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Infrared(IR)-induced predissociation of water is considered to be an important
reaction dynamics of water, but due to the complicated structure of the water cluster,
direct measurement of the IR induced predissociation rate constant is difficult.
Therefore, the water dimer is expected to play an important role as a smallest water
cluster to measure the predissociation rate. However, the vibrational predissociation
mechanism of hydrogen bonding water cluster is less understood at present stage.

In our work infrared-induced vibrational predissociation (VPD) of water dimer
(See Fig. 1) were developed in the adiabatic model and applied to the calculation of
the VPD rate constant from a single vibrational level of high-frequency vibrational
mode. The vibrational modes of the donor and accepter H20 units of water dimer
were grouped to high-frequency degrees of freedom and the intermolecular modes
were grouped to the low frequency-degrees of freedom in the adiabatic description
(Table 1).

The VPD process of water dimer can be classified into two mechanisms: one is
the direct mechanism in which the vibrational energy of the high-frequency mode
excited directly flows into the final fragment state; the second one is called the
sequential mechanism in which the high-frequency vibrational energy is transferred to
the final state via resonant intermediate states. A significant contribution of the
sequential mechanism for VPD from the bonded OH stretch fundamental of the donor
(000)a + (100)q to the fragments final state of one-quantum excitation of the bending
mode of the donor or acceptor was demonstrated (See Fig. 2). Our calculations for the
VPD of water dimmer are compared with the results of the quasi-classical calculations
performed by Bowman’s group [1, 2].

[1] L. C.Ch’ng, A. K. Samanta, G. Czakd, J. M. Bowman, H. Reisler, J. Am. Chem.
Soc. 134, 15430-15435 (2012)
[2] G. Czakd, Y. Wang, and J. M. Bowman, J. Chem. Phys. 135, 151102 (2011)



Fig. 1. The VPD process of water dimer from the bonded OH stretch fundamental of

the donor (000)a + (100)4 to the fragments final state of one-quantum excitation of the
bending mode of the donor or acceptor.

Intermolecular 1 2 3 4 5 6
vibrational modes

Symmetry (Cs) A" A" A' A A A"
Frequency [cm™] 128 141 151 179 351 609
Reduced mass [amu] | 1.0705 | 1.0325 | 1.5803 | 2.2927 | 1.0958 | 1.0417

Table 1. Low frequency vibrational modes of water dimer calculated by using CCSD

U [a.u.]

level of theory with the basis set aug-cc-pVTZ.
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Fig. 2. Adiabatic potential energy curves along the vs intermolecular vibrational mode
for vibrational predissociation of water dimer.
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Liquid water provides a unique environment for chemical reactions occurring in biological
systems and many technological applications, in that water has the distinguishing ability to
transfer and dissipate vibrational energy on exceptionally short timescales. The experiments
have shown that water’s ultrafast vibrational dynamics are intimately connected to its hydrogen
bond dynamics. The ultrafast vibrational dynamics of water is significantly connected to its
hydrogen-bond dynamics and in fact the spectral diffusion of OH stretch mode in pure H20 [1]
is significantly faster than that of DO, presumably because of the
intermolecular/intramolecular couplings [2]. However, the mechanism of the acceleration
remained unclear.

Recently, we developed an ab initio non-equilibrium molecular dynamics (AINEMD)
algorithm (Figure 1a) that allows generating non-equilibrium vibrationally excited states at
targeted vibrational frequencies. Our AINEMD simulation predicts the spectral diffusion
timescale of 140 fs in pure H20O (Figure 1b), which is good agreement with the experimental
data (180 fs) [1]. The results illustrate that intermolecular energy transfer and the delocalization
of the O-H stretch mode are remarkably contributed to the acceleration of the spectral diffusion
in H20.
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Figure 1: (a) Schematic picture of our NEMD method. (b) Time trace of center of mass frequency

of OH stretching mode.
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W5, AnD 100 4L LRI, Hofmeister 134 2 /X7 B OVEFREE kT 2 AN OB % RIS
Lo, WOMBEIZL > TEORPRES ER L L2 R L. BUfETIX Hofmeister 251 &
L CHLINTWDIERMBIROFINE, # v _7EOWRMIET T, %< OB FERRER,
Bl 21, FETEMA OB BRI FOBME R SIS L TH Y LD Z LA BTN D.
L2 L7236, Hofmeister SRFI OB 72 BLJRICBI L Cid, WEEZITARBZR AR L.

AHFFETIX, ERDTORSEVERE TICBT DEORMBFRICER Uiz, BEISEME DT
D1OTHDLHRYN—A Y7 a7 27 YT 2 R)(PNIPAM) OKEIRIEL, 31CHHIT T T g

HEVRIREE (LCST) 277 2 RN THY, LCLY IREMTIEES S TENENR-T=F v &
LA )VIREE, HIREMITIZa o 7 Mo —/VREEIZ/R>TWwWd (K1), PNIPAM (2817

HT R DAL )= T 2 — VBRI, X R D 1SR A SIRE

o BEARCKREBEEEOETLRELTHLERINTE 5 ~31%C

v, FEFICEZOMENTOATND., £ TAEN, —> @
HAFE RS T DIRAEWIZE 5T, PNIPAM O =2 A L —

78 e o — VIR 2 IR RN E D XD 7 A1IAREE JaEa— LR

BT HO0MIER LTHIREZIT T2, E1 PNIPAMDIA )L —4 OE 2— L7

[ 282 F5] PNIPAM AKIFIRIC L —Y — % A L 72 N KB OBE 22t sS85 &, LCST 12k
W CKIEIR D B OBELDEIRE RN KT 5. 20 Z L 2FH LT, PNIPAM KIIFIIRAE WY+

(KU =FL 7Y a— [PEG]), NaCl 3L VNaSCN Z#shnL7- & & LCST #HlE L7-.

[#5 5B L OE2] PNIPAM /KA 3 X OV PNIPAM KR 300 mg/ml D PEG #1272 & & DKk
ELEHREE OHIE DD, PNIPAM /KT TiE 30.9°C, PEG %l 7= PNIPAM /K& CTi% 17.0°C T =
AN—=T B a—VIEBENEL TS Z ERgholz. DXL, PNIPAM OaAf)L—7/ bt a—
JVERRE I RE T D HEIINN R 2 i ~7z. [ 2 ORfhIE NaCl & L < 1% NaSCN DB, it L 20
ATWRWE X LIEZ MR T L EDERBIREZE (ATyp) XK DOL TS, NaCl D%a, BAEW
SFOFEC L ST, HIBENEMNT 520> TEBEEAFLLIICETLTNS (K 2@a).
Z OFERIL, NaCl EiRAE W T OUIZH RN, IZIFML L TWDH Z L2 BT 5. —7, NaSCN



DEE, ERIREHEARAE VS TOEEICE T, TOWEREXLIEZDLZ NS o7 (K
2(b)) .
PEG % %I L TV 720y PNIPAM KV 2 4 2 BRI 1%, Cremer S0k > T L D
NTEY, BEREHMRIILTORTHETE LI ERHALNICESATND.
ATep = c[M] + BradM]e™/(Kp + [M] &™) "
IIT, MIREORETHS. (1)

0 ]
D LIEIL, ESBIRESHRE 5 L ] (@) NaCl 57
THRIZICEAT 28R E2RD LT S 07 (b) NaSCN
L. —J7, 82X, Langmuir B %_10_' fin 5 h
E ] ° ] — withoutPEG
E# LR UBA L THY, PNIPAM < 1 2_10_3 — with PEG
15 ]
T =F N ETHZ LIZX DR 1— withoutPEG ]
1 — with PEG -15 4
@Yﬁ)ﬁ@%ﬂﬁ%?’%bbfb\é. ::VC‘\, _20_|--.-|.---|--.-| -Trrrrrrrrrrrrrrrrrrrrrrrq
BTN 3 i YT A 0 05 1.0 15 01 2 3 4 5
Ko I3 PNIPAM &7 =4~ OfitAEF i NaClconcentration (M) NaSCN concentration (M)

EH, Bmax 137 =4 v O ER LT
N . A 2 {EREICHT HPNIPAMOER BERMEE. O, Al
REZAICA T D% (EOS A EBRT—42. ERIEXQ)DT1vTAUTHER.

BELER) LhoTns. KO)EHAW

T 2D NaSCN OFEERT — 2 %7 4 v T 4 > 7 LIZfER, PEG OFMEIZ L 5T By [ZIEDEE
LD, PEG DIRINC K > T Brax 1L 45 fFICHKRT D Z L300 o7, Ko T, IRAAVERET
T PNIPAM (ZW 3 L7 SCNE, KV REREBEBEED EHZ5sR 3. £z, BAGWSF%
WAL 7= PNIPAM KB D B ERZRE L= & 2 A, KIS THFEERIK B%E T LT
HZ ENbholz.

ARTEOIE, S FHERERE S FRABG L EBI T Ve —F 2 lhabE 5 2 LItk -
T, BRI EOP BAOEEN N, P BRI X 7 EREBEOPEREE ORI L S
KoM= haE—FFIcHD 2 EEZHLMNI L. PNIPAM 2R3 3 A b— 271 B a—/Liig
BORENICEAL T, FHEIE-oZ0E LI ERNGhoTROR, KTFLOMEEZREIZT D
&, OBV BPERRIBFENRITER T 2 k0= b o B —FIFICH 5 ATREEREV. i
FIEEMGR L CRAT D &, Bua DIEOEZ & ZEH, KO, RABWEREIZEW T B 2357 4.5
IR T 2EHTKRO LI ICEZLNDS. PNIPAM O A b —7 1 o —/VEBIZ > CTHERR
BB L ARDOWHET L b B—FIENAE T 5, SCNA PNIPAM (I2%3 L CW A 5E1E, 5
BIZBE LT SCNTRIEOBHERXFE AL DH. ZOHE, FERIEE R D 720 8T SO PR RS %
INELLEIETDHDOT, SCNREFE L TR (=FERFEN L) HA & THRRAEED
BRI/ ESL< 2D, W= FrE—RGEL/NE< 2D, ZolEx s e —EKIE, B
BEZ ERIEDLZLICL->THIET O ZENFARETH D728, WESR LEEBIREZLDOZHLR
BTHD B [ TIEDEE 225, FT2, BRABVERE T, WKOLFELEIMERN 2, SCNTFEL
OFBXFENFIZHRED. 207D, BRI BEREFEOBAIREIIEI NS <D 2 &b,
Wiy b E—HRNEICKRE LR, BBEED ERIEAKEL 2D, Thbb, BAGH
BRETO B [TEICKRELRD EEBZHND.

YHIX, WEOME Cimti RN mbEBDTHERT .
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A solution ESR study of an anion radical from a naphthalene diimide derivative
(Graduate School of Science, Osaka City Univ.) oKazunobu Sato, Tohru Araki, Shuichi
Suzuki, Kazuo Toyota, Daisuke Shiomi, Keiji Okada, and Takeji Takui

[FF] P72 Lo vA 2 Rid, EFBSEREL, BEF R —071 & 0MAEbED
ZENTE DL, EMBEERSCHEGCEROERER L LTEISHWLNS, F
7o, B R —0 1L DOMTEMDBEREAZIES Z L NMBNTEY , n APREES
KEGNFEERFOEARER & LTSRS TS, 89K, MEGIZ, ) 7=
AT FTEVAIRN VAR, AR 3T SN FRE
W CORERBEIREED AL L, KEGEMA~DISHANFRETH D Z & 2R L[], £7-.
Wasieleski 5%, U 7141 A FIL(CF)AEDE AN NDI OFEF2 5L mO, Ak
TV b=l A, KBEREOH LW R —-T 27874 —RE20D D2 LaH
HLTWD[2], 3 FHFDILHIL, 7 X1

LT = EFTH LY UL I FTRET A O P
H 2 & £ W | Covalent Organic HN NH
Framework(COF) & FETN 5 A& &1 J O 5

Lo AR ER (LK) ZBRAR L. K
Frtn BT BRI RE D A T BT L7 [3],
ARIFFETIX. CR s FU A TF LT =)0

F3C
Me Q, OMe
BEHANLT 72 L o4 X Rl y O Y e
1 # BT LTHONIRERT =4 T Ci O i >
PN 1TIZER L, BAIREE - A Me O O Mé

7 ; Y ~o CFj
fjﬁ;iiii;f FHIRESR 277 FTHELVA I RiFEK L
[EBR] 7V FREX T, W7 TFe= R ) v HWTHES T 1 2T 0 AT )L
a2V hEUCTEILTHZEICLY 1 2%AESE, ESREEHEIZEI A L7z, ESR I
TENL, TVl —3 4 4 2 48 Elexsys ES00 43 6am(X 732 R) T, @& E cw ESR
RS (BR4122) W TiTo7-, KR EZEEE =2 he—F % H\\T 200~360 K
OIRFERER CIRE AIZ ESR A7 MV EBLAIL 72,

[FEREEZ] M1I2200K TEHMILZ 1 D ESR A7 MMLART, 7210y
A I NEEEDICRT D 4 HOEMR 7 » R L 2 RE 2BHMMESSHE, &6
IZHIN S DR LT AR A RF — 2 %R LT, ESR AT LDV I a2 b—v g v
HATHZ &RV, HTFRIZET 27 v F#EEZ6 @), EFZQ ), KUUKFEZQR #)
D FEWAIRE & B A RE L, BEILBEEEEZ AW o LB E OSSR & i L7,

>z YA4 I (NDI)



FEBRAE & S LS %
A3 EMEIT L < —
Hyorzemnb, RY
AFNT =V
TR LA REmE
Hhx<ALR, 1 M o —
DAY EHEETT

THL VA NERK
Ry DIIZIERFEL L

(a) viw =9.43978 GHz

TWA I ENbhoT, 334 335 336 337 338 339
7. CF: D7 v Magnetic Field/mT

BZ DN EAMIC B S 7
WZ D, =IRLLT
DOIEIETIX 2 DD CF3
FNHHBIZEELS LTV
PNZ EERLTWND,
BEZ EiFTung &
1 ® ESR A7 )V
(CRMIBAS A U, L
PR X7 P 334 335 336 337 338 339
Nh
oERRmeaEE psicddal
6 [0~ o F 1 ok X1 200 K(a) 360 K(b) TR S 1~ D

ESR A7 k)b

T BH AN FJLNF —

ER LT, ZAUE, miEEEICB W T 2 o0 CR EomERERIC LY . 7 v EZED
REWORE G EHDN ML SN DR E L TAELTELDTH D, 1770 CFEEQ )P
[BlR% 7 v REAE OO ERGDOEE LTEETHI LI2L D, ESR A7
VORI A SN DB B OB AR "B EEZLR LTz, A M cH#
R k25, KRERT v BEOBMAMREAEH Fa & FRREDOHEIC, fasBITHy
W72 B LN AE U, EBICBIl SN D A7 MAB{bE X< EHT 5, FRIEATEE A
J MDY Ialb—rarly, KIEECTOREME K ZE Lz, F#E TIL, ESR
AT MVOREERFHEL VLD AL R & CF o nRfEEE 2B 55
ZhEH, 1 OEFREBIZOWTHET 5,

(b) wiw =9.43403GHz

(3CHR)
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Application of particle-mesh Ewald summation to ONIOM theory
(Sophia University) oOsamu KOBAYASHI, Sebastian O. DANIELACHE, Shinkoh NANBU

[F] EHLFEEQM) &S+ hSHEMM) ZHRAET 281755 THS ONIOM (Our own
N-layered Integrated molecular Orbitals and molecular Mechanics) {EGERES[IIC K VIR STV
Do —H. HFEHAFMD)Y T 2 L— g VMEFEROBRRME ARE T 5 5ikE L TIERE
LD TV D, FFIZ on-the-fly MD(EIEE) )5) v I 2 L—2 a U TIEART U Uy LR LF—L )
IHEERLNCBIT D ab initio FHHEIZE Y 52 54, ONIOM {EZ vz MD ¥R alb—Y a3 v
(ONIOM-MD)HAThN T\ 5, IR TO MD ¥ 2 o L—3 a3 VT EREOREES 42 B BT 5
WERHY . il MD ETIE, ARREZZOL Y I CTHTeZ LI XD HIRREZFH T 5 HIET
& 5 IR RSLHEPBO)A AW LD, PBC IZBW TR EROFHEHEA/EHOT Y $ H3 [
272 20, ZOENTZHIED 1 DIC Ewald FIER T b, Fio, 2hvakmshd 5 HikL L
C Darden 52 & ¥ particle-mesh Ewald FI(PMEWE[2]B3 2R LTV 5,

Fk % 1Z PME %% ONIOM %2l L(PME-ONIOM), 2 #IBE R SE2 817 5 ONIOM-MD
(ZJ# ] L 72(PME-ONIOM-MD), H#(ICH BN R O IEWBGER IZ 5 2 2 BT DWW TR D729,
tZt-penta-3,5-dieniminium % FA 2 D A & ) — VSR I 1T D FEWTEL R
MD ¥ ab—3v a3 %&{T-572, tZtpenta-3,5-dieniminium (PSB3)i% ﬂ@
Retinal protonated Schiff base(RPSB)DE 7 /L4531 Tdh V) | i Tl # 5 c4 c1—NH2
2R P ARIEWTBGERS 0SB 2 & 0D PSB3 OIRIRHPICE T D9 1 HWrEVER
WrBGER ORFEITIIFEREDR H 5 & TRISN TR Y | WKOmYHNT c3 c1
MWEBIIRDEZZOND, AKX —VERFIZBWTHEEHa & il \/\/\(ﬁHz
FRREDF T Z N AL 4 ps[3]& 10 ps[4] TH D, 1. PSB3 O SEMEALAR K

[(#Fa] EXAICHELRESEROELV2E XD, 1 ZLOITEE 3 O
DIBIZET DX 2), 4 & BITRIFE2FE L, SR DOEAN & JEIEE
ENEN g & gp. ra & 13 &<, PBC TIEREERO T X /LF—IT

RN

A Bzd 4B N0 4 B TasN
EEOBND, ZIZ T, NiZBELDKEAXT MV THY . rp. THL
+ A€R & Bel DR, 77205 rypn=lrpr N TH D, & 1 BITAR 2. PME-ONIOM JEIZF5 1
DY TABE—FEFANEDTRLF—DHELETHY, 4 & BIERIC PHROIHOTH
JE 3 (4,BER), Z DHEENEKD ONIOM EDOERNTEZHZ 5, —J7, & 2 THIL Image 05D FF
5THY . ZOESE Ewald FIIEIC KV RO B LIEN D, N=0 ODHAZFRS 2 LI XV K
D5, FEWENY B )RR IZ I AR - R Trajectory surface hopping(ZN-TSH)E[S]1% HVY, &4
TOIWEERBHEOFHE & MD OFE{TD7=HIZ ONIOM-PME {£% ZN-TSH IEIZ# AT 5,

image (1)

real (R)

®



[FF5J71:] PME-ONIOM {EIZB VT QM R E MM MR EZ AT 720D A v F—T = —A L
L C Gaussian 09 7' 177 LN r— % FEH L2, EEEO QM §HHEIZ 2V TiZ MOLPRO 2012.1
BEFEET R T ARy =V R Lc, QM FHEIRIRAE L 7T PEZE [ (6e,60) F .16
RS Y (SA-CASSCF)E & VY, JE RIS MIDI4* % (/] L 7=, MM J8 D513 general AMBER
force field( GAFF)Z V>, HIfREERT o v VRESPYEIC L W o= EmAHH Lz, 9+
OERIEL AMBER 9 7’1 7 LNy r— U bl T& 5 ANTECHAMBER ZffiH L7z, FEWT
B\ PME-ONIOM-MD ' 2 = L —3 3 I NVE 7 o 7SR T Tiro 72,

ZN-TSH JEIZ £ 5 MD HEIZE T 2 WIHIEIE LT AMBER 7' 75 L8y ir— U % IV TIT
ST MD ¥R 2 b—3 g U ORMEEGE A Lz, #IHLES) R 300 K 0 Maxwell 5374 1Z0¢ 5 &L
BIZEVRE LTz, SR TORT ¥ ¥ /b= x/bF — & Jidaid L7z PME-ONIOM JEIC XD |
FEWT B & EHR OFHAIL ONIOM JEIZ K 0 ZNEHR D T2, BXZFEAT D RFIE]FE R IXIRFHI %] - % 0.5 fs
& T D Verlet (B2 L0 BMALRKEID D010 ps BNiRET 5 £ TITo 72,

[ & B52] 2 SORA D IMEBORBNER SN, 1 g 50
D% C1-C2=C3-C4 DEfRA 5 b D(channel 1) TH Y | M 51X g 40 Channel2
H-N=C1-C2 D[Elf(channel 2)i7 £ % b DT fz, SUKEICE > 5 30
TND EBLEOR L | channel 1 KT channel 2 48 iH LIEWIH 5 5,
BB L7 i EGE OB A 3 1SR LT, S RIS TSl 8 0
EE OB — BRI g .

((t—tlz)J 0 2 4 6 8 10

y=N, exp[—(tt_—tl’l)j+N2exp - time / ps

o 3. % channel % i@is L CIHEHT
IZH/ N T IRIEICH T, PSB3 OIEIETICH T 5 S kgD FHam  AEBLILBEL, 5 126
EHE LT, T2 TN & N, it channel 1,2 O HBLEOK T 0 HMEORORIEL
0. 10 ps #Rid L7= % o BELIE 2 2EICE 2 . Ni=16, N=32 & L7z, F£72. #1 & 151345 channel
DFFHIER], 6y & b ITRFEBER L TEY . Fex l3FME 1+, KO+, TRV EDTZ, £
D#ESF channel 1 & channel 2 DFFIIZILZE413.902ps & 75.93 s Th o7z, Z OFERIT El-Sayed
HIZ X HE Stz C=C [lfiz D 3.5 ps[4] & L < —F L., 72, HWIFDFmIXFE U< El-Sayed
SICEDRPESNIZHOEEER 90 fs & X<~ L, DO HIZ PME EORD DY IC
minimum-image %% W TEHE L7255, C=C REDFHn X 0.3685 ps TH ¥ | C=N RO FFniT
54.02 fs T o7z, Z OfERIE Ewald FNEDIEWBGER OFHRICHETH H Z L 2R LT\ D,

(2% 3CHK]
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Theoretical study of photoisomerization reaction between 1,3-cyclohexadiene and
1,3,5-cis-hexatriene in liquid phase
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[Introduction]

Photoisomerization between 1,3-cyclohexadiene (CHD) and 1,3,5-cis-hexatriene (HT) has attracted
great interest as the representative model-system of photochromic molecules like diarylethenes. It is
well known that the reaction mechanism is governed by the nonadiabatic transition between the
electronic ground state (Sy) and the excited states. The product-branch occurs at conical intersection
(Coln), and the branching ratio is about 50:50. Simple photoisomerization has been experimentally
investigated both in gas phase [1,2] and in liquid phase [3,4]. Quantum chemical dynamics have been
carried out with two-dimensional reaction model in Jacobi coordinates by Tamura et al [S]. However,
the used two-dimensional model is still open to question about whether or not this simple model is
reasonable to describe the photochromic process. Additionally quantum chemical dynamics in liquid

phase have not been investigated.

[Methods]

The photoisomerization reaction in liquid phase was
composed of quantum mechanics (QM) and molecular
mechanics (MM) models; the CHD molecule was treated
as a centered QM part in a whole system and also solvent
molecules as a surrounding MM part. Hexane and ethanol

were employed as solvent. The ab initio method for the

QM part was at complete active space 2nd perturbation
(CASPT2) levels with cc-pVDZ basis set. Trajectory
Surface Hopping (TSH) method [6] with Zhu-Nakamura

formula [7] was employed to treat the nonadiabatic transition. Semiclassical dynamics of the

Fig.1 CHD in hexane solvent

photoisomerization was carried out based on the full-dimensional model which consists of 42 degrees

of freedom.

[Result]

Photoexcitation in liquid phase was explored for the cases of Si/S, excitations. Fig.2 shows the
typical trajectory decaying from S, in hexane. The solid line means the state that molecule is staying in
at the moment and the dotted line are nearby states. The blue, red and green lines represent that the

potential energies of S, S; and S, states. The black circle describe when nonadiabatic transition



happens. In the case of hexane

—
[§%)

solution, the decay times from S} and

—
<

S, state were respectively found to be
111 and 93 fs. The nonadiabatic

transition from excited states took a

[#ls]

(=)}

~

longer lifetime than our result in gas

phase and weaker energy-fluctuation

[§%)

Potential energy(QM part) (eV)

than gas phase was observed. On the

other hand, nonadiabatic coupling 0 20 40 e 80 100 120
. Time(fs)

vectors when the trajectory passed
through each Coln were revealed as Fig.2 The result of the typical trajectory in hexane

same vectors in gas phase: the

C2-C3-C4 bending motion at S,-S; Coln and the Kekulé type vibrational mode at S}-Sy Coln.

The solvent effect on the nonadiabatic dynamics was found by comparing results in hexane solvent
with in ethanol solvent. S, became a more adjacent state to S; in ethanol solvent than in hexane solvent,

and then the feature of excited state lifetime that is different from hexane solvent was observed.
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