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The room t

d of the ab ion edge of

EuO, EuS, EuSe and EuTe single ';:ryu!als was found tc'be-4.4;
~7.9; —8.4 and - 12 meV/kbar respectively. Using these data the
deformation potential was calculated.

THE EUROPIUM-chalcogenides have found the
interest of many investigators because these

R sis 1 gnetic for
and offer the unique possibility to study

absorption for wavelengths larger than the
absorption edge between 1 and 10 em™) ground
and polished single crystal plates of the Eu-

optical effects as well as transport phenomena
in relation with the magnetic properties. A
ik

tal di y in these materials has
been the large red-shift of the absorption edge
on cooling below the eti deri

chal ides. The crystals were brought under
pressure in and out of the light path thus estab-
lishing a reference light beam system. The mono-
chromatic light (from a high resolving Zeiss
double monochromator) entered and left the

ture.™™* This and other exciting experiments
have caught the interest of several theoreticians
who proposed various models for the optical
transitions and tried to explain the anomalous
red-shift of the absorption edge. Some of these
models assume for the optical transition near
the absorption edge a 4f7—4f*5d "' transition *3
the red-shift being due to an exchange splitting
of the excited state. In another model the red-
shift is itatively explained by the splitting
of a conduction band into spin-polarized sub-
bands®’ Recently, a further possibility was
suggested by Callen® who invoked the magneto-
striction as the cause of the red-shift. This

posal makes about the sign of
depend of the ab ion edge
and the def ion potenti Is and we th ‘:
i Y to prod per 1 evid
for this,

In a small chamber filled with silicon oil as
the st sl d

the optical lmnsmiuio; of high quality (residual

P hamber by means of glass light pipes.
Pressures up to 4 kbar have been used several
times, though the usual pressure was not higher
than 1kbar to avoid damage of the system.

It was found that the transmission curves of
all substances shifted parallel to itself to longer

lengths upon application of p Two
methods of measurements have been used. The
wavelength change under p was ded
for ission i y near the
absorption edge or the change of transmission
was d for length; with the
slope of the versus length
curve the shift in wavelength was computed.
The latter method gave more precise results
which are compiled in Fig. 1.

The compressibility X of EuO at room tem-
perature has been measured by McWhan er al.®
and Socolova et al.'”® to be about 1 x 10 bar™"
and by Stevenson et al.'"'? to be 4.3 and
3.4 % 10™bar™". The discrepancy of a factor of
4 in these results is rather disturbing, however

R



» lattice constant under pressure will then be

da/dp = _K%/S = -59x10° .A/bal [¢)]

ing an a, for EuO of 5.14A. If one plots the

isition of the absorption edge of the Eu-
al id t the lattice tant one

‘»hln;l nearly straight line with a slope
;a/h = 0.65eV/A. We can now compute the
\ift of the absorption edge with p
dEg/dp = dEg/da .da/dp
= -3.85x 10" eV/bar (2)

; 3 3 % +al
hich should be P with the exp
ilue of dE,/dp = — 4.4 10™ eV/bar.

The small discrepancy arises of course,
scause we have assumed that the variation of
Je energy gap with the lattice constant by .
xchanging the anion is the same as by applying
haun to one single material, an assumption
hich cannot be correct since it neglects co-
alency effects of the anions. However, thg
slculation gives the correct sign and the right
rder of magnitude of the shift.

4

The of the p dep
f the absorption edge enables us to sep
he dilatational part from the phonon part of the
‘hift of the absorption edge with temp
t can easily be shown that
(dEg/dT) 4y =-3B/HdEg/dp
= +051x10‘eV/K (3)

is the linear coefficient of thermal
:pwm ﬂon which for Eu0 is 13.2x 10° K" "
it room temperature. The total shift of the
edge with in the para-
‘nagnetic region is the sum of the dilatational
and phonon part and has been measured separ-
ately, i.e.:

(4B /dN)ge = (dEq/dT)ay + (dEg/dT)pn

'y :
P

= - 14x 107 eV/K )
Thus (dEg /dT)s = - 1.9x 10" eV/K.
According to Bardeen and Shockley's the shift

of the m:ry gap with dilatation of the lattice
|
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1 di i the latest published value A equals

'3(:“:"12)"5-'" 12 4ill be used. The change of dEo/dA = Y3(E-g) = ~1H(eEq/dp)

= +1.29eV (5)
or (€,-€) = + 1.94eV

whete €v and € are the deformation potenﬁgls
of the val and conductionbands respectively.

The difference in the deformation potentials
will not be very temperature dependent, since
1/H (dE ;/dp) is mearly temperature independent,
which can be seen by rewriting (2):

(1/HXEEg/dp) = (L/HXEE;/da da/dp)

= -dEg/da.a,/3. (6)

FIG. 1. Pressure dependence of the optical

tion mear the ab edge of the

Eu-chalcogenides.

1f we take dE/da at low temperatures from
a plot of the position of the absorption edge of .
the Eu-chalcogenides against the lattice consta®
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Vol. 7, No.9 DEPENDENCE OF ABSORPTION EDGE OF EUROPIUM-CHALCOGENIDES

we realize that it changes only by about 10 per
-~

695

duction band, however the 4f-wave functions do

cent of the value at room temp (CH
by about 1%,).

We therefore can compute the shift of the
absorption edge due to magnetostriction by usin,

(5) and inserting the measured dA of - 3,107 >

It is found that dE; = - 3.88 x 10™ eV, In con-
trast, the measured shift of the absorption edge
between temperatures above and below the Curie
temperature is for EuO dE, = - 2.5x 107 eVv.'?
We thus conclude that the shift of the absorption
edge due to magnetostriction will be in the
direction t. ds longer wa gths as sug-
gested by Callen, however, the size of the effect
is at least one order of magnitude too small

idering the inty in H. As stated
above several authors assume the 4f-5d

to be responsible for the ab

not lap and form localized states with no
conduction possible. In this case the effective
mass in these ‘valence states’ is very large.
If we assume according to Fan'® that the shift
of the ab: edge with due to
phonon interaction is a function of m, €2 and
equal to (dE;/dT),,, we consequently have to
assume the deformation potential €, to be very
small. Thus in this model neglecting €,, the
def ion potential of the conduction band
€. would be about - 1.9eV,
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