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Desde el punto de vista de 1a Dindmica No Lineal,
Las MOLECULAS son
SISTEMAS HAMILTONIANOS
Formados por una coleccion de

Osciladores anarmonicos acoplados
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DINAMICA CLASICA DE MOLECULAS TRIATOMICAS

Vibraciones Moleculares

Movimiento de los nucleos

‘ Coordenadas de Jacobi: 1, R, 0

Potencial: V=V(r, R, 6) 3 gdl

Sir=cte.

0 R 1
e e s

r Sistema 2 gdl
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L1INC/L1CN Energia Potencial 2D
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Energia Potencial para el movimiento C-N: M(r)

M(r)=d(1—e ")

1.0

d =0.29135 u.a.
a=14988 u.a
r,=2186 u.a

M(r) (u.a.)

4.5
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Ecuaciones del movimiento de Hamilton
(2 grados de libertad r =cte)

2 2
H(R,0,P,,P,) = i +{ 1 =+ 12} il +V(R,0) =
20, | R oy | 2

dg _ oH [RD).O)/Py (1), P, (1]

=R q,=0
dt op 1 2
dt  oq Pi=Fe P2 =P Trayectorias

[R (t,).6,(t,), PRl (1), Pel (t))]
[R, (1), 0, (%), e, (§), Fy, (Ly)]
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Podemos estudiar el comportamiento dinamico de las
trayectorias y la estructura del espacio de fases mediante
diferentes herramientas

Superficie de Seccion de Poincaré
Mapa de Frecuencias

SALI
Geometrodinamica
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Superficie de Seccion: Camino de minima energia
R-R,(0)=0

;=R

—— Trayectiria

0 q,=0 /2
R=R, ((9) = Cambio de P P
p=R-R, (9) =0 coordenadas p1 1o, 1W1 W



GRUPO DE SISTEMAS COMPLEJOS
———

, —— De 2D a 3D: una breve historia de Dinamica
TR T eI —— No Lineal de Sistemas Moleculares

MAPA DE FRECUENCIAS MP

®®, qw)

H=H(p,q) >
(p,q) TRAJECTORY
30, 4(0))
ANALISIS DE
FRECUENCIAS

VIV, Vyses Vi)
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P14 v, I
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Regular zegime: Periodic A
* v, T
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Regular regime: Quasiperiodic q
P14
>
Chaotic Regime 9




GRUPO DE SISTEMAS COMPLEJOS

— De 2D a 3D: una breve historia de Dinamica
UNIVERSIDADPOLITECNIC;\DEMADRID NO Llneal de SIStemaS MOIeCUIareS

J. Chem. Phys. 108 (1), 1 January 1998

Local frequency analysis and the structure of classical phase space
of the LINC/LICN molecular system

J. C. Losada, J. M. Estebaranz, and R. M. Benito

Departamento de Fisica y Mecanica, Escuela Tecnica Superior de Ingenieros Agronomos,
Universidad Politecnica de Madrid, 28040 Madrid, Spain

F. Borondo _
Departamento de Quimica, C-LX, Universidad Autonoma de Madrid, Cantoblanco - 28049 Madrid, Spain



GRUPO DE SISTEMAS COMPLEJOS
———

L=>—/]( _

UNIVERSIDAD POLITECNICA DE MADRID

De 2D a 3D: una breve historia de Dinamica
No Lineal de Sistemas Moleculares

LiCN. 2D

MOVIMIENTO REGULAR

16 40

B i Quasiperiodic orbit
8.0 Ve
12+ I_L 20+ i
- l — ’ —f-/.‘/,r:':.:
_aa - 132 138 140 /\ - l = - / -»"'.'“
3 l s . fi
> 81 | 0 [€hain of Islands N AN

4 20
Periodic Orbit

0 : | : | N | . | N | . N | X | L | ! | L | L
0 30 60 90 120 150 180 0 30 60 90 120 150 180
Wideg) Y(deg)




GRUPO DE SISTEMAS COMPLEJOS
———

De 2D a 3D: una breve historia de Dinamica

UNIVERSIDADPOLITECNIC;\DEMADRID NO Llneal de SIStemaS MOIeCUIares
LiCN. 2D
MOVIMIENTO CAOTICO
16 — 40
- " CANTORUS A7 5l

12}

‘?:3

> 8 i
40—
0 1 | 1 1 1 | 1 | ! | M _40 ! | M | 1 | N | 3 | 1

0 30 60 90 120 150 180 0 30 60 90 120 150 180
W(deg) Y(deg)




GRUPO DE SISTEMAS COMPLEJOS
———

De 2D a 3D: una breve historia de Dinamica

UNIVERSIDAD POLITECNICI.\ DE MADRID N O L I n eal de S I Ste m aS M O I ecu I areS
LiCN. 2D
MOVIMIENTO CAOTICO
16
12
> | N
T8} PR "{“S":-f:’:o? Ay ';‘":.':‘

) — 40
0 30 60 90 120 150 180 0 30 60 90 120 150 180
yideg) W(deg)




GRUPO DE SISTEMAS COMPLEJOS
———

L="—7]

UNIVERSIDAD POLITECNICA DE MADRID

| |18.4 \
1]18.0 —\ |
_L/él

76
132136140

16

—h

v, 1V

0 PR P I R _40 PR IR I m—
0 45 90 135 180 O 45 90 135 18U
¥(deg) w(deg)

FIG. 1. Frequency ratio as a function of the mitial angle s (left column) for
an ensemble of trajectories started along the P ,=0 cut on the p=0 surface
of section of LINC/LiCN, and corresponding composite Poincaré surfaces of
sections (right column), at different values of the vibrational energy: 1510.5
(top), 2964.7 (middle), and 3823.8 ecm™ ' (bottom).
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107

10° 10°

dt ~ dt

D = max

Ry (a.u)
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wideg)
FIG. 12. Diffusion strength coefficient, defined as the initial value of

max{ dvg /df v, /dt} in em™/ps, calculated for trajectories initiated on a

grid of points at the surface of the section for the same energies used in Fig.
1. The logarithmic scale of grays used is shown at the top of the figure.
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PHYSICAL REVIEW E, VOLUME 65. 016213
Multifractal analysis of tori destruction in a molecular Hamiltonian system

A M. Tarquis
Departamento de Matematica Aplicada, Escuela Tecnica Superior de Ingenieros Agronomos, Universidad Politecnica de Madrid,

28040 Madrid, Spain

J. C. Losada and R. M. Benito*
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F. Borondo'
Departamento de Quimica, C-LX, Universidad Autonoma de Madrid, Cantoblanco 28049 Madrid, Spain

(Recetved 2 August 2001; published 20 December 2001)

In this paper. an analysis of the phase space structure of the isomernizing molecular system LiNC/LiCN,
using Poincare surfaces of section and frequency analysis, is presented. The scaling structure of the frequency
map 1n the chaotic region next to the regular part corresponding to the stable linear isomer LINC i1s studied
using multifractal analysis. This approach is a way to characterize quantitatively the complexity in the mecha-
msm of the tori destruction in a molecular Hamiltonian system that exhibits soft chaos as the vibrational energy
of the system increases.
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SALI(zp,t) = min ( U1 + U2, |01 — U9 )
3 Chaotic
4 | | | |
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log(tiempo)

Asignamos a cada trayectoria el valor MINIMO de SALI
mSALI7(zo) = min (SALI(zy.t)) .t € (0.71]
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Using the small alignment index chaos indicator to characterize the vibrational
dynamics of a molecular system: LiNC-LiCN
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LINC/LiCN- 2D

SALI-PSOS
Poincare Surface of Section
colored by SALI
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color correspondiente
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Geometrodindamica: reformulacion del problema dinamico en
términos de geometria diferencial.

Ecuaciones Euler-Lagrange Ecuaciones geodésicas
d (0L oL 2 J gk

B0 =5 (55) ~ 3w =0 94, LL g
ds? *ds ds

METRICA JACOBI
9i; = 2(E —V(q)) ai;(q)

Dinamica Geometria
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PRSI S EE

F covering statistical, noniinear, biological, and soft matter physics

T Highlights Recent  Accepted Collections Authors Referees Search Press About

E. Geometrical analysis of the LICN vibrational dynamics: A stability
—— geometrical indicator

A Vergel, R. M. Benito, J. C. Losada, and F. Borondo
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S+ R.I6) ) =0 9
d’3, __R(s)
ds® 2

Indicador de Estabilidad para trayectorias SGI (Stability
Geometric Indicator):

SGI(s,x9) = MaXo<s/<s (J(Sla Xo))
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a) b)

0.02

g€(a.u.)

c) d)

-60 0 60
tiempo(a.u).

-0.02

Tabla 6.2: Parametros de los distintos pulsos ensayados y mostrados en la figura

? 4] ;{'.I :I-EJ fli(] i;() 'll()(]
time(a.u.) Parametros Laser 0 Laser 1 Laser 2 Laser 3
Color Verde Azul Magenta Celeste
Ap(a.w.) 44341073 11221072 1.496 1072 4.821 1072
N 4 4 3 3

T(a.u.) 2x50.660 2x50.660 2x50.660 2x25.330
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Frequency analysis of the laser driven nonlinear dynamics of HCN
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H(t)=Ho+ Hr=T1T+V + H[(t),

. N P2 PP
N 2;\[('!11 24“[('?1\1 ¢ .,

V = Dl (1 — 6"—0'1(11)2 + DQ (l . 6"_a2q")‘)2

T

HI — )\F N(Q]) cos wpt
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Figure 4. Trajectories A (left tier), B and C (middle tier),
and D (right tier) for the HCN molecule without interaction
with the laser marked in Fig. 77. The top row plots show
the orbits in configuration space, while those at the bottom
corresponds to Poincaré surfaces of sections.

05 1]
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Figure 5. SALI (top) and diffusion coefficient (bottom) col-

ored PSOS maps for the HCN molecule without interaction DOS RESONANC I AS

with the laser, for £ = 0.135. Values are shown using the

(l;(l)(l:,l; code given on a logarithmic scale at the right of the I MPORTANTES
Figure 3. Composite Poincaré surfaces of section for the HCN 1 : 1 an d 3 : 2

molecule without interaction with the laser at £ = 0.1 (top),

0.135 (middle), and 0.21 (bottom). corresponding to intersec-

tions with the plane g2 = 0 with P> > 0. Four representative Q) *_(D
trajectories, marked A D in the middle panel, are analyzed in — [1, 1]
the text. (Atomic units are used in all figures of this paper.)
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EN PRESENCIA DEL LASER
SALI MAP

Zona 1:1
Zona 3:2

-10

a4

FIG. 6. SALI colored Poincaré surface of section map, as defined in
Subsection III B, for HCN in the presence of a laser with the following
values of the frequency: wr = 0.003333 (a), 0.004 123 (b), 0.009 278
(c), 0.010 000 (d), 0.014 430 (e), and 0.018 556 (f), respectively. In all
cases the initial energy without the interaction with the laser is taken equal to
Ep=0.135.
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SALI MAPS

Initial Conditions
r=r,

MAP zp € ,— MSALI Q3( 9Py/>Pr):<R:Re(9):>,O=O

P, =f(E.w.P,.P.1.p)

4D- visualization
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