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ABSTRACT

The sublimation of HgTe occurs according to the process
HgTe(s) — Te(s)+Hg(g)
The mercury pressures were measured by the torsion-effusion method in the temperature

range 478-576 K. From comparison with the literature data, the temperature dependence of
the mercury pressure can be expressed by the equation

log P(kPa) =8.18—5700/T

Treating the results by second (and third) law .the average AH%, =105+4 kJ mol ™!
associated with the vaporization process was derived. Comparison of the AHY, values
obtained by the two laws showed that until the first step of the vaporization the solid

tellurium residue can be considered to be near unit activity. The standard heat of formation
of HgTe, AHPy 0 = —4.4 k] mol ™!, was also derived.

INTRODUCTION

Previous works on the condensed mercurium monotelluride give pressure
data based on the assumption that this compound vaporizes congruently as
HgTe(g) or as Hg(g) and Te,(g) [1,2]. Goldfinger and Jeunehomme [3]
found, by mass-spectrometric analysis of the vapour, that Hg(g) is the
predominant species and reported pressure values of this element in the
temperature range 442—553 K. Brebrick and Strauss [4] and Levitskaya et al.
[5] studied the system Hg-Te at high pressure and temperature conditions
by the optical adsorbtion method and found that, in addition to Hg(g),
Te%(g), is also present in the vapour, but in very small amounts ( Py, /Py, =
10%).

An electron microprobe investigation [6] carried out in the temperature
range 300-400°C reveals the existence of a transitory layer between the
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superficial layer and the interior of the crystal. Due to the considerable
difference between Hg(g) and Te,(g) pressures, the predominant vaporiza-
tion of mercury from the surface occurs in the first step of vaporization
forming a tellurium-rich layer with parallel ducts through which mercury
escapes from the interior of the crystal. During heating, changes in composi-
tion and structure of the superficial layer were observed so that the literature
vapour pressure data measured after the first step of vaporization or ob-
tained by the dynamic method, cannot be reliable considering the probable
variation of the composition of the sample surface during the measurements.
On this basis and considering that, at present, apparently no other pressure
data have been reported in the literature, we thought it useful to carry out
new measurements of the vapour pressure of solid HgTe employing the
torsion—effusion technique.

EXPERIMENTAL AND RESULTS

Mercurium monotelluride was supplied by Koch Light Laboratories
(99.999%). The vapour pressure was measured utilizing essentially the tor-
sion—effusion technique. The experimental assembly was as previously de-
scribed [7]. At each experimental temperature the corresponding vapour
pressure was derived from measurements of the torsion angle, a, of the
effusion cell by the simple relationship P = K«a, where K represents the cell
parameters and the torsion constant of the wire (tungsten 30 pm in diame-
ter) by which the cell is suspended. Temperatures were measured with a
calibrated chromel alumel thermocouple inserted in a second cell placed
below the torsion cell. In order to test the reliability of the employed cell
constants, the temperature measurements, and that a thermodynamic equi-
librium condition existed in the effusion cell, the absolute pressures of the
pure standard elements lead and zinc are measured and compared with
Hultgren’s selected data [8]. Using a conventional pyrophillite cell, the
vapour pressure of HgTe was measured in four vaporization runs. Analyzing
the effusion vapour seen condensing in the first step of the vaporization,
small amounts of mercury as impurity or derived from the narrow homo-
geneity range (1-2% of the original weight) are found. With increasing
temperature the first pressure values are reproducible; the reproducibility
decreasing slowly with the continuing vaporization.

The EDS X-ray pattern of the condensed vapour showed that its constitu-
tion is almost totally mercury, it is concluded, therefore, that HgTe vaporizes
prevalently according to the reaction

HgTe(s) — Te(s) + Hg(g) (1)
On continuing the vaporization, the superficial layer of the HgTe sample

becomes rich in tellurium as observed by Mikulko and Szummer [6] with a
consequent decrease of the mercury activity.



89

Taking into account only the pressure values measured in the first step of
the vaporization, the following pressure—temperature equation was selected

log P(kPa) = (8.30 + 0.4) — (5700 + 200) /T

weighing proportionally to the number of points the slopes and intercepts of
the corresponding equations obtained by a least-squares treatment of the
data of each run as reported in Table 1. The associated errors are estimated.
This equation is plotted in Fig. 1 together with the experimental points.
From its slope the second-law standard vaporization enthalpy change A HJy,
=107 + 4 kJ mol™!, corrected at 298 K by heat contents reported in the
literature [8-10], was obtained. In Table 1 at each experimental temperature
the corresponding standard vaporization enthalpies calculated by a third-law
treatment of the vapour pressure are also reported. The free-energy function
change used for these calculations, A[(G%— HYg)/T] equal to 110.5, 110.2
and 109.9 J K~ ! mol~! at 500, 550 and 600 K, respectively, were obtained
from the corresponding values reported by Mills [10] for HgTe(s) and

-log P (kPa)

] 1
18 19 20 21

1 41
— 1
T 0 (K™')

Fig. 1. Experimental vapour pressure of condensed HgTe measured by the torsion—effusion
method. (a) run 3.703, (@) run 3.246, (O) run 3.276, (W) run 3.701.
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Hultgren [8] for Hg(g), and with solid tellurium considered at unit activity.
The absence of evident temperature trends in the third-law AHJ, and the
agreement of the average value AHJ =103.4+ 0.8 kJ mol™! with the
corresponding second-law one, can be taken as evidence that the mercurium
telluride vaporizes according to process (1) and that, the first step of the
vaporization, the solid tellurium is at near unit activity. On this basis we
propose as standard enthalpy change associated to the vaporization process
of HgTe the average value 105 kJ mol ! with an error that should not excee
4-6 kJ mol ™"

The pressure—temperature equation is reported for comparison in Fig. 2
with results of other authors, some of which are opportunally corrected
according to vaporization process (1). Except for the data of Shakhtakh-
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Fig. 2. Comparison of vapour pressure data over condensed HgTe. (- - -) Selected

pressure—temperature equations.
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tinskii [1] our results agree well with reported values, it is, therefore,
concluded that the most probable equation of the mercury temperature
pressure dependence is expressed by the following

log P(kPa) = 8.18 — 5700/ T

drawn as dotted line in Fig. 2.

Combining the standard mercury vaporization enthalpy [8] with that
found for solid HgTe, the heat of formation for this compound AH g =
—4.4 kJ mol™! was derived. The value, within the estimated error of 6 kJ
mol !, agrees well with the values derived from pressure data as reported by
Mills [10] but is lower than that found by Ratajczak and Terpilowski [11]
(—33 42 kJ mol™') obtained by the FEM method.
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