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- THE VA?OR PREéSURE OF AMERICIUM TRIFLUCRIDE
Merle Eugene Jones

Radiation Laboratory and Department of Chemlstry
University of California, Berkeley, California

ABSTRACT BECMSSEHEB

The vapor pressure of AmF3 has been measured by the method of
molecular effusion in the temperature range of 800 to 1200 degrees

centigrade. The values obtained.fit“the_equationhlog p = 10,89 - 200 Q

very wéli a AHO of sublimation of 109 ol keal/mole was calculated from
the measured vapor pressures assuming ACp = -14 e.u. This value for
ACpiwas also used in the calculation of the free energy of sublimation
equation:

= 109,400 - 2,3(<14)T log T - 1511 T,

D
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THE VAPOR PRESSURE OF'AMERIGIUM TRIFLUORIDE
Merle Eugene Jones

Radiation Laboratory and Department of Chemlstry
University of California, Berkeley, Callfornlﬁr égggfu&i[)
g’mﬂ‘i Q

I. INTRODUCTION

An accurate measnrement of the vapor pressure of(AmFB as a function
Qf temperature was desired to determine some of its fundamental thermody-
namicvproperties. With this end in mind meésureménts were cérried out -
by £he method of molecular éffusion.- The substance whose vapor pressure
is to‘be measured is contained in an.effusion vessel having a small
Qrifice, The vapor from the substance saturates the interior of the
vessel to the equilibrium pressure of the substance at the vessel's
temperature./ The vapor molecules, which effuse through the orifice

into a high vacuum at a rate proportional to the saturation vapor pres-

sure, travel in straight lines without collisions until:they condense

~on the walls of the apparatus or othef obstructions. Of these mole-

cules, a fraction,. calculable from the geometry ofithe system, pass

through a collimator and condense on the target. Knowing the geometry

of the system; the molecular weight of the vapor molecﬁle§ the effusion

vessel temperature, and detérmining the rate of accumulation of material

on the target, one can calculate the vapor pressure.

!

II. APPARATUS
" The form of -the vapor pressure apparatus (Figure 1) was based on

the Westrum'and Wallmann éffusion apparatus.l The americium.trifluoride
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Effusion apparatus
Wheels on aluminum carrier,
Iron bars on carrier,
Iron for moving shutter,
Ground glass joint,
Sidearm for thermocouple leads.
Ground glass joint. ' ‘
Crucible system.
Water jacket,
Shutter.
Stainless steel collimator,
50 mm tube to nitrogen trap. '
Aluminum target carrier.
50 mm main tube.
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was held in a tantalum effusion vessel (Figures 2 and 3), Tantalum has
vbeen found to be a very satisfactory material for this purpose as it
could be easily machined and there have beeh nc indications of a reac-
tion between it and the AnF5 at high'tempef§tures, Such a reaction would
prpbably have been discernible by inconsistent measurements, aﬁd by the
spectrographic analysis of samples of the effusing compoun@ showing the
presence of tantal um, The top and bottom of the effusion vessel were
threaded and a thin platinum gasket was used to obtain a tight seal.

The top was covered with a 1/4 mil tanﬁa%um‘éheet contaiﬁing the orifice,
This opening was made with a sharply pointed stylus while the 1/4 mil -
tantalum sheet résted on a glass micfoscope siide° ‘The burred edge of
the orifice was flattened by rubbing the tantalum sheet between two
microscope slides, The.sheets were viewed under a microscope and only
those having a nearly circular orifice.with an area between 1 x 1074
and 3 x 1074 em? were retained, The tﬁiﬁ tantalﬁm foil could not be
'Spot welded directly to the top of the effusion vessel without holes be-
‘ing_burned or torn in it so the foil was placed betweén the top and a
five mil tantalum washer. No difficulty was experienced in spot weld-
ing this assembly. Speciai electrodes were used for this éperation; The
stationary electrode was threaded to hold the top in position while the
movable electrode was a circular design, ToAhelp maintain the thin

foil at the vessells temperature the walls ‘of the fop were tapered to-
ward the orifice, Thé top was testeé fST leaks by subjecting one side
éf the thin membrane to an'air.pressure seve:al centimeters of mercury

greater than atmospheric pressure., This was done by manipulating a
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Tffusion crucible

Five mil tantalum washer,

4 mil tantalum sheet.
Effusion vessel top.
Platinum gasket.

Screw to hold thermocouple.

- Effusion vessel bqttom.
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Crucible éssembly

~ Outer layer of beryllia,
Tungsten coil.

Beryllia crucible.

Beryllia cylinder.

Platinum weld.

80 mil tungsten leads.

Holes for thermocouple leads.
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piece of tygon tubing, which was one=fourth filled with mercury, to.
whose end the top was attached. The orifice wés sealed with a small
drop of Duco cement, A& platinum; 90 percent platinum, 10 percent rhodium
thermocouple was,uéed to measure tﬁe temperéture of the vessel., A héle
was drilled in the bottom of the effusion vessel extendingﬁfo within
1/32 inch of the chamber containing the amer%cium trifivoeride, A |
screw in the side of the vessel held the thermwéouple'in’place, and the
hole in the bottom was‘ehlarged to prevént contact between the thermo-
couple leads and effusion vessel eicept at the serew..

The effusion vessel was eléctrically insulated from the 25 mil
tungsten coil,lwhich heated it, by a system of beryllia érucibles,
(Figure 3) The effusion vessel fit snuggiy into a beryllia cylinder |

which in turn was seated in a beryllia crucible, The top of the cylinder

~ extended sufficiehfly above the crucible to allow one turn of the

tungsten coil to extend around it while the other six turns were

around the outer crucible, This assembly was designed to keep the

top of the‘effusion vessel at a slightly higher temperature than the
lower part. A& beryllia plug in the bottom of the crucible positioned

the effusion vessel so that its top was even with the top of the Beryllia

cylinder while two small holes in it guided the thermocouple wires. 4

thin layer of moist beryllia was placed over the tungsten coil and

dried at high temperatufeo This served to reduce radiation 1osseéo The
tungsten coil was platinum soldered to 80 mil tungsten leads which passed
out of the vacuum system through a special seal. The thermocouple leads,

after extending about 1 1/2 inches below the crucible system, were
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connected by small coppef ciamps to copper wires., The copper wires, pro-
tected by a bakelite insvlator, went to a sidearm where they passed out
of the vacuum sysﬁem. These wires Wére sealed into the arm with
apiezon wax. |

The targets were 1 inch in diameter disks of 2 mil piatinum.'
Twelve of these disks were held oﬁ an aluminum carrier‘which had
two ball-bearing wheels and a émall'iron bar at both ends., The
carrier could be easily moved insideiof the main 50 mm glass tube
with the aid of a permanent magnet held outside,the'apparatus. The
target disks were centered over 3/4-inch holesvin the carrier whiéh
acted as collimators. Another collimator, of stainless steel, with a
larger hole protected the plates whiqh were not being exposed. The
semicircular enépices of this collimétor fitted the 50 mm tubing and
held the target carrier slightly off its wheels aésuring a éonstant dis~
tanée between the effusion vessel and the pléte being exposed; At one
end of the 50 mm tube was a ground glass joint which permitted the re-
moval of the target carrier., 4 thin steel rod, embédded&in the glass
at this end, extended to the stainless steel collimator which_it held
in place. Under the stainless.steel collimator was another piece of
stainless steel which-aéted as a shutter. A steel rod extended from
this shutter to a glass encased piece of soft iron which was free to
slide béck and forth in a glass tﬁbe attached to the end of the main
-50 mm tube. This enabled one to control the position of the shutter

with a permanent magnet held outside of the vacuun systen.
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The fﬁrnéce assembly was held in a short 50 mm pyrex tube which was
attached perpendicular té, and at the middle of, the main 50 mm tube.

The short tube was surrounded by a watér'jacket for the purpose of cool-
ing. Another 50 mm tube which was connected ‘to the main tube led to a
1iquid nitrogen trap, then to two mercury diffusion pumps, and a mechani-
cal forepump.

The system, after proper outgassing, was capable of a vacuum of
10~/ mn Hg as measured by an RCA (1949) ion gauge tube.

The electrical apparatus uéed in conjuection with the tungsten coll
consisted of a transforﬁer, a Variac for fegulating the current, and
Sola constant voltage transformer to reduce the effect of fluctuations
in the 110 A.C. line voltage° A Wésfinghouse 20 amp ammeter and 30 volt.
voltmeter were used to make approximaté temperature settings and thermo-
couple‘readings to OQOOl'millivolt or approximtely 0,1 degree G weré
made with a potentioﬁeter. The thermoééuple was later calibrated by

observing the melting points of various compounds.

III. PROCEDURE
A, Ruhs
Two separate groups of measurements of the»vapor pressure of
americium trifluoride were made using différent cruciblés and thermo-
couples, They will be referred to as run No. 1'and run No. 2. In
run No. 2, after several sets of vapor pressure measurements had been
-made, the AmF3 was removed from the effusion cricible and replaced with

another sample of the material. Several sets of measurements were
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subsequently méde with, this ﬁeﬁ material,
B. Measurement of the Orifice Area

The aréa 6f thé orifice was measured using a caméré lucida attach-
ment in conjunction with a microscope. The image of the orifice was
drawn on graph paper and later this sketch was cut out and WGighed.
A'given number of squares.of graph paper were cut'froﬂ within the éketch |
and also weighed. The eniargement‘factor was obtained by plac;ng a
istaﬁdard scale under the microscope and drawing its divisions on the
" graph., From theselthree_measuremeﬁts the orifice area could be calcu-
ylated. | ' |

The orifice area was measured before ana after thé vapor pressure
measurementé were made. In run No. 1 the firét orifice measurements
were made after the effusién vessel had been degassed at a high tempera-
ture; the secénd measurements were made after the vapor pressure measuré—
ments. These areas agreed within experimentalrerfor. jln’fun No. 2 the
orifice area was determined without ever having heated the vessel to |
high temperature, then again after the vapor pressure measurements had
been.com.plef;edu The latter area was found to be aboﬁ% 10 percent larger.
This ﬁas outside of the e%periméntal error of aboﬁt + 1.5 percent. A4s
bthere was no apparent frend in the vapor pressure measurements which
ﬁould have indicated.a.progressive change in the orifice‘érea; the final

area determinations-were'used'in the vapor pressure calculations., | -
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C. Cleaning the Effusion Vessel
Carbon tetrachloride was used in place of the usual cutting oil
during the machining of the effusion vessel, It made the cleaning
operatioh simpler ané more positive. The vessel was rinsed with CCL4
and heated iniﬁilute nitric acid for an hour. This was followed by

, several-rinséé with water and then dried,

‘D, Cleaning the Target Plates.
The platinum'target piates were heated in dilute nitric acid,
rinsed several times with distilled water, and dried with acetone.
Before the plates were placed in the target carrier they were heated

to redness in a flame.

E. Preparation of the AmFj

:Eqr.;un No. 1 an americium solution was used which was known to
‘contain some iron. To remove this impurity AmF3 was precipitated in
a lustroid cone bj adding hydrofluoric acid to a dilute nitric acid~'
solution containing the americium. The precipitate was washed twice
with distilled water and then dissolved in a mixture of boric and nitrie
acids. The resulting solution was diluted with distilied water and the
hydroxide was precipitatedywith aﬁmonia gas. The hydroxide was washed
once with distilled'water'and diSSOIVed in diiute nitric acid. Onece
again'hydrofluoric acid“was_added and the fluoride precipi?ate was washed
twice with distilled water. The slurry was transferred to a small

platinum erucible which wés placed in a beryllia outer crucible that fit
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a tungsten furnace coil. This unit ?as placed iﬁ a vacuwn system and
_the system was allowed to pump down for several hours. Thé cfucible waé
'then_heated to 300 degrees G, for twenty minutes. Later about

300 micfograms of the AmF3 were transferred to the effusion vessel.

For run'No. 2 a solu%ion was used which contained about 550 micro-
grams of americium and only sﬁali amoﬁnts of impurities. This solu-
fion was diluted slightly in a lustroid cone with déuble distilled
water and hydrofluoric acid. was addedo The fluoride precipitate was
washed three tiﬁes with doﬁble distilled water and the slﬁrfy was trans-
ferred to & small platinum crucible. ~The material was dried in the seme
way as the‘material‘in run No. 1. 'About 200 micrograms of this AnF5
was placed in the effusion vesseiffqr vapof pressure measurements.

Affer several-seriés of'measurements thié material was removed and

another 200 microgiams added.

F. Analysis of the AmF3

After the A3 wes dried for run No. 1, a small emount of the
material was placed in a pyrex capillary for x-rayuérystallographic
'analysis. The analysis indicated an orthorhombic structure isostructural
with LaFB. After the vapor.pressure'measﬁréments had been completed
some of ﬁheﬁmaterial ﬁas.removed from the effusion veéselffor x-ray |
and speétrdgrapﬁic analysis. This material had-é cubic structure which
" could not be positively identified Qith'any americium compound. AmFp
and AmOF were sugéested; but the spectrogfaphic\analysis indicated

approxim tely 18 mole percent iron which may have contributed to a change
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in structure upon heating.

Table I

Spectrographic Analysis v

Flement Micrograms

Am R

Ca - 0.5

Fe S | / T 2.9

Mg 009
La: none detected

An alpha pulse analy3132 of one of the firét targets exposed did not
detect any dm242”or Pg239° ' |
After run Né; 2 some'of the materiai wags removed from the effusion
vessel and analyzed. The x-ray crystallégraphic analysis identified
the orthorhombic structure characteristic of AmFj while the speétro—

graphic analysis indicatéd total impurities of less than 8 mole percent.
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Table I1

‘Spectrographic Analysis

Element k Micrograms
Am | » 40
A1 ‘ : 0019_
Ca . | <0,04
Fe ' : 0,19
Mg | 0404
la | 0.05

Ta _ , none detected

G. Preparation of the Apparatus -
Before introducing a sample into ﬁhe effusion vessel, the wvapor’
pressure apparatus was assembled and allowed to pump down overnight,

=6 mm Hg. The effusion vessel was heated

The pressure was about 1 ano
to 1360 degrees G and this temperature was maintained for several hours,
Meaﬁwhile, the apparatus was flaméd with a hand torcho When thé appara=
tus ha& been allowed ggrgdol and before loading the effusipn vessel
with AmEg,é@Fy nitroé;n wasnintroduced_into tbe system increasing the
pressure ;é'ligpmosphefe, ‘The apparatus Was allowed to remain-in this
cogdition for about 1/2 hour before the effusion vessel was removed,

While the effusion vessel was out of the vapor pressure apparatus for

loading it was kept under a nitrogen atmosphere, but during the reassembly

~
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it was necessarj to expose it to the air for a short period of .time.

‘He Vapof Pressure Runs

The effusion veséel loaded with AmF3 was piaced in the beryllié
crucibles,'and fhe thermocduple wireé were fastened to'the copper
leads with the émall clamps, This assembly was then placed in.the
vapor preééure apparatus, and the system was alloﬁed ﬁo punp down
overnight. |

In the vapor pressure runs, the collimator opéning was covered
by ﬁhe shutter until the teﬁferature ofythe effusion vessel, as detér—
mined by ihe thermoéouple readings, hed reached equilibfium; Mean~-
while, the plate which was to be exposed was positioned abové the colli~
mator opening., Marks on the carrier and the walls of/the gpparatus
made the positioning quite reproducible., Upon the initialAheating the
pressurerin the system went up to about 1074 mn Hg, but droppéd rapidiy
to 10~5 mﬁ and remained below this value the rest of the run. When
the equilibrium temperature was réached the shutter was ﬁoved aside and
fhermocouple readings were taken each minute, The time of exposure for
each plate, fifteen minutes for run Np. 1 and ten minutes for run No. 2,
was detéfmined with a watch having a sﬁeep—second hand, The temperature
of the éffusion vessel seldom varied more than four degrees during an
~exposure. The carfiervheld twelve plates, but the size of fhe stainless
steel collimator was such\that the end targei platés could not be
aligned with the effusion vessel. Ten exposures could be made without

removing the carrier and reloading it. The end target plates never

i



indicated a trace of the effusing compound upon alpha counting, After
the’éen targets had been exposed the system was cooled and was broughﬁ
to atmospheric pressure with dry nitrogen. The joint on the end of the
main tube was opened and the carrier removed, The exposed plates were
placed in a lucite box and set aside for countlng° The carrier was re-
loaded with freshly flamed platinum disks and replaced in the vapor

pressure apparatus.,

i, Temperature Calibration

The thermocouple was not removed from its posifion within the
effusion vessel after the vessel had been loaded, When the vessel
was remeved from the apparatus to be reloaded or cleaned, the clamps con-
necting the thermocouple wires;with the copper leads were unfastened.
Tests in which an optical pyrometer was used to measure the temperature
of the effusion vessel indicated that the removal ana replacement of the
thefmocouple leads iﬁ the clamps did not affect the thermocoﬁple readings.
However, vhen the leads were ihterchanged there was a 0.1 to 0.2 millivolt
difference. After the vapor pressure measurements had been completed the
éffusion vessel was decontaminated (w1th the thermocouple still 1n place)
and a temperature callbratloﬂ was made by observing the melting p01nts of
" various salts, K20r207, NapC03, LiCl9 NaGlo, KQQTOA,'NaZSOA, and K28Q4
~were used, Several prOpefties which a material must possess to be
useful in,tﬁis~typexof-temperature'calibration are; (i) the melting

point must be in the deeired range and be accurately known,

7
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(2) the compound must be a&ailébe in a pure f&rm, (3) ité'vapor pressure
must not be oo high in the region belpw“itS‘melting point, and (4) it
should'beveésily removable from the vessel., - A small amount of the salt
to be used was ground to a powder and placed in the effusion vesse1 
‘from ﬁhich the'thin_fdil had been removed, The furnace agssembly was
placed in a vacuum apparatus and slowly heated, The thermocouple voltage
was followed witﬁ the potentiometer as the compound‘waS‘bbserved

through a small teleécope. Thebthermocouple reading was recorded when
melting of the cémpouhd became evident, Several observations were made _

;

with each compound, and the results agfeed within a few hundredths of

4

a nillivolt.
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Temperature Calibration

Run No. 1
.Compound Melting Point  Thermocouple Reading
degree C, ~ millivolts

CaClz 772 5,68
5,66
5,64
NagS0, ' 88/ 6,60
| 6.63
6.57
6.59
KaCrp0m 398 | 2.18
Na2C03 851 - 6.27
| 6427
LiCl 613 4612
4el5
KoCro07 3§8 2.22
KoCr0Oy, 975 ' . 749
| 745
CaCly, 772 5460
| 5058
KoCro0y 398 2.9
2.33
LiCl | 613 | 4018

K2¢r04 975 744
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Temperature Calibration
Run No, 2

Compound Melting Point Thermocouple Reading

degree C, millivolts
- Klra0y 398 2,78
| _ | 2,78
KoCr0y 915 833
o ‘ | 8.375
NapS0, " L T46
l | | 7.48
KCr07 398 | 2.72
| 2,76
Na2C03 | 851 o 7.17
. 7.16
K280, 1069 9.15
| 9.2
9.21
KaCra0y v 398 2.77
RS0y 1069 9.20
9.18
Kx0rp07 - 398 | 2.72
| 2,72
NaxCOgy ' 851 7.5
| | 7.11

K80, 1069 9.9
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V. THEORETICAL EQUATION
Applying the kinetic theory of gases tc the method of molecular
effusion as carried out in a system basicaily similar to the one qﬁed

in this work, Simpson3’4 obtained the equation:

( > ( Pz) 10-6n VQn

- L 2
p .,.r 2Vl 1+ 580 dynes/cm

p = saturation vapor pressure of the substance in cgs units

¢ = counts per minute for a particular target'after applying
a correction for backgrouhd h ) -

T = time in minutes the particular target has beenvexpoéed
to the vapor beanm

T = absolute temperature of the effusion vessel

r = distance from the orifice to the collimator in cm

o]
[

area' of the orifice .in cm?

= area of the ecollimator in cm2

B b
1]

molecular wéight of the vapor molecule

P = radius of the collimator in cm :

R = molecular gas constant in cgs units

s = specific actiyity of the substance in disintegrations per

minute per microgram

g geometfical efficiency of the alpha chamber
Grouping the constants which apply to all compounds and systems the

equation for the vapor pressure in mm Hg becomes:

2,
PTF Y& <AV 2o (1 + 235/ 8,976 x 1077 mm Hg
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For run No, 1 For run No. 2
T=15 minutes T = 10 minutes

r ="7.66 cm i r = 8.15 cm
a=2.34 x 107% cn? a = 1.58 x 1074 cn®
A = 2.39 cm? - ) A= 2.39 en?

0= 0.873 e | P =0.873 m

1”
Assuming thev molecular weight of the americium trifluoride to be 298 and
.gs to be 2,93 x l06 alpha counts per minute per microgram as based on a
470 year hélf—lifeéfor a4l ang 52 percent geometry .for the alpha

chamber, the equations are:

i

Run No. 1 p = eVT (1.26 x -10"_"10) mm Hg for a 15 minute
: - exposure
= oVT (3.14 x 10~10) m Hg for a 10 minute

Run No. 2 p
: ' exposure.
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Vapor Pressure of Americivm Trifiuoride

r

 Run No. 1
Target Vapor Pressure Recip. Temp. Target Vapor Pressure Recip. Temp.
no. mn Hg - x 105 no, m Hg x 105

I-10 2;00 x 108 91.74 | II-5  6.13 x 1076 '86;97

19 5.7 x 1078 89.85 0 IITe4 1,13 x 1075 79.55

I8 557 x108 8.2 TII-3  7.05 x 1008 90,17
-7 2.10 x 1077 87.03 ITT-2 2.25 x 1077 87.87
‘EQB 3.21 x 108 91.2 . W-11 1,12 x 1077 89,61
I-2 1.4 x 1077 - 88.03 ) . IV-10 1,61 x 1077 85;42'
I1-11 1,23 x 1078 934 W-9  3.04 x 1070 82.30
11-9  2.27 x 10-8 92,9, -8  7.91 x 1076 79.81

118 3.8, x 108 90.91 -7 1.92x100 82,99

II-7 1,40 x 10°7 88,57  T-5 6.51x 1070 80,26
II-6. 1.45 x 1078 92.85 -l 1.52 x 1075 78,55

II-5  2.66 x 1077 86,81 -3 175 x 1077 87,95

II-, 8.3l x 1077 8/,,82 -2 1,17 x 1070 84.25
II-3  2.35 x 106 -82099 | . |

-2 6.66 x 1078 90,50

III-11 2.44 x 1078 92,76

III-10 7.80 x 1078 90,33

ITI-9 1.28 x 10~7° ' Tagii3 "

I11-8 4,01 x 1077 86,88 )

III-7 1,20 x 1076 . 84,17

III-6 2,89 x 10=6 82,44
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- Vapor pressure., Run #1

The vapor pressﬁre in' mm Hg. plotted against the reciprocal
of the absolute temperatiure times 102, »
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Vapor Pressure of Americium Trifluoride

Run No. 2
Target Vapor Pressure Redip. Tenp.,. ) Targét Vapai‘ 'Pfessure fiecip. Témp.
no, mm\Hg x 105 " 1o, mm Hg x 105
I-10 . 2,37 x 10°8 92,85 5 1.9 x 1076 83.75
9 3.70 x 1077 86.66 ITI-4 1,03 x 1075 79,81
I8 1.85x10°0 82,92 III-3 1.7 x 1075 78,68
I3 2.80x 108 9149 IT-2 - 1.82 x 0% 73,37

I-2 5,56 x 10™7 85,54
II-10 2,69 x 108 92.34
119 6.13 x 1077 85.62
II-8 - 4.66 x 106 81,17
II-7  1.25 x 10 7,13 -
TI-6 1.7 x 1073 68,82

115 4,76 x 1077 86,06

II=, 6.5, x 1076 80.52

II-3 6.1 x 1077 76,64

112 4.9 x 107 71:17

CITI-11 1.43 x 1077 88.89 -

IIT-10 2.57 x 1077 87,72

III-9 3.37 x 1067 82703

IIT-8  6.90 x 1077 75,47

II1-7  1.65 x 107 72,80

IIT-6 5.7 x 1078 91.66
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'

) . Vapor pressure, Run #2. 4
The vapor pressure in mm Hg, plotted against the reciprocal

5

of the absolute temperature times 10”7, -
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Vapor Pressure of Americium Trifluoride
Run No, 2

‘After Reloading
Target Vapor Pressure Recip. Temp.
" no. m Hg x 10 : >

-1 1.60 x 1077 91.66
V-10 455 £ 10~ 89,29
-9 1.8 x10°6  g7.a1
-8 2.85 x 1076 84,82
-7 4.5 x 1076 83.13
_Iv-é_ 7.4 x 106 81,70
V-5 1,27 x 1075 80.06
V-4 4,94 x 107° 76,92
V-3 1.99 x 106 83.40
CIV-2  1.47 x 1077 89.21
V-11 9,03 x 1078 89,45
V10 3.7 x 1077 87.34
7-9 1,67 x 1076 83.68
v-8 3,70 x 100 82,2,
-7 1.05 x 1075 80,00
V-6 3.85 x 1072 77,28
¥-5 7.0l x 10670 75.93
V-4 1,61 x 1074 73,96
V-3, 2.25x 1077  88.26
V-2 8,60 x 1077 85,25
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Vapor pressure., Run #2 after reloading.

The vapor pressure in mm Hg., plotted against the reciprocal
of the absolute temperature times 105. The numbers indicate the

order of exposure.,
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V. RESULTS

The thermOCOUple-readings ebtained in the temperature cali-
vbfations;of the effusion vessels were plotted against the melting
point temperatures for the various salts (graphs 1 and 2). . For each
run a straigﬁt line fit ﬁhe data. The large differences between the
’melting point-EMF curves obtained for the two Tuns was probably due
to a difference in the thermocouple wires ueedo"A thermocouple made -
from the same platinum-rhodium wire that was used_in run Ne, 1 deviated
as much- as 50—degrees G from a Caiibrated thermoeoﬁple when the two
were compared. |

The vapor pressure data for run No,.l (iron impurities and cubic
: structure) were plotted against the reciprocal of the absolute tempera-
ture (greph 3). A straight line drawn through the points had the
eéuatioh, log p = 11.17 ; 2%§E£L A line with a slight curvature seemed
to fit the data better than a straight iine, A AHy790 value of 94.80
kcal/mole.was defermined froﬁ the former cﬁrve. Using this value in
. conjunction with the ACP = ;14 eou;, which Brewer5 used to fit a curve
to'Simpson?s394 measuremehte offthe vapor pressure of Pulj, enabled.one '
“to calculate AHg = 111.47 kcal/mole,‘ A eu?ve based on a ACp = =14 e.U.,
.fit the date fairly well, |
" When the vapor pressufe data for run No, 2 were plotted against the’ .
reciprocal of the absolute teﬁperature (gfaph L), a straight line of the
equatien, log p =,10°89 _AZQ%EQ £it the data Vefy well, A AHp value
108.69 keal/mole was calculated using AH1235 = 91,41 kcal/mole from the

graph and assuming ACp = ~14 e.u. .4 curve based on these values was



within the experimental determination of the points, | \

A plot was made of AF/T + ACp In T against the feciprocalﬁof the
ab591ute'£emperatﬁre using a value of =14 euu; for ACp, and a straight
line was drawn through the points.” A& AH, of sublimation of
iCQ»A kcal/mole was éalculated from>the slope of this line., The

free energy of subllmatlon equation was: »?ffﬁﬁ*iﬁ . L

= 109,400 = 2,3(=14)T 1og T = 151 1.T.

A melting point of 1660 degreeS’K was estimated from other flﬁbride
compounds and using a heat of fusion of 13 ﬁcal/mole and ACp for the
liquid of =16 €.U., as Brewer did for PuF3, a AHp of vapofization of
99,7 kcal/mole was calculated., They were also used, along with the
free energy of subliﬁation equation, to obtain the free energy of vapori-
. zafiqn equation: AF = 99,700 - 293(m16)T 1ong«_160{; T, From thig
. equation the boiling point was found to be 3240 degrees X,
The-meaSuféments made aftef reloading the vessel in run No. 2
- started out with an unusually high vapor pressure and gradually decreased
v until they settied on é line parallei to; but slightly higher than, the
line obtained in the first part of run,No,f_Zo The high values and
dropping off would be logical if some of the\AmFg were spilled on the.
outside of the effusion vessel during thé reloading. The higher final
values may havexéesulted;from inﬁerchanging'the thermnocouple leads,

The vapor pressure\valﬁés for AuFs3 determined in these experiments
were somewhat below the values obtained by S:’um.pson;Bs’[P for PuF3. The
dlfference in ionic radius between Pu *3 and Amt3 would lead one to expect

that AmF3 would be somevhat more volatile than PuF3. The free energy of
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vaporization equation and boiling point obtained from it; lead to an
entropy of vaporization at the boiling point which is lower than the
vaiue,expected from Trouton's Rule. There is no obvious explanation

for these differences.
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