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extrepclating cbserved vibrations™ levels to fThe trus dissoclaticn
Sl & T ~ s 4 3 1 PR PR PN N RN 54T -, . CE A A e
idmite In many zeses 1% 1s the determinaticn of the hesst 27 4dilss-
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severai poessirtle spectroscople valuss 1s correcto
Ir the following discussion, the methods of calsulation applied
to each dilatomic oxlde are presented. The scurces of thermodynamisz

data used in these cglculations are as follows: heats of formation
6\"

< »
1r°e:xm=31?(‘)‘9 National Buresu of Standards‘®’? thermo-

7Y,

. ( :
dyramis preperties of the elements, Brewer' '3 entropies of inorganic

[a)
Pt
in
-
Pt
i
o
\®,
pA
}.l-
jo )
[
w
o
s¢)

compounds and elements at £98.1°K, Kelley(a); Sp = Sggg and HT ~ Hggg

and heat capacitvy values for inorganic compounds and elements,

Py -y ¢ [} "x': - ‘- S . R ['.‘ s

Keilegr© /'3 dissocilatlon energles of diatomic oxides, G&chntlgﬂ and
29+ )

Herzberg'it', .

21

2. Thermodynsmic Treatment,

A. Sn0, The recent investigation of the.stabiliby and velatility
cf tin oxides carried ocut by Vesselovsky(lzs essenﬁially éstabiishes
the fact that Snl is a stable gassous specles. The velatility of a
mixture of Snﬂz(s) + Sn(i) was studied in vacuum at temperatures
where nsither Sn0;(s) nor Sn(l) have an appreciable volatility
(721m89$°0?o The thirteen vapor-pressure measuremsnts were combined

with high ﬁemperature heat content and entrcpy data tc vield the

heat ¢f furmation of Sno(g):

Sa{s} + snCy(s) = Sno(g), AH, oo = 13649 ¥ 0.7 keal/mols,

o

The heat «f dissocciaticn of the Sn0 mclecule was calculatsd by use

of the foclilowing thermochemical datas
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Sn{s) + Og(g) = SnCB(s) AHpgq = ~138.8 kcal/mole
2sn{g) = 28n{s) AHpga = =1404%0 kcal/mole
2e(g) = 2,(5) Mggg = ~118.6 kcal/mele
Sni{g) + 0(g) = Sn0{g) AHpgg = -130.2 keal/mole
aC, = ~1.4 cal/mois/dego

AH, = -131.6 keal/mcle

D_(Sn0) = 131.6 kecal/mole

1

5.70 e.v./mole

(11)

It is of interest that Herzberg obtains the value 5.7 €.Ve

by a ilong linear extrapolation of lower vibrational levels and that
Gaydcn(ln) reduces this value to 3.2 2.V. by empirical methcds to
correct for non-linearity of the vibrational levels., It appeafs

thet an uncerrscted linear extrapclation of the vibrational levels

gives the correct dissociation limit.

Eo Zn0O. Although the éxperimental techniques employed by

13) "
er( © ia the determinaticn of the wvolatility of Zn0 are not

Feis
commensurate with high accuracy, the values so obtained are the only
2ngs available, The volatility was measured by the rate of weight
loss from an open sample heated in a static-atmosphere. The vapor=
pressure of metallic zine was calculated from the heat of formaticn
of Zn0 acd the neat of subiimation of Zn at the tempseratures which
Feiser reported. The calculated Zn partial pressures over Znl afe
a facter of 2-3 greater than the Zn0 pressures reported by Felser
and therefore the entire volatiiity can be accounted fer by dissc-

ciaticon ¢of the zline oxide.
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Taking Felserfs values as upper limits to the vapor-pressure cf

to the gaseous atoms is aH, < 92 kcal/mole.

C. C€d4dol. Uyenc(i4) has reported the results of measurements cf

the vapor=-pressure of CdC which were made by the effﬁsicn methods
Since his sxperimental techniques were of an accurate nature and he
gives a comprehensive report c¢f the data taken, a mecre extensive
trestmenit ¢f his results has Deen madee

In Teble I zolumn 2 the vapor-pressures of CdCG(g) repcrted by
Uyenc are given. Column 3 gives the vapor-pressures of Cdlg) as
calzulated from thermcchemical data. The calculated values ch'PCd

are 1n very good agreement with those for Pggo and shown conclusively

t
A

that Cd0 vaporizes by the reaction Cd0(s) = cdlg) + = 05(g).

<

I\

From the weight 1osé of the effusion cell per unit time which
Uyeno reports, the standard heat of formation of CdO may be calecuiatedo
In corder to do this it is necessary to have some kncwiedge ¢f the
ratio of escaping 0,(g) molecules to Cd(g) atoms in order tc apply
the reported weight lesses tc such a calculatione. During the vapore
pressure measurement the composition of the sclid necessariiy falls
ﬁithin‘the Cd0 sclid soclution rahge because at the Cd = Cd0 edge the
vapcr=pressure of Cd is sbout 0,9‘atmn and P02 = 3.0 % 10“5 atme and
at the Cd0 - 0 edge, Pgg = 7.3 x 1077 atm and P, = 1 atm at 1000°K.

If the solid solutiocn range were sufficlently nafrow an equllibrium

» .

vapor-pressure measurement such as the saturaftion of an inert gas

P

gtream would be dcne under conditions wherein the ccmpesiticn of the
solid €40 would have the same atom ratioc as the gas phass, namely

Cd:=0

Dk

s In an effusicn measurement the situation iIs slightly

o

{
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- UCRL-571
by Kelley(l7), and therefore it is assumed that the values given for
Cu0 »re reasonably accurate. The values given by Mack, et al, for
the vepor=pressures of Cul{g) between 873° and 1223°K are a factor
of 106 ~ 108 higher than the vapor-pressure of Cu(g) in equilibrium
with Cu0(s) as calculéted from the heat of formation of Cu0O(s).
Since these experiments were conducted in 1 atm 0Oy, it must be
concluded that the principle gaseous species is CuO(g).

Since this stability is out of 1158 with that of Feo(g) and

s,

N1i0(g) it is possible that polymerization to Cug0z(g) is contributing
to the observed stability., Effusion measurements c¢f the vapor-
pressure of Cul would help determine if this were the case.

From the vapor-pressures given by Mack, et al, one calctlates

the heat of dissociation of Cu0O(g) to gaseous atoms to be *

AH, = 113 kcal/molee

E. Pb0. Feiser(1®) glso reports measurements of the volatility
¢f PovC by the same method used to determine the vapormpréssgre of
Zn0 described abeove. The values given for temperatures between 1023°
and 1323°K are at least a factor of 102 higher than those which ons
calculates for the vapor-pressurs of Pb(g}) 1n equilibriun with e
PpO(s)} at those temperatures. Thus one is led to conclude that
Pb0O{g) is a stable gasecus species under'these conditions. From
the vapor-pressures gilven by Feiser one calculatss the heat cf
dissociafion of Pb0(g) to gaseous atoms to be AH, = 28 kcal/moleo
Herzberg(li) gives Tor this value, DoﬁPbO)': 99 kpal/mole from a
iinear Birge~Sponer extrapolation and Gaydcn(lo) gives D,(Pb0) = 76
kcal/mole by correction of the extrapolated value for non—liyearity

by empirical methods. As in the case of Sn0O, it appears that the

linesr extrapolation glves the better agreement with the chemlcal value.
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contimadive Luliulation of thse heat of disscclaticn of the S1C

s

meiasule, Assuning only the Si0(a) phase present during volsiili-

zaticn ome welculates D {810} = 170 kesal/mcle? and assuming ‘he
- . . N - ' . - - ) -F o

Fros @ linear Birge~Sponer sxbtrapolation of the ground =L state cof

840 Herzberg cbrains D {8i0)= 7.4 e.v. and Gayden gives D_{Si0) =

i
2
e8]
&

sove (zorreeting for slight positive curvabure) sssuming unexcited
: ‘ ¢

N . s . - 3 : 1 PR
stomic prodfucts. Linear extrapclation of the lH svats of Si¢ yields

T

o2 8evo for the ground 32 gtate if the I sta%e goes to

w

wiexcited atoms as Gavdon suggests. However Du S1i0) way assume lowsr

valies 1f the “j) stste gees te eoxcited atoms. Gaydon chise 8 T 1 e.ve

ar n:-t& ed 1% as very uncertain. The chenical valuss of 7.0 to
Tot soie wuuld indicats tiiat the linear extrapclation of the 2

- £

givea a reasonably correct value. Howsver, becauss of the

ancsoveinty in the g round siate of SiQ, in the atcurasy of the
rapeiated valaeé and in the states of Si and ¢ étsms‘as well as
the wicertainty in the chemical velues, a de fi 11t ive vaiue for the
Dg(316§ carnot be given on the basis of the available data,

si:d end Kochnev state that thé éonstancy of the msasured vapor
pressure Jduring sexperiments in wbiyn BSN ¢f the sclid mizture

I3

vaperlast was evidsncs that the sclid was the single phase 310 and

%

cnot the mixture 81 and 8i10,. Unfortunately this chservation camnct

[a

irget sublimeticn they proposs oince it

vy
o
'™
h
w
[
s
w
o3
(e}
3
[
¥
ot
Fo
o
jax
(¢
s

is actuslly the twe shose system and not the single vhase system
which Is invarient during such an sxperimento

(29}

hrilichts® observation that about 1% of a sample

3
L
3
07
<
<
tag
=
2
3

of TLG wolatiiptzed in 15 min. at 1600°C and the dimensicns of the

contalning vessel cne can calculate an approximsie vapor-prsssurs of
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