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M3STRACT

The vapor pressures of.’plutonium trichlorido 3.nthe temperature range

659° 0 to 762° C are reported, as determirmd by Ilnudmn’s method of molecular

effusion. At 663° the pressure above tho solid chloride is 4.6 x 10-5 m??Hg while

at 741° it is 4.2 x 10-3 mm Eg. The pressure at 762°, at which the chloride is

thought to be fwed, is 7 x 10-3 mm Hg. The melting point is probably 760° ~ 6° C.

The vapor pressure above the solid ohloride between 650° and 760° C can be repre-

sented by the equation:

loglo P= D (2.1x M4/T] +18.6

whore

F =pressure inmm Iig

‘l’= absolute temperature
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VAPORPRESSUREOF PLUTONIUM TRICHLORIDE

INTROMJCTION

This “ropcwtpresents some

nium ixichloride. T.haexperimental

measurf3mmts on *he vapor pressure of pluto-

work was discontinued before its completion

because of’the pressure of othcu-work.

Eqerkmtfal Method

The vapor

lar ef’fisi.on~).In

fioe whoso diameter

ohmber. The vapor

pressure of PuC13 was measured by Znudsen’s method of molocu-

tkis method the vapors are permitted to effuse through an ori-
1

is less than the mean free path of the gas molecules in the

pressure oan then be calculated from tho equation:

P =(m/a.t)(2N RT/M)ti2

where

P= vapor pressure in dynes/om2

m = amount of oondemxxl srd.tin gzna

area of hole in cmz

time of di~tillation in seconds

gas constant in ergrJmolO/” C

absolute temperature

molecular

APparatm and Experimental Procedure

weight.

The apparatus is shown in Fig. 1. It consisted of a flat bottomed

quartz tube w5.tha pyrex cold finger. The quartz-to-pyrex connection was made

1) Knudsen, Ann. d. Phy6ik,4J. 69? (1923).
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means of 40/60 standard-taperground joints. The ground joint and cold finger

were kept cool by moans of 03.rculating-water. A#22 gaugo ohromol-po~luzml

thermocouple was used ‘tomwuiure the temperature; it was brought into the tappa-

ratus through a tungsten pressed seal. The apparatus was attached to tha pumping

System by means of a ball joint. Tho pumping system oonsisted of a two-stage

meroury diffusion pump backed by a mechanical pump and inoluded appropriate traps.

The

and

pressure in the pumping lino was measured with a McLeod gauge.

Th~ effusion box containing -thesalt was made of 15 mil platinum shaet

con~isted of a platinum cylinder welded to a platinum disc. The covor, which

fitted prooisely,

meter was drilled

hole was measured

was removable for admitting the sample. A hole Of 1.027mm dia-

in the top through which the ga8 oould effiso. The 8iZ0 Of thO

directly by moans of a micrometer mioros~ope.

In assembling the apparatus aare was taken to have the thermocouple

pressed firmly against the platinum box. The system was then pumped down to a

“stiok vao” and tho furnsoe brought gradually to the desired temperature. At the

elevated lxnnporatures,the pressure in the system was generally lower than 10-5 mm

Hg. Particular carewa8 taken (by Iowe!i’ingthe temperature) not to permit tho

pressure to beoomo greater than 10+ mm Eg. This was done to avoid undue reaction

of the trichlorido with the renidual gas in tho sywtem.

The amount of distillate waa determined by rexrtovingthe platinum box and

dissolving the material from the system. Three sarios of washings ware made; the

first was with water, nnd the other two with mm. HC1. These solutions wero di-

luted to a definite volume and amayed by the <-counting teohnique. The accuraay

of the a~8ays was given aa 5 percxmt. Tho final washing contained generally Iem

than 1 percent of the amount of material in the first wa8hing.
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A calculation was riiidefor the amount of distillation omurring beforo

the system roached the closiredtamperdure, and tho total distillate waG corroclmd

by that amount. This Qorreckion was generally of tho order of 20 percent. While

the temperature@was shanging rapidly, it was reaordec?every two minuto8. Wlmn tho

system was at temperature, tho reading was oheoked every 15 minutes. Tho tompora-

‘fmrewa6 kept oons%ant to about 6° C at the do8ired value and a time avoightod

average of these readings taken.

Experimental Roaultw

The apparatus ?iastostod with EaCl before attempting PuC13. At 63~”C,

a vmporpretm..u’eof 4.23 x 10-3 mm IJgwas obtained. !Chi8value was considered in

satisfactory agreement with tho value of 4.09 x 10-3 mm Hg obtainod by Mayer and

J

Wltmrzj

in Fig. 2

at thi8 temperature.

I!hermnalta obtainod for PuCX3 are .tabula%od

a~ tho log of the vapor prassure agrcin~tthe

temperature. The molecular weight of 345.4 (PuC23) wa~

the vapor phase for purposeo of calculation.

TABLE X. VAFOR PRESSURE OF PuCl~

toc Fro-m% Poti%tion@ Thermocouple

659 1.1 x 10+ o

663 4*6x 10-5 0

665 5.3 x 10-5 A

701 6,7 X 10-4 El

702 2-5 X 104 0

2) Mkyer and Wentner, J. Chore.Phys., ~, 301 (1938)

.

below and the data plotted

eeciprooal of the absolute

assumed for tho salt in

Cm3emsed
Phase

. Sa2id

!?

tl
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TABLE 1. VAPORPRR86UREOF PuC13 (conttd)

toc Psml Eg Potii%ionof Thmmcmuple Condensod
Phase

736 106 X u-~ c) &lid

741 4.2 x 30-3 A n

762 7.0 x 10-3 A Liquid

O thermocouple against the bottom of tho box
tithermooouplo on the top of the box
Elthermooouple against a ridge in the oenter of tho box

(These symbols are used also in Fig. 2)

A temperature gradient of about 25° C was found between tho top and

bottom of the box. This was oorrocted for by assuming that the vapor8 wore midway

between the upper and hwar temporaturo.

oouple agninst the bottom of the box were

OOUP1O on the lid, they were inorea8ed by

the therriomuplo in the center.

Hence measurements made w~th the tharmo-

decreaaod by 130 C; with

13° C; and no correction

tho thormo-

was made with

During the course of

densed on tho under surface of

cent. There was the danger in

the moasuremonts tho material in bottom of box con-

the lid due to tho large temperature gradient pre-

this prosesa of the,solid

fioo but in no ease was this obsorved to have happened.

The data for 7620 C were probably measurements

brium. At the

have the shape

end of that run, the material remaining in

of 6olidified droplets of liquid which had

bridging across the ori-

of liquid-vapor oquili-

the box was observed

fallen down from the

to

lid.

,

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE
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The results obtained are gcmd to a factor of two, whiuh oorrespond8 to

an uncertainty of 10° C 5n the temperature measurement. Thim aaouraoy is within

the limits aimed at in undertaking this work, but is not sufficient to warrant a

reliable ualcu3ation of the heat of sublimation. By having the distilling ohamb8r

at a more uniform temperature, the results oould be improved a good deal. By uf3-

ing a smaller diameter platinum boxwhioh oould fit into a quartz well, this oould

probably

Moulton.

be auhieved.

The triohloride used in this work was prepared ~ Johns, Mkes, and

The rad~o-ohendcal ssaays wero done by the asaay group. The author aloo

wishes to thank Nicher6 for the purification of the l?aClused, Garner for the use

of the platinum box and the measurements of its orifice, and Cpl. Luft for his

asaiatance in some of the measurements.
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Figure I
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Figure Z

VAPOR PRESSURE OF PuC13

.

1.

(Sc)lid) 109,0 P _z.lx lo+=
1-

+ 18.6 for 650°-7250° C.

P = Vapor prewwre in mm l+

T = Absolute +en-ipera+ure

.
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