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[Introduction]  Dye-sensitized solar cells (DSSC) using ruthenium complexes, zinc
porphrins and metal free organic dyes have received much attention because of their high
performance and low cost production. Recently, a series of benzimidazole ligands based
heteroleptic ruthenium complexes, such as RD5 [Ru(dcbpy)(1-benzyl-2-(pyridine-2-
yl)benzoimidazole)(NCS),], RD12 and RD11, have been designed and synthesized for the
application of DSSC devices. The nature of benzimidazole ligands exerts a significant
influence on photovoltaic properties of ruthenium complexes. It was found that the DSSC
device made of RD5 shows higher photovoltaic performance than that of the devices made of
RD12 and RD11, which is comparable with the device made of well known N719 [cis-
bis(isothiocyanato)bis(2,2 -bipyridyl-4,4"-dicarboxylato)-ruthenium(ll) ~ bis  (tetrabutyl)
ammonium] dye [1, 2]. These differences are mainly expected from the benzimidazole
ligands dependent light harvesting ability and the charge recombination kinetics of the
complexes. For the solar cell device performance, metal oxides, particularly TiO,, are
commonly used as a support for dye adsorption and as semiconductors in electron-transport
processes. Thus, the understanding of the mechanism governing the efficiency at the
molecular level for benzimidazole ligands based ruthenium complexes under operating
conditions might provide important clues for the optimization of chemical structure.

N(C4Hg),"
-0_0O

N(C4Hg)s"

Fig. 1. Molecular structures of RD5 and N719

In the present study, electroabsorption (E-A) spectra for the thin films of benzimidazole-
functionalized ruthenium complexes (RD5, RD12 and RD11) and on the surface of TiO, and
Al,O3; have been measured to examine the photoexcited electronic properties. The results
were compared with those of N719 dye.

[Experiments] The ruthenium complexes were deposited on an indium-tin-oxide (ITO)
coated quartz substrate by spin coating method. To load the ruthenium complexes on the



surface of TiO, or Al,Os, first a paste composed of TiO, or Al,O3 particles was coated on a
TiCl,-treated fluorine-tin-oxide (FTO) coated glass substrate with repetitive screen printing
and then sintered at 500°C. The sintered TiO, or AlOj; films were immersed in complex
solutions for dye loading on the films. The PMMA film was deposited on free and on the
loaded ruthenium complexes on the surface of TiO, or Al,O3. A semitransparent aluminum
(Al) film was further deposited on the PMMA film by a vacuum deposition technique. ITO or
FTO and Al were used as electrodes in the E-A measurements. The total thickness of the
loaded complex on the surface of TiO; or Al,O; was determined to be about 2 to 3um. The
thickness of the PMMA film was about 0.5um. E-A spectra were obtained at the second
harmonic of the modulation frequency of the applied electric field.

[Results and Discussion] The stark shifts were observed for ruthenium complexes under
different conditions, which results from the spectral broadening and the spectral shift in
absorption spectra, as a result of the change in dipole moment and polarizability between the
ground and excited states [3]. The change in
dipole moment for free complexes, i.e., without
TiO; or AlLOs, were observed in the following I .
orders RD5>RD12>RD10. This trend is similar
to that of the solar cell efficiency
RD5>RD12>RD10. The change in dipole ;
moment of free N719 dye is quite higher than 03t S RDS Sensitized on TiO,
that of the above-mentioned complexes. In the - - - RDS Sensitized on ALO,
surface of TiO, or Al,Os, on the other hand, the 0.0F L - ' - -
change in dipole moment and polarizability 40F )
depends on the nature of loaded dyes in TiO, or
Al,O; films, which is different from the observed
changes in dipole moment and polarizability
under free condition. For example, the observed
change in dipole moment of free RD5 complex
following absorption is about 4 Debye, whereas e e e o
the change in dipole moment becomes larger on Wavenumber (x10° em™)

the surface of TiO, and Al,O3 films (~ 8D). Such Fig.2. Absorption (Upper) and
a difference of the change in dipole moment may  glectroabsorption (lower) spectra of RD5
be due to the environmental dependent electron  complex under different conditions.

transfer efficiency of RDb5. Inconsistency was

also observed for other complexes, i.e., the magnitude of the change in dipole moment on the
surface of TiO, or Al,O3 does not follow the trend of the change in dipole moment of free
complexes. However, it is important to note that the change in dipole moment becomes
higher in TiO, and Al,O3 films in comparison of free complexes.
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pH d/nm ratio of 2 d/nm
7.77 53.5 0 wt% 55
7.86 56.8 0.2 wt% 52
7.96 58.5 1.0 wt% 49
in phosphate buffer in bicine buffer

9 keV, 30 sec

Fig.4 Individual SAXS measurement
(right illustrations are possible structures).
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R A FEMCIET 2 2 N TERY, 22T, s 7 2 VI E R OGE L
BiRE LTHWAZ ET, 20X v U YIEAEROE DD LEREEZGLT 3 v b
XA A — FOBMREEITIER LTz, FHERO ANV MEEIZES LIEmRZ
%2 LT, BRI ART 5 Z ERAEETH Y, Ny FIEEOB L B BURICRE T
ERAR IS IV (I

AMFFE T, Anthracene-TCNQ % -k & L CHWHRE T2 ERT L &
2, FERIFRERR A2 W28 LWOINE H1E% AV, Anthracene-TCNQ /N> RifEZ
b FEIC IR~ T2,

[F28Rr - B2

+ /32 L7= Anthracene & TCNQ %= JFEE L CTHW, HHEIEEICLY
Anthracene-TCNQ HifGd a2 ok L1z, 72, 5o BAES LIc4e L BOIEFE

2 R



MaZEIl LOERIL A 4 — MiiE &

LT, 2081 F— FEF T Antacene - CTR
IR C AR IE L7, 55 LK 2 — —
EDESIT, 3 HRIEEOETIEN G bR i

Too ZHUE, & EROT = L IYERMAEZ | 300
D, ¥ U VEADNRICENE LD LT T

A
o
(V)
o

KT 5, F£7-. 100 K CREEICER-EE
BbE 2 E LR A2 X 2 Aloond, K
Bbhansd X 91z, 100 K THE 7 18 0 iz
M LT, Z OB OWER, R
% FiF % Z & . Anthracene-TCNQ D/
v REENEIE L, ZOREE, ¥+ U YiE
NNRIZEANE LT EE 2B
R

HWT, ZOXA A — RFFZHNTR
PLORBEARAMEZJE LT, £ ORER, &
TR M OMERE 130 K M TlRRE T\ 5
MR SN, Fo. BEOIKTICH
W, IO e BRSO T MBI S T,
INLORENRENSHZRETCE Y Y
YHEAD RN EIL., T 72bbH
Anthracene-TCNQ D /3 RN KX <
EleL Wb EEBEZHND,

SO RE S TH S 150K, 120K X 3 HEIEARESAS OBENE
IZBW T XBEFTEITo7E 2 A, 200
SR SR STz, X 3 ISR AR OREE MR O i 2 R Lz, HiE
TIXZEMRED C2/m TH Y . 150 K TiX P21/a ([ZHE L T /=, F7-. Anthracene
DTOIRENFH o TEBY o FOELY  NALILTNDS Z &5, HOMO-LUNO
WOMEMEHDOH DN FEBSICIEE L2 ERNHLNE o7z, HWVWT, 120K T
X BAEEIENT 21T 72 & 2 A, ZZMIBEN P1LICEER LTz, Z0®/WCIZSF0E
RONEIRD 2 OGRS T ANFEL TWDZ ENbhoTz, 0T LD
TCNQ OfEAENOEMBEIEEHH L& ZA EMBEIEO KX < 5 TCNQ
NIEFEL TWDEZ ERREBEINT-, Anthracene 2y F+DIEENT - OIRE TlXilEE - T
Ay

DX DT, IERFREM A T2 E TSR O TREN RIE X, I DSC
HIE ., X A ERAT C 2 D OREEFEEE OFIENHERR S Lz, AF#E Tl BABH)
B2, N FHEEZ b7 IOV T HFEMICHRET L, FREERE D A ) = X L2200 T
HwmTATETH D,




4P037
EFRBEIFEA NTSMCl, (M = Co, Zn)DEE L ERTIEE

(BRIRE ', 2XMEERHG? OWFRT' KEEE’? WMTRME' FIRERX’®

(F]
BRFT7OLSPOANEIERFTEREIZHEEL
-t EERAB LY SN HBIZK B S-S F =
X S NHEERIZE>TZRaMLERBEEER
LT, COLSILTREIAS, FTIOILTD
ANLFDFHEER. EEROELT > T0

v ELTHRANGYMENRTFIND,
SEIRVWE=FT7YV—ILRFF+—T#®5S NT (= Naphtho(2,1-d: 6,5-
d)bis([1,2,3]dithiazole, B 1)IX TTF L RAEEDBRILETEMZEBEL. HLLET7T=
TUOLERBHERERRT D, UM TH GaCl,y 217 A VICHWERZ ETIK
BEEFZEL. ER. BEESOLRMENLGEFHETEAREREZRIHRA S TL
5[1], SEHAIEX. H-12 2 filg4 4> THS MCl,Z (M = Co, Zn)DiE NT3MCl,
ZEMEICIYERL., HREBEEENSLUVERCEIETEOYHAEZIT 1=,

1 NT OS5 FHEE

[EE]
NT ([EX#R[2] 28> TERM LTz, NTsMCly (M ‘2\{9

=Co, ZnNDHERITXFTEME L L TIn- f;er-‘? j\a

Bu;Nl;[MCl, )%, BFEL LT/ 0042y = W?B

Wiz = 1:1 BEZHL., BRETE-, e\{@

F2DEE, 2:11ETHSH NT,MCl, DFE&E

L1, EXGEEAETEX ZmFETRALTIT

W, ER-BEHHIF 2 —ILRIZCKSEELR

WA O, NILRAEFR NIV ARERE 500 e\'@/’

ms, ENANBERE 50 ms, ;EEER 20 ms) % ##

5IL THRIE LT

[.ﬁ% EE]

S5t NTsMCILIEIZ DT X Rt RiE LM
*ﬁ%ﬁofz.ﬁ% CoCl 15 & ZnClL iEF & £ 1M
HROBEZLTW =, BFERZR 2 ITRT,
& NT A FEFEWVI=XZEZEHEL. n-HBEHE 1.
FIC&E>T a®AMmMICEBL TV =, £ c 84 I | L2 Y "'Sf
FRIZIE S NBXU S-SEFHEAEEZNLT 2 NT3MCl,(M = Co, Zn)®
Y RIT—=0FHBELTWS, NT 2 FDERFE B




SN#EAROMICIZEADOHEEALAHY . BAOERICONT, EWE S-NEERDOH
ZROBEICH N TWNS, TOEZEMNS NTsMCILEBIZDWWT, & NTDERERD S
E. BWHF 2 ATHRT NTI(F+0.5, I B TRI NTIEZ+1.0 &4H Y, ERHEFZHL
TWB I btz FLEBHEDOKRICHELNT NT.MCl, IBIZDOWTH X RiER
BERFEZT KR, COEBETErwHEEASLY SN S-S [RFREEE
HETEY., L TONTOEREFIH.0TH- 1=,

“mFEEAVEESEGEEBRETIE M =
Co, Zn EHIZCEEBETHOIREE(X 40~60 Qcm
BET. ERFLIrOFEINLAEY., FE
1$E@73§S§ﬂ€mu_o FE7L=—oR7TAY
FASRHI-FHIEIRILF—IX 0.22 eV T
O NTIEEREEDETH - (K 3),

NILABERZEFRAW-EBE-ERAETITIER
CHEWTHHEELAUHERBERIHA I,
M=ZnlZDOWTHBREHRER4IZRT, =
BIZBIT2BESBEE L% 200 vem™ THio
BEHMFEZET S NT BRI, —BHLEE
ByIrERBERLIYV—HREENSWVMETH - 1=,
Ff NT.MCly IZDOWTHRZKRICEE-BiRA
EEToEN. COLSHIEESTOENE
#ﬁliﬁﬁi”énﬁb\of:

ChETIZELATLS NT HBIZDNT,
a?ﬁﬁﬁtgm BEESTOEMERRRD
HEEXFELEHDBER L1 DESIHE, ZHD 0 50
BHohiEkLSIC, ER. BESTAGERR
ENERINRTLWRBEEFIVWThELERBEFEZ
BELTWS, COZéEMD, NTERIZCET2EESTOAMEBREREIBNAESTE
I THELS, BEOMMICL>TERBFEO—SI/RMEL. SEBRKEZ LKL
[ZhHEot=f=8h&EZ NS,

160 200 240
T/K

3 ERERDREKREN

280

100

150 200
E/Vem'

4 NT3ZnCl, D J-E %1t

250 300

f1 BNTHEOERGHKFELEER. EESTOARHEREBZOFEEO - . x - )
NT3MCI NT3sMCI NTMCI NT>MCI
i (M =Ga, Fe) | (M =co, zn) | NTs(AUe | \oga Fey | (M =Co. zny | NTTCNQ
EREE Y= @) O @) X X X
BHER O @) @) X X X

[1] K. Okamoto, T. Tanaka, W. Fujita, K. Awaga and T. Inabe, Angew. Chem. Int. Ed. 45,
4516 (2006).
[2] T. M. Barclay, I. J. Burgess, A. W. Cordes, R. T. Oakley and R. W. Reed, Chem.

Commun.,

1939 (1998)




4P038
TrFIXFRQ-FIDI) A FEBEL-OEARESFEHD
EILTAOD—IZEET B RGHTHE
(RRBEEE) OAGBIAA « AR = « Eigokll - TRE — - MElEY - AMREs

] 7 FFFm= 2 &2y (1-1) ZHOOREEFSWEERIZ 4 SOF 47 = VEBRBFES
LI ThoH., FRFBLETFA7 = VBROFLEOBRIZMEARTH Y, WIHIZEHAHOTZ
WEET FT Ry RBRRWEF =7 Th 5. BEREORLRDERE (2-1,3,4-1), AV ATAHT =
> TR LIEBRIE (1-2,1-8) L ZDAF IR (2-2,2-3), E6ICT M T AFNMEETA
7 = VBT ST RN (4-2,4-3) ARG E T 5.

(a) EMENEL

(b) HEDEX

Figure17 F 7 X A (Q-F =)L) A X 25 L U2 Wi ER s 8 (410 fEE). 0 7R3 (a)
EHILOZEA, (b) HEDOK, (¢) DO MD 3 SDOMEFE THETE 5.

FEmOBE - Boim & IR LTREBICAT R VX —2 525 & —RIZOTOFE R Z 5.
TS DHFRECONTIE, |IRICEIT D TH-NMR JIE DR S F A7 = B Ll ke
DO/NSIREREHREZ L TWD Z RN -TEY | Z OB FELAESR O 02K & 7 5855,
() o FOBREE OBAIED BN Kb D FHERE (Wb B ZkEPERE M), (i) BemZ bIZfE > B+
A (BT OREFIBLG) 7o ENBEIND. Fox I3FRT (i) BRIEIHR & #5 5 HE 1 OREFn S d Bk L
TFEERICIER L, ZOBBIT LV AU DHICFREN G EN D AEERH S & THA L.

AFEFETIEA 10 T O DU RSy -2 RS Sh 0 X BRE1T, DSC JIEIC L 0 fEhr L, DU (A
Sy TREDOEREL, $HE, SO KD 3 OB DA K O IUTHE D 5T OREIREE 5
KL RERET D.



Ui 3R & 552

2IU0FEEDT T L, FANELTEGIE 2-1, 2-2 &< 8 FE CHIEMN S LN, H
FEEE D AR —MEIE A DR o T2, Affdn & bR OBEEE» O TR SN DM AEEMITD
TWMAET HRETH Y, BESFITRePICHBEL TV s e Ex bh M

HE AL 2 IR RE & 3% DSC IE TiE, W< OB CEI D DIFIE 2R+ 55 R e 157
AF UK 4-1 T, BRI LD E—27 oz, 2 BB LBEOER TIE 2 - 3°CIRWEEICH D v —
7 BRI X iz (Figure 2-a). Z D2 OO E— V7 HMEEOLRTHELT S Z b, 2 FEOME
HRBEETDEBZAbND. £z, Z ORISR CIX@AE D BRI OZAMEN Kb 584
DB S, T OBRITERLORR HHRE (1-1,3) TIHEBOLNARZNEDTHS.

FV IFAT = ENGITME LR 2-3 TIE, Bfflc L 52— 2ok &, 2B H KO E
T2 3EERWVEEICHOE—27 IS, 2[B1H PO ER T 80 °C fFUTIZiEen 7238 E)
DY —7 BNERI S 7= (Figure 2-b). MHELEBEE CIIAEREE KT L T T 2B —7 %
BIL7=Z s, WIRAEBHESLEEZOND. ZOM, sk L2ERIR 4-3) THLH T 2K
RE, MWERTRE L LERENBR SN Z L 25T 5.

15t cycle ,"\

2nd cycle
=] A—\
ig 3rd cycle _JNJL__1
Ll
[
o
D
I

L) 1 T | T T T T T
80 100 120 140 160 180

Temperature / °C

Sy P ol o
- I Ly
_"_.J :f“‘ y. y AN = ,:r!'\ Eb]
- ¥} i ¥
3 5

1>
Kk

AN
i

m

w -
::\ s
= :
Ly o
b

AN
Heat Flow Endo Up
<}i:ﬁ‘*

60 0 60 120 180
Temperature / *C
Figure 2 (@) AF /LK (4-1) & (b) AV ITF 47 = &2 ME L7-EZEIK (2-3)0

FEEAE S & DSC iR, (D) TiX d o ELERE (EEEE-200 °C) TH 7 L.

(2% k]
[1] K. Matsumoto, S. Kugo et al.Chem. Asian J. 2008, 3, 2024-2032.
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ABEE740 7 = EBOXFITERICHTS
FLEBUIREEFZEHRIR
FBABREA L IST-CREST) OFHE &AL JIE 8K B ' £5 B|E'°

B B2 sl @@=
1. Bl KRB R 2574 n T = (Poid

t-Bu
PRI BRI 28 L, flix OB M)A 4> L8RS 5, 1By
&g 7 X T = (MPO)SEARDENLEE . M DS X Q\NKN\ N
LA
M2+ N

CARTET B 7200, fERE L BT/ 5 - LA BR TS .
[1] ST, BAH - B - BRI & » CRE NN

RIETFTh B, Eio, I, Fix ORGP AER S, YV
K7 a2 LD Pe R O NTIRAEOERI N AIEE & 72 t-BU MPc (M: Zn, Cu)

ST, AMFFETIT, WHIETER L7 MPe lRFE 7121 5 1 £B74057 =2 (MPC)D
Fe v U TR A B ST 5 AT, B LICR L ATHRE

8(11)2,9,16,23-7 T -tert-7 F/L-29H,31H-7 % 0 7 =/ (ZnPc) 72 & TNZER(I) 7 Z 1 o7 =
> (CuPC)BEAIENE D % v U 7 OFRAT IR ) (TOF)MIE 21T > 72,

2. KB U UHDNNTT aa RV A B TR S U2 FIEICE D, Sum [HkEO < LAY
A VT DA XL (ITO)EM AN RS S 7= A1 S FaM 12 MPe 35 & Rl U 72 MBS ©
TR OINEGLEE (150°C., 1H§) biT-o72, KRBT X DB FRMEORIFELE I 2
LI T AHMR & ARG 2 O TR BERR 2 B 1 U7, ElESE 713 50£10F D EXA =
(C)%fA L., IMQOEEHI(R) L #fEd 5 = & ¢ RC VMK ZF AT, RCRIFICIHA I IZE
a2 W CRUBHZ AN ES(E) A FIIN L7z, £ 72, Ea 2 AT E & ATICHNT Y (B)
ZEIIN U 72, F 7 B v A FhE ez i3 v i LA %k 10Hz @ LED bk YAG L —H'— (A=
532nm)Z& W\ o, FRKKF CTHREASINZI Y VT O R 7 NBENZHK T 5 ROENMZE
(AV)E A v 2 a—7TEHHE L7, AVIZEBIZIT S < EMQUIHAITHEMNETH D, F
72, Cu DK, (A = 1.5418A) & IV T, A7 3 S b I plefe | L
L 72 MPe 0D X ARIEHT 2 7 L 7=, | @ C
3. BREEE X2(1235°<20<10.0° TEMH 7= MPc
JED X BRalfr % — 2 &R Uz, BVILEERTD CuPc I,
20=5.10° |ZHEJADFRVE— 7 & 20=5.85° (23 ¥ — 7 72
TIA4 MRER LT, BOE—7 O LRIEL Y.,
CuPc EZ &L L CUN 5 Ei- Dk 1 O/ 1EkE d & &
OWFERBE LIZENLTH L7 im & 8nm & AL b7,
F2. BT T4 PRI Y d=1.5nm & L=27 nm OffE R b ; 3
PPMICIRIET S 2 LR DT, BEBROMH)T 5 o s s 8 10
VT = UERORER[2] & T D &L RO RV Angle 20/ degree

fimm FlLAEZ &5, K FRROBE VRIS T3/ ®2 CcuPclE(a), 30 CuPc fE(b)
Hsa Lo T LIRB SN, ol it Tp  BFUZPCROOXRER 52,

Diffraction Intensity / arb. unit




CuPc Oy T DO EZRV 1TIAL HMFEOR O —nA X v 7RO N 7 MRS 2 LD EE 2 DR
%o Flo, PUKER T, BT LRE (b ) FHime Pe O TEHEAN/NE LD,
71T LEREREN L 22D, — 5, b GO S FRITIELS DT, niAZ v 7 Xy hU—7
RTINS B EEZ BRD, BREL 21T o 72 CuPe T, AR OIEIL B — 7 OFREE A
BEVEANOE— 7 BENE LT-, £72. 20=6.20° ([ZH - — 7 NHB L7z, SR Ta—
PEEEEEAZE L, 77 LAMBEEEN #7225 (d=1.4nm & 1.5 nm) —FEEO fRRE SO FET
%o BULER CuPCIECIX —RITH AR v N U —2 26T 2% fElFE T OFIE BN HEINT 2 2 L 234

Mo, —J7. ZnPc ED X [RIHTT
77 ATIEWEETH D EHERIS LD,

MPc # IR LT S 7z Q-TOF{E 5 D IFfH
ZAAB 3R LT, 7OV AR EZISEHEROILE B3
D DI (QYBM 4L, 20ns LAREIXE R (Q)h3d -
KV ERRE LTz, Qe v U 7 ARG R 2 Kt
L. ZOMETF v U TIERIZHEIT 5, 72, Qf
Ry DRI R IS A Lz e bF X U T
DA IMFECHERT D Z N holz, —H. Qshk
oy DFERIZE I, FREkBI%L (e, 0<0) L v bR

(1%, 0<a<l) \ZIEWEE 2 LTe, SERBEEIRR X
FV2IX—FHEM/EERL TS, £72, CuPc D
Qs I DR EHE IFBH O F T L A E B A2
F72dote, —J5. ZnPe IRICERIT D Qs Aoy DAk
CuPc I L W Bho 7o, QsfE Bl d & diE % CuPc
ZAERIEIC T ZnPe 7EA T 7 ABECRIT H F v
UT OBEERBENT EERELTND,

Qi sy DFRFE X 0 Kb 7= o(c QIE)D ERFIEZ R 4
2R L7z, ZnPC D o IXTBHHTIT & A EIRTE L2RWAS,
CUPCIED o XN NI % L E L <Lz, £72,
EMLEE CuPc Tl E KA LRI L7, Onsager

MICEEDOWTE o OBGIEKFMEDO Y I 2 b —va %
To72& 2 A, CuPc IEOHEREFIL. 5 nm O4rEkERR
HEx b OB EFL(eh)RNO X% U T AERERET S
ERLSBETERZ, —F. BULE CuPc FEDORKSFIT
Onsager Biim CHILTEX 2o 72, F72, ZnPc 7EL
7 7 AEOFERIT S BERBE N E L < BV e-h XtOAFAE
ERIBLTWD, VoI Fx—hehXnHD g
FERIL Tk, J 7 ZEHICEk

[1] AET, /DRI R,

TaxnT=oARFE LRSS T A —E—

WX, AR B — 2 3B S o o, ZnPe IEIZT |V

Photocharge AV / arb. unit

0.01

0.01 0.1 1 10
Delay after flash t / us
3 E=2x10°V/cm TEAIEN 1= CuPc &
(@), BVLIE CuPc fE(D) S&LU ZnPc fE(C)
D Q-TOF MRFFEZEAL, 7=72L. Qi B34 E
% 0.1 [TRIELT=,

=

S 5340nm 3

E - . -

Qo 6720nm C

=

c 44 B

2 -110nm B

©

& 2 . -

c

S

- 0.1 i —

Q 84 =

= 6] o - F

@ ] 5nm - B

O 4l 2nm [

| | |

10* 10° 10°

Electric field E / Vem™

4 CuPc [R(@). 2401 CuPc fE(m)HB &
U ZnPc [E(A)D ¢ INERIZxt 3 D EIHIKTF

MEA YA —22aL—23(6=3.6), KT
DEFET e-h DS BEIEEE,

(x5 EARFEEIEn Ry U — 2 ORItk L
J %% U THERORITIEN EE RN A Th 5 Liffim S LD,

1997 4E

[2] Jungyoon E, Sunmi Kim, Eunju Lim, Kiejin Lee, Deokjoon Cha, Barry Friedman, Appl.Surf. Sci 205 (2003)

274-279
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& [(EDO-TTF): {MeEDO-TTF).J:PFs (x< 0.5) DIHEEHBEE)

(AR AR ERAIIE Y o 7 —, P RIS BEEOTTER, BN KRR, 45 FRHARTZERT,
o B EMESARTIERT, TR R ME AR E > A T L)
Oy FE e, AH WGP, 6 e, hE 2, RE Hitd e,
BT gk d, ZERN AR e, Hh BF—ER !

[F]

(EDO-TTF):PFe |7 280 K T/3A TV AERR, A A OBFF— O s g X
BT (AO) 5B, BB (CO) IO A L1 s | ISHSI
&Jg—Hufxiking M-1#E8) 223 (1], xg H:EDO-TTF

ZHUZ MeEDO-TTF % /b £:38 A U 7= EEIR 5 Tld, A FILEHAR Me : MeEDO-TTF
DR x 23 0.05 T, BENHEZ DIV MITEBEEN TR OO, x=0 &[RRI
Bk 3 oD Uiz @B SIKEA~OHEB N EE 5, L, x 2 0.062 ~
0.082 DR TIE, IR SIHHIT HICFEOF 220 K T34 TV A EEBIZR S 5 2 CO i3
BOBMHO W N LS L, SR &R O F B ZREE (FRME) 28lllshiz, Zh
Z, IHICHATHEK 200K T COEBEIRE, KIBH~OEBRNERETZ, 2F0V, Z0O
IRaa Lt TIEM AT 2 IV BER B 2B 2Bl S v, —FF. x=0.095~ 0.13 DR
TliE. 200 ~ 150 K THEiRAED S FRFH~OEEAE Z 273, 100 K £ THE LD FEFRITA
biieholz, 72 AT MLOFERLB 2D & T ODOIRMTIE CO 5 O
DHELTWD Z ERHLCR-72 (K 1) [2,3],

F72. PFe [21 A OBGEENZ OV T, HEMNT > 515 52 SR K2 v TR

L7z, TDOfER. € OEGE
B 2SR B IR x=0—005
1T CO HERBIRIE &bt L 280 - 240K
TWDZ LRtz it e —
ST, ZTNHDEMETIX
AO #5813 CO 5% & 1Al
IICHEITL TS Z &
&z L= (3],

AWFFETIL, izl x 8
0.13 LA EDIEARIZ DN T,
T OFZEEEZ S NITT
Hicd, WEFZ X R
WERHT 21T o T, £z, T2 NTFEW

CO - AO #EBMNEET A ATV REH CO-AOEERS
EEEOIRSED M-T /IR 1. FHERS (x<0.13) 1231 DR $E) 0 A

220-210 K 200 - 180 K
x=0.09,~ 0.13




FET R OMFEEINZ OV T HFEFICRET 21T 5 729, x=0.09 OIRFE DR EEIT - T2DTED
HETHRET 2,
[x=0.21,0.35 DERDEBERZE X RiEEREWT] (X 2)

x=0.21 DR TIE, @SRENOMAT 21210 150 K £ Tl MR ORMIZR bz
Doy, 100 K T AR O 2 bR LB, A DV REBNEE -, OB, ST
BINTIRNE 72 F1E 1 01D 2 I FICHE 2 7203, 25 OFIRICITARE R ZE DT R 5T,
CO BB ORI <, HHMICIERE LIzEEX b,

—J7. x=0.35 DR TIL, 100 K £ THEEFOFRAEITRONT, Dl b ZDREE
TII A VAR TR XTIV v i L7,

[x =0.09, DERDAE=FEZEE] (X 2)

x=0.091 DR T, FFIC MITEBENIE X 2REOEHETH S 230 ~ 170 K OFPHIZIB
TIE 10 K [HIFE CHEEMRAT 21T o 7o, ZORER. 190 K THRFHIZERE LT\ 5 Z & D3N D
bz, 7= bIERIR E CEMOAEMEN A ONRNT Lb, ZOEMATIX CO
R LTV D 2 EDNHEND BT,

€EXL2)

AlEE ZE TOMEND | [AELOREEEEN S DD x 230 ~ 0.5 OFPHIZI T
5. K2 OMEMNE LT, ZHICk D &, AFIVEBRIKO RN 2 5 IS WRIE O M-T
R Z BV THIFIRNTEN TN 3 DDED 5 B £33 /L 2 & CO, AO & D
TRMED TBER X 121 x=0.09 THREICHH SN DAHETRHA LM E o7, S HIT,
ZDHNA TV AT Z D H OOWFITHH STV Z LN HiLz, Y HITA
1B aa DIREEZLOFEMICOW T H|ET 5,

[BEXH - £X] 300 T

[1] A.Ota et al, .

Mater. Chem. 12 250 ° o -

(2002) 2600. v

[2] T. Murata et al, g 200 g g d

Chem. Mater. 22 =

(2010) 3121. 3 :

8] P, 5 5 150 nA ngbx o ©

S AO

(2010) 2C15. 100 o e L
0 0.020.040.060.080.100.12 0203 0.4 0.5

X

X 2. R (x < 0.5) DMK, X BHERRT 217 7Lk & R 2
HEICR L, £ON, AR EBRCRE L LD, BYSRLE
FUAABIIE CHITE 21T > 72 b DT Do FHRAITARAL, R,
SRR TP S
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Al (19GaxTiOs DGl Fs KX ONERIZ IS 1T 5 Bk 2 57 M D RR Al
(B RBE - A OMILSE | BRI

[#=1

ALTIOs IXEIRICHIT 5 ailiD G OBEELZ F B A JEFICHIRE O E DO —>Th 5,
E7o. ALTIOs I3ffi~ DB BEIY L BRI EZTERT 52 2 ENMbITEY | Felif & BIEE
ER LT, AOBWESENRWESND Z LB ME ST AR, 22T, REWE ST
W2 WE AR Th 5 Galil - & DEEIEREZ A L, WIEOE\LZHRHLHZ L2 B E L
T, MEx1To7,

(€79

Al,Os. Ga0s. TiO, % AlyuyGanTiOs (x=0.1,0.3,0.5, 0.7, LOKKICIE ST F ) —
N CEURA L. /\Ol/y RRIZAA! L7, 1500C T 20 h, 225 CHEfE S 872, £ Dk,
FIR X BREHTXRD)AEIC L WWE ZRE LTz, E72. GaTiOs AlygGay,TiOs 2DV TidE
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Al;TiOs, Al,O3 and TiQ, respectively.
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[3] Y. Nakamura and H. Fujimori (to be published).
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Charge-Transfer Complexes of Metallated and Unmetallated meso-substituted
Porphyrins
(Grad. School of Sci., Hokkaido Univ.*, Ehime Univ**.) Judy Fe F. Jose*, Yukihiro Takahashi*,
Tamotsu Inabe*, Toshio Naito**

[Introduction] Wide variety of metallated and unmetallated derivatives of porphyrins had
been synthesized and investigated. The application of these materials in different fields and
systems had continuously increased due to their unique and modifiable properties of conductivity,
magnetoresistance, optical properties and magnetic properties. These compounds are expected to
function as organic donor components in charge transfer (CT) complexes. However, their CT
complexes, especially in crystalline state are scarcely studied. In this report, metal-free, meso-
substituted porphyrins tetramethylporphyrin, Hy(tmp) and tetraphenylporphyrin Hx(tpp); and,
metallated Ni(tpp) are combined with the molecular acceptors TCNQ and F,TCNQ to investigate
the formation of CT complexes.

[Experiment]  After the synthesis of the donor H,(tmp), following the published procedures®,
crystals of the CT complex of Ha(tmp) were prepared via a slow liquid diffusion method. Ha(tpp)
and Ni(tpp) CT complexes were produced using an evaporation method varying the solvent
employed. After the crystals were collected, to investigate their charge-transfer characteristics,
X-ray diffraction, infrared spectroscopy and diffuse reflectance spectroscopy measurements were
carried out.

[Results and Discussion] The crystal structure
(Figure 1) of the first charge transfer complex,
[Ho(tmp)][[TCNQ] gave almost the same crystal
structure of the previously prepared metallated
derivative, [Ni(tmp)]J[TCNQ]* both showing a mixed
stack arrangement of the donor and acceptor molecules,
and a stoichiometric ratio of 1:1. The overlap patterns for
both complexes were also the same.

Two kinds of CT complexes of H,(tpp) were obtained using
different set of solvents.  Although having the same
components of donor and acceptor molecules, the two Ha(tpp) «:
complexes, [Ha(tpp)][FsTCNQ](CH.CI,) in (Figure 2) and J
[Hao(tpp)]2[FsTCNQ](CHCI3) in (Figure 3) gave different
crystal structures, packing, overlap pattern and stoichiometric ;‘5 s svorif o et
ratio. The nickel derivative of meso-substituted tetraphenyl Figure 2. [H,(tpp)][FsTCNQ](CH,CI,)




porphyrin, [Ni(tpp)]2[FsTCNQ](CHCI3) presented in (Figure 4), produced similar crystal
dimensions with its corresponding unmetallated compound.

Figure 3. [H,(tpp)].[FsTCNQ](CHCIs)

Charge transfer characteristics of the
complexes were investigated through
comparison of the bond lengths and distinct
vibrational modes of the acceptor molecules
in each complex with those of known ionic
and neutral states of the acceptor. The results
show that there exist small degrees of charge
transfer in the complexes. This was further
confirmed by the charge transfer energy of
the complexes determined from diffuse
reflectance spectra.  Also, consulting the
ionicity diagram (Figure 5) formulated by
Torrance®, the CT complexes prepared can be

classified as neutral compounds. Although the
combination of donors and acceptors was

hver/eV
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Figure 5. lonicity Diagram® for CT Complexes

§ [H (tmp)l[TCNQ]

attempted for a rather wide range of AE (difference between § [H.(tpp),[F, TCNQ](CHCI,)

the oxidation potential of the donor and reduction potential of
the acceptor), the CT complexes obtained were only restricted

§(H.(tpp)I[F,TCNQ]CH,CI,]

in a narrow AE range. Attempts to expand the AE range are  @[Ni(tpp)l,[F,TCNQ](CHCI;)
now under way, and the details of the results will be presented.

'UIman A, et al., J. Heterocyclic Chem., 19, 409-413, (1982) ; McGhee E, et al. Inorg. Chem. 30, 803-808, (1991);

Johnstone R.A.W,. et al., Heterocycles, 43, 7, 1423-1437, (1996)

%Pace L, et al., Inor. Chem. 21, 1, 199-207, (1982)
*Torrance JB, et al., Phys. Rev. Lett. 46, 253, (1981)
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[OISIS>:<S] &/C%
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DODHT S5 —~ S ~ S :

1.DODHT 45 FH#i& & (DODHT)2PFs @ K- —Ed41 & BBk T AH

FRZX T =4 o DNEEREOT =4 06, ZIET PFs . AsFe . SFs . TaFe %%}
T = NN T VAN ERERENTEY . ZN 13T _T R —E10 B BRI sk
200 (K1), 7T=F L ORE SIKGF L TR R D Z L 2 502 L TX 7=, PFs, AsFs
HilX & H1TK 12 kbar O F/KIE T CHARER A~ L5954, SFe. TaFs M X I5E K~ DI
DALY, L 3.7GPa B LN 1.5 GPa £ CTOES) F CIIBEEIER 2RI 2, BriE
i 4~ T PFelfi, AsFeiDOMICHUTIIRTEVWAR O, O EXUIEFIOREERFEICE
WTC, PRI H T CHIM /MR AR5 & /R 3~ OISk U, AsFe HIEifiatH ~ DR 23 BIff Tl 72
VY, (1) MERRALICRE D BAEROBERFEN B2 D, 2O X5 2B VWOFRZ B ST 5720,
TR T X 2 Bk B OB R 21T > 7, PR O#E#ARIL. p-q JF N BRI L /- B
R CH D DT L, AsFelfiTlE, PFeifi & FIRROEBH - RAPBRI SN D OO, #BI1KX
RO NRE L & HITEB L L., &EIICIE PRetlg S 1T B D 32— TEMBPKF L L TWND
ZEDRBEINT WD, — T, BIEEIEREZ R IR SFe B X O TaFs i, HJE T Cld-Eis
W8 2o~ T, BEROBEERIFIEIL, PR HO2$8) S HEEL L T\ 5, SFe O HEHEIC X A 1A
PrIBROFERIL. PR & [F IS T BE SN D OO FEFICRE < diffuse L THY |
B NERCHRFALL TRV EVRIR ST\ D, AiFFE Tk, DODHT #ICEBF 5% 7 =
T DRE SV RIE TR Z LV FEMICRET 2720, 37 =F4 2 HtEZ R 5o
PR LT A X /NS LTEHBIZOWTIHRET 562 &2 HE L, f7 =412 Br &
Wz BriE A FR L 72, BrEOmE5#® a2 6NN L7c DO THRET 2,
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JEORTHDH B2 HD,

T T T 10° T T . . .
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ECTHDH, £, 7T=F 2DV A X% Br ~E/hESL L2 Lo TR F—RIOMAELIEH
WCED XD IR BNECTDEROENIT D720, X0 EE 7Bk 2 YRR UL i & AT
11O TETH D,
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Fig.1 (a) BP-PBI O, @#4ﬁ/@®ﬁﬁﬁ@ﬁéﬁw1¢ﬁbtspmn%W L7
i O T L () wIEE,

Fig.1(a)lZ 328 T 7230k 2.3 NN -Dipropyl-1,6,7,12-tetrakis(4-tert-butylphenoxy)-3,4,9,10-
Perylenetetracarboxybisimide (BP-PBI) D%y Fi& A <7, #EHIIX, BP-PBI & 1~%{EHPNE
LIeiuNA o 2 Wi a 7 e — A7 s L0 [BEle LIcRa vz, £z, HuhiEfER
RS R MA 2 D BN Z 5 2 L THlERE O/ 2E, &SI RmEERIOMEEZ A 2
52 & CHRmEM A LS, EILHEEORMZHEIIE, L o X ETHERICL
7o IR 532nm, ## V) I UJEIREL 8MHz D /3L A L—H— %ﬁ%btoit D O
IR E—LRAT Y v 2L EITT 2D 2 DO T 7214, 2 50 APD IZ LV it
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Fig.1(b). (c)lL BP-PBI 7y 12N L7147 ¥ ViEOE S L 48 Th 5, HEG» o
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BEDIEARY DT & FHTQO X D ITHEA L R DT CE o, ZORRIL, £
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Fig.2 (ZFfA A MDD FLEiE A 2 AW T2 R DI B O —fl 2 7R3, Fig.2(a). (D)L %
FURIZEDMELE nm & 200 nm LA F O OFE R TH D, EH D ORRS 1 B8 s o
R LT v F R F U T LN o Tm E— 0 T3 RF A e i Ry G DTz,
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X0 THY., @ FENFHFMN/ULZ o BP-PBI & RBREDMEZRTZ LG, BT
LORNEZEZLNDLIN, HAREORERIFHE L, 7V oX o 7EHRBRENT, £
BOWRBEDORNEN S RIS EE nm FRLE O LLEA K & 22 i o BP-PBI 2 1D & A Y
NT N X T EIRE RN =06 L, 200 nm LA T O/ & 22705 tH o BP-PBI 45+ D#J
DNT VX T hmd I ERHALNE o, ZOZ LiF, REOHFGNRKE L RDHITHE
WT U R TPRERIDRT 2D LD T EERT, FEFE TR, M O BP-PBI 431 D3
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25 3R
[1] Masakazu Yasuda, Atsushi lida, Syoji 1to and Hiroshi Miyasaka, submitted (2011).
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(] AEREX. ABREFEEN D FHRTERICRELTWSI LMD, BEFELITELES
BRLGEFER THY. 2P FROHEDRFEERNICHMET HTEMNAEETHS, LIzH>T
Auger FRIEZDAA U HEBERICERDHIET ERMGIEZE SO UIBARIEEICESH, TNET
BRIF. CONBMEIHFELCHAMERNBESUMARED FROMA VBB RIG TRA®
FTLWIEEREL BICTZATILEEMTRIGEEL-IEME B S HBIL B2 FIE (SAM) TZ®D
RIGHEOERZ T TERL,

CDAERAEH (-CH,~,) SAM [F#EZ M TH L IDIZXIL, FERZEHKIZED SAM [IZ DS FELE
DNIERBELEEBRRTHS, TD-HFEEK SAM (L. EEHEHSFT/NAIRELTOHEF
OF/IFIV =23V DBRAISIEEREEEAFLN TSN FRTEH D, TITAHR
TlE. BXIREBHIC K> TH0IN5ERMRIGHFEEIR SAM TIEE D KSLH TREESN DD
. A A BB R IGEHRID BIFE ST,

[£8] SRIEETRLE—IEEFELEPFOBL-TAS - o
FUVEBREBST R EZHE 2 2—HISOR BL13 DIRSTH

KBERANTIT 21z, 2BFWE(TEY) BLUEA/AVIRE Q © @ @
(TIV) SRR ARINLDIRBZEITLL.PFDY U LN CHy G CHy i
UFEEREZFAL: TOF BIEICKYERBEAATDIRE i 9 - i i
(PIY) AR V%S 1=, TOF (X SR H/ LR EEAD 624 ns A Ph MePh  MeOPh  pFPh
[CETOAFUMNEEERSIN TS, 1. AECTHWV-ZEEEKE

HEELTARYHEY (Ph) . FLIY (MePh) . 7=y— )L SAMe
(MeOPh) . p-Z)LABARUEL (pFPh) DFA—ILEEEAFRZAL. £® 0.1mM IT&R/—)LiAKRFIC
Au EiZE 2 BRI 2ET AU DRELEICHELIZ® SAM #181-, BHEpFPhTIX, Z+1 AT T
(X C-F fE B FRVVRESMEIZIREIENDS F 1s BRICKZ/AVHEOEREELTEEINS,
(EREER] AMBTHEAL: SAM HETIERVEVIRZF > TWS=HIZZ DRI (TEY) X
RIMIEDWTREREURDEFE TRE CTE DU LIBARIMLEERKETRT (F 2(a) K 3
DERLEBODARINIVSER), —AAAUBRBRIETIE. EORHDBZELREAIERETLD(E
H' A4 THIBT EH . RIBEEEICHET S CH 142 ® FAAUTIEERENRLE->TS, K
EETIEUT 2 A0EFHICOVTET.

20)IRT KSICTRATILIERRL =5 HA$E SAM(MHDA-d;: Au-S(CH,);;COOCD,) TIL. ¥ E®D
HBRIRRIC K> TEIRNGIEZE S VBB IER SN DT LN A > D B K BIKRF L
5RhB, THEHE, 6 (COO-CD,;) — O1s(OCD,)EMBHEIFR TxIT 5 COO-CD, & HVEIRMIC
YIS SN CD, 1A VIREDBRTHBIN TS, EHDERMIBTEED MeOPh D CH,’
A7 BB CHo (O-CHY R B TEHBISN D (K 2a) . 14U FEICK B IRMEDEL (RRY
RILREAR) (X EZ- TS, LEERD =] 2(c),(d)IZ CH, (LAF CD," 4 &8 TEKREET D) D PIY ARY
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BAIFEZREDBD THLESTLND, COFIGRRIGERM LGB ZSISECTERIBIES
BRI R BIEE DRSS THIATES Y, BIRNUTERBENSELSM4 L LHENLRE
GFICAURRICEKRBLENGD DA IRIILF—DBE S EICK LM NOERT DREIFEAA
LORAHERBLTEY.H BRFLEBEORICRHBETHZEDESNIBIRIILF—ERIFLTHE
BEMNERCHTOERIE n AP EKGBIFEEZBIETHEEITHE>TLVS, —H MeOPh(E 2(c)) T
[ nIKTFTBHILBKED CH, 1A THEIREIZIERIZE L (T 056 (0-CH,) N2 TD 4B
), ARREBEDORREZICE ST Au EIEADBRCIRILF—DRENEHEOBZEIVLE
Z1T5Y . ZD-OREBEDTENIY—BETLIZzHEEZALND,

32 pFPh @ Cls FI#EIZHF5 TEY, TIY &£ PIY ARGMILETRT . HORUEVIRARE TR
¥ CH. A4 DB, RIBFIETERL TS, ChIEREU L EMEEDOFE RIS TH
b —HFAFVIELRAFTUEFELGHERTMERBIKEFEZ RS ETRILF—HI 2 DDE
—9(F LUMO ~DH IHILY TS THAn,C-H &n, C-F BfEIZx L TY . 3 DEUBOE—
JIEWVF B (C-FREICIKR>TULVS, TH45 H O CH, TERBISN f=n, ~ DX IBRIEETIX F
DRFEFRESNGVNIEERLTVD, COERICOVWTEFHMIEEREFA P THSHH . FRREEIL
COESIZHERIREDHE ITERURELTEY .. COZENDTVRSNILEIFn LB RIEAYMOMH
BERARNDIBNEZ4—ITRYBDEEZLND,

[1] S. Wada et al., J. Phys.: Condens. Matter. 18, S1629 (2006).
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H C AL 2y 7R (self assembled monolayer : SAM)IX., @ W E A & ZEM &2 R > TH
0. Fo, BEERREEEOHECEEMN GNES THOLZ b, /77 /Y= 8T
A RR V=R ETOIRARFESNTWS, 7B FA—L SAM 13, &FFlcx LT/
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BTN ETH DL, EF, B LI
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S8 0.5 nm ME CTHATEY . ANEIXFIIEYI L TWD Z EnL, AullD)EICTF A —L5y
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6.0 Am

O FA—1HT
decanethiol SAM nonanethiol SAM O e
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WX, 1 — 7 D5 —R/ME Tl 2 72,

1] P. Srivastava et al. Langmuir. 21 (2005) 12171.

2

[1]

[2] T. Fukuma et al., Appl. Phys. Lett. 86 (2005) 193108.
[3] K. Kimura et al., J. Chem. Phys. 132 (2010) 194705.
[4]

4] T. Hiasa et al., J. Phys. Chem. C 114 (2010) 21423.
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Fig.1 Schematic of experimental setup
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Fig.4 A substrate after irradiation
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