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Abstract [ARER] IREXEZTITEFRY MNQD)EXEDERR, XBEFFNA AR EFIVT 114>

IBEANRATES, amBEZQDRRAMRET TEREND N, RETOELARREMR XY
THOADBRA SKRFEERL VW, FEDORITHMRETE., BRKMEDCuUINS2 (CIS)FR QDEXAED
REREDFE-ANATN7OEAVBMPA)ICKBRL THKELET> 1. ChEAVTKROD
BRUKEIHEBEPDEICKRY COQDZEEMERLICHBTELN, VTV VD LHEN TEH
THo2lc. FRARTREIERBHKELZBD LOHRBERMGOBRTZITO 1,

[REBRFZE] IVMERRA VAL EI-RFHFFA—ILODTICH/AL, 230 °ClomEkL T
CISO7Z4.M Uiz, BFBREMABREARAT T VBRERAREMAZNST T ZEREE . QD
REODDTEUHY RXBITR1-HIC. COFTBRICMPAZINA 2, BODBEEZRZRTHR
HABZEB . MPABHICIS/IZNS QDsZTABRT RIXFIT UV EZVLKBRIZOBEETAHS
IOV EMTOVLBEOKRKRIRIL IV EMA Tz, ITOWBHZ ABERERT VL AR
BTNETNT /—REAVY—RICAVE, EBBEOIEREZ10
mMmICHERFL . 2BBRANEEICREL I, 40VOEEEZ1-4
minElNL T, ITOWBHZABRICFT /AVRD Y NEEZHEFBL ., 120 CTEEL 1=,

[BRBEKIVCEE] QDO A RIBEFARRD FEIC K V) BFEni, AL QD E R
FT/RFOFHHFREF, ThENIMBLV55mmTH 2=, EPDAD T BRDEEEZLZ{LE
BECD, RRIWEBRBEETDETITVI TN DOERARENHEL 2, £, 302
NMOEAXZREFETEE, QDOEEBHKLERL L, XFBEBBETRKOERSBICHVERT
PRARERICERE B, 2, EEHREFEURICLIMEGRTE., ERETHICRERNHER
LTV, #ERBEZ1 mndS4mn\ZBlteEdE, BENMIumb S64pmiciBERL ., CC
T, HBERBCERCELEHIBERI Roni, EBARINILTE, BEOEKRIZHVELI450 nm
LVEVWERODEBEAN B L, CHIEFQDICEKDHBIBRABALELOTHD, T, i
EEBALE, LEkV), EPDICKDERAEREN BTSN, HERETEERZNBENFIHT
&I
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). Films of
the QDs were deposited on a transparent conductive substrate by the aqueous electrophoretic
deposition (EPD). However, they were not transparent due to cracks. In this work, experimental
conditions were investigated to obtain transparent fluorescent films.

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 tetramethylammonium silicate
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 4.0 V for 1-4 min, followed by drying at
120 °C.

Ligand exchange of QDs was confirmed by infrared absorption spectroscopy. The average particle
sizes of the QDs and resin nanoparticles used were 3 nm and 55 nm, respectively. When the
concentration of the dispersion for EPDs was varied, crack-free and transparent films were
deposited at a higher concentration than before. The QDs also exhibited yellow emission under
302 nm UV irradiation. No bubbles generated by the electrolysis of water were observed on the
film by an optical microscope. Cross-sectional image by scanning electron microscopy showed




dense film deposition on the substrate. When the deposition duration was changed from 1 min to 4
min, the film thickness increased from 14 ym to 64 um. Herein, a proportional relationship between
the duration and thickness was observed. In the transmission spectrum, the transmittance at
wavelengths shorter than ~450 nm decreased with increasing the thickness. This was due to
increased optical absorption by the QDs. The photoluminescence intensity also increased.
Therefore, transparent fluorescent films were successfully obtained by the EPD, and the film
thickness and photoluminescence intensity were controlled by the deposition duration.
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Fabrication and characterization of wavelength conversion films by electrophoretic deposition of fluorescent quantum dots

1. BIERRFEEOMUE

[(AEEZ)AREALERIEFRYMNAD)ERAEDIEL, REFTNAARAOEX A TAAVIEEANGRATES, &ME7%H QD [T
KEBETTARSAEA, BEITOLREREEOAVTFURDBEANSKZNEELL, EEDXTHETIX., BAKED
CulnS2 (CIS)%& QD HAFXDRERFE N F& 3-AILATTAEF U BEMPA)IZR L THRKIEE T2z, ChERWLWTKRDESIK
FFEFBEPD)EIZKYZD QD ZEEMHER LICHIBTELN., V59D OENTERATH -, AMEXTIIEHALEALIEEFSTS
O HBEEHDRETEIToT=,

[EEAEIT VLR EEEEA P LFE I-RTHUFA—ILIODMIZIZR AL, 230 CIZMELT CIS A7 E4E ML=, BFEEE B RE
ZTTU/@E%@&%MZZ%>¢»Eﬁ§éﬁinDﬁﬁ@Dm1ﬂﬁJh ST B1=0IZ, ZORELEIZ MPA N Z 1=, =D
NEELEE T IR TR E ST, MPA {E8fi CIS/ZnS QDs 7 A BT rIAFIL T OB I LKBRIZHBMIEThL, Va—>
%ﬁ?@U»thm%IVﬂoazémztmwomEtszmtzipbzmﬁ%h%m7/Iimv RIZAW=, EEE O
FEBEE 10 mm [CHEFEL ., DEURA~EEISREBELZ. 40 VOEEEZE 1—4 min ML T, ITO HEBAHSRERICF /20RO vESE
HEFEL . 120 °CTEIRLT=,

[(#ERBLUVEZE]QD OUA VR KBEIEFNRIRS FEICEVFER SN -, FALT- QD BT /R FOFEHRFRIE. TLETN 3
nm B LU 55 nm THoT=, EPD AN N EE D REELTIL I -ECA RELVEEREELETDIETYSVII)—MDBHREEMN
HFELT -, F712. 302 nm DN NEEH 5L, QD DEEHAERLz, XFPEMETIIKOER S BIZHENVERTIKAXESD
ICEREShiEh ol EEREFBEMBICLIEEBE T, BEIRLTHEICEAHIBL TV, HIEBRHEZE 1 min H5 4 min ~ERS
BHEVREN 14um M5 64um [THERLz, COT, HEBBEEECIILEABRNARONT -, EBBARILLTE., REOEXIZ
UV 450 nm SYEWNERDOBBEMNFE DLz, CNIL QD IZEDRBINNE KL= ThH D, Tf-. BHXBELE KL, UL
&Y. EPD IZKDBEHBALENBON, HIBRFRH CTIRECHLRELHIHTES -,

2. FRARREEROME (ER)

<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
CulnS2 (CIS) QDs were hydrophilized by exchanging the surface ligands to 3—-mercaptopropionic acid (MPA). Films of the QDs were
deposited on a transparent conductive substrate by the aqueous electrophoretic deposition (EPD). However, they were not
transparent due to cracks. In this work, experimental conditions were investigated to obtain transparent fluorescent films.
<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 tetramethylammonium silicate 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 4.0
V for 1—4 min, followed by drying at 120 °C.

<Results and discussion> Ligand exchange of QDs was confirmed by infrared absorption spectroscopy. The average particle sizes of
the QDs and resin nanoparticles used were 3 nm and 55 nm, respectively. When the concentration of the dispersion for EPDs was
varied, crack—free and transparent films were deposited at a higher concentration than before. The QDs also exhibited yellow
emission under 302 nm UV irradiation. No bubbles generated by the electrolysis of water were observed on the film by an optical
microscope. Cross—sectional image by scanning electron microscopy showed dense film deposition on the substrate. When the
deposition duration was changed from 1 min to 4 min, the film thickness increased from 14 pm to 64 um. Herein, a proportional
relationship between the duration and thickness was observed. In the transmission spectrum, the transmittance at wavelengths
shorter than “450 nm decreased with increasing the thickness. This was due to increased optical absorption by the QDs. The
photoluminescence intensity also increased. Therefore, transparent fluorescent films were successfully obtained by the EPD, and the
film thickness and photoluminescence intensity were controlled by the deposition duration.
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