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ABSTRACT

Good wniform thin films of cobalt sulphide (Ca8) were suceessfully deposited on glass slidey by
improved solution growth techniyue (SGT) ar 300K for 24 howrs and af pH of 7~ 12 The cffects
af depersition bath pH and consiitutions were studied. Optical properties of the degrosited thin films
wire dependent on the phf voluce Average vallies af aptival propecties inclide transmittonce (1)
fram 0,422 to 0.899, refetance (R) from .055 (o 0093, cocfficient of absorption (a) from i [6
x 10 to @096 X 004 oo’ and refractive index (u) from 161 1o |88, The solid state properties
include bandgap Eg from 212 to 2.66 e¥; elecirical conductivity (o from 090 x 70 o 133 X fiF
b (o —cm) and film thickness (@ from $83 fo 487 A, Films with refrociive lndex i} lmver tan
1.8 have high tramsmitapce (T} and fow reffeciance (R} characteristics, Those with refractive
index (n) premter than 1§ have low trawsmittance (1) and high reflectance (R} properties. Possible
applications af the deposited thin films were. diseussed

INTRODUCTION

A number of studies on the deposetion of thm films
by solution jrowth teehnigues (SGT) have been
published  The technology is ono of the intensivaly
studied thin film deposition metheds for the
preparation of varieus metnl halide and
chaleapenide flms {Chopra and [has. 1983, Gang

|98 : Bz aned Okoke, 1997 Okumga and Okeke,
1997, ekbens sl Olelke, 2000 and 2002 Ths
technigue is semple; cheap, convenient, reproducibly
and easy for the conting of larpe surfaces.

Little report have been soim on cobak sulphids {CoS)
films. Black cobalt sulphide film was produced on
micked substrate by Smth and Jgnatiey { 1980) using
electrodeposition techmgue. The ffm has 3 good
sploctive ahsorbance amd small reflectance specta
in the visitle and near infrared regions. Basu and
Pramanik (1986) uscd solution growth technmgue
(SGT) with thioacetamide ag complexing agent (o
produce tobalt sulphide (CoB) films. Ndukwe
{1992} used solutson growih lechnugue (ST with
tricthanciaming (TEA) o produce cobalt sulphide
{Co5) (ms on glass subsimie. The author ohiaimod
a direct bomdgap of 3 2 10 3.4 ¢V, refractive mde
of 2.62 and flm thickness of 3400 to Eze and Okcke
(+9697) used solar sssisted and an indoor solufson
growth techmigque with ammonia as complexing
agent to produce cobalt sulphidy (CoS) films at

differens depositton temperatures and times. They
ohtamed Alm thickness which vares from 2100 1o
5. 100 A

This paper report the depostion of good quality
coball sulphide (CeS) thin films on glass substrats
using improved solution growth technigue with
ammanis and {pethanolaming as complexmg agentd
at:of T-ta 12 and at 200K for: 24 hours.

EXPERIMENTAL DETAILS

Sumple Freparation

Crooet quality thin films cobalt sulphide (CoS) wene
suceessfully produced on jlass slides by solution
gronwth technigue (SGT) w 300K for 24 howrs, wsing
mnproved growth charncteristics at pH of 7 - 12
The Batl constitations were 0, 16M eobalt {11)
chlonide < & - water (CoCl, 6H O], 5.0M ammonia
{NH,) with LOM tricthanal-amine (TEA) as
complexing agents, 2 SM sodivm hydroside (NaOH)
and (1 BM thiourea [(NH.)L, C8],

Distilbed water was added to make the volume up
to a reguired level in S0ml glass beakers while
0.258  ethelencdiamine-telrea  necfatc
(C, H, 0N, or EDTA solubion waks wsed tovany
the pH vakues of the mitial bath solutons. All the
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reagents. were of the amlytical reagem (AR}
grade. Several hath constitutions wera employed
by varving the volumes of the bath constiuinons,
The bath mixtures were stirred using a pglass rod,
The pH values of 5-12 of the mtial bath selutions
ware determined wsing Kemt EIL 3055 digial pHyY
Temperature meter

Frmally, a clean commereand-quadity glass micrascops
shide (76 mm = 26mm x Imm) was suspended
vertically at the contre of cach of the freshly
prepared bath-solution at room temperature { 300K )
for 24 hours, Each shide was posmioned vertically
from svnthetic foam cover and clamped at the top
with a plastic peg for chemical deposition. Prios to
deposition, the glass shdes were thoroughly cleaned
by degreasing them in concentrated: hydrochlong
aeid (HCI} for three days, washed in determent
solution, pinscd i distilled water, dop dried inair
and were weighed by means of Mofiler AELGS
analvtical balance, After deposition. she films were
rinsed in distilled water, dop doied i akr and
rewenghed. The deposited films oo olass shides were
obtainod m alkaline mediom o pH of 7-12. The
details of the deposition bath constitutions of the
vieriies eobadt sulphde (CoS) thin ilm samples arc
shown m Table |

Film Characierization

The appeetral abisorbanes (A} and transmittanee {T)
of the useoated glass slide and the depesited thin
firms on plass were obdaned by a gingle beam
CECIL CR Ik spectropbatometer i the ultravicis
(U}, visible §VIS ) and near mfrancd (NTR) remons
of the clectromagnetic spectrum, Spectral
reflectance (R was oblamed from the relstionshep
Between these qliantities (Lampert, 19895 which
gllows for conservation of energy,

A+T+R=| (1

The coefficient of absorption (o) was calculated
(Cothiam: 1954) from the cquation

a = In {T4) x 10em’ (2)

Refrachive mdex (n) was computed (Pankesa, 197])
from the cxpression:

n=1{1+ R /(I - R} (2

The values of the bandgap (E ) were computed

froim eelationship (Pankova, 1971, Harbeke, 1972
Chopra and Das, L1983} for possible. transstions
acrgss the encigy gap of 4 somiconductor. The
optical absorption coofficient fiw danect Lransimions
15 mven by

o =.-’|.i_'h1.-—E‘i" or
o= A (v -E ) 14}
where for allowed transition. A = 3 38X 10wt
tmdm )" (Egthv), m, is the free electron mass, o
s reflective index and hv 15 photon cocrgy.

Faor forbedden pransitions,
@ = A (hy.- E )" (3

where A 15 a skowly varying functson of enerpgy
The values of Ep were obtained from the straipht
line partion” of plots’of e Vi kv for allowed
tran=itsms when cxtripolated to the portion a® = 1.
The clectncal conductivity o) of the Alms was
obtained from the cxpression

o=Llp=dfsr ()

whise p i eleetrical resigtivity, d 18 spacing of
cheotrodes; S 1= aren of the film and ¢ is electrical
resistance of the film. The value of electrical
resistance of the fitm was determined by umiversal
bridae B 1303 Average film thsckness (t) obtained
by the optecal method for films with absorbamee
PAY = ILF {Pankova, 1971 and Harbeke, 1972} at
wovelength, A = &ftlnm i3 given by equation

t=1In[{1 - RF/T)a (N
while the average thicknezs (1) of films with
absorbanes (A} <@ 1 {Theve, 1985) at wavelength,
A = &6Unm iz given by the equabion:

in +n)2R-in,-nF
L | ooty - inn/n ""Fll] g
]

Tay
ol A
whare n s the mfrn%m?: mdex of the medum of
incident light, m, is the refractive index of the
sulbstrate, n o the refractive index of the film, R s
the reflectance and & 1= the wavelength of light.

fournal of selence and lechaology valvme 24 ne. ), 004 6%



Kealwisan Direown, Chinvecterization aaid .

Jeanibiiran aned E3keke

Toble 1: Detailz of deposition bath constitutions of varisus cobalt
sutphicke (CoS) thin films
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The surfoces of the deposited thin films were
observed using 2n oleciron microscope (Leite
Periplan Diagplan SE 2344) at o magnificatson of
FK. The x- ray diffractson paticrns of unceated
plags and depesited films on plass were obtained
by Diano Corporation X - ray diffractomaeiry model
XRD 2100* E which uses a copper targel (Cuk
=1.540502, current Sihm A and accclerating voliags
45kV).

RESUL TS AND IMSCUSSION

Efects of pH and complexing ageni

It was observed that cobalt sulphide {Co8) films
wore deposited on glass only in alkationg medium,
The chemical reaction for the deposition 15 given
by the squation:

CoCL 6H0 + NH, + (NH_} CS + 20H — CoS§ &
+HCH, N, + 8H.0 + NH, + C1L,

We observed duning depasition of the films that the
concentrton of te batly constiutions has significant
effcets on the film frmation

For cxample, bow concentration of the complexing
agents, results i sneomplete formation of the
complex wons.of Co™, spontancons precipitation of
the sale materiabs i solution and no depesition of
the films. In some cases, powdery or amorphoos
films were obtained. Very high conceniration of the
complexing apents reduced the comeentration of the
mictal sns duc to tha farmation of the metol complox
wons insicad of tho metal chaleogenide films

Optimure coscentration of the starting materiaks,
complexing agents and deposition timg were

favourible for the formation of good guality coball
sulphade (CoS) thin films.

Oiptical and Solid State Properties

Tha spoctral transmittance {T) and spectral
reflectance (R) of the uncoated glass slide and
coball sulphide (Co&) thm filns deposlted on glass
at pHof 7-12 and 300K for 24 hours arc shewn in
Figure 1. The depostied of CoS films on glass slides
modify the gpectral transmutance (T) and
reflectance (R) Broperiies of the glass at
differentwasalength regions, depending on the flm
thickness, and thus making il spectrallvselective
Apart from th film produced oz pH of 9, the spectral
trnsmttance (T) values of the deposited films on
glass are hugh while the spectral reflectance (R)
arc low. The trunsmettance {T) rises sharply witly
increasmg, wavekength (&) from uliravickst (U
tosonk valoes al about A = 420 am and later
increnses slowly in the visible (VIS ) region to some
valucs at abowt & = X60em and later
mereases showly in thy near mfrared (NIR) region,
depershng on the film abscrbasee (A). The valucs
of fransmiitamce {Th range from 08LS - 0 824
the ultraviciet (UY) and from 0 877 < 0 936 m the
wisible (VIS) and near infra red (NIR) regums of
clectromagneic spectrum. The spectral refleetmses
(R} docreascs sharply with mereasing wivelengih
(A) from the uliravioker (UV) 10 some values o
abeut X = 420 fmoin the visible (VIS region and
docrcases slowly into the near infrared (NIR) neEion
fir soeme valnes ol abont & = S4nm in the near
infrarcd (NIR} region, depending on film
absorbance (A). The low values of speatral
reflectanee {R) deciense from & 109 to 0065 m
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the ultraviolet (UY) regeon and to. abiout D058 i
the vigible (VIS) and near infrared (NIR) regions:
The film produced at pH of Y has relatively low
spectral transmittance {1} and high reflectance (R).
It was observed that films with high transmuitiance
(T) have low reflectance (R} and viee versa.
fwerage values of coctTicient of absorption (o) of
the films produced at pH of T- 12, with the exception
of the film produced ot pH of 4, range from 0,1 -
0159 % 10 ery”, The dvernge vithwe of coefficient
of abaorption of flm produced at pH of 96 0,196 %
[{F em! This lnrmge o value of 1 em is within
the a cangizof 101« 10° em” for seruconductor thin
film desirahle for the production of polyverystallo:
thin film solar cells {Meakin, 1989) The varsation
of refractive index (n) with -ploton energy (bv) of
the deposited cobolis sulphide (CoS) thin films on
ghass ar pH of 7+ 12 38 shown in figure 2. Valugs of
refractive index (n) mange Moo 1251 0 203, 10 is
cheerved, from figures | and 2, that the deposited
Cioi% thin films with refrastive mdex {n) lower than
I K have hugh spectral transmittance (T) and Jow
spectral reflectance (R). Films with i greater than
1.5 have bow spectral transmittance (T) and high
specteal reflectance (R} The average oplical
propestics of the deposited CoS thin films al
wivelonith, & = Bilnm 15 shown in table 2

The deposiied Cof than films with high transmittance
(T), low reflectanes (R} (ar low thermal cmitanse)
and low refractive index {n} could find useful
appheations m: {1} thermal eontonl window coatimes
for cold climates and heat marmor contings for
temperature regions with very eold winter
(Lampern 1979 where windows cange boss of
encrgy mamnly iy thereadl rmdistion tocovironme

{in) - Filess with Joow refractive indox (Lampert, 1479,
1980 Ndukwe, [992) could find applications o
production of antireflection contmps on tnmsgancnl
cowers or windows of solar thermal devices, The
films produced at pH of 9 with low fransmittnsee,
high reflectance and high refiactive sndex could find
uachul applicatioms in: (i) the eansrestion of pouliry
houszs (Mocje, 20007 fo alkow coough nirared (IR}
radiation bowarmn the day old chicks during the day
and reduen the high eost of ciengy conSumprion i
providing heat 1o warm the chicks especinlly i
renvote and rural arcas where clectricity is mof
accessible. They will alse reduce the hazards
assocated with the use of lamps, stoves and clectric

bulbs while at the same time profecting the chicks
from ubtrnvioder radiation. (i1} eyeglss coatings o
protect the skin arcand the eye from sunburn
(Meukwe, 1992 whach s comanion ameng, persastend
eyeglass users. {iii) the production of antidazzling
coatings (Mdukwe, 1992) for car windsercens and
driving mirrors W redues the dazzling offiect of Tight
at ight (1v) the production of cobd mirror coatings
{ Lamnpurt, 147%) for tropical regions with very bt
summer 1 ¢oiol the mterior by increasing thermal
losses from the heated intersor to exterior and
gcrecning the interior from excessive theomal
encry from incomnyg solar radiation during summer
and (v) the manufactore of thin film solas colls
{ Markwart, 2060,

The vatues of handgap (E ) of the deposited thin
films ranee from 2 12 - 2ogey The average film
thickaess (6) obtained by optical method at
wavelzigti, & = G60nm ranges from 383 - 447 A
The bandgap values of 2 12 - 2.66e% amd film
thickness of 383 - 487 A are refatively low when
compared with bandgap values of 3 2 - 3.4 ¢V and
film thickness 3400 to 37004 reported by Ndukwe
(1992} The values of the bandgap and film
thickness compared Favoucably with cadmium
sulphide (CdS} thin film which has a bandgap of
2 de The bandeap values are within the visthle
repion [~1 5 — 3 0e¥) of the electromagoetic
spectrum and could be employed in the production
of solar electricity for rural cloctnficateon apd
communacation. The low values of film thickness
comparss_favourable with thin il layer of few
hundreds angstrom  required  for  active
semiconductor matersls with large o vabees wsed
inn fhan film solar cells (Dhavis eral., 1979, Eloctrical
conductivity (@) ot the film vanes from 0.90- 1.33
x 107 fatum ~coaf! wathin the range of 1072 - 19
fahm - cm)! for semi conductors {Webber er afl.,
(974 Pohl, 1962, lpokuchl and Alamatu, 1963,
Paashkin ef ol 1994) The values of the sohd st
propertics. shown m table 3, could be employed in
solar cnorgy and other photenie applications. The
arfaces of the deposited CoB this films, obsarved
under clectron microscape, shown in figuns 4, reseal
the presence of some granular particles. X-ray
diffraction pattcras of the uncoated glass and the
depositod CoS thin filmg, in figure. 5, on irlass
substeates show some peaks in the eonted samples
and hence the crvstalling nature of the deposited
fikms.
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Table 2: Average optical properties of unceated glass slide and cobalt sulphide
{Co%) thin films deposited on glass slides

Avernge U!:Ilir.u! Uncoared Glass|  Diepesitien Iniiial bath solation pH
propcitics S e o

flery (KD 7 Y 4 1 1 12
A {4033 M e aogy | ooss | oooes | ooast | pocs | s
T F ) 4 a0 pRE | OREr | 08X | OB | pasy | ORD
R (s i 0 oiksg | oS | 003 | ooeD | ooTs | D06
@ % [0 eny! 17 M 1] o1 oG | G196 | 017 | ois | 08
n 15 H 3 163 161 LR 0 N e B

Tahble 3: Solid state properties of colbalt sulphide (CoS) thin
films deposited on glass slides

Solid Suate propertics Dieposition tmial bath selution pH
time  Lomp
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ox |07 (L cm)’ M EL] am | gus 105 (R 12 |13
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Iil- a0
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Fig, 3: Xerny diffractograms of ancwmed glaxs ard Coball sulphide [Tos)
thir film grom on gloce Gy slation growil fechaigee (SGT) at
pif of @ and 300K for 24 howrs

CONCLUSION

Good quality uniform thin films of cobalt sulphide
(CoS ) were sucoessfully deposited on glass slides
at 0K for 24 hours and at pH of 7 - 12 using
improved solution prowth technigue (SGT)
Advantages of this fochmque  toclude simple
deposition method, convement, low cost, casily
reproducible and can be used for high and low
temperature deposition techniques. The deposited
thin filins with refractive mdes (1) lower than 1.8

have high speciral transmittance (T} and low
reflectance (R). Films with high transmittance (T)
and low reflectance (R} could be employed in
thermal contral window coatings and heal mirmor
coabings in architectural indostries and also in
antireflection coatings for solar thermal dovices
The films with low transmittance (T) and high
reflectance (R} could be useful in the construction
of poultry houses The deposited films would find
application in productson of thin film solar cels,
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