I nvestigation of the Negative Thermal Expansion of ZrW,Og

N. Ulbrich, W. Troger, T. Butz, and P. Blaha?®

Nukleare Festkdrperphysik, Fakultét fur Physik und Geowissenschaften, Universitét Leipzig,
Linnéstraide 5, D-04103 Leipzig

&ngtitut fur Technische Elektrochemie, Technische Universitat Wien, Getreidemarkt 9/158,
A-1060 Wien

Reprint requests to Dr. W. T.; Fax: +49-341-97-32-729;|E-mail: troeger@physik.uni-leipzig.de |

Z. Naturforsch. 55a, 301—-310 (2000); received October 28, 1999

Presented at the XVth International Symposium on Nuclear Quadrupole Interactions,
Leipzig, Germany, July 25—30, 1999.

The negative thermal expansion in Zr\W,Og was investigated on a microscaopic scale by temperature
dependent measurements of the electric field gradients at the nuclear probe *¥"W (57) *8’Reusing time
differential perturbed angular correlation spectrosch)PX Two distinct nuclear quadrupole interactions
VR =18.92(4) - 107 VIm?, nRe=0.0 and |V5¥%|=4.55(2) - 10 Vim2, 1R®2=0.053(3) were
observed at 295 K, which are assigned to the two crystallographically distinct WO, tetrahedra of the
room temperature structure. Ab initio calculations of electron densities and electric field gradientswith
1:7 Re-impurities using the full potential linearized augmented plane wave package WIEN97 yield the
electricfield gradients V,X1=12.63 - 102 V/m?, nR1=0.0and V,3¥=4.90 - 10°* V/m2, nR®2=0.0.The
observed temperature dependence of the nuclear quadrupole interactions agrees well with the structu-
ral phase transition at 428 K observed by neutron and x-ray diffraction. Our experiments corroborate
the suggested mechanism of coupled librations of rigid ZrOg octahedra and WO, tetrahedra, which is
an alternative description of transverse vibrations of oxygen atomsin Zr-O-W bonds, for the negative
thermal expansion in ZrW,0Og.
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