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Fig. 1. Schematic diagram of the photo-isomerization pro-
cess for 1122C.
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Fig. 2. Diagram of pump-probe and pump-dump-probe experiments.

S-S VT - PR B S OGS RS, ) — K
S Y FEAT 8 1 Harpia-TB ¥ S -5 )5,
Y h 32 005 o (1030 nm, 170 fs, 1 pJ). 4,
3 RO Gk P R AR AERE S L, [ SR ) AN s (R
WA, BRI IE SRR 5 S, ANDOR G
(Kymera 193 i) €5 R OG5 52 e ML /R i
JEAE RSO EE AR AL S b B CAR RS T
IR HR e F A 54.7°, 32305 oG B AR 5 3R
SEAT. A SR - R A2 U - £ S 5
e YR HA RO A 1 mm B SR FAEE L,
EEGOET P AR A BRSO 28 58 4 M Ry i
)24 170 ps.

3 EBRERE M

3.1 1122C HFEREER R P RIRE-RKN
B 7S IR A St i

& 3 S 1122C 43T 78 F EE U P i R s il
S, AT 1122C S F DGR 247 T 523 nm
(19120 ecm ) Bff3fc, FF7E 490 nm (20420 cm ) Fl
460 nm (21740 cmt) &b A WIS B A 4k 3h 45 1) 45
PERYE W, 2RIk A T—1% 1300 e AFFIE
PR3h, IAE S 20 F WO Y C—N 4 A 45 3R 2 A
KA BRI Z Ah, 1122C 43 F7E 320 nm B L7776
— AN AT, X R T R R SR, T
P b AR 1122C 43 F B S 2l sh 112, 18
Ik 2 W WSO 1 v AR A 52 R I R SR E (ground

state bleaching, GSB) {55, A SCHEREMI IR M
K4 450 nm.

1.0
" —— 1122C in MeOH
3
£ 08¢
5
=06
~
)
o
5 04¢p
2
=
2
2 0.2}
<
0 1 1
300 400 500 600
Wavelength/nm

3 1122C J 1 B B9 R 2 O 35 1 (9 Sk
FoR PR A SR AR MK 450 nm)

Fig. 3. Steady-state absorption spectrum of 1122C in meth-
anol (the blue arrow indicates the 450 nm is selected as the
excitation wavelength for the following transient experi-

ment).
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Fig. 4. (a) Two-dimensional Pump-Probe transient absorption spectrum of 1122C in methanol (pump = 450 nm); (b) time-resolved

transient absorption in the different delay times; (c) representative transient absorption kinetic trace for various probe wavelengths;

(d) the kinetic curve and fitted results at 550 nm.
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Fig. 6. Pump-dump-probe transient absorption of 1122C in methanol: (a) Two-dimensional spectrum (pump: 450 nm, dump:

1030 nm, and dump at 1 ps delay time); (b), (c) transient absorption spectra at the 2 ps and 78 ps delay times in the presence
(PDP) and absence (PP) of a dump pulse; (d), (e) selected DP, PP and PDP kinetic traces at 525 nm and 550 nm; (f) schematic
wavepacket motion of 1122C in the pump-dump-probe experiment.
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Abstract

Photoisomerization is a prototypical photophysical and photochemical reaction, and the reaction quantum

yield depends on its excited-state dynamic. Changing the evolution path of molecular excited states to achieve
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precise control over photochemical reactions has long been a dream pursued by physicists and chemists. To
investigate the effect of femtosecond laser pulse on the ultrafast reaction, the ultrafast photoisomerization of
1, 1-diethyl-2, 2'-cyanine iodide (1122C) in methanol is studied using pump-dump-probe spectroscopy. A third
femtosecond pulse (Dump) at 1030 nm, which is delayed by 1 ps relative to the initial pump pulse, is introduced
into the traditional pump-probe experiment. The recovery of ground state bleaching (GSB) and decrease of the
cis product are observed in the pump-dump-probe experiment. It indicates that the dump pulse successfully
promotes the initial transform: skipping the trans-cis isomerization pathway in the excited state and returning
to the ground state directly through stimulated emission. It is found that the cis yield is reduced by
approximately 12.1% under irradiation of the dump pulse. Our research shows that the quantum yields of a
typic ultrafast photoisomerization reaction is successfully regulated by wusing femtosecond laser pulse,
demonstrating the potential of femtosecond multi-pulse spectroscopy in modifying excited-state evolution
pathways and optimizing photochemical reaction yields. This study provides theoretical and technical support
for precisely controlling complex photochemical reactions in the future.
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