Electrochemical Detection of Free Chlorine at Inkjet Printed Silver Electrodes
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A. SEM images of silver electrodes after the reaction with free chlorine
SEM analysis was used to examine the silver surface after the reaction with free chlorine. From liner sweep voltammograms could be observed that pH of free chlorine solution has a big influence on detection (Fig. 7). The highest sensitivity was obtained on pH 8, followed by pH 5.8 and finally pH 9. In order to see electrode surface area after the reaction with free chlorine at different pH, we performed SEM analysis of silver surface after the reaction with three mentioned pH values (Fig. A.1). On all three pictures could be seen concave-cubical crystals of AgCl/Ag2O but with different coverage of the electrode area. It is evident that the highest electrode area is covered with crystals at pH 8 (Fig. A.1b), then pH 5.8 (Fig. A.1a) and pH 9 (Fig. A.1c), confirming the same trend observed with LSV.
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Figure A.1 SEM HR images of inkjet printed silver electrode after reaction with 16 ppm free chlorine solution at pH 5.8 a), pH 8 b) and pH 9 c) (magnification 50 000x).
B. XPS analysis of inkjet printed silver electrodes
XPS analysis was performed in order to further investigate composition of formed AgCl/Ag2O layer on the silver electrode surface. Four different electrodes were analyzed: bare silver electrode, silver electrode after the reaction with 16 ppm of NaClO at pH 5.8, pH 8 and pH 9. Bare silver electrode contained Ag, O and C (1s). O (1s) is present due to silver oxidation and C from silver ink formulation. After the reaction with free chlorine species evident was the presence of Cl (2s, 2p) and O (1s), which ratio was depended on the pH of the media. O (1s) is mostly present on the electrode the after the reaction with free chlorine at pH 9 (Fig. B.1.b), while Cl (2p) after the reaction with free chlorine at pH 8 (Fig. B.1.c).
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Figure B.1 XPS spectra of bare inkjet printed silver electrode and after reaction with 16 ppm of free chlorine in different buffer solutions: general survey a), multiplex of O (1s) b) and multiplex of Cl (2p) c).

C. LSV of silver electrode in the presence of hypobromite and hypoiodite 
With the aim to study influence of species that could interfere with free chlorine determination by forming silver halide, we examined linear sweep voltammograms of inkjet printed silver electrode in the presence of hypobromite and hypoiodite which upon the reaction with silver formed AgBr and AgI, respectively (Fig. C.1). From LSV could be seen that stripping potential of AgBr and AgI (depending on the concentration) is close to the AgCl, and in the case of their higher concentration can cause overlap in the signal.
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Figure C.1 Linear sweep voltammograms of inkjet printed silver electrodes in the presence of NaClO, NaBrO and NaIO. Starting potential 0.2 V, reaction time 200 s, scan rate 100 mV s–1.
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