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Abstract 

 

A simple and sensitive method is studied to determine sulfadiazine in pure form. The method 

utilizes a liquid ion exchange reaction based upon forming an ion-pair association complex for 

SDz with Ni(II) in the presence of HCl and non-ionic surfactant Triton X-100. The maximum 

wavelength was 291nm. The optimum condition effect on the separation method was studied: 

temperature 90°C, heating time 15min., the concentration of Ni(II) was 50µg/mL, and the best 

surfactant was TritonX-100. The reaction kinetics were studied by using the initial rate method. 

The calibration curve was linear over the concentration range of 1-100μg/mL with LOD of 

5.09 μg/mL and LOQ of 15.43µg/mL.  
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1. Introduction 

 

Sulfadiazine SDz, 4-amino-N-pyrimidin-2-yl-benzenesulfonamide: 

 
 

It is a sulfonamide group of antibiotics 

which has been used in veterinary and 

human remedy over 60 years [1]; it works to 

inhibit the product of folic acid inside the 

bacterial cell[2]. Different analytical 

methods have used the determination 

sulfadiazine; among them have reversed-

phase high-performance liquid 

chromatography coupled with online 

atmospheric pressure chemical ionization 

mass spectrometry[3], cloud point extraction 

/flow injection-flame atomic absorption 

spectrometry[4], high-performance liquid 

chromatographic methods (HPLC) [5-7], 

different analytical methods are used for the 

determination of sulphadiazine such as 

spectrophotometric methods [8-10]. The 

present study developed a new method for 

a sensitive and selective 

spectrophotometric determination of SDZ 

by using Ni(II) as chloro anion to form an 

ion pair association complex in an HCl 

medium; the method was applicable for the 

determination of SDZ in pharmaceuticals. 

 

Experimental 

 Apparatus: A biochem double beam UV-

Vis. A spectrophotometer model 

(Biochrom libra S60) (UK) and an 

Electrostatic water bath (Germany) were 

used.  

 Solutions: the standard Ni(II) solution 

(1mg/mL) was prepared by dissolving 

0.2210g from NiCl2.6H2O (Merck 99.8%) 

in 100 mL distilled water, 1% TritonX-100 

(Alpha Chemika) and Sulfadiazine 

(100µg/mL) were prepared by dissolving 

0.01g (Merck 99.96%) in 100 mL distilled 

water, any other working solutions 

prepared by serial dilution with distilled 

water to as appropriate volume. 

 General Procedure: Prepared aqueous 

solutions with a volume of 10mL 

containing sulfadiazine (100µg/mL), Ni(II) 

(100µg/mL) in HCl media, then add a 

suitable volume of 1%TritonX-100 as a 

non-ionic surfactant, the solutions were 

heated in an electrostatic water bath for 

adequate temperature and time after that 

separated the cloud point layer from 

aqueous solution, and dissolved in 5mL 

ethanol. The absorbance was measured 

against ethanol as a blank at λmax.  

  

2. Results and Discussion 

 

Mechanism of Liquid ion exchange to 

form Ion pair association c

omplex 
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Scheme (1) 

 

The procedure of maximum wavelength 

The absorbance of ion association complex solution was measured from (200-400nm); the 

spectrum obtained was represented in Fig.(1), where λmax=291nm. 

 
Fig (1): UV-Vis. Spectrum for ion association complex between SDz and NiCl4

= 

 

Optimization of the Experimental 

Conditions  

Hydrochloric Acid Concentration 

The effect of different hydrochloric acid 

concentrations in the range (0.1-1.0M) was 

investigated as in the general procedure; the 

results were as in Fig (2): 

 
Fig (2): [HCl]=f (Absorbance) 

 

The optimum value of HCl concentration 

was (0.3M); this concentration permits to 

form of liquid ion exchanger of sulfadiazine 

and chloro anion complex of Ni(II) as 

shown in scheme (1); any HCl 

concentration less or more than the 

optimum is inappropriate for reaching for 

the best equilibrium[11]. 
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Effect of Temperature 

The temperature has an essential role in the 

formation of CPL, so it was studied to 

clarify its role by extraction of sulfadiazine 

at different temperatures (75-95) °C, as in 

the general procedure; the results as in Fig 

(3): 

 

 
Fig(3): Temperature effect on the absorbance of ion association complex 

 

The results show optimum temperature was 

(90°C) giving higher extraction efficiency 

of sulfadiazine according to the liquid ion 

exchange method; this temperature 

explains the necessary energy for good 

aggregation micelles of surfactant to 

formation CPL to ion pair association 

complex between Sulfadiazine and NiCl4
2- 

quantitatively[12]. 

 

Effect of Heating Time 

Extracted sulfadiazine according to the 

general procedure at different heating 

times. The results depicted in Fig. 4: 

 

 
Fig(4): Variation of the absorbance of ion association complex with Heating time 

 

The optimum time of heating for 

sulfadiazine was 15min. This time allows 

us to reach the best thermodynamic and 

kinetic equilibrium for ion pair association 

complex formation of sulfadiazine and 

NiCl4
2- which was extracted by the CPE 

method. Heating time acts as the kinetic 

side of complexation to reach the 

favourable energy in solution for gathering 

micelles and forming the best CPL. Time 

less than optimum is unsuitable to reach the 

best equilibrium, whilst any time more than 

optimum causes decreasing extraction 

efficiency by increasing diffusion of 

micelles[13].  

 

 

Effect of Ni(II) Concentration 

According to the general procedure 

described above, extracted sulfadiazine 

from 10mL aqueous solutions contains a 
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rising concentration of Ni(II). The results 

are presented in Figs. 

5. 

 
Fig(5): Effect of Ni(II) concentration on ion association complex formation 

 

The concentration of 50μg/10mL was the 

optimal quantity, giving higher extraction 

efficiency. Concentrations less than the 

optimum value are inappropriate to reach 

the best equilibrium, and concentrations 

more than the optimum value decrease 

extraction efficiency according to mass 

action law[14]. 

 

Effect of Surfactant Volume 

By applying the general method, extracted 

sulfadiazine has been made in the presence 

of increasing the volume of 1%Triton X–

100. The results were as in Figs. 6.

 

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

 

The results demonstrated that the Triton X–

100 volume was (0.5mL). Optimum 

volume assists in getting higher extraction 

efficiency, and this volume is sufficient to 

reach the favourite thermodynamic and 

kinetic equilibrium to form the best CPL. 

Likewise, reaching the critical micelle 

concentration (CMC) less than the optimum 

value does not allow equilibrium to form 

CPL, so a volume more than the optimum 

effect causes increased diffusion and 

prohibits the formation of CPL[15]. 

 

Surfactant Type 

According to the general method, extracted 

sulfadiazine has been made in the presence 

of different surfactants. The results were as 

in Figs. 6. 
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Figure (7): UV-Vis. The spectrum of SDz complex with Ni(II) in the presence of SDS 

 

 
Figure (8): UV-Vis. The spectrum of SDz complex with Ni(II) in the presence of Tween 20 

 

 
Figure (9): UV-Vis. The spectrum of SDz complex with Ni(II) in the presence of Tween 40 
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Figure (10): UV-Vis. The spectrum of SDz complex with Ni(II) in the presence of Tween80 

 

Evaluation of kinetic method (Initial Rate Method) 

Under the optimum conditions, the absorbance time curves for extracting SDz with Ni(II) were 

constructed. The initial rates of the extraction were determined from the slopes tangents of the 

absorption-time curves, which were measured for 15 min at intervals of 5 min at room 

temperature. The initial rates of SDz reaction with Ni(II) would follow a pseudo-first-order 

concerning SDz concentration and be found to obey the following equation[16,17]: 

V =
∆A

∆t
= K′Cn 

where V is the reaction rate, A is the absorbance, t is the heating time, K′ is the pseudo-first-

order rate constant, C is the molar concentration of SDz, and n is the reaction order. The 

logarithmic form of the above equation is as follows: 

logV =
∆A

∆t
= logK′ + n logC 

 

 

 
 

Figure (11): Calibration plots of the log Rate of the reaction vs log[SDz] for the initial rate 

method 

 

Table (1): Analytical information for the initial rate method 

Linear range (M) 

Least square 

logV = logK′ + n logC 
Correlation 

coefficient 

(r) 

LOD (M) LOQ (M) 
Intercept 

(logK') 
Slope (n) 

y = 0.5235x - 0.8743
R² = 0.9925
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1.98×10-4 – 

1.19×10-3 
-3478.0 0.5305 0.9974 0.0178 0.054 

 

The rate constant of the kinetic reaction of 

SDz with Ni(II) (k, at 90 °C) was 0.1336 

min-1. The value of n in the regression 

equation was 0.5305(≈1), confirming that 

the reaction of SDz with Ni(II) was in first 

order concerning the SDz concentration.  

 

Calibration Curve Construction 

Cloud point extraction joined with the 

Liquid ion exchange method as a sensitive 

and selective method used for 

spectrophotometric determination of SDz 

with Ni(II). Prepared calibration curve at 

λmax=291nm as fundamental process and 

at optimum conditions Figure (12). 

  

Table (2): Analytical parameters for calibration curve of sulfadiazine 

Parameter 
Proposed 

method 

Literature 

method[18] 

Literature 

method[19] 

linearity (µgmL-1) 1.0-100 3-15μg/mL 0.25-15 μg/mL 

Limit of Detection (µgmL-1) 5.09 0.0307μg/mL 0.192 μg/mL 

Limit of Quantity (µgmL-1) 15.43 - 0.563 μg/mL 

Molar absorptivity 

(L.mol-1.cm-1) 
2.863×103 

2.23×104 L/mol. 

cm 
3.81×104 L/mol.cm 

 

 
Figure (12): Calibration curve for sulfadiazine 

 

 

3. Conclusions  

 

The pure form of sulfadiazine is being 

investigated using a technique that is both 

straightforward and sensitive. The 

procedure makes use of a liquid ion 

exchange process, which is predicated on 

the formation of an ion-pair association 

complex for SDz with Ni(II) in the presence 

of HCl and the non-ionic surfactant Triton 

X-100. The longest wavelength that was 

measured was 291 nm. It was determined 

that the following conditions had the best 

effect on the separation method: the 

temperature was 90 degrees Celsius, the 

heating period was 15 minutes, the 

concentration of Ni(II) was 50 micrograms 

per milliliter, and the best surfactant was 

Triton X-100. The initial rate approach was 

utilized for the purpose of doing research on 

the kinetics of the reaction. The linearity of 

the calibration curve was maintained across 

the whole concentration range of 1-100 

g/mL, with a limit of detection of 5.09 g/mL 

and a limit of quantitation of 15.43 g/mL. 
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