
Coherent Vibrational Response of Hydrogen Bonds

Nils Huse, Karsten Heyne, Jens Dreyer, 
Erik T. J. Nibbering, Thomas Elsaesser

Max-Born-Institut, Max-Born-Strasse 2A, D-12489, Berlin
http://www.mbi-berlin.de/en/research/projects/2.05/index.html

Coherent Low-Frequency Hydrogen Bond Wavepacket Motions 

Anharmonic Coupling with Fingerprint Vibrations

Max-Born-Institut

further information: http://www.mbi-berlin.de/de/research/projects/2.05/subprojects/Subproject1/index.html
and e-mail: elsasser@mbi-berlin.de  nibberin@mbi-berlin.de  dreyer@mbi-berlin.de

collaborations with: Research Group J. Manz/O. Kühn, Freie Universität Berlin, Germany ;
Research Group S. Mukamel, University of California at Irvine, Irvine, CA, USA

Level Scheme for Case of
Anharmonic Coupling to 

Low-Frequency Mode
+ Davydov Coupling between 

O-H stretching Modes

Pump-probe: only modulations of signals
by low-frequency mode coherences 
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Pump-Probe Spectroscopy Monitors Population Dynamics
Steady-State vs. Transient Spectra               Excited State Absorption

0

1

Pump @ 3000 cm -1

 

Fourier 
Spectrum

2120 cm -1

 

 

0 1000

0

1
2270 cm -1

 

  
∆

A
is

o 
A

b
so

rb
a

n
ce

 c
h

a
n

g
e

 (
m

O
D

)

 

Pulse Delay (fs)

200 150 100 500

1

 

 

Frequency (cm -1)

A
F
(n

o
rm

.)

0.2

0.4

0.6

(CH
3
COOD)

2

(CD
3
COOH)

2

vs.
(CD

3
COOH)-(CD

3
COOD)

(CD
3
COOH)

2

(CH
3
COOD)

2

vs.
(CH

3
COOH)-(CH

3
COOD)

 

 

A
b

so
rb

a
n

ce
 (

O
D

)

0.2

0.4

0.6

 

 

A
b

so
rb

a
n

ce
 (

O
D

)

3400 3200 3000 2800 2600

-6

-4

-2

0

2

16 ps
2.0 ps
0.5 ps

  
A

b
so

rb
a

n
ce

 c
h

a
n

g
e

 (
m

O
D

)  

Wavenumber (cm -1)
2400 2200 2000

-4

-3

-2

-1

0

1

16 ps
2.0 ps
0.5 ps

 

 

A
b

so
rb

a
n

ce
 c

h
a

n
g

e
 (

m
O

D
)

Wavenumber (cm -1)

0

1

-8

-4

0

0 1000 2000 3000

-2

0

2

-0.5

0.0

0.5

-0.2

0.0

0.2

1000 2000 3000

-2

0

2

 

  

 

2017 cm -1

A
bs

or
ba

nc
e 

C
ha

ng
e 

(m
O

D
)

 

 2254 cm -1

Pulse Delay (fs)

  

2303 cm -1

 

  

 

2017  cm -1

 

O
sc

ill
at

or
y 

C
on

tr
ib

ut
io

n 
(m

O
D

)

 

2254 cm -1

Pulse Delay (fs)

  

2303 cm -1

0 1000 2000 3000

-0.2

0.0

0.2

0.4

300 200 100 00

1

0 1000 2000 3000

-0.2

0.0

0.2

0.4

300 200 100 0
0

1

2020 cm-1

(CH
3
COOD)

2

vs.
(CH

3
COOH)-(CH

3
COOD)

O
sc

ill
a

to
ry

 C
o

n
tr

ib
u

ti
o

n
 (

m
O

D
)

Pulse Delay (fs)

Wavenumber (cm -1)

2880 cm-1

(CD
3
COOH)

2

vs.
(CD

3
COOH)-(CD

3
COOD)

O
sc

ill
a

to
ry

 C
o

n
tr

ib
u

ti
o

n
 (

m
O

D
)

Pulse Delay (fs)

Wavenumber (cm -1)

Pump-Probe Spectroscopy Monitors 
Low-Frequency Wave-Packet Motions

pump

O-H/O-D stretching vibration 
is not a two-level system! 
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Level Scheme for 
Hydrogen Bonded

O-H Stretching Vibrations
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Comparison of Experimental Low-Frequency Wavepacket Motions 
with Calculated Low-Frequency Raman-Active Modes
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Different Isotopomers of
Acetic Acid Dimer
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Absorption Spectrum
O-H Stretching, O-H Bending 

and C-O Stretching Bands
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O-H Stretching, C=O Stretching, O-H Bending and C-O Stretching Modes
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Comparison of Transient Response in 
Fundamental O-H Bending Region 

after Pumping either 
O-H Stretching or O-H Bending Vibrations

Fermi Resonances for Hydrogen Bonded
O-H Stretching Vibrations
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