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ABSTRACT

Polypyrrole films have been electrochemically polymerized on platinum electrode under different conditions. The effect of the parameters used during the 
potentiostatic polymerization, such as monomer concentration, type of doping agent (i.e. counterion), deposition time (i.e. films thickness), concentration of doping 
agent and polymerization potential on the rate of growth and the electrochemical properties of the polymeric film has been studied. In addition, the effect of the 
sweep rate of polypyrrole films polymerized with several doping agents were investigated. The results show that  the kinetic of formation, the shape, the peak 
intensity, the peak potential and the electrochemical stability of the electroactive polypyrrole film are reliant on the conditions used during the polymerization 
process. The empirical kinetics determined from the polymerization charge were found to depend on [Py]0.85 and [SO4

2-]0.5. The kinetic of the electrochemical 
response was also affected by the anion use as doping agent during the electrochemical synthesis. 
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INTRODUCTION

In recent years, conducting polymers have attracted considerable attention 
not only out of fundamental scientific interest but also from a practical viewpoint 
for a variety of potential applications. Many of these materials, have already 
found applications as electronic devices1-3, sensors for electronic tongues4,5, 
selective membranes6, and rechargeable batteries7. Polypyrrole (PPy) is one 
of the most extensively studied conducting polymer due to its good electrical 
conductivity, environment stability, good solubility, redox properties and 
relative ease oxidation of the monomer (pyrrole).

Polypyrrole can be prepared either by chemical or electrochemical 
polymerization. In the electrochemical polymerization, the pyrrole (Py) is 
oxidized by a simple anodic oxidation to produce the polymer films. Polypyrrole 
generated by electropolymerization method can easily be formed as a strong 
adherent to various substrates smooth film, possessing good mechanical 
properties and environment stability. The electrochemical polymerization is 
of particular interest in that the polymer synthesized in this way is formed 
directly on the electrode surface, so it is possible to study the electrogeneration 
mechanism, and the structure, thickness and electrochemical properties of the 
resulting PPy film are better controlled during the film generation.

The electrical and physical properties of the polymeric films are 
considerably influenced by the conditions under which they are prepared, such 
as the electrochemical method of polymerization, concentration of monomer 
and doping agent and other synthesis conditions8-10. Therefore, a great effort 
must be made in order to find optimum electropolymerization conditions and 
to obtain polymers with the adequate properties to be used in a wide range of 
reactions and experimental conditions. In spite of the great number of work 
carried out about the study of the conducting polymer, there are still some 
differences between the results reported in the literature. Therefore, research 
on the preparation and characterization of conducting polymers is ongoing. 
Studies have been conducted by several research groups on the effect of 
the preparation conditions on the electrical conductivity of the conducting 
polymers11,12. However, the influence on kinetic formation and electrochemical 
behavior has not been thoroughly studied so far.

The focus in this investigation is study the influence that some parameters 
used during the electrochemical polymerization may have on electrochemical 
behavior and the growth rate of electroactive polypyrrole film. For this 
purpose, in this contribution we report a systematic study of electrochemical 
responses and kinetic formation as a function of polypyrrole film prepared 
potentiostatically under a range of conditions (e.g. potential of polymerization, 
monomer and doping agent concentrations, polymerization time and type of 
doping agent).  

EXPERIMENTAL

All chemical used were of analytical reagent grade from Aldrich-Sigma 
and were used without further purification. The solutions were obtained by 

solving substances in ultra-pure water. 
The polypyrrole films were deposited on working electrodes from platinum 

disk which was polished with 0.3 µm alumina suspension using a microcloth 
polished pad and rinse with deionised water in an ultrasonic bath for 30 min 
to remove any residue. The auxiliary electrode used during the polymerization 
was a platinum gauze, during the voltammetric experiment, the auxiliary 
electrode was a conventional platinum electrode. The potentials were referred 
to an Ag/AgCl electrode in a saturated KCl solution. 

The polypyrrole films were electrochemically synthesized in a three 
electrode glass cell. The electrochemical syntheses were performed 
potentiostatically at room temperature, using a constant potential (0.8V versus 
Ag/AgCl, except in the indicated cases), from an 0.1 mol L-1 electrolytic 
aqueous solution (H2SO4, except in the indicated cases) and 0.2 mol L-1 pyrrole 
(except in the indicated cases) with pH about 6.5. Once prepared, the polymeric 
films were extracted from the solution and washed thoroughly prior to use. The 
polypyrrole films were used as the working electrode in the cyclic voltammetry 
experiments. The thickness of the PPy films was estimated according to Diaz 
et. al.13.

All of the electrochemical measurements were performed at room 
temperature using a potentiostat/galvanostat (Model 2263 SYS, EG&G from 
Princeton Applied Research) and recorded on a computer. The voltammograms 
were carried out at sweep rate of 0.1 V s-1 in a scan range from –1.0 V to 0.5 V 
in a KCl aqueous solution 0.1 mol L-1 with pH 6.5. It must be emphasized that 
during the first cycles, the voltammograms varied somewhat, but subsequent 
scans were highly reproducible and after five scans, the only noticeable change 
was a small and gradual decrease of the intensity of the peaks. For this reason, 
the cyclic voltammograms showed in the figures correspond to the fifth cycle 
unless otherwise specified.

RESULTS AND DISCUSSION

Influence of the doping agent
To study the effect of the doping agent on the kinetic formation and the 

electrochemical behavior of polypyrrole films a range of doping solutions were 
used: silicotungstate (SiW3-), dodecylbenzenesulfonate (DBS-), sulfate (SO4

2-) 
and 1,5-naphthalenedisulfonate (NDS2-). The PPy films were polymerized 
potentiostatically of 0.2 mol L-1 pyrrole aqueous solution and 0.1 mol L-1 
doping agent at 0.8 V. The chronoamperometric curves recorded during the 
polymerization are shown in figure 1. The figures show a characteristic stepped 
of the potentiostatic polymerization: a plateau where the diffusion controlled 
monomer oxidation and nucleation of the oligomers produced in the solution 
takes place and a rapid increase of charge density indicating continuous and 
gradual polymer growth14. It can also be observed that the doping agents play 
a key role in the polymerization process, producing different induction times, 
mechanisms of nucleation and polymer growth; therefore the polymerization 
rate varies with each doping agent. The electrochemical yield of the 
polymerization process, estimated from the electrical charge consumed during 
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polymerization (integration of the area under the I-t curve), strongly depends 
on the electrolyte used as doping agent. For instance, the rate of growth of the 
PPy/SiW  film is approximately 4 times higher that the PPy/DBS film (Figure 
1, curves a and d respectively). 

The anion exchange process were present at around  –  0.15V for PPy/DBS, 
0.09V for PPy/NDS, and – 0.10V for PPy/SO4. 

Figure 1: Chronoamperograms of polymerization of PPy in various doping 
agents: a)SiW, b)SO4

2-, c)NDS2-, d)DBS. Recorded during electrosynthesis at 
0.8 V in solutions of pyrrole/doping agente (0.2 mol L-1 /0.1 mol L-1).

The electrolyte used as doping agent affect the final structure of the 
film. Thus, the doping agents have a marked influence, not only on the 
electrochemical yield, but also the electrochemical behavior of the films when 
exposed to electrolytic solution, providing polypyrrole films with different 
voltammetric responses.

The electrochemical behavior of polypyrrole films doped with several 
doping agents towards KCl 0.1 mol L-1 is illustrated in figure 2. It is important 
to notice that in all cases, the first scan was slightly different from the 
subsequent cycle, but subsequent scans were highly reproducible (after five) 
for this reason, all the curves reported correspond to the sixth scan. The figure 
shows that each voltammogram showed well defined peaks associated with 
the electrochemically controlled ion-exchange process. The exact nature of 
the ion-exchange process is not clearly deciphered, but it has been established 
that during the first redox process occurring at lower potentials (peak I), the 
doping anions (X-) remain immobilized inside the film, whereas cations (C+)are 
exchanged with the surrounding solution to maintain the electroneutrality. In 
the second process (peak II), occurring at higher voltages, the PPy film gets 
highly oxidized and anions (A-) from the electrolyte solution are inserted 
into the film to maintain the charge balance15-17. So, the chemical basis of the 
electrochemical responses can be explained as follows:

On the first reduction/oxidation process for reasons of electroneutrality, 
the PPy film behaves as an cation exchanger: 

The redox reactions leading to the second reduction/oxidation process can 
be formulated as follows:

In this case, the electroneutrality makes the film behave as a anion 
exchanger.

The PPy symbolizes a segment of the polypyrrole chain, the subscript [ ]s 
indicates that the species is in the solution phase and [ ]f is in the PPy matrix.

In figure 2 it can be seen that in all cases, each voltammogram  showed well 
defined peaks associated with the electrochemically controlled ion-exchange 
process. The PPy films doped with (DBS-), (NDS2-) and (SO4

2-) immersed in 
KCl there were two sets of redox peaks (figure 2_a, 2_b, and 2_c, respectively). 
This may be attributed to both anion and cation exchange processes being 
induced at different potentials. The first oxidation/reduction process (cation 
exchange) were observed at around – 0.63V, – 0.52V, and – 0.51V respectively. 

Figure 2: Cyclic voltammograms of: a)PPy/DBS, b)PPy/NDS, c)PPy/SO4, 
d)PPy/SiW, recorded in KCl 0.1 mol.L-1 at 0.1 V s-1

The electrochemical response of PPy/SiW film consisted in a first oxidation/
reduction pair at Ep/2 = – 0.69 V on top of a large current connected to the partial 
redox transformation of the polymeric film itself. The second peak at  Ep/2 = 
0.14 V has been previously established that this redox process corresponds 
at the oxidation/reduction reaction of the electroactive anion silicotungstate 
[(SiW12O40)3-/(SiW12O40)4-)] entrapped inside the polymer film (figure 2_d)18. 
The Ep/2 values obtained when using KCl as electrolyte are summarised in 
Table 1.
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Table I. Peak potentials of the electrochemical response of PPy films 
doped with several doping agents immersed in 0.1mol L-1 KCl (pH 6.5) and 
carried out at sweep rate of 0.1 V s-1.

Polymer
Process I

(E/V vs Ag/AgCl)
Process II 

(E/V vs Ag/AgCl))

cathodic Anodic Ep/2 cathodic Anodic Ep/2

PPy/DBS -0.72 - 0.54 - 0.63 - 0.16 - 0.14 - 0.15

PPy/NDS - 0.63 - 0.41 - 0.52 0.04 0.11 0.09

PPy/SO4 -0.63 -0.40 - 0.51 -0.11 -0.09 - 0.10

PPy/SiW -0.55 -0.29 -0.69 0.05 0.24 0.14

The cyclic voltammograms of the electroactive polypyrrole films are 
remarkably different depending of the doping agent used. This difference 
may be explained by differences in association between doping agent and the 
PPy films. The above results indicate that the shape and position of the peaks 
depend on the nature of the doping anion.

The dynamic character of the oxidation/reduction process for electroactive 
polypyrrole doped with several doping agent was further examined, for this 
purpose, the effect of the sweep rate on the performance of polypyrrole films 
immersed in KCl was studied. The figure 3 displays the sweep rate dependence 
of the anodic and cathodic peaks current (process I) for the PPy/NDS, PPy/
SO4 and PPy/SiW films immersed in KCl 0.1 mol L-1 aqueous solution, the 
process I is more electroactive than process II and that is the reason why it was 
selected as reference. In all cases an increase in the sweep rates influences the 
voltammetric response causing an increase in peaks current intensity and  the 
peak-to-peak separation (Ep/2). For sweep rates between 0.025 and 0.20 Vs-1 
the current varies linearly as predicted theoretically for absorbed species of 
film with thin-layer behavior19. Also, it is worthily noting that in the case of 
the PPy/NDS films, the linear relation between peak current and the sweep rate 
was approximately 2.5 times upper that PPy/SO4 and this 1.3 times higher that 
PPy/SiW film. This result indicates that in comparison with the PPy/SiW film, 
the PPy/SO4 have a faster dynamic character and the PPy/NDS film shown 
an fastest dynamic character in the redox process. This behavior should be 
related with the better molecular ordering in the PPy/NDS and PPy/SO4 films 
configuration due to its slower polymerization rate generated by the doubly 
charge20. It can be concluded that the kinetic process in the electrochemical 
response of the PPy films depends on the ability of the films to exchange ions 
with the electrolyte, which is affected by kind doping agent entrapped inside 
the PPy films during the electropolymerization process. 

Influence of doping agent concentration
The influence of the doping agent concentration in the electrochemical 

behavior and kinetic of formation was evaluated as follows. PPy films were 
polymerized at a fixed potential of 0.8 V using a pyrrole concentration of 0.2 
mol L-1 with a doping electrolyte (H2SO4) concentrations ranging from 0.05 to 
0.3 mol L-1. All the films have same thickness of ca. 1 µm, which was estimated 
by using Faraday´s law (based on the electrical consumption to obtain the 
deposit), where Q is the specific area overall charge for electrodeposition (C m-

2), and assuming (i) a two-electron mechanism based on the monomer molecule 
implied in the process; (ii) the current efficiency is 100%; (iii) a PPy density (ρ) 
of 1500 Kg m-3 and a pyrrole molar mass (M) of 67x10-3 Kg mol-1 (13). 

Figure 3. Dependence of the anodic and cathodic peaks current of the 
wave process I on sweep rate for: (∆) PPy/SiW, (o) PPy/SO4 and ( )PPy/
NDS ; recorded in KCl 0.1 mol L-1  solution. 

The chronoamperograms recorded (figure 4) showed the characteristic 
stepped features: a current density jump (zone I) attributed to several process 
such as the charge of the double layer, the oxidation of the metallic electrode 
due to the aqueous medium and the monomer oxidation, in the second part 
(zone II) the nucleation phenomena takes place, and the third part (zone 
III) shows the continuous and gradual polymer growth. The first part of the 
curves (zone I), that is, the induction time, was dependent on the doping agent 
concentration, as can be seen in the figure 4, a higher concentration of doping 
agent favor diffusion and a lower induction time is achieved. On the other 
hand, the nucleation (zone II) is too effected; so, the time consumed by the 
nucleation process was longer at a lower concentration. This suggests that the 
charge transfer was the limit step in the process of growth in the zone II. In 
addition, the electropolymerization charge increase gradually with increasing 
doping agent concentration. This phenomena is expected since the increasing 
electrolyte can reduce the overall resistance of the system and the high doping 
agent concentration favor the polymeric growth. Moreover, the polymerization 
charge (Qp) showed a relationship with the doping agent concentration [SO4

2]: 
Qp(mC)=13.85 [SO4

2-]0.5; (r2=0.988; n=5). This dependence related to the doping 
agent suggests the participation of the anions in the polymerization mechanism; 
as well as to reduce the resistance of the system, the anion (i.e doping agent) 
can to stabilize the monomeric cation radical, once it is formed, allowing its 
interaction with a new monomeric radical. These phenomena indicate that the 
doping agent concentration have a role in the polymerization rate and hence the 
electrochemical properties from resulted polymer.

Figure 4. Chronoamperograms of polymerization of PPy/SO4 at various 
doping agent concentrations: a) 0.05 mol.L-1, b) 0.1 mol.L-1, c) 0.15 mol.L-1, d) 
0.3 mol.L-1; pyrrole concentration 0.2 mol L-1 and potential 0.8V.

The cyclic voltammograms for films prepared using electrolytes having 
different concentrations were obtained and the experiments were carried out 
in KCl 0.1 mol L-1 aqueous solution, from -1.0 to 0.5 V at a sweep rate of 
0.1 V s-1. The PPy films responses are shown in figure 5. It can be seen that 
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the peaks current are slight higher when the doping agent concentration are 
0.15 and 0.3 mol L-1 (curves c and d). Thus, while the voltammetric behavior 
for low concentration of doping agent (0.05 and 0.1 mol L-1, curves a and b 
respectively) seemed to have identical response, those of 0.15 and 0.3 mol L-1 
differed in the width and peaks potentials; for low concentration (0.05 and 0.1 
mol L-1), the peaks becomes sharper, while at highest concentration the peaks 
are broader. In addition, for low concentration the anodic and cathodic peaks 
trend to lower potentials.

Figure 6. Chronoamperograms of polymerization of PPy/SO4 at various 
pyrrole concentrations: a) 0.1 mol.L-1, b) 0.2 mol.L-1, c) 0.3 mol.L-1, d) 0.5 mol.
L-1. doping agent concentration 0.1 mol L-1 and polymerization potential 0.8V.

The cyclic voltammetric responses obtained with the polypyrrole films 
generated with several pyrrole concentrations are given in the figure 7. The 
responses obtained from films synthesized with monomer concentration of 0.1 
and 0.2 mol L-1 seemed analogous behavior (similar position and current of 
peak). The current of peak (i.e. area of the curve) of the curves obtained from 
0.3 and 0.5 mol L-1 are slight higher compared with the peaks current for the 
films formed with 0.1 and 0.2 mol L-1. The first redox process (anodic and 
cathodic peaks) moves to the right of the potential scale (positive potential). 
Additionally, after of 100 consecutives switching, the decreasing of the peak 
current intensity was higher (about 12%) for the films generated at higher 
monomer concentration (0.3 and 0.5 mol L-1) while that the films obtained 
at lower concentration (0.1 and 0.2 mol L-1) the peak current decreasing was 
smaller (about 9%). So, the best stability in the electrochemical response 
was found for pyrrole concentrations in the range of 0.1 and 0.2 mol L-1. 
This behavior can be explained by the fact that to higher concentrations of 
monomer (pyrrole) the polymerization rate is more disarrayed, producing a 
polymeric films more compact, in consequence the films are enable the leaving 
of the doping anion during the voltammetric switching. This behavior has been 
reported by other authors21 . 

Figure 5. Cyclic voltammetry of PPy/SO4 polymerized in different 
concentrations of doping agents recorded in KCl 0.1 mol L-1 at sweep rate of  
0.1 V s-1:   a) 0.05 mol.L-1, b) 0.1 mol.L-1, c) 0.15 mol.L-1, d) 0.3 mol.L-1

On the other hand, under successive cycling, the intensity of the peaks 
in the voltammograms decrease progressively, under continuous cycling (100 
cycles) the peak current intensity of the films generated with different doping 
agent concentration were practically similar (ca. 9.5%). Therefore, it can be 
concluded that the doping agent concentration influence was marked only in 
the electrochemical response and growth rate but did not have a deep effect on 
the stability, these can be due to that the concentration ranging experimented 
no produce very significant changes on the polymeric structure on the film.

Influence of monomer concentration
In order to determine the effect of monomer concentration, the concentration 

of doping agent (H2SO4) and the applied potential were kept constant at 0.1 mol 
L-1 and 0.8V, respectively. The electrochemical syntheses were performed at 
monomer concentrations of 0.1 to 0.5 mol L-1 (all the films have same calculated 
thickness of ca. 1 µm). The chronoamperograms obtained were highly 
reproducible and it was observed that the concentration of pyrrole effected the 
induction time (figure 6). Thus, the first step of the electropolymerization is 
the diffusion of the pyrrole monomer to the electrode surface, therefore, the 
rate of the reaction was determined by the amount of monomer available at 
the interface of electrode/solution. So, for higher monomer concentration, the 
positive charge on the working electrode is rapidly consumed by pyrrole, in 
order of maintain the potential the accumulation of the charge at the electrode 
is higher. Thus, an increase in the density charge of polymerization is achieved 
with higher pyrrole concentration. The polymerization charge (Qp) was related 
to the monomer concentration [Py]:Qp(mC)=18.14 [Py]0.85; (r2=0.995; n=6). 

Figure 7. Cyclic voltammetry of PPy/SO4 polymerized in different 
concentrations of pyrrole recorded in KCl 0.1 mol L-1 at sweep rate of  0.1 V 
s-1.

E/V vs. Ag/AgCI

E/V vs. Ag/AgCI
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Influence of the deposition time (i.e film thickness)
Since film thickness is controlled by the electropolymerization time; 

different films were fabricated varying the deposition time and the effect 
of the thickness in the polymeric properties and kinetic of formation of the 
films was studied. In order to obtain PPy films with different thickness, the 
electrochemical synthesis was performed at 0.8 V from 0.2 mol L-1 pyrrole 
concentration and 0.1 mol L-1 doping agents at polymerization times of 5 to 
120s. As expected, a linear relationship was found between the calculated areas 
under the curves (electropolymerization charge Qp) and the polymerization 
times (tp):[Py]:Qp(mC)=0.623+0.236 tp(s); (r2=0.987; n=6).

The electrochemical behavior of PPy films resulting from the polymerization 
at different time was investigated in 0.1 mol L-1 KCl aqueous solution. The 
effect of film thickness is illustrated in Figure 8, it can be observed that the 
film thickness has an effect on the peak current magnitudes; this is expected 
as with the increasing film thickness surface area increases almost regularly. 
In addition, the deposition time seemed to affect as well the peak potentials 
values, the anodic and cathodic peak potential shift very slightly in the opposite 
direction with the enhance of the films thickness. The morphology changes to 
more globule structure with increase the thickness of the films18 and therefore 
the electrochemical activity can occur at different interfaces: contacts of 
electrolyte solution with the external and internal surface of polymer. This may 
explain the increase of the splitting of anodic and cathodic peaks (EP/2) with the 
thickness film. The stability study of the PPy films response indicated that thin 
films were less stable under continuous cycling.  

figure 9, (Only three signals have been plotted for clarity) all voltammograms 
have well defined sharp anodic and cathodic peaks. For low potential (0.7 
V, curve a) the peaks are better defined and less broad, in addition when the 
polymerization potential are higher the peaks shifts towards higher potential. 
In other hand, the voltammetric peak current decrease with the films have been 
polymerized at higher potential. It is well known that polypyrrole films can be 
overoxidized at high positive potential, therefore the electrochemical behavior 
observed in the cyclic voltammograms can be explained  by the oxidation of 
the polypyrrole chain during the polymerization experiment. This confirms 
that the potential used during polymerization has a strong influence on the 
electrochemical properties of the  resulting polymer and that the films formed 
with high potential may be less conjugated due at partial degradation process, 
therefore, the polypyrrole lost electrochemical activity at higher potential limit 
due to overoxidation. Similar behavior has been reported in the literature for 
polythiophene derived22. 

Figure 8. Cyclic voltammograms recorded in KCl 0.1  mol L-1 of PPy/SO4 
obtained with different polymerization time: a) 10 s, b) 30 s, c) 60 s and d) 
120 s.

Potential limit of polymerization
The effect of potential limit was investigated with 0.2 mol L-1 pyrrole 

concentration and 0.1 mol L-1 doping agent. All the films have the same 
thickness of ca. 1 µm and the polymerizations were carried out at a ranging of 
potential of 0.7 to 1.0V (the polypyrrole films did not grow sufficiently when 
low positive potential, such as + 0.6 V are employed). The polymerization 
efficiency improved as the polymerization potential become more positive, for 
instance, when the potential is 0.9 V, the polymerization rate is approximately 
1.3 times faster than in the case of the 0.8 V. So, the polymerization charge 
(Qp) showed a linear relationship with the polymerization potential (Ep):
Qp(mC)=-11.88+020.5 Ep(V); (r2=0.993; n=5). 

The potential used for the polymeric synthesis affects the charge of the 
electrochemical polymerization process and the kinetic of films formation, 
consequently the potential should influence the properties of the polypyrrole 
films. The electrochemical response of films formed at different anodic 
potentials were studied in 0.1 mol L-1 KCl solution by cyclic voltammetry with 
a scan range from -1.0 to 0.5 V at sweep rate of 0.1 V s-1. As can be observed in 

Figure 9: Cyclic voltammograms recorded in KCl 0.1 mol L-1 of PPy films 
polymerized at: a) 0.7 V, b) 0.8 V and c) 0.9 V.

CONCLUSIONS

The parameters used during the electrochemical synthesis played 
crucial roles in the kinetic behavior of electropolymerization process and 
electrochemical properties of the polypyrrole film. The concentration of doping 
agent affect the electrochemical formation and voltammetric response of the 
PPy films so, the films polymerized in high concentration of doping agent, 
more polymer films is obtained and the induction time is higher, also at higher 
concentration the voltammograms shown more broad and positive potential 
peaks. The polymerization potential affected the formation and the structure of 
the polypyrrole backbone; the film that was synthesized with low potential (0.7 
and 0.8 V) seemed to be perfect with higher conjugation and therefore a higher 
level of electroactivity than those films synthesized with high potential (0.9 and 
1.0 V). The voltammetric behavior at higher polymerization potential lower 
intensity was shown in the signals (i.e. voltammograms). The films thickness 
affected the intensity of the current due to the increase of the area of PPy film, 
in addition, the Ep/2 was higher increasing the films thickness. The doping agent 
had a strong influence in the electropolymerization process (induction time, 
nucleation and growing) of polymer films. Therefore, the electrochemical 
response was remarkably different.

E/V vs. Ag/AgCI

E/V vs. Ag/AgCI
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