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Cyclic Voltammetry of Silver Nanoparticles on Platinum,
Gold and Glassy Carbon Electrodes
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The electrochemical behaviour of silver nanoparticles stabilized with polyvinylpyrrolidone is studied in aqueous
0.1M KNO3 on platinum, gold and glassy carbon electrodes. The silver nanoparticles are loaded through
adsorption from solution onto the electrode surface and cyclic voltammetry experiments are performed onto
the loaded electrodes. The data show that the electrode coverage is rather low for all studied electrodes; the
interaction between silver nanoparticles and the electrode increases in the order: glassy carbon < platinum
< gold. The oxidation of silver nanoparticles leads to a decrease in the particle loading onto the electrode, as
expected for a stripping process.
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Fig. 1. Cyclic voltammetry in AgNO3 (5 mM) + 0.1 M KNO3 on
platinum electrode at various concentrations of PVP. Scan rate:

150 mVs–1

Metal nanoparticles are widely used in many fields and
with many applications [1,2]. Silver nanoparticles have
always been regarded as being relatively easy to synthesize
[3-5] and having very desirable general properties [6] or
else being useful for specific applications such as
electrochemical nitrate sensors [7,8], solar cells [9] or
temperature switches [10]. Their study has recently gained
a renewed interest, as silver nanoparticles are important
from both a theoretical and practical point of view [11];
the electrochemical behaviour of nanoparticles-modified
electrodes was recently modeled using various approaches
[12-17] and compared to earlier work on stripping
voltammetry [18,19].

In this paper we report the cyclic voltammetry behaviour
of polyvinylpyrrolidone-stabilized silver nanoparticles in
aqueous solutions on platinum, glassy carbon and gold
electrodes

Experimental part
The silver nanoparticles were synthesized by the

“sacrificial anode” method using a current pulse generator
with alternating polarity and a stirrer [20]. 99.999% Ag
sacrificial electrodes were used in a solution of deionised
water (conductivity  < 1 μS/cm)  and  between 3  and  7
gL–1 polyvinylpyrrolidone (PVP) with 55.000 molecular
weight. Current densities of about 7 mAcm–2 were applied
for 3, 5 and 7 h [21] for more details. For cyclic voltammetry
experiments in the silver nanoparticles solutions, KNO3 was
added to a final concentration of 0.1 M. All the cyclic
voltammetry data were performed at room temperature
using an AUTOLAB PGSTAT12 electro-chemical
workstation; full IR compensation was usually applied,
unless otherwise noted. A silver wire was used as pseudo
reference electrode and a platinum sheet as counter
electrode; the working disk electrodes were either Pt (0.5
mm diameter), Au (1.5 mm diameter) or glassy carbon (5
mm diameter).

The sizes of the silver nanoparticles ranged between 70
and 120 nm [21]; unless otherwise stated typical

experiments involved silver nanoparticle solutions obtained
using 7 gL–1 PVP; the cyclic voltammetry experiments were
performed after a waiting time (with the electrode
immersed in the test solution) of ~45 min; the exceptions
are noted in the text.

Results and discussions
Cyclic voltammetry of Ag/Ag+ on Pt and Au electrodes

To test whether PVP influences the bulk deposition/
stripping of Ag/Ag+ several test experiments were
performed in 0.1 M KNO3 aqueous solution on various
electrodes. An example of the influence of PVP on the
silver electrodeposition/electrodissolution on platinum is
shown in figure 1. While the presence of PVP clearly
influences both the silver electrodeposition and dissolution,
a clear trend is not apparent, as the changes do not seem
to be correlated with the concentration of PVP. A possible
strong adsorption of PVP  at higher concentrations (> 3
gL–1) may be, at least in part, responsible for such a
behaviour (vide infra).

On gold however, the situation is somewhat different
(fig. 2): while the electrodeposition seems to be barely
influenced, the silver stripping shows a second oxidation



REV. CHIM. (Bucharest) ♦ 65 ♦ No. 5 ♦ 2014 http://www.revistadechimie.ro 579

Fig. 2. A comparison between the cyclic voltammograms in AgNO3
(5 mM) + 0.1 M KNO3 aqueous solution on gold electrode in the

presence or absence of PVP. Scan rate: 150 mVs–1

Fig. 3. A comparison between the cyclic voltammograms in 5 mM
AgNO3 + 7 gL–1 PVP + 0.1 M KNO3 on gold (solid line) and platinum

(dashed line) at 150 mVs–1

Fig. 4. Cyclic voltammograms of silver nanoparticles (7 gL–1 PVP,
with 7 h synthesis time) in aqueous 0.1 M KNO3 on gold, platinum
and glassy carbon. The curves were normalized to unity cathode

current. Scan rate: 150 mVs–1

Fig. 5. Scan rate dependence of anodic peak currents for silver
nanoparticles (in 7 gL–1 PVP + 0.1 M KNO3 solution for three

different synthesis times) oxidation on gold.

Fig. 6. Scan rate dependence of anodic peak potentials for silver
nanoparticles (in 7 gL–1 PVP + 0.1 M KNO3 solution for three

different synthesis times) oxidation on gold

shoulder, which suggests the formation of nanoparticles
with various sizes onto the gold electrode in the presence
of PVP [22]. A comparison between the behaviour on gold
and platinum electrodes in the presence of PVP is shown
in figure 3. The differences point to a stronger interaction
of the electrodeposited silver metal with gold, with the
peak potential for silver deposition being positively shifted
by more than a hundred millivolts on gold; the catalytic
effect (reflected in the positive shift of the deposition
potential) of the gold nanoparticles during silver
electrodeposition of silver onto carbon paste has been
observed before [23].

Cyclic voltammetry of silver nanoparticles
In this section we discuss the behaviour of silver

nanoparticles attached onto the electrode surface after
various immersing times. Cyclic voltammetry of silver

nanoparticles were performed on Pt, Au and glassy carbon
(GC) electrodes.

Typical voltammograms are shown in figure 4,
normalized to reflect the same current on the reduction
branch; one notices that the peak potentials are shifted
towards more positive potentials in the order GC ≈ Pt <
Au. On GC, the results are the least reproducible after
immersion times of about 45 min; therefore the discussion
using these electrodes will be limited to data obtained after
16 h immersion time.

The peak current for the oxidation process depends
linearly on the scan rate, as expected for a surface stripping
process [18,19] – an example of such a dependence on
gold electrode is shown in figure 5, but the same type of
dependence was obtained when using platinum electrodes
and, to a lesser degree because of reproducibility issues,
glassy carbon ones as well.

The anodic peak potential (Epa) depends linearly with
the logarithm of the scan rate (fig. 6). The straight-line
slopes on Au from figure 6 are 0.01736 (for 3 h), 0.02125
(for 5 h) and 0.0184 V (for 7 h); on Pt the dependencies are
more scattered (due to a lower load in silver nanoparticles
and larger background currents), but straight lines can still
be reasonably well fitted, yielding slopes close to 0.017 V.
All these values are quite close to RT/F (~0.025 V at room
temperature), values corresponding to a rather low
coverage of the electrode with silver nanoparticles [12],
which is however not unexpected since most curves were
taken after only 45 min immersion times. For comparison,
the same Epa – ln(v) dependence (not shown)
corresponding to stripping silver directly electrodeposited
onto gold from AgNO3 + 7 gL–1 PVP, although having rather
scattered and not very reproducible points, yields slopes of
~0.008 V, which are reasonably close to RT/2F,



 REV. CHIM. (Bucharest) ♦ 65♦ No.5 ♦ 2014http://www.revistadechimie.ro580

Fig. 8. Cyclic voltammograms of Ag nanoparticles (3 gL–1 PVP, 5 h
synthesis time) + 0.1 M KNO3 solution onto platinum for various

waiting times in solution: 1 h (solid line), 2 h (dashed line) and 3 h
(dotted line). Scan rate: 100 mVs–1

Fig. 7. Successive cycles taken in silver nanoparticles (7 gL–1 PVP, 5
h synthesis time) in 0.1 M KNO3 solution on gold electrode

Fig. 9. Successive cyclic voltammograms of silver nanoparticles (7
gL–1 PVP, 7h synthesis time) loaded onto GC after 16 h immersion

time, in pure 0.1 M aqueous KNO3. Scan rate: 100 mVs–1.

corresponding to large particles and/or high surface
coverage [12]; see also [18,19].

The cathodic peaks are always well defined and suggest
that the electron transfer is reversible, or at least close to
reversible: the ratio between the cathodic and anodic
electrical charges during the reduction/oxidation is
remarkably constant, being 0.532 ± 0.004 (average
between multiple voltammograms taken at scan rates
between 150 and 500 mVs–1) on gold electrode. This ratio
strongly suggests that the oxidation of silver nanoparticles
is accompanied by a loss of material from the electrode
(probably due to the solubility of charged nanoparticles
and their diffusion away from the electrode): the time scale
of the cyclic voltammetry is too fast (even at 50 mVs–1)
compared to the time needed for the diffusion/adsorption
of silver nanoparticles from the solution to the electrode.
Indeed, one can easily notice (fig. 7) that successive
cycling in the solution containing silver nanoparticles leads
to a decrease of the peak currents and shifting of peak
potentials (for both anodic and cathodic peaks) to more
negative values; the dependence (inset of fig. 7) of the
anodic peak current and potential on the anodic charge
(which is proportional to the surface coverage) is linear, as
expected [12]. Similar dependencies are actually obtained
for the cathodic peaks as well, but with significantly
different slopes: the slope of the Ipa – Qa dependence is
0.908 s–1 while the one for Ipc – Qc is 0.485 s–11. Similar
differences are observed for the dependencies of peak
potentials with electrical charge: the slope of the Epa – Qa
dependence is 4676 VC–1, while the one for the Epc – Qc is
1471 VC–1. Interestingly, the ratio between the cathodic
charge in cycle n and the anodic charge in cycle (n+1) is,
on average, 0.85, a value which, given the rather large
anodic background current and the likely overestimation
of the anodic charge passed in the stripping process (fig.

7), can be considered as close to 1. This almost unit ratio
suggests that little to no material is lost during the reduction
of oxidized silver nanoparticles and that the material loss
is most likely linked to the oxidation/stripping.

The cathodic peak potentials (fig. 4) are -0.014 V (on
Au), -0.083 V (on Pt) and -0.141 V (on GC); the peak currents
also increase in the order GC < Pt < Au; the ratio between
the cathodic peak current densities (with GC as unity) are
GC:Pt:Au = 1:1.8:6.2. The charge densities values in the
anodic stripping peaks (qGC = 1.51, qPt = 2.68 and qAu =
8.56 mCcm–2) together with the cathodic peak potentials
(which vary both in the order Au > Pt > GC) strongly
suggest that the gold surface is the “stickiest” surface for
the silver nanoparticles [24, 25]. This type of behaviour has
been already discussed both theoretically and
experimentally and it was shown that the oxidation
potential for metal nanoparticles is indeed shifted positively
when there is a strong interaction between the
nanoparticles and the substrate [26].

It was noticed that longer immersion times do not
necessarily yield larger electrode loads; in fact the anodic
charge density for the first cycle on GC electrode is
significantly smaller for 16 h compared to just 45 min
immersion time (0.77 mCcm–2 compared to 1.51 mCcm–

2) – a possible competitive adsorption of PVP present in
solution may be responsible for such a behaviour, as it is
known that PVP adsorbs rather strongly onto glassy carbon
[27,28]. A similar behaviour is observed also on Pt
electrode, with an increase in the peak current after 1 and
2 h immersion time, followed by a decrease after 3 h
immersion time. It was suggested that nanoparticle
agglomeration onto the electrode surface may also
influence in time the shape of the voltammogram.
However, the oxidation peak potential should shift positively
as the nanoparticle size increases [22,29], while the shift
in figure 8 is negative when going from 2 to 3 h  immersion
time, suggesting rather a loss in coverage with silver
nanoparticles [12] (fig. 7).

The fact that the shape of the voltammogram is actually
related to the surface coverage can be clearly seen from
figure 9, which shows the successive scans for the
oxidation in pure 0.1 M aqueous KNO3 of silver
nanoparticles loaded onto GC: the larger the surface
coverage, the more anodic the oxidation potential and the
higher the oxidation peak. In this case the loss of material
during oxidation should be quite irreversible, as the
electrolyte solution does not contain any silver
nanoparticles which may be further adsorbed in time on
GC; similar behaviour was observed for silver nanoparticles
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loaded onto GC in phosphate buffer [30]. Again, linear
dependencies of Ipa – Qa and Epa – Qa are obtained, as
expected, but while the slope of the Ipa – Qa straight-line
(0.967 s–1) is quite similar to the one obtained on gold, the
slope of the Epa – Qa straight-line (615 VC–1) is very different
from that obtained on gold; no attempts have been made
at this stage to account for these differences, as a more
detailed study is in progress. Again, the ratio between the
cathodic charge in cycle n and the anodic charge in cycle
(n+1) on GC is closer to 1, but its value averages only
~0.7, compared to the 0.85 value obtained on gold. It is
actually possible that some material loss may occur during
the reduction process as well, but again the rather large
background currents on GC preclude a clear answer.

Conclusions
The electrochemical behaviour of silver nanoparticles

stabilized with polyvinylpyrrolidone is studied in aqueous
0.1 M KNO3 on platinum, gold and glassy carbon electrodes.
The electrochemical behaviour is typical of adsorbed
nanoparticles, with the anodic stripping peaks well
described by existing theories and corresponding to low
coverage of the electrodes with nanoparticles. The strength
of the interaction between silver nanoparticles and the
substrate is shown to increase in the order: glassy carbon
< platinum < gold. The electrochemical oxidation of silver
nanoparticles leads to a decrease in the particle loading
onto the electrode, with a good correlation between the
peak currents and the degree of coverage, within the
framework of existing theories.
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