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THE STABILITIES OF Ce2F6(g) AND La2Fs(g) 

James A. Roberts, Jr. and Alan W. Searcy 

Inorganic Materials Research Division, Lawrence Berkeley Laboratory 
and Department of Materials Science and Engineering, 

College of Engineering; University of California, 
Berkeley, California 94720 

ABSTRACT 

The intensities of mass spectrometer ion peaks attributable to 

CeF 3 (g) and Ce 2F6 (g) have been measured as functions of temperature for 

the equilibrium vapor over CeF 3(s). These results, plus new measurements 

of the partial vapor pressures over LaF3(s) cast doubt on an explanation 

suggested by Skinner and Searcy for their anomalous measured entropies 

of LaF 3(g) dimerization. The possibility, which they suggested, that 

dimer intensities are underestimated because of masking of the principal 

dimer peaks by monomer peaks cannot be eliminated, but is rendered less 

likely bythe demonstration that that kind of fragmentation is not 

important for Al2Cl6 (g). Measured temperature dependences of the mono-

mer vapor pressures are in satisfactory agreement with values found in 

earlier torsion effusion measurements. But evidence is presented that 

measureddimer temperature dependences are anomalously low because of 

selective scattering of dimers from the molecular beam outside the 

effusion cell at high beam pressures. 

The data seem best interpreted by use of conventional assumptions 

to obtain di.mer/monomer pressure ratios and use of entropies of dimeriza-

tion estimated from values measured for other systems. This procedure 

leads to -51.5 ± 7 kcal. for the enthalpy of dimerization of CeF3(g) and 

-54.2 ± 7 kcal for the-enthalpy of dirnerization of LaF3(g) at 1577°K. 
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I. INTRODUCTION 

The _existence of La2Fs in the equilibrium vapor of lanthanum 

1 fluoride has recently been demonstrated by Skinner and Searcy. They 

found that the entropy for the reaction La2Fs(g) = 2LaF3(g) calculated 

by conventional analysis of the mass spectrometer data appeared anomal-

ously high when compared with entropies of similar reactions. From 

analogy with observed fragmentation behavior of gaseous halides that 

contain two different kinds of metal atoms, they reasoned that their 

anomalous measured entropy was not real but was a result of extensive 

fragmentation of the La2Fs parent_to LaF~ + LaF3 + F + e- under electron 

impact in the ion source of the mass spectrometer. + . The LaF2 formed J.n 

+ . the above reaction would be masked by the LaF2 whJ.ch was produced as the 

major ion species from LaF3(g). Calculation of pressures from inten

sities of the fragment peak, La2F~, which was not ·masked, on the assump

+ tion that La2Fs is the principal peak, would then lead to an apparent 

pressure of the dimer that was below its actual pressure. 

Skinner and Searcy suggested that their interpretation of the _ 

lanthanum fluoride data might be tested by studying the dimer to monomer 

vapor pressure ratios in cerium fluoride vapcr. The additional electron 

on each cerium atom as compared to lanthanum might give added stability 

to the dimer molecule and might reduce the tendency. of the dimer ion to 

f t Th th C +/ + . . ragmen . us e measured e2Fs CeF2 J.ntensJ.ty ratios could more 

nearly reflect true relative dimer to monomer pressure ratios. Certainly 

the possibility that concentrations of polymeric vapor species are some-

times underestimated because their principal ionic fragments are masked 
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by ions from the monomer deserves more detailed examination. The mass· 

spectrometric study of the gaseous species above CeF 3(s) described in 

this paper was undertaken with that objective. 

The present study has yielded Ce2F~ to CeF'i' ion intensity ratios 

close 
. . + + 
to the La2Fs to LaF2 ratios, but the ratios for the cerium fluor-

ide ions varies more steeply with temperature. This fact suggests that 

measurements of the temperature dependence of the very low intensity 

+ + ' La2Fs and Ce2Fs peaks may be subject to greater experimental error than 

suppose9. by Skinner and Searcy. Accordingly, we have made additional 

+ + measurements for La2Fs and LaF2 ions and discuss alternate interpreta-

tions of the data for both fluoride systems. 

II. EXPERIMENTAL 

This study was carried out with the same 60° sector, 1 foot radius, 

magnetic deflection mass spectrometer used in the previous lanthanum 

1 fluoride study. Samples were held in a graphite-lined molybdenum effu-

sian cell which was heated by electron bombardment. Temperatures were 

measured with a Pt vs Pt 10% Rh thermocouple clamped into a hole in the 

bottom of the cell. The CeF3, supplied by Electronic Space Products, 

Inc., was of a nominal 99.9% purity. Small concentrations of other rare 

earth elements were the principal spectroscopically identifiable im-

•t• 2 
pur~ ~es. Spectrographic analyses of samples after a run showed no 

increase in impurity concentrations. Debye-Scherrer X-ray analysis of 

the samples showed the proper crystal structure and lattice parameters 

for CeF3(s). 3 No lines that did not fit the CeF3 hexagonal structure 

were observed. The lanthanum fluoride was the same material used in the 

earlier study. To extend the range of pressures that could be measured, 
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orifices of three different sizes were used (see Table I). 

Ionizing electrons of 70 eV energy produced shutterable ion peaks. 

Identification of the masses corresponding to the measured ion peaks was 
·, 

made by use of a calibrated gauss indicator and confirmed by comparing 

the observed mass spectrums with the published isotopic abundances.
4 

At 

least 20 min were allowed between measurements to ensure that equilibrium 

was reached. 

+ + 
The ion peaks CeF2 and Ce 2Fs, which must be produced primarily by 

the dissociative ionization of CeF3 and Ce2F6 respectively, were observed. 

+ A small fraction of the CeF2 may be produced by dissociative ionization 

of Ce2F6 but the maximum intensity of CeF~ that would result from this 

+ second process is too low to influence significantly the measured CeF2 

intensities or temperature dependence in the experimental range. 

Calibration experiments were conducted during which the intensity 

of the ion peak corresponding to CeF~ was measured as a function of 

temperature. Second law heats of vaporization were calculated from the 

+ + . 
slopes of the log (I T) vs 1/T (I = ion intensity, T = absolute tempera-

+ ture, and I T is proportional to pressure) curves. The heat calculated, 

which essentially equals the total heat of vaporization of the solid in 

the experimental temperature range since the number of dimers present is 

too low to substaritially affect the total heat, was in only fair agree-

ment with the heat of vaporization of cerium fluoride determined by the 

torsion effusion method reported by Lim and Searcy. 5 To determine which 

value should be accepted alternate runs over the same temperature range 

were made on cerium fluoride monomers and on the lanthanum fluoride for 

which carefully calibrated torsion effusion measurements had been made 
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·. 6 
by Mar and Searcy. 

+ + To obtain Ce2Fs intensities relative to CeFz as a function of 

temperature, the measurements had to be carried to higher temperature 

than in the calibration experiments because of the low intensity of the 

dime:t. + Plots of log (I T) vs 1/T that were obtained for both monomer 

and dimer showed downward deviations from linearity that were too large 

to be caused solely by heat capacity changes (Fig. 1). 

+ The deviation from linearity of the Ce2Fs data were greater than 

+ for the CeF2 data. It was apparent, therefore, that a similar bending 
. .. + 

of the log (I T) vs 1/T plots in the high pressure range, if an artifact 

of the measurements, might have led Skinner and Searcy to a misinterpre-

tation of their lanthanum fluoride measurements. Because dime:t data was 

necessarily collected over a restricted temperature range where the 

+ curvature would be most pronounced, the measured slope of the log (I T) 

vs 1/T CUrves for the dimer might well be systematically too low rela-

tive to that for the monomer. 

+ . + + 
Superposition of plots of log (I T) vs 1/T for the CeF2 and Ce2Fs 

+ + 
on plots for LaF2 and La2Fs obtained by Skinner and Searcy showed nearly 

identical monomer to dimer ratios in each system, but a lower tempera-

. + + 
ture dependence for La2Fs than for Ce2Fs. Accordingly, two runs were 

made to remeasure the LaF3 to La2F6 ratios in order to determine if the 

difference in temperature dependence was a consequence of a systematic 

error in measurements for one or both metal fluoride systems. The new 

. + measurements y1elded La2Fs temperature variations that are closely 

+ similar to those found for Ce 2Fs. 

I' 
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III. RESULTS 

Systematic differences were found in the absolute values of the 

measured heats of vaporization of the monomers between the calibration 

experiments, the cerium fluoride monomer/dimer ratio experiments, and 

the lanthanum fluoride monomer/dimer ratio experiments. These dif-

ferences resulted from slight alterations.in the effusion cell heating 
. . 
arrru1gement made between these three sets of measurements when broken 

heating filaments were replaced. The differences were probably largely 

consequences of small changes in temperature gradients in the eff-qsion 

cells. 7 Temrerature gradients are particularly difficult to control in 

mass spectrometers. In an earlier paper, data for vaporization of mono

mers of various lanthanide element fluorides are S11l!1Illarized8 and it is 

pointed out that the entropies of vaporization calculated from various 

mass spectrometer studies show sus;piciously great deviation from each 

other. Recently Wesley and DeKock9 have calculated·entropies for 

several lanthanide metal fluorides from spectroscopic data obtained by 

matrix isolation and have concurred in the conclusion that the data ob-

tained in the torsion effusion studies are in better agreement with the 

third law entropies than are the results of the mass spectrometer 

studies. 

The influence of systematic temperature errors in the ratios of 

pressures of two species measured in the mass spectrometer with nearly 

identical conditions, however, should be relatively low. We have 

accepted the pressures measured for LaF3(g) by the torsion .effusion 

method as most reliable because the temperature scale was verified by 

measurements of the vapor pressure of tin, and we give equal weight to 
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the enthalpy of vaporization calculated from direct measurement of 

CeF3(g) vaporization and to that calculated from the differences in 

measured pressure dependences found ·in alternate .mass spectrometer runs 

under nearly identical experimental conditions. 

The . calibration investigation of the lanthanum and cerium fluoride 

monomers made over the temperature range 1280-1488°K yielded second law 

heats of vaporization of 102.1 ± 0.4 and 102.3 ± 0.4 kcal/mol for 

LaF3(g) and 100.0 ± 0.6 and 100.3 ± 0.5 kcal/mol for CeF3(g). These 

runs give an average value of the heat of vaporization of CeF3 that is 

2.0 kcal/mol less than that of LaF 3• The torsion effusion data for 

CeF3 5 indicate the heat of vaporization of CeF3 to be 5.8 kcal/mol less 

than that of LaF3. We assume that the correct value for the heat of 

sublimation of lanthanum fluoride to LaF 3 (g) is 99 ~ 4 kcal/mol at 1495°K, 

6 as found by Mar and Searcy, and that the value for CeF3(g) is 3.9 kcal/ 

mol less, 95.5 kcal/mol. 

In our initial evaluation of our data, we noticed curvature of the 

log I+T vs 1/T plots at high temperatures (see Fig. 1). Least squares 

fits of log (I+T) vs 1/T vere made for the CeF3 monomer using all the 

data points taken during a particular run, then excluding only the point 

taken at the highest temperature, then excluding the two points taken at 

the highe,st temperatures, etc. The value A/d = L 36, where A = mean free 

10 path of the CeF3 monomer as calculated from the hard sphere model and 

d = orifice diameter or width, was selected as the value of :\/d above 

which curvature significantly influenced the apparent enthalpies of sub-

limation tothe monomer. The temperature dependence of the dimer data 

present a special problem which we analyze in the discussion section. 

"I 

I 

, 

.j 
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Data judged as acceptable using the above procedure are referred 

to as "selected" data and are the only data used in thermodynamic evalua-

tions unless it is specifically stated that all data are being con-

sidered. The temperature limits for the lanthanum fluoride data were 

selected using the same A./d value calculated above and the vapor 

pressure of LaF3{g) reported by Mar and Searcy. 

+ To convert the I T data for each monomer to vapor pressures, the 
.. 

J.east squares fits of the heat capacity-corrected selected data for the 

monomer for each run were made to coincide with the vapor pressure found 

at the mid point of torsion-effusion experimental range. The same 

factors for each run, after corrections for estimated relative cross 

section for electron impact ionization and isotopic abundance,
4 

were 

applied to the dimer data. The cross section for electron impact 

ionization of the dimers was estimated to be 1.5 times the cross section 

for the respective monomers. This is the approximate average found for 

alkali halide dimers by Berkowitz, et a1.
11 

and is the value used by 

1 Skinner and Searcy in their investigation of lanathanum fluoride. The 

electron multiplier gain was estimated to be the same for both the mono-

mer and dimer. 

Fragmentation patterns for both systems and the appearance poten-

tials of the various cerium fluoride ions measured by the method of 

extrapolated differences using mercury as a standard are shown in Table 

II. + + Neither CezF6 nor LazF6 parent ions was observed. A small concen-

. . . + 
trat1.on of LaF3 may have been present that could not be observed be·cause 

the background mercury peak has the same mass number as the expected 

+ peak for LaF3. 
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The heat capacities used in the calculations involving cerium 

( ) 4 ·-3 5 -2 
fluoride were C s = 17.90 + 10.1 x 10 T + 1.10 x 10 T cal/deg/ 

p 
. 12 

mole of CeF 3(s) as measured by King and Christensen and Cp (monomer) = 

20.214 + 0.477 x 10-3 T - 2.629 x 105 T-
2 

cal/deg/mole of CeF3(g) which 

was estimated by Lim and Searcy. If new heat capacity data of Charlu, 

et al13 had been used in the various calculations, the enthalpy of 

vaporization of the monomer, for example, would be decreased by less than 

0.03 kcal/mol in the experimental temperature range. The heat capacity 

14 
of solid LaF3 has recently been measured; use of this experimentally 

measured heat capacity changes the dimerization values from those that 

would be obtained by use of the heat capacities estimated by Mar and 

Searcy by less than 0.2% at 1577°K. 
1 

Following Skinner and Searcy, the 

heat capacity of the dimer for both systems was estimated to exceed two 

times the heat capacity of the monomer by 4 cal/deg/mole. 

All of the data points, with the points that were discarded 

darkened in, are shown in Fig. 1. The second law enthalpies and en-

tropies of vaporization calculated without correction for ~C from least 
p 

squares fits of the data grouped by individual runs and combined are 

shown in Table III. 

The enthalpy of sublimation of CeF'3(g) was assumed to be 3.9 kcal 

less than the enthalpy of sublimation of LaF 3(g) found by Mar and Searcy 

at 1495°K. Their value at 1477°K was used to normalize the LaF3(g) data. 

The pressure measured for CeF3(g) at 1495°K by Lim and Searcy was 

accepted. The thermodynamic functions at. 1577°K corrected for heat 

. t• h b f s . 1 ul t . 15 . d capac1 y c anges y n:eans o 1gma ca c a 1.ons are summar1.ze in 

Table IV. 'l'hesc values were calculated on the assumptions that Ce2F~ 
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and La2.F~ are the principal fragments produced by collison of 70 eV 
1 

energy electrons with Ce2Fs and La2Fs and that the measured temperature 

+ + . 
. dependences for Ce2Fs and La2Fs c,ar.rectly reflect the partial pressures 

of Ce2Fs and La2Fs. The second of these assumptions is rejected in the 

concluding section of this paper. The error limits_quoted thus far have 

been the standard deviations from the least squares fits and have in-

eluded no estimate of the actual experimental errors. 

IV. DISCUSSION 

The first and most obvious conclusion to be drawn from the present 

work is that the intensity ratios for ion peaks of CeF3 and LaF3 are 

essentially equal and show an essentially identical temperature depen-

dence. (See Table IV.) Thus the additional electron on each cerium 

atom does not make Ce2Fs(g) more stable than La2Fs(g) relative to frag-

mentation and the problem of evaluation of pressures of Ce2Fs(g) from· 

intensity data is the same as for La2Fs(g). 

A completely unambiguous evaluation of dimer stabilities is not 

possible from present information for either system, but the evidence now 

weighs strongly against the interpretation given by Skinner and Searcy. 

Tl1ey noted that their measured entropy of dimerization of La2Fs differed 

markedly from entropies of analogous reactions and pointed out that the 

fragmentation behavior of mixed metal halides supported the conclus_ion 

that the major ion fragment of the dimer could be LaF1, which would b~ 

masked by the monomer peak. They accepted their measured heat of 

vaporization of La2Fs as correct, but obtained a corrected pressure by 

assuming that the entropy of dimerization should be the same as the 

entropy of dimerization measured for Al2F's (-35 eu/mol of dimer). This 
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required increasing the experimentally measured entropy of vaporization 

of the La2F6 by about 11 eu/mol of La2F6. This increase was effected by 

multiplying all the apparent dimer pressures by a constant factor of 

about 250. To.make the same normalization using the present LaF3 data, 

th~ entropy of dimerization of La2F6 would have to be increased by about 

·r eu which would require that the pressure of the La2F6 be multiplied by 

a factor of about 35. To increase the dimerization entropy of Ce2F6 to 

...;35 would require a 6 eu increase in the entropy of vaporization of 

Ce2F6 which could be achieved by multiplying the Ce2F6 pressure by a 

factor of about 20. 

Unobservable fragmentation of the kind suggested by Skinner and 

Searcy is a possible source of error that should be considered in 

evaluating any mass spectrometer polymer data. But Buchler, Feather, 

16 
and Searcy have recently shown for conditions under which Al2ClG(g) is 

known to be the major vapor species for aluminum chloride that Al2Cl~ 

ion intensities exceed AlCl~ intensities by a factor of six. This result 

does not. eliminate the possibility of extensive fragmentation for 

lanthanide element fluorides, but does make it seem less likely. 

The present dimerization entropies are closer to the expected values 

than is the value measured by Skinner and Searcy. Thus smaller errors 

in measured relative temperature dependences would bring the dimeriza-

tion entropies to the expected values. The mere fact that there is a •, • 
discrepancy between the two sets of data for La~F 6 requires recognition 

that large errors in the heats of vaporization of the dimer are possible. 

FUrthermore, the present study shows clear evidence that high 

pressure intensity measurements-deviate systematically downward from data 

II· 
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extrapolated from lower pressure measurements, with the deviation of the 

dimer being greater than for the monomer. The same type of downward 

deviation at high pressures has also recently been seen by Feather and 

Searcy17 in a mass spectrometric study of low intensity sodium chloride 

polymers. 

A systematic error that would cause the dimer intensity measurements 

to deviate downward more sharply with increased temperature than monomer 

intensities is unexpected in terms of presently recognized limitations 

of mass spectrometer measurements. The main expected sources of system-

atic error at high pressures are systematic temperature errors, satura-

tion of the ion detectors, and deviation of the vapor from Knudsen flow 

toward hydrodynamic flow. A systematic temperature error should not show 

the selective effect on dimer data that was observed. Saturation of the 

ion detector should selectively introduce error in monomer measurements 

at high pressures rather than in dimer measurements. Onset of hydro

dynamic flow has been demonstrated
18

' 19 to produce deviations of 

measured pressures upward from extrapolations of low temperature data 

rather than downward. Under some experimental conditions, however, some 

indication .of dips in the curve of experimental data below the extrapo-

lated curves have been reported. 

Studies by Carlson, Gilles, and Thorn19 of effusion from cells of 

different orifice geometries show that the total rate of effusion in-

creases above that expected from the molecular_flow equation when 

measurements are made at too high_a pressure for a particular orifice. 

The magnitude of this effect depends on the length of the orifice. For 

the higher length L of orifice to radius R of orifice ratios, a small 
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dip of the measured pressures below the vapor pressures extrapolated 

from the Knudsen flow range was observed as the pressure in the cell 
j 

increased. As the pressure was still further increased, the measured 

pressures _increased above the extrapolated vapor pressures. This dip 

was not observed for a near ideal orifice (L/R = 0.07). As the authors 

pointed out, since the magnitude of the dip is within their experimental 

error, the dip may not be real for any of the values of L/R they studied, 

' 20 
although a similar dip has been reported by other authors in experi-

ments on permanent gases for values of L/R much greater than used in 

the mass spectrometer studies. 

S hul d S 18 . . t . t . f th t t 1 t f c zan earcy ln an lnves lga·lon o · e o a momen um o 

equilibrium vapor in torsion effusion for orifices of L/R values from 

1 to 4 saw only a deviation upward of measured pressures from the 

extrapolated low pressure curves. 
. 21 ' 

Stickney, et al. have studied the 

a.rigular distribution of cesium vapor beams from orifices of different 

lengths. The centerline intensities for a near ideal orifice (L/R = 

0.08) were found to increase above the values expected for Knudsen flow 

as the pressure was raised. For longer orifices of the same radius,the 

centerline intensities first dropped below the values expected for 

molecular flow,then as the pressure was further increased the intensities 

increased above those expected for-Knudsen flow. ' 22-25 Other authors have 

reported similar findings. 

' Velocity distributions in the transition region have also been 

25-28 . measured, and lt has been reported that when Knudsen flow con-

ditions are violated for non-ideal orifices, the velocity distribution 

is distorted from Maxwellian with too few low speed or too many high 

• 
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speed molecules effusing in the forward direction. Since the total 

masses that effused were not measured, these two possibilities could not 

be distinguished. The distortion becomes greater as the L/R ratio of 

the ~rific~ is increased. 

Thus there may be a transition range in which a slight dip below 

the extrapolated pressures can occur, especially in the direction normal 

to the orifice. But an effect at·the orifice that would alone be enough 

to explain the data of Fig. l seems unJ.ikely. 

Scattering of the vapor molecules after they leave the cell, how

ever, could cause the observed behavior. Troi.tskii 29 has concluded on 

the basis a theoretical analysis that the mean free path for molecules 

in a beam is only three times that for the molecules in an equilibrium 

vapor of the same density. 30 Brewer, Berg, and Rosenblatt observed 

collision quenching in iodine vapor beams that were qualitatively con-

sistent with expectations from Troitskii's calculations. 

David Meschi 31 has recently calculated the collision probability 

for monomers and dimers in a beam formed by effuSion of an ideal gas at 

equilibrium through an orifice. Because in our study the dimer concen-

tration in the beam is much lower than the monomer concentration, a given 

number of monomer-dimer collisions will scatter a larger fraction of the 

dimers in the beam than of the monomers. The results, which should be 

reliable to within an order of magnitude predict that dimer scattering 

should exceed monomer scattering and should become observable at about 

the apparent pressures that we observe. 

The more limited dimer data of Skinner and Searcy do not show the 

clear evidence of CQrvature in the (I+T) plots for the dimer that is 
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found in the present study. But the difference in temperature depend-

ence in the fraction of dimer molecules scattered coul~ easily result 

from the differences in orifice geometries and collimating geometries 
. . l 

between the ·studies. 

That some factor such as selective scattering from the beam in-

fluenced the Ce 2F6(g) intensity measurements at the higher pressures is 

clearly shown by Fig. 1. Table V summarizes second law heats calculated 

for Ce 2 F6 from our best two runs when dimer intensity measurements 

beginning at the highest temperature of accepted monomer data are 

successively eliminated. The calculated heats of sublimation of dimer 

rise systematically as the high pressure data are eliminated. 

The calculations of Table V when coupled with Meschi's calculation 

that selective scattering of dimers should become.importe.nt in the 

pressure range of our study convince us that the measured dimer tempera-

ture dependence for CezF 6 is lower than the true temperature dependence 

of dimer partial pressure. Too few data for the sublimation of LazFs 

were collected in either study for a similar analysis to be made, but 

the close similarity between the two systems supports the same conclu-

sion for the LazFG dimer. 

In ligpt of the demonstration16 that the principal ion fragment for 

AlzCls does not co.incide with the monomer peak, we accept the conven-

tional assumptions for converting ion intensities to pressures and we • 
accept as the probable value for the entropy of dimerization in each 

system -35 ± 4 eu for our experimental range. This leads to -51.5 ± 7 

kcal for enthalpy of dimerization of CeF3(g) and to -54.2 ± 7 kcal for 

dimerization of LaF3 at 1577°K. 

.. llll 
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Table II. Appearance potentials and fragmentation patterns. 

Appearance 
Potentials 
for CeF3 Ions 
(eV) 

25.2 

17.2 

13.5 

11.4 

13.1 

CeF3 Ion Intensities 
at 1473°K Relative 

+ to CeF2 = 1000 
(70 eV ionizing electrons) 

128. 

190. 

1000. 

50. 

0~05 

LaF3 Ion Intensities at 
1604°K Relative to 
LaF2+ = 1000 
(70 eV Ionizing Electrons) 

108. 

199. 

1000. 

* o. 

0.1 
I 
1-' 
\0 
I 

't-' 
b::l 
t-' 
I 
~ 
--l 
1-' 

c:: 

~ ..... 
"~""' 

c 

($··-~ 

.......:. 

{_. 

(. 

~ . .:!'"' 
''J<OI ... ~ 

~~-" 



Orifice 
# 

Table IIIA. Ehthalpies and Entropies of vaporization of cerium fluoride 
calculated vithout making heat capacity corrections. 

Monomer .(CeF
3

) Dimer (ce2F6 ) 

No. of Temp. Llliv f::.Sv No. of Temp. /1Hv 
Data Range (kcal/mole (eu/mole Data Range (kcal/mole 
Points (OK) CeF

3
) CeF

3
) Points (OK) Ce 2F

6
) 

Selected Data 

1 16 1524-1274 98.0±0.2 45.2±0.2 7 . 1522-1437 132._6±4.6 

1 13 1513-1283 98.1±0.2 45.3±0.2 6 1509-1429 141. 3±7. 5 

2 12 1576-1367 98.1±0.6 45.3±0.4 5 1575-1498 121.9±4.3 

2 10 1586-1391 95.3±0.4 43.4±0.3 5 1584-1509 114.3±3.7 

3 1"5 1523-1262 98.3±0.4 45.4±0.3 11 1524-1393 136. 9±1. 7 

3 15 1522-1271 98.1±0.5 45.3±0.3 10 1520-1397 134.6±2.0 

Combined . 81 1586-1262 97-9±0.2 45.1±0.1 44 1584-1393 133. 5±1. 2 

All Data .. 

1 18 1577-1274 97.3±J.4 .. 44. 7±0. 3 9' 1578-1437 127.2±2.8 

1 16 1601-1283 96.9±0.5 44.4±0.3 9 1602-1429 127.9±3.9 

2 19 1677-1367 95.5±0.6 43.4±o.4 12 1676-1498 114.9±1. 7 

2 17 1670-1391 94.1±0.3 42.6±0.2 12 1671-1509 115.2±1.1 

3 17 1575-1262 97.4±0.5 44.8±0.4 13 1577-1393 131.9±2 .1 

3 I 17 1575-1271 97.1±0.6 44.6±o.4 12 1572-1397 129.5±2.3 

Combined . 104 1677~1262 ' . 96.4±0.2. 44.1±0.1 67 1676-1393 ' 125.4±0.9 
. . . .. ----

,. 
""· 

-· ··-- ·------- --· .. --- . ---- ---·-·- - .. -----· ----- -- ------ ·---- ·----------------------------~~----

f::.Sv 
(eu/mole 

Cel6) 

47.7±3.2 

53.6±5.1 

40.7±2.8 

35.8±2.4 

50 .6±1. 2 

49.0±1.4 

48. 3±0 .8 

44.1±1.9 

44.4±2.6 

36. 2±1.1 

36.4±0.7 

47. 2±1.4 

45.5±1.6 

42.8±0.6 

( 'll, 

I 
1\) 
0 
I 

~ 
t-' 
I 

+='" 
--.;j 
1-' 

-------- ----------
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Table IIIB. Enthalpies and entropies of vaporization of lanthanum fluoride 
calculated without making heat capacity corrections. 

Monomer ( LaF
3

) I Dimer ( La2F 6) ::J No. of 
Temp. llliv b.Sv No. of Temp. 6Hv 

Data Range (kcal/mole (eu/mole Data Range (kcal/mole 
Points (OK) LaF

3
) LaF 

3
) Points (OK) La2F6) 

Selected Data 

1 14 1564-1326 98.1±0.7 43.1±0.5 9 1562-1443 128.8±1.3 

2 12 1644-1400 95.0±0.4 41.0±0.3 7 1645-1523 128.4±2.4 

Combined 26 1644-1326 97.3±0.5 42.5±0.3 16 1645-1443 129.6±0.9 

All Data 

1 17 1654-1326 96.0±0.9 41.6±0.6 12 1655-1443 124 .5±1.6 

2 15 1706-1400 94.7±0.3 4o.8±o.2 10 1707~1523 127 . .8±1.2 

Combined 32 1706-1326 96.1±0.5 41. 7±0.4 22 1707-1443 127 .8±1.1 
-- -- -

( -"~ 

6Sv 
(eu/mole 

La2F6) 

42.7±0.9 

42.5±1.5 

43.2±0.6 

39.9±1.0 

42.2±0~8 

42.1±0,.7 

I 
1\) 
f-' 
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Table IV. Measured thermodyna.rri.ic values at l577°K 

Thermodyna.mi c 
Quantity 

~v Monomer (kcal) 
' * ~v Dimer (kcal) 

* ~ Dimerization (kcal) 

f::.,Sv Monomer ( eu) 
* f::.,Sv Dimer (eu) 

* f::.,S Dimerization (eu) 

Mar and 
Searcy6 

98.4 

43.1 

LaF3 Data 

Skinner and Present 
Searcyl study .. 

96.7 96.1 

122.1 128.8 

-71.3 -63.4 

42.0 41.8 

38.4 42.8 

-45.6 -40.8 

·ceF3 Data 

Lim and 
Searcy5 

92.7 

-
-

41.5 

-
-

* Calculated on the assumption that dimer intensities are valid measures of pressure over the 
same temperature range as monomer intensities, but see Discussion Section. 

:. ~l . 

-...._) .. l . ._. 

.• a.:.. .. 

Present 
Study 

95.8 

131.5 

-60.1 

43.7 

46.8 

-40.6 
I 

1\) 
1\) 
I 

&: 
t"i 
I 

"""" -..:1 
I-' 
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Table V. Heats of vaporization for two runs calculated by 
successively removing the data points taken at the 
highest pressures. 

,..; 

" 
Heat of Vaporization Kcal/mol 

Q # points 
removed CeF3(g) Ce2Fs(g) CeF3(g) Ce2Fs(g) 

0 96.1±0.5 134. 5±1. 7 96.0±0.4 132 .2±1.9 

1 95.8±0.4 135.0±2.0 96.0±0.4 134. 5±1.6 

2 95.9±0.5 136.3±2.2 96.0±0.5 135 .6±1.9 

3 95.7±0.5 135.8±2.7 96.1±0.5 137.4±2.1 
4 95.6±0.6 136.3±3.4 96.1±0.6 139.3±2.7 

5 95.6±0.7 138.9±4.8 96.8±0.5 142.1±4.1 

6* 95.2±0.7 133.3±5.5 

* Points were removed until only 5 dimer data points remained. 
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FIGURE CAPTION 

Fig. 1. Vaporization data for cerium trifluoride. Open symbols 

indicate selected data (see text) . 
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r------------------LEGALNOTICE---------------------~ 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States,nor the United 
States Atomic Energy Commission, nor any of their employees, nor 
any of their contractors, subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness or usefulness of any 
information, apparatus, product or process disclosed, or represents 
that its use would not infringe privately owned rights . 
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