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. and Department of Mineral Technology, College of Engineering,
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ABSTRACT

The sublimation pressure of lanthanum fluoride was measured in

the temperature range 1325° to 1650°K by the torsion-effusion method..

- The pressure data are represented by the expression

A _ 1010 .
19g10 Patm = (2,174 ¢ 9.009) x o 9.608 t 0.065

i':where the quoted errors are standard deviations from the least squareé '_.f

fit. The heat of sublimation at 298.15°K was found to be 10T.45 & L4 -

keal/mole by the Second-Law method and 103.48 * I kecal/mole by the ,

| 5 .Third—Law method. Assigning equal.ﬁeights for the two methods, the -

oL o A , (o
. heat of sublimation is taken as the average, 103.5 * 5 kcal/mole. ' ~

i
H



by the torsion-effusion method.™’

I. INTRODUCTION

The importance of rare earth fluorides has increased significantly",

~in fecent Years. Lanthanum fluoride currently plays an important role

in the precipitation of fission product poisons. It is also a co-

precipitant in a method for the determination of plutonium 239. Othgr _ ‘3'

. used include maser applications, laser applications and fluxes for

_ titanium alloy welds.

- Thermodynamic data for lanthanum fluoride have not been available.

- This paper reports measurements of the vapor pressure of lanthanum

fluoride in the temperature range from 1325° to 1650°K as determined

1,2 The heat of sublimation at 298.15°K

.-was calculated from the measurements by the Second-and Third -Law methods,‘ 
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II. EXPERIMENTAL . T

- A graphite cell with two eccentrically placed orifices was,suspendediffff

ﬁ{;in & furndce,by a‘tungsten fiver. Vapor effusihg»out of the orificésf
h;cauéed a,torqﬁe;on th~ cell and ‘the anglés.of cgil rotgtionlwéfé_recorded::f{kr
i ?:o: Qéfibu§ tempefatur§§. Calculations of-fﬁe pressuretfroﬁ the angle |
" of twist were made from the relationship

86D o I
= , a)
Xqiaifi ' ( )

’*g;wherg'D is the torsion constant of the suspending fiber, 6 is the angle ~ -

.f‘f‘lA;of'cell rotation, a, is the area of orifice i, qy is the distance from “,\

i
7 _the éentervof orifice i to the axis of cell rotation, and £, is the _ i?fi?_gﬁf'ﬂ

. Freeman-Searcy correction factor3 for the finite channel length of ﬁhe3”ﬁi¢ﬁ,fﬁ'{

. orifice. - -~ ' S ‘ ' ;,;%QLi%"V
A detailed description of the fﬁfnace,'auxiliary equipment and A

:62 experimental techniques will not be given here. Similar equipmént»gnd_};ﬁﬂ?gﬁlf.
'i;tecﬁniques have been fhoroughly discussed in a number of publioatiohs.h’;d’ﬁFfiij

XA  -,JgIt is sufficient to say that the célls‘were heated in a resistance

furnace by radistion from tungsten hairpin shaped élements, and that _ ;*-7'

L '_ >or'1e_ba.sic difference between the equipmént for this research and that
;*'of‘previous'studies lay in the use of a non-megnetic stainless steel. ,;
'column to enclose the suspension system insfead of'the commonly used | i
T-:_Pyrex colémn. Thisvchange feduced the care necessary in handling the ° 3
::E;column aﬁd eliminated the danger of breakage. : o ': v_fﬁiiﬁff%"

The torsion cell consisted of a cell block, two cylindrical cells,j‘:;'f'

. and two cell end plates, all of gfaphite. ‘The cells fit snuggly into .Vf:‘7'nl '




Y Q{ ff;i;fholes in thé_side faces of the cell bdlock. The cell end plates'had
ZL*:f,j:n!‘?L -érifices drilléd through the centérs through which vapor escaped.‘ o
‘ The torsion cell was suspended by a tungsten fibver pf approximaxéiy: f§;fj}
s f'i:.ﬁi:i .5 x 1073 ﬁm in diameéér end 43 cm in length. The torsion constant of S
- the‘wiré, D, was determined by measuring the periods of rotational

. oscillation of suspended masses of known moments of inertia. Then D

- . vas determined from the expression

AR bn2(1, - 1)
L - D= 2122 o - (b))
t2 - t2 .

;where I1 and 12

suspended from thé fiver, and tl and t2 are the periods of Qscillation '

varé knovn moments of inertia of two different masses

:T,i'for the corresponding masses.
As the cell rofated'in one direction due to the torque exerted’by 1">;.t'

-the escaping gases, ;t was manually rotated back to lts original positioﬁﬁjji :
:fjby'twisting the upper point of attaéhment of the fibef in the opposite'.:

: .5  :_directioﬁ. The restoring force was exerted and its angle was measured

“ ' by means of a modified goniometer. The angles of twist were recorded
. "' 40 the nearest five-thousandths of a degree.

A .black body hole was drilled into the bottom of the cell block

the cell was assumed becauée (1) the cell was' suspended in the central ') \‘
M fportion of a 8 cm vertical zone for which the temperature had been
‘*‘jfsif fﬂglu demonstrated to be constent to within 2°C and (2) measuring the surface ... .

temperatdre across the bottom of the cell showed nordifferences in -

i upon which an optical pyrometer was focused. Temperature uniformity-of ' . S
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“temperatures from one end of the cell to the other."

”'55Laboratory of the Lawrence Radiation Laborastory, a discrepancy was noticedff:

”iibetween the low-scale and the high-scale. Temperature readings‘at'the

‘Lsame voltage setting yielded different results on the two scales. .

“ﬂ:and thermocouple'measurements'of the same temperature. A graphite

.\, to be within 0.6 cm of the black body hole.
.*. While the low scale deviated by 0° at 1025°C and 10° at 1225°C, the

" were noticed between 1200° and 1300°C on the high scale.. The thermo-

" couple temperatures and therefore all optical measurements were corrected -

;'accordingly.
It should be noted that the errors in the uncorrected pyrometer tli
| readings did not exceed the error limits claimed by the Leeds Northrup
w:#'Company, yet because the‘errors were systematic they can produce a

'7,:elativelyllarge error in determinations of the heat of sublimation'

':~.from measurements‘of the teﬁperatu;e dependence of the vapor pressure{<f o

‘“”f;A Second Law heat of sublimation calculated from uncorrected measurements :if

" made only with the low scale, would be in error by 3. 0%
The validity of the calibrations was checked by measuring the

vapor preseure of tin. - Thirty tin datum points yielded an average - - _9

" third law @eat of sublimation of 71.96 kcal/mole, which is in good -

2

Although the optical pyrometer was calibrated by the D C. Standards L S

FARE
A

;jThis discrepancy prompted a comoarison between optically read tempefatunes'
. calibration cell was constructed which allowed the thermocouple placement

Both scales deviated s&stematicelly'from theﬂthermocouble readings..;T

" high scale deviated by only 1° at 1310°C and 7° at 1375°C. No deviations .




o Hultgren.S

;V:s  hour to eliminate volatile impurities. Data were then collected by

agreeﬁent with the values of T1.8 and T2.2 reported by Schulzh and
] o

Prior to each series of 1anthanum fluoride runs, the cell Qas '
'  checked for possible leakage. Lanthanum fluoride was loaded into a ;f
' pair of cells which had;no orifices. The cell was then heated to
1600°K asd absence of significant leskage was demonstrated by absenee
of rotational deflections. Upon completion of the leakage test,
h,orifices were drilled into :the cell end plates.
_ The.backéround pressure for all measurements was between 1.5 x
107% and 7.0 x 10”2 atm. The low background pressures made it possible .
to extend the range of reliasble data well below 1076 atm.

Each run started with a very slow increase in te@perature from B
 room temperature to 1650°K. Slow heating prevented violent cell biock
.,rotations and vibratiens_due to the outgassing of the assembly and |

. dehydration of the sample.  The furnace was held at 1650°K for one ) .

- making either random temperature changes. of about 40° or by making'

'“}fsmaller successive temperature changes in one direction od the temperature

Y scale.

Various orifice sizes were used for this research. The orifice
dimensions are given in Table I. To reduce the possibility of a

‘e’systematic error, the suspending wire was replaced twice. The torsion-”;'

'”~, constants of the wires were 2. lhh3, 2. 0623, and 1.9787 dyne-cm/rad. -



:,. Orifice diameter. ‘
(em) S

Channel length™ :
(cm) o

Channel. factor

@) )
0.152h

- (a) . (b) :
70,0990 . 0.0986 " " 0.1499
' 0.1633

.. 0.159% - 0.152b

0.1591 - -
0.1866 |

0.1940 . -'0.1628 0.1631

0.2633 0.2634 -

- 0.1506 - 0.1ho1-

10.3452° 0.3529.° 70,1613 . 0.1621 .

©.0.4697

: 0,6063 . 0.6155.
' 0.7043  0.706T
0.7465 ., 0.7500

(a) . ()
0.4645

0.5508"'0.5621.
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"iu by dissociation or reaction with carbon, should be negligible.. The i

&‘earthvfluorides in vacuum at temperatures of 1300° to 1600°K for an ..

" hour results in completely anhydrous samples.

. distance

a A/d ratio implies that inapplicability of molecular flow equations.

~ ITI. RESULTS AND DISCUSSION

The results of 110. vapor pressure determinstionSdcollected in

the renge 1325° to 1650°K are presented in Table II and Fig. 1 Below

h’1325°K, data wefe'rgjecﬁed because background sources of deflections o
';dwere comparable witn the deflections produced by effusion. A least

flg:squares fit on a pressure versus temperatufe plot yielded the\follOWiné:"

”'“equation:

loglo_P

atm (2 173 ¢ 0.009) x =— + 9 608 : 0.065 u' (c)’-_

where the errors are standard-deviations.

The vapor was assumed to consist only of LaF3 molecules. Approximated o

. thermodynamic calculations indicate that partial pressures of other

species LaF, Lan, CF&’ C. Fh’ C F6’ La and F2, which might be produced

possibility that the vapor was H O(g) or 1anthanum—oxygen products

- from & partially hydrated sample vas eliminated by the one hour heat

treatment at‘1650°K. It has been shown that heating hydrated rare .-

6 9'7

The ratio of the mean free path to the orifice diameter, A/d, was i‘ifﬁ*"

caleuwlated ét all readings by means of a hard sphere e.pproxima.tion8

)

with the sﬁhere radius taken as the sum of the experimental La-F

9, and the fluoride ion radius. It has been shown that too lou

10,11

Measured pressures have been shown to deviate upward from the equilibriud -




Lo 162 0 5B, x 1070 UL ho

" Table II, Temperature, pressure, ratio of mean free path te
orifice diameter, and the Third Law heat of sublimation of LaFB.

. Temp 4 Pressure ; SRS V/ S 13H°298.15':; ti%;f-E;‘

k) (atn) f _l' -  (keal/mole)

0.10 em diameter orifice

15,0 .0 3.683 x 1070 .o
1559 o BugL x 1072
1582 8,915 x 1072 .l
1577 0 7.819 x 1072 1. iC
1579 ..~ 8,256 x 1072 i C
1578 - 8318 x 1070 L
1599 0 1,175 x 107R
1615 - . 1.623 x 1078
1640 .t 2,519 x 107 Ty
1638 - 2,407 x 1074
1595 .07 94530 x 1070 e
1622 0 1,616 x 1074 L
1601 T 1,034 x 107E T
L1609 Lt e oL,8h x 107k el
1619 C 0T 10536 x 07h e o
1582 . 70T 70375 x 1072 o el
1562 i 4769 x 1079
1572 v 6,175 x 1072 L
1560 S 4,199 x 1072
1540 ... - 3,050 x 1077
Lddy 500 034533 % 10“6 S
B72 0N 7,382 x 1070
;0 1500 TS 1,257 x 1070
1521 ¢ 07+ 2,007 x 1072
Cor 1535 UL 2,875 %1070
18660 E e 5,895 x 107D
1605 - 1.162 x 1074 -
1528 . T 2,501 x 1072 L o
S 2552 -7 L306 x 1072 Ul 2,38
CA557 - LB15x 1072 0t 2,23

© 102,81
- 102.86
102.59
cUmm 102470
CL T 102465
FEE .~ 102,60
- 102.70
102,60
102,61
© 102,65
o 103015 S '
0 103.03
- 103.25
tov 103427
S 103.020 B
103,19
\ o 103.34
L 103.68
103,56 i
o 10347 -
SR 103,26 e
o 102492 00 L
103,09
01035 ST
103,07 0
: st 10361
1582 - 7.158 x 10'2 TR L3T - 103,23
1604 1.064 x 07 0 093 - L 103,31
S 1631 " L.925x207% 7 052 - LT 102,97

HH D
] L ] L ) . ]

* e @

[ ] »
WAROWOOBWOUWSRO SOk
“omHFomnwm#@mbgomr5535§g:

*

Wl w

- ) N . ) '.i ‘ . . -

‘ 0.15 em di;meter orifice

1523 0 2a97x207% 283 . 103.35
153 0 2858 x1070 . 0238 0 . 1033

.....

.
0y
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Aaggas 0

" 2.032 x 10°°

-9-
Table II, (cont.)
Temp Pressure Ad |
(%) |
| (atm) _ (kcal/mole)
1556 158 x 10™2 |
ILTL l';.égs X 10-6 '} ‘o 133
1499 1.288 x 10~2 472 Toats
1522 2.168 x 1072 2.8l TR
1523 2.168 x 10-2 " o2.85 0 37
1502 1.374 x 10™2 1,'435 198
1490 9.814 x 1070 6.1 o6
11222 . 92986 x 1077 o igg‘gé'
- | 5,660 x 10 10.43 103.06
- 0.19 cm diameter orifice
1389 © 1,10 -6 |
1386 . eiie %10 9% 10358
. 1380 6.737 x 1070 87 | .
. 113 “ 1,810 x 1070 27%1" | v
o u37 T 2.916x 1070 . o 15' : T
2 1466 L oETREle e o g o
. gy 106 x 105 . gus7 . e
(o C1435 Tt 2,840 x 1076 L1602 o 1 |
G 97 . 1.287 x 105 T e
v S Tleor 10-5 2.7 oo 103.30
1512 o herx 107 v31.9g 1030
1393 " 1.053 x 1070 3 az's ‘ 1
VAT IR 1.815 x 1078 Lot 109,78
ULL 3.320 x 1076 :35 : Sl
CUL5 L 3.848 x 10'6 o 12.35 l T
S we2 . bidsx 1070 . Ty, T 1000
L e b xlog e 5.71 ST 1w
1496 © 1320 x 2072 '3'2 e g MO03R3
1506 1320 x 1075 3.62 I
1,89 9L x 1070 T pigg. Tl I
Uk - Ba0 x 1078 S8 0 Igas
T C5235x 100 - 8:93 . 19
c W36 3.173 x. 1076 - 14.9 T
v W23 . - 2,331 x 1070 ST iR
WL " 6.607 x 10” 7.1 T
J_gaz I.C0L x .m"g‘ i '-=‘g %53'80
9 l.l - ) 4. 3}3&.‘?
Lo 73 x 10 3822 . 103.37
22,50~ 10385
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Table II. (comt.) - | ST

Temp ] Pressure v Nd ) . Lo AH 298.16 .. ' .
Cx) o (atm) - (keal/mole) -~ i .

1431 C 2434 x206 18,89 . 103,85

1402 1.395.x 106 32,32 7 103,43

U3 . - ¢ 3.5, x 1076 12,78 10341 -

- 1453 4.083 x 10~6 S & WYY . 103.82

W59 - . 5.,000x20°6 - 938 - 103,63

1469 Y5826 x106 8,10 U . 103.83

1479 7.39x10°¢ 6 - 103.66

1498 . 137X 1072 T b2 103e74 ..
70 .94 x 1076 _ 5,95 7 103.03 °

0.26 cm diameter orifice

1395 < 9.670 x 10~/ . ... 33.52 . T 108097 e
1373 5,971 x 10=0 . 83.4, - i - 103.76

e 1354 . 3.638x 1070 .. 8bu R L T/

1LY 7. 2,942 x 10=1 . 0206462 i 103,97
1359 .0 4,086 x 107 o0 mpa2L v T 103,79
1379 .0 N 6,90h x 1077 < T hBubh . o U 103.78 L
1388 o 9.800::10-_-2 : 3291 00 7 103.45
Sa39L 0 LA70x 107, 27,63 .. w0 103.16

03 v LG9 x 10k o T 228 T o0 10336
WLy 1,836 x 1070 0 Tt 17.88 o v o 1034490 [ -
Yo, v LsWxlo$ . 2Ls5c U 010333
o 1369 5.703 x 10-7 A . .- 103.53 IR E
- 1354 . 3.943 x 1077 AT - 103,53 0 s
137 - 3,115 x 10~ _ C 1084065 . < i
1368 . 5,369 x 10~ - .. - cor 0 108076
1381 C7.0L6 x 10=1 v pe ABSTL LTS 103.88
1390 . . 1.004x 100 . 327 . -t - 103,53
1403 T W25 x 108 . Ty 26402 ot 103473
1377 - 6.095x 10~T . 52,54 i LT U 103.98

o 0.34 em diameter orifice

1359 . Rk x0T L spe T 103,62
1345 . - 296k x10°7 . 8542 0 0. 103.83 -
1343 .- - 2643 x30°7 - - 897 . 7 103.81

1360 ..o hed3b x 10 0T 5308 Ly 103066 o e

w16 6.821x10“7v_".,"' S 3537 0 103.6L -
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~J;_The-,Second-—Le.w method utilizes the equation: .

f.:AHI and I are constantsifron which the heats and entropy of eublimation
".are calculated, and a, b and ¢.are constants of'the empirical heat

4capacity equation Cp =g + bT ~ cT 2,
. The difference between the heat capacities of La,0

' for CeF3(§).‘ Kuznetsovnand Rezukhina

«18-

"tive work.has been done on.this problen a lower,linitvfor_x/d neer 1 has '~
v'fbeen found by senulz. 0 Tnis research, in which the. lower 1limit of . F;'” o
.'5JA/d'was 0.40, shored no indications of a significantvchange in flow-'

' characteristice. The average heat of'sublimation for all datea with
: ;A/d less then'unity was within 0.5% of the heat of sublimation avereged

. over data with A/d greater tnanvunity.

- The heat of sublimation was calculated by the Second-Law and

| - e el
7 298. 15] R
398.15 = -RTgnP - T[ ~— o (a)

o

;-.IH" ;" A‘ .
T I:_ o (e)

L= -R2nP + afnT + 1/28bT = 1/2A4T72 =

The heat capacity of crystalline lanthanum fluoride was estlmated :

;1Hby assuming a close relationship between cerium and lanthanum compounds. ’f?nff

203 and 2(LaF ) was

'i[taken as the difference between the heat capacities of Ce, 0, and 2(CeF ).

273

* King end Christensen12 reported Cp =1T7.9 + 10 1 x 10 T2 4 1.10 x lOsT 2

13 found C, = 25.17 + 6.37 x 10 3T

for Ce203} Blomoeke . and Zeiglerlh found C = 28 86 +. 3 68 x 10 3T -

- pressure when the )4 ratio is too low. ;Although_novextensive'quantited_fffﬁha R

YYU; Third Lav methods. The Third Law requires combining free energy functions jﬁferji‘

‘”,ﬁ and pressure values at the same temperatures into the. following equation"htiif;n“

R L



13-

5 m™2
3 28 x 10 T for Laao3

*fgi_to be C = 19.767 + 8.482 x 1073 T - 5.90k x 104 T2 As expected,

The gaseous heat capacity was also estimated. Experimentally, it

:~-f‘has been found that the La~F valence vibration in crystalling LaF3 is

%03 en~ 1.7 The La-F(g) stretch frequency was estimated on the assumption

that the ratio of the valence vibration frequency in the crystalline
- state to the stretch frequency in the gaseous state 1s constant for

o similar molecules of the same point group. The Al-F valence vibration

zaﬁi{'in AlF (8) is 6&0 en™1.1% The Le-F stretching freqnency in LaF (8)
ff was therefore estimated to be 419 em”1, which yields a stretching f°r°e:.'gzb

"”l, constant of 1.96 x 105 dyne/cm.

The validity of this approximation was substantiasted by Lim.16

'?, Using this approximation, he obtained a CeﬂF stretching force constant

l
of 2.04 x 105 dyne/cm in CeF (g) molecule. This constant was then

.'5;compared with that calculated from an empirical’equation'formulatedfbyld"?%‘

| ? Herschbach and.Lau_rie.17 The two constantshnere within 10% of each otner.s}

Plots of the out-of-plane bend force'constant zn(kz/lz) and the infliilgi}"

' ’”'plane bend force constant'zn(k3/12), vhere 1 is the La-F distance, |

.l"Versus k, for the constants of Dy point group species.l8 showed a - :‘f; =

| ’f’pstraight line relationshipi k2/12 and k3/l2 for LaF, were assumed to }: |
TJTsfall on this line. lnese force constants were thus estimated to be |

. 0.192 x 105 and 0.103 x 105 dyne/cm. Using the three force constants

and the }'alence-force'model,18 the following vibrational frequencies,ﬂf‘f-“

o

frequency in crystalline AlF3 is 615 cm” ! and ﬁhe Al-F stretching freqnency *?jl

" The heat capacity of LaF3(s) was then estimatedk;;-i

.”fpithe heat capaclity curve closely resembled that of CeF3 . _pqéf%f'

.




. =1h-

: for LaF (g) were calculated hl9, 156, 461(2) and 179(2) cm-l.;

The electronic contribution to the heat capacity was estimated by

a,feassuming that contributions were due to the La 3 ion only. Brewer

eﬁT'_: L et al.l9 have shown that neglecting the presence of the halide ions
".and treating only the metal ion yields good thermodynaﬁic estimates
when applied to transition metal dihalides. .Yashevitchzo has found

O + ' -
. the electronic spectrum of La 3 to consist of a 2D3/2, 0 em ! ground

| state and a 2D5/2’ 1603.23 cm-l'first excited level. All other energy . e
i,»levels are signiflcant only at temperatures much higher than the temperatures
wof this research, Heat capacities for the gas ;ere calculated at 100°

- interva.ls from 300° to 1800°K. The equation, C = 21.k2k - 4.065 x 107" -
T i 23,375 x 105 T72 was fitted to the values. | |

The free energy functions for the_crystallinevstate wvere calculatedgl;:fn
] using C = 19,767 + B.482 x 1073 T - 5. 909‘x‘10" and (‘:lé.sener":agl |
= 27.0 eu/mole. Glassner s entropy estimate for CeF3(s)

. 298115 _
f;was found to be 0.04 eu below the experimental value found by Westrum

2o
" .~.-A'/

"5festimate of 8°

-b:and Beale.22 The probable error in the estimate for S 298 * 0.2 eu, ' = | }:;.;ilt
? could cause 0.3 kcal/mole error in the heat of sublimation. | -
The estimated free energy functions for lanthanum fluoride between : ;
’4'vf~TleOO° end 1800°K are given in Table III, ;x L

The heat of sublimation was calculated from each pressure measurement: a

;;'from Eq. (d). Values of (AF° - AH§98 15)/T at various temperatures 3"';
7:';“7"’}]l- * were read to *0.01 cal from a curve drawn through the calculated values.
ug”ﬁ':?fffj»[ _© The average Third-Law value:for the heat-of sublimation over all datum -;F?Tmf

points was 103.48 *'0.35, where the error is the standard deviation from o
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the mean.

_ A least squares calculation gave I =. (106 hzh : 0. hhoo) x 103/T - '5fITﬁQ¢;

h3 291 * 0.302, from which Mg )5 = 10715 2 0. L4 keal/mole and o
298 15 = 53.24 = 0. 30 ‘eu were obtained. B |

The major sources of error in calculated heats of sublimation

5 were the estimations of the heat capacities and free energy functions of -
f:_the gas and solid. Estimated errors of 10% of the vibrational frequencies,f:;”'“
hLZB% of the molecular radiﬁs, and 15% of the electrical contribution to |
- ::vthe free energy function cause an error of 1% of the gaseous free energy
‘ ei;ifunction. Assuming the solid heat capacity and 8298 to be in error by
v:ei;'l cal/mo;evand 0.2 eu/mole leads to an error of 2.0% of solid free energy . .- -

" function. Errors in calibrating the wire, measuring the orifice dismeter,: ' : %

 channel length, and axis arms, and readiné the angles of deflection cause .. iy
; ,~;ﬁ1;_u;1_;;33 an error of about 0.5% of the AH298 The temperature was aséumed to

| {;1 :;‘ﬂ§- be correct to within :5°. The pyrometer calibration presumably elimlnated

RO

',',.,
’

: "«\all temperature errors with the exception of the errors in the personal

Judgement of the brighthess of the filament. An error of #5° causes an i

'«{Aerror of *0.5% in the heat of sublimation. AAs a resulﬁ, the Thirdeawv,fJ

% Y. ... heat of sublimation is estimated to be correct within; ¢l keal/mole. "-ﬁ?fyv_i
; ux S f-_;:" The estimated errors in the molecular constants cause a small
v TR ;";)0.2 cal/mole error in the gaseous heat capacity. An assumed error of

'f{f-f f"':' l cal/mole in the heat capacity for the solid causes an uncertainty . .f;’iifﬂ

of *0 5 kcal/mole in the second law heat of sublimation. A £5° systematic\

error in temperature causes an error of *3 keal in AH298‘ The Second ‘fﬁg”

Iaw_heat of sublimation is therefore estimated to be accurate within _:‘:" |




e m e i g

© " data for thg free energy:‘functions of the gaseous and solid states

 fixed as 105.5 * 5 kecal/mole. When more precise supporting thermochemicel -
:fdata become available, the Third Law heat .can be'calculated with higher

. reliability.

: " Besenbruch, McDonald and Maigrave
'; the sublimation pressures of -lanthanum fluoride by masé spectrometric

~ and semi-microbalanée studies via the Langmuir tecﬁniqne. The mass |

 3of log P

~17-

5'"Tg,ﬁ§h'kcal/mble.

The discrepancy between the Third-Law and.SecondJLaw heats of B

 jA7sublimation probably results mainly from inaccuracies in the'estimated\;
' free energies and in the temperature dependence of the pressure measurements;.

';JEqual weights must be given to both values until accurate experimental

"-:become availablé. Therefore, the heat of sublimation at 298.15°K is

AN

At sbout the time these measurements.were completed, a report of

‘“.;jiua vaporization study for lanthanum fluoride by Kent, Zmbor, Kana'an,

25

became available. They had measured '

|

- spectrometer values were calfibrated by combining the'least.square equations’“

1oé§ and 1°8.(I+T) versus- 1/T to obtain a value fof the °

'ﬂ’ machine constant k of the equation ® = kI+f. The pressure obtained lie ,f*fﬁu;f

t_ about a factor of 2 below the data'r¢ported‘in this paper. Identical

23

A trends were noted when Margrave's data for CaF2 and Ba.F22h were comparédfﬁfﬁ

10

. with those of Schulz™ - and Ha.rt2h respectively. There appears to be a
v'f systematic discrepancy between data collected by the torsion-effusion

o method infthis laboratory and data collected by or normalized with

Langmuir measurements in Margrave's laboratory L ‘ D 5°;;:;:

The physical appearance of thk sample changed markedly upon heating. 17;



'o.The origlnelly flaky;,white powder had’changed to a dense consolioated"
‘;grey mgss,‘ Heating to temperatures above 1500°K for. times of two hours:i;
'fior‘ﬁorevceused small crystals to form in the mass. Evidently the increased“
'temperatures produced an increase in ordering of the complex hexagonal

;.'crystal structure by facilitating the mobility of defects. Similar

N

hysical effects Were observed by L1m16 andeatsenova et el.?-f‘




- Y T . )
P T - ~19- - BT
...~ ACKNOWLEDGMENTS .. . . - -
' The author gratefully acknowledges the guidance and counsel of ’
Alan W Searcy._ Appreciation is also exbended to all others who ‘
offered suggestions during, this work. o L . |
This work. was. done under the auspices of the U. S Atomic Energy o

Commission..




1.

.. 2 .-.

8.

9.,

2.

13
SUey

: ‘- lso

16‘ B
- 1965.

D. A. Schulz and A. W. Searcy, J. Chem Phys., 38, 772 (1963)

REFERENCES *

H.. Mayer, Z. Physik, 6T, 240 (1931).

* M. Vollmer, Z. Physik. Chem., Bodenstein Festband, 863 (1931)
' R. D. Freeman and A. W. Searcy, J: Chem. Phys., 22, 762 (19Sh).

"D. A. Schulz, Ph.D. Thesis, University of CAlifornia, Berkeley, 1961.' th'-

R. Huitgren, R. L. Orr, P. D. Anderson and K. K. Kelly, Sélected

‘Vélueé of Thermochemical Properties of Metals and Alloys (John Wiley e

and Sons, inc., New York, 1963).

" E. Staritsky end L. Asprey, Anal. Chem., 29, 855 (1957).

L. P. Batsanova, G. N Grigor'eva, and S. S. Batsanov, Zh. Strukt. o

Khim., 4, 37 (1963).

.S. Dushman, Scientific Foundations of Vacuum Technique (John Wiiey'_~v -

and Sons, Inc., New York, 1949).

P. A. Akishin and V. A. Neumov, Khim. i Khim. Tekhnol. (1959)

K. D. Carlson, The Molecular and.Viscous Effusion of Saturated Vapor,~g_ff;'

. ANL-6156, April, 1960.

E. G. King and A. L. Christensen, U. S. Bur. Mines Bull. RI 5510

:(1959)

F. A. Kuznetsov and T. N. Rezukhina, Zn. Fiz. Khim. 35, 956 (1961)

J. o. Blomoeke and W. T. Ziegler, J Am. Chem. Soc. T3, 5099 (1951)

JANAF Thermochemical Data, Dow Chemical Company, Midland, Michigan

1963, a

M. J. Lim, Lawrence Radiation Laboratory Report UCRL-16150, May 20,




L P

| 17;1
 1 8.;’
9.
20,
2
 225
23. 

" Chem., 67, 877 (1963).:

- 2h,

-21-

D. R. Herschbach and V. Z. Laurie, J. Chem. Phys., 35, 458 (1961).

G. Herzberg;'Molecuiar'Spectra And'Molécular'Structure"II;:”Infrared {iv{k

Inc., New York, 1959).

L. Brewer, G. R. Somayajulu and E. Brackett, Chem. Rev., 63, 111

(1963).

M. A. El'Yashevich, Spectra of the Rare Earths, Boqk 2, 1953

(AEC-tr-4403, 1961).

A. Glassner, The Thermochemical Propertiesiof the Oxides, Fluorides,_i¢;1 V?:

~ and Chlorides to 2SOO°K ANL-STSO.'

E. F. Werstrum, Jr..and A. F. Beale, Jr., J! Phys. Chen. , _2, 353

(1961).

G. D. Blue, J. W Green, R. G. Bautista and J. L. Margrave, J. Phys.‘

iP. E. Hart, Lawrence Radiation Laboratory Report UCRL-1112k, January . .
: ) . e . S [

16, 196h.

25.

~ of Chemistry, Ride University (1965)

Kent Zmbov, Kana an, Besenbruch McDonald and Margrave, Department

[




. &

¥

This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, 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.






