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We present a description of the symmetry-based method for the construction of the adiabatic potential of a

symmetric molecule near the charged semiconductor surface. For this purpose, a transformation of the adiabatic
potential of a free high symmetric molecule (D3d) in the presence of uniform electric field is investigated. The ob-
tained adiabatic potential is analyzed with respect to the stability of molecule in the vicinity of charged surface,
as a dependence of its orientation in the electric field.
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1. Introduction

A correct solution of the issue concerning a construc-
tion of the adiabatic potential by means of group theory
allows one to use the adiabatic potentials for a qualita-
tive explanation of wide variety of physical phenomena
related with vibronic coupling. In particular, these po-
tentials are extremely useful for interpretations of IR-,
Raman-, photo- and X-ray spectroscopy data, as well as
in the theory of chemical reactions and catalysis. The ap-
plication of adiabatic potentials can be important in the
theory of phase transitions caused by the vibronic in-
teraction (the so-called cooperative Jahn–Teller effect),
too [1, 2].

Recently, we have shown how to construct [3, 4] the
vibronic potential and the corresponding adiabatic po-
tential for a molecule with C3v and D3d symmetries
by means of the group-theory methods supplied with
the Pikus method of invariants [5]. The symmetry of
the molecule’s normal vibrations which are active in the
Jahn–Teller effect has been established there. The vi-
bronic coupling of the Eg–Eg type that enables one to
obtain the vibronic potential energy in a matrix form
as well as the adiabatic potentials, have been investi-
gated there [3, 4]. Studies on the interaction between
a molecule and the atomic surface require taking into
account that a newly prepared surface of a material is
charged. Elimination of this charge from the surface
involves usually a passivation procedure. This proce-
dure relies on a surface irradiation by the hydrogen ions.
On the other hand, in order to clean a surface, causing
at the same time that it becomes charged, one uses a
stream of flowing Ar atoms. Charged surface exhibits
an electric field which is perpendicular to the surface.
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It is a common practice to investigate the interaction
of molecules with crystal surface in complex photoemis-
sion experiments with a parallel modeling of the energy
states and density of states of both a free molecule and a
molecule together with surface fragment [6, 7]. However,
the group theory methods, as it will be shown below,
indicate an ambiguity of such approach. If a stream of
molecules, of a given fixed orientation of incidence swoops
to such a surface, there arises a problem of theoretical
study on the stability of a molecule in the electric field.
In order to solve this problem, we will construct below
the adiabatic potential which includes the external elec-
tric field. Our study allows to predict the behavior of a
free molecule in the electric field.

2. Model of a molecule
in the uniform electric field

We will demonstrate below that the influence of an
external field on a centrosymmetric molecule, oscillating
near a charged surface can be described by the methods
of the theory of symmetry. Our model is an extension of
study presented in [3], where a molecule with D3d point
symmetry has been investigated in its free state. It fol-
lows from [3] that by applying the Pikus method of in-
variants [5] one can obtain a matrix of the vibronic in-
teraction potential energy D(Q1, Q2), which depends on
normal vibrations Q1 and Q2. These vibrations, in turn,
are the basic functions of the representation Eg of the
D3d symmetry group [3]:

D(Q1, Q2) =
1
2
ω2(Q2

1 +Q2
2)σ1 + V Q1σx

+V Q2σz + 2WQ1Q2 +W (Q2
1 −Q2

2)σz, (1)
where V andW are coefficients near linear and quadratic
terms of the potential energy operator of the vibronic
interaction, σ1 denotes an unit matrix, σx, σz are the
corresponding Pauli matrices, and 1/2ω2(Q2

1 + Q2
2) is

the potential energy of the molecule’s normal oscillation
which is described by the doubly degenerate represen-
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tation Eg. The vibronic interaction is not taken into
account in this potential energy. In the presence of the
electric field which, in our case, is described by a vec-
tor representation of theD3d symmetry group, additional
terms which depend on the (Ex, Ey, Ez) field components
and their products with normal vibrations Q1 and Q2,
should be included in Eq. (1) up to the second order.
Our analysis, based on the Pikus method, shows that
these additional terms take the form

M1E
2
zσ1 +M2(E

2
x + E2

y)σ1 +M3(E
2
x − E2

y)σz

+2M3ExEyσx +M4ExEzσz −M4EyEzσx, (2)
where Mi are arbitrary constants. Note that terms pro-
portional to QiEj products vanish as ones which are in-
compatible with the Eg symmetry. Indeed, normal vi-
brations Qi exhibit even parity under action of the sym-
metry operations of the D3d group, while E components
possesses odd parity.

When the vibronic potential energy is presented in
a matrix form D(Q1, Q2, Ex, Ey, Ez), it is possible to

obtain the adiabatic potential ε1,2(Q1, Q2,E) by solv-
ing a quadratic equation that follows from the following
determinant:
|D(Q1, Q2, Ex, Ey, Ez)− ε1| = 0. (3)

3. Results and conclusions

To analyze an influence of the electric field on the adi-
abatic potential, and thus, to examine a stability of a
high symmetry molecule, we use a graphical representa-
tion of both solutions of Eq. (3). Cross-sections of the
isoenergetic surfaces ε1,2(Q1, Q2, Ex, Ey, Ez) = const at
arbitrary levels of the electric field Ez (Ex = Ey = 0) are
presented in the left part of Fig. 1. It can be seen that
with increasing values of the Ez component (Ezτ coin-
cides with the symmetry axes of a molecule) the axial
symmetry of the potential does not change. Such behav-
ior of the first solution ε1 is in agreement with a fact
that the electric field being a vector with axial symmetry
does not break the rotational symmetry of the molecule,
provided that it is directed along this field.

Fig. 1. Cross-sections of the adiabatic potential ε1,2(Q1, Q2, Ex, Ey, Ez) = const at different values of the electric field
components.

Fig. 2. Shape of the adiabatic potential ε1,2(Q1, Q2, Ex, Ey, Ez) = const for zero (left) and nonzero (right) electric
field values.
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Let us consider the situation when a molecule enters in
the field of charged surface having its symmetry axis di-
rected parallel to this surface. In such a situation we ob-
serve different types of the symmetry lowering. In partic-
ular, in the case presented in right side in Fig. 1, when the
only nonzero component of the electric field is Ey, we find
that the initial configuration of the adiabatic potential
with six equivalent minima is distorted in such way that
all minima form equivalent pairs with different depths.

In the most general case a molecule is under an action
of all nonzero electric field components. This case is com-
pared with the zero field one in Fig. 2. As it follows from
our considerations, the electric field influences drastically
a shape of the adiabatic potential (all its minima become
non-equivalent) and thus, this field can cause significant
changes in the interatomic distances of the molecule, to-
gether with the change of its symmetry.

Thus, the above qualitative results show that at mod-
eling of a physical system near a charged surface (e.g. by
first principles methods), one should keep attention to
do not preserve the symmetry constraints be imposed
on the molecule’s atom, since these constraints can be
removed by the influence of the applied external field.
The group-theoretical approach reveals the complexity
of interpretations of experimental data: in the process
of stability loss of the system various system symmetry
configurations can occur, from the highest symmetry D3d

down to full asymmetric configuration.
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