-114 and LOD of (0.9936μg.mL
-1

) and LOQ of (3.011μg.mL
-1

) with 

mixture (TritonX-114+Tween80). SNA spectrophotometric determination was 

carried out by CPE and compared with HPLC. The results showed no significant 

differences between the two methods.  

Keywords: Sulfanilamide, Ni (II), Liquid ion exchange, HPLC  

Introduction 

Sulfanilamide (SNA), also known as 4-aminobenzenesulfonamide, it’s belong to a 

group of antibiotics called sulfonamide, it has molecular weight (172.21 g.     ) 

and the melting point  (165.5℃). 
[1]

 

 

4-aminobenzenesulfonamide (SNA) 

Sulfanilamide is a white powder and medicinal compound
 
used as antibacterial for 

the treatment of vulvovaginal candidiasis 
[2,3]

. It’s used as form a powder to treat 

surface infections or a topical cream as well as a pill for internal infections
 [4,5]

. It’s 

solubility in the binary solvents containing the water 
[6,7]

. SNA was determined by 

different methods such as, Derivative Spectrophotometric 
[8,9]

, HPLC 
[10-13]

, 

Diazotization 
[14-16]

, flow injection system 
[17]

, TLC 
[18]

, Liquid-Liquid 

microextraction 
[19] 

colorimetric sensing 
[20]

, fluorescence spectroscopy 
[21]

, 

electrical sensing 
[22],

 voltametric determination 
[23]

and solid phase extraction 
[24]

. 
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The current work proposed a new method for the sensitive and certain 

spectrophotometric detection of sulfanilamide by CPE-LIE using Ni (II) as      
   

to producing an ion pair association complex with HCl. The technique was useful 

for analyzing sulfanilamide as a pure and pharmaceutical preparation.  

Experimental 

 Instruments: A UV- Vis double beam spectrophotometer model (Biochrom 

libra S60) (UK), an HPLC-column C18 system manufactured by Skam 2012 

(Germany), Ultrasonic cleaner by (FUYANG) and Electrostatic water bath 

(Germany) were used  

 Reagents: Sulfanilamide (MACKLIN) (99.5%),           (Merck 

99.8%), TritonX-114 (1%) (MACKLIN), Tween80(1%) (B.D.H). The 

standard Ni (II) solution (1mg.mL
-1

) was prepared by dissolving (0.406 g) 

from            in 100mL of distilled water. sulfanilamide (100µg.mL
-1

) 

were prepared by dissolving 0.01g of the substance in a small amount of 

distilled water and completing the volume to 100 mL with distilled water.  

 Synthesized Sulfanilamide drug sample 

Mix (0.025g) of sulfanilamide and (0.005g) each of glucose, sucrose, lactose, 

starch and vanillin, and dissolve in (10mL) ethanol, and filter using Whatman 

filter paper No. 41 
[25]

. 

 Extraction Procedure: Prepared aqueous solutions with a volume of 10 ml 

containing (100μg.mL
-1

) of sulfanilamide in HCl, and (100μg.mL
-1

) of Ni 

(II), a suitable volume of 1% TritonX-114 or mixture of (TritonX-

114+Tween80), that solutions were heated in electrostatic water bath for 

(75℃) and (15min), and then separated the cloud point layer (CPL) from 

aqueous solution, and dissolve it in (3mL) ethanol, then the absorbance was 

measured against ethanol as a blank at     . 
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Results and Discussion  

 The mechanism of a nickel chloroanionic complex and sulfanilamide to produce 

ion pair association complex of SNA by LIE. 

 

 

Selection of maximum wavelength  

We measured the absorbance of the ion pair association complex from (200 - 500 

nm), that shown in Fig.1 which represent the spectrum with Triton X-114, where 

    = 277 nm. Fig.2 represent the spectrum with Triton X-114 +Tween 80, where 

    = 277 nm. 
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Fig (1): UV-Vis. Spectrum for ion association complex between SNA and NiCl4
-2

 

with TritonX-114 

 

Fig (2): UV-Vis. Spectrum for ion association complex between SNA and NiCl4
-2

 

with TritonX-114+Tween80 

Optimization of the Experimental Condition 

Acidic media Effect:  

The solutions with volume 10 mL were prepared, by mixed 100μg.mL
-1

 of SNA 

with 100μg.mL
-1

 of Ni (II) and different hydrochloric acid concentrations in the 

range (0.1-1.0 M) with appropriate volume of surfactants TritonX-114 or mixture 

(TritonX-114+Tween80), the results were as in Fig.3 
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Fig (3): Effect of HCl concentration on the absorbance of ion association complex 

According to the LIE, the optimum value of HCl concentration was (0.8M), this 

concentration gave highest absorbance, which means highest efficiency, this 

concentration allowed for the best speed formation of the chloroanion complex of 

Ni (II) and complex concentration will increase 
[26]

, as indicate by scheme (1) 

Effect of Temperature  

The impact of temperature on the formation of CPL was studied by extracting of 

sulfanilamide at different temperatures from 70 to 90 ℃ using TritonX-114 or 

TritonX-114 +Tween80, the result as in Fig .4 
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Fig. (4): Temperature effect on the absorbance of ion association complex 

The results show the optimum temperature in the both surfactants were (75℃) 

giving higher extraction efficiency of sulfanilamide according to the LIE. This 

optimum temperature clarified the necessary energy for best gathering micelles of 

surfactant to formation CPL 
[27]

. 

Impact of Heating Time 

Extracted sulfanilamide through prepared a set of solutions containing Ni (II) and 

optimum concentration of HCl and appropriate volume of surfactants at 75℃ and 

different heating time (5-25) min. the results are presented in Fig.5 

 

Fig (5): Variation of the absorbance ion association complex with heating time 
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According to the results, the best heating time for extracted sulfanilamide in both 

surfactants is (15min), this time gives the best micelle aggregation and highest 

absorption value, therefore the heating time is the kinetic aspect of the extraction 

process that contributes to the formation of the CPL with ideal specifications 
[28]

.  

  Impact of Surfactant Volume 

Aqueous solutions were prepared by applying in the general method, extracted 

sulfanilamide has been made in the presence of increasing the volume of 1% 

TritonX-114 or (TritonX-114 + Tween 80) with optimum temperature and heating 

time. The results were as in Fig. 6 

 

Fig (6): Effect of surfactant volume on CPL formation 

The results showed that the optimum volume of the both surfactants were (0.5 

mL). This optimum volume represented critical micelles concentration CMC to be 

the best cloud point layer with the highest density and smallest size, which is a new 

phase suitable for the extraction process 
[29]

. 

Impact of metal ion concentration 

The concentration of Ni (II) ion has an important role in the extraction process, it’s 

of the ionic association complex which trans to CPL. According to the general 
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procedure, (10 mL) aqueous solutions contained of increasing concentration of Ni 

(II). The results are presented in Fig. 7 

 

Fig. (7): Effect of Ni (II) concentration ion association complex formation 

The concentration of 100μg.10mL
-1

was the optimum quantity for both surfactants, 

the concentration of Ni (II) is a thermodynamic value that plays a role in the 

thermodynamic equilibrium for the formation of the ionic association complex 

extracted to the CPL 
[30]

. 

Surfactant Type 

To demonstrate the surfactants type effect on the efficiency of the separation 

process and formation CPL, aqueous solutions containing optimum concentrations 

of Ni (II) and HCl and sulfanilamide were taken at optimum conditions in different 

surfactants 
[31]

. Some of the surfactants were used for e.x. Triton X-100, Tween 20, 

Tween80.The results were shown in Table 1 
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Table (1): Effect of the Surfactants used on the maximum wave length of ionic  

association complexes 

Surfactant MW(g/mo

l) 

monomer 

MW(g/mol) 

micelle 

CMC 

(Mm) 

25℃ 

Cloud 

Point 

 (℃) 

Aggregation 

NO. 

     

nm 

TritonX-100 647 >62.500 0.2-0.9 64 90-150 277 

TritonX-114 537 80.550 0.21 23 140-180 277 

Tween20 1228 >36.840 0.06 95 20-50 - 

Tween80 1310 >52.400 0.01 65-85 40-60 232 

SDS 289 17302-

28.800 

7-10 >100 50-150 - 

CTAB 364.45 25.515 1.00 30 75-120 - 

TritonX-114+ 

Tween 80 

- - - - - 277 

TritonX-114+ 

Tween 20 

- - - - - 277 

TritonX-100+ 

Tween 20 

- - - - - 277 

TritonX-100+ 

Tween 80 

- - - - - 277 

TritonX-114+ 

CTAB 

- - - - - 277 
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Impact of electrolytes 

The presence of electrolyte salts in the aqueous solution more hydrophilic than Ni 

(II), so they will contribute to the destruction of the ion shell of Ni (II) and 

formation of free ion and ionic association complex formation which more stable 

and contributes significantly to raising the extraction efficiency, therefore, a group 

of the results were shown in Table 2 

Table 2: Effect of different electrolytes on extraction efficiency 

 

 

 

Impact of interferences 

To work in the field of spectroscopic estimation, the effect of interference 

substances precent with the analyte substance in the models must be studies to 

determine the extent of their effect on the separation process, as well as to 

determine the selectivity of the method 
[32]

. The results were shown in Table 3. 

 

Electrolyte salt Tritonx-114 Tritonx-114+Tween80 

Abs.at λ max=277nm Abs.at λ max=277nm 

With out 1.571 1.868 

NaCl 1.624 1.953 

KCl 1.554 1.385 

NaNO3 1.510 1.968 

KNO3 1.449 1.876 

MgCl2.6H2O 0.648 0.668 

BaCl2.2H2O 0.766 0.567 

AlCl3 0.714 0.940 

NH4Cl 1.149 1.197 
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Table 3: Effect of interferences on the spectroscopic estimation of SNA 

Interferences Abs.at λ max=277nm %Error 

Without 1.571 0.000 

Glucose 1.624 0.034 

Sucrose 1.560 -0.039 

Lactose 1.991 0.276 

Ascorbic acid 1.363 -0.315 

Benzoic acid 1.476 0.083 

Calcium chloride 

dehydrate 
1.620 -0.0122 

Cobalt (II)chloride 

dehydrate 
1.311 -0.191 

Sodium chloride 1.640 0.111 

Sodium Sulfate 1.466 0.118 

Starch 1.626 0.109 

Vanillin 1.880 0.156 

Stoichiometry 

Slope analysis was used at the optimum conditions to selected the more possible 

structure of the ion pair association complex extracted of sulfanilamide in to the 

cloud point layer. The results shown in Figures 8,9 
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Fig. (8): Abs. = f [SNA] Fig. (9): Abs. = f [Ni (II)] 

            
       

       
 
       

       
       

 

Evaluation of kinetic method (Initial Rate method) 

To find the reaction kinetics, absorption curves versus time were prepared for the 

extracting SNA with Ni (II) at optimum conditions, the absorption-time curves, 

which were measured for 2hour at interval 30 min.at 75℃, it’s following the 

pseudo first order to obey the following equation: 

   
   

—
  

  Ḱ    

Where is V: the rate reaction, A: the absorbance, t: the heating time, Ḱ: the pseudo-

first order rate constant and C:  the molar concentration of SNA. 

The logarithmic form of the above equation is as follows: 

     
  
—
  

                

The results shown in Figures 10,11 and Table 4 
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TritonX-114 TritonX-114 + Tween 80 

Fig. (10): Curves of absorption - time 

  

TritonX-114 TritonX-114 + Tween 80 

Fig. (11): Graphs of the log Rate of the reaction for the initial rate method vs. 

 log [SNA] 

 

Table 4: Analytical information for the initial rate method 

surfactant 
Linear 

range(M) 

Least square 

                
Correlation 

Coefficient 

(R
2
) 

LOD 

(M) 

LOQ 

(M) Intercept 

(       

Slope 

(n) 

y = 0.0117x - 0.071 

R² = 0.9939 

y = 0.0127x + 0.1225 

R² = 0.9946 

y = 0.0137x + 0.296 

R² = 0.9973 
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TritonX-

114 

2.9×10
-4

 

– 1.2×10
-

3
 

- 1.5287 0.1138 0.9995 0.984 2.98 

TritonX-

114 

+Tween80 

2.9×10
-4

 

– 1.2×10
-

3
 

- 1.395 0.1665 0.9990 0.9936 3.011 

 

The rate constant of the kinetic reaction (Ḱ) of SNA with Ni (II) using TritonX-

114 and mixture of TritonX-114+Tween 80, the value of (n) in the regression 

equation was 0.1138 and 0.1665 with TritonX-114 and TritonX-114+Tween 80 

respectively, confirming that the reaction of SNA with Ni (II) was in the pseudo 

first order. 

 Calibration Curve for CPE-LIE Construction 

The Cloud point extraction was joined with the LIE method as a selective and 

sensitive method used for spectrophotometric determination of SNA with Ni (II). 

Prepared calibration curve at            as a basic operation at optimum 

condition Fig. (12) and Table5 

 

Fig. (12): Sulfanilamide’s calibration curve using CPE-LIE method 
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Table 5: Analytical parameters for calibration curves of sulfanilamide using 

TritonX-114 and mixture of TritonX-114+Tween80 

Parameter TritonX-114 TritonX-114+Tween80 

    (nm) 277 277 

Bear’s law obey (ppm) 10-100 10-100 

Slope 0.0182 0.0159 

Intercept 0.0298 0.0282 

R
2
 0.9980 0.9997 

Molar absorptivity 

(               
3134.743 2746.766 

Limited of Detection 

          
2.882 3.085 

Limited of Quantity 

          
8.734 9.349 

 

HPLC analysis 

The HPLC analysis program as well as the chromatograms of the sulfanilamide 

standard and prepared sample shown as in Figures 13,14and Table 7is represented 

to determine the amount of pharmaceutical mixture of sulfanilamide for compare 

with CPE-LIE method.   

Table 6: Chromatographic parameter used for the determination of 

sulfanilamide 

Parameter Optimized HPLC conditions 

Column C18 

Flow rate 0.5mL 
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UV. 275 nm 

Mobile  

phase 

Me CN:     

80: 20 

Add 0.005%        

 

 

 

Fig. (13): Chromatogram of SNA standard 1000ppm 

 

 

Fig. (14): Chromatogram of the manual preparation sample of SNA 
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Table 7: Sulfanilamide amount in the pharmaceutical preparation by two 

methods CPE-LIE method and HPLC method 

SNA 

concentration 

Measured Concentration Recovery% 

CPE-LIE 

method 

HPLC method CPE-LIE 

method 

HPLC 

method 

100µg.mL
-1 

98.97 98.89 %98.97 %98.89 

 

The above table's data demonstrated how well the suggested procedure worked to 

determine the amount of sulfanilamide in the pharmaceutical preparation that 

included it. 

Conclusion 

A simply and sensitive method was used to estimate sulfanilamide in a pure form 

and manual preparation sample using the cloud point extraction method which be 

fast, economical, environmentally friendly and highly efficient. It can be used with 

liquid ion exchange using Ni (II)ion and study their optimum conditions to give the 

best extraction efficiency.    
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