
The influence of the crystal field on the anisotropic thermal expansion in TmCu2

This article has been downloaded from IOPscience. Please scroll down to see the full text article.

1993 J. Phys.: Condens. Matter 5 7955

(http://iopscience.iop.org/0953-8984/5/43/009)

Download details:

IP Address: 171.66.16.96

The article was downloaded on 11/05/2010 at 02:06

Please note that terms and conditions apply.

View the table of contents for this issue, or go to the journal homepage for more

Home Search Collections Journals About Contact us My IOPscience

http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0953-8984/5/43
http://iopscience.iop.org/0953-8984
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience
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lnslilule for bperimenral Physics, TU Vienna, Wiedner Hauplsuasse 8-10. A-1040 Vienna, 
Austria 

Received 21 May 1993. in final form 24 August 1993 

Abslract The lattice parameters a, h and c of TmCuz have been measured in the temperature 
range from 4.2 K up to 300 K using x-ray powder diffraction. The influence of the crystal 
field on the thermal expansion in TmCuz in the paramagnetic region has been determined by 
comparing the thermal expansion of UE nonmagnetic YCuz with that of TmCuz qmCuz orders 
magnetically a1 TN = 6.3 K). The data thus obtained are compared with a theoretical model 
given by Gratz et 01 in 1993 using a set of crystal field parameters published by Gubbens el a1 
in 1992. From this analysis we get information a b u t  the unknown elastic and magnetoelastic 
properties of TmCuz. 

1. Introduction 

The aim of this paper is to show the crystal-field (CF) influence on the temperature 
variation of the lattice parameters a, b and c of TmCuz (orthorhombic &Cu2 structure) 
in the temperature range from 4.2 K to 300 K by comparison with the isosnucmral YCu2. 
Recently Gubbens et a1 [2] published a set of CF parameters for this compound determined 
from neutron scattering data, measurements of the magnetization, specific heat and thermal 
expansion. The aim of this paper is to apply this set of parameters to analyse the anisotropic 
thermal expansion for TmCuz (Tm3+ : J = 6) as it has been done in our recent publication 
for EKUZ and NdCuz (see Gratz et al [I]). 

2. Experimental details 

Polycrystalline samples of TmCu2 and YCuz have been prepared by induction melting under 
a protective argon atmosphere. After annealing at 700 'C for one week no trace of foreign 
phases could be observed by the x-ray analysis. 

A conventional Siemens D-500 x-ray powder diffractometer with an Oxford helium-flow 
clyostat and CO Ko radiation has been used for the measurements of the lattice parameters 
a, b and c as a function of temperature. Germanium was used as an internal standard for 
calibration at each temperature. 

3. Results and discussion 

The temperature variation of the lattice parameters a, b and c of TmCuz and YCuz is 
shown in figure 1. In order to make the comparison easier we normalized the lattice 
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parameters to 300 K, that is, we divided them by the values at 300 K. The values of YCuz 
are given by the different broken lines in this figure. The lattice parameters at 300 K 
for TmCuz are a = 4.267 z t  0.001 A, b = 6.713 i 0.003 A, c = 7.248 0.001 8, and for 
YCuz a = 4.301 &0.001 A, b =6.874&0.003 A, c =7.297 ~0 .001  A. 
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Figure 1. Temperature dependence of the normalized laltice parameten of TmCuz (symbols) 
and YCuz (broken lines). 

The measured variations of a ( T ) ,  h ( T )  and c(T) for TmCuz deviate remarkably from 
those of the isostructural YCuz compound. The experimentally determined differences of 
the normalized lattice parameters of TmCu2 and YCua in the temperature range from 4.2 K 
to 300 K are shown in figure 2. As in our previous paper [ I ]  we attribute the anomalous 
behaviour in the anisotropic thermal expansion of TmCuz to the cF influence. 

If q ( T )  (i = 1,2,3) denotes the lattice parameters a, b and c of the magnetic compound 
TmCuz and ri(T) the lattice parameters of the non-magnetic isosmctural compound YCuz, 
the difference of the lattice parameters (normalized to T, = 300 K) is given by (IO) in Ill: 

Here the (0;)~ and (07)~" denote the expectation values of the Stevens operators 
with 1 = 2 an m = 0.2 at the variable temperature T and at the normalization temperature 
T. (= 300 K), respectively. The CF parameters recently determined by Gubbens et 
al [2] (see also table I )  have been used for the calculation of the thermal expectation 
values of the Stevens operators. The coefficients A; and 8,. which include elastic and 
magnetoelastic properties of the compounds are fitted to the experiment (for more details 
see our recent paper [I]). The obtained values for the six unknown coefficients are: 

and 83 = - 6 . 6 ~  
Ai = 5 . 9 ~ 1 0 - ~ ,  Az = - l . l X 1 0 - 4 ,  A3 = l . l ~ l O - ~ ,  El = ~ . I x I O - ~ ,  E2 = -3.9~10- 5 

The CUNS in figure 2 show the results of the calculation. 
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Figure 2. Experimentally determined differences of the normalized lanice parameten in the a, 
b and (. directions of TmCuz and YCu2 ( s ~ t a l s )  together with the calculated raulu (curves). 

Table 1. CF parameten for the orthorhombic TmCuz compound. 

8: 8: 8: 8: 80" 
-0.94 K -1.23 K -0.9 x IO-z K -0.39 x IO@ K -0.36 x K 

4. Summary 

The anisotropic thermal expansion of TmCu2 has been measured using x-ray powder 
diffraction. We were able to show that these anomalies in the anisotropic thermal expansion 
of TmCuz are due to the CF influence and can be described quantitatively, if we use the CF 
parameters published by Gubbens et al [2]. This analysis is based on the assumption that 
the elastic and magnetoelastic coupling parameters are temperature independent and can be 
determined by a fit to the experimental data, Recently we applied the same procedure for 
the analysis of the anisotropic thermal expansion of ECuz and NdCuz [ I ]  with the similar 
success. 
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