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CulnSe, (CIS) nanoparticles of chalcopyrite structure were directly synthesized by a solvothemal

method in an autoclave with diethylamine as a solvent. A morphology change of the nanoparticles was
observed as a function of reaction temperatures and times. Dense rod-type CIS nanoparticles with width of
5~10 mm and length in the range of 30-80 nm were obtained at 180°C for 36 hrs whereas spherical particles
with diameter in the range of 5-10 nm were observed at 250°C for 36 hrs. The formation of the rod-like
nanoparticles in diethylamine, without double N-chelation, was explained by the Solution-Liquid-Solid (SLS)

mechanism.
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BlgdA = Ao wet ZA A& sEEvEA
Az BEFHr o]F LI-VIE IFTEWNEH
CulnSe, (CIS)= 1eV o)/de] A Aoy oujx] W=
Ne 7RI AR, A FAA 71 B BESF AF
(I1X10°em™)E 7Hd #5 olyzl, A7) FeHoz v
9- ePgste] BFaA Y] BEFFTLE v o] dF el

CIS Al HUAAE & vlojag F79) wetog gg
A2 E’}E—‘atﬂ 2 Az O E co- evaporauon 9 gpu-

ttermg, chemical bath deposition (CBD),” seleni-
zation,” spray pyrolysis™® & & 7[R Zg 383
et A zubyo] ALE Utk o7 & WIE
€& 471 M e avte) AFEXE ARSsteer de
Aol @ g AHEI AUrk. wpebr B FHA S A7t
32 felA= 7129 vacuum # o] ol non-vacuum
WAO R CIS 3E5T5E Axste 71e9 7ide] B4
o)t}

71 tiE A2 A7t non-vacuum EHEF Al ZFA ] 3}
UE AW e spray HE ZHM B F AUsH,
ol& el e xolA] Hiet Ao 7Hed Y A7)
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o CIs YRS P Zo) Sz} gt

olgfst U==r19] g2 oY 7IA7E o, &
o< (solvothermal) HH2]S H| @A AL QoA 7hdst
THo= AYIA YAE Y + °1°‘I] Rig 85
g dA 248 £ Uves AHE vHE ‘”’“41 A
ol o] 3 BE|EHOE CISA ‘)rlt A @A gig
A7 Aleg v Ak L B0 o]# 3 SujEy

& ARESt gufel] oEshE CIS Y=dAte] ¥sks &
Flsith. Sl 2 ethylenediamine® ARE-3ted =it |
AAE Lo, o]& solvent-coordinating template
7172 sttt WhHel diethylamine §-vH2] 73-5-of
ouble N-chelation®] Z¥ W&ol +&9 CISEAE
i‘i‘rl EJ—OH’— °‘U}” £ AqdAe ﬂ'%lﬂ an
= ?53"3
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SujdHE 083 CIS e
4(0.205 g. 2.59 mmol),
1.26 mmol), InCl; *

A=} 4L 3 selenium
CuCl, - 2H,0(0.221 g,
4H,0(0.380 g, 1.29 mmol), diethyl-
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amine §E HXZE &7]° 80% 71 AL F, B
3t autoclavedl]l o] 180°ColA 36417 WHgAIZ] 3,
A4a WA AT wheEL dAEE g Azl & S
oot dEER o] & HEIA AH AT oY
& HHS A F FAES AASNAL, ko] AA
H HFSEL filteringS AR ¥, 80°Ce] FES7INA
2 8-S #AAA CulnSe,
Wed2s Azstdoh e xek AlIZHE ZhE 180,
190, 200, 210, 230, 250°CSt 0, 12, 36, 60AZFSE
gejste] 2o dxAE ZAIIY. Fig. 1 &1f
ol 23 CIS Uiz A @4 TR =tk FAE
S22 24 g BA, AEEAH FHE A=Y
T BXE ¢olr7] 93, electrophoretic light scattering
(ELS-8000; Otsuka electronics., Japan), energy dispersive
spectroscopy (EDS; EDAX. Inc. Phonix, USA), induc-
tively coupled plasma emission spectroscopy (ICP-
AES: Ultra-C, Jobin Yyon, France)2 3slsd). 281
AYF2G wiEgAdS DolH 7] Y] X-ray diffraction
(XRD; D/max-A, Rigaku Japan, CuKo: A=1.54178A)
& AHEsIGien, 4dE AR Fds =201 4 wAlF
5 #2317] 98] high-resolution scanning electron
microscopy (HRSEM; XL30SFEG, Philips co., Holland,
at 10kV)Q} transmission electron microscopy (TEM;
EM912€Q, Carl. Zeiss co., Germany)ZALE 33ttt
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I
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Fig. 1. Process of CIS nanoparticles synthesis in diethylamine
solvent.
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P9E dAY 24 S golrr] 93] HRSEMO| 3
¥ EDSE 333l Fig. 2+ diethylamine &g A}
&3t 180°CllA 36A17F w33 wk-g-E<] EDS A
g Ro 32 9tk £48 A3 Cu:ln:Sed 3gUdE
H]7F 1010200 A9 2¢ AHE A & 4 AT
Selenium atom%7} A 23] 29] H]go] €A &
= FH v M F RS SUEAS
AR, o213 EDSS A 71 RSE
A g A AFEAE A d ] 9
34 ICPAES ZAE &3t Table 12 diethylamine
S gulE ARE3te] 180°COolA 36A17F WHS-3H BEL-E-9)
ICPAES ZAZolt}y, EDSAHS 79| vt 235 891
g Slen, 1:1:29 SEGEHE A T A
At

Fig. 32 wg-A|7b] W& CIS Yete] XRD HE
Adtoltt. 180°C o] 2&oX WA 742t 0, 12, 24,
36, 60A1ZFOZ WISIA|A WA ZATH 0, 12A1ZHlA &=
CIS Aol si%g3h= 3 =7F In,Ses, CuSe, Culn®l A3
A ol ksl vEbdT ol WS- 271RE CIS A
o] A=Y, T CIS AL A2 IA Fevk
= AL 9ujgit), E3, 24X 7HRE CIS Aol £ F

" CIS 180C, 36 h.
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CuLa
CuKa

0Ka L J{L

100 200 3.00 400 .00 6.00 7.00 8.00 3.00

Element Wt % At % K-Ratio  Z A F

Sel 46.38 47.43  0.2441 0.9745  0.5395 1.001
InL 29.83 25.61 0.2486  0.9314  0.8948 1
CuK 17.79 26.96 0.1894  1.0588 0.97056  1.0358
Total 100 100

Element NetInte. Bkgd Inte. Inte. Error P/B

SeL 177.37 5.78 0.77 30.69

inL 100.38 8.4 1.08 11.95

Cuk 46.66 4.84 1.61 9.64

Fig. 2. HRSEM-EDS image of CIS nanoparticles obtained
from the reaction in diethylamine solvent at 180°C for 36 hrs.

Table 1. Chemical compositions of CIS nanoparticles obtained
from the reaction in diethylamine solvent from 36 hrs at 180°C
by ICP-AES analysis.
Element Cu In Se
Atom.% 24.68 26.39 48.93
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Fig. 3. XRD patterns of CIS nanoparticles obtained at 180°C
as function of reaction times: (a) 0, (b) 12, (¢) 24, (d) 36, and
(e) 60 hrs.
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Fig. 4. XRD patterns of CIS nanoparticles obtained at the
same reaction time of 36 hrs as function of reaction
temperatures: {a) 170, (b) 180, (c) 190, (d) 200, (¢) 210, (f)
230, and (g) 250°C.
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Fig. 5. TEM image of rod-like CIS nanoparticles obtained
from the reaction in diethylamine solvent at 180°C for 36 hrs.
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Fig. 7. SEM images of CIS nanoparticles obtained from the reaction in diethylamine solvent at various reaction temperatures for
36 hrs.
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CISol A ¥He AI7HS 364 7be 2 A3 skolth o) 917} 80nm BEEY YAteh EAFH Uso] BF
Fig. 7& g% §}oﬂ me CcIs Uz gAse  HQT, 250°ColME 10nm Blre] GApuke] #EHS
SEM Azo|th MSAIZFE 36A7to 2 AT wee o &, whglrt FVHESEE S dARVE 2ok
EE 250°C7HA ém]z; o] wie} 5-10nm 2719 +3 = AL onsith
JAE AL 4 ALk 180°CoME &9 B¢ 2ol Li Ve ang woe= CcIsE §4E 4 gl
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lenediamine s AHE-3HH St de] YAt 7ok B
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[Cu(en),]” =3Hdol da A
WA (InSe?) 3} Whg-ate] y)
sioty Z=AEn ) 2y a5 dlethylamjne%t‘ﬂ%
CuQ} o]¢} 78 o] N-chelationS HAIGIA] formn=z
FEHe] CISYAbe] ATty B &k 1) oL H
oq_rLoﬂ/q 328t A9} thET}. Diethylamine &M & A}
&3 A9ol= g}tﬂﬁég O]X]'ﬂ’ s wEEATE o)A
o = o & 4777} diethyl-
amine §U& AR 7ﬂ—r°ﬂ s U R P = =
Trentler 5'22 SLS(Solution-Liquid-Solid)7] 2 A=}
o] upak AL A3tk Trentler 5299l Jiang'
X SLS ¥A 4% 719-& |83t CnlnS ¥ CulnSe
nanorods®] AAS AEsidnh 2 A3 fuE &4
o] In F49 &3 (156°C) B} ¥ 25(180°C °4h)
A
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A5 SLS7| 7= A & & M—% Zolth
Fig. 82 Trentler 5'70] A|AJg Awbek Az A
SLS 7]+e] ME& veez s 9y CIS Y= =
o] A 7iFel g BA % ot} o]RAL v 7he
o g Awe Ak
2CuCly+ Se? — Cu,Se +4Cl° (1)
2InCls+ 2Se* — In,Se; + 6CI ()
CusSe + 2In + 3Se” — 2(CulnSe,) (3)
In,Se; + 2Cu* + Se™ — 2(CulnSe,) (4)

° Growth
Se, CuCly I direction
InCly —
cl droplet Crystalline
Solution Liquid Solid

Fig. 8. Schematic diagram illustrating Solution-Liquid-Solid
(SLS) growth mechanism: Liquid droplet is In element, and
Cu* and Se” are dissolved in the liquid droplet. The rod-like
crystalline and attached liquid droplet are suspended in the
diethylenaime solvent.
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