LA A at d - % ] = Aad kY
ﬁN‘Uﬂ!‘IN!lETQ‘Uf’)QwﬁN‘U"IQ CuInSe2 NadAIY Na “ﬁﬁ!ﬂiﬂﬂiﬂﬂ?ﬁiztﬁﬂﬂ%ﬂﬂ?'m

SouluszuugaIng

v o

Optical Properties of Na — Doped CulnSe, Thin Films Prepared by Thermal

Evaporation Method in Vacuum

=Y ¥
551 33NV

MAYTIRA ROUMSUK

Inenfinugiifludaumiiavesnsi puImMunangasUSya Imnmansumiutia
mniniEnddszgna
vauninIngde
asdumalulagwszaondudgunmsaanszii
W.91.2555

KMITL-2012-SC-M-030-020



Optical Properties of Na —Doped CulnSe, Thin Films Prepared by Thermal

Evaporation Method in Vacuum

MAYTIRA ROUMSUK

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF SCIENCE IN APPLYED PHYSICS
FACULTY OF SCIENCE
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2012

KMITL-2012-SC-M-030-020



COPYRIGHT 2012
FACULTY OF SCIENCE

KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



wataineniinus

unfnen
swaUszIe
USnyeyn
CRLel s

&t - - e
21958 USneaneninus

ANTINGIANERS
donvunalulagnszsaunandnaumsaIan sz
Tuiusesineniinug

o « o e w -t -t el w
AUUATILATDINANUN CulnSe, taoA3e Na Fansoulasdsizivienis

AuSeuluszuugyynme

Optical Properties of Na-Doped CulnSe;, Thin Films Prepared by

Thermal Evaporation Method in Vacuum
WNEMWE 3y

52650604

TnenemamaUndie

Wanduszand

SANULRE 293y

AMEZNIIUNTsEB VAN Twus a'mi'naﬂa/;,
1.3 GELE " e
.05 gAY e Ty A M
KA. Tud Aintiesh 7:;— /},w,w}
5A.wiing W3 I ins

Fu/Wew UV Wideu 16 nqumen ne. 2555

1ar 13.00 - 16.00 u.

o » :‘: ar e -
dnunaau . uvies 307 Yu3 DI IPHINTIRANYAL 1

: ~s~x~\';,fz///:
— Pl o\




Y a =Y wa a ey o oA 9 4 =
HIVOINYTUNUS audaFaaIvoIlanyIe CulnSe, MDA Na HIUATYY

ad kY 9/
Taedsszimealoanudoulussuugyana

o g

wnAnEN unaIss gy
sHaszdiia 52650604

Sgyan ernaasunada
CRNTIBE Wandilszgnd

.11, 2555

Jy = =Y d a o ¢ a
DIVFUHAIVANINETUHNUT IANVUAY NHTY

UNAALD
= v

a a s Yo A N o Ay oy a d' A

nontinusil 1R mseiouilauuns CulnSe, nef la 18 ouagniinsiveduoznou
s u’:l Y g @Q o [~ Y - o

Na Inedfszmoasasduniunsninsadanisninuionluszuuggyiniananudy
- a A 4 a 1 o g 3 0o = o { v

5x10°  Hafdurs asvugusesiuniflunszenalaa vinduianidduuieinld lunu

A o o g A A ' ' J [
n3zUIUMITA hudu Tnelidagig Sddlouussyaglundewns Ilduazeg luussermaves
[+ 4 ' a = 3 = Y 2 o o

uRao1saoulusisguund 400-550 osmusaFemiiunatzo  wii udavahlliims

9/ ~< a| ¢ 3 et dy = L4 1 a = v oA

a329d01 15903 19NN aVL19A 20T TT oA UVRLTIdENS WuTuTUHANWYUST

=1 9 = d d’l v A o © J PR

Hlaseadramdnuuuala Inlsn 9nszurumsBenuusesssdensaziimsmainiuos
T oa 7 o v [~

Tasawan vuveunsy anuriuaa Tawdu anunsoaszAuganiauazaNuLeziy
Qs oy o L. %3 1 J 4 oy L

YDINTIAITEITLUIVAAGIAD WUNVU v uns Uz Taduiloguvgivesn1sda lumdu

A 4 o s Aa ~ AR A WY =
Wuduazvinamsuvesiannte Na sefivue lanifauhn bildiinisde 1dnimsdnun

@ 3 ) da o { [
ﬁﬂyﬂ‘!z‘ﬂﬂﬂﬁuN?ﬁ?ﬂﬂg@\iﬂﬁﬂﬁﬁﬁui’)!ﬁﬂﬁ5@ulLU‘IJﬂ@ﬂiW*)Lm%ﬁﬂHTﬂﬂHmzlﬂWTa‘iﬂlﬂﬂﬂTi

oy o 3 o 1y 9 A = A g9 A o =Y
daruLaueINAaNDIe CulnSe, Mef liildRouazinmsodrsoznon Na Tauniosauidia
a =S I'd [} ™ ] 1 ] 1 @
JuminTas I Tadnes 190 N881IAAY 300-2500 11 THILAT FIUAIFOIITOUNAIITH

maasmusasiuan ldonailaasumsadsnuusanuidia Indifssduveanani@en a

v A W s q’/’ - =1 o
fyilrinmuealanuis CulnSe, iefi li1ddouaziimstedveraon Na aunnsoduanld

v
1w A o I

MnalnasunTaIHIULEIRIBFUAY AariH N dousdainuaNeIInANLES

1Y o a o £ o ° ' a o
ﬁﬂﬂﬂﬁ@ﬂaﬂ‘ULL‘U‘U%Tﬁﬂﬂﬂﬂﬁ%ﬁtﬁlﬂﬂﬂaﬂl mm“lﬁ'm:mamuammmwnmmaﬁmmm

7 v ]

NdAYa19 15U MarimIinmeones dulszdnimsgydovesuas nasnueeadia

o

@ a

.4 d o ' i ad a ' °
W97 NAINTUATIND T YU ﬂ']ﬂﬂﬁulﬂﬂlﬁﬂﬂiﬂ uazmmmmmmﬁﬂﬁ'

[

AdAry : FBmssemeanudouluszuugyyInie, nszUIUMSFa ludu

o



Thesis Optical Properties of Na — Doped CulnSe, Thin Films

Prepared by Thermal Evaporation Method in Vacuum

Student Miss. Maytira Roumsuk

Student ID 52650604

Degree Master of Science

Programme Applied Physics

Year 2012

Thesis Advisor Assoc. Prof. Ngamnit Wongcharoen
ABSTRACT

In this thesis, the pure CulnSe, (CIS) and Na doped CulnSe, thin films were prepared by
single source thermal evaporation method using powder of CulnSe, single phase pressed in pellet
form. The films were deposited on glass sheet substrates in vacuum better 5 X10° mbar. The
selenization process was subsequently carried out inside a partially closed graphite container at
400-550 °C for 30 min in argon ambient with element selenium incorporation. The crystal
structute of these films was checked by X-ray diffraction (XRD) technique. Structural
investigations on these films revealed the polycrystalline in nature with chalcopyrite structure.
The lattice parameters were determined from the diffraction peaks. Furthermore, crystallite size,
dislocation density, microstrain and stacking fault probability have been evaluated and the results
are discussed. The grain size is found to be increase with increasing selenization temperature and
CIS films incorporation with Na obviously provides the larger grain growth comparable to the
non-doped films. The surface morphology of the films was studied using scanning electron
microscope (SEM). The transmission characteristics of the pure and Na-doped CulnSe, films
were studied using double beam spectrophotometer in the wavelength range 300-2500 nm.
Optical band gap values of the films, determined from spectral transmission data, are close to the
one of single crystal. The refractive index of the pure and Na-doped CulnSe, thin films was also
been evaluated from the transmittance spectra. The dependence of the refractive index on the
wavelength obeys the single oscillator model, from which the important parameters such as
refractive index, extinction coefficient, oscillator energy (E,), dispersion energy (E,), dielectric
constant and optical conductivity were determined.

Keyword : Thermal evaporation, selenization,
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Intensity (a.u.)
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& 1
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2.4.1 anvaginssadaounasnm [14-15, 18, 27]
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» 17— Conduction band edge _"*
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R=-—+— (2.11)
I0
I =RI, (2.12)

1T oo
ANVAUUAINNNTZNULHU TV
9 e = o
AV BLEIFENOUINHANVIG
1 [ s o
ANUEULAITRIUDDNUININ ANV
3 A o 1 Voo
ANUVLAINIAUM BN FUABAANLN
4
duseAnsmIastouLa (reflectivity)
4
AuUsLaNTMNTAINIULET (transmittance)
4
dutse@nTnsganiuue (absorption coefficient)

A = v o o
'i8EJ?/VI'NWLL?TQL@UW'NiHLLWHNﬁNU'N

:Jl 9 a a Y t oo =
WIgRTUU mmmmmmmumamquwuﬂaumqm1

I =1,-1 =I,-RI =(1-R)I, (2.13)
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T =fI'—=(1—R)e‘“d (2.15)
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v
X @ o

2.4.3 MIGANAULAIVBIMNINIAND [13-15, 20]
A 2 o o 9 9 1 1 [
onasnnniznuaisnedd drenndy I, uasursdausydaniuesn lyl

! A ' = v o ) =
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T+A+R=1 (2.16)
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A o o o £ Y
R A9 duilszansmsdgnouuas
2 2
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(n+1)" +K
' v oA w =2 .
HAZAAFUVNIMUBINAN n, =n-ikK (2.18)
A = 3 a
1o n A9 IUIUIN
& ° a v o " @ o o a . . .
K f9  377@geu G0 duilseansnisgaye (extinction coefficient)

v
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E} = Aj\j = (2.33)
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¥ 4
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O, = WE,&, (2.40)
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A ' = o q’xl Y 3w A
MX, m‘JJﬂul%uLﬂﬁ]?ﬂﬂﬁ?ﬁﬂﬁﬁuiuﬂﬁiﬁimfJ Llﬁﬂﬁhlﬂﬂﬁﬂﬁ%‘m 2.2
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M5 2.8 uanalPnsnmsszmemsysynou

o) aaa ans = LY 1
yiiaveslfnien dansenmand 1572981

myszmelaolilimsuanda | MX(uSel) —  MX(g) | SiO, GeO, SnO, AIN, CaF, ,

MgF,

msusnaIulsensy MX(s) = M(s) +1/2 X,(g) Ag,S, Ag,Se

A g o \
MX(s) — M() +1/nX(g) MINMIAMUINQYUITT-TV

M35y IAIMILANG MX(s) = M(g) +1/2 X,(g)
(M $aladlua X =S, Se, Te CdS, CdTe, CdSe
@) oonlea MO,(s) — MO(s)+1/2 0,(g) | SiO,, GeO,, TiO,, Sn0,, ZrO,

M =lang X = o Tany

a n S/ a ~ ¥ =y ay d 9/ Aacy
2.9.14 BnEvavedlnssauBusnadindeszuunismsendanuIadBITMIsIeEs
(deposition geometry)
= o o 3 9 = L) =Y P 9
nswsendusiuIzdesinsanlisinnveumasduiaasnldlunsseime
g { = 1 = dg,
s9uf931u5095 UNoZABNYBIAIIITUIANNSTNUR 2L AR IA1TssIveasiiadu 1y
F2UUMS lvaves Juana W15 UINISTNEAITNNUNEIRUTAILUYA (point source) UIATIN
B o oy w 1
YDIATVINNTILINY (total evaporation mass : M, ) aunindaldnimiwmiinvesasnenuas
[ F4
MAITLIMOUA DRI UL ANUTANTNUAT (surface source) HINTINVBIATVNINNITTLINY

szv11dan

-

M, = INM—cDedAedt= “FedAedt (2.116)
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Surface Source

31 220 vaaggiliyuMsszrevoas

9
A A

' . . e B ¥
lauh A, Ao Audfavesmsil¥emo USinaesna dM, Hanasiugiuseailuiiun da,

=)

= - T o o =
1N31N 2.32dA, A WNuNHIVEINIINAL 37 1A91 dA = dA cosf ALY aiianily

dM = dA\(—M—ﬂ} (2.117)
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=
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dA, Taoi iR mmrai e ¢ nazegvaniuszey r oz la

dM (4.1) = (cosp M _(0.r)dA

o a ' ar -~ o g
urlnaes cosg  Wuiladduee g Soni1 n1snszaevoaldnguny Taaned (cosine flux
dmw(é‘r)

dA

g

=/ : 1 o
distribution) kﬂuwammﬂszmmﬁ“lwamaﬂumqmﬁmhzmmm ning

a o & @ A g
BUNINTAANDANTINTINANIAY r ﬂ%ﬁvlﬂ
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1INMITYTLINUAIBUNNTATIIAUIZWU

dK/I_s (O,r) B _Me
da, m?
Aoy dM,(g.r)_ M§ cos¢
dA, mr
N dA, =dA  cosd
- _
L2 M, (¢,6,1) LM, cosqfcos& (2.118)
dA. m
pazannsowuduaums i1y 148 Ao
d_ AY . n
MS(¢,0,r):Me (n+1)cosz¢c050 @>0) (2.119)
dA 27

s

A d" o v o ¢ ¢ a Y
14U n=1 ﬁllfniu"ﬂglllufﬂiﬂigﬂ'lEJ‘U’E)\W‘lﬁﬂ“ﬁlLUUIﬂ“]ﬂUu 07n > 1 f]'ﬁ‘U'lvalﬂ'ﬂ
o v o =Y S
ﬁﬂi"fﬂ'lﬂilﬂﬂ‘l"lﬁﬂ‘lfﬁfﬂﬂﬂﬁﬂ'm (more forward directed) ‘Vi?@ﬁ? n< 13ZNANITNITIIVLUY
[ P o v ¢
AYINY (more uniform distribution) UAZT1MIUY n = 0 AMINTEBYDININFILIMiIoU

UMAINUHALUVYR

2.10 !V\lﬁ’ﬂﬂi’);‘ﬁ!lﬂiﬂ‘ﬂﬂﬂﬁ15ﬂﬁ$ﬂﬂﬂ Cu-In-Se [12-13, 21}

[} [ o ' 4
a1515n0U CulnSe, @ 1na) Ids1an1sduns1eiiulasnsa (direct  synthesis)
9
TWINE19 Cu, In 1AZ Se laodadinozaon 1: 1:2 MIANYIMNSUTENOUTZUINTINIFIN
Tudadiud1e q nundadiudnarinion i3oadn anovd lowesuazdadiulndinvady
dy ] = o
(near-stoichiometry) M13U3gnoviivzoy umamas i
alaezunsuveesa1suseney Cu-n-Se ldTunsAnuiuudineudiazidenlay
o fua laozinsuFagifion (psudo-binary phase diagram) 351319 Cu,Se 1) In,Se, A9LAA

Tuguii 2.34
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T T I N 1
CuInSe2

1000

~J
>
>
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p 3
__120° € !
100 5 e
3 ¢
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S LN 1 3 1 1
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+—Cu Se In Se —>

COMPOSITION (mol % InZSé‘)

5U7 221 uenae laozunsuuesansilsznay Cu-ln-Se

1
a o

P T =~ = 3 3
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v
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=) o3 a o A Aa 1 9/ = a A =

uimaaiNwamﬂmmumﬂmau (B-phase) NIDNLTYINIAN IﬂﬁQﬁSNWﬁﬂLLUUﬂ’JUﬂW}ﬂM
] 9 [ = Qs v 3 = o T

(pseudo phase) 1A% 1988 (cation) Y3NOVAE Cu N In 3x503d 2 LisTuszidenludumiis

FUUANNAVD WA 188D (cation sublattice) 19z lUANHMLNITIVUVUGN (random) T

= =

gannd 810 emurades  Iassadnansswdouvindedwan lhiflusalnlnlsy y-

L1}

Y T 1 o3 =Y <4 = A
phase) a3inatainIon ldeuiurtiadunsol 110518911909 Becker & Wagner NANH

a131/5¢n01 CulnSe, 1835 DTA (differential thermal analysis) 1A 31091UN9zlinsulaoumla

Wil 810 pemNwAIToE Az 665 DIAUFTOT uA In59a 3 1IWANTURTIv0 151 52N01

I3
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Turreguungil 665-810 deruaaea 69 luilunguiy dimsusgunginandi 665 o

¥
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2.10.1 M3HAHANDIL CulnSe, [36-40]

2.10.1.1 meililasnfindvesiaq [36-38]
s 1 =

A a a aan = 1A = MYy a o Ay oM
Asisviludrtswenismsmalfisouniivesansinialdnielild fasmied o

nianudaszhng (Gibbs free-energy function)
G=H+TS (2.120)
4 -
o H=1oumall (enthalpy)
T = gavgiiinihuihusaiv

S = 1011051 (entropy)

{ ' @ a a g o
ﬂ]i%iﬁ 2.9 LLﬁﬂQﬂWWﬁ\‘iﬂu@ﬁﬁxﬂlﬂdﬂUUﬂ@Qﬁﬁ‘lji%ﬂ@ll‘UN“lﬂéﬂ

misilszneu G° (kJ/mole)
Cu -9.9
In -17.2
Se -12.6
Mo -8.5
MoSe, -180.2
Cu,Se -103.9
Cu,Se, -351.0
Cu,Se, -173.0
CuSe ~65.2
CuSe, -81.0
In,Se, -360.0
InSe ~130.0
In,Se, -416.5
Cu,In, -410.0
Cu,in -61.5
CulnSe, -280.0
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drszvudanisfaounn 15Uy Gnitial) —> gavhe (final) (Vaizigangineg) udrvzh iy

) v
nasnusasunamsasuulaen el
AG=G,-G, (2.121)
Taoh  AG=H+TAS

9 o a o aaa =y 13 Y A a a
nnngdeaosvounss lulauiiind UfAsv19ziiadnlAio (spontancous) Ngangiingd

v
=S o/ =

L% { q & 1 =Y
WS nudunIn) e AG < 0 Fammsanuhindssuuivul Iduindnudaszazanag
o 1 o
Aqauazidngauqadiile AG =0

NNJGATBUANYeIAIs A, B ttag C
aA +bB —> cC

92189 AG =G~ aG, - bG, (2.122)

M o o = MY Qs ] { g = >
We  abuazcitiu dudsednsvesdadiunauniuainiuldavanosd lowas

(stoichiometric coefficient)

Vv
§10013%U CulnSe, Sidadunaumaniuuvanod lamaditiu 1:1:2 dafu a = 1,
[~ ar ~ o d o o
G, G, Gy 11 WaMBaszAuIYeIaIs A, B 4asC mudIal

MmN 2,10 uansrusMsHalfaseuail a1 wonasuoumatll (AR tazoni

MafalgRseuad

Ugnsauni AH (Imol) sasImsalfnien
1. CuSe + InSe — CulnSe, -44 4
2, —;—CuZSe +InSe + —;—Se — CulnSe, -55 52
3. %CuZSe + —;—Inzse3 —%Se — CulnSe, -39 alu PVD

4. CuSe + %InZSe_,, ~ %Se — CulnSe, -29 bR
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MndInudaszYRInUtvesmsdszasuunrian Iamsuluaudtednaasluasie
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d da d
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aialts

= three-source

PSSV

A three-source

10° ® r.f. sputtering

O (1/cm)

0O two-source
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T

RARE 242403
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10 A N [P L 1
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hU (eV)

3 1 a o a oy o A at
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¢ o 1 A 4 v 4 a o . 4 A

%10l in'lsvied Tasdadiuveseznounaisliidndoslissifaiiugauaniesdiulunin
v A =] Y dydl
Taodnvmzgaunnsedl ladsiine

a A o ' A& A 1 - 2 <
L. msfafineludwmniaveslaswan Tasiieg 3 uuuas v, V,, Vg, & tMuiedams

Cu? In?

=y { 1 ; o 1 [ [
(HAN 19U TUA NN UIVD Cu, In, Se MURIPU
[~ =1 o/ o . N . . .
2. ey lidluszdioulunanlooousunanie (antisite disorder in cation sublattice)
T o I'd =] ) o 1A
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Method ] [ Deposition

T S R R e

Various thermal evaporation stages with defined metal flux ratios and increasing
Co-evaporstion substrate temperature (400 "C-550 °C), while maintaining an excess seleni

background pressure
i e——— —— —

Evaporation or Sputtering of precursor layers Rmr)ﬂlilluﬂon and selenization
Selenization at low substrate temperatures (<200 °C): reaction at high substrate
(two-stage process) Cu, In, Se compounds, alloys or stacked temperature (400-550 "C)

@ elemental layers in Ar/Se gas ambient

Small grained, alloyed or stacked layer Polycrystalline CIS layer

with difined metal ratios i
et
r Substrate
(n)

(Sl o
Precursor Deposition Selenization/Annealing/Recrystallization

i, ’{g’;"-, N PRy

D STyl Tt Ml o
(low substrate temperature) (high substrate temperature 400-450 "C)
Selenization

"i A Y
Substrate

1 Cu, In Stacked
elemental layers,

Recrystallization
or Selenization
in inert gas ambient

Recrystallization

Selenization reaction
| Se/S, H Sels gns smblent

T

Small grained, alloyed or stacked layer
with difi ned metal ratios

polyerystalline CIS layer

gl AR

[ Substrate

SRLEL Y0008
A A S B

Substrate

(V)

MQMQW

Mo sheet
Stage 1 Stage 11
As-deposited (‘ulnSe? Se incorporation into Formation and
films on slide glass or the films erystallization of
Mo sheet substrate (‘uInS{'z films at
400 - 550 °C
(M)

Ui 223 uanemsiSouauD13 CulnSe,
(M) ATzUUMIFA lusduiioimawmiouilaunsluszuuaanme
(V) nszumsmseuilavinaluussoms

(M) BUVTIADIVDINTNANTLUIUNTHD 11
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5. NAnMIsIAY
A A d
6. dsmenilumidsznovuey
- Tmduudald (Na,S.9H,0)
- TadewInTodrama (Na,S,0,.5H,0)

- TandenInTe lsouua (NaSCN)
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3. diaeadfiilon uqns 99.999 %
4. uiersnounsqns 99.999 %

5. fluvinalsa13 (rotary pump)

6. naowny W

7. wweulla

8. unsuen

LYY d da
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Pattern : 75-107

Radiation = 1.540600

Quality : Calculated

Culn Se,

Copper Indium Selenide

Lattice : Body-center tetragonal Mol. weight = 336.29

S.G. 1 1-42d (122) Volume [CD] = 384.93

a=15.77300 Dx =5.803
Dm = 5.650
¢ = 11.55000
Z=4 Hicor=1151

1CSD COLLECTION CODE : 028740

TEST FROM ICSD : Calc. density unusual but tolerable.
TEST FROM ICSD : No R value given.

TEST FROM ICSD : At least one TF missing.

*Calculated from ICSD using POWD-12++, (1997) primary reference:
*Z. Anorg. Allg. Chem., volume 271, page 153, (1953) :
Hahn, H,, Frank, W., Meyer, A.D., Stoerger, G.

Radiation : CuKal Filter : Not specified

Lambda : 1.54060 d-sp: Calculated spacings

2th

17.158
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Pattern : 80-535

Radiation = 1.540600

Quality : Calculated

Culn Se,

Copper Indium Selenide

Lattice : Body-center tetragonal

S.G. : 1-42d (122)

a=5.78400

¢=11.57000

Mol. weight = 336.29
Volume [CD] = 387.07
Dx =5.771

Hcor=11.68

1ICSD COLLECTION CODE : 068334

TEST FROM ICSD : Calc. density unusual but tolerable.

TEST FROM ICSD : No R value given.

TEST FROM ICSD : At least one TF missing.

*Calculated from ICSD using POWD-12++, (1997) primary reference:

*Sae Mulli., volume 27, page 456, (1987) :

Lee, D.W., Park, J.Y., Kim, H.S., Chang, B.H., Choi, I.H., Hong, C.Y.

Radiation : CuKal

Lambda : 1.54060

Filter : Not specified

d-sp: Calculated spacings

2th

17125
26672
27780
30895
*30 895
35534
42025
*472025
44253
*44 253
47787
52424
*52524
53 058
*53 058
54944
57995
*57 995
62673
*62 673
64378
*64 378
67.155
*67 155
70 966
*70.966
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*71 505
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81 448
*81 448
84012
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*87.578
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Pattern : 46-943

Radiation = 1.540600

Quality : Questionable

C

Carbon

2th

2708
28 587
30485

Lattice : Not assigned

S.G. : (0)

Mol. weight = 12.01

31589
33153
34 605
35598
37604
38439
39673
43 038
45 547

48376

SAMPLE PREPARATION : Prepared from channel black after heat 52230

treatment at 1250 C in the presence of Ni at 37 kbar

56 029
61 345
66.229
75234

*Inorg. Mater. (Engl. Transl.), volume 15, page 632, (1979) primary

reference: Shterenberg, L., Bogdanova, S.

Radiation : CuKal

Lambda : 1.54180

Filter : Not specified

d-sp : Debye-Scherrer

1

k

l
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Pattern : 28-1148

Radiation = 1.540600

Quality : Hig

NaCNS

Sodium Thiocyanate

2th

13263
17074
20639

Lattice : Orthorhombic Mol. weight = 81.07

S.G. : Pbnm (62) Volume [CD] = 306.59

a=6.52600 Dx=1756
b=13.33100 Dm=1.730
¢ = 4.08500

ab=0.42232 =4

/b = 0.30643

25554
26725
26 939
27778
30158
31149
31785
32485
33771
34563
34715
37281
37785

OPTICAL DATA : A=1.545, B=1.625, Q=1.695, Sign=-
MELTING POINT : 323 C

COLOR : Colorless

GENERAL COMMENTS : Compound is a p.a. chemical.
GENERAL COMMENTS : Impurities less than 0.03%.
GENERAL COMMENTS : Compound is hygroscopic.
ADDITIONAL PATTERN : To replace 1-741.

38320
39.420
40 568
41,187
41989
43 583
44 029
44324
46 485
47 755
49 015
49383
50 464
51.816
52230
52488
52913
54 163
55151
55.550
55955
57.835

*ICCD Grant-in-Aid, (1976) primary reference :
Technisch Physische Dienst, Delft, The Netherlands.
*National Research Council, Optical data :

Data on Chemicals for Ceramic Use, Bulletin 107.

58438

Radiation : CuKal
Lambda : 1.54050 d-sp : Guinier

SS/FOM : F30= 93(0.0087,37)

Filter : Monochromator crystal
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Pattern : 47-1698 Radiation = 1.540600 Quality : Indexed
Na, § 2th I\ h| k )
Sodium Sulfide el B A I
27155 0| 2 0 0
38963 100 2 2 [1]
46102 s0 | 3 1 1

Lattice : Face-centered cubic Mol. weight = 78.04

48 294 s 2 2 2
S.G. : Fm3m (225) Volume [CD] =277.93 56422 o 4] o]0
61909 35 3 3 1
a=6.52600 Dx = 1.865 63717 5 4 2 0
Dm = 1.880 70 693 80 | 4 2 2
75734 35 5 1 1
=4 83.794 50 4 4 0
88511 50 | s 3 1
90229 5 6 1] 0
SAMPLE PREPARATION : Prepared by addition of Na metal to a 96 562 75 6 2 0
solution of S in liquid ammonia and annealed for 20-30 hours in 101333 Ny,
103 099 s| 6 2 2
vacuum at 120-250 C. 109 681 35 4 4 4
GENERAL COMMENTS : Films used for intensity measurements JaReT o ’ & !
116 679 5 6 4 0
had a 14mum aluminum foil absorber. 124 153 20 6 4 2
GENERAL COMMENTS : See also 23-441 (calculated pattern). T e el
141 669 is 8 0 [
GENERAL COMMENTS : See also 3-933 (calculated pattern). 150.093 15 [ 7 3 3

ADDITIONAL PATTERN : To replace 3-933.
COLOR : White

CAS: 1313-82-2

*Z. Elektrochem. Angew. Phys. Chem., volume 40, page 588, (1934)
primary reference :

Zintl, E., Harder, A., Dauth, B.

Radiation : CuKa Filter - Beta
Lambda : 1.53900 d-sp : Debye-Scherrer

SS/FOM : F23= 18(0.0570,23) Internal standard : Ag
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Pattern : 22-948

Radiation = 1.540600

Quality : Calculated

Na

Sodium

Lattice : Body-centered cubic

S.G. : Im3m (229)

a=429080

=2

Mol. weight =22.99
Volume [CD] = 79.00

Dx =0.966

UNIT CELL DATA : Published value of a=4.2906(0.0005)

CAS: 1313-82-2

*Natl. Bur. Stand (U.S.) Monogr. 25, volume 9, (1971) primary reference :

*Z. Knstallogr., Kristallgeom., Kristallchem., volume 100, page 195,

(1939) unit cell data :

Aryja, Perlitz.

Radiation . CuKal
Lambda : 1 54056

SS/FOM : F11= 143(0.0055,14)

Filter : Not specified

d-sp : Calculated spacings

2th

29421
42081
52182
61023
69 185
76 904
84 405
99227
106 799
132522
159015

LY N N S S e

k

MW N N e N =

!

- N o @
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Pattern : 85-566

Radiation = 1.540600

Quality : Calculated

Se

Selenium

Lattice : Hexagonal

S.G. : P3121 (152)

a=3.91000

¢ =5.08000

Mol. weight = 78.96
Volume [CD] = 67.26

Dx =5.848

Hecor=827

ICSD COLLECTION CODE : 023070

SPACE GROUP AS REPORTED BY ICSD: ICSD SG: P3121 IT

is: 152 SG short form: P3121

REMARKS FROM ICSD : REM  PRE 4990.

TEST FROM ICSD : At least one TF missing.

TEMPERATURE FACTOR : ITF

*Calculated from ICSD using POWD-12++, (1997) primary reference :

Phys. Rev. B. Solid State, volume 16, page 4404, (1977) -

Keller, R., Holzapfel, W.b., Schulz, H.

Radiation : CuKal

Lambda : 1.54060

Fifter : Not specified

d-sp : Calculated spacings

2th

26298
31732
44 557
46 409
49945
54117
*54117
57315
59631
61143
66 293
75 008
76.731
80 088
£0.750
84747
86 071
88709
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Pattern - 15-29

Radiation = 1.540600

Quality : Deleted

Mo Se,

Molybdinum Selenide

Lattice : Hexagonal

S.G. : P63/mmc

a=3.29100

c=12.89000
Z=2

Mol. weight =253.86
Volume [CD] = 120.90
Dx =6.973

Dm = 6.900

1183 (1963)

DELETED AND REJECTED BY : Deleted by 29-914
UNIT CELL : Lavik, J., a0=3.288, ¢0=3.933, Acta Cryst., 16

reference : Ukrainskii, Novoselova.

*Proc. Acad. Sci. USSR (Chem. Sec.), volume 139, (1961) primary

2th

13612
27.499
31407
34318
37.967
42010
47.596
55807
57091
57875
63 541
65 599
69524
72 481
76 445
84107
91 542
95095
98 737
101 603
168 524
110 238
125167
139 899
141 068

Radiation : CuKa
Lambda : 1.54180

SS/FOM : F24= 4(0.1060,64)

Filter : Beta

d-sp : Not given

I
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Patter : 25.8360 Radiation = 1,540600

Quality : High

Na, §,0,

Sodium Sulfate

Lattice : Monoclinic Mol. weight = 158.10
S.G. : P21/c (14) Volume [CD] = 441.80
a =8.50800 Dx=2377
bh=28.15100 Beta=97.10 Dm =2345

¢ =6.42000

a/b=1.04380 =4 Hcor=0.65
¢/b=0.78763

GENERAL COMMENTS : A structure analysis is given by sandor
and Csordas.

ADDITIONAL PATTERN : To replace 3-258.

CAS: 7772-98-7

*ICCD Grant-in-Aid, primary reference :
Technisch Pysische Dienst, Delft, The Netherlands.
*Acta Crystalogr., volume 14, page 239, (1961) optical data :

sandor, Csordas.

Radiation : CuKal Filter : Not specified

Lambda : 1.54050 d-sp : Guinier

SS/FOM : F30~ 68(0.0110,40)

2th

10473
15107
17653
19668
21,035
21 446
21 765
23720
24232
25933
26,208
27361
27983
28681
28909
30095
30.442
30742
31160
31774
32461
33103
33692
34 868
35715
36282
36963
37361
38101
39384
39985
41011
41564
42845
43694
44029
44233
44380
45741
45986
46 409
46943
47.359
48,204
48486
49,099
50.826
51069
51816
52618
53312
53922
54794

60
25

w
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w -4
S o ® & ® &2 N & D O D O
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[T IR N R N W)

woN s A

- o N R D N = NN -

NN N o N

w NN D N o

[PUR R

[* I RN

2th

55044
55 260
55623
56 479
57.091
57519
58357
58765
59.388
59812
60 546
61.300
52213
62 587
63 300
63 883
64 528
65033
65651
66 229
66 980
67362
67 861
69 524
70 480
80 846
71528
73198
73796
75445
76 156
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Pattern : 77-1870

Rudiation ~ 1.540600

Quality : Calculated

Na S O
2 2 3

Sodiam Sulfate

Lattice : Monoclinic Mol. weight 158 10

8.6 P2Va(14) volume [CD] = 436.20

a 640100 D =2.407
b= 8.10000 Beta = 9688 Dm 2408
¢ = 8.47400

ab  0.79025 z 4 Ylcor=0.71
/b — 1.04617

ICSD COLLECTION : 060022
TEMPERATURE FACTOR : ATF
REMARKS FROM ICSD : REM  TEM 120.
REMARKS FROM ICSD . REM  COR.

*Caleulated from ICSD using POWD-12+ 1, (1997) primary reterence :
*Acta Crystallogr., Sec. C., volume 40, page 1783, (1984)
Teng. S.1., Fuess, 1., Bats, J.W.

Radiation ; CuKal
Lambdu ; | 54060

Filter : Not specified
d-sp : Calculated spacings
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msmanfSuande

33alManaveInIn
Cu = 63.65 g/mol
In = 114.82 g/mol
Se = 78.96 g/mol
Na = 23.00 g/mol
S = 32.06 g/mol
C = 12,01 g/mol
N = 14.01 g/mol
0O = 16.00 g/mol

msnIenf318m15198 1wt% 910a135 CulnSe, 0.5 g
910 CulnSe, 100 90a1IHIN 0.5 g

CulnSe, 1 9naIudn - 0.005 g

1. 198 Na 1wt% 910135 Na,$,0,

e luanaved NaS,0, = 158.12 g/mol
mol = g/ualuana
1 = 2/158.12
g = 158.12 g

A0aNs Na 46 g 9nd15 Na,S,0, niin 15812 ¢

#04015 Na 0.005 g 910a15 Na,S,0, ¥iin  0.017 g

2. 139 Na 1wt% 910M3 Na,§

waluanaved Na,S - 78.06 g/mol
mol = g/uraluana
1 = g/78.06
g = 78.06 g

fpan15Na 46 g 1INAIT Na,SHin 8108 g

ADINTT Na 0.005 g 91n@15 Na,Sviln  0.008 g



y7aluanaved NaSCN
mol

1

g

190 Na 1wt% 910815 NaSCN

fl

81.08 g/mol
galuana
2/81.08

g1.08 ¢

fB4MI Na 23 g 91nN@15 NaSCN win  81.08

#9015 Na 0.005 g 91015 NaSCN nuin  0.018

4. Wwidniaasaasiie 2 wia Uszana 0.089 nsu

200
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