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ABSTRACT Q)B%ﬂ}

Studies of the sublimation of refractory fluorides by Knudsen
and/or Langmuir measurements utilizing a semi-microbalance and a mass
spectrometer have provided the identities of the vapor species, ab-
solute vapor pressures and heats of sublimation for MgFo, CaFa, Srfa,

BaFz, ScFs, VFz, VF3, CrFp, MoFp, FeFz, CoFz, NiFz, Cufp, YFs, CdFs,

LaFs, CeF3, DyFs, HoFs, and ErFa. Atomization energies and average

bond energies have been calculated. Reduced systems, in which sub-

fluorides are generated, have also been studied.

The reviews by Brewer, et. a1.1s? in 1950 and still in 1963 showed

that vapor pressure data on fluorides were relatively incomplete and,
in fact, that there were many di- and trifluorides for which vaporiza-

tion and/or sublimation pressures are not known. In addition, the

stabilities of the mono-fluorides of the elements were poorly known

except for the alkali fluorides and a few others scattered through the

periodic table.j’h An extensive effort is now underwsy to produce a

comprehensive set of reliable data on the high temperature behavior of

& variety of mono-, di- and trifluorides and, from these, to establish
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crders of magnitude and trends in energetic relationships for fluorides
throughout the periodic table. This paper mainly summarizes work from
the High Temperafure Iaboratory at the Rice University, but includes
other related contributions which provide supporting or supplementary
data.

Currently, there are published mass spectrometric and/or micro- -
balance studies of the vapors over Schs; Crﬁéé, MnE27, FeF28, COEgg,
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NiFa 0, CuFe'l, YFy’, ZrFa'2, CdFa'D, LaFs’, and CeFsl'. The dissocia-

tion energies of CrF6 and MnF7 have been established mass spectrometrical-
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ly and there are limited spectral data on ScF YF, MoF ™ ',

CuFlB, zrFY?, caree, and HgFol.

NEW RESULTS

Sublimation Pressures of VF> and VFa

VFz and VF3 samples were generously provided by Professor J. W.
Stout of the University of Chicago and were used without further puri-
fication. The solids were heated in tantalum, nickel and/or carbon
Knudsen cells in the high temperasture mass spectrometer described
previously.s’é

At low electron energies and temperatures the VFo yielded only
VFé+ions. The appearance potentials of the various ionic species were
11.5 + 0.3 e.v. (V2 AF2); 17.1+ 0.3 e.v. (VF /VF2); and 23.0 +
0.3 e.v. (V+/VF2). From the temperature dependence of the ion current

+ . -1
i = + . .
data (VF> ) one finds AHsub,298°K. 100 + 10 kcal. mole where the

large uncertainty arises because of apparent disproportionation of
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VF2(g) to yield V(s) + VF3{g) in the temperature range 1000-1300°K.
When the VF3; sample was heated in the tantalum cell, large amounts
of VOFs', VOFo' and VOF , as well as TaF, , were observed at ~1485°C.
By varying the electron voltage the appearance potential of V‘OFa+ was
established as 15.h + 0.3 e.v. and of VOFa' as 16.3 + 0.3 e.v. With
further heating to ~860°C, all VOF_ species disappeared, and, finally,
VF3+, VTé+, VF+ and V'+ were studied at 868°C. where the appearance po-

tentials were 10.8 + 0.3 e.v. (VF3+/VF3); 11.5 + 0.3 e.v. (VFé+/VE2)

and 15.5 e.v. (VEz AFa); 13.6 + 0.3 e.v. (VF AF?); 17 e.v. (VF /VFz)

+ +
and 20.5 e.v. (VF /VF3); 25.2 + 0.3 e.ve. (v /VFs).

From the temperature dependence data for the VF3+ peak over the
range 1044-1230%K. one finds,

Angb 1162% = 80.8 + 0.7 kecal. m,cvle.-1
2

Sublimation Pressures of Rare Earth Trifluorides

Lim and SearcylLL studied CeFg sublimation by a torque-effusion
technique. Work at Rice University has established the vapor species
over NdF3, DyFa, HoFs, and ExrFs as the gaseous trifluoride monomers
and appearance potentials and temperature dependence studies are sum-

marized in Table I,

CONCLUSIONS
By making use of the extensive data now available, one can ex-
trapolate and interpolate to get properties of many transition-element
fluorides. Table II presents measured and estimated vapor pressure

data for difluorides and Table II1 summarizes data for trifluorides.
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Table I
Vaporization and Appearance Potential Deta for

HarF

52 DyFB, HOFB, and ErF3
(&) Vaporization Data
Compoundf Temp(5 Ranze A¥* B* AHO -1

(CK) Keal mole
NaF3 1383-1520 || 1.873+ 0.025 ] 8.028 + 0.11° AHIMB = 93.7 + 1.1
*-Dy% 1426-1622 1.842 + 0.0%2 | 7.5% + 0.%2 Aﬁlmj‘l = 92.3 + 1.k
 HoF  1300-1413  ||2.296 + 0.2 10.6 + 0.5 AH1567 =107 + 2
ErFs 1374-1521 {}1.907 + 0,025 | T.62 + 0.12 AH1M5 = 95.3 + 0.8

¥For the equation log P =B ~A X th
atm B

(b) Appearance Potentials (Electron Volts)

M=

Ion Nd Dy Ho Er

M 12.8 + 0.3 -~ 4.5 + 0.3 | 13.7 + 0.3
MY 19.8 + 0.k | 16.6 + 0.4 21.0 + 0.4 | 20.5 + 0.4

M 25.5 + 0.5 | 25.0 + 0.5 27.2 + 0.5 26.5 + 0.5
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Table II

(a) Vapor Pressure Data for Alkaline Earth Difluorides

Compound A% B* Log P {Atmospheres) AHC>gg .y Reference
1000%k  1500% Keal mole

MgFa 1.95  8.53 -10.8 L.k 88+3 29

CaFp 2.08 8.14 -12.7 5.7 10343 28

SrFp 2.17 8.72 -13.0  -5.8 104+5 29,30

BaFp 1.86 T.66 -10.9 4.7 R+ 29,30

(v) Vapor Pressure Data for Transition Metal Difluorides

ScFa 1.65 9.0 .5 2.0 (100t15) estimated
TiFp + + (100+15) estimated
0.15 0.5
VFs 100+10 This work
CrFo 1.882 9.14 -9.08 -3.01 106.4+3 6
MnF» 1.596  8.70 -7.26  ~1.9h4 76.1+2 7
FeFp 1.582  9.k2 -6.40 -1.13 T5.6+1 8
CoFa 1.532  8.54 -6.78  -1.67 T6+3 2
NiFp 1.690 10.17 -6.73 =1.097 T9.h+1 10
CuFz 1.300  8.58 -4.k2  -0,09 63.9+1 11
CdFz 1.509  T7.391 -6.70 -2.00 T2.0+3 13
ZnF> 4.3 -1.0 61 26
HgF2 (BP = 920%K) 33 27

Values in parenthesesare estimated

* For the equation log Patm =B-Ax ].O)4

T
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Table III

Vapor Pressure Data for Transition Metal Trifluoridesa

Compound A% B¥ i8§65K0u?§285§?e3) : Aﬂgge Reference
ScF., 1.938  9.43 -9.95  -3.49 10145 >
TiF, (1.57)  (9.6)  (-5.35) (-0.36) (55.3)° 32
VF (1.80)  (9.0)  (-5.0) (-3.0) (9245)° This work
FeF, (1.3) (11.1)  (-2.8) (+1.92) (65.5)° 32

YF 2,185  9.77 -12.08  -4.80 11545 5
Z (1.683) (12.25) (-4.58) (+1.03) (77)%4 32
1aF, 2.02 8.20 -12.00 -5.27 108+5 5
CeF 1.985  8.816 -11.01  -k.bo 99.543 1k
Nd‘F3 1.873 8.026 -10.70  -k.46 ) 25
DyF5 1.842 7.54 -10.88  -h.7h 92+3 25
HoF5 2.296 10.6 -12.36 k.70 10743 25
ExFy 1.907  7.62 S11.45  -5.09 95,343 25

* For the equation log P, =3B - 4 x 10"

a8 Values in parentheses are estimated.
-1
b AH;@J62°IQ = 8243 Kcal mole =~ from mass spectrometric data

¢ These estimates from the JANAF Teble appear to be too low.

1 and one

d Hilderbrand gives AHp[ZrFs(g)] = -264+5 keal mole”
predicts AH{- [ZrF3(g)] = -375+15 keal mole—l, in contrast

with -330+25 keal mole™  from the JANAF Tables.
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Table IV presents bond energies for the monofluorides derived from

these various data.
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