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This work describes the modification of platinum electrode with and without functionalised multi-

walled carbon nanotubes (MWCNT-SO3
2-

) and prussian blue nanoparticles (PB) for the detection of 

iodate, periodate and sulphite ions. The modified electrodes were characterised using techniques such 

as transmission electron microscopy (TEM), electron dispersive X-ray spectroscopy (EDX), cyclic 

voltammetry (CVs) and electrochemical impedance spectroscopy (EIS). The Pt-MWCNT-PB electrode 

exhibited enhanced electron transport and catalytic efficiency towards the electrocatalysis of iodate 

(IO3
-
), periodate (IO4

-
) and sulphite (SO3

2-
) compared to the other electrodes studied. The electrode 

was characterised by some level of adsorption due to adsorbed intermediates. The degree of adsorption 

was quantified as indicated by the Tafel values of 211.0, 176.2, and 129.2 mVdec
-1

 for iodate, 

periodate and sulphite respectively. The analytes were detected at micromolar level. The limit of 

detection and the catalytic rate constant were 8.30 µM (1.37x10
6
 cm

3
mol

-1
s

-1
), 8.06 µM (0.34x10

6 

cm
3
mol

-1
s

-1
) and 4.70 µM (5.24 x 10

7
 cm

3
mol

-1
s

-1
) for iodate, periodate and sulphite. The electrode 

detects iodate in the presence of the interfering effect from other oxo-anions. This electrode can be 

reliably used to assay iodate in real or commercial salt composition. 

 

 

Keywords: iodate ion; periodate ion; sulphite ion; multi-walled carbon nanotubes; prusssian blue 

nanoparticles; modified electrode  

 

1. INTRODUCTION 

Iodate (IO3
−
) and periodate (IO4

−
) are very important oxoanions whose detection and 

quantification in the environment is of great interest. For example, iodate has been reported to be a 

toxic ion [1], and has been extensively used as ingredients for indicators in catalytic-kinetic analysis 
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involving redox processes. Drinking water has been reported to be the major avenue for environmental 

exposure to this ion [2]. Iodide ions may be found in brackish water and to a lesser extent, in 

freshwater, and may form iodate during ozonization. Periodate on the other hand, is an important 

oxidant capable of oxidising many organic and inorganic compounds at trace levels. Table salt is 

iodized with potassium iodate or iodine in most countries and this is regarded as the most successful 

way for the prevention of iodine or iodide deficiency disorders such as goiter [3-5]. Sulfites (SO3
2-

) are 

used as preservatives in the food industry to prevent oxidation and to help preserve vitamin C [6]. The 

presence of sulfites in natural water causes a reduction in the concentration of oxygen which can have 

detrimental effects on aquatic life [7]. The toxicity of sulfites can produce asthmatic, mutagenic, and 

cocarcinogenic effects [8,9]. Due to the toxicity, oxidizing and carcinogenic properties of these ions 

(IO4
−
 and IO3

−
, SO3

2-
), their detection in the environment and transformation to the less toxic form 

cannot be overemphasized.  

Prussian blue (PB) is an iron cyanide complex (Fe4(III)[Fe(II)(CN)6]3). It is used as an electron-

transfer mediator due to its excellent electrocatalytic properties and has found applications in ion 

selective electrodes [10], charge storage devices [10], catalysis [11], and biosensors [12]. PB modified 

electrodes exhibit a significantly decreased background current, resulting in improved signal-to-noise 

ratio. CNTs-PB modified electrodes have previously been used for the detection of many biomolecules 

including hydrogen peroxide [13,14-16], haemoglobin, [17], glucose [18] and oxygen [19]. There are 

recent reports on the electrochemical detection of iodate and periodate [20-25] and sulphite (SO3
2-

) 

[26,27] on modified electrodes. However, to the best of our knowledge, this is the first time that these 

oxoanions will be detected using an electrode modified with multi-walled carbon nanotubes/Prussian 

blue films on platinum based electrode. Secondly, the dual potentials of PB nanoparticles as a redox 

active material was also explored towards iodate and periodate reduction, and sulphite oxidation. 

Thirdly, there is little or insufficient information on the electron transport properties of the CNT-PB 

nanocomposite as electrode modifier.  

Several methods of analysis such as chromatographic [28], spectrophotometric [29,30] and 

polarographic [31] determination of the ions have been carried out but with at least one limitation or 

the other such as very expensive reagents and complex experimental procedures. An electrochemical 

approach to detecting these oxoanoins is plausible owing to its simplicity, reproducibility and lower 

limits of detection as already reported in literature for various molecules [22-27].  

In this study, a simple sensor for the electrocatalytic detection of iodate, periodate and sulphite 

was fabricated using PB nanoparticles. A synergy of electrochemical enhancement between MWCNTs 

and PB films composite on the Pt electrode towards the analytes was exploited. The sensor was easy to 

prepare, electrochemically stable, re-usable, reproducible and demonstrated low limit of detection that 

compared favourably with those reported in the literature.  

 

2. EXPERIMENTAL SECTION  

2.1 Materials and Reagents 

Multi-walled carbon nanotubes were purchased from Aldrich Chemical and were acid treated 

to introduce sulphonic functional group using a known procedure [32]. FeCl3, K3[Fe(CN)6], KCl, 
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potassium iodate (KIO3), potassium periodate (KIO4) and sodium sulphite (Na2SO3) and other 

chemicals and reagent were of analytical grade and purchased from Sigma-Aldrich chemicals. Ultra-

pure water of resistivity 18.2 MΩcm was obtained from a Milli-Q Water System (Millipore Corp., 

Bedford, MA, USA) and was used throughout the experiment. A phosphate buffer solution (PBS) of 

pH 2.0 was prepared with appropriate amounts of H3PO4 and KH2PO4.2H2O, and the pH was adjusted 

with 0.1 M H3PO4 or NaOH.  

 

2.2. Equipment and Procedure 

The energy dispersive x-ray spectra (EDX) were obtained from NORAN VANTAGE (USA). 

Transmission electron microscopy (TEM) characterisation was performed using a Tecnai G2 Spirit 

FEI (USA). Electrochemical experiments were carried out using an Autolab Potentiostat PGSTAT 

302N (The Netherlands) driven by GPES and Frequency Response Analyser software. Electrochemical 

impedance spectroscopy (EIS) measurements were performed between 10 kHz and 0.1 Hz using a 5 

mV rms sinusoidal modulation in 5 mM [Fe(CN)6]
4-

/[Fe(CN)6]
3-

 solution at a fixed dc potential of 0.2 

V. The working, reference and counter electrodes used were Pt electrode, Ag|AgCl in saturated KCl 

and platinum wire respectively. A bench top BOECO pH meter, model BT-600 (Germany), was used 

for pH measurements. All solutions were de-aerated by bubbling argon for 10 minutes prior to each 

electrochemical experiment. All experiments were performed at 25 ± 1 °C. 

 

2.3. Electrode modification procedure 

Pt-MWCNT was prepared by a drop-dry method on a previously cleaned Pt electrode using 10 

µL drop of the MWCNT solution (0.1 mg MWCNT in 1 mL DMF). The Pt-MWCNT electrode was 

dried in an oven at 50 °C for about 2 min. Electrodeposition of Prussian blue on the Pt-MWCNT and 

its activation was done by adopting a method earlier reported [33,34].  

 

2.4. Determination of iodine content of iodated table salts 

Three commercially available iodated table salts denoted as sample 1, 2 and 3 were analyzed 

for their iodine content. An accurately weighed (25 g) portion of a salt sample was transferred into a 

100 mL beaker and dissolved by adding 80 mL pH 2.0 PBS. The clear solution was transferred to a 

100 mL volumetric flask and made to mark with the PBS to give a stock solution of 250 g L
-1

. 10 mL 

of this stock solution was pipette into each of 20 mL volumetric flask and all except one were spiked 

with different concentration of standard iodate solution (standard addition method), and made to 

volume with phosphate buffer pH 2.0. The current response of each test aliquot solution was 

determined using chronoamperometry. The experiment was repeated 5 times for each salt sample and 

average iodate content (in terms of iodine) obtained.  
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3. RESULTS AND DISCUSSION 

 

3.1. Microscopic and spectroscopic characterisation 

The TEM images of PB nanoparticles (Fig. 1a) and MWCNT-PB nanocomposite (Fig. 1b) 

show the formation of crystalline PB nanoplatelets on the Platinum (Pt) surface. Compared with PB 

alone, the MWCNT was interlocked between the nanoparticles as observed for MWCNT-PB probably 

due to strong π-π between the C═N groups of the PB and sp
2
 hybridised carbon of the MWCNT. Ionic 

interaction between the two materials may be responsible for the maximum overlap observed (Fig. 1b). 

The average PB particle size distribution from the TEM image was estimated to be 18-30 nm. The 

reported particle sizes were obtained after calibrating the scale of the TEM image using the UTHSCSA 

Image Tool for windows version 3.0 

The EDX profile (Fig. 1c) confirmed formation of PB nanoparticle due to the presence of the 

Fe peak. The hydrophilicity of the functionalised MWCNTs permits the movement and the adsorption 

of the free Fe
3+

 ions in solution to the interlayers of the MWCNTS. The reduced Fe
3+

/Fe
2+

 ions during 

electrodeposition coordinated with the [Fe(CN)6]
3-

 anions forming PB . The prominent carbon peak 

could have been from the carbon of the MWCNTs and the cyanide (CN) group of the PB 

nanoparticles. The oxygen peak was attributed to the oxygen of the functionalised MWCNT- SO3
2-

. 

 

 
 

C
o

u
n

ts

(c)

 
Figure 1.  TEM of (a) PB nanoparticles, (b) MWCNT-PB nanocomposite (c) EDX profile of 

MWCNT-PB nanocomposite.   

(a) (b)
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3.2. Electrochemical characterisation 

Figure 2a compares the cyclic voltammograms of Pt-PB, and the Pt-MWCNT-PB in 0.1 M KCl 

electrolyte. One of the objectives of this work was to determine an enhanced electron transfer 

properties (in terms of current response) of the modified electrode as observed in Figure 2a. The 

presence of functionalised MWCNT resulted in the enhancement (five times) of PB redox currents on 

the Pt-MWCNT-PB electrode (9.68 x 10
-2

 mA) over Pt-PB modified electrode (1.79 x 10
-2

 mA) alone. 

Applying MWCNTs increases the surface area of the electrode, therefore contributing to increase in 

the surface coverage of PB, and consequently an increase in the PB redox current is observed. The 

result agreed with the recent report where introduction of MWCNT enhance the peak current of 

chitosan Prussian blue hollow platinum cobalt composite gold modified electrode (Cs-PB-MWNTs-H-

PtCo/Au) compared with the current of Cs-PB-H-PtCo/Au electrode [33]. The redox couple on both 

electrodes was attributed to Prussian blue attaining its reduced form (Prussian white (PW)) as 

represented by equation 1 [35,36]: 

 

KFe(III)[Fe(II)(CN)6] + e- + K+
(1)

PB PW

K2Fe(II)[Fe(II)(CN)6]KFe(III)[Fe(II)(CN)6] + e- + K+
(1)

PB PW

K2Fe(II)[Fe(II)(CN)6]

 

 

The number of cycles or times of deposition plays a major part in ascertaining the amount and 

the current response of PB nanoplatelets deposited on the electrode [15,34]. Therefore, preliminary 

experiments in this study showed that 300s of deposition gave better redox current response which 

tends to be stabilised with increasing time. Assuming a transfer of four electrons per unit PB cell [37], 

the surface concentration of the redox species on the Pt-MWCNT-PB platform (PB / mol cm
-2

) can be 

estimated from the area under the peak [38] using equations 2: 

 

nFA

Q
PB                                                                         (2) 

 

where Q is the area of the peak, A is the area of the electrode, F is the Faraday constant, and n 

is the number of electrons transferred. The value of the PB was estimated to be ~ 3.2 x 10
-8

 mol cm
-2

. 

The value is greater than the 10
-9

-10
-10

 mol cm
-2

 magnitude expected for a monolayer assembly [39], 

therefore, confirming the crystalline and aggregate form of the PB nanoparticles, which would have 

resulted from several layer of PB films as shown by the TEM image (Fig. 1). Figure 2b shows that the 

Pt-MWCNT-PB modified electrode possesses excellent electrochemical stability with no significant 

loss (ca 5%) in current and no shift in peak anodic and cathodic potentials even after repetitive cycling 

(30 cycles) in the electrolyte.                                               

Meanwhile, cyclic voltammogram (CV) was also employed to compare the electron transfer 

behaviour and current responses of the different modified electrodes in 5 mM [Fe(CN)6]
4-

 / [Fe(CN)6]
3-

 

redox probe (Fig. 3a). The CVs show the [Fe(CN)6]
4-

 / [Fe(CN)6]
3- 

redox peak at E1/2 of ca 0.2 V which 
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was common to all the electrodes but with more pronounced current on Pt-MWCNT-PB (curve iv) 

which was due to the redox process of Prussian blue (PB) to Prussian white (PW).  

 

 
 

Figure 2. (a) Comparative cyclic voltammograms showing the current responses of Pt-PB and Pt-

MWCNT-PB modified electrodes in 0.1 M KCl electrolyte (scan rate: 50 mVs
-1

). (b) Repetitive 

cyclic voltammograms (30 cycles) of the Pt-MWCNT-PB modified electrode in 0.1 M KCl 

electrolyte. 

 

Even though the Pt-MWCNT-PB showed redox peak at 0.2 V, similar to where the redox 

process of [Fe(CN)6]
4-

 / [Fe(CN)6]
3-

 occurs, however, the following attributes  confirm the successful 

modification of the Pt-MWCNT-PB electrode with PB nanoparticles. (1) compared with the bare Pt 

electrode with absence of PB particles (curve i), the enhanced oxidation and reduction current on the 

Pt-MWCNT-PB electrode (curve iv) was attributed to the heterogenous fast electron kinetics made 

possible by the functionalised MWCNT mediating between the base electrode (Pt) and the surface 

modifier (PB), (2) the second anodic peak at around 0.8 V, found on Pt-PB (curve iii) and Pt-

MWCNT-PB (curve iv) but not found on the bare Pt electrode, was due to the formation of Prussian 

yellow (PY), an intermediate during PB oxidation [35,36], which further confirms successful 

modification of the electrodes with PB nanoparticles. Lastly, the cyclic voltammograms of the Pt-PB 

and Pt-MWCNT-PB electrodes in KCl electrolyte (i.e. in the absence of [Fe(CN)6]
4-

 / [Fe(CN)6]
3-

), 
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showed both redox peaks at around 0.2 V and 0.8 V attributed to PB nanoparticles. These peaks were 

absent on the bare Pt electrode in the same KCl electrolyte. The result obtained in this study can be 

likened to similar study where electrochemical and the electron transport properties of PB and Fe 

complexes modified electrodes were reported in probes such as K3Fe(CN)6 or [Fe(CN)6]
4-

 / [Fe(CN)6]
3-

  

[33,41,42] 

Further insight into the interface properties of the surface-modified electrode was probed using 

Electrochemical impedance spectroscopy (EIS) at a fixed potential (0.2 V vs. Ag|AgCl, sat’d KCl). 

The Nyquist plot obtained (Fig. 3b) confirmed many electrode/electrolyte interface processes. The 

linear part of the Nyquist plot represents the diffusion-limited process, while the semicircle portion 

corresponds to the electron transfer limited process. As clearly seen, the semicircle or the arc was very 

pronounced for the bare Pt (i) and Pt-PB (ii) modified electrode signifying high electron or charge 

transfer resistance of these electrodes compared with Pt-MWCNT (iii) or Pt-MWCNT-PB (iv) 

characterized with fast electron transfer kinetics. The impedance spectra obtained from this study were 

satisfactory fitted based on the % error and chi-square values using Randles equivalent circuit 

represented in Figure 4a, and the data obtained are presented in Table 1.0. Rs is the solution/electrolyte 

resistance, Rct represents the charge-transfer resistance, Cdl or Cfilm represents true capacitance while 

Zw represents the Warburg diffusion. Aside from visual inspection of goodness of the fitting lines, two 

accurate ways to establish how well the modeling functions reproduce the experimental data sets are 

the relative error estimates (in %) and chi-square functions (
2
), which is the sum of squares of the 

relative residuals (i.e., sum of the real and imaginary 
2
), easily obtained from the K-K test. From 

Table 1.0, Pt-MWCNT-Pt has the lowest Rct value (2.66 Ωcm
2
) implying fastest electron transfer 

properties compared with the other electrodes investigated. Bode plot of –phase angle vs log f, (Fig. 

4b), gave phase angles of 64.1
0
 for Pt (i), 58.3

0
 for Pt-PB (ii), 11.7

0
 for Pt-MWCNT and 9.2

0
 for Pt-

MWCNT-PB (iv) which are less than the 90
o
 expected of an ideal capacitive behaviour confirming the 

pseudocapacitive nature of these electrodes. However, since phase angle (ф) and the frequency at 

maximum phase angle (fф) are directly and inversely proportional to Rct respectively [42,43], therefore, 

the lowest phase angle recorded for Pt-MWCNT-PB electrode in this study makes it the best electrode 

in terms of electron transport compared to the other electrodes.  
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Figure 3. (a) Comparative current response of (i) Pt, (ii) Pt-MWCNT, (iii) Pt-PB and (iv) Pt-

MWCNT-PB modified electrodes in 5 mM [Fe(CN)6]
4-

/[Fe(CN)6]
3-

 solution (pH 7.0 PBS). 

Scan rate = 50 mVs
-1

. (b) Typical Nyquist plots of (i) Pt, (ii) Pt-PB, (iii) Pt-MWCNT and (iv) 

Pt-MWCNT-PB modified electrodes in 5 mM [Fe(CN)6]
4-

/[Fe(CN)6]
3-

 solution(E1/2 = 0.2V). 
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Figure 4. (a) Circuit diagram used in the fitting of the impedance data in Figure 3a. (b) Bode plots of –

phase angle/deg vs. log (f/Hz) for the electrodes in Figure 3b. 
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Table 1. Impedance data obtained for the Pt modified electrodes in 5 mM Fe(CN)6]
4-

/[Fe(CN)6]
3-

 

solution at 0.2 V (vs Ag|AgCl sat’d KCl). All values were obtained from the fitted impedance 

spectra after several iterations using of the circuit. The values in parentheses are percentage 

errors of data fitting. 

 
Electrode Impedance Data 

Rs /Ωcm
2
  Cfilm / µFcm

-2
 Rct /Ωcm

2
 ZW / mΩ  

 


2 
 

Pt 7.46 (3.43) 41.67 (3.19) 294.0 (3.83) 0.25 (17.39) 1.07x10
-3

 

Pt-MWCNT 7.91 (0.46)  70.00 (3.46) 3.07 (1.84) 0.48 (0.45) 1.94x10
-5

 

Pt-PB 7.52 (4.82) 40.67 (4.86) 185.7 (5.94) 0.14 (12.25) 9.54x10
-5

 

Pt-MWCNT-PB 9.23 (1.41) 375.67 (16.92) 2.66 (8.83) 1.42 (2.92) 2.40x10
-4

 

 

3.3. Electrocatalytic response of the analytes at the electrodes. 

Previous studies have shown that iodate and periodate have better electrochemical activity in 

acidic medium and that this activity decreases with increasing pH [22,23], while sulphite 

electrocatalytic response was more favoured under alkaline pH conditions [24]. Effect of PB 

deposition time (2, 5, 10 and 15 min) was carried out and 5 min deposition time gave the optimum 

current response towards the analytes and was used through the study. Therefore, Figure 5a compares 

the current response of the Pt-MWCNT-PB modified electrode in both phosphate buffer alone and 8 

mM IO3
-
 solution. From this Figure, the reduction current due to the conversion of iodate ion to iodide, 

which was not found in the PBS electrolyte alone, confirmed clearly the catalytic activities of the Pt-

MWCNT-PB electrode towards iodide reduction. In the same vein, the electrode also proved to be the 

best in the electrocatalytic reduction of iodate compared to other electrodes investigated (Fig. 5b). This 

is attributed to the presence of the MWCNT which increases the surface area of Pt-MWCNT-PB 

electrode thereby enhancing more PB particles deposition, and consequently creating more catalytic 

site for the electrocatalytic behaviour of the electrode towards the studied analytes compared with the 

other electrodes investigated.  A similar trend was observed for electrocatalytic reduction of 8 mM 

periodate in pH 2.0 PBS (Fig. 5c) and electrocatalytic oxidation of  8 mM sulphite in 0.1 M NaOH 

electrolyte (Fig. 5d) on the studied electrodes. Contrary to the occurrence of iodate and periodate 

reduction current at the negative potential [25,26], their reduction current occurred at an unusual 

positive potential in this study, a phenomenon which was also observed by other workers for the 

analytes [23]. This is interesting, and an advantage to PB modified electrode towards reduction of 

iodate and periodate as it eliminates oxygen evolution process usually associated with reduction 

process at the negative potentials. In this work, the voltammetry data in terms of peak current and 

potential showed that the Pt-MWCNT-PB electrode demonstrated enhanced current response at a 

lower potential towards iodate and periodate reduction (mediated by the MWCNT-PB nanocomposite) 

and at lower starting potential of catalysis towards sulphite oxidation compared to the other electrodes. 

The results compared favourably with Salimi et al. [23] and Haghighi et al. works [22] where 

MWCNT have been implicated as mediating and enhancing the catalytic effect of the surface modifier 

on the electrode towards the analytes. The difference in their work and this study is the source ((FeCl3 

and K3[Fe(CN)6]) of the PB catalyst used, which are common laboratory reagent, cheap, readily 
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available and can be reduced to form PB on the Pt electrode using a  simple electrodeposition 

technique. In all cases, the results indicate a strong catalytic effect of the Pt-MWCNT-PB 

nanocomposite modified electrode thus all further experiments were focussed on this electrode. 

 

 
 

Figure 5. (a) Comparative current response of the modified Pt-MWCNT-PB electrode in pH 2.0 PBS 

alone, and pH 2.0 PBS + 8 mM IO3
-
. (b), (c) and (d) are the comparative cyclic voltammograms 

showing the current response of Pt, Pt-PB, Pt-MWCNT and Pt-MWCNT-PB modified 

electrodes in  8 mM IO3
-
 in pH 2.0 PBS, 8 mM IO4

-
 in pH 2.0 PBS and 8 mM SO3

2-
 in 0.1 M 

NaOH respectively (Scan rate: 25 mVs
-1

).  
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3.4. Stability and scan rate study 

Pt-MWCNT-PB electrode was repetitively cycled in the analytes (20 scans) exemplified with 

iodate (Fig. 6a) and sulphite (Fig. 6b) to investigate the electrode stability or resistant to surface poison 

due to adsorbed species and reaction intermediates. A decrease in peak current was observed after the 

second and the first scan for iodate and sulphite respectively, which is typical of a poisoned electrode. 

Similar result was obtained for periodate. However, upon electrochemical cycling of the electrode in a 

fresh PBS (pH 7.0) solution, the electrode surface was renewed and a current recovery of ca 90% was 

obtained for iodate and periodate, and 125% recovery for sulphite. The results suggest stability and 

potential reusability of the electrode after successive experiment. To further probe the stability of the 

electrode, it was stored in a refrigerator for 15 days and re-used. No significant change in the initial 

current of the analytes was observed indicating the electrochemical stability and reproducibility of the 

catalyst on the electrode. 

 

 
 

Figure 6. Repetitive cyclic voltammograms (20 cycles) of Pt-MWCNT-PB electrode in (a) 0.1 M PBS 

(pH 2.0) containing 8 mM IO3
- 
and (b) 0.1 M NaOH containing 8 mM SO3

2-
 (scan rate: 25mVs

-

1
). (c) Current response of the Pt-MWCNT-PB electrode in 8 mM SO3

2-
 solution (scan rate: 25-

1000 mVs
-1

, inner to outer) and (d) Current response of the Pt-MWCNT-PB electrode in 8 mM 

IO4
-
 solution (scan rate: 25-1000 mVs

-1
, inner to outer). 
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The effect of scan rate () (scan rate: 25-1000 mVs
-1

) on the electrocatalytic oxidation and 

reduction of the analytes was investigated and the voltammograms obtained are exemplified with 

sulphite and periodate (Fig. 6c and 6d). In all cases, the reduction peak potential for iodate and 

periodate shifted slightly negatively, while the oxidation peak potential for sulphite shifted slightly 

positively with increasing scan rates. The current function plots (Ip/ν
1/2

 vs ν ) obtained for the analytes 

(Fig. 7a) gave the characteristic curves confirming the interplay of coupled electrochemical-chemical 

(ECcat) reaction processes at the electrode. Similarly, the plots of log Ip vs log ν  (Fig. 7b) are linear 

with slopes values lower than the 0.5 expected for an ideal diffusion-controlled process [44,45], 

therefore, suggesting the possibility of the involvement of an adsorbed reaction intermediates. 
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Figure 7. (a) Current function plots of (Ip/ vs ) for (i) IO3
-
, (ii) IO4

-
 and (iii) SO3

2-
. (b) Plots of log Ip 

vs log  for (i) IO3
-
, (ii) IO4

-
 and (iii) SO3

2-
. 

 

From the Tafel equation (Eqn.3) for a totally irreversible diffusion- controlled process [42], 
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constant log
2

 
b

E p                                                                    (3) 

 

plots of Ep versus log υ gave a linear relationship (not shown) and the slope (∂Ep/∂(log ν )) of 

this plot also known as Tafel slope b was obtained for iodate, periodate and sulphite respectively. The 

values of b are presented in Table 2.0. These values are higher than the theoretical 118 mV dec
-1

 for a 

one-electron process involved in the rate-determining step. Therefore, such high Tafel values are 

attributed to the adsorption of reactants or intermediates on the electrode surfaces and/or reactions 

occurring within a porous electrode structure [46].  

 

Table 2. Electrocatalytic parameters obtained for the analytes on the Pt-MWCNT-PB modified 

electrode.  

 
Analyte  

Electrocatalytic parameters 

 

Sensitivity 

(µA/µM) 

LCR 

(µM) 

LoD  

(µM) 

Tafel slope(b) 

(mV dec
-1

) 

 

     10
-6

kcat 

(cm
3
mol

-1
s

-1
) 

10
5
D /cm

2
s

-1
 

Iodate 0.021 34.0-268.3 8.30±0.92 211.0 1.37±0.05 

 

8.11±0.48 

 

Periodate 0.025 16.4-142.9 8.06±0.52 

 

176.2 0.34±0.01 

    

4.49±0.13 

 

Sulphite 0.127 16.4-142.9 4.70±0.14 129.2 52.4±0.5 

     

1.42±0.13 

 

 

3.5. Amperometric detection of the analytes  
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Figure 8. Typical chronoamperogram of Pt-MWCNT-PB in (a) pH 2.0 PBS containing different 

concentrations of IO3
-
 (0.0, 34.0, 90.9, 142.9, 189.2, 230.8, 268.3, 333.3, and 375.0 µM (i - 

ix)), (b) 0.1 M NaOH containing different concentrations of SO3
2-

 (0.0, 16.4, 32.3, 62.5, 90.9, 

117.7 and 142.9 µM (i - vii)). Inset in (a) and (b) are the linear plots obtained from current 

response vs IO3
-
 and SO3

2-
 concentration respectively. 

 

Amperometric detection of iodate, periodate and sulphite on Pt-MWCNT-PB electrode was 

carried out during successive addition of the different concentrations of the analytes in their respective 

electrolytes, and at a fixed potential of 0.32 V for iodate and periodate, and 0.6 V for sulphite  The 

chronoamperogramms obtained are represented with iodate and sulphite in Figure 8. The insets depict 

the calibration curve for the plot of current against concentration.  

The limit of detection (LoD) was calculated based on the relationship [47]: 

 

m
LoD

3.3
               (4) 

 

where δ is the relative standard deviation of the intercept of the y-coordinates from the line of 

best fit, and m the slope of the same line. The sensitivity, linear concentrations range (LCR) and limit 

of detection (LoD) are also summarised in Table 2.0. The detection limits obtained for iodate and 

periodate in this study compared favourably with 15 µM reported for iodate on 

GCE/MWCNTs/[C8Py][PF6]-PMo12 [22], 2.5 µM for iodate on MWCNT-iron-porphyrins-GC 

electrode [23], and 0.5 µM for periodate at V-Schiff base complex/MWCNTs modified GC electrode 

[48]. On the other hand, the limit of detection obtained for sulphite agreed closely with 3.0 µM and 1.9 

µM reported for the analyte on nickel powder carbon composite modified electrode [49] and nickel 

pentacyanonitrosylferrate(NiPCNF) film modified/Al electrode [50] respectively but much lower 

compared to 80 µM reported for the analyte on Prussian blue modified glassy carbon electrode [51] .  
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The micro molar detection limit obtained for the analytes in this work was low enough for their trace 

determination in real life samples. 

From the concentrations study, the diffusion coefficient D for the analytes and the catalytic rate 

constant K for the Pt-MWCNT-PB electrode was estimated by using Equations 5 [38] and 6 [52]: 

 

2
1

2
1

2
1

t

CnFAD
I


                  (5) 

 

  2/12/1 tCk
I

I
ocat

L

cat                                                                            (6) 

 

where C is the bulk concentration (molcm
−3

), A is the area of the electrode in cm
2
, n is the 

number of electrons which is approximately 6 for iodate and periodate [53], Icat and IL  are the currents 

in the presence and absence of the analyte. From the experimental plots of I versus t
−1/2

, the diffusion 

coefficient D of the analytes was calculated and reported in Table 2.0. Similarly, from the plot of Icat/IL 

vs t
1/2

, the kcat for Pt-MWCNT-PB in the analytes were obtained (Table 2.0). The D values obtained in 

this study for iodate and periodate are within the same magnitude with 4.5 and 5.6 x 10
-5

 cm
2
s

-1
 

reported for iodate and periodate [23].  
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Figure 9. Typical Amperometric response of Pt-MWCNT-PB electrode for (a) 1.8 mM  IO3
- 
 and in 

the presence of 1.0 mM of various interference species (b) nitric oxide (NO), (c) nitrite (NO2
-
), 

(d) bromate (BrO3
-
), (e) chlorate (ClO3

-
) and (f) sulphite (SO3

2-
). A potential of 0.32 V and PBS 

of pH 2 was used.  
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The Kcat value of 5240 x 10
4
 cm

3
mol

-1
s

-1
 obtained for sulphite in this study is a magnitude 

higher than 3600 x 10
3
 cm

3
mol

-1
s

-1 
reported for the analyte and other sulphur oxoanions on nickel 

oxide film modified carbon composite electrode [50]. The difference in the magnitude of K was 

attributed to the different catalyst or electrode modifier, and their extent of interaction with sulphite 

molecules. The Kcat values of 1.37 and 0.34 x 10
6
 cm

3
mol

-1
s

-1
 obtained for iodate and periodate 

respectively were lower compared to 8.4 and 8.83 x 10
6
 cm

3
mol

-1
s

-1
 reported for the analytes on V-

Schiff base complex/MWCNTs modified GC electrode [48]. The high Kcat (10
6
-10

7
 cm

3
mol

-1
s

-1
) values 

obtained in this study indicate excellent activity of the MWCNT/PB film towards iodate and periodate 

reduction and sulphite oxidation.  

 

3.6. Amperometric determination of iodate in the presence of other interfering species. 

Amperometric responses of IO3
-
 in the presence of other interfering ions are shown in Figure 9. 

Iodate reduction current was determined before and after 400 seconds of injection of other interfering 

species. The results presented in Figure 9 therefore showed that there was no interfering effect to 

iodate current after the addition of these other species. 

 

3.7. Real sample analysis: Determination of iodine content of iodated table salts 
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Figure 10. Typical chronoamperogram of Pt-MWCNT-PB in pH 2.0 PBS containing commercial table 

salt spiked with different concentration of standard iodate (IO3
-
) solution (0.00, 0.33, 0.83, 

2.50, 3.33, 4.17and 5.00 mM ( i - vii)) (standard addition method).  Inset is the linear plots 

obtained from current response vs IO3
-
 concentration. 
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The potential application of the fabricated sensor was tested by determining the iodine content 

of iodated table salts. The procedure for the iodine content determination was already discussed under 

experimental. The chronoamperograms obtained for both spiked and unspiked samples is presented in 

Figure 10, while inset in Figure 10 presents the plot of iodate reduction current against concentrations. 

The experiment was repeated five times (n=5) for every salt sample analyzed. The iodate content of the 

salt (in terms of iodine) was determined by extrapolation (See inset in Figure 10). Assuming a set 

standard of 70 μg/g of iodine supplement in table salt [54], the concentration found in each table salt 

(n=5) (Table 3) is approximately within this set standard. The result clearly indicates the suitability of 

the fabricated sensor for iodine level determination in iodated table salts.  

 

Table 3. Determination of iodine content of commercially available iodated table salts (n =5)  

 

Sample Concentration found (mg/g) Recovery (%) 

1 73.5 ± 5.0 105.0 ± 7.1 

2 76.0 ± 5.8 108.6 ± 8.2 

3 78.5 ± 5.0 112.1 ± 7.1  

 

 

 

4. CONCLUSIONS 

This work describes the electron transfer and electrocatalytic behaviour of multi-walled carbon 

nanotubes Prussian blue modified platinum electrode. The Pt-MWCNT-PB electrode demonstrated fast 

electron transfer kinetics and enhanced electrocatalytic response towards the studied analytes 

compared to other electrodes investigated. Reduction of iodate and periodate occurred at unusual 

positive potential, which is good in eliminating interference due to oxygen evolution at the negative 

potential. The catalytic process was associated with adsorbed oxidation/reduction intermediates.  The 

Pt-MWCNT-PB electrode can conveniently detect iodate in the presence of other interfering species, 

and can be used for the determination of iodine content of commercially available iodated table salts. 
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