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Liquid binary mixture between Te and IVb elements have the eutectic region around 85 at. %
Te. The viscosity for liquid GeisTegs has been reported to have strong temperature dependence
above the melting temperature. To make clear the local structure around IVb and Te atoms,
we have measured the neutron diffraction and EXAFS measurements for liquid GeisTegs and
Sni¢Tess mixtures. The results for liquid GeisTess mixture suggest that bonding state between
Ge and Te decreases and becomes weak with increasing temperature rapidly, while the local
structure of liquid Sni¢Tess doesn’t show large temperature dependence. Large temperature
dependence of physical properties of GesTess near the melting point can be understood by
structural change from semiconducting chain to cluster of short chains.
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Introduction

§1.

Many works on the electronic, thermodynamic and
structural properties of Te-based liquid mixtures have
been studied'® from the view point of compound form-
ing effect at a certain composition, and the transition
from a semi conducting to a metallic state with increas-
ing temperature. Pure Te is known to form a two-
fold coordinated chain structure even in the liquid state,
and liquid Te shows metallic conductivity just above the
melting point. This is explained by strong interchain
coupling due to the thermal agitation, and the charge
transfer from a lone pair orbital to an anti-bonding or-
bital on neighboring chains.”®) In the phase diagram of
IVb-Te alloys, the eutectic region is found around 85
at. % Te. It is expected that local orderings between
two fold coordinated structure of Te and cluster form-
ing structure based on IVb-Te bond compete each other
around the eutectic region.

The viscosity of liquid Ge;sTegs has large value just
above the melting point and strong temperature de-
pendence, while that of liquid SnjsTegs does not have
so strong temperature dependence.?) In this paper, we
present the neutron diffraction and EXAFS results for
liquid Ge;sTegs and and Snj;gTegs mixtures around the
eutectic region and discuss bonding nature. The large
temperature dependence of viscosity and anomalous be-
havior of thermodynamic quantities as near the melting
point will be explained by structural change from semi-
conducting chain to cluster of short chains.

§2.

Samples were prepared by heating and mixing of el-
emental materials (Te; 99.999%, Ge; 99.9999%, Sn;
99.99%) in the quartz tube sealed under vacuum. Neu-
tron diffraction measurements were carried out using the
HIT-II spectrometer installed at KENS Neutron Scatter-
ing Facility in High Energy Accelerator Research Orga-
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Fig.1. Temperature dependence of the total structure factors of
liquid G015Teg5.

nization, Tsukuba, Japan. Samples were put into a thin-
walled (0.3mm) cylindrical cell made of fused silica with
an inner diameter of 8mm. The sample was heated with
a pair of infrared image heaters. Time-of-flight (TOF)
spectra were taken for liquid Ge-Te system. The struc-
ture factors, S(Q), in the range of momentum transfer ¢
up to 30 A~! were deduced by the standard procedure”
which includes the absorption correction, subtraction of
scattering from the cell, normalization by using spectra
for vanadium and reduction of multiple scattering con-
tribution.

EXAFS measurements were carried out at the BL-10B
station of the Photon Factory in KEK. Spectra at Ge,Te
and Sn K-absorption edges were obtained in a transmis-
sion mode using a Si(311) monochromator.®) The liquid
samples were inserted into the gap between two X-ray
windows made of quartz glass which were polished to be
0.3mm thickness. The optimum values of sample thick-
ness, t, ranged from 40 pm to 200 pm.



266 Yukinobu KAWAKITAet al.

g(n

r(A)

Fig.2. Total pair distribution functions for liquid Ge;sTegs.

§3. Results and Discussion

Figure 1 shows the structure factors, S(Q), of liquid
Geys5Tegs measured at 390 °C, 440 °C and 600 °C. A
large temperature dependence is observed at the second
peak around 3.2 A~! of S(Q). The oscillations decrease
with increasing temperature at large wave number be-
yond 8 A=1. The first peak of S(Q) increases slightly
with increasing temperature, and its position shifts to a
higher @) region. A small but distinct prepeak can be ob-
served around 1.0 A=! at 390°C and it disappears with
increasing temperature.

Figure 2 shows the pair distribution functions, g(r),
obtained by the Fourier transform of the interference
function, Q(S(Q)-1). The first peak of g(r) decreases
rapidly and shifts to a higher r direction with increasing
temperature. The second distribution locating around
3.5 to 4.5 A in the g(r)’s also reduces with increasing
temperature.

Figure 3(a) shows the partial distribution functions,
F(r), extracted from the EXAFS signal for Ge K-edge in
liquid GejsTegs. The first peak in F(r) appears smaller
than the real bond length about 0.2 ~ 0.3 A mainly be-
cause the phase shift has a negative k-dependence, nev-
ertheless F(r) is convenient to see a relative structural
change. The first peak in F(7) is located around 2.44 A
at 400 °C. With increasing temperature up to 600 °C, it
shifts to a longer r region by 0.1 AThe peak height de-
creases and becomes small rapidly above 450°C. Similar
tendency can be observed in the F(r) at Te K-edge. This
suggests that a substantial change of local structure oc-
curs in this liquid. Figure 3(b) shows the partial distribu-
tion function, F(r), obtained from the EXAFS signal for
Sn K-edge in liquid SnjgTegs. The temperature depen-
dence is not so significant as that for liquid Ge;5Tegs. We
have mentioned from EXAFS analysis of liquid Ge;5Tegs
that the coordination numbers of Te around Ge decreases
from 2.6 at 400°C to 1.8 at 500°C citefr:8 with tempera-
ture raising only by 100°C and the Ge-Te bond elongates
from 2.66 A at 400 °C to 2.73 A at 500 °C. This sug-
gests that the bonding between Ge and Te becomes weak
drastically and has more metallic character with increas-
ing temperature. In fact, it is observed that viscosity of

liquid Gej5Tegs substantially decreases and conductivity
increases in those temperature range.?) The total struc-
ture factor of Ge;sTegs obtained from neutron diffraction
includes three partial structures on Ge-Ge, Ge-Te and
Te-Te pairs and their contributions in the total structure
are 3.9%, 31.3% and 62.9%. Neumann et al. deduced
the partial structure factors of Ge-Te and Te-Te pairs
by both X-ray and neutron diffraction data, neglecting
the Ge-Ge pairs in eutectic region.?) Their results sug-
gest that at a high temperature, Te-Te partial structure
factor tends to resemble to the total structure factor of
pure liquid Te just above the melting point.

To confirm structural change, numerical fitting has
been done for the radial distribution function. The ra-
dial distribution function is calculated using the Te par-
tial number density instead of the total number density
as shown by full line in Figs. 4 and 5. When the first one
and the incoherent contribution (1.9%) are neglected, it
presents a linear combination of the partial radial dis-
tribution functions of Te atoms around the central Ge
atom and Te atoms around the central Te atom. Assum-
ing that the distribution of Ge-Te nearest neighbouring
pairs is the same as one obtained from the analysis of Ge
K-edge EXAFS data, structural information on the Te-
Te covalent bonds and the further distributions was ob-
tained by fitting a model function including several Gaus-
sian functions and a non-correlated back ground,!!-12)

4nring s (1 + sin (ﬂ%l)),

to the experimental radial distribution function, where
2R, expresses the intermediate length between corre-
lated and uncorrelated coordination and Ry, indicates
the threshhold length. In this liquid R, and R, are
taken as 4.83 A and 3.314 A, respectively. Each function
is shown by dotted curves in the Figs 4 and 5. Gaussian
curve fit analysis has been taken for radial distribution
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Fig.3. Partial radial distribution function of liquid Ge;s5Teg and

liquid SnjgTegs.
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Fig.4. Curve fitting of the radial distribution function for liquid
GeisTegs at 390 °C.
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Fig.5. Curve fitting of the radial distribution function for liquid
GeisTegs at 440 °C.

function (RDF) based on the bond length and partial
coordination from EXAFS measurements. For the low
temperature liquid state at 390 °C, coordination of Ge-
Te pairs are 2.756 at 2.667 A and that of Te-Te pairs
are 1.59 at 2.857 A and one site fitting is good for Te-Te
pairs. As for the RDF fitting at 440 °C, the coordina-
tion of Ge-Te pairs are obtained 2.09 at 2.707 A, however,
one site fitting is not good for the Te-Te pairs and two
sites are required for Te-Te pairs to get good fitting re-
sults, and shortens bonds of Te-Te pairs result in 1.13
at 2.798 A and slightly longer one become 1.03 at 3.193
A. The fitting results can be interpreted in the similar
way to the case of pure liquid Te, which shows struc-
tural change from selenium-like semiconducting chain to
cluster of short chains strongly interacting each other.”
With increasing temperature from the supercooled lig-
uid region, the length of the Te chain shorten by ther-
mal agitation and fraction of Te atoms at the chain end

becomes larger.”) Chain end is charged negatively and

introduces large charge fluctuation in the Te chain. Such
charge fluctuation generates inter-chain interaction bind-
ing short chains each other. The inter-chain interaction
stimulates charge transfer among neighbouring chains,
especially charge transfer from the lone pair orbital of
Te atom to the anti-bonding orbital of the neighbour-
ing chain, which strengthens chain coupling by charge
fluctuation. This microscopic model™®) can explain ev-
ery anomaly near the melting point, that is, volume
contraction by inter-chain coupling, large heat capac-
ity by structural change from semiconducting regime to
metallic regime, metallic conduction between neighbour-
ing chains by delocalization of lone pair orbital. The
fitting results in Fig. 5 suggests that such strong inter-
chain interaction exists even in the liquid Ge;sTegs.

84. Conclusions

The results of neutron diffraction and EXAFS mea-
surements for liquid GejsTegs mixture and liquid
SnigTegs mixture have been presented. The large
temperature dependence has been observed for liquid
GejsTegs with increasing temperature just above the
melting point.

The large temperature dependence of viscosity just
above the melting point and anomalous behavior of ther-
modynamic quantities as molar volume and sound veloc-
ity near the melting point can be understood by struc-
tural change from semiconducting chain to cluster of
short chains. Since the length of the chains will be
shorten by thermal agitation, the fraction of Te atoms
at the chain end will increase and such Te generates the
charge fluctuation in the Te chain. Such charge fluctu-
ation generates the inter-chain interaction and also the
every anomaly near the melting point. This will explain
every anomalous behavior of Te based alloys near the
melting point.
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