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Designing functional molecular materials exhibiting valence transformation
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Abstract

Simple ionic solids do not usually change their electronic structures upon cooling or heating. However,
we have developed very recently a new ionic material that exhibits a drastic electronic transition by
temperature change. At room temperature, this material is composed of an organometallic cation (D")
and an organic anion (A"), the formula represented as D*A". However, just by decreasing temperature, the
valence state charges to D**AZ. In this study, we plan to elucidate the mechanism of this unusual
phenomenon to establish a principle for designing future functional materials. We further plan to
synthesize related materials by chemical approach to control the transitions and extend their electronic

functions.

1. WFgEHM I R AN FAE T satk s (1) B R —,

FZEDIXZOHE, ©7zuavrBHEKIC FTONQ 27 787 % — &3 2B MBEER
FEHL, Ihb%x K — LT 2B MBEISEA (1- (F,TCNQ) , B8R L E) AR L. ZOWE
O - MPEICBET 28 21T > TE T, PEIR CTH LWE TIREE (LA 5 — M
V7 o ut oFERIT, 2BEBORRBRIGE BAERTIEERALE, ZOWEIL, DAL
TR Z R T Z ENFHITH D, BREEITE 2 13 oA U EERmBESATH D, X



DREIZ LY Z OB — i — i A4
PERRER OB LWMEB IR R TH H Z &2
RSN, ZOWHEIT, BEATCHENEY D
LIIOKE S (DT A LT =F v OFE)
ZEFH . A TS A A s (DA,)
ToH D05, 120K LU OKIRAATIE, —AffiA A4
CYEEE (DYAY) ICERT S (M 2),
NC.__CN

%ﬁ

NC” CN
RARUFIETzAEY  F-TCNQ

1: RF—-T72787%—DfF

o

e
C:

— ﬁszﬁinifz 1
(120 K)

) -1

@ -

Sy A Iy S
X2 BRSO (5 2K TR

ﬁ

ZOBGIE. primEER L LT, —1l
&AM A A U MEEIR OAHERE S FTRE T d D
ZEERLIEBDTHD, HlZTWVWI D,
Na"Cl Hfhdh & Mg 0% AUfkdh & O A2 H#a
IZFY L, WEBIRIIRFR CTH DM, BlRIL
OO TP O ERTH D, #E
ST, EIAFZE L LCOEK S i, IFko

T HERETEME DR~ DIEARFE & L
T@ﬁ%é%%o

T, ZoWEOEBEIREA R L,
M EEOMRIAZ BT L &bl Zhg
HRWE &3 2L FEM 21TV, FHERRE O]
., WbEEsH . B LWE TR O ERICE
TEHZLEEERAEL Lz, AFFEORE,
T U T A — ORI L ER AT O Z LI
K0, ZoOWEOMKEAEFERT L LN T
T, UNiCHET 5,

2. WrgERaE
1@cm)%¢%%$%gkb\?a?f
—PEDFEINT K D AREHIE O EBL A B Y &
Lt(lwozzfm\r@mm)%W’
XL, o TRRE - IR TR Y B AN
DRI TONQ B I OVF,ICNQ 2425 Z &
XS THTFEEDIEREZB 272\, ZOFE
R EE A2 O Lz, 2oL, ~
— TN TG L RERRE R O g i
PMEDNRTUATRESTWNDEEZBND,
EHTDHEETZRMEDEL D TCNQ % iR
T 5 LB O TN, —HEFZAEMEORK

% F,TCNQ Z iR &a b T 5 L EnfBIRE O LR 231
b,
NC_ _CN NC_ _CN NC_ _CN
BFEEM BFEEH |
®
2 NS
— @ ZffiE & ® |
NC” CN ZEE | N en BRI | o Sen

(BE)
X3 : 777y — &AL DMEET 7 e —F

2 — 1. TCNQ-F,TCNQ &A%

1 @ F,TCNQ $&{4& & TCNQ $5RIX [RITEA T
LI, WEORERIL, S TRy
TH&EHEZ2DZENbrol=, ZNHDH
2T, BEERRIED D E OFRZEE) 2 it
L7z (K4), F,TCNQ $5141% 120 K 2 AR
Brfb, KEMTIIREENE KT S, =

ZAZTCNQ ZIRA L TV o 7254 BB IR E N
@&_ﬁTL\NNQ@%éﬂl/B%%Ké
FEIR T, AR A 52 2T A LZ, 2
F\TCNQ 43 FDAREAS 0~2/3 DK T :ﬂfﬁiﬁ
BB Z 5700, Z 0D 2/3 iz 7=
R CHEEBNEZ D2 L 2EWR LTV D,
INEVIRBHEKZR Z KD, 20
X 912, TCNQ ORI X - THITIE A3 Al g
HDHENRENT,

LR, T DIRMDOEFIRIEIC OV THELR
T 5, Lo LR TIE, KEMIZB TS 27



fEZY TCNQ OUINE & BT LTS &
IR DD, ZauiE, TONQ DU L > T
BIBAOEIREZOL ORI L TND D
LEERLTWD, BEOEFIREZ M
% HHJ T, F,TCNQ: TCNQ = 80:20 D 4y1H&4x (LA
T. 80%EAL & MEEE) D Fe A AN T — A~
7 MVERIE L=, ZORE%, =|iEMETIX
+ 1o 7 =at YT 5T 7R
B S, B D FTONQ 51K & [7] UE 1R
EAFFOZ MR STz, —F, KIEMHET
X, +1fic+ 2o 7 ok Axfind
HAXRY MVREELTE AT (K5), 20
ZEE, RO T, ErBEAE
LTCWA LI LTWARWS B IFET
HTEERLTWDS, 77205, {BiDKIR
FRIZ. D¥AS & DA, DIRFED AT CTH D Z &
DB LT,
SFEEOKIRMA, 29 LEEIREMTH
L2 EDVHBA L Z ST ERR OV R TH S
D, AT —FEORKMI R LR TE D 2
Lo, Thbb, MmN TT 7t
2= FIE3'mELIEM L TNDHD, EFLD
FESEIX, 3 401 FITCNQ 23> 72 3 IR D A3
IR CETEZZITRAZ LN TE, —HT
t TCNQ 2MRA LTS ZBIRIIE T25%01T
WD ZENRHRRNZEEZBERL TS, FE
B, IResOMKIEMAIZE Tf)ﬁﬁzﬂi’ﬁ@ﬁﬁxﬂl_
2B, FTCNQ 78 2/3 Zi#l x 7= BBkl L
TEY., ZOMRIZL > TEHEMIZHA S
%o 80%IRMDSGG A FHH L TH 5 & F,TCNQ
2 37T o T2 Z EARDEIGIX 40% [= 3X
(0.8-2/3) X100] TH YV, F£ Y D 60%% TCNQ
BN ZRIRE D0, JEiRD TFe A AN
T =AY MLVTERI S 21 e 1Al
7zt rOFEIE. Z0EE BRIFIZEE
T5, ZTNLbDZ &G, BEFEENT. =&
RNTFTCNQ 28 =43 FHif 9 = & 2 LESMF &

T5Z LD CE D, ZORRIT. AFRD
PRI RERICBA L THRERFRNY 25 2
LEBEADBND,

T Oy

T/ enu K wol
x %
T YR
% 50 «
- "
L 75— . x
&
0%°
I’
o0
o
o
59
o3
&
o

X4 : TCNQ Oy 1E4Abiz X B bR D21l

I I I |
1mﬂﬂﬁﬁﬁx\ ?ﬁg
Ko5- :"'\v‘" i,’m'
- Vi 6K
90 f -
| | |

3 -2 -1 0 1 2 3
v/mms
[X 5 : F,TCNQ: TCNQ=80%: 20% D4y -4 DARIEFRIZ
BT D Fe A AN T —ART L

2 — 2. F,TCNQ-F,TCNQ & & %

o7 Fa—FLix [ TCNQ $H I xt
LT, &0 727872 —MEDO5E\ F,TCNQ % iR
A LTz, fliFEZ2 F,TONQ $5A1%, #pkE2S 1

ELFERBORIDWETHD Z ENRD
Mooy, F,TONQ DIRA FL DR EIK Tl
DTEEPELND Z DL,

F,TCNQ Z REE % LC 10, 20, 30%HMN
L7z& O EREZX 6 2R T, 2D XK DI,
o7 Ta—FIT Lo T, MEEBIEE % R
I ERSE6nDZ EBnbnotz, 272
LZ?D & & F,ICNQ DIRA LOEAINIHE - T,
RS B RS S IS ISR b3 2 2 L B 5
me& ol I LD IRRNIANHME R H

ESUINNNY



5 EEZBNDA, LR TONQ 5% & 13 5 70
(TR DR E BT H LT 2 AUTHIRE N,

2.0
F:TCNQ
T - 10, 20, 30%
— L5k
2 y
v
= 0F % Wy e,
5 /
e~ .
X 0.5 1-(FITCNQ);
0

0 50 100 150 200 250 300
T/K

X 6 : F,TCNQ D4y &aic L A BLEROEAL

3. WFIERR

KIFFETIX, BEFZBMORLRLT 78T
G s~ i S MY s e S bl (35 A RS B
0 BEAWE OMBERE & B AT ISk
TELHI RSN, Ebiz, ZOE IR
REZ A L, HHERRE O ICBI 3 2 R 2 15
RN e Py

4. Stk OFE L TR

AWFFE T, 77 & 7% —DILRERIC &
LA 2 B Lo, REROHI#EA, FF—
MOEMICL > THARETH DL EBEZ LD
fesh, fix OEHRE T vt 2 V-5
DHEEITH Th D, AHERIZI T DMK
BRIAE SR & LTl THlE—A 4 s’ 2
HAHTHY, ZEOMENRENTET, &
FHOMNZ I L CTE B LW IC S
WTh, EFHEMERE R EOBENG . Bl
VRS & UCRRIZR BB IR SN D,

5. REWH
(Befa vl )



