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Abstract

[ARER] AREXERTEFRY NQD)EXEDREF., XEFFNA AR EFIVT 14>
IBEANRATES, amBEBZQDRRAMRET TEREND N, RETOELARREMXR XY
TFTFVADBRASKRENFEEL V., BEEQOXTHRTE. BRAMDOCuInS2 (CIS)FR QDEKXMAD
RERED FE-ANATN7OEAVBMPA)ICKTRL THRKELET> 1. AHETRE., kRO
ERKEHEBEPDEICK VW EHEEHERLEICCOQDOHBEZERTD & ERETL L,

[REBRFAZE] IVBMEBRRA VAL EI-RFHAFF—ILODTICHAL, 230 "ClCnE&L T
CISO7Z4.mMUL iz, BFRREMABBREAT T VBREMAREMAZINS T ZHEEE . QD
REDODDTE VA RR|WID1-HIC, CODBIRICMPAZIIA o, BODBHEEZRBRTHR
HElZ/IZ, MPASEICIS/ZnS QDsZT A BT NI XFIL TV EZVALA(TMAS)KARICH#E &
A5, 2UD-2EMTOVIBEOKRINIL I EMA Tz, ITORBHZABRRERATY
LARZZNENT /—REAY—RIZAVE, EEBEOERHZ10
mmIC#RL . TBIRANEEICREL 12, 3.0-10.0 VOEEEZ1-5
minElANL T, ITOMBAZAEMRIC T /IVRD Y NEZMEL, 120 CTEREL I,

[BRBRVERE] T /HNFERELTHRLPTVLOT, TENBIBEFEETHS. MPA
THAKILL 1zCIS/ZnS QDsE REHABICTFEL ., BERRKICK V) TMASKBRICK S ZEL 1=,
TSIC, REANMBUKBICTFEULLBEINILS IV ZMALSBRICEILBONFRShED, >
foo EPDT3.0VZSMnEIINT 2 &, HREFTELZA 21z, 5.0VICT D EITOWE S 7 AER
LICERBHBREAN BSOS, CORBEALBHE T TQDsOEBREKXZ/RL £, 10.0VZ1 min
Ne2EHBRENFMEALEN, BIZOTYINTEL, KOBKRSBTERL 57BN RE
THhd. AR, BAKILLIZQDsOKRETIKEHBEZRIAL =z, RANBSRREBEORE
IC, ENMEEPHBEEHFEEEORHEORBELIVETH D,

Films of quantum dots (QDs) which show visible photoluminescence can be used in applications
including photoelectronic devices and security inc. High-performance QDs are frequently
synthesized in hydrophobic conditions, whereas aqueous process is desired for the film fabrication
because of safety and maintenance. In the author's previous work, hydrophobic CulnS2 (CIS) QDs
were hydrophilized by exchanging the surface ligands to 3-mercaptopropionic acid (MPA). In this
work, films of the QDs were deposited on a transparent conductive substrate by the aqueous
electrophoretic deposition (EPD).

Copper iodide and indium acetate were mixed with 1-dodecanthiol (DDT), and then the mixture
was heated to 230 °C for CIS core nucleation. Zinc acetate solution and Zinc stearate solutions
were injected to grow ZnS shell. MPA was injected to the CIS/ZnS QDs dispersion for ligand
exchange from DDT on QD surfaces. Powdered sample was obtained by centrifugation and
vacuum drying. MPA-modified CIS/ZnS QDs were dispersed in a TMAS aqueous solution, and
then aqueous emulsion of silicone-modified acrylic resin was added. An ITO-coated glass
substrate and a stainless-steel plate were used as the anode and cathode, respectively. The
distance between both electrodes was maintained at 10 mm, and they were dipped vertically into
the dispersion. A nanocomposite film was deposited on the ITO-coated glass substrate during the
application of a constant voltage of 3.0-10.0 V for 1-10 min, followed by drying at 120 °C.
Dispersibility of nanoparticles must be stable to avoid precipitation of their aggregates. The
CIS/ZnS QDs hydrophilized by MPA were well dispersed in TMAS aqueous solution due to
electrostatic repulsion derived from their negatively charged surface. Furthermore, precipitates
were not observed in the dispersion after addition of the resin emulsion. When 3.0 V was applied
for 5 min in the EPD, film deposition did not occur. Transparent deposited film was fabricated on an
ITO-coated glass substrate at 5.0 V. This film exhibited yellow emission of the QDs under UV light
irradiation. When 10.0 V was applied for 1 min to increase deposition rate, cracks were observed
on the resulting film because of bubbles produced by electrolysis of water. This work successfully
demonstrated aqueous EPD of the hydrophilized QDs. The conditions including applied voltage
and deposition duration should be optimized to achieve practical wavelength conversion films.
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Development of fluorescent films by electrophoretic deposition of quantum dot phosphors

1. HIREBRFROBE

[(AEEZ]AREALERIEFRYMNAD)EREDIEX, REFTNAARAOEX A TAAVIEEANGRATES, &ME7% QD [T
KEBETTARSAEA, BEITOLREREEOAVTFURDBEANSKZNEELL, EEDXTHETIX., BAKED
CulnS2 (CIS)% QD HAADERERE N F% - AILATFTOEF U EEMPA)IZR L THRKIEEToT=. AMETIH. KRDERIK
EHFE(EPD)EIC LY BHEEHER EIZCOD QD OHREEEER T EI LT,

[EERAEIAVILIAEERE AV OO LE I-FTHUFA—ILODT)IZHR AL, 230 'C IZHNEL T CIS a7 ERLT -, EFft I nAiRE
ATFYUBBEENAREMZ ZnS o )LEHEESE -, QD RED DDT EYH VKRR T B1=8HI(2. CODECERIZ MPA 01X =, im0
NEEEE T IE T RAFE B =, MPA {&8ff CIS/ZnS QDs 7 A BT SAFILT U EZD L(TMAS)KBRIZH RS ETMS, PV
O—CESETIUILBIEDKRITILIAVEMZT= ITO HEBAHSRERERATUVLAREETNENT /—RENY—RIZAW =, BiE
RADIEEEE 10 mm IZHFL . D BUEA~NEBEIZREL=, 3.0-100V OEEEZE 1—5 min EIMNLT.ITO #HBASRERIZF /R
SybEEHEREL, 120 ° C TEELT-,

[(HERBFIUEBR]F/HFERELTLBELOT VO T, REMLZSEIEIIEETH S, MPA TEIKIELT= CIS/ZnS QDs [REH
BICTHFEL. FFERFKICKY TMAS KBFRIZKLDEILTz, S5I12, REAALRLCKBIZHELHIEITIIL A EMA - 8URICIEIL
BYMHA RSN DI=. EPD T30V %5 min NI 5L, HIBE X TEHEMN 1=, 50 VIZTBHEITO HEBHSRAER L IZEBALTH
BENEONT-, COEITENNLEBE T TQDs DEBRENETRLI=.10.0V Z 1 min IINT 2L HBRENE KL, EIZIS5Y
IR TE = KDERPBTERLETEANRRTH S, AT (L, HKIELT- QDs DKRERKBHIEEEIIL-. EANGRE
EHEORBIZ(, MEXOHBEBRMLZEDEEOREILNLETHS,

2. A EEOPME (R

<Introduction> Films of quantum dots (QDs) which show visible photoluminescence can be used in applications including
photoelectronic devices and security inc. High—performance QDs are frequently synthesized in hydrophobic conditions, whereas
aqueous process is desired for the film fabrication because of safety and maintenance. In the author’ s previous work, hydrophobic
GCulnS2 (CIS) QDs were hydrophilized by exchanging the surface ligands to 3—mercaptopropionic acid (MPA). In this work, films of the
QDs were deposited on a transparent conductive substrate by the aqueous electrophoretic deposition (EPD).

<Experimental> Copper iodide and indium acetate were mixed with 1-dodecanthiol (DDT), and then the mixture was heated to 230 'C
for CIS core nucleation. Zinc acetate solution and Zinc stearate solutions were injected to grow ZnS shell. MPA was injected to the
CIS/ZnS QDs dispersion for ligand exchange from DDT on QD surfaces. Powdered sample was obtained by centrifugation and vacuum
drying. MPA-modified CIS/ZnS QDs were dispersed in a TMAS aqueous solution, and then aqueous emulsion of silicone—modified
acrylic resin was added. An ITO—-coated glass substrate and a stainless—steel plate were used as the anode and cathode, respectively.
The distance between both electrodes was maintained at 10 mm, and they were dipped vertically into the dispersion. A
nanocomposite film was deposited on the ITO—coated glass substrate during the application of a constant voltage of 3.0—10.0 V for
1—10 min, followed by drying at 120 ° C.

<Results and discussion> Dispersibility of nanoparticles must be stable to avoid precipitation of their aggregates. The CIS/ZnS QDs
hydrophilized by MPA were well dispersed in TMAS aqueous solution due to electrostatic repulsion derived from their negatively
charged surface. Furthermore, precipitates were not observed in the dispersion after addition of the resin emulsion. When 3.0 V was
applied for 5 min in the EPD, film deposition did not occur. Transparent deposited film was fabricated on an ITO-coated glass
substrate at 5.0 V. This film exhibited yellow emission of the QDs under UV light irradiation. When 10.0 V was applied for 1 min to
increase deposition rate, cracks were observed on the resulting film because of bubbles produced by electrolysis of water. This work
successfully demonstrated aqueous EPD of the hydrophilized QDs. The conditions including applied voltage and deposition duration
should be optimized to achieve practical wavelength conversion films.
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