
JOURNAL OF RESEARCH of the Nationa l Burea u of Stan-aards- A. Physics and Chemistry 
Vol. 65A, No.4, July-August 1961 

Vapor Pressures of Platinum, Iridium, and Rhodium 
R. F. Hampson, Jr., and R. F. Walker 

(April 4, 1961) 

The vapor pressures of platinum, iridium, and rhodium have been measured using a 
microbalance t echnique based on the Langmuir method. Heats of sublimation at 298 oK 
were calculated with the aid of free energy functions. The least square lines for the vapor 
pressure data, the heats of sublimation, and the normal boiling points obtained were as 
follows: 

(1) Platinum: 
27 ,575 

Log P. tm = 6.761- - T- (1,916 t o 2,042 OK) 

~H~ ( 298 ) = 134.9 ± 1.0 kcaI /mole 

bp = 4,100 ± 100 oK 
(2) Iridium: 

33,337 
Log P. tm = 7.139--T- ( 1,986 to 2,260 OK ) 

~H~ ( 298 ) = 159.9 ± 2.0 kcaI /mole 

bp = 4,800 ± 100 oK 
(3) Rhodium: 

27,276 
Log P. tm = 6.894 - - T- ( 1,709 to 2,075 OK ) 

MI~ (298 ) = 132.5 ± 2.0 kcaI/moIe 

bp = 4,000 ± 100 oK. 

The indicated uncertainties are estimates of the overall limits of error. The value of 
t he gas constant R used in the calculation of ~H~ is 1.98726 caI/d egree mole . 

1. Introduction 

Systematic measurements of the vapor pressure of 
iridium and rhodium over a wide temperatme range 
have not been published previously. A summary of 
previous estimates or observations of their normal 
boiling points and values of their heats of sublima
tion, f:..H ~ (298), is given in table l. 

The vapor pressure of platinum was calculated by 
Langmuir and .Mackay from measurements of the 
rate of sublimation in vacuum [5].1 Subsequently, 
Jones, Langmuir, and Mackay [6] adjusted these 
data in accordance with a revised temperature scale. 
Stull and Sinko used tabulated thermal functions and 
the adjusted data to calculate a f:..H~(298) of 134.8 
kcal/mole and a boiling point of 4,100 oK [4] . 

Simultaneously with the present investigation, 
Dreger and Margrave [7] at the University of Wis
consin and Hasapis, Panish and Rosen [8] at the 
AVCO Corp ., Wilmington, Mass. , have been measm
ing vapor pressmes of the pertinent substances. 

Dreger and Margrave measmed rates of sublima
tion of iridium, rhodium, and platinum samples sus-

1 F igurcs in brackets indicate the literature relerences at the end olltbis paper. 

T ABLE l. Summary of published data on volatili zation of 
iridium and 1'hodium 

Norm al 
Substance boiling t.H~ (298) R eference 

point 

kcall 
oJ( mole 

f 673 
-- -- - - - - Mott [~ . Irldlum ________ ________ _____ __ 5573 --- -- --- Richar mn [2]. 

4800 165 Brcwer [3~ 
4400 150 Stull, Sin e [4]. 

r73 
- -- ---- . Mott [~. Rhodium __ ______ ____ ___ ___ ___ 4773 - ---- --- Richar son [2]. 

41 50 138 Brewer [3~ 
4000 133 Stull , Sin -e [4]. 

pended in a graphite tube furnace. Their data for 
iridium and rhodium as reported are subject to an 
additional correction and will not, therefore, be 
quoted in detail. The data on platinum have just 
been published [9] . Over the temperature range of 
1,571 to 1,786 oK, the vapor pressure of the solid 
1 . . b 1 P 29100 P atllum was gIven y: og mm = 10.362---r--, 

which leads to a normal boiling point of 4,100 ± 100 
oK. The mean f:..H; (298) was 135.2 kcaljmole, with 
a mean deviation of 0.85 kcal/mole. 
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Hasapis, Panish, and Rosen have given preliminary 
data on the vapor pressure of iridium over the tem
perature range 2,100 to 2,600 oK. A thoria effusion 
cell was used for these measurements, and the slope 
of a Clausius-Clapeyron plo t of the data yieJded a 
tentative D.H~ of 155 ± 5 kcal /mole over this range of 
measurement. More recently, Panish and Reif have 
made measurements of the rates of sublimation of 
iridium and have used the effusion method to obtain 
rhodium vapor pressures [10]. For iridium they give 
MI: (298) = 158.4 kcal/mole with a mean deviation 
of 0.4 kcal/mole and an estimated boiling point of 
4,800 oK. The corresponding values for rhodium 
are 132.8 and 0.3 kcal/mole and 3,980 oK. 

In all the foregoing measurements it was assumed 
that the substances sublime to monatomic gaseous 
species. It was further assumed that the coefficients 
of sublimation are unity, when calculating vapor 
pressures from the rate measurements. The lack of 
agreement among different observations or measure
ments may be broadly attributed to differences and 
uncertainties in the experimental techniques. 

2. Experimental Technique 

The experimental technique used in the current 
investigation was based on the Langmuir method 
for determining the equilibrium vapor pressure (P) 
from measurements of the rate of sublimation (m) at 
absolute temperature T, in accordance with the 
equation : 

The rate of sublimation was measured in terms of 
the mass of material leaving unit area of the subliming 
surface per unit of time, in vacuum. A value of unity 
has been adopted for the coefficient of sublimation 
(0:) for all calculations of vapor pressures. However, 
as discussed later, it is probable that this represen ted 
an upper limiting value that was not always appro
priate under the experimental conditions. 2 It has 
also been assumed that the appropriate value of the 
molecular weight of the vapor species (M) is that of 
the monomeric species. Actual vapor pressures 
would be somewhat lower than calculated, if poly
meric vapor species were involved. 

2.1. Apparatus 

The apparatus used has been described in some 
detail previously [11, 12] . Briefly, the sample was 
suspended from an equi-arm, quartz beam micro
balance into a water-cooled, glass furnace chamber 
and heated by induction. The microbalance had a 
sensitivity of about 1 J1.g. The sample was attached 
to the balance by drilling a narrow (0.01 0 in. diam) 
hole through the sample and looping a short length 
of fine (0.002 in. diam) wire of the same substance 
through the hole. The loop was then placed over a 

'It is often the case that the effects of a varying witbin tbe limits 0.5 and 1.0 
would not be detected in tbe course of measurements, due to tbe imprecision of 
our know ledge of such factors as temperature differences. 

hook on the balance suspension, which consisted of a 
chain of 0.010 in. diam sapphire rods. The presence 
of the hole and the loop (which was not heated 
significantly by the induction field) was ignored when 
calculating the effective surface area of the load. 

The radiofrequency induction field from an ex
ternal coil was concentrated in the region of the 
sample with the aid of a water-cooled, copper 
concentrator held within the furnace chamber. 
The concentrator had a vertical, uniform bore, % in. 
diam x l}~ in. long, into which the sample was 
suspended. Water-cooled copper, therefore, en
closed the sample throughout each run, except for 
the open ends of the bore. 

The furnace chamber and the microbalance housing 
were continuously pumped throughout each run with 
a liquid-nitrogen-trapped, oil diffusion pump. Pres
sures within the system were measured with an 
ionization gauge attached at the vacuum port of the 
furnace chamber. 

2 .2. Samples 

The samples consisted of short rods, approximately 
% in. long x 0.085 in. diam, and were suspended with 
their axes vertical. The surface areas at the run 
temperatures were determined by correcting the 
room temperature areas of abou t 1.3 cm 2 using 
literature values for the therm al expansion coefficients. 
No corrections were applied for the slight change in 
surface area of each sample due to sublimation. 
Assuming each sample sublimed uniformly over its 
surface area, the error introduced by neglecting the 
change in surface area was less than 0.3 percent. 

The purity of the samples was estimated from 
general qualitative spectrochemical analyses. The 
iridium sample was estimated to be at least 99.99 
percent pure, the only major impurity being Rh at 
the 0.001 to 0.01 percent level ; traces of AI, Fe, and 
Pd , in amounts less than 0.001 percent, were the 
only other elements detected in the sample. Esti
mated impurities in the rhodium sample were: Fe, 
Ir, Pd, Pt, 0.1 to 1 percent; Al, Ca, Cr, Cu, Ni, Ru, 
0.01 to 0.1 percent; and B, Si, Ti 0.001 to 0.01 
percent. It may have contained less than 98 percent 
rhodium. Pd, Ir, Rh, at the 0.01 to 0.1 percent 
level, were the major impurities in the platinum 
sample. Cu and Fe were each estimated to be in 
the range 0.001 to 0.01 percent and Ag as less than 
0.001 percent. The platinum sample was, therefore, 
probably better than 99.7 percent purity. 

2.3. Procedure 

The microbalance was used as a deflection instru
ment, deflections of its beam being directly propor
t ional to changes in mass of the sample. Beam 
deflections were measured with a cathetometer 
readable to 1 J1. displacement. The microbalance 
was calibrated, with each sample in situ, using Class 
M microbalance weights previously calibrated by the 
Mass Section of NBS. 

Interaction between the rf fi eld and the sample 
caused the balance to be deflected increasingly as the 
output of the rf generator was increased. By start-
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ing with the sample close to the cen ter of the bore 
in the concen traLor in a vertical direction, the 
deflection could be reduced to a minimum; however , 
a con tinuous record of Lhe change in mass of the 
sample was sti ll not obtainable with r eliability. The 
bala nce was, therefore, first read with the sample at 
room temperature. The sample was then heated 
rapidly according to a predetermined schedule, held 
at constant temperature for a given period of time, 
then cooled rapidly. When the sample had returned 
to room temperature, the balance was then read 
again to obtain the total mass change during the 
course of each run. 

The procedure adop ted raises a question as to the 
extent to which mass changes occurring during 
heating and cooling contributed to the total observed 
mass change. The variation of vapor pressures with 
temperature was such that the mass-loss rates 
occurring 50 to 100 OK below the constant temper
ature were gener ally of the order of 1 percent of 
that occurring at the constant temperature. On 
heating, the last 300 to 400 OK of the temperature 
rise was accomplished in less than 15 sec. The 
relatively low-heat content of the hot system also 
resulted in an even more rapid rate of cooling over 
the first few hundred degrees when the power was 
turned off. Thus, even though a sample was held at 
a constant temperature for a period as short as H 
min, the observed mass change could be attributed 
entirely to the constant temperature period withol! t 
in troducing gl'OSS errors . In fact, no systematIC 
decrease in tbe scatter of the data was detecLed 
as the length of runs increased from ~ f min to 3 hr. 

For each substance the duration of the runs was 
iD creased from about 1 min at the highest tempera
tures to about 2 or 3 hI' at the lowest temperatures, 
to yield weight losses of abou t 100 micrograms. 
The uncertainty in the measurement of the weigh t 
loss during each run was less than ± 2 percent. 

No special procedure was used to clean the ~ampJ es 
after handling. It was assumed that outgassmg and 
cleanup of the surfa.r:e would occu~' d~ring the :f?rst 
few runs and tj1at, If there were slgmficant surface 
contamination, the datt1 would appear to be suffi
ciently anomaloLi s to justify their rej ectiOl~ . Samples 
were not normally exposed to atmosphenc pressure 
between runs. Due consideration "vas given to 
possible recontamination of the surface whenever 
it became necessary to open up the evacuated system 
to add a tare weight to the balance or to examine the 
sample. 

Pressures within the system were in the range 
2 X 10- 6 to 8 X 10- 5 mm H g t hroughou t each run. 
Due to outgassing, pressures tended to rise to the 
upper portion of t his range during the first runs 
after the system was exposed to .atmosphere pre~sure. 
Subsequent runs yielde~ successIvely l~wer maXImum 
pressures. 0 trends m the data WIth changes of 
pressure in the system were detected. 

2.4. Temperature Measurement and Control 

Brightness temperatures were ;measured .by 
sighting with an optical pyrometer havll1g an effectIve 

wavelength of abou t 0.660 to 0.665 )1., about midway 
down the length of the sampl e. Pyrometer readings 
were corrected by comparing the scale of the py
rometer with thn,t of a simil ar pyrometer calibrated 
on the International Temperature Scale by the 
Temperature Physics Section of NBS. A correction 
was then applied for the absorption by a window in 
the furnace chamber. 

The angle of sigh ting was 75° to th e normal; 
separate calibrations were, therefore, also obtained 
for each sample to correct brightness tempcrn,turcs 
for the angle of sighting. These calibrations were 
undertaken as the samples were heated in air. 
Under these conditions the rhodium sample appeared 
to acquire and retain an oxide coating throughout 
the pertinent temperature range, and the sign of the 
temperature correction was characteristic of a non
metal rather than of a metal. Consequently, the 
corrections obtained for the platinum sample were 
also applied to the rhodium sample, and an additional 
uncertainty of ± 5 °C was assigned to tl18 fmal 
brightness temperatures of the rhodium. 

Corrected brightness temperatures were converted 
to thermodynamic temperatures with the n,icl of 
literature values for the normal spectral emissivities, 
EA, at the wavelength, A, given by the respective 
authors. 

Stephens [13J gives values for the emissivity of 
platinum for t. = 0.660)1.. An extrapolation of his 
data yields values of EA increasing linearly from 
0.293 at 1,700 OK to 0.300 at 2,050 oK. The data 
of Worthing [14J have approximately the same 
temperature dependence, but are significantly higher, 
yielding (when extrapolated) EA rising from 0.307 
at 1,700 OK to 0.315 at 2,050 OK (A= 0.665 )1.). A 
check on the appropriate values to be used in the 
present work was made by observing the brighLness 
temperature at the onset of surface melting of the 
platinum sample under the experimental conditions. 
The results of the observations are summ arized in 
table 2. Using A= 0.660 )1., a value of EA = 0.308 was 
calculated from these observations and the known 
melting point of platinum. A temperature depend
ence was assigned to this value, yielding a normal 
emissivi ty rising linearly from 0.304 at 1,850 OK 
to 0.308 n,t 2,050 OK. These values are abou t the 
mean of those given by Stephens and '1Vorthing, and 
have been used in the present work. 

TABLE 2. Observations of melting poi nt of platinum under 
experimental condition s « x= O. 308 ) 

'I'hermo-
Brightness tempcl'- dynamic E vidence of surface melt ing 

atw·e tempera· 
ture 

° C oJ( 

1567±5 2043 Not melted. 
1575±5 2053 Melted. 
1570±5 2047 Possibly melted slightly; cvidence masked 

1562±5 2037 
by prececling rill] . 

Not melted . 
1562±5 2037 Not melted . 
1565±5 2041 Partially melted. 

2042±1 Accepted melting point 01 Pt. 
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The emissivities of iridium and rhodium are not 
well established; in particular, no data for the 
dependence of their emissivities on temperature are 
available. An additional uncertainty, upon which 
it is not possible to place close limi ts, is, therefore, 
involved in the temperatures of these substances. 
Goldwater and Danforth [15] found the mean 
spectral emissivity of iridium to be 0.33 (}. = 0.65 J.L) 
for measurements over the 1,000 to 1,750 °C range. 
Whitney [16] observed the emissivity of rhodium 
to increase with temperature over the range 1,700 
to 2,200 oK, for a sample subjected to only limited 
heat treatment. However, after 700 hI' of heat 
treatment a constant value of ~>.= 0.242 (}. = 0.667 J.L) 
was obtained for the entire range of 1,300 to 2,000 oK. 

The foregoing values of ~>. have been used to 
obtain the thermodynamic temperatures of iridium 
and rhodium in the present work. 

Constant temperatures were maintained to within 
± 5 °C or better by manual control of the output 
of the rf generator. No significant temperature 
gradients could be observed down the length of 
samples. Sightings on the top or upper end of the 
rod as suspended gave temperatures which were 
consistent with those observed down the length 
when the different angle of sighting was taken into 
consideration (the angle was about 15° to the normal 
for the top of the sample). 

3. Results and Discussion 

3.1. Platinum 

In table 3 are given the vapor pressures calculated 
from measurements of the rate of mass loss of plati
num and the corresponding values of .M-:l~ (298) 
calculated using the free energy functions of Stull 
and Sinke [4]. 

An original purpose of the measurements with 
platinum was to check the apparatus and technique 
using a substance whose vapor pressures had been 
previously measured. It was unfortunate, there
fore, that the data obtained for this substance 
showed the least internal consistency. Several runs 
yielded unexpectedly low rates of sublimation. As 
indicated in table 3, some of the rates were too low 
to detect significant mass losses during the period 
of the runs ; other low rates were measurable, but 
scattered and have been rejected as being clearly 
inconsistent with the bulk of the data. The rejected 
data have been marked with an asterisk in table 3. 
As far as could be ascertained, the anomalous data 
were not due to any misbehavior of the balance or of 
other components of the apparatus. They occurred 
below some critical temperature, which apparently 
increased with more extensive heat-treatment at 
higher temperatures. During the course of one 
run in which the sample was vaporizing at a very 
low rate, the temperature was raised rapidly just a 
few degrees, and the "normal" rate of sublimation 
was immediately restored for the remainder of the 
run. 

It has not yet been possible to identify the cause of 
the low rates of sublimation. The two most likely 

possibilities are contamination of the surface of the 
sample either from its surroundings or by migration 
of impurities to the surface of the sample, and 
significant changes in the crystal structure of the 
sample with progressive heat treatment. N ever
theless, the results suggest that platinum may 
acquire a coefficient of sublimation considerably less 
than unity under the experimental conditions. 

Apart from the anomalous data discussed, the 
remainder of the data had sufficient internal consist
ency to justify their acceptance. These data are 
compared with the results of Jones, Langmuir, a nd 
Mackay, and of Dreger and Margrave in figure 1. 
The first two runs shown in table 3 have been 
rejected because they were the initial runs, and 
because the values of t:,.H: (298) differed significantly 
from the mean of the accepted runs. Nevertheless, 
they yield values of t:,.H; (Z98) which are within the 
range of those of Dreger and Margrave, obtained in 
the same low temperature region. Furthermore, 
their data also have more than the usual amount of 
scatter in this region. Using free-energy functions, 
the data of Jones et aI., yield heats of sublimation 
which show a slight increase with temperature, from 
which we calculate a mean t:,.H;(298) of 134.6 kcal/ 
mole. Nevertheless, it is interesting to note that 
the three sets of measurements lead to mean heats 
which agree within the limits of experimental error. 

TABLE 3. Vapor pressures and keats of sublimation of platinum 

Tempera- Duration Weight Vapor pressure Ll.H~(298) 
ture 01 run loss 

OK min p.q mmHg kcal/mole 

1710 130 37 1. 68X10- 7 ·136.3 
1822 36 103 1. 74XIO-S ·136. 6 
1764 85 ------- ._---.-------- - -- i35~8- --2043 10 1798 1. 16XlO-' 
1990 2 214 6. 85XlO-' 134. 4 

1962 2 126 3. 99XI0-' 134.7 
1926 3 92 1. 93X I0-' 135. 0 
1916 6 198 2.07XI0-' 134. 1 
1917 25 75 1. 88XlO-s · 143.3 
1909 30 23 4. 74XI0- 7 · 147. 9 

1917 28 20 4.44X I0- 7 ·148.8 
1842 29 ----- -.. -------------- .. ------ ----
1955 4 215 3. 41XlO-' 134.8 
1928 10 ------- ... ------------ - -----------
1968 4 244 3. 88X lO-' 135.2 

1951 5 ------- ----------- ----- -- -i:i4~9---1980 2 158 5. 03XI0-' 
1949 20 ------- -------------- -----------
1970 7 25 2. 24X1Q-s · 146.5 
1976 4. 5 68 9.58X lO-· · 141. 2 

1986 3.5 276 5. 03XlO-' 135.4 
2000 2 231 7. 39X10-' 134.8 
2025 2 269 8. 68XIQ-' 135.8 
2034 2 374 1. 21 X 10-' 135. 0 
2053 .5 174 2.25X lO-I · · 133. 7 

2047 1 267 1. 73XI0-' 134. 4 
2037 1 205 1. 32X IQ-' 134. 9 
2037 1 206 1. 33X IQ-' 134.8 
2023 1 178 1. 15XIQ-' 134.5 
2016 1 170 1.09XIQ-· 134.3 

2003 1 109 6. 98XlO-' 135. 2 

Mean Ll.H~(298) __________________________ _ , ______ 134. 9 Standard deviation __ . ___________ __________________ 0.5 

Data are presellted in experimental sequence, a dashed entr y indicating that no 
significant weight loss was detected during a run . 

• Rejected. 
· ·Sample partially melted; data rejected. 
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FIGURE 1. Vapor pressure of platinum versus l'eciprocal of 
absolute temperature, for diffe1'ent investigators. 

The least-squares line representing this work is ShOWll extrapolated with a 
broken line. The other line is tbat given by Dreger and Margrave. 

The overall limits of errol' of the absolute value of 
6l-1~(298) were estimated by taking into account the 
scatter of the data, the uncertainty in the temperature 
(±10° K ), and the uncertainty in the weight-loss 
measurements. No allowance was made for the 
uncertainty in the free-e nergy functions or in the 
sublimation coefficient. The overall limits of error 
of the absolute value were estimated to be ± 1.0 
kcal/mole. The corresponding overall limits of 
error of the vapor pressures are about ± 25 percent. 

The mean "third law" value of !:::..l-1~ (298) from 
table 4 is 134 .9 ± 1.0 kcal/mole, from which we esti
mate a normal boiling point of 4,100 ± 100 OK by 
extrapolating Stull and Sinke's tables. The least
squares line through the accepted data for the temper
ature range 1,916 OK to the melting point is given by: 

or 

27 ,575 
Log Pa tm=6,761-------;y-

L P - 9642-27,575 og mm- . T· 

This line is drawn in figure 1. 

3 .2. Iridium 

Iridium vapor pressures and the correspondinO" 
values of !:::..H; (298) calculated from tabulated fre~ 
energy functions [4] are given in table 4. 

T ABLE 4.-Vapor pressures and heats of subli mation of iridium 

Tempera- Du ratiou Weight Vapor pressure 
ture •• of run loss 

0[( min 1'0 mm H g 

1964 1 60 3. 98XIo-' 
1990 1 II 7.11XlO-6 
2029 1 4 2.94XI0-' 
2059 1 1 3.28XIo-' 
2134 1 4 3. 00 X 10-' 

2185 1 9 6.08Xl0-· 
201 6 22 8 2. 29XIO-' 
2077 75 3 3.07XIo-' 
2190 12 108 6.26Xl ()-f 
2190 13 109 5.60XI0-t 

2260 9 192 1. 5OXI0-' 
2257 12 277 1. 62XIO-' 
2211 9 110 8. 48XIO-t 
2179 12 103 5.96X IO-· 
2249 8 172 1. 51XIo-' 

2190 11 129 7. 59XIo-' 
2178 10 88 6.11XIO-t 
2161 10 62 4. 3OXIo-· 
2150 30 142 3. 26XIo-' 
2160 20 108 3. 7JXIo-· 

2130 40 131 2. 23XIo-' 
2121 45 130 1. 98XIO-t 
2120 42 127 2. 06X I0-· 
2088 58 105 1. 23X IO-< 
2060 50 54 7. 28XIo-' 

2021 90 46 3. 44XIO-' 
1986 180 48 1. 78XIo-' 

Mean U-I~ (298) ___ _____ _______ ___________________ 

Standard deviation __ . __ __________________________ . 

Data are presented III expenmental sequence. 
' Rejected. 
·'Emissi vity, <>, assumed to be 0.33 at >-=0.651'. 

M'l~ (298) 

keal/mole 

· 136.6 
· 145.2 
· 151. 5 
·162. 7 
· 159.1 

159.8 
160. 8 

·173.9 
160. 1 
160. 4 

161.1 
160.6 
160.2 
159.5 
160.3 

159.2 
159. 3 
159.6 
HIO. O 
160.2 

160. 1 
160. 0 
159.7 
159.5 
159.5 

159.6 
159.5 

159.9 
0.5 

The .iridium data had the best internal consistency, 
and thIS may have been a result of the greater pmity 
of the sample. The results of the fust four runs in 
table 4 were partially attributed to the cleanup of 
the sample and were rejected. Barely significant 
mass changes were recorded durinO" the period of the 
fifth and eighth runs , and the re~ults of these runs 
were also rejected. 

The overall limits of error of the absolute value of 
MI~ (298) were estimated by taking into account 
the scatter of the data, the uncertainty in the tem
perature (±25 OK), and the uncertainty in the 
weight-loss measurements. No allowance was made 
for the uncertainty in the free-enerO"y functions or in 
the sublimation coefficient. The ""overall limits of 
error of the absolute value were estimated to be 
± 2.0 kcal/mole. The corresponding overall limits of 
error of the vapor pressmes are about ± 60 percent . 

In figure 2 the accepted experimental data are 
plotted, and the least-squares line for the data is 
sho,wn. The equation of the line, which applies to 
the temperature range 1,986 to 2,260 OK, is: 

or 

33,337 
Log P atm= 7.139--r 

33,337 
Log P mm = 10.020--r' 
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FIG U R E 2. Vapor pressure of iridium versus reciprocal of 
absolute temperature. 

The mean tJ.EC(298) is 159.9 ± 2.0 kcal/mole from 
which a boiling point of 4,800 ± 100 oK is estimated. 
These resul ts are in agreement with those of Panish 
and R eif [1 0] within the limits of experimen tal error. 

3 .3 . Rhodium 

Rhodium vapor pressures and the heats of sub
limation based on Stull and Sinke's tabulated free 
energy functions [4] are given in table 5. The 
vapor pressures over the range 1,709 to 2,075 oK 
are plotted in figure 3, together with the least-squares 
line through the experimental points. 

The rhodium data had more general scatter than 
the iridium ; in particular, some of the earlier runs 
(see table 5) yielded lower heats of sublimation than 
were obtained towards the end of the sequence of 
runs, over the same temperature range. It is pos
sible that the more volatile impurities in the sample 
were contributing to the scatter, but the deviations 
of the experimental points from their mean did not 
justify the rejection of any of the data. During a 
long sequence of runs on the same sample, the surface 
becomes thermally etched, leading to an increase in 
the emissivity. Such an effect would also contribute 
to an apparent increase in the heats of sublimation 
as the sequence progressed. 

The mean t:..H~ (298) is 132.5 ± 2.0 kcal/mole from 
which a normal boiling point of 4,000 ± 100 oK is 

T A BLE 5. Vapor pres81,re and heats of sublimation of 
rhodium 

Tempera- Duration Weight Vapor press ure 
ture** of r un loss 

0[( min ~g mm Hg 

1708 25 90 3.1 5X lO-fi 
1774 80 82 9.16XlO-7 
1851 40 417 9.43 XlO-6 
1859 5 89 1.62XlO-' 
1851 6 101 1.52XlO-' 

1864 5 109 1.98 XI0-' 
1942 3 205 6.32 XlO-' 
1926 3 127 3.90 XlO-' 
1921 4 133 3.06 XlO-' 
1977 2 214 1.00 XlO-' 

1966 2 157 7.30 XlO-' 
1954 2.5 159 5.92 XlO-' 
1930 2. 5 122 4.50 XlO-' 
1904 3 116 3.56 X 10-' 
1900 3 83 2.53 X 10-' 

1890 3 78 2.37 XIO-' 
1857 3 54 I.64 XlO-' 
1836 3 37 1.12XlO-' 
1819 4 28 6.34 X lO-fi 
1781 6 26 3 .90 XIO-' 

1760 12 31 2.32 X 10- 6 
1983 1 162 1.51 X 10-' 
2001 1 224 2.11XIO-' 
1973 1 143 1.34X lO-· 
2071 . 5 155 2.95XlO-4 

2065 1 307 2.92 XlO-' 
2041 I 242 2.29 XlO-· 
2075 I 383 3.65X lO-< 
1971 2 155 7.21 X I0-' 
1927 2 71 3.26 XlO-' 

1871 3 43 1.32 X 10-' 
1809 5 24 4.28 XlO-6 
1736 20 22 9.80 X 10- 7 
1794 9 27 2.69 XlO-6 
2012 1 147 1.38XlO-' 

1997 1 114 1.07X IO-· 
1886 3 69 2.11 X lO-' 
1910 3 98 2.99 XlO-' 
1875 4 65 l.48XlO-' 
1709 100 40 3.48X IO-7 

Mean t;,l-l ~ (298) ___________________ _______________ / 
Standard deviation ______________________ ____ _____ _ 

D at a are presented in experimental sequence. 
' Rejected. 
" Emissivity, EA' assumed to be 0.242 a t A= 0. 6G7~ . 

Ml;(298) 

kcaZ/mole 

' 126.4 
*135.7 
132. 9 
131. 5 
131.1 

131.1 
131. 9 
132.7 
133.3 
132. 5 

133. 0 
133. 0 
132. 4 
131. 6 
132. 6 

132. 2 
131. 3 
131. 2 
132.1 
131.1 

131. 4 
131. 2 
131. 1 
131.1 
134. 2 

133. 8 
133.3 
133. 5 
133. 4 
133.5 

133.0 
132.8 
132. 6 
133. 3 
133.5 

133. 5 
132.3 
132. 7 
132. 9 
134. 1 

132.5 
1.0 

estimated. The least squares fit to the data is given 
by: 

or 

27,276 
Log P alm= 6.894----T---

L P - 9775- 27 ,276_ og mm- • T 

The mean heat of su blimation agrees with that of 
Panish and R eif within the limits of experimental 
error. 

The overall limits of error of the absolute value of 
t:..H~ (298) were estimated by taking into account 
the scatter of the data, the uncertainty in the tem
perature (± 20 OK ), and the uncertainty in the 
weight-loss measurements. No allowance was made 
for the uncertainty in the free-energy functions or in 
the sublimation coefficient. The overall limits of 
error of the absolute value were estimated to be 
± 2.0 kcal/mole. The corresponding overall limits 
of error of the vapor pressures are about ± 65 percent. 
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FIGURE 3. 
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Vapor pTessure of 1'hodiwn versus reciprocal of 
absolute temperature. 

(Paper 65A4- 113) 

4. References 
[1] W. R . Mott, Trans. Electrochem. Soc. 3{, 255 (1918). 
[2] D. Richardson, Proc. fifth conference on spectrosco py 

and its a pplications, p. 64 (John Wiley & Sons, New 
York, N.Y., 1938) . 

[3] L. Brewer, The chemistry and metallurgy of miscellane
ou materials: thermodynamics, L . L . Quill , ed., pp. 
13 et seq. (McGraw-Hill Book Company, Inc., Nell' 
York, N. Y., 1950) . 

[4] D. It. Stull and G. C. Sinke, Thermodynamic properties 
of the elements (Am. Chem. Soc., Washington, D .C. 
(1956)). 

[5] 1. Langmuir and G. M. J . Mackay, Phys. R ev. {, 377 
(1914). 

[6] H. A. Jones, 1. Langmuir, and G. M. J . Mackay, Phys. 
Rev. 30, 201 (1927) . 

[7a] L. H . Dreger and J. L. Margrave, Abstracts of papers, 
137th meeting American Chemical Society, page 12R, 
Cleveland, Ohio, April 5-14, 1960. 

[7b] Privately communicated preprints. 
[8] A. A. Hasapis, M. B. Panish and C. Rosen, A study of 

the molecular species evaporating from condensed 
phases at high temperatures and the measurement of 
certain physical properties at high temperatures, 
Quarterly Summary T echnical R eport No.2, Contract 
AF 33(616)-6840, Wright Air D evelopment Division, 
Wright-Patterson Air Force Base, Ohio, May 1 , 1960, 
ASTIA Document No. 23866. 

[9] L. H . Dreger and J . L. Margrave, J. Phys. Chem. 64, 
1323 (1960). 

[10] M. B . Panish and L. Reif, Private communication (to 
be pu blished). 

[11] It. F. Walker, J . Efimenko and N. L . Lofgren, Physical 
Chemistry in Aerodynamics and Space Fl ight, A. L. 
Myerson and A. C. Harrison, Eds (Pergamon Pre s 
Inc. , N .Y., New York. 1961, pp. 24-30). 

[12] It. F. Walker, Vacuum Microbalance Techniques, Vol. 
I, M . J . Katz, ed, (Plenum Press Inc., N.Y., New 
York, 1961, pp. 87- 110). 

[131 It. E. Stephens, J . Opt. Soc. Am. 29, 158 (1939). 
[14] A. G. Worthing, Phys. R ev. 28, 174 (1926). 
[15] D. L. Goldwater and W. E. D anforth , Phys. R ev. 103, 

871 (1956). 
[16] L. V. Whitney, Phys. Rev. 41, 458 (1935). 

295 


	jresv65An4p_289
	jresv65An4p_290
	jresv65An4p_291
	jresv65An4p_292
	jresv65An4p_293
	jresv65An4p_294
	jresv65An4p_295
	jresv65An4p_296

