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The influence of solvent and its isotope in electrochemical deposition of silver and palladium on pencil graphite 
from H2O, D2O and MeCN was examined via cyclic voltammetry, chronoamperometry and SEM imaging. The 
evaluation of the nucleation process was done by comparing the current transients to Scharifker–Hills model of 
nucleation and the process for all samples was deemed to be progressive and mostly under diffusion control. 
Kinetic parameters were extracted from 𝐼∕𝑡 curves by curve fitting to Heerman–Tarallo model and it was found 
that for silver and palladium electrodeposition the isotope of the solvent has a noticeable effect on nucleation 
rate constant with only a limited effect on the number density of nucleation sites.
1. Introduction

In today’s world there is ever growing need for new materials and 
new ways to manufacture them. Nanotechnology is one of the fore-

fronts of materials research as nanoscale structures have vastly different 
properties than their large-scale counterparts. One of the primary ways 
of manufacturing structures in nanoscale is electrodeposition, which 
has been used to produce nanoparticles [1–3], nanodendrites [4,5], 
nanorods [6,7] and thin films [8–10]. However, electrodeposition on 
nanoscale is sensitive to many variables and thus it’s vital to under-

stand the phenomena governing the electrodeposition processes, such as 
nucleation, growth, diffusion, and deposition kinetics, to create nanos-

tructures of desired size, shape, and composition. In this study, our 
focus is on investigating nucleation and kinetics of Ag and Pd. The ki-

netics and nucleation of an electrodeposition process can be studied 
from potentiostatic current density-time transients via various theoret-

ical frameworks [11]. The Scharifker–Hills model [12] provides a way 
to examine the deposition mechanism by rendering the current (I) and 
time (t) dimensionless by scaling the current data by the peak current 
𝐼𝑚𝑎𝑥 and peak time 𝑡𝑚𝑎𝑥, and comparing them to two guideline plots. 
The model assumes diffusion-controlled growth of hemispherical nu-

clei and is based on three-dimensional multiple nucleation and results 
in two different mechanisms, instantaneous and progressive nucleation. 
In instantaneous nucleation, all nuclei form at the very instance of the 
applied potential step, after which the nuclei grow at the same rate, 
whereas in progressive nucleation, some nuclei form initially but many 
are activated progressively, thus resulting in different growth rates for 
nuclei of varying ages.

* Corresponding author.

The Scharifker–Hills model does however have its limitations, and 
deviations from it have widely been reported in literature [13–17]. Most 
often these deviations occur at 𝑡 > 𝑡𝑚𝑎𝑥, and over the years, many models 
have introduced corrections to explain these deviations [18]. Schar-

ifker et al. [19] suggested that a change in the polarization state of 
the electrode surface by e.g. hydrogen evolution would cause the ap-

parent additional electrochemical reaction causing the deviation. This 
correction works well at more negative potentials where hydrogen evo-

lution is present, but has difficulties in explaining electrodeposition of 
some single-metal salts, which have relatively low polarization [20].

One approach for correcting the deviations was introduced by Heer-

man and Tarallo [21], where they reported general equations which 
corrected the conflicting predictions by Scharifker and Mostany [22]

and Sluyters-Rehbach et al. [23] by combining elements of both theo-

ries and introducing the variable Φ, which is related to Dawson integral, 
reflecting the deceleration of the current due to sluggish nucleation. 
Heerman–Tarallo model also offers an easy access to the kinetic param-

eters straight from the fitting parameters.

The electrodeposition process can be modified to obtain desired 
morphology, surface area, particle size etc. of the deposit by the use 
of different potentials, current densities, electrolytes, temperatures and 
additives [18]. Electrolyte solvent’s, specifically, water’s, isotope effect 
has not been widely studied with regards to the nucleation process 
and the kinetic parameters. The kinetic isotope effects are dependent 
on the mass differences of the different isotopes, so the largest ef-

fects are seen in isotopes of hydrogen, where deuterium has 100%
and tritium has 200% more mass than protium. Generally, isotopic 
effects can be attributed to “primary” effects involving isotopic sub-
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Table 1

The different liquid samples used in the experiments and their equilibrium po-

tentials with respect to Ag/AgCl reference electrode. *For AgNO3 in MeCN the 
crossover potential is taken as 𝐸𝑒𝑞 .

Active species 𝑐 [mM] Supporting electrolyte 𝑐 [mM] Solvent 𝐸𝑒𝑞 [mV]

AgNO3 1 NaCl 3000 H2O 6

AgNO3 1 NaCl 3000 D2O 3.3

AgNO3 1 LiClO4 100 MeCN -27*

PdCl2 1 NaCl 3000 H2O 24

PdCl2 1 NaCl 3000 D2O 26
stitution of atoms involved in the reactions, while “secondary” effects 
involve isotopic substitution close to the atoms involved in the reac-

tions. In electrochemistry, it’s been known since the 1960s that isotope 
effects affect homogeneous electron transfer between transition-metal 
complexes [24–26]. In electrocatalysis, strong primary effects are ob-

served for reactions involving protons or deuterons [27,28], such as 
hydrogen [29–33] and oxygen [33–36] evolution. Interestingly, even 
inverse kinetic isotope effects have been observed for oxygen evolution 
on Ni and Co [37]. Solvent isotope effects upon the kinetics of some 
simple outer sphere electron transfer reactions have also been stud-

ied for transition-metal complexes of aquo, ammine or ethylenediamine 
ligands at mercury electrodes [38]. For electron transfer of metal com-

plexes, the isotope effects are attributed to “secondary” isotope effects 
arising from differences in reactant-solvent and product-solvent inter-

actions and “primary” effects arising from replacement of the H2O by 
D2O in the coordination sphere of the species undergoing charge trans-

fer reactions [38]. Additionally, the electric double layer is affected: for 
example the measured capacitance of mercury electrode in contact with 
KF solutions is slightly smaller in D2O tan in H2O [39]. Electrochemical 
techniques have also been developed for intercalation-based or elec-

trodeposition based separation of 6Li from 7Li [40–42]. Interestingly, 
no report on solvent isotope effects on electrodeposition has been re-

ported. Therefore, it is anticipated that studying solvent isotope effects 
could shed light on interactions of solvent with the dissolved metal and 
the metal surface.

In this work, the influence of solvent in electrodeposition of silver 
and palladium on pencil graphite from H2O, D2O and MeCN was exam-

ined. The evaluation of the nucleation process was done according to 
the Heerman–Tarallo model, showing that the isotope of the solvent has 
a noticeable effect on nucleation rate constant but only a limited effect 
on the number density of nucleation sites.

2. Experimental details

2.1. Chemicals and materials

Electroactive species were deposited on pencil graphite (Pentel Ain 
Stein, 0.5 mm B) from solutions made in ultrapure water (Milli-Q Direct-

Q 5 UV, >18 M Ω⋅ cm), deuterium oxide (Armar isotopes 99.8%) and 
acetonitrile (J.T. Baker). Electrodeposition of Ag+ was performed from 
1 mM AgNO3 (Sigma-Aldrich, 99.9%) with 3 M NaCl (VWR) or in 
acetonitrile with 100 mM LiClO4 (Sigma-Aldrich) whereas Pd2+ was 
deposited with solutions of 1 mM PdCl2 (Sigma-Aldrich) and 3 M NaCl 
(VWR), refer to Table 1. All electrolytes were bubbled with N2 gas for 
at least 30 minutes prior to each experiment to remove oxygen from the 
solution.

2.2. Measurements

All electrochemical measurements were performed in an ambient 
temperature of approximately 297 K in a borosilicate glass vial with 12 
mL of the respective solution with a three-electrode setup using a 3 M 
KCl Ag/AgCl reference electrodes (+0.210 V vs SHE), and a straight Pt 
wire with surface area of 0.283 cm2 in solution as the counter electrode 
2

(CE). The pencil graphite rods had the same exposed surface area as 
the CE and were exchanged with fresh ones after each cyclic voltamme-

try or chronoamperometric measurement. The graphite rods were not 
pretreated due their uniform quality resulting from strict quality con-

trol during the manufacturing process and because there was no need 
to pre-activate the electrodes as might be required for very dilute solu-

tions [43]. Potentials in this work are presented with respect to Ag/AgCl 
RE or overpotential scale although it should be noted that Ag/AgCl RE 
was not stable in acetonitrile, so its equilibrium potential 𝐸𝑒𝑞 is taken 
to be the potential where CV return scan becomes positive, labeled as 
crossover potential, as shown in Fig. 1c. The equilibrium potentials 
were measured as the potential difference of Ag or Pd wire placed in 
the solution and the Ag/AgCl reference electrode filled with aqueous 
filling solution. The solvent liquid junction potential between H2O and 
D2O solutions is probably negligible (<1-2 mV), as shown earlier [38]. 
As the formal potential difference between chloride complexes is D2O 
and H2O is on the same order of magnitude, this indicates that Pd2+

and Ag+ are present as chloride complexes with no significant isotopic 
solvent effect from the complex-solvent interaction. Transformation to 
overpotential scale is done via Eq. (1) by subtracting the respective 
equilibrium potential, as presented in Table 1, giving the overpotential,

𝜂 =𝐸 −𝐸𝑒𝑞, (1)

with 𝐸: applied potential, 𝐸𝑒𝑞 : measured equilibrium potential.

The electrochemical measurements, cyclic voltammetry and chrono-

amperometry, were carried out with Gamry Instruments Reference 
600+ potentiostat. The scan rate for cyclic voltammetry was 50 mV/s.

3. Results and discussion

3.1. Cyclic voltammetry

Electrodeposition of the electroactive species was initially exam-

ined with cyclic voltammetry where the polarization curves were mea-

sured starting from +0.6 V and scanned between +0.6 V and -0.6 V vs 
Ag/AgCl reference electrode and are presented in Fig. 1. During the first 
scan the cathodic peak associated with deposition of the active species 
was around at -430 mV for Ag in H2O and D2O, and -500 mV in MeCN, 
whereas the cathodic peak for palladium appeared at -324 mV in H20 
and at -300 mV in D2O vs Ag/AgCl.

On the return scan, anodic peaks where the metal deposits dissolve 
to the solution are observed at 44 mV, 46 mV and 105 mV for Ag in 
H2O, D2O and MeCN, respectively, and at 490 mV and 405 mV for Pd 
in H2O and D2O, respectively. It is noteworthy that the anodic peak 
of Fig. 1e Pd in D2O appears to split in two overlapping peaks which 
has been explained by there being two phases of dissolving metal, i.e. 
metal hydride and corresponding pure metal phase [44]. It has also 
been observed, that repeated scans show the first anodic peak, related 
to dissolution of palladium hydride, dominates over the second peak 
associated with dissolution of metallic palladium [45]. As to why in 
our measurements this anodic peak splitting is seen only in with D2O, 
the slight differences in Pd Pourbaix diagrams or the stability constants 
of the complexes could offer an explanation, but these have not been 
reported in literature for D2O.

On subsequent scans, all of the metal deposits that were not stripped 

off during the anodic scans act as new nucleation sites for deposition of 
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Fig. 1. Cyclic voltammograms for silver (a-c) in H2O, D2O and MeCN, respectively, and for palladium (d-e) in H2O and D2O, respectively, with pencil graphite 
electrode acquired at 50 mV/s. All voltammograms show the electrodeposition starting at lower overpotential due to leftover metal deposits on the electrode surface 

on the second scan.

the metal species. Typically, metal deposition on same metal has lower 
activation energy than deposition on carbon, so required overpotential 
for nucleation is lower on the second scan. This has been observed be-

fore for Ag [46,47] and Pd [48,49], and also for Au [50] and Cu [51].

3.2. Nucleation

The early stages of Ag and Pd electrodeposition on pencil graphite 
were examined with chronoamperometry by taking deposition poten-
3

tial steps 𝐸𝑑 , from 0,6 V ←←→ 𝐸𝑑 ←←→ 0,6 V vs Ag/AgCl RE, where the initial 
and final potentials were applied for 30 seconds respectively and 𝐸𝑑

was applied for 10 seconds as at 𝑡 > 10 s the convective effects take the 
reaction off from purely diffusion controlled regime [52]. The 𝐸𝑑 poten-

tials were chosen around the voltammetric peaks observed in the cyclic 
voltammogram of each sample. At 𝑡 < 1 s, the charging of the double 
layer has the dominating contribution to the current density, resulting 
in a high initial current that rapidly decays. At the same time, the cur-

rent starts rising due to the formation of active nucleation sites, and the 
growth of the metal deposits reach its maximum 𝐼𝑚𝑎𝑥 at 𝑡𝑚𝑎𝑥, when the 

diffusion zones around individual nuclei have merged with the neigh-



K. Pyyhtiä and P. Peljo

Fig. 2. Current transients of the liquid samples from Table 1 recorded at -410 
mV, -410 mV, -510 mV, -300 mV and -300 mV vs Ag/AgCl in descending order 
as a function 𝑡−1∕2 show linear relationships, indicating that the system is in 
diffusion control.

boring ones [49,53]. After 𝑡𝑚𝑎𝑥 the current decays in linear manner with 
respect to 𝑡−1∕2, indicating the system to be mostly in diffusion control, 
as seen in Fig. 2 [48,54], with Ag in MeCN showing a deviation from lin-

earity at longer time periods which could be attributed to earlier onset 
of natural convection arising from much greater partial molar volume 
of Ag in MeCN (-20 cm3 mol−1 [55]) when compared to Ag in aqueous 
solution (-6,2 cm3 mol−1 [56]) [57].

3.2.1. Current-time transients

According to the model formulated by Scharifker and Hills (SH-

model) [12], there are two different nucleation mechanisms that can be 
used to describe the formation and growth of the nuclei. If all the nuclei 
are present from the beginning and grow at the same rate, the process 
is called instantaneous nucleation. On the other hand, if new nuclei are 
formed during the electrodeposition process, leading to different sizes 
and growth rates, the process is known as progressive nucleation. They 
proposed that the nucleation mechanism can be observed by rendering 
the curves dimensionless, achieved by scaling the peak current 𝐼𝑚𝑎𝑥 and 
peak time 𝑡𝑚𝑎𝑥 to acquire Eq. (2) and Eq. (3)

𝐼2

𝐼2
𝑚𝑎𝑥

= 1,9542
𝑡∕𝑡𝑚𝑎𝑥

{
1−exp

[
−1,2564(𝑡∕𝑡𝑚𝑎𝑥)

]}2
for instantaneous nucleation,

and (2)

𝐼2

𝐼2
𝑚𝑎𝑥

= 1,2254
𝑡∕𝑡𝑚𝑎𝑥

{
1 − exp

[
−2,3367(𝑡∕𝑡𝑚𝑎𝑥)2

]}2
for progressive nucleation.

(3)

Scaling the chronoamperometric data by 𝐼𝑚𝑎𝑥 and 𝑡𝑚𝑎𝑥 the dominat-
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ing nucleation mechanism can be seen by comparing the data to these 
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oretical curves. In Fig. 3 the dimensionless plots are represented for 
in H2O, D2O and MeCN and for Pd in H2O and D2O, and it can be 
n that both Ag and Pd follow the progressive nucleation mechanism 
ll solvents matching the literary sources for Pd [48,52,58] and for 
[59,60] in H2O and D2O. Although Mele et al. [61] have reported in 
milar system the process being instantaneous in 100% MeCN solu-

 with becoming more progressive at higher overpotentials matching 
 potentials used in our measurements or when increasing H2O con-

tration of the solvent. The deviation of Pd curve from Eq. (3) at 
ger times could be due to concurrent catalysis of proton reduction 
ch can reduce the current by creating a saturated Hupd layer of ad-

ed H/D inhibiting additional metal deposition [62].

Furthermore, the kinetic parameters in nucleation and growth pro-

 can be acquired by utilizing the model developed by Heerman and 
allo [21] by which values for nucleation constant per site 𝐴, num-

 density of active sites on the electrode surface 𝑁0, and the diffusion 
fficient 𝐷, can be obtained by fitting the experimental data to the 
owing expression for current density:

= 𝑧𝐹𝐷𝑐
1

(𝜋𝐷𝑡)1∕2
Φ
Θ

(
1 − exp

[
−𝛼𝑁0(𝜋𝐷𝑡)1∕2𝑡1∕2Θ

])
, (4)

re

1 −
exp(−𝐴𝑡)
(𝐴𝑡)1∕2

(𝐴𝑡)1∕2

∫
0

exp
(
𝜆2
)
𝑑𝜆 (5)

1 −
(
1 − 𝑒−𝐴𝑡

)

𝐴𝑡
, (6)

h 𝛼 = 2𝜋(2𝑀𝐷𝑐∕𝜌)1∕2, 𝑐: bulk concentration of the metal precursor, 
 𝑀 and 𝜌 being the molar mass and density of the deposited metal, 
ectively. The model gives reasonably accurate fits in the potential 

ge of the measurements, as can be seen in Fig. 4 for Pd electrodepo-

n in D2O. For other samples the images are located in Figures S1-4 
he supplementary info. The acquired kinetic parameters are plotted 
 function of the overpotential in Fig. 5. The corresponding numeri-

values can be found in tables S1-5 in the supplementary info. From 
 results it can be concluded that 𝑁0 increases when more negative 
rpotentials were applied and that there exists an energy distribu-

 of site activation, where larger fraction of sites are activated when 
easing the cathodic overpotential [63]. In Fig. 5a for silver elec-

eposition, it is noted that the nucleation rate constant per site 𝐴
ows the trend of being linear as a function of overpotential on loga-

mic scale as reported by Alvarez and Salinas [48], and Sebastián et 
[59].

For Ag solution in H2O nucleation rate constant 𝐴 matches well with 
 value reported by Miranda-Hernández et al. [64] for highly oriented 
olitic graphite (HOPG) electrode within the potential region of their 
surements, while to the best knowledge of the authors these values 
e not been reported for Ag deposition from D2O or MeCN, both of 
ch seem to behave similarly with respect to increasing the overpo-

tial. In Pd samples, Fig. 5c, the slope seems to be mostly the same for 
h isotopes but H2O shows clearly higher nucleation rates compared 
2O. For Ag the diffusion coefficients were extracted from Eq. (4)

 had the values 1, 49 ± 0, 22 ⋅ 10−5 cm2s−1, 1, 05 ± 0, 20 ⋅ 10−5 cm2s−1

 1, 07 ± 0, 41 ⋅ 10−4 cm2s−1 in H2O, D2O and MeCN, respectively. It 
 be seen that movement in D2O is relatively sluggish with respect 
2O, possibly contributing to the observed kinetic effects. For Pd the 

erence was lower as the diffusion coefficients were 1, 62 ±0, 16 ⋅ 10−5
s−1 and 1, 71 ±0, 16 ⋅10−5 cm2s−1 in H2O and D2O, respectively. Plots 
the diffusion coefficients as functions of overpotential can be found 
igures S5 and S6 of the supplementary info. Values for 𝐴 and 𝑁0
Pd deposition from D2O have not been reported, but Espino-López 
l. [58] reported similar values for 𝐴 and even greater values for 𝑁0
n making Pd nanoparticles from deep eutectic solutions. Number 
sities of active sites for Ag Fig. 5b and Pd, Fig. 5d are clearly in-
creasing non-linearly with respect to increasing overpotential. This is 
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Fig. 3. Normalized current transient of chronoamperometric measurements at different overpotentials for silver (a-c) in H2O, D2O, and MeCN, respectively, and 
for palladium (d-e) in H2O and D2O, respectively, compared to the theoretical dimensionless plots for instantaneous (black solid line) and progressive (red dash-

dotted line) nucleation from Eqs. (2) and (3). It can be seen that the electrodeposition process for Ag in all solvents and potentials fits the SH-model well and that 
the progressive nucleation mechanism is dominating. Pd also mostly follows progressive mechanism but especially D2O based solutions show deviations from the 
theoretical guidelines.
widely reported in literature [17,48,65,66] and it has been suggested 
that activation of nucleation sites follows a non-linear distribution as 
function of overpotential dependent of electrode surface conditions on 
glassy carbon [67]. Our results would indicate that also the solvent and 
its isotope has an effect on the underlying activation distribution.

It is clear from the experiments that the slope of nucleation rate 
constant per site 𝐴 vs. overpotential is higher in H2O than in D2O or 
MeCN for Ag or in D2O for Pd. In the aqueous solutions both Ag+ and 
5

Pd2+ are complexed with chloride, and surrounded by solvation shell, 
whereas in MeCN Ag+ is complexed with CH3CN [61,68]. If we con-

sider the thermodynamics of the processes, cations need to shed their 
solvation shells and the complexes during metal deposition to form nu-

clei. Enthalpy of transfer of Ag+ and small cations like Na+ etc. large 
anions such as I− or tetraphenylborate from H2O to D2O are slightly 
positive (<3 kJ/mol) while transfer of small anions such as chloride are 
slightly negative [69], and similarly from H2O to MeCN [70,71], i.e. it 
appears that the process should be easier in D2O and MeCN. However, 

the entropies of transfer have not been reported, so the Gibbs energy of 
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Fig. 4. Experimental potentiostatic current transients (dots) from the electrodeposition of 1 mM PdCl2 with 3 M KCl in D2O at room temperature at varying 
overpotentials 𝜂, with the theoretical evaluation of Eq. (4) for each transient (lines) used to acquire values for the nucleation rate constant per site 𝐴 and the number 
density of active sites 𝑁0 .

Fig. 5. Values obtained from fitting Eq. (4) to the experimental current transients of graphite electrode on logarithmic scale with 95% confidence bands. a) Nucleation 
rate constants per site 𝐴 vs overpotential for 1 mM AgNO3 + 3 M NaCl in H2O (black), in D2O (red) and 1 mM AgNO3 + 100 mM LiClO4 in MeCN (blue) and b) 
the corresponding number densities of nucleation sites 𝑁0 . c) Nucleation rate constants per site 𝐴 vs 𝜂 for 1 mM PdCl2 + 3 M NaCl in H2O (black) and in D2O (red) 
6

and d) the corresponding number densities of nucleation sites 𝑁0 .
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Fig. 6. SEM micrographs obtained with 2 kV accelerating voltage and 25 pA current using T1 backscattering detector for a) Ag deposit from H2O on pencil graphite 
surface at -0.470 V vs Ag/AgCl for 10 seconds showing grown Ag islands as bright spots. b) similar although smaller pits are visible for Ag deposit from D2O at 
-0.470 V vs Ag/AgCl RE. c) Deposition of Pd from H2O at -0.270 V vs Ag/AgCl for 10 seconds shows regions separate regions with and without deposition. The areas 
without deposition were mostly likely under a since detached clay particle. d) Deposition of Pd from D2O at -0.405 V vs Ag/AgCl for 10 seconds where it can be 
seen that in certain areas Pd nuclei have grown together and continued plating in uniform layers.
transfer is not known. As the equilibrium potential difference between 
H2O and D2O solutions was negligible, it seems that thermodynamic 
effects cannot explain the observed differences. D2O is 20% more vis-

cous than H2O, so the difference might arise simply from the slower 
reorganization of the hydration shell and the chloride ions [72]. One 
kinetic limitation could be how fast the solvent molecules reorganize 
around the nucleation site and around the released complexing agents, 
although the difference in solvent reorganization energies between the 
two isotopes was evaluated as less than 1%, see supplementary info for 
the calculation.

Nucleation site densities seem to be slightly smaller for Ag in D2O 
and much smaller in MeCN, while no significant difference is observed 
for Pd. The differential capacitance in D2O is slightly smaller than in 
H2O [39], most likely because of the stronger hydrogen bonding net-

work in D2O, as well as lesser interaction of D2O with the electrode 
surface [73]. Based on this, it could be expected that nucleation should 
be easier in D2O, resulting in higher density of nucleation sites. It is 
possible that more chloride is specifically adsorbed on the electrode in 
D2O, blocking some of the active nucleation sites. Alternatively, higher 
viscosity of D2O could also influence how fast nucleation sites can be 
freed from chloride, reducing the initial number of sites compared to 
H2O. While the nucleation should be easier in MeCN due to its lower 
double layer capacitance [74] and lower viscosity [75], the reduced 
nucleation site density in MeCN can be explained by organic solvent 
molecules being preferentially adsorbed to the metal surface inhibit-

ing reactant adsorption [61]. Unfortunately, we are not aware of any 
studies on viscosity effects on the nucleation and growth rates during 
electrodeposition. Clearly, more work is required to fully understand 
7

the observed effects.
3.3. Surface morphology of the deposited metals

The surface morphology of the graphite electrodes after deposition 
was examined with a scanning electron microscope to detect Ag and Pd 
deposits, as seen in Fig. 6. In Ag deposition, shown in Figs. 6a and 6b, 
spherical metal deposits with largest diameters around 130 nm are ob-

served to be deposited from H2O, and average diameter of 80 nm from 
D2O with greater aggregation compared to H2O. Similar larger spheri-

cal metallic deposits are not seen for Pd deposition from either isotope 
solvent, Figs. 6c and 6d, the individual nuclei are of different sizes in 
the order of 20 nm with some exclusion zones in between that could be 
attributed to bubble formation due to hydrogen/deuterium evolution. 
There were difficulties in detecting the surface with the SEM setup used 
as the supporting carbon ionized by the electron beam starts to agglom-

erate on top of the deposited Pd when focusing the beam and correcting 
for astigmatism. It can be seen that in Pd deposited from D2O, some re-

gions Pd nuclei grow together and start forming a layer. This could 
explain along with concurrent hydrogen/deuterium evolution, why the 
normalized current transient at higher overpotentials seen in Fig. 3e do 
not match that of either supposed nucleation mechanism. The area in 
Fig. 6c without deposition is taken to have been covered by a clay frag-

ment that has detached between the electrodeposition and taking of the 
SEM images. Similar fragments have been observed on pencil graphite 
surface also in some other images.

4. Conclusions

In this work, electrodeposition of Ag and Pd on pencil graphite in 
H2O, D2O and MeCN was examined through cyclic voltammetry and 

chronoamperometry. Chronoamperometric measurements showed that 
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the electrodeposition process for all samples was under diffusion con-

trol and that the dominating nucleation mechanism was progressive 
nucleation mechanism as described by Scharifker–Hills-model. By non-

linear curve fitting of a theoretical model to the current transients, the 
kinetic parameters of nucleation rate constant and number density of 
active sites were obtained and compared to trends observed in litera-

ture. Clear differences in the kinetic parameters during deposition from 
different solvents could be seen, as well as that the isotope of the wa-

ter has an observable effect on the activation and growth of active 
sites. SEM images obtained from the pencil graphite surface showed 
spherical metal deposits of Ag, and much smaller nuclei of Pd, some 
of which had grown together and started to plate in layers. Kinetic 
parameters describe the evolution of electrodeposition processes and 
utilizing different solvent isotope composition could allow to manip-

ulate the evolution of electrodeposition process without changing the 
chemical properties for manufacturing new materials.
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