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Abstract An electrochemical study of cobalt electrodepo-
sition onto a polycrystalline platinum electrode from an
aqueous solution (10−2 M CoCl2+1 M NH4Cl (pH 9.5))
was carried out through cyclic voltammetry and potential
step techniques. Analysis of the voltammetric data clearly
showed that a cobalt adlayer is formed during the
application of potential in the underpotential deposition
(upd) region. Formation of this cobalt adlayer involved the
simultaneous presence of both adsorption and 2D nucle-
ation processes. Cobalt adlayers obtained by linear voltam-
metry in upd region were analyzed employing diffuse
reflectance spectroscopy (DRS). By using theoretical
quantum studies at PM6//HF/LANL1MB level, it was
possible to assign the peaks obtained by DRS at 328 and
337 nm to the cobalt adsorption on Pt(111) and Pt(100),
respectively, while the signals recorded at 355 and 362 nm
were related with the clean platinum surfaces Pt(100) and
Pt(111). Also, quantum calculations at the PM6 level
indicated that the energy formation order is Co-Pt(100)>
Co-Pt(111)>Co-Pt(110)>Co-Co(surface).
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Introduction

Co adlayers on Pt surfaces exhibit a strong magnetic
anisotropy useful in the fabrication of magnetic storage
devices [1–4]. This property has motivated the study of
ordered and disordered overlayers of Co on Pt, due to their
potential applications in the fabrication of electronic
devices [4–10]. Most of these Co overlayers have been
prepared employing molecular beam evaporation tech-
niques [4, 11–13]. Although, it has been reported that the
electrodeposition process allows getting overlayers of
cobalt [14, 15], few studies have considered the electrode-
position as a way to obtain Co overlayers onto Pt [16–21].
The electrodeposition has the advantage to be itself an
economic and simple technique, but it requires a very good
knowledge of the nucleation and growth parameters to
acquire deposits with reproducible properties. Moreover, a
better understanding of the kinetic deposition phenomena
will provide a better control of their magnetic and
electronic properties. Albeit, the interest devoted to the
fabrication of thin films of cobalt/platinum, up to our
knowledge, there is not information regarding the kinetic
details of the electrodeposition process of cobalt onto
polycrystalline platinum surfaces. Therefore, in order to
gain a deeper insight into this system, in the present
paper, we report a study of the electrodeposition of
cobalt onto polycrystalline platinum at underpotential
conditions, by using cyclic voltammetry and chronoam-
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perometry. Characterization techniques such as diffuse
reflectance spectroscopy (DRS) and theoretical quantum
studies were also employed during the study.

Methodology

Experimental

Cobalt electrodeposition on a platinum electrode was
studied from an aqueous solution containing 10−2 M of
CoCl2 and 1 M NH4CI, at pH 9.5 (adjusted with NaOH) at
25 °C. Under these conditions, the main chemical species
of the Co (II) ion is the [Co(NH3)5(H2O)]

2+ complex [22].
We verified the existence of [Co(NH3)5(H2O)]

2+ complex,
as predominant chemical species elaborating the
corresponding Pourbaix’s diagrams and the results obtained
are completely coincident with those reported in literature
[22]. The equilibrium potential in the [Co(NH3)5(H2O)]

2+/
Co0 redox system has been determined as -0.786 vs SCE
[22], (−0.741 V vs Ag/AgCl) agreeing with Eq. 1.

Co NH3ð Þ5 H2Oð Þ� �2þ þ 2e ! Co0 þ 5NH3 ð1Þ

All solutions were prepared using analytic grade
reagents with ultra pure water (Millipore-Q system) and
deoxygenated bubbling N2 for 15 min before each
experiment. The working electrode was a polycrystalline
platinum rotating disk electrode tip provided by Radiometer
Tacussel of 0.0314 cm2; the exposed surface was polished
to a mirror finish by using Alfa Aesar aluminum oxide and
cleaned ultrasonically. A graphite bar with an exposed area
bigger than the working electrode was used as a counter
electrode. An Ag/AgCl electrode was used as the reference
electrode, with all measured potentials referred to this scale.
The electrochemical experiments were carried out in a BAS
100 W potentiostat–galvanostat connected to a personal
computer running BAS100W software to allow the control
of experiments and data acquisition. In order to verify the
electrochemical behavior of the electrode in the electrodepo-
sition bath, cyclic voltammetry study was performed within
the 0.6 to −1.0 V potential range at different scan rates.

Theoretical

The cobalt adsorption process onto three monocrystalline
platinum surfaces (100), (110), and (111) were analyzed.
These platinum surfaces represent the principal crystallo-
graphic orientations for the face-centered cubic lattice of
polycrystalline platinum [23]. Platinum surfaces were
modeled employing a theoretical methodology reported
previously [24] by means of finite cluster’s size of 25, 13
and 22 atoms for the (100), (110), and (111) orientations,

respectively, by using crystallographic parameters [25]. In
all calculations, we performed restricted optimizations
where the adsorption of cobalt atoms was optimized while
the coordinates of surface atoms were fixed. In present
work, we test the ability of the PM6 method [26] in
combination with the HF/LANL1MB level [27] to predict
the adsorption geometries of cobalt onto platinum and the
optical band gaps of the Pt-Co system, respectively.

Computational resources

We employed a Beowulf cluster with 6 processors of
2.4 GHZ each one with a 1 GB of RAM for all calculations.
These calculations were performed with the Package
MOPAC2007 Linux version [28], Gaussian03W [29] and
were visualized with a Winmostar graphical interface [30].

Results and discussion

Cyclic voltammetry study

Figure 1 shows the cyclic voltammogram obtained for the
Pt/10−2 M CoCl2+1 M NH4CI system at pH=9.5 at
20 mVs−1 of scan rate. The potential scan started at 0.6 V
in the negative potential direction up to −1.0 V, and then it
was reversed to the starting potential. During the direct
scan, it is possible to observe three peaks A, B, and C at the
potential values of −0.120, −0.600, and −0.840 V, respec-
tively. Note that peaks A and B appear at more positive
potentials than −0.741 V, in the underpotential deposition
(upd) zone of cobalt. It is important to note that the process
associated to peak B starts at −0.450 V approximately, this
potential value is similar to that found by Herrero et al. [17]
when a cobalt adlayer is deposited on Pt(111) from 0.01 M

Fig. 1 Cyclic voltammogram obtained in the Pt/10−2 M CoCl2+1 M
NH4Cl (pH 9.5) system. The potential scan was started at 0.600 V
towards the negative direction with a potential scan rate of 20 mVs−1.
Arrows indicate the potential scan direction. Cathodic density current
peaks (a, b, and c) and anodic peaks (d, e, and f) are also indicated
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CoCl2 in 0.1 M NaOH. In overpotential deposition (opd)
conditions, the electrodeposition process begins at
−0.741 V. This potential value suggests either a great
affinity between the electrodeposited cobalt onto the
platinum surface or an electrodeposition process on a
cobalt monolayer. After peak C, observe the change of the
slope in the voltammetric curve. This change may be
related to hydrogen evolution since it is predominant in this
zone. When the potential scan was inverted, a shoulder (D)
and two anodic peaks, E and F, appeared at −0.610, −0.410,
and 0.260 V, respectively. A comparison of the voltammo-
gram showed in Fig. 1 with the voltammetric curve
obtained from the system Pt/1 M NH4CI system at pH=
9.5 at 20 mVs−1 is depicted in Fig. 2. From this figure, it is
possible to conclude that peak A is due to the supporting
electrolyte and peak B may be associated with cobalt
reduction processes. Note that peak B is formed by two
overlapped signals which may correspond either the
formation of two cobalt submonolayers on the polycrystal-
line surface or well to a charge transfer process from Co(III)
to Co(II). However, a transfer charge from Co(III) to Co(II)
must be occurring at potentials values more positive than
the considered at present work which implies that the
formation of submonolayers is a more probable process.
The slightly potential displacement may be caused by the
different crystallographic orientations which are present on
a polycrystalline surface. A typical behavior of an upd
process is that the peak relevant associated to the upd
process first appears in cyclic voltammetry at lower
concentration of metallic ions. Then the peak increases
with the metal ion concentration increasing before a full 2D
coverage has been formed. In order to verify this behavior
in our system, we carried out a set of cyclic voltammetries

employing different cobalt concentrations (0.0001, 0.001,
0.005, and 0.01 M). The results obtained in upd zone are
showed in Fig. 2. Note that at lower cobalt concentration, it
appears the peaks A and B. Peak A have been associated
previously to the supporting electrolyte which remains
practically constant while peak B associated to upd process
is increasing with the cobalt concentration. Last result is
typical of an upd process suggesting that peak B is due to
the cobalt electrodeposition in underpotential conditions.
Similar behavior has been reported during the upd
processes of zinc on Pt(111) [31] and Pb on Pt(100) [32].
For the case of anodic signals D, E, and F, there are several
interpretations about cobalt oxidation mechanism. Thus, the
shoulder D has been associated to the dissolution of the
hydrogen-rich cobalt phase [33], peak E to the cobalt
dissolution of cobalt previously deposited in opd conditions
while F was related to the oxidative dissolution of the
electrodeposited cobalt in upd conditions [14]. However, it
is important to mention that an exhaustive study to identify
the dissolution mechanism it was not done. Recently,
Grujicic et al. [34] have reported that the overall cobalt
oxidation mechanism, involves hydroxide forms either as
an intermediate or as a final product of oxidation. Under
these considerations, and taking into account the Pourbaix’s
diagram [35], cobalt electrodeposited is passivated in
aqueous solutions by forming a hydrated cobalt oxide
layer, Co(OH)2, according to a hydrolytic reaction (2):

Coþ 2OH� ! Co OHð Þ2 þ 2e ð2Þ
Thus, the reaction mechanism at basic conditions involves
the presence of free ammonia for reactions, in our
conditions the proposed mechanism for peaks D and E is:

Co OHð Þ2 þ 2NH4Cl ! CoClþ þ Cl� þ 2NH3 � H2O ð3Þ

CoClþ þ Cl� þ 2NH3 � H2O ! Co NH3ð Þ2þ2 þ2Cl� þ 2H2O ð4Þ

Co OHð Þ2 þ 2NH4Clþ 2NH3 � H2O ! Co NH3ð Þ2þ2 þ2Cl� þ 2H2O

ð5Þ
It is important to mention that at the same potential range in
where the anodic signal F was detected, Herrero et al. [17]
have reported evidences of the oxidation of Co(OH)2 to the
Co(OH)3 while Vaskelis et al. [36] found an oxidation
process of Co(II)amine complex to the Co(III)amine
complex. In order to analyze if peak F corresponds to an
oxidation process of Co(II)amine complex to the Co(III)
amine complex we carried out a set of linear voltammetries
at four baths with different cobalt concentrations (0.0001,
0.001, 0.005, and 0.01 M) starting the oxidation process
at 0 mV toward anodic direction to 600 mV. Note that
under these experimental conditions, Co0 is not present. A

Fig. 2 Comparison of cyclic voltammetric curves obtained in the Pt/x
M CoCl2+1 M NH4Cl (pH 9.5) system at different Co2+ concen-
trations (x=0, 0.0001, 0.001, 0.005, and 0.01 M) indicated in the
figure. The potential scan was started at 0.600 V towards the negative
direction to −800 mV with a potential scan rate of 20 mVs−1. Arrows
indicate the potential scan direction. Cathodic density current peaks
(a and b) and anodic peaks (d, e, and f) are also indicated
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comparison of a linear voltammetry with a cyclic voltam-
metry for the bath with 0.01 M of cobalt concentration is
depicted in Fig. 3. Note that when the scan is carried out
from 0 to 600 mV in anodic direction peak F was not
recorded, the same behavior was obtained for different
cobalt concentrations indicating that an oxidation of Co(II)
amine complex to the Co(III)amine complex was not
present. However, according with Eq. 2, cobalt electro-
deposited in aqueous bath, inclusive in upd conditions,
might be passivated by forming Co(OH)2 and this situation
might cause the presence of peak F. In order to confirm the
correspondence among peaks A, B and C with shoulder D,
and between peaks E and F, we performed cyclic
voltammograms at different inversion potentials at a
constant scan rate (20 mVs−1) as is shown in Fig. 4. In
the upd zone (E≥0.741 V), see inset in Fig. 4, two main
current density peaks (A and B) were recorded during the
direct scanning. At the inversion potential value of
−0.300 V, Fig. 4b, the peak A is fully formed; at this point,
we inverted the scan and a clear anodic signal was not
detected. When more negative potentials were reached,
Fig. 4d-f (peak B), an anodic signal at approximately
0.260 V (peak F) was recorded. The current density of peak
F was increased in function of inversion potential. These
results suggest that the anodic peak F is due to the
dissolution of cobalt deposited in upd conditions (peak B).
When the inversion potential was lower than −0.800 V, we
detected a wide anodic peak at −0.550 V which can be related
to the dissolution of cobalt deposited in peak C following the
Eqs. 3, 4, 5. At more negative potentials, a displacement of
these signals to the anodic direction was observed. In all
cases, the voltammetric curves in Fig. 4 were compared with
their equivalent curves in the supporting electrolyte and the

general behavior was as shown in Fig. 2. Last results suggest
the presence of an upd cobalt process on the polycrystalline
platinum electrode.

In order to analyze the influence of the scan rate in the
cobalt electrodeposition process on platinum, we carried
out a voltammetric study at different scan rates. The cyclic
voltammograms are shown in Fig. 5. Note that the current
density associated to each peak depends on the scan rate.
The potential values associated to peaks A and B exhibits a
small variation in each case. During the sweep in the
positive direction, peak E increases faster with the scan rate in

Fig. 3 Comparison of two voltammetric curves obtained from the Pt/
10−2 M CoCl2+1 M NH4Cl (pH 9.5) system. a Cyclic voltammogram
obtained when the potential scan was started at 0.600 V towards the
negative direction to −1.000 V and reverted to 0.600 V (solid line), b
linear voltammogram obtained when the scan potential was started at
0 mV toward anodic direction to 600 mV (broken line). For sake of
clarity, in the figure is only depicted the potential range 0–0.4 V

Fig. 4 Cyclic voltammograms obtained in the Pt/10−2 M CoCl2+1 M
NH4Cl (pH 9.5) system at different inversion potentials of
(a-a′) −0.200 V, (b-b′) −0.300 V, (c-c′) −0.450 V, (d-d′) −0.550 V,
(e-e′) −0.650 V (f-f′), −0.750 V (g-g′), −0.800 V, (h-h′) −0.840 V,
(i-i′) −0.880 V, (j-j′) −0.920 V, and (k-k′) −0.980 V. In all cases, the
potential scan started at 0.600 V towards the negative direction with
a potential scan rate of 20 mVs−1. Arrows indicate the potential scan
direction. Cathodic current density peaks (a, b, and c) and anodic
peaks (d, e, and f) are also indicated

Fig. 5 Cyclic voltammograms obtained in the Pt/10−2 M CoCl2+1 M
NH4Cl (pH 9.5) system at different scan potential rates of (a-a′) 10,
(b-b′) 20, (c-c′) 60, (d-d′) 100, (e-e′) 150, (f-f′) 250, and (g-g′)
400 mVs−1. In all cases, the potential scan was started at 0.600 V
towards the negative direction. Arrows indicate the potential scan
direction. Cathodic density current peaks (a, b, and c) and anodic
peaks (d, e, and f) are also indicated
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comparison with peaks D and F, indicating that a predominant
phase is being deposited during the direct scan.

In order to determine the type of limiting control for the
opd process, the current density (jp) value associated with
peak C was plotted as a function of v1/2 (v = potential scan
rate). The result is shown in Fig. 6. Therein, we may observe
a linear relationship, indicating a diffusion control for the
opd process according with the Berzins-Delahay equation
[37, 38]. From the plot, it was possible to calculate a
diffusion coefficient value of 1.8×10−6 cm/s−1 which is close
to the experimental value reported in literature [22].

Kinetic of cobalt upd adlayer

Detailed information about the electrocrystallization
process can be obtained from potentiostatic deposition.
Figure 7 shows a set of current transients recorded at
different potentials from 10−2 M of CoCl2 and 1 M NH4CI
at pH 9.5. In all cases, the experiments involved the
application of an initial potential of 0.600 Von the platinum
electrode surface. Under this potential condition, cobalt
deposition had not started yet, as could be easily noted from
the previous voltammetric study. After application of this
initial potential, a second negative potential step was
applied to the electrode surface for 32 s within the range
of −0.400 to 0.700 V every 0.050 V. It should be noted that
these potential values are in the cobalt upd region. The
shape of these transients is quite similar to those reported
by Hozle et al. [39] and Mendoza-Huizar et al. [14]. The
theoretical description of similar potentiostatic current
transients as shown in Fig. 7 has been predicted adequately
by [14]:

jtotalðtÞ ¼ jadðtÞ þ j2Di�dcðtÞ ð6Þ
where

jadðtÞ ¼ k1e
�k2t ð7Þ

and

j2Di�dcðtÞ ¼ k3e
�k4t ð8Þ

jad(t) is the current density for a Langmuir type adsorption–
desorption process and j2Di(t) is the current density
associated to an instantaneous two-dimensional nucleation
mechanism. k1=k2Qads, and Qads is the charge density due
to the adsorption process. The potential dependence of k2
is assumed to obey the Butler–Volmer relation. Then, the
adsorption of metal ions associated with the charge
transfer is given by Eq. 14 in Ref. [37]. k3 ¼ qmonpS2D,
k4 ¼ pS2DN0, In these equations, qmon is the charge
density associated with formation of the monolayer, S is
a constant controlled by the potential, D is the diffusion
coefficient of the metal ion, and N0 is the density number
of active sites. Note that k3=k4Qnucl and Qnucl is the charge
density due to the 2D nucleation process. Figure 8 shows a
comparison of the experimental current transients obtained
during cobalt upd and that generated theoretically by
nonlinear fitting of Eq. 6 to the experimental data. From
the figure, it becomes clear that the nucleation–adsorption

Fig. 6 Plot of the experimental cathodic peak current density (jp) as a
function of scan rate (v1/2) for Peak C (see Fig. 1)

Fig. 7 Set of experimental current transients recorded during the upd
process in the Pt/10−2 M CoCl2+1 M NH4Cl (pH 9.5) system. In all
cases, the starting potential of 0.600 V was applied to the platinum
electrode surface and t=32 s

Fig. 8 Comparison of an experimental current density transient (—)
recorded during cobalt electrodeposition at −650 mV V onto a
polycrystalline platinum from an aqueous 10−2 M CoCl2+1 M NH4Cl
(pH 9.5) solution and a theoretical transient (open circles) obtained by
non-linear fit of Eq. 6
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model can adequately describe the whole experimental
current transient. Table 1 shows the parameters pertaining
to Eq. 6 that best fitted the experimental transients. It is
interesting to observe that the contribution due to the
nucleation process is 93% indicating that under our
experimental conditions the 2D nucleation process is
favored.

Diffuse reflectance at different potentials

DRS has established its effectiveness in qualitative and
semi-quantitative analysis as a technology for nondestruc-
tive characterization of the composition of materials based
on the interaction of visible infrared light (electromagnetic
energy) with matter [40]. The diffusely reflected radiation
collected and detected by the detector is converted into a
spectrum that is similar to absorbance spectrum in
transmittance spectrometry; where peaks are increased
without modify the positions of these in DRS [40].
Reflectance technique has been successfully used in the
study of optical properties of nanostructured metal films
such as platinum, gold and silver [41] and the under-
potential deposition of Pb on gold [42]. Figure 9 shows
diffuse reflectance spectra in UV zone (DRS-UV) of
deposits obtained at 100 mVs−1 of scan rate with linear
voltammetry at different final potentials located in upd
zone; the initial potential value was 600 mV where no
cobalt electrodeposition has started yet. It is important to
mention that, in all cases, DRS signals were only detected
in the 327–386 nm range. The DRS-UV for clean
polycrystalline platinum is shown in Fig. 9a where the
presence of two peaks at 355 and 362 nm, can be related to
two principal faces in the polycrystalline surface. Figure 9b
shows the results obtained when DRS signals were
obtained from the supporting electrolyte, a main signals
were detected at 342, 356, 362, and 383 nm. The signals at
356 and 362 nm may correspond to clean polycrystalline
platinum, while the signals recorded at 342 and 383 nm
may be caused by the adsorption of ions which may be Cl−,
NH4

+, H+, or O−2. DRS-UV for the deposit of cobalt
obtained at −550 mV, Fig. 9c, shows three main peaks at
337, 361, and 383 nm. The peak at 361 nm is probably due
to the polycrystalline platinum while peak 383 nm is caused
by anion adsorption. The peak recorded at 337 may be

Fig. 9 Diffuse reflectance spectra in Ultraviolet zone of cobalt
electrodeposits obtained on polycrystalline platinum by linear voltam-
metry at different final potentials. a Clean polycrystalline platinum,
b from supporting electrolyte on polycrystalline platinum, c −0.550,
d −0.600, and e −0.700, supported on KBr

Table 1 Best fit parameters obtained from non-linear adjustment of
Eq. 6 to the experimental current density transient recorded during
cobalt upd onto platinum electrode (see Fig. 8)

E/mV k1/mAcm−2 k2/s
−1 k3/mAcm−2 k4/s

−1 %Qads % Q2D

650 mV 0.471 5.537 0.046 0.038 6.51 93.49
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associated with a cobalt submonolayer deposited on the
polycrystalline surface. At −600 mV, Fig. 9d, six main
peaks at 328, 337, 341, 356, 361, and 383 nm were
observed. It is probable that the additional peak at 328 nm
is due to the formation of a new cobalt submonolayer on a
different crystallographic orientation. The deposit obtained
at −700 mV, Fig. 9e, showed five peaks at 328, 330, 337,
342, and 383 nm. It is interesting to note that at this last
potential value, the peaks corresponding to the clean
platinum surface are smaller in comparison with the new
peaks, which suggests that the platinum surface is being
covered with cobalt at different crystallographic orientations.

Theoretical quantum study

In order to establish the correspondence of the peaks
observed in the DRS-UV spectra with the adsorption of
cobalt onto platinum surfaces; we performed a theoretical
quantum study to calculate the optical band gaps associated
to the models shown in Fig. 10. A disadvantage of the
theoretical quantum methods to simulate macroscopic
systems (surfaces) is the current computational limit, in
particular when ab initio calculations are considered.
Therefore, if one considers a solid as a big molecule and
the fact that several processes, such as single atom/
molecule adsorption or single impurities, are localized
phenomena, it becomes clear that a cluster model may be
a good starting point for a theoretical description of a
superficial phenomenon. In such cluster approach, the
surface may be simulated by using a small number of
atoms. If we include more and more atoms, the description
will become more accurate. However, the calculation time

and the computer memory required increases quickly as the
system grows, in particular when ab initio methods are used
[43]. Recently, the semiempirical method PM6 developed
by Stewart’s group offers new possibilities to model solid
state reactions in modest workstations [44]. Up to our
knowledge, the PM6 method has not been applied in
analyzing the adsorption process of cobalt on platinum.
Thus, in the present work, we used the PM6 method in
combination with the HF/LANL1MB [27] level, to predict
the optical band gaps of the Co/Pt system. The HF/
LANL1MB level was chosen after a previous calibration
process (not shown here), since this level of theory proved
to be adequate to predict adequately some experimental
electronic properties such as the work function and the
band gap value of clean platinum surface. Fig. 10a-d shows
the optimized structures of one cobalt atom adsorbed on
three different Platinum surfaces such as (100), (110), and
(111) and the hexagonal-closed-packed-Cobalt system. In a
solid, the band gap is the energy difference between the
conduction and valence band. When an electron in the
conduction band decays to the valence band the additional
energy is released either as radiation. The color of the
emitted light will correspond to the energy of the band gap.
Based on the value of the energy band gap (Eg) from our
calculations, we could determine the wavelength of light
(l ) that corresponds to the band gap energy of each system.
By using the optimized geometry at PM6 and a single point
calculation at HF/LANL1MB level, we found that for the Pt
(100), Pt(110), and Pt(111) surfaces, the energy gaps were
3.18 (356.94 nm), 2.77 (409.78 nm), and 3.15 eV
(360.34 nm), respectively. The calculation of the optical
band gaps for Co-Pt(100) (Fig. 10a), Co-Pt(110) (Fig. 10b),

Fig. 10 Finite clusters’ size
models. a Co-Pt(100), b Co-Pt
(110), c Co-Pt(111), and
d Co-Co(0001)
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and Co-Pt(111) (Fig. 10c) systems were 3.50 eV
(336.97 nm) 4.42 eV (256.73 nm) and 3.46 eV
(328.20 nm), respectively. A direct comparison of these
values with l where the peaks appeared in Fig. 9, indicates
that peaks at 355 and 362 nm may be associated with the Pt
(111) and Pt(100) surfaces, respectively. When the cobalt
atom is adsorbed onto Pt(100), the l calculated value was
337 nm which agree with the peak observed at 337 nm.
This result suggests that at initial stages, cobalt upd starts
on a Pt(100) surface. Observe that for Co-Pt(111) the
calculated l (328.20 nm) value compares favorably with
the peak recorded at 328 nm. It is interesting to note that
neither the Pt(110) surface nor the Co-Pt(110) system were
detected in the spectra showed in Fig. 9. Last results
suggest that for electrodepostion potentials above −0.550 V,
the cobalt submonolayers are mainly favored on Pt(100)
and Pt(111) surfaces. Also, it is possible to observe that the
peaks recorded at 342 and 383 nm may be related with an
ion adsorption on the polycrystalline platinum. A similar
study to the depicted by Fig. 10 was performed substituting
the cobalt atom, by Cl−, O2−, H+ ions. The band gaps
obtained for Cl− and H+, lead bang gaps out of the range
recorded at the experimental DRS. The adsorption of the
O2− onto the surface gave the band gaps 2.96(384 nm) and
3.29 eV(345 nm) which may correspond to Pt(100)-O and
Pt(111)-O. Also, note the presence of additional peaks,
which may correspond to cobalt submonolayers deposited
on faces with higher Miller indexes to those considered at
present study. Finally, a key factor to get in the upd process
is the existence of a strong interaction of metal (M) onto a
different substrate (S), among other factors [45]. Although,
several theoretical methodologies have been reported to
elucidate the stages involved during upd process [46–48];
as a first approximation, we consider that the strong
interaction M-S indicates that the heat of formation (ΔHf)
to incorporate a cobalt atom on Pt surface must be more
negative that the involved during the incorporation of
cobalt atom onto Co surface. Under this premise, we
calculate at PM6 level, the ΔHf involved during the
incorporation of cobalt atom onto the different surfaces
showed in Fig. 10. The incorporation energies calculated for
Co-Pt(100), Co-Pt(110), Co-Pt(111), and Co-Co(surface)
were −432.21, −263.31, −375.29, and −137.88 Kcal mol−1,
respectively. It is interesting to observe that according
with this incorporation energies the formation order is Co-
Pt(100)>Co-Pt(111) > Co-Pt(110) > Co-Co(surface). These
theoretical results suggest that for all cases the incorporation
of cobalt on platinum surface is favored with respect to the
cobalt surface indicating the existence of upd process of
cobalt on platinum. It must be considered that the energy
incorporation defined here is different to the bond energy
concept. These theoretical results agreed with the UV-DRS
showed in Fig. 9.

Conclusions

Cobalt electrodeposits onto platinum polycrystalline were
studied in upd conditions from an aqueous solution 10−2 M
of CoCl2 and 1 M NH4CI at pH 9.5. The voltammetric
studies, DRS-UV and theoretical quantum studies indicated
the existence of upd cobalt processes mainly onto the
crystallographic orientations Pt(100) and Pt(111) on poly-
crystalline platinum. Quantum calculations at the level PM6
indicated that the energy formation order is Co-Pt(100)>
Co-Pt(111) > Co-Pt(110) > Co-Co(surface).
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