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Abstract .  - We have measured the quadrupole interaction parameter and the asymmetry coefficient a t  the 1 5 ' ~ u  
MGssbauer nucleus for E u B a ~ C u ~ o ~ - ~ ,  6 2: 0 and 6 2: 1. The measurements have been extended up to 420 K and 600 K 
respectively. From the temperature dependence of the electric field gradient parameter VE and the isomer shift we deduce 
that the contribution of the excited electronic state of E U ~ +  to the measured parameters is stronger in the superconducting 
than in the semiconducting oxide. 

A number of groups have already published re- 
sults obtained by 15'Eu Mossbauer spectroscopy on 
EuBa2Cu307 [I] but only recently data have been 
presented on the temperature dependence of the 
quadrupole interaction parameter and the isomer shift 
for EuBazCu3O4-6, 6 1. 0 and 6 2. 1 [2]. The mea- 
surements were performed up to  420 K and 600 K for 
the S E 0 and S = 1 compound respectively. Here we 
give a first approach to the analysis of these data. 

In these compounds the electric quadrupole' inter- 
action is unresolved 111 but a carefull analysis shows 
that the Mossbauer spectra can not be fitted by a sim- 
ple Lorentzian line and that a quadrupole interaction 
does exist. Our samples were very thin (3.6 mg/cm2 of 
16'Eu) in order to avoid saturation effects. This point 
was carefully examined by transmission-integral fits to 
the spectra. The line width of a single line was for all 
the spectra 2.04 (3) mm/s. The value of the compo- 
nent of the electric field gradient (EFG) along the main 
axis, vE, was deduced from the measured quadrupole 
interaction parameter using the quadrupole moments 
given in reference [3]. The asymmetry parameter 
was temperature independent with r ]  = 0.77 (8), 0.84 
(8) for the 6 N 0 and 6 e 1 compounds respectively. 
In the figure 1 we present the temperature dependence 
of (-vZ) and the isomer shift (IS) for the two com- 
pounds. At first sight the non-monotonous tempera- 
ture dependence for the superconducting oxide (6 = 0) 
is surprising. This type of behaviour has already been 
seen for EuzTi207 and has been attributed to the con- 
tribution of the electronic state J = 2 of E U ~ +  to the 
EFG [4]. 

The continuous line on the IS data for the two com- 
pounds is a fit to a Debye model with a Debye tem- 
perature of 290 K. This fit works perfectly well only 
for the semiconducting compound. It is remarkable 
that the deviation from the fit for the superconduct- 
ing oxide occurs a t  the same temperature as the min- 

h r 
N I " ' ~ I ' ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~  
'%L .O-  - - 
23.8: d - - 3.6 - 
: 3 . 4  

- 
"3.2- 
3 - E U B ~ ~ C U ~ O ~ - ~  6 ~ 1  
W N  
3 

I", I 1 

0 -00 
I I 

TEMPERATURE ( K )  

0 100 200 300 LOO 
TEHPERATURE ( K ) 

Fig. 1. - Temperature dependence of (-v:) and the 
isomer shift (IS) of E u B a ~ C u ~ 0 7 - ~  for 6 2: 1 and 6 0. 
The continuous line on the IS data is the result of the Debye 
model with a Debye temperature of 290 K. The dashed line 
in the high temperature IS data for 6 r= 0 has a slope of 
2: -4.0 X mrn.s-'.K-'. 
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imum in (-V,,) . The IS curves describe the effect of 
the second order Doppler shift (SOD) for a particu- 
lar model. But the misfit which is seen starting at  
2. 200 K can not be attributed to any SOD because 
the minimum slope which is model independent can 
only be -2.75 x 10-%m.s-~.K-~ whereas our data 
have a slope of cz -4.0 x rnrn.~-~.K-l. We at- 
tribute this extra IS to the excited electronic states 
J = 1, J = 2 of E U ~ + .  Our data show that the mixing 
of these states to  the J = 0 ground state decreases the 
s-electron density a t  the Eu nucleus. Because we do 
not see any deviation from the Debye model for the 
semiconducting oxide we deduce that in this case the 
mixing is negligible. 

The Mossbauer spectroscopy provides a measure- 
ment of the EFG tensor Kj at the nucleus which in 
our case is the sum of two tensors, one representing 
the effect of the lattice and the conduction electrons 
and one taking into account that 4f electron shell. If we 
suppose that the main axis of both tensor are parallel 
we can write: 

V,,,l,t can be taken directly from the 1 5 5 ~ d  Mossbauer 
measurement because the only contribution to the 
EFG for this nucleus comes from the lattice and the 
conduction electrons. Using the quadrupole moments 
given in reference [6, 71 we obtain at 42 K: Vzz,lat = 
-6.00 (15) and -5.32(2) x 1021 ~ . r n - ~  for the 6 -- 0 
and 5 E 1 oxides respectively (2,5). Therefore we can 
deduce Vzs,4f and compare to the result of Elliott (8) 
who has computed the EFG due to the polarization of 
the 4f orbitals by an axial crystalline field potential. 
This theory takes into account only the mixing of the 
I J = 2, m = 0) state to the I J = 0) ground state. At 
low temperature 

A2 is the energy of the IJ = 2,O) state and 1/20 is the 
crystalline field potential parameter which can be ex- 
pressed in term of Kz,lat as follows 

z a t  = - 4  (1 - ) / (1 - 2 ( r )  (3) 

Using the parameters R, (r-3),  A2, y,, o2, and 
( r 2 )  given in reference [4] and our data at  4.2 K for the 
superconducting oxide we deduce from equations (1) 
and (2) a value of V: which agrees with the value de- 
duced from the 1 5 5 ~ d  measurement and equation (3). 
But we find a discrepancy of 20 % for the 6 E 1 com- 
pound. In fact equations (I), (2) and (3) imply that 

(v: / K:") ,=, = (E?' l vZd) . 
This is not seen experimentally. But we must remem- 
ber that our model is crude: for instance it takes into 
account only the mixing of the I J = 2, m = 0) state 
and suppose that Vzz,4f has the same main axis as 
Vzz,l,t. A complete theoretical analysis is under way 
which should explain the minimum seen (-v:) [4]. 
But it is clear from the present analysis that the differ- 
ences seen between the two oxides is due to the excited 
electronic state of E U ~ + .  These states should give a 
Van-Vleck contribution to the magnetic susceptibility. 
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