|

REFLECTION

«

,,,,,

1 | I | I |
4000 3000 2000 1000 800 600 400 200
WAVENUMBER (cm™)

FIG. 1. Reflection spectrum of titanium oxidized at

700°C. Solid curve: 3 h. Broken curve: 2h, p-pol-
arized radiation.

band at 828 and 809 cm™, with half-widths of about

60 and 120 cm™, respectively. Eagles® reports
two LO-mode frequencies in rutile at 811 cm™ in
the extraordinary ray and 806 cm™ in the ordinary
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FIG. 2. Reflection spectra of single-crystal rutile
(redrawn from Ref. 2) and oxidized titanium films at
two angles of incidence and in p- and s-polarized
radiation. LO-mode frequencies from Ref. 5 are in-
dicated. "

ray, calculated from single-crystal measurements.
The small discrepancy is possibly due to accumu-

lated errors in the experimental data used in the
calculations.
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A modified form of Harrison’s model pseudopotential has been used to calculate the spin
susceptibility and the Griineisen parameters of alkali metals: viz., lithium, sodium, and po-
tassium. These results are in good agreement with the available experimental data.

I. INTRODUCTION

The pseudopotential formalism for representing
the electron-ion interaction in simple metals has

been extensively employed by a number of workers.!™*

Recently, the present authors employed a local-
pseudopotential model to calculate the lattice-dy-
namical properties (e.g., phonon dispersion rela-

TABLE I. Parameters of the model pseudopotential.

Effective
mass B P=Y,
Element (m*/m) (Rya.u.3) (a.u.)
Lithium 1.45 18.3 0.2
Sodium 0.98 32.7 0.3
Potassium 0,93 59,23 0.4
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tions, binding energy, compressibility, etc.) of
aluminum, ° sodium, ® potassium, 7 and lithium. ®

A calculation of the electrical properties of the li-
quid metals was also reported® based on the pseudo-
potential approach. The same model is adopted
here to calculate the spin susceptibility and the
Griineisen parameters of bcc lithium, sodium, and
potassium. The calculations are presented in Sec.
II and the results are discussed in Sec. III.

II. DESCRIPTION OF CALCULATIONS

Saxena and Bhattacharya10 have recently reported
their theoretical results on the spin susceptibility
of sodium taking into account the electron-phonon
and the electron-lattice interactions. The effect
of the Fermi, exchange, and correlation energies
on the spin paramagnetism of the alkali metals has
been included on the lines of Abe.!! The effect of
the electron-phonon interaction on the spin para-
magnetism is of the order of V(#/M) as shown by
Migdal? and by Quinn and Ferrell, !* where m and
M are the masses of electron and ion, respectively.

It has been, neglected therefore, in the present
calculations. The expression for the crystal-lat-
tice contribution to the spin susceptibility is the
same as given by Saxena and Bhattacharyal®:

A -2
L™ " 91273

3 lop(@1® [1+1;;‘2 In

@ x2-1

1+x
1-x

]. (1)

Here 7, is the radius of the sphere whose volume
is the average conduction-electron volume; x
=q/2kp, ke being the Fermi wave vector; and uy(g)
is the bare pseudopotential, given by

1 4drze® Be~Pe
wy(g)= % [“‘ P +(1+qzy§)a ] . ' (2)
An exponential term has been introduced in the
repulsive part of the Harrison model pseudopo-
tential.* The introduction of an exponential term
simplifies the computations significantly because
of the rapid convergence of the electronic term.

FIG. 2. Calculated Griineisen
parameters for sodium in [100],
[110], and [111] directions; q/27
is in units of 1/10a.
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It also has an additional advantage of bringing a is evident from this table, the theoretical and the
compromise between the attractive and the repulsive  experimental results for sodium and lithjum show
terms as they tend to cancel each other at high wave a fairly good agreement. In the case of potassium,

vectors, as demanded by theory and also proved no experimental results are available, and therefore
quite generally by Austin, Heine, and Sham.!® As a comparison could not be made. In particular, our
already reported in our earlier papers, we have results for lithium are better than those of Glas-
taken p=7, in our calculations because of the arbi- ser.!?
trary nature of the parameters. The two remaining The one-phonon Griineisen parameters calculated
unknown parameters 8 and 7, were determined by from the model potential (2) are drawn in Figs. 1,
fitting them in the pseudopotential to reproduce 2, and 3 for lithium, sodium, and potassium, re-
selected measured phonon frequencies. The values spectively. In general, the pseudopotential calcula-
of the model parameters are given in Table I. tion leads to Griineisen parameters of the correct

The volume dependence of the normal modes is order of magnitude. These quantities are all posi-
described by the one-phonon Griineisen parameter tive and show considerable variation over the zone.
defined by All the calculated ¥ lie in the range ~0.9to~ 1.5

J1ne for sodium, ~0.95 to ~ 1.6 for potassium, and
Vo= - m—“— (3) ~0.75 to ~1. 6 for lithium. The same order of mag- .
0 nitude was obtained by Wallace?”"?! in his calculation

We have calculated the Griineisen parameters in of Griineisen parameters for alkali metals uSing
the three symmetry directions following Toya’s Harrison’s model pseudopotential. The Griineisen
method. ¢ With the parameters given in Table I, constant obtained after averaging over a number of
the Griineisen parameters were calculated to an ac- frequencies in the three symmetry directions, for
curacy of 1% for alkali metals for 87 reciprocal alkali metals, is given in Table III along with the
wave vectors in a £ part of the first zone. observed Griineisen’s constant? and computed val-

ues by Dugdale and Macdonald®® and by Wallace. 2°

III. RESULTS AND DISCUSSION Table III shows that the results are fairly well in-

The calculated values of spin paramagnetism are terpreted by the model potential (2). The Kohn
presented in Table II along with the observed values anomalies are not apparent in the Griineisen-param-
of Schumacher and Slichter!” and Schumacher and eter curves and have not been reported in any of

Vehse!® and the computed values of Glasser.!® As

TABLE III. Average Griineisen parameter y for

TABLE II. Paramagnetic susceptibility X, for alkali alkali metals,

metals. (The value in parentheses is from Ref, 18,) Calculated
value of  Calculated

t] .
Our gllisie:' s Exp erllm ental Theoretically Macdonald value of Observed
. ulation value calculated  and Dugdale Wallace value
Element  calculations  (Ref. 19) (Refs. 17, 18) Element value (Ref. 23)  (Ref. 20) (Ref. 22)
Lithium 1.74 1.33 2.08 Lithium 1,11 s s 1,17
Sodium 0.86 0.86 0.95 (1.13) Sodium 1.16 0.86 1.18 1.25

Potassium 0.70 0.73 e Potassium 1.23 0.97 1.21 1,34
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the experimental phonon dispersion measurements?¢~28
These anomalies are expected to be quite small for
alkali metals. The curves are dominated by electro-
static terms and the pseudopotential plays a minor
role.
In view of the successful interpretation of the

various properties of simple metals, 5~° this model
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o

pseudopotential establishes, in its own right, its
importance in the study of lattice dynamics.
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The results of two-photon absorption from metSstable defect levels are presented in terms
of a wide range of the characteristic trapping parameters of a simple model of a solid. The
instantaneous photocurrent maxima and the luminescence brightness maxima as obtained from
exact solutions of the coupled nonlinear kinetic equations are shown to depend on the square
of the laser flux, provided that the intensity is a few orders of magnitude smaller than the laser-
damage threshold, The square-law dependence is lost close to the threshold. These results
are independent of surface recombination and diffusion.

surements of the two-photon absorption rate have
confirmedthis,! Indirect methods based on the
square-law dependence have since been taken as
strong evidence of the existence of two-photon pro-
cesses, in for example, luminescence,! photocon-

The two-photon absorption rate is proportional
to the square of the light intensity (F) if the sample
is illuminated with monochromatic light (and to the
product of the intensities Fy, and F,, if two different
monochromatic beams are present). Direct mea-



