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The vapour pressure of nickel has been determined over the temperature range 1522-1793 K. 

It is possible to obtain unequivocal information on the vapour The temperature dependence of the vapour pressure of nickel 
pressure and enthalpy of sublimation of nickel, despite a has been determined by means of an integral variant of the 
number of available sources (see Table 1). This circumstance Knudsen method in a hydrocarbon-free vacuum 
resulted in our present work, investigating the evaporation of (10-6-10-7 Pa). The principles of the operation and design of 
nickel. We have tried to exclude, as far as possible, the sources the device are described elsewhere.14 The effusion cell and 
of errors present in previous work. diaphragm (the size of the diaphragm is given in Table 2) were 
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Table 1 Enthalpy of sublimation of nickel at 298.15 K according to data obtained by various authors" 

Author, ref. (year) Method 

Enthalpy of sublimation at 
Temp. 298.15 K/kJ mol-' 

No. of range 
measurements T/K 2nd Law 3rd Law 

Jones, 1 (1927) 
Bryce, 2 (1936) 
Johnston, 3 (1940) 
Morris, 4 (1957) 
Nesmeyanov, 5 (1960) 
Grimley, 6 (1961) 
Kovtun, 7 (1962) 
Vrestal, 8 (1971) 
Rutner, 9 (1974) 
Pozhidaev, 10 (1974) 
Bochkova, 1 1  (1981) 
Bodrov, 12 (1982) 

Bobler, 13 (1985) 

Langmuir 
Langmuir 
Langmuir 
Carrier gas 
Knudsen 
Knudsen 
Open crucible 
Knudsen 
Langmuir 
Langmuir 
Knudsen 
Atomic absorption 

Boiling point 

5 
Equa 
12 
16 
1 1  
16 
13 
19 
28 
44 

5 
23 
9 
1 

"Table 1 gives the results of fundamental investigations on the vapour pressure of nickel. 

made from alumina and were degassed in vacuo before use. 
Samples of nickel of 99.99% and 99.96% purity and a sample of 
the radioisotope nickel-63 were used. The amount of evapo- 
rated nickel was determined by a colorimetric method'' and by 
isotopic dilution with a substoichiometric discharge of diethyl 
dithiocarbamatonickel(~~). The saturated vapour pressure of 
nickel was calculated according to eqn. (I), where P is the 

vapour pressure, rn the mass of substance being evaporated, a is 
the area of the effusion orifice, K is Clausings' factor, T is the 
evaporation time, M is the molecular weight of nickel vapour 
and T the temperature, (other symbols have their conventional 
meanings). The results obtained are given in Tables 2 and 3 and 
Fig. 1. 

In order to test whether equilibrium was established in the 
Knudsen cell the experiments were carried out using nickel 
samples with various surface evaporation areas (powder, foil, 
smelted powder, liquid) using the same effusion orifice. The 
results obtained were treated using the least-squares method 
and the temperature dependence of the vapour pressures of 
liquid and solid nickel were calculated. Statistical analysis I6.l7 
revealed the statistical equivalence of the results for the vapour 
pressure of solid nickel which were obtained in all the experi- 
mental series. The results did not depend on the area and state 
of the evaporation surface. This allowed us to calculate an 
overall regression equation for the vapour pressure of solid 
nickel (Table 3). The enthalpy of sublimation of nickel at 
298.15 K was calculated in accordance with the second and 
third laws of thermodynamics using IVTANTERMO? thermo- 
dynamic functionst for solid and liquid nickel (Table 3). The 
statistical equivalence of the values of the enthalpy of subli- 
mation of nickel at 298.15 K calculated from the vapour 
pressure of liquid and solid nickel was demonstrated, and a 
value of As,,W (Ni, cr, 298.15 K) = 424.7 2 0.3 kJ mol - was 
obtained. It follows from Table 1 that this value agrees with 
those for the enthalpy of sublimation of nickel calculated in 
refs. 3, 11 (within the limits of experimental error) but differs 
from the other values given in Table 1. The data on the vapour 
pressure of liquid nickel obtained in the present work are 
different from those in the literature. In our view the reason for 
the lower values obtained for the vapour pressure of nickel is 
the existence of unvolatilied films on the surface of the evapo- 
rated sample. These films are generated by the interaction of 
nickel with the material of the effusion cell. Apparently, larger 
values of the vapour pressure of nickel result from the use of an 

t Thermodynamic functions were provided by the Thennocentre of 
the Russian Academy of Sciences. 

Fig. 1 Temperature dependence of the vapour pressure of nickel ( x )  
foil (containing radioisotope 63Ni), (0) smelted powder, (0) powder, 
(*) liquid nickel 

effusion cell made from molybdenum that interacts with the 
nickel.'* Moreover, nickel can diffuse through the molybde- 
num diaphragm, causing an increase of the nickel content in the 
condensate. 

We consider that the data on the vapour pressure and 
enthalpy sublimation of nickel presented here is the most 
reliable available for the following reasons. (3 The experiments 
were performed in ultra-high oilless vacuum using samples of 
high purity nickel. (ii) The data on the vapour pressure of 
various samples (powder, smelted powder, foil) of solid nickel 
are statistically equivalent. (iii) The values of the enthalpy of 
sublimation of nickel at 298.15 K calculated by the second and 
third laws of thermodynamics are in good agreement with one 
another. (iv) The values of the enthalpy of sublimation of nickel 

Mendeleev Commun., 1992, 2(3), 97–100



Table 2 Experimental data on vapour pressure and corresponding third-law enthalpy of sublimation for nickel at 298.15 K" 

Mass of Vapour 
Evaporation condensate pressure 

No. Temp. T / K  time T/S lo9 (mlkg) ( P I P 4  &,,W (Ni, cr, 298.15 K)/kJ mol-' 

Series In 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Series 2" 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

Series 3" 

35 1595 1200 168 0.637 423.515 
36 1595 1200 165 0.625 423.754 
37 1621 900 215 1.096 422.929 
38 1641 925 316 1.577 423.045 
39 1661 900 427 2.202 423.440 
40 1679 900 572 2.968 423.746 
41 1697 600 558 4.365 422.714 
42 1697 865 735 3.988 423.988 
43 1678 1680 1057 2.936 423.645 
44 1662 900 450 2.322 422.959 
45 1646 900 360 1.849 422.1 19 
46 1626 910 250 1.263 422.289 
47 1595 1850 260 0.640 423.464 

Series 4< 

48 1741 300 470 7.447 425.478 
49 1742 480 738 7.311 425.947 
50 1764 300 64 5 10.29 425.969 
51 1765 300 644 10.28 426.212 
52 1778 300 802 12.84 425.831 
53 1778 300 810 12.97 425.685 
54 1793 300 1004 16.14 425.754 
55 1760 310 637 9.821 425.759 
56 1760 1230 2413 9.377 426.428 
57 1767 900 1894 10.08 426.945 
58 1749 612 1051 8.182 425.930 

-- -- 

" In series 1-4 the diameter of the effusion orifice is 0.236 cm, the thickness is 0.164 cm, K=0.599 and the value K6=2.620 x lo-*. Solid: nickel 
(99.99% pure) powder annealed in a hydrogen stream. ' Solid: nickel (99.99% pure) powder annealed in a hydrogen stream and smelted in 
vacuo. "Solid: nickel (99.96% pure) foil containing radioisotope 63Ni. Liquid: nickel (99.99% pure). 

Mendeleev Commun., 1992, 2(3), 97–100



Table 3 Constants for eqns. (2) and (3) for the temperature dependence of the saturated vapour pressure of nickel, lgP= ( A  2 AA) - (B2  AB) T-' 
and values of the enthalpy of sublimation at 298.15 K for nickel 

No. of $,,H" (Ni, cr, 298.15 K)/kJ mol-' 
Temp. range measurements 

No. Ni sample T/K n A r A A  BkAB 2nd Law 3rd Law 
- 

1 Powder 1583-1688 12 12.17?0.60 214Ook940 4212 18 424.9 2 0.4 
2 Smelted powder (99.99% pure) 1522-1697 22 12.22k0.30 21 450 2470 422 2 9  424.6 + 0.3 
3 Foil, containing 63Ni 1595-1697 13 12.26k0.53 21 4602870 422k 17 423.2 2 0.4 
4 Solid Ni 1522-1697 47 12.2720.33 21 530? 540 4232 10 424.3 2 0.3 
5 Liquid Ni 1741-1793 11 11.68*1.01 20600?1800 425+34 426.0 5 0.3 
6' Solid and liquid Ni 1522-1793 58 - - - 424.7 2 2.0 

" Corresponding absolute errors are given by 0.95 confidence limits. ' Series 6 takes account of errors in the thermodynamic functions. 

at 298.15 K calculated from the experimental results on the 6 R. T. Grimley, R. P. Burns and M. G. Ingram, J. Chem. Phys., 
vapour pressure of solid and liquid nickel are statistically 1961,35, 551. 
equivalent. Facts (iHiv) allow us to propose equations (2) and 7 G. P. K o v ~ u ~ ,  A. A. Krugl~kh and V. S. Pavlov, ukr. Fiz. Zh. 

(3) for the temperature dependence of the vapour pressure of (Russ. Ed.), 1962, 7 ,  436 (in Russian). 
8 J. Vrestal and J. Kucera, Jad. Energ., 1971, 17, 158. 

lg P(s)/Pa = (12.27 k0.33) - (21 530 2 540) T-'  (2) 9 E. Ruther and G. L. Haury, J. Chem. Eng. Data, 1974, 19,1, 19. 
(1522-1697 K) 10 Y. V. Pozhidaev, Candidate of Science Dissertation, Siberian Met- 

allurgical Institute, Novokuznetsk, 1974. 
lgP(l)IPa = (1 1.68 a 1.01) - (20 60Ot 1800) T-  ' (3) 11 L. V. Bochkova, L. S. Tsemechman, B. P. Burylev, Izv. Vyssh. 

(1741-1793 K) Uchebn. Zaved.. Tsvetn. Metall.. 198 1. 3. 55 (in Russian). 

nickel (errors are given by 0.95 confidence limits) and the value 
obtained is A,,,H" (Ni, cr, 298.15 K) = 424.7 k 2.0 kJ mol- '. 
(The uncertainties of the thermodynamic functions are taken 
into account.) 

We thank Professor L. V. Gurvich for a number of valuable 
comments. 
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