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1.1 GENERAL

Electrochromics are an important paft of a
larger category of switchable materials known as
chromogenics (11. The  fundamental property of an
electrochromic (EC) material is that it exhibits a large
change in optical properties upon a change in either
electric field. This optical change results in a
transformation from a highly transmitting state to a partly
reflecting or absorbing state, either totally or partly over
the visible solar spectrum. The term electrochromism was
first used in 1961 by Platt [2] when he discussed the shift
of absorption and emission spectrum of certain pigments by
several hundred angstroms when an electric field was
applied.

The practical use of electrochromics has been
known since about 1970. During the middle of the 1970's,
many small digital information displays were developed, but
the technology could not compete with the advance of liquid
crystals for displays. Renewed interest in the area of
electrochromics started again in the mid 1980's for large
area applications such as for automotive mirror and windows
for cars and buildings. This area of development has been

growing ever since that time.



3.

Electrochromic optical switching devices known as
"smart windows" can be used for variety of applications. One
of the most promising applications is for the regulation of
incident solar energy and glare in buildings, vehicles,
aircrafts, space crafts and ships. The world wide production
of flat glass is about 1 billion m? per year. In USA alone
glass production is about 470 million m2 per year (1988),
with about 25% for buildings and 11% for automobiles, so the
potential for glass based glazing technology is very large.
An example in how quickly new glazing products can penetrate
the market, in just a few years, low emissivity or low
coatings (some of these are transparent conductors)
for windows have gained about 25% of the us
residential glazing market. These coatings are used to
reduce the radiative portion of heat transfer from glass
surfaces. Electrochromic products already in the market
place are automobile mirrors, which can automatically
regulate glare according to light levels. Prototypes are
being tested for automobile sun-roofs and visors. Future
applications include automobile side and rear windows,
architectural glazing and aircraft windows. Chromogenic
devices can also be used for large-area information displays
in applications where high switching speed is not required,
such as for airport display boards. Also electrochromic eye
glasses are being introduced as products by Nikon (Tokyo,
Japan) in Japan and being developed by Eyeonics (Portland,

OR) and PPG (Pittsburg, PA) companies.



The function of an electrochromic device,
used in a glazing, is to control the flow of
light or solar energy, according to solar enerqgy
management scheme or the desire of the user. This technology
can regulate lighting and heating levels for energy load
reduction [3,4]. Substantial savings inlighting and cooling
energy consumption and installed equipment costs can be
realized. From privacy point of view, this technology have a
significant advantage over existing blinds and drapes. In
last few years there has been significant growing interest
in this technology and it is expected to be used in products

in to the next century.

One of the most significant issues is the cost of
these devices and the trades-offs between cost and benefit
and cost and life time. The electrochromic window cost has
been estimated to range from 100-1000 US$/m2. Some companies

have set the goals of 100-250 US$/mZ.
1.2 SURVEY OF LITERATURE ON MOLYBDENUM OXIDE

Molybdenum trioxide (MoO3) has been investigated
in the form of single crystal and thin films. Studies on
electrochromism and photochromism in MoO3 have been reported
by several authors, some of which are cited below. A
systematic study on optical and photoelectric properties of
single crystals prepared by sublimation method and thin

films of molybdenum trioxide were reported by S.K.Deb (1968)



[5] for the first time. The measurements were made on
effect of UV irradiation on optical properties of MoO3 thin
films. A broad colour band was observed after UV
irradiation. Optical absorption spectra, electrical
conductivity and photoconductivity of MoO3 single crystals

and thin films have been reported.

Measurements of e.s.r. and optical spectra of the
potassium and sodium molybdenum bronzes have been made in
1967 by P.G.Dickens and D.J.Neild (1968) ([6]. In the
formation of alkali metal molybdenum bronzes, and electron

transfer process takes place as follows,

MO + Mobt ---> Mt + MobS ceeses(1.1)

In 1963, a report on preparation and properties of
sodium and potassium molybdenum bronze crystals was made by
A Wold et al (1964) [7). They studied pure MoO; crystals
were grown by electrolytic reduction of MoO3-Nas;MoO4 mixture
at 675°C. 1In addition both sodium molybdenum bronze and
potassium molybdenum bronze crystals were grown from
molybdenum (VI) oxide alkali molybdate metals under

carefully controlled conditions.

Nadkarni and Simmons (1972) [8] investigated a
technique, based on stimulated dielectric relaxation
currents (DRC), has been used to analyse the defect

properties of Al-MoO3-Al system.



M.R. Tubbs (1974) [91] studied optical
properties, colour centers and holographic recording of MoOj3
layers and reported some possible applications of MoO3
layers in image recording and holography. He prepared the
thin layers of MoO3 by evaporation of B.D.H. "Vactron”
material in vacuum at 10~5 Torr from electrically
heated tantalum boats on to glass or silica

substrates. He studied optical spectra and colour centers.

R.B. Dzhanelidze et al (1966) [10] studied
optical and photoelectric proper%ies of MoO3 single
crystals and thin films, while electron microscope
observations of thin platelets of MoO3 were reported by MoOj3

reported by L.A. Bursi (1969) [11].

Thomas C. Arnoldussen {1976) [12} reported
the electrochromism and photochromism in MoO3 films. He
studied electrical properties of amorphous evaporated

electrochromic MoO3 in various ambients.

The MoO; and WO; were grown by vapour transport
using appropriate ratio of metal powder and metal
trioxide as starting material , Iy as transporting
agent and growth temperature of 850-925°C and have been
examined as electrodes in HySO4 solution, by Jean Horkans

and M.W. Shafer (1977) [13].

Electrochemical properties and discharge kinetics



of thin layer hydrous molybdenum oxide were studied by David
Elliott (1977) [14]). The layer hydrated molybdenum oxide
(oxidation state IV and V) has been deposited
electrochemically on a variety of substrates e.qg.

polycrystalline tin oxide coated glass.

High resolution transmission electron microscopy
axial beam illumination was carried out on vacuum deposited
W03, TiO2 and MoOj films by Makoto Shiojiri et al (1979)
(15]. They showed that atomic structure of amorphous films
gets changed to crystalline films by heat treatment
Koichiro Hinokuma et al [16] prepared amorphous MoO3 films
by spin coating technique using a solution of
peroxopolymolybdic acid. They reported electrochromism in
these films and showed that colouration dynamics depends on

formation temperature.

Krishnakumar et al have prepared the films by
physical vapour deposition and their optical and electrical
properties were reported. They found that films

exhibit photochromism upon UV radiation.

Brian W. Faughnan (1977) ([18] studied optical
" properties of mixed oxide of WO3/Mo0O3 electrochromic films.
The mixed oxide films were made by co-evaporating WO3 and
MoO3 from separate boats on to glass substrates coated with
a conducting Sb-doped indium-oxide film. The electrochromic

optical absorption occurs at higher energy than pure oxide.
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taﬁlc 1.2 Anmodicaily colowring EC Materials

Material Colowred Bleached Voltage Colowriag Elactrolyte Optical  Remakrs

state state step ¥ bleaching Efficiency
: cal coul
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The systematics of the energy shifts as a function of MoOj3

concentration and_colouration density was determined.

EC was given wide spread attention through Debs
[5] work on tungsten trioxide [19]. Electrochromism has been
observed in oxides based on tungsten, molybdenum, nickel,
cobalt, irridium, manganese, chromium, vanadium, titanium,
niobium, tantalum, several mixed oxides and many  organic
materials [20]. It has been observed that some of the
transition metal oxides exhibit cathodic EC while some
exhibit anodic EC. Both anodic and cathodic electrochromic
transition metal oxides have potential applications in the
technology. Based on these oxides several EC devices have
been fabricated. Some of these oxides with their properties

and pecularities are given in table 1.1. and 1.2 {21].

1.3 PURPOSE OF DISSERTATION

Layer systems with variable optical properties,
especially with controllable 1light absorption, are of
high interest forconstruction of displays and of
transparent and reflecting optical instruments, and much
effort is presently put into the development of systems
which can overcome the deficiencies of the well-known liquid

crystal devices.

Inorganic electrochromism is a very promising
alternative since it offers various favourable properties

e.g. sharp and nearly angle independent, high contrast,
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continuously variable intensity of colouration, storage of
information without energy supply, low driving voltage,
sufficient colouration and bleaching rates, and a wide range

of operating temperatures.

MoO3 . is a transparent, partially ionic 4d
transition metal oxide material and survey of literature
reveals that, it has a number of interesting optical and
electrical properties, longer open circuit memory and high
colouration optical efficiency than that of WO3.which is

widely used for EC device fabrication.

Various technigues such as vacuum evaporation
[5,15] anodic oxidation [22], physical vapour deposition
{171, spin coating [16] electrochemical deposition [14] and
electrolytic reduction have been used to prepare these
films. However, reports on preparation of MoO3 films by
spray pyrolysis technique (SPT) are not available, in the
literature. It is observed that the physical properties of
MoO3 films are strongly dependent on the method of
preparation. EC properties are also much dependent on
the method of fabrication, as morphology, porosity, water
content, crystallinity, optical and electrical properties of
the films are critically sensitive to preparation

conditions.

In the present work, it is planned to prepare MoOj

films employing spray pyrolysis technique SPT is a
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simple and inexpensive and hence requires less capital to
deposit thin films over large areas than other conventional
techniques and hence offers a possible solution for lowering
the cost of these devices SPT also offers an advantage in
controlling structure (amorphous/polycrystalline) of the
film. It is an apportunity to control the crystal size and
the microstructure and to reach a balance so that films with
both good stability and fast kinetics can be made. The
properties of films can be varied by changing the deposition
parameters, which facilitates the preparation of films with

desired properties.

The preparative parameters, like substrate
temperature, spray rate, concentration of spraying solution
etc. are optimised in order to obtain good quality films.
These films have been characterised by means of structural,

electrical and optical measurement techniques.

The electrochromic cell has been prepared for the
study of the electrochromic characteristics. It consists of
two F.T.O. coated glass plates, one plate has been deposited
with MoO3 film, which acts as a working electrode and other
plate as a counter electrode. The cell was filled with H2S804

solution.

Electrochromic properties of the cell are studied
by using cyclic voltammetry, chronoamperometry, spectral

transmittance, optical absorption, XRD etc techniques.
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