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rmeelectrodepositionofCdSwasconductedinaqueoussolutioncontainingCdSO4andNa2S203aSSOurCeSSupplying  
cadmiumandsulfur，reSpeCtively．Therolesofseveraladditives，COmprising（NH4）2SO4，NaClandglyceroIwerein－  
vestigatedbycyclicvoltammetry．TheproposedmechanismoftheelectrodepositionofCdSconsistsofanadsorption  
processcoupledwithachemicalreaction：Cd2十＋S2 →CdSand／oranadsorptionprocesscoupledwithanelectron  

transferreaction：Cd2＋＋S＋2e‾‾・－→CdS．′mepresenceofallsuchadditivesenablestheadsorptionprocessesand  
theelectrontransferreactiontotakeplaceatthepotentialspositiveof－0．8V，therebypromotingtheformationof  
CdS；inaddition，theundesiredelectrodepositionofCdwassuppressed．  

KqI粕Yds：Electrodeposition，CdS，Adsorption，CyclicVoltammetry，CoupledReaction  

SO42＋8H＋＋6e－→S＋4H20；  

E（）＝＋0．357Vvs．NHE  （3b）  

¶luS，thek）rmationofCdS丘1msviatheelectrochemi－  
calapproachisexpectedtoberathercomplex，involving  
achemicalstepandanadsorptionstepcoupledwiththe  
electrontransferreaction．   
Cyclicvoltammetry（CV）has been wellknown to be  

an excellentanalyticaltechnique，Which can controlthe  
programmable delivery of electrons throughthe elec－  
trode surface andthe potentialapplied to the electrode．  
CVstudiesallowusevaluatethethermodynamicandki－  
neticparametersofaredoxsystemoccurrlngatanelec－  
trodesurface．Initself，itisalsoabletoprovideavariety  
ofroutesinvarioustypesofprogrammed controlofpo－  
tentialin the preparation offi1m semiconductors．The  
presentworkshowsthatCVstudiesandtheusefu1inforL  
mationthattheyprovidecangreatlyhelptoelucidatethe  
influencesofelectrolytecomponentsontheformationof  
CdS．  

2 Experimental   
Cyclicvoltammetrystudieswerecarriedoutinathree－  

electrode glass cellcontaining electrolyte solution．A  
platinumsheetwithasurface areaofO．1cm2served as  
theworkingelectrode，andanAg／AgCl（4MKCl）refer－  
enceelectrodewasused．Before each measurement，the  
platinumworkingelectrodewas sonochemicallycleaned  
inacetone，andthenactivatedinO．05MH2SOIWithapo－  
tentialsweepfrom －1．5Vto ＋1．5Vfor15cycles，at  
scanningrateof50mV／s．   
Forstudyingtheroleofeach component，the O．01M  

CdSO4SOlution was chosen as the base solution，and  
thenothercomponentswereaddedtothisbasesolution   

I Introduction 
II－ⅤIsemiconductorssuchasCdS，Whoseopticalband  

gapis2．42eV，COuld befabricatedbyelectrodeposition  
h・OmaqueOuSSOlutions，undervariousconditions．卜3）In  
these works，CdSfi1ms were prepared eitherin a two－  
electrodecellwithanalternatingcurrentvoltage，Orina  
three－electrode cellwith a controlled rectangular wave  
potentialin order toimprove the丘1m quality．As re－  
ported，】）an aqueous solution consisting of CdSO4and  
Na2S203aS SOurCeS Supplying cadmium and sulfur，re－  
SpeCtively，and a set ofother reagents examined，COm－  
prisingNaCl，（NH4）2SO4andglycerol，playaroleasaddi－  
tives（seeTablel）．However，Whatistheintrinsicroleof  
eachadditiveandwhatarethemutualinteractions ofthe  
components have stillnot been clari負ed．In particular，  
this is because the sources supplying sulfur consist of 
S2032and SO42and the overallprocessis conducted  
viatworoutes，aChemicalreaction一）1，andtheelectro－  
chemicalreactions4）2and3：  

S2032＋H＋→S＋H2SO3＋H20  （1）  

SzO＝う2‾＋6H＋＋8e‾－→2S2‾＋3HzO；  

Eり＝－0．006Vvs．NHE  （2）  

SO42■＋10H＋＋8e→H2S＋4H20；  

EO＝＋0．303Vvs．NHE  （3a）   

TablelSolution composition for CdS electrodeposition・1）  
MixedatthevolumeratioA：B＝1：3．  

“A”solution（cadmiumsource）  0．01MCdSO4  

0．17M（NH4）2SO4  

0．01Mglycerol  

“B”solution（sulfursource）  0．35MNa2S203  

0．75M NaCl  
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Fig．1Cyclicvoltammogramsof（a）0．01MCdSO4SOlution（Cdsolution）and（b）0．01Mglycerol－  
COntainingCdsolution（Cd－glysolution）．  

Onebyone，WiththeconcentrationslistedinTablel．For  
the preparation of solutions，allchemicals，Which were  
Supplied by Merck，Were dissoIvedin triply distilled  
WatertOtherequiredconcentrationsforeachcomponent，  
andthepHwasadjustedto3．1withlMH2SO4SOlution．  
rmeelectrolytesolutionswerebubbledwithnitrogengas  
for30minbefore and duringthe electrochemicalmeas－  
urementstoremoveO2fromthesolution．   
The CVstudieswerecarried outbyuse ofan EG＆E  

PARpotentiostatmode1362withaprogrammer（Ecunive  
HH－5）．′me CV measurements for the various kinds of  
solutionwerepe血rmedatasweeprateoflOOmV／sun－  
1essotherwisenoted．Thesurfacemorphologyofthefi1m  
WaSObservedwithaJEOLscanningelectronmicroscope  
（SEM），mOdelJSM－5410LV．′me elementalcomposition  
WaS meaSured by Auger electron spectroscopy（AES）  
WithaJAMP－10SXspectrometerO■EOLInc．）．  

3 Results and Discussion  
3．1EffectofglyceroI   

FigurelshowsaCVconductedinO．01MCdSO4SOluT  
tion（noted as Cd solution）．As marked with a circlein  
Fig．1，atpOtentialof－0．38Vthere exists a changein  
theslopeofthecyclicvoltammogram，andthecurrentat  
potentialsinthe rangefrom －0．38V to －0．45V ap－  
pearedtobeconstant．′mismaybeduetodesorptionof  
Sulfateanions（SO4Zlfromtheelectrode surface，byin－  
CreaSing the electrostatic propulsive forces between the  
anionic charge and the negatively polarized electrode，  
and substituting by adsorption of Cd2＋and H20mole－  
Cules（adsorptionofH20moleculesmaygiverisetothe  
OXygen AES signalseen Fig．6）．Theflow of electrons  
delivered to the metallic electrode surface increases at 
this point and appears to be just charging the double  
layer．AIso，in the potentialrange 血・Om －0．38V to  
－0．80V，theremayexistseveralkindsofadsorbedcom－  
plexes ofcadmium cations and water molecules，aSWill  
be discussedin the bllowing paragraph．The reduction  
of cadmium cations to metallic atoms is considered to 
StartatapOtentialof LO．82V，atWhichthecathodiccur－  
rentincreasedsignificantly．AsshowninFig．1b，addition  
Ofglycerolinto this solution（Cd－gly solution）produces  
nochangeintheappearanceoftheCV．Thereductionof  

Cadmium cations sti11starts at a potentialof －0．82V，  
meaning that no specialcomplex formation ofcadmium  
Cations with glycerolmolecules takes place．However，  
thecathodiccuITent（Fig．1b）ofcadmium atapotential  
range h・Om －0．82V to rl．6Visless than thatin  
glycerol－free solution（Fig．1a）．This may be due to a  
Shieldingoftheelectrodesurfacebyglycerolmolecules，  
decreasingthe electrostatic attraction ofother additives  
to cadmium cations．Whereas，in the potentialrange  
from－0．82Vto O．0V，the higher current（in compari－  
SOn OfFig．1b to Fig．1a），Which appears to exhibitthe  
deliveryofelectronjustchargingthedoublelayer，isevi－  
dencingtheadsorptionofglycerolmoleculesontheelec－  
trodesurface，thencausingtheshieldingasmention．   
AIso，the slope ofthe CVin the range h・Om－0．85V  

to－1．1Vappearstoconstant，SuggeStingthatinthispo－  
tentialrange，Onlythe reduction ofcadmium cations to  
Cadmium atoms occurs．Atapotentialofabout－1．1V，  
the slope ofthe branch ofthe cathodic sweep changes  
gradually，Showing the beginning of the reduction of  
watermolecules：  

2H20＋2e▼→H2＋20H▼；  

EO＝－0．83Vvs．NHE5）   （4）   

Byreaction4，theOH．concentrationinthedoublelayer  
increases，andit participatesin the formation of com－  
plexes，［Cd（OH）n（H20）x］（2‾n）＋ （n＝1；2），1eadingtoade－  

CreaSeinCd2十concentration，thusdecreasingthereduc－  
tionofCd2十．Inaddition，thestandardredoxpotentialE（）  
ofCd（OH）2is－0．82Vvs．NHE5）：  

Cd（OH）2＋2e‾→Cd＋20H‾；  

EO＝－0．82Vvs．NHE  （5）   

Thisredoxpotentialiscomparabletothatofwatermole－  
Cules，Whileitis much more negative than thatforthe  
Cd2＋cation（－0．4Vvs．NHE）．′mus，by repeating the  
Cathodicsweepfrom－1．1Vto－1．6V，theslopeofthe  
CV（Fig．1a）gradually decreases．Whenvariousligands  
are added，they can form complexes with Cd2＋，Since  
their equilibrium constants are significantly different 
from those of［Cd（OH）n（H20）x］（Z‾n）＋  complexes．   
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Fig．2 Cyclicvoltammogramsof（a）Cd solution containing O．17M（NH4）2SO4（Cd－Amsolution）  
and（b）0．01Mglycerol－COntainingCdTAmsolution（CdTAmTglysolution）・  

¶1ereby， neW COmplexes of Cd2＋  and  
［Cd（OH）n（HzO）x］（Zn）＋willbereducedatdifferentpoten－  

tials．Consequently，there arise considerable changesin  
theshapeoftheCVwithappearanceoflocalpeaksevi－  
dencing the presence of such new complexes（see be－  
low）．   

Asmentioned above，glycerolmolecules work as a  
shield on the electrode surface and also anract cadmium 
cations．Indeed，COnSideration of the cyclic voltammo－  
gramsin Figs．2a plus4a shows that the presence of  
otheradditives，SuCh as（NH4）2SO4（Fig．2a），NaCl（Fig．  
3a），Or both（Fig．4a）caused obvious changesin the  
shapesoftheCVsandtheappearanceoflocalcathodic  
peaksduringanegativepotentialsweep．However，When  
glyceroIwas added，the CV curveS became smoother  
thanbeforeinthepotentialrangeof－1．6Vto－0．6V，  
inwhichcadmiumspeciescanbedischarged．Inthispo－  
tentialrangethebranchesofthecathodicandanodicpo－  
tentialsweepsareclosetogether（seeFigs．2bplus4bin  
comparisonwithFigs．2aplus4a）．Inparticular，thepo－  
tentials，atWhich cadmium species were discharged，in  
general，Shiftedtomorepositivevalues．′misonceagaln  
supportstheexistenceoftheattractionofglycerolmole－  
cules and cadmium cations．Such attraction partly reT  
ducedtheinfluencesofotheradditives，andthecathodic  
currentincreased．   

Due to the addition ofglycerol，the CVcurve OfCd－  
Am－gly solution（Fig．2b）became also smoother than  
that ofCd，Amsolution（Fig．2a）．Ofcourse，the disap－  
pearanceofacathodicpeakat－0．96Vandthereisjust  
stillacathodicpeakat－0．76V，bothofwhichappearto  
showthatin CdTAm－gly solutionthere has one kind of  
complexofcadmiumandammonium，［Cd（NH3）4］Z＋com－  
plex，is predominantin a suppression of［Cd（NH3）6］2＋  
complex．nisis evidencing a shielding of glycerolto  
produce［Cd（NHこi）4］2＋complex，Whichisalsoanadvan－  
tageforthe matchingofCd2’，Sand S2toyield CdS，  
whenNazS203isadded（see3．4）．  

3．2 Effectofammoniumions   
When O．17M（NH4）2SO4WaS addedinto Cd solution  

（denoted as Cd－Amsolution），Since the molar rati00f  
ammoniumand cadmium cationswas34：1，almostallof  
thecadmiumcationsexistedinthecomplexedformwith  
ammonia，Whichisreducedasfollows：  

［Cd（NH：う）。］2＋＋2e→Cd＋4NH二う；  

EO＝－0．61Vvs．NHE5）  （6）  

The presence of ammonium inhibits the formation of 
［Cd（OH）n（HzO）x］（2mn）十complexes．AIso，theexistenceof  
ammoniumionsin solution willpromote the complete  
dissolution ofelectrodeposited cadmium during the an－  
odicpotentialsweep，glVlngrisetothe anodicwave be－  
fore the anodic current reaches zero at zero potential  
（Fig．2a）．A significant feature ofthe CV conductedin  
Cd－Amsolutionisthisasymmetricanodicwavecentered  
atapotentialofabout－0．4Vinthepositivesweepfrom  
－1．6V to O．0V．On the other hand，in the negative  

sweep血・omO．OVto－1．6V，the reduction ofcadmium  
cationsisconsideredto startatE＝－0．71V，mOrepOSi－  

tivethanthoseofthepreviouslymentionedsolutions（Cd  
andCd－gly）．Astrikingpoint，however，hereistheriseof  
twocathodicpeakslocatedat－0．76Vand－0．96V（in－  
dicatedwitharrowsinFig．2a）．Thismaybeattributedto  
the reduction ofcomplexes，SuCh as［Cd（NH3）4］2＋and  
［Cd（NH3）6］Z＋．During the dissolution of the electrode－  
posited cadmium，the complexes［Cd（NH3）4］2’and  
［Cd（OH）n（H20）Ⅹ］（Z▼n）十arelikelyformed，andthusthelo－  
Calanodicpeakslocatedatpotentialsof－OA8V，－0．41  
V，－0．38Vand－0．32Vcouldbeobserved，aSShownin  
Fig．2a．   

Comparison ofFig．2with Fig．1shows that the co－  
presence ofammonia and glycerolhas a positive efEect  
onthe electrodeposition of cadmium．In bothcasesin  
Fig．2，the anodicwave appearedinthe potentialrange  
from －0．8V to －0．2V，before the anodic current  
reached zero atE＝0．OV．This observationis quite dif  
ferent血・omthat shownin Fig．1，in which the current  
didnotreachzero atE＝0．OVinthepositive sweep．In  
particular，the electrodeposition of cadmium can come  
fromreactions5and6andothers，aSfo1lows：  

Cd2十＋2e→Cd；EO＝－0．402Vvs．NHE5）（7）   

By these reactions（5－7），the Cdfi1mis formed at the  
cathode surface．ne丘1ms seem to dissolve completely  
inthefollowinganodic sweep，SuggeStingthatthe elec－  
trodeposited cadmium metalisin the form ofveryfine   
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Fig．3 Cyclicvoltammograms of（a）Cd solution containingO．75M NaCl（Cd－NaCIsolution）and  
O））0．01MglyceroIcontainingCd－NaCIsolution（Cd－NaCl－glysolution）．  

n
U
 
O
 
D
 
 
ロ
 
 
0
 
 
0
 
 
（
U
 
n
U
 
O
 
 

6
 
 
5
 
 
4
 
 
3
 
 
2
 
 
1
 
 
 
 
 
 
「
 
 
2
 
 

〔
N
く
∈
ゼ
ヰ
∈
〕
「
 
 

〔
U
 
O
 
O
 
5
 
 

（
N
く
∈
ゼ
く
∈
）
r
 
 

30   

＿40   

－50   

＿60   

－70  

（
U
 
 
 
 
（
U
 
O
 
 
 
 
5
 
 

－16   －14   －12   －1   －08   －06   －04   －02   0  

∪（∨〕  

＿08   ＿06   ＿0，4   ＿0．2   0  

∪（∨〕  

Fig．4 Cyclicvoltammogramsof（a）Cd－NaCIsolutionwith O．17M（NH4）2SO4（Cd－AmTNaCIsolu－  
tion），and（b）0．01MglyceroIcontainingCdTAm－NaCIsolution（CdrAm－NaCl－glysolution）．  

particlesandisthusveryeasytodissoIve，formingcom－  
plexeswithammonia．¶lisisoneofseveralexperimental  
factors，Onthebasisofwhichwecanpreparethesmooth  
CdS五1ms．Ofgreatinterestisthefactthat，intheinitial  
positive sweep，打om－1．6Vto O．OV，the cathodic cur－  
rentat rl．2Vdecreases血・om40mA／cm2in Cd－Amso－  
1ution（Fig．2a）to20mA／cm2inCd－A肝glysolution（Fig．  
2b）．Atmorepositivepotentials，rangingh・Om－1．1Vto  
－0．79V，the current was almost constant，at aboutlO  
mA／cm2（Fig．2b），andthesameinbothpotentialsweeps  
bositiveandnegative sweeps）．Meanwhile，thecathodic  
CurrerrtS Observedin CdrAmsolution（Fig．2a）were dif  
ferentforbothdirectionsofpotentialsweep．¶lisisone  
Oftheobservations，thathelpustounderstandwhythe  
preparationofCdSfi1mswascarriedoutatapotentialof  
－1．0Vor－1．1V，1・2）inthecombinedpresenceofam－  
moniumandglycerol．  
3．3 Effect ofNaCI   
Toincrease the conductivity，0．75M NaCl（sodium  

Chloride）was added to the burkinds ofsolutions used  
in Figs．1a and 2b，and the corresponding CVs are  
Shownin Fig．3a and4b．Much usefu1information con－  
Cerningthemechanismofthecadmiumelectrodeposition  
WaS also obtained．As seenin Fig．3a，the currentis  
mostlyconstantandnon－Faradaicinthe cathodic sweep  
fromO．0Vto－0．65V．Withfurthernegativesweep，the  
Slope changed suddenly；thatis，thecathodiccurrentin－  

CreaSed considerably．Two cathodic waves appearedin  
the potentialrangefrom －0．6Vto －1．0V，SuggeSting  
thatthereductionofCd2＋toCdisnotassimpleasreac－  
tion7．Moreclearly，duetothepresenceofglycerol（Fig．  
3b），tWOSeparatedlocalcathodicpeaks，locatedat－0．72  
V and －0．82V，are COnSidered as obvious evidence to  
COn丘rn1thetwo－StepreductionofCd2＋．AIso，theanodic  
WaVeSeparatedintooneintensepeaklocated atapoten－  
tialof－0．66Vand three weak anodic peakslocated at  
－0．77V，－0．72V and －0．66V．This signi丘esthat the  
dissolvingoftheelectrodepositedCdfi1mmayconsistof  
theone－StepprOCeSS，Cd→Cd2十，andthetwo－StepprOC－  
ess，Cd→Cd’→Cd2＋ ．The dissolution，thus，is pro－  
posedtooccurasfo1lows：   

Cd＋nH20－e－→Cd（OH）（H20）（rl1）＋＋H＋－e→  

→［cd（OH）x（H20）（nX）］（2X）＋＋ⅩH十   （8）  

For the Cd－Am－NaCIsolution，Which contains ammo－  

niumandNaCl，thepositivesweepbranchandthenega－  
tivesweepbranchalmostcoincideinthepotentialrange  
from Ll．OVand－1．6V（Fig．4a）．nlispotentialrange  
isalsoexpandedfrom－0．76Vto－1．6Vbyadditionof  
glycerol（Fig．4b），andthe cathodic currentincreased  
COnSiderably，but the cathodic peak disappeared．Thus，  
theelectrodepositionofcadmiummaybeconsideredin－  
dependently tothe evolution ofhydrogen，eVen though   
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Fig．5 Cyclicvoltammograms ofCd solution containingNa2S203，（Cd－Na2S203SOlution）atscan  
ratesof（a）100mV／sand（b）10mV／s．  

formed．Contaminantoxygengaspresentintheelectroly－  
Sissolutionmaycausetheformationofoxide．   
Ontheotherhand，theformationofS2‾comingfrom  

reaction2startsatapotentialofabout－1．0V（Fig．7a）．  
Thereby，anissuethatarisesishowtokeepCd2＋cations  
from reducing unti1S and SZ‾formation can startwith  
reactions（1－3）．TYlisisbecausethe CdSfi1mproduction  
Canbeperformedintwoprocesses，OneCOnSistingofan  
adsorptionprocesscoupledwithachemicalreaction：  

Cd2＋＋S2M →CdS  
（9）   

and the other consisting of an adsorption process couT  
pledwithanelectrontransferreaction：  
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Fig．6 AugerelectronspectrumOfCdSfi1monPtelectrode  
measuredafterargonionetchingfor30s．nisCdSfi1mhad  
been preparedin a solution containing O．01M CdSO4and  
O．35MNa2S203，underconditionsofEH＝OV（6seconds），EL  
＝，1．1V（6seconds），for20repetitions．  

S＋Cd2＋＋2er→CdS  （10）   

CVstudies for allofthe additives used，NaCl，（NH4）2  
SO4andglycerol，ShowedthatjustNaCland（NH4）2SO4  
SuppreSSedthe reduction of Cd2＋to Cd，aS Observed  
withthedisappearanceoftheanodicwave．′mepresence  both processes occursimultaneously．Thus，the amount  

Ofcadmiumspeciesadsorbedfortheforn1ationofnuclei  
increases strongly，1eading to the easier formation of  
VeryfineCdScrystalswhensulfur－COntaining－COmpOunds  
areadded．  
3．4 FormationofCdSwithNa2S203   
Thepresence ofNa2S203WillmakepossibleanewreT  

action，andtheproductobtainedk）rthe electrode proc－  
essisquitedi鮎rent血・OmthatintheabsenceofNazS203  
（Fig．1a）．As seeninFig．5a，the anodic currentduring  
positivepotentialsweepinCd－Na2S203SOlutiondecreased  
Significantly，afaintbroadanodicwavewasobtained，and  
alsoitreachedzeroatapotentialofOV．7neelectrode－  
posited product probably consisted of CdS and Cd．As  
thepotentialscanratewasdecreaseddowntOlOmV／s，  
acathodicpeakatabout－0．9V（Fig．5b），attributableto  
the reduction ofCdZ＋to Cd appeared．However，Auger  
electron spectra were measuredfor the CdS丘1m elec－  
trodeposited on aPtelectrode（Fig．6）showed thatthe  
elementalratio forS／Cdwas O．82atthe surface and be－  
CameO．93whenthesurfacewasargon－ionetchedfor30  
SeCOnds．An0Ⅹygen Signalwas observed even for the  
etchedsample，indicatingthattheoxideofcadmiumwas  

Of（NHヰ）2SOLICauSedtheformationofS2▼0）yreaCtion  
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more positivethan thatobserved before（about－1．OV，  
Fig．7a）．′mis means that，at pOtentials more positive  
than －0．8V，Sulfur atoms and S2032can be adsorbed  
On the electrode surface．Also，at these potentials，ad－  
sorbed cadmiumcationscan starttobe reduced to make  
thematchingofCd2十，SandS2fortheformationofCdS  
byreactions9andlO．Asmentionedabove，theaddition  
Ofglycerolto solutions containing additives other than  
NazS203hasapositiveinfluenceonthereductionofCd2＋  
（Figs．3and4），but，inthecases ofsolutionscontaining  
Na2S203withoutCdSO4，thepresenceofglycerolhasno  
SuChinfluence on theformation ofS2‾，therefore avoid－  
ing excess S2A，Which can be oxidized to colloidalS at  
potentials more positive than the standard redoxpoten－  
tialoffo1lowingreactions：  

2SZ→S22＋2er；EO＝－0．524Vvs．NHE4）（11）   
S22→2S＋2e；EO＝－0．476Vvs．NHE4）（12）  

Thisis veryimportant when the potentialapplied to   



812  r／汀J川r、ん川JJ∫坤・   

▲…脛ヤニ；瞞；叫「  

ソ
〟
 
 

／
摩
／
 
 

ノ
 
 

（
N
く
2
月
q
∈
）
「
 
 

（
N
く
E
薫
く
2
〓
 
 

ノ
ノ
 
 

ノ
り
ノ
 
 

′
ノ
／
 
 
 

16   －14   12   1   －08   －06   04   0コ   ロ  

UtV）  
6   －14  ．12  ．1   ＿08   ＿06   ＿D4   ＿02   0  

明VI  

Fig．7 Cyclicvoltammogramsof（a）0．35MNazS20：うaqueOuSSOlutionand（b）Na2S20：iSOlution  
COntaining（NHl）2SO4．  

reductionpotentialofCd2十toCdtostartatapotential   
Of－0．70V（Fig．2）or of－0．60V（Fig．3），Whichis   
morepositivethanthatintheirabsence（－0．82V；See   
Fig．1）；theresultisatwo－StepprOCeSSCOnSistingofa   
Slngle electron transfer followed by another single   
electrontransfer．AIsothese additivescause the forma－   

tionofS2tostartat－0．80V（Fig．7b），Whichismore   
POSitive than thatin their absence（Fig．7a）．Conse－   
quently，atthepotentials，atWhichCd2＋cationscanbe   
reduced，Sulfuratomscanbeadsorbed，1eadingtothe   
promotionoftheformationofCdS，byreactions9and   
lO．  

Glycerol has a positive influence on the reduction ofof 
Cd2＋andthematchingmentionedabovemaypromote   
the formation of CdS via an adsorption process cou－   
pled withanelectron transfer reactionlO．AIso the   
presence ofglycerollimited the di凪1Sion ofsulfurat－   
OmS formedin the bulk of solution to the electrode   
Surface，COntributing to minimizing the adsorption of   
colloidalsulfurontheCdS丘1msobtained．  
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Fig．8 SEMphotographoftheCdSBlmelectrodepositedon  
aplatinumsheetinthe standard solution（seeTablel），un－  

derconditions ofEH＝OV（6seconds），EI，＝－1．1V（6sec－  
Onds），for5repetitions；SCalebar，1LLm．  

theelectrodeisalternativelychangedbetweenEl一＝－1．0  
VandEH＝0．OV，aregimeusuallyusedfortheformation  
OfCdSin aqueous solution．い3）AIso，glyceroIcan re－  
duce the di凪1Sion of colloidalsulfur resulting h・om  
Chemicalreactionlin the bulk of solution tothe elec－  
trodesurface．neadsorptionofcolloidalsulfurisnotre－  
SpOnSible forthe reactionlO，Which requires the sulfur  
atom，but not colloidalsulfur．Tofurtherimprove the  
matchingofallcomponentsfortheformationofCdS，the  
ratiobetweenthemcanbeadjusted，aSShowninRef．1．  
Consequently，the reddish－brown CdSfi1m consisting of  
particlesranglnginsizefrom50nmto80nmwaselec－  
trodeposited，aSShowninFig．8．  

4 Conclu5ions   
The above discussions showsthatcyclicvoltammetry  

Shouldbeconsideredasasimple，butveryusefu1，teCh－  
niquetoinvestigateandestimatetheroleofeachcompo－  
nentoftheelectrolyte，aSWellastheirmutualinfluences  
OntheelectrodepositionofCdSBlm，aSlistedbelow．  
・′memechanismoftheformationofCdSfi1mshouldin－   

VOIvethe adsorption processes coupledwith achemi－   
calreactionand／orelectrontransferreactions．  

・¶1e preSenCe Ofeither（NH4）2SO40r NaCIshifts the  




