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Strain-Induced Splitting and Oscillator-Strength Anisotropy
of the Infrared Transverse-Optic Phonon in Calcium Fluoride,

Strontium Fluoride, and Barium Fluoride
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(Received 21 January 1980)

Strain-induced splittings of the infrared-active TO phonon in CaF2, SrF2, and BaF2
are calculated from a least sq-uares fit of photoelastie dispersion data by an undamped
oscillator model. The strain-induced oscillator-strength anisotropy appears negligible;
the Szigeti effective charge remains a scalar. The shear deformation potential for I.100l
strain is -170 cm ' in all the materials; for tllll strain it is -82 cm for CaF2, -54
cm ' for SrF, , and -50 cm ' for BaF2.

PACS numbers. : 63.20.Dj, 71.70.Ej, 78.20.Fm, 78.30.0t

The effect of uniaxial stress on the lattice ab-
sorption bands of ionic materials has been diffi-
cult to study because of the relatively broad band-
width of the absorption spectra and the difficulty
of applying large stresses to extremely thin spec-
imens. In contrast, the study of uniaxial stress
effects on the Raman spectra of solids' has been
facilitated by the sharp nature of the spectra and
the ability to use bulk specimens. There have
been significant studies of the effects of hydro-
static pressure on the transverse-optic (TO) pho-
non of a wide range of thin-film halide materials
that have yielded the transverse-optic-mode
Gruneisen parameter, y Tp. Furthermore, a
large body of literature has related the effect of
hydrostatic pressure on the static dielectric con-
stant c„and the high-frequency dielectric con-
stant e „, to y To and to the volume dependence of
the Szigeti effective charge e,.' While it would
be desirable to measure directly the effect of uni-
axial strain on absorption due to the TO-phonon
mode, it is the purpose of this paper to show that
this effect can be determined indirectly from the
measurement of the infrared dispersion of the
photoelastic constants of ionic materials. We
present photoelg, stic constant data derived from
piezobirefringence studies on the alkaline-earth

materials CaF„SrF„and BaF„' and, based on
a least-squares fit of the data by an oscillator
model, we derive values for the strain-induced
splitting of the TO-phonon mode and the strain-
induced anisotropy of the oscillator strength.
This information, in conjunction with the results
of nonlinear elastic-constant measurements and
stress-Raman measurements, will provide input
for the development of models of fluorite-struc-
ture anharmonic potentials and for the validation
of such models. The data we present are the
first systematic determination of photoelastic-
constant dispersion in the infrared due to lattice
vibrations. Furthermore, to our knowledge, this
is the first determination of infrared TO-mode
splitting due to uniaxial stress in an ionic materi-
al whose infrared-active mode is Raman forbid-
den.

Recently, Humphreys and Maradudin (HM) and
Bendow, Gianino, Tsay, and Mitra' have present-
ed phenomenological expressions for the photo-
elastic constants 0„.» in the infrared region of
the spectrum. Using both experimental data and
models for interionic potentials and dipole mo-
ments, they have calculated phenomenological
parameters for a wide range of zinc-blende and
alkali-halide crystals. Subsequently, several ex-
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matic beam. A reading of the output intensity
was noted after the compensator, consisting of
a plate of Ge or SiO, in a calibrated load cell,
was set initially to a quarter-wave retardation.
A known uniaxial load was now applied to the
specimen, changing the intensity reading, where-
upon the stress on the compensator was changed
to return the intensity reading to its initial value.
From the known loads on the specimen and com-
pensator, we computed the piezobirefringence co-
efficient. The procedure was then repeated with
the compensator set initially to a three-quarter-
wave retardation, and an average of the comput-
ed coefficients was taken. The two measurements
compensate for possible systematic intensity
changes.

The photoelastic constants kgb ky2 and k«were
calculated and plotted as shown in Fig. 1. We al-
so calculated k„k~2 and k«of CaF and Sr F2
from data obtained by other workers. ' We be-
lieve their data to be questionable because their
sign for k« is opposite in sign to values for the
visible in the published literature"" which agree
with our sign; even if we reverse the sign of
their k«, these values and their values for k]y
-k» at 1.15 pm do not fit smoothly to known visi-
ble and ultraviolet dispersion data. " (In Fig. I,
we show their data with the sign of k«reversed,
superimposed on our data. )

An important feature of our data is the strong
infrared dispersion which produces a sign change
in k44 of CaF, and Sr F, at the longer wavelengths.
In order to obtain a theoretical model for this
dispersion, the data from 3.4 to 10.6 pm were
fitted by Eq. (3) by the method of least squares
and values for the parameters k", g, and h were
obtained. The resulting curves are shown in Fig.
1 superimposed on the experimental data; the fit

2= 2 2
Go vo =Gx vx +G2v2 (4)

where G, is the oscillator strength of the compos-
ite oscillator, v, is its resonant frequency, Gy
and G, are the oscillator strengths of the individ-
ual oscillators, and v, and v, are their respective
resonance frequencies. The oscillator param-
eters we have used are reasonable because their
values, given in Table II, and the parameters of
Kaiser et al."obey Eq. (4) quite well. If the TO-
mode parameters of Kaiser et al. are used to

appears to be quite good. The shorter wavelength
data were omitted from the fit because accurate
refractive index data on these materials had in-
dicated that dispersion due to electronic process-
es is still significant at these wavelengths.

The principal results of the statistical fit are
values for the stress-induced oscillator-strength
anisotropies gyp gy2 and g«, and values for the
TO-mode shear-def ormation potentials a' —5'
and g', which are shown in Table Q. The param-
eters used for calculating the frequency split-
tings, G„and v» were obtained from accurate
refractive-index data, ""rather than from the
experimental parameters derived from infrared
ref lectivity measurements. '~ This approach is
reasonable because the infrared ref lectivity data
show that the lattice absorption comes predom-
inantly from a single oscillator, the TO mode,
and secondarily from a much weaker oscillator,
a combined TO-acoustic mode. Moreover, at
frequencies far from any of these resonances,
one can consider the refractive-index dispersion
as due to a single undamped oscillator, analogous
to the Penn oscillator model" for electronic tran-
sitions. Finally, a single oscillator composite
of two oscillators, to lowest order, obeys the
condition

TABLE If. Shear deformation potential and strain-induced oscillator-
strength anisotropy of the infrared TOphonon in CaF2, SrF~, and BaF~.

CaFp SrF2 BaF2
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&To (cm ')
~ Raman (™)

g11 gi 2
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a' —b' (cm ')
a-b (cm ') (Raman)
c' (cm ')
c {cm ') (Raman)

3.85
289
327'

0.00+ 0.06
0.00+ 0.02
169+ 12
-1016

-82+ 4
-103d
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0.00+ 0.03
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~ 4 0
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3.83
213
247

0.00+ 0.03
0.00+ 0.01
174+ 8

-504d

-50+ 3

Ref. 13. Ref. 14. Ref. 15. Ref. 9.
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compute the deformation potentials, the values
obtained would differ by less than S%%u~.

For comparison, we show in Table II shear
deformation potentials for the Raman-active
modes in CaF, and BaF,.' The values of a'-b'
are significantly smaller in magnitude and oppo-
site in sign to the corresponding values for a —b.
On the other hand, q and q' in CaF, are of com-
parable value and we find c'/vTo= c/vR, . We
have also found that for CaF, and BaF„ the shear
deformation potentials are much smaller than the
hydrostatic deformation potentials, a'+2b', com-
puted from the TO-mode Gruneisen parame-

18$19

The principal conclusions we can draw from the
fit are these: The stress-induced anisotropy in
the oscillator strength is indistinguishable from
zero in all cases, indicating that the Szigeti ef-
fective charge e, remains a scalar; the shear de-
formation parameter a' —b' does not vary, with-
in experimental error, from material to materi-
al; c' is opposite in sign to a' —b' and its values
for SrF, and BaF, are equal within experimental
error, but are significantly smaller than the val-
ue for CaF, . Work is planned for the develop-
ment of a microscopic model of the fluorite struc-
ture to explain these results.
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