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Abstract 

This work reports a simple voltammetric method for the determination of chloride, 

bromide, and iodide ions using screen-printed carbon electrodes modified with silver 

nanoparticles electrochemically deposited on the working electrode surface. UV/Vis absorption 

spectroelectrochemistry was used to study the electrodeposition of silver nanoparticles on the 

working carbon electrode on PET or Gore-Tex® supports, and their subsequent oxidation in the 

presence of halide ions. 

The main figures of merit of the developed sensors, such as reproducibility and detection 

limit, have been calculated. Reproducibility values of 2.22%, 2.83% and 3.23% were obtained 

for chloride, bromide and iodide determinations, respectively. Additionally, the lowest detected 

amount of chloride, bromide and iodide ions were 3.0·10-6 M, 5.0·10-6 M and 5.0·10-6 M, 

respectively.  

Taking into account the relevance of the determination of chloride ion concentration in 

sweat, the voltammetric method for the determination of halides has been successfully 

transferred to a Gore-Tex® support to build a first approach to a wearable sensor that facilitates 

the quantification of this ion in sweat samples. The Gore-Tex® sensor provides a good 

reproducibility (RSD=1.61 %). 
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1. Introduction 

Halide ions are present in a number of industrial, medical, and environmental processes, 

playing in most cases an essential role. Therefore, the selective determination of halide ions is 

significant for monitoring both excessive and deficient concentration levels in natural resources, 

which can result in different types of pollution and, even, of physiological disorders. For 

example, cystic fibrosis, acid−base disorders and high blood pressure [1, 2] can be diagnosed by 

measuring the chloride level in biological systems. Cystic fibrosis (CF) is a common chronic 

disease one of whose symptoms is related to a high level of chloride in sweat. Thus, the gold 

standard laboratory test for the diagnosis of CF, along with a genetic analysis is considered the 

chloride measurement in sweat (sweat test) [3-5].  

A number of strategies have been proposed for the determination of halide ions in the 

environment or in physiological systems, including ion chromatography [6-8], coulometric 

titrations [9], or spectrometry [10]. Electrochemical analysis also presents a favorable scenario 

for determining halide ions in biological samples [11]. The most frequently used potentiometric 

methods were those based on ion selective electrodes [1, 12-20].  

In recent years, the substitution of traditional electrodes by new disposable screen-printed 

electrodes (SPEs) has emerged as an interesting alternative for these determinations with many 

advantages, such as high sensitivity and selectivity, simplicity and lower costs, as well as the 

possibility of performing “in situ” analysis. The use of this kind of sensors is scarcely found in 

the literature for the determination of halide ions in biological samples [21-25]. In addition, 

electrochemical screen-printed sensors can be considered as promising wearable chemical 

sensors suitable for diverse applications due to their high performance, inherent miniaturization 

and low cost [26]. 
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Medical interest for on-body wearable systems arises from the need to monitor patients 

over long periods of time. As a result, there has been a significant increase in sweat analysis in 

recent years because it is a non-invasive way of monitoring fluids and electrolyte loss by elite 

athletes during sport events (rehydration optimization) [27]. This kind of sensors can be used to 

improve the clinical management of certain pathologies such as CF, for which monitoring pH, 

chloride and sodium ion concentration can provide valuable information about this disease [28-

30]. 

In a previous work, it was proved that some textile such as Gore-Tex®, is a suitable 

material as electrodic support to develop screen printed sensors. In fact, a disposable sensor was 

developed to determine chloride ion [31]. The namely sensor was based on a completely 

different approach than the sensor proposed in this work. Thus, in that previous work, the 

Nernstian shift of the voltammetric peak of a control compound, such as ferrocenemethanol, 

was measured to determine chloride ions, but the sensitivity was rather poor in comparison with 

the new methodology. Now, we introduce the development of a more sensitive disposable Gore-

Tex® sensor based on the oxidation of silver nanoparticles in presence of chloride ions, which 

takes into account the strong interaction of chloride and silver ions. Regarding chloride 

determination in sweat samples, to the best of our knowledge, no wearable sensors have been 

previously described, and therefore, the proposed device could be considered as a first approach 

to a wearable sensor to determine the chloride ion concentration in synthetic sweat samples. 

Integrating a circuit into the sensor (lab on a chip), the new sensor could be applied to obtain an 

early diagnosis of CF disease in a near future. 

Moreover, in order to better understand the electrochemical process, a deeper study of the 

electrochemical behavior of different halide compounds was carried out using carbon working 

electrodes (SPCEs) modified with silver nanoparticles (AgNP). In addition, a 

spectroelectrochemical study was performed to shed more light on the electrochemical 

processes that take place during the detection of halides [32], as well as on the influence of the 

backing material, PET or Gore-Tex®, where the electrode system is printed. 
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2. Experimental 

2.1 Reagents and solutions 

All the chemicals were of analytical grade and were used as received without further 

purification. High-quality water (Milli Q A10 system, Millipore, Bedford, USA) was employed 

for preparing all solutions. 

 

KCl and NaCl were provided by Sigma-Aldrich (Steinheim, Germany). KBr, KI, KNO3, 

AgNO3, NaH2PO4 and urea were purchased from Merck (Darmstadt, Germany). NaHCO3, 

NaNO3, CaCl2, MgCl2, and lactic acid (85%) were supplied from Panreac (Barcelona, Spain).  

 

Synthetic sweat sample was prepared according to a Stefaniak and Harvey research [33]. 

The used sample was a mixture of bicarbonate 3.0 ·10-3 mol L-1, phosphate 2.3·10-5 mol L-1, 

Mg2+ 8.2·10-5 mol L-1, K+ 6.1 10-3 mol L-1, Ca2+ 4.7 10-6 mol L-1, Na+ 3.1·10-2 mol L-1, Cl- 2.3·10-

2 mol L-1, urea 1.0·10-2 mol L-1 and lactate 1.4·10-2 mol L-1. 

 

C10903P14 (carbon ink) and D2071120D1 (dielectric ink) were purchased from Gwent 

Electronic Materials (Torfaen, U.K). Electrodag 6037 SS (Ag/AgCl ink) and Electrodag 418 

(Ag ink) were supplied by Acheson Colloiden (Scheemda, The Netherlands). 

3-Layer Gore-Tex® laminate Waterproof Breathable Ripstop Nylon Fabric was supplied 

by Rockywoods (Loveland, USA). 

 

2.2 Apparatus 

Electrochemical measurements were performed with a µAutolab electrochemical system 

with GPES software package to control the instrument, register and perform the analysis of 

results (Eco Chemie, Utrecht, The Netherlands). 
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Spectroelectrochemical experiments were carried out using a PGSTAT 302N potentiostat 

(Eco Chemie B.V., Utrecht, The Netherlands) coupled to a QE65000 spectrometer (Ocean 

Optics, Florida, USA). The light beam, supplied by a DH-2000 deuterium-halogen light source 

(Ocean Optics, Florida, USA), was both guided to, and collected from the working electrode 

surface of the SPCEs by a reflection probe (FCR-7UV200-2-1.5X1SR, Avantes, Apeldoorn, 

The Netherlands). 

 

2.3 Sensor manufacturing 

Home-made SPEs used in this work consist of a carbon working electrode (SPCE, area of 

12.56 mm2), a carbon counter electrode and a silver/silver chloride pseudoreference electrode. 

The carbon ink was used in the conductive paths of SPEs. These electrodes were produced on a 

DEK 248 printing machine (DEK, Weymouth, UK) using polyethylene terephthalate (PET) of 

500 µm thickness or Gore-Tex® as supports, according to the procedure described elsewhere 

[34]. Both supports were pre-heated to 120 ºC for 1 hour before the printing process. 

 

2.4 Silver nanoparticles modified SPCEs preparation and characterization 

The working electrode surface was electrochemically modified with AgNP according 

with the method described in the literature [35].  

When analysing the behavior of halides by voltammetric and spectroelectrochemical 

techniques, AgNP were electrodeposited using chronoamperometry under the following 

conditions: applying -1.20 V vs screen-printed Ag/AgCl electrode during 20 s in a 200 µL drop 

of 10-4 M AgNO3  prepared in Britton Robinson buffer, pH 2. After the electrodeposition 

process, AgNP modified SPCEs (AgNP-SPCEs) were thoroughly washed with Milli-Q water.  

Meanwhile, when analyzing synthetic sweat sample (Section 3.3), AgNP were 

electrodeposited using chronoamperometry under the following conditions: applying -1.20 V vs 

screen-printed Ag/AgCl electrode during 75 s in a 200 µL drop of 5 10-3 M AgNO3, prepared in 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

  6  

 

Britton Robinson buffer, pH 2. After the electrodeposition process, AgNP modified SPCEs 

(AgNP-SPCEs) were thoroughly washed with Milli-Q water.  

 

2.5 Voltammetry measurements 

Linear sweep voltammetry (LSV) experiments were recorded between -0.20 V and +0.60 

V (vs. a screen printed Ag/AgCl pseudoreference electrode), in a 200 µL droplet of the sample 

placed onto the surface of the electrode system. The sample droplet contains chloride, bromide 

or iodide ions, depending on the studied system, and KNO3 0.01 M. as supporting electrolyte. 

The scan rate was 0.01 V s-1 and the step potential was 0.005 V. 

 

2.6 Spectroelectrochemical measurements 

Spectroelectrochemical experiments were performed in a near-normal reflection 

arrangement. For this purpose, a reflection probe was placed in the drop, perpendicular to the 

electrode surface, for the spectroscopic measurements. This optical configuration allows us to 

follow the spectroscopic changes that take place on the electrode surface during the 

electrochemical experiments that were performed in a 200 µL drop containing chloride ion and 

KNO3 using the same parameters than in the LSV experiments. Absorbance data from all 

spectroelectrochemical experiments were calculated taking as reference spectrum the one at the 

starting potential of each individual experiment. 

 

3. Results and discussion 

The presence of AgNP on the working electrode surface is very useful for determining 

halides because the oxidation of AgNP can be used to generate silver halides on the electrode 

surface, according with the procedure described above in section 2.4. Thus, in this work, the 

working SPCE was modified with AgNP in order to develop a sensor that allows us the 

sensitive determination of halide ions in solution. 
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When halide ions were not present in the sample, a single voltammetric peak was 

obtained due to the oxidation from AgNP to silver (I) ions. However, in the presence of halides, 

two overlapped voltammetric peaks were obtained, the first one due to silver halides formation 

on the electrode surface, and the second one due to oxidation from AgNP to silver cations [21] 

(Figure 1).  

There is a different trend in the interaction between silver cations and halide ions. In fact, 

the oxidation of the different silver halides performed by linear voltammetry suffers a potential 

shifting to positive values according to the electronegativity of the halides. The higher the 

electronegativity of the halide, the higher the ionic character of the bond, and consequently, the 

higher the solubility. This relationship is determined by the solubility product constant (Ksp). Ksp 

values at 25 ºC of silver chloride, silver bromide and silver iodide are 1.8 10-10, 5.0 10-13 and 8.3 

10-17 mol2 L-2 respectively. Therefore, the smaller the Ksp, the stronger the interaction between 

the silver and the halide anions. In consequence, as can be seen in Figure 1, anodic 

voltammetric peaks of the different halides emerge at higher overpotentials for the highest 

soluble silver halide: +0.10 V for silver chloride, +0.05 V for silver bromide, and  -0.18 V for 

silver iodide (Figure 1), confirming the different trend of chloride, bromide and iodide to form 

silver halides. 

Moreover, Figure 1 shows that the second oxidation peak in the overlapped signal, which 

is related to the oxidation of AgNP to silver (I), exhibits different height depending on the 

studied halide. In the case of silver chloride, the most soluble halide, the height of the second 

peak is the highest compared to those of the other halides. This fact can be related to the 

solubility product constant. Thus, the higher the Ksp, the higher the current peak of the second 

process that is related to the oxidation of nanoparticles. This result is consistent with the higher 

solubility of silver chloride regarding the other silver halides, taking into account that in a 

chloride medium there is a larger amount of Ag(I) in solution. 

In fact, when the halide concentration increases, this second anodic peak becomes smaller 

[36], disappearing at higher concentrations of halides from 80 or 100 µM onwards. Iodide was 
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chosen as a proof of concept to illustrate the redissolution of AgNP due to the fact that iodide 

solutions show the greatest difference between the two anodic peaks, allowing  a clear 

observation of the phenomenon. When silver halide peak increases in the LSV experiment, 

Ag(0)/Ag(I) oxidation peak decreases (Figure 2.a). The presence of the halide ions encourages 

the silver halide formation to a greater extent than the oxidation of Ag(0) to Ag(I)  because a 

lower oxidation potential was required [21]. This behavior can be observed for the three halides 

at the different concentrations. In the limit case, the halide concentration is so high that all 

AgNP are involved in the generation of silver halide, and the second anodic peak is not 

observed because there are no more AgNP.  

It is also remarkable that the difference of potential between the first and the second 

oxidation processes depends on the halide present in solution [24]. Thus, the lower the solubility 

product constant, the higher the difference in the oxidation peak potentials between the two 

oxidation processes. 

 

3.1 UV/Vis absorption spectroelectrochemistry study using PET sensors. 

A UV/Vis absorptometric spectroelectrochemistry study was carried out in order to obtain 

a better understanding of the electrochemical process described above. In this way, the 

electrochemical signal is completely related to the evolution of the absorbance bands in the 

UV/Vis spectra. 

First, the modification of SPCEs with AgNP was followed by UV/Vis absorption 

spectroelectrochemistry in a near-normal arrangement. Figure 3 shows the spectra evolution 

obtained concomitantly with AgNP electrochemical deposition. During the first 4 s, an almost 

flat band is observed, that can be related to the generation of small clusters in the beginning of 

the experiment. This band evolves to the typical AgNP plasmon band, centered at 420 nm, 

related to the generation of polydispersed AgNP [37].  

Once AgNP are deposited on the electrode surface, a linear sweep voltammogram was 

performed from -0.20 V to +0.60 V at 0.01 V·s-1, using the solutions that contain the different 
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halide ions. Figure 4a shows the spectra between 250 and 800 nm registered during this 

electrochemical experiment, selecting some significant potential and taking the AgNP spectrum 

as reference spectrum for chloride ions. Each UV/Vis spectrum was taken every 200 ms. Two 

absorbance bands evolve during the experiment, one centered at 385 nm and the other centered 

at 550 nm. We can rationalize these bands in terms of the two phenomena described above: 1) 

generation of silver chloride on the AgNP surface and 2) oxidation of AgNP to generate Ag(I). 

The voltabsorptograms at these two significant wavelengths, 385 and 550 nm, plotted together 

with the voltammogram indicated that the optical signal fully deconvolves the electrochemical 

process (Figure 4b).  

The absorbance at 385 nm starts to increase concomitantly with the first oxidation peak in 

the LSV, indicating the formation of the AgCl on the NPs surface. Absorbance at this 

wavelength achieves a constant value after this first oxidation peak, suggesting that AgCl covers 

the AgNP surface. However, absorbance at 550 nm decreases at potentials related to the second 

overlapped oxidation peak, indicating the reoxidation of the AgNP electrodeposited on the 

carbon electrode surface, process that occurs at higher potentials. Thus, the optical signal 

confirms that first silver cations generated during the oxidation of the AgNP precipitate 

instantaneously as silver chloride due to the chloride present in the solution, and once it is 

covered by AgCl, the redissolution of the nanoparticles occurs. 

Spectroelectrochemistry also confirms the behavior observed at high halide 

concentrations shown in Fig. 2a for iodide. Voltabsorptograms of the AgNP oxidation in 

presence of different KI concentrations, 5 µM, 20 µM, 40µM and 80 µM (Figure 2.b), show the 

evolution of the absorbance at 385 nm. At the lower iodide concentrations, two different steps 

can be clearly observed in the voltabsorptogram, one around -0.20 V that is related with the 

silver halide formation, and the other one around +0.15 V due to the oxidation of AgNP to 

Ag(I). In the first redissolution of AgNPs, around -0.20 V, absorbance at 385 nm increases 

continuously due to the iodide diffusion until the second oxidation potential is reached. At 

+0.15 V, the second oxidation step is observed, and the absorbance at 385 nm increases with a 
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different slope than in the first oxidation step, reaching a constant value when the AgNPs are 

fully oxidized to Ag(I). For the highest iodide concentration, 80 µM (purple line), the 

absorbance at 385 nm starts to grow at -0.20 V, reaching a maximum and constant absorbance 

value after the first anodic peak, around -0.1 V, because of the complete consumption of all 

AgNP deposited on the surface. 

 

3.2 Spectroelectrochemistry measurements using Gore-Tex® sensors 

In a previous study [31], it was proved the good properties of Gore-Tex® as substrate for 

SPEs, but the possibility of electrodepositing AgNP by using this backing support was not 

explored. Thereby, Gore-Tex® electrochemical sensors have been developed by depositing 

AgNP onto the working electrode surface and performing LSV in order to determine the 

chloride concentration following the procedure described above. To carry out a more complete 

study of the Gore-Tex® sensors, UV/Vis absorption spectroelectrochemistry measurements 

were performed. For this purpose, the same experiments performed in the PET substrate were 

carried out using the Gore-Tex® substrate. The UV/Vis absorption spectra obtained during the 

AgNP electrodeposition on the wearable sensor are very similar to the spectra shown in Figure 3 

registered on a PET screen printed electrode. However, absorbance values are lower because the 

spectroscopic signal of the wearable sensor is affected by the roughness of the backing material 

since Gore-Tex® surface is rougher than PET surface. 

LSV experiments were carried out from -0.20 V to +0.60 V at 0.01 V s-1 and the 

spectroscopic signal was simultaneously obtained. The voltammetric signals show a similar 

behavior with respect to the one performed on the PET sensor exhibiting the same peak 

potential, confirming that the backing material where the electrode system is printed does not 

modify the electrochemical signal qualitatively.  

Moreover, Figure 5 shows the derivative voltabsorptogram at 385 nm together with the 

linear sweep voltammogram. The similarity of the two responses undoubtedly indicates that the 
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spectroscopic signal is completely related to the oxidation process observed in the LSV 

experiment.  

 

3.3 Electrochemical determination of halide ions using PET sensors 

Following the procedure described above, once AgNP were electrodeposited onto the 

working electrode surface, the electrochemical sensor was ready for determining the 

concentration of the halide in solution by LSV. 

The concentration of the halides in the solution is related to the silver halides formed on 

the electrode surface. A linear relationship was found between the height of the first anodic peak 

and the halide concentrations, allowing us to quantify the halide ions, even for the chloride case, 

where the two peaks are in close proximity, but the first peak can be used to obtain a good 

chloride determination as can be deduced from the figures of merit shown below. 

Calibration standards were prepared by spiking known concentrations of each halide in a 

0.01 M KNO3 solution and calibration curves were built by taking the average of 5 

measurements for each concentration, in the calibration range shown in Table 1. 

In order to characterize the analytical method, the reproducibility was calculated by 

taking the average of the RSD values obtained from the 5 intensities measured using different 

sensors for each concentration (Figure 6). Outliers were detected by using PROGRESS program 

[38], which uses an algorithm based on a least median square (LMS) regression. Once, these 

outliers points were removed from the calibration set, ordinary least square (OLS) regressions 

were built with the remaining points. Sensitivity values, obtained from the slope of the 

regressions are shown in Table 1and the good reproducibility of the method is supported by the 

RSD values obtained. 

 

Additionally, the detection limit of the analytical method was obtained for a given 

probability of false positive (α) and negative (β) of 0.05 [39, 40]. The minimum detectable 

concentration of each halide is shown in Table 1. In all cases, these values were below the 
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lowest calibration standard values. Thus, the latter values were taken as average detection limits 

from an analytical point of view. 

 

Calibration range depends on the amount of AgNP present in the electrode. They could be 

extended to higher halide concentrations by either increasing the concentration of the AgNO3 

solution or the deposition time used in the AgNP immobilization procedure (described in 

Section 2.4). 

 

 

 

Table 1 Calibration parameters obtained for the determination of halides by LSV in 0.01 M 

KNO3 solution. 

 
Halide 

Cl- Br- I- 

Lineal 

regression 

Regression  
equation 

y = 0.2358 + 
0.01930 [Cl-] 

y = 0.1089 + 
0.01314 [Br-] 

y = 0.0912 + 
0.01048 [I-] 

R2 0.994 0.994 0.991 

RSD %* 
(n=5) 

2.22 2.83 3.23 

Sxy 0.0555 0.0332 0.03527 

Calibration range (M) 3.0 10-6 
─ 1.0 10-4 5.0 10-6 ─ 0.9 10-4 5.0 10-6 ─ 0.8 10-4 

Computed limit of detection 
(M) 

2.25·10-6 4.34·10-6 4.76·10-6 

Experimental limit of 
detection(M) 

3.0 10-6 5.0·10-6 5.0 10-6 

*Calculated as the average of the RSD values obtained from the 5 intensities measured using 

different sensors for each concentration 
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3.4. Application to synthetic sweat samples using  Gore-Tex® electrochemical 

sensors 

In order to check the performance of the chloride sensors, a synthetic sweat sample was 

analyzed by using Gore-Tex® sensors. First, a calibration curve was built. 

As in the PET substrate sensors, once the Gore-Tex® sensors were modified with AgNP, 

200 µL drops of sample with different concentrations of chloride ion were placed on the 

electrode surface and LSV was performed. A linear relationship between the height of the first 

oxidation peak and the chloride ions concentration was obtained. The calibration range was 

from 0.005 M to 0.06 M and the slope value of this regression was 292.2 µA·M-1. Precision was 

calculated, in the same way as at PET sensors, obtaining a RSD value of 1.61 %.  

Once the calibration curve was obtained, a droplet of synthetic sweat sample was placed 

on the electrode surface and immediately a voltammetric measurement was performed. Next, 

the height of the oxidation peak was interpolated in the previously built calibration curve and 

the chloride concentration of the synthetic sweat sample was calculated from the corresponding 

linear regression. Thus, the chloride concentration was 0.024±0.009 M using the Gore-Tex® 

sensor. The detected value is in good agreement with the value of chloride content in sweat 

samples (0.023 M). Therefore, from these results, we conclude that the developed method is 

both precise and suitable for the analysis of chloride ions. 

 

4. Conclusions 

Given the relevance of wearable electrochemical sensors, a Gore-Tex® screen printed 

voltammetric sensor has been developed for the determination of chloride ions by modifying the 

working electrode with AgNP. The selectivity of the sensor, which also showed excellent 

reproducibility (RSD=1.61 %), makes it an appropriate option for monitoring the chloride 

concentration in sweat.  

The development of this new chloride test, which is based on a low cost, non-invasive, 

easy-to-operate and wearable sensor, could be of great importance in order to obtain an early 
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diagnosis of, for instance, cystic fibrosis. This first approach to a wearable electrochemical 

sensor is flexible, comfortable, and biocompatible. Therefore, it could be made commercially 

available for continuous health monitoring through contact with the human body. This might be 

done using a circuit integrated on a single chip to develop an electrochemical system capable of 

measuring, collecting data and processing the information. Sweat storage would not be required 

since the sweat would be continually available using some substances as pilocarpine to induce 

it. Moreover, the presence of AgNP in this sensor gives it antimicrobial properties.  

 

Spectroelectrochemistry was a key tool for obtaining more complete information about 

the changes on the electrode surface, helping to confirm the processes involved in both the 

AgNP generation and the reoxidation of silver in the presence of halides. 
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FIGURE CAPTIONS 

 

Fig 1: Linear sweep voltammograms recorded from -0.40 to +0.60 V in 0.01 M KNO3 

(magenta line) and in presence of 80 µM of iodide ion (green line), bromide ion (red line) or 

chloride ion (blue line). Scan rate = 0.01 V s-1. Electrodic system printed in PET support. 

 

Fig 2; a) LSV performed from -0.30 V and +0.30 V in 0.01 M KNO3 in presence of 

increasing concentrations of KI. (Scan rate = 0.01 V·s-1). b) Voltabsorptograms at 385 nm and 

registered from -0.35 V to +0.35 V in KNO3 0.01 M in presence of increasing concentrations of 

KI. Scan rate = 0.01 V·s-1. 

 

Fig 3: Spectra evolution during AgNP generation applying -1.20 V vs Ag/AgCl SPE 

during 20 s in a solution 10-4 M AgNO3, prepared in Britton Robinson buffer. Electrodic system 

printed in PET support. 

 

Fig 4: a) UV-Visible spectra registered during LSV experiment, b) Comparison of the 

voltabsorptograms at 385 nm (blue line) and at 550 nm (green line) with the LSV experiment 

performed in 0.01 M KNO3 in presence of 30 µM chloride ion. Scan rate = 0.01 V·s-1. 

Electrodic system printed in PET support.  

 

Fig 5: Comparison between derivative voltabsorptogram at 385 nm and LSV. 

Experiment performed in 0.01 M of KNO3 in presence of 30 µM of chloride ion. Scan rate = 

0.01 V·s-1. Electrodic system printed in Gore-Tex® support. 

 

Fig 6:  Calibration curve for the determination of halides. Linear regressions between 

the current peak height at +0.10 V, +0.05 V and -0.18 V for AgCl, AgBr and AgI of silver 
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halides formation against the concentration of the halide ions. Each data point is the mean of 

five measurements. 
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Figure 1: 
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Figure2: 
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Highlights 

• Voltammetric screen-printed electrodes to halide ions determination by 

modifying the working electrode with AgNP. 

• New, simple and flexible and biocompatible Gore-Tex® wearable 

electrochemical sensor for voltammetric determination of chloride ions.  

• Spectroelectrochemistry monitors the electrodeposition and redissolution 

processes.  

• Successful determination of chloride ions in sweat samples. 

 


