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Introduction

Since a majority of chemical and biological processes are pH-dependent, its monitoring

is an important research subject. Glass electrodes are widely used for this purpose

nowadays as they have already been known since Max Cremer reported potentiometric

pH measurement using glass membrane more than a hundred years ago [1]. However,

glass electrodes have limited application in flat and flexible minimized device systems,

moreover, they need calibration. Owing to this, a new type of pH sensor is required.

According to the literature, electrochemical redox processes of conducting polymers are

frequently pH-dependent and due to this reason, they can be used for pH monitoring in

a certain pH range [2]. Folic acid (FA), known as vitamin B9, is an electrochemically

active heterocyclic redox compound with biological activity. It has been shown that FA

can be polymerized electrochemically forming a conducting polymer poly(folic acid)

(PFA) [3,4]. The application of PFA in the development of electrochemical sensors

already has been reported, in particular, it was used for glucose detection [5].

In this, work, we used PFA deposited on pyrolytic graphite electrode (PGE) for pH

determination in the range from 6 to 9. To prolong the stability of PFA during an

extended exposition to slightly alkaline solutions, it was deposited on chitosan (Chit)

modified PGE, since Chit is an environmentally friendly hydrogel polymer [6]. Resulted

sensor PFA/Chit/PGE was characterized electrochemically and microscopically, and its

response to pH was registered using chronoamperometry and potentiometry. The

obtained results will be presented and discussed.

Electrochemical polymerization of poly(folic acid)

In order to create a sensor for pH monitoring, a pyrolytic graphite electrode (PGE)

was drop coated with chitosan (Chit) solution, left to dry and FA polymerised on the top

of the Chit layer using cyclic voltammetry (CV).

Fig. 1. CVs of electropolymerisation of 1.0 mM FA at PGE, coated with 1 % Chit in

1 % acetic acid solution in 0.1 M PBS, pH 6.0. The potential interval between -1.0 V

and +1.5 V, number of cycles 41. Vertical arrows show changes of current with the

number of cycles, horizontal arrows indicate the direction of potential scan.

Fig. 2. Height profiles of AFM images (A-C) of bare HOPG (A), Chit/HOPG (B), and

PFA/Chit/HOPG (C).

Fig. 4. Fixed potential chronoamperograms at differently modified PGE: bare

(black line); covered with Chit (red line) and PFA/Chit (blue line). Supporting

electrolyte 0.1 M PBS pH 7.0 (A) and 8.0 (B), operating potential -0.5 V.

Fig. 5. PFA/Chit/PGE potential dependence on pH in 0.1 M PBS solutions from 

pH 6.0 to 9.0. The sensitivity or in other words the Nernstian slope is 33.6 ± 6.5

mV/pH in the stable forward measurement while 32.12 ± 2.6 mV/pH is in the 

backward determination. 
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Fig. 3. Electroactive area (AEA) blue circles and surface coverage (Γ) red

circles at PFA/Chit/PGE dependence on pH. Calculated from CVs of

PFA/Ch/PGE at different scan rates: 10, 25, 50, 100, 150, 200 mV/s in 0.1 M

KCl pH 2 and different pH 0.1 M PBS solutions.

1. Bare HOPG electrodes have the lowest surface roughness. While

PFA/Chit/HOPG have the highest surface roughness.

2. PFA/Chit/PGE have a higher electroactive area at lower pH, while surface

coverage between 6 and 9 pH is not pH-dependent.

3. PFA/Ch/PGE is more sensitive to pH than bare PGE or Ch/PGE and the

difference between different pH can clearly be seen.

4. PFA/Ch/PGE potential response to pH is stable. The sensitivity increasing

pH is 33.6 ± 6.5 mV/pH while decreasing is 32.12 ± 2.6 mV/pH.
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