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INTRODUCTION

The study of the thermodynamic properties and
the structure of gas molecules is becoming increasingly
important, not only for theoretical interest which
may help towards the understanding of the natural proc-
ess of nucleation phenomena, point defects, chemi-
sorption, the growth of small metal clusters and the
problems related to heterogeneous catalysis, but also

for the application of gas molecules1' 2) .

Early ab initio calculations on gas molecules
were attempts to describe the species observed experi-
mentally among the carbon gas molecules over graphite,

and the lithium hydride molecules.

A recent lithium molecule study suggests that these
gas molecules may represent some of the radiation damage
products occuring in materials subjected to intense
radiation. Metal clusters may also realistically repre-
sent systems involved in both homogeneous and heteroge-
neous catalysis. The photographic process, for example,
is known to rely on the catalytic activity of photo-
chemically produced silver clusters thought to contain

four or more atoms.



Al

Another interesting aspect of these molecules is
the way in which various properties of increasingly
large clusters approach those of the bulk crystal.
This problem was considered by Stoll and Preuss in

BX‘Particularly'dmzsystems

their study of lithium clusters
Li-H, Li-0, and the system of lithium clusters have

been much studied theoretically.

Lithium-Hydrogen System

The system of lithium~hydrogen molecules is one
of the most important and interesting objects for
theoretical investigation. Much theoretical work has
been carried out on the lithium hydride molecule, which
has lately become the work bench of the theoretical

4) 5)

chemist ', Wilkinson obtained for the LiH+ molecule

a binding energy of 1.3 * 0.5 eV from thermodynamic
cycle calculations. According to the results of
theoretical calculations by Hurst, Plats and Matsen6),
Lin® should not be a stable ion. Browne's7) ab initio
calculation yielded a dissociation energy of

‘ o L+
0,15 eV*iDo(Lzﬂ ) < 0,038 eV, The results of theoretical

calculations by Fraga and Ransilg) lie within these

limits.



Due to these discrepancies in the calculated
binding energy of the nint molecule, the estimates
for the I.P{LiH) lie between 6.5 and 7.9 eV: this
situation creates some hope that it might be possible
to detect the LiH+ ion by mass spectrometry under
suitably chosen conditions, and study the properties
of the LiH molecules.

9)

Companion has applied the diatomic—in-molecule

H molecule and concluded that a
2

theory to the L12

linear symmetrical

ZA,1 state are stable; two corresponding atomization

Zu+ state and an isosceles triangle

energies are predicted. Wu and EilisonTO) have used

the same theory to analyse and discuss the stability

of the ion Li2H+. Recently, England, Sabell and Wathz)

have reported a theoretical study of LiZH in the

reaction H + Li, ¥ Li.H ¥ LiH + Li. Sieghahn and

2 2
Schaeferjz) predict from theoretical calculations a

stable C geometry with 2A as lowest electronic state.

20 1

3)

Companion1 has also used the diatomic-in-molecule
theory to study the stability of the LiHZ molecule;

and has reported that for linear HLiH there is a disso~
ciation energy of 20.9 kcal/mol for the reaction:

HLiE (2rut) = m(%s) + nim('zh).



A second, more stable, LiH2 is predicted as a sz
isosceles triangular configuration with the hydrogen
atoms at their equilibrium distance in a diatomic
Hz molecule, and the lithium atom 3.66 Bohr units

from each. This author has given an atomization

energy: Dg(LiHZ) = 124,6 kcal/mol for the molecule

LiH2 with the CZV isosceles triangular configuration.

2 2

The heat of reaction for: LiH A1) = H. {

+ ,
2 Zg ) o+ Li

5
is predicted to be 13.5 kcal/mol.

When the atomization energy of LiH2 predicted by
Companion is combined with the atomization energy of
Li2H+ (zero orbital overlap) predicted by Wu and

10)

Ellison using the same theory, the ionization po-

tential of LiHZ is predicted to be I.P(LiHZ) = 5,98 V.

J.D, Switalsk, J.T. Huang, and M.E. Schwarzi4)

have used the valence-only electronic structure theory

to predict the reaction energy for: LiH oot 4w

2 2
and given: AE = 3,8 kcal/mol.

Finally, Tyndall and Companion15) have studied
the stability of Li2H2 by application of diatomic-in=-

molecule theory and given the following heats of reac-

tion:



) AH

i

R B . 1
2LIH( ) ~» L12H2( B19 - 28,4 kcal/mol

and

iz Y + 5 sty > niw.('a)  AED = - 26.7 kecal/mol
2 2y 22y oty By 0

In the investigation of P, Kollman, C. F. Bender

16)

and S. Rothenberg by configuration interaction cal~-

o)

culation,a heat of dimerization AHO = ~47,2 kecal/mol

for L12H2 has been predicted.
From the results of the theoretical studies on the
molecules in the lithium-hydrogen system, the molecules
. . . Lt . ot . +
L12H, L1H2, L12H2, LiH , L12H and L12H2 could be
stable. The existence of these stable molecules had
not been demonstrated experimentaly prior to this investi=-

gation; this motivated us to investigate the existence

of these molecules and their stabilities.

The other aspect is the increasing importance of
the lithium-~hydrogen system for the DT Fusion Reactor17)n
There are numerous principal fusion reactions. These
involve the isotopes deuterium (D), tritium (T) and

helium=3 (HeS):



A2

;He3(0.82 MeV) + n(2.45 MeV) .

D+I3‘3

T(1.10 MeV) + H(3.02 MeV)
D+ T » He? (3.5 MeV) + n(14.1 MeV) (2)
D + He> > He (3.6 MeV) + H(14.7 MeV) (3)

Reaction (2) has the highest fusion reaction probabi-
lity at the lowest temperature, so that this is the

most promising reaction for the concept of a fusion
reactor., Deuterium can be obtained from natural sources.
The isotope tritium can be produced by neutron-lithium

reactions:

Li6 + n > He4 + T + 4,78 MeV

Li7 +n>n + He4 + T - 2,47 MeV.

The successful use of lithium or lithium compounds as
blanket materials to breed tritium in fusion reactors
will depend on very detailed knowledge of their thermo-

dynamic and physical chemical properties.

Lithium~Oxygen System

The nature of the gaseous species over solid
lithium oxides has been the subject of considerable

speculation and experimentation.



18)

Brewer decided that there was no evidence

for the existence of important lithium oxide gaseous

molecules except possibly Li,O and LiO.

2

19)

Brewer and Margrave have used the Knudsen

effusion weight loss method to determine the total

20)

pressure of gaseous Li,0. Berkowitz et al. have used

2

mass spectrometric Knudsen effusion techniques to con-

firm the existence of Lizo(g) and determined the atomi-

21)

zation energy. In later works, White et al. and

22)

Hildenbrand have reported more precise information

on the ionization potential and stability of the species

1)

Li.0O. White et al.2 have used infrared matrix—isclation

2
spectroscopy to study the vapor species over LiZO(s},

and assigned two observed frequencies to the Li202

molecule without the 0-0 bond; and the remaining

frequencies have been predicted by using the ionic model

calculation. The nmatrix-~isolation work of Andrew23) on

the Li202 molecule produced evidence for a molecule

containing two equivalent lithium atoms and two equi-
valent oxygen atoms. The experimental vibrational
frequencies for infrared modes are given. These values
agree very well with the values given by Yates and

24)

Pitzer using ab initio calculations .



Because of the different interpretationsof the

23
structure of Li,0, by White et al.21), and Andrew )

272
24)

and Yates and Pitzer , it is interesting to study

the thermochemical properties of LiZO2 and to investi-
gate whether other important gaseous lithium oxide
molecules exist besides LiO and LiZO.

25) that

It has been proposed by Powell et al.
solid blanket materials have certain advantages in
comparison with liquid metals or fused salts in a
controlled thermonuclear reactor, and in particular,
that lithium oxide has the highest lithium density
(pLi = (0,95 g/cm3) among the lithium compounds. This
property is essential for the efficient breeding of

tritium in the blanket of a controlled thermonuclear

reactor.

Detailed knowledge of the thermochemical proper-
ties is essential for the successful use of lithium

oxide as a solid blanket material in fusion reactors.

The emphasis on the study of the lithium-oxygen
system is relevant both from the theoretical and

practical points of view,.



Alkali Metal Systens

The study of polymer molecules of alkali metals
is becoming increasingly important, not only for
theoretical interest which may help towards the under-
standing of the natural process of nucleation pheno-
mena, the growth of small metal clusters and the
problems related to heterogeneous catalysis, but also

for the application of alkali metal vaporsEs).

By improvement on the method for semiempirical
and ab initio calculation, it is possible to predict
the existence of small clusters of alkali metal atoms.

27)

A,L, Companion has investigated the structure and

the stability of Li3 and Li4 clusters by diatomic-in-
molecule theory, which was introduced by Ellison28>‘
Subsequently, a number of theoretical works on Li, and

3
. ) 29, 30, 31)
Ll4 have been published .

In recent years some interesting alkali metal
clusters have been detected experimentally. Liz and Lig
molecules have been detected by means of high tempera-
ture Knudsen-effusion mass spectrometry in equilibrium

vapors, and their thermodynamic properties have been

determineé32}.
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The sodium clusters Na, through Na14 have been

2
identified in supersonic nozzle beams of sodium, and
their ionization potentials have been measured by

phmt@ianizati0n33).

The alkali metal systems are particularly widely

used because of their unique propertiesz6)(see Table I).

Table I: Unique Properties of Alkali Vapors

1. Lowest ionization potentials

(e.g. I.P(Na) = 5.139 eV I.P(Li) = 5.392 eV
I.P(Li,) = 4.86 eV I.P(Li ) = 4.35 eV
I.B(Li,) = 4.69 eV I.P(NaLi) = 4.94 eV
I.P(KLi) = 4.69 eV)

2. Strong visible-near IR absortion and emission

3. Theoretical simplicity (comparable with "visible

hydrogen atoms and molecules")
4. Reversible equilibria over a wide temperature range

5. Tritium breeding (°Li and ‘1i)

Some important energy related applications of alkali

metals are shown in Table T17T.
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Table II: Some Important Energy Related Applications
of Alkali Metals Systems

1. Arc lamps (Na)
2. Flash lamps (Cs, K)

3. High resolution optically pumped lasers
(Liz, Naz, Kz}

4. Infrared photography (K, Rb)

5. Thermoionic converters (Cs)

6. Magnetohydrodynamics (K, Cs)

7. Coolant (Li, Na, K) (including heat pipes)

7

8, Tritium breeder (6Li, Li})

9, Shield for first wall structure of inertial con=-

finement fusion reactor (liquid lithium)

10. Neutral beam injection charge exchange cells
(Na, Cs)

11. Solar pumped lasers

12, Discharge pumped high energy lasers or laser

amplifiers
13. Optical devices
14. Thermoelectric solar energy converters
15. Solar boilers
16. Spin aligned atomic energy storage (Li)

17. Alternative negative ion for neutral beam injection
(Li")

. \ . . R
18. Diagnostic ion for inertial confinement (le )

19, Alternative clean fusion reaction

(H + 6Li > 3§e + 4He + 4 MeV) (no tritium or neutrons)

20, Measurement of tritium inventory in molten lithium

(L12, LiT, leT, L12T2)
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These applications are a strong argument for
selecting alkali metals for particularly intensive

basic research study.
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METHOD OF THE THERMODYNAMIC STUDY

High Temperature Mass Spectrometric Method

The mass spectrometric method is one of the most
powerful universal and effective tools for the study
of gas phase reactions and the reaction of the gas

phase with condensed systems at high temperatures.

34) 35)

Chupka and Inghram , and Honig studied the

equilibrium between carbon vapor and graphite by mass

17 ©2
and C3 have the same order of magnitude of concentra-

tion at a temperature of about 2500 K. This finding

spectrometry. They discovered that the species C

settled the long controversial questions of the behavior
of the vaporization of graphite. Thereafter, investiga-
tions extended rapidly to other chemical elements,
intermetallic and other chemical compounds, e.g. hydrides
nitrides, etc. The existence of a large number of mole-
cules has been proved for the first time by the mass
spectrometric method, Alsé, some molecules, of which the
existence had been predicted by theory, were identified
in this way. This method became increasingly important
as a sophisticated means of studying the thermodynamic
properties and the kinetics of vaporization of a con-

densed phase.
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The principles of the high temperature mass
spectrometric method, experimental procedure and the
evaluation of the thermodynamic data have been discussed
pmadoush96’37).The high temperature mass spectrometric
Knudsen effusion technique uses a Knudsen cell as a

source of an effusate.

By analysis of the species in an effusate from a
Knudsen cell by mass spectrometry, the thermodynamic

properties are calculated.

Identification of the ions with the corresponding
neutrals is usually achieved from their mass to charge
ratio, shutterability, appearance potential, isotope
abundance and the ionization efficiency curve. The
measured ion current, I+, for ions formed by electron
impact reaction with a neutral molecule, is related
to the partial pressure Pi of this neutral molecule in

the gas phase at equilibrium by the relation

T
P. = K

i (1)
GiyiAEai

where K is the sensitivity constant of the apparatus,
which can be obtained by the quantitative vaporization

of a standard substance.,
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oy is the isotopic abundance of the measured ions,
Gi is the ionization cross section, AE = E - A.P.
(E = electron energy and A.P. = appearance potential),

and Yy is the multiplier gain,

The multipler gains, Yyr are usually measured
for the major species in the gas equilibria. If the
multiplier gains are not available, the empirical

=1/2 could be used for heavier masses:

relation Yy ¥ M
and for polyatomic molecules the following relation

can be used

sm. /2
i

1/2
(Zmi)

The ionization cross section, o, obtained by ex-

periment is available for only a limited number of

8)

3 o
molecules. Mann has compiled the calculated ioniza-

tion cross sections of the chemical elements; this compi-
lation has been widely used for the evaluation of

absolute partial pressures. The ionization cross sec-
tion of molecules is obtained from the sum of atomic

2)

3
values. From the experimental results, Pottie ’

36)

Drowart and Goldfinger recommend taking 0.75 times

the sum of Mann's cross sections.
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The partial pressure can be obtained directly
by evaporation of standard substances according to

the relation

+ Py 9 g AES
P, = ii Ti(-“1”"*m)(;”)("M)(zg") (3)
Ig Ts i Yi i

where s means standard.

The use of ratios in this manner permits the
determination of the partial pressure without a

direct determination of the sensitivity constant K.
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EVALUATION OF THERMODYNAMIC PROPERTIES

Properties of Molecules

The enthalpies of reaction of a homogeneous or
heteregeneous chemical reaction can be calculated by
the third law method or second law method using the
measured equilibrium constant. The third law method
will be evaluated by the following relation:

o

[s] o]
M = -RT1nK - TLA(Gy = Hy)/T] (4)

O
where AHO is the standard enthalpy of the chemical re-

action, K is the equilibrium constant and

is the free energy function. The equilibrium constants
are obtained from the measured partial pressures of
the species involved in the chemical reaction; but for
isomolecular exchange reactions, the equilibrium con-
stants are calculated directly from the measured ion
intensities of the species, since it is assumed that
the ionization cross sections and multiplier gains for
the species involved in the chemical reaction cancel

each other.
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The Gibbs energy funativns(G; - Hg}/T are taken
from literature compilations,or are obtained by using
the molecular parameters, which are obtained by opti-
cal spectroscopic methods or by estimations according

to statistical thermodynamical procedures.

The Gibbs energy functions are contributed to
by translation, rotation, vibration, electronic and
anharmonicity corrections. The following relations have

been used for the evaluation of the molecules4o' 41),

I. Monatomic gas
a) Translation

o o
‘(GO - HO)/T = 6.863426 log M + 11.439043 log T

- 7.282868 (5)
b} EBlectronic _ 1.438790 €4
o o] T )
”(GG - HO)/T = 4.,565717 log ¢ _ e
91 (6)

IT. Diatomic molecules
a) Translation and rotation
~(Gy = Hy)/T = 6.863426 log M + 11.439043 log T
- 4.575617 log (Bo/T) + 0.953038 (B/T)
+ 0.0457074 (B/T)? - 8.005804 (7)

b} Vibration

o] ] -
=(Gp = Hy)/T = -4.575617 (1 - e %) (8)



IiIT.

c)

d)
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Electronic

Same as I(b) when the i th-state vibrational
partition function Qi, and the i th-state rota-
tional partition function, Qi, are egual to the
respective ground state partition function

Q = Qt Qv Qr § Q;, otherwise all the thermodyna-
mic functions are derived from

~ i i . .
Q = Qt § Qe Qv Qr’ where Qt is the translational

partition function and Qé = q; exp (51/KT)

Anharmonicity corrections

8 2 x u
-(G. -H%)/T = 1.987165 |8X 4 + (9)
T 0 {ll (e®-1) (eu»1)2

Linear polyatomic molecule

a)

b)

c)

d)

Translation and rotation same as for II a)

Vibration same as II b) for 3N-5 vibrational

degrees of freedom

Electronic same as II ¢) where levels and

quantum weight are known

Anharmonic correction neglected

IV, Nonlinear polyatomic molecule

a)

Translation and rotation



b)

c)

d)
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w{@; - HE}/T = 6.863426 log M + 18.302469 log T
117
- 4.575617 log o + 2.287809 log I I I X 10

- 10.297826 (10)

Vibration same as II b) for 3N-6 vibrational

degrees of freedom

Electronic same as II c¢) where levels and quantum

welght are known

Anharmonic corrections neglected
If the experiment is carried out over a wide range
of temperature, the enthalpies of reaction can be
evaluated by the second law method, where

o
AH,, = =R dlnk (11)

T 1

d (i)

o
Oi’
enthalpy in the standard state at temperature T,

To obtain the corresponding value AH the

o
H

o and the enthalpy in the standard state of O K

of the species involved in the chemical reactions
need to be known. These values are taken from the
literature, or calculated by the following equations

using an estimated molecular constant.



I.

IT.

ITI.
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Monatomic gas

a) Translation

O [¢2
(HT o HO}/T = 4,967913 {(12)
b) Electronic
1.438790 ¢,
_ i
T
Ze g e
o o , , ..
(Ho - HOfT = 2.859114 194 (13)
T 1:.438790 €i
L ooe T
g.
Diatomic molecule
a) Tranglation and rotation
o]
(H;, - Hy) /T =6.955079 - 0.953038 (B/T)
- 0.091418 (B/T)? (14)
b} Vibration
] o -
(H,I? - H.)/T = 1.987165 ue” "/ (1-e™") (15)
¢} Electronic
Same as I b)
d) Anharmonicity correction
) o u o 2.u
(B, = Hy)/T = 1.987165 8r , ul = 2’“21‘) + 4X§ =
u {fe” - 1} (e™ 1)

Linear polyatomic molecule

(16)

Same statement as for Gibbs energy function
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1v. Non-linear polyatomic molecule
a) Translation and rotation

(5. - Ho)/T = 7.948662 (17)
T 0
b) Vibration same as II b) for 3N-6 vibrational

degrees of freedom

¢) Electronic same as II ¢) where levels and

guantum weight are known

d) Anharmonic correction neglected and the

o
corresponding value AHO is given by

O

o o ©
AH, = AHp, + I(Hp + Hy) reactants e

5 (He ©
Sy = Hp) brod.

The analysis of data by the third law method is
generally considered superior to the second law
method., It is definitely superior if the Gibbs energy
functions are reliable, because each data point is
independent of the others. It is to be recommended, that
for all the evaluations of thermodynamic properties,
a combination of the third law and the second law
methods is appropriate. The mutual consistence between
Gibbs energy functions and equilibrium data can be

proved by the second law method.
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It ig shown in eguation (11) that the second
law method requires only the knowledge of relative
values of equilibrium constants. Absolute values of
entropies and Gibbs energy functions need not be

known; this advantage has been stressed frequently.

The measured values for the reaction enthalpies
represent in many cases the desired thermodynamic
property, such as dissociation energy, heat of atomi-~
zation or heat of sublimation. In other cases such
thermodynamic quantities can be calculated from these

reaction enthalpies and additional literature data.

Jonization Potential of Gas Molecules

The ionization potential of molecules is by definition the
energy difference between the ground vibrational level
of the lowest electronic state of the molecule and the

ground vibrational level of the molecular ion.

The experimental determination of ionization
potential has been discussed in detail eisewhereQz)‘
There are several methods of determining the ioniza-

tion potential:
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a) linear extrapolation

b) initial break method

c) extrapolated voltage differences method
d) semi-logarithmic plot method

e) the critical slope method

f) energy compensation technigue.

The ionization potentials of the molecules
which were studied in this work have been determined
by means of the extrapolated voltage differences
method, so this method is discussed in more detail as

follows.

The extrapolated voltage differences method was

3)

proposed by J. W. Warren4 , and has been used for the

determination of the ionization potential of a number

of new molecules44)

. It is recognized as one of the
most reliable and satisfactory methods. The ionization
efficiency curves of the various ions from the effusate
and of the ion from the calibrant gas are determined.

The ion current scale of either the sample ion or the
calibrant ion is arbitrarily adjusted to make the

linear portions of the ionization efficiency curves

parallel.,
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The voltage differences, AE, at various values of

ion intensity ,I, are determined from the curves.
Finally, a new plot of AE versus ion intensity is
prepared, and the curve is linearly extrapolated

to I = 0. The value of AE at I = 0O is taken as the
difference between the ionization potentials of the
molecules in the effusate and the calibrant gas.
Once the ionization potentials of molecules are
known , the binding energy or dissociation energy

of the ion is obtained by the thermocycle calcula-

tion45),
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APPARATUS

The apparatus;cansisting of an effusion molecular
beam source and a quadrupole mass spectrometer
(Quad. 250 B, EAI, palo Alto, CA) for studying the
species produced in the Knudsen cell is shown schema-

tically in Fig. 1.

The Knudsen cells were heated by a rf generator
(6 kW, 0,5 MHz) which was maintained at a constant
power output by means of an alternating current stabi-
lizer. A cell temperature stability of + 1.5 K was
achieved. Cell temperatures were measured with a
PtRh/Pt thermocouple and with an optical pyrometer;
these instruments were calibrated in situ at the triple

points of Li (thermocouple only), Ag and Au.

To assure the attainment of equilibrium inside
the cell, the quantity of sample used and the crucible
size were such as to provide a sample surface area at

least 100 times that of the orifice area,

The cells were degassed by heating under vacuum
before loading of the sample. The distance between the
cell orifice and the electron beam of the ion source

was about 3 cm.
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Fig. 1 Schematic diagram of the experimental arrangement,
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The molecular, electron, and ion beams were

mutually perpendicular, and the geometrical arrange-
ment was such that the molecular beam passed through
the ion source without sticking to the walls and was
subsequently quenched on a water cooled copper plate

placed immediately behind the ion source.

A shutter was installed between the Knudsen cell
and the ion source of the mass spectrometer in order
to discriminate between the atoms and molecules
effusing from the Knudsen cell and the residual gas.
Ion getter pumps maintained the pressure at less than

8

10 Torr in the beam source region during the measure-

ments.

This gquadrupole mass spectrometric system has a

high sensitivity, and an ion current of ~ 3.5 x 10“16A

can be detected. This detection limit corresponds to

an effusion rate of ~ 2.1 x 10° particle x sec” .

7

¥

Furthermore, the dynamic range of the system is 10
This means that intensity ratios of 1 : §O7 for neigh-
boring masses can be well distinguished.

The ionization potentials of Li, Ag, Au, H,O, N

2
and Ar were used to calibrate the electron energy of

2!

the mass spectrometer.
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For the evaluation of the ionization potentials of
the newly identified molecules in this work, the
extrapolated voltage difference method was applied
using an lonization potential of 5.392 eV for lithium

as standard .
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EXPERIMENTAL AND RESULTS OF THIS STUDY

The System Lithium-Hydrogen

First generation fusion power reactors are
expected to operate by means of the deuterium~
tritium fusion reaction, because of the high cross
section of the D-T reaction. Tritium can be bred
by nuclear reaction of neutrons with lithium (see

introduction) .

Both economic and safety considerations require
rather low maximum allowable tritium concentrations
in the lithium blanket; and it is generally agreed
that safety considerations set the more stringent con-
straint., In particular, if liguid lithium is to be
used as both the breeding material and reactor coolant,
the steady state concentration of tritium must be main-
tained at a low level to prevent significant
permeation of tritium through the blanket structure
material and heat exchanger. It is belived that this
regquirement will limit the permissible tritium concen-
tration in the blanket to 1 -~ 10 ppm. An efficient
method for extraction and recovery of tritium from
very low concentrations of tritium in liguid lithium

is essential for fuel recycling in the fusion reactor,
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A number of authors have reported on the thermo-
dynamic properties of the system "Li-H"., Most of these
works are concerned with the measurement of the equi-
librium pressure of hydrogen by a static method, and
determined the enthalpy of reaction of LiH accordingly.
It is noteworthy that in all this work the composition
of the gaseous species was not observed. From the
recent experimental results46’ 47), it is seen that the
molecule LiH should play an important role in the re-
moval of hydrogen from the metallic lithium blankets
of fusion reactors. Also, the other polyatomic iithium-
hydrogen molecules could exist: and these will provide
important information on tritium breeding, removal
and recycling. In addition, it is apparent that there
is much scatter in the data, and an insufficient study
of the dilute solution region. This motivated us to

undertake the study on the Li-H system.

Experimental

The apparatus used for this work has been
described in detail in chapter A (introduction).
Fig. 2 shows the phase diagram of the lithium~lithium

hydride system.
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Fig. 2 Phase diagram of the lithium=-hydrogen system,



In the left part of the phase diagram, the "a"
phase is a solution of hydrogen in lithium, where the
partial pressure of hydrogen is dependant on the atom
fraction of hydrogen in lithium. The experiments have

been carried out in the region of the "g" phase.

Solutions of hydrogen in lithium have been pre-
pared by reaction of pure lithium contained in a
Kundsen cell with a known amount of hydrogen. The
hydrogen used in these measurements was purified by
formation and decomposition of uranium hydride.

k48) we have measured the partial

In early wor
pressures of LiH(g), Lizﬁ(g), Lin(g) and LiZHz(g) as
functions of temperature and concentration of hydrogen
in the lithium. From the results of this study, it is
found that in a temperature range of 800 K to 1000 K,
and at a concentration of about 1000 ppm hydrogen in
liquid lithium, the partial pressures of LiH(g),

Lin(g), Lizﬁ(g) and Li (g) are of the same order

2>
of magnitude. For example, at 950 K and 1000 ppm, the

partial pressures are
8

PL12H2 ~6.2 x 10 atm

PLiH, ~1.9 x 1077 atm

PLi2H ~1,5 % 70-8 atm
8

PLiH ~4,0 x 10 ° atm.
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The experiments were carried out under these

conditions.

Results and Discussion
Thermodynamics of the Molecule LiZH(g)

The following gas equilibria have been measured

for the evaluation of thermodynamic data of Li2H:

Li,H(g) + Li(g) = LiH(g) + Li,(g) (19)

LizH(g) + Liz(g) = LiH(g) + LiB(g) (20)

The measurements of the gaseous isomolecular ex-
change equilibria (19) and (20) were carried out at

temperatures between 840 K and 950 K.

The equilibrium constants for the reactions

were calculated from the measured ion currents:

T(LiB ) T (i +)
_ 2
Kig = (21
I(L12H+)X(Li+)

and
I{Liﬁ+)i(Li3+}
Kgo = (22)

I(Li H+)I(Liz+}

2
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The heat content and the Gibbs energy function for
Li{g), Liz(g} and LiH(g) were taken from the JANAF
tables, and those for Lig(g), Lizﬁ{g) were calculated
by the statistical mechanical method with estimated
molecular parameters. The results of the third law

enthalpies are shown in Tables III and IV.

The measured equilibrium constants for reactions
(19) and (20) as a function of temperature are shown
in Fig. 3. The reaction enthalpies for reactions (19)

and (20), calculated by using the second law treatment,

o

= 10,1 = 4.8 kcal/mol and AH = 18.5 = 3.0

o]
are AH 890

890

kcal/mol respectively.

Using the calculated heat content of Lizﬁ(g),

O [o]
HSQO - HO = 10.8 kcal/mol (linear symmetrical),
o] o]

Hgoo ~ Hy

the calculated heat content of Li3(g) {ses chapter E2),

i

11.4 kcal/mol (isosceles triangle), and

the corresponding AH; values were obtained as

11.6 * 4.8 (linear symmetrical) and 12.1 #* 4.8 kcal/mol
(isosceles triangle), respectively for reaction (19),
and 18.3 * 3<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>