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Heterodyne-detected chiral vibrational sum frequency generation
spectroscopy in the transmission geometry

oMasanari Okuno, Taka-aki Ishibashi
Graduate School of Pure and Applied Sciences, Univerisity of Tsukuba, Japan

[ Abstract] We have developed heterodyne-detected chiral vibrational sum frequency
generation (HD-chiral VSFG) spectroscopy in the transmission geometry for the first time.
The transmission geometry has longer coherence length than the reflection geometry by
several tenfold, improving detection limit and enabling short time acquisition for bulk
samples. We have applied the method to neat liquid of limonene and successfully
distinguished enantiomers in the PSP and SPP polarization combinations, which are both
chiral specific. It should be emphasized that the exposure time to obtain a spectrum is only 1
second, while several tens of minutes are required for the same sample in the reflection
geometry. HD-chiral VSFG spectroscopy in the transmission geometry can be used as a
sensitive tool for detecting and distinguishing chirality of bulk samples.
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Development of transient two-dimensional electronic spectroscopy for
visualizing evolution of nuclear wavepacket in reactive excited states

o Hikaru Kuramochi'*?, Satoshi Takeuchi**, Tahei Tahara®>
' JST PRESTO, Japan
? Molecular Spectroscopy Laboratory, RIKEN, Japan
3 RIKEN Center for Advanced Photonics, RIKEN, Japan

[Abstract] Chemical reactions proceed on a complex potential energy surface with a vast
degree of freedom of nuclear motions. For unraveling the underlying molecular mechanisms,
it is essential to clarify how nuclear wavepacket migrates on the reactive potential energy
surfaces and reaches the product state, which has been a central interest in both experimental
and theoretical chemistries. To accomplish this goal, we have been developing transient
two-dimensional electronic spectroscopy (tr-2DES), with the aim to visualize the evolution of
nuclear wavepacket with rich structural information and extreme time resolution. In this
presentation, we report on the development of a prototype tr-2DES setup based on sub-8-fs
pulses. We demonstrate how the present technique can unveil the time evolution of the
heterogeneity and molecular structure in the excited state.
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transform power spectra of the oscillatory component of the two-dimensional electronic spectra.
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Nuclear Wavepacket Motions and Relaxation Processes of Excited-state
Trimer and Tetramer of Tetracyano Pt(11) Complex
oMunetaka Iwamura®, Koichi Nozaki', Hikaru |2<uramochi2, Satoshi Takeuchi? and Tahei
Tahara
! Graduate School of Science and Engineering, University of Toyama, Japan
2 Molecular Spectroscopy Laboratory, RIKEN, Japan

[Abstract] Nuclear wavepacket motions of [Pt(CN)4]* oligomers in aqueous solution were
observed with femtosecond time-resolved absorption spectroscopy. Selective excitations of
oligomers were accomplished by photo-irradiation at 340 nm of aqueous solutions of
0.6-mol/dm? [Pt(CN)4]*. Oscillations corresponding to the vibrational frequencies of 130 cm™
and 70 cm™ were clearly recognized in the temporal change of the transient absorption at 360
nm and 400 nm, respectively. TDDFT calculation indicated that the 130-cm™ and 70-cm™
vibrations are assignable to the excited-state trimer and tetramer, respectively. Based on
these assignments and analysis of the transient absorption data, the lifetime of the excited
singlet state of the trimer was determined as 0.1 ns and that of the tetramer was ~0.4 ns.
Because the emission band located at ~400 nm decays with the time constant of 0.1 ns, this
emission is attributable to the fluorescence from excited singlet trimer. The 450 nm emission
band decaying with lifetime of 0.44 ns is assignable to the fluorescence of the tetramer.
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Non-adiabatic dynamics of hydrated electron studied by
time- and angle-resolved photoemission spectroscopy

oShutaro Karashima?, Toshinori Suzuki*
! Department of Chemistry, Kyoto University, Japan

[Abstract]  We present time- and angle-resolved photoemission spectroscopy on the
excited-state dynamics of hydrated electron. We prepare one of the three quasi-degenerate p
state of hydrated electron using one-photon excitation from the s state with the 700-nm pulses,
and observed photoemission with the 350-nm pulses. The decays of the photoemission
intensity and anisotropy indicate that p—s internal conversion occurs within 60 fs, which is
preceded by non-adiabatic transitions among the p states in 25 fs.
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The Solvation Effect on the Excited State Lifetime
of the Model Molecule of Retinal
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[Abstract] It is reported by El-Sayed and coworkers that the lifetime of PSB3 in electronic
excited state, which is known as the model molecule of retinal, becomes longer in solution
than in vacuo. The computational studies of PSB3 isomerization in solution has, however,
failed to describe solvent effect on the lifetime for 25 years. Recently, we successfully
achieved the theoretical reproduction of this experimental trends by employing the
nonadiabatic molecular dynamics (MD) based on Zhu-Nakamura version trajectory surface
hopping (ZN-TSH) technique and Particle-mesh Ewald summation our Own N-layered
integrated molecular Mechanics and molecular Orbital (PME-ONIOM) method. The detailed
analysis revealed that the dynamics of the solvent plays a critical role to the nonadiabatic
hopping mechanism from electronic excited state to ground state; the free-energy of the
system was calculated from the short-time Fourier transform technique, and the free-energy
should behave as the barrier on the free-energy surface along the classical trajectories.

[FF] El-Sayed & 13 T OMEPEWLIL AT KL C3=—C2

EXLY . BRTTOLFFT—/LOEBEFHEIREN D D / \
TR 2 SO ER A & Hlcrn 1o CO=C4 C1=NH>
tojiyﬁ*&‘*@ﬁb\ﬁﬁﬁéﬁf%é Z CE %gﬂé%ﬁé/\jc: 1. PSB3 DREE

WA L72[1], VT — L O FERBERS | T BERR rOEL
b OWEMTONTE 2, Bt A TIIL T — A 2K E TIEe<, K1
IZ/RT PSB3 DL D RET NG FEHWEMEL LT Ty, HlxiX, MES
FHE BT RLX—0FE ) PSB3 OIEMEGER X FIZ C2=C3 731 Litd Channel-1
& N=C1 772U % Channel-2 D 2 DOEREIZ IV ZV 92 Z L2 HMEL72[2), L
N, L O TONTZ L Db LT, W FRIC L2 FEMOELEFHT 5
:&1A%@ﬁ%@ﬁ5# 1% 25 FERER SN TWAR D -T2, ITEIR 4 1T A2 &
%?Lt%m@ STENIFIC LD B a A — X — O ES A BRI BT
WD TRESD L. FEWERE S & 31O ERE R F 7140 Channel-1. Channel-2 (12
ﬁmbfwézk%%%btmoﬁb@u%@%%mﬁwfﬁ\%%ﬁ%%%mm3
DN OB LT, Fex XX D%, RO H CAHBEREMRO R 7 — U =258 % i
UV O EE) 2 fEAT L=, ZAUZ LV LARTOME TIZH STl - T iEgt o EH)
# FOBREENT T 5 Z L ITHE) LTz, AFRE CTIREERIRIC L0 2 BRIk
BIFAHFEMNEL DO % T, PSB3 OIEMEER BT DB RIC>
mf%ﬁféo



(G5 ] FEWTEL ) 18 )1 O WIS & X Amber 9 7' 12
T T LR =2 L VAT o772 10 ns O L4y -8 77

FR a b—a OREEEZ ., PIHER R Unit Cell
300 K T® Maxwell 237 ZHE 9 BRIz L v ke L7z, (MM/EE)
5 F13EEHE 1213 Generalized Amber Force Field ®B3

(GAFF) & Restrained Electrostatic Potential (RESP)#E faf Q)
W, Bl&FiE PSB3 D A ¥ /) — LIRHRICKE L, :
- R ERER[A]NT 35 < BB S o 7 A P iy

WrE Sy 18 )15 % /AT LT, 43 T3 17 O RE A A0 %
05fs & LLNVE 7o ¥ TARMETIZBNTY I 2 5) pmEONIOM 50, 78
L—yarafrolc, FRAICB W TRORT iy ey T I e
JV K& N1 Particle-mesh Ewald our Own N-layered o
Integrated molecular Orbital and molecular Mechanics FHEEEMCCRET 5, A
(PME-ONIOM)IE[3](K 2) TR L 72, b FRIRIT BEARARMCL DT V60
Molpro 2012 7' &1 7' 7 LS ir— % > Complete 4R A/ 13 Particle-Mesh
Active Space (6e,§o) Self-consistent Ileld (CAS(6e,60) Ewald 105 B 12 22 5
SCF)MIDI4*TAT o 7z, ZrF st EId iy 18 7
FRHR LR U+ %2 v, xR BIZBR LIca FASHRE T 0 7 A% v
TAT 2 1o FEWTEN Y 78 77770 & BRI 70y BLE 208 OF, JEEh & ORI A b4 64 fs
TLICERH T — ) 2T 5 2 L THLAOBH =RV —2E R L, — . %
RrADWE DEFT & A Z ) — )V OWRIR T OB A0 BRSO TR D | i
WEORFMZE L BT LT, HHR T V¥ — L8RS MERO G, AR RLF
— LIS & OB AR A AT L2, & 512, PSB3 D4y AEIE & ik 4 5 Z LTk
D IRIERN R D IEWTEVER O L ORI TEHE TH 2 O 2 et L7,

[FER] K3 1rd@Y BHD RV — IR EBIC L 6eV RRELE LT, ZD
ZENT A TR LT IERBER OIFZI LA TH REREBN R 5Tz, ZHORKE W
oy &R R U T BB A B & DLl b, H = R LF =R & WL TIE
DEFRIET & A X ) =V ORRFRIEAPNEEET 28 m A RS 7,

[B22] B MEAKE BHZ XL F—D NG,
X 3R TR EARRIRIL /A X CTldre SEEBEE OB
MaRTEEXONT, W EWENEET D & &I
HHETRLF =2 EHT MR LN TEY
PSB3 725 .2 & IBEIT B = k)L — [ L OFEEE &
L TR CTE %5, Zod iuE TlIxET oFFam LY
b IR RE] PSB3 (I - Hff i & ffEfF L CL Mo ZOZ ~65550,500.75 100 125 150 1.75 2,00
& Vb IR RE T ORI RE AN D BB TR I R hs 5 - o tme/ps
jg;éféﬁfﬁgfgﬁwﬁPfTE§@§E§E<ﬁé B3 [ L — OIS,
I AT DR T v v VIR DL E N D N e
0 bte LA T IRRE CoREARI L o A R T ORI BRI
SNFTHEEL LR, BEOEINZER T 5 & b b,

[ 3Cik]
[1] S.L.Logunov etal., J. Phys. Chem., 100, 18586 (1996).
[2] T. Mori et al., J. Chem. Phys., 133, 064107 (2010).
[3] O. Kobayashi and S. Nanbu, Chem. Phys., 461, 47 (2015).
[4] H. Nakamura, “Nonadiabatic Transitions: Concepts, Basic Theories and Applications, second ed.,”
(World Scientific, Singapore, 2012).

Energy difference / eV

—— Eoniom-aom 1




3C06

F/ X 21—TKBERBDCis—AFILRUDEFHITLR
BT REE, KRR A
OfeH ks, Jingyuan Liao®, miEF /A, FFH—, A HB—

Long fluorescence lifetime of cis-stilbene in nanocube aqueous solution
oMizuho Kajita', Jingyuan Liao?, Tomohisa Takaya', Shuichi Hiraoka?, Koichi Iwata
! Department of chemistry, Gakushuin University, Japan
2 Graduate School of Arts and Sciences, The University of Tokyo, Japan

[ Abstract] The photoinduced isomerization reaction of stilbene has been studied extensively.
The isomerization of cis-stilbene in its first excited singlet (S;) state proceeds faster than the
isomerization of trans-stilbene: the S; lifetime of cis-stilbene is 1.5 ps or shorter, while that of
trans-stilbene is 30 to 150 ps. Characterization of S; cis-stilbene is therefore a challenging
task. Six gear-shaped amphiphiles self-assemble into a “nanocube” in water. The nanocube
has a hydrophobic inner space, in which some hydrophobic molecules are encapsulated. It
was found that two molecules of cis-stilbene are selectively encapsulated in the nanocube,
which was revealed by *"H NMR spectroscopy, and that the fluorescence decay curve of the
cis-stilbene encapsulated in the nanocube has a fluorescence lifetime longer than the ordinary
lifetime by 10*. This result strongly suggests that the cis-trans isomerization of S; cis-stilbene
is hindered in the limited inner space of the nanocube.

[FF] AF 0> ® trans-cis Yo BMEAL SO T AR ML FZ SO ONE D & L TIA L BF
FRINTWAIL. FARphit —EIR(S)IRAEIZE 7 bl 7z trans- A F /L2 D cis-
(R~ FBMEAVEOS T 30 72 5 150 ps F2E DR E T T+ 5. — 5T, cissAF L
D Sy ARAETIL 1.5 ps LA F DRFESL T trans K ~D Y BMALEOS T T 5. e Bk
SGDREN L > THREIND Cis-sATF VR SURIEDFEMIT 1 ps BBED=D, =D
Btk 2302 2 LIRS TRV, cis- A F AR O BEMELE S Tl AF
i C=C “HAHEH S 180° Al 5. B HIEIZEE LTI O X 5 R & e iEiEZ L
T Ciss AT ARy RO ZE/]) ICBACIAD THENE L7z & Z1Z, cis-
AF NN ED XD Iz 8 2 m T ONTBEEORETH 5.

AL TIX, Cis-ATF AN EZR/BOE S 1) X a—7 ) QO CiAD T,
F )X a—T1%, 6 HONFTHT VIR OKEERT TOH I L - TE
ENns (Fig. 1). 7/ F2—7ORMNITIZ(0.8 nm)® DBEKZEMAIEET S 720, F
J X 2 —7 NIZER
Koy FEHaETE
5. Al ¥
— 7 NICaEIN
72 cis- A F /L5y
- D IF A 43 M7 1
AT RovE
EL, TDORERND
B STz cis- AT

NS Sy IRIRODFS Fig. 1. Chemical structure of gear-shaped amphiphile (left)
Mz ket L7z, and the schematic representation of the nanocube (right).
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Fig. 2. Time-resolved fluorescence spectra of nanocubes (blue), nanocubes with cis-stilbene (yellow)
and cis-stilbene in nanocubes (red, calculated from the blue and yellow spectra).
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Structural Dynamics and Emission Properties on Thermally Assisted
Delayed Fluorescence Molecules
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[Abstract] To achieve efficient organic light emitting diodes, thermally activated delayed
fluorescence (TADF) molecules are actively investigated. Although the structural dynamics in
excited states are believed to be of great importance, experimental observation in real time is
still lacking. We employed time-resolved infrared vibrational (TR-IR) spectroscopy to gain
direct information about structural dynamics upon photoexcitation and applied to prototypical
donor-acceptor TADF molecules. Comparison with quantum chemical calculations allows us
to shed light on the molecular structure in both ground and excited states.
Phenoxazine-triazin-type molecule shows drastic difference in both frontier orbitals due to
huge difference in the dihedral angle between donor and acceptor groups, indicating dynamic
increase of the energy difference between S; and T associated with structural relaxation. We
emphasize the potential importance of structural isomerization in the excited states to
establish the design strategies of TADF materials.

[FF] #BuEMALIEESS: (Thermally Assisted Delayed Fluorescence : TADF) (A H EL
DI 2 TREBERZ A LT 2 AfRetE DVER STV 5 [1], ZEIABRRE (T
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R O3 @38 656 (TR-PL) & AW TEFRIEIREE TO G 2 8, ot
FEDOIAR 72 IR O I ZEL Y FHA T2,
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Fig. 1. (a-c) Results for PXZ-TRZ. (a)
TR-IR spectrum at 100 ps (exc. at 400 nm),
(b) Difference spectrum between Sp and T1.
(c) Molecular structures in Sp and T states
estimated from DFT calculation.
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Fig. 2. Frontier orbitals of PXZ-TRZ at the
optimized structures at (left) singlet ground
state and (right) triplet excited state.
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Photochromic reaction of hydroxychalcone and flavenol monitored by
time-resolved infrared spectr oscopy
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! Graduate School of Pure and Applied Sciences, University of Tsukuba,  School of Science,
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[Abstract] Photochromic reaction of hydroxychalcone and flavenol has been studied by
time-resolved infrared (TR-IR) spectroscopy and quantum chemical calculations. Here, the
photo-induced ring-opening reaction from flav-3-en-2-ol to trans-2-hydroxychalcone is
discussed. A vibrational band due to a C=0 stretching mode of an intermediate species, enol
form of 2-hydroxychalcone, was detected a 1632 cm™ in TR-IR spectra obtained after
photoexcitation of flav-3-en-2-ol. We also found that a vibrational band at 1664 cm™, where a
C=0 stretching mode of trans-2-hydroxychalcone appears, appeared immediately after the
photoexcitation and increased in intensity upon depletion of the enol intermediate. The DFT
calculation showed that the enol intermediate has no vibrational modes at around the 1664
cm®. These findings indicate that trans-2-hydroxychalcone is produced not only via the enol
intermediate but also directly from flav-3-en2-ol without viathe enol intermediate.

[FF] mva U @FsbkeT v by T = I, O EHEE L TCRRICASFIET 5, Zh
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FERAS I TR-IR 4333 8 o Fig.1. Scheme for photo-ring-opening-reaction of flav-3-en-2-ol
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Do T-, ZOFERIZ, 1632ecm™ X R enol FEKRICH T A Z L 2K L5, F
7=, enol %, 1664 cm ™ UTE I ITIRE T — FA2F =T, 2 OHBICIETD®— F2EH>0lT Ct
P ThHZ b hhole, ZOMERIT., ZHOHORBEHEZXFLTWD, Thb6, B O
ek IZIE, enol HRIAR AR H Lfébé Ct DIENZ, BOLEEALD Gt RHDHZ L
R L Wb,
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