Journal of Alloys and Compounds 509 (2011) 2364-2367

Contents lists available at ScienceDirect

ALLOYS
AND COMPOUNDS

Journal of Alloys and Compounds

journal homepage: www.elsevier.com/locate/jallcom

Effect of acetic acid complex on physical properties of nanostructured spray
deposited FeCdSs thin films

A.U. Ubale*, S.G. Ibrahim

Thin Film Physics Laboratory, Department of Physics, Govt. Vidarbha Institute of Science and Humanities, VMV Road, Amravati 444604, Maharashtra, India

ARTICLE INFO ABSTRACT

Article history:

Received 3 September 2010
Accepted 3 November 2010
Available online 10 November 2010

Spray pyrolysis method which is simple as well as economic was used for the preparation of ternary
nanostructured FeCdSs; thin films onto glass substrates from ferric nitrate and cadmium chloride as Cd
and Fe source and acetic acid as a complexing agent. The prepared films were characterized by X-ray
diffraction (XRD), scanning electron microscopy (SEM) and optical absorption techniques. The struc-
tural, electrical, optical and morphological properties of FeCdSs thin films were influenced by quantity of

Keywords: acetic acid in spray solution. The X-ray spectrum and SEM reveal that the FeCdS; shows transition from
Nanostructures . . . . . .

Spray pyrolysis nanocrystalline to amorphous phase depending on concentration of acetic acid. Optical band-gap of the
Composite amorphous and nanocrystalline film is found 2.40 and 2.65 eV, respectively. Nanocrystalline films have

dark resistivity of the order of 10° 2 cm whereas amorphous films have 10*  cm. Thermoelectric power
(TEP) measurement studies reveal that the films have p-type conductivity. It also shows that amorphous

film generates less thermo-emf as compared to nanocrystalline film.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Composite metal chalcogenide nanostructured thin films are
attracting attention of research community because of their prop-
erties which are important in fabrication of various semiconductor
devices. The energy gap can be engineered to cope up with the elec-
tromagnetic spectrum and therefore may be conveniently used in
optoelectronic devices particularly in photoelectrochemical cells.
In this regard iron pyrite (FeS;) and cadmium sulfide (CdS) have
attracted considerable attention as they posses potential candi-
dature for photovoltaic and photo-electrochemical applications
[1,2]. Ferrous sulfide belongs to VIII-VI compound semiconductor
material of optical band gap 3 eV with high absorption coefficient
of the order of 10° cm~! [3]. Several research reports are avail-
able concerning the preparation and properties of binary CdS and
FeS, semiconductors. Liu et al. [4] have prepared pyrite films of
thickness of 70-600 nm by annealing the iron films of thickness
25-150nm at 673 K. The structural, optical and electrical char-
acteristics were investigated and the effect of film thickness on
properties was discussed. Dong et al. [5] have electrodeposited iron
disulfide pyrite (FeS,) thin films on indium doped tin oxide (ITO)
substrates from aqueous solution containing Na,S,03-5H,0 and
FeCl,-4H,0 reagents. Yamamoto et al. [6] have used FeSO4 and
(NHg4),Sx as precursors to deposit FeS, by spray method. Aque-

* Corresponding author. Tel.: +91 721 2531706; fax: +91 721 2531705.
E-mail address: ashokuu@yahoo.com (A.U. Ubale).

0925-8388/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.jallcom.2010.11.020

ous solutions of FeSO4 and (NH4), Sy are sprayed alternately onto a
substrate to get a p-type pyrite film containing no marcasite or
pyrrhotite phase. Thomas et al. [7] have prepared cobalt doped
pyrite films by indiffusion of a thin cobalt layer into a pyrite film
deposited by metal organic chemical vapour deposition. Cobalt
acts as a donor in pyrite and transforms the p-type conductiv-
ity into n-type. Pyrite (FeS,) has been investigated as a potential
absorber material for thin film solar cells [8-10] as it exhibits a
very high absorption coefficient [11]. However, CdS thin films have
been widely used as n-type semiconducting partners and buffer
layers in electrochemical solar cells [12]. Hiie et al. [13] have pre-
pared nanostructured CdS thin films by CBD and spray method
using CdCl, and thiocarbamide as basic precursors and compared
their electrical and optical properties. Ghosh et al. [14] have stud-
ied the effect of particle size and inter-electrode distance on the
field-emission properties of nanocrystalline CdS thin films grown
in a polymer matrix by chemical bath deposition method. Even
though the several research reports are available on the prepa-
ration and properties of CdS and FeS, thin films, but very little
is available on ternary Cd;_xFexS [15,16]. Among various deposi-
tion techniques, spray paralysis methods is best suited for thin film
deposition because of its simplicity to produce uniform, adherent
and reproducible large area thin films for solar related applications.
Hence, we have planned to carry out spray deposition of FeCdSs
thin films and study their electrical, optical and structural prop-
erties. The efforts have been made to study the effect of complex
acetic acid on properties of FeCdSs3 films deposited by the spray
method.
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Fig. 1. XRD pattern of FeCdSs films deposited using acetic acid (A) 0.05M, (B) 0.1 M
and (C) 0.15M.

2. Experimental details

Preparation of nanostructured ternary chalcogenide thin films can be easily
achieved by spray pyrolysis method as it does not require sophisticated instruments.
In present investigation for preparation of FeCdSs thin films 10 mL of ferric nitrate
and cadmium chloride of concentration 0.1 M of each were mixed together to get
transparent yellowish solution. In this solution, 10 mL acetic acid of concentration
0.05, 0.1 and 0.15M was added separately to prepare three different spray config-
urations. Finally 10 mL of 0.1 M thiourea was mixed directly in each configuration
to prepare spray solution. These solutions were sprayed onto hot glass substrates
kept at 453 K using compressed air as a carrier gas at 6 cm® min~' spray rate. The
average thickness of the films was measured by the gravimetric and Fizzau’s meth-
ods. Structural analysis was carried out using X-ray diffraction technique. Philips
PW-1710 X-ray diffractometer with CuKa radiation (A =0.15405 nm) was used for
phase identification, where diffracted X-ray intensities were recorded as a function
of 26. The microstructure studies were carried out using JSM-6360 scanning elec-
tron microscope. The dark conductivity measurements were carried out by using
the two-point probe method in the temperature range 309-423 K. Silver paste was
applied to achieve ohmic contact with FeCdSs; thin films. The type of conductivity
of the film was determined by TEP measurement technique.

3. Result and discussion

In chemical spray pyrolysis method, the desired thin film mate-
rial is obtained as a result of thermally activated reaction between
the various species/complexes dissolved in the spray solution. Dur-
ing deposition process Fe3* and Cd3* cations and S2~ anions from
the spray solution, react with each other to give neutral atoms by
either spontaneously or very slowly on the hot substrate to produce
FeCdS; depending upon the quantity of acetic acid in spray solution,
In presence of acetic acid iron and cadmium ions forms acetate
complex which decomposes rapidly to liberate Fe3* and Cd3* ions
for the film formation. Ultimately the rate of decomposition was
governed by the presence of acetic acid.

Fig. 1 shows the X-ray diffraction spectra of FeCdSs films. The
XRD spectrum reveals that films deposited using 0.05 and 0.1 M
acetic acid complex are nanocrystalline; whereas for higher con-
centration of acetic acid (0.15 M) the films are amorphous. Here at
higher concentration of acetic acid, the cadmium and iron acetate
species may undergo rapid thermal decomposition at hot substrate
which produces random distribution of material on the substrate
showing amorphous phase. At 0.05M concentration of acetic acid
XRD peaks are observed only due to orthorhombic phase of FeS,.
However, for 0.1 M aceticacid, a small additional peak due to hexag-
onal phase of CdS is observed. The comparison of observed and
standard data for FeCdSs is given in Table 2. The grain size of crys-

Fig. 2. SEM images of FeCdS; films: deposited using acetic acid (A) 0.05M, (B) 0.1 M
and (C) 0.15M.

tallites was calculated by using Scherrer formula,

A
" Bcosb

where A is the wavelength used (0.154 nm); § is the angular line
width at half maximum intensity; 6 is the Bragg’s angle. The grain
size of the film deposited using 0.05 M acetic acid is of the order of
9nm and it increases to 11 nm for 0.1 M acetic acid.

The SEM micrographs of FeCdSs films are shown in Fig. 2. The
film deposited from 0.05M acetic acid shows porous surface with
circular nano-grains throughout the film surface. At 0.1 M concen-
tration of acetic acid SEM image shows enhanced grain growth with
rod-like structure. However, for higher concentration of acetic acid
the film surface shows uniform distribution of amorphous phase of
FeCdS; without cracks covering entire substrate surface area.

(1)
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Fig. 3. I-V characteristic of FeCdSs; films: deposited using acetic acid (A) 0.05 M, (B)
0.1M and (C) 0.15 M.
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Fig.4. Variation of Log of resistivity with 1/T for FeCdSs; films: deposited using acetic
acid (A) 0.05M, (B) 0.1 M and (C) 0.15 M.

The I-V characteristics of FeCdS3;/Ag contacts were studied
in order to check the nature of the contact. Fig. 3 shows that
I-V characteristics of films are linear which confirms that silver
produces ohmic contact with FeCdSs. Fig. 4 shows variation of DC-
electrical resistivity with temperature in the temperature range of
309-423 K. It was observed that resistivity decreases as the film
temperature increases which confirms semiconducting nature of
FeCdSs. The resistivity of the film deposited using 0.05M acetic
acid is 5 x 103 Q cm at 413K and it decreases slightly for the film
deposited from 0.1 M acetic acid and then rises to 35.27 x 103 Q cm
for 0.15 M acetic acid (Table 1). The change in resistivity may be due
to the change in grain structure with concentration of acetic acid as
seen in SEM images. The thermal activation energy of FeCdS3 was
calculated by using the relation,

0= Po eXp (%) (2)

Table 1
Band-gap energy, activation energy and resistivity of FeCdSs;.

Table 2
Comparison of observed and standard XRD data for FeCdSs films.

Sample Observed Standard JCPDS data for FeS; and CdS
26 (%) d(A) 26 (%) d(A) hkl

A 11.822 3.421 11.835 3.440 110
15.723 2.719 15.039 2.710 020
17.543 2.327 17.586 2.320 120

B 11.825 3.432 11.835 3.440 110
15.069 2.720 15.039 2.710 020
17.526 2.331 17.586 2.320 120
60.982 1.500 60.912 1.5197 104
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Fig. 5. Variation of thermo emf (mV) with temperature difference for FeCdS; films
deposited using acetic acid (A) 0.05M, (B) 0.1 M and (C) 0.15 M.
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Fig. 6. Variation of optical absorption vs. wavelength of FeCdSs; films: deposited
using acetic acid (A) 0.05M, (B) 0.1 M and (C) 0.15 M.

where p is resistivity at temperature T, pg is a constant; K is Boltz-
mann constant. The activation energy determined is of the order of
~0.1eV for FeCdS3 (Table 1).

The TEP of FeCdS; films was measured as a function of temper-
ature in dark in the temperature range of 304-418 K (Fig. 5). The

Sample Acetic acid concentration (M) Film thickness (nm) Band-gap energy (eV) Activation energy (eV) Resistivity at 423 K (x10% cm)
A 0.05 143 2.65 0.14 5.00
B 0.10 136 245 0.12 4.68
C 0.15 141 2.40 0.15 35.27
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Fig. 7. Plots of («hv)? vs. hv of FeCdSs films: deposited using acetic acid (A) 0.05 M,
(B)0.1M and (C) 0.15 M.

polarity of the thermo-emf confirms n-type conductivity of FeCdSs.
The generated thermo-emfis more for the film deposited form 0.05
and 0.1 M acetic acid than the film deposited from 0.15 M acetic acid
as the crystalline nature of film decreases for higher concentration
of acetic acid.

Fig. 6 shows the variation of optical absorption of FeCdSs film
in the wavelength range of 350-910 nm. The absorption spectra is
analysed to find band-gap energy of FeCdSs. The nature of the tran-
sitions involved can be determined on the basis of the dependence
of the absorption coefficient, & or a multiple of it on hv. The nature
of transition is determined by using the relation,

B A(hv — Eg)n
o= v (3)

where hv is the photon energy, E; is the band-gap energy, A and
n are constants. For the allowed direct transitions, n=1/2 and for
allowed indirect transitions n = 2. The optical energy gap Eg could be
obtained from the plot of (aehv)? versus hv for direct allowed tran-
sitions. The (cthv)? versus hv plots for FeCdSs thin films deposited
from 0.05, 0.1 and 0.15 acetic acid are presented in Fig. 7. The optical

band-gap was shifted from 2.40 eV to 2.65 eV depending on acetic
acid content in the spray solution. This shift in band-gap energy
values can be explained on the basis of different size effects such
as quantum size effect arising in the nanostructured films [17,18].

4. Conclusions

Nanostructured FeCdSs thin films were successfully prepared
by chemical spray pyrolysis technique. The effect of complexing
agent acetic acid on structural, electrical and optical properties of
nanostructured FeCdSs films was studied. The X-ray diffraction pat-
tern shows that the films deposited below 0.15 M concentration of
acetic acid are nanocrystalline. Optical band-gap of the amorphous
filmis found 2.40 eV; where as it was 2.65 eV for the nanocrystalline
film. The electrical characterizations were carried out by measuring
resistivity and TEP of FeCdS; films deposited using various concen-
trations of acetic acid.
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