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ABSTRACT 

Both human and veterinary medicine have relied on the antibiotic 

sulfamethoxazole to treat infections. However, high consumption of 

this compound culminates in environmental and public health 

problems. In this context, here we describe a voltammetric method to 

determine sulfametoxazole levels, using a glassy carbon disc electrode, 

chemically modified with nickel hexacyanoferrate film. We prepared 

the by cyclic voltammetry. The results provided a linear correlation 

coefficient (r) of 0.998 with a standard deviation (SD) of 0.053 μA, a 

limit of detection (based on the 3 SD/m ratio) equal to 6.8 nmol L
-1

, 

and a limit of quantification (based on the 10 SD/m ratio) of 22.7 nmol 

L
-1

. 

 

KEYWORDS: Sulfamethoxazole, nickel hexacyanoferrate film, cyclic voltammetry, 
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INTRODUCTION 

Electrode surface chemical modification plays an important role in the development of 

electrochemical sensors to determine organic compounds in complex samples. Chemically 

modified electrodes (CME) offer many advantages: they are inexpensive and selective, and 

their preparation is versatile.
[1-32]

 In this context, nickel hexacyanoferrate (NiHCF) has 

emerged as an attractive compound to modify electrode sufaces.
[1] 

 NiHCF is a mixed-valence 

redox mediator with semiconducting characteristics, that can transfer electrons during 

reduction and oxidation processes. The electrodeposition technique promotes attachment of 

NiHCF films to electrode surfaces.
[1]

 NiHCF resembles Prussian blue – cyanide interconnects 

its metal atoms, culminating in a crystalline structure consisting of alternating face-centered 

cubic Fe
3+

 and Ni
2+

 lattices that display  interstitial potassium cations, to afford  Ni(II)-CN-

Fe(III) linkages.
[6,16,25,28,29] 

 

Several groups have investigated NiHCF film formation using supporting electrolytes 

containing the cations Li
+
, Na

+
, K

+
, Rb

+
, Cs 

+
, Mg

2+
, Ca

2+
, Sr

2+
, Ba

2+
, and Al

3+
.
1
 NiHCF 

exhibits a well-defined, reversible, reproducible electrochemical response .The use of Group I 

cations has shown that different electrolyte compositions provide distinct voltammetric 

responses, and that the redox potential of the film couple rises with increasing ionic radius of 

the cation.
[1]

 

 

Sulfamethoxazole (4-amino-N-(5-methyl-1, 2-oxazol-3-yl) benzene-1-sulfonamide, SMX)
[33]

 

consists on a widely employed antibiotic to treat infections in human and veterinary medicine. 

Figure 1 depicts the chemical structure of SMX. Unfortunately, the indiscriminate use of this 

drug may result in harmful environmental and public health issues.
[34-36]

 For this reason, 

several investigators have pursued instrumental methods to determine this substance. 

 

 

 

 

 

 

 

Figure 1:  Chemical structure of sulfamethoxazole (SMX). 
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Several techniques have been used to determined sulfamethoxazole: chromatographic 

methods coupled with different detectors,
[34,36]

 spectrophotometry,
[37] 

and electroanalytical 

methods.
[38-45]

 However, it is still necessary to establish a reliable and sensitive screening 

method that is simple to operate and is applicable for in situ analysis. In this context, the aim 

of this research was to investigate the voltammetric detection of SMX by using a glassy 

carbon disc electrode modified with a NiHCF. 

 

Experimental 

MATERIALS AND METHODS 

Aqueous solutions of KNO3 and NaNO3 1 mol L
-1

 (pH 7.0) were used as supporting 

electrolytes. The NiHCF film was prepared using 0.01 mol L
-1

 Ni(NO3)2 (Synth) and 0.01 

mol L
-1 

K3[Fe(CN)6] (Fluka ) stock solutions. An SMX (Sigma Aldrich) 5x10
-6

 mol L
-1

 

solution was prepared in methanol. 

 

The cyclic voltammograms were registered on a potentiostat model μAUTOLAB III (Eco 

Chemie) connected to a microcomputer. A three-electrode configuration consisting of a 

commercial glassy carbon (GC) working electrode (3-mm diameter, Metrohm), an auxiliary 

(platinum wire spiral) electrode, and a Ag/AgCl reference electrode in a 5-mL 

electrochemical cell was employed. Before the experiments, the GC electrode was polished 

on alumina and washed with water and methanol. The solutions were purged with nitrogen 

gas for 15 min prior to recording the voltammetric curves. 

 

NiHCF film preparation 

The thin film was electrochemically deposited on the GC electrode by cyclic voltammetry. 

To this and, a solution containing 0.01 mol L
-1

 Ni(NO3)2, 0.01 mol L
-1 

K3[Fe(CN)6], and 1 

mol L
-1

 NaNO3 electrolyte was used. Cyclic voltammetry was conducted for 15 successive 

cycles with applied potentials ranging from - 0.2 to 1.0 V (vs Ag/AgCl), at a scan rate of 100 

mV s
-1

. Then, CME stability was tested during 20 successive cycles between -0.2 and 1.0 V 

(vs Ag/AgCl) in a 1 mol L
-1

 NaNO
3
, (pH 7.00) solution at a scan rate of 100 mV s

-1
. 

 

Voltammetric analysis 

Voltammetric measurements were conducted in the potential range from - 0.2 to 1.0 V   (vs 

Ag/AgCl). An accumulation time of 30 s and a scan rate of 100 mV s
-1

 were used. Analysis 

of SMX at different concentrations was performed by the standard addition method. For this 

purpose, the SMX standard aliquots were added to the cell between 2 and 100 µL. 
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RESULTS AND DISCUSSION 

Nickel hexacyanoferrate film formation and stability studies 

We used consecutive cyclic voltammetry between -0.2 and + 1.0 V to electrodeposit the 

NiHCF film on a GC electrode (Figure 2A), reduced Fe(CN)6
3-

/Fe(CN)6
4-

, since the 

equilibrium [Fe (CN) 6]
3-

 + e
-
 → [Fe (CN)6]

4-
 has E ° = + 0.40 V. In other words, NiHCF 

film originated on the electrode surface in the presence of electrochemically reduced [Fe 

(CN)6]
4 -

 and Ni
3 +

 ions
1
 (Figure 2A). We achieved stability studies in 1 mol L

-1
 NaNO3 

solution and 100 mV s
-1

; the film remained stable for 20 successive cycles. Figure 2B reveals 

how the supporting electrolyte affected NiHCF film formation: Na
+
 elicited a unique peak at 

0.40 V, whereas K
+
 generated two redox couples with peaks occurring at about 0.49 and 0.66 

V. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: (A) Cyclic voltammograms of a glassy carbon electrode modified with 0.01 

mol L
-1

 Ni(NO3)2 and K3[Fe(CN)6] in 1 mol L
-1

 NaNO3 aqueous solution (pH 7.0).  (B)  

NiHCF film formation at the glassy carbon electrode in 0.01 mol L
-1

 K3Fe(CN)6 and  

Ni(NO3)2, solution. Supporting electrolyte = 1 mol L
-1

 KNO3 or NaNO3 solution.  Scan 

rate: 100 mV s
−1

. 

 

Electrochemical behavior of SMX at a GC electrode chemically modified with a NiHCF. 

 

The iap/icp ratio was around one during all SMX additions, which demonstrates that SMX 

and the NiHCF film interacted reversibly. 
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Figure 3A details cyclic voltammetric response recorded at the GC electrode modified with 

NiHCF film in the presence of SMX after successive SMX additions.
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3:  (A) and (B) influence of SMX concentration on the voltammetric response of 

the NiHCF film: (a) 2 nmol L
-1

, (b) 9.98 nmol L
-1

, (c) 29.8 nmol L
-1

, (d) 49.5 nmol L
-1

, (e)  

69 nmol L
-1

), and (f) 88.4 nmol L
-1

 cyclic voltammetry parameters: scan rate = 100 mV 

s
-1

 in the potential range -0.2 to 1.0 V, in  1 mol L
-1

 NaNO3 solution; C) Analytical curve 

of the peak current (µA) vs  TMP concentration (nmol L
-1

). 

 

The literature contains reports on the SMX electrocatalytic oxidation different voltammetric 

techniques and electrodes.
[38-45]

 However, these reports have demonstrated  that the redox 

system behaves irreversibly and that the electrochemical oxidation occurs at the primary 

amino group (-NH2).
[46]

 SMX has a catalytic effect and coordination may have taken place 

via the N-H; indeed, some researchers have investigated SMX complexes with  metal(II)/(III), 
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and found that  the ligand can also act as a bidentate ligand and acquire an octahedral 

molecular geometry.
[47-56] 

We determined SMX employing the NiHCF film on the basis of 

partial film surface passivation by Ni-SMX. Figure 4 illustrates the proposed mechanism and 

the structure of the resulting complex.
[55] 

 

 

Figure 4:  Schematic representation of  NiHCF(SMX). 

 

According to Figure 3B, the peak current decreases linearly with the SMX concentration. 

Figure 3 C shows the analytical curve, with a linear correlation coefficient (r) of 0.985 and a 

standard deviation (SD) of 0.053 μA. Its corresponding equation was ipa = 7.04 µA – 2. 2 

x10
 6
 µA /mol L

-1
 [SMX]. The limit of detection, calculated according to the 3 SD/m ratio (m 

= amperometric sensitivity of the analytical curve) was 6.8 nmol L
-1

; the limit of 

quantification based on the 10 SD/m ratio, was 22.7 nmol L
-1

. 

 

CONCLUSIONS 

Chemical modification of glassy carbon electrode surface with nickel hexacyanoferrate film 

allows SMX analysis at nmolL
-1

 levels. Hence, the proposed presence sensor is potentially 

applicable in the voltammetric determination of sulfamethoxazole in aqueous matrixes of 

environmental and pharmaceutical interest. 
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