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One topic of much interest is the active control of molec-
ular nonlinear dynamical systems and chemical reactivity,
typically using lasers.

In relation with the HCN molecule, the laser control of
bond excitation, bond dissociation (typically of the strong
CN bond), and the isomerization of HCN has been exten-
sively considered in the literature. The works in references
[1] and [2] are most relevant for the present study. We ex-
tend the analysis by considering the influence of the laser
frequency in the dynamics, in order to check the possibil-
ity of using it as a possible control parameter by varying the
dynamical structure of the system. In this way, we can be
more precise than previous works in predicting which laser
frequencies are best in order to promote dissociation [2]. Let
us remark, that this is not an easy task from the theoretical
point of view, since the dynamical problem consists of more
than two degrees of freedom.

We use a minimal 2D linear model for the H-C-N
molecule, consisting only of the two stretching modes. The
resulting dynamics are described by a classical Hamiltonian.
An additional term,HI , associated to the actuation of a
monochromatic laser, is introduced, and thus, the descrip-
tion of the whole system is given by

H(t) = H0 +HI = T + V +HI(t), (1)

whereT is the kinetic energy term, the potential energy,V ,
consists of two uncoupled Morse functions. and the inter-
action with the laser,HI(t), is described within the dipole
approximation as

HI = λF µ(q1) cosωF t (2)

beingωF the frequency of the laser field,λF its amplitude,
andµ(q1) the HCN dipole function. In this way the dimen-
sionality of our system isN = 2.5.

We have analyzed the behavior of this dynamic system
using the Small Alignment Index (SALI). In Fig. 1 and 2 we
present the results of this analysis for the vibrational energy
E = 0.135 a.u. In each plot a uniform grid of 10,000 initial
conditions within the available Poincare surface of section
corresponding to the system without laser was used as start-
ing points to propagate the corresponding trajectories.
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Figure 1: Left panel (without laser): Composite Poincaré
surfaces of section corresponding to intersections of trajec-
tories with the planeq2 = 0 with P2 > 0 (botton) and
SALI colored map (top); Right panel: SALI colored maps
for HCN in the presence of a laser with the following val-
ues of the frequency:ωF = 0.003333 (a), 0.004123 (b),
0.009278 (c), 0.010000 (d), 0.014430 (e), and 0.018556 (f).
Values are shown using the color code given on a logarith-
mic scale at the right of the plots.

Figure 2: Fraction of dissociative (black circles) and chaotic
(blue circles) trajectories as a function of the laser frequency,
ωF . All peaks and valleys are found to be correlated with
resonances betweenωF andω∗. Beingω∗ the correspond-
ing frequency to the 1:1 resonance in the system without the
laser.


