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Abstract

[EF BW] #EROKBERFIEEARENRLISREICFATERVLEY,

IEEAREARKICERTDIERBBOEAN BT TN TVSD, XHRTIE,
CulnS2(CIS)&F RY MQD)ICZnSZEAE &,
ABEMOREICBEW AR ZRINL ZWIA T/ T)LECIS-ZnSE A #/ZnS

QDOEHZBEL I,

[RBRFZE] AABANT VT %#T2 1-RF A FF—I)LIZCul&In(CH3COO)3% M A,
100°CT30minEZE5|E 2172 2%, RAICAHAZEAL Iz, D#230°CE /=(F210°CT5minpn
AU TCISOT7Z2ERL =, FIIZZn(CH3CO0)2:2H20%1-RFAVFA—I 1-A UV EZFEUH
KEFLAVBOBREBREICI0CTERBLANANT VT L EZSY T RBOBEREMNA,
250°CT50MINBM TR E T IIINRBS LRCERET 212, TORESFREZTV,
QDO B E B,

[BRBRVERE] QDFHBROBRRART MLASNY RF¥ Y Y F(Eg)eEHL Iz, IT7HERE
EA230°CH K T210°CHQDNEGE TN EFN2.15eVH L U2.46eVTH 2 =, ATHESEBEEE T
DENTENBDL,

EFTAAMRICKVEGFBARLECEN RBE N, EgEESICBRESED Y,
HRICEDHHZERFL -, EROMLIAKEILLCUINE1/4HD S1/10NBLEED &,
HEXTTRERABNXECZBLYSEFERICELL,

RURAR D ML TRBEREOTIL—>T KRAFRShiz, Culln=

1188 KT1/10TER L ZQDNEGIE TN EFN2.90eVH K U3.00eVTH V), BIEE—VEETNEFNS
53.7nmEB RV564.7TnmIZERIE iz, ENEXEFINRRFTNENIA5%H RV381%TH 2 1=

o AT DOCUINDERDEIAN KRINERICAESEZEEZERD N RENLY, (LZERLED
SHRETST LI RMOERICHS FRSBNREOERNBEEND, LENF ST,
SEEEXEFRROUEN RELREBOVEDIILDIEERXASAD,

"Introduction and purpose" Traditional solar devices have low sensitivity to near-UV light, therefore
phosphor layer converting near-UV light to visible light would be improve their property. In this
work, core/shell type CulnS2 (CIS)-ZnS solid solution/ZnS quantum dots (QDs) with no absorption
of visible light which is effective for solar devices.

"Experimental” 1-dodecanthiol (DDT) was bubbled with Ar for 30 min. Cul and In(CH3COQ)3 were
then added to the solution. The system was degassed at 100 °C for 30 min and purged with Ar.
The temperature was increased to 230 °C or 210 °C and maintained at the temperature for 5 min to
prepare CIS cores. Zn(CH3COO0)2-2H20 was dissolved in a mixture of oleic acid, DDT, and
octadecene at 190 °C, and then bubbled with Ar. This solution was added to the CIS core
dispersion and aged at 250 °C for 50 min to grow ZnS shell and form the solid solution. After
washing, QD dispersion was obtained.

"Results and discussion" Each band gap (Eg) of the prepared QDs was calculated from absorption
spectra of QD dispersions. Eg of QDs prepared at 230 °C and 210 °C in the core-preparation were
2.15 eV and 2.46 eV, respectively. Decrease of the temperature for core-preparation decreased
particle size, resulted in increase of Eg by a quantum size effect. To further increase of Eg, their
control by elemental composition was tried. Decrease in the nominal molar ratio of Cu/In from 1/4
to 1/10 caused a change in color of the QD dispersion from yellow to colorless, accompanied with
blue shift of absorption edge in absorption spectra. Eg of the QDs prepared at Cu/In = 1/8 and 1/10
were 2.90 eV and 3.00 eV, respectively. Each photoluminescence (PL) peak was observed at
553.7 nm and 564.7 nm. Their absolute PL quantum yields were 34.5% and 38.1%, respectively.
Increase in difference between the stoichiometric composition and Cu/In ratio of the prepared
cores had influence on the light absorption wavelength, whereas probability of non-radiative
relaxation derived from defects would be significant. Improvement of the PL quantum yield would
therefore be one of serious problems in the further work.
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Development of core/shell type CulnS2-ZnS solid solution/ZnS quantum dot for solar cell applications

1. HIREBRFROBE

(B2 -BEWIRKEOKRGEMIIAENNLEDEILKEEICFATELRN O LN ETARRICERTIEAERBOEALRE
INTWS, RBAE TIEL. CulnS2(CIS)EFFYMQAD)IZ ZnS ZEASE . KEBEMDO R EIZEMZARAZRJNLANIT /o)L
CIS-ZnS EB{K.~ZnS QD DERIE BHIELT=,

[EEB&AEIA HRNT Yo HTE{To1= 1-KTHAVFA—ILIZ Cul & In(CH3C00)3 ZfNZ . 100°CT 30 min EZE5|E4{To1-#%. 2N
ICAr HRZEBALT=, D% 230 ° C Ff=1& 210°CT 5 min MEAL T CIS A7 FEH L=, #ZIZ Zn(CH3CO0)2:2H20 # 1-FKTHY
FA—I A-FIET VB EUVALAVEOREBKEIZ190 ° C THRELAr HRNTYL S L ZnS Vo )LEROBEEMZ .
250°CT 50 min AR 9 A ETU T BEB LUV EBETolz. TDRIAFIRIEEITL. QD NERE R/ T,

[HEREBELUERE]IQD REUEDRUNARTFILMNS NV R vy T Eg)EEH L=, A7 EELEE M 230°CHE LU 210°CH QD D Eg [
FhEN 215 eV BEXV 246 eV THoT-, A7 HEBEEEZ T FRLHFENBOL. EFHAABRIZKY Eg A RLI=ZENTE
ENT Eg ZE5ITHRIE S0, MARICKDHIHERETLIz. BHEOMAHEILL Cu/InZ 1/4 s 1/10 NEbSERE BE
KT TIHANENREICEEINSFIFERICELL. RIRARIMLTHBERIGEDTIL— IR SNT=, Cu/ln = 1/8 LU 1/10
TERKLT= QD M Eg [FZNFh 290 eV HXU 3.00 eV THY . HAE—VITFNZF N 553.7 nm BELU 564.7 nm [ZEAIS NI, 4
STEMEETFINETFNEN 345%E &V 38.1%TdhHo1=. A7 D Cu/In DIFE DT A XBRIVE R ICKEEEL 52 LTSN
N AL RERENSHERET O T EICKYRMADERICESEMGFHENEEDOEANESINS, LI >T. SEREIERLEF
INEORENKEGEBEOVEDIZHDEEZDZ S,

2. MERRAEEOPME (FEHR)

“Introduction and purpose” Traditional solar devices have low sensitivity to near—UV light, therefore phosphor layer converting near—
UV light to visible light would be improve their property. In this work, core/shell type CulnS2 (CIS)-ZnS solid solution/ZnS quantum
dots (QDs) with no absorption of visible light which is effective for solar devices.

“Experimental” 1-dodecanthiol (DDT) was bubbled with Ar for 30 min. Cul and In(CH3COO)3 were then added to the solution. The
system was degassed at 100 °C for 30 min and purged with Ar. The temperature was increased to 230 °C or 210 °C and maintained at
the temperature for 5 min to prepare CIS cores. Zn(CH3C00)2:2H20 was dissolved in a mixture of oleic acid, DDT, and octadecene
at 190 °C, and then bubbled with Ar. This solution was added to the CIS core dispersion and aged at 250 °C for 50 min to grow ZnS
shell and form the solid solution. After washing, QD dispersion was obtained.

“Results and discussion” Each band gap (Eg) of the prepared QDs was calculated from absorption spectra of QD dispersions. Eg of
QDs prepared at 230 °C and 210 °C in the core—preparation were 2.15 eV and 2.46 eV, respectively. Decrease of the temperature for
core—preparation decreased particle size, resulted in increase of Eg by a quantum size effect. To further increase of Eg, their control
by elemental composition was tried. Decrease in the nominal molar ratio of Cu/In from 1/4 to 1/10 caused a change in color of the
QD dispersion from yellow to colorless, accompanied with blue shift of absorption edge in absorption spectra. Eg of the QDs prepared
at Cu/In = 1/8 and 1/10 were 2.90 eV and 3.00 eV, respectively. Each photoluminescence (PL) peak was observed at 553.7 nm and
564.7 nm. Their absolute PL quantum vyields were 34.5% and 38.1%, respectively. Increase in difference between the stoichiometric
composition and Cu/In ratio of the prepared cores had influence on the light absorption wavelength, whereas probability of non—
radiative relaxation derived from defects would be significant. Improvement of the PL quantum yield would therefore be one of serious
problems in the further work.
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