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Introduction

In this paper we shall apply a method to calculate the ground state energy of
the F'center electrons. The presently accepted picture of the F’center is the lattice
defect model in which two elecirons trapped at a negative ion vacancy.

The ground state energy and properties of the F’ center have been discussed by
numerous authors and are summarized in the works of Mott and Gurneyl‘!‘, Seitz2_/_,
Pekarﬁ/, and Gourary and Adrianf_/.

The method used in this paper starts from the many body point of view in the
Hartree approximation and includes the electron-phonon interaction. Furthermore,
the crystal is assumed to be a dielectric medium and the negative ion vacancy for
the F'center is replaced by a point charge and immersed in a dielectric medium.

Calculation

In this paper, the crystal is supposed to be a dielectric medium and the negative
ion vacancy for the F'center is replaced by a positive, unity, point charge. In addit-
ion, we assume that there are interactions between phonons and electrons, and trap
center.

Therefore, the total Hamiltonian for the system F’center plus phonons may be
written as follows:
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where Vi is
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Here V is the volume of crystal, 1/eé*=1] €,—1]€,, whete €, and €, are the optical
and static dielectric constants; and wx is the frequency of the longitudinal optical
modes for the crystal. 1 and r2 are the position vectors of the two electrons and riz
is the distance between them. The origin of position vectors is taken at the trap
center. The first and second terms in Eq. (1) are, respectively, the kinetic energy
operators for the two electrons trapped by the F’center. The third term is the
phonon part of the Hamiltonian, which is written in terms of creation and annihila-
tion operators, ax* and ax. The fourth term is the sum of the interactions of the two
electrons and the the trap center with the phonon field. The fifth and sixth terms
are the Coulomb interactions of the electrons and the trap center and the last term



2 2 & B & | 5 £ = M

is the Coulomb interaction between the two electrons. The dieleciric constant in the
Coulomb interaction between the two electrons is chosen as the static one since we
suppose that there is an interaction between electron and phonons, i.e. the electron
motion is assumed to be slow enough so that the crystal ions follow it. In the case of
the Coulomb interaction of the electron with the trap center, the optical dielectricn
constant is used since the effect of rigid ion displacement is included in the phonous
interaction with trap center term.
The total wave function is written in the following form
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Here, 1 is the electronic part wave function. @ is the phonons wave function which
is written in the Hartree form, that is
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where f (k) is the wave function of phonons of momentum k. It can be found by the
perturbation theory using the third and fourth terms in Eq. (1) as outlined in the
previous paper5/ To first order the f (k) is

f(k) = (- T “(pi*—1) 2] 0> (5)

Here |0>represents the phonons vacuum state and the conjugate function of @x* in
Eq. (5),pxis
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The ground state wave function for the electronic part motion is chosen as the
product of the two Hydrogen like ground state wave functions, that is
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where A is a variational parameter.
Then the wave function for the phonons is given by
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Making use of the phonons wave fumction given in Eq. (8), the effective Hami-
ltonian for the F’center is
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Here, a is twice the nearest ne1ghbor d1stance.
The ground state energy for the electronic state of the F’center is given by
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Minimizing E with respect to the parameter A, we fznd for manimum energy
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In the case of Kcl the value of A given by Eq. (11) is 058x108Cm-i The
corresponding ground state energy is “—3.08 ev” with respect to the zero energy.
This value is high than the total energy of an F center electron and an electron rest
at in the bottom of the conduction band. This is in accord with the experimental
observation that the ’center can be separated intovan F center plus an electron
easily.
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