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Solvation Dynamics of Metal Complexes in Water Studied by Two-Dimensional Infrared
Spectroscopy

(KobeUniv.) Kaoru Ohta', Kyoko Aikawa’, K eisuke Tominaga™?
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Fluctuation of imidazolium-based ionic liquid with long alkyl chain and carbon dioxide mixtures

(Chiba Univ.)  Takeshi Morita, Masayoshi Ushio, and Keiko Nishikawa
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Variation of liquid structure of water on dissolution of ions:
Investigation of Hofmeister series by near-infrared spectroscopy
(Tokyo Univ. Agricult. & Technol.)

Koji FUKUHARA, Naruya UCHIDA, Norio YOSHIMURA, Masao TAKAYANAGI
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Local Temperature Measurement in the vicinity of Gold Nanoparticles using

Fluorescence Correlation Spectroscopy
(Osaka Univ.) YAMAUCHI Hiroaki, ITO Syoji, MIYASAKA Hiroshi
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Studies on the development of tetraselenapentalene-based electron donors
(Ehime University) Keisuke Furuta, Takashi Shirahata, Yohji Misaki
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Evaluations of basic properties of Eu-doped ¢LiF-SrF3 eutectic

scintillators
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Photochemistry of haroethylenes
(Yokohama National Univ.) Hitomi KAMIKADO, Yuichi YOKOTE, Kanekazu SEKI
[Introduction] The photochemistry of haroethylenes(HES) in gas phase was extensively studied.

C,H,, HC,X, HX, X (X ; halogen atoms) are principally observed as products. Behavior of
photoproducts was substantially studied in terms of kinetics, but the photodissociation pathways were
not explicitly understood. It requires observation of intermediates to clarify the pathways.

A study of the photochemistry in solid phase is also useful for elucidation of the photodissociation in
gas phase. Previously we reported that no C,H, from photolysis of dichroloethylenes (DCES) in solid
phase was observed. Although the report provided some information of a CI dissociation channel, we
analyzed the photoproducts using indirect methods. A further research of in-situ spectroscopic data is
necessary to reveal the mechanism for the dissociation channel.

In this work we try to explain the photodissociation pathways and the photochemistry of
haroethylenes in solid phase using FTIR in-situ observation.

[Experimental] Gaseous mixtures of HEs/Ar (1/2000) were deposited onto a Csl substrate held at
18K before photolysis. For irradiation, a 193nm ArF excimer laser was employed. After irradiation of
matrix samples, the substrate was raised the temperature annealing samples. IR absorption spectra were
recorded at various stages of experiments with FT-IR spectrometer. Spectra were collected between
4000 and 400 cm™ with a resolution of 0.25cm™.

[Results and Discussion]

Fig.1 shows typical IR absorption spectra (730-770cm™) after the photolysis of HEs.

0,05 rans-DCE HC,CI-HCI [1] B f
«— HC,CI-HCI ?/ /
0.00
l“ 0.05| CIDCE HC,CI-HCI [1] C,H,
[«B] i
: / /N
8 .
0.05 1,1-DCE HC2C|—HC|\i1] CoH:
0.00| WN\”

770 760 750 740
Wavenumbers / cm™

Figure 1. IR absorption spectra (730-770cm™) after the photolysis of DCEs/Ar (1/2000) at 18K.



C,H, and HC,Cl were observed as photoproducts from cis- and 1,1-DCE. Photoproducts from
trans-DCE included intermediates or unknown species. C,H, and HC,CI were assigned by comparison
with IR spectra of those in Ar matrix.

But there was a slight difference c1 . - e

between IR spectrum of HC,Cl as the \H o
photoproducts and of HC,CI in Ar

matrix. We calculated the energies, d

equilibrium  structures, vibrational c cl

wavenumbers and IR intensities of c1/ |!|

HC,CI-HCI complexes using HC,CI-HCI [1] HC.CI-HCI [2]
Gaussian03. The calculations show

that the IR spectra of HC,CI were

sifted by forming complexes (Fig.2). HC,CI-HCI [1] from photolysis of all of the DCEs formed

hydrogen-bonded © complexes, and HC,CI-HCI [2] from only photolysis of trans-DCE formed

Figure 2. Geometry of HC,CI-HCI [1] and HC,CI-HCI [2]

chlorine-bonded m complexes. Therefore we proposed that HCI elimination process in the trans-DCE
may be different from the process in the cis- and 1,1-DCE.

IR peaks A and B in Fig.1 observed as unassigned ones. In order to identify these peaks we
calculated vibrational wavenumbers of carbene as is the case in the assignments of HC,CI peaks. The
calculations show that the carbene intermediates have the IR peaks in regions 700-800 cm™. A further
research is necessary for assignments of

peaks A and B. The detection of carbene (@) T=18K C,H,
from only photolysis of the trans-DCE _ 0.02 AH/CzCI*—HCI [1] ¥ 3
unreliably correlates with a different i
path to the carbene between trans-DCE g 0.00
. : 8 (b)  T=40K
and other DCEs reported in a previous X HC,CI-HCI [1]
s 0.02 — 2

work. é ¥

IR intensity of C,H, decreased after 0.00
raising the temperature of the Csl 760 740

Wavenumbers / cm™
Figure 3. (a) IR spectrum of cis-DCE/Ar
(1/2000) at 18K after the photolysis, and (b) the
spectrum after raising the temperature of the
substrate up to 40K following photolysis at 18K

substrate up to 40K following the
photolysis (Fig. 3). The decreasing of IR
intensity may be due to reaction between
C,H, and chlorine atom which is
produced from the photolysis of DCEs.
[Conclusion]

FTIR in-situ observation for Ar matrix photoproducts shows that the photodissociation paths of

DCEs in Ar matrix is different between trans-DCE and other DCEs.
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Structural relaxation of vapor-deposited butyronitrile glass:

Effect of dimer formation
(Gakushuin Univ.) Kio Omori, Hideyuki Nakayama, and Kikujiro Ishii
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In situ DTA of vapor-deposited molecular glasses:

Anomalous endothermic relaxation of ethylbenzene glass.

(Department of Chemistry, Gakushuin University)
Akira Nakao, Hideyuki Nakayama and Kikujiro Ishii
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Glass states of alcohols prepared with vapor-deposition method:
Change in the ratio of conformation isomers due to structural relaxation

(Department of Chemistry, Gakushuin University)

Yuta Takeno, Haruka Nojima, Hideyuki Nakayama, Kikujiro Ishii
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In situ wide angle X-ray measurements of vapor-deposited molecular glasses :

Ethylbenzene and propylbenzene

(Department of Chemistry, Gakushuin University)

Kyouhei Fukasawa, Tomoyuki Takahasi, Hideyuki Nakayama, and Kikujiro Ishii
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Phase Transition and Molecular Motion of Alkali Metal lons - Benzoate Salts with Liquid
Crystalline Properties
('Graduate School of Engineering and 2IMRAM, Tohoku University)

Manami Endo, ' Kiyonori Takahashi, ' Norihisa Hoshino, " 2 Tomoyuki Akutagawa 1.2
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J& K ¥ (NaOH, KOH, RbOH) Z M A . KIS ZMEREL 111 OMkz A7 5
(Na")(m-XPhCOO"), (K")(m-XPhCOO)F L TXRb")(m-XPhCOO ) &R ZERL L 7=, SO I-HEAD
FERIE, AR SICE D RSB LIREEE LD ERE SR TO0E NS, TOEEMEAL
oo WRMEIE, 7 v A= 2V R DIRCEMEEBLIN & DSCIZ LV EHii L7z, £z, FHEERD
BIEIE, & v A MEE VT, IREEREL 270~400 K, JEHELAEIR 1 ~ 1000 kHz TfTo 72, 434 (P)
—EY () i, MBI T A4 —% AV TF v 2 MBS L CRIlE L7z,

[Fi5 & %%2]  (Na")(m-XPhCOO). (K )(m-XPhCOO)F L VMR )(m-XPhCOO) &5 14 0 {f - B %
BEEICIX, ~S40 K DFEIRIETA A7 F v 7 A (SmA) IZFMMIT 7 AF v —% L, =F
YFA a7 RSB AR LT, £72, SmA FHD B E L PERIK~DIERBIR LT 560 K
U Eo @i Bl S dv, BN REEED Z LY TG MIENSH B2 Lotz REIOER



EE OB D L M R A B N
(Na")(m-CH;0PhCOO") i AR IZ B 9~ 2 ZEfl 72 it & v _ ‘
LUF TR T, é 5 _ _;
(Na")(m-CH;OPhCOO)IE, ~550 K Thlifh (C) 725 § N3 ;
SmA AHIZHARE L. ~565 K C SmA 17> b % S % _é ]
LT B, WG, BRI LT ]
WIS HBLY B8, E—2 87 1 — Bk 5 72 LRtk St ORI

[¥5]
[l
= F

DHIRNED DT D REEB BN, £, —F 400 00 600
HOFMEFFZIL, 447 K & 466 K (& _FEFEAOEFH — ok
FAREE BN R O () 2), BhbofkkRiE, 018 prer T
(Na")(m-CH;OPhCOO)) A% J 1k Al it & T pl T % SmA 0.16 - i

0.14 — 1000 kHz

OB, A LD FESREOELE

Pl SRS 2 B A TR LT B, 012

81 /an.

0.10

X 3 1%, (Na")(m-CH;0PhCOO) D % ¥ A hfEdD 300 X
0.08

~400 K IZBT2FFER (a) OFBEEKFETH ;
0.06 -

50 %%%61\ 1&}%?&%{@H€I—F&:j§% fc}:’fﬁ%% L/\ 300 b0 by by by s by
300 320 340 360 380 400
K®f=1kHz IZET Held, f=1000 kHz D 1.5 1%

DR Uiz, IREZIZHE, 340 K AT CEB X3 O%Wwdmékaﬂ%kxb
KT S < 72555, 400 K om0 e ORI (A
FEVERHEINT 2, EFEDND SmA FHA~OAHIERIEL, ~600 K OIEFITEWIRE TEL 572012, BE
FOFHERNEEE CIIFHMICE 20 o7, 72, 300~400 K OWEIZIL, FHERICHMR L
—ZIXHBL LR o 23, R O FIEE) &2 Sk LT % & o 2 3 B3R 0 J8 I BUR A 3
B =T,

(Na")(m-CH;0PhCOO ) D ¥ A Mz V> KA v FRIBMENIC/ER L, @A ERT A ¥ —%2H
WTCEY (B) —f (P) B AT U v AMBROMIE 237, BBREWZ &2, 300 K TEL %
100V THUMLZZ & &, BfgZe e A7 U AR MBL L., Zhid, BRI T 230828 300
K CHFAEARIC/R>TWD I La2RIBELTERY ., BUE, ZOMMARAEFBICET 2417 -
TV, HHIE, MOFEERICET2BERRE ML T, BERPOs7HES) & FEEE OB
DWW TREIICHRE T 5,

[1] D. Vorliander, Z. Physik. Chem., 1927, 126, 449.
[2] R. V. Denun, J. Ramaekers, P. Nockemann, K. V. Hecke, L. V. Meervelt, K. Binnemans, Eur: J. Chem.,
2005, 563.



1P-039
YF NMR I LA RBREICHES L2 7 v EBOARBESHT

(F LR BE B AR 1, RURBERE 2, (S MRHEHE 3, 4 R0t 7Ele 4)
TRBERNES 1, FUILEE L, AT 2, MINRETR 3, IRETFRZ 3, WURFE 3,
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19F NMR analysis of fluorine atoms on carbon surface
(Okayama Univ.!, Kyoto Univ.2, Shinsyu Univ.3, Nagoya Univ.4)
KazumaGotoh!, ShinpeiMaruyamal, Kazuyuki Takeda2, Shinji Yanagisawa3,

Yoshiyuki Hattori3, Hidekazu Touhara3, Takashi Yamaguchi4, Sumio Iijima4, Hiroyuki Ishidal

050
RFEMELORELNHN 7 v RIZE o Ta—T g r73ind e, ZOYWERBINIZZELT S Z
EBRHIGITND, RFEEZNICHES L7 vy ROMICIE, HBETET TR AL UHREER.
HHFEG LA T RGO TRRER & FRx RRBOREE VAR T 5 2 EPEFORENSH L
MIZENTETND, REMEOEES Y vy RZOMEEIZEY . EDOX T v JENRBITH G
T2 NEE OMEIOYVEIZER T 2720, ZNZl~D Z LITEFICEHEETH D | DBV,
=R F 7 AR —(CNENZIE, mEh#E, mfliER 7 v [T AOWR, RN R SN T
B, 7y RIFEMEIE L TOMERED LN TWD, AR ERZT0XH727 v#
X7 SALEENC A DN D L ) LA S L TR 2 GIRETIRBICHEE L TWDH EEXBND,
AWFFETIT, BRGITER U2 KOO 7 v 3 CNH, 7 v R L2/ T 7 = U4k
MR FE, BT v &I BRBERIEAW(GICO % &V &I1F, YF NMR 2LV C—F
it OIRAE 2 T~ T2,
[F5r]
1. CNHs itk
FUEL 72 % CNH (s-CNH)IE CO2 L —H—ZFIETIER L7z, Tz (b/kKE0E+ 52 &
IZE o TH A= ORI ALFE(h-CNH) ZER L7z, &3EHZ DWW T, 77 K TOERNEE
IEARHE,. TEM #8122, Raman 23 HIEIC & - CRIFLAERS - AEEIMEE 29072, 7 v FWEGER
BHE, ssCNH, h-CNH & HIKT v FGIE 99.7%/ 5 A %> TEMR) & OEHE Ny F ST 0~
200 COIRFEFIPH TR L 72,
2. 7 v bR FEGETT graphene oxide)i it
Hummer 75 VIZ T KERICOB S b7 7 7 2 0 2ER LTz, Zhice RV U E2INZ.
24 WERIRIRT 5 2 & CMMEERADE ATV, 7T 7 = VRO RFEHEE(few layer graphene
sheets) #{Ff L7z, Z DRFEHMBELZ LR 1. & [FERIC, BIET v R LDy FRIGZTTZ v R L
2o 7 v#RfbiX, |RFBILO200 CTIro72,
3. GIC #kt
Bt vA(MY 7 Fda 2AF VAN E= )4 2 RTFSDY 57 4, BLOBLAITH D
KoMnFe % 7 (LK FEW(46%) 1 THERT 5 Z & ¢, TFSI BNESpEHIC A v % — D L— hEhik



GIC ZERLL7=, ARk FFIEICL Y, ~Vv T vttt 4 v 2Lk =W (PFOS)A 4 <ot A (7
A B ANVE= ) A I RESDREA S L7z GIC HIER L 72,
4. NMR HE
JMT #1 7.0 T #8HEER;A . Varian (Agilent) 3.2 mm spinning module %% L 7= B{EK. T.)
D MAS v —7 LU OPENCORE NMR spectrometer % T, =iiIZ T MAS NMR %
HE L7 (MAS BHIEHE © 8~25 kHz), L 7 P OFEMEREL L LT Y 704 v fEER
(8CFsCOOH= —76.6 ppm vs 8CFCls) % H\ 7=,
Ui R & B2

1 (IR L () B X OB 1L
(h-)CNH #ZnZh 25 CT7 v #
Wk S W=V 7 v, 25 CTHREL
Ty RN A AR S T
b, BEO150 CTY vHREWE S
7= > 7LD F MAS NMR A e SONRRR
7 MV R, EOY T TN T
bW E 7 #(E=400 ppm) i
BENDE— 7 3B S otz
7, CNH & 7 v 3 &L DL A AR
% a5 A7 Vg bz, h-CNH-25 ‘C Wi

E—7F, FIZA: 7 oBEEH(CP
TBIH SN L) et FEAS Y —7 h-CNH- # Hi#%

(6=—182~—184ppm), B: 7 v#
{b SWNT % CHUH S 5 AR A
P — 27 (—155~—160 ppm). < L
T C: 7 v{b SWNT THH T TR R RS RS

5-CNH25°C W% jisk

s-CNH150°C W% Jik

h-CNH150°C W% jk

-100 -150 -200 -250
%K H 72"weak bonding mode” (5= 51 CFCI, (ppm)
3
~120 ppm) @ & FRZHE G RIEO T 1. 7%k L3EMLE L OB CNH o
v #(—120~—134 ppm)IZ KENIT 19F MAS NMR 227 kL

TN—T 5N T& T, £72. §=—100~—200 ppm DO#HIPHIZ 7 LB THBIHI S D L 9
RIBDIRN AN 7 750 REEOE SR8 STz, 7 v FE LR FE O 9F MAS NMR A
N7 VTR T ALBRS(CE) D AT bV L RRERDOIEDIRVME BB S v, oo 7 Z
72 UBICHEEG LTS 7 v ROREBIZT vFEE CNH L0 &2 0 7 o fLBEITEWN 2 & 00R
X iz, TFSI B LWNPFOS #E A L7z GIC CTix, HEenEMicA v 2 —h v —FLiz7 =4
37D CF3 B LU CF: DfF 5 D1EA>, 20 kHz LI Ed MAS FHEZZEHWT, BWHAERIC L -
THEMIHEA L7 vy RBLOBERNICTFEET D F A4 OEFE8HTL 2 Nz, YA

1X. FSI %D GIC OFEHRIZOWTHRETATFETH S,
BTN

1) REER, 4% 228, 209-214 (2007).

2) D. Claves et al, Carbon, 47, 2557-2562 (2009).

3) F. Chamssedine et al, J. Fluorine Chem, 132, 1072—-1078 (2011).
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The charge injection to the surface of the organic semiconductor
crystal with contact career doping
(Grad. School of Chem. Sci. and Eng., Hokkaido Univ.!, Faculty of Sci., Hokkaido Univ.?,
JST-CREST?)
Yuki Nakajimal, Yukihiro Takahashil23, Jun Haradal23, Tamotsu Inabel2:3

[HE ] AYMERVVETNAAMRE BEIRXR FOBEIPERREL VRGNS,
MAEMEERICROITRELERMB E LTIEZED TS, KIBEEMORLE
FHREDEBAETBRT NS AL, RERKOIRILF—HBREL T, ETRILTF—D
BEMSERBICEELRFTHY . SMERE- B X FOT /A R{EEKMTOEIAR
HBelzoTLWB,

TTF-TCNQ#AIEIEEEMERIBEHSFL L TH SN TLNSA,2008FE. TCNQ
FEUCEBFERERLIC TTF HREZEMIELEITT. Z0EMEHISEMLEE
BERIENRESINE [1], YHERICHVTEIORRICHEKZHRE, 208
BRLZEHORERN. EMATmCRE L-ERBEHEA TTF-TCNQ #& & TTF I
FUFv)VIASNAETCNQITHEZ EEBELMIT L2, A IFFICHIZEDE
ETORGICE > CTERBHEAINFERRACKARET L VSHEEN, HHETN
A ZAOFE L VEE-FEAREFEMEME LTHE

ATRETHLEHFELTLS, — e
4. BEBESEHA DBTTF-TCNQ £ O %

4B & LT TIF-TCNQ. B & L T S8 VA

DBTTF-F,TCNQ %#%%¥ % & TRERA TTF oG

FNDENS CEAELME RST8] ( =1 (=
1), AHRTIE, CORRICHEME F—E>
JEGAL. $8E#HERLICTTF. F,TCNQ  ppprr- FaTCNQ — TTF - TONQ
BREEMSE ST TTFTCNQ. N e
DBTTF-F/TCNQ Z#MF@EICHESE.
NICKk>T, B3R FTIERGEBEERT
5T EHIT, TOEMATTOSEERILD A
NZALZHLMNZFTHIEZBMELTL
Do

DBTTF-TCNQ

1: $8ik DBTTF-TCNQ LtI=[&i5
TTF-TCNQ. B4 DBTTF-FATCNQ %
REIE-EF



[ BB ] FE/EARLLTDBTTF-TCNQ #E&ZEAWL. FF—2FELTTTF. 7V &
TR—HFELT FICNQ ZRAWV:, £9. EMAE TOEFEHERT 52512,
FERBERLEICTTF & FATCNQ OMKREZTNENEM Sz, TTF % 40 °CT 48
B, Fs,TCNQ % 70 °CT 72 BFIRIC S €. EREEERITE - IR AIE - AFM
BIEZIToT=0 Tz, FEAKERZEZTRAI L. 1 DOHERLIZTTF & F/,TCNQ ZHx
s, EXRMEBLFRL. ERGEEATEZT (B 2), WmFICEA—RIAN
— X FERAW=,

70°C 72h 40°C 48h
C = ] | -

: 2
F4TCNQ #% e TTF #% K

FEAMIzhT
T—JEMo10

2 ERHEBDIERTTIE

[ =R 9. FERERIC TTF &

FIICNQ £ ThERBME ey > T [0 PEIIE TONQH TTREICRG
LTI, $BAREHERICHRESEELL et
TWBEMALMELR ST, Tt IR
BMEICEY ., $HEEKELERE TTF, '
F.,TCNQ #ZhZhiEfsg32LT
SERMEHERT CLAMOATNS
TTF-TCNQ XU DBTTF-F,TCNQ h'#
Bant=-C&LEHEL-, AFM BIET oo _2'00 5 E(IJO 200
F. RAIC—FARICED 5 EHIKOEEEK Voltage(V)

+ ) EEABERS NI, FOEKN,

N F h TIFTCNQ % U 3:ER L I-IERMEBDESIEEEIE
DBTTF-F,TCNQ THdEEZOND, MR
L-oTHHOBEMEY ., RETOIAS
DREEDHRKIZE > TEBEIL I ENBELME R ST,

F1- FBKEESEIC TTF & F,ICNQ %S € THER LB BEBOELE
BEATOHE(R3)&Y, R LEEFOBRRAERIEERA LT, Chi, Eit
[Z&>THA ST TTF - TCNQ U DBTTF - F,TCNQ » b FEFRFERANTNTE
NEFER—ILAEBRMISIASN TN =HTH S,

, Current(A)
—_ (=)

(5%
T T

[ & |

[ 1] H. Alves, and A. F. Morpurgo, et al, Nature Mater., 7, 574-580, (2008).
[ 21Y.Takahashi, T.Inabe, et al-J. Phys. Chem. C 116, 700-703(2012)

[ 3] J.Tsutsumi, T.Hasegawa, et al° Phys.Rev.Lett.105,226601(2010)
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Photoirradiation effect and electric field effect in the electrical
conductivity of organic conductor A-(BETS),FeCl,

(Hokkaido Univ.) Kaname Oinuma, Toshifumi limori,
Nobuhiro Ohta

(=]

Forld, DeFpEBE] ORBEZO I L, AREERZIRIZ, BRUnEEITT 5t
R L BHEDHREOMEETTHOTND, V FEEERE, £y MEREECBRERE S0 S
FRZMRE DT L THIBL L, *ﬂot%ff%fﬁ%%:i‘mﬁ‘fé% ThHY ., [ENSHHS 2 8D

SR I o L T E BRI E A2 LY TR MmN T WD,
Bis(ethylenedithio)tetraselenafulvalene (BETS, Fig. 1) D i fif £ #) & /K T & % A-(BETS),FeCl,
(A-Fe)ld, ®WE F T Ty =8 K IZBWTEE — Mg HIsR 2 /m§7 28 [N &0 % Ll {nil
BB 5, 612, BEHEBLELZRTIENMONTWDS Z &b 2, fkxik—4a
BRI — B BB 2 O ES I L o TH &
BHITHIZTHERMETHLEEZEZABND, £ZT Se
AAFIETIL, A-Fe 127V A L —H— N2+ 25 L& & I: I I j

BTV ZBSAHN L BRSSO RE [ 5 i E

BT 2 & O L BRI ICHT 50 & 1> 7o, Flgure 1. Chemical structure of

(EXED|

AREHT. ST VBRI REIC LD ARk L, B
B OEHREE M & L THE bV (Fig. 2), K F#EMFE Do
F A A AH > k(Oxford Instruments) z {# A L "CIELEE i)
) & OIS 24T o 7o, UM i ORI & — A b
W TCEMZER L., 4 3152 Ao TR 2 H)
E LT, ETEBE/SNIVAZ T2 L & OB O
W7o BivE T4 VH A A a—T & FVTl
LT EE E LT/ UL R OPO L—H—(E 470 nm,  Figure 2. Single crystals of A-Fe.




2OV ABEHEIME 10 ns) 2 VY, BIE/SV A LR S CRES ISR 21T o 7,

[#E2R & EL]

A-Fe ORFUEIL, Fig. 3 1ZR-T &
INWCIREOHIENZ E 72> TH
100 K IZBWTHKREZRLIZH &
BT 2505, F9 8 K I W TR/
BAMZ R L, SCEE Y e B —% L
7o Mk AR BE(4 K)IZEB W T 0.15V
D7)V AEELZIMZ, 4 pl/pulse D
L— P — SR B A O TR 7
NEERE LR E Fig. 4 12
R, b —RREIT LY |
NS BERAREE DI 5 2 &2
BN o7, SEERDO B — 7 98
EEREZHL Ty hLEK
Z . Fig. 51T, &R —MidAin
BIREICESL L& blce— 758
B R L TR MR L OtIRE
EOBENTRIEIND, SHIZ,
BRI ORER] 7 1 7 7 A VDS
RO B TR AR AR I DN T
HLIARTEY & BHIC L Dbk
K — & RS O AIHEME I DV T
[CERAR

(2% 3Ciik]
(D) KHAEEE - RARESC : ZEF
2011, 483, 38.
(2) Uji, S. et al., Nature 2001, 410,
908.
(3) Kobayashi, H. et al., J. Am. Chem.
Soc. 1996, 89, 017003.
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Figure 3. Resistance normalized at 294 K versus
temperature.
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Figure 4. Time profile of photocurrent at 4 K.
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Figure 5. Peak current versus temperature.
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Ultrafast relaxation of excitons in DNTT thin films
(Kyoto Univ.1, ISIR Osaka Univ.2) Yuta Ishino!, Kiyoshi Miyatal,
Toshiki Sugimoto?!, Kazuya Watanabe!, Kazumoto Miwa2, Takafumi Uemura?2,
Jun-ichi Takeya2, Yoshiyasu Matsumoto!
(/7]

UF 7 hFx ) FFT = (DNTIIEERE COmOBEIEC], KEHFORZEMER & OF|&E)
O, AHKBEM2) e & DT S A 2 RS L THEBZIBOTW D, A 1X 24 E TIZ DNTT #iK
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RME T o > TR ER O IR B 21TV F 2R ERICBIN D22 & A L7z o THRE T 5,
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. . S 054 EFRRED g
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L OBIBRIC L < FET 5 2 L AHkT et Ay
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(5% k]
[1] Yamamoto. T, Takimiya. K . Photopoly. Sci. Tech. 20, 57 (2007).
[2] Mori. H, Takimiya. K Appl Phys. Exp. 4, 061602 (2011).
(8] A% flL 2011 4E5y FFI2ERawe 1P04T.
[4] Yamagata. H, Norton. J, et. al. J. Chem. Phys. 134, 204703 (2011).
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Structures and physical properties of dication-TCNQ salts with controlled charge
separation
(Grad. School of Chem. Sci. and Eng. Hokkaido Univ,! JST-CREST2 Hiroyuki Kubotal?,

Yukihiro Takahashil2, Hiroyuki Hasegawa?, Jun Harada2, Tamotsu Inabel?)

1989 G.R.Desiraju Crystal Engineering
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P3HT : PCBM 7L > K7 4L AD
KR T2 31T % photo-CELIV &

CRRMERD) B BaA >, HE e, Rk 82, KR K

Study of PSHT:PCBM blend film by photo-CELIV

measurement at extremely low temperatures
(ISSP, University of Tokyo) Ruiyun Liu, Hiroyuki Tajima,
Tomohiko Suzuki, Moto1 Kimata

CELIV {£DERIL, ITEZ OHM I UL < D NOBBKZ N TND, Z DFER
FIET, BRIREETTE CWAEMS YV 7T 2MHET 2 BT, BHIERIM T,
FD%, NV AERHWTEREINTZXF Y VT OELEY T 4 23RO DHZ &R ThIE

(% CELIV %),

INFETDEZAKES D CELIVIEOERIZ, AT AV LOFNEL VT 4 %
RKDDHOOMHELRTEE L TIThb T\ 5, L 120 K DL EOFEIR T T
DHEMELEALETHD, ZHUIH LT, Fxid 100 K LA T CELIV {£D F 5 21T
W, EKHT LWIERZIRR Lz, Z ORI Liid, KR <o CELIV v 7 /i
Poole—Frenkel ZhHI2 k2 b T v 700 % v U 7 OB %2 BT 5, MBKIR
285 CELIV & 7 Finblid, bT v T2V —AmEEE ESERD 5 Z &7
T% EORERT T WO N7 v THmEERE LD [1],

— 55 C, LLETOF A2 OIFFEIZIBVTiX mobility 13RI E L THIT SN TR Y,
W O CELIV IEOfRNT & O— BRI L TIlms STl 63, fROZ Y4412
THBRPA LR ThHoTz, TP T, wim L TCWD T v 7ORENTHD
NEIMIZEHLTHEEL SN TV ot

ARERTIH, ZNODATSTho MU U TR 5 [2], £7. Zigzag
Ear £ sweep fzﬁﬁb\f_ CELIV {f@ﬁt%%ﬁf\é SEBRRE R & RS R IRV R R P

BLEEILS—EHLTRBY, ZofERN»5, [CELIV ¥ 77X, Poole-Frenkel
’?ﬁ% LD N7y OEMBLE A KT 5] &9 bt v LLRTR <7 model
NEFFEND, £, HMREEZEZTH CELIV V7 Lo —7EREL bbb
RN EIND, AR TE LN b T v T OIERIE, FEi geminate Xt & FEEIL D R
— 7 M THDHIEPRBIND, EHLIZLAIOET VTIEEBE SN )roTo, H
[RD mobility DA ELY A TEMNTOFRE R 2 "3, —HOMIEIL, AR ISR
WD FE - Hs et 2 i3m 9 5 O1E. mobility 7217 TII AR+ TH Y, 77— VD)
LOXX VT O EZEST 5 LA, AHEEF OERRE LT 5 L TIERIC
HETHDLHZ LEZRLTWD, FIAFER TIRD geminate Pair OfEEfE—= 1L ¥ —
WETEIR, MITIEDME T, R 21T 5 OIZmW TN 5,



AL TH S A7z geminate xf D fif B — R )V F — (T %9 D 5y A0 B Bl
P3HT:PCBM D32 Tl p,(e) = Dexp%(g —80)2/62 }, D=0.5x10% states m™3 eV,
£y =0.087¢eV, 0=0.029eV TEIN, TR F—DPIMEe 1T=IRDOIB L Z 3
BEOTFNF—=Tholz, 2O LiF, B —IEAOMEENERICBVTH, R5E
BETHDHZ EEEWRT D, BRI, geminate X & b7 v 7 O—fE L HriptiE, AR
WFFE T3 72 geminate ¥ EEBIHUTHE Y 4 585 RIL. TSCIEIZ L > THRLNATWD b
T TEERS (3] LR KIELTWD, 2L, ZOmXTIE NI vy FOIERKRE
L T geminate XHLE M IALTUV720,

AWFZE TR B ARG R, ZFDCITRT 20ERS . K& 2 AR A & Ff > T
WHZEEFE LRV, £7o, geminate XfOFHf = XL F—2 FIFHZ LN TER
X, ARERBGEMONRILS BRI ERTHFREERSH DL Z L EZRLTVD,

Fig. 1 60 K (2B} 25 EHB L

OEHE 7= CELIV > 7)1 Fig. 2 AHBFZECTIE L 7= geminate pair % B4k (plo)
F10ME 0.087eV X, BIR OB X VX —DIZIE 3 TH A,
Z D Z &1, geminate pair OfFREILX, FEIRICBWT, R5E
BTHDLILEBERT D,

References
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Functional organic crystals fabricated by contact carrier doping
(Grad. School of Chem. Sci. and Eng., Hokkaido Univ., Faculty of Sci., Hokkaido Univ.?, JST-CREST?)

Katsuya Takayama’, Yuki Nakagawa’,
Hiroyuki Hasegawa® 3, Yukihiro Takahashi® # 3, Jun Harada® % 3, Tamotsu Inabe® %3

050
B 5T TTF & & 250 1 TCNQ I,
BRI CROS L, ERBEEK TTF-TCNQ % 5 1
DA, fEdEP ISP EMBE L. TTF & TCNQ
DENEN L RIURET T L ETERT D, € ORGSR, =
JEC 300 Scem &) mWESREE & 4RI 7Rk

Rt R ZEBIR< BN TN D, L LAad 5T,

HipE D TTF Bikdh & it TCNQ #dh Ot mic B
WTH AR EIERHEN IS 5 L OREN LS
71, 22 ¢, ZhETICFEL L, ZOWEDOHIMEE
B L. Z DA = X LD AT 7ok 4 72 TR AAT
S TC&F, ZTORE, K 1ITRT LI, TTF §ifbsh
& TCNQ HLfS fh ot R 2%, & & 100~500 nm,
i 20~100 nm O EMBEIEEA TTF-TCNQ #5 23 R
LTWAHZENAFMB I VLMo (K1),
L L2 b, Kb b B2 K912 TCNQ #ifhR
HIZRE L7z TTF-TCNQ 7/ fidnid, fEfmMox v b
U — 7 ZEE=9 . Z 0 TTF-TCNQ # & D 278 s At
DEJRTITRNWZ EWRBE N, Z2ZTI7 v oltic
kv, ZoFKEE LI LZE 25 TCNQ! 7
CHNOIFENHER S, TTF fdh & TCNQ #& Sk
SEICBT D28 BRZFENEL. SmEICRET S
TTF-TCNQ 7/ it & HPE TCNQ b w2 Bk L7
TCNQUIZ L2 b DTHDHZ LW LMNIT L2,

TTF & TCNQ OEfib S 123\ CEM B IR A
TTF-TCNQ 23 L7-#f & LT, TTF OAKIEDH
INFTOND, b L, M E BICARRENMELS,
DAZMISIE X D EEMEDSEROTER N Z 5 7215

1 TTF & TCNQ #ES&DEEAL R
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e ‘/ ;’?\i‘ H IR ;
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B WREROEMAE TOX v V THEADANBEZH LEXOND, ZOKBMEETHRE
BEALBEZ 500 E 505~ 2 BHT, FI—iffigh & L OEFRICARKED RN =y v 7 & m
7= (NiPc), 77 &7 ¥ —ff L LTFTCNQ (X2) %M\ T, Bl OfRE$ ) 4 8]
BT, TOME, moHREmOBEMARICBO TR 3171 X 9 e BRI 8 OB Kk zh
LTWS, LL2ns, TORFIZOWVWTIE, REHLNIR-TELT, AW TIE, 20
SBRFEBOREZ I LT D720, FHEEREZIT> TV D,

(325 - B4

HiEd Ok 0 Ao THEE L7-&Rk L7z NiPe

b FSTCNQ it OB L, HUO OS2 DT 10 ]
B, WOEOWRE~LFoTLES b, Wi 5 1oL 4
RARECORBOMIERICRECSH, 22T S ol ba
AT, NiPe & FoTCNQ filh % A 7 wHLakic ig }822 "]
THRHRA LY > T BOTHRRET e G g Y o G ]
CIROBRS L hORHA R L, B, B Gp L L e
£ L FTONQ OB R%IEIETH S, = OFE, B D eronomsn
AHITIE. NiPe, FoTCNQ 3£{Z 1X109 Qem LI ED 4 NPo & F,TONQ SBA ¥ EiE
M THo I b o d, IRAEWIE. 5 HiLA RO HIEH

FEHEEBE L TWA Z ERBLMNE ol 77,
ZDOREMOKmAR X eI 2 ES 5 &, NiPe &
F:TCNQ ODZENDEfi /2 — DEREE &

_ . - 1000 ??ETSET_;TTTﬁ? | ]
STWNWDZEEMENOT-, ZIUTLD . KWE DR =1 Ni(Pc)+F,TCNG
BT LR L O A L FRORTOEE 2 B )

BN ELTWD Z ENREBEENT, 22 TIDR o 0- m— 1
BWREFNTESR A<y FAEIELEL 2 A, | TN

EAHIO NiPe, F/TCNQ TH, J6C ESR (Lo -toop| B |
FChHoDIZx LT, IBEMKR T, By 3000 32OOB (HZ)3400 3600
FABBRE T (K 5), ZHUE, NiPe & FTCNQ

DORNEEIST D Z L Ta TP HNENRELT TN D 5 NPe & F,TONQ BEGERA0
ZEEREBLTWVWD, ¥ HTIHE, NiPc & F:TCNQ SBAIED ESR ZRIML

DIREWMEZ - ESR., BAEREORIERE RIS
&, MR OBEM AR OE FIREER LU v U Y
B DOFEICOW TR T D,

O

B3k
1] H. Alves, and A. F. Morpurgo, et al., Nature Mater., 7, 574-580, (2008).
21 Y. Takahashi, et. al.,JJ. Phys. Chem.C., 116, 700-703 (2012).
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Sub-20fsi WY 35 KX ONBAMOE E I /7 B L D
poly(3-hexylthiophene) (P3HT) - PCBM [ {A 5% (2
BIFOE BN A T I T ALAT =— L3R

(BoRPe « HpE T, MRMIZEE % —2, JST-PRESTO?) Al #RERL23, wiy {2

Thermal annealing effects of electron transfer dynamics in P3HT
- PCBM thin films system as revealed by sub - 20 fs transient
absorption and transient absorption microscopy

(Osaka University!, Center for Quantum Science and Technology under Extreme
Conditions?, JST-PRESTO3) Katayama, Tetsuro!23; Miyasaka, Hiroshil:2

[F] n HERENTBLORS T 7 LY K7 4V AOHPITIEESREE T =— M k0 |
B DR R RGN E(L L, EOMMENENT 2 b OBRRE A FET D, £OH
THWRERKSEMOS %R TH D P3HT-PCBM #HiEIL, 47 =— L k> CTZDONELE
BB LT 5 Z EAWES TS, ZRET, ZORTRETZEERS T EBETHY
K238 nm BRE DY A X TRE—ITHDBEL T2\ 7 ~T o igiE &2 Fo720 . JRpTi e
JhELIR BB A S BEIR BB ORI B 018\ V72 & O E N 2RI D e o T, 2D O
A IR 2 BUR O L. L0 AR AEET R KRG ER OB 21T 5 7-0Il2id, Z2H,
IRE[H) S R RE A 2 BRORIER N A e FIEAIGA L A D= R LB RET D L L bIcflx 0F
MR 5 BN 25T 2 Z AR B biLD, £ TARMIETI, 7= A

N EDBEMGE PRI 3 e 2 A U ARG KBS DO SRR Td 5 P3BHT-PCBM R DB =
— VNI LTS LTz,

[F2B] JEURIC TR H90E S 417~ Ti:Sapphire L — % —( Tsunami, Spitfire, Spectra Physics,
1kHz) % 72, 72 8LHDE & b Y1 NOPA (TOPAS - White, Light Conversion )& AW T
2L BUADEITEFIRIE A 208 L7z, BUDEIZ ND 7 ¢ L2 —THok Lo, FhEdt & (A
# OO S5 4 C L BAMEE( Olympus IX71 )~ &7 @RI A~ 7 I VIIE TIEERIC M St
BRSO PV E TIE SRS L o R (x76, Edmund Optics )& F VY, BEHE S B D 5288 % /)N
&< L7z, B HHi#s( Thorlab DET10A )DRIC 1 v Z /8 A7 ¢ )L —Z @& URhS G & 8k L 7=,
HFRIE B P A 7 — ¥ Ol F L O — & IU4EIZ 1 Labview( National Instruments ) ™
HEZ v 7T Daflif LT,

# B D poly(3-hexylthiophene) (P3HT, Mn=25000-35000, Mv/Mn < 2, 99.995%) # X O°
(6,6)-phenyl-C61-butyric acid methyl ester(PCBM, 99.5%)i3 Sigma-Aldrich,2> &8 L7-,



P3HT, PCBM % 1:1 ®ZFEOmg/ml, Img/m) T/ B X B UAIENL, AL a— |k
(3000rpm DIEE T 120 FOHEIHR) TH T 2 HbR FIZHEREZAERL LT, B\ = — T LB FHA
BT 140°C. 30 M DSRMETIT o7,

[FE5 & B8] ML L7l BT 2 V. JRhEZ Y 590 nm 12 & - C P3HT-PCBM (1:1)
ISR D PIHT OWLIHE 2 38R AL L. BUHIE 990 nm TREMZ(LZMIE LTz, &BUINEIC
1T 2 BBAERER] 1 ns OMRMPEWIE & | 1kHz BT/ SV AGRIERFRE + 1 ms) O3 WL FE 4 B
U GBPER A A —2 T8 & S U7, P3HT - PCBM J R 0 & faf /0 Bt S ia 1 8 ps FRFE
BB L O P3HT DR IES M1 330 ps FEE[1] TH S, F£72. 990 nm OB E TiX, P3HT
DR—=T7 1 BELOPCBM O =4 > ORI EZR > TR SN 5, 97200 HIEBAERFH] 1 ns

TIXAERL L 7B o BER BB ORI G T2, Z D%, ARk L7 BAITEMN S 7 Mk & &

A FHREAPOS TRE LTS, T FRIGIC K 2 EM OB G RIGITT 2 Bhrb~
A 7 a Tl 0 LT 5 720 IBAERER] 1 ms TIXERT
D PGS OSBRI < #AT L TV A0 ZE e (a)
OBHDBR S5, Figl (SELERFE 1 ms 2B Dl
RN BE A BB SE RS 1 ns DI IEROCEE TR L L. #I1E
i 2 BB TR AL U 7 BB AT A B PO B DA 22 WO I
Sk, TReb LB A MIER LIZE R0 A —
UV EBRERT, Figl@UIlrd X 91D, ZEMI BT
DR RN L MEE L | BT O R 72O EE T
5 UL EOEFREOZEN R G-, Figl(b)ZET =
— NV E MR TR OEMERY A M A A=V T HEG %

R, BT =— L& A TUWRWR Fig L(a)llbeS, B (b) o1 oz "0 os os
O YRl 5% R 0D 26 VM & FE AT D TR B D D 2R ORI D b
ENRIVKRELROTWDL I ERGND, ZOZ LI
BIEDFTA LN TRVRE B Z VN, BT =— /L2 XV
i ECT BN AL LEMABEN G oot A P2
AR L. EAAfE A b E DB LD Mz >7- 2
EERRELTND EERBND, HEK T Sub-20fs AT 0 Position x / um

BRI A7 AL LD 2 e — b baiyfiR Fig.1 Charge trapped signal imaging in P3HT —
OB & BT =— WIS T2 R TR 72 fEEZ{BIZ & PCBM film (a) without thermal annealing and

B2 9BR 12O T ;6 %g@ ;’i,,/ﬁ- 5 . (b) with thermal annealing at 140° (Exc. 590nm,

prve =3

AA 1Tms |/ AA 1ns
0.1 0.2 03 04 05

Position y / pm

Position x / um

Position y / um

[1]7J. Guo, H. Ohkita, H. Benten, S. Ito, J. Am. Chem. Soc., 2010, 132, 6154 ~ Mon. 990nm).
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Crystal Structure and Redox Property of Quinone- and Hydroquinone-fused Crown-ethers
! Graduate School of Engineering, Tohoku University and > IMRAM, Tohoku University

Takayuki Kobayashi,! Takashi Takeda,* > Norihisa Hoshino,! 2

and Tomoyuki Akutagawa® 2
[Flx/ v BLONA RuFx ) UfiiaMs g ro—7 Vi, BEMBHHEAEIER -
KEREBGHEAIEN - A A RBWAEE AT 22 ERBUEMBORIKOTZODHF MY
NT 47 T7uy 7 Thod, ZNETIZ, EMBEMEAEMN L KENEHELEMNR
EHELTZXF e FrUERICBT2BEN T b BB & PHETZ O LV IRED
BRI SN TWD, ZE2 0 A o (o™ o o o™y o
IR SR TR 5 T S R A ° 015 ﬁIO fﬁ;
SE R D EE OB, BEE NS 8 Lo I e J7

. N QP18 DQ18
THEARZR T D2 EELE AL TWVD,
oH o7y oH

A WF %2 T 11X . Quinone— Phenol #i & MY © Oﬁj

. gt A (o} 0
[18]crown-6 (QP18) . Quinone ffE & % b Lo
[18]crown-6 (DQ18)3 £ ' Hydroquinone DH2Q18
i & %4 [18]crown-6 (DH2Q18)% A ik L . B 1. AR THER LD T,

AU D O R A G &KL TR O BT &2 AT o T

[52B2] DQ18 & DH2Q18 (X, XKD FiEIC LY, v¥mm— xR E LT
G L7, W b & & 5 QP18 X, Phenol-Phenol #fi & %l [18]crown-6 o i
bR Z2ELS T2ECREAENKE LTHBET I Z LIk Lz, Wiy, HiER
X BRAE A EREATIC X0 o AR & XNy v 7R O Al &2 3R A 7

[ R - &% X A I AEATIC LV . DQL8, DH2Q18 & L UY QP18 » 4y 1-##
EEPRE L EZ A, p-benzoquinone AL D X / A KA & hydroquinone ERAL O
BFRBOFERDIHR SN, £/, QP18 Tlx, MEFEOHENBH S /-, DQIS,



DH2Q18 ¥ X ' QP18 %3 1 ™ C6- - ifi
fil > — 1%, 0.0, 63.8 3 L 10.7
°TH Y ., DQL8 D F W\ i S HERR
T & 7=, [18]crown-6 #AL D = > 7 +

A—vaITHEWVWELELTEBY, A

FrEaEL TR T U —0
[18]crown-6 75 f ZFHEL L TN, [ 2. X # T E L 7 a) DQ18, b) DH2Q18, c)
B 311.DQ18 & QP18 fEmm o= QP8 DI FHkiE,

v hELO adlifEEX TH D, DQI8 Tik, BQ Mfric k2 athhim~n¥E—7 n-
2By 7T T =T VENOREBIZ LD F ¥ X EEORTFERERE S, F
72, QP18 TliX, ¥/ VY E{L & 7 = / — /VERALHY afih HaC ¥ —IC R AFEE 3 5 F T
FWEMBIMMA AN ZERL TV, BEORWVWREIT, WK —ToHd7 =
J =V E T 7 v 7 X — T D p-benzoquinone ESAL O E M A EA A ICKEIN S
D, FElo, c#AMIZIIET = ) — VA E X ) VAN FRIKBRAEZERERL T
Wiz, —J . DH2Q18 fidh T, 7 7 7o = —F L2 H,0 &3+ Z BV 1A A THE sk ik
L, ai FAICKBR/EADERINTED, n- A ¥ v 7 OBBITHER I N o7,

X 3. fitdha)DQI8 B L Ub)QPI8 D= hE /LD alihi&EX,

DQ18 @ CHCN R A MW T A 27V w7 RAZ A MY —(CV)HIEEAT > T,
VAW 12, LiBF,=<° NaBF, 72 E O EMEE % N 2 5 % T, [18]crown-6 L2581 4 > %
Rk Lo BRAALFENREEZFMM L2 2 A, DQL8 OBELIEITED FW\IZy 7
ML, 727 —MombERnRon, YHIX, TOFEMIIONWTHRET 5,

% & Uk
[1] A. Merz et al., Synthesis, 1985, 626-631.

[2] T. Oshima et al., J. Chem. Soc., Perkin Trans. 2, 1999, 1235-1240.
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Infrared Absorption Study of TiO, Photocatalysts
(Kobe University) Takao Mizutani, Koji Furuhashi, Hiroshi Onishi

(O] BLF 22 Tios 1 3eV DAY REx v T 55 e Kii
R TH L L TR Vb Tind, Ny R¥x v 7K o

) L W LT LT A T & (1 %@%&ﬁ%%t::”
TEFLAS R th B L CREICEIE L, W TICH L C L

SERS & T, LN LI T & AL R 7 R~

DRI & R 40 B LA DI B (B 1) & B2 bRTEY —

EEG O = RV X — (i L A2 D Z LIIMEORIEA V= w1, mrF % v ORI,
ALZHBNCT DDA RTH D,

W5 5 D& & & E A o Fh ke 723 FARADE 2 RINT 5 2 & RN LT, iR E 7o
R % W RIS BBA S 5 RATRIE L U CIEA LT & 72, Warren & 1Zme(bF & Lokt (7
12 P25) DN E T L DRI A7 bV AR E THIE L, 880 cm™ X W {KIE DM
ERRTHZ L E RN LT, ANy RE Y v PO ) D REH ~ DB BB AR
ZWRINS % & E8E L7-, Warren b DJRBIZHEZIE. 880 cm™ 7> HARI BN FEAE T 2 WU 1245
BE T D 0.1 eV OALEIC & DB EMIZEER S IE Shic 2 & 2 BWRT 2, A58 Tk,
TED R L 9 FHEOWMALT ¥ AL Z N R v » 7 hhkd U, i E 11 K DRI A~
s RV 4000-500 cm™ OFEFE TRIE U7z, BRI OB 300> & B T HENr O L8 & HEE T
HZEEBPIBWE L2, Warren HIC KD RBEZHEZE IS5 % 2 W ERE2ST-,

[52Br] M2y X0 BAi S 47z 9 FE OB LT ¥ o SRR K (TI0-1~9) Z /KIZHRE L
T Ge UCEBAMHZE L, BIEP O Z R < 72O RKKH 300C T 3 RHMA L7=DbH | HZEE /L
WAL CT7— U = BHRNEER (BRSO FT/IR 610) THZIBWIN AT L2 J11E Lz,

IRERAT IR (SAN-EL UVE-203S) |Z X 2 E #4508 (RE 4.0 W em™) Z AR 6 AH LT,

U T ERER DAY MV ZEFH U TRIEE 7 I L D2WINART Lz RDT-,

[ R & 242

[ 2 12 9 FEE O Sk BE D Fh LT 712 & D ARARIL A2 RV Z& 34, 4000 em™ 7> 6 IR B ~1e
o TR BT DREER L, 900 em™ (T THEOEHEE 0 % TRET 5 A7 ML EBTZ,
gt OVFNVETTT T F—8) - RIfR - NIRRT D 9 FE OLAEIX, Warren 512 X
% P25 Sl o JE RS B & R OAR B EW IO 2 G- % 72, JEfiE 2 & A IRINR U ot skl 58 EE A3 K



3
<
4000 3500 3000 2500 2000 1500 1000
wavenumber/cm-1
2. 9fBEDOEILT & D hFLE

D IRIMBIL A7 L,

DR EL M i

IZ &

EERD LT, Vol AR LT-E
EIEALA RS T ANREN R D Z & %
bHobLTWnD,

B OfLT & iR KOk
100nm LA F OFE{Liigh AR (Sigma-Aldrich)
(2% LTI ORI L 72 RN A7 kv
| EETFIC K DWILART hv (=540
AT LR oEZA~YZ M) L3 IZHA
Mix Uiz, WP A7 hL (JRERR) 128
A2 1 B OWRIUTFE T IRE) S KT
b5, FEEFORANT bV (BEHR)

REH O FARE N N EDH x5 ERCEEICH b T %, Warren 512 &

DIFBEHBE LW HI1X, WG &A% FIREI AN RBMBR—E L7722 &b, 20X 5 ko

—HEZAE LRV ETIIT (1) FAERINIC X SR EA-

(2) EFEEERED SAERD I

E DM FIRE N ROWEE, £7213 (3) BFIRE/S > ROMFET 2 BB O SO =R oSt b i &
LW EEZRTTRER N, RAZ—RERTIT, OO REEZE D T, FIALREIC X
> T B D IRB R 5 D J7 i & i L 72\

1.2

1.0 H
Y 0.8 <
G 0.6
=
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Qo
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4 3. 3FEHOMILT Z et (TIO-1,4,7) &RALHSBRORE T IT D ARMRIL A <2 |
v (REHR) & BARBRICE > Th bbiizZAX7 L (BER) .

[£753CHk] 1) A. Yamakata, T. Ishibashi, K. Takeshita, H. Onishi, Topics in Catalysis 35 (2005) 211 and

references therein. 2) D. S. Warren, A. J. McQuillan, J. Phys. Chem. B 108 (2004) 19373.
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Introduction. Vibrational spectra of molecules in low frequency region, typically below ~300
cm’l, arise not only from the intramolecular interactions but also from the intermolecular
interactions. Polymers are tempting target for low frequency vibrational spectroscopy because
the spectra directly provide information about intermolecular interaction, which is a key to
understand properties of polymers, and various samples have been measured since 1970’s.! In
our previous studies, THz spectra of poly(3-hydroxybutyrate) (PHB) were measured and the
obtained spectra showed vibrational peaks due to weak hydrogen bonds among helices.23
However, the assignment of the THz vibrational bands is not assured if only based on an
experimental spectroscopic method. We attempt to assign the bands based on comparisons of
Raman, THz absorption spectra and the polarizations of the bands, and

quantum-mechanically calculated spectra. Such a Intermolecular
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methodology will enable the certain assignments of -

the bands, which have been desired in the field of

]

the spectroscopies in the THz region.
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Experiments and Spectral Calculations. Raman
spectrum of the crystalline powder PHB (Aldrich, ﬁ

\

used as received) was collected at room temperature

with a laser power of 16 mW at the sample (514.5

nm) by using a Raman microscope (HR800, Horiba). (

e x
The Raman scattered light was collected by an ‘Qj\ ‘%\
objective lens (50x), passed through an edge-filter (
with a wavenumber-cut-off at ~50 cm!, diffracted a

Figure 1. Schematic presentation of the
by a grating of 1800 lines/mm, and then detected by & P

. . CCT method for the transfer of tensors
a Peltier-cooled CCD. The total exposure time was

of the fragment for intermolecular
500 s.

interaction along the a axis.



Raman and IR absorption spectra in the THz region of the crystalline PHB were
calculated by the density functional theory at the level of B97-14/6-31++G** aided with the
Cartesian coordinate tensor transfer (CCT) method.5> From the X-ray crystal structure of the
lamellar crystalline PHB,6 molecular fragments were created along the polymer chain (basic
fragment), as containing two polymer chains along the a axis (fragment A) and along the »
axis (fragment B). For the vacuum calculation, the only tensors of the basic fragments were
transferred back to the whole structure of PHB by using a CCT program.? In the calculation
under the explicit correction of intermolecular interactions, the tensors of the fragment A and
B were also transferred (Figure 1) and averaged with those of the vacuum calculation.
Results and Discussions. Figure 2 (A) and (B) compare the calculated (top and middle) and
the experimental (bottom) Raman and FIR spectra of crystalline PHB. The calculations were
carried out under vacuum (top) and with the explicit correction for the intermolecular
interactions (middle). The explicit correction improves significantly the agreements between
the experiments and the calculations in terms of the spectral shapes, relative intensities,
relative frequencies, and polarization states in the whole THz spectral range, but the vacuo
calculation cannot reproduce the experimentally-observed perpendicular component at ~82
cm' !, This perpendicular component originates from the intermolecular interactions among
the PHB chains, as its polarization direction is along the a axis of the PHB and assigned to the
out-of-plane C=0+CHj3 vibration. Therefore, we know that the intermolecular interactions on the C=0
and CHj; groups are directional as working along the a axis of the PHB. The present low-frequency Raman
and FIR results are consistent with the previous works on the intermolecular hydrogen bonds of PHB, 1.3
and strongly support their suggestions.
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Figure 2. Comparison of the calculated (top and middle) and experimental (bottom) Raman (A) and FIR
absorption (B) spectra of crystalline PHB. The calculations were carried out under vacuum (top) and with the
explicit correction for the intermolecular interactions (middle). FIR spectrum is taken from ref. 2.
References [1] V. A. Bershtein et.al, Adv. Polym. Sci., 1994, 114, 43-121. [2] H. Hoshina et.al., Phys.
Chem. Chem. Phys., 2011, 13, 9173-9179. [3] H. Hoshina et.al, Appl Phys. Lett., 2010, 100,
101904. [4] F. A. Hamprecht et.al, J. Chem. Phys., 1998, 109, 6264-6271. [5] P. Bouf et.al, J , J.
Comput. Chem., 1997, 18, 646-659. [6] M. Yokouchi et.al, Polymer, 1973, 14, 267-272.
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