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Equilibria in the Oxide Systems of Prascodymium and Americium

‘4 : L. B. Asprey
Radiation Laboratory and Department of Chemistry
University of California, Berkeley, California

ABSTRACT

The thermal decomposition of the higher oxides of prasecdymium and americium

have been investigated. The decomposition of PrOl;SBB(Préoll) to Pr01.5(Pr203)
was accomplished and a value of A7 L 5 keals. for the heat of the reaction ob-
tained. - The reaction proved to he very complex. The decomposition of AmO2

was carried out only to.Am01'35 due to the grcater stability of AmOz. It was im-
possible to extend the value of 21 kcals, obtained for the partial heat of the
reaction to obtain a value for the decomposition to Am01;5. The composition of
the higher oxide was shown to be AmOl;98 t 0;02.

The work described in this report was done under the auspices of the

Atomic Energy Commission. ,
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Fquilibria in the Oxide Systems of Praseodymium and AmericiumE:ﬁz?fﬁgégisggrﬂgzﬁp

L. B. Asprry
Radiation Laboratory and Devartment of Chemigtry . :
University of California, Berkeley, California TTM N e

April 26, 1949

I. Introduction

An investigation of the thermal decomposition of the higher oxides of praseo-
dymium and americium was undertaken with the following objectives in mind:
a) Equilibrium data would permit an evaluation of AF, AH and AS for the

reactions

Pr0s % 1/2 Pr203 + 1/4 0y
AmO, — 1/2 AmyOy + 1/4 0,
Such data would furnish a basis for estimating the free energies for the aqueous

reactions

it

Pr+3(aq) + H+ Pr+4(aq) +1/2 H2

Am+3(aq) + H+

Am+4(aq) + 1/2 H2

b) In the case of americium this would constitute the first oxidation-
reduction equilibrium studies for this element, and would be of value in estimating
the thermodrnamic sta;oility of other compounds (AmF 4 for example). |

c) The thermal stability and exact crmposition of +the compound #AmOs!
would be directly determined and the oxygen pressure measured as a function of
temperature. This would constitute a check on the validity of the assumption that
the composition AmO2 results from the direct ignition of the nitrate in air at
8000 C -~ an assumption made in calculating the half-life of the isotove AnRAL
from specific activity measurements based on weiching the higher oxidel.

It should be mentioned that although the americium oxide equilibria were of
primary interest, practical considerations required that most of the initial work

A
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on this problem be carried out 7ith a "stand-in" element. Because of the extremely
limited availability and high toxicity of americium, the apparatus and technicues
employed were developed using praseodymium as the most sultable "stand in" for
americium.

Not all of the objectives mentioned previously were attained in this inves-
tiration., As will be made evident subsequently, the principle difficulty encounter-
ed arose from the (unanticipated) highly comnlex nature of the thermal decompositim
of the higher nraseodymium oxides. Because of the unicue complexity of this
reaction it was investicated in some detail. Another difficulty was the stability
of AmO, which proved to be much greater than previously believed. It vas impos=-
sible to carry out the thermal decomposition of AmO2 beyond AmO7, g5 at the
temperatures available with the apparatus used. ’

Of the experimental methods which have been used to study equilibria between
solids and gases, two were investizated as best fulfilling the requirements as
to sample size and reduction of the hazard associated with handling the highly
radioactive dry americium oxide. |

In the first mcthod, the course of the decomposition wés followed with a
simple guartz fiber cantilever balance inside a closed system by measuring the
weight of the oxide under various pressures of oxygen. Suitable reaction rates
could be attained only at elevated temperatures. At those temperatvres thermal
currents prevented any measurement of the weight of the oxide. Hence after a
preliminary cqualitative investi~ation on praseodymium, the method was abandoned.

The s%cond and more useful method consisted of following the course of the
reaction by measurcment of the pressure of oxyzen in equilibrium with the solid
in a system of &nowm velume and temperature. Such invegtisations are ordinarily
carried out with much lerger sampnles thén those used here, so that a relatively

large change in oxygen pressure causes a very small change in composition of the
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oxide. Particularly for the americium system but also for the praseodymium,
since the amount of material available was limited to very small amounts, severe
difficulties were nlaced in the way of accurate measurcments. A system had to be
designed so that the degradation of the oxide all the way to the sesquioxide
would occur at readily measurable pressures,et.seqtbhe volume of the system had to
be small, of the order of one to two milliliters of PrQi. fﬁncg the total
welsht of oxygen evolved during the transition to Prpl;5was of the order of 100-200
micrograms, it was necessary to prevent the reaction of this oxygen with any
cther material in the system such as mercury vapor or stopcock grease or large
errors in the calculation of the composition of the solid phase would result,
As the vapor pressure of mercurv at room temperature is lO-3 rm and since a
nercury manometer was ured to measure pressures, it was obvious that this vapor
must be kept from contact with the hot oxide. A cold trap maintained at the
temperature of sublimation of solid CO2 was built into the system, separating both
the stop-cocks and the manometer from the vart of the system undergoing heating.
Due to volume considerations, small bore tubing was used for the manometer, intro-
ducing large corrections for the capillary depressiocn of Hg. Since the weight
of oxygen in the gystem - as calculated from the known volume, pressure and dengity
of the gas, it was necessary to correct for the effect of the cold trap and the
heated section of the system. Further errors resulted from absorption of oxygen
on the oxide itself aﬁd on the walls of the tubiﬁg of which the syétem wags con=
structed. Since it was impossible o outgas the sample tube itself without sub-
jecting the oxide to nrolonged heating at hirh temperatures vhich --ould tend to
decrease the reactivity of the sample, a further error entered due to the cases
desorbed from the fused silica tube.

In the case of americium it was necessary to reduce still further the

volume of the system due to the much smaller amount of americium available.
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II. Avparatus - for praseodymium oxide decompositions

The system consisted of a manometer, a cold trap with a 3-way stopcock
connecting to zas and vacuum lines, and a cuartz capillary tube containing the
oxide whose vapor pressure was to be measured. A thermocouple and potentiometer
were used for measuring the temperature of the oxide, and a platinum tube was
ﬁlaced around the sample end of the quartz tube and was surrounded in torn by a
copper coil used for induction heating. Differences in Hg level were measured by
means of an cathetometer equ: pped with a telescope.

The mercury manometer was constructed of 3.6 mm I. D. precision bore ‘tubing.
It was of the closed type and could measure pressures up to 200 mm of mercury.
The closed end contalned a section of capillary to remove desorbed gasesz.

The open end of the manometer was sealed onto a short niece of 1 mm capillary,
bent at richt angles, to which was attached a capillary socket joint designated
as S 12/1.

To this ménometer, a cold trap made out of 1/2 mm capillary tubing was con-
nected by an 8 12/1 hall joint as shown in the diagram. The purpose of the trap
was to keep mercury vawor from the hot end of the system and to remove any con-
densable cases. The middle leg of the trap was connected to a 3-way stopcock
which in turn connected to gas and vacuum lines. By this means, anv easily
condensable gases were renoved from oxysen added to the system., The end of the
tran opposite to the manometer was blown out and then partially melted to make a
flared joint to which the quartz tube could be fastened by Apiezon wax. The
trap was cooled to -76.5° C by a mixture of crushed "dry ice" and ethyl alcohol.

A thick walled quartz tube, 23-25 cm, long and a2bont 1 mm I, D. and 1.25
mn wall thickness wos uéed to contain the sample. The end of the tube was sealed

off and then an eight cm. piece of the same tubing welded on to reduce temperature
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end effects when the tubing was heated, The end of the tube to be fastened to
the e¢old trap was rounded by grinding on emery paper.

The oxide was heated by means of a 3 XVA oscillator, feeding into a copover
coil. The sanple tube was surrounded by a 12 mm, O. D. quartz tube over which was
slipned é nlatinum tube 9 em. in length. The water coolea induction coil consisted
of a 6;0 cm, diameter coil, 16 cm; long, containing 16 turns, of 1/4" O. D.
copper tubing, connected to the oscillator. The coil was placed so that the oxide
sannle and the outer platinum tube were centered in the copper coil. Test
showed that the temperature was constant to within L1° ¢ over the length of tube
occupied by the sample.

Earlier_experiments had employed a nickel block 5" long and 1-1/4" in dia-
neter containing 2 holes, one for the sample tube and another for the thermocouple.
The Ni block was surrcunded by an asbestos insulated tube furnace of the ordinary
type. The temperature gradient was too large and the time consumed in coming to
an equilibrium temperature was too great so the change was made to induction
heating.

Attenmts to measure the temperature of the oxlde sanple by means of an
exterior thermocouple gave variable rcsults so an interior thermocouple was used;
Five mil Pt, Pt-10% Rh wire was inserted down the length of the quartz sample
tube., At the lower end of the thermocouple one -rire was insulated from contact
with the other by means of fine quartz capillary, and near the waxed joint by a
coat Ef glyptal varnish. The hot junction was buried in the oxide or was within
2 mm of it for all runs. A cold junction was maintained at 0° C by means of an
ice and water tath. The effect of the inductive field on the thermocouple was
small and it vas felt that the thermal conductivity between the junction and
sanple was sufficiently grecat so no anprecieble grror in the mecasurement of the

tenperature would result.
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The potential Aeveloyed vas measured by a Rubicon Portable Precision Poten-
tiometer of more than adequate sensitivity, since measurcments were made only to
the nearest degree Centigrade.

The difference in the level of the 2 Hg arms of the manometer was measured
by means of a Gaertner cathetometer, equipped with a telescope and a vernier so
thét readings could be made accurately to the nearest 0,05 mm and estimated still
more closely.

Since it was necessary to know the total volume at any pressure in order to
calculate the composition, all parts of the system were calibrated by filling with
mercury which was then removed and weighed. A refercnce mark was scratched on
the precision bore section of the manometer near the open end. The volume of the
manometer up to this point was measured before the manomcter was filled with
mercury. Changes in the volume of the system due to pressure changes could then
easily be calculated. An assumption was msde that the menisci were spherical
segments and their volume calculated on this basis. The volume of the quartz
insulation on the thermocouple wire was calculated from a measurement of its
diameter and length. The overall uncertainty in the volume of the system at
any pressure as estimated to be Iz Pl' which varies from £0.4% to % 0.2%
depending on the prossure in the system. The volume of the cuartz saiple tube
was approximately 1/4 ml and the cold trap and manomecter to the reference point
another 1//4 ml. At a pressure of approximately 100 mm. the total volume of the
sysfom vas equal to 1 ml.

The capillary depression of mercury in tubes of 3.6 mm diameter is a large
effect which must be corrected for. The system was pumped t0<:10-3 mm and the
mercury levels of the manometer read, including the height of the menisci. A

series of rcadings at zero wressure with different menisci heights were obtained

and tho correction to be a»nnlied determined from thesec. It is estimated that
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the nressure rcad from the manomotor'should be accurate 4o - 0,2 mm for all cases
and noarer : 0.1 mm for most.,

The weight of oxygen in the system was calculated from the pressure at some
known tenperature, the density of oxygen at this temneraturc, and the volume of the
svstem at th's preossure. Since a cold trap was added to the system, cooling only
a fraction of it, and the vart containing the sample was heated teo differcnt
temperatures, it was necessary to detorminc the extent of these tvo effects.

This was done empirically by first filling the system ;ith a lnowm pressurc of
oxygen, then adding the cold trap and measuring the decrease in pressure. This
was done over the range of pressures that would be worked with and the results
plotted as % correction versus prossurc in mm of Hg, giving a straight line.
Calculations of the corrections were in close agrcement with the measured values.
The corrections for the incrcase in pressurc due to heating the sample were
determined in the same way. A certain pressure of 02 was admitted to the system
with the cold trap in place, and then the temperaturc raised over the desired
rangce, This was done for a series of nressurcs. A scries of straight linocs
were obtained by plotting T vs. % correcti~n, onc line for cach oressurc measured.
The correction for the measurcd »rossure could be obtained from this plot by
interpolation; The over-all accuracy of “heso corrections probably falls within
I 0.5, |

The decomposition, 2 Cul = Cu20 +1/n 0,, was carricd out in an apparatus
of tais tyde. The AH valuc obtained by plotting 1/T versus log P arrced with
the valuc found by other ~orkers> to within 0.°%, indicating that the systom is
capable of riving good results wit: samples of the order of a few milligrams.,

When used for e decomposition of americium oxide, the system was surrounded
by a box made from plywood and lucite, fitted with sliding doors on thc front
and coanccted to the coxhaust system of the room so that air was constantly being

drawn throush the box. The system used in this case wa - similar but of nuch

smaller volume.
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ITI. Prepsraticon of Sample

The nraseodymium used in this investigation was obtained from Johnson-
Matthey and Co., Ltd; of London, and was of their best quality. Spectroscopic
analysis showed several percent of sodium and potassium and less than 1% of other
rare earths. This material ras further purified by R. C. Lilly and D, C. Stewart
of this laboratory by means of ion exchange methods, yielding a praseodymium
oxide that was pure within the sensitivity of the spectroscopic method.

Table I
Spectrographic Analysis of Praseodymium

reported as micrograms per fifty micrograms of sample
(ND = not detected)

AL - 1D Gd - ND¢ 0.1 . Ta -ND/\O..5
Ba - ND Ho - ND <O.1 Tb - ND <o-.1
Be - ND<0.005 K =~ ND <o'.1 Yb - ND < 0.1
Ca - < 0.01 La - ND < 0.1 Y - NDLO.1
Ce - WD<0.1 Lu - WD <o‘.1 |

Dy - ND<O.1 Na - ND{ 0.01

Br - WD< 0.1 N& - ND < 0.01

Eu - ND<O.1 Sm - ND { 0.1

Fe - ND(O‘.l Sr - ND ¢0.01

The americium was purified by various chemical procedures to give a spectro-
scopically pure material.

In the case of praseodymium,‘the uncertainty in the composition of the
coméound usually designated as "Préoll" , made it desirable to use Pr203 as the
primary standard for weighing. The sesquloxide was obtained by hydrogen reductioﬁ

of the higher oxide at 500° ¢, Thuis was weighed in an air-tight »nlatinum capsule.



€y

" UCRL-329(Revised)
Page 12

In one case, the loose salt wes removed -in a dry N2 atmospher- and its —reight
obtained by differenée. This weight was known to L 20 e fbr an 3 mg sanple of
Pry0 ; Th’s salt was added by means of a »latinum funnel to the quartz sample
tube of the anparatus. This tube was then vigorously tapped until all the oxide
anpear>d to drop to the bottom of_the tube. Due to the uncertainty as to whether
all the salt had fallen to the bottom of the tube and due to the interaction of
metal salts and SiO2 at high temperatures, another procédure was adopted for &
second sample. A small nlatinum tube ébout 1.5 cm long and 2bout 1 mm O.D.

was fabricated from 1/2 mil nlatinum foil. This tube was blaced inside the larger
platinum weighing vessel and subjected to the treatment to be used for the Ho
reduction, then cammed and weighed. It ﬁas opened and the small inner tubé re-
moved, then recapned and weighed arain, giving the weight of the tube by dif-
ference. After constant weight was obtained for the tube, it was filled with

previously prepared Pr203, treated with H, at 5000 C, and the weight of the salt

2
found by difference. This procedure was repeatel until constant weight was ob-
tained, The weight of about 5 mg of Pr203 was 'nown to Z 6‘pg. The small tube
wrs nlaced in the cuartz sample tube and allowed to fall down to the bottom. In
this case all of the oxide was in the zone that was to be heated.

Due to health hazards involved in the manipulations necessary to carry out
the reduction, it was decided to weigh the americium oxide as Am0,. The compo-
sition of thiis compound seems well established. No chanze in lattice coastants
for the oxide were detected aftér treatment of the compound under 50 atmospheres
of 0, at 200° c*.

A small platinum tube was weighed repeatedly on a microgram balance after

being treated in the same manner as war 10 be used for the weiching of the

americium oxide. After c'nstant weight was obtained, the tube was filled with
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the americium oxide, heated to 700° C and cooled slowly to 250° C where it was
held for 15 min, to allow maximum absorption of Op. It was then put in the
veighing capsule and capped. After checking by the health group for outside
contamination, it was weighed. The vessel was opened, the inner tube removed
and transferred to the quartz sample tube. The empty outer vessel was again
weighed and the weight of Am02 determined by difference.

A1l weighiﬁgs of praseodymium oxide were made on the Ainsworth F D J micro-
balance, with the exception of the second praseodymium oxide sample called Sample
2 of Series 1 which was wéighed on the American Balance Corp. semi-micro-balance

sensitive to 10 ug. The americium oxlde was weighed on a sensitive cuartz balance.

IV. ZExperimental Results

The oxide decomposition data obtained from these studies is presented as a
series of nlots of the log of the pressure in mm of mercury versus the reciprocal
of the absolute tempe-ature. (Figs. I throush IX ; XIII, YIV).

The various samples and apparati used were as follows:

Pr Oxide Decomposition

Series 1 -- Proliminary aoparaéus - approximate calibration,
Semple 1 == 8;037 £ 0,020 mg meiched as Pr203 directly into the quaftz
tube in the form of pellets. (Fig. I).
Sample 2 -- 81t 0.30 ng weighed as Pry0;; directly into the quartz
tube as a powder. (Fig. II).
Series 2 -~ Improved apparatus as shown ‘n drawing - Accurately calibrated
within the limits given in Section II.
Sample 1 -- .76 L ,020 mg weished as Pr20,, added directly to quartz
sample tube (Figs. III, IV, V, VI).
Sannle 2 -~ 5,145 A 0;006 mg weighed as Pr203 in small Pt tube which was

then »laced in the samsle tube (Figs. VII, VIII, IX).
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Am Oxide Decompogition

EA micro—modification of the avparatus used in Series 2 abové]
Sample 1 -~ Veighed as Am02 in small Pt tube which was then placed in
the samnle tube. (Figs. XIII and XIV).

Since the volume of the system was known at any pressure of 02, the composi-
tion of the oxide could be calculated. Due to the Tact that in some cases oxyren
avpeared to react with substances within the system and also due to outgassing of

e absorbed fases in tﬁe fused silica tube, the composition of the oxide is not
known with high accuracy particuvlarly at temperatures above l,OOOo C. The com-
positions given on Fig. ZI represent the best values obtained from the average of
several different runs. Compositions from a decompogition run which did not agree
with any other runs were not considered in this compilation. Compositions given
to only *wo decimal places are from only one or two separate runs and the degree
of error is guite uncertain.

The x-ray data were obtained only for the praseodymium oxide decomposition.
One set of sambles was taken at PrOj.éé and another at Pr01_73. These data
along with lattice constants of Prg0p;, Pr0,, and Pr203(C form) from measure-

5 ,

ments” made in these laboratories are presented in I'ig. XII, The lattice constants
given for the body-centered cubic structures are actually one-half of the true
lattice constant. Another samdle was taken at what corresponded to Pr01058
but was inhomogeneous ylelding hexagonal Pr203 and a fluorite structure with the
saime lattice constant as that of Pr01.73. This samnle was cooled very rapidly
vhich »nrobably explains the inhomogeneity.

The composition of the hisher oxide of americium was dotermined as follows:

The higher oxide was rcduced with Ho at 550° C to Am203. xy~en was then admitted

to the system but in the first iastance rhaction occurred so'rapidly that the
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pressure of oxygen could not be ccurately measured and only an approximation of
the pressure covld be obtained. This observation gave a minimum O : Am ratio of
1.95 to 1.0. A second experiment vhere the reduction was carried out at 750° C
followed by heating one hour under high vacuum at 990° C, save a reduction
product which did not react rapidly with oxygen at room temperaturc. This allowed
& more accurate measurement to be made. The result of this second measurement
pgave an oxygen to americium ratio of 1-.95' : 0;02 to 1.

The AH of the decomposition

Slopes of the varioué curves were measured by visually drawing the bost
straight line through the points of *he log p vs. 1/T plots and those curves werc
used which had the best defined slopes. By plotting the points at which points
of inflection at the beginning of curves F and H of Fig, XI first appeared for
all runs at many different pressﬁres, two straight lines were obtained on which
mogt of the points fell; (Fig. X) The slones of these two curves were calculated
from this collected data. The lines of lesser slope (Curves A, B, C, D and E.
Fig. XI) contributed onlw small amounts to the AH value and thus small inaccuracies
in measurement of the slope were unimportant in the AH for the total reaction.

The slopes of the curves beyond H were obtained from funs vhere only relatively
small amounts of oxygen were present in the systen and the decomposition could

be effected at lower temperatures. Slight inaccuracies in thesce curves would
cause large errors in the AH value as would errors in the.composition at thesc
noints of iﬁfloction. The value of AH calculated using these slopes and composi-
tions zave 47 - 5 kcals.as the AH for the decomposition of Pr6011 to Pr203 over a
temperaturc renge of 400° to 1200° C. The AH obtained from heats of solution

6

given in Bichowsky and Rossini® is 45 keals. A further check on these values was
the measurement of the heat of solution of Pr203 by L.'EyringA, which agreed with
the previous value. The conclusion is drawn that for much of t'e decomposition,

at least, equilibrium pressures were measurcd,
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Table III

AH Values for the Decomposition of Pr60ll
Letters refer to Fig, XI

Phase Fraction of . log Pl/PZ /1, - l/Tl -AH(gcalS for frac-
Total Reaction - tion decomposed
A 0.021 0. 439 0.30 0.157
B 0.039 0.363 0.20 0.775
C + D . 0.093 0.439 0;30 0.624
F 0.201 0.512 ’ 0.15 _ 3.142
H b,171 0,924 0.06 12,053
T 0.144 0.494 0.20 | 1.620
J - 6.210 0.32 0.03 26,376
K 0.120 i - 1.2505 0.30 ‘—H—"A;i;;;m——m—-
Total 0.999 - - 47,05

% Inclusion of the slope of curve E causes an incrcase of 0.3 keal in the total
AH.
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- V. Discussion

One original objective of this study was to obtain a M value for the
thermal decomposition of americium dioxide to americium scsquioxide. By assuming
that there is the same difference betwecn the heats of formation of AmO2 and

Am+4(aq) and 1/2 Any0, and Am+3(aq) as there is for the corresponding plutonium

3
compounds and ions and that the AS values arc the same, a value for the notential
of the III-IV couple could be estimated;

Although the praseodymium-oxide system proved very complex and there was a
lack of rapid, reversible equilibrium pressures over certain norticns of the
system, a reasonably accurate approximation of the AH for the decomposition of
Pr6011 to Pr203 was obtainable., It was asignificant that a AH based on an jdealized

'picture of the system agreed with the AH obtained from heats nf solution to
within the experimental error.

Unfortunately the thermal decomposition of AmO2 could be carried out oaly
to Am01085 at the temperatures possible with this apparatus. Within the range
of decomposition investigated (Am0, =2 AmO) s5), AH for the total reaction
agssuming the AH of the partial reaction amounts to 21 kcals. This may be compared
with 49 kcals from estimations based on the heat of solution of Am02

The data presented in preceding sections show conclusively that the course
of the thermal ¢ scomposition

| Pr6011 = 3Pr203 + Oy

is highly comnlex. The most interesting feature of this reaction is that it sug-
gests that it is possible to have immiscibility of oxides of very similaf crystal
structure and composition. In supiort of this hy-othesis the data of McCullough

showing immiscibility of Préoll and PrO, may be presented.5
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Although no final interpretation of the data can be made until the system
is examined by means of a high temperature x-ray camera, a tentative explanation
based on mearre x-ray data taken at room temperature may be advanced. From the
fact that both Prol-SBB(Préoll) and Pr01'73'have fluorite structures, it would
appear that all intermediate comnositions have the same fluorite tyne structure.

The reginns between Pr0; g33 and Pr01'782 on the one hand and Pr01.715
and Prol.SI on the other would appenr to be re~ions of continuous solid solution
formation, although if this is the case the P-T relationships are of an unusual
nature. There is a certain inertiz in the gyster in the area C, the upper curve
being obtained by continually raising the temperature until the curve D is reach-
ed. Upon cooling from the point of intersection of C and D, the absorntion of
oxygen follows the lower dotted line which has the same slone as D and is rever-
sible in that region. Again, as decomposition proceeds further, the curves C and
D are followed up to the point of inflection between D and F, which apparently
represents a 1limit of solid soluticn formation decomnosition. The curve E was
obtained in only two of the many decompositions effected and may represent another
possible path for the deccmposition. The loss of oxygen atoms ag the decompo-
sition nroceeds eventually results in the formation of a new nhase with a de-
composition slone H. The actual exnerimental curve F shows a considerable curva-
ture as it approaches curve G which may be an indication o solid solution forma-
tion. However, x-ray evidence shrws only one nrominent pﬁaSe at Pr01.73 which
is near the qomposition Pr01.715 at which the horizontal curve G intersects curve
F.

The structure obtained at Fr0y,73 is the .fluorite tyne with a coordination
number of eight for the metal ion, while the structure at PrOy, 4¢ is of the

C type with a coordination number of 6 for the metal ion. The nressure of oxygen
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over the new nhase represented by the decomposition curve H seems to be less than
1 mm of Hg at about 650° C, This was shown by the data presented in Fig. I,
Runs # and B, where the oxygen pressure was lowered to zero by evacuation of
the system at a temnerature just high vnough to have decomposed all of the
previcus phase, i.e. to the right of curve G. The pressure of oxygen then in-
creased along the curve obtained in run B, Fig. I, vhich could be extrapolated
to intersect the point of inflection between G and H and which had the same slove
as curve H of Fig. XI.

Since the C tyme structure occurs at Pr01.66, and a C type structure is
nown for Pr01_5(Pr203) it is probable that intermediate compositions also have
the C tyne lattice. At high temperatures, the final »roduct, Pr01.5, has the
A type structure (hexagonal) and nresumably a transition to this lattice tyve must
occur. From the data avilable, it is impossible to tell where this transition
does take nlace. There are three points of inflection between phase H and the
final phase Pr203, all having different slopes. As the temperature is increased,
the same sort of decomposition takes place as for the fluorite strctures.

The fact that the compositions of oxide existing at the intersections of.
the various straight lines conform to no simvle stoichiometric ratios of Pr203
to PrO, seems analogous to the situation which has been demonstrated for many
different oxides such as those of Ti, V, Mo, W, In, Cr, Ni, and Fb oxides’.
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