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A POROUS BARRIER STUDY OF THE MASS 

SPECTROMETER FRAGMENTATION PATTERN OF LITHIUM FLUORIDE 

Pirooz Mohazzabi and Alan W. Searcy 

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

University of California, Berkeley" California 94720 

ABSTRACT 

Layers of nickel metal powders, 2 mm thick and of about 50 ~ 

average diameter, reduce the mass flux of both sodium chloride and lith

ium fluoride vapors to about 2xlO-2 times the mass fluxes in effusion. 

Dimer and monomer molecules of both vapors are shown to be equilibrated 

'at the reduced pressures corresponding to the exit fluxes. Comparison 

of mass spectrometer ion intensity ratios and total mass transmission 

in the barrier experiments to similar data for conventional effusion 

shows the ratio of Li+ ions produced by dimer fragmentation to Li
2
F+ 

ions from dimers to be 0.09±0.05, in agreement with earlier measurements 

of Berkowitz, Tasman and Chupka. The temperature dependence of the 

fragmentation pattern of LiF(g) is found to be considerably smaller 

than reported earlier. 
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INTRODUCTION 

For organic molecules it is known that proportionality constants 

between T1i+ and Pi' where I: is the measured mass spectrometer intensity 

of the species i from a Knudsen cell in which it has partial pressure p. 
1 

1 
at absolute temperature T, frequently vary with temperature. But the 

only inorganic molecules that we know to be reported to show a tempera-

2 3 
ture-dependent proportionality constant are LiF(g) and Ag

3
C1

3
(g). 

In the lithium fluoride study Berkowitz, Tasman and Chupka found 

that the dimer yielded LiF+ and· LizF+ as principal ion products of 

electron collisions in the ratio 0.14±0.03 to 1. Akishin and coworkers 

had reported this ratio to be 0.46±0.13 to 1.4 Berkowitz, et al. used 

the double oven technique to reduce the concentration of lithium fluoride 

dimer relative to monomer. They then found that the Li+/LiF+ ion ratio 

from monomer fragmentation decreased from 9.0 to 975°K to 3.2 at l240 o K, 

+ + although M /MX ratios for other lithium halide monomers were independent 

of temperature. 

We have shown that equilibration between molecular species in the 

flux gradient of a porous barrier provides a simple means to increase 

5 6 the monomer to polymer ratio above that in the saturated vapor.' Be-

cause the temperature dependence of fragmentation patterns is of crucial 

importance in thermodynamic and kinetic studies made with mass spectro-

meters, we have applied the barrier effect to reexamine the influence of 

temperature on the fragmentation pattern of lithium fluoride vapor. In 

the course of this study we have also obtained evidence on the modes of 

transport of lithium fluoride vapor through 1 to 10 ~ diameter pores in 

alumina disks and through 50 lJ pores in nickel powder. 



o 0 5 o 9 o o 

-3-

EXPERIMENTAL 

Lithium fluoride samples of optical grade were obtained from the 

Hudson Laboratories. This material was first heated in a high density 

alumina cell covered with a porous disk of 0.4 rom thickness and 

relative density 0.555. The temperature dependence of the ions Li+, 

Ll.-F+, + and LiZF were measured below the melting point of lithium 

fluoride. Two weight loss experiments were also carried out at 

1015°K using the same cell assembly. Although when used with sodium 

G chloride this experimental arrangement gave large ,flux reductions,5,6 

it gave only small flux reduction and small changes in monomer/dimer 

ion intensity ratios when used with lithium fluoride. 

To obtain greater flexibility in the range of materials that 

cou~d be used for porous barriers, a second experimental arrangement 

was developed_ In this design a small graphite cell containing lithium 

fluoride or, for comparison, sodium chloride powder was placed in the 

middle of a large graphite cell and was covered completely by the powder 

of the material through which vapor transport was to be studied. Nickel 

powder with particles that averaged about 50 ]J in diameter formed into 

a layer about 1.5 to 2 mm deep proved a satisfactory barrier for lithium 

fluoride. The temperature was measured by a thermocouple at the bottom 

of the larger cell. The effectiveness of the nickel barriers in re-

ducing the flux from lithium fluoride and sodium chloride was determined 

by measuring the weight lost through 2 rom thick layers in known time 

periods at constant temperature. 

To compare the results of the porous barrier experiments with 

results of equilibium experiments and also to check the calibration of 
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the apparatus, two independent runs were completed in each of which 

lithium fluoride was heated in a conventional effusion cell made of 

graphite. The orifice was a tapered one with a base diameter of 0.71 mrn. 

RESULTS AND DISCUSSION 

In an experiment, in which the temperature was first raised in a 

alumina cell to about 20° below the melting point of lithium fluoride 

and then lowered 20 to 30°, the average intensities measured were 

I Li+ = 0.95, I LiF+ = 0.20 and ILi F+ = 0.46. This gives 
2 

ILi2F+/ILiF+ ~2.3 compared to above 6 for conventional effusion. In a 

second experiment in alumina in which the temperature was not first 

raised close to the melting point, the average intensities measured were 

0.08, I LiF+ = 0.025, and I L . F = 0.0047. This gives 
12 . 

ILi2F+ILiF+ ~ 0.2. But the Li+, LiF+, and Li2F+ intensities in this 

experiment all increased with time of heating. After such runs, 

traces of lithium fluoride were found on the exterior surfaces of the 

alumina cell and the walls of the cell were found to be embrittled. 

The total mass of vapor that passes through .a given porous barrier 

by Knudsen flow depends only on the mass that impinges on the barrier 

6 and not upon the nature of the vapor. Accordingly, the observation 

that the fra'ctional reductions of total lithium fluoride mass flux 

through porous alumina disks were les~ than one tenth the reductions 

obtained for sodium chloride or zinc vapors proves that surface dif-

fusion must be an important mode of transport of lithium fluoride 

through porous alumina. The increase in ion intensities with time, 

especially at higher temperatures, suggests that a film spread on the 

alumina surface and drew lithium fluoride up to fill the pores by 
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capillary action. The embrittlement of alumina cells by lithium 

fluoride and the observation of traces of lithium fluoride on the exteri-

or walls of the cell are further indications that lithium fluoride strong-

ly wets alumina. The film could be a eutectic liquid; alumina and lith-

7 
ium fluorid~ are known to form quaternary compounds. 

The nickel powder provided a more satisfactory barrier for lithium 

fluoride. Results of conventional effusion measurements of lithium fluo-

ride mass spectrometer ion intensities with temperature are shown in Fig. 

1. Ion intensities measured for vapors that had effused through the 

nickel powder barrier decreased for the first hour or two of .heating, 

probably because of settling and a small amount of sintering of the nickel. 

Steady state ion intensities measured as functions of temperature for one 

of the three runs with lithium fluoride are plotted in Fig. 2~ Least 

square analysis of these data results in the values given in Tables I 

and II; Table I includes for comparison, heats of sublimation 

8 
LiF(g) and Li2F2 (g) calculated from JANAF data. The apparent heats of 

vaporization listed in Table I, II and III are not, of course, values 

for the ions. Rather if, for example, Li2F+ ions are produced only by 

electron collisions with Li2F2 vapor molecules and if the probability of 

ionization is independent of temperature, . then the apparent heat listed 

for Li 2F+ is the actual heat of vaporization of Li
2
F

2
. 

6 
In another paper 

we have shown that the apparent heats of sublimation measured through a 

porous barrier are expected to be changed because of dimer dissociation 

to the monomer. For the lithium fluoride monomer an increase of I Kcal 

is expected and for the dimer a 2 Kcal increase. Dimer heats measured 

through the barriers are highly sensitive to contributions to the beam 
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An effusion run with sodium chloride yielded at 9000 K apparent 

. + ~ heats of 48.9±O.4 Kcal for Na , 48.4±O.7 for NaC~ and 5l.2±O.7 for 

+ Na2C! compared to JANAF values of 52.2 for NaC! and 56.9 for Na 2cl2 . 

For sodium chloride vaporization through a nickel barrier the values are 

+ + + 52.4±O.4 for Na , 52.3±O.9 for NaC! and 60.7±O.9 Kcal for Na2cl at 975°K. 

From a weight loss experiment at l063°K, a nickel barrier of about 

-2 
2 IIDll thickness was calculated to transmit 3.7xlO times the total mass 

of lithium fluoride that will escape in a free vaporization experiment. 

From a similar experiment at l0400 K with sodium chloride vapor a trans

mission factor of 7.7xlO-3 was calculated. Because particle packing in 

the nickel barriers and barrier thickness were difficult to control 

from run to run, these two values are consistent with transmission fac-

-2 -2 tors of the order of lxlO to 2xlO calculated by a second method de-

scribed below. 

The weight loss data, the accepted partial pressures of monomers 

and dimers in the saturated vapors, and the measured M
2

X+/M ion intensity 

ratios for lithium fluoride arid sodium chloride vapors in effusion and 

in porous barriers were combined to calculate 
2 

Pm /Pd for the vapors that 

escaped from the porous barriers. A value of 3.4xlO-6 was calculated 

-6 for lithium fluoride, compared to 2.7xlO , the equilibrium values pre-
;";- .. 

dicted from JANAF data. For sodium' chloride the corresponding values 

-4 -4 
were 2.7xlO and 3.9xlO • It is apparent that for both sodium chloride 

and lithium fluoride, the monomer and dimer molecules remain essentially 

equilibriated in the pressure gradients through the nickel barriers. 
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The knowledge that equilibrium is maintained between dimer and 

monomer molecules in the flux that escapes from the barriers can be used 

to obtain additional measurements of the mass transmission factors of 

the nickel powder barriers for lithium fluoride and sodium chloride 

+ + vapors. The equilibrium constant plus the M2X 1M ratios measured in 

-2 conventional effusion and with the barriers (Table III) yield 1. 8xlO 

for the mass transmission factor of 1.5 mm barriers for lithium fluoride 

and 1.9xlO-
2 

for sodium chloride. 

About one-half the cross-sectional area of the powders are 

intercepted by pores of diameters of the order50xlO-3mm. The trans-

mission factor for Knudsen flow of a collection of tubes of that diameter, 

2 rom length, and total cross-sectional area one-half that of the cell 

-2 9 
diameter would be 3xlO . We conclude that Knudsen flow adequately 

accounts for the transmission of both vapors. 

P i . " hId d h "F+" f d rev ous 1nvest1gators ave conc u e t at L1 . lons are orme 

essentially exclusively from electron collisions with monomer molecules 

and Li
2

F+ from collisions with dimers. 2 ,4 We can use these conclusions 

with our measured relative ion intensities in effusion and from porous 

barr.ier experiments to calculate the contributions of monomer and dimer 

+ fragmentation to the measured Li peaks. 

The total Li+ intensity relative to the LiF+ intensity for the 

vapor in effusion is 

(1) 

where Li+m is the Li+ion intensity from monomer fragmentation and 

Li+d is from dimer fragmentation. When a porous barrier is used, the 



-8-

corresponding relative intensities become 

(Li+/LiF+)' = (Li+m/LiF+)' + (Li+d/LiF+; ( 2) 

The Li+m/LiF+ ratio should be independent of pressure at constant temp

erature, but the Li+d/LiF+ratio must vary in proportion to the dimer to 

monomer pressure ratio Pd/Pm. Equation (2), therefore, can be rewritten 

as 

(Li+/LiF+)' = Li+m/LiF+ + (Li+d/LiF+) (::~::)' (3) 

Because Li2F+ is produced only from dimers and LiF+ only from monomers, 

x 
Li'F+ 

2 

(4) 

Substitution of ion ratios from Table III into Equations 1, 3 and 4 

yield Li+m/LiF+ = 3.S4±O.15 and Li+d/LiF+ = O.6l±O.27. The uncertainty 

limits in these values were obtained by combining the extreme values of 

measured relative ion intensities ratios in the two effusion runs with 

the extreme values of the three porous barrier runs. 

Akishin et a1. reported the ratio Li+d/Li
2
F+to be O.46±O.13; 

Berkowitz, Tasman and Chupka found this ratio to be O.14±O.03. The 

present study yields O.09±O.OS, in agreement with the finding of 

Berkowitz, et al. 

The contribution of dimer fragmentation to the Li+ ion intensities 

measured through the porous barriers is less than 1%; accordingly, 

comparison of the ratios of apparent heats of vaporization measured 

through the barriers for Li+ and LiF+ ions (last column of Table III) 

tests the temperature dependence of the fragmentation pattern of the 

lithium fluoride monomer. The ratios of apparent heats measured 
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through the barrier are 0.96, 1.00 and 0.97. A similar measurement 

for sodium chloride yields 0.99. From these heats the intensity of Li+ 

relative to LiF+ is calculated to decrease by 4±4% in the temperature 

range from 10100K to 1096°K. In the same range Berkowitz, et al. found 

a decrease of about. 28%. 
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Table I. Knudsen effusion runs with lithium fluoride. 

60.1 

±0.6 

61.6 

±0.9 

Apparent ~Ho (Kca1/mo1e) 
v 

62.8 

±1.0 

62.9 

±1.1 

66.5 

±0.6 

65.3 

±0.7 

(JANAF tables give ~H~ = 63.1 for LiF and 64.7 for Li2F2at 10100 K) 
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Table II. Vaporization of lithium fluoride through nickel powder. 

64. 6±I. 0 

67.4±I.l 

65 .1±O. 4 

Apparent 6H (kcal/mole) 
v 

67 .1±I. 8 

67.7±I.2 

66.9±O.9 

66.7±I.2 

75.5±I.6 

72.1±I.6 
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Table III. Ion ratios and apparent heats measured with and without 
nickel barriers. 

. . 

Vapor Physical Temperature M+/1:1X+ M
2

X+/MX+ Apparent 

Conditions (OK) 6~+/6HMX+ 

Nace orifice 975 1.42 0.76 1.01 

NaC.t Ni barrier 975 1.38 0.022 0.99 

LiF orifice 1050 4.00 6.3 0.96 

orifice 1050 4.24 7.2 0.98 

LiF Ni barrier 1050 3.60 0.34 0.96 

Ni barrier 1050 3.67 0.29 1.00 

Ni ·barrier 1050 3.42 0.37 0.97 
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Fig. 1 

FIGURE CAPTIONS 

+ Relative ion intensities (I T) measured in a conventional 

Knudsen effusion experiment with lithium fluoride vapor. 

+ 
Fig. 2 Relative ion intensities (I T) measured for lithium fluoride 

vapor that ,has escaped through a 2 mm thick layer of nickel powder. 
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