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NON-LINEAR CHAOTIC TREATING VIBRATIONAL MOTION FOR 
MOLECULES IN THE MULTI-PHOTON PHOTOEXCITATION REGIME 

It has been studied a stochastization of vibrational motion for molecules in the multi-
photon photo-excitation regime on example of the CF3I, SF5 molecules within quantum-
stochastic kinetic approach and given more accurate data for stochastization threshold 
energies.

At present time the topics of laser –molecular 
interactions has a great interest as for molecular 
spectroscopy , laser physics, photochemistry as 
for different applied applications in construc-
tion of optical devices and optical [1-13]. It is 
known that while the dynamical aspects of ioni-
zation of molecules in a strong laser field are 
considered to be well understood at least within 
quantitative simplified models, the multi-photon 
dissociation and excitation of molecules in real 
laser field is a topic of actuality and importance. 
Many experiments of studying the multi-photon 
processes were fulfilled in the conditions, when 
the collisional factor may be missed. A question 
about chaotic elements of the  vibrational motion 
of molecules in a laser field, when the vibrational 
energy is randomly distributed among the vibra-
tional modes during interaction with laser pulse is 
to be very actual and complicated task. 

In Refs. [12,13] it has been presented new the-
oretical scheme to sensing dynamics of the zone 
type multi-level system in a laser field, which is 
based on the quantum stochastic kinetic approach, 
developed in refs. [11]. Dependencies of the 
multi-photon dissociation yield, selectivity coef-
ficient and absorbed energy upon the laser pulse 
energy density for BCl3 molecules in the oxygen 

O2 buffer gas are calculated. It has been studied a 
phenomenon of stochastization of the vibrational 
motion for molecules in the multi-photon photo-
excitation regime on example of the CF3I, SF6and 
BCl3 molecules with using the non-linear inter-
mode resonances interaction model and stochas-
tic Focker-Plank equation.  

Here we study stochastization of vibrational 
motion for molecules in the multi-photon photo-
excitation regime on example of a set of mole-
cules within quantum- stochastic  model [13] and 
obtain more accurate estimates for the stochasti-
zation energy. The obtained data are compared 
with earlier obtained theoretical and experimental 
results [2,10,13]. 

Taking into account the possible manifesta-
tions of a chaos phenomenon on molecular dy-
namics one should use molecular hamiltonian (in 
variables “action I-angle q”)of influence on the 
mode 1 from the side of other modes as a sum 
of resonant contributions, which are lying inside 
non-linear width Dw1 (look full details look in 
Refs. [12,15]):

∑ θ−θ=
n

nnFIH )cos( 1
2/1

1
int
1

    (1)



193

Condition of periodicity on  q results in the 
quantization of action and energy, i.e. In=nħ and 
En=H0(nħ). Resonances are arisen for such values 
of the action that it is right:

kw(I0)=lW , w(I)=dH0/dI
for whole numbers k,l. The interaction (1) 

changes quasi-energy of the mode 1as follows:

         (2)

The first term in eq.(2) describes the inter mode 
relaxation; second term –the interaction with an 
external field. The whole  process of the energy 
acceptance is in fact stochastic. Speech is about 
the diffusion with coefficient D(E) (see below). 
Its calculation gives the following result:

    

                                        (3)

Here a variable J(W) has an essence of spec-
tral intensity of the perturbation  H1

(int) on the field 
frequency. In ref. [12-15] it has been formulated 
an effective Focker-Plank equation approach to 
process of the multi-photon molecular excitation. 
Till its application, the the vibrational spectrum is 
usually divided into two parts: a). the low-lying 
discrete states and b). high-excited levels of the 
quasicontinuum. At the definite energy threshold 
the vibrational energy can be randomly distribut-
ed among the vibrational modes during the inter-
action with the laser pulse. The excitation process 
into continuum is described by system of the ki-
netic equations [13-15]:

(4)

where  zn are the populations of the laser-excit-
ed states with energy En ; Wn,n±1 is the rate of the 
radiative transitions; Wn,n±1 =sn,n±1I(t), where sn,n±1 
are the cross-sections of the radiative transitions 
up and down, I(t) is the laser radiation intensity 
(photon×cm-2×s-1) ; kVT

n,n±1 are the constants of 
rate of the V-T relaxation; dn is the mono-molecu-
lar decay rate; Q(n-Nmin) is the Heaviside function 
as an additional multiplier in the diffusion coeffi-
cient D(R)n3, which “freezes” the stochastic pro-
cesses in the area of the low-lying states accord-
ing to the well known Chirikov’s criterion [10]. 

The model presented explicitly accounts for 
effect of stochastic diffusion into quasi-continu-
um. The constants of relaxation rate kVT

n,n-±1 are 
defined by the physical parameters of molecule. 
According to ref. [2,15] the collisional redistri-
bution of populations is determined by the prob-
ability function of transition due to the collision k 
(E®E'). The physically significant variable is an 
energy, transmitted during collision:
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The similar parameter in eqs. (6) is defined as 
follows: 

             (6)

Here Z is a frequency of the gas-kinetic colli-
sions. The condition DE(En)=DEn  determines the 
relationship between phenomenological relaxa-
tion constants in eqs.(1) and microscopical vari-
able DE(E). 

To describe an influence of the collisions on 
excitation of the molecule at the lowest discrete 
levels, we suppose that q-factor in the uncol-
lisional case is created due to the heterogeneity 
of interaction of the different initially populated 
states with a field. 

System of the low levels is characterized by 
two rates: the radiative rate of excitation of the 
states W0 and rate of the rotational relaxation kRp , 
which is proportional to the pressure. According 
to [14,15], the equations defining the molecule in-
volvement into quasi-continuum during the laser 
pulse are as follows: 
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where  zn are the populations of the laser-
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dN0/dt=-W0z0,
       

      dz0/dt=-W0z0+kVp (fN0-z0),             

                      dq/dt=-dN0/dt,                   (7)

N0(0)=l,   z0(0)=f,

Here f is the part of molecules interacting reso-
nantly with a laser field. In difference of the pre-
vious works [14,15] we have a real model for the 
shape of laser pulse [2,10]. This is related to more 
accurate data for dependence DE(E) in the qua-
sicontinuum.  The following estimate has been 
taken for. Dn=kdissr(En-D)r(En) [2], where r is the 
density of vibrational states. 

From physical point if view, a chaotic c feature 
of vibrational motion is arisen during process of 
interaction with the IR laser field because of the 
non-linear inter-mode resonance interaction. In 
fact speech is about a strong non-linear interac-
tion of resonances with possible 

We carried out more accurate estimates of the 
stochastization threshold using more real input 
parameters of the quantum-stochastic modeling. 
Minimal density of energy of the CO2 laser pulse 
was taken as 0,06J/cm2 [2]. From known values 
of q and eq (F) one can calculate an average ab-
sorbed energy. With accounting for initial average 
vibrational energy (T= 293 K) we  obtained the 
following estimates for stochastization threshold 
energy Eb=4080 cm-1 that is in agreement with ex-
periment [2,3,8,9]: Eb»(3900±500) cm-1 for SF6,. 
The  theoretical value obtained in Ref. [13] is 
3970 cm-1. Data for other molecules are as:    Eb= 
3620 cm-1  for BCl3, Eb=5760cm-1  for  CF3Br.  

References

1. Lambert J.D. Vibrational and Rotational 
Relaxation in Gases // Oxford. – 1997.

2. Letokhov V.S., Nonlinear selective pho-
to-processes in atoms and molecules // 
Moscow. – 2003.

3. Bagratashvili V.N., Letokhov V.S., 
Makarov A.A., Ryabov E.A., Multi-
photon processes in molecules in IR la-
ser field // Moscow. – 1991.

4. Gutzwiller M.,Chaos in Classical and 
Quantum Mechanics // N.-Y.,Springer-

Verlag. – 2003.
5. Zaslavsky G.M., Chirikov B.V. Studied 

on theory of non-linear resonance and 
stochasticity// Usp.Phys.Nauk.-1991.-
Vol.105.-P.3. 

6. Shuryak E.V. Non-linear resonance 
in quantum systems// JETP.-1996.-
Vol.71.-P.2039-2050.

7. Bagratashvili V.,Vayner Y.,Dolzhikov 
V. etal, Inter and intra-molecular dis-
tribution of vibration energy for multi-
photon excitation by IR laser field//
JETP. – 1990. – Vol.80. – P. 1008-1018.

8. Makarov A., Platonenko V., Tyakht 
V., Interaction of quantum sys-
tem level-zone with quasi-resonant 
monochromatic field// JETP.-1978.-
Vol.85.-P.2075-2086.

9. Laptev V.B., Ryabov E.A., Isotopically-
selective dissociation BCl3 in a two-col-
our IR laser field// Soviet Chem. Phys.-
1998.-Vol.7,N2.-P.165-170. 

10. Glushkov A., Malinovskaya S., 
Shpinareva I., Kozlovskaya V., Gura V., 
Quantum stochastic modelling multi-
photon excitation and dissociation for 
CF3Вr molecules: An effect of rotational 
and V-T relaxation // Int. Journ. Quant. 
Chem.-2005.-Vol. 104,N3.- P.541-546.

11. Glushkov A.V., Zelentsova T.N., 
Shpinareva I., Svinarenko A., Kinetics 
of energy transfer in molecules of СF3Вr 

in the buffer gas medium in an intense 
laser radiation field// Phys. Aerodisp. 
Syst.-2002.-Vol.39.-P.129-136.

12. Shpinareva I., Gura V., Kozlovskaya 
V., Kinetics of energy transfer in mol-
ecules of SF6

 in an intense laser field; 
Stochastic effects// Phys. Aerodisp. 
Systems.-2004.-Vol.41.-P.133-138.

13. Loboda A., Shpinareva I., Polischuk V. 
and Gura V., Sensing dynamics of zone 
type multi-level system in a laser field: 
stochastization of vibrational motion 
for molecules in multi-photon photo-
excitation regime//Sensor Electr. &  
Microsyst.Techn.-2005.-N2.-P. 13-18.

The articles were received  from  1.05 up to 
29.07.2014



195

UDC 541.27, 584.96

V. I. Mikhailenko, V. N. Vaschenko,  S. V. Ambrosov, A. V. Loboda,  E. L. Ponomarenko

    
NON-LINEAR CHAOTIC TREATING VIBRATIONAL MOTION FOR MOLECULES IN 
THE MULTI-PHOTON PHOTOEXCITATION REGIME 

Abstract
It has been studied a stochastization of vibrational motion for molecules in the multi-photon photo-

excitation regime on example of the CF3I, SF5 molecules within quantum-stochastic kinetic approach 
and given more accurate data for stochastization threshold energies..

Key words: molecule in laser field, vibrational stochastization

УДК 541.27, 584.96

В. И. Михайленко, В. Н. Ващенко, С. В. Амбросов,  А. В. Лобода, Е. Л. Пономаренко

НЕЛИНЕЙНОЕ ХАОТИЧЕСКОЕ РАССМОТРЕНИЕ КОЛЕБАТЕЛЬНОГО 
ДВИЖЕНИЯ В МОЛЕКУЛАХ В УСЛОВИЯХ МНОГОФОТОННОГО ВОЗБУЖДЕНИЯ

Резюме
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Резюме
Вивчається стохастизація коливального руху у молекулах в умовах багатофотонного збу-

дження для молекул CF3I, SF6 в межах вантово-стохастичного кінетичного підходу і наведені 
уточнені данні по енергіям порога стохастизації. 
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