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Abstract

Franck-Condon factors (FCF), which are proportional to peak intensities, were
calculated as the square of the overlap between the initial and final state
wavefunctions in order to calculate of molecule Be’CI* their overlap using
numerical Integration for the vibrational band ('v =0 - 4) to (v"=0 —4) of the
electronic transition A [ - X 2 Y and by using an appropriate Potential for each of
them .for vibrational ground and first excited states.this new vibrational level must
be instantaneously compatible with the nuclear positions and momenta of the
vibrational level of the molecule in the originating electronic state. In the
semiclassical picture of vibrations (oscillations) of a simple harmonic oscillator, the
necessary conditions can occur at the turning points, where the momentum is zero.
This leads to, in general, an increase in the "allowed" vibronic transitions and hence
greatly influences the observed spectrum. For all but the simplest models for the
electronic potentials, one must resort to a numerical calculation of the observed
spectrum.
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Introduction

The Franck—Condon principle is a rule in spectroscopy and quantum chemistry that explains the
intensity of vibronic transitions. Vibronic transitions are the simultaneous changes in electronic and
vibrational energy levels of a molecule due to the absorption or emission of a photon of the
appropriate energy. The principle states that during an electronic transition, a change from one
vibrational energy level to another will be more likely to happen if the two vibrational wave functions
overlap more significance[1]. The relative intensities of the spectroscopic transitions occurring
happens between the ground and excited states could be calculated using electronic transition moment
and the overlap happens the vibrational wave functions of the states[2]. Knowing the FCF useful in the
investigating of radioactive transitions, atmospheric, chemistry and spectroscopic studies [3] The FCF
parameters represent a measure of the overlaps between the wave functions of the ground and excited
states, and the square integral value of the overlap was the FCF .The higher parameters values assign
to the high intensity of the observe peaks of the vibronic spectrum. The overlap band play role in the
complexity of the electronic spectrum ,and for the importance BeCl, Molecule in the chemical and
spectroscopic studies, atheortcal and experimental has been carried out , such as Laque and Crossly [4]
in determined FCF values , also Langhoff [5], Steffens et al [6], Koperski and Czajknowski [7]and
Week et al[8]. During a molecular electronic transition from the ground electronic state to an excited
electronic state, the vibreational wave function of the ground state overlap excited state. The degree of
overlap between the ground and excited state vibrational function determindes.the shape and structure
of the electronic spectrum that is observed [9].In this document we treat the overlap between the
ground and excited vibrational states by projecting the ground state vibratinonal wave function onto
the excited state. thematically this is equivalent writing the ground state vibrational wave function as a
linear combination of the harmonic oscillator wave functions [10]
In this study BeCl, molecule with electronic band A [T - X * ¥ has been investigated ,calculating with
high accuracy the FCF values using numerical integration [11].Morse potential especially for
vibrational transitions with low vibrational quantum number gives values for potential energy similar
to the harmonic model which means the FCF could be calculated for this vibrational quantum numbers
while FCF calculation carried out by bates and our calculation for FCF using the integration
mentioned in [12] .
Theory
FCF

The intensity of the molecular beam for the vibrational transition 'v — v” within any electronic
transition is given bends y the following relation[13]:
I = DN+ E4 Re(r +'%)q +'v* (1)
Where D is constant depends on the geometry of the apparatus used in the laboratory ,N+" is the
relative population for the v*, E +"+ is the quantum energy for the transition , g ++ is the FCF ,r+'+ is

the r — centroid ,and Re is the electronic transition moment . The square of the the integral of the
overlap i.e. FCF given by the following relation[14] :

Q¥ =[PP (22)
Or
qv'y =| [wvy wAdr | (2b)

Where ¥+v" , " are the two wave vabrational functions for the upper and lower states respectively.
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This factorization would be exact if the integral over the spatial coordinates of the electrons would

not depend on the nuclear coordinates. However, in the Born-Oppenheimer approximation Yeand
i

Wedo depend (parametrically) on the nuclear coordinates, so that the integral (a so-called transition

dipole surface) is a function of nuclear coordinates. Since the dependence is usually rather smooth its

neglect (i.e., the assumption that the transition dipole surface is independent of nuclear coordinates,

called the Condon approximation) is often allowed.The first integral after the plus sign is equal to zero
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because electronic wavefunctions of different states are orthogonal. Remaining is the product of three
integrals. The first integral is the vibrational overlap integral, also called the Franck-Condon factor.
The remaining two integrals contributing to the probability amplitude determine the electronic spatial
and spin selection rules.In our study, we utilized the Harmonic Oscillator wave functions as an
approximation formodeling molecular vibrations. Harmonic Oscillator wave functions ( Wv) are of the
form:

Pr(x)=NvHv (0% x)e ax2\2 (4)

where Ny is a normalization constant

1 &%
NV - ':21"".'}5"5(??} (5)
cedepends on the molecular characteristics of the bond,
o= ()% 6)

K represents the force constant of the bond, and p represents the reduced mass. The Franck Condon
Principle considers the overlap of excited and ground state wave functions in determining transition
probability. Franck-Condon factors were calculated using equation 2b. [15].The Franck—Condon
principle is a statement on allowed vibrational transitions between two different electronic states, other
quantum mechanical selection rules may lower the probability of a transition or prohibit it altogether.
Rotational selection rules have been neglected in the above derivation. Rotational contributions can be
observed in the spectra of gases but are strongly suppressed in liquids and solids. It should be clear that
the quantum mechanical formulation of the Franck—Condon principle is the result of a series of
approximations, principally the electrical dipole transition assumption and the Born-Oppenheimer
approximation. Weaker magnetic dipole and electric quadruple electronic transitions along with the
incomplete validity of the factorization of the total wave function into nuclear, electronic spatial and
spin wave functions means that the selection rules, including the Franck-Condon factor, are not strictly
observed [16].the electronic transition, the molecules which end up in higher vibrational states
immediately begin to relax to the lowest vibrational state. In the case of solvation, the solvent
molecules will immediately try to rearrange themselves in order to minimize the interaction energy.
The rate of solvent relaxation depends on the viscosity of the solvent. Assuming the solvent relaxation
time is short compared with the lifetime of the electronic excited state, emission will be from the
lowest solvent energy state of the excited ectronic state. the Franck—Condon principle applied to
solvation. When the solution is illuminated by with light corresponding to the electronic transition
energy, some of the chromospheres will move to the excited state. Within this group of chromospheres
there will be a statistical distribution of solvent-chromospheres interaction energies, the solvent-
chromospheres traction is drawn as a parabolic potential in both electronic states [17]. The electronic
transition is essentially instantaneous on the time scale of solvent motion (vertical arrow), the
collection of excited state chromospheres is immediately far from equilibrium. The rearrangement of
the solvent molecules according to the new otential energy curve is represented by the curved arrows.
Note that while the electronic transitions are quantized, the chromospheres-solvent interaction energy
is treated as an ssical continuum due to the large number of molecules involved. Although emission is
depicted as taking place from the minimum of the excited state chromospheres-solvent interaction
potential, significant emission can take place before equilibrium is reached when the viscosity of the
solvent is high or the lifetime of the excited state is short[18].
Theoretical result

In the present work, the spectroscopic constants are list in table. 1
Morse potential function for ground and excited states has been carried out from the experimental data
by Haber and Herzberg [19] and the integral mentioned in equation (2) has been numerically
calculated using Dirac- delta function for the bands +=0,1,2,3,4 and +=0,1,2,3,4 as shown in Table(1)
and table-2:

The Franck-Condon principle states that after a molecule are excited from its ground electronic state
the nuclear conformation must readjust. This leads to, in general, an increase in the "allowed" vibronic
transitions and hence greatly influences the observed spectrum. For all but the simplest models for the
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electronic potentials, one must resort to a numerical calculation of the observed spectrum. However if
we are able to determine the functional form for the wave functions of more complicated models, we
can utilize the analytic capabilities of Mathematical to calculate the (Franck-Condon) spectrum. There
are a number of interesting models which are simple enough to determine the wave functions yet to
complicated to work out the theoretical spectra by hand. This project also has application to the
vibrational spectra of molecules in the condensed phase.

Table 1 - spectral constants (cm™) used as input data for calculation for Be’CI*> Molecule [20]

] X22+ A2H
Spectroscopic Constant cm) cm?)
Te 0 27970.5
@, 846.58 824.19
Wy 5.11 6.03
Table 2- FCF A-X system of Be’CI*® (v'=0—4), (v'=0—4).
v' | 0 1 2 3 4
Vl
0 0.999910202 0.362875619 0.121661271 0.015119817 | 3.02331E-09
1 0.628050549 0.56234848 0.183007994 7.48358E-06 | 0.005841839
2 0.271264677 0.176607495 0.623162203 0.088462906 | 0.201953991
3 0.235518956 0.05272017 0.107632857 0.249708285 | 0.096295602
4 0.306117486 0.458415399 0.115480754 0.082714331 | 2.10048E-09
Conclusions

The values of FCF for A-X electronic transition shows that for the vibrational bands 4y =0 has
higher intensity of Be’CI*® molecule followed by less intensity of Av=4+1 This is in consisten with the
expected guantum theoretical values for Franck —Condon principle. In the Franck-Condon principle

i

two different electronic states ur"'e andﬂf’e, with corresponding (large) electronic excitation energy. The

F-C principle accounts for vibrational structure on top of this electronic transition. It is assumed that

both factors (electronic dipole and vibrational overlap) of integral are non-zero. Different magnitudes

of the vibrational overlap integral give different intensities of the vibrational lines superimposed on

one and the same electronic transition.
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