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Why are both the frequencies and the absorption intensities of the lowest bending vibration of
polyyne inversely proportional to the square of the number of triple bonds?

(Keio Univ.l, Tokyo Tech.2) OMasafumi Tsuyukil, Hideto Kanamori2, Satoshi Yabushita?
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The moleculer structure and the large amplitude motion for the tert-butyl group
of methyl trimethylacetate
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Table 1 &/ NTA—F—
Bond length/A GED QC
C1-02 1341 (5) 1.355
02-C3 1427 (6 ) 1.436
C1-07 1201 (4) 1214
C1-C8 1.523 1.522
C8-C9 1535 (2 ) 1537

Bond angles/’

C1-02-C3 113.8 (10) 1143
02-C1-07 1240 (5) 1229
02-C1-C8 112.8 (13) 1112
C1-C8-C9 1109 ( 7 ) 108.9
C1-C8-C12 107.2 (13) 109.3
Errors in parentheses are 3 times
standard deviation of the fit.
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Observation of forbidden transitions according to the deperturbation
for the interaction between the singlet and triplet states of C»
(Okayama Univ.) Wang Chen, Jian Tang, Kentarou Kawaguchi
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Ionization of aligned Oz by intense laser pulse
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Sub 20 fs photoelectron imaging of excited state dynamics of CS,
(Kyoto Univ.) OSpesyvtsev Roman, Horio Takuya, Takufumi Kobayashi and Suzuki Toshinori

[ Introduction]

Ultrafast photodynamics of carbon disulfide (CS,) has been used as a benchmark system for study of
photodissociation of triatomic molecules. CS, has a strong single photo-absorption band in the UV
region from 210 to 190 nm. Upon absorption of a single UV photon, CS, is promoted to the S;(B,)
electronically excited state, populating both symmetric stretching (v, = 392 cm™) and bending (v, =
426 cm™) vibrational modes of the molecule [1]. The S; electronic state has bent equilibrium geometry
with the barrier to the linearity estimated to be 3400 cm™ above the S; origin (46248.7 cm™). After
photoexcitation the molecule dissociates into a CS radical in its electronic ground state and a sulfur
atom in singlet or triplet states:

CS, + hv — CS(X) + S('D, °P).
The lifetime of the initially excited 'B, electronic state depends on the excitation energy and varies
between 620 fs and 180 fs [2]. Previous time-resolved measurements, however, employed UV probe
pulses which have insufficient energy to ionize CS, away from the Frank-Condon region [3,4].
A | YeKE; D, In this work, we present time-resolved photoelectron
imaging (TRPEI) of gas phase CS, with sub-20 fs VUV
probe pulses. TRPEI technique has been shown to be a

A%N,)
eKE,

x3(,) D

powerful tool for studying excited state dynamics of small

Sw

molecules [5]. TRPEI is sensitive to both nuclear and
electronic changes in molecules. Recently we develop

vacuum ultraviolet (VUV) laser source [6,7] which
extended our TRPEI to high energy probe photons. VUV

4w

probe pulses are able to ionize 'B, state of CS, away from
the initial excitation point, significantly extending our

o
X(Zy) So electron Kinetic energy (eKE) observation window.

Fig. 1. CS, energy level diagram. The molecules
are photoexcited using 4w pump pulse. Excited

state dynamics are probed by ionizing the
molecules with a delayed S laser pulse. Details of the experimental setup are described in

references [6,7]. Briefly, carbon disulfide is seeded in
helium and introduced into the vacuum under a stagnation pressure of 0.5 MPa through a 250 pm
nozzle pulsed at 1 kHz. Fundamental (w) of the 1 kHz multipath amplifier is used for generation of
pump and probe laser pulses. CS, molecules are promoted to the S;(*B,) electronically excited state

[Experiments]



using 4w (198 nm) laser pulse. The excited state dynamics is probed by ionizing the molecule with 5w
(159 nm) laser pulse. The cross-correlation between the pump and the probe laser pulses is 17 fs.
Figure 1 shows CS; energy level diagram and pump-probe scheme used in this experiment. The eKE
and angular distributions are measured using a velocity map imaging spectrometer. Photoelectron
spectra were collected with the pump-probe delay step of 13 fs. Pump only and probe only background
signals are subtracted from each image.

[ Results&Discussion]

VUV (5w) probe photon has sufficient energy in order to ionize CS2 molecule to first two cation states,
Dy and D, (see Figure 1). lonization to D, cation state produces photoelectrons with a maximum eKE
of 4 eV, while ionization to D; produces maximum eKE of 1.3 eV. The total photoelectron signal
decays with a single exponential lifetime of 400 fs lifetime in a good agreement with previous
time-resolved experiments [2,3,4]. In contrast, the time-energy map (Figure 2) shows a clear
wavepacket motion on the 'B, state of CS,. Initially excited CS, has a linear geometry in the
Frank-Condon region, producing high energy photoelectrons (eKE = 4 eV) upon ionization. After
about 40 fs, the wavepacket approaches an outer turning point when CS, is bent and stretched,
producing photoelectrons with eKE = 1.5 eV. The energy difference between two turning points is
determined as 2.5 eV which is larger than previously thought [3].

0.5

eKE (eV)

0 200 400 600 800 1000
Delay time (fs)

Fig. 2. Time-resolved photoelectron spectra of CS, obtained with a 4w pump and 5w
probe laser pulses. The spectra were taken with a pump-probe delay step of 13 fs. The

photoelectron energy is binned in 0.1 eV slices.

The power spectrum of the time-resolved map provides us with two main frequencies of 391 cm™ and
426 cm™, which can be unambiguously assigned to the symmetric stretching and bending vibrations of
CS,. In addition, a modulation of the photoelectron signal with a 500 fs is observed. This modulation
corresponds to the beating frequency 34 cm™ between the symmetric stretching and bending
vibrations.

References

[1] R. J. Hemley et al., J. Chem. Phys. 79, 5219 (1983), [2] P. Farmanara, V. Stert and W. Radloff, J. Chem. Phys. 111 (12),
5338-5343 (1999). [3] T. Fuji, Y.-I. Suzuki, T. Horio, and T. Suzuki, Chem. Asian J. 6, 3028-3034 (2011), [4] P. Hockett,
C. Bisgaard, O. Clarkin and A. Stolow, Nature Physics 7 (8), 612-615 (2011), [5] T. Suzuki, Molecules 19, 2410-2433 (2014),
[6] T. Horio, R. Spesyvtsev, and T. Suzuki, Optics Express 21, 22423-22428 (2013), [7] T. Horio et al., submitted (2014).



4P008
P-VTF/ TR UVBAFILDSOZU-KI A E—DE W BHERBOBARNDI
— D FRERBBRIGICHE SN AIEBERR OREFHER—
(RIKXERM, BAXFRE? JLEXES ONRLLDE'L NEHDOH?
BHFREL SHRE?2 BIIEHES BEHFER?

Real-time observation of solvent reorientation associated with the intramolecular charge transfer
reaction of (p-cyanophenyl)pentamethyldisilane-H,O by picosecond time-resolved spectroscopy
(Chemical Resources Laboratory, Tokyo Institute of Technology?*, School of Science, Japan Women’s
University?, School of Science, Kitasato University?)  OSaori Matsuyama?, Ayumi Naito?,
Mitsuhiko Miyazaki', Takashi Imajo?, Haruki Ishikawa®, Masaaki Fujii*

[FF] ALBEOG TR, JEhite S =2+ OB DZEALITEE O B ORIy OFLIA
WET D, ZOEBBRERAIIUEFROSOYHIRRE TH Y | ZORIImD TEETH D,
JihitL 5y N BB GIX. 0 FINEOBR AN K E BT 5720, WEHEE R 25T 5
BWAFRTHD, Lo, WRP T 51OV ITIERONICERER S L2 WY1 6 25
FAE L TR Y | ko B OBy 17200 2 BRI B 5 = L ixREECch 5, £ 2T, Fix
DIFRETIZY = v NREISNT o017 T A X —% R\ By 13065 O /KRR RE 2 AN KA %
WZHIH LT, IS o PR A 8L & 4

T LV TCHEBEBNT 52 L 2lAT N

~
W5, LR (p-v 7 /) 7 = =) C S"
VHEAFIT LT (CPDS) i, KA T

BB LV Vv T =N HDosis B .
MHYT )7 =)V EEOnilE A~ & B
WBEL T AT — NV TEMNBE
(CTYIREENAET D Z ENHMBNTWD[L], FORBRIEEMBEINISZIET 57202, 7 /7
TV E DU T S NVEOB OSSN 90 ERUhd &) KRE el EZ(bE Y 2 & blh
WHITWD, F72, CPDS-(H0): TiE, A live T Ko T OFELA(LE—>CTL) AN X |
ZDHKGTFDORE2BENCTI->CTNIE Z 5 2 BEPE CRUGA e & ) FOERE 3fig A~ b L
NHRHENTND, LL, RYOBRBIIE appRr—ATRI 57D, T/ rxr—3
— T OENIRETH Y | £ DORISIHE P

JEE 2 RIS IR 72 3T 5 T 72 5 T ; > ion
RN, 2T, AW Y a SR R AR A ' =
St % VT, CPDS-(H20)1 DA FRL 1) 0D 2 IRE

A B & LT, - o o 1o
[32BR] X 2 12 & = ROIRERE] 53 FRAR AN 53 S D b CT
BAF— L RT, BEES =y b AR o

L 7= CPDS-(H20)1 % 2 > D " A RSN (Vexcn
Vie)lZ LD, SiERBELTA AL, £DA

CT state

[X] 1 CPDS D4y - WNEAM B BN G231 5 21

2 v IR S FRIRSM TS D A e — L



FUBEEE=L —T D, vien B RIFTT DRI, vexe & B L TH> BIEBIERFE] At 212 IRH e (vir) & IR
%#L WERBIT 5, RANOWKEE 7 T A X —OREMEN NG T 2 L 7 T A% — ) EE))

WCEVEEL, E=2— L TCWoOA FURENBDT 5, Lo T Sk OmERI AT K
WA FBEORA(ip) & LTEHIT S Z

EPCED H-bounded OH free OH
[AE5R & 522] [ 3 (Zvexe & CPDS-(H20)1 & <« > <>
origin /3> RIZ[EE L CHH= R /3 iR R ok A L v LE
XY MVERT, HEOT- 9, Ishikawa 5 73 :T\IWFSO

TR — 2 N THIE Lizat=0 128 At=-45ps n “g CTly

FHRAANT I 208 1B LT Tovoe [t
FESTRTAt=-45ps D A7 b JLIE SolRREIZHS

T BRI ART ML THY, 2 KONV R
(3617 cmt, 3730 cm) xS/ DAY Fv
E D= ENZEINKFERS OH ififiEIR
B, A OH fERE) L JRIE TE D, vexc I
Ftea=5ps TIEZN OO/ FOFREEITK
DU, BT 7280 F(3612 emt, 3728 cm) AR
HbhTnsd, ZNHIEENE iz & N
DA U7z LE RBEICIS T Bk FEHED OH (i Ar=1655ps ! .
B, BH OH kBN L IRB T 5, Zi - '
DN R EEMIGOEITE & HITTHIK

755ps | :

Ion current / arb. units
|
S N
I I | [

1255 ps : !

3450 3550 3650 . 3750
L. At=255ps DAY kI TEHEs ~ wavenumber / cm™!
PLe7m= R LA FESI9 oM™y ) 5 CPDS-HL0 0 & = OB 2 < 7

3720 em)PRDAL, ISRHEE & & HIARY () gL — =2 o Tat= 0 1CB L TH
CHEDEFAT Do ZO2ODRLFEBER e oo 240 MLl b AbETRLE, )
ZH CTL IRREIC I B KkFEEE OH fififfEiE

By H i OH IHEIEE L RB CTX %, 25D A7 MG FOGIE SooLE—CTL & EfT L.
LE-CT1 #7272 R A7 EI3AFAE L7\ 2 & 3 e d BTz,

S H{Z, 3612cm?, 3539 cmt IR DR A [HE L, LE IR, CT1IRRBOKFERE S OH fifiE
BB N RIZIST 2 ARANRIGREE OREFIFE RN D . Z OIS OREEEILHK 400 ps ThH 5 & PRE S
Fuiz, Ishikawa & 137/ 5 L—H—%& F 7= B 5 ﬁ#i‘f’ﬂ PN HEEER A 0.6 ns & KD 7=H32].
A RIOFE R L0 IERE 2R B ERR OPREITHKRT Uz, i CTldvexe (127 = = VRIS T 5V T =L
EORCREN () Z ik L7256 ORISR EE2E0., 0 FNEMBEISUSIZE 5 KoF O RER
AH=ZARZONWTiEmT D TETH D,

E=BC
[1]H. Ishikawa, et al., J. Phys. Chem. A 109, 8959(2005).
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[3] H. Yoshida et. al., J. Electron Spectrosc. Relat. Phenom. 144-147 (2005)
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