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ABSTRACT

Recently, nanostructured thin films have attracted research community from the world as they shows potential
applications in semiconductor industry,particularly in fabrication of optoelectronic devices. In the present
investigation (Cu,9y(As;Ss)1.« thin films were deposited onto glass substrates by using chemical bath deposition
(CBD) method at room temperature. The XRD studies reveal that the as deposited (Cu,9,(As,S3)1.« thin films have
mixed phase of hexagonal and monoclinic lattice due toCu,S and As,S; respectively. However, the precipitated
powder shows mixed phase of orthorhombic and monoclinic structure. The electrical resistivity, activation energy
and optical band gap energy of (Cu,S)x(As;S:)1.4filmis found composition dependent.
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INTRODUCTION

The electrical,optical,magneticand mechanical proge of nanostructured thin films are differeréththat of bulk
material [1].Hence before fabrication of any devicee should know materials physical and chemicap@rties in
detail. The AgS; is a potential glass former highly resistive te tteat and has the properties of semiconductors and
is a good photo conductor with dielectric propesf@é. The chemical bath deposition method is onthefcheapest
methods to deposit thin films and nano-materiadst does not depend on expensive equipment’s aadstalable
technique that can be employed for large area dapo§3].

Various workers have used chemical methods to diefesS;and CusS thin films. Sartale et al. [4] have depuakit
As,S; thin films by successive ionic layer adsorptiom aeaction (SILAR) method using 43; and NaS,0; as
arsenic and sulfide ion source on glass and siliedrstrates. Pawar et al. [5] have prepare@Aims by solution
gas interface technique. Yesugade [6] have prepAss8; thin films by the electrodeposition technique from
aqueous acidic baths. The films deposited from B A&=complexed bath are thin, uniform and adherenthie
substrate. Varkey [7] has reported deposition ofSCusing EDTA as a complexing agent in a bath cosimi
CuCl, NaC1l and hydroxylamine hydrochloride solusiottagade and Sharma [8] have used solution growth
technique to deposit G8 (x = 1, 1.4, and 2) thin films on glass substae room temperature (300 K). The
physico-chemical properties of the films are highifluenced by the chemical composition. Nair ef3l have
reported the opto-electronic and solar control pridps of chemically deposited (uthin films. Lindroos et al [10]
have prepared copper sulfide thin films by suceessonic layer adsorption and reaction method ainro
temperature. The films were polycrystalline andvet no preferred orientation. Bezig et al [11] haged vacuum
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evaporation technique to prepare&thin films. Fatas et al [12] have used Cy&@dthiourea in alkaline medium
to deposit CifS thin films by chemical method and reported thatrtoptical band-gap and resistivity is of theesrd
of 2.58 eV and 3xIOQ-cm respectively. Ubale et al [13] have preparetbstructured Ci8 thin filmsof thickness
70 to 233 nm by varying the deposition time fronto924 h and reported their electrical, optical atdictural
properties.

To the best of our knowledge, no report is avadabi the deposition of ternary (83} (As,S3)1.4thin films. For the
present work, we have chosen Chemical Bath DepastCBD) method for the preparation of nanostruedur
(CuSK(As;S3)1« thin films at room temperature, which is simpledagconomic. The structured,electrical and
optical properties of composite (€3)(As,Ss3)1« thin films are reported.

MATERIALS AND METHODS

2. Experimental

The amorphous glass micro slides of size 75x25x2wene used as substrates for present work. As adberof
the film has a direct bearing on the cleanlinesthefsubstrate, the slides were cleaned carefuityally the slides
were washed with liquid detergent and then boifeddncentrate chromic acid (0.5M) for 2 hour arehtkept in it
for next 48 hours. The substrates were then wasligddouble distilled water and finally cleaned uftrasonic
cleaner. Finally, the substrates are dried using gk&de acetone and kept in dust free storage camtalor
deposition of (CeS)(AS,S:)1.4 thin films 0.1 M Cupric acetate, 0.1 M A3, 0.1 M EDTA and 0.1 M N&,0; are
mixed in a 100 ml beaker at room temperature. position scheme used to vary composition paramdiram 0
to 1 to prepare (GS)(As,S3)1.thin films is given in table(1).The deposited ,Su(x=1) films have dark brown
colour and AsS; (x=0) films are yellow in colour. However, therfilcolour of composite changes according to x
(fig 1),which confirms formation of (G&)(AS,Ss3)1 film.

L

e ""%;%:

(A) (B) ©) (D) (B)
Fig.1. Photograph of (CuSk(As;Ss)1«films : (A) x=1, (B) x=0.75, (C) x=0.5, (D) x=0.2&nd (E) x=0

Table: 1 Deposition scheme for (CiBL(AS,S5)1.« thin films

S.N. Bath Composition (ml) Film composition | Thickness (nm)
C3HeCuO0.1M | As,O3 EDTA Na,S,05
0.1M [ 0AM [ 01 M
A 40 0 20 40 CuS 505
B 30 10 10 40 (CLbS))n(ASz%)ozs 487
C 20 20 10 40 (CuS)s(As:Ss)o.5 529
D 10 30 10 40 (CpS)2e(AS2S)0.7 481
E 0 40 40 40 As;S; 429

The thickness of A&; thin film was measured by weight difference methaging sensitive microbalance.
Crystallographic studies of (GB)(As,S3)1.4thin films and powder collected from reaction vésgere characterized
by using a PANalyticalX’Pert PRO MRD X-ray diffracheter with Culg radiation in ® range from 20 to 90
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degree. The optical properties were studied byntakibsorption spectra of the films using a JASC®30-
UV/Visible Spectrometer in the range of wavelenfthm 320 to 740 nm at room temperature. The elealtri
resistance measurements were carried out in thpeetture range 303 to 423 K using the two-probehatetA

quick drying silver paste was applied to the filon better ohmic contact.

RESULTS AND DISCUSSION

The film formation in the CBDprocess takes placesmibnic product (I.P) exceeds the solubility prad{&P). In
the presence of complex EDTA the metal iond'Gnd A" forms metal complex with EDTA ,which controls the
release of metal ions in the solution. The formmatd (CwS), (As,Ss)1« thin films may involve following steps.

The arsenic trioxide is dissolved in distill watdgth the help of HCL as,

As,0; + 6HCI AN 24sCl; + 3H,0(1)
In aqueous solution N80, dissociates as,
Na,S,0; - 2Na* + S,05 (2)
NaS,0;is a reducing agent by virtue of half-cell reaction
65,03 — 35,0 + 6e~ (3)
In acidic medium dissociation &,02" takes place as,

35,02~ 4+ 3H* — 3HSO0; + 35 (4)

The electrons released in equation (3) react witls,S

35+ 6e” - 3527(5)

The EDTA complex of Cti and AS* with $forms (CuS)(As,Ss)1« as,

24s3*(Na,EDTA) + 2Cu** (Na,EDTA) + 4S*™ 4+ 2e¢™ >
(Cuy8),(As,S3)1_x + 4(Na,EDTA)(T)

Fig (2) shows the XRD pattern of (§3)(As,S3)1.« thin films recorded at room temperature in thegeaof angle &
between 20 to 90 degree.The (B}(As,S3);.« composite thin films are nanocrystalline in natwith mixed phase
of hexagonal and monoclinic lattice due tg&€wand AsS:. The observed XRD data is compared with standard
JCPDS data(Table2).The broad hump observed in X&@2m between 20 to 35 degree is due to amorpijass
substrate.The (221), (621) and(732) orientations due to monoclinic AS; lattice.However the (002),
(004),(201),(212) and(300) orientations are dueageral CuS lattice.The(732) orientation due to,8sis repeated
iN(CWwS) 25(As:S3)0.75s  and(CuS) 5(As,S3)o ssample. The(004) and(201) orientations due,SCuare repeated
iN(CwS) 75(As,Ss)0 2ssample.However the (240) orientation due tgSAsample is observed only in composite film.
Fig.(3) shows the XRD patterns of () .5As,Ss3)0.75 precipitated powder collected from reaction baffiable
3).As compared to thefilm XRD, the powder collectemin the bath shows polycrystalline nature witthorhombic
and monoclinic lattice due to gbland AsSslattice. The(320) and (316) orientations due to £ape repeated in the
composite, however, the(911) orientation dugSAss repeated in composite. The other prominenntaieon(342),
(173) and (800) are observed only in compositeMhéng of peaks due to G8 and AsS;observed in film as well
as in powder XRD confirms the formation of compedihe average crystallite size of the {E(As,S3) films
were calculated by applying Scherrer'sformula,

A
d= 8
Bcod ®)
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WhereA is the wavelength used (0.154 nnfj;is the angular line width at half maximum intepsit radians;0 is
the Bragg’s angle. The grain size of,Suand AsS; thin film is 19 and 23 nm and that of powder isr&l 15

respectively.

*CuxS = Asals

6217

Intensity (Arbitrary Unit)

B \NLLH‘#%

20 30 40 SI:] 50 ?D BD EJD
28 (degree)
Fig.2. XRD spectra of (CuSk(As,Ss)1« thin films : (A) x=1, (B) x=0.75, (C) x=0.5, (D) %0.25 and (E) x=0
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Table: 2 Comparison of observed and standard XRBata of (CS)(As,S;)1« thin films.(JCPDS Cards :24-0057 of CuS and 19-0084 of

As;S;)
Film | Composition hkl Standard data Observed data Phase
20(degree)| d (A% | 20 (degree)] d (A
A CwS 002 26.385 3.375 26.292 3.389

004 | 54316 | 1.687 54.677 | 1.678
201 | 55.364 | 1.658  54.677 | 1.678 | CwS
212 | 79.277 | 1207 78347 | 1.22
30C | 84.98. | 1.1 85.6¢ 1.13¢
B (CuSyrdAS:Sozs | 111 | 23.986 | 3.71 | 23811 | 3.736 | AsS
221 | 32.080 | 279 = 31757 | 2.817 | As:S:
240 | 40.639 | 222 40867 | 2.20 | AsSs
004 | 54316 | 1.687  54.56 1.68 | CwS
201 | 55.364 | 1.658  55.73 1.64 | CuS
731 | 67.203 | 1.393  67.28 1.39 | As:S;
212 | 79.277 | 1207 77865 | 1.22 | CwS
C (CuShdAs:S)os | 121 | 29.086 | 3.07 | 29175 | 3.06 | AsS
240 | 40.639 | 222 40099 | 2.24 | AsS;
201 | 55.364 | 1.658  56.46 1.62 | CuS
202 | 60.643 | 1525  60.45 1.53 | CwS
732 | 79.785 | 1.20 79.36 1.20 | As:Ss
D (CS)dAS2S)ors | 240 | 40639 | 222 | 407442 | 221 | AsS:
004 | 54.364 | 1.687  54.25 1.69 | CuS
114 | 73.790 | 1.28 7379 | 1.284 | CuS
732 | 79.785 | 120 79386 | 1.22 | AsS:
E AS:Ss 221 | 32.080 | 2.79  31.748 | 2.81 | AsS
621 | 56.002 | 1.64 56.15 1.65
732 | 79785 | 120  79.033 | 1.21

The variation of dark electrical resistivity of (§83)(As,S3)1.« films deposited was studied in the temperatureeang
303 to 423 K using dc two-point probe method. €hectrical resistivity at 343K temperature was foua be of
the order of 9x10Q cm and 7.9x1DQ cm for AsS;andCysS film. The high value of resistivity may be attribd

to the nanocrystallinity of film, grain boundarysdontinuities, presence of surface states and shielkiness of the
film, etc.Fig.4 shows the variation of log of resiy (log p) with reciprocal of temperature (1/T) x3.0t is seen
that resistivity decreases with increase in tentpesandicating semiconducting nature of (S)(AS,Ss)1.« films.
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Fig.3. XRD spectra of (CuSk(As,S5)1.x precipitated powder : (A) x=1, (B) x=0.75, (C) x8.5, (D) x=0.25 and (E) x=0
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Table: 3 Comparison of observed and standard XRD da of (Cu,Sk(As;Ss)1.x powder. (JCPDS Cards: of 09-328 G and 44-1419

0fAS,S; )
Powder Composition hkl Standard data Observed data Phase
20(degree)| d (A% | 20(degree)| d (A
A Cw,S 320 23.579 3.77 23.6289 3.763
302 26.267 3.39 26.3111 3.387
244 33.536 2.67 33.5365 2672 | CuS
451 35.307 2.54 35.1692 2551
382 346| 37.441 2.40 37.1077 2.422
366 48.650 1.870 | 48.3056 1.884
337 51.068 1.787 | 51.6359 | 1.7701
357 54.058 1.695 54.5465 1.682
626 55.842 1.645 | 56.3434 1.632
63.154 1471 | 62.7767 | 1.4801
B (CeS).79AS:S53)0.25 320 23.579 3.77 23.3755 | 3.8056 | CwS
342 29.257 3.05 29.1219 | 3.6645 | CwS
173 31.474 2.84 31.4666 | 2.84310| CwS
041 43.324 | 2.0868| 43.6896 | 2.07189 | As,S;
800 65.294 | 1.4279| 65.6169 | 1.42283 | As;S
532 67.340 | 1.3894| 67.6252 | 1.3853 | As;S
911 79.774 1.201 | 79.7950 1.2008 | As;Ss
c (CwS) s(AS:S3)0s 320 23.579 3.77 23.4280 | 3.7972 | CwS
342 29.527 3.105 | 29.4493 3.033 CwS
173 31.474 2.84 31.3144 | 2.8565 | CwS
346 48.650 1.870 | 48.3906 | 1.8810 | Cu,S
251 55.019 1.6677| 55.1416 1.6656 | As;Ss
800 65.294 | 1.4279| 65.2893 | 1.4291 | As;S
911 79.774 1.201 | 78.7179 | 1.2146 | As;S
D (CeS2AAS2S)0.75 320 23.579 3.77 23.2720 | 3.8223 | CwS
021 28.055 3.178 | 28.1138 | 3.1740 | As;Ss
311 33.166 2,699 | 33.1904 2699 | As,S
002 42543 | 2.1233| 42.5372 2125 | As;Ss
346 48.650 1.870 | 48.3454 1.882 | CwS
366 51.068 1.787 51.4011 1.777 CwS
251 55.019 1.6677| 55.1836 1.6644 | As;Ss
911 79.774 | 1.2012| 79.8973 1.200 | As;S
E As;S3 221 32.364 2764 | 32.3015 | 2.77150| As,S;
413 76.099 1249 | 75.8621 | 1.2531
911 79.774 1.2012| 79.7566 | 1.20241
381 88.674 | 1.1022| 89.0335 | 1.0986

The activation energies of (&3)(As,Ss)1x Were calculated and tabulated in the table(4). attevation energy
depends on the composition as well as on the thgknThe pure G8 film has activation energy 0.164 eV and
As,S; has 0.081 eV, however, the activation energy offmmsite is between them.
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Fig.4. Variation of electrical resistivity of (CwS), (AS:Ss)1« thin film with (1/T)x103for different compositions: (A) x=1, (B) x=0.75, (§
x=0.5, (D) x=0.25 and (E) x8

The absorption coefficient for the as prepared8l(As,Ss)1.« samples has been measured in the wavelength range
320 to 740 nm (Fig.5). All the films show highersabption on the shorter wavelength side with amgii®on edge.

Table: 4 Thickness, activation energy and opticaldnd gap of (CuSk(As;Ss)1« thin films

Sr. Film Thickness | Activation Band gap | Contact angle (degree)
No Composition (nm) Energy (eV) | Energy (eV)

1 CuS 5050 0.164 3.05 44

3 (CuS)h(As:S3)o0s 5299 0.130 24 58

4 | (CwS).o(AS:S5)0.7 4815 0.110 2.9 59

5 AS; 4296 0.081 3.02 34
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Fig.5.Plots ofat versus wavelengtiy(nm) of (Cu,Sk (As:Ss)1« film: (A) x =1, (B) x =0.75, (C) x=0.5, (px=0.25and (E)x=0
The optical band gap energy of the films can berd@hed from the following equation,

A(hv-Eg)"
hu

(10)

where W is the photon energy4ks the band gap energy, A and n are constantsaleaved direct transitions n =
1/2 for allowed indirect transitions n = 2. The slof @hv) % versus hfor (CbS)(As,;S:): films were shown in

Fig.6. The optical band gap energy is determineéxtsapolating the linear portion of the curve e nergy axis
for zero absorption coefficient. The optical banapgenergy of G and AsS; is found 3 eV and 2.4 eV
respectively. However the Eg of composite is betwiem.
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Fig.6.Plots of @thv)? versus tv of (Cu;Sk (A$:Ss)1« film: (A) x =1, (B) x=0.75, (C) x=0.5, (Dy=0.25and (E)x=0

The contact angle measurementgives informationrdéyg the quality of deposited thin films. The veddility
depends on the interaction between a liquidandlid socontact. If the wettability is high,contaahgle, will be
small and the surface ishydrophilic. On the comtrérthe wettability is low, contact angle will Harge and the
surface is hydrophobic. Thecontact angle is an mapo parameter in surfacescience and its measutgmevides

a simple andreliable technique for the interpretatiof surfaceenergies. Thecontact angle dependken t
surfacemorphology of the semiconducting thin filnksg.7shows the systematic presentation of measmem
ofcontact angles for (G8)(As,Ss)1« films.The CyS and AsSsfilms have low water contact angle 44 and aad
the composite has more thar? &dicating hydrophilic nature of (G8),(As,;Ss)1. film.

338
Scholars Research Library



A.U. Ubaleet al Arch. Phy. Res, 2012, 3 (5):329-340

Contact angle=42" Contact angle = 55¢
: y N
Contact angle=58 5" Contact angle = 59°

) A ;1\ ’ é " é
*
Contact angle = 347

w. N

Fig.7.Contact angle of (CuS) (As,Ss)1.« film with water: .(A) x=1, (B)x=0.75, (C) x =0.5, (D)x=0.25and (E)x=0
CONCLUSION

Nanostructured (G8), (As;S3):1,thin films were prepared onto glass substratesgu§iBD technique in aqueous
medium. The X- ray diffraction study reveals thila¢ ffilms are nanocrystalline in nature with mixeek&gonal
CwSand monoclinicAsSsstructure, whereas in the precipitated powder hkgagonal Ci5 phase becomes
orthorhombic. It is observed thatthe film thicknedscreases with addition of Arsenic. Electricaligtaty
measurements indicate semiconducting nature oLXAS,Sz);composite films.It is found that resistivity
decreases with increase in temperature.The adivatiergy decreases with the addition ofSAShe optical band
gap of (CyS), (As,S:)1« filmlies between 3.05t0 2.4 eV.
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