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ABSTRACT 

•:, 
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The vapor pressure of Ce!
3 

is found by the torsion-effusion method 
..... _. . 

-: · · to be given at--1370 to 1685°K by the e~pression 
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'. '4 
'10 

log10P = - (1.983 ± 0.013) x T + 8.816 :t 0.086·, 

·where P is the pressure in atmospheres and the quoted errors are the·· 
.. ·· 

. ;, standard deviation from the least-squares fit. Extrapolations yield a 

.,, . 

":: l 

' '' _, 

'" 

.. calcuiated normal boiling point of 2472° :t 80°K and a heat of sublimation·· ·- ;· 
. ' . . : .· . -~. ·': . .. 

·_at 298.l5°Kof 99.5 :t 3 kcal/mol~. by the. third-law method and 99.3 ::t 3 
.. · . ,· . ~·. 
'. ·.,. 
.. ·• 

s-econd-law method; .. Most .of the uncertainty in·- the third;_~ 
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law value arises ·.from ~certainties· 
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INTRODUCTION .· 

Few thermodynamic data for rare earth compounds are available, and 

apparently no quantitative vapor pressure data. have yet been reported 

for fluorides of rare earth compounds. This paper reports the results 

of measurements of the vapor pressure of cerium(III) fluoride by the 

torsion-eff1,lsion method. 2 ' 3 

·.·., 

.. ' 
· ... :'·'··· 

'i. 

·'. 
I' ;~:·,·. ', .' •, '• '· •. ' ' 

~ ~ : . EXPERIMENTAL 

''" :' I ' '"~ t 

-\ ·: 
;. · .. 
~ ·· ... · 

. ':·. 

··r·,', ·.:·, 

Cerium(II·I) fluoride, prepared by the reduction of eerie oxide by 

anhydrous hydrogen fluoride ·at 850°C, was supplied by Semi-Elements, 
. -~ 

Inc. The apparatus and methods employed . in the research were 'es~entially •: 

4 similar to those described by Searcy and Freeman. 
. J 

But heat was supplied 

:~'to th~ graphite torsion effusion cells in the present study by. radiation 

.• .;· 

: ... . 

~w~~~~um half cylinders wh~ch were heated by passage of an 

:::;.:.·; 0 · . ' alternating electric current which formed a cylindrical hot zone of 

·.-.)_ · .. , 
-~ ... ' 
,\,, .·.: 

~ . • • 'I ~ 

···,.'!.. .•.. 
·.::·,,··. ··!, 

· 7.6 em diam. ·· Tantalum radiation shields, pierced with holes to permit .. ,, ,· 

admission of the cell support wire atthe top and to permitviewing 

··of the cell from the bottom, closed the top and bottom of this:cylinder._'· 

A tungsten ribbon, 0.0127 em wide, 0.00254_cm thick, and 45 em 

long,was used·as the torsion fiber. Components of the effusion cell 

.~and cell block were made of National Carbon ZTlOl grade graphite. Two 
~. .. 

~: :· . 
':· · parallel holes of 1. 3 em diam with axis 1. 35 em from the center of the 

. ··.· ... •• 

.. :: :\· (" 

,· .... · 

~ ·· ... 
c ..... ·, ••• 

!. ,': .~ .. • 
... :=:·· ·, 

. ', '· k::y '. C/l cell block were drilled through the. block, and two loaded effusion cells :; ;(' :' : 

.'with effu~ion ot'ifices oriented to yield additive torques were fitted .. ·· · ,_· · ,; .... 
·,. · . 

. :<IIi.._ ......... : . ... ' 

•· i . . • .. ' ·~ 
.. ~ i ... ·: 

. > :· .J.<·. .~ . ". -~ ~. 
. . ~ ~ , . ·_ ·j. . .:. . r 

. ' 

into these holes •. Three different orifice dimensions were used as 

shown. in Table·I. Corrections.for the effect of the finite channel 
.. •: ... •·', 

. \ .. 

·-·:, ': ·i 
. ~. ~ .: ' ... 

l . ·• . ~ = ;, " ' • ' ' ., - . ·' - :. ' ... :~. 
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length on the force 5 were obtained from the note of Schulz and Searcy.
6 

; ... ,.. : . ' 
:··· 

·t. : ~ . ' 
Temperatures of the cell were measured with an optical:~·pyrometer. 

A black-body hole that had been drilled in the bottom of the cell block 
.• .. · 

could not be seen· through the pyrometer exc,ept immediateiy after .the 
·, .·: . . · 

·."1 ••• j. 

cell temperature was changed. This fact indicates that black-body 
• ... : ~ • 1 ·: ... ~ • : ·, ,. > -~ .' • 

~ :' . ;_ ~ :;. .. , 
conditions prevailed and that the cell block was very uniform in 

.. ' .... -. 

temperature.· The pyrometer used was newly calibrated by the Standards 

Laboratory of the Lawrence Radiation Laboratory. · 

i,. 

In a typical run, about 1 g of cerium(III) fluoride was loaded ': ',• ' .. ·.:.·· 
.. ,· .. ·, 

;.· ·:·: 
0 

.·;, ,f,v 
into each of the two effusion cells. Covers were placed·over the 

. . ' ' ~- ~·.... . . .. : : ' '•. ·. ;·; .~ ., 

o< ·: '• · ··• ··:··apertures in the cells, and the cells were then fitted into the holes -· > 
· .. 
' ~- .. 

:1 .. , ... .. --~-in the1 cell block. · The power was raised slowly enough to keep the. 
~ . . ; '~ -~ . t . . ' • • :\· 

.. :'•.' . . . · ··. ambient pressure below 5 x 10-5 torr until 1650°K was reached. After 
~ :::, .. .... · .... ·-.. . .· 

·:.., ~ . ...... . . 
·· ..... ~.:-.··.' .... 

.,. ; about 13'00°K was reached, a much faster power increase was possible . 

.· .. 
·. : . ~~ 

-· ·; .... 

'i. 

: .. 
'· 
~. ·, 

;• .. 

' : · :.with the pressure still held below 5 x 10-5 torr than could be maintained:·.·~ ., · ·· ·' 
I 00: ., •• •·•', •. 

--~·-\\ ~- ·,. . ·, ;· .. 
. ~· .:~\ · .. f·\::. at lower ·temperatures. The gas· evolved below 1300°K may have been .:~- ~.'. -~ ·.· ·· 
."·-.::.:\.: .. ' ., ·. ;, .' ·.: · .. < . .-·largely water of hydration. Staritzky and Asprey7 and Batsanova et· alo B:~· ~ 

· ' : ~ve demonstrated that heating hydrated rare earth fluorides ~or an :<:: ·., :, , , 
... :· ,· 

hour.at 1273cto 1300°K yields the anhydrous salts. 
·. ·. 

The torsion-effusion cell was allowed to remain at 1650°K for about. 
~· .. I , .'·. ••. ,I r • 

·an hour before deflection· and temperature data were taken;. However, if . 

·.:: samples already used in a previous run and kept in the system under 
·.·:.:··. . 'I . . 

.·., ·;·.· 
''1 ·.· 

. '' . ~. ' .. 

'· . '··· 

~> · _:.-vacuum were reheated, only about 20 min were required to heat to 1650°K · . '.·' . . . . . 
.··;· '.· .. f·~-~L·.~ 

[
, ·.'·:·: ( ,. and· only about· 15 min were. needed at this :temperature before measurements . •. 

' 
I'~ r . 
I . ' 

I· .. 
. r 

1.•. 

I' 
! 

. i ,;· ... 

,. 
-~ . ', . 

'·: .: :·,' ... I 'I'.·~ • 

,"'\ 

I.~·· ·, .. ;• ' ,' > ; ' 

' were begun·· 
.... ,: 

'··.· · . 

:: lt 

... . :, .·. 
'' ... 

-·~ , 

.. 

·. · .. '! 
.•:,' .· 

\ ·: 

.·,•., 

,. 
. ·' ·, .. ' 

J:' ,' ·.••• •• · ., ' ' ,• ;. 
:·.: . ... · .·., 

·. i ! ~ 

:,, ,.'·. . •, -: 
•<'' 

,\_· 
:. ,t·· •., 

·.·· ·: 
. .. 

' : t • •, ~- ; ' ••• 

., :,. <:>.-:..' j'. ·.~: -•. 

·.:·. '·· 

,·,. : .. . '. :: . ~ 

.. ··. 
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' ~·· j : 

r . • ' ' : ::' ~ .. ~ ... 

'• .. ·- '• . 

.',> ~ •• • .. 
-'·!'· 

. ,\ .. 

After heating to 1300°K or higher, the original fine granular 
· ... 

··-..:· .. . . . ... . . 
sample was sintered and orange-brown in color. Heating for longer 

·.-'; .. 'periods of time at 1600°K made the sample optically anisotropic • 
. ' o I ;.4 

.~ ·I 

:>···:.···~ .. t:·.:·· .. ,:;:.Staritzky et a1:7 and Batsanova.et a1. 8 have previously observed the 
> ·:-.. )"• ~.. . 

":.··-~·. 

· :.: · · . : development of optical anisotropy for rare earth metal fluorides as 
: ;' :: _:-7~· I/ · . , . 

, .. :., 

· ..... '· . ·-~> ~ .... ... ·.a result of heating at high temperatures. They explained the phenomenon; 

·.: :: ~ .. ;.: ·;. as a result of a' decrease in defects in the crystal and an increase in 
..... ·· 

.· .. ·, 
-. I • • ~··!'. ~ : 

.. i ~ : 
ordering.of·the hexagonal crystal structure. Batsanova et al. also 

:: ', 

. ''• ' .. · . 
.. · showed that during heating at 1273 to 1573°K neither changes in crystal 

._ '•' 

>-·~· >: .. 
··· structure nor significant changes in chemical composition in rare 

earth metal halides occur .. · 

/·'· 

: ~ ' 

• .. 

., ' 

·, ,· 

i .... 

\'' 

··.·· 

. .' • t ~' 
I ~ . to establish that the pressures measured in the effUsion experiments·· 
t :, ;., ·' 

were not produced by vaporization of salts of metals present as impurities, .;:, 
· .•. · .. j.t'- . 

. :· ·. 

' '::a sample was placed in a graphite crucible and heated .. in an induction .. • 
.- ." ·.' 

·.·•. ,.., 
;,. . . .:_.: 

.·· \ ···. . • furnace at about 1650°K at pressures below 5 x 10-5 torr until about 
~ -~ :' . 

·:: .. :·.,.' · ... : two:-thirds of the sampie had sublimed, then a glass disk was placed . ' .. 
. · ... 

'. ·; . 

. near the cell block, and vapor was allowed to condense on the disk for 

about . 2 hr at 1600°K .. ·. The sublimate, the residual material in the cell, 

. . ,. ~:-: · . 

' '~ ~ . 
and a sample of the. untreated cerium(III) fluoride were spectrographically:'· 

; analyzed by the American Spectrographic Laboratories. The major 

:impurities reported for the sublimate were 1 to 2% each of magnesium, 

· lanthanum, and· neodymium and 6% silicon• ... The silicon was presumably 

. · ... 

,·:.~ . .. ·: ;_ ~-;· ;- :;-: ·;;:;. 
. ',:' . 

· "a contaminant from the collection disk .since the silicon content of .the· .· 

~.~;:~),.:. ·. ·.~ . · .. · .... ·original sample was below the limit of detection. 
{ : ··.:'. '•!J. 

The impurities · ·:. 

· .. -:: .. ·.:1' 3: \·:', X \'" were·~·: •certaiDly in soluti~n. in the. cerium· f1uoride and· should • ·. · 

.. ::>'·'~ .': ., : · ... ·. ·... . .·· ... ( . . ;; . .: .... · ...... ··. 'l. 
. . . .:':.'·-~~ ._ .... ,_..... . .. :-.·. ·'· ·, ...... ~ ,.· ·'~.·-·,·· 

1 ·~ .... ,•,., I, "':,~~ ... :~,:::···:~.·~·.· ,1: '\• .•.... ;·~ ·, .. _.;.· . ., I,• ,·,, ,< '·' .... , 

' .:, I, ' ' ' ~ " f .'• . :, · ·, 
' ... ··- ·. ·:· . ·,·· . .'-'· .. :: .,' 

• I ~ • 

:- •••• 4· 

. : ~,: I .• ; 

•" 

.. ~.- '-,; 

·._ ...... _ 

;i 

•. ! 
.· ·,·: 

- l.· 

····. 

... ·-

.•. 
•. 

.. :·. 

'• ·' 
. ·.. . ~ 

· .. 
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,,, .. 
·.· .-: ;-· 

., f. ' • • • ' ·~ '• ' : 
.reduce the partial pressure of cerium fluoride by about 3%. Since this 

..... : 

. \· i.· 
. . · ... ,., . 

;~. 

'~ . 

,.: .-~ .... 

.,'. 
.· ' 

:• 1: 

; .. '\ ~ . 
.. ···· .. .·· .··: ."\._l_' 

: '; 
. . ·, .~. ~ 

),,;_ 

.';:'· ... 
.. ••• ~ .;. :~ .i 

:':,'• 

· ,: : pressure reduction should be approximately equal to the partial pressures 

·.of the impurities, no correction was made to the measured pressures. 

The temperaturerwa.s either lowered or raised successively in steps 

. ·' of 5 to 15°K and allowed to equilibrate at each temperature for about 

-15 min before deflection and temperature readings were taken • Some of 
~ .. ·. 

- the data were obtained by varying temperatures randomly. · Me~sured :_ : .. > 
: ~;- .. 

pressures are shown in Table II and Fig. 1. 
:··· ',1 . 

. '·, . -,~ ·. ' 

. ; ~ . 

·,. 

.. ··.-. 4 .. , • ~ •• :, ,' :_~ A more· detailed_ description of the apparatus_ and techniques is :-· ... ·._. 
~ I ' 

·,!.'·,I 

· ·._ gi veri elsewhere. 9 "·_,._::.·. ·,._._;., 
' .... 

'·':. _.,.. 

I 
RESULTS AND DISCUSSION 

Studies10- 12 on low pressure gas flow have demonstrated that the --~ .: ·. . . . 

, .. molecular flow equations become inapplicable when the ratio of ,the mean .· ··. 
'.~. ' -~~ ,' ' 'r'-, ', . • ,'< • -·~ '·, 

.. , ·. -~ree path of the vapor, ;\,, to the diameter of the effusion orifice·, · . .' · ' '· 

· · · ·. d-,- ·is below a certain value for a given orifice. At lower "J../d the . -~ ·· 
' .... 

· .. ' ·._.' ·, 

. ; .'' : ·.: measured pressures deviate upward· from. the equilibrium V?,por pressure, · ~ttd -· 
. · .... 

·, ,· .. 

··.· heats calculated by the third-law method are smaller. than the true heat·._ · :': i-'_:: 

·>"of. sublimation. 
.. ~--· ··<· ' 

Table II shows for each measurement the calculated ratios_ >../ d in · 
·, 

··.-:: 
,. ~ 

· .. 

:addition·to the pressure and the-third-law values of the heat_of :·.· 

•. :.) :' 

• \ ~ I ' 

· . : ,,, " · .. sublimation at 298°K. · The ratio "A/ d is calculated 1JY using the hard 
·'··· '. ' ·. ' . / , .. .. f: .'·; . . : 

.·,· 

·.: .. 

·: .. ·. 
; • ,t 

•' .· 

_.· ·-:·:;': .. ' .· sphere approximation13 with the molecula; diameter of cerium(III) 
~-- ·.;. . .· .j ' . ... .. :.:,~ 

.. ~~~ . :. ;; . 

/. :; : ;:<; \ · · · , . , :: ·, __fluoride taken .as 7. 36A, a value.· calculated fro~- the ionic radii with ... 

T <· ::·· .~ . . . . . 

~ ., : ' .' ' ..... 
·;\'the molecule assumed to form a planar triangle,.< .The numerical values 

k. I'' 

T .;.?< 
, •. 1 . ' ····' •. ~ ,. 

., .. , ''I ::· .... 
'.'• '_f', 

. ~ '· ·•,· . •' '.' . ':;: '·.}. 

\',•. '. 
.' ,,·, 

·.,:; ·.·· ...... 
.· .. , .. ;,,·. 

I • ., ,. 

'·,,.' 

'J.':_ · .. ; 

•,' ·. 

I •. 
·,•', 

·' : ·· .. :. ..... 
., · .... ·.' 
·•', .·• ''· 

...•• l 

• ' . .'.t. ·:. '.' · .. ·_:.-

·; ·.·; '\ ... 
'; •.· ,, .-.'· 

.. , 
~ ... 

·, 
, ! ' • ~.' • t' ' ~· I ·, .. : .' ' 

" .... '• ,· . ~ •, . 
·: -:· 

. '····· . . ; . . ~ 
. \ ; 

~ :.-·' 

,··, 

. ;.) 

•. 
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.calculated by this approximation has significance only for.internal 

comparison. In the final calculation of tili~98,~ data for which the 

. ; ratio A/ d is smaller than 0. 2 are excluded because systematic d~viations · 

:_>' .. ·:' 
in heats appeared to occur at smaller values of. 'A/d •. 

.>. 

· .· · In Fig. 1 closed triangles indicate 'those points with calculated 

! .. :~)(:········ '·.:······· ••···• · .... ~:n::t:::hl:::i::~r:~::r o::: t:~~gl::~ :::::·::n~:s c:::::·b:n:icate 
i.; least-squares fit of the vapor pressure of ceriilln(III) fluoride in .. 

•·i 
··t. 

. ·, 

.,:,, 
. : . ·· . atmospheres for those data _with A/d ratios larger than 0.2: · . 

104 . 
· ... ' .· 

. ;. = - (1.983 ± C).013) X - + 8.816 ± 0.086 • 
T 

·The ·errors are the standard deviations from the least-squares fit. 

For each orifice diameter the.heat·of sublimation of cerium(III) 
f '• i 

\,;_ 

. _:.,.-. 

.. ·. 

. · .. '. 

. ... 

.; ' . ·, ; ' 

··,.fluoride at 298°K is calculated by both the second-la~ (sigma plot) 
• .t ,·: 

method and the third-law method. \ . ... ~-· 

. ' . 14,. .· 
.·.For CeF

3
(s) King and_ Christensen .report heat capacity, enthalpy• . . ·. .. 

0 0 I' 

:-.'·' 

~ ,· . and Emtropy data, and ~estrum and Beale15 report t.s298 = 27.54 cal/deg/ 

~::, ' mole, in good agreement with 27.6 ± 0.2 cal/deg/mole· reported by King 
' ~ .... 
<.'_'' 

,. .·. ;.·:· 
'' · · · and Christensen. 

·,·.} 

. :· .' ;·!'';:. ·. ... .. · ,.:~~-----;... .•. ~··· 
·QJ:~~hly significant vapor spec~es is bel'ieved to be CeF3 (g). 

' · · .. · ·;. · .~.Brewer showed that dimer vapor species .are found for trihalides only 

' . ~ . 

.::·.·:· 
with low boiling points and.with cation-to-anion radius ratios lying in 

. · ... ~-· .. ,·. 
~-. ·._:. . .. 

1 
· .... · a narrow range. · Cerium( III) fluoride has a relatively high boiling 

· point and the cation-to-anion radius ratio is by far the larger than this : 

:. ··range' so sublimation as polymers is unlikely. Thermodynamic· calculations ... 
.'. 

-:, ' ' 
,·.,, ·J ' 

• ' \ ~ . • • ' I ." ' ' ·, 
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·~.'' ; ~·- . ~· 

l~. . . ·-/. 

·.:•.; ... ·.\· .. '· ·,. ·.. . c
2

F
4 

(g) which may be produced by the reaction of the sample with the· 
' ~· ... 

graphite cell a:re probably all several . orders of. magnitude below the. · 

·, < 
··:: ... · 

·observed pressures. 

·.·.:. ' 

": (: ~ ,•I . ' ; '~ 
{ 't.. , •• ;. 

. ·;· }''' ;-:· ... :· .... 

In order to calculate heat capacities arid free energy functions 

' 8 
for CeF

3
(g), molecular constants were estimated. Batsanova et al. 

observed a strong absorption spectrum at 410 cm-l in crystalline CeF3 

. . ' ( 
'· ... 

. ·: ., .f.·,. 

,_.·-: 

:.:, ...... · ... 
.. }.:/\:. · . .' · .. ,, .· . ~·ana attributed the band to valence vibration of the Ce-F bond. -In ·AlF 3 

.:"'·• 

.: crystal, the observed Al-F valence vibrational frequency. is 615 em -l, 
. ;: : ~:~ 

• .. I 

.. ·>.',_··while for AlF
3 

.gas molecule the calculated stretching vibrational . 

.. ::;:"'::<_:;·:; ~ frequency is reported to be 640 em ;.Jl •17 The molecular shape of CeF 
3 

( g L:~· \,.; . :· 
~ ' -:: ... -: .. ~ .. 
( . ~- . . .. ' 

'·· .-·· ~·. · is assumed to be the same as AlF 3 (g) , i.e. , a planar triangle, point , · . -: : 
i . ·' 

· . group n
3
h •. The estimation of the symmetrical stretching vibrational· ~ ,v~· ·; .. 

. :. frequency18 ·of CeF 
3

(g) is made from the valence vibrational frequency ... ·· ~;· ~ 
:,".·, :·\ 

),,_ 

of ·ceF3 (~) by multiplying by the ratio of these two frequencies in AlF3 .·:.·~.: 
_.,.. .. · 

-:·:·:·<- .This gives a frequency of 427 cm-l, from which the stretching force -:· 

:;,.:\ :constant is calculated to be 2.04 x 10-5 dyn/cm. 
'\,· ....... 

!. ' 

· · ... ~·: As ·a check, an empirical relationship reported by Herschbach and ·· ·'l. 

t .· ... '' _;. ·:·.. . I :~' ,(· :·>\ ·.· ~< i Laurie
19 

vi.s, used 'to ca1cu1ate 1. 83 x 10
5 

dyn/ em. In order to apply <: .:· •,· 
~ -~··>·';:/.: ._..\ .. ·'~-::.-:".the Herschb~ch~~and Laurie relation~hip, values of their empirical :·/ .: , 

~ -~ ;: .·:.: :.· -:_ :: · :. ~onstant~-, aij and b ij and of the· Ce-F bond distance. were required. The··· , ~. ~ .~_:· . , 

/, ::; . ::· : _ _, ,, v~ue of a was·. estimated to be .2.24 and of b.j to be 0.57; and the. ,. ;• I-';.= , . , . ij . ~ ... , .. ' ' . , .: ~. \ . ~ ... . . ; ' 

'. : .· 
~. · . ."i . 

' . 
:'· .,· ....... . 

I . ' ' • ·' .• : ; ~ 
_· ·. i~ ... '. . ~- ,. 

' . 
' I •' . -~ . . .. 

:·· ·". \<.: ·;·.:.: 1 .. ' •• '~~--' 
~--,_· ::~:; , .. r ... l. . . ;:,1. '' ' · .. • : .. ' • ~ ' 

•,''_',, •'[,··~ ,•,' '· < ,..: '' II ;r ~ 
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bond distance was estimated by means of an empirical relationship of 

. Paulipg20 between distances in solids and gases to be 2.09A. 

A semilogarithmic plot of the two bending force constants vs 

17 18 . . . 
stretching force constants for several known molecules ' of po~nt · 

.group n
3

h gave approximate straight lines. By extrapolation to the 

., ': assumed stretching force constant of CeF 
3 

(g), kt/12 ·= 0. 20 x 105 and 

.·. ',· 

:~· .·· <.·. '"k
0
/12 = 0.105 x'1o5, where kt. is the out of plane bending force constant,.·· 

~ . ; .: . 

.. 
' { . 

. ·.,. ··· ... 
~ : . '. ~ 

·' ·-.: ,. ·, 
!' .· · k 0 ... is the· in-plane bending force constant, and 1 is the equilibrium 

··,distance between cerium and florine atoms, were obtained •. Valence-

''I' 

··:·. . ~-;-_ .· 
--~ 

; _\ :·' :: ~ . . . . . 
:;, ·, 

.. · ·./force model calculation18 then yielded for vibrational frequencies of. 
~. ·_ .' .· ·,: ·. . . ' 

· .. CeF
3

{g) 427, 159, 4_70(2), and 181(2) cm-l· 

(For the calculation of the electronic contribution to the heat 
' 
I ~· ~ 

capac~i ty, Ce electronic energy levels were used. Brewer et al. · 

,,.-1··· 

·._ .. 

'•,. 

. ·: 

'·' • <:. · calculations when applied to dihalides of transition metals. The " ,· ~ ·? ~·: ~. 
:-··::: ';' .. 

2 The first excited level is F
712 

at 

Contributions from higher levels are insignificant for'~ 

the temperature range of this work. 

', ... 

. . ·• . ' ·_' ' ~ :· 

. ,·,'· 
'· . 

:- ... -:. 

'. . ~ -; 

~ . '"{• 

For the calculation of free energy functions of gaseous CeF 
3

, the .·· · ~ ::· 
.~ . 

+3 . 
/vibrational frequencies estimated above and Ce . electronic levels are. 

,. '>. 

' . 
• l. •'· 

·· The rotational partition function was calculated from the 

;:.<estimated bond. di~tance :for CeF
3

(g). 
. :'. 

Calculated heat capacities and 

· 'free energy. functions are given in Table III. A least-squares·calculation 
· .. ·.· 

··by the second law method yields- R·ln P = (97.78.:1: 0.59).x·lo3/T- · 
: . . 

. . 3 5 -2· . 
.... 2.31 ln- T-· -1:- 4.83 .x-10-. T. + 1.86 x -10. T where_ quoted 

. ' . 
•. '·. :· . .. :. . 

. ..~ ' . ·-.·· ...:· . :l.. 

·,:II. 

··> ._, ~ '' . 
._ ....... _.· 

' ... 
' ...... ,•. · .. · ·'· 

·, · .. ., . : 
·f.', .•. · .•••. · " < 

: :;: 
.~ . . . ' 

; j•" •; , •• 
.·. ,'. 

.. : . 
.< 

··.·;: 

,, i .\' ' • '. ,· ' 
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.\. 

• ·' •• • .jO ·~· •• 
··,, ... · 

' ' ~ . 
1."• :,: 

. ..•. ·. 
· '· · errors are the standard deviations • 

• j ; •• •• -,';_:,:: •• •• 

From this expre~sion, the second-
l • •. 

·,·,·· 
, .. 

. •,;·' .. ~ ( ._, .. law value of. llH2
98 

= 99.29 ± 0.59 kcal/mole was .obtained •. If the temperatm;e 

.. .·· · scale ·is assumed to be in error by +5° at the upper end of our temperature. 

. , ;., 

·:. .. 
range and in error by -5° at the lower end, the value of llH2

98 
calculated . 

by the second law method is changed by 2 kcal. The total uncertainty in 

the second law value is estimated to be ±3 kcal. 

~;;;;;'~e.third-lav value calculated for AH298 and the standard· 

! '··. · ·., · · · ... .deviation for ~4 measurements between 1370 and 1631 °K are 99.51 :t 0.25 
. •:' . ~ ··. > . ."1 .. 

kcal/mole . For the 14 measurements for which 'A/d values were calculated . \\. 
•, ·· .. ·, ·.'·. ',·. 

· :.::; ·. to be smaller than . 0. 2, llH2
98 

was calculated t.o be 99.03 :t 0. 79 ~cal/mole • 
. ·.... . . . . ... 

. The lower average heat for these measurements probably reflect's deviation :·, .. ,· 
,'1' 

. · ... · ,. ' 

.. ~ .. •,' 

. ! 
• from molecular flow • 

I 
. I 

Assuming a maximum of ±2% error from the effect of impurities and 
; ... . ·~ .. : > 

.. · .< _·. • .· an addi 'J;ional ±10% error in pressure reading for uncertainties in 

., 

. :measuring o:t'ifice areas, lid thickness, moment arms, torsion constants, ''t:.·'·· 

. ·.·. and deflection angles, the. total pressure error would not exceed. ±0. 4% 
·,..·. 

error in values of the heat of sublimation .at· 298°K calculated· by the
1 

l • ... 

·third law method. 

.. 

· .... 

..... 

.;·,' .· 

The maximUIDJ:•p};'obable error in temperatures, principally from 

· uncertainties in calibrating .arid reading the pyrometer., is ±10° which.· 

would yield ±Q,6%.error in AH2
98 

values •. The uncertainty in AH298 
. . • . , . ··I 

· · ··· ... ·~ .: .resulting from the experimental measurements is thus ±l .kcal/mole. The 

I·~(>·; :;.~ .. ~- ~.. .. principal source of errors in the free energy runctions should be that 
.:',· :·,,_, . . . . 

. . . . . ~ .. ' . 

.... ; ~;:{;: \ · . . . .. . · arising from estimations for gaseous cerium( III). fluoride. An error 

• 
· .. ; ' ·I. J. · •. ' '. . . . ~ .. 

·: 1.' '• t.:· 
. . ... ., ··. . ..- ~ ' . . · ,,. '' ~ : , r 

' ,( ....... 
·· ...... ;.··_,·.; 

/. -·. 1, 

_.,· .. ··, _. .... , ··· ........ . 

r . 
' •: '-~· l 
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. . ·;.· 
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1. :; , . . : 
' ~ '.: 

0 

of ±15% in vibrational frequencies and an error of ±O.lA in bond 
. .. . . ~ 

·distance will give ±1.5% and ±0.2% errors in free energy functions, 

respectively. Taking into account other sources. of errors, the calculated 

;•·."•' .. • 

The melting'point, heat of fusion, and liquid heat capacity of 

•· ·. ~ :: .': •.·.' i ( II) 0 23 ' . ·; 14 
·. cer um I. fluoride were reported to be 1710 K, 13.20 kcal mole, .... ' 

l' . 
.k 

L 

J ... ··•··· r 
1~·· 
I 
1: 

L 

l 
I 
l 
I' . .''.'' 

-. 14 
and 32.00 cal/deg/mole, respectively. Combining these values with 

·the second-law equation of this work, the vapor pressure in the liquid '' 

~ .. ·_:::::,·.·range may·be expressed as- R lnP = (93.93 .± 0.59) x 103/T. 129.55 :1: 

I 4 -3 , ' 5, -2 . 
. . . . 1. 07 + 11.79 ln T - 0. 2 x 10 + 1. 32 x 10 T where quoted errors 

.. ·. 
\ 

are the standard deviations. From this expression, the normal boiling 

t;: •-~'.<:.·:·:: ~:point. of' 2472 · :t: 8Q°K and. the heat and entropy of- vaporization, 66.4 kcal/. 
'>~ ·:· .. f: 1 . .·' . 

·':'·.·mole and 26.9. eu/mole, at the 'normal boili'ng point ·were obtained. 
\",' 

• . 
··. 
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' Table I. Orifice dimensions.* 
.:..,· ,._ 

. ~-~ ~ ~ 

.t'• 

. ~~- .·: \~~ :. -1: 

'.'. 
-.... 

· ... 

.·_-, __ _ 

·:·_._. 

-~; ·. 

,.., 
:-.. 

Cell. 

1 

2 

3 

Hole diameter 

. (em) 

(1) (2) 

0.0779 0~0813 

0.1384 0.1241 

0.2518 0.2528 

Lid thickness 

(em) 

(1) (2) 

0.0993 0.1039 

0.1052 0.1021 

0.1026 0.1024 

. -1 
*The torsion constant for these runs was 1.76 dyn-cm-rad .• The moment 

\ ~-.. .·.arm was 1·. 35 em. 
.. \•' 
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Table II. Temperature, pressure, ratios o.f mean free path to 
orifice diameter, and the third-law heat of sublimation of CeF

3
. 

Pressure A/d 6H298 
(atm) 

~ ·.· .· · ( kc al/mole) ·. 
·.· . .'• .. ' 
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· .. Table II. (cont. ) 
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Temp Pressure 'A/d 6H~98 
(atm) · (kcal/mole 

,··. ,• 
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. ·_·\ 

·-.·:_ .... ;··. 

·-:··\: Temp 

··. ., 

·1468 
. ·· .. 1492. 

, ... 1514 ,,. 

... ' .. 

,'• .. 

1504 . ·,' '· ;:.--.:
'•.•· ·,. ·. 1493 .· 

. .. .: ·;··' ,.' ~ . ' . 1485 ' . -:·· 
·.1474 

,. •,' 

· .. ~- . ' 

·' ·.·· 

: ......... '1459 
...... · 

'·· · ... · 

:··,·.: 
·-<·'•·· .. 
. '.· ~ 

1446' ·' 
1436 
1423 

·1411 
1402 
1386 
1378 
1'370 

.·· . .:· 

Table II. (cont.). 

Pressure 

(atm) 

. 2.074 X 10-5 
3.388 X 10-5 
4. 673 X 10-5

5 4.064 X 10- . 
3.585 X 10-5 · 

·. 2. 706 X 10-5 . <'· .~· 
2.070 X 10-5 
1.601 X 10-5 

. 1.195 X 10-5 
9.253 X 10-6 
7.223 X 10-6 
5.259 X 10-6 
4.194 X 10-6 

..:6 
3.096 X 10_6 
2.496 X 10:...6 
2.097 X 10 

. ·,., 

'A/d 

..... ~ 1.59 . .... 
0.99 
0.73 
0.83 . 
0.94 .. 
1.32 
1.60 
2.05 
2. 72. 
3·49 
4.43 
6.04 
7. 52. 

'10.07 
12.42 
14.70 

··> 

6H~98 
( kcal/mole) . 

. > . 

99.46 
. 99.45 

99.79 
99.63 · .. 
99-35 ' 
99.71 
99.81 . 
99.66 
99-71' ' .·· 

·99.82 
99.70 
99.82 
99.87. 
99.67 
99-72. 
99.66 

; .. *Indicates heats for which calculated 'A/ d l.ms smaller than 0. 20. The 
first 18 points, the next 40 points, and the last 40 points were taken 

sets of small, medium, and the large orifices, respectively·. 
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Table III.· 
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Calculated heat_ capacities free energy 
gaseous cerium(III) fluoride. 
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Figure Caption · .. ;· 
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Vapor Pressure of Cerium{III) Fluoride 
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A d= 0.16 em; >../d < 0.20 
· . l:i d =0.16 em; >../d> 0.20 

o d = 0.26 em; >../d > 0.20 
.. ·. 

· o d=0.50 em;>../d>0.20 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
m1ss1on, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor . 




