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THERMODYNAMICS OF THE URANIUM-OXYGEN 3YSTIM

The vapor above uranium oxide condensed phases includes U, UO, w0,
and UO3. The composition of the vapor is strongly dependent upon tle
0/U0 ratio. 1In the three phase system U(z)/UOZ(s) and vapor (0/U < 1.7) the
principal vapor phise species is U0 with smalier amounts of U and voz
vapors. For UDZ a congruent evaporation seems to predomirate giving
most ly 002 with about equimolar but much smaller quantities of UD and U0
For hyperstoichiometric uraniz (0/U > 2) 003 and Uoz are the principal

vapor phase species.
Oranium (3)

The vapor pressure of uranium has been studied over a wide temp-
erature range most recently by Ackermann and Rauh (2) and Pattoret,
Drowart and Smoes /2). Ackermann and Rauh have shown that the activity
of the condensed phase varies from 1.0 dowaw>rd as the electron:gativity
of the dissolved component increases. They give an expression for the

vapor pressure of uranium

log Pu (atm) = (5.71 + 0.17) - (25,230 + 370)/T.

This vields a AH: = 126.3 + 1.0 kcal/mole. Pattoret et al (4) give

298

log PU (atm) = (5.920 + 0.135) - (26,210 + 270)/T and

Aﬂ; 298 = 129.9 + 2.0 kcal/mole.

These authors also summarize all the previous work on these systems
by their laboratories and others. 1t is perhaps most significant that
the vapor pressures that one will observe in these systems are a strong

function of the container material or the dissolved components.
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The partial pressures of che species are determined by mass spectro-

E scopic measurements, while tihe total pressures have been measured by

both effusiun and transpiration techniques. The total mass spectroscopic

3
i
3
4
i
é
f‘j
|
4

instrument sensitivity to a particular gas phase species has to be known

Y

3 in order to compute the partial pressuves

TRy

. _ <t = 1Y N
Pi =1 (i)T/givi 1 T,ki

vhere 9 and v, are the cross-section for iomizatiorn by electrons .° =

given energy and the detector sensitivity to the species of interest.
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Various assumptions have been made concerning these ki guantities.

Ackermann et al (3) in their work on the U(i)lucz(s) system used equal

3

sensitivities for U(v), UO(v) and Uoz(v). A recent work by Blackburn

R T TR PR TR

and Danielson (4) has advocated values of 0.66, 1.2%, and 0.31 for the

3
I

product of multiplicr yield and partial relative ionization cross-section

for U, U0 and U0, using a 10 eV ionizing electron beam. (For tlis energy

2

beam these partial relative ionization cross-sections are equal to the

s

total relative iorization cross.sections).

The pressure of rranium species above of U(£),Uoz(s) is given by

log Pe = (7.25 + 0.15) - (27.020 + 250)/T (for 1580-2400°K)

by Ackermann et al (1). Pattoret et al (3) report a pressure of U0

given by log P = 8.19 - 28,020/T in the temperature interval of 1700 - 2150°K.

There is considerable evidence that the system Uoz(s)/U(l) is far

from ideal. Therefore the activities of the condensed phases cannot be
assumed to be unity, for the process

Uggy + U0yeqy = 200 (8).
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where, iog K = (1.268 + 0.05) + (2091 *+ 117)/T

b

Consequently the measurement of thermal functions for thiu system has
to be done using gas phase equilibria where activity coefficlients can
be assumed to be unity. Ackermann et al (3) measured the gas phase
equilibria

u + U0 = 200

(g) 2(g) (g)

and from the known fre: energy functions of U0,(g? (this will be dis:ussed

later) and U and the measured equilibrium constant as a function of

(g)

temperature.

K=P /P P
vo' U Tud

They computed AGE (vo,g)

£ bl A A L g e

e ey (vo,g) = 1/2 cc; (Uoz,g) +1/2 ac; (U,g) - 1L/2 R'T log K

= -7,800 - 13.84T.

It shouid be, of course, noted that this measurement of K required a

knowledge of the k;'s. Ackermann et al (3) assumed that ki of the various
speclies were equal to each other. Incorporation of Blackburn and %
panielson’'s data (4) for partial relative Zonization cross-sections wotld |
change the measured equilibrium constant by almost a facter of 1/8. This

would have the effect of decreasing the AS% of U0(g) from 13.34 e.u. to

about 11.78 e.u. without affecting the ~H° term. Other potential sources

of error are the éc; UOZ(g) and :G} U(g). As wiil be seen later in this

report an ancertainty in the entropy of formation, &S% vo, (g) is not

unlikely. This error would contribute an uncertainty of 1.5 e.u. te

the As; uo(g).
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The Da computed from the AB} of D0 determined by Ackermann et al

3) 1=

* o ] » -

Dy = Alg(U,g) + 1/2 D30, - MM (VO)
= 115,43 + 59.04 7.8 = 182.2 ¢ 3 kcal/mole.

(1t should of course be noted that a correction for A, and ARfUO to O K

has not been made, however these corrections shoild go in the same

direc’ion and tend to cancel each cther). Pattovet et al (5) determined

a DB frr U0(g) from the isomolecular exchange reactifon

uC(g) + Si(g) = Ug) + SiC(g) AH tuen Do(W,g) = AH + DY Si0 =

=-8.6 4+ 198.4 = 181.8 + 2.2 kcal/mole

which is in excellent agreement. Unfortumate.y no »eclative ionization
cross -sections were quoted in this work. Alihough ia a later work (2)
the authors give k;'s of 1.15, 0.80, and 0.55 for U, UO and vo,

respectively. These numbers would give an cv2:511 correction of 0.99

to the equilibrium constants given by Ackermann et al (3).

A computation of &S; of U0 from spectroscopic data requires a
knowledge of the electronic levels of UD. No spectroscopic assignment
for the elec.ronic energy, levels of UD is available in the literature.

The infrared spectrum of matrix isolated U0 has been observed by several

workers. Using this vibrational frequency and the estimated tond distance

of about 1.75A one can compute the SZOOOK for U0 without electronic con-

tribution of 73.4 e.u. From this value and those of liquid uranium and

molecular oxygen an entropy of formation of U0 (defined by the equation

ULy + 1/20. = vo(g) (2000K)) of 8.9 e.u. mole-1 is computed, This value

i1s considerably less than the 12.84 e.u. quoted by Ackermann (or for that

6
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uatter the 11.78 obtained by using Blackburn and Danielson's ki.')'
Unfortunately there exists no easy way to remedy this situation without
the necessary spectroscopic data. The As; of 13.84 can be ratiomalized
to the observed data of 8.1 e.u. if ome has a ground state with a
degeneracy of about 13. (The ASE = 11.78 gives a ground state degeneracy

of about 5).

‘The parciual pressures of the U, U0, 002 spacies above the three

phase system U(z)/uoz_x(s) have been given by Ackermann et al (3) as
log PU = (5.21 ¢+ 0.14) - (25,640 * 300)/T
log PUD = (7.11 + 0.14) - (26,880 + 300)/T

log (7.74 + 0.14) - (30,180 * 3C0)/T.

P =
U0,
These equations were derived from their measurements in the teamperature
range of 1820 - 2490 K assuming equal 0.y for the three species.

Pattoret et al (5) have also observed that the ™t ot ot s
Vo~ U UOZ

about 10/1/1 for this system. Pressure ratios of about 10/1/1 are
obtained from Ackermann et al whereas ratios of zbout 12.5/0.87/1.82

and about 7.75/1.52/3.23 are obtained using the O given by Pattoret

ivi
et al (5) and Blackburn and Danielszon (4) respectively. The partial

pressures computed using the three sets of ¢ are given in the

1'1
following table. (The data for Pe of Ackermann (3) at 2000 X are

used in order to facilitate a direct comparison.)

i
¢
i
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ARC(3)

PDS (5)

BD (4)

It should bte noted that the partial pressure ratios are significantly

Pu(atn) Pm(atn) rwz(at-) l'ull‘u)/l"u02
245 x 1078 4.68 x 1077 4.67 x 10 1/18.9/1.82
2.3x10%  s5.79x107 8.3 x10®  1/27.2/3.82
.72 x 10°® 359 x 1077 1.44 x 1077 1/9.65/3.87

different from the three sets of o;y; used,

The measurements of Pattoret et al (5) give a pressure of U0 about

2.4 times greater than those of Ackermann et ai (3). The Gi Yi usea

by the three wcrkers are given bclow together with the Kp computed.

relztive I o v, Ke
BDS (5) 1.15 G.55 .988
ARC () 1 1 1
BD (4) .66 0.31 0.123
for U + U0 = 200
() 2(g) ()
+
! 002/(07)002 Ko
Kp(T) = + + —
I U02/ (O’-y)uozl U/(oy)U

At 2000K the pressures given by Ackermann et al (3) and Pattoret et al (5)

are
ARC(3)By, = 4.68 x 1077
-8
P = 4.47 x 10
vo, o
By 0 = 2.45x 107
= 1.12x 10°°

POS(5) ¥y,

P, = 5.495 x 10”7
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Stoichiometric U0,

‘The vapor pressure above stoichiometric U0, has been measured by

2
several workers (6-10) using both mass transpiration and effusion
technicues. The congruently evaporating compositions of urania have
also been systematically measured as a function of temperature by
analysis of the residues after appreciadle Knudsen effusion loss. These
residu s become increasingly hypostoichiometric with temperature varying
from m2.000 to 1101.940 in the 1940 - 2386 K temperature interval (9).
It has also been suggested that a significant partial pressure of WO

and m3 is present even at lower temperatures, 003 becoming predominant

to the U0 as the temperaiure izncreases (9).

The results of some of the mcre recent experiments are given
below. The vapor pressure of the uranium bearing species is represented
by the equation

G = -RT In P = AH - TAS

) . .
or log r{atm) = -AH + AS
R'T R'
a4 Ity method temp. range ref. P2200x
137.1  36.4  mass effusion 1600-2200 AGT(6) 2,17 x 107
147.1 62.2 " " 1920-2220 Ivanov(10}) 4,08
147.8 42.0 " " 2200-2800 Ohse(8) 3. 14
141.2 39.4 mass spect. 1890-2420 PDS '67(5) 3.84
143.1 39.4 transpiration 2085-2705 TH (7) 2.49
134.1 34.5 " " 2000-2940 Alexander 1.66

(11)
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By observing the cquilibrium ion currents for the reaction
00, (g) + 5i(g) + U0(g) + 5i0(g) A4 = 18.6 csl/mole

and from a knowledge of D’ 0(g) and Si0(g). Pattoret et al (5) computed
a D' of vo, of 353.6 + 3.2 kcal/moie,
» ¥ - (] o
Dy 0, = O + DG S10 + D° g
= 18.6 + 190.4 + 181.8 = 353.6.

This value is in good agreement with 353.2 (14.9eV) given by Ackermann
Gilles and Thorn (6). These vorkers used the U0,(g) equilibria coupled
with the data for uoz‘-) given by Kelley (Bur. Mines Bull. 476, 1909)

and estimated thermcdynamic data for the vapor., Pattoret et al (5)

obtained a2 value of 352.5 kcal/mole from the Uoz(s) = Uoz(g) using
L]
A% 298

dﬂ; 298 UO = 125 kcal/mole

UOZ(S) =-259.5 keal/uole

then

002(8) = 002(3) AB; = 152.5

0 "2
= (259.5 - 152.5) + 129.0 + 117 = 353 kcal/mole

D3 (00,8) = Aﬂ(uo2 Yy + M U()+D°

U0,(g) = U(g) + 20(g) Dg VO,

Therefore since both gas phase equilibria coupled with assumed
previously determined dissociation energies agree well with AH for Uoz(s)

= uoZ(g) coupled with AH_U and D° for the determination of DB(UOZ)

02

one can have a degree of confidence of the thermal functions for Uo2

determined by the congruent vaporization of stoichiometric urania.

10
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-It ﬁas béen noted by‘TeCenbauﬁ and Hunt (7) that tre p¥es$ures
derived from effusion measurements on stoichiometric urania by Ackermann
et al (6) and Ohse (8) are higher at temperatures above .'350C than those
olL.tainable vsing che transpiration uethods. The origival proposal by
Ackermann et al of a U02 dimer is not consistent w.th the pressure
measurements of Tetenbaum and Hunt. Mass spectroscopic measurements
have not been successir® in finding a U02 dimer. Ratuer the positive
curvature in the vapor pressure with temprraturs above 2350 C is probchly
caused by a departure from molecular flow in the Knudsen ce.l. Edwar.s
et al (9) have suggested increased pressures of UO3 in order t. reach

the proper UG < for the higher temperavures. This explapation has also

2-

been rejected by Tetenbaum and Hunt since £n P vs 1/T is a straight

line over the range of 2080-2705 K for various UO x specimens.

2-

The frae energy of formation, /G% UOZ(g) can in principle be derived

f
from the vapor pressure measurements above stoichiometric UO2 assuming
the principzl re.ction is
U0 (s} * UG, (g) LGSUOZ(S) = -R'T log P.
This quantity coupled with AG; UOZ(S) thzn yields AG% UOz(g) =
./_\cf Uoz(s) + L\GS Uoz(s).
If oue inspects table 3 which eives the SG; UOZ(S) = fﬂzs) - TZSES)

one finds the AS teras ve...- from 42.4 to 34.5 cal/mcle K. with ~n

average deviation of steut 2.4 cal/mole K. The uncertainty in the

o

entvopy of this proce:s will be reflected in the computation of Asf

UOz(g). Using Acicermeon et al (6) vapor pressuve data one obtains

= -4.2% e.u, the data of Pattoret et al (5) gives 28 = -1,2¢4

A £

°
f
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as does the dsta of Tetembzum and Hunt (7). Perhaps this latter value

- . - TR A e, o« R mcas =

is expected to be more reliable since the method of mass transpiration
over a long temperature range is im agreement with mass spectroscopic
observations over a smaller and to an extent overlapping temperature

range.

Using the vibrational assignment for UO2 given by Gabelnik et al

(12) and Abramowitz et al (13) namely vy = 765.9, vy = 776.1 and
-1 °
= = 1 °
v, 81 cm ~ for a linear UO2 molecule with a r U-0 1,75 A a SQOOOK
= 92.3 cal mole-l‘-1 *s computed. Small variations of r will not

significantly effect the computed functions. Coupling this with S;OOO

= °2 . o = { =

U(2) = 72.53 and 32000 02 = 64.18 one obtains a 88 ¢ Uoz(g) = -4.41 cal
moleﬂ'!("1 in excellent agreement with AS% = 4,24 given by Ackermann
et 21 (6) and in good agreement with AS% = -1.24 given by Tetenbaum and

Hunt (7) and Pattoret e a1 (5). It should of course be noted that
tor the purpnses of t::i5 computation of SEOOOK of UO2 a singlet ground
state was assumed ard atny contribution to the entropy from low lying
elect-onic states i:ns been neglectcd. (There have notv been any
electronic spectra of u0,(g) or matrix {<olated 002 ohserved and

ana‘yzed).

The l.nization potential of U, UO and U02 have been measured using
the RPL (retarding potential difference) method by Mann (14). He has
gilvan valves of 6.1, 5.7, and 5.5 eV for the ionization potentials of
U, w, U02 respectively. These values which are probably good to about
0.1 eV have been accepted by other workers in the field. These ionization
U0 and AU

potentials coupled with the A Lo, ther can be used to

f £

12




estimate exothermicities of reactions such as:
Reaction eV
U(s) + 0, = U0,(g) -5.27
u(s) + 30, = U0(g) -0.34
U(s) + u(e) +5.00
ulg) + 0, + Uog(g) ~10.27
+
ulg) + O, U0, + e 477
_ U(g) + 30,—=U0(e) -5.34
] u(g) + 0—+Uo(g) -7.90
S
‘ Ulg) + 0 »U0 (g) + e -2.%0
3 :? " .
U(g) + 20, * U0 + e +0.3:
: U(eg) + 03—+ U0, + 0 -
%- : +
U(g) + 03> U0, + 0+ e L.21
E. 1 -
u(g) + 04~ uo" + 0, 41,3
u(g) + NO*UO + N, .40
+
ulg) + NO+UO + N, +e +1.21

The thermodynamic functions for U0 and Uoz(g) are given in Tables

1 and 2. These computations are done assuming singlet ground states
for both species and no allowance is made for any possible contribution

to these functions from any excited electronic states. This was done E

in this manner since there are no experimental determinations for the

! electronically excited levels of UD and Uoz.
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TABLE 1. THERMODYNAMIC FUNCTIONS FOR UO(g)
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SECTION 2

THERMODYNAMICS OF THE THORIUM-OXYGIN SYSTEM

The thorimm-oxygen system has been studied by mass spectroscopic
technljues by several workers (1-5). A summary and review of scme of
the older works not referenced in this report are also available (8).
The method used in studying these systems is to measure the vapor
pressure of the thorium species effusing frow a Knudsen cell by weight
gain of a circular disc target. The pressures are measured over Thoz(s)
and the 3 phase system Th(L)/Thoz(s)/vapor, or in the lower temperature
regimes Th(s)/ThOz(s)/vapor. Partial pressures of the species are
determined mass spectzometrically. This requires assumptions of cross

sections and detector semsitivities for the various species.

In the case of vaporization from Thoz(s) two processes are important
(1) Tho,(s) = ThO,(g)

(2) The (s) - Tho(g) + 0(g).

The assumptions are made that the mass spectrometric peak intensities of
the Th0+(g) and Th02+(g) ions can be related to pressures and vaporization
of reaction (2) is congruent. Thermodynamic functions of ThO(g) and
Thoz(g) can be obtained from a knowledge of ﬁcf(T) of Thoz(s). (This

assumes that aThoz(s) = 1).

For a study of either the three phase system Thoz(s)/Th(ﬂ) or the
Thoz(s)/Th(s) for which the principal vaporization can be represented by
#Tho, (s) + Th(s) = THO(g)
3Tho, (s) + 2Th(L) + Tho(g)

one must konow the activity of Thcz(s) and Th(s,f). It has been shown
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that prolonged vaporization of ThQ from this system at temperature

below 2400K does not appreciably aiter the steichiometry of the Thoz(s}
phase (7). This then allows one to assume unit activity for both Th
(s,2) and Thoz(s). Therefore coabining the pressures of ThQ obtained

and the thermal properties of Thoz(s) and Th(s,1), allows a determination
of Ac; of Thn(g). Ackermann and Rauh (3) give Ac;ThO(g) = -16,500-12.15T
kcal mol.1 [2400-2800 X}. Hildenbrand and Murad (5) give an expressicn
for log10 Pro = (8.386 + G.164) -(30,480 + 306)/T which is in experimental
agreement with the pressures given by Ackermaun and Rauh. These values
are also inexcellent agrecement with the pressure of ThO(g) given in
reference 1 for 2369K. (The pressure over Thoz(g)/Th(L) w.s only given

at this temperature for this system by these workers.)

This indicates a As; of ThO(g) of 12.15 entropy units. This value
iz {n agreement with the entropy computed for ThO{g) using the known

spectroscopic states and the measured entropy for Th{f).

Estimates of the electronic contributions to SEOOOK of ThO have been
mide in the past by equating this entropy with that of SEOOOK of Th(II1).
This method gives an absolute entropy of 80.3 cal/mole °K compared with
an SEOOOK of 73.9 cal/mole K using molecular constants of the known
electronic states of ThO(g). The latser value in good agreement with »

second law treatment of the vaporization data for the Thoz(s)/Th(s,l)

system.
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The dissociation energy of ThO may be obtained via several cycles.
Ackermann and Rauh (3) considered the isomolecular exchange

70(g) + Th(g) - Tn0(g) + Y(g)

and from the known thermodynamic {.nctions of YO(g), Th(g) and Y(g) were
able to obtain Da of ThO. They also obtained DS Tho(g) and ABB of ThO

obtained from the study of the reacticm

#his, L) + %krho2 (s) = ThO(y;), MMs Th(s) and ioa of 0, na the cycle

Th(s) + %oz - Tho Aaa
ThO = Th(g) + (g} Da.

The AHS for 7.:0(g) cbtained by the second and third law methods
are in rather good agreement. The thermal functioms for ThO(g) were
generated using the known spectroscopic dat:r for Tho. The values for

Th(s, {) were taken {rom Rand's evaluation (B) as given by Ackermann

and Rauvh (3).

Hildbenbrand and Murad (5) also obtainad D) of ThO via an isomolecular
exchange reac.ion
Tho(g) + Si(g) = Th(g) + SiO(y)

and a ctudy of the Th(s) + Thoz(s) system. The U recommend by these two

-0

0
groups are within experimental error. A value of 8.78 + 0.13 eV {s given
in (4) while 9.0 + 0.1 eV is recomnmended ia (3). Even this small

difference represents to some exctent the differ=nt ~“oice of thermal

functions for Thoz(s) by these two different laboratories.
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From a knowledse nf Ac; of Thoz(s} on: can obtairn Aﬂ;.(rhoz,g)
sivce

log, 4P (Th0,,8) = -35,070/T + 7.96

over Thoz(s) and CGE Thcz(s) = -292,600 + 43.66 T

06} Tho,(g) = -132,100 + 7.23 T.

Prom a knowledge of AS*for this process coupled with frequaicies of
Thoz(g) determined by several workers (assuming a value of vz), and the
Thoz angle and bond distances one can compute $° for ThO2 which can be
compared with values obtained experimentally for the Thoz(s) -°1ﬁ02(g)

process.

Using the entropy for Th(fL,s) derived from the calorimetiic data
(12} by Rand (8) and the entropy of molecular oxygen (13), one computes
and entropy for Thoz(g) of 55600 = 92.8 e.u., (since acf(rhoz,g) =
-132,100 + 7.23 T for the temperature interval of 2400-2800 K). A
computation of the entropy of Th02 using eithar of the recently observed
vibrational spectra for the stretching modes of Thoz coupled with the
molecuiar geometry determined by isotopic shifts for Th1602 and Th1802 (14,15)
yield values of 97.5 eu. for v, = 81 cm-l and 96.7 e.u. for Va = 125 Cm-l.

1

The former value was chosen from a determination of 81 cm = for the bend-

iag mode of VO Lirevsky estimated 125 cm-l for Vo from a weak

2°
coabination band observed in the infrared spectrum. Recpeated efforts

by the author have not yielded an experimental deternination of v, even
though the spectrum could be observed down to abou. 60 cm-l. In any event

this difierence (4 to 5 eu) between ihe calcula‘ed entropy and the

thermodynamically derived entropy is not easily explainable.
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To reduce the calculated entropy by 4 would require a chauge of
the bending frequency to a very high value, hence the derived entropy
probably is toc low by at least 2 entropy units, or more likely 3

units.

A discrepancy of about 12 kcal/mole exists between the determination

of the Aﬂa

apparent problem in any of the experiments used to generate the vapor

Thoz(g) using the second and third law methods. There is no

pressure, heat capacity of the solid phase, and spectroscopic data used
for these determinations. Examination of Thoz(s) after prolonged
vaporization indicated very little departure from stoichiometzry. There-
fore assumptions of uvnit activity seem to be justified. Ar investigation

of the temperature variation in the equilibrium constants of the reactions

¥Th(g) + 2Th0,(g) - Tho(g)
and
Tho, (g) - ThO(3) + 0(g)

coupled with the known thermodynamic functions for Th(g), Tho(g) and
0(g) might be helpful in providing another path to the determination

of QG; (ThOz,g) from which QH; could be computed.

The MH®,T given by Ackermann and Rauh (1,3) have been reduced to
AH;O using the thermodynamic function for (G-HC)IT for the species
Th(s, 1), 02 and Thoz(g)-

22
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This computation gives
AHgO ThO,(g) = ~105.4 kcal/mole
Aﬂfs Tho(g) = -6.15 kecsal/mole,

This enables an estimate of D(°) of '1"hO2

Dy = gy (Th,s) + DY (0,) - AHO (Tho,,g) = 142.7 + 118 + 105.4

= 366.1 kcal/mole or 15.9 eV/mole.

The I.P. Th, I.P. ThO, and I.P. Tho,, have been given as 5.9, 6.1
and 8.7 eV, respectively in (3). These values which have estimated
uncertainties of $0.2 eV are in agreement with the recent results
glven by reference 4 of 6.0 and 8.0 + 1 eV for ThO and ThO, and some
yet unpublished results on the optical spectra of Th respectively. (It
should of course be noted that thermal population of electronjic states
may contribute some error to these values.) These ionization potentials
coupled with AHE of ThO and 'l'ho2 then can be used to estimate

exothermicities of r=actions such as:

Reaction E.Y
Th + 0— Tho' + e 2.9
Th + Oy, Thog” + e -2.1
Th + O, —e ThO + O -3.9
Th + OB*ThO + 02 -7 4
Th + 03— Ta0" + 0p + e -1.3
Th + O3+ Thoy" + 0 + e -5.5
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These quantities were calculated using the following energies:
Reaction eV
Th + Th' + e 5.9
+
Th-» ThO + e Aa.1
| ThO,—> ThO," + e 8.7
ThO = Th + 0O 9.0
i | THO,—> Th + 20 15.9 1
4 3
t Th(s) + 05 +Th02(g) -5 g
: Th(s) + $0,-» ThO -0,22 ]
r 0p -+ 20 5.1 ‘
A | 03—. O2 + 0 1
1 .f Th(s) -» Th(g) 2.2

The thermodynamic functions of ThO and ThO2 are appended in tables 3,
L, and 5. It should be noted that all twelve known electronic states of
ThO have been included in this calculation. The multiplicity of the
lowest excited state has been taken as 2 in this computation. Wentink
et. al. (11) have suggested that this state might have a degeneracy
of g(%a) from a comparison of the levels of Tio, afo and ThO. This
suggestion has arparently been accepted in reference 3 and those thermal
functions reflect this assigmment. This has the effect of increasing
the 55600 of ThOo(g) by about 1.13 e.u. Tables 4 and 5 give thermo-
dynamic functions for Th02, (g) using both vibrational assigmments for

v, of 81 and 125 cm.1 and @ = [15°, r = 1.75 A. Small variations of

o and v will not significantlv effect the computed entropy. The choice
of v, = 125 c::m-1 is probably to be preferred at this polint since it

reduces the discrepancy between a second and third law treatment of the

'
2
3
3
1
3
i
j
3
3
&

p avallable data.
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TABLE 3. THERMODYNAMIC FLUCTIONS FOR ThO(g)
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TABLE 4. THERMODYNAMIC FUNCTIONS FOR ThO, (g)
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TABLE 5. THERMODYNAMIC FUNCTIONS FOR Th02(g)
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115772
11.77%)
11.08mn0
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127917
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12.99a#
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