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. VAPORIZATION OF ALKALI METAL OXIDES 

Leo Brewer and John Margrave 

Department of Chemistry and Chemlcal'Engineering 
and the Radiation LaboratorJ 

University of California~ Berkeley, California 

July 1, 1952 

TLe vaporization of metal oxides at high temperatures may occur according 

to three general types of reactionsg (1) by vaporization as a gaseous oxide 

molecule whose composition corresponns very nearly'to that of a solid; (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 complete decomposition to the elements,,i.e., the metal and 0 or 02 

as is. appropriate to the temperatureo As examples of the· first type of vapor-

ization one may use MoOj, SrO, wo3, SnO, and PbO; the seconn type of reaction 

is illustrated by ,Al2o3 and Sio2, and the third reaction type is that shown by 

FeO, MnO, ZnO, CdO, and NiO. 
' . 

The decision as to which reaction group is the proper one for a given 

oxide may be accomplished by a combination of experimental and thermodynamic 

procedureso 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 l.Jeigl1t of material effusing from a 

round hols; of known diameter in an otherwise closed container at a given tezn... 

pera t.ure s 'I..Jas measur'eo over a known per:'Lod. of time. Th.e problem in t.hermody-

namics'is the correlation of the measured weight losses with one of the pos-

sible methods of vaporization. 'lhe details of th!s procedure are described 

by Brewer and Mastick19o 

For the alkali metal oxides~ 1-~0, the quest.ion of traporization mechanism 

to be settled is whether these compounds va::>orize according to the reaction 
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or 

or according to the reaction 

~ 

Dittmar~ prepared Li2o by heating the hydroxide and removing the water. 

2 lebeau made Li;zO by heati.Ilg, lithium carbonate to 600=800°C. and removinp; 

the CO;z. He observed that on heatini at 1000°C. for one hour 5 complete 
t; 

vaporization of' Li;zO occurred. De Forcrand3 noted no weiR:ht loss on heatirJR 

1120 for several hours at 780=-800°C. Mott4 in an early study involving 

the volatilities of various substances in an electric arc~ has given the 

order of volatility o! the alkali metal oxides as~ K;zO) Na2o) 1120 o 

Lemarchands and Jacobs5 have made estimates of the volatilities of' the 

alkali metal oxides on the basis of comparisons of the temperature reached 
., 

at a surface where the alkali metal and oxygen are in cont. act. This 

temperature is obviously some !unction of the volatilities of the alkali 

metal and the oxide o The results of' their comparisons J) however~ must be 

weighed careful~ since the,y assume MD as the volatile species and~ in 

lieu of a properly determined constant for oxides J) use one previously 

applied to a stud.v of chlorides. Thomaa6 has stated that Li;zO is stable 

as a vapor at approximately 500°C. 

Quantitative studies of the alkali metal oxides at high temperatures 
. . . 

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

in these compounds has been among glass chemists and others interested in 

M;zO collll?ounds with SiO;z. Kracek7~ Morey and Bowen8.9 van K;Looster an~ 

Jaeger9$ and others have studied the phase diagrams of the alkali metal 

• I 



f 

. ., .,·. 
~ .. ~ 

,",\_ I 

~;. ' 

·•. 
'· 

'··.I 
·'' .,.,. .... 

t:: ~ 
i:-···· . ~· 
:~~· . 

,• 

~· ·:-r. ·,·· 

.,.. · .. ~:-:--· r -. ...-------

UCRL-1864 

ox.ide-Si~ a,.etems otrer ta!rly wide r&ngoo ot composition. Preston ard 

,fume r).O in s s cr1e" o! inveat~ations ha"!e studied the vaporization troa 
f 
~ . 

metal. oxide-silica ~yat• inelud1.f18 Li40...~l.Of~: Na,20-Si02, K2<'-Si02 1 and .. . 
Pb0-3102. Their :noth?d. tor determination or a vapor pressure consisted 

basicall.r o~ passl.f\8 dry nitrogen gas as a carrier across the eurtaee ot 

B tUBed metal OXide-siliG& mixture in a pt dish, observing h~ the lOSS ot 

treight of Jnaterial varied with the rate ot !low of nitrogen, ani by extra-

polatinR th<:: rate o! weight loss to zero flow rate 9 i.e., equilibrium, 

making a com11'.1tation of ~he vapor pressure. They also detemined ratee ot 

evaporation from !used metal oxide-silica mixtures held in a static atmos-
. 

,P.here of nitrogen. Because of the difficulty of beiru:l: certain ot the 

attalnment of equilibrium, the problem cf applying corrections tor di!-
. ' 

fusion e!!ects 5 and the necessity of considering bending effects and the 

possible torrn~tion of compounds and complex ions, the vapor pressures cal-

c~lated from this work ar-e subject to doubt. In every ~ystem studied b7 

Preston and Turner, including 'the PbQ-3102 syste:.~, the calculated vapor 

pressures are much higher than observed by othf.!r experimenters tor the 
0 

pure metal oxides 9 and the temperature r<~~e is too low !or appreciable 

evaporation of Si02. 

A recent stwy ot the. proptrties of pure Na2o at high temperatures 

is that. o! Bunzel anr'. K0hlmeyer11 • They determined the melting point 

aa 9200C.- am stat6d that vapor~zation of Na2o was just ob~er;a~J..e at 

13SOOC. 

An· additional reference to t.he vap<Jrization c! an alkal~ metal oxide 

i.e g1Ten in the C01'!pilat ton by Fischer12 referrl.ng to \mpublished da:ta 

ot Hartmal}ll and L:.nke on L120. 7he boiling po~t l.e glT~m as 1573•K. 

: i 

· •. 1 

i
-~;:-; 
. 

~~ 

. 



~-

I~ 

• 

.. 

~5- UCRL=l864 

and the heat of sublimation in the range 1233=1573°K. is given as 74 kcal/mole.' 

In a recent paper concerning the electrical conductivity of liquid metal 

silicates it was observed that at temperatures of about 1800°C. the vaporiza-

tion of alkali metal silicates became.~ufficient to interfere with conduc­

tance measurement s13. 

Theoretical Considerations 

With this general information 
~ 

available on the vaporization of alkali 
.l 

metal oxides~ Brewer and Mastick14 carried out a calculation to determine 
.. 

the relative importance o! the M20(g) mole_cules. The various th:e:rrriodynamic 

cycf.es used throughout these calculations are illustrc.ted in Figure 1. 

The theoretical treatment of the M20 molecule was possible since an 
., . ",: 

ionic model was assumed !or both the gas and so lid state. tlu using the ...,, I· 

equation for the crystal energy of an ionic solid~ 

where n is as given by Paulingl5 9 Brewer and Mastick showed that the 

agreement between calculated and experimental values o'f u~ was not very 

aatisfactotj~ ;. becoming worse with increasing atorniq number. For the 

alkaline earth oxides CaO ahd Sr09 good· agreement was obtained if the value 

t·or E 9 the electron affinity ·of an oxygen atom for two electrons~ was 

t~ken as ~168 kcal/rnole. This value was used in all other calculations. 

Before considering the ·energies of M20(g) ~ Brewe·r and Mastick tried 

to calculate the enez-gy of dissociation of the gaseous alkali metal 

·· halides into ions. The result of this calculation was that 9 when the 

energy of the ion:L~ molecule was calculated only on the bas·is of electro-
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static interactions of the ions and the influences of roth van der Walls 

and repulsive forces were neglected 9 good agreement was obtained between 

calculated and experimental heats for the reaction 

M(g) + X(g) • MX(g) 

where X '"' Cl 9 Br 9 or I and M • Na 9 K9 Rb 9 or Cs. The application of a 

correction term. for repulsion caused a deviation somewhat greater than 
:·--..·· .. ..._._- - . · .. .:~ ....... 

10% depending on the .,value of n9 the repulsive exponent. 

It was suggested ·by Brewer .and Mastick that !or ionic molecules in 

the gaseous state 9 polarization and dispersion forces are apparent~ 

cancelled by repulsive forces. Rittner16 has recently treated the alkali 

metal halide in an extensive calculation considering both polarization 

and repulsive effects and shown that the neglect of these_ two !actors 

by Brewer and Mastick is justified since.the,y just cancel. However 9 for 

another series 

17 and Margrave 

of 4ionic molecules 9 the alkali metal hy~~ide~ 9 Klemperer 
. ' . '~ 

have shown that for these compounds the polariza~ion e-ffect 

is less than the repulsi~e ef!ectp and that a detailed calculation·conside~ . .,.,, 

ing both is necessary to obtain a value for.the bind~ng energy in agreement 

with experimental data • 

' . 
The extension of the calculati~n of Brewer and Mastick to ~0 mole-

cules required knowledge of the molecular configuration. As a simple 

approximation the molecules were treated as a linear assemblage of three 

ions ~or which the energy of dissociation-into ions is given by 

ug ~ 7 Ne2 (1 = ~ ) E 
0 2r0 n 

where n is the repulsive exponent; however 9 values for r 03 the interatomic\, 

distances 9 are not known. A procedure presented by Pauling for a crystalline 
~-



-7= UCRI-1864 

solid of the NaCl-type structure in which the potential 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 of the ionic radii was applied to the anti-fluorite 

struct~e of the M20(s)o From this procedure, Brewer and Mastick obtained 

values for the interatomic distances in the hypothetical ~~(g), and with 

these distances· were able to compute the heats of formation of these 

compoundso As a check the heat of formation of CaF2 (g) was also computed 

and compared with the literature valueo With these calculated heats of 

formation and the estimated entropy of vola~ilization of 40 eouo the 

vapor pressure of ~O(g) mole.cules over the solids at 1000°Ko. was calcu= 

lated.and compared with the pressure of metal to be expected if decomposi­

tion to the elements occurredo The results of these calculations are 

presented in Table lo On this basis it was to be expected that only 1120 
< 

might vaporize as such9 and that all other alkali metal oxides should va= 

porize by decompositiono 

It is interesting to note that the results obtained in the calculations 

just mentioned are extremely sensitive to the value of rg 1 the intera.tomic 

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

procedure outlined aboveo A somewhat more reliable value for rg would seem 

• to be that given by considering the gaseous ionic radii found for the alkali 

metal ions and the halide ions by Rittner in his comprehensive studyo By 

noting that the difference_ between ionic radii in solids and gases~ as given 
0 . 

b,y P.auling and Rittner respectively, is about Oo20 A ~d extending this to 

the o= ion~ one finds values for the interatomic distances in the M20(g) 

molecules approximately OolO Ao larger than those used by Brewer and Masticko 

Application of these values will in every case lower the pressure of M20(g) . 1 
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Table 1 

Calculated· Pressures of ~O(g) and M(g) in Equilibrium 

with ~·o(s) at ·1000°Ko* 

vap t.Fvap (M 0) Plooo(M20) Plooo(M) 6H298 (M20 ' 298 ,2 

.. (kca1./mo1e) · (kcal/mo1e) (at-m) (atm) 

59 19 . lo-4 1 X 10=l2 

110 70 10-15 5 ·.x 10=7 

111 '· 71 lo-16 4 X 10=5 

1.19 79 1o-17 1 Jt lo=4 

155 115 lo-25 2 x 10=4 

*Ca1cul~ted by Brewer ~nd. Mastick14 ~ ' 
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to be expected at 1000°K. by several powers of tenJ a change unimportant 

except for 1120 where the pressure of Li20(g) is calculated as 4 x 10=10 atm. 
. r . 

A shift in rg of 0.09 1. for Li20(g) is sutfict_ent to make the pressure such 

that decomposition to the elements is the main vaporization processj and 

Li20(g) only a minor vaporizing species. 

A consideration of LiO(g)j NaO(g), KO(g)j RbO(g)j and CsO(g) using the 

method of Rittne~ and assuming an ionic gas with singly charged ions shows 

that only for LiO(g) is there a chance of being an important vaporizing 

species; for the other alkali metals such oxide molecules will be far less 

important than the elemental species. 

From the data and experiments outlined above, it .is f.PParent that the 

main interest in vaporization of alkali metal oxides should lie in observa-

tion of 1120 to find whether or not it vaporizes as Li20(g)j or LiO{g}, and a 

check of some of the other alkali metal oxides to show that they reallY 

vaporize by decomposition to the elements. 

Experimental Work 

The compounds studied in this work, Li20 and Na20, are extremely 

hygroscopic, react with C02 and consequently were difficult to handle. It 

was necessary to prepare· fresh samples often and to handle them in a dr.y, 

e co2~free atmo~phere at all time 0 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 C02. 

(a) .Preparation or Compounds ' . 

'e The 1120 used for the vapor pressure rWls was prepared by heating 
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Li2co3 to about lOOO~C. for 20=3~. minutes and pumping off the C02 formW o 

. . .- . '· .• •'t ... ; 

The reaction was carri~d out in a Pt. crucible heated fuductive~. It was 
. . ~ 

observed. that some of_ the· Li2COJ would uauallJr melt and run over the edge . 

of the crucible; however 9 there was always a clean white residue of Li-20• 

_ X=ray studies df the powder patterns given by many s~ples prepared in 

this manner indicated.the Li20 phase present with no major impur-ities and 

a latti-ce coribtant fn agreement with literature ~l~e1~18 o Base titration 

indicated grea.ter than 96% Li20 in every sample. 

By visual examination of the· samples used for various vapor pressure 

runs. the temperature of melting as measured by an optical pyrometer and j 
corrected for window absorption was in the range 1700 ± 15°K. This is 

lower than the value of approximately 1700cc. listed in the ICT ·and 

reported by van Klooster and Jaeger9.9 but is the highest melting point 

of aqy of th~ alkali metal oxides. 

The preparation of Na2o is possible by several reactionsg 

NaN~(s) + 5 NaN3(s) ~ 3 Na20(e) + 8 N2(g) 

Na~02(s) + 3 NaN3(s) m 2 Na20(s) ~.5 N2(g) 

2 Na(a) + 1/2 02(g) .. Na20(s) 

Na202(s) .. Na20(s.) + 1/2 02(g) 

2 Na(l) <;} Na2o2 (s) "' 2 Na2o(e) 

J Na(l) + Na02 (s) ~ 2 Na20(s) 

Na(l) • NaOH(s) ~ Na20(s) ~ 1/2 H2(g) 

In this work the first~ fourth 9 tifthi ar.d sixth .methods were used to obtain 

Na20 as irriicated from X~r-ay dif'fraction patter-nso The fifth and sixth 

reactions were used to obtain the samples of Na20 ~sed .for the vapor pressure 
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r.une.o These pr"eparations were carried out in ·the -dry box with an argon~' 

atmosphere by melting the Na and heating it to 500°Co in a MgO crucible 
~ . . . 

and slowly adding slightly· less than·~ the theoretical amount of either 

Na202 or· Na02 o A considerable evolution of heat accompanies these 
' 

reactions o The excess sodiUm. was distilled off the material in vacuum 

at 400=~00°C o leaving only pure Na2o since any Na.OH impurit;y should be 
., . 

r-educed to hydrogen gas as shown in the last reac:t.idno X=ray powder 
.. I 

patterns of the material containing excess Na and the pure Na2o showed 

• 

no apparent change in lattice constant indicating that at least at room 

temperature the solid solution of Na in NazO has a narrow homogeneity 

rangeo · Analysis by titration showed greater than 95% Na20 with some NaOH 

impurit.y indic&ted by X=ray :analysis a This impurity should be removed 

by heating at a lower temperatl..if:e than that at which vaporization of Na2o 
·~ 

occurso Analysis after several vapor pressure runs indicated purities 

as high as 97% Na20o The presence of NaOH as shown by X=ray patterns is 

undoubtedly due to reaction with moisture on the glass capillaries used 

to contain the samples" 

Visual examination o!' Na2o samples which had been heated for different 

runs indicated a melting point o,f 1190 ::t l0°Ko in good agreement with the 
.i 

val~ 1193~K o reported by BWlZel and Kohlmeyer11 o 

(b) Apparatus and Procedure .· ~ 

The apparatus ~ed for these effusion studies has been described 

previously and used for various measurements19920 o Basical~ the arrange-

ment consisted of an outer zircon c~cible containing Mo radiation_ shields 9 

a pt or MgO cru~ible containing the material being studied.P and a Mo 

collima.ting cone o This is depicted in Fig o 2 o Thie: arrangement is 
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supported in a large pyrex tube connected to the vacuum system and heated 

inductively by a coil of copper tubing. In some of the Na2o runs at lower 

temperatures it .was f~und convenient to use a quart'z tube heated in a 

resistance furnace. The container pro'l?lem for these oxides was solved 

satisfaot.orily by using Pt crucibles for the Li,20 runs arid MgO crucibles 

for Na20• Spectroscopic analyses of samples heated for long-periods in 

the temperatUre range concerned failed to show more than traces of the 

cont.ainer ma.terlals. 

In prepa:rl.ng lids for the crucibles different hole sizes were made 

for the effusion hole and the edges were shaped so as to give as near a 
., 

knife edge as possible o A portion of the ef'fusate from several of the 

1120 vaporization experiments was collected on a water=cooled pt disc 

placed several centimeters from the top of the Mo collimating cone 9 . 

weighed and titrated to give a measure of the amount and composition 

of material eftusing.9 while for all the other runs the weight loss of 

the crucible was determined by direct weighing 9 

(c) Data 

The vap(1rization of Li2o 'Was studied in a series of nine runs at 

· temperatures ranging from 15.32 to 1669q,K. as determined by a calibrated 

optical pyrometer arrl col"'"ected for losses .due to a pyrex window. In 

seven o.t' these runs \)nly the amoimt. of material collected on a Pt disc 

placed :l.n a known position above the ef.t'usion hole was measured~ in two 

runs both· the amount collected on the Pt disc and the total weight loss 
.· 

of the crucible and contents were determined 9 and in one run only weight 

loss was measured o T'he temperature was an average temperature o>rer the 

time of the run which was 1 or 2 hours and was maintained with an 
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accuracy o! ± 10°K. for a time in which the inaximum uncertainty was about 

three minutes. The results of these runs are given in Table 2. 

Na20 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 . 
these runs at the higher temperatures were made with induction heating 

and lasted for relatively short times because of the high volatility of 

Na2o. The fci~r runs at the lower temperatur_es were )llade using resistance 

heating and were of 3 to 20 hours duration. These temperatures were 

maintained· within ± 5°K. ·with a ·maximum uncertaint;y in time of about 2· 

minutes. The data are presented in Table 3. 

Results and Conclusions 

The interpretation of the data presented in Tables 2 and .l ma;y be 

made on different bases depending on the gaseous speci~s assumed as 
. !:·. 

important in the vaporization. 

If one assumes that the vaporization of the ~~ides 1120 and Na2o 
<1 . 

is by deeompos~tion to the elements and applies the Knudsen equationp 

P E 44.331 a.t 

where p • the pressure in atmospheres~ 

Z • the number of moles effusing·, 
I' 

M • the molecular weight of the effusing species, 

T • absolute temperaturep 

a • the cross=seetional area of the effusion holep 

and .t • the time in secondsp he may calculate the partial pressures 

of M(g) and o2(g) over the solids as indicated by the experimental data • 

. ' 
, ...... f 

.· . .. 
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Table 2 

Vaporization Data on Li20 

· lt'Ji.i 'fOK Weight Eff'usate Li Effusate .Total Weight Time 
No._ .. --~-~Gollected (mg) 0 Loss (mg). _· (sec) 

Hole Area 
(crn2) -

'<'1 15.32 L3 4o0 7~200 0.07550 

7 1541 2.7 L7 55.7 51!400 0.07550 

3 157.3 . 2'.,8- 3.0 :U.ol()(l 0.07550 

4 1579 2. f)~; . 1.3 0.02836 
.• ::.£::.-:;··. 

2 1590 0 .. '1 3.8 0.07550 

6 1596 2.5 r~" ·~''i' . o. 07550 

8 1618 2.6 ( ')) 
... J 0.02836 

-:,...-:"~~ ....... ·-~_;_' ·;-:..- .. 
6~6jo · 5 1643 3of! 0.9? 0.02836 

9 1669 (2) '' 57.8 1~080 0.0804 

(BI'e.cketted figures indicate est.imr.1.ted values.) 

!&b1e J 

Vaporlzation Data on Na?Oi:· 
-~ -~' 

Rt:n · T
0

.K Total Heieht Loss Tt.11;e Role iu"ea. 

_1~~ .... -~-~----=---~~---~--__ ----~~.g) -~--- _____ ..;..(s_('_.c_) __ ~~~· (~1i;~) = = 

2 

5 

·'7 

6 

4 

J 

1 

918 

943 J 

998 

1006 

1241 

1260 

1467 

.. ,...,. 7.8. 

22.? 

21.3 

2L7 

641.1 

119640 

64~980 

600 

0.0314 

0.0855 

O.OB04 

* (!~. Ratio was not determined a.n<'l was assumed to be 2/1 ln all calculat.i<'ns 
0 y ) on Na2o. 

.. 



=15=· UCRL=lS64 

The ·read;fun .to be. assUllled is 

M:20(e) "' 2 M(g) + l/2·o2(g) 

and thus.P 

~. -? .. 1/2 
,K "' .t'M P02 • 

To calculate K one must. use the observed data and determine (1) the 

number of moles of product gases ef'f'using from .. the Knudsen cell., a 

quantity related directlY to tbe partial pressures of the various gases 

in the cell and inverselY to the molecular or atomic weight of each 

ef~ipg species~ and (2) the ratio of metal to oxygen in the effusing . 

gas. In lieu of this~latter information f'rom experimental data it is 

often ass\lllled that. the relative number of moles of. ~ach effusing species 

is 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 9 however~ 

the ratio of metal to oxygen atoms in the effusate may d~ffe~ ~rom that 

found in the solid~ since most compounds show homogeneity ranges with 

the constituent elements at the extremes of which considerable excesses 

of these· constituents ma7 be present. ThusSJ in equilibrium with a sample 

on the Li=rich side of the Li~Li20 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 tnue for a sample whose composition was on the . . . 

oXygen rich side of the range. Vaporization of the solid phase under a 
. . 

neutral atmosphere will$ of course~ allow the composition to approach 

the constant boiling composition and thus 9 a series of consecutive 

observations on the same sample might show a fairly wide range of M/0 

ratioa tending toward the constant boiling ratio. There is no evidence 

for a wide ho,mogeneity range in either Li20 or Na20 and the constant 
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boiling compcsition sh<mld be near that of the solid» i.eog. a M/0 ratio 

o·r· 2/1. !!Jhen low vap6r pressures are being measured and only small amounts 

of mater~c1l are vaporized, one ·may find ratios varying from that indicated 

from preliminary considerations of homogeneity ~nges •.. For example 9 in . 

vaporizing Li2o the Li/0 ratio, as obse~ed from experiments ~uring. which 

onl;1 a few inilligrams of Li20 were vaporized, varied cortsiderab:cy from 
' 

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

or reduction by impurities in the solid or surrounding atmosphere o Although 

no experimental checks were. made on the Na2o during its vaporization, it 

is believed that the Na/0 ratio ~ 2/1, particularlY at· the higher ·t~pera= 

tures where the partial pressure of metal was lo-3 - lo-4 atm. and this 

value was assumed in all the calculations for Na20o 

since 

and 

It is possible to r~~write the expression for K as 

moles M rX PM/ -J moL wt o M, 

moles o2oc Po2/,fmoL wt. 02• 

moles M • 2n moles 02 if Vjo ~ no This equation and the data 

of Tables 2 and 3 have been used to compute the experimental values of K~ 

the equilibrium constant for decomposition of LizO and NazO to the elements, 

Whi•ch are plotted in. Pig£ 3 and 4o In order to obtain calculated equilibrium 

constants for comparison, and also to allow use of each experimental point 

for a d~termination of A~, the heat of the decomposition reaction at 

absolute zero, one must. use available da:tr:t (and estimates.) for the heat 

capacities of the M20 solid phases and compute entropies, heat contents, 
~ . 

and free energy functions for the solids. Similar data have already- been 

tabulated for the elements21. 

\ 
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The heat capac1t7 of .Lii>(s) has onq been measured to·29SOK~, and in 

making a reasonable estimate of the high temperature heat capacit;r 'one finds 

considerable lattitude available as indicated in Fig. S. By' considerin& .the 

values indica.t~d as extremes between which the true heat eapacit7 of Li20(s) 

must lie, one ma;r compute a range of values for =log K for the decomposition 

reaction.. This range is indicated b;r the cross-hatched area in Fi«o 3~ 
. . 

N~lor23 has estimated the high temperature heat capaeit;r of Na20(s) 

by comparison of heat capacity data on sodium silicates and titanates and 

the main uncertaipt7 in the Na2o thermodynamic functions is found above.the 

melting point of Na2o(s)' sinee there is no information avai~ble regarding 

either the heat and ent~p;r of fusion or the heat capacit7 of the- liquido. 

The ·following estimates were used t9 calculate the equilibrium constant 

above 920°Co, the melting point of Na20; 

AHrusion • 10 keal/mole .. ~ 

AStusion • 8.4 e.u. 

I 

By using the f~ee. e~rgy .functions as ealcula~ed for the extremes 
{ 

. of possible heat capacit7 values and combinin! these with the experimental 

free enersies, one obtains values for A~ of vaporization of u 2o b7 

·· decomposition to the elements which are 1-6% lower than the value 214.223 · 

kcal/mole calculated en 't.he basis of thermochemical data
21

•22 • A oompari~ 

son of the experimental ~Values of A~ for Na20 vaporization b7 decomposi-. 
. 21 24 

tion with that obtained from thermochemical data, A~ • 149.10 kcal/~ole ' , 

indicates values from 2-3% low using data on Na2o(s) ani from 1-2% high 

. using data on Na20(l) depending in the latter .case on the estimated quantities 

listed previously for the fusion process and the liquid state. 

The general range of agreement between calculated and experimental points 
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is within the maximum range allowable for an effusion type of experiment~ 

·and one· may state tha:t'.the .. vaporization of Li
2

0 and Na
2
o in vacuum is mainly 

.. . '• 

by decomposition to the elements although there is some·.indica.ticn that an 

oxygen containing gaseous species might.be of minor importance in the Li20. 

vaporization. The ¢lllculaticms ·of Brew:er and r-n.stickJ,.4 and others of the 

authors indicate that molecules of the type M.20{g) or MO{g) are not impor--: 

tant as vaporizing species ·even. in highly pxidizing a 'tl.11ospheres f'or Na20 9 

K
2
o, Rb

2
0,. or Cs

2
o. It is in~eresting to. no.tE:! that t~e presen9~ 9~ a :yers-

. small amfunt of hydroxide. impurity ,(1-2%) could a~~mmt. for t,he, hi.gb results 

obtain~d .. in many of. the runs on t.oth. oxides 9 an~ this possioili ty cannot be 
I, 

def~ni tely '¢xcluded since the handling a~d weighirig procedures involy,ed. 

slight but appreciable exposures to moist air. 

If one treats the ~i20 data on the ass~pt~~n tha~ Li20(g) is the main 

vaporizing species, .and applies the Knudsen. equation9 the pressures ~leu-

l.ated disagree with the pressures to be expect~d ac<cordir.~g to the calculations 

of Brewerand ~stick14 •. However~ modif:ications (lf t;he rg value as indicated 

previously could allow Li
2 

0 (g) to be of definite but slight importance in tbe 

vaporization process~ and also expla:ir.1 the. h:f.gh results. obtB,ined in many of 

the runs on I,i 0 •. · 
2 

. Preliminary experiment-s have been carried out in an attempt to check 

the possible import.a.nce of L.i20(g) and LiO(g) as va.pori.zing species using 

argon; oxygen and argon-oxygen mixtures and passing the undr.i.eq gases over 

Li20{s)~ Err'8.tic results were observed which can mo~t likely be explained on 
I . . 

the basis of small amounts of water in tr~e now ga.stes which v·ole.tilize the 

1120 as hydenide. ·A single run was made with gases dried over CaC12 and an 

enhanced vaporization of .Li20.(s) in an oxygen a t.mosphe:r·e ~ras observed at 

1500° = 1.600°K. 
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Using th.ese data, one may place the following limits on the thermody­

namic properties.;:of .L1
2
0(s) and LiO(g) 

Lic-1 ·2 LiO 
~4 6 ~ _(Kch/mole) ~174 

D. (Koal./mole) L. 270 L92 

wher.e D : the dis so cia tiori .energy of the gaseous molecule into a toms • 

. ' Since the observed.'pressures correspond very nearly .to ·~h.~,~ c&lculated 

for decomposition to ·the elements both for L120 and N~O, it is certain tbat 

~O(g), MO(g) or any other oxide molecule must be less important vaporizing 

species in vacuum or neutral atmospheres than the elemental specieso Thus, 

the alkali metal oxides ·must vaporize mainly by decomposition to the elements. 

On the basis of the .experiments performed, it is impossible to state that. the 

gaseous molecule, L120' is unimportant Under all conditions and it may be of 

some importance as a vaJ>orizing species in atmospheres containing a hi·gh par­

tial pressure or oxygen where deeomposi tion to the elements is quenched. How-
. ' . 

ever, the theoretical calculations indicate such small partial pressures ot 

oxides or alkali metals other than lithium, that even large errors in these 

calculations would not alter the conclusion that the decomposition process. 

is the only important vaporise. tion process for all alkali metal oxides, except 

possibly L12o/ under all conditions of vapor~zationo 
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THERMOCHEMICAL CYCLES FOR M20 

2 I-E 
2M tg)+ O<g> .. 

2M (s )+ J.. 0 2 -----·---- M20 (s) 2 4H: (M20I 

~·· 1,;·". 

Fig.l 
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