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ABSTRACT 

The total vapour pressure of solid ZnSe and ZnTe was measured by using the thermo- 
gravimetric Knudsen-effusion method. The results obtained can be expressed (in kPa) by the 
equations 

log p,,,(ZnSe) = (9.15~0.~)-~12798~73)/~ 

log ptO,(ZnTe) = (9.10+0.08) - (11215 +X),/7’ 

in the temperature ranges 1025-1288 K and 897-1109 K, respectively. The standard 
sublimation enthalpies were derived by second- and third-law treatment of the data, and the 
values AH& (ZnSe) = 377 f 4 kJ mol-’ and AH* 298 (ZnTe) = 332 +4 kJ mol-’ are pro- 
posed. 

INTRODUCTION 

Zinc selenide and zinc telluride have been studied by several authors. The 
vapour pressure of the zinc selenide has been measured over a higher 
temperature range ~11~-14~ K) by the transpiration method [l-3] and at 
lower temperatures by Komeeva et al. [4] and by Goldfinger and Jeune- 
homme [S] by using the Knudsen-effusion method. As concerns the zinc 
telluride, Brebrick [6] measured its vapour pressure at higher temperatures 
by optical absorption and other sets of vapour pressure of this compound 
have been measured at lower temperatures by the Knudsen-effusion [5-81 
and the torsion-effusion [9] methods. In addition, an equation of the vapour 
pressure has been found by using the mass-spectrometric technique [lo]. 
Apart from two papers which are not generally available [11,12] no other 
vapour-pressure data for zinc selenide and zinc telluride are apparently 
reported in the literature. The vapour-pressure data of both compounds, as 
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well as the values of their sublimation enthalpy, are not in excellent 
agreement, so that, as part of our research program on the vaporization of 
chalcogenides [13,14] we have studied these compounds determining new 
values of their vapour pressure and sublimation enthalpy. 

METHODS AND RESULTS 

The experimental apparatus used consists of an Ugine-Eyraud B 60 
model thermobalance, a vertical furnace, a silica glass coaxial reaction 
chamber and temperature- and weight-recording systems. The assembly was 
recently improved in the vacuum system: two diffstak diffusion pumps were 
placed at the two extremities of the reaction chamber, so that the operative 
vacuum is not less than about 1 X lo-’ kPa, and a calibrated opposition 
device allows the temperature always to be measured at the same highest 
sensitivity of + 0.01 mV of the temperature recorder. The samples used were 
supplied by Koch-Light; 99.998% purity. Conventional graphite effusion 
cells were used, calibrated for the effusion hole by vaporizing pure metals 
having well-known vapour pressure [15], suspended from the balance beam 
and located at the centre of the previously determined isothermal zone of 
the reaction chamber. The temperatures were measured by a Pt-Pt/RhlO% 
previously calibrated thermocouple placed immediately beneath the effusion 
cells. 

Mass spectrometric experiments have shown that the sublimation of ZnSe 
and ZnTe occur congruently. Since the contribution of the Te(g) species in 
the gas phase 1161 is negligible in the temperature and pressure range 
investigated, the sublimation process was assumed to be 

ZnX(s) = Zn(g) -I- 1/2X,(g) (X = Se, Te) (1) 

In this Knudsen-effusion study, taking into consideration the vaporiza- 
tion with dissociation of these compounds by using the correction factor 
reported by McCabe [l?], the total vapour pressure was measured from the 
total mass-loss rate of the samples by means of the Knudsen equation 

ptot = (2.279,‘SK)( T/M,,)1’23,‘2( ~;~3A&&‘M;<:,)(dm/dt) (kPa) 

(2) 

where S is the area of the-effusion hole (cm2), K is Clausing’s correction 
factor, MZn is the atomic weight of zinc, Mxz is the molecular weight of the 
chalcogen, Mz, is the molecular weight of the chalcogenide, (dm/dt) is 
the total mass-loss rate (g s-‘) and T is the absolute temperature. 

Two vaporization runs were carried out for ZnSe and for ZnTe, by using 
two cells of different diameter and thickness of effusion hole. The experi- 
mental data and the values of the total vapour pressures are given in Tables 
1 and 2. 



TABLE 1 

The total vapour pressure and third-law sublimation enthalpy of ZnSe according to process 

(1) 

dm/dt Pi01 -log K, - NGF - ff%d/T 4% 

(is s-‘1 @Pa) (kPa)3/2 (J K-’ mol-‘) (kJ mol-‘) 

Run 1 (cell 1, SK = 7.53 x 10F3 cm’) 
1025 4.541 x1o-7 4.28 x 1O-4 5.47 206.4 378.1 
1031 5.223x1O-7 4.94x1o-4 5.38 206.4 378.1 

1040 6.679x1O-7 6.34~10-~ 5.22 206.3 378.2 

1043 7.232~10-~ 6.88 x 1o-4 5.16 206.3 378.3 
1056 1.046 x 1O-6 1.oox1o-3 4.91 206.1 377.6 
1064 1.294~10-~ 1.24~10-~ 4.78 206.1 377.8 
1075 1.629~10-~ 1.57x10-3 4.63 206.0 378.4 
1078 1.808 x 1O-6 1.75x1o-3 4.56 206.0 378.1 
1087 2.375 x 10F6 2.30 x 1O-3 4.37 205.9 378.0 
1093 2.601 x 1O-6 2.53 x 1O-3 4.32 205.9 378.0 
1102 3.254x 1O-6 3.18~10-~ 4.17 205.8 378.0 
1118 4.813 x 1O-6 4.73x1o-3 3.91 205.6 377.8 
1123 5.252~10-~ 5.18~10-~ 3.85 205.4 377.9 
1131 6.277 x 1O-6 6.22~10-~ 3.73 205.5 378.1 
1136 7.174x1o-6 7.12~10-~ 3.64 205.5 377.8 

Run2(cell2, SK=1.11X10-3cm2) 
1147 1.529x10F6 1.03 x 1o-2 3.40 205.4 376.1 
1156 1.908 x 1O-6 1.30xlo~2 3.25 205.3 375.7 
1161 2.045 x1O-6 1.39 x 1o-2 3.21 205.3 376.4 
1170 2.501 x1O-6 1.71 x1o-2 3.07 205.2 376.0 
1175 2.687 x 1O-6 1.84x10-’ 3.02 205.1 376.4 
1189 3.779 x 1o-6 2.60~10-~ 2.80 205.1 375.8 
1196 4.210 x 1O-6 2.91 x lo-’ 3.73 205.0 376.4 
1200 4.838 x 1O-6 3.35x1o-2 3.63 205.0 375.3 
1216 6.305 x 1O-6 4.39x1o-2 3.46 204.9 376.2 
1231 8.631 x 1O-6 6.05 x 1O-2 3.25 204.7 375.8 
1242 1.007x10-5 7.09 x 1o-2 3.14 204.6 376.4 
1251 1.275 x 10F5 9.01 x 1o-2 1.99 204.6 375.4 
1263 1.522~10-~ 1.08x10-’ 1.87 204.5 376.0 
1273 1.773x1o-5 1.26x10-’ 1.77 204.4 376.5 
1288 2.463 x 1O-5 1.77x10-’ 1.55 204.3 375.3 

Average a 

Average a 

378.0 k 0.2 

376.0 f 0.4 

a The associated errors are standard deviations. 

The least-squares treatment of the total-vapour-pressure data yielded the 

log Ptclt vs. l/T equations for ZnSe and ZnTe reported in Tables 3 and 4, 
respectively, together with the results of the other authors, where the 
associated errors are standard deviations. The total-vapour-pressure equa- 
tions derived from the two vaporization runs are in excellent agreement for 
ZnSe and ZnTe, so that the following average equations for the overall 
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TABLE 2 

The total vapour pressure and third-law sublimation enthalpy of ZnTe according to process 

(1) 

dm/dt Pm --log K - A(G,e - ffi%h’~ AGk 

fg s-9 @Pa) (kPa) ‘I’ (J K-’ mol-‘) (kJ mol-‘) 

Run 1 (cell 1, SK = 7.53 x low3 cm’) 
897 5.548 x lo-’ 3.97x1o-4 5.52 206.8 331.8 
904 6.943x1o-7 4.98~10-~ 5.37 206.7 331.8 
909 8.152x10-’ 5.87 x 1O-4 5.27 206.6 331.7 
917 1.o26x1o-6 7.42~10-~ 5.11 206.5 331.7 
923 1.246~10-~ 9.04 x 1o-4 4.99 206.5 331.7 
930 1.543 x 10-6 1.12x1o-3 4.84 206.4 331.5 
941 2.110 x 10-6 1.55x10-3 4.64 206.3 331.7 
945 2.248 x 1O-6 1.65 x 1O-3 4.59 206.2 332.2 
948 2.530~10-~ 1.86X 1o-3 4.52 206.2 332.0 
954 3.098 x lO-+j 2.29~10-~ 4.38 206.1 331.5 
962 3.809 x lo+ 2.82~10-~ 4.24 206.0 331.5 
970 4.641 x 1O-6 3.45 x 1o-3 4.11 205.9 331.9 
976 5.469x10+ 4.08 x 1O-3 4.00 205.9 331.7 
983 6.677 x 1O-6 5.oox1o-3 3.87 205.8 331.6 
990 8.032~10-~ 6.03~10-~ 3.75 205.7 331.6 

1000 1.029x10-’ 7.77 x 1o-3 3.58 205.6 331.6 

Run2(cell2, SK=1.11x10-3cm2) 
1000 1.416 x lO+ 7.25~10-~ 3.63 
1011 1.940x10-6 1.01 xlo-2 3.42 
1022 2.609~10-~ 1.35 x10-2 3.22 
1029 3.055 x lo-+ 1.59x10-* 3.12 
1038 3.734 x 10-6 1.95x10-* 2.99 
1045 4.382x 1O-6 2.29x10-* 2.88 
1052 5.117 x 10-6 2.69~10-~ 2.77 
1064 7.042x lo+ 3.72x1O-2 2.56 
1068 7.513x lO+j 3.97x10-* 2.52 
1077 8.812 x lo+ 4.68~10-~ 2.41 
1086 1.1o4x1o-5 5.90 x lo-* 2.26 

1093 1.294x10-’ 6.93 x lo-* 2.16 

1099 1.379x10-5 7.41 x lo-* 2.12 
1109 1.736x10-’ 9.37 x 1o-2 1.96 

a The associated errors are standard deviations. 

temperature ranges were obtained 
1025-1288 K: log PtO,(ZnSe) = (9.15 I!I 0.06) - (12798 I!I 73)/T &Pa) 

(3) 

a Average 331.7i0.2 

205.6 332.5 
205.5 332.0 
205.4 331.6 
205.3 331.8 
205.2 332.0 
205.1 332.0 
205.0 331.9 
204.9 331.3 
204.9 331.7 
204.7 332.0 
204.6 331.6 
204.5 331.5 
204.4 332.5 
204.3 331.9 

Average a 33X9&0.3 
- 

897-1009 K: log PtO,(ZnTe) = (9.10 + 0.08) - (11215 k 75)/T &Pa) 
(4 
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Our tensimetric data for ZnSe are in agreement with those of Goldfinger 
and Jeunehomme [5], while those for ZnTe agree with Brebrick’s results [6] 
even if the slope of our equation is slightly larger. 

The log K, vs. l/T equations relative to the sublimation process (1) of 
ZnSe and ZnTe determined in the present and previous works are reported 
in Tables 3 and 4, respectively. From the slopes of these equations we have 
derived, also for the results of the other authors, the second-law values of the 
standard sublimation enthalpy of ZnSe and ZnTe (also reported in Tables 3 
and 4). The necessary enthalpic functions were taken from Hultgren et al. 
1151 for Zn(g) and from Mills [16] for Se,(g), Te,(g), ZnSe(s) and ZnTe(s). 
The standard second-law sublimation enthalpy values relative to reaction (1) 
obtained as an average from the two vaporization runs for ZnSe and ZnTe 
are AHz&(ZnSe) = 377.4 rfr: 1.4 kJ mol-’ and AH,:*(ZnTe) = 332.6 + 1.4 kJ 
mol-‘, where the associated errors are standard deviations. 

The evaluation of the standard enthalpy change for sublimation process 
(1) was also effected for ZnSe and ZnTe by a third-law treatment of the K, 
values obtained at each experimental temperature from the tensimetric data. 
The necessary free-energy functions were taken from Hultgren et al. [15] for 
Zn(g) and from Mills 1161 for ZnSe(s), ZnTe(s), Se,(g) and Te,(g). Tables 1 
and 2 report this treatment and the average third-law values of the standard 
sublimation enthalpy of ZnSe and ZnTe obtained in each run, with the 
associated standard deviations. In none of the four vaporization runs was 
any temperature-related trend of the AH,& values observed, and this fact 
can be considered as a check of the reliability of the experimental tensimet- 
ric data and of the free-energy functions used. 

The results obtained in the two pairs of vaporization runs are in excellent 
agreement for both compounds; thus we report as third-law values of the 
sublimation enthalpy, the corresponding average values AH&(ZnSe) = 
377.0 & 0.3 kJ mol-’ and AH * 298 (ZnTe) = 331.8 f 0.3 kJ mol-‘, where the 
associated errors are standard deviations. Our third-law values of the 
standard sublimation enthalpy of ZnSe and ZnTe are reported in Tables 3 
and 4, respectively, in comparison with the corresponding second-law data. 
The agreement between the second- and third-law results is excellent for 
both compounds, and we report as the standard sublimation enthalpy of 
ZnSe and ZnTe, according to reaction (I), the following values, with an 
estimated error not exceeding +4 kJ mol-‘: AH,ff,(ZnSe) = 377 + 4 kJ 
mol-’ and AHz&(ZnTe) = 332 + 4 kJ mol-‘. The value of 377 kJ mol-’ 
proposed for ZnSe agree with the second-law values obtained from the 
log K, vs. l/T equations of Boev et al. [2] and of Goldfinger and Jeune- 
homme 151. As concerns ZnTe, the value of 332 kJ mol-’ agrees with the 
values obtained from the equations of Brebrick [6] and of Ivanov [lo], with 
the third-law value reported by Lee and Munir [9], and is almost the same as 
value of 330 kJ mol-’ selected by Mills [16]. 
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