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ABSTRACT

In this thesis, Cd,,Zn S thin films were deposited on glass substrates by different
techniques. The first group, Cd,_Zn S thin films were prepared by thermal evaporation from CdS
and ZnS compounds purity of 99.999% and from colloid of chemical bath process. The other
group is the Cd,.Zn;,S:B(30%) thin films which prepared by chemical bath deposition and
deposited by thermal evaporation from CdS and ZnS compounds purity of 99.999% with boron
dopant and from colloid of chemical bath process. When the ZnS mole ratio was less than 0.9, the
crystal structure Cd,_Zn S thin films was hexagonal wurtzite. However, for x > 0.9 the Cd,,Zn S
thin films were grown with cubic zincblende structure. Conversely, any change of crystal
structure in thermal evaporated Cd, Zn,,S:B(30%) thin films by using different precursors was
not observed. Optical band gap values, thin films thickness, refractive index and extinction
coefficient have been evaluated from transmission spectra. Electrical sheet resistance at room
temperature of Cd, Zn S thin films increased as a function of Zn concentration. The sheet
resistance of Cd,Zn,,S:B(30%) thin films prepared by thermal evaporation using different
precursors showed the minimum value at annealing temperature 300°C while the films prepared
by chemical bath deposition increased with increasing annealing temperature. The
photoluminescence spectra of Cd, ;Zn, ,S:B(30%) thin films prepared by chemical bath deposition
showed green and red board emission bands when excited by UV 365 nm at low temperature.
Green and red emission bands probably originate from Vg and surface state of the grains

respectively.
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k= = (2.15)
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B—Cxcos @ + Dx?

We A = l6n’s (2.24a)
B = (m+D@+sd) (2.24b)
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¢ = 4md/A (2.24¢)
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2.2.6.2 'ﬁ"Nmsg]ﬂnﬁmmam-ﬂmnme (The region of weak and medium absorption)
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2.2.6.3 f’NﬂTSQﬂﬂammﬂq\? (The region of strong absorption)
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h mfaser = h a)PL +hQ phonon(s) (235)
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2.5 MsmseNanIg

ay ¢
2.5.1 mamseadlaunalagismsszmedsanuieulussuugaama [7, 28-30]
= [ ad
mamsoudduuslasitmsszimeaisatonniuieuluss vuqyayIn19(thermal
. & :1:-‘] aa - o aa & a s Yy  ad &
evaporation) HHITUATMI0 T ouTauD193T 1 1909M 30T s AN VI9AIWITAITTZINUE 55
3/ = ~ o o -5 -7 s Jd =
doansonluszuuguanmanszauanuAudss 107107 torr InQUszanueIMIsIAT U
A 4

o c\d:‘:l” 1 o - [ [
Adu1eda075i Ao manruaumandouivezaouvinunasiuianuion ludgmsesiy

a a a Ao nc'; 1 Yy a '3
firieeenluiusnaiiigamgimniudaiaiuilduug

2.5.1.1 9A3INIILINAT (the physics and chemistry of evaporation)

2INN1NAADIVDY Hertz 1A% Knudsen[24-27] NUOATINT IMaveinzaaunio lumana

Tuganne maunassuiianauden(heat source) A

~3.513*10%

A WP Tuanaaems I urUALAT-IUIN (2.54)

e

A A 4 o A P ' ' g a
1o (De o Nanmmmmuﬂzm’ouﬁSaimaqa‘vmm'imxmmaﬂu’mwumanm
@ =) 1 o
B v ANUAY e a(equilibrium pressure) fimboilunes
M Ao wialuana

T Ao guugilumitunady
AR5 INTTLINBUIAATS (mass evaporation rate) 1419 Q‘Hﬂﬁ)iﬂﬂ

I, =5.84*102(M/T)'"?P, nsusemsusudmuns-uin  (2.55)

d‘l =) s
o Fe D WINUVDIDATINITITINYDT
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finnudu 10% nef Awes I, lusgiwaumineziianlszanm 10* nfudemswuamas-
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2.5.1.2 ﬂ?1ﬂﬁﬂ1ﬁﬂl§)dﬁ19} (vapor pressure of the elements)

AnuFuRutsznagamgil uazanudule uaaslddsauns

dP AH(T) (2.56)

AT~ TAV

= T oW a i o :lyd o a a1 o
&% ar fauiifudlSuasvedle (v) nazdiefmaiiilumalugaunduda v, wiinuiy

v '
RT/P #atiu Wouaunsi (2.56) Tna'ldid

dp_ PAH(T) st
dT RT

3
dlszinald Ar) Sawidy ag, @nuiouvesmslunsszime) lunsdlil w1d

AH
lnPs—ﬂeﬂ-] W30 P=Fexp—-——-—F (2.58)
RT RT

i I (M50 P, = exp ) 1TUAIAINUDINITBUNINTA

TEMPERATURE (K)

4000 2500 2000 1500 1200 1000 900 800 T00 600 500
T i
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o
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LOG 19 VAPOR PRESSURE (ATM)

1
o

104/T (K

4 ' @ 1 v w da
51 2.37 nsluaasaanudau levessig Tavgadeseduiusnuganaouman
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LOG1o VAPOR PRESSURE (TORR)
e o s ok DD MW

"
By
4‘ ‘. i : - - - ‘ 14 ‘- = " ) ! - 3

NIniim

TEMPERATURE (K)

= ' W & o o 1 v o dw
51 2.38 nauaasanuau lovessig luasnadni lavganien s dunnsnuga

HaDULINA

2.5.1.3 m3ssztvemsdsznay (evaporation of compound)

A = ] 1 [ 3 A = ‘ﬂ 3
iiesninasysyneveziilesouvuialngnitlane duiwilesziianaroidu loud,

| ! & v 44 g A Yo
ﬂ"ll'u‘lJStﬂﬂ‘lj"l]‘i}ﬁll@ﬂzﬂ'lﬁulﬂi]']ﬂﬁ?‘iﬂﬂﬂu'mﬂu%ﬂﬁll‘lN"r’iifJ‘UﬁNt“Hﬁ'J ﬂ"]ﬁﬂliﬂllﬁﬂﬂﬂﬂﬂ

a ' A o e ' ] o y
A15199 2.4 195U 151520 VVRIAIINIAININY TT-VI '|&un Cds, CdTe wag CdSe 1y 1ilo
b4 v
semoiiinlesziial §Asoimsuandaeen(dissociation) A MX ) — M, +%X2(g) Taoh

X #i0 'S, Te uag Se taziiloimzasuuAavesgusosiundrzimsdagluunInaidu Mx,,

3
milauuRsINUIaeduluNIs MY
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d' aaa dci = .3
M13194N 2.4 Hﬂﬂ\iﬂgﬂiU']LﬂiJ‘VILﬂﬂ‘U‘LIGluﬂi%U?UﬂWﬁi%LﬁUﬁﬁﬂiﬁﬂﬂU

yiiaveslfnsen

aaa =
dUgnsesmanil

15920814

m3szwiolag ludinsuana

mIenaulsznoy

mysemo laonsuanan
= o
(") 318 13 lua

() oon'lag

MX(s¥30l) — MX()

MX(s) = M(s) +1/2 X,(g)
MX(s) - M(l) +1/n X (g)

MX(s) = Ml(g) +1/2 X,(g)
X =8, Se, Te

MO,(s) = MO(g) +1/2 O,(g)

Si0, GeO, SnO, AlN, CaF, ,

MgF,

Ag,S, Ag,Se

& at o 1
MINIMMNQJUITL-IV

CdS, CdTe, CdSe

Si0,, GeO,, TiO,, Sn0O,, ZrO,

M =lavg , X =0lane

a A o a a J = ajd ¥ ad
2.5.14 Eﬂﬁwn‘tlﬂﬂﬂ‘ﬂﬂﬂdwdﬁ‘lﬂﬂﬂ!ﬂﬂﬂ‘i:‘ﬂ‘ﬂm‘imiﬂuﬂauﬂ‘.lﬂ'.‘!ﬁﬂﬁ‘i::m&ﬂ'l‘j

(deposition geometry)

= o o’: 9/ a 1 a8 = P 9 =
Moy AsuYIIHIEARIN s 1Y TZNNYB I AIN AT ITN 1T TUNTTZIMETIND

i = 1 = J
j”luﬁBﬁﬁﬂzﬂﬂuﬂlﬂﬁﬁ'ﬁﬂmﬂﬂﬂﬂi51‘1‘1]5’36 ﬁuﬁJﬁ’J'lﬂ'l‘i'§$Lﬂtiﬁ"lilﬂﬂ‘ﬂucluﬁzﬂ’ﬂﬂ'l‘iulﬁﬁﬂjﬂﬂ

Tuiana H5aINITSLMLEITNNUNAIRUTALVUYA( point source ) HIATINYBIAITIINAIT

i ¥
FINY( total evaporation mass : Me Y ﬁ“lﬁJ"ISﬂ’Jﬂ‘lﬁil'lﬂﬁ‘lﬂuﬂﬂlﬂﬁﬁ’lSﬂﬂﬂllﬁﬁﬂﬁﬁ‘i&ﬂﬂﬂﬁ

[ 4
LﬁﬂW%'lﬁiH'MﬂﬂQﬁMHﬂﬂ'ﬁﬂﬁNN'J(Surface source) N?ﬂ‘i’JiJ‘UENﬁ'I'ﬁ]']ﬂﬂ'liSﬁmﬂfﬂ&‘ﬂﬂﬁiﬂﬂ

. ! M t
M, = 6[ A!N—AfbedAedt - OU T,dA,dt

(2.59)
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dAsg

Point Source Surface Source

sl 2.39 uaasgiuun s dnisszimovesans

]
= =

[ ¥ " - ] 3 ]
Tauft A, Ao AufiavosasildsamodTmavowia di7, Aanasuugiusoutuiiui dag

» ]
=) A A

{ a ' s e’j =
2ng17 2.39 dA, fie Wufidaveansanan 121891 d4, = d4, cos@ AnTu wlianiu

A, = dd, {Mf—gj (2.60)
4

(0 r Ao STUEIEN IR UHADIgIUT B9

4 a ' ¢ a ddaa 1 o 9
lﬁ@Wﬂ15m1ﬂ15§$lﬂUﬁ1'jﬁnﬂliﬂﬂ\iﬂ“uﬂﬂﬁW'J!%ﬂUN?ﬂﬂﬂﬂﬁﬁﬂUﬂﬂUuﬁuﬁlﬁﬂuﬂU dA.

° (Y ; a 1 9 & (] 3/
TagiyununuFumasi e ¢ wazagvadluszoe roz14

dM (p,r) = (cosg)dM (0,r)dA,

4 o a ' o L4 1
urlniaes cosg (HuAanTUvea ¢ Soni1 manszorevesrdnguuyIna1oy (cosine flux

. * : ! dlﬁ .,?‘ o = =
distribution) 1Wukan1INszDUMS Tnaves Tumnaie sz M%) NINTOUNINTA
c

] [ k4
ARDANTINITINANIAN r i]gulﬂ

M, = j[mj(cow)w(sm;ﬁ)rw

219015 U 5201 UNINT AT19AL DT
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aMm,0,r) _ M,
dA, m?
91U M = M; cos¢
dA, o
1N dd, = dA cosf
9'l2 dM,(q&,G,r) _ M ,cosgcosd 2.61)
dA P

£ 3
' v
nazausomewiluannsnall1ddal Ao

dMSCEj,B,F) « 5 (n+1)cos” pcos @ (020) (2.62)

€ 2
5

2mr

=Y

A & o o ¢ v a Y1~
18 n=1 ﬁlJﬂ'I'Su%ﬁl“ﬂUﬂﬁﬂiﬁil'!EJ‘U'ENﬂﬁﬂCHLL‘U‘UIﬂ"If']Uu f1ln > 1 ﬂ‘ﬁU']leﬂ’J'liJV]ﬁVlN
@ a = a ar
ﬂlﬂﬂﬂﬂﬂ“ﬁﬂﬁ‘ltmﬂﬂ’lﬂ(more forward directed) H?’Eltﬂl}'ln < 1ﬁmﬂﬂmsmzmmmmﬁmnu

g o o o 1 8 a
(more uniform distribution) 1A §1M5U n =0 M3nszEVeINANFIzM UM AR UTHALLUYA
af d
2.5.2 mamssulanua Cd, zn s InsdTerwmsazaenii[5-6,30-40]

2,521 pIzUIUMINAYhsm

TumamTouddunis cd, znS @wrsanidasitmseruaisazaiunil lavnisgy
pusessuduiiunszanalad Fensazmeldsznonlde Inlegdo (scvd,),) nde
wnaifioudamla (Cdso,) Fardama znso,) Fevzlilossuvesdames s*) looeuves
upaiiion (Cd™) uazloseuveadan (zn™) mudiAy TaolumsaSouilduiaetia pH 84
asazatwlueialszuin 10.6 — 11.8 uazazifia cd’ , Zn™ 9619919 Tao zn™ g launu
cd nlRaNAu19 cd,zns 18 Feluanudiotisaldm zn AdSandaunaumani
a0l Tau x = 0.0 02,04 ,06,08,09 uaz 1.0 mud1dy Tavlunszuiumsinaou

o o ' a aan o 4:1”
WauuremazAalgnsuaail
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'mixed'
ion by ion’ 'cluster by cluster’ ion by ion infilling
on cluster
O
O
O 0 0 o
0% 0~ o OEONGOOHS)
substrate substrate substrate
(M) (v) (a)

= B . ¢
5104 2.40 ununmuaasna lnTumsidananvesfauue
(M) pIzUIUMTENIMe 5 uiloe
(V) nszUIUMg la Tundioe

() nFzUIUMIHaNIErNuenme lsdioauaz Ta Tudidioa

2.5.2.1.1 manml§nseuneldld cas

1) NTEUIUMS 18 Tudiod

Cd(NH,),” == Cd" +4NH, ;. K=10"" (2.63)
_ g .

SC(NH,), +OH == SH +CN,H, + H,0 (2.64)
SH+OH =—— S +H,0 ;. K=10° (2.65)
cdt+ 8 == el , K,=10" (2.66)

2+ 3 Cds
Cd S
l' Cds
rem— Sm— bl

317 241 namamsiAafldy cds vugmsesiyTasnszuaums leluuidlve

1) NILUIUNITLENIND 15T

CA(NH,),” + 8" +site ~ —»>  CdS+4NH, (2.67)
NH NH.
Ny, 7 NH NH
ca 9d i
Cd @m 5

NH} / ﬂ\ NH 3 NH_:‘/ S \NH ) C:I.S‘

[ ] [ ] [ ]

:i = J a )
Ui 2.42 uarmsmsiRafldy cds vugmsesiy Tasnszuaumsienime sl
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2.5.2.1.2 mstnad§seunalila zns

A) AszUIUMS la ludiiva

Zn(NH,),” =—= 2Za"' +4NH, . K=10"" (2.68)
SC(NH,),+ OH s SH +CN,H,+H,0 (2.69)
SH+OH — S +H,0 . K=10" (2.70)
2+ 2- -24.7
Zn + S # ZnS : K5p=10 2.71)
2t 2- ns
Zn S ‘
l 215
| |
Fem— [FR—— "
c; a ' o = |
UM 2.43 uananisiiafldy zns vugmsessulaonsyuIums laluliied
) ﬂi$U’JNﬂ'l'§l5‘VlL‘l’lﬂIi%iﬁUﬁ
Zn(NH,),” + 8" +site  —» ZnS + 4NH, (2.72)
NH WH
N 2+/ ! NH,

NI-I3
Zn \ g+/ 3
Zn {?—‘:ﬁb
NHJ/ @\NHj NHJ/ \NH3 Zns
[ : ]

 EE—— ] ’ ]

U 2.44 nanamaiafldy znS vugiusessulasnszuaumsienine lsviiva
aaa ' a 3 a
nnlfasodreduieaglidhmsifiaflaui cd, zn s nuuenimelsitiod Ao

(1-)CA(NH,),” + ()Zn(NH,),” + " +site —»  Cd, ZnS+4NH, (2.73)
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ay d d
2.5.2.2 MapaFlduIaves Cd, Zn S vunszana lad[5-6,24-34)

lumsannanuo CdS Laz ZnS ANANAANTITAZAY (solubility product K. memﬂm
auAa (equilibrium constant ; K ) ‘nwm CdS 1ag ZnS umummﬂwﬂumuu gasusalumsan

WENYBY ZnS SatnT1wes cds duiulumsanndniafianaln’ld 2 uuu Zaufudadi Ao

= g = 1 =2 o A
1.aalnnisanwannieluilioms TavveGoninisanwanuuyla Tudiiva (homogeneous
o af o 1 A s s

precipitation) H39na lnn13 MUV aznguADY (cluster by cluster) FI9ENITUA?

o W

pguuAIMIIvDUALTDITUAIZUT 2.35

Y

]
= a

2.na InTumsanwanfiiadufiraniveaurusessy Suni uuvitazTeoou (ion by ion)
n3eMsanHanuULaNine 153151ue (heterogeneous precipitation) Fa cd” i zn®
@ = 4 o o ' .
ve lFufu NH, naneiflu CdNH,),” w38 Za(NH,),”" udunnouindadiumiia site U
A3 1158951 1AM QAT (adsorption) i 11 Twanave e Tutiongaeenin Tuvue
e’: 2- A 1 oa 3 3/ Y @ @ = A a o
yueslooou s* fiogusnaivzadaiuszsudaiuunaiion leoounsedd looou
3| Y :
nauilu CdS M50 ZnS Aa31M 2.36 LAz 2.38
' v ' b
1i10991nHAYRIANNAINT0 1UA15ATAIYDINA CdS LA ZnS  UAIAIMIA AIUTUS
=2 o 9! y 9 v a 2+ ' o 9
arunumsanpan awsaildlasmsaivguanududuvesloseudass cd” narnones
AonfunuITadan (complexing agent) Mimanzamiofiszdosloveu cd”’ waz zn™ Tu
=) A P é @ e + 2+
Usinannududuriooinn dalufiiie NH, Fazsaudafiu cd” waz zo* nmaitlulesou
a 9 . o &4 [y o W [ a
1Fadou (complexing ions) FeaziiudunlsddylunsnivguenaimsifauazquaInues

Aaun
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aw H o o ﬁ‘ Y o by
Tuanudtei lavimsesoufanusarsnadanii cd, Zn S uag Cd,Zn,,S:B(30%) AU
3
SEmserwasazmoniiuazdimsszmoasdoanuiouluszuugYYINIA INAITAIAY
= = n’: 9 P = n:i r=1 o
CdS 1A ZnS ATNUITGNTYI 99.999% wazna1sfsaunitundnmananazneuluiinnesi
~ g ad = 3 o wa a 4 [T =
wivy1dTae3snservasazatomil vintuih ldasreeevauianeal@nd laun msanu
9 =2 a 9 = J (Y- o = wa E
TassafrendniFaganiafiumatinmsiauauuves diong MstnuIaulaAnIwaInIY
& a o ) 9/ o w L4 - 9
wsesa)nlasimes msdaaniwdiunu Ilihdmsudanuenlaniwaiumuge uas

. a 4y - o o a a o1
Sa T Tngimaaus o ld IdRaunaimnzaudmSunsianniduaadusorindeo 11

2 | d = oo
3.1 m‘smuauazqﬂnimmsmﬂ

3.1 myfmnasareanszanaladifielifugusesy
1. nszanaladviuia 12 Tadmwns x 25 Haawns
2. InsearaaTaea (HlidumianaionasBuada 4 Sumi)
3. 1191

UINNIULIAN

& o ¥ A o a
Lﬂﬁmﬁumﬂﬂﬂuﬂaﬂiﬂmm

S O

=
15101
oy a a
— 1hgniven
¥
— 1lasnilsey
— TCE
— oFlnu
— 1©NHIUDD

— HF 10%
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3.1.2 ﬂ"lﬁ!ﬂ‘i{l'ﬂ‘i"lﬂﬂ‘l] HWARIBMIIVAITATAULIAN
1
2.

D

¥
srhSugunpiuazaiugugumgilla
s a aa
fnnosvua 200 Haaans

o a o
Mo7 lulnes

]
A o 1

(A304%IRTARA (MMM nATouazBuADa 4 A1MUe )
UNUIFYDTIUTDI5Y ( substrate holder )
ganIumsiall onsu3nad 60 soUABUIN
=

mueutia

=
REIGHY

= = o
— indounaiiyugama (CdSO, *8/3H,0)

a oo
— infeFangama ( ZnSO, 7H,0 )
— InTeoyiSu (SC(NH,), )
— wewluiiy (NH,)
oA 3

— leasi@iilvyleason loa (N,H,0H)
— n3AVBIN (H,BO,)

¥
— 1ilapa1lsey ( Deionized water )

A ard Y ad v v
3.1.3 fn‘Sm‘iﬂuﬂﬂu‘u'Nﬂ‘JEI'JEﬂ'l‘ii:,’ﬂ‘iﬂﬂ'1iﬂ3£]ﬂ?1i~l§ﬂiﬂﬂ§t§yﬁy1ﬂ1ﬂ

1.
2;

INTD95ZIMUATS TUSLUUGYYINA (evaporator)

A o o
INTBI0AANS

l';l u‘d aa Ad o 1 — ~ =] o ]
(AT peFIAIADA (NMUMIaNATENAZIDUADY 4 AUMUY)

=i
weutia
=

A151A%

= ~ 9 = ad =
— wWAnwWa Cd, Zn S N lAnnmseion laeitmIoivasazaiomil
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— WAPK Cd, Zn S:B(30%) N Idnnmsinien lagitmsoumisazay

G
— CdS UIgNnd
— ZnSUSgND

— B0,
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3.1.4 MITAMIDUNUUVDITITIOND
o da a 4 ] Y- o A
-nmsdarursnlasiiines ¥ee Bruker 31 08 Sefonadinnue1indu 1.5418

s 4 3 a o 1 w a Cd
BRI AN "Hﬁicﬂﬂﬁzllﬁ 30 Nﬁﬁlli’)ll{l LUAZANUNINANY 25 Alallan

3.1.5 MITAMIaEIHIAY

- nSesadnlasiines wieauidaly 90 JASCO 7800 ALYIAAL 300-800

TRRETETE:

3.1.6 m3talulnglimmaud
~andnlas W 1adimes RF-5301PC 810 Shimadzu
- sTUMIANUEY (cryogenic) oo Leybold
-naoadanstnToan 220 V 400 W 0¥ EYE
4 9 a
- ENdYUADIAUANNT TWNAD 10 @,
- ﬂama{ﬁqmu (band pass filter )365 i lung
=t 4 .
- I aIn03 (high pass filter) 400 W1 TuAT

4 Y A s
= Lauﬁguﬂuuﬂmmmmﬂﬂﬂﬂ 5 Y.

3.1.7 MIIAANUMUMUUHY

a g I=Y o 9 i 1
- 010N 103319 03UMD Keithley JU 610 CR

@ da o
- OnENIRDS

P o )

- HUAMBS 1.5 198A 9119 4 NoY
- HuARe35 9 Tad 919U 2 Aou
- o lAueATU LA ADUIUAN DS LY BNC
-1aon @1 lawy ¥ia ELH (120 V, 300 W)

- AamEui v

- eI

tY

aa o
- HaRAUnDI
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:L =) ap d dli LY
3.2 muﬂaumsm‘muﬂaumamsmmm

d A cif s
3.2.1 mawmsounszana lanmielfidugiusesdy [3)
a a d’ﬂy Y [ 2 dli yﬂ s o s =
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o [ o 1 y
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b
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2. hnszenalad lualy TcE Wunai 10 wii
o ] = o
3. hnszanalas Wy luesd Tawdunar 10w
4. hnszanalad lWuyluenswealuna 10 wi
v E b4
5. vhnszanalad uslwin)asailszanseay 10 il $uau 2 Ass
@ s 9 9/ o a aa ar ow a aa
6. finRminszandau HE USunas 10 fiadans mniwasalszy 100 Haddns W
=
181 10 W9
9 o 3 ny z = o u’; o o 3 P
7. dnszand landinihiaoalszgniiay 10 WM 109U 3 ATY dIMTVTURDUN 2-7
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IHinToadudioniudans TaiinAlennnse
sy W P a o o = ] a9
8. ounszndladn ldlumeunguvni 95°C Wwan 30 wif vz ldgusesinion

o 9y
i ldau

ard =)
3.2.2 MaM3eNHaNYII Cd, Zn S waz Cd, Zn, S:B AILITMITHETISAWANNION

Tuszvugaanme

3.2.2.1 msmssumsnivlumsszmemsaoanuiauluszuugyIma(3)
= o 3 i g a &
mswsouday Cd, zn S 1¥asasduiiunines CdS uSqnD 99.999% Lagwinwg ZnS
= o = =T 3
USENT 99.999% 10503 14 Tav3iTAsne 111l
o = = =% 9 = o o :, @ [N 1 A o Y ar
1. Mimsuawsdn cdS uSanivazidoa hlUraimidnmudandiundiuin1ia

=
M13190 3.1

v
& o Vv

o a 4 a o o )
2. 1w Cds vsgninigadr leufigungil 150°C Whunat 1 99 Tue
3. 1w Zos TdFemmdnsidiunidnnm1l

=1 ﬂ( H 5 d' ﬂla’ o o
4. 1hme cds vigninou13uda uanauiune Zns Rvuason 3 Tdidiu udnily
= a o o o

puiguMgil 150°C Wuran 1 92Tua

0 a =~ = Y o o o g aa 9 1 o
5. 1w CdS usgninawzas Nevudnh ldaiuda Mvinaduruguines |

FUAAS AroANNAUFszIM 3.8 wnzlhania
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3
r=1 o 9

1 9 ¥ Il
M99 3.1 uaaadaduHauUSNaIRIdY (Manualg) nsdinasdeduiiuniong cds

1ag ZnS NIUANBUTNT 99.999%

Starting purify materials (total 1 gm)
Composition (x) of Zn

Cds(g) ZnS(g)
0.0 1.0000 -
0.2 0.8557 0.1443
0.4 0.6898 0.3102
0.6 0.4971 0.5029
0.8 0.2704 0.7296
0.9 0.1414 0.8586
1.0 - 1.0000

¥
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Temperature
Chemical Evaporated Chemical Evaporated
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Bath Pure Colloid Bath Pure Colloid
As-deposited | 1.51x10° | 2.32x10° | 4.82x10” | 2.37x10" | 7.28x10" | 8.19x10’
100 2.32x10° | 1.25x10° | 2.32x10° | 2.34x107 | 3.75x10° | 3.45x10°
200 2.34x10° | 1.07x10° | 1.82x10° | 2.31x10" | 3.45x10° | 5.33x10°
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Annealing R, (€2 /square)
Temperature Darkness [llumination
(‘C) Cd,Zn,,S | Cd,Zn, S:B(30%) | CdyeZn,,S | Cd,Zn,,S:B(30%)
As-deposited | 6.00x10" 1.51x10° 1.20x10’ 2.37x10’
100 9.00x10" 2.32x10’ 6.87x10° 2.34x10’
200 6.30x10" 2.34x10’ 8.00x10’ 2.31x10’
300 1.50x10" 4.85x10° 3.33x10° 5.72x10’
400 1.20x10" 9.83x10’ 1.20x10" 3.22x10°
500 2.40x10" 1.42x10" 1.20x10" 9.84x10’
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' SAMPLE PREPARATION : Mixed sulfide of desired composition was
. precipitated by reaction of water solution of Cd (N 03 )2 containing zine lons
- wih solution of BaS containing excess sulfur. The precipilate was filtered,
dried and ground and subsequently calcined in an inert or reducing
almosphaere at a minimum lemperature of 400 C,
. GENERAL COMMENTS : 27.7 mole % ZnS.
| GENERAL COMMENTS : The introduction of ZnS into CdS forms a solid
+ solution with concomitant variations of lattice constants that obey the following
- empirical relationship: a=4,131-0.00134 P; $=0.003, ¢=6.713-0,00458 P;
' 8=0.004, whera P=mole % Zn$, s=slandard devation.




!
' Pattorn : 24-1137

Quality : Deleted
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Radiation = 1540538
Zngg Clg: | 1oh ok b
284660 100 1) 1 1 |
' 329520 100 2, 0 0 :
Sphalerite, cadmian, syn / Zinc Cadmium Suffide 47280 50| 21 2 O i
56103 30| 3 1 1 '
58808 2| 2 2 2
| 69.115 5 4 00
| 76372 100 3 3 1
i 78600 2/ 4 2| 0
Lattice : Face-cenlered cubic . Mol, weight = 102.14 g7989 10| 4 2] 2
94855 6/ 5 1| 1
5.G.: F43m (216) Volume [CD] = 160.46 106559 3| 4, 4] 0
i 113900 5 5 3| 1
a= 543400 Dx= 4.228
| |
5 |
- ;
i 2 |
Iz 4 Ucor= 640 - ’
i i
|
1 i i
| i
i i
f i
| Pattern : 40-835 Radiation = 1.540598 Quality : Not indexed i
w’
Cdg g5 20y 65 S49 2 i A ! l |
25208] BO| 1| 0 0 ! |
26914| 90| o0f © 2 - i
Cadmium Zinc Sulfide 28.587| 100 1, © 1 |
37281 18 1. 0 2
44370, 76 1 1 0 i
48624; 36 1. 0 3
51.847] 10 2, 0 0
55.404 3 0 0 4
Lattice ; Hexagonal Mol. weight = 1352.99 118.784 3 3 1 3 i
146514 3. 3 0| &
S§.G.: PB3mc (186) Volume [CD] = 94.94 147.575 2] 3 2 1 i
a= 406900 Dx= 4733 }
c= 6.62100
Z= o]
COLOR : Yellow
GENERAL COMMENTS : Pigment.
SAMPLE PREPARATION : Mixed sulfide of desired composition was
precipitated by reaction of water solution of Cd (N 03 )2 containing zinc ions
with solution of BaS conlaining excess sulfur. The precipitate was fittered,
dried and ground and subsequently calcined in an inert or reducing
almosphere at a minimum temperature of 400 C.
GENERAL COMMENTS : 19.5 mole % ZnS. 1
GENERAL COMMENTS : The introduction of ZnS into CdS forms a solid i
solution with concomitant variations of lattice constants that obey the following
empirical relationship: a=4.131-0.001314 P; $=0.003, c=6.173-0.00458 P;

| §=0.004, where P=mole % ZnS, s=standard deviation.
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% Pattern : 24-1136 Radiation = 1.540598 Quality : Deleted

I

| 2045 Cdy( S 2am| o

| 26.832( 100
. 28.383| 65
Waurtzite, cadmian, syn / Zinc Cadmium Sulfide 30.389( 100
30.402| 40
47,280 70
! 51.502] 65
1 55.187| 10
56.066| 45
Lattice : Hexagonal Mol. weight = 102.14 57.246] 15
58.683 11
S.G.: P63mc (186) Volume [CD] = 80.33 63204 8
48484 o e e i - 48 148 4841 0 e e 65551 { 1
a= 3.84110 Dx= 4223 72481, 20
75.586 8:
77.326| 10
78.613 2
c= 6.28700 81.757 14
82.524
Z= 2 Vlcor= 2.90 87.989
i 91.215| 1
94618
94.855
100.348
100.900

=
X =

S RN WORNWR = RPN AN ORN 2R S aaO =
OO0 00— 2w 000000
OO WONUNE 2 OWREANE2NOWON=RNO

DO D@D

GENERAL COMMENTS : (002) may be observed as the strongest reflection
due to preferred orientation.

Pattern ; 3-1093 Radiation = 1.540600 Quality : Deleted

nS 2th |

27.165| 50
: 28.567| 70
Waurtzite / Zinc Sulfide 30699, 30
! ? 47.835| 100
50978| 30 |
56.783| 100, 1 ‘ !
72675 10
76.809) 300 2| 1] 0 ;
Lattice : Hexagonal Mol. weight = 97,44 79.079| 30 |
83218 30 [

5G.: {0) Volume [CD] = 77.91 88.898| 70 I
92084 30
a= 3.80000 Dx= 4154 95578| 100 0, 0| 6 :
89.401| 30 !

>
=
—_

[ Y
-0 0o
o= NO

-
n

| c= 623000

| DELETED AND REJECTED BY : Deleted by NBS.
| SAMPLE SOURCE OR LOCALITY : Specimen from Pribram.
\
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| Pattern : 2-563 Radiation = 1.540600 Quality : Deleted
cds ah 1kl Kk |
25064 80 1 0, 0 i
26.832] 60 0 0 2 |
Greenockite / Cadmium Sulfide 28.587| 100 11 0 1 I
a7a21| 60| 1 0 2 |
43917 90| 1/ 1 0 |
48104/ 90| 1| 0 3 |
52.230| 80 1 1 2 |
‘ : 58765 30| 2| 0 2 |
| Lattice ; Hexagonal Mol. weight = 144,47 66.763| 60| 2| 0, 3
| 71.403| 60 2 1 1
| 8.G.: P63mc  (186) Volume [CD] = 99.90 72675 30 1 1 4
- a= 414200 Dx = 4803 80678 40 3 0 0
83219 60 2 1 3
i Dm = 4.820 86.907| 40 0 0 6
i 92,094 40 1 0 6
i ¢= 6.72400 96.811 30 2 2 0
103334 30( 3| 1 1
= 2 108.024| 30 2 0 6
116.471| 30 3 1 3
141872| 20/ 3] 2/ 1
| |
DELETED AND REJECTED BY : Deleted by NBS 6-314. \
COLOR : Yellow, orange |
MELTING POINT : 780 i
OPTICAL DATA : B=2.508, Q=2.529, Sign=+
SAMPLE SOURCE OR LOCALITY : Specimen from Bishoptown, Scotland,
UK. |

Pattern : 80-19

Radiation = 1.540598

Quality : Calculated

CdsS

Cadmium Sulfide

Lattice : Face-center cubic

S.G. : 1-43m (216)

a=5381100

Mol. weight = 144.47
Volume [CD] = 196.22

Dx =4.890

Idcor=14.06

2th

26,547
30.748
44.040
52.163
54.671
64.043
70.594
72715
80.993
87.069

h

(8]

[

k

!
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MARUHIN V.

o :.,J 9/
msmmmﬂ%mmmﬁmﬂu



x' ! ard
Msm3oNaInaNansunilane Cd, Zn, S:B

Tag3smyouasazanenil

msmuInSinaves Cdso,. 8 H,0 ,ZnS0,.7H,0 lumsazaed5aas 150 ml

5
170 1UANAVDITIY
Cd = 112.40 g/ mol
Zn = 65.38 g/ mol
3 = 32.064 g/ mol
= 1.007 g/mol
0 = 15.9994 g / mol

E
cds0,.8 1,0 1 Tua fithwminluana
3

(112.40) + (32.064) + 4(15.9994) + § [ 2(1.007)+15.9994 ]
3

256.4973
¥
ZnSO,.7H,0 1 Twa Wimvinluana
= (65.38) + (32.064) + 4(15.9994) + 7[ 2(1.007) + 15.9994 ]

=287.5354

#9413 [ CdSO,. 8 H,0 + ZnSO,.7H,0 ] $143U 0.01 M
3

widaaau cdso, 8 H0 : zns0,7H,0 11 0.6 : 0.4
3

Yoy cdso,.8 H,0 wilnnuduiu = (0.6)0.01) = 0.006 M
ZnSO,.7TH,0  wiianududu = (04)(0.01) = 0004 M
ﬁ1iﬁ$ﬁ1ﬂ1000mlﬁCdSO4.§ H,0 (ANUAUAY 0.006M )3 19U = 1.5390
158210 150 ml'ﬁCdSO‘,.g H,0 (ANMANgU 0.006M)31WIN = %O—(lso)
= 0.2309

a13a2a19 1000 ml 3 ZnSO,.7H,0 ( ANWITNIU 0.004M )M = 1.1501

M302a10 150 ml § ZnS0,.7H,0 (Anududu 0.004M yiwau = L0 (50)
; 1000

= 10,1725

132

(V)]

ag
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#1130 H,BO, 30 % wt ¥4 [ CdSO,. 3 H,0 + ZnSO,.7TH,0 ]
3

vedeeld H,BO 319 = % (0.2309 + 0.1725)g
= 0.1210 g

msman3unn SCVH), luamsazawd3as 150 mi
w2 TuanaunIsIg

= 32.064 g/ mol

12.01115 g/ mol
14.0067 g/ mol

= Z 0O wn
Il

= 1.007 g/ mol

=

SC(NH,), 1 lwa Wimiinluana

= 32.064 + 1201115 + 2(14.0067) + 4(1.007) g

= 76.1166 g

@158%810 1000 ml i SC(NH,), ( AMMTu41 0.05 M )$112m = 3.8058 g

asaga1n 150 ml 1 SCINH,), (anududu 0.0 M)Fmau = 3:8038 (150) g
1000

= 0.5709 g

msfnnaina NH, Tuasazaw3inas 150 mi
b b ¥
NH, (25%) Tagtiminaou1min (weight by weight) nunedslumsazaie 1 g ssilifioms
=)

¥ @
NH,04 0.25 g iz NH, innududn 091 g/ml 1iufelsues 1 ml vilifleasazaivoy

¥
0.91 g n3oilillods NH,

= (0.91)(0.25) g
= 0.2275 g
NH, 1 M aziium = 14.0067 + 3(1.007) g
= 17.0277 g
b
AD4N13 NH, 31w 1.5 M agiliiloms = (1.5)(17.0277) g

= 25.5416 g
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Wioesaza1u NH, 0.2275 g 913A0IA9e13 = 1 ml
b4
IUDEIAEAIY NH, 25.5416 g 1ADINNAS = —1——(25.5416) ml
’ 02278
= 112.2708 ml

o oA o w oA : o e = = 1 o
HUNDAII NH, 11U 112.2708 ml ﬂmmuumﬂﬂmmﬂsmm 1000 ml 939259071 11U

ANUUTY 1.5 M

112.2708
1000

16.8 ml

uaddeamsanududul smlulSuins 150 mlazAon N, = (150) m]

o = =] 1
misnnafSinavesleandululilamsa NH, - NH,.H,0 %3eiguin N,H,OH u

msazae311a5 150 ml

170 TUIANaYDIHIA

N = 14.0067 g/ mol
H = 1.007 g/ mol
0 = 15.9994 g/ mol

v

N,H,OH 1 lua iimiinluwana

= 2(14.007) + 5(1.007) + 15.9994 + 1.007 g
= 50.0554 g
N,H,OH Innududn 1.032 g/cm’ = 1.032 g/ml
N,H,OH #1174 3 M ﬂxﬁn‘f@msag = 150.1662 g

-
fiffoms NJHOH Sy 1.032g  TuilSuiasvesmsazony

= 1 ml
9/
fifloans NHOH $1u7u 150.1662 ¢ lutSinesvosmsazars = 130 -16262 ml
1.03
= 145.5094 ml

[eemINIIUNasaza1 NH,0H Y51ar 150 ml @anududuzmezdoaldasazan

N,H,OH 15masimla

YRnnsesazausnam 1000 mi( Ans)eeiiioms NH,0H (anududussamiluilsuns
= 145.5094 ml

b4
= o = a <3 =
YSinasmsazatoduan 150 ml agiiiledts N,H,OH (nwdudusMmfailuilsuns

= 145.5094 150y

1000
= 218 ml



]
" 3/ 1 a YY)
uanNududUves NH,OH Wiy 80% TauiSuins s

14
=

filoms N,H0H (Tnod311a3) 80 ml minSmmsensazaiy =

3
=

filoms N,H,0H (Tavd311a3) 21.8ml vimlSmasasazaty =

E4
o

¥
1UT9AB9A29 NH,0H $143% 27.3 ml ud 2w IR TS ums

wldnnududy 3 M audoans

100

100 (21.8)
80

27.3
150

135

ml
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ml
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¥ ]

o af d
MIABNMIAIFTHINOIASBNNANY1I Cd,_Zn S

TagAsmsszmeasmennudouluszvugya I

170 TUIBNAYDITIA

ed = 112.40 g/mol

Zn = 65.38 g/ mol

S = 32.064 g/ mol

cds 1 lua ﬁﬁymﬁnimaqa = (112.40) + (32.064) g
= 144.464 g

ZnS 1 Tua ﬁﬂymﬂ'ﬂimaqa =(65.38) + (32.064) g
=97.444 g

Cd,,Zn,,S 1 1 lua

Ysznoudly cds  Uswm = (0.8)(144.464) = IS5712 g
ZnS  USuim = (0.2)(97.444) = 19.4888 g
o ¥
AU Cd,,Zn,,S 91U 1 Tua Tumiin = 115.5712+19.4888 =  135.06 g
y °
01794013 CdZn,,S U 1 g
AU Cds veidSuin = (115.5712)/(135.06) =  0.8557 g
ZnS el UTum = (19.4888)/(135.06) =  0.1443 g
cscs”a! A
Tunsaifiduae B0, 30 % wt 409 [CdS + ZnS]
1Anald B,0, S 17 = 39 (0.8557 +0.1443)g
100
= 03 g

o Ao TA g o ad dy = VA 1 Ay
MIATHIUNAATIU(X) VDS Zn ATDUS NNIATUITY LWUJLL@]L‘IJE!ULJ?]’I X ul'i.]ﬂﬁl‘ﬂ@lﬂx‘lﬂﬁ
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MIMIMABHITNIN (n)

MIMIAIRSHE AN 113011 181N aUNT3

n o= |[N+(N? ﬁsz)”] (2.30)
A
1o
2
N ” 25 TM _Tm S +1
TMT'MI 2
c; 3/ 1w A e .:: U é'l n’:, '
UM (2.30) JeMAasirnm (n(4)) MAINuEINANITYY I T, wag T,
e T, flo AIGIgAYDINITAIHIULE
T, 0 MAIgAveINITAIRIULE
Toar a c\' a a
msmmaudszansEmsgaamy e (k)
1 s -y Q“ = =1
msmmdudsz@nsmsgardodues annsom ldnnaums
al
k= = (2.15)
45
A [~ 4 1 ‘3} o
Taof A WuANNEIINAUAINADINITAININ
a HINIIn
1 1
a = —In — 2.17)
d X

Taon x mansanllann

oo By nlBS -0 -

(n-1°(n-s?)

'
~ 1

HMUINDINAINYATITAVOINIT AU

i Ey = a2 -~
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uaziiiasiunnsngadgavoansderiunaes 1dauns

22 \3g, 2 Ayqli2
¢ = En-lE, (N3 1) (,2, 57)] (2.32)
(n=1)Y"(n-s°)

2
8n‘s
m T

m

~{n? ~D —3")

4 2
galumsnaaoatiifonld s = 1.51
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