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Real-time Measurement of Coherent Molecular Motion
of Benzenethiol Monolayer Film on Gold Surface
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Organic Thin Films

Organic-molecular devices Self-assembled monolayer

- Discreet Electronic States - Easy to build

-Response to External Field - Orientation Preference

e.g. Distortion by Gas - Interaction?
Photochromic Material molecule-molecule

(1) Chem. Mater., 23, 1061-1069 (2011).
(2) 3. Am. Chem. Soc., 131, 865-870 (2009).

Coherent Motion by -
Electronic Excitation Ultrafast dynamics!

molecule-substrate




Experimental
Optics

Pulsed Ti:Saphaire laser
Duration : 7.5 fs F
Wavelength : 800 nm 5

Pump-probe process Fi'rdbé X
EO sampling for Surface e

Specimen
Au deposition on Si(001)

Benzenethiol (B.T.) on Au
Tiol: Typical SAM,
Benzene: Simplest Arom

[—
BT Solution 1mM 24h

Soaked into BT (in Me-OH)

c.f. Liquid BT (pure >98%)

Si



Amplitude [arb.unit.]

Adsorbed Benzenethiol on Au-film

Asymmetry in Reflectance = Comparison of c.w.Raman
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Detection Surface-sensitive to Monolayer
Molecular Motion in Real-times 9
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Liquid
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Time-resolved Spectral Intensity

Time-resolved FFT

Window:Hanning function
width 0.3ps

F.T. of whole signal

Time-course of intensity
of each component

¥

Liquid vibrations
fluctuate in-phase

Different Modulation
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Time-course of Intensity in Liquid

1.31ps

Section at peak

Freguencies in Beat

EBeaﬂ
18.57TH

1 2 3
Delay time[ps]

Simple Beat: Sum of Close Modes

components
20THz 30THz
1 TTTTTTTT T TT T TTTT TTTT TTTTTTT T T T I T TTTT
— Intensity30THz Fourie = 24 WA
— Intensity20THz|  Trans. S
£ 2.7

0 1 2 3 4 50

Frequency[THZz]

1 2 3 4
Frequency[THz]

30

"

32

3

1 llll[llll|IT|I]IIIIIII]I]IIII

Intensity[arb.unit.]

> Independent Vibration
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Time-course of Initial Phase in Liquid

Initial Phase ¢ in a Fourier Component

Sinusoidal Wave E = Asin(at + ¢)

Liquid Hanning window: 0.8ps
BEE : ] 1£—||||||||||||||||||||||||||||||||||||||||1§
| o
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Delay time[ps]

Delay time[ps]

The two componts have constant ¢.

‘ Two modes vibrate independently. 3



Time-course of Initial Phase in Adsorbed Layer

Intensity of Adsorbed Layer Frequencies in Beat
Section atpeak |||||||||||||||||||||||||||||||

= 0.5 0.7

components | =
oy T - ] =
Intensity 30THz : o
Fourie =
>
Trans. =
) °

E 1.6

|IIII|IIII IIII|IIII|IIII L1111

o 1 2 3 _4_ 5
Frequency[THZ]

28

3 30

32

IIIIIIIIII

34

2 3 4 5
Delay time[ps]
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Interference is not simple summation of three componensts
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Time-course of Initial Phase in Adsorbed Layer

Intensity of peaks in Adsorbed Layer
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Two modes has phase shift along time.
‘ Interaction of the two out of the close three modes.



Surface vibronic modes in Adsorbed Layer

1011cm?(30.33THz)  1033cm(30.99THz) | 1087cm(32.61THz)

Two Interactiong Modes: Expanding of Odd/Even Carbons
Due to Electronic? Or Configurationally? i



Numerical Analysis
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