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ABSTRACT

Chemical bath deposition (CBD) technique is vetyaative, since it is relatively simple, economitdaconvenient

to grow nanostructured chalcogenide thin films abm temperature. In this paper the effect of Fedource, Fe
(NGs)3.9H,0 on optical properties of FeSe thin films is dssed.The as deposited FeSe thin films are
polycrystalline in nature with tetragonal lattic&he optical absorption measurements show that fhiea band
gap energy of FeSe changes from 2.67 to 2.60 edhdémg on Fe ion concentration in deposition bath.
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INTRODUCTION

Investigations on nanostructured chalcogenide fitims are constantly under progress to develop petential
materials suitable for solar energy conversion &/ The transition metal chalcogenides represesigraficant
family of materials useful in various devices sua$ superconductors [1, 2], sensors [3], solar ¢éH®] and
various spintronicsdevices [10-12]. Iron selenidean important compound from this group which isially
prepared by several techniques viz. low-pressurgalneeganic chemical vapor deposition [13], molecubeam
epitaxy [14], milling pure elemental powder of ir@nd selenium [15], mechano-synthesis [16], seitina
technique [17], sulphuration of iron predepositéhs [18], selenization of evaporated iron thimf# [19] and
selenization of amorphous iron oxide thin filmspgaeed by spray pyrolysis [20, 21].Ubale et al [B8Ye prepared
FeSe thin films with tetragonal structure by chehizath deposition method.Recently there has beesiderable
interest in energy conversion devices fabricatethfnanocrystalline thin films deposited using losstcchemical
techniques such as chemical bath deposition, sdl geccessive ionic layer adsorption and reaction,
electrodeposition and spray pyrolysis. Out of theflsemical methods, chemical bath deposition mettasdfound
out a special attention as it is least expensosxg,temperature method and non-pollutant. In CBDstrmiconductor
thin films are deposited on substrates immersedilite solutions containing metal ions along withifisle or
selenide ions.This offers minimum toxicity and ggational hazards. Even though many reports ardai@ion
chalcogenide and selenide thin films by CBD, butyview reportsare available for FeSe thin films][2Bhe
objective of the present study is to prepareFeefitms on glass substrates by chemical bath dépogechnique
and investigate the effect of Fe ion source oojtécal properties.
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MATERIALSAND METHODS

In CBD deposition process the controlled precifptatof a compound from the solution on a suitahibstrate is
involved. This method offers many advantages owberomore established physical methods. The deposit
parameters such as, deposition time, pH of battlyen& concentrations, etc. are easily adjuste@tg@agod quality
nanostructured thin films. Thin films of iron eelde were grown by using slow release of fens from EDTA
complexed Fe salt and %eons in aqueous medium using CBD method. The #palygrade reagents
Fe(N(G)3.9H,0, EDTA and Se metals powder and sodium sulfideewesed in the present work. The,SaSQ
solution was prepared by mixing 10 g of seleniurwger (99% purity, Merck) with 100 g anhydrous sadisulfite

in 500 ml of distilled water with constant stirrifigr 10 h at 88C. It was then sealed and kept overnight, since on
cooling, a little selenium separated out from tldutson. Finally, it was filtered to obtain a cleaplutionof
N&SeSQ of 0.13 M. The commercially available glass mistmes of dimensions 26 mmx76 mmx2 mm were
boiled in chromic acid for 30 min and were washéthwlouble distilled water. The substrates werantivashed
with liquid detergent and rinsed in acetone. Finalides were ultrasonically cleaned for 15 minouble distilled
water prior to the actual deposition. For the déjmsof FeSe thin films 40 ml of 0.03 M, Fe (N@9H,O was
mixed with 20 ml of 0.1M, EDTA and 40 ml of freshtyepared 0.13 M, N&eSQ.The uniform and well adherent
and reflecting orange brown coloured thin films veemoved after 72 h deposition time from the lzatth washed
with distilled water.In order to investigate thdéeet of molar concentration of Fe (NJ@9H,O on the structural and
optical properties, six different sets of FeSe $ilmere prepared by changing its molar concentrdtimm 0.03 to
0.18 M( Table 1). With the help of sensitive mizatance the FeSe film thickness was measured lwnogéric
method using the relation,

t=7 (1)

Where m is the mass of the deposited film, A issavefilm andp is bulk density of FeSe. The X-ray diffraction
(XRD) studies were carried by usingPANalyticalX’PBRO MRD X-ray diffractometer with CukKradiation in the
two theta range from 20 to 90 degree. The optideogption studieswere carried out with a JASCO -53
UV/Visible spectrophotometer system at normal ieoick in the wavelength range 300 to 900 nm.

RESULTS AND DISCUSSION
3.1 Film formation mechanism
The deposition of FeSe thin film occurs when thddgroduct of F& and S& ions exceeds the solubility product
of FeSe. The controlled release of Fend S& ions in the solution controls the rate of preciita and hence the
rate of film formation. The steps involved in tHeemical deposition of FeSe thin films are giverobel
The hydrolysis of sodium selenosulphate S&SQ) takes place to give $éons as,
Na,SeSO; + OH™ - Na,SO, + HSe™ (2)
HSe™ + OH™ — H,0 + Se?~ 3)
The metal ions from Fe(N{.9H,0 forms complex with EDTA as,
Fe(NO3)3.9H,0 + EDTA ,q) — [FEEDTA]** + (NO5)~ (4)
The complex decomposition takes place to releaSeiéies,
[FeEDTA]** > Fe?* + EDTA 5q) (5)

Finally, FeSe thin film formation takes place as,

Fe?* + Se?” - FeSe | (6)
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3.2 Structural Study

Figure 1 shows the XRD patterns of the FeSe thimsfi deposited at various molar concentrations of
Fe(NQ):.9H,0O. The observed XRD data of FeSe films are in gagetement with standard JCPDS data (JCPDS
data card No0.085-0735 and 71-2250, tablel). Theg-pianar spacing‘d’ was calculated using the i@tef23],

thl = (7\/2 SIHG)

(7

Wherg is the wavelength used (0.154 nm) érid the Bragg's angle.
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Fig.1. X-ray diffraction pattern of FeSethin films deposited at various molar concentrations of Fe(NO3)3.9H,0: (M) 0.03M ,(N) 0.06M ,
(0) 0.09M , (P) 0.12M ,(Q) 0.15M and (R) 0.18M.

Table: 1 Comparison of observed and standard XRD data of FeSethin films(JCPDS Card : 85-0735 and 71-2250).

Film Standard Observed
Concentration of Fe(N§s.9H,0 | Thickness (nm) 206 d d hkl | Phase
(degree) (A% 26 (degree) (A)

28.681 3.110| 28.6903  3.112| 101 | FeSe

M 0.03M 156 48308 1.882| 48288  1.886| 200 | FeSe
61.831 1.499| 61.890 1.498| 024 | FeSe

28.681 3.110| 28.663  3.111| 101 | FeSe

N 0.06 M 208 48308 1.882| 48302  1.887| 200 | FeSe
61.831 1499| 61834 1.495| 024 | FeSe

28.681 3.110| 28.702  3.118| 101 | FeSe

o 0.09 M 237 48308 1.882| 48297 1.883| 200 | FeSe
61.831 1.499| 61.840 1.499| 024 | FeSe

28.681 3.110| 28.600  3.113| 101 | FeSe

P 0.12M 270 48308 1.882| 48291  1.879| 200 | FeSe
28.681 3.110| 28.667  3.115| 101 | FeSe

Q 0.15M 257 4830 1.88. | 4830:  1.88¢ | 20C | FeSi
28.681 3.110| 28645 3.118| 101 | FeSe

0.18M 240 48308 1.882| 48310 1.886| 200 | FeSe

The CBD deposited FeSe films are nanocrystallinedture with tetragonal lattice. The peaks obseexind
28.681 and 48.308 corresponds to the (101) and) (@G6ntations due to tetragonal phase. However, (#80)

Scholars Research Library

454



A.U. Ubale et al Arch. Phy. Res,, 2012, 3 (6):452-458

orientation is observed at lower thickness due tmaalinic F@Se,. At lower molar concentration the numbers of
Fé&" ions available to from FeSe phase are less asamentp S& ions.

The average crystallite size was determined frobd)&and (200) diffraction peaks using the Scheommula [24],
092

d= BCos 6 (8)

Wherel is the wavelength used (0.154 nifa)s the angular line width at half maximum intepsit radiansg is the
Bragg's angle. The grain size at 0.03 molar comagion is 45 nm and it increases to 81 nm at 0.1fam
concentration and then again decreases for funtiser in concentration. The crystallite size hasstiown
dependence on deposition mechanism, the clusteltisyer mechanism at higher concentration givediengrains
than the ion-by-ion mechanism at lower concentratio

3.3 Optical Properties

The optical properties of FeSe thin films deposibgdchemical bath deposition technique on glasstsate were
investigated by measuring optical absorbance in wlagelength range 300 to 900 nm.The plots of optica
absorbancent) versus wavelength.) of FeSe thin films are shown in Fig.2.
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Fig.2. Plots of optical absorption (at) versuswavelength (nm) of FeSethin films deposited at various moler concentrations of
Fe(NO3)3.9H,0: (M) 0.03M ,(N) 0.06M , (O) 0.09M , (P) 0.12M ,(Q) 0.15M and (R) 0.18M .

In the spectra a quick inclining trend was obsertedvever not clear and sharp absorption edge eatetermined,
which is consistent with the amorphous or nanoatljse structure of FeSe thin films. The absorptamefficient
(o) and the photon energy ¢ obeys the following equation[25-29],

ahv = A(Eg — hv)™ 9

Where ‘A’ is a constant, ‘EQ’ is the FeSe band gag ‘n’ is a number equal to 1 for direct band gapl 2 for
indirect band gap. Figure 3 shows the plotsubb)? versus b for FeSe thin films.
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(ithv)? = 10-10(eV-cm)?
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Fig.3. Plots of (ahv)? versus hv for FeSethin films deposited at various molar concentrations of Fe(NO3)3.9H,0 : (M) 0.03M ,(N) 0.06M ,
(0) 0.09M , (P) 0.12M ,(Q) 0.15M and (R) 0.18M.

The band gap of FeSe film is estimated by extrapmathe straight portion of curve tohaxis ato=0. It is
observed that optical band gap of FeSe film wasedsed from 2.67 to 2.60 eV as molar concentraifoRe is
changed from 0.03 to 0.12 M (fig.4). Also it is sdhat at higher molar concentration of Fe from0.42 to 0.18 M
the band gap increased to 2.64 eV. This changetinab band gap is due to improvement in crystallivature with
thickness. As compare to earlier reports the opbead gap of FeSe is quite more which may be dwnigim
confinement and different size effects that ariseganostructured thin film.
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Fig.4. Variation optical band gap energy (eV) of FeSewith moler concentration of Fe(NO3)3.9H,0: (M) 0.03M ,(N) 0.06M , (O) 0.09M ,
(P) 0.12M ,(Q) 0.15M and (R) 0.18M.

CONCLUSION

In conclusion, FeSe thin films with tetragonal taysstructure were deposited using chemical bathosiGon
method on to glass substrate. Optical studies stidhat the band gap of FeSe is 2.67 at 0.03 meolarentration
of Fe(NQ)3.9H,0 and it decreases to 2.60 eV at 0.12 molar curation of Fe (NG)s.9H,0.

Acknowledgement
The authors are thankful to University Grants Cossigin, WRO, Pune (India), for financial support einthe
project.

REFERENCES

[1] Fischer,Appl. Phys1978,16, 1.

[2] H.J.Niu, D.P. Hampshiré&hys. Rev. B004, 69, 9.

[3] M.J.Schoning, J.P KlooclElectroanalysi007,19, 2029.

[4] A. Ennaoui, S. Fiechter, Ch. Pettenkofer, No#dso-Vante, K. Buker, M. Bronold, Ch. Hopfner, Hibudou,
Sol. Energy Mater. Sol. Cell$£93,29, 289.

[5] N. Hamdadou, A. Khelil, J.C. Berneddater. Chem. Phy2003, 78, 591.

[6] A. Ennaoui, H. TributchSol. Energy Mater1986, 14, 461.

[7] V. Antonucci, A.S. Arico, N. Giordano, P.L. Amtucci, U. Russo, D.L. Cocke, F. Cr&al. Cells1991, 31, 31.
[8] A.S. Arico, V. Antonucci, P.L. Antonucci, D.LCocke, U. Russo, N. Giordan8pl. Energy Matef990, 20,
323.

[9] A.S. Arico, V. Antonucci, N. Giordano, F. CreR.,L. AntonucciMater. Chem. Phy4991, 28, 75.

[10] G.A. Prinz,Sciencel998,282, 1660.

[11] Y. Ohno, D.K. Young, B. Besctoten, F. MatsuikuH. Otino, D.D. Awschalomature1999, 402, 790.

[12] R. Fiederling, M. Keim, G. Reuscher, W. Oss@u,Schmidt, A. Waag, L.W. Molenkampature 1999, 402,
787.

[13]. Q.J. Feng, D.Z. Shen, J.Y. Zhang, C.X. Shah|. Lu, Y.C. Liu et al.,J. Magn. Magn.Mate2004, 279, 435.
[14] Y. Takemura, H. Suto, N. Honda, K. Kakuno,%aitg J. Appl. Phys1997, 81, 5177.

457
Scholars Research Library



A.U. Ubale et al Arch. Phy. Res,, 2012, 3 (6):452-458

[15] C.E.M. Campos, J.L. de lima, T.A. Grandi, Kldachado, P.S. Pizantolid State Commug003, 23, 179.

[16] C.E.M. Campos, J.C. de Lima, T.A. Grandi, KNdachado, V. Drago, P.S. Pizadi, Magn.Magn.Mate2004,
270, 89.

[17] N. Hamdadou, J.C. Bernede, A. Khelil,Cryst. Growti2002, 241, 313.

[18] N.Hamdadou, A.Khelil, J.C.Berneddater. Chem. Phy003, 78,591.

[19] N.Hamdadou, J.C.Bernede, A.KhelllCryst.Growth2002,241,313.

[20] B. Ouertani, J. Ouertfelli, M. Saadoun, B. Bais, M. Hajji, M. Kanzari, H. Ezzaouia, N. Hamdagdo
Mater.Lett, 2005, 59,734

[21] B. Quertani, J. Ouertfclli, M. Saadoun, B. Bais, H. Ezzaouia, J.C. Berne@ml. Energy Mater. Sol. Cells,
2005, 87,501.

[22] Ashok U. Ubale,Yogesh S. Sakhare, Monali Vuih Milind R. Belkhedkar, Arvind Singlgolid State Sci
2013, 16, 134.

[23] N.Hamdadou, J.C.Bernede, A.KhelllCryst. Growtt2002, 241, 313.

[24] T.Mahalingam, S.Thanikaikarasan, M.Raja, CjSewiraja, Soonil Lee, Hosun Moon, Yong Deak Kindan
P.J.Sebastiad, New Mater.Electrochem.Sys2®07, 10, 35.

[25] R. U. Osuji, Ph.D Thesis, Dept. Phy. Astronotdyi. of Nigeria, Nsukka]994.

[26] F. |. Ezema, C. Padi Sci. Techn2005,6, 6.

[27] F.I. EzemaTurk J. Phys 2005,29, 105

[28] I. C. Ndukwe Sol. Ener. Mater.Sol. Cell4996,40, 123.

[29] V. Estrella, M. T. S. Nair and P. K. NaBemicond. Sci. Tech2003,18, 190.

458

Scholars Research Library



