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ABSTRACT

Nanocrystalline Bi,S, thin filmswere prepared by chemical drop method us-
ing polyvinyl Alcohol (PVA) asamatrix solution. Characterization of thefilms
was carried out using X-ray diffraction (XRD), Scanning electron micros-
copy (SEM), optical absorption, composition analysisand electrical conduc-
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tivity measurement. Average grain size cal culated from the XRD spectrawere
found between 3nm-10nm. Surface morphology and particlessizeswerealso
known from SEM image. EDAX gave the composition ratio of the prepared
films. The absorption edge shifted towards the lower wavelength. The band
gap obtained from the absorption spectrawas found to change from 3.88 eV
t0 3.82 €V on changing the grain size from 3nmto 10nm. The electrical con-
ductivity at room temperature was found to be in the range 10°Q-'m™.
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INTRODUCTION

Inthelast few years, nanocrystalline semiconduct-
ing thinfilmsoccupied animportant placein research
work dueto their futureapplications. Theopticd, elec-
trical and magnetic propertiesof amateria changeon
changing thegrain sizeand thickness of thefilm. So, it
offersthe possibility of materialsenhancement device
characteristicg*3. The particleswith diameter inthe
range of 1nm-100 nm arein intermediate state be-
tween atomic and bulk species and their electronic
structures are different from bulk material*4. The
band structures of semiconducting materialsare af-
fected by the size of the nanocrystals and therefore
properties are depending on the crystal size. Bi,S,

bel ongsto group V-V 1 compound semiconductor with
gap energy intherange (1.3-1.7eV) whichliesinthe
visibleregion of the spectrd®®. The calculated work
function of Bi,S,micro belts at the highly oriented
{001} surfaces has been reported to be 4.93eV9.
Thisindicatesthe potentia application of thismaterial
for anode material and understanding thefield emis-
sion characteristics and photochemical behaviours. It
isvery useful for solar energy conversion devices®
121 photoel ectronics devi ces, photo el ectrochemical
devices, thermoel ectric cool ers, el ectric switching,
solar selective coating etc***4. Bi,S, thinfilmshave
been reported to be prepared by different techniques
such as ultrasonic method*>€!, microwaveirradia-
tion*"8 hydrothermal synthesig*?, chemica depo-
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sition?23 splvothermal decomposition?*2%, and re-
active evaporation?®. Herein our work, weare using
chemical drop method whichissimple, inexpensive
and convenient for large areadeposition. With this
method, size of the particles can be easily controlled
by changing the concentration of different constitu-
ents of the solution. Inthe present investigation, we
have obtai ned thinfilms nanocrystalline Bi, S, embed-
ded in PVA matrix and study their structural, surface
morphological, optica and electrical properties.

EXPERIMENTAL DETAILS

For the preparation of nanocrystalline Bi,S,thin
filmsin polyvinyl dcohol (PVA), Bi(NO,),andNa,S
were used as Bi*® and S?ions sourcesrespectively.
For this, 5wt% of PVA matrix solution was prepared
indoubledistilled water and stirred withthehelp of a
magnetic stirrer at aconstant temperature 348K until
atransparent solution wasformed. To this solution,
0.03M (molarity) of Bi,S,was added intheratio of
2:1 and the stirring was continued at the same tem-
peraturefor 3 hrsand brought down at the room tem-
perature (300K). To thismixture solution, 0.03M of
Na,Swas added drop by drop until the sol ution turned
into dark brown. Theresultant solution was kept for
12 hrsin adark chamber undisrupted for stabiliza-
tion. Thestabilized solution was cast over the glass
substrates drop by drop and dried at room tempera-
ture (300K). Thisway thefilms containing Bi_S,em-
bedded in aPVA matrix were obtained. Three sets of
films with different molarities (0.015M, 0.02M
0.03M) of BiS, were obtained using the above men-
tion procedure. Filmsof higher molarity could not be
prepared under the present condition because
Bi(NQ,), of morethan 0.05M could not be dissolved
in PVA solution. For the measurement of el ectrical
conductivity of thefilmsAl and In electrodes were
vaccum deposited making gap type structure. Elec-
trical conductivity measurement were performed over
avoltagerange of 2V-7V using astabilized power
supply and aKeithley digital electrometer inthetem-
perature range 298K to 388K and the same tem-
perature was varied using atemperature controller.
Temperatures of the samples were measured by
means of athermocouple.

RESULTSAND DISCUSSION

XRD studies

TheX-ray diffractogram of the PVA- Bi,S, struc-
turesexhibit broadened diffraction profile. A broad peak
has been observed around 26 = 19.6° asshown infig-
ure 1. XRD spectrum of pure PVA showssimilar peak
around the same angle. Thisindicatesthat the XRD
peak observed in PVA- Bi,S, complex is dueto the
PVA matrix. Sincethe Bi, S, particles are of nanosize
and sparsdly digtributed inthe PVA matrix, thediffracted
beamsfrom Bi_S, werenot sufficiently intenseto give
any detectable peak. Also some peaksif present were
merged with the broad peak obtained from PVA. The
crysdliteszeof thenanocrystdlinefilmswasestimated
using Scherrer’sformuld?

_ 4 0.9\

" 3Bcosh (1)
where A isthe wavel ength of the X-ray used,  isthe
full width at half maximum of diffractionpesk and6is
the Bragg’sangle. Thecrystallite sizeswerefound to
be 10.8nm, 4.7nm and 3.6nm for molarities 0.015M,
0.02M and 0.03M of Bi, S, respectively. Itisobserved
that crystalitesize decreaseswithincreasein molarity.
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Figurel: X-ray diffraction patternsof PVA-Bi,S; thin films
of different molarities.

SEM analysis

Scanning Electron Microscopy isthe convenient
techniqueto study the surfacemorphol ogy of thinfilms.
Figure2, Figure 3 and Figure4 showsthe surface mor-
phology of atypical PVA- Bi,S,complex of different
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molarity deposited at room temperature. Itisobserved
that grainsof Bi,S,arenct uniformly distributed through-
out the PVA matrix. But thefilmissmooth without any
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Figure2: SEM photograph of 0.015M.
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Figure3: SEM photograph of 0.02M.
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Figure4: SEM photograph of 0.03M.

== Pyl Paper

void or crack. Therefore, averagegrain sizeswerees-
timated of different grainswithinthefilmandfoundto
beintherangeof 41.95-117 nm. Itisquiteclear from
theresultsthat theaveragegrain Szeestimated by SEM
islarger thantheaveragegrain szemeasured by XRD.

EDAX study

Figure5 givesthe quantitative anaysisby EDAX
of Bi,S, thinfilmsdeposited on aglasssubstratea room
temperature Thed ementd andysiswascarried out only
for Bi and S, the average atomic percentage of Bi:S
was 77:22, (i.e. 3: 1ratio), showing that the sample
was Sdeficient.

Spectrum 4
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Figure5: EDAX spectrum of 0.015M .

Absorption studies

Figure 6 showsthe absorption spectraof three dif-
ferent Bi, S, thinfilmsprepared in PVA matrix. Theab-
sorption edge showsaclear shift towardslower wave-
length. Thisblue shift of the absorption edgeindicates
decrease of the crystd lites sizes of the particle causing
achangeintheoptical band gap energy. Thenature of
thetransitionisdetermined by therelation
2V=Eo)" ©

hv

where‘a’ isconstant and E _isthe separation between
the conduction band and vaence band. If the plot of (a
hv)2vshv islinear, thenthetransitionisknownasan
indirect band edgetrangition andif theplot of (o hv)?vs
hv islinear, then such atransitionisknown asdirect
band edgetransition. Thelinear nature of the plot indi-
catesthe existence of thedirect trangtion. Theextrapo-
lation of thelinear portion of suchaplottoa=0yields
the band gap asshowninfigure 7. The absorption co-
efficient ‘o’ wasmeasured fromrelaion
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where ‘A’ isthe absorbance and ‘t’ isthe thickness of
thefilm. Theband gap obtained from thefigure 7 was
3.82¢V, 3.85eV and 3.88eV for molarity 0.015M,
0.02M and 0.03M respectively.
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Figure 6 : UV-absor ption spectra of Bi_S, nanocrystalline
filmsfor different molarities

T Y T i T ¥ T X T ) T ¥ T

16 - y
14-

- —y
o [\
M

o
| -

1=0.015M
2=0.02M

(s3]
P

E=N
1

(ohv)’ x 10" (eV/m?)

2 -

hv (eV)
Figure7: Energy band determination of Bi, S, filmsfor dif-
ferent molaritiesfromthe hv vs(ahv)?graph

Electrical conductivity
Theeectrical conductivity measured on gap type
sampleusingAl and In aselectrodematerialshasbeen
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showninfigure8and Figure 9 respectively. The con-
ductivity hasbeen observedtoincreaseindl thesample
asthetemperaturerai sed from 248K attaining amaxi-
mum around 323K, after which the conductivity was
found to decrease and reached aminimum around 333K
beyond which the conductivity showed asharpincrease
again. Thisvariation of conductivity has been thought
to bedueto phasetransition with changein tempera-
ture. Thetemperature variation of conductivity of PVA
was also studied with same electrode and has been
observed to exhibit same pattern of variation of con-
ductivity asstated above. Thevaueof conductivity of
PVA was of the order of 107Q*m* whilethat of the
Bi,S,-PVA complex was of the order of 10°Q'm™.
Thus, it may beinferred that the conductivity of Bi.S,
thinfilmsgrownin PVA matrix islargely influenced by
the conductivity of PVA. Morethan onestraight line
areobtainedinthelog(c) vs /T curves(region| and
region I1) with different activation energies, indicating
different conduction processes such aselectronic and
ionic conduction??, Ahmed et a!? reported conduc-
tive processesto bed ectronicin co-operationwithionic
in Vanadate doped PVA.They have also observed a
phasetransition regionsfrom 360K to 380K. Abdel -
Malik et a® explained current transport mechanisms
in pureand doped PVA filmsin termsof both schottky
and Pool-Frenkel effects. The Thermal activation en-
ergieswerecdculatedusingtherdation
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Figure8: Variationsof log(e) vs 1/T of Al-PVA-Bi S-Al
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Figure9: Variationsof log(s) vs 1/T of In-PVA-Bi,S-In

gap type

“E,
o = 0,6t @
where E istheactivation energy, o isaconstant, k is
the Boltzman’sconstant and T isthe absol utetempera-
ture. Activation energies of PVA and different PVA-
BiS, filmswerecdculatedintheregionsl and I1. Av-
erage activation energies obtained from thesopesin
the region | and Il of pure PVA were 1.166eV and
0.657eV respectively and the samefor nanostructured
Bi,S,grownin PVA are 1.36eV and 0.62€V.

CONCLUSIONS

Thin films of BiS, prepared by chemical drop
methodin PVA matrix werefound to be nanocrystaline.
Thecrystallitessizesmeasured by XRD studieswere
found to bewithin 3.6-10.8nm and from SEM within
41.95-117nmfor the sameset of samples. Thecrystal-
lite size has been found to decrease with increase of
molarity. The band gap energy hasbeenfound toin-
creasewith decreasein crystallite sizeshowing ablue
shift inthe absorption spectra. Theelectrical conduc-
tivity of pure PVA and PVA-Bi S, werefound inthe
range of 107Q 't and 10°Q2*m* respectively. The
PVA matrix hasexhibited phasetrangtion around 320K
to 350K . Electronic aswell asionic conduction pro-
cesses arethought to be operative.
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