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Ambipolar Organic Field-Effect Transistors based on various Metal
Complexes
oToshiki Kitamori, Dongho Yoo, Kodai lijima, Takehiko Mori

Department of Materials Science and Engineering, Tokyo Institute of Technology, Japan

[ Abstract ] We have reported Ni, Co and Pt complexes of
bis(o-diiminobenzosemiquinonate) exhibit ambipolar transistor characteristics when
fablicated on tetratetracontane (TTC).™ In this study, we show the Pd complex and the
substituted Ni complexes exhibit ambipolar transistor characteristics as well. The Pd complex
shows higher performance (un/ue = 0.11/0.066 cm?/Vs) than the Ni complex (un/pe =
0.035/7.0x10°° cm?Vs). While the unsubstituted Ni complex shows slightly hole-dominant
ambipolar characteristics, the methyl complexes show more hole-dominant ambipolar
characteristics. The difluoro complex shows balanced ambipolar characteristics and the
tetrafluoro compound exhibits electron-dominant ambipolar characteristics. We can observe
gradual shift from mainly hole transporting to mainly electron transporting properties with the
systematical shift of the threshold voltages.
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Fig. 1. Molecular structures of the metal complexes
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2MeNi @ b Z > VA X B % Fig. 2 123, ASFEIKC RIS - 2B EE O %
Table 1 1% & 7=, Pd SEARIZ NI A L 0 & EVWVEREZ R LT-, EEHLYAR AHNI TiX
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Fig. 2. (a) Transfer of 4HPd, (b) transfer of 2FNi, and (c) mobility shift of Ni complexes
Table 1. HOMO and LUMO levels as well as the hole and electron mobilities.
Hn Vo(V)  Low/loxe He (V) Iyl | HOMO  LUMO
(cm?/Vs) (cm?/Vs) (eV) (eV)
4HNi 0.035 16  6.6X10°|7.0x1073 88 3.1X107 -4.44 -3.50
4HPd 0.11 -14 1.0X10% | 6.6 X102 87 1.7X10° -4.45 -3.08
4HPt 0.020 30 47X10%|7.8X107° 99 2.5X10° -4.51 -2.97
2MeNi 0.062 10 3.1X10°[9.8xX10% 109  48X107 -4.36 -2.94
4MeNi 0.011 47 42X10°]42X10% 95 8.5X10* -4.27 -2.87
2FNi 27X107%  -45  3.6X107[42X103 17 3.6X107 -4.51 -3.07
4FNi 33X10* 74 57X10% | 6.2X107 -37 7.3 X107 -4.51 -3.08
[22E30K]

[1] defrfes, BIRR, BURILK, FEfiadr, AL, &2, % 11 RS FRE

[2] S. Noro et al., J. Am. Chem. Soc., 127, 10012 (2005).
[3] S. Noro et al., Adv. Mater., 20, 3399 (2008).
[4] O. Pitayatanakul et al., J. Mater. Chem. C., 2, 9311 (2014).
[5] M. L. Tang et al., J. Am. Chem. Soc., 131, 5264 (2009).



1D11

F/4 FBEEETHIRVYCERY FUBEEOMELERDR LS
v OR R
SRR - AT
O/MNRFR!, RANE, FRE, AR

Physical properties and field-effect-transistor performances of
benzodipyrrolidone derivatives containing quinoidal structure

oAkihiro Kohara?, Tsukasa Hasegawa®, Minoru Ashizawa?, Hidetoshi Matsumoto?
! School of Materials and Chemical Technology, Tokyo Institute of Technology, Japan

[Abstract] In order to realize air-stable n-type organic semiconductors, low-lying LUMO
level is required. ~We focused on Benzodipyrrolidone derivative (BDP) containing
p-quinodimethane structure that is useful electron-accepting part. In addition, we also
focused on Dipyrrolopyrazinedione derivative (PzDP), in which carbon atoms of
p-quinodimethane unit are replaced with more electronegative nitrogen atoms, leading to
further reducing the LUMO level. In this work, we examined the influence of nitrogen
replacement in the p-quinodimethane structure from perspective of molecular structures,
electronic properties, and field-effect-transistor performances of BDP and PzDP.
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[FEE - Z22)] DFT FEICL Y, BDP IZBWTIIH DRy ora ) Rk s
T = VERE O THMAIE 35 THDHDIIX LT, PZDPIZRBWTIE, FRovER R
VIV VUFUERKE 7 o VI RS L D T E RS, S 5IC BDP
IZHE_T, PzDP TIHEEFEFOE ALY LUMO HEN N T35 Z & Rig gz,
CV HIEDFER D, PzDP [ I RA T CLEICEEN T 2 HZFEE D LUMO #(7-4.01 eV
RO L, £72PzDP X BDP IZH AR THRWT XL X —X v v 72 FHOZ LN LM
272> 7= (Table 1). ZAUTEXEHEEOSWERFFEAOHIRICLILbDEEZD
I, ZHH ORI DFT FHEORER & —8T 5.

Table 1. Optical and electrochemical properties.

Amax [nm] Aonset [nm] Egom’ onset [eV] Enomo [eV] ELumo [eV] EgCV, onset [EV]

BDP 460 496 2.38 -5.51 -3.76 1.75
PzDP 483 561 2.21 -5.39 -4.01 1.38

DMF &% 1> & 157~ PzDP @ Bk i 0 Z2 M #E 1 triclinic
P(-1)T& Y, PzDP ®¥:453F & DMF @ 1 5305k dh 7
BN TH D, LIz ->TCx=v /LI PDP % 1
L DMF % 2 45 F&te. BDP O HLELSLHEE & kil
L[], FROX A NEDREBIRTZ2EZRKTIZ
EX#z 52 & T PzDP o idFmkEdEs & 52 L
IRINTZ. £ PZDP I c il FAIC A Y AKX
I EWRT A, X512, 7=/ EDOBr B35 T
W Br--BrfH EAERHZ M LTz v b U — 7 ki 2 5E
T 5.

HEOm A 5O XRD HJIE RS KON GIWAXS HIE D
NG, PzDP X BDP L0 b EWESEEZ A5 2
EDRIRENTZ. ZAUX PZDP 3O Em W EEMEIC L D b
DEEZLND.

BDP, PzDP % JH\ 7= OFET 1% & HICE st n

BRI 2R3 2 E BB BT/ 5 7~ (Table 2). HZETF
BT, BIEEE Vil BDP TIZ 40V I2%f L, PzDP Fig. 2. Crystal structure of PzDP.
TIZ 22V EED LT, ZHIRERRTFE2EALIZZ &
IZ & > T LUMO ¥ 2ME T L, @SR (-5 eV i) L ilE oo T2 7o®, EE
ANEZ VLT RoTelediZEEZ NS, KA TFICHBWT, BDP IXE F-BEI )N
W Ll=oizxt L, PzDP CTiXlRIE A HERF Lz, £/, KRR T T2 0HMRGFL
72D N7 AR E RS 5 L, BDP L X T PzDP IIMERE A #ERF L, 2=FEF
T DB L > TREF CLRERE LR L2 R Z EBRH LMo Tz,

Table 2. OFET characteristics.

in vacuo in air in air (2 months later)
Ue Vin | on/ loff Ue Vin I on/ loff Ue Vin |on/ loff
[cm?/Vs] [V] [cm?/Vs]  [V] [cm?/Vs]  [V]
BDP 4.3x10° 40 104 1.3x10° 46 104 1.4x10* 77 10!
PzDP 45x10° 22 10 4.3x10° 25  10* 3.3x10% 45 10°

[2% 3Cik]
[1] Cui, W. et al. Macromolecules 44, 7869 (2011).
[2] W. Hong et al. Chem. Commun. 49, 484 (2013).
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Carrier charge polarity in mixed-stack charge-transfer crystals of
oligothiophene with tetracyanoquinodimethane

oRyonosuke Sato?, Tadashi Kawamoto?, Takehiko Mori'
! Department of Materials Science and Engineering, Tokyo Institute of Technology, Japan

[Abstract] In order to realize organic ambipolar transistors, attention has been drawn to
systems consisting of donor/acceptor components such as D-A polymers and mixed-stack
charge-transfer complexes. However, many mixed-stack charge-transfer complexes show
only n-type characteristics and it has not been made clear how the carrier charge polarity is
determined. In this study, we report crystal structures and transistor characteristics of four
FATCNQ (n = 0, 2, and 4) complexes of oligothiophenes 3T and 4T. The single-crystal
transistor of (3T)(TCNQ) shows only n-type characteristics, but (4T)(TCNQ) shows p-type
dominant ambipolar characteristics.  (4T)(F2TCNQ) shows well-balanced ambipolar
characteristics and (4T)(F4sTCNQ) shows normally-on n-type characteristics. The 4T
HOMO has a simple stripe-like symmetry just like the TCNQ LUMO. It is considered that
matching of orbital symmetry is the reason why 4T complexes easily show the ambipolar
characteristics.

[FF] AT o AR R—F RS P22 OERIZHEIT T, D-A R ~—oK B
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THEMEE & N T U U RAZREEHRE U (Fig. 1), RAMEREMBESE KO X ¥ U
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Fig. 1. (3T)(TCNQ) and (4T)(F, TCNQ).
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VA=A NEBHTAZLE THER N T U VAR AR LT, N T U AR IIE
Zerh | SRS T CHE LT,

[R5 - £22] (3T)(TCNQ)IZZERHIRE P2u/n DfE HEENHRE SN TWHMN S, Fx il
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HWO@T)(TCNQ) DRk it L DA H A Y v 7 HiiETh 726, HiEM b7 VA
21X, (BT)(TCNQ)IZE n B ED A %795 (Fig. 2a). (4T)(TCNQ)IL p UEZ DT
NAR—=F B EZ R LT (Fig. 2b, ©), £72., T)(RTCNQ)IINT V ADRWT
WA R—FHEHEZ R L (Fig. 2d, e) . (4T)(FaTCNQ) i normally on @ n UK 2R L
7= (Fig. 2f), 4T ® HOMO #LjE DX TCNQ @ LUMO #iliE DI & FkE D ftha Iz T
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Fig. 3. Symmetry of the frontier orbitals.
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[1] L. Zhu et al. J. Am. Chem. Soc. 134, 2340 (2012).

[2] L. Zhu et al. J. Phys. Chem. C 118, 14150 (2014).

[3] H. Geng et al. Adv. Mater. 27, 1443 (2015).

[4] C. Cheng et al. J. Mater. Chem. C 5, 3247 (2017).

[5] Q. Min-Xie et al. Acta Physico-Chimica Sin. 6, 277 (1990).
[6] Q. Min-Xie et al. Chin. J. Struct. Chem. 5, 163 (1986).
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Magnetoconductance Effect of Photocurrent and EDMR Measurement on
Vacuum Vapor Deposition Films of Weak Charge-Transfer Complexes

oShogo Hagi', Ken Kato®, Masumi Hinoshita®, Eiji Shikoh?, Yoshio Teki'
! Graduate School of Science, Osaka City University, Japan
2 Graduate School of Engineering, Osaka City University, Japan

[ Abstract] Thin films of weak charge-transfer (CT) complexes (pyrene/dimethylpyromellit-
diimide) were prepared on an interdigitated platinum electrode by vacuum vapor deposition.
We reported magnetoconductance (MC) effects of photocurrent and analyzed by
guantum-mechanical simulation assuming two types of collision mechanisms and mobile
carriers. In this work, three issues are remained. One is that the behavior of MC effect under 3
mT is unknown. Second is that only second closest contact electron-hole pair is considered in
the simulation. Third is that the weakly interacting electron-hole pair is assumed without the
direct evidence. To solve these issues, we have observed MC effect with Helmholtz coil in the
range of 0-10 mT. We have introduced a carrier hopping model among donors or acceptors in
the MC effect simulation. We have also obtained the direct evidence of the weakly coupled
electron-hole pair by using electrically detected magnetic resonance (EDMR) technique.

[F] BIE, FEREOFEYITARE EL
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AN & OFE L LT IIo - T O‘
WFFENED BTN D, SHFFEE O LLRTOHF —N N—
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(BLYy/ PAFALER A » hOA 2 K.

Fig.1) DOYEH & DO RE Oz L L Pyrene DMPI
ZOREREIZHOWTHRE L72[1]. LaxL. LR Fig.1. Molecular structure
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FRIEE, S50, BRI EDT I al—a U EELEFHSHENEH LT ET-
IEFLRF DOFFEIT T D EBRICHES S FHLA KM L TV D E W oz i ST,
T ZCARBFZETIX., LLRTOHFZEICRIT 2 25 DO SR E O 7- 0, HE
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BEh L CHAEMEH L, ZO®%MEEL CRERICHFETT 531 U 7Hy B2 V2 I
DANTZFEM72 S 2 b— g U ERART, £, BRI S IEE (EDMR)
ZRHWT, 99<HAMER LizE 1B O EBRAGELZ 55 F 2 B L L=,

[5iE (528% - #iR)] Py/DMPI sEHIRELIC 7 F= MU Vv Z2 W THEBIEIC LY
CT $AD B 2 ERL, T A& BZEXF I K> THSMEEEMR (M 10 um)
\CKEEIT T2, HBRPEIRRZAFHEKRT., S/ 07 07 THONEZEEMRD
EHNRLHH L, ~IL AR aA iAW TS A 0-10mT TRIZ LT, BEZFEIN
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92 Z & THREIHH 1.2%HMT % Z 30!

ZEERH LN, 4FEO 0-10 mT T Sosl

D LI DR E ft%%/\ibﬂ'é LT §2.0-

% 2 12 L7z & 9 12 200 mT R % Fl 815
3% 2 & CTHEINL72EER IR 3.7% 249

ThDHEEAH LI, 257 DD < 205

T A= R BT R DR =00 | | |
BovIab—va NIBEMRGH T 0 50 100 150 200
OO, BRHICHRETLTETH D, Magnetic Field / mT

3(a)lZ EDMR HIEDfER %A /~3, % Fig.2. Magnetoconductance effect of photocurrent
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Frb. o EOMRIHIGEAEE  PADNEL The etk o s o
MLTNDOFXUTICEDbDTHD mT, the red was observed with ESR magnet
HERDND, HHEFEH L TWRWE in the ranae of ~3-200 mT.
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Fig. 3. (a) EDMR spectrum on vacuum vapor deposition film of Py/DMPI. The black curve was
observed, the red was fitting curve with Gaussian function, and the green was fitting curve
with Lorentzian function. (b) Mechanism of EDMR signal generation in weak interacting

[2E 3R]
[1] K. Kato, S. Hagi, M. Hinoshita, E. Shikoh and Y. Teki, Phys. Chem. Chem. Phys., 2017, 19, 18845-18853.
[2] (a) M. Wakasa, et al., J. Phys. Chem. C, 2015, 119, 25840. (b) S. Tero-Kubota, et al, J. Am. Chem. Soc.,
2008, 125, 4722




1D14

RYLIEDNIFEEDERBEEEZTA -
FIONAR=—FZHIESIDRE
WL R E B T 5P
OEM, 105, i 2T, BB, JIAIE, #rfdz

Ambipolar transistors based on charge-transfer complexes of perylene and
DCNQI derivatives

oRyo Sanada, Dongho Yoo, Ryonosuke Sato, Kodai lijima, Tadashi Kawamoto,
Takehiko Mori
Tokyo Institute of Technology, Department of Materials Science and Engineering, Japan

[Abstract] It has been known that organic charge-transfer complexes with a mixed-stack
structure show transistor properties, and particularly most complexes containing
7,7,8,8-tetracyano-p-quinodimethane (TCNQ) show air-stable n-channel transistor properties.
However, we have found that the perylene complex exhibits ambipolar properties when
TCNQ is replaced by 2,5-dimethyl-N,N’-dicyano-p-quinonediimine (DMDCNQI), though the
acceptor ability is not largely different. In this study, we have investigated perylene
complexes of such DCNQI derivatives as 2,5-dichloro-DCNQI (DCIDCNQI) and
2,5-dibromo-DCNQI (DBrDCNQI) with slightly stronger acceptor ability than TCNQ. Single
crystals of (Perylene)(DMDCNQI), (Perylene)(DCIDCNQI), (Perylene)(DBrDCNQI) and
(Perylene)(TCNQ) are prepared by mixing the saturated solutions and evaporating the solvent.
All have mixed-stack structures. Among the single-crystal transistors, (Perylene)(DMDCNQI)
and (Perylene)(DBrDCNQI) show ambipolar properties. Since DBrDCNQI with stronger
acceptor ability than TCNQ exhibits ambipolar transistor characteristics, not the acceptor
ability but the DCNQI structure is considered to be important to realize the ambipolar
properties.

[FF] ZEMEEROEMBESERIT, KA TH nBEHEST VNS R— T Rk 2R
TZENOLERZED TS [1-3], BRMBENGEIAD N7 P2 Z ORMEIX R —0
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TR EN SR L —HR 2 BN C n BUEEED A & 7k 77, perylene & TCNQ D &R ¢, n TR
R ENEE SN TWASMN[B]. Fex it DBPP <° DTBDT 1229 T4 < [6,7].
perylene ® DMDCNQI $&{8 ¢ 7 o 3o AR — Z BIKe 2~ 3 2 & 2 FLH L 72[8], TCNQ
& DMDCNQI 17 78 7 &# —MEIZ KR & IiEWN T 72 W2, DMDCNQI S5{ARILT >3
A R—=F BRI Z R TR REWEB 2 B D, £ 2 TR TIX, TCNQ £V
T 7 7B — D LRy DCIDCNQI <° DBrDCNQI & OE MBS AL (ER L, %
DTV AFRERIZOWTHRE LT,

[5HE (BB - B BEHIC 7 v e o P o2 o, REARREIC L > THEWE T
&% (Perylene) (DCIDCNQI). (Perylene)(DBrDCNQI)?D Hifiti ih & 1EfL U 7=, 7 — k&l
&7 — MaixJE 12 polystyrene ALER L 7= SifSiO; 7 =/ N—Z VN, Y —RA « RL A VE
MRIZH—R A LT HfSEs N T A X AERL LT



[#E 5 - #&22] Cyclic Voltammetry % AW THIES - 722U L > ® HOMO L1,
TCNQ . DMDCNQI. DCIDCNQI, DBrDCNQI ® LUMO L ~L'% Fig. 1 {Z7R9, 2V
L ATIERICHIW R —T&H Y . DMDCNQI IZ TCNQ LV & B F8HWT 7 & 7% —T
& %575, DCIDCNQI & DBrDCNQI iX TCNQ LV bW T 7/ v 7 &% —Th 5, 30D
DCNQI $&k D X #EHAE ST 21T o 72 & 2 A, 1RERFL O B g B E w8
A CcH -7 (Fig. 2),

b=, CN
M= =N

44T NG =, on e
N(."! N "(.'N — )
4.6+ w— DHMDCNQI "'\:_.. . nr.:_ e
TCN ‘N_".\ N _N—l_'_ )_N
9 -4.8 1+ ? " "f‘-' e I.'ur
[+ — I
T S0+ DCIDCNQI  DBrDCNQI
5
252+ LUMO
2—1
2
g o544
Perylene
BT HOMO
sgd Fig. 2. Crystal structure of
Fig. 1. Energy levels (Perylene)(DBrDCNQI)

IS DOFERDERES N T A X ORpE A Table 1IZF & 72, (Perylene)(TCNQ)
A on BEEVED A & xR T Ok LT (Fig. 3(a)). (Perylene)(DMDCNQI) & (Perylene)
(DBrDCNQNIEZ AR —WABBAD T R A R—F W N F o 2 2 KRk 7~ LTz (Fig. 3(b)).

TCNQ kv &7 7 v 7% —En358y DBIDCNQI $ANT VXA R—=FH v F v
AL ERBT D2 EnD, T oA R—FRIRHEORBUCILT 7 &7 % — Tl
72 . MO ORIFRMEIME T L7- DCNQI B NEE THhDH LEx BN D,

(@) (Perylene)(TCNQ)

Table 1. Single-crystal transistor properties

Lave [tmad (€M?IVS) Vi (V) On/off ratio

(Perylene)(TCNQ) Ue  2.2x107°[5.9x1077 19 3x10*
(Perylene)(DMDCNQI)  z,  9.8x107*[2.1x107 16 2x10?

4y 1.1x1072[3.8x107] 55 7x10°
(Perylene)(DCIDCNQI)  u.  2.9x107°[1.1x107%]  -16 2x10* 10 0
(Perylene)(DBIDCNQI)  u.  8.6x107°[2.3x1077] -8 4x10t -20 0 20 40 60 80 100

Mn 31x102[6.2x107]  —20 8x10" Vs (V)

(b) (Perylene)(DBrDCNQI)
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Functional Molecular Crystals with Switchable Physical Properties

oOsamu Sato
Institute for Materials Chemistry and Engineering, Kyushu University, Japan

[Abstract]

The design and synthesis of novel molecular compounds with physical properties that can
be controlled via external stimuli have attracted considerable attention. We have reported
several dynamic molecular crystals with switchable physical properties. Moreover, we have
recently succeeded in synthesizing several functional compounds of which the magnetization
and polarization can be switched via charge transfer processes. A typical example is the CrCo
heterometallic ~ dinuclear complex [(Cr(SS-cth))(Co(RR-cth))(u~dhbqg)](PFs)s (cth =
5,5,7,12,12,14-hexamethyl-1,4,8,11-tetraazacyclotetradecane, = dhbq =  deprotonated
2,5-dihydroxy-1,4-benzoquinone). The CrCo complex exhibits thermally-induced charge
transfer between the metal and ligands, following this reaction: Co""“—dhbg*—Cr'"' S
Co""MS—dhbg?—Cr""" (LS = low spin, HS = high spin), which involves changes in the molecule’s
dipole moment. Since the CrCo complexes are designed to be oriented in the same direction
within the crystal via chiral ligands, intramolecular charge transfer causes the polarization to
switch at the crystal level. This polarization switching could also be induced by incident
photons. Changes in polarization are normally mediated by ion displacement, whereas the
polarization switching in the CrCo complex is realized via charge transfer.

(%]
ERRTRLNS L D 2, SIS K§§
LHSEE A T 12 2 A o T 5 RO 7245 T

Hhs AT AEBET D D L LB RS
WZBT DBEDOEERMFIEHRED—DT
b5, Hxlt, BIBE. ACGH.

hv,E,T,P

7 Ne-
Ta ko BE, ST - B ke s SR syitching
JEH Lfi*%fz 7L£ %%FE%@%%&EE‘EMM% Magnetic, Electronic, Optical,
Fﬂlﬂ%\é LTuv é (Fig. 1)[1_2]0 K%ﬁ@ifﬁifﬁ and Mechanical Properties

N =S '§|§» - N
2 &(\)\7[':”%@ E&%@@Jc\_%o\< o3 Rl Fig. 1. Functional molecular crystals with
A HINT, FoAax OBFFEE ORI OAMFIE  switchable physical properties
A DN TR B [3].

[5]

BEVBENC L 2 0MHIEZERT 272010, B TERESEICER L, FHTHR
PESSIRIZIR 2SI L 0 &BEUL FRIETBEIZ R T 2 2 BMbN TV 5D, Hxid,
WELEEZE A, B ODEREHIC & 0 59 F L L COMA A A T 2 B [CoCo] B A % s
LTV, SEIE, fEfhL~LTORMAA v F & ERT 57200, EE[CrCo)sifk



[(Cr(SS-cth))(Co(RR-cth))(x-dhbqg)](PFe)s  (cth = 5,5,7,12,12,14-hexamethyl-1,4,8,11-
tetraazacyclotetradecane, dhbg = deprotonated 2,5-dihydroxy-1,4-benzoquinone) D&k & %
@ﬁﬂﬁﬁ%ﬂﬁﬂ%ﬁiﬁa&to [CoColS8 A TITEUL 70 B BB ~DEFBEIN >0 Co A
k@wfm BETHDHDIZHR L, [CrColdfiR TIXm R/ F—L~ULDEW Cr il

%75>$§@JT % foeb e, BARBET A —HICHE IS, o T, [CrColft
ﬁ-‘@ﬁﬂﬁﬂ AP TR UM EICHix D 2 &

IZED, DmEREE LIV TAL v TFT5HT 5.04
EMTE D, [CrColBfRDZIRAIARIL, F o4
TN EATDHZ EICE D ER L, E£-
[#R - H2] [
B X SHEEIRATIC L 0 | [Creolgitkny R in]
5 O U X SRR LTV D 2 L 284y s
75“3 f_oif_\@zi%“@@fﬁu% £V kI 350K "0 50 100 150 200 250 300 350 400
N E 1B HE) 75:145 IR T & Temperature (K)
wﬂmotwgao NETBENL TR

Fig. 2. Magnetic property of a [CrCo] complex

12K 5 (Fig. 3)o

Co(I1-LS)—dhbg*—Cr(111) 5 Co(lI-HS)-dhbg*—Cr(111) (LS = low spin, HS = high spin)
Fro, BTSSR QEREATE) I2XY . BB ERETE O[CrCol SR o M Hif-E— A
YMIERENRIOT AL 9T AL LR D N TE I, 2N H D Z &IE[CrCo]
PEARDNIREEZAIZ L 0 A5 ah L~ L TRt AR W@%t T AERLTWD, F
7o, S|SB DR s GRRIBIE) (12 L it En D53 R 2 it e L Al
WTEDZ Enahol,

TRBAA » FIXT I E CHRFEMEIZ AN THEIAIN TE 2, WFEARTIT I
AT INENT DT LI Ko TRk 5, —J7. AWHETHRIE LTWEITSF
NOBF BN ERDOIETH Y | NI LD &R BEE 2 AIRETd D,

e O“f.r'" " O—c il
E\; \_f :f{?fjfrx = ﬁ{{ %r xﬁ ,\
QS
€ o e O—¢ i ﬁ\
% AQ:]C* \_r N *&?' ~ r ,%
W ’
(vl - {

& oo hy, T Oyl ,' L X -
Sfiie W g

-0

b ®Co*
D|rect|onal P2, o o
Electron Transfer co ~ et
coll :@:U)Crm
1= 9.07 debye
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Fig. 3. Polarization switching via thermal- and photo-induced charge transfer

[23E3CHR]
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Crystal Structure and Physical Properties of
(4,4’-bipyridinium)(dibenzo[24]crown-8)[Ni(dmit)2]
oYuki Shirakawa!, Simin Li!, Kiyonori Takahashi'?, Shin-ichiro Noro!?, Takayoshi
Nakamural2
! Graduate School of Environmental Science, Hokkaido University, Japan
2 Research Institute for Electronic Science, Hokkaido University, Japan
8 Faculty of Environmental Earth Science, Hokkaido University, Japan

[ Abstract] Proton dynamics and molecular motion within the crystal have been
attracting much attention because of the potential for applying ferroelectric materials. In
this study, we synthesized (4,4’-bipyridinium™)(dibenzo[24]crown-8)[Ni(dmit):]" (1), in
which dibenzo[24]crown-8 included bipyridinium cation forming one-dimensional
hydrogen bonding chain. The DSC measurement revealed the first order transition at
around 235 K. The crystal 1 showed semiconducting behavior from room temperature
down to phase transition temperature. Below 235 K, 1 become insulating. The magnetic
spins of [Ni(dmit):]” exhibit ferromagnetic interaction at low temperature with Weiss
temperature of +0.57 K. The crystal 1 showed an anomaly at around 160 K in temperature
dependence of dielectric response, suggesting the proton transfer.

[FF] EMRNICBT L7 e o BE) Lo EENIILC, mFEEEZ O & L

SEIERGTYEORBEZM S, il 21X, (HDABCO)(TCNQ); #fuiZ i\ T
F—WIKFBREEHICBIT 27 0 BN X > TN EZ D | 855E
PERFBLT 5 1, £7-. (m-fluoroanilinium)(dibenzo[18]crown-6)[Ni(dmit), J#& fh (2 3
WX, I FA 571D flip-flop FEEHIZLE 5 W
7 — A 2 b ORI X - THRFEIRE N
BT D 2,

AR TIET 1 b BN E 2 OAT D
4,4’ -bipyridinium (bpy") & . K& RBRY A X & F¢
L BEERD T AU B2 EBET D 2 A
B T & 5 dibenzo[24]crown-8
(DB[24]crown-8) & I\ % = & Tz 3 %
DFHETOT e FBEID A RER B
T F A 2 & RSy 7 C d D [Ni(dmit) ] 1235
AN L7, 67 kE8h(bpy ) (DB[24]crown-
8)[Ni(dmit),]” ()12 THEE & Wtk o 48
B8 & FFAh L 72,

[RER L E2] 298 KIZHITD 1 Ofs It
&% Fig. 1 \Z7”7, fbR 1% monoclinic, ZZ[H]
BT C2/c TH Y | FEdMPNIZIZMSL 72 bpy'. DB[24]crown-8, [Ni(dmit),] 3 E L%
0.5 13 O7FE L Cu 7=, bpy" & DB[24]crown-8 I % b Bl 5 A1\ A2 ALIZFESE L |

Fig. 2 Supramolecular structure

of crystal 1 at 298 K.



— K ILDH TG AETEHKRL T W, bpy & T
DB[24]crown-8 |ZZILZE4L 2 DDA FETOT 0ab — conling
A AT —=F—=NE6NT, bpy DR OB Y P

BIZZ T 7y —T LDOREBUBRE - A 0o A=
EH L CTW\W5b Z &E9v5 bpy" & DB[24]crown-8 11, 02 ]
KEFRLTT 4 AF—F—LTNDHEEZLD 04F 3

02F 3

Heat flow / mW

N5, b9 —HovrY PRI T LANICABES 200 220 240 260 280
N UVBREER LTV (Fig 2), Y& . T/K
5 bpy lCB 1T HAKEREL IR 2.644 ATHY . Fig. 3 DSC for crystal 1.
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BeHN DT R BA D, AREEIZKRE 2 b2 RIFL WA HEDEEZBND,
1 OWALEZPE LI & A, (KIR TIHWRBMER 2B E/ER L 540, Weiss
HEEEITH0.57K Tdh o 72,1 O RO AR AR FIE DR R & Fig. 5 1R,
278 235 K fHEMNSABICH R L TV, ZHITEIR CYE/RZEE 2R LT
B EEORERR L —FK Lz, —FH TelllB W TIX 160 K (T3 & R
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Fig. 5. Dielectric response of crystal 1.
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Photo-induced Polarization Current in MISIM-type Photoelectric
Conversion Cells

oSeiya Yokokural, Akihiro Tomimatsu?, Michio M. Matsushita?, Kunio Awaga?
! Venture Business Laboratory, Nagoya University, Japan
2 Graduate School of Science, Nagoya University, Japan

[Abstract] In previous researches, we have investigated photoelectric cells consisting of
electrode (M)/insulator (I)/semiconductor (S)/electrode (M) (MISM structure). Transient
photocurrent of the cell is amplified by the following spirals; photocarrier generation —
carrier accumulation at the interfaces of I layer — polarization of I layer — enhancement of
charge separation by the polarization. When the photoirradiation was stopped, reverse current
flow the cell because of the discharge process of the accumulated carriers, therefore, the
photocells can convert modulated light to AC current. In this research, we fabricated MISIM
AC photoelectric conversion cell. The photocurrent transient of the cell is originated from the
polarization current since the both sides of S layer are insulated by the two | layers. Therefore,
contact resistance between S and M is eliminated in this cell and, the carriers vibrate between
the electrodes as the light turn on/off. We will present the photoinduced polarization current of
MISIM cells with varying the device structure and the work functions of their metal
electrodes.
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[4 )@ L(IM)/Afa 0 g (1) 517 40 BiERE (S)/14 )@ 2(M)] 72 5 4 — A
EDOIHEEL(MISM BV E W2 RN D i T &

f: [1] - 0){‘7/1//6&3:\ %1@%@’(@%%%%& k %HEW%B polarization electron hole
DHEFF RS D S, KR E Y, HimEm o M & s\ \M
BiE— NV 7 BT L 7 S5 FUE BT EE & V) D e oo
EDANRA FZ NN NKEIREERIET D2ONRFHTH 5. K;G:‘*:@;\
O LD 2 OB TR UL 2 & RN A i —
ARECH D72, BFEWMBE~DICHIHFFFIND. FFiT Iighlch Jon llightoﬂ‘
BB EBROBEKREEREL - MISM BV EHISE 5
IRTTZDZOLH REHICE L T\ 5.

AWFGE CIRISEHE DT 72 2 mndfbiz s, MISM & ("’"“ ““""J
JCEBIZIBZBMLE MISIM BV EERILZZ. Z0 —
TTIE S EOMmMN | B TELEZRIN TS ot
BIEATAIRNE D ICAZ L0, Bt aH Lz e 2 Fig. 1 Schematic figures of
ARRFRETRHE IR ST, K-> TZ OB /LTI

Polarization light light

[F_T;:l ffﬁ?%ﬁﬁﬁﬁ/}f;mﬁgﬁ‘f%%i&ﬁz)w}E é‘/% — 4|_ . a'ng-‘nr;
DTVDN, TOBWHETIKT S A0 L0 LED LT, =gt
ZEPEIC S B TRE TN AR A — o s TR oR -

MI-S‘IM

MISM and MISIM cell



BRI L > TOBNIEERGELNTNWD EEZLND. T34 X%L*?ﬂ%ifﬁﬁ*ﬂr@ﬁe
b BT EAER L ONISE E T 5 2 & T, MISIM | /W2 T 2 6 o i it
DOEREZ DN T AT,

[EBR] AFZETIE, ITO HI AR EIC 1 E, STE, |8, EmM 28I E-
MISIM &V 2B L 72, 4% 18I Parylene C, S JEIZ Zinc-Phthalocyanine (ZnPc) &
Fullerene (Ceo) DZJEM, M M IZ Ag, Cu, Au Z W=t /L a/ERLL7=. SaiEajs
WS TR IR DORRME: 2 7D D BEK 2 i 5 720, S JEOFfEJENEN 72 5 1TO/N/ZnPc/Ceol/lIM
(DA-type) & ITO/N/Ceo/ZnPc/l/M (AD-type) % ZAVEA/ERL L 7=, St PEERRIE D
FIFEIZIX 639 nm D L—HF—NE2 W=, KREOEFHII 777 a Ve pl—
A —"TITV, TV 7 THEIE LV 7Tt ve 2Aa—7 Tl Lz, JaEEERi

FTARTAS, T AL CTHIE LT

[fER - BL] Fig.2(a)iE @ ———————, — ]
*@ M L: Ag %ﬁﬁb\f:ﬂzﬂd: 200_ __/ . ‘té' 4.5ev31.:: ‘é’
10 kHz DOZFHSEIRETIF D i T las 2| % ., E
S 0 J S SR gf//i 2o

DA-type & /L Tid )t MRS IS

100

J/pAcm?
(=]

-100
3.6eV

(on-state) (ZEDEE, Hl i Suorhm B ot R
Wrids  (off-state) (& H& DER o | Bl e B
> N . 0.5 1.0 :

ML X, — 5T, AD-type Cyolo L] eae

~—
—
2]
—
o
o

t L T X onstate K& Y (b
off-state "CHiME D SR SRR
Shiz. Eiz, —87 K
A OBER B & [FARICHE
5L, LHEEAKN S BD
HOMO <X° LUMO IZ#47 %
ZEREEL DD, MISIM
DA, Ag, Cu, Au %
AW =L D E R E O 7%
TS otz LLEDZ &
5, MISIM ORI T E R DL L , | ,
HIEIC b E 0 KEET, | . e
BORNMEIT bbb S 8ok Fig. 2. (a) Photocurrent response for the DA- and AD-type
PIZ X > TIEIEPRE 5D Z & MISIM photocells and their energy diagrams. (b) Frequency
PR S Tz, dependence of photocurrent response and (c) polaization for
RIZ, on-state }z N off-state
D it 1684 T FE T O JE IR B AF
MAEEL72 (Fig. 4(b), (c)). On-state TiX, EREN @< 72 DI OIVER DN
DI BHDITKEL, off-state TIXEMEEOEKEEKFIXIZFEAERONT, £z,
KFHNTARFNRER BN Z L ¥ bhoTe. Ko TZoR'MZEBWT, ERiBED H1E
A G & TBEK ETT D2 RSN, ZORMEEDOAEICKLY, &EkET

o o
@ =

ent density /uA em”
o
t

Polarization /nC cm”

Curri

-2

Current density /u cm

the on-state (top) and off-state (bottom), respectively.

I% off-state (235 1F D IR ANIN R +43 & 720, Z OFEE on-state T EIRFRE D3
L7-& %2Tb \
[23% 3R]

[1] L. Hu, et al., J. Mater. Chem. C, 2015, 3, 5122-5135



	1D10_w
	1D11_w
	1D12_w
	1D13_w
	1D14_w
	1D15_w
	1D17_w
	1D18_w

