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a b s t r a c t

The CeO2-V2O5 mixed oxides thin films have been deposited by spray pyrolysis technique (SPT) onto a
glass and fluorine doped tin oxide (FTO) coated glass substrates. The precursor solution containing cer-
ium nitrate hexahydrate [Ce(NO3)2�6H2O] and vanadium trichloride (VCl3) having different volumetric
proportions (0–5 vol% of Vanadium) in methanol. These films were characterized for their structural,
morphological, compositional, optical, electrochromic and colorimetric analysis. The deposited films
were polycrystalline with cubic fluorite crystal structure of CeO2. The band at 539 cm�1 is assigned to
Ce–O stretching vibration and band at 1020 for crystalline V2O5. Hence, CeO2 and V2O5 phases for all
the samples (V2-V5) were confirmed from IR study, and thereby samples acquire CeO2/V2O5 mixed com-
position. The ion storage capacity (ISC) of CeO2-V2O5 thin film with 4 vol% Vanadium was found to be
maximum at 14 mC cm�2 in 0.5 M LiClO4 + PC electrolyte. The optically passive behavior of CeO2-V2O5

thin film was confirmed by its negligible transmission modulation (DT � 6%) upon Li+ ion insertion/de-
insertion, irrespective of the extent of Li+ ion intercalation. The optical modulation of sputter deposited
electrochromicWO3 was found to be enhanced from 52 to 60% with rapid increase in coloration efficiency
from 47 to 76 cm2C�1 was observed when CeO2-V2O5 is coupled as a counter electrode with WO3 in an
electrochromic device (ECD).
� 2020 Elsevier Ltd. All rights reserved.
Selection and Peer-review under responsibility of the scientific committee of the International Confer-
ence on Multifunctional and Hybrid Materials for Energy and Environment (MHMEE-2020).

1. Introduction:

Vanadium oxide (V2O5) is known to be a very good intercalation
material whose main drawback, when used as counter-electrode in
an electrochromic device, is its residual coloration in the reduced
state [1]. The idea behind this study is to improve its optical prop-
erties without losing the charge capacity, suitable for working in
tandem with tungsten oxide. CeO2 has been studied in the last
years for its use as a passive counter-electrode because it retains
its high transparency in both the oxidized and the reduced state
[2]. Moreover, it provides an efficient UV shield related to its strong
absorption for wavelengths below 380 nm. Nevertheless, its reac-
tion kinetics is slow and its charge capacity is not satisfactory for
practical electrochromic applications. Several attempts have been
made in order to improve its electrochemical properties by way

of mixing the oxide with other materials such as Sn, Ti and Zr oxi-
des [3,4]. Recently, it was thought that the addition of CeO2 to V2O5

might quench vanadium oxide’s undesired residual coloration in
the bleached state. In fact, cerium-vanadium mixed oxides made
using the sol–gel route have proved to be interesting for their
use as counter electrode in electrochromic windows [5].

In this work we present the structural, optical, morphological,
and electrochromic properties of vanadium mixed cerium oxide
(CeO2-V2O5) thin films prepared by spray pyrolysis technique onto
fluorine doped tin oxide coated conducting glass substrate which
are helpful to enhance stability of ceria without diminishing its
special features such as its unique redox properties.

2. Experimental procedure

Cerium nitrate hexahydrate [Ce(NO3)2�6H2O] (99.5%, Acros
Organics), Vanadium tri chloride (VCl3), methanol (99% Loba
Chem) were used as received. Stock solutions of concentration of
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