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The room temperature pressure dependence of the absorption edge of 
EuO, EuS, EuSe and EuTe Single crystals was found to be - 4.4; 
-7.9; -8.4 and -12 mcV/ kbar respectively. Using these data the 
deformation potential was calculated. 

TIlE EUROPIUM-chalcogenides have found the 
interest of many investigators because these 
substances are ferromagnetic; semiconductors 
aad offer the unique possibility to study various 
optical effects as well as transport phenomena 
in relation with the magnetic properties. A 
fundamental discovery in these materials has 
been tbe large r~·shift of the absorption edge 
on cooling below the ma gnetic ordering tempera­
hue. l-J 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 
fed-shift of the absorption edge. Some of these 
models assume for the optical transition near 
the absorption edge a 4r -4rSd I transition .4..5 

the red-shift being due to an exchange splitting 
of the excited state. In another trlodel the red· 
abitt is quantitatively explained by the splitting 
of a conduction band into spin-polarized sub­
bands~l Recently, a further possibility was 
IUUeste-d by Callen I who invoked the magneto-­
sWellon as the cause of the red-shift. This 
proposal makes assumptions about the sign of 
the pressure dependence of the absorption edge 
Ind the defamation potentials and we thought 
it necessary to produce experimental evidence 
10, this. 

In • small chamber filled with silicon oil as 
the pressure transducing medium we measured 
the optical transmission of biCb quality (residual 

693 

absorption for wavelengths larger than the 
absorption edge between 1 and lOcm"') ground 
and polished single crystal plates of the Eu­
chalcogenides. The crystals were brought under 
pressure in and out of the Ught path thus estab­
lishing a reference light beam system . The mono­
chromatic light (from a high resolving Zeiss 
double conochromator) entered and left the 
pressure chamber by means of glass light pipes. 
Pressures up to 4 kbar have been used several 
times, though the usual pressure was not higher 
than 1 kbar to avoid damage of the system. 

It was found that the transmission C'Urves of 
all substances shifted parallel to itself to lonler 
wavelengths upon application of pressure. Two 
methods of measurements have been used. The 
wavelength change under pressure was recorded 
for constant transmission intensi ty near the 
absorption edge or the change of transmission 
was measured for cxmstant wavelencth; with the 
slope of the transmission versus wavelength 
curve the shift in wavelength was computed. 
The latter method gave more precise tesulll 
whieh are compiled in Fig. 1. 

The compressibility}( of EuO at room t .... 
perature has been measured by McWhan tt al.· 
and Socolova tt 01.10 to be about 1 )( l~bar'" 
and by Stevenson tt al. It.ll to be 4.3 and 
3.4 )( 10" bar-I. The discrepancy of a factor of 
4 in these results is rather eli.turbine. however 
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: further discussions the latest published value 
3.4 )( lO-·bar- t 12 will be used. The change of 
, lattice constant under pressure will then be 

cIa/dp • -}{ .... /3 • - 5.9 x 10" A/ bar (1) 

in, an a , for EuO of 5.14 A. If one plots the 
c itiOQ of the absorption edge of the Eu­
alcogenides against the lattice constant one 

inl. nearly straight line with a slope 
: Ida _ O.6SeV/A. We can now compute the 
{'it of the absorption edte with pressure 

dEo/dp • dEo/cIa. cIa/ dp 

• - 3.85 x 10· ' eV/ bar (2) 

ich should be compared with the experimental 
lue of dEo/dp • - 4.4 x 10""" eV/bar. 

The small cUscrepancy arises of course, 
tcause we have assumed that the variation of 
e energy gap with the lattice constant by . 
Ichanpn, the anion is the same as by app~Y1Dg 
feSSUre to one single material, an assumption 

bleh caMot be correct since it neglects ce>­
aleney effects of the anions. Howe\'.r, the 
.lculation eives the correct sign and the right 
rde.r of macnitude of the shift. 

The measurement of the pressure dependence 
f th. absorption edge enables us to separate 
e dilatational part from the phonon part of the 

hift of tbe absorption edge with temperature. 
t cad easily be shown that 

(clEo/dndl. - -3fj/}{dEa/dp 

_ + 0.51 • llf' eV / K (3) 

there {3 is the linear coefficient of thennal ".14 
.. "".sion which for EuO is 13.2 . 10" (("' 
at room temperature. The total shift of the 
abaorption edge with tempe~ture in the para­
Dlpetic region is the sum of the dilatational 
lncl phonon part and has been measured sep8r-­
ately, i.I.: 

(olEa/eli) ... - (dEo/dndl' + (dEo/dD •• 

• - 1.4 x 10""' eV/ K (4) 

Thul (dEQ /dn.. _ - 1.9 . 10·' eV/K. 

Accordinc to Bardeen and Shockley IS the shift 
of the .nerey gap with dilatation of the lattice 

~ equals 

dEo/cL\ • 2/3(£.-£,,) - -lI}{(dEo/ dp) 

_ + L2geV 

or {E .. - Eel ... + l.94eV 

(S) 

where E .. and fc are the deformation potenti~ls 
of the valence- aad conductionbands tespecuvely. 

The diffnenc~ in the defonnation potentials 
will not be very temperature dependent, since 
1/ }{ (dEo/dp) is .. ""dy temperature independen., 
which can. be seea by rewriting (2): 

(1/J(XdEo /"') - (l/}{XdEo/ cIa cIa/ dp) I 
_ - dEo/cIa • a, /3. (6) 
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o 100 IlOO 1000 .. --FIG. 1. PflOSS1l~ dependence of the optical 
absorption s:tea.t the absorption edge of the 
Eu.cbalc:og~ • 

If we take dEo/dtJ at law retapt'ratur~$ (t04'D 

• plot of the position oC the absorption edge of 
the Eu-c:halcogemdes apinst the lattice constant 
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W~ realize that it changes only by about 10 p~r 
cent of the value at room teroperature (ao changes 
by about 1".,). 

We therefore can compute the shift of the 
absorption edge due to magnetos triction by using 
(5) and inserting the measured ~ of _ 3 . 10~). 11.14 

II is found that dEo ~ - 3.88 . IIf' eV. In con. 
trast , the measured shift of the absorption edge 
between temperatures above and below the Curie 
temperature is for EuO dEo _ - 2.5 x 10-1 eV.'.2 

We thus conclude that the shift of the absorption 
edge due to magnetostriction will be in the 
direction towards longer wavelengths as sug­
gested by Callen , however, the size of the effect 
is at least one order of magnitude too small 
conSidering the uncerta inty in}t As stated 
abo,,'e several authors asswne the 4/-Sd 
transition to be responsible for the absorption 
near the absorption edge. The wave functions 
of the Sd'-states overla p and form an empty con-

duction band, however the 4f-wave functions do 
not overlap and Conn 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 1& that the shift 
of the absorption edge with temperature due to 
phonon interaction is a func tion of m .. ~ and 
equal to (dEo / dT) .. we consequently have to 
assume the defonnation potential E .. to be very 
small. Thus in this model neglecting E .. , the 
deformation potential of the conduction band 
Et- would be about - 1.geV. 
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