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ABSTRACT

L/

1 d T A. *
The vapor pressure of CeF3 was measured in the temperature range

1L3707K‘to 1685°K by theftorsion-effusion method. The vapor pfessure of

':CeF3vin>atﬁQ§pheres is given in the experimeﬁtal‘rénge_by-the expression
DU , _ 104 R
logyg B = = (1.983 + 0.013) x =— + 8.816 % 0.086 ,

where the quoted errors are the standard deviation from the least-squares

fit, Extrapolations yield'a calculated normal boiiing'point of 2472°K .

"and a heat of sublimation at 298,15°K of 99,51 0,25 keal/mole by the

:. _third-léw'he;hod and 99.29 + 0.58 kcal/moie by the second-law method.
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. I.. INTRODUCTION

" The science and technology of rare earth elements and compounds

.

- has been given increasing significance in recent years. Although a°

great deal of advancement has been made in this field, availabie thermo-
dynamic data for rare earth compounds are still few in number. No

quantitative vapor pressure data have been obtained for fluorides of

’

rare earth compounds,

" This paper reports the result of measurements of the vapor pressure

of cerium(III) fluoride by the torsion-effusion method.l’z Among other

.epplications, cerium(II)) fluoride is used as ion-source material, laser

~.host, and an important intermediate compound in the production of cerium

.
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of the expression

"where P 1s the vapor pressure of the materlal in the cell, @ is the

'L_tlon factor for the flnnte*channel lencth of the orlrlce

‘cm thick' and.45 cm long'tunvsten‘ribbon,F.Components-ofAthe effusiOn-

-as shown 1n Table I.

1L EXPERIMENTAL o e

'In the'torsion-effusion method aﬁ ef us10n cell was suspended in a_

-

'vacuum'furnace by a fine wire, As the system is heated vapor erfuses_

v

73sf*om two eccentrlcally placed orlflces xﬁ the cell exertlng a. tor lonal"

M

'fforce on the w1re “The auole throuOh.which the cell iS‘turned'is-measef'

ff}ured, and from- thlS angle the vapor pressure can be calculated by means:.

./.

“fthe suspenSLOn w1re q is the distance from the orifieelto the'axis'of_

' L
c

For this_researCh,'the suspension'wire'yas 0.0127 em"wide, 0.00ZS@'wﬂ'

‘

hce11 and cell block were made of Natzonal Ca*bon ZTTO'l grade g :l'e.:

t

'"”wo oorarlel hores of 1 3 cm dlam thh ax1s 1 35 cm from the center of .

the cell block were drxlled through the block and two loaded ef fusiohléj

a i

_cells with effu51on orlflces orlented to yleld addltlve torques ‘were

vl-
1

",fltted 1nto these holes Three dlrferent orlfice dlmenSLOns were uscd

AT

«

- K ,' '

o
"

Tne cerlum(III) fluorlde sample, prepared by the reductlon of ceric

a Lo

de by anhydrous hyd ogen fluorlde at 850° vas‘sunpllcd by Seml—

_QELements; ;nc, To establlsh that the observed stcady-state ureSCLres

R s
_. .ol : \- s
. M A Py
o :
, K ‘
. 4 ', 1 ‘
. v ;
. [ % . N
1 - T
. ! - : ¢
3 .
. j ]

‘-angle th uOh whlch the cell has rotated D is the tor51on constant Or";"

s , : R S
u‘rotatlon of the cerl, a ls the area of the orlflce g nd £ is the correc-

R}

I
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‘Table I Orifice dimensions,”™
Cell ‘ﬂole diameter Lid thj.¢1<néss _ _Ch,annel fac'tor
(em) } (cm) '
o @ W @ @ @
1 0.0?790' 0.08125 - 0.09931 = 0.10389 lO,SlZéO - 0.51175
2- - 0.13842 0.12412 o 10516, - 0.10211 . 0.63962 ~ 0.62058
3 0.25182> 0.25284 | 0.10261  0.1C236 ©0.77282 - 0.7739%9%

_7': v . ) ) . ” . [
-~ The torsion constant for these runs was 1l.76 dyn-cm-rad 1.v The moment
. arm was 1.35 cm. C o ' ‘




. 3Qtwo thlrds of the loaded sample had subllmed Then a glass dlsk was:

R

A

',,awere not produced by vaporlzatlon of salts of metals present as 1mpur1-7ﬁf;‘
"tvltles,'a sample was placed in. a graphlte cell and heated 1n an’ 1nductlon*g{

,,furnace at about 1650°K at pressures below 5 x 10 5 torr untll about yyﬁ,l;sf‘r’b

:hplaced near the cell block and vapor was allowed to condense on the‘f5'”h'
A-tdlsk for about 2 hr at 1600° tThls condensed materlal the resrdual
-';f‘materlal in the cell and a sample of the.untreated cerlum(III) fluorlde'hnffi;,‘f
h:were spectrographlcally analyzed by the.Amerlcan Spectrographlc Laboro-f?d'.
v“‘itorles.-vThe‘results are glven ln Table II. The only maJor lmpurlty o
.lreported for the - subllmate, 5111con, presumably was a contamlnant from,fif
| :vthe collectlon dlsk 31nce the 5111con content of the orlglnal sanplelvhifah
" “was - below.the llmlt/of detectlon | ‘ :
Temperaturesvwere‘measured wlth‘an optlcal’pyrometer ' A black-body bvhr}
;h;hole was drllled at the bottom of the cell block Durlng temperature-j:_h5
bﬁimeasurement ‘thls hole could not - be seen except 1nmed1ate1y after thef ;‘
'"'icell temperature was changed ThlS fact 1nd1cates that black body .
icond;tlons_prevalled_and that thevcell block was very unlform_in_temf;yb;»x'}
'kérature-“-. o - o | B
In a.typlcalvrunf about 1 g of cerlum(III) fluorlde was - loaded fﬁui L

P ) . e

f"into each of.the two effu51on cells Covers werevplaced over the aper-:h

'iltures in. the cells and the cells were.then tltted lnto the holes 1n.

bl? the . cell block The powerAwas ralsed slowly enough to keep-the ambient
,;fpressure below 5 x 1072 torr untll 1650°K was reached Thls process
v.ftook about 5 hr whenvnew samples.were loaded | Thevcell wasaallowed to.;fip,:_;;?

‘fh:remaanlatvthls temperature for about“an hour;before_deflectlon and tém;7“" |

‘perature data were taken. . However, if samples already used in.a previous.
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' Table i1 Spectrographic analysis of CeF3'éamples?
e : . Original I o ~ Residue
. Element  sempled , Sublimate®" ' in cell¢
R S Ce Principal constituent in all three samples : :
S sl -— 6. % C .
' o - Fe 0.15% . , 0.05 ; -
| Mg - 0,75 - : 1,25 o 0. 003%
Mo - ' . 0.001(2) 3 --
Pb oL 0,008 T e co -
Sa ST 0.0 , o -- ' : S e
CAL 0,015 T e- R ==
’ Gd 1. : 0.07 - ... 0.3
Cun . . - R 0. 001 : o -
Na e 0.2 . L ' .
LT - 0.005 - T - S -
S La .75 175 2,
L Zr . : 0.02 <0. 01 o . <0.01 .
‘Ca Not detezmlnable, Ce interference o o
Ba 7em , 0.003(2) : S ==
- -Cr 0, 003 - . 0,006 . o --
. Nd 1.5 - 1,25 - © 1.5
v Pr - 0. 25 N 2 A 0.3
v Sm. 10.1(9) R O X ¢ I S - 0.1(2)
aReno*ted on oxide~basis of the elements indicatéd-'
bPrepared by reduction cf ceric’ ox1de by anhydrous hydxogem fluorlde
at 8JO° K; supplled by Semi- Elements, Inc,
' Subxlmatlng vapor was condensed on a glass disk in an induction
- furnace at about 1600°K; about two-thirds of the loaded sample was
sublimated before sample collection to match the actual experlmental
condktlon B : '
d - o _ T R
. Residual samples in cell after sublimates had:been collected.



.. was completed below 1300°K

. ~vabout'13009K and became orange-brown.in color Heatlng for longer

“run and kept in: the system under vacuum were reheated lt took about;q'nﬂ’ﬁ
bf20 min to heat to 16SO°K and requlred only about 15 mln at thls tem—ff,“'ii“

vperature before measurements were begun

The orlglnal sample may have been partlally hydrated Staritéky -

and Asprey6 and- Batsanova et al, 7 have demonstrated that heatlng hydrated

"~rare earth fluorldes ln a- vacuum at temperatures of - 1273 to 1573°K for
fan hour results_in anhydrous fluorides. In our experiment;.after about.
713009ana5'reached va much faster pouer.increase was‘possible.with the’

.fklpressure stlll held below 5 X 10 -5 torr, possxbly because denydratlon

'

vThe original flne granuiar sample was'sintered'after:heating}to.,

i

'perlods of time at 1600°K made the sample optlcally anlsotroplc Starltzky

',;et al 6 and Batsanova et al. 7 have prev1ous1y observed the development of

A}

'foptlcal anlsotropy for rare earth metal fluorldes after heatlng a 1ong

time at high temperatures, They explalned the phenomenon as a result s

of a decrease in defects in the crystal and an increase in_orderingvof

.the hexagonal crystal structure "Batsanova et a1.7'aiso showed that

’durlng heatlng at 1273 to 1573°K nelther changes in crystal structure

e

'nor»significant changes¢in.chemica1 composition in rare earth metal =
‘.- halides occur. The sample after degassing was anhydrous cerium fluoride. -

containing approximately 3 * 1% of impurities of partial pressures. com--

parable with the pressure of the cerium fluoride, These impurities

vere almost certainly in solution in the cerium fluoride and should

reduce the partial pressure of cerium fluoride by about 3%. Since this °




ha

experiment, These pressures are shown in Table III and Fig. 1.

'

-pressure reduction should be approximately equal to the partial pressures

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

The temperature was either lowered or raised successively in steps
of 5 to 15°K and allowed to equilibrate at each temperature fof ébout
15 min beforé.defiection ;nd temperature"réadings.were taken.:.ﬁome of
thg da;a wpré tha@ned.by varying>temperatures randomly. The éero—point

v o

deflection position was recorded at room temperature for each run of"
"
A more detailed des:ription of the apparatus and techniques is N

g_iven'elseWhere.8



- . Table IIIL. Temperature,' pressure, ratios of mean.free path to =~
- orifice diameter, and the third-law heat ofvsublima;icngoﬁ;CeF

e L

-lieﬁpw o ' Pressure ‘."jj v Ad ';if'; ' i43%93 |
CeR)Y e atm) 0 L (eal/wole

o,
S

1653
LT 1662 T 08,731
1651

L1644 s 6,785
1641 . 6,185
1663 8.549.

1656 - 7,218

1675 0T 1,100
e 1685 e 111,223
S1682 0 1,099
1676 .. - o 9/555

L1667 -0 8,236
L1548 0 T 18,792
‘ﬁl5607:ff5';: -“‘1;187v
1631 Ll 4,143
;1622 et 30719
015320 - 07,364
SN 1543 T 9,393
© . 15597 0 . 1,235

SL577 A L1638
1579 Tt 1,849
;o 15360 ¢ LT 8,356
w1543 T 09,423

. 1552 . 1,078
1556 o 1,201

. 1566 . 1,384
15720 -7 10548

C 1576 - "o f1.751
1587 .- .o 0 2.038

© 15920 eie 2,453
- 1600, .o 72,891
TUL605T v T 3,243
1604 2 .0 3,057
1600 - - 2.672

T1592 1 LN 2325

_1 N 98.858%
Jie o 0 g8 95%
LIS T 98, 75%
17000 T 98 78%
L1900 ol 9BL g2
4 . o0 799,05%
.- , . . '.; ' 99. 267"‘ _i. E .
199, 15%
98.70% . =
L98.85% . .
99.02% T -
S99, 28 T .
S99, 4%
D99, 4%
99,87
" 99, 66%
99, 70%
. 99.55% ..
.::-99.51_{?iJ
©99.34
99,48 T L
S99.67 T s T
99,63 L
S 99.35 -
o T99,34
799,38 - -
: 99,49
T99.40
. 99,52
S 99. 48.
T 99,35
LT 99,50
‘fﬁv.ﬁ??g_f;jl-..gg'zo. .
R 99:14-w";37- R
CL99.04 Ty
99,17 . -
Tnt el 099039 Lt
e 99030 L T T
196,37

10-4”3
1074
1074
1074
1074 -
1074
074
1074
1073 .
 10,§{‘w
1073 .
1073
1074
1074 -
107
107%
1074
107
1072 e
107% 0 Ll
qoh

7.655

7.716

DN et
O O

662 .. o 5,871
683 ... . 1.315
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o
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. Table IIL. (cont.)

1447

1.272

. Temp Pressure Nd - Al g
@) (atm) ’ (ikcal/mole)
11580 1.811-% 1074 0.38 99. 48
1587 1.737 ¥ 1074 0.39 99. 50
1578 1.668 » 1074 0. 41 ©95.63
1573 1.506 3 1074 0. 45 99. 66
1568 1,374 » 1074 0. 49 59.67
1562 1.222 % 1074 0.55 99. 66 .
1557 1.093 % 1074 0.61 199,73
1552 9.814 x 1072 0. 68 99. 78
1547 8.611 % 1072 " 0.77 99. 85
1539 7.364 % 1072 10.89 ¢ 99.50
1525 6.041 » 1072 "1.07 199.68
1502 4,974 % 1072 1.29 - 8. 91
1489 3.952 x 1073 162 98. 82
1483 5.126 » 107° . 2.04 - 99,15
1471 2,450 x 1072 12,59 99,16
1450 . 1,698 3 1072 3.68 98. 94
14447 1.353 % 107 " 4.61 99. 23
1415 8,716 x 1070 6.99 98. 66
1491 13,598 x 1072 0.93 99. 22
1479 2.783 %.107° ©71,19 99. 25
1465 2,127 % 1072 1.55 £ 99, 21
1455, 1.584 % 1072 2,07 99. &4
14642 1,258 x 107 2.12 99, 31
1431 9.886 x 107° 326 99,32
1421 '7.989 x 1070 3.82 .99..28
S 1411 5.792 x 1070 5,40 99.57
£ 1403 4,327 % 1070 7. 20 99,86
1387 3.428 » 1070 9.09 99. 44
1374 2.563 % 107° 12. 06 99.37.
1370 © 2,064 x 1070 14,92 99. 70
1380 2.596 % 107° 11.95 99, 74
1390 3.428 % 1070 L 9.12 1 99.65
1390 3.229 x 107 968 99,81
. 1407 5,292 x 107° 5.98 99.53
1432 8,288 x 107° "3.89 © 9988
1446 1,192 x 1072 2.73 99. 72
1462 1.871 x 1072 1.76 - 99.39
1481 12,719 % 1072 1.23 99, 46
1502 14,014 x 1072 0.84 99. 55
1390 . 3,295 % 1078 9.49 99. 75
1421 6,824 x 1070 4. 68 99, 74
x 1077 / 2.56 99.59 .



. Table IIL (comt.)- . Lo

e S S o R N T TR
- Temp S Pressu?e e A/d o T A‘E_S Y
Cen o @ C o (kealfmole)

., V;_

1072

10‘5 T
10_5?' Lo

10-5 s
1073

1072

1072
1072 L
10-5
10‘2

1076

1076 LT
1070 T el e :
107610007 99,67

1076 0 o 12042, 5 9972
1076 T 1A 707 T 99,660

cle 1468 -0 2,074
1492 .0 130388

Suow 1S4 4,673
TL1504 ., . L. 064

' . 3.585

. 706
.070
. 601
-195
6 £253
300 .223
1 ... 5,259
2 i 4,194

.
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Pressure (atm)
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1073 |— —
[ EI A‘ =
8 3l , ]
6 Q| i -
- o _
c
4 =1 -
Q
— s ~
2 _
1074 — —]
4 - .
2 —
4 d=0.16 cm;A/d<0.20
10-5|— 4 d=0.16 cm;\/d>0.20 |
- o d=0.26 cm;x/d>0.20 .
- o d=0.50 cm;\/d>0.20 ~
4 |- n
2 —
Tonc FEE N N R T | | | |
56 58 60 62 64 66 68 70 7.2

I/T x10% K™

Fig, 1
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"'vfupleCularbflow equationr

ree uath of the vanor l

: pressures,deviate»upwardAfrbm the'equilibrium vapor'pressure _and,heats e

=

+

"E,sublimation at 298°K.
E‘sphere-approximation%z'withvthe molecular diameter,of'ceri"m(lll) fluo-
i Co g T ‘ ' : oo ST

" ride taken as 7.364,

assuminv the molecule to’form a planar,triangle. fThe'numerical values

RPSULTS AND DISCUSSIOV

i

Studie59 11 on- Low pressure gas flow have demonstrated that the o

"

x'"eXceeds{a certain.valué'for a,given orifice,

'Tfl/d in addltlon to the pressure and the thlrd laW values of.

SN

Decome luapnllcable when tde ratlo or the ‘mean - -

‘to the dﬂameter or the erfuslon or fice, d,

:7;calculated by the thlrdulaw mcthod are.cmaller thaq tne tr e heat_dfrilufﬁ

‘”he ratlo l/d 1s calcul ted by using thehhard

the sum of ionic diameters at room temperature, .

' :fcalcurated by thls approx1mat10n has 31gn icance only for _nternal

B

Tl_somewhat arbitrary, ’

f;i.l/d is smaller tha1 O

,,_.

a1e excluded

RN

[

'V;:comnarison. In the Llnal calculatlon of AH298’ data for whlch the ratlo

\_

The ch01ce of thlS value was .

4

P

ln Flg 1 closed t1lang1es 1nd1cate those p01nts w1tn calculated

i'l/d ratlos less than 0.2;

2

':7points with_ratios greater’than 0;2.

;:1east squares fit of tho vapor pressures of cerlum(lII) fluorlde for

B

*

_open”triangles;vsquares, aﬁd circles indicatev -

e

_'_I.‘he. “slolid"_line is given by a

¢

’”those data w1th k/d rat:os larger tban O 2 This llne can be eypressed

[

U';n atmospheres as"

. logy P

)

The ‘errors are the stendard deviations.

PR

(] 983

it

"x

O 013)

e

2 29 '8l816 £ 0.086 .
J_ . o L :
rcm”the;least-squares'fit;.

At”lower’l/d the measured

.ﬂ'sublimation. Table [II snows for ecCh meaSurement the calculated ratios

the heat'of_fﬁﬁ

P
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(v

in the heat capacity eqaaﬁion‘Cp = a + bT + cT

13-

For each orifice diameter the heat of sublimation of cerium(III)

fluoride at 298°K is calculated by both the second-law (sigma plot)

method and- the third-las method, For the second-law method the e;ration

0 o " i _ ’ . R
—La+1 =), = -RenP+AalnT + 1/2 AT + 1/2 AcT™?

. was used,_wherepAHE and 'I are constants from which the heat and entro-

. T ’ . . . ,
pies of sublimation can be calculatéd, and a, b, and ¢ are the constants.

-2
For CeFS(s) Kihg aad Christensen®3 report thaﬁ C, =-17.§p + 10,14
x 1073 T + 1.10 x 10° T°2 in the range from 298 to 1799°K.:

Only CeF3(g) is'beLieved to be a significant vapor species.

_Brewer14 showed that dimers of trihalides in vapor speoies are found

‘only for trihalides with low b011lng p01nts and with cation~to-anion

radius ratios lying in.d narrow. range. Cerlum(III) fluoride has a

reletively high boiling point and the'oatlon-to-anlon radius ratio is

- by far the larger than his range, so'sublimation as polymers is very

unlikely, . Thermodynumlv calculatlons show that the partial pressures

N

~of CeF(g), CeF (0)J und Cerl(g) whlch may be produced by various dis-

?
) f

' proporulonatlon and decomp031t10n reactions are at 1east several orders -

of magnltude smaller .than Lhe observed pressureS' also, the pressures

of CFA(g), Fé(g), CZFM(O)’ Ce(g), and Fz(o) which may be pvoduced by

.the reaction of the sample with the graphite cell are all several orders

=
.

of magnitude beiow the observed pressures,

In order to calculute heat capacities and free energy functions

“for CeF (o), moleculdr constants were estimated.  Batsanova et al”7'
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K . R
-y

'

crystel, the ob erved Al ~-F vqlcnce v*b"atlon _f“equency was &

-

L -1 15‘

[ 0L b observed -strong absoxption spectréﬁofg410”omfl“in cryStalline‘CeF3-gnd;z.Vngﬂ

'.fidentified_this,vibratidn as valence,vibrationiof ne Ce F bOud. In -

P R S

“em T, while fo A1F3 gan molecule the cal culated stretching vibrational ‘- Y

‘. s .77 frequency was reported =0 be 640 cm . The molecular shape Of'CéF3<g>_

'

nd;fz »belon01ne to D3h

tional frequencywof'CeF.(s} by multlpiytn" the r oiof these;two

-1

~frequencies in ! 1T3 ' ths gives a ftecuency of 427 em” T, ‘rom'whiehv

; ~This result is checked hy'a oalculation thatlme“es use oL'an ‘em pirlc
.. . .. .. relationship reported by Herschbach and Laurie.17* _.;'V.,; :

e L . . ; . . \ ] R

1»f:"3yitif.~ They find for the (uadratic force"constant'k1 the ‘relationship

4

; S . o TR EE - . " i . . N . B Lt LT . B
o L T e o . . L, . . ; - . ‘ . . ’

-:;,.. : c ) ok = 107 (re g alj>/bl_] ,

5

;. . J

7

N

J

'He;Schbach_et al; 17 the unknown alj and b valuesvtor cerLum(III)

IS 5?}‘ i atoms of the molecule b(long From aj and b i values given by:

"distance‘vas estlmated by means of the exnre¢510n R*/RII
L vjdlstance, B is renul 1ve coe;f1c1ent A is madeltng constant, n is
B S ' Bo in exvonent fectorJ and subscrlpts I -an d It refer*to two‘d fferent

- ,-',,crystal structtres withfdifferent coordination_nUmbersj: As a,first

1

U

'Eing Vibrat ional- frequen<y16 of CeF (O) is made from the va;ence,v}bra- ¥

"the stretching force constant is calculated to, be 2. O’ x LG dyn/cm{f

f‘where'r lS the bond dlntance, a. -»and‘b-- are emplrlcally determlned

S (n'constants that depend on the rows in the perlodlc table to whtch the _

'.;fluoridevwefe«estimated to'be‘2.24‘and 0.57' respectlvely. The bond

(BI II/BII I>l/(n ‘f?> glven by Paulln l8iwhere R is: the lnterlonlc:v-

‘is asSumed to be the sane as A1F3(g}, i.e., planer triahgular molecule .

point yroﬁD. 1The"estimation of_the'Symmetrica; stretch-

1 !



':perturbation effect of iluorine ioms, Brewer et al.l9 showed that this

2 ‘l 20 . irs veees 3 4 2
FS/Z' | The.f;rgt excited 1eve1.~s‘,F7/2 et 2253 § 

~15- | .

approximation, this expression was directly applied for crystal and gas

molecules of CeF3. Tox A1F3 from known bond distances and estimated

value of n = 7.1,»(33A13/BIIAI) = 1,89 was obtained. With this and

-

’ ) i i3 "-’-\.—-‘-\
n = 6,46 which is the obhserved vaiue for CsF,‘b the Ce-F bLond distance

i

o ’ A . : . = o
of 2.0%9A for CeF3(g) wae obtained., The force constant calculated from

. - ) . —~S S U S
the Herschbach expression is 1.83 x 10” dyn/cm, which agrees with ‘the

value from the former approximation to within 10%.

= —

To obtain frecuencies of other vibrational modes of Cer(g), kl =

2,04 x 1073 was used to obtain out-of-plane and in-plane bending force

constants,16 kA/12 and lig/1%, respectively. A semilogarithmic plot of

these two bending force constants vs stretching force constants for

" several known molecules 2,18 of point group D3h gave approximate straight

1

lines. By extrapolétion’to'the assumed stretching force constant of

CeF4(2), ka/1% = 0.20 x 107 and ky/12 = 0.105 x 10° were obtained.
Valence-force model calculation.then yielded fdf vibrational freguen-
cies of CeFs(g) 427, 159, 470(2), and 181(2) em >,

; .

For the calculation of the electronic contribution to the heat

capacity, cet3 electronicvenefgy‘1evelévweré used, thus neglecting the

approximation yielded good results for thermodynamic calculations when

‘

applied to dihalides of transition metals. The ground state of Ce+3 is

m-l.zo Contribu-

~

tions from higher levels are insignificant for the temperature range of

\

this work,

i
*

The results of the calculated heat capacities for CeFy(g) are given

in Teble IV from 100° to 1800°K at 100° intervals, TFor the temperature:
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‘ reﬁge'from 300°K to 18OG°K,'these,heat capadities‘may be expressed by

€, = 20,214 + 0. 477 % 1073 T - 2, 629 x 10° T
. ‘ y\ O Ly 2 N EOCN «p 1 3
The least-squares  calculation ylers 2. = (57.782 = C.585y% 10°/T
- 35.473 £ 0.392, from vhich the second-law velue of AES o = 99.29 %

0.58 kcal/mole was obtained.
For the third-lew calculation, 'enthalpy and entropy data were.

available for solid Cel. at 100° int ervals 13

27.54 eu/mole as the entropy of‘CeFB(s) at 298.15°K, in good agreement
with 27.6 % 0.2 eu/mecle given by King and Christensen.*3 For the calcu-

ol

lation of free. eneroy functlons of gaseous CeLB, the vibrational fre~

+3

‘quencies estimated above and Ce electronic levels are used. The

rotational oartitidn function was calculated from the estlmated bond
dlstance for CeF (g) Calculated free energy functions for CeF3(g) are
1lsted in Teble V.

The free energy functions for condensed and gas phases together

‘with the 1nd1v1dual preosure values in the equation

‘\‘l

-gave third-law values~at;293°K{ . The preesuie data show slight systematic

displacements at ‘the temperature at which the pyrometer scales are

,

changed, about 1SOO°K This effect may be aue to system tic error in

,temperature reudlngs wit1 one or both temperature scale~ranges of the

‘pyrometer. The pyrometer wésvrecalibrated very recently by the D.C.

_Stendans Laboratory, Lavrence Radiation Laboratory. The average third-.

W AR 998 value with standard deviations from the 47 vapor pressure

1
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points measured below. 1515°K, 37 points between 1515 and 1631°K, and

total 84 points between 1370 and 1631°K.are 99.50 * 0.28, 99.52 = 0. 21,
and 99.51 = 0.25 kcal/mole, respectively. The differences among these
three average values all lie well within the quoted standard deviaticn.

t
4

The highest temperature range 14 data for which A/d were calculated

to be smaller than 0.2 vere more scattered because the swing of the

to;sion system was relatiﬁely irregular at these pressures. Although
these measurements wéré not included in final éalculation, ﬁhe third-
law valué cglculgted from thesevdatd, 99,03 = 0.79 kcal/mole,.gives no -
indication of significant breakffrom.moleculaf flow. -

Assuming a maximum of #2% ervor from the effect of impurities and

' s - ‘
an additional £10% ‘error in pressure reading for uncertainties in meas-

uring orifice areas, 1lid thickness, moment arms, torsion constants, and '
deflection angles, the total pressure error would not exceed x0.47% error

in AR®  values.
29 B

8 :
. [ . '
The maximum probable error in temperatures, principally from uncer-

tainties in calibrating and reading the pyrometer, is *10° which would

‘ . : .
yield £0. 6% error inlﬁﬂig8 values. The uncertainty in A resulting
. ‘. . &40

1

from the experimental meastrements is thus #1 kczl/mole. The principal,

. . . .
3

source of errors in the free emergy functions should be that arising.

from estimations for gaseous cerium(III) fluoride. An error of %£15%.

N : ’ L .' A ‘o . , .
in vibrational frequencies and an error of =0.1A in bond distance will

‘give £1,5% and *0, 2% errors in free emergy functions, respectively.

~

5

Taking into account other sources of errors, the calculated free energy:

these estimated.

ot

functions may be uncertain by about *2%, Considering al

errore, the third-law heat of sublimation should be correct to within

3 keal/mole,



-+ [ halides increase with increasing anionic radiusﬂand-decféasing cationic ¢~

"ﬁjf'our calculated valueS;'respectively.V'Harrisonzs_ihdicated avlargeW'_ .

The meltlno pOlnt ]3 22 24 heat of fJSLOn, and llCdld Heat canacxty

f.of cellum(III) fluorldo were reportcd to be 1710°K ”4 13.20 Lca‘/:nole,13
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‘:'and 32 00 cal/dea/m01e ]3 respectlvely Comolning_these’va;ue
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the second 1aw equation oF this work}It

f‘range mayube expressed és

R = (93.93 £ 0.58) x 10‘3__/:- - '129_. 5’5:'1;'.07,'.

s e
.

fWhere Quoted errors are. ‘the otandard dev1atlons From this expression, . . .

-

the nornal bOLLlHO DOlnt of 2A77 4 77°K aﬁd the he°t and enttopy.of'fv».-.

1_.

:'vaporization,v66,36Ai]O.58 cal/mole and 20 85 O 23 eu/au-e, at the-t 

.‘ . ) : N AL"
no*mal Do1lldo po;nt vere obtalaed Brewerl'

3

or, - these va1ues

2600°K[ 62 kcal/mole,'24 eu/mole, respectively; Latef WOrk by Harrisonzs.ﬁ‘*

estimated

T

fﬁfg"va nor mal b0111ng p01nts and heat of vapor;zatlon for. several rare

.+ earth chl orldes and bron"des whlch were Tlom 3 to 9 keal/m ole'higher_in

‘. heats of vaporizatioh and about'200°'higher inrboiling-pointsvthan o "

. - '.'g . n . . o 3 26 - r-v - . 27 .
Brewer's estlmated vaiues. Irombe . Jantsch and coworkers, and <!emm D

’ : ) /

* and cowor kers28 have shown tnat the volatﬂlltles of the Tare - ea*th .
“.radius, WIf Harrison'svdata'are-correct the radius ratioacorrelations
;jlndlcate that the heat of vaporlzatlon and normal b0111n0 DO’ﬂt “of

cerlum fluorlde sbould be several kcal/mole an abouL JOO° gher than e

.~ . probable unceérta 1nty in his work and the measured pressu*&>t“at he ;ou“d ™

S

-y . A . \ .
-, . . . Ll o 1

- may be somewhat lower than the‘ttue'Values. ST C : S
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