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Effect of Pressure on the Hyyerfine Structure of E Centers in LiF*
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An electron-spin-resonance study at room temperature has been performed on Ii centers in LiF at hydro-
static pressures up to 4 kbar. An average value for the variation of the hyperfine constants with pressure
is found to be a '8a/8P=(2. 4+1.1) )&10 ' bar '. This result, when taken with the bulk compressibility of
LiF, and the behavior with pressure of the optical transitions of F centers in alkali halides, gives moderately
good agreement with the point-ion model of Gourary and Adrian.

INTRODUCTION

'HIS paper reports the change in the hyperfine
structure of the Ii center in LiF as a function of

hydrostatic pressure. The interaction of the E electron
with its surrounding ions evidences itself by causing a
broad electron-spin-resonance (ESR) line with partially
resolved structure. ' These features are due almost
entirely to the eight next-nearest-neighbor fluorine ions
and the six nearest-neighbor lithium ions. Although it
is possible to study each of the various neighbors
separately through the use of the electron-nuclear
double-resonance (ENDOR)' technique, this approach
was postponed and only an average value representing
mostly the isotropic-fluorine hyperfine interaction is
given.

EXPERIMENTAL DETAILS AND RESULTS

Harshaw single-crystal LiF was formed into the shape
of a torus with an ultrasonic impact grinder. It was then
given a 150-megarad irradiation at O'C by an electron
beam. The crystal turned a dark green color owing to
an electron excess center, unstable at room temperature,
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FIG. 1.The variation of the hyperfine splitting with pressure.
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which has a g value slightly greater than 2. This center
disappears overnight leaving only the F center and some
3f-center concentration. The P-center concentration
was a litt)e low so the crystal treatment was extended
by an irradiation at room temperature with 40-keV
x rays for a few hours. It was then inserted into an
X-band coaxial microwave cavity within a high-
pressure bomb. ' The $111$ crystal axes were along the
external magnetic field. The high pressure press em-

ployed was one of Bridgman's. The pressure was
monitored by measuring the resistance of a coil of
rnanganin wire which was calibrated at the freezing
point of mercury at O'C.4

The results, shown in Fig. 1, can be expressed with a
least-squares fit to the data as

6 '(Bh/BP)= (2.4&1.1)X10 s bar '

where 6 is the average separation of two of the hyper-
fine lines. The point at 1 bar is from the vvork of Ref. 1.
The ESR spectra there are also taken at room tem-
perature. Using the compressibility data for bulk LiF
from Bridgman, ' we find
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been measured because that band lies outside the fre-
quency range of the high-pressure optical systems.

DISCUSSION

One can predict with modera, te success the hyper6ne
structure of the E electron by employing the modified
Heitler-I. ondon model of Gourary and Adrian' where
the F electron envelope wave function + is calculated
for an electron in the crystalline electrostatic field of the
surrounding ions. In order to satisfy the Pauli principle
this wave function is then perturbed in such a. way that
the overlap with the closed ion cores is reduced to zero;
that is

(3)

where C,; is the 0.th atomic state of the jth ion and E is
the normalization constant

The contact hyperfine interaction with a nucleus n
at R can be written

~-= (&6 /3)P6-/I-) I+ (~ ) I', (5)

where P is the Bohr magneton, p the magnetic moment
and I the spin of the nucleus.

With a certain number of simplifying assumptions
treated in some detail bv Adrian and coworkers" con-
cerning the nature of the various atomic wave functions,
one can rewrite Eq. (5)

where A, the so-called enhancement factor, is a,

parameter depending only on the free ionic wave
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function. For LiF, Gourary and Adrian predict
A (fluorine) theo„~ =350;whereas ENDOR measurements'
give A (fluorine) experiment =200.

The eGect of pressure in this model is twofold. The
functional dependence of 0' changes with interionic
radius. This happens because the crystalline electro-
static field in which the F electron 6nds itself is a func-
tion of the positions of the ions. E also decreases with
pressure. With the Gourary and Adrian type-III wave
function"

(8 1na/8 lnR) = (8 in%'/8 lnR) =—3.

Equa, tion (2) assumes that the variational parameters
in the type-III wave function remain constant as the
interionic radius changes. This is, in fact, not a bad
assumption for LiF. Combining Eq. (7) with Eq. (2)
we find that fEsn= 1.6 compared with the semiempirical

f,pt;„t= 2 inferred from optical data. The errors associ-
ated with these determinations and the roughness of the
available models used allow us to claim reasonably good
agreement between the numbers. We conclude that the
Gourary and Adrian point-ion model is as reliable in
predicting the pressure variation in the hyperfine
structure as it is in predicting the value at atmospheric
pressure.

ACKNOWI EDGMENTS

The author would like to acknowledge the contri-
butions of a number of people to this work. The machin-
ing of the pressure bomb and microwave cavity as well as
parts of the press was done by A. Pukt who also provided
many valuable design suggestions. F. D. Wilson pre-
pared the LiF crystal. Kenneth A. Wright kindly per-
formed the electron irradiation. Professor R. E.
Newnham generously allowed the use of his x-ray
apparatus for the x irradiation. It is a pleasure to thank
Professor G. B. Benedek for the hospitality of his
laboratory.

'o See Ref. 8, p. 229.


