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Abstract

With ethylene glycol (EG) as a solvent, a simple two-step heating method was successfully devel-
oped to prepare the kesterite CuzZnSnS; (K-CZTS) nanocrystals under open air condition. XRD,
SEM and UV-vis spectrum were employed to characterize the as-synthesized samples. The results
displayed that the as-obtained products are tetragonal K-CZTS nanocrystals with a side length of
100~150 nm. Ultraviolet-visible (UV-vis) spectrophotometry measurement shows that the
band-gap energy of the as-synthesized CZTS was 1.51 eV, matching well with the optimal direct
band gap of 1.5 eV.
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B A A BR BRI 5 SR PRI R R G4k A Ok VR 6 5 B0 7 P 1 0 ] R R e ) R R
Z AP JE Had e, FoRiEE, el AR R NSRS R RN EZRZ) ). H At A BT
IREIE 2ok FAL A IRRE, (5 ELHE 80% [1]. Bl AR H 2k . AxBRARBE R A5 V5 4% n] # ) H
e, A A ARG RPHBE . JRRE. W RE. HOAARESE)IRAS T RTFT AR A R JEALE . KBHBE Fith mT
DK T 75 T0 R K BH e ELH 557 B LT, IR A R 2 — P B i) B AR BRI A AL

FEARZ KA R 1, Culny_Ga,Se (CIGS)F CdTe 7 5 A BH BE o jth D5 e i 5 e R A B R A
EPESLER AT XS, S5 T Rkib[2] [3]. 1H In. Ga. Te BIFATELAL Cd KA B8 M st —
AR IEZBIRE], FHRENESUITHRBE SR A [4] [5]. CuZnSnS, (CZTS)IE N EAR CIGS M E %
MRE BT R S K B B AR SE R (1.5 e V) M IR R B E B AN ot &, A
HARGEM SR SR, ISR REE . R 80 IR e I BH Fi it () B AR B AR K

FERE 2500 A HIF T, CZTS HE 78 K H FLt (B 78 E B TR K IEE D, ot i iR i
1996 £EH] 0.66%Z A FE 2] T 2013 £ 12.6%. {HFH B LIS IR 32.2% [6]TRIEAEMR K ZRE, B
TRE— IR

Mok SR MR CZTS EEA TN (KT-CZTS) N (ST-CZTS)MELF4E (WZ-CZTS) = i Al
GERL[ 7] RS 25 A RN CZTS T 1 Ae0e I 7 BE st s B A 451, 2011 ARG K52
S N IR AR T B NS5 WZ-CZTS [8]. EAR WZ-CZTS Al B A5 ¥ £ {300 7 R i B8 & Sk ik
HArse, HlET WZ-CZTS FFRAHREE DL I BH RS 5 A7 0 R g 1, 45 L A e 1 X I i) 4
R, H ATSRs = i s 2R 1) CZTS 38R 1 KT-CZTS frdkfs .

XTTEEE B (K A7) CZTS B, HulFEEGRFEANIE9] [10] [11], WEHIPGE[12] [13], PLE—#
BABERAR[14] [15]0 88T, #ENETRZHBEESMBRY, BETEER, BRESF/aR. HRiE
MHEEEIRNFEIES, [N AEF R 12 /M, 78 CZTS f—48ik, BT ERES, 85 6
Jie, e BB AN LA R = ORI S R T

T EIR T, AR LN L EEEG)NEF, R T —FEE 58 E S 60T e m
Ak, FEABAR IR R4 T KT-CZTS, HAFTESFMEY, Wik 7T HBEIFMFK T A, 4%
R PSRRI S I K 100~150 nm fPY 5454 CZTS, HATRAER AN 1.51 eV, SREBEEN 1.5V
oy
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2. SEGE

PLZ - E(EG) 40 mL A% 7, LA CuCly,2H,0 4 mmol; Zn(ac),-2H,0 2.5 mmol; SnCl,-2H,0, mmol A
&R L FPEONERIR(Tw) (BTH REA R YN AR). ¥ Cus Zn. Sn. S TEIIARESR 40 mL EG 1= 4%
M, RS BT MR, SIERAREYE, K= DR R ARG AT IR 130°C, R
I 30 min, J5XAREM#E 200°C, TR 4 /DI FFRBIERUE, WETERER. ¥RV K OB
e 3 K, FRIBKIEDE 3 K, BJETRNTFARAEAE 60°CHE 12 /M o S2I it PR 54 78 AT S AR R4 1
RS T AT CRRAER N 1 FT7R).

3. HR5ITR

1(a)E T H14 AR R 0 XRD B7E 130°C N RIE 30 204h, SRJGTE 200°C FARIR 4 /NS, TR AAT
SHHUESEH] 2 B CZTS GKIURCNEE B0 d A2 . X, T(112), (200), (220), (312), (008), (332)
TEWTAT . BT X AT P RS JCPDS 26-0575 584 3. EFIEARME S| CuS, Cu,S ZH AL 1)
FREWE . {HJ2, KT-CZTS ) XRD 41L& [E I 5 ZnS (JCPDS K5 01-0677 1 65-1691)A1 Cu,SnS; (JCPDS
£ 27-0198) il o Rkt — 25 R F B1 2 il KA A RE A I ARG 43 o i 2 U 45 R E 1(b)FiR.
FEEES T 330.8 cm ' SHFFCIRIE KB CZTS hi S HUE —3[16] [17]. 1M ZnS (FEIEEF T 274
A1351 em AT Cu,SnS;y (FEHIEEE T 318 1 348 cm ) ARAAG I BN 1(b)). XRD Al 245 RiFse, &
BE BIPEREE AT CZTS.
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Figure 1. (a) XRD patterns and (b) Raman spectra of the typical sample synthesized at 130°C for 30 min and then

200°C for4 h
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Fr & B EE SE CZTS 1) SEM G W 2 Fros. Uk LAA K 21 100~150 nm FI VY J5 445840 8

K3 BoR T A RBRINEE R SG CZTS MRINRISO LT . TR AE 2B AT I EIE 206 XA 50 1)
SRR K. T EER B SRR, W R B R K R (ahv)’ = A(hv-Eg), Hfa, v, EgFlA R
WCREL, e, AR RN AL e B nT LUE R AME (ahv) vs. () 2RI 28 M50 2 ke i o o
K 30y, e BT 1.51 eVe EANEUE S SCRR S A BRUESEF W& 118] [19], X2 RKH
WSZ A R B AR . FEHRIE, ZnS FI Cu,SnS; (717 BRAE 7371 4 3.66 eV 1 0.93 eV [20] [21], #E—2iE
7 X e J A AN AE

4. &5ig

ASOBI R RAS . TR LR A 22 101 35 P 70 0 7 32001 4% 7 DU D7 G Mg e 2 07 4R CZ TS 4k i (K44
4 100~150 nm). FFA 15250 3o T2 405 02 7E TATATARAP R I 4 A HEAT SR (0 90K 7 ) L6 X LA o
W A 2 501 55 9 I A ST Lt ) 5 BT3B IR (1.5 e V) A BRI B G S B (1.51 eV A0 L7 i 2R K P
B P LA B At TSR 11 Ve PR B8 0 ATk )32 R F
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Figure 2. An SEM image of the typical kesterite CZTS
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Figure 3. (a) The UV-vis absorption spectrum; (b) The plot of (ahv)® versus photon energy of the kesterite
CZTS microcrystals
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