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Highly efficient light-emitting materials enabled by immobilization of Pt(ll)
complexes on layered nanoparticles
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The development of highly efficient luminescent materials is an important
fundamental research for the development of next-generation energy-saving light-emitting devices. Pt
(1) complexes are expected to be a promising luminescent materials because they show high
Tuminescence by self-assembly, but the problem is that their luminescence decreases in solution. In
this study, | aimed to solve this problem by immobilizing the Pt(1l) complex on cationic
nanoparticles. As a result, | succeeded in (1) maintaining the luminescent property of the Pt(ll)
complex even in water by supporting the complex on the nanoparticles. Furthermore, the luminescence
color of the Pt(1l) complex/nanoparticle composite changed significantly in response to humidity.
These results are expected to provide important knowledge for the development of luminescent and
optoelectronic materials based on molecular science.



¥ X C—19,. F—19—1, Z—19 (38)

1. WFZEBIAE S D =

BRI T 5 =L X —RE - BEREMEOBLE G KB TEEE LT 28 = L —H
BT OBRITIREORETH D, LR LBAETZRTH2010F, A LEZZ X
VX —% 100%I 2TV R THA~ E BT 2RO N E & 70 b, A/ADA 4 & AR
KT BRERR 5 A ADEE AR I TG IR IZ B W TH D TE WL R EZ 7T & L HIT, T
M OEREITIE U TR R E DA —TFT 5L E RN ERTTEORNAKE LTHEETH DX
., wRTREBELZEIN TS, RENRAEADHEROMERIX, IO 2 5812
EREIND,

F9. FH-OFEE LT, BERREIZEIT 2 m0Isiet: & 13xeic, aadhssco£ < ix
TR CIREMEZ BIIIR T S8 5 &0 ) @2 KSR H 5, ZUE, WIRH o X 5 7e ik
BREE T CHAANEER DS 13 EE AT L0 B ITHIRE 2 J0E &8, F IR0 1 o B
HZTRT W LIl T D, ZHUTK L, AR TEIC X0 iR THIE Cm @ OB 1%
B L., G EARCRE DB R L ET DN AT TE L, ZOLIRANTTV—
T —EDHREZET 2 00, BEREIZEE LA & M AR FIE A ZER L, 7280
TE D0 TERBICIEBARS O PLAMEICZ L E W FRER S -T2,

B OMEITE AR ETO DL E I S—TF D SRR B OAEIT A, WIRIREBICER
T RO D TREMTHD E VNI HTHD, Eibo X Hic, ASMEERORE AL
(RIZEIFE M AR O A40DEROREBICHET 5, 207, %< O HRAeADSERIL A HR
WP TIEZEOERREZMERFCETHS TR (T o227V — 1) IEEL T L% 5 7= dERICH
L7 RITBR SR, ZHISHT RO T Fu—F & LT, BERET THASADEHA
BFEMISE MR, MERET T ACEMEZRT L) REREEZE AT RN HE S
T&77, LNLETEOT FYu—F TidEMir etz 2 &ICHE L, BE5DOT7 7u—FT
I — OREOYE L [FAERICHEME 2 A Bl « FIRZ LT 5,

PLED X512, ASADESEAEFAMELE L TSHT AI2H7 0 Pl L 725 TV - BEE IR
H e ) R BREE T I BT 2 G EAXCEBOMBEOIH CTh o 7o, ZHUTK L, MR A
BRI FEEZ WD Z &< AEIDEERICE W IR AEDO BoERb 2 BBLESE oW EE 2|
REFFRIZEF LT,

2. WROBEB
AWFZETIE. AEADERDOARER 2 E Th - RN BB AL ZR T A 720D T 7 u—
F e LTEEERS R0

ol aRA T, BARMIZIE, 8 N e

b HFAE

R KEE{EY) (Layered double ~ = M S3itus a s fanito R
hydroxide; LDH) @™/ ki E~ ‘\:\§ ’9% 0 9 0 [EE7—A~
DT =F MEAEADEEROHES h LDH ?f;‘;ﬁ:}?‘%‘

\Z#EHB L7z, LDH F /K130 (BFAIHEF IS — ) B2 82 20 00 4K

FA DL — FOMRIZT =

T EREMEHEEERSTEY, 2L L THES EICHE LT /R ThDAT-0, 1 4 334
WCEOVEGICT =4 Mo AEADsSHEZHEFCE A Z AN, Zhick vy, (DRIEZ
F kT EICEA&MDSER 2 EICHEEFT 5 2 & THEIRFICB W T HOEEEAZIHI L, Fi-
QR EIZHE LR o F K1 EICAGADSERE BEICEBIEL L bR E D, £D
W, LDH F / ki T2 W5 Z & THEIDERDOARE ) 2R B8 ORI 5 2 L & BT A
e 4T -7,

3. WFFEDITik

MEREE1) BE&ADSEEEER: LDH T/ b ORIKNEE)
TP AHEREOE — 0 BN TH HIRENEIE AL & kT <<, LDH F /R -I2HFF L
7= BaDSERORNZE B &2 4 L=, BRMIZIE, LDH O—fToh S Mg-Al LDH (LA

Mg AL(OH),][(CO3)xo-mH0]) D F 7 Bi -2 [ 4 (1) bk

R[P(CN)a(ppy)]” (Hppy =2-7 = =/L 'Y 5 £X 1)
EHEFSHEDHZ L E LT, 2 ZC. Mg-AILDH (gAY

R ON A FRT D72 DR ORI LF 2 RE L N -

W, 2ok, AE0 LS kEsiicEL s ez | LN, oN

% THEICRE L, LGN

S5 1 % MgClo. AICl. 3ETR U A(k Ra¥Fo A F NI S

INT X AR EBITIENT 5 2 LT BaedDiER 1 i e
fHFf Mg-Al LDH 7~/ ki 7 (LI, Pt-LDH) DG RLAETT 1 Mg-Al LDHZ/ #°5

Sle, /BHNTT /RF 2 KIS E, AT bv, BERTICER, FOFMREZT D
Z L TTKFICRIT D3R A LT,



WFEERB (2)  BALDEEAIEE: LDH -/ B F DA TS B M

HIEE B (1) &2 2179 DR T, 20 P-LDH O RBMERHBEIC X » TRIENKE S LT
BEWVIFEFPFA I N, ZOFEINIYYIO B TH D TEERNIER L] L3R5 500,
F ki ECHAMSERDOERBEZEHNCHIE T 5 LWV ) E@FsEm» b b, BEZ AT
BRI T D E WO IRHE D S, WD CTHHGEWEEITH 5,

2 TOMREE () E LTI O PLDH OZASXUSZEMEIC OV TREICIHA L=, BARRIZIE,
T RIS I FHMIE . R ERAENE (DSC). B L OKHEIWENEA1TS = & T, LDH
F 2 RF BT 2 AR ERRENREIC L > TED L H BT D% B LT,

4. HFFERE
BrEEE E (1)

IR ORI IS X | F 9 P-LDH OKFIZI 1T DR AHEEIC OV THRF Z2 1T o 72, Z DR

I, FHCROEEBOBLIINA ST D & 5 S5 1 2 BB EE (PyMg = 1.69%) L=kl %
Mwiz, ZofE5R, ARHPEHED ) ,
L5 IChEE 1 ORTETIED < {% ] g]

$#{A10DH Pt-LDH Pn

®=3% DP=15%

= N PLLDH  —so

WA R LT DoITxt L, Pt- Plon
LDH Tz O33R 1 , , ,
RUTz, EBRIZ, BHORRZR g1 — oo
FTRIGE PR O 1L 3%05 15%
(ZKI@Zm LTV, LDH F
JRLANZ K D IO W ES R
AES V72,
TARNGNE S NOR 5 I i
T D OITHN AT FIVIIR 500 600 700 H . 500 600 700
% Hﬁi L f:o % O)%%\ Pt-LDH Wavelength/ nm Wavelength/ nm
EEACIREE &k & TE BITHBEDOFN AT PAJBIRE R LTe—FH T, $§Kk 1 ORI hr
TERIFARFCRE KB Lo, T, R CIIERDRREDMRRAE L Bk & 72 2 851K 1 125t
L.LDH F /R b~ HEFT 5 2 L TKPTHZOERIRENHERF SN2 D LEZEZBND,
LLEDOFERD S SHIO BRE Y 7 =4 R0 AaADEERE 5 54 %o LDH F / ki1 ki
HEFT 5 2 LT ASADSEIRDBREE TdH o 7o T OFEHE DR T oL AE O MR 2 #0i L |
WIRFIZB N THRWIEMELZ BB ST D Z LTI LTz Y,

Intensity (normalized)
Intensity (normalized)

WFZEE H (2)
X5, Bl X H 12 Z OB EZ(TT Dk T Pt-LDH OZ&R%UNENED 72 &7z, LDH
F ki EICEHA 1 2 RS EHEF (PUMg = 0.0216%) L 7= BHI#ZEuRAE THS IR O g A

KOOI ER LR, “h S r 11 & 3
EEBETICB CeTRke | Ll @
Y R A VAW S | R = Ei o

i | |
19023% 33% 43% 67% eIy
AU, TREELC &> CHER 1 0%y Lz s ol e
73 LDH J ki1 ECTHEML

BEE0Y% REIT%
TWHZ L ETRTHERTH D, = =
Z 2T, IREEFZE IOl
E. DSC HIE, &L UKATN ‘ .
EREICLY . SR ECE %00 Wavelongth/ nm
T BEER 1 OFRIBREEIZOWT
WEt 21T o 72, 7 OfE B AR EE R CIRSEA 1137 /7 b 7 LIS ERE R 50 E 1 8 E S sy 7
RIZAR S TNBDIZH L, BIBEE TIZBEERNEIC LV KPS S, ZUs kv 2 k1M
BRIz SR 1 ORERIRD L 5 7RENERT D Z ENBECEROFRKR TH D Z &AL,
UboXHic, fEw ER RS LT, LDH 7/ K1 ETAENESKROER 2 BRI
T2 LRI L, S EMERRCA A v F o T B A 25T A ECOBBREWES 5157,

PLE, R TIZAA&ADEEA%Z LDH 7/ Kiv EICfHET 25 2 & T, A&dDSAERE TV
THE T H DN O MEZ TR T 2 D272 59, LDH T /R 1 EIZk 1T D8 70467 - fif
B IS < FIRNBE O RIPEUEIZ BB LTz, 512, 2D ORI A, RERO TR
RTEHDLD, 85K 1 D72 5T O BaADEEEA T & 5 [PUCN)(dFppy)]- (HdFppy =2-2,4-3 7
A m 7 =Y ) R[Pt(bph)(CN),]* (Hbph=t~7 = =)L) {22\ T4 [FIERIC LDH F/
Wit BICHEFT 5 2 LITEh L, RROwEH#EFHOIR S ZMEE L T b, BLED X 91z, AuF5E
2 & o TH S e BEADESRIER T/ KL BHI @ 2D 2RI B8 A 72 TS B B & L
CTORT v N E DT ARD THIERVME TH Y | S%OERLIERN/BIFIND,

Intensity (normalized)

<GSk >
1) T. Morimoto, M. Yoshida, A. Sato-Tomita, S. Nozawa, J. Takayama, S. Hiura, A. Murayama, A.
Kobayashi, M. Kato, Chem. Eur. J., 2023, 29, €202301993. (Front cover |Zi®E)



24 24 3 3

Nakae Toyotaka Omoto Kenichiro Yoshida Masaki Kato Masako Yamanoi Yoshinori 1010

Structures, optical properties, and DFT investigation of disilane-bridged o -1t frameworks 2024

Journal of Organometallic Chemistry -
DOl

10.1016/j - jorganchem.2024.123093

Kondo Sae Yoshimura Nobutaka Kobayashi Atsushi Kuruppu K. D. Charith Sameera W. M. C. 12

Fujii Saki Yoshida Masaki Kato Masako

Vapoluminescent thin-film with unsaturated copper(l) complex for rapid light-on sensing of N- 2024

heteroaromatic vapour

Journal of Materials Chemistry C 1799 1808
DOl

10.1039/D3TC03571A

Nishiyama Tomoki Kitoh-Nishioka Hirotaka Tanaka Senku Maekawa Masahiko Kuroda-Sowa 53

Takayoshi Yoshida Masaki Kato Masako Okubo Takashi

A copper(l) thiocyanate-based photoresponsive semiconducting 2D coordination polymer 2024

Dalton Transactions 1445 1448
DOl

10.1039/D3DT03125J

Saeaesk Verner Chen Yi- An Huang Tse- Fu Ting Li- Yu Luo Ting- An Fujii Saki Pohako- Esko 27

Kaija Yoshida Masaki Kato Masako Wu Tien- Lin Chou Ho- Hsiu

Photophysical Tuning of Imidazolium Tetrahalidomanganate(ll) Complexes towards Highly Efficient 2024

Green Emitters with Near- Unity Quantum Yield

European Journal of Inorganic Chemistry

DOl
10.1002/ejic.202300562




Morimoto Tamami Yoshida Masaki Sato- Tomita Ayana Nozawa Shunsuke Takayama Junichi Hiura
Satoshi Murayama Akihiro Kobayashi Atsushi Kato Masako

29

Vapor- Induced Assembly of a Platinum(l1l) Complex Loaded on Layered Double Hydroxide 2023
Nanoparticles
Chemistry - A European Journal -
DOl
10.1002/chem.202301993
72
2023
279 288
DOl
10.2116/bunsekikagaku.72.279
Higashida Yusuke Takizawa Shin-ya Yoshida Masaki Kato Masako Kobayashi Atsushi 15
Hydrogen Production from Hydrophobic Ruthenium Dye-Sensitized TiO2 Photocatalyst Assisted by 2023

Vesicle Formation

ACS Applied Materials & Interfaces

27277 27284

Dol
10.1021/acsami -3c02340

Sasaki Kono Saito Daisuke Yoshida Masaki Tanaka Fuka Kobayashi Atsushi Sada Kazuki Kato 59

Masako

Chromic triboluminescence of self-assembled platinum(ll) complexes 2023
Chemical Communications 6745 6748

DOl
10.1039/D3CC01525D




Saito Daisuke Galica Tomasz Nishibori Eiji Yoshida Masaki Kobayashi Atsushi Kato Masako 28

Reversible and Stepwise Single- Crystal- to- Single- Crystal Transformation of a Platinum(ll) 2022

Complex with Vapochromic Luminescence

Chemistry - A European Journal -
DOl

10.1002/chem.202200703

Kobayashi Atsushi Otsuka Hiroki Yoshida Masaki Kato Masako 51

Fabrication of Ru-dye-sensitized Photoanodes Composed of a Prussian White-Prussian Blue 2022

Heterojunction toward Water Oxidation

Chemistry Letters 697 699
DOl

10.1246/cl.220184

Shimamura Taku Kobayashi Atsushi Oaki Yuya Yoshida Masaki Kato Masako 36

Water Reduction Photocathodes Based on Ru Complex Dyes Covered with a Conjugated Polymer 2022

Nanosheet

Energy & Fuels

11559 11566

DOl
10.1021/acs.energyfuels.2c00859

Yoshimura Nobutaka Yoshida Masaki Kato Masako Kobayashi Atsushi

61

Photocatalyst-Mediator Interface Modification by Surface-Metal Cations of a Dye-Sensitized H2
Evolution Photocatalyst

2022

Inorganic Chemistry

11095 11102

DOl
10.1021/acs. inorgchem.2c00851




Nomiya Kaito Nakatani Naoki Nakayama Naofumi Goto Hitoshi Nakagaki Masayuki Sakaki 126

Shigeyoshi Yoshida Masaki Kato Masako Hada Masahiko

Theoretical Study on the Vapochromic Ni(ll)-Quinonoid Complex: One-Dimensional Stacking 2022

Structure-Based Color Switching

The Journal of Physical Chemistry A 7687 7694
DOl

10.1021/acs. jpca.2c06079

Shimamura Taku Yoshimura Nobutaka Otsuka Hiroki Yoshida Masaki Kobayashi Atsushi 436

Efficient water reduction by ruthenium-picolinate dye-sensitized photocatalyst under red light 2023

illumination

Journal of Photochemistry and Photobiology A: Chemistry -
DOl

10.1016/j . jphotochem.2022.114412

Yoshimura Nobutaka Tomita Osamu Abe Ryu Yoshida Masaki Kobayashi Atsushi 15

Importance of Electron Mediator Transparency: Photocatalytic Hydrogen Production from 2023

Polyoxometalate using Dye- double- layered Photocatalysts

ChemCatChem -
DOl

10.1002/cctc.202201386

Makino Yusuke Yoshida Masaki Hayashi Shotaro Sasaki Toshiyuki Takamizawa Satoshi Kobayashi 52

Atsushi  Kato Masako

Elastic and bright assembly-induced luminescent crystals of platinum(ll) complexes with near- 2023

unity emission quantum yield

Dalton Transactions

DOl
10.1039/D3DT00192J




Yoshimura Nobutaka Yoshida Masaki Kobayashi Atsushi 145

Efficient Hydrogen Production by a Photoredox Cascade Catalyst Comprising Dual Photosensitizers 2023

and a Transparent Electron Mediator

Journal of the American Chemical Society 6035 6038
DOl

10.1021/jacs.2c13687

Yoshida Masaki Saeaesk Verner Saito Daisuke Yoshimura Nobutaka Takayama Junichi Hiura 10

Satoshi Murayama Akihiro Pohako- Esko Kaija Kobayashi Atsushi Kato Masako

Thermo- and Mechano- Triggered Luminescence ON/OFF Switching by Supercooled Liquid/Crystal 2022

Transition of Platinum(l1) Complex Thin Films

Advanced Optical Materials -
DOl

10.1002/adom.202102614

Kato Masako Yoshida Masaki Sun Yu Kobayashi Atsushi 51

New aspects of vapochromic metal complexes: Cooperative phenomena in functions and structures 2022

Journal of Photochemistry and Photobiology C: Photochemistry Reviews -
DOl

10.1016/j - jphotochemrev.2021.100477

Yoshimura Nobutaka Kobayashi Atsushi Kondo Tomoki Abe Ryu Yoshida Masaki Kato Masako 4

Interfacial Electron Flow Control by Double Nano-architectures for Efficient Ru-Dye-Sensitized 2021

Hydrogen Evolution from Water

ACS Applied Energy Materials

14352 14362

Dol
10.1021/acsaem.1c03028




Otsuka Hiroki Kobayashi Atsushi Yoshida Masaki Kato Masako

50

Carbazole modification of ruthenium bipyridine-dicarboxylate oxygen evolution molecular
catalysts

2021

Dalton Transactions

16233 16241

DOl
10.1039/D1DT02824C

Kobayashi Atsushi Imada Shin-ichiro Yao Yuze Nagao Yuki Kubota Yuto Yoshida Masaki Kato 94

Masako

Halide Replacement Effect on Proton Conductivity and Vapochromic Luminescence of Pt(ll) 2021

Complexes

Bulletin of the Chemical Society of Japan 2466 2473
DOl

10.1246/bcsj - 20210279

Yoshida Masaki Makino Yusuke Sasaki Toshiyuki Sakamoto Shunichi Takamizawa Satoshi 23

Kobayashi Atsushi Kato Masako

Elastic deformability and luminescence of crystals of polyhalogenated platinum(l1)-bipyridine 2021

complexes

CrystEngComm 5891 5898
DOl

10.1039/D1CE00459J

Kobayashi Atsushi Muramatsu Eiichirou Yoshida Masaki Kato Masako 14

Two Excited State Collaboration of Heteroleptic Ir(l111)-Coumarin Complexes for H2 Evolution 2021

Dye-Sensitized Photocatalysts

Energies

DOl
10.3390/en14092425




19 6 5

ds

104

2024

Masaki Yoshida

Vapor-induced assembly of an anionic Pt(ll) Complex on layered double hydroxide (LDH) nanoparticles

9th Asian Conference on Coordination Chemistry

2024

an

2023

Masaki Yoshida, Takanari Mochizuki, Atsushi Kobayashi, Masako Kato

Stability Control and Luminescence of Porous Crystals of Self-assembled Platinum(l1) Complexes Based on the Electronic
Tuning of Ligands

103

2023




an an

72

2023

Masaki Yoshida, Verner Saeaesk, Atsushi Kobayashi, Masako Kato

Thermo- and Mechano-Triggered Luminescence ON/OFF Switching of Supercooled Liquid of Platinum(l1) Complex

International Congress on Pure & Applied Chemistry Kota Kinabalu 2022

2022

an

72

2022

71

2022




Masaki Yoshida, Verner Saeaesk, Atsushi Kobayashi, Masako Kato

Thermo- and mechano-triggered luminescence ON/OFF switching by supercooled liquid/crystal transition of Pt(l1l1) complex thin
films

8th Asian Conference on Coordination Chemistry

2022

Verner Saeaesk

an

33

2022

Masaki Yoshida, Tamami Morimoto, Atsushi Kobayashi, Masako Kato

Vapor-controlled Assembly/Disassembly of an Anionic Pt(l1l) Complex Loaded on a Cationic Nanosheet

102

2022

Masaki Yoshida, Mari Kimura, Atsushi Kobayashi, Masako Kato

Liquid-liquid interface-controlled crystallization and luminescence of a hydrogen-bonded porous framework built from a
platinum(11) complex

The International Chemical Congress of Pacific Basin Societies 2021

2021




Masaki Yoshida

Control of metallophilic interactions of platinum(ll) complexes for stimuli-sensing systems

2021 MIRAI2.0 Workshop in Materials Science

2021

an

11 CSJ 2021

2021

Masaki Yoshida

Regulation of Metallophilic Interactions of Platinum(l1l) Complexes for Stimuli-Responsive Systems

71

2021

an

71

2021




PA(IT)

71
2021
an
71
2021
an
32
2021

2023

120







