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Abstract. The Stochastic Liouville Equahuns are employed to investigate the combined
signatures of chemical exchange and spectral diffusion in coherent vibrational spectroscopy
molecular complexes and of hydrogen bonding fluctuations in water.

Recent experiments have demonstrated that 2D IR lineshapes can probe the
picosecond dynamics of chemical exchange by observing coherence transfer in
molecular vibrations through time-dependent spectral jumps. In this three-pulse
experiment, the first pulse creates a coherence, whose decay during the first
.interval t; is related to the absorption lineshape by a Fourier transform. In the
second interval t, the vibrational frequency changes by complexation with the
solvent. Finally vibrational coherence is again created and detected during the
third interval t;. The correlation of the lineshapes in the first and the third intervals
provides information on chemical exchange during the second interval.

The Stochastic Liouville Equations (SLE) developed by Kubo [1] describe
the dynamics of a quantum system coupled to a stochastic Markovian process.

The equations are constructed by comblmng the Lmu\nlle equation and the
Markovian master equation

—5;p<Q.s,r)=-—;;L(Q,‘s)p(Q;s;r)-r,(Q)p(Q,s,r)+r.,(s)p(Q,s,r)

where o is the density matrix describing the state of the system and
L) p(t) =—i I8 H,(¢), p(t)] is the Liouvillian for the isolated system. We consider

two types of stochastic processes:
1, I‘; is a Fokker-Planck operator representmg a continuous Gaussian coordinate Q
' 0
I =A ——(Q, +yl—
_ e ' 8g,
‘where A,; is the relaxation rate and 7; is the magnitude of bath fluctuations, and
2,T; represents a stochastic jump between discrete states.
We conmder the Hamiltonian describing a single anharmonic v:branonal mode
H,=rQB*B+1 hAB *B*BB
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