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Abstract

Thin films of (V>0s)14-(M0Os3), (0< X< 1) were prepared by electron beam evaporation technique in an oxygen pa
pressure of X 10~ mbar and at a substrate temperature of 423 K. The optical absorption data in the rah§eBamM
suggests that the optical bandgap increases with increase in the compositiando§hows a curvilinear behaviour.
Electrical conductivity decreased with increase in the compositirnTtie temperature dependence of electrical condu
tivity obeysT “*law.
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1. Introduction

In recent years there has been considerable interest in variable transmittance electrochrol
vices based on lithium intercalation in transition metal oxides. An electrochemical material
reverse its optical properties following a redox reaction due to an applied voltage. Optical
lation is controlled by direction and magnitude of the charge transferred. Among the va
transition metal oxides, vanadium pentoxigean interesting material for various scientific an
technolological applications. The variability in optical properties makes it suitable for multice
electrochromic display device applications. Alternativelypd/can be used in conjunction with
molybdenum/tungsten oxid&sfor charge-balanced devices for display in informatics, variak
reflection mirrors, smart windows in energy-efficient architecture and surfaces with tun
emittance for temperature control of space vehicles. In the present investigation, thin filn
(V205)15-(M00O5), (0< x < 1) were prepared, by electron beam evaporation technique, on Cor
7059 glass substrates maintained at 423 K in an oxygen partial pressure Idf* thbar. The
optical and electrical properties of these thin-film oxide bronzes were studied with respect to
compositionx.

2. Experimental

Thin films of (V,0s)1.,(M0Os), (0< X < 1) were prepared, by electron beam evaporation tec
nique, on chemically and ultrasonically cleaned Corning 7059 glass substrates maintained
K in an oxygen partial pressure ox21.0* mbar using Balzers BA 510E high-vacuum coatini
unit. Pure MOs and MoQ powders obtained from Merck, Germany, were thoroughly mixed
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required proportions and calcinated at about 773 K for 8 h and grounded once agaithdsser
were made into pellets of 2 cm diameter and 5 mm thick and calcinated once again for 10 h
K. The pellets were kept in a water-cooled copper crucible. An electron beam with an apy
mate power density of 1.5 kWchwas deflected and scanned over the surface of the pellet du
evaporation. The deposition rate, 4 nipwas controlled by a quartz crystal thickness manitc
The thickness of the films investigated was abaguinl The optical properties were studied in th
range 300—1500 nm using Hitachi U 3400 UV-VIS-NIR double beam spectrophotoifteter
electrical conductivity of these films was studied using standard four-probe technique.

3. Results and discussion

Electron beam-evaporated ). (M0O53), (0< x < 1) films were found to be uniform, pinhole
free and well adherent to the substrate surface. Their broad fusedifX-ray difraction pattern
indicated the amorphous nature of the films. The wavelength dependence of the optical trai
sion spectra of the films is shown in Figs 1 and 2. The optical absorptidicien¢fvas evaluated
using the relation

a = 1/t 1n [T/(1-RY] 1)

where T is the transmittance, R, the reflectance and t, the thickness of the film. The variat
1na with incident photon engy of the films was found to be linear in the absorption region ne
the fundamental absorption edge. This indicates that the absorptidicienehear the funda-
mental absorption edge is an exponential dependent on the incident phaggraedesbeys the
empirical Urbach rufe
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Fic. 1. Optical transmittance spectra gfo¢ and MoQ Fic. 2. Optical transmittance spectra of ,04), x-(M0Os),
films formed afl = 423 K. (0 <x< 1) films formed affs= 423 K.
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a=agyexp [ I/E] (2)

whereq is the absorption coiéfient, a,, a constant anb,, enegy. ThekE; is often interpreted as
the width of the localized states associated with the amorphous state in the bandgap of the
rial. This exponential behaviour of the absorption ficieht with photon engy in our samples
may arise from the electronic transitions between localized states, which have faifethef
bandgap. The density of these states fafi®xfponentially with engpy, which is in consistence
with the theory of @uc® However Dow and Redfield believe that the exponential dependenc
of absorption coditient on enagy may arise from the random fluctuations of the internal fielc
associated with the structural disorder in many amorphous materials. The width of the loc:
states (band tail ergyy or Urbach engyy) (E.), is estimated from the slopes otdvs hv plots of
(V205)1-(M00Oy), films. The evaluated Urbach eggvalues were found to be in the range 0.4
0.31 eV These results are consistent with the reported values of amorphOushvi film
bronze$® The Urbach engy values were found to be slightly decreasing with increase in |
composition ofx from 0.0 t01.0.

For an incident photon ergr greater than the bandgap and above the exponential tail,
optical absorption follows a power law:

ahw =B (hv—Ey)" ®3)

where B is constank,, the bandgap of the material amathe exponent. The exponentleter-
mines the type of electronic transitions causing the absorption and can take th&/A2318&3, 2
and 3 for direct allowed, direct forbidden, indirect allowed and indirect forbidden transitic
respectively The value of optical engy for different compositions has been calculated by e
trapolating the straight line parts of the curvels/j*" = 0. The value of optical bandgap foyQ4
(x=0) for indirect allowedr(= 2) and direct forbiddem 3/2) transitions is found to be 2.1 anc
2.3 e\ respectivelyHowever the fundamental absorption edge in og®Athin films was found
to give a better fit for the exponent= 3/2 representing transfer of electronic geairomO (2p)

to V (3d) band following a process of direct forbidden transitions. This is in consistence witt
values reported by several auth¥ré. The optical bandgap evaluated for Mdfin films (x = 1)
for direct allowed 1t =%%) and indirect allowedn(= 2) transition is found to be 3.16 and 2.76 e\
respectivelywhich are in good agreement with the reported vafues.

The optical transmission spectra of ,04)1.,-(M0Os), films wherex = 0.25, 0.5 and 0.75 are
shown inFig. 2. The shift in the fundamental absorption edge towards lower wavelength side
clearly observed with increasigrom 0.0 to 1.0. For the films in the intermediate compositic
range the absorption data gave a better fit for the exporert suggesting indirect transition.
The plots of ¢hw)” vs v are shown in Fig 3. The estimated optical bandgaps from the plo
(ahw)” vs v were 2.2 (foix = 0.25 ), 2.45 (fox = 0.5 ) and 2.6 eV( fax = 0.75). The optical
bandgap in general (considering the indirect transitions) increased with incne&sing0.0 to
1.0.

The room-temperature electrical conductivity of@y;..-(M00O5), (0 < x <1) films was stud-
ied by four-probe technique. The variation of electrical conductivity with composition is shc

in Fig. 4. The electrical conductivity of X@; films (x = 0) was about & 103 ohmi‘cm™. It
1
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Fic. 3. Plots of &hw)¥? vs v for (V;0s)1.-(M0Os), Fic. 4. Variation ofDC conductivity with composition for
(0<x < 1) films. (V205)1-(M0O3), (0 = x <1) films.

decreased with increase in the compositioxnfodm 0.0 to 1.0. The number ofMons is induced
by the presence of Mbions and decrease with increase in the Mo@tent. The interference of
the nonperiodic coulmbic field produced by ¥will dominate with increase in molybdenum
content in \Os. In turn, this interference may lead to decrease in the numbét @ng when
compared with the number of ¥fdons which is responsible for decrease in electrical conduct
ity with increase in Mo concentration of {8%),.,-(MoOs), thin films. The interference of the
Coulomb fields may not be significant at lower concentration of molybdenum@g)(\}*(MoO5),
solid solution. The distance between ions may also be lge which shows the weak depen:
dence of conductivity on the composition at lower concentratidghi$he d band in Y0;-MoO,
may have an appreciable electron density at lower concentrations which further decrea:
molybdenum concentration increases. The variation in DC electrical conductivity@).(¥
(Mo0y), films was studied in the temperature range-300 K. It is observed that th2C elec-
trical conductivity is temperature dependent.

Figure 5 shows the plots of lagvs T4 TheT **behaviour of the electrical conductivity is
explained by the temperature dependence of individual transition rates, assisted by multip
interactions. The weak dependence of conductivity on temperature may be attributed to the
ing out of the multiphonon processBsecrease$. The observed nonactivated temperature d
pendence of DC conductivity can be a manifestation of multiphonon hopping between the |
ized states. fiberis and Friedmah'’ have reported the temperature dependence of conducti
for small polaron hopping for many disordered amorphous oxide systems. They have also a
percolation theory to the high temperature multiphonon-assisted small polaron hopping r_egi
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The most interesting result is the observatiof 8f -dependent conductivity on the few phonor
at low temperature and multiphonon at high temperatuesh&Ve also observed in our sample
that the conductivity obeyB™* law. It is also observed that the activation ggeatecreases with
decrease in temperature.

4 . Conclusions

Thin films of (V>0s)1,-(M0Os), (0 = x < 1) were prepared by electron beam evaporation tec
nigue in an oxygen partial pressure of 20* mbar and at a substrate temperature of 423 K. T
optical absorption data for,@s (whenx = 0) films showed a better fit for the exponant 3/2
suggesting direct forbidden transition with an evaluated bandgap of 2v&hekéas for Mo®
(wherex = 1) films the data gave a better fit to the expomentl/2 suggesting direct allowed
transition with an evaluated bandgap of 3.16laVhe intermediate composition, i.e. for 0.25,
0.50 and 0.75, the absorption data showed a better fit for the exponénsuggesting indirect
transition with an evaluated bandgaps of 2.2, 2.45 and 2.6, respeciiwelpptical bandgap
increased with increasingfrom 0.0 to 1.0 and showed a curvilinear behavidbe electrical
conductivity decreased with increase in the composition @he temperature dependence o
electrical conductivity obeys *law.
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