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Anodic Electro Deposition of CeO, and Co-Doped CeO; Thin Films
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CeO; and Co containing CeO; thin films were deposited on indium tin oxide and stainless steel by anodic electrodeposition.
Scanning electron microscopy showed that the films are flat and show globular morphology and cracks resulting from volume
shrinking. According to XRD and Raman Spectroscopy pure ceria layers are crystalline, while the presence of Co induces the
formation of amorphous films. The good adhesion and the compactness allowed the photoelectrochemical characterization of the
films. A band gap value of 2.9 eV was estimated for CeO,, while slightly higher values (~3.0 eV) were estimated for Co containing
films. A mechanism for ceria anodic electrodeposition is proposed and discussed.
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As a functional rare earth oxide with excellent physical and chem-
ical properties, CeO, is extensively used in catalyst, fuel cells, UV
blockers, ceramics, oxygen storage capacitors and sensors.'"' Owing
to the wide range of possible applications a large number of works in
the past has been devoted to study the processing techniques able to
produce ceria thin films. Among the other electrochemical deposition
is an attractive method for the synthesis of several materials, since
it allows to work in mild conditions (low temperature, atmospheric
pressure) and to get materials with controlled composition.

The most common electrochemical process to deposit transitional
metal and rare earth oxides is the electrogeneration of base.''~'* This
techniques consists in inducing a pH increase on the electrode sur-
face due to a cathodic polarization of the electrode in presence of
species whose reduction is accompanied by OH™ production. A high
(local) concentration of hydroxyl ions induces the precipitation of
the metal oxide. This cathodic electrodeposition method, successfully
employed to prepare well definite ceria-based nanostructures inside
the pores of alumina oxide membranes,'*!” brings to the formation
of powdered films on flat substrates showing a very poor adhesion to
the electrodes. In order to overcome this problem, in this work we
prepared ceria based thin films by employing the anodic electrodepo-
sition method previously proposed in Ref. 18, where CeO, layers are
grown on stainless steel by oxidizing Ce(III) into Ce(IV) containing
species. In order to check the possibility to deposit mixed oxides, we
performed the anodic electrodeposition in electrochemical bath con-
taining another metal cation, i. e. Co**, susceptible to be also oxidized
and, thus, giving the possibility to prepare cobalt-cerium oxides co-
catalysts which are reported to show good catalytic activity toward the
oxidation of hydrocarbons and carbon monoxide.!** The morphol-
ogy, composition and structural features of the deposited films were
characterized ex situ by X-ray diffraction, Raman Spectroscopy and
Scanning Electron Microscopy. Thanks to the good adhesion between
the deposited layers and the substrate, it was possible to perform in situ
photoelectrochemical experiments allowing to estimate the band gap
value of the films. Finally, the mechanism of CeO, anodic electrode-
position is discussed on the basis of the overall experimental findings.

Experimental

Stainless steel AISI 304 and ITO (Indium tin oxide conducting
glass) electrodes were used as substrate for anodic deposition of CeO,
film. A classic three-electrode cell was employed. Stainless steel foil
was used as counter electrode and a saturated Ag/AgCl electrode as
reference. The solution consisted of 0.1 M of Ce(NO3)3, 0.1 M acetic
acid and NaOH to adjust pH at ~7.5 in deionized water. The deposition
of Co-doped ceria was performed by adding to solution Co(NO3),.
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The anodic polarization was performed at 70°C in galvanostatic
regime using a multichannel potentiostat VMP2 (Princeton Applied
Research). Before each experiment, the ITO and AISI (after mechan-
ically treatment with abrasive paper up to 1200 grit) were sonicated
in acetone.

The annealing process of the ceria-based films was carried out
under air exposure by increasing temperature from 25°C to 450°C,
keeping this temperature for 20 min and leaving samples cooling
inside the furnace.

Morphology and quality of the films were investigated by using
a Philips XL30 ESEM Scanning Electron Microscope (SEM). X-ray
Diffraction (XRD) analysis was realized by a Philips X-Ray Gener-
ator (Model PW 1130) and a PW (Model 1050) goniometry. Micro
Raman analysis were performed through a Renishaw inVia Raman
Microscope spectrometer equipped with a microprobe (50x) and a
CCD detector with a Nd:YAG laser of 532 nm.

The photoelectrochemical experiments were performed in
0.1 M NaOH electrolyte using platinum wire as counter electrode
and saturated Ag/AgCl as reference electrode. The experimental set-
up employed for the photo-electrochemical investigations is described
elsewhere.? It consists of a 450 W UV-Vis Xenon lamp coupled with
a motorized monochromator (Kratos), which allows monochromatic
irradiation of the specimen surface through the electrochemical cell
quartz windows. A two-phase lock-in amplifier (EG&G) was used
in connection with a mechanical light chopper (frequency: 13 Hz) in
order to separate the photocurrent from the total current circulating in
the cell.

Results

Electrodeposition.— In Fig. 1a we report the potential of the work-
ing electrode vs time during anodic polarization at 0.5 mA cm~2 at
70°C of stainless steel in Ce** and Ce**/Co?** containing solutions.
When cerium ions are present in the electrolyte, the potential raises
quickly to ~1 V and keeps almost constant for all the deposition time.
When only Co®* ions are present the electrode potential is sensitively
lower (~0.6 V) and the deposition leads to the formation of very
cracked films with very poor adhesion. When the same process is
performed on ITO (see Fig. 1b), the dependence of potential on time
is slightly different. In contrast to the almost constant potential values
measured during the polarization of SS, the overvoltage necessary for
sustaining the imposed constant current is higher with respect to the
corresponding values on SS and (especially in the case of Co** free
electrolyte) increases during the deposition.

As will be deeply discussed below, the anodic process associated
to the imposed current is the oxidation of Ce’** to form CeO, and/or
of Co** to form Co;0, and Co,0;.

As reported in the literature for the anodic electrodeposition of
inorganic oxides,?® at the employed current density we expect a low
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Figure 1. Potential vs time curves recorded during anodic polarization at
0.5 mA cm~2 at 70°C in Ce3* and Ce3*+/Co?* containing solutions. Working
electrode: a) stainless steel and b) ITO.

nucleation rate, leading to the formation of only a few oxide nuclei on
the electrode surfaces during the initial stages (1-2 s) of electrodeposi-
tion. Thus, a continuous layer is not formed initially on the surface and
oxide particles serve as seeds for the growth of the globules evidenced
thanks to the morphological characterization (see below).

Structural and morphological characterization.— In Fig. 2 the
X-ray diffraction (XRD) patterns relating to films deposited from a
Ce’* containing solution at 0.5 mA cm™2 before and after the thermal
treatment on SS are reported. The peaks relating to AISI 304 substrate
are also indicated in the figure for comparison. In both cases the
deposits revealed peaks that can be ascribed to CeO, (ICCD cards

350
a CeO, a .

. 300
8
« ° AISI o °
F om0} R
> o
2
£ 200 f (b)
=
2 L
£ 150
£

100 | . . . .

o0 WWWWWMMWWW @

0 ‘ | ‘ ‘

0 20 40 60 80 100
20/ °

Figure 2. X-ray diffraction patterns relating to films deposited on SS at 70°C
from a Ce3* containing solution at 0.5 mA cm™2 before (a) and after (b) the
thermal treatment.
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34-0394 and 01-0880). It can be observed that soon after preparation
the deposited materials have a certain quantity of amorphous phase,
whereas after thermal treatments (20 min at 450°C under air exposure)
the crystallinity is enhanced (see Fig. 2). It is interesting to mention
that in the XRD pattern relating to the film deposited galvanostatically
on ITO the peaks attributed to CeO, are not so evident, thus suggesting
the formation of a less crystalline and/or thinner layer.

From XRD characterizations, Co-doped ceria film before and after
thermal treatment at 450°C for 20 min appeared amorphous. For
oxides prepared from Ce/Co 1/1 molar ratios only the peaks of AISI
304 substrate are revealed before and after thermal annealing at 450°C.
Similar results have been obtained for films electrodeposited from
Ce/Co 5/1 molar ratios and Co?* containing solutions. This finding
indicates that cobalt (II) ions sensibly affects the crystalline structure
of CeO, and it can be interpreted as an indication that the deposition
process brings to the formation of an amorphous mixed oxide phase,
in agreement with previous experimental findings on the cathodic
deposition of Ce-Co mixed oxides nanotubes.'*

In Fig. 3a and 3b we report the Raman spectra relating to as-
prepared and thermal treated films deposited galvanostatically on SS.
Cerium dioxide of fluorite type structure has a single allowed triply
degenerate Raman active mode of F,, symmetry, representing the
symmetrical stretching vibration of CeOg vibrational unit. The Raman
peak at 456 cm~! in the spectra of Fig. 3a, is reported to correspond
to this mode for not calcined ceria particles. A shift toward higher
wavenumber can be evidenced after high temperature annealing (see
Fig. 3b) for both ceria and Co-containing ceria that is usually attributed
to a higher degree of crystallinity and/or increase in crystallite size
[Ref. 16, 17 and refs. therein], as further supported by the increase in
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Figure 3. Raman spectra relating to as-prepared films deposited at
0.5 mA cm™2 on SS at 70°C from a Ce>* and/or Co®>* containing solu-
tion (overall metal cation concentration [Ce>™ + Co?t] = 0.1 M) before and
after the thermal treatment.
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the symmetry of the Raman band and by the decrease in the full width
at half maximum as a consequence of the thermal treatment (compare
Fig. 3a and 3b). However, the Raman peak occurs at 463 cm™' for
CeO, and at 460 cm™! for cobalt containing cerium oxide. This shift
of the F,, mode to lower frequencies is reported to occur in doped
samples, thus can be interpreted as an indication that Co is effectively
incorporated inside the CeO, structure. Moreover, this Raman band
appears broader for Co containing oxides, thus suggesting the forma-
tion of a less crystalline phase in agreement with the XRD results. The
substitution of Ce** with aliovalent cations (Co** and/or Co**) al-
lows ceria doping, i. e. an increase of oxygen vacancies concentration
as described by the following substitution reactions in Kroger—Vink
notation:

CeOy

CoO —— Col., + V3 + 03

C0,05 —=2 2 2C0, + Vo +30%

This substitution introduces distortion in the lattice due to sensi-
tively difference in the ionic radius. According to the literature,?’
Feg+ = 0.745 A and re+ = 0.61 A, while rcac = 0.97 A, thus
a lattice contraction is expected as a consequence of cobalt oxide
co-precipitation.

In Fig. 4 we compare the SEM micrographs relating to ceria films
deposited at 0.5 mA cm~2 for 30 min on SS (a, b) and ITO (c, d). The
layers deposited on AISI show a smooth surface with the presence
of very pronounced cracks (see Fig. 4a). At higher magnifications,
the deposits appear constituted by nanometric-sized particles, with
diameters in the order of 10-20 nm (see Fig. 4b). If the deposition is
performed in the same electrochemical conditions but on ITO the de-
posited layers appear more compact (see Fig. 4c) with respect to those
obtained on SS, but with morphological features at the nano-scale
very similar to those shown by films on SS, as it can be appreciated at
higher magnifications (see Fig. 4d). The formation of a less cracked
film on ITO is in agreement with the more anodic potential measured
during the electrodeposition with respect to SS. The whole poten-
tial drop that sustains the electrochemical reactions must include a
contribution inside the growing layer, which covers the conducting
substrates more effectively with respect to stainless steel.

InFig. 5 we report the SEM micrographs relating to Co-coped ceria
films grown on SS (a, b) and ITO (c, d). Looking at the films’ surface

Figure 4. SEM micrographs relating to ceria films deposited at 0.5 mA cm™2
for 30 min on SS (a, b) and ITO (c, d).

Figure 5. SEM micrographs relating to films deposited from a solution with
Ce*/Co?* = 5/1 at 0.5 mA cm~ for 30 min on SS (a, b) and ITO (c, d).

at lower magnification, it seems that the presence of cobalt brings
to the formation of less cracked deposits on both the investigated
substrates (compare Fig. 4a and 4c with Figs. 5a and 5c). However, at
higher magnification the surfaces appear constituted by nanospheres
very similar to those constituting pure ceria layers. The EDX analysis
performed on the investigated samples confirmed the presence of
cerium in the deposit. The Co identification in the doped sample was
not possible for films on SS, since Co peaks are masked by Fe peaks
of the substrates. The EDX analysis of doped ceria deposited on ITO
confirmed the presence of Co (see Fig. 6).

Photoelectrochemical characterization.— Photoelectrochemical
experiments were performed with electrodeposited films on ITO sub-
strates. Due to the photoactivity of stainless steel, it is not possible
to discriminate between the photocurrent generated by optical tran-
sitions involving the deposited material and the photocurrent coming
from the films formed on SS especially after annealing.

The photoelectrochemical characterization was carried out in
0.1 M NaOH solution (pH 13). At this pH at room temperature CeO, is
thermodynamically stable according to the Pourbaix diagram relating
to Ce-H,0.? The films resulted photo-active, thus suggesting a good
adhesion with the substrate in contrast to the behavior of ceria films
deposited via cathodic electrogeneration of base.

Figure 6. EDX spectrum relating to film deposited from a solution with
Ce¥t/Co?* = 1/1 at 0.5 mA cm~ for 30 min on ITO.
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Figure 7. Photocurrent spectrum relating to ceria film deposited at 70°C and
0.5 mA cm™~2 for 30 min on ITO, annealed for 20 min at 450°C, recorded by
polarizing the electrode at 0.4 V vs (Ag/AgCl) in 0.1 M NaOH. Inset: band
gap estimate under the hypothesis of non direct optical transitions.

In Fig. 7 we report the photocurrent spectrum relating to the film
deposited galvanostatically at 0.5 mA cm~? for 30 min on ITO and
annealed at 450°C for 20 min, recorded by polarizing the electrode
at 0.4 V vs (Ag/AgCl) in 0.1 M NaOH. The optical band gap was
estimated according to the equation:

(Ipnhv) o< (hv — EP)"

where I, is the photocurrent yield, proportional to the light absorp-
tion coefficient, hv is the photon energy and the exponent n depends
on the kind of optical transitions occurring under irradiation.”> By as-
suming non direct optical transition (n = 2), an optical band gap
around 2.9 eV can be estimated (see inset), which is lower than
the band gap usually reported for bulk ceria (3.2 eV) generated by
transitions from the O 2p to Ce 4f orbitals. However, this red-shift
has been already reported for thin CeO, films in Ref. 29, where
quantum confinement effects arising from the reduction of one di-
mension of the prepared structure to the nanometric scale does not
cause the undesired blue shift, thanks to the increased concentration
of oxygen vacancies and, more generally, of defects whose pres-
ence overcomes the expected influence of the regular quantum size
effect.

In order to get information on the sign of the generated pho-
tocurrent we performed manually chopped experiments, recording
the current under the dark and under irradiation at constant wave-
length (see Fig. 8). The photocurrent was anodic at all the in-
vestigated wavelengths. The unchopped I, is higher (29 nA at
A = 300 nm) than that recorded under chopped light (13 nA at %

T

= 300 nm): their ratio is ~ as expected due to the use of the
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Figure 8. Total current vs time recorded at 0.4 V Ag/AgCl in the dark and
under illumination (A = 300 nm) for CeO; film of Fig. 7.
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Figure 9. Photocurrent spectrum relating to film deposited from a a solution
with Ce*+/Co?* = 5/1 at 70°C and 0.5 mA cm~2 for 30 min on ITO, and then
annealed at 450°C, recorded by polarizing the electrode at 0.4 V vs (Ag/AgCl)
in 0.1 M NaOH. Inset: band gap estimate under the hypothesis of non direct
optical transitions.

lock in amplifier for recording photocurrent spectra.® Non sensitive
improvement of the electrode performance was achieved as a conse-
quence of the annealing.

In Fig. 9 we report the photocurrent spectrum relating to a thin
film deposited on ITO for 30 min from a solution with a Co/Ce
= 1/5 after thermal treatment, recorded at 0.4 V(Ag/AgCl) in 0.1 M
NaOH. The photoelectrochemical characterization before annealing
was not possible due to the high current circulating in the cell in the
dark. Also in this case the photocurrent was anodic at all the inves-
tigated wavelengths (see Fig. 10). Higher photocurrent values were
recorded with respect to undoped CeO, in presence of the slightly
larger optical band gap value (Eg”" = 3.0 eV). The slightly larger
optical band gap can be attributed to the amorphous nature of the
films evidenced by XRD and Raman results. As discussed in previ-
ous work? and in agreement with Mott and Davis model of density
of states distribution in amorphous semiconductors, larger E¢”" can
be explained by the presence of localized states near the mobility
edges of SC.
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Figure 10. pH profiles expected at the early stage (t = 1 s and 10 s) of oxi-
dation, calculated taking into account the neutralization reaction with acetate
ions. A diffusion coefficient Dy+ =9.3- 107 cm? s~! was used in Eq. 6, as

reported in Ref. 32.
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Discussion

The electrodeposition of CeO, from a Ce** solution is usually
achieved via a cathodic process, i.e. the electrogeneration of base
where the OH™ production due to water and oxygen reduction causes
a raise in the electrolyte pH and the subsequent precipitation of
Ce(OH);. A post formation annealing process is employed to convert
the Ce(Ill) hydroxide to CeO,. Conversely, the anodic electrodepo-
sition of ceria is not as popular as the cathodic route and, as far as
we know, just a few works are devoted to the study of the anodic
process,'® that can give the chance of a single step deposition of ceria.
This is in part due to the severe conditions that must be employed to
perform such process, that occurs under high polarization potential
and thus limits the choice of the electrode materials.

According to the experimental results reported in this work, we
have successfully deposited ceria on both stainless steel and ITO in
the electrochemical bath of Ref. 18, where the reaction mechanism
leading to the formation of CeQO, film consists of a first step with
complexation and slow release of Ce(IlI) ions:

Ce*t +xL — Ce(IlNL, (Lis CH;COO™) [1a]

Ce(IlNL, + H,0 — Ce** + HL, + OH™ [1b]

and a second step of Ce(lIlI) oxidation at the electrode interface with
subsequent precipitation of CeO,:

Ce*t + 2H,0 — [Ce(OH), > + 2H' + ¢~ [2a]

Ce(OH)}" — CeO, + 2H* [2b]

In equation (1) L stands for ligand, i.e. CH;COO™, used because
the complexation of Ce’* ions favors the stabilization of Ce(III) in
solution, preventing Ce,Oj precipitation. The release of Ce** is a slow
step (Eq. 1) and it is followed by the charge transfer reaction at the
electrode (Eq. 2).

At pH 7.5 assuming [Ce(OH)3"] = 107° M, the equilibrium
potential for the reaction 2a calculated according to the following
equation:?®

[Ce(OH)%Jr]
[Ce3t]

depends on free Ce** concentration. An equilibrium potential ranging
between 0.35 V vs Ag/AgCl ([Ce**] = 107! M) and 0.65 V vs
Ag/AgCl ([Ce*] = 107° M) can be calculated, so that at the potential
of 1.05 V vs Ag/AgCl recorded during the deposition, reaction 2a is
thermodynamically possible. We cannot exclude the occurrence of
water oxidation causing O, evolution with a subsequent diminution
of the faradaic efficiency of the process. If the deposition of CeO,
occurs via reaction (2) or even if the oxygen evolution reaction takes
place, the pH of the deposition bath is expected to decrease due to the
H* production.

According to the Pourbaix diagram relating to Ce-H,O system,?®
[Ce(OH)3'] is highly soluble in water even in slightly alkaline
solution, as suggested by the solubility product of reaction 2b
(Kgp = 6-107%). Thus, at pH 7.5 and taking into account the local
acidification expected during the anodic polarization, CeO, precipi-
tation according to equation 2b is not plausible. In order to explain
how we succeed in depositing CeO, in the employed electrochemical
bath, we have to consider the updated Pourbaix diagram reported in
ref. 31, where the chemical and electrochemical equilibria involving
Ce(III) and Ce(IV) compounds in both aerated and not aerated solu-
tions are detailed described, taking into account the possible formation
of cerium hydroxo-complexes, i.e. Ce(O H ),(.47'”, with i ranging be-
tween O and 4 as a function of potential and pH. The oxidation of
Ce(IIl) to Ce(VI) ions can be described according to the following
general half cell reaction:

Ce(OH) ™" +(4—i)H,0 — Ce(OH)saq+(@E—)H +e  [3]

Eeq= 1.531 — 0.1182 pH + 0.059 log V(Ag/AgCl)

Journal of The Electrochemical Society, 160 (6) D212-D217 (2013)

reported to occur with i = 0 when the electrolyte pH is in the range
2.6 — 8.4 on the base of thermodynamic calculation.*' The experimen-
tal evidences arising from titration curves, confirmed that at pH > 4
and in presence of O,, Ce(OH), is the overwhelming spe(:ies.31 The
equilibrium potential for reaction 3 can be calculated according to the
following eq.:

[Ce(OH),]
[Ce¥t]

This implies that at pH 7.5 the oxidation of Ce** ions brings to the
formation of Ce(OH), that, although initially soluble to some degree
in aqueous solution,’' precipitates as hydrated oxide:

Ce(OH)yuy — Ce(OH)y/CeO, - 2H,0), [4]

If we assume [Ce*'] = 0.1 M and [Ce(OH)4] = 1 M, E
=0.07 V(Ag/AgCl), thus sensitively more cathodic than the potential
measured during the anodic polarization. Even considering negligible
the concentration of free Ce>* ions in solution ([Ce**] = 10~° M) due
to the presence of ligand, the equilibrium potential for reaction 3 is
0.37 V vs Ag/AgCl, thus sensitively lower than that measured during
the deposition. The described mechanism does not involve directly the
ligand. The only role played by acetate is to control the concentration
of free Ce** ions according to Eq. 1a.

In order to account for the local acidification, we tried to calculate
the H' concentration profiles during the deposition as a function
of time and distance from the electrode surface by solving the non
stationary Fick’s law:

E.q = 1.787 + 0.059 Log —0.2366 pH (V vs Ag/AgCl)

86H+ 826H+
=D 5
ot dx? 51
with the following boundaries conditions:
cy+(t=0)=3.1-10""moldm™ Vx>0
cp+(x > 00) =3.1-10"  moldm™ Vi >0

Jy+ =2.08 1078 molcm2s~!

where J is the constant flux estimated by assuming that the imposed
current density (0.5 mA cm™2) is sustained only by reaction 3 bringing
to the production of four hydrogen ions per electron. The analytic
solution of Eq. 5 under the hypothesis of constant current density and
unitary efficiency is:

T+ | 24/t x? x ] x? 6

CH+—W ﬁexp<—m>—ﬁer.}‘c rl)t [ ]

If we suppose that all the H" produced during the anodic polariza-
tion are neutralized by CH;COO™ ions, we can derive the pH profiles
reported in Fig. 10 for the early stages of oxidation (t = 1 s and
10 s). The simultaneous presence of a weak acid (i.e. CH;COOH) and
its conjugate base (i.e. CH;COQO™) allows the formation of a buffer
solution, which controls the acidity of the electrochemical bath and,
thus, CeO, precipitation.

The pH profiles of Fig. 10 were estimated taking into account
only the diffusion contribution to the H* transport. If we consider H*
migration which drives far from the anode hydrogen ions, less acidic
solutions are expected, thus not affecting the validity of the proposed
reaction scheme for ceria deposition.

We want to finally comment on the co-deposition of cobalt oxide.
If the anodic polarization is performed in Co** containing bath, we
have also to take into account the oxidation of cobalt ions to form
Co0304 or Co,03, according to the following half cell reactions:

3Co>" +4H,0 — C030, + 8HT + 2¢~

Eeq = 1.912 — 0.2364 pH — 0.0886 log [Co**] V(Ag/AgCl)
[7a]

2Co** 4+ 3H,0 — C0,05 + 6H' + 2e~

Eeq = 1.546 — 0.1773 pH — 0.059 log [Co*"] V(Ag/AgCl)
[7b]
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For [Co**] = 0.1 M, E for the oxidation of Co’* to Co;04 and
to Co,03 are 0.228 V and 0.275 'V, respectively, both more cathodic
than the potential measured during the deposition of pure cobalt ox-
ide. According to the above reported equations, even in the case of the
solution most dilute in cobalt (i.e. [Co*t] = 0.0167 M), the estimated
equilibrium potentials are lower than those measured during the de-
position, thus confirming that the electro-precipitation of Co;O4 and
Co0,05 is thermodynamically possible.

Conclusions

The anodic electrodeposition of ceria and Co-doped ceria films
was successfully realized on stainless steel and indium tin oxide con-
ducting substrates. By imposing an anodic current density of 0.5 mA
cm™2, it is possible to get both pure ceria and Co doped ceria films.
According to X-ray diffraction patters and Raman Spectra, pure CeO,
thin films are crystalline soon after preparation, while Co containing
layers appears amorphous even after thermal treatment. Not apprecia-
ble differences are induced in the films morphology by Co incorpora-
tion, as evidenced by SEM micrographs. The prepared films resulted
photoactive and an indirect band gap of 2.9 and 3.0 eV was estimated
for pure ceria and Co containing ceria films, respectively. The differ-
ence between the band gap values of CeO, and Co containing CeO,
was attributed to the amorphous nature of the latter. On the basis of
the experimental findings, a mechanism of CeO, anodic deposition is
proposed and discussed.
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