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The vaporization of metal oxides at high temperatures may occur according -

~to three general types of reactions: (1) by vaporization as a geseous oxide

molecule whose composition corresponds very nearly to that of & solld; (2) by
vaporization with partial decomposition to a gaseous oxide molecule of compo-
sition differing from that of the solid oxide and metal, or (3) by vaporiza-

tion with éomplete decomposition to the elements, .i.e.; the metal and O or O2

. as is appropriate to the temperature. As examples of the first type of vapor—

‘ization one may use Mo0O;, SroO, WOB’ Sn0, and FpO; the second type of reaction

is 1llustrated by;Alzos and 510y, and the -third reaction type is.that shown by
FeO, MnO; Zn0, C40, and NiO,

The decision as to which reaction group is the proper one for ;&given
oxide may be accomplished by a combination of experimental and thermodynamic
pfocedures° It is necessary to measure experimentally the vapor pressure
over the compound of interest by some reliable method; in these experiments,
the Knudsen method was used, in which the weight of material effusing from a
round hole of known dismeter in an otherwise closed container at a given tem-
perature; was measured over a known period of time. The problem in thermody-
namics is the correlation of the measured weight losses with one of the pos-
sible wethods of vaporization. The details of this procedure are descrited
by Brewer and Nbsticklgo

For the alkali metal oxides, M0, the question of'vaporization mechanism

to ve settled is whether these compounds vaporize according to the reaction

MZO{S) = MOo(g) + M(g),
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M;0(s) = Mp0(g),
or according to the reaction

M,0(s) = 2 M(g) + 1/2 oz(g),

Previous Work

Dittmarl prepared Li0 by heating the hydroxide and removing the water.
Lebeau2 made Lis0 by heating lithium carbonate to 600-800%C., and femoving'
the COp. ﬁe observed tfét on heatinﬁ at 1000°C. for one hour, coﬁplete
vaporiiation of Lix0 océurr*ed° De Forcrand’ noted no weight loss on heating
Liy0 for several hours at 780-800°C. Mott in an early study invelving
thée volatilities of various substances invan electric arc, has given the
order ofvvolatilif:y of the alkali metal oxides as: K20>Na20> Lis0.
Lemarchands and Jacobs® have made estimates of the volatilities of the
alkaii metal oxides on the basis of comparisons of.the temperature reached
a£ a surface where the alkali metal and bxygen are in contact. This |
temperature is obviously some function of the wvolatilities of the alkali

metal and the cxide., The results of their comparisons, however, must be

weighed carefuliy since they assume M) as the volatile species and, in

~ lieu of a properly determined constant for oxides, use one previously

applied to a study of chlorides. Thoma86 has stated that Lip0 is stable
as a vapor at approximately 500°C. ‘
Quantitative studies of the alkéli metal oxides at high §¢mperatures

have not been numerous because of the corrosion problems. The main interest
5

in-theée'compounds has been among glass chemisps and others interested in

Mp0 compounds with 510;. Kracek7, Morey and.Bowene, van Kloqstgr and

Jaegerg, and others have studied the phase diagrams of the alkali metgl ‘
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oxide-510; syetems over falrly wide ranges of composition. Preston and

?urnerlo in g serien of investigations have studied the vaporization from
{

motel oxido-silics aystem including mzo-siog,. Naz0-510,, K0-3102, and

PbO-SiOg. Their methaod for determination of a vapor pressure comisted

basically of passing dry nitrogen gas as & carrier across the surface of

a rueed mwetal oxide-silica mixture in a Pt dish, observing how the loss of

'weight of materisl varied with the rate of flow of nitrogen, and by extra-

-polating the rate of welght loss to zero flow rate, i.e,, equilibrium,

making a computation of the vapor pressure. They also determined rates of

evaporation from fused metal oxide-silica mixtures held in a static atmos-

phere of nitrogen. Because of the difficulty of being certain of the

attainment of equilibrium, the problem cf applying corrections for dif-

fugion effects; and the necessity of considering bcnding effects amd the

o possible formstion of compounds and complex ions, the vapor pressures cal-

culated from this work are subject to doubt. In every @jstem studied by
Preston and Turner, including the Pb0-310, system, the calculated vapor
pressures are much higher than observed by othér-‘ exper‘ixenent ers for the
pure metal oxides, and the temperasture range i.s too low for ai)preciabh
evaporation of 85i0j.

A recent study of the preperties of pure Na,0 at high temperatures
is that of Bunzel and Knhlmeyerlln They determined the }nelting point
as 920°C. and stated that vaporization of Nas0 was just observabie at
1350°¢.

An’additional reference to the vaporization cf an alkali metal oxide

is given in the compilat ion by Fischeri® referring to unpublished data

of Hartmann and lLinke on Li,0. The boiling point 1e given as 1573°K.
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ard the héat of sublimation in the rang; 1233»1573QK, is given as 7& kcal/holeg,
In a recent paper concerning ﬁhe eléctricai édﬂdﬁc;ivity of lidui& mgtél
silicates it was observed that at temperatures of about 1800°C. the vaporiza-
tion of alkali metal silicates became sufficient to interfere with conduc-

13

tance measurements™ .,

Theoretical Considerations
Witﬁ this general information availablé'on the vapérization of alkali
metal oxides, Brewer and Ma:ticklh'c#rried out a calcnlation to deﬁermiﬁé
the relative importance of-the M0(g) moleculéé; fhé vafious therﬁddyhamic
cycles used throughout these calculations are iliustféted in Figure 1. |
The theoretical treatmeh£ of the M0 molecule was péssibie siﬁée an

ionic model was assumed for both the gas and solid state. By hsiné‘thé

equation for the crystal energy of an ionic solid,

2.2 he2 o2 1
. NAe< 2 B . NAe< g (l“wa ; )

- = n
1"'0 : rO Tq

Ug

vhere n 1s as given by Paulingls, Brewer_and Mﬁétick showed that the
agreement between calculated and experimental values of US was not very
satisfactory, becoming worse with increasing atomic number. For the
alkaline earth oxides Ca0 and SrO,good’agreément wés obtained if the value
for E, the electron affinity of an oxygen atom for two electrons, was
taken as ~168 kcal/mole. This value was used in all other calculations.
Before considering the energies of M20(g), Brewer and Mastick tried

to calculate the energy of dissociation of the gaseous alkali metal

- halides into ions. The result of this calcdlation was that, when the

energy of the fonic molecule was calculated only on the basis of eléctfo«



correction term for repulsion caused a deviation somewhat greater than
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static interactions of the ions and the influences of both van der Walls

and repulsive forces were neglected, good agreement was obtained between

" caleulated and experimental heats for the reaction

’

M(g) + X(g) = MX(g)

where X = Cl, Br, or I and M = Na, K; Rb;, or Cas. The application of a

10% depending on the.value ¢6f n, the repulsive exponent .
It was suggested by Brewer and Mastick that for ionic molecules in
the gaseous state, polarization and dispersion forces are apparently

16

cancelled by‘repulsive forces. Rittner™ has recently treated the alkali

metal halide in an extensive calculation considering both polafization.

and repulsive effects and shown that the neglect of these two factors

by Brewer and Mastick is justified since they just cancel. However, for
another series of .ionic molecules, the alkali metal hydrides, Klemperer
and Margravel7 have shown that for these compounds theg;olarization effect
is less than the repulsive effect&iand that a-detalled calcglation consider-
ing both is necessary io obtain a value for the binding energy in ﬁgreement
with experimental data. | | .
The extension of the calculatign of Brewer and Mastick to M,0 mole-
cules.required knowledge of the molecular configuration. As a simple
approximation the.molecules were treated as a linear agsemb;ggg of three

ions for which the energy of dissociation into ions is given by

1 ) - 7 Ne2 _ Be?

a8 =
(o] wid
2r, n 2r° by

where n is the repulsive exponent; however, values for rg, the interatomic

distances, are not known. A procedure presented by Pauling for a crystalline
4 -
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solid of the NaCl-type structure in which the poténtial energy of the ionic
array is expressed as an electrostatic attraction term and several repulsion
terms representing the various cation-anion, cation-cation, and anion-anion
repulsions in terms.qf the ionic radii was applied to the anti-fluorite
structure of the'szo(s)° From this procedure, Brewer and Mastick obtaiﬁed
values for the interatomic distances in the hypothetical MzQ(g), and with
theseldistaﬁces'were able to compute the heats of formation of these
compounds. 4s a check the heat of formation of Qan(g).was also computed
and compared with the literature walue. .With these calculated heats of
formation and the estimated entropy of volatilization of 40 e.u. the
vapor pressure of MéO(g) moleéules over the solids atIIOOObK; was calcu-
lated and compared with the pressure of metal tb be expected if decomposi-
tion to the elements occurred. The results of these ealcuiétions are |
prééented in Table 1o On this basis it was to be expected that only Lizor
mighﬁ vaporize as such, and that all other alkali metal oxides should va-
porize by decompositioﬁ° _ ,

It is interestihg to note that the results obtained in the calculations
Just mentioned are extremely sensitiye to the wvalue of Pg? the interatomic

distance in the gas, and this quantity is not too definitely fixed by the

‘procedure outlined above. A somewhat more reliable value for rg would seem

to be that given bylconsidering the gaseous ionic radii found for the alkali
metal ions and the halide ions by Rittner in his comprehensive study. By
noting that the differenceﬁbetween.ionic‘radii in solids aﬁd gases, as given
by Pauling and Rittner respectively, is about 0.20 4° and ektending this to‘
the dz ion, one finds values for the interatomic distances in the'MQO(g)
molecﬁles a;proximately 0,10 4. larger than those used by Brewer and Mastick.

Application of these values will in every case lower the pressure of MéO(g)
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o " Table 1

Cal¢ula£ed‘Preésures of MQO(g) and M(g) in Equilibrium

" with M,0(s) at 1000°K.*

Compound Bipoe (Mz0 BFRR (420) Py (M20) PLo00(M)
-:(kcal/moie) " (kcal/mole) (a@m) : v(atm)
14,0 ;45? | T B 1o : 1 x 10712
Neo mo 70 T 5% 1077
K0 - R U on 10”15 L x107
| R0 | | IREL I .l'x 107
Cs,0 155 15 10“25 2 x 107

#Calculated by Brewer and'Masticklh;z

il
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to be expected at 1000°K. by several powers of ten, a change unimportant
except for LinO where the pressure of Li20(g) is calculated as 4 x 1()"lo atm,

A shift in r, of 0.09 . for Li,0(g) is sufficient to make the pressure such

4
£hat decomposition to the elements is the main vaporization’procéss, and
1i,0(g) only a minor vaporizing species°

A consideration of Lio(g), NaO(g), KO(g), RbO{g), and CsO(g) using the
nethod of Rittne% and assuming an ionic gas with singly charged ions shows
that only fqr Lio(g) is there a chance of being an importaht vaporizing
épecies; for the other alkali metals such oxide molecules will be far less
important than the elemental species,

From the data and experiment s outlined above, it i; apparent that the
mein interest in vaporization of alkali metal oxides should lie in observa-
tion of LiZ0 to find whether or not it vaporizes as Liy0(g), or LiO(g), and a
check of some of the oiher alkali metal oxidés tq show that they really

vaporize by decbmposition to the elements.

Experiment al Work

The compourds studied in this work, Lij0 and Naj0, are extremely
hygroscopic, react with COg and consequently were difficult to handle. It
was necessary to prepare fresh samples often and to handlé them in a dry,
COx-free atmosphere at all .t,imeo The loading of samples and transfer of
materials were accomplished in a dry box with an atmosphere of argon and
in the presence of molten sodium which acts both as a desiccator and as a
getter for oxygen and COj.

(a) Preparation of Compounds

1. L0

The Li,0 used for the vapor pressure runs was prepared by heating
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LizCOB to about 1000%C. for 20=jO minutes and pumping off the €O, forméd,

The reactlon was carried out in a Pt crucible heated iuductively It was
observed.that some of the LijC03 would usually melt and run over the edge -

of the crucible; however, there was always & clean white residue of 1i50.

~Xeray studies‘éf the‘powder patterns given by many samples prepared in

this manner indicated.the LiZ0 phase present with no major impurities and
a lattice corstant in agreement with literature value 18 Bage titration
indicated greater than 96%.L120 in every sample.

By visuaf examinatién of the samples used for various vapor pressure
runs, the temperatuﬁé of melting as measured by an optical pyrometer and //
corrected for kindow-absorption was in the range 1700 * 15%K, This'is
lower than the value of approximately 1700°C. listed in the ICT and
reported by van Klooster and Jaeger?, but is‘the highest melting point

of any of thé alkali metal oxides.

2. Nay0
The preparation of Na20 is possible by several reactiqns:
NaNO3(s) + 5 NaNB(s) = 3 NapO(s) + 8 Nz(g)v |
NaNOy(s) + 3 NaNB(s) = 2 Nay0(s) + 5 Nz(g)
2 Na(s) * 1/2 Oo(g) = Nag0(s) |
' Nap09(s) = NapQ(s) ¢ 1/é 0x(g)
2 Ha(1) # Nay0y(s) = 2 Nay0(s)
3 Na(l) + NaOy(s) = 2 Nas0O(s)
Na(1l) 4 NaOH(s) = Naz0(s) * 1/2 H,(g)
In this work the first, fourth, fifth, and sixth methods yefe used to obtain

Nag0 as indicated from X-ray diffraction patterns. The fifth and sixth

reacticns were used to obtain the samples of NapO used for the vapor pressure



Ale UCRL-1864

rune, These preparations were carried out in the .dry box with an argon

atmosphere by)melting the Na and heating-it to 500°C. in a MgO crucible

and slowlynédding élighﬁ]&”l&és than:the theoretical amcunt of either
Nap0, or NaOy. A considerable evolution of heat accompanies thesé
réactions° The excess sodium was distilled off the ma+erlal in vacuum
at h00~500°c leaving only pure Na,0 since any NaOH 1mpurity should be i
reduced to hydrogen gas as shown in the las» reacp;an eray powder
patterﬁs of the material containing eicess Na and the pure Na,0 showed

no apparent chénge'in latticg constant indicating that at least at room

temperafure the solid solution of Na in’Nazo has a narrow homogeneity

' range. Anélysis by titration showed greater than 95% Na20 with some NaOH

impur ity indicated by X-ray: analy% s, This impurity should be removed

by heating at a lower temperatur@ than that at which vaporization of Na20
oCCUrs. Analysis after several vapor pregsure runs indicated purities

as high as 97% NapO. The presence of NaOH as shown b& X-ray patterns is

undoubtedly due to reaction with moisture on the glass capillaries used

to contain the saﬁpleSa

Visual examination of Na,0 samples which had been heated for different

rune indicated a melting point of 1190 + 10%K. in good agreement with the

valus 1193°K. reported by Bunzel and K@hlmeyerll°

(b) Apparatus and Procedure
The apparatus used for these effusion studies has been described

previously and used for various measurementslg’zo° Basically the arrange-

4ment consisted of an outer zircon crucible containing Mo radiation shields,

a Pt or Mg0 crucible éontaining the material being studied; and a Mo

collimating cone., This is depicted in Fig, 2. This arrangement is
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supperted in a large pyrsx tube connected to the.vacuum system and heated
inductively by a coil of cépper tubing. In some of the NaZO runs at lower
temperatures it was fgund convenient t§ use a quartsz tube.heated in a
resistance furnace. The container prohlem for ﬁhese §xides was solved
satigfacborily by usiné Pt crucibles for tﬁe Lis0 runs and MgO crucibles
for Nazoo Spectroscopiclanalyses of samples heated for long;periods in
the temperature range ¢once?ned failed to show more than traces'of the
container materiéls;

In préparing lids for the crucibles'different hole si?e; ueré.made
for the effusion hole and the edges were shabed so as to give as near a
lnite edgeﬁas possible. A portion of the effusate from several of the

Lis0 vaporization experiments was collected on a water-cooled Pt disc .

' placed several centimeters from the top of the Mo collimating cone;A

weighed and titrated to give a measure of the amount and composition
of material effusing, while for all the other rums the weight loss of

the ¢rucible was determined by direct weighing,

(e) Data

The vaporization of Ii,0'was studied in a series of nine rums at

temperatures ranging from 1532 to 1669°K, as determined by a calibrated

optical pyrometer ard corrected for lossés_due to & pyrex window. In
seven of these runs only the amount of material»collected on a P& disc
placed in a known pesition above the effusion hole was meaéured; in two
runs both the amount collected on the Pt disc and the total weight loss
of the crucible and contents were determined; and in one rum only wéight
léss was measuwred., The tempserature was én avérage temperature over éhe

time of the run which was 1 or 2 hours andréas maintained with an
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accuracy of * 10°K, for a time in which the maximum uncertainty was about
three minutes. The results of these runs are gi#en in Table 2,
Nap0O was observed over the temperature range 918-1467°K. in a series

of seven runs in which only total weight loss was observed. Three of

rthese runs at the higher temperatures were made with induction heating

and lasted for relatively short timss because of the high volatility of
Naéo° The four rupé at the lower temperatuﬁgs‘were made using resistance
heating and were of 3 to 20 hours duration. These temperatures were
maintained within t §°K. with & maximum uncertainty in time of aboué 2

minutes. The data are presented in Table 3.

a Results and Conclusions

The interpretation of the déta presented in Tables 2 and 3 may be
made on different bases depending on the gaseous Specigs assumed as
important‘in the vaporization. i

- If one assumes that the vaporization of the o?ides Li,0 and Na,0
is by decompositign to thé elements and appliés tﬁ; Knudsen equation,
2 {MF
P=ir3Tat
where p = the pressure in atmospheres,

Z = the number of molss effusing, -

M e the molecular weight of the'effﬁsing spécies,
T e absolﬂte temperature, | |
a - the crdssééeétional area of the effusion hole,
and t = the tiﬁe in seconds; he may'calculate the partial pressures

of M(g) and O5(g) over the solids as indicated by the experimental data.

. LR 4
Vot e e, ! 9 B
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Tabie 2
Vaporization Data on i,igo
T Runi K  Veight Effusate Li Effusate Total Weight Time Hole Ares
No. Gollected (mg) O loss (mg) =~ (sec) (cz)
1 132 1.3 4.0 . 7,200 0.07550
7 154). 2.7 1.7 55.7 5,400 0.07550
3 1573 2,8 3,0 1400 0,07550
A 1579 2.5 1.3 —_ 7.200 ' 0.02836
" 1660 0.1 3.8 - 5,600 0.,07550
6 1596 2.5 .57 — 5400 0.07550
8 1618 2.6 (2) 65.0 5,820 0,02826
5 1643 3.8 0.97 | . 6,000 0.02836
9 1669 — (2)  f 57,8 1,080 0.0804
(Brecketted figures indicate estimated vélueso)‘
Table 3
Vaporiz;tion Dats on NAZO* ,
Run’ oK Total Weight Loss Time Hols Area
Mo, | (WE (sec) {en?)
2 918 6.2 11,640 - éou_ﬁé
5 943 | ""'"-'?,s. 64 5980 0.0314
.7 998 22,7 59,820 0,031
6 1006 21.3 73,260 10,0314
4 1241 21.7 1,500 10,0853
3 1260 1344 1,320 10,0855
1 841.1 600 0. 0804

* (N, Hutio vas not determined and was assumed to be 2/1 in all calculstions
e N&‘.QOo)
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The reaction to be-assumed is .
My0(8) = 2 M(g) + 1/270,(g)
and'th.us9 ‘ '

Ko R RER

To caleulate K one must use the observed data and determine (1) the
number of imoles of product gases éfoSing from the Knudsen cell; a
quantity related ﬁirectly to tﬁe partial pressuros of the various_gases,
in the cell and inversely to the molecuiar or atomic weight of each
effusing species; and (2) the ratio of metal to oxygen in the effuoing.A

gas., In lieu of thisglatter information from experimental data it is

- often assumed that the relative number of moles of . each effusing épecies

{s the same as that indicated by the coefficients of these corresponding
substances as written in the chemical equation describing the assumed

reaction. When one observes vaporization from a solid oxide; however,

" the ratio of metal to oxygen atoms in the effusate may diffef %rom that

found in the solid, since moatlcombounds show homogeneity ranges with
the constituent elements at the extremes of which considerable excesses

of these constituents may be present. Thuss,b in equilibrium with a sample

“on the Li-rich side of the Li-1i50 homogeneity range, one would find a

high partial pressure of Li(g) and a low partial pressure of 02(g) while

the reverse would be tnueAfor a samble whose composition was on the

L

ok&gen rich side of the range° Vaporizapion of the solid phase under a

neutral‘atmosphere will, of course, allow the composition to approach

the constant boiling composition and thus,; a series of consecutive
obsérvations on the same sample might show a fairly wide range of M/0
ratios tending toward the constant boiling ratio. There is no evidence

for a wide homogeneity fénge in either 1ip0 or Nay0 and the constant
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boiling compcsition shonld be near that of the solid, i.e., a M/0 ratio

,oT”2/1. Yhen low vapor pressures are being measured and cnly small amounts

of material are vaporized, one may find ratios varying from that indicated
from preliminary considerations of homogeneity ranges.- For example,; in -
vaporizing Li,0 the Li/0 ratio, as observed from experiments @urlng which
only a few milligrams of Liz0 were vaporized, varied considerably from

the predicoeé 2/1 ratio, probably because of slight amounts of oxidation

or reduction by impurities in the solid or surrounding atmosphere. Although
no experimental checks were made on the Nas0 during its vaporization, it

is believed that the Na/0 ratio & 2/1 part;cularly at the higher -tempera-
tures where the partial pressure of‘metal was 10’3 - 10“4 atm, and this |
value was assumed in all the calculations for Nas0. -

It is possible to re¢-write the expreésion for K as

« ) ph'ds/z (mol. . z */“( 1) 1/2
mol, whe M
since  moles M o Wm
' moles 0, PO /m,
and moles M = 2n moles 02 if ¥/0 = 2. This equation and the data
of Tables 2 and 3 have been used to ﬂompute ‘the experimental values of K,
the equllibrium oonstant for decomposition of Ligo and Na20 to the eLaments,

whrch are plotted in rFigs 3 and h, In orde* to obtaln calcuﬁar@d equilibrlum

' constants for comparlson, and also to allow usé of each experi mertal point

~ for a determination of &H3, the heat of the decomposition react;nn at

absolute zero, one must e avail b‘. d sta {and est4mates) for tne heat
capacities of the M50 solid phaees and compute entroples, hpat contents,
and free erergy fUnctions for the sollds. Similar data have already been

tabulated for the elementszl
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The heat capacity of.Lizo(s) has only been measured to 298°K. , and in

making a reasonable estimate of the high temperature heat capacity one finds

considerable lattitude available as indicated in Fig. 5. By considering the

values indicated as extremes between which the true heat capacity of Ligo(e)

‘must lie, one may compute a range of values for -log K for the decomposition

reaction. This range is indicated by the cross-hatched area in Fig. 3.
Naylor 23 has estimated the high temperature heat c¢capacity of Nazo(s)
by comparison of heat capacity data on sodium silicates and titanates and
the main uncertainty in the Naj0 thermodynamic functions is found above the
melting point of Nazo(e) since there is no.informaticn avai}able regarding
either the heat and eatropyﬂof fusion or thevﬁeat capacity of the-liqﬁidq
The -following estimates were used to calculate the equilibrium constant
above 920°C., the melting point of Nag0; '
| 8Heygion = 10 kcal/mole
ASpygion = 8o4 e.u.
 Cp Nay0(1) = 24 cal/mole-deg. |
By using the free energy functions as calculated for the extremes .

~of poesible heat capacity values and combining these with the experimental

free energies, one obtains values for AH of vaporization of 11,0 by
decomposition to the elements which are 1-6% lower than the value 214,223
kcal/hole calculated on ehe Sasis of thermochemical dataZI’zz. A compari-
son of the experimental values of AH° for Najy0 vaporization by decomposi-
tion with that obtained from thermochemical data, AH° 149.10 kcal/mole21 2“

indicates values from 2-3% low ueing data on Na,0(s) and from 1-2% high

fuaing'data on Nay0(1l) depending in the latter case on the estimated quantities

listed previously foc'the fusion process and the liquid state,’

~ The general range of agreement between calculated and experimental points
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is within the waximum range allowable for an effusion type ¢f experiment,
‘and one may state that“the"vaporizétién of L;ZO and Nazp ir vecuum is meinly
by decompositioﬁ to the elements although there is some.indicaticn that an
oxygen containing gaseous. species might.be.of minor impertance in the LijO0
vaporization. Thelcaiculatians~of.Brewer and Masticle and others of the
authors indicate that molecules of the type MyO(g) or MG(g) are not impor-
tant as vaporizing species even in highly oxidizing atmgsphéreslfor,NaQO,
KZO’ szo,.or CsZO° It is interesting to_gqte that the presence of a very
. small amount of hydroxide impurity (1-28) could account, for the high results
obtained?in many of . the runs on both.oxides, and this“pqssibility cannot be
, definitelyigxcluded since the handlingAagd weighing procedures involyﬁd"A
slight but apprecisble exposures to moist air. - |

If one treats the Fizo data on the assumption thaL'LiZO(g) is.the main
'vapcrizihg species, and applies the Knudsen equation, the pressures calcu-
lated disagree with the pressures to be expected aceording tc the calculations
of Brewer and Mastick™. . However, mcdifications ef the.rg value as indicated
breviougly could allow LiZO(g) to be of definite but slight ;mportancé in the
vaporization process; and also_explaih the. high results cobtained in many of
the runs on Lizovf |

~Preliminary experiments have been carried cut in an sttempt to check
the possible importerce of Lizo(g) and LiO{g) as vaporizing species using
argon; oxygen and aréon—oxygen mixtures and paseing the undried gases over
LiQO(s); Erratic resulté Wefe obssrved thch can mosé'likely Ee'ekplained on
| the basis of émall-amounfé»of Qater in tﬁelfloh gaées wﬁich ;olétilize the
Lis0 es hydenideole sinéle“rﬁn was méée wi@h gases dried QQér CaCl, and an
enhanced vapofization bf‘Li2Oks) ipvan cxygen atm53phere was ébservea at

1500°- 1600%K.
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Using these data, one may place the following limits on the thermody-
namic properties:of 11,0(8) and 110(g)

. 1420‘“ 7 L0
OHp (Kefi/mole) - D7, N4
D. (Keal/mole) L2270 <92

where D = the dissociation .energy of the gaseous molecule into atoms.

Sumpary .
Since the obéérved"preasurea correspond #e:y nearly.to”thbqg calculated

for decomposition to the elements both for Li,0 and Ne,0, it is certain that

2
M0(g), Mo(g) or any other oxide molecule must be less important vaporizing
spécies in vacuum or neutral atmospheres than the elemental species. Thus,
the alkaii metal oxides must vaporige mainly by decomposition to the elements.
'On the basis of the experiments perfo:m;d, it is 1m§ossible to state that:the
gaseous molebule, 14,0, is nnimportant under all conditions and it may be of
Some importance &s & vaporizing species in ﬁtmoépheree coﬁtaining a high par-
_tial pressure of oxygen where decomposition to the elements 1s quenched. How-
ever, the theqretical calculationé indiéate such small partial'presauree of
oxides of‘elkali metals other than iithium, that even large errors in these
calculations would not alter the conclusion that the decomposition process
18 the only important vaporisation process for all alkali metal oxides, except

- possibly Lizo;iunder all conditions of vaporization.

Acknowvledgments
The authors wish to express iheir thanks to Mr. James Kane who made sev-

9ra1*prepaiationa of LigD and Nazo, and aiéo_gg:fiegxout some of the flow

studies on LiéD vaporization in neutral and oxidizing atmospheres.

Mrs. Carol H, Dauben and Mrs.‘Hélena Ruben are to be thanked for making

I-ray powder patterns of many samples.



1
2.

3.

56
65
7
8,

10,

il.

12,
13.

14.

15,

16,
17.
18,
19,
20,

21,

Referenges : . OCRL~1 804
W, Dittmar, J.-Soc. Chem. Ind. 7, 730 (1888). o
P, lebeau, Comptes rendus 136, 1256 (1903).
R. de Forecrand, Compﬁes rendus 144,1403 (1907).
W, Mott, Trans, Am. Electrochem, Soce 34 255 (1918}°
Mn»lémarchands aﬁd M, Jacobs, Bull. Soc. Chim. 2, 479 (1935).
C. Thomas, Western Metals 4, 28 (1946). o "
F. Kracek, J.A.C.S. 52, 1436 (1930); J. Fuys. Chem. 34, 2641 (19300,

Go Morey and N, Bowen, J. Soc. Glass Techne (Transa) 9, 226 (1925);.
Jo Amo Cera »:os.0 13, 633 (1930). . '

H. van Klooster and ¥, Jaeger Proc, Roy° Acad. Sei, Am«terdamQ 15,
857 (1914 ). ~

E. Freston and W. Turner, Jo. Soc. Glass Tech., 16, 331 {(1932); 1bid.
17, 122 (1933); ibid, 138, 143 (1934); ibid. 19, 311 {1935).

E. Dunzel and E. Kohlmeyer, Z° anorg. Cheme 254, L (1947).

W. Fischer, FIAT Review of German Sclence, Inorganic Chem. 26 (4),
195 (1947). |

Jo Bockris, J. Kitchener, S, Ignatowicz; and J. Towmlinsen, Tran. Far.,
Soc. 48, 75 (1952).

L. Brewer and D, Mastick, J.A.C.S. 73, 2045 (1951).

L,- Fauling, "Nature of the Chemical Bond"; (Second L‘*itior)a Cornell
University Press, Ithaca, New York, p. 339 (1940).

E. Rittner, J. Chem, Phys. 19, 1030 {1951).

Wo Klemperer.ané J. Margrave, Jo. Chem. Phys. 20, 52& (1952);

R. Wyckoff, "Crystsl Structures®, Interscience Pub. (New Yerk),(194f),
L. Brewer and Do }hstigkg Jd. Chem. Physo ;g; 83& {19517,

L. Brewer and A. Searcy, J.A.C.S5. 73, 5308 (1951

L. Brewer, "The Thermodvramics &nd Physical Properties of the Elemeuntis®,
) - A

KNES, volume 19B, McCraw=Hill, (New York). (195G).
T, Bauer snd H. Johnstor, J.4.C.S. 73, 1119 {19:1), |
B. Naylor (as cited by K. K. Kelley, Bur, of Min. Bull. 470 (1949},

"Selected Values of Clinical Thermodynamic Propertiss®, Nat'l, Bur. of
Stendards; Table 92-1; March 31, 1950,



A

.' H
be ‘ ,-
THERMOCHEMICAL. CYCLES FOR M,0
2I-E ] . .
2 M tg)+ Olg) : — 2 M*(g) +0°(g)
K 4 - ’ A
Vg
" .“s
8Hyap
+. .
;"; Dt0,) -
M0
- Mvﬁo
BH (4,0)
) L .
2 M(s)+ 50, preTTwe MO (s)

Fig.l



\

EFFUSION CELL

r ' ‘zi.'

Fig.2



W

-LOG K

-G K s JT- FOR THE REACTION
' L1,0(8) = 2L1(Q) + 5 0, (9
a) :
ks , - .
SR
%} _ |

LOG K ALLOWA|

CAPACITY

WEIGHT

IN THESE QUANTITIES

P22 CROSS HATGHED AREA
INDICATES MAX. RANGE OF

BLE ON
BASIS OF UNCERTAINTY IN
HIGH TEMPERATURE HEAT A

@ LOG K CALCULATED FROM
COLLECTED EFFUSATE

2) LOG K CALCULATED FROM
TOTAL WEIGHT LOSS DATA

OUTER CIRGLE INDICATES THE
EXPERIMENTAL UNCERTAINTIES

-]
5 « Gp #1148 + 62163 T
Cpe5.66 4+ D037~
R S T U OO T WY I L 4 R N U W B
59 60 62 64 66 6.8 70 72 74 76
| .
T ‘MU-~3874

FiG.3 ‘e



g

&

x*

Vi

o~

oa

-LOG K

=

——— CALCULATED CURVE FOR
NagO(s) VAP. USING FREE

ENERGY FUNCTIONS CALGULA
FROM Cp =18.70 +540 x 1037
AHt 210,000 CAL.

Cbe 24 CAL/MOLE /DEGREE

® L0G K CALCULATEC FROM TOTAL
WEIBHT LOSS DATA

R I'II

I

-L0G K ve Y FOR THE REAGTIONS
Nag Ofe)c 2Na (@) + !/ 0plg)

#P OF NogO

o

NogO (i) =2Nolg).+ Yp Oplg)

- —
®®
] | 1 | | ]
5 3 8 ) m) T
|
T i MU-3875
F1G. 4



[

¢

-

"o

CAL/ DEG/MOLE

CP0

48

44

40

36

32

28

i T /[/
HEAT GAPAGITY OF L1,0(s) i »// :
[~ / —
: / -
[ Cp:3.96 +0.03T / N
298 ¢ T <1700°K /
= ~
/
= / -
/ |
/ 1
—
/ //’<chin.mu+s xio T
/ — 298< T< 1700°K
—_
L
SOLID CURVE 1S ACCORDING
TO THE MEASUREMENTS OF
JOHNSTON & BAUER -
| 1 1
500 1000 1500
T°K .
F6. 5 MU3876
~

—




