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Fig. 1. Schematic diagram of FSRS experimental setup. BS1 and BS2 are beam splitters; L1, L2, L3 and L4 are convex lenses; ND is

neutral density filters; DL1 is manual translation stage; DL2 is delay line.
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Fig. 2. (a) The molecular structure of HPTS in one simple H-bonding geometry with acetate ion; (b) the steady-state absorption

(solid line) and fluorescence emission spectra (dash dot line) of HPTS in aqueous solution (pH = 4.5, black; pH = 12, green) and

acetate solution (blue).
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T8 T T R 25 v A k- P e 4 i B A X 09
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1) HPTS 43T H () 28 B0 14 Rlie-fie {40 LA B Rlie-
T N AR R S AR S (iR SR WK 5(e) ETR).
£ 400 nm F KR EHIMER T, BE S HPTS(NaAC)
KT EENEESH 25, 5 HPTS
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—0.02 R
—0.03 L 1 L 1 1 . 1

3

ST / ps

(a) HPTS(NaAC) K i 9 150 fs 1) 500 ps B 18] il P B R 25 WSO HCd ; (b) WA MBI 7R 520 nm A S0 1%

Fig. 3. (a) The transient absorption spectra of HPTS (NaAC) from 150 fs to 500 ps after 400 nm excitation; (b) the dynamics of

stimulated emission band of HPTS (NaAC) at 520 nm.
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| I | ) T VNN ]
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@ﬁ AN/ N N\ 2 ps rgg VAN - NN 3 s
% : I | ! : 1 ps % —/\-"-"——'-‘h‘ ! \———‘/\/\——~1ps
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i e ! 200 fs ——"\——1200 fs

|

.«.}w&_,—J,\_/lu—J\-/:\-./,‘; 100 fs EAN ~———1100 fs
! AN 0 fs
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C

%1610 cm )
! | A e N~
| 1l B 1 1 1

T I
600 800 1600 400 600 800 1600

P fifs/cm—1 P2 /cm—1

4

(=
(=)

4 (a) HPTS (NaAC) fil (b) HPTS(pH = 12) PHFE & fI7E 400— 1700 cm ' 451K 35 [l P A9 FSRS i
Fig. 4. Time-resolved excited-state FSRS spectra between ca. 400-1700 cm ! of (a) HPTS (NaAC) and (b) HPTS (pH = 12) in wa-

ter following 400 nm photoexcitation.
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(a)
0.8 -
—O— HPTS (NaAC) 1615 cm 1
0-417 HPTS (NaAC) 1615 cm-! HPTS (NaAC) B
i A . —0O— HPTS (pH =12) 1615 cm~!
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:E-‘ = —— —_—
£ /
B ~ (e) L
N O HPTS(pH =12) 1615 cm~! e -} @
. HPTS (pH = 12) 2k a4
= | | | | | | ‘«;*":_ ‘
v A\ v ‘? - = It — Q’
v (©) = 0# @
5 i == # b = .
t =469 fs, A; = 96.9% e, 4 S d .
to=3.18 ps, Ay = 3.1% . a ol -
e | 7
V  HPTS (NaAC) 920 cm—? o/
HPTS (NaAC) fLl4ihis c
0 1 1 1 1 1 1 1 1 1 1615 cm

0 1 2 3 4 5 6 7 8 9 10
TSR] /ps

# 5 (a) HPTS(NaAC) Fl (b) HPTS(pH = 12) 7£ 1615 cm ! # FSRS 3 /12461 ; (c) HPTS(NaAC) 7E 920 ecm ! #J FSRS 3l J7 2%
J6i%; (d) HPTS(NaAC) Al HPTS(pH=12) 7F 1615 cm ! 4t i} 8] %5 11 24 1.5 ps B9 FSRS ) /1 22563 ; (e) HPTS £ R TR & T
1615 cm ! 7 £ P Sl A 2R B

Fig. 5. Excited-state Raman dynamics spectra of (a) HPTS (NaAC) at 1615 cm ™! and (b) HPTS (pH = 12) at 1615 cm'; (¢) ex-
cited-state Raman dynamics spectra of HPTS (NaAC) at 920 cm !; (d) excited-state Raman dynamics spectra of HPTS (NaAC) and HPTS
(pH = 12) at 1615 cm! present in the time window of 1.5 ps; (¢) Raman vibrational motions of deprotonated HPTS at 1615 cm .
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AP N FREEIR B ik SR B R B
TR I I E i, K& — A Fwmd
280 fs YA PR RE Rl I AR DL R — A58 i 5 8 T
o FE AR FSRS my3E4R 5504, A HPTS 43111
WOR ST S EE W 7% 5 FAE R BT
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Excited state proton transfer processes of pyranine studied by
femtosecond stimulated Raman spectroscopy”
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Abstract

As one of the most fundamental processes, proton transfer reaction plays an important role in chemical and
biological process, and to reveal the choreography of the proton motion intra- and intermolecularly, a
spectroscopic technique capable of capturing molecular structural dynamics of excited-state proton transfer
motions on an intrinsic time scale is needed. In this study, We utilize wavelength-tunable femtosecond

1

stimulated Raman spectroscopy with a time resolution of ~100 fs, spectral resolution of 15 cm ! and spectral

I combined with traditional transient absorption spectroscopywith a time window

range of 400 cm —1800 cm™
between 0 and 600 ps to simultaneously achieve reaction dynamics for transient reactant and product of the
photoacid pyranine (8-hydroxypyrenel, 3, 6-trisulfonic acid, HPTS) molecules undergoing excited-state proton
transfer reaction in complex with water and acetate molecules. Marker bands attributed to the deprotonated

1 are obtained under the excitation of 400 nm

form of HPTS in a frequency range from 400 cm ' to 1700 cm™
laser pulses. The marker band at 1516 c¢cm ', which is assigned to phenolic ring carbon carbon double band
stretching accompanied with carbon hydrogen in-plane rocking motions, exhibits complex rise and decay
dynamics. The simultaneously observed excited-state Raman mode at 920 cm ! which is assigned to the excited
carbon-carbon single bond stretch mode in the protonated acetic acid root molecule, helps us to clearly resolve
the reaction rates of excited-state proton transfer. Based on the multi-exponential fitting results, the dynamics
of excited-state Raman mode at 920 cm ! exhibits bi-exponential processes with time constants of ~470 fs and
~3 ps. The ultrafast time component indicates that the excited-state proton transfer originates from an HPTS-
acetate complex, indicating that part of the ground-state HPTS molecules are in the “tight” hydrogen bonding
configuration that can quickly shift the excited-state proton charge toward the acetate acceptor molecule
through a direct hydrogen bond. The second slower time component implies a significant subpopulation of
HPTS in the ground state, i.e. hydrogen bonds to an acetate ion via an intervening water molecule, and upon

photo excitation, the proton transfers to the water solvent before proton is picked up by the acetate ion.

Keywords: femtosecond stimulated Raman spectroscopy, transient absorption spectrum, excited state proton

transfer, photoacid
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