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Development of Novel Semiconductor Heterostructural Nanoparticles
towards Efficient Usage of the Sunlight
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KEEHEZRFE L CRIN e F 0 — Ny R¥y v 7Rk e &gk ok
T ORRMEREORE L., WTHNFY U TF5AF 37 ZA0MEDB L 0GB E O
fili % 920t L 720 ALZEMHAM A £ . CueZnSnS, (CZTS) F / k112 CdS J& % 3R
WCHRESHE AT & TCZTS/CAS N T ufi& ) 7 K12 RINMICIH 5 2 LRI Lz, M
VW EIZ L ). CZTS BOAZI#ETE % 600 nm JEIREF 1 CdS D /N ik
DT ) —F ¥ 7 (470 nm) DR S5N. CZTS hOFI#EE T4 CAS JBICBE L7122 & 23550
o720 TOTY—F 7 1E>2ns BOMIFEINIZ S, 2207 BT HEIRRE YR
T OEHFGILIZES 35 2 & 2R L7z GO FHG & L T/ ¥ T? Rhodamine
B D)L BIE 24TV >590 nm TO WG54T CZTS/CdS ~ 7 v &+ / KfA% CZTS
F IR T HARE MR TE VORGSR EREZRLZZED0, pnEEBRIZE > TREEER
KB 2 & TRIFENLHET S & 2L 72

We developed the selective synthesis of semiconductor heterostructural nanoparticles,
conducted measurements to reveal the carrier dynamics in heterostructural nanoparticles,
and applied the photocatalytic reactions. In chemical liquid phase method, CdS growth on
Cu.ZnSnS, (CZTS) nanoparticles selectively yielded CZTS/CdS heterostructural
nanoparticles. Transient absorption spectroscopy revealed that state-filling bleaching of CdS
band-edge (470 nm) was observed after excitation of CZTS phase at 600 nm, indicating the
excited electrons in CZTS transferred to CdS within nanoparticles. This bleaching signal
continued until > 2 ns, which suggests that spatial charge separation contributed to the
prolonged lifetime of excitons in the nanoparticle. Faster photoreduction rate of Rhodamine
B molecule was observed with CZTS/CdS NPs than CZTS NPs, which demonstrates the
formation of nanoscale p-n junction improved the quantum efficiency of photocatalytic
reaction.
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DITIE, WH~ERIEE Tl ISE T 2802 Hvwb 2 2% F Lv, Cu(Ing,Ga,)
Se, (CIGSe) % CuZnSnS, (CZTS) 123 X % 1000 nm DR TRINT & BV Ny F
Fryv 7S OEBRERE p APEATH ). KEEEMOWIPEIZH WA Z & T 20%
DREBHFEZRTDLIOLME SN TSV, KEEMNTIE CIGSe 112 n BIHEAR D
CdS 25N F B4 SN, pn AT IZB W T CIGSe MO E 25 CAS (BB L THE
M EEARE SN L Z LT, BT EF—NVEINTICHYOB LTS, 20 pnHESHEY
F XA A=y L, 2F ) CIGSe/CdS %7213 CZTS/CAS NTFu G245
5T KT 2 BIRWICER T E UL, R0 E TR T & 2 @Ry — Rl & L <
OMHPHFETE DL L E 272,

FREREE T 2. AR T ALFWEAHEZRE L, RNy FFy v TE2 D
CIGSe % CZTS & CdS 75 72 5 8k AT u ik - /KT 2 W BICAWRT 5 T2 5
THEEDHIZ, T MEBERIGIEICE2ZNSF 2 RFNORFEF AL FI 7 A0
BIZEERL720 T2 IO F IR TR2KGEI R e L ORFHTE5 2 L %25
Ak L. RIEEICE AR T 5720 OEMERE— RS 27 A2 HETH5 2 2 HPY
5%,

2. EBRFHE
2.1 8
CZTS + / ki+ : CuClyy ZnO, SnCLICH LA VT I ¥, F LA YR, N, 550
24k, 100 T L7z Al tert: FFH Y FF = /1- FFH »F 4+ = (10/1 vol/
vol) Z M 2,250 C C 1M MIRFE U7z EZ 2- 7 a8 ) — vk zaa Rk )V A THRE L 72,
CZTS/CdS ~NTufiE+ 2 k¥ : CZIS F /¥ ¥. Y F NI FFH NN VEECd.
FIFTZFNT IV FVLANVT I VE2EAL. N SR T, 150 T T 30 70 k$FF L 720
W 2- 7as8 ) — vk raaR)V A THELZ,

2.2 EESFEHE
CZTS F 721 CZTS/CdS F WFD 27 aa R )V AHEHIZ, 18K 600 nm DL —HF— 3L
A % WBE% 0-2.5ns D 400 -950 nm (BT AW E AL —HF— 20 2 THIE L7

2.3 SehhisiE TR

CZTS B XN CZTS/CAS F /Wit & ANH T b7 v 7 VTR 1284 L, RSB
L 7zo Rhodamine B /K{EWIZF / M+ % 5B & . >590 nm DG4 BG LSRR 2 &
@ Rhodamine B HIRDWEE# €= %95 Z & T, Rhodamine B O J&filit it 75 £ g %
FFA L 720

3. BREER
3.1 ATFOEET / HFOEREMLES

FFFu— N FFy v 7R E LT CulnSey 7/ R T (E,=1.0eV)? % /A H L 7228,
WPEWIPGNE DR, 7 a— 7 hE% 1000 nm ¥ TOFEPH Tld CulnSe, F 7 ¥ T-H KD
TN —=F 2 TOHLPBMENL o722 80, NV Xy v THHAORERTIISR
TETHR ) TEBOFMZFMANETH 2 2 L5 holze 22T DITDIJAWN
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YREY v T EHDCLTS (Ey = 1.4 eV)F K+ (# 12 nm) # &K L72 & 2 A (Fig. 1a).
WIEWIL A 7 P IVIZBWT 850 nm 12Ny R 7Y —F v 7O ¥ — 7 3/ 50, 406l
EWRERF O — NNV F¥xy FHERELTHEHLTWSE Z L0572, CZTS F / k¥
AR—AE LT, WHPTYZFNTFFANMNI VB CAd 2B $T 52 LTy CZTS
F R RENC 3 nm FEEE D CdS F / fi 1% #IRWICHA S5 2 LI L 72 (Fig.
1b)o STEM I X 24&F1§H 5. CZTS & CdS A itz ZA 2 THALTWwWAH I L8
T % 72 (Fig. 1¢)o XRD MI%E T CZTS & CASICHIsk T 2 M 8% — ¥ 2315 5 1,
STEM-EDS ¥ v ¥ 72L& % Cuk CADIEX vy ¥ 7, heh a7 &I
HELTWSEZ L ZMERL (Fig. 1d)o XRD Tid vy #8o CZTS # & 55> CdS A Hik
O — 27 B3R 57z (Fig. 1e)o WINAXRZ FViE CZTS & CdS DWINDOFI & 7 5 72
(Fig. 1),
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Fig.1 TEM images of (a) CZTS and (b) CZTS/CdS nanoparticles. (c) High-resolution STEM image of
CZTS/CdS interface. (d) HAADF-STEM image and EDS mapping of a single CZTS/CdS
nanoparticle. Inset circle indicates the CZTS core. (e¢) XRD pattern and (f) UV-vis-NIR
absorption spectra of CZTS and CZTS/CdS nanoparticles.

3.2 CZTS/CdSATOEET / fiFA DB EWILAE

FiTH SN CZTS/CdS N7 a i+ /K 12onT, FFHNOEF v ) 7 54
F I AR HRND 72O BEPEVIGHE %47 > 72 (Fig. 2a) o iR > 7730 2121 CZTS &
DHRDPINT E % 600 nm IZ7EE L7ze ihkefz, CZTS O Ny F¥ v v 7THIK O 850 nm |2
statefilling |12 X Z2WIND 7 ) —F > ZFHBBN (K 2¢). FKFIZ 470 nm T 7 —F >~ 7
R oNn7z(Fig. 20,470 nm i CAS DN Y KXy v 72 ANV F =128 #D2 CZTS F/
WFTIRIOT)—Fr 7R AONeh o722 05 (Fig. 2¢). CZTS H O Jhie 1A%
CASBICRBEIL-Z L IERT I DTH S Z &0 h - 72 (Fig. 2b) o470 nm D 7Y —
Fr7IE25ns BTHMHIFFINTVLZ EH S (Fig. 20). AT OHEAEHRICE Y EH L
722 R 7 A A BER R I X BRI MERE S B Z L S FERESI N2 Y,
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e BEEO EM & L TR T #E (Rhodamine B) DGR TG IL 2 4T 5 720 KA EAD
B F OB TR % 4T - 72, >590 nm TO MG EAET CZTS/CdS N7 ik F / ki
T8 CZTS F / R FHAR L R TEWE RS HEREZ R L7722 L2056 (Fig. 3). pn#EAE
AT & > TRERKIIBIT 2= TRIFEIUET L L 2EEL /2.
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Fig. 2 (a) Schematic illustration of transient absorption measurement. (b) Expected carrier dynamics
between CZTS and CdS phases in heterostructure. Time-evolved transient absorption intensity of
(c—e) CZTS and (f~h) CZTS/CdS nanoparticles probed at (c,f) 400-700 nm and (d-h) 700-950
nm. (e) and (h) show the early stage (0-0.1 ns) of (d) and (g), respectively. Excitation = 600 nm.
Black dashed lines indicate the bandgap energy of (f) CdS and (e,h) CZTS nanoparticles.
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Fig.3 Time-evolved absorption of Rhodamine B at 553 nm with no nanoparticles, CZTS nanoparticles,
and CZTS/CdS nanoparticles under visible light irradiation (>590 nm).
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4. {55H

ALARYHAHTEE I X 5 T CZTS F /7 Wi+ EIZ CdS F / Wi ¥ %2 BINWIOKE S L2 LI
WL, Fa—nNY ¥y y FPREkE &t pn BT OlEF VT2 852 L 05T
&7zo 2O CZTS/CdS F 7 KA\ CBEPETI E 2 17V CZTS W AR L 72 &
T23CAS ICBE 5 2 L 2 AT, e T OIS EEIC X 5 BHFabaNER Sz,
Z OME’E 1% Rhodamine B O 23 B k3 2 GG o m FI2E 5 Lz,

5. Wit
ABETEIZ, 2019 4F L H A+ B LBl & O e8I &2 2 THT o 72 b D TH %
IR0 X0 & L B 5.
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