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Molecular Dynamics Questions

1. One of the most powerful propagation methods is called the split operator method. Here the time propagation
operator is approximated as

exp[−iHt] ≈ exp[−iKt/2] exp[−iV t] exp[−iKt/2]. (1)

Why is this expression better than the expression

exp[−iHt] ≈ exp[−iKt] exp[−iV t]? (2)

2. Given a system with F degrees of freedom and a Hamiltonian expressed in Cartesian form,

H(p,q) =
p2

2m
+ V(q) (3)

Miller [Acc. Chem. Res. 1993, 26, 174] expressed the exact thermal rate constant in terms of the cumulative
reactive probability N(E) as

k(T ) = [2π~Qr(T )]−1
∫ ∞
0

dE e−E/kBTN(E), (4)

where

N(E) = (2π~)−(F−1)
∫
dp

∫
dq δ[E −H(p,q)]F (p,q)χ(p,q). (5)

Here Qr(T ) is the partition function per unit volume of the reactants, F (p,q) is the flux and χ(p,q) is the
dynamical factor that accounts for trajectory recrossing at the transition state. Transition state theory cor-
responds to running a trajectory for zero time, or equivalently, assuming that χ(p,q) is 1 or 0 depending on
whether the initial value of the momentum along the reaction coordinate is positive or negative. Using the
heavyside function h, this result can be succinctly stated as

χTST(p,q) = h(pF ). (6)

In a tour de force of mathematical dexterity, Miller reduced this equation to

k(T ) =
kT

h

Q‡(T )

Qr(T )
(7)

where Q‡ is the partition function on the dividing surface,

Q‡(T ) = (2π~)−(F−1)
∫
dp′

∫
dq′ e−HF−1(p

′,q′)/kBT . (8)

In his article Miller provides a clue as to how to carry out this derivation. Following his clues, plus his definition
of flux, show how Eq. (7) is obtained from Eqs (4), (5), and (6) .

3. Consider two diabatic electronic surfaces V11 = 1
2 (x+ xe)

2 and V22 = 1
2 (x− xe)2 that are coupled by the term

V12 = V21 = V0 exp[−x2/α2]. The Hamiltonian for this system can be expressed as

H =
p2

2
+

2∑
i=1

2∑
j=1

|i〉Vij〈j|. (9)

Solve for the eigenvalues of this Hamiltonian using a sinc DVR for xe = 3.5, V0 = 2 and α = 2.0. The lower
energy adiabatic surface has the form of a double well. Calculate the tunneling splittings and compare the result
to the WKB theory result.

Numerically model a process in which we take a Gaussian in the left well of the lower adiabatic surface ΨG =
π−1/4 exp[−(x+xe)

2/2] and excite it to the upper adiabatic surface with an ultrafast laser pulse. The wavepacket
will now evolve on the upper surface. Calculate the fraction of the wavepacket that remains on the upper surface
after one passage through the avoided crossing.


