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The va por pressure of t un gsten was measured by the Langmuir met hod in the te mpera ­
ture rano-e 2574 to 3183 OK us ing a vaec um microbalance. The least-squares Illl e through 
t he dat'~ 10gP(atm) = 7.790 - 44680/ T, yields a second law tJl~ (2850 OK) = 204.~ ± 2.7 
kcal/ mol a nd t.S ~(2850 ° K) = 35.64 ± 0.97 cal/mol deg. Our recommended equatlOn. for 
t he vapor press ure is 10gP(atm) = 7.933 - 45087/ T based on our expen rnentally de te~' mlned 
mean third law t.H~ (298 OK ) = 203.5 kcal/ 11101 and tabulated valu es for the entropies and 
e nt halp ies. 

1. Introduction 
This paper is the fourth in a series covering the 

vapor pressures of refntctory metals. ThI'ee pre\rious 
papers [1, 2, 3] 3 gave the vapor pressures and heats of 
sublimation of Pd, Pt, II', Rh, Ru , a nd Os. 

The value of the heat of sublimation of tungsten 
listed in several reference works [4, 5] is based on the 
original data, of Langmuir [6] which was revised in a 
la ter publicat ion by Jones, Langmuir and Mackay [7]. 
Some reference works [5, 8] have also given weight to 
the data of Zwikker [9 , 10] as reported by Jones, 
Langmuir, a,nd Mackay [7]. We wish to make it 
clear here that references [9, 10] contain only 
smoothed data, and that reference [7] appears to be 
the only published source of Zwikker's origin al data. 

Although t he data from these two s tudies yield 
average third law heats of sublimation which are in 
excellent agreement, little attention has been paid to 
the ambiguous nature of the temperature scale 4 used 
by J ones et al. [7], or to the relati vely large difference 
b etween the second and third law heats of sublima­
tion obtained from the measurements of Zwikker. 

The studies of both Langmuir and Zwikker were 
carried out using the hot wire modification of the 
Langmuir method. While this method is capable of 
y ielding excellent precision, major disadvan tages are 
encountered in determining temperatures because an 
emissivity corr ection must be used and the method 
of heating can lead to important thermal gradien ts 
in the wire. 

2. Experimental Method 
The rate of sublimation of tungsten as a function 

of temperature was determined using a sample of 
polycrystalline rod fabricated by arc erosion into a 
right circular cylinder abou t 1.5 cm long and 0.25 cm 
in diameter. A hole 0.1 cm in diameter and l.0 cm 

1 This work: was suppor ted in part by the National Aeronau tics and Space 
Admini stration . 

2 Present AddTess: D epart ment of M aterials Science, U niversity of Cincinnati , 
Cincinn ati, Ohio. 

3 Figures in brackets inrlicate the iitC' rature rcfe rC' nres at the end of this pi1per . 
• Ali tem per atures in this p~per are based on the 1948 IPTS u nless otherwise 

noted . 

lono- assumed to represent blackbody conditions was 
drilled along the cylinder axis. and a suspensi.on hole 
0.025 cm in diameter was drilled along a dIameter 
near the other end of the sample. 

Accordino' to the supplier, the t ungsten was 99.9 
percent p~re. The results of semiquanti tative 
spectrochemical analyses performed at NB~ on 
the material as supplied and on the sample Itself 
after the sublimation experiments were concluded 
are given in table 1. The results indicate a maximum 
metallic impurity content of about 0.02 percent 
before use, and no appreciable purification or con­
tamination due to the vapor pressure measurements. 
The density determined by weighing a specimen of 
known volume was 19.2 g cm- 3, close to the reported 
x-ray density of 19.265 g cm- 3 at 25 °0 [ll]. 

TA BLE 1. Spectrographic analysis oj tungsten 

Impurity % Before % After 
clement lise usc 

Ag - 7 
Al 
A s 
U FT 

Ba -7 
Bi - 7 
Ca T FT 
C u F 'P - 7 
F e T T 
M g F1' T 
Mo VW 
Pb T 
Si VW VW 
Sn 

VW, 0.001- 0.01%; T , 0.0001-0.001% ; FT, < 0.0001% ; - , n0t detected ; - 7, 
quest ionable detection . 

Some data were also obtained with an oriented 
single crystal specimen h aving an approximately 
square cross section of about 0.38 cm per edge, a 
length of 1.9 cm, and blackbody and suspension 
hole~ like those in the cylindrical polycrystalline 
speClmen. 

It was intended that the faces of this sample be 
parallel to the (100) crystal planes. E~aminatio.n of 
the specimen by an x-ray back reflectIOn techmque 
showed that one of the short and the long sample 
axes were related to two crystallographic axes by a 
rotation of approximately 12 deg about the third 
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crystallographic axis, while the other shor t sample 
a;<..'is differed from the third crystallographic axis 
by a rotation of appro;<..'imately 4 deg about one of 
the other crystallographic axes. A noticeable 
amount of surface roughening took place during 
the measurements on this sample. The data ob­
tained agreed with that obtained from polycrystal­
line tungsten but are not reported in detail in this 
paper because they were considerably less precise 
than those obtained using the polycrystalline tung­
sten. We believe that this was due to a temperature 
gradient of abou t 30 oK which was measured across 
the faces of the sample and that the temperature 
gradient was a result of the sample geometry. 

The measurements were made using the vacuum 
microbalance apparatus previously described [12]. 
Samples were heated directly by rf induction at 
450 kHz. Vacuum in the ultrahigh vacuum range 
(10-7 to 10- 9 torr) was maintained by a gO liter per 
second ion pump. Weight losses in the microgram 
range were determined by measuring balance beam 
displacement with a cathetometer. 

The sample was suspended from one arm of an 
equal-arm quartz beam microbalance at the end of 
a chain of 0.025 cm diam quartz and sapphire rods 
by a loop of 0.0075 cm diam tungsten wire which 
passed through the suspension hole in the sample 
and over a hook on the lowest rod. The chain of 
sapphire and quartz rods was connected at each 
end by V -shaped hooks made by heating and bend­
ing the rods. 

The arm of the vacuum chamber in which the 
sample hung was a 16 mm O.D. quartz tube with a 
graded seal and P yrex window at the bottom for 
temperature measurement. The window was pro­
tected from vapor deposition during the sublimation 
experiments by a magnetically operated shutter. 

A quartz sleeve of 13 mm O.D. fitted snugly 
inside the 16 mm O.D. quartz tube of the vacuum 
system. A thin platinum coating deposited on 
the inner surface of this sleeve prevented static 
charge buildup in the vicinity of the sample from 
interfering with the weighing but did not heat 
inductively. 

An NBS calibrated optical pyrometer with a 
magnifying objective lens was used to measure 
temperatures by sighting on the blackbody hole 
through the calibrated window and mirror. Cali­
bration corrections for the mirror and window were 
determined in situ, before and after a series of 
experiments, by sighting the pyrometer on a band 
lamp located above the vacuum apparatus on a 
rotatable mount. With the pyrometer and band 
lamp in one position, readings on the band lamp fila­
ment could be made using the same optical path as 
was used during the vapor pressure measurements 
except that the source was further away. By ro­
tating the band lamp gO deg and raising the pyrom­
eter, temperature readings could be made directly 
on the band lamp filament. The calibration cor­
rection was obtained from the difference between 
reciprocal absolute temperatures with and without 
the window and mirror in the optical path. 

The preClSIOn of the temperature measurements, 
expressed as the standard deviation of the mean 
temperature of a run, was 8 oK. The uncertainty 
of the mean temperature 2850 oK is estimated from 
the precision of the temperature measurements, the 
uncertain ty in window and mirror calibration 
(±6 OK) and the uncertainty in the pyrometer 
calibration (± 7 OK), to be ± 12 oK. This estimate 
does not include the effects of temperature gradien ts 
in the sample or the departure of the blackbody 
hole from blackbody conditions which were not 
evaluated with sufficient precision to warrant their 
inclusion. 

The overall uncertainty of the mean third law 
heat of sublimation is estimated to be 0.8 kcal mol- I 

based on the uncertainty of ± 12 oK in the mean 
temperature and a value of 70 cal mol- I °K-I for 
!J.H~(298)/T. 

In obtaining each datum point the following 
sequence of operations was performed: (1) The 
rest point of the microbalance was determined, 
(2) the sample was slowly heated to a temperature 
several hundred degrees below the temperature of 
the experiment, (3) the sample was rapidly heated 
to th e operating temperature and maintained as 
near constant as possible, (4) the sample was rapidly 
cooled to a temperature well below the experimental 
temperature, the power slowly reduced, and the 
oscillator then turned off, and (5) the rest point of 
the balance was redetermined. The slow heating 
and cooling portions of the cycle were necessary to 
avoid lateral motion of the specimen caused by the 
rf field while the rapid heating and cooling portions 
of the cycle made the measurement of the duration 
of the experiment more accurate. The mass change 
of the sample was determined from the displace­
ment of the beam of the microbalance and the pre­
viously determined sensitivity of the balance which 
was about 0.5 f..Lg/ f..L. 

The change in sensitivity with load was sufficiently 
small so that the weight change of the sample 
during a series of experiments had a negligible 
effect. In general, duplicate rest points agreed to 
within ± 2 f..L ( ± 1 f..Lg) so that the corresponding 
uncertain ty in the weight loss would be approxi­
mately ± 1.4 f..Lg. 

3. Data and Thermodynamic Treatment 

The experimental results obtained using poly­
crystalline tungsten are summarized in table 2. The 
vapor pressure was calculated using the equation; 5 

P=~ (2'TrRT)1 /2 
aat M 

(1) 

where m is the mass of material sublimed, t is the 
duration of the experiment, a is the projected surface 

' Values of constants nsed in the calculation s were: R = 1.98717 cal mol-I deg- I, 
or 8.3143 abs. J deg-Imol-I; atomic weight DC tungsten = 183.85; one standard at­
mosphere=I,013,250 dyn cm-'. 
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area of the sample, T is the absolute temperature, 
R is the gas constant, Ai is the atomic weight of 
tungsten, and IX is the vaporization coefficient, which 
was assumed equal to unity. The value of the sample 
area a, at temperature T was calculated from the 
area measured a t room temperature ao by assuming 
that the equation a= ao [1 + 2,3( T -300 )] was valid 
in the temperature range where vapor pressure 
measurem ents were carried out. In this equation. 
,3 is the coeflicien t of linear th erm al expansion. 
Literature values [13] for this coefficient show an 
appreciable spread for the temperature range of 
interest here. The value, ,3 = 6X 10- 6 °K-l was 
used for the presen t work. 

TABLE 2. Vapor pressures and heats of sublimati on oj tung­
sten a (present study) 

rr emperaturc D uration of run W eight IOSSb Va por pressure MI~ (298) 

oJ( 'I1l, i n " y aIm x 10' keal mol- I 
2786 5. 0 25. 4 5. 42 203. 7 
2773 5.0 24.5 5. 21 202. 9 
2G79 20.0 24. 1 1. 2G 203.5 
2574 28. 0 6. 8 0. 250 203. 7 
2925 5.0 Hl 30. 8 203.9 
3034 4.9 434 98. 3 204. G 
2614 45. 0 23.2 0. 534 203. 0 
3068 5. 0 881 197 202. 7 
2934 5.0 183 40. 0 203.0 
3183 4.0 1910 542 204.0 

M ean tl H ~ (298) an d s taDdard error __ ______ ___ ____ ____ 203.5± 0.2 h a l mo l-I 
Estimated overa ll uncer ta inty _________________ _____________ __ ___ 0.8 kcal ]11 0 1-1 

n. Listed in experimental sequence. 
b Sample surface area at room temperature= 1.332·cm' . 

In general, the heat of sublimation can be com­
puted from vapor pressure data in two ways. In 
the second law method, one can make use of the 
experimental data to evaluate both cons tants in the 
equation 

(2) 

It should be noted tha t this equation is only ap­
proximate since it ignores the temperature depend­
ence of tJ.lfO and tJ.S o. Although a more exact 
second law treatment can be made by inclusion of 
the temperature dependence of tJ.I-r and tJ.So, any 
errol' introduced into the second law heat and entropy 
of sublimation by use of eq (2) in the present case is 
small in comparison with the error in these quantities 
resulting from scatter in the vapor pressure data. 

In eq (2), Mlo is the heat of sublinlation at an 
average temperature, tJ.So is the entropy change at 
the same temperature and R' is equal to RlnlO. 
In the third law method, one makes use of absolute 
entropies, usually obtained from heat content and 
spectroscopic data, to calculate the entropy change 
for the ass umed sublimation process at each tem­
perature. These values and the experimental pres­
sures can then be substituted in eq (2) to obtain the 
experimental values of tJ.I-r at the specified tem­
peratures. In practice, use is generally made of 
free energy function s which allow one to calculate 
a value for the heat of sublimation at a reference 
temperature, usually 298.15 oK (or 0 OK) according 

to the equation, 

Ml~(298) = T [ (G~. ---;H~q8) c 

_(G~'i:l~98)g -R InP (atm) ] (3) 

h (G fj.-H~98)' h f f" were T IS t e Tee energy . nnctlOn . 

Differences between tJ.H~(298) obtained by the 
second law and the third law methods can give 
information concerning the consistency of the vapor 
pressure data obtained, the free energy function data 
used, the sublimation reaction assumed or tbe 
existence of a vaporization coefficient other than 
unity. Frequently, a lack of trend in the h eat of 
sublimation calculated as a function of the experi­
mental temperature is taken as an indication that 
no important systematic errors are present in tbe 
data. A ctually, this method is quite insensiti\'e t o 
systema tic error and it is easier to find a discrepancy 
by comparing second and third law hea ts of sublima­
tion or the experimental entropy change with that 
fonnd from heat content and spectroscopic data. 

In the present experiments, a mean third law hea t 
of sublimation at 298 oK of 203.5 ± 0.2 kcal/mol was 
obtained 6 using the free energy function data lis ted 
in the JANAF Thermochemical 'fables [4], while a 
second law treatment of the da ta yielded tJ.I1 ~ 
(2850 OK ) = 204.4 ± 2.7 kcal/mol. Thelatterwas cor­
rected to 298 oK using the JANAF enthalpy func­
tions and the value M:l~(298) = 201.6 ± 2.7 kcal/mol 
obtained. 

The equation 10gP (atm) = 7.790 - 44680jT (2574 
to 3183 °In is the least-squares line through the data 
obtained in this study. We believe the vapor 
pressUl'e of tungsten is best represented by th e equa­
t ion 10gP (atm) = 7.933-45087 IT (2574 to 3183 OK ), 
obtained using our experimentally determined mean 
tbird law hea t of sublim ation at 298 ° of 203.5 
kcal/mol, a mean temperature of 2850 oK and the 
entropy and enthalpy data given by JANAF. 

4. Results from Earlier Work 

In comparing the values for the beat of sublimation 
of tungsten listed in several compilations it became 
apparent that differences in the values were not 
entirely due to differences in the free energy fun ctions 
used in these computations. Hence, in view of the 
date of the original work, it was felt worthwhile to 
check the conversion of the temperatures reported 
in the original articles to the 1948 International 
Practical Temperature Scale. Surprisingly enough, 
some of the compilations checked had not made any 
corrections to the temperatures at all. 

The corrections to the temperature scale used by 
Zwikker are easily made. His scale was based on a 

6 Results are given in t he fonn a± b where a denotes the arithln etic mean or 
least squ ares adjusted v a lue and b is the standa rd error of a com pu ted from the 
scatter of t he individu a l determin ations a bout the mea n or fit ted line. 

419 



gold point of 1063 °C and a second radiation constant 
value of O2= 1.433 em deg. It should be noted that 
this differs slightly from the 1927 ITS in the value of 
O2 chosen. The original temperatures reported for 
Zwikker 's data, converted to the 1948 JPTS using 
the methods outlined by Corruccini [14], are given in 
table 3. 

Th e method of converting Langmuir's reported 
temperatures [6 , 7] to the ] 948 IPTS are no t so 
straightforward. Most of the difficulty stems from 
the fact that the descriptions of t he two scales given 
by Jones et aI. [7,15], are somewhat sketchy and that 
the equations given for converting from the original 
scale to the later scale do not gi ve t he results reported. 
The situation with regard to the original and later 
scales can be summarized as follows. 

The original temperature scale was based on the 
equation, 

11230 . 
log Ow= ------y--t- 7 .029 (5) 

where Ow is the luminance in candelas per cm 2 

radiated from a tungsten sample. This equation was 
based on a temperature scale described by Nernst 
[16]. The revised data published in 1927 [7] were 
said to be based on the equation 

(6) 

which was claimed to r epresen t the candlepower­
temperature relationship derived from the work of 
Forsythe and Worthing [17]. However, eq (6) 
actually represen ts the candlepower data repor ted 
by Zwikker [9, 10] multiplied by 0.917, and leads to 
temperatures varying nonsystematically from 11 to 
28 deg below those reported by Jones et al. [7] . 

vVe made a least squares treatment of Forsythe 
and 'Worthing's candlepower data to obtain an 
equation similar to (6) . This was used with eq (5) 
to obtain temperatures which should correspond to 
those reported by Jones et al. The temperatures 
obtained in this way differed nonsystematically from 
zero to 6 deg below those reported. We believe that 
this indicates that the revised temperatures published 
by Jones et al. are based on the same temperature 
scale as was used by Forsythe and Worthing which 
is the same as the scale used by Zwikker. In view 
of the relatively small differences between the values 
reported by Jones et aI. , and those calculated by us, 
we have accepted their values and converted these 
to the 1948 IPTS using the method described by 
Corruccini [14] . 

Tables 3 and 4 list the vapor pressures of tungsten 
calculated from the rate of vaporization data ob­
tained by Langmuir and by Zwikker [7], the temper­
atures as reported in the 1927 work [7], the temper­
atures based on the 1948 IPTS and third law heats of 
sublimation obtained using JANAF [4] free energy 
functions. 

T A BLE 3. 11 apor pl'essures and heats of sublimat/:on of tung­
sten (Z wikka) 

T , (Rept. ) 
[7] 

T (1948 IPTS) R ate of Sll 1"1-
Iimation [7] 

Vapor pressure t:.l / ~ (29,,) 

o f( oJ( (J cnr2 scc-1 )<' 109 almXI0' kcal1nQl -1 
2389 2383 0.000ll5 0.00934 203.9 
2510 2503 .00099 .0824 203.5 
2614 2606 .00525 .446 203.3 
2637 2628 .00621 .530 204. 1 
2657 2648 .00960 .829 203.3 
2759 2749 . 0427 3.72 203.0 
2887 2876 .293 2G.l 201. 4 
2889 2878 .275 24. 5 201. 9 
3017 3004 I. 28 117 201. 5 
3108 3094 3. 47 321 201. 4 
3124 3110 3.82 354 201. 9 
3129 311 5 4.69 435 200. 9 
3132 3118 4.69 436 201.1 
3137 3123 4.95 460 201.1 

Mean !lTI~ (298) and standard orro"-_________ __ __ ____ 202.3 ± 0.3 kcal moJ-1 

, These temperatures are based 011 a scale denned by C,= 1.133 Clll deg. lA , = 
1063 °C an d Wien's law. 

T ABLE 4.- Vapor preS81!reS and heats of sublimation of I1mgs­
ten (Langmuir) 

T ' (Rept.) T (l948 IPTS) Rate or su b- Vapor pressnre tJ.l[~ (298) 
[7] liInation 

-----
OK OK g cm- 2 se(,- l X l ()6 almX10' kcal mol -I 

2518 2511 O. (J020 0.1 67 200.6 
2610 2602 .0059 .501 202.3 
2913 2901 . 39 34.9 201. 5 
3300 :1283 30.0 2860 199.6 
2852 2841 0.151 13.4 202.6 
2950 2938 .52 46.9 202. 3 
2950 2938 .59 53. 2 201. 6 
3000 2987 1. 01 91. 8 201. 8 
3000 2987 1.14 104 201. 0 
3060 3047 1. 73 159 202. 6 
3060 3047 2.33 214 200. 8 
3066 3053 1. 84 169 202. 6 
3066 3053 2. 45 225 200.9 

Mean ~H~(298) and standard errOL_- __ _____ ___________ 201.6 ± 0.3 kcaJ mol-I 

a 1"' hese temperatures are based on a scale defmcd by C'l.= 1.433 em deg, tAu = 1063 
°C and '''ien's law but see discussion of th is scale in text. 

Table 5 lists the mean third law heats of sublima­
t ion at 298 OK , the second law heats of sublimation 
obtained from least squares treatment of the vapor 
pressure data and extrapolated to 298 OK using the 
enthalpy data of JANAF, and the experimental 
entropy changes at temperature derived from each 
set of measurements. Least squares analysis of our 
data yields a standard deviation in the pressure of 
approximately 10 percent. This is close to the 
uncertainty in the press ure that would be expected 
on the basis of the ll1clependently estimated precision 
in temperature measuremen t. Hence, it appears 
that imprecision in temperature measurement is the 
principal so urce of random error. 

5 . Discussion and Summary 

The heat of sublimation of cungsten obtained in 
this work is in good agreement with values based on 
data obtained by Langmuir and by Zwikkel'. 
Langmuir's second law heat agrees better with our 
third law heat than his own, and vice versa, because 
our experimental entropy change is about as much 
below the accepted third law entropy change as his 
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T AB L E 5. H eats and entropies oj sublimation of tungsten 

1 n ycst igato J" 

Zwikker : 
(Low LOlllp. pointe) ______________ _ _ 

( ll igh tem p. points) ______________ _ _ 

(All points) ______ _____________ ___ _ _ 

L ang llluir __ ______ __ _ • ________ _________ _ 

This work ____ ______ ___________ • _______ _ 

Ml~(298) ~d L aw 

kcal mo/-' 

208.5 ±3.3 
(872.4 ± J3.8 kJ mol- ') 

206.2 ±3.4 
(862.7 ± J4.2 kJ mol-') 

214. 1 ±1.3 
(895.8 ± 5.4 k J mol- ') 

203. 9 ± 3.7 
(853.1 ± 15.5 kJ mol- ') 

201.6 ±2.7 
(843.5 ± 11.3 kJ mol- ') 

I:cal mol- I 

203.5 ± 0.2 
(851.4 ± 0.8 kJ mol - ') 

201.4 ± O.l 
(842.7 ± 0.4 kJ m ol- ') 

202.3 ± 0.3 
(846.4 ± 1.3 kJ mol- ') 

20l.fj ± 0. 3 
(843.5 ± 1.3 kJ mol - ' ) 

203.5 ± 0.2 
(851.4 ± 0. 8 kJ mol - ') 

68~ 2<1 Law 

cal mol - ! 0 K 1 

38.28 ± 1.28 
(160.2 ±5.4 J mol- ,O K- ') 

37.83 ± 1.l 3 
(158.3 ± 4.7 J mol- ' °K - ' ) 

40.44 ±0.47 
(J69.2 ±2.0 J mol- ' OK - ') 

37.04 ± 1.28 
(155.0 ±5.4 J mol- ' °K - ') 

35.64 ± 0.97 
(149. 1 ±4.1 J mol- ' °K- ' ) 

II '-rh c value of Lhe entropy of sublilllation at 2850 OK based on heat content and spectroscopic data is 36.30 cal mol- ! °K - l according 
to JANA F l41 and 35.99 cal mol- ' °K - ' according Lo Kiri llin et a1. l181. 

is abo l-e it. R ecent work [18] on the heat capacity 
of solid t ungsten yields a value for t he t hird law 
entr opy of sublimation in sligh tly beLter agreement 
with that obtained from the present st udy. H ow­
ever , we prefer to use the JANAF [4] tab ulation 
unt il t he new data have been crit ically el'aluated. 

The large difference between the second and t hird 
law h eats of sublimation ob tained from the work of 
Zwikker is evidence of apprecia ble sys tematic e1'1'01'. 
Considering the way in which his third law h ea,ts 
vary with temperature it a ppears likely that his 
vap or pressure data were obtain ed in two distinct 
groups and that a systematic differ ence existed be­
tween the groups. 'rhus, the first six points listed in 
table 3 for m one group which yield third law h eats 
of sublimation larger th an the mean value, whi le 
the last eigh t poin ts yield third law h eats of subli­
m ation smaller than th e m ean valu e. If t hese 
groups of poin ts are treated as independen t sets, and 
second law h eats of sublimation calculated, th e six 
low temperature poin ts yield a second law h eat of 
s ublimation at 298 OK oC 208.5 ± 3.;3 k cal/mol while 
the eigh t high temperature poin ts give 206.2 ±3.4 
k cal/mol. H ence, t he discr epancy between the 
second and third law heats of sublim ation co uld be 
partially due to this ca Lise. Similarly, the six low 
temperature poin ts y ield a seco nd law entropy oC 
sublimation of 38.28 ± l.28 cal /mol deg and t he 
ei~ht high temperature poin ts give 37.83 ± l.l 3 
cal/mol deg, compared to 40.44 ± 0.47 cal/mol d eg 
for all four teen poin ts and t he J ANAF tabulated 
value at 2850 OK of 36_30 cal /mol d eg. 

In summary, the results ob tained in the present 
study ar e in good agreemen t wi th those previously 
ob tained. The differences in the mean third law 
h eats of sublimation ob tained from this work and 
from t.he work of L angmuir correspond to differ ences 
in vapor pressures at 3000 OK of about 40 percen t, or 
differences in th e obser ved temperature of about 30°, 
while the agreemen t w ith Zwikker's data is even 
better . 

6. References 

[1] R. F. I-l a mpson, Jr. a nd R . F. , r a lker, J . TIes. XBS 
G5A (P hys. and Che rn .) No.4, 289 (1961) . 

[2] R . F. Hampson, Jr . and R. F. ,\'a lker, J . Res. NBS 
GGA (P hys. and Che rn.) ]\0. 2, 177 (1962). 

[3] N. J . Carrera, R. F. , \'a lker, and E. R. P lan te, J . Res . 
NBS G8A (Phys. and Ch em.) No.3, 325 (1964) . 

[4] J AN AF Thermochemica l Tables, Dow Chemical Co., 
M id la nd, Michigan, 1961. T ungsten crystal and gas 
tables dated December 31, 1961. 

[5] R. H ultgren, R . L. 0 1'1' , P. D . Anderson and K. Ie K elley, 
Selected Values of Thermodyna mic Properties of 
Metals and Alloys, (Joh n Wiley & Sons, In c., New 
York, N . Y. , 1963) . 

[6] 1. Langmu ir, P hys. R ev. 2, 329 (1913) . 
[7] H . A. J ones, !. Langmuir and C. M. J . Mackay, Ph ys. 

Rev. 30, 201 (1927) . 
[8] An. K. Kes meya nov , Vapour P ress ure of the E lements, 

Translated a nd edited by J . 1. Cal'asso (Academic 
P ress, Ne w York, N.Y., 1963) . 

[9] C. Zwik ker, Kon in kl. Akad. vVetenschap_ Amsterdam, 
Proc . Sect. Sci . 28, 466 (1925) . 

[10] C. Zwikk er, P hys ica 5, 249 (1925). 
[11 ] H . E. Swan so n an d E. Tatge, NBS Cil' . 539 1, 29 (1953), 
[1 2] N . J . Carrera , R. F. ,Valker, W. Nalley, and C. Steggerda, 

Vac uum M icrobala nce T ech niq ues, K. Behl'l1 dt , 
ed. 3, 153 (Plenum P ress, New Yor k, N.Y., 1963) . 

[1 3] P. T . B. S hafrer, Materia ls Index p. 252 (Plenum Press, 
New York , N.Y., 1964. ) 

[14] It. J . Co rl' uccini , J . R es . NBS 43 , 133 (1949) RP2014. 
[1 5] H . A. Jones a ll d 1. La ngmuir, C. E . Review 30, 310 

(1927) . 
[16] W . Xel'llst, Ph ysi k. Zeit . 7, 380 (1906) . 
[17] '\". E. Forsyt he and A. G. Wort hing, Astrophysical 

JO llrn a l G1 , 146 (1925) . 
[18] V. A. Ki rillin , A. E. Sheind lin , V. Ya. Chekhovskoi 

and V. A. Petrov, Zhur. Fi ;.;. Khi m. 37, 2249 (1963) . 

(Paper 69A5-363) 

421 


	jresv69An5p_417
	jresv69An5p_418
	jresv69An5p_419
	jresv69An5p_420
	jresv69An5p_421
	jresv69An5p_422

