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Equilibria in the Oxide Systems of Praseodymium and Americium
L. B. Asprey and B. B. Cunninghan

Radiation Laboratory and Department of Chemistry
University of California, Berkeley, California

ABSTRACT

The thermal decompositibn of the higher oxides of praseodymium and americium
have been investigated. The decomposition of Pr01;833(Pr6011) to PrOl.S(Pr203)
wa3 accomplished and a value of 47 t 5 keals. for the heat of the reaction obtained.
The reaction proved to be very complex. The decomposition of AmO2 was carried
out only to Am01.85 due to the greater stability of AmOz; It was impossible s
to extend the value : ©of Eifkﬁals. 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 Am01.98 * 0.02°
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» ' Equilibria in the Oxide Systems of Prascodymiun and Amgricium

L. B. Asprcy and B, B, Cunninghan :EEES%iw‘
Radiation Laboratory and Department of Chenistry ST
University of California, Berkeley, California

April 14, 1949
'I. Introduction
An investigation of the thermal decomposition of the highor oxides of prasco-
dymivm and amcriciun was undortalken with tﬁo following objcctives in mind:
a) Equilibriunm data would pernit an ovaluation of AF, AH and AS for the
rceactions
Pr0, — 1/2 Pr04 + 1/4 0,
AmOZ"‘"§ 1/2 Any0q + 1/4 O2
Such data would furnish a basis for_pstimating the free energies for the aqueous
v rcactions

9 PI‘+3(GC1) + H+

Pr4(aq) + 1/2 H,

Am+3(aq) +HF Am+4(aq} + 1/2 H,

i

b) In the case of americium this would constitute the first oxidation-recduc-
tion cquilibrium studies for this clement, and would be of valuc in cstimating

the thernodynanic stability of other conpounds (ArF,, for cxarnle).

42
c) The thermal stability and oxact conposition of the compound "AnO,"
would be dircetly deternined and the oxygen prossurc neasurced as a function of_
tenporaturc. This would constitutc a check on the validity of the assumption that
the conposition AnO, rosults fron the dircet ignition of the nitrats in air at
800° C == an assunption nadc in caleulating the half-lifc of the isotope ArPAL
froqlspocific activity ncasuroments based on weighing the higher oxidol.

It should be mentioncd that althoush the amoriciun oxide cquilibria wore of

prinary intcrest, practical considerations required that most of the initial work
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on this problen be carried out with a "stand in" olenent.  Becauso of tho extronely
linited availability and high toxicity of anmcriciun, the apnaratus and techniques
employed were developed using preseodymium as the most suitable "stand in" for
americium. |

Not all of the objectives mentioned previously were attained in this investi-
gation. As will be made evident subsequently, the principle difficulty encountered
arose from the (unanticipated) highly complex nature of the thermal decomposition
of the higher praseodymium oxides. Because of the unicue complexity of this
reaction it was investigated in some detail; Another difficulty was the stability
of AmOy which proved to be much greater than previously believed. It was impos-
sible to carry out the thermal decompositiop of AmO2 beyond Am01;85 at the tem=-
peratures available with the apparatus used.

Of the experimental methods which have been used to study equilibria betweon
solids and rases, two werc investirated as best fulfilling the requirecments as to
sample size and reduction of the hazard associated with handling the highly
radiocactive dry americium oxide.

In the first method, the coursc of the decomposition was followed with a
simple cuartz fiber cantilever balance insido a closed system by neasuring the
weilght of the oxide under various pressurcs of oxygoen.  Suitable rcaction rates
could be attained only at clevated temperaturcs. At thgse temperatures thormal
currcnts prevented any mecasurcement of the weight of the oxide, Honco after a
preliminary qualitative investiration on prascodymium, the method was abandoncd.

The socond and morc uscful method consisted of following the course of the
reaction by measurcment of the pressurc of oxyszon in equilibrium with the solid
in a system of known volume and temporaturc.  Such investications ars ordinarily
carricd out with much largoer sanples than those used herc, so that a relatively

large change in oxy~cn pressurc causes a very small change i composition of the
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oxide. Particularly for the amcricium system but also for the prascodymium,
sincc the amount of material available was limited to veryesmall amounts, scvere
difficultics were placed in the way of accurate measurcnents. A system had to be
dosigned so that the degradation of the oxide all the way to the scsquioxide would
occur at rcadily mcasurablc pressurcs, i.c. the volume of the systom had to be
small, of thc order of onc to two millilitors. Further, since the total weight
of oxyzen cvolved during the transition to MOy 5 was of the order of 100-200 micro=-
grams, it was necossary to prcvent the rcaction of this oxygen with any other
naterial in the system such as mercury vapor or stopcock greasc or large corrors
in the calculation of the composition of the solid phase would rosult; As the
vapor precssurc of mcr;ury at room temperaturc is 10~3 mn and since a nereury’
manorictor was uscd td neasurc pressurcs, it was obvious that this vapor must be
kept from contact with the hot oxido. A cold trap maintained at the tenporature
of sublination of solid CO, was built into the system, separating both the stop-
cocks and the manoncter from the part of the system undergoing heating. Due to
vélumc considerations, small bore tubing was uscd for the manoncter, introducing
large corrcetions for tho capillary dopression of Hg, Since the weight of oxygen
in tho syston was calculated from the known volurie, pressurc and density of the
gas, it was noccessatry to corrcct for the offect of the cold trap and the hcated
scetion of the systom; Further crrors rcsulted from absorption of oxygen on the
oxide itsclf and on the walls of the tubing of which the syston was constructed.
Since it was impossiblc to outgas the sample tubce itsclf without subjeccting the
oxide to prolonged honting at 'high temperaturss wvhich would tond to docrcasc

the rcactivity of the sanple, a further crror cntercd due to the gases desorbed

from the fused silica tube.
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IT. Apparatus

The systen consisted of a rmanomotor, a cold trap with a 3-way stopcock con=-
nocting to gas and vacuum lines, and a cuartz capillary tube contalning the oxido
whoso vapor pressurc vas to be measurcd., A thermocouple and potentionotoer werc
uscd for neasuring tho tonécraturc of the oxidec, and a platinun tube was placed
around thce sanple ond of the cuartz tube andeas surrounded in turn by a copper
coil uscd for induction hcating. Differonces in Hg level wore nicasurcd by recans
of an cathetonctor cculpped with a toloécopc.

The noercury manonoter was conétructed of 3,6 mm, I. D. procision bore tubing.
It was of the closed type and could mcasurc pressurcs up to 200 mn of nercury.
The closed ond ndq@g&ﬂgd & scction of capillary to romove desorbed sascs?.
The opon end of tho nanon;tur was scalced onto a short picece of 1 mn ecapillary,
bent at right angles, to which was attached a capillary socket joint designated
as S8 12/1. |

To this nanonater, a eold trap made out of 1/2 rnm eapillary tubing was
connccted by an S 12/1 ball joint as shown in tho diagran. The purposc of the
trap was to kcop nereury vapvor froﬁ the hot ond of the systen and to ronove any
condensable nmascs. The niddle Yer of the trap was conacetod t§ a 3=-vay stopcock
vhich in turn connccted to gas and vacuwn lines. By this ncans, any casily
condensable zgascs wero rerovod from oxygen added to the system. The end of the
trap opposite to the manometer was blown out and then partially melted to meke a
flared joint to which the ruartz tube could be fastened by Apiezon wex. The
trap was cooled to =73.5° C by a mixture of crushed "dry ice" and ethyl alcohol.

4 thick walled quartz tube, 23-25 em. lon~ and about 1 mm I, D. and 1.75 mm
wall thichness was used to confain the sample. The end of the tube was secled

off and then an eight cm. piece of the same tubing welded on to reduce temperature
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end eoffects vhen the tubing was heated. The end of. the tube to be fastened to
the cold trap was rounded by grinding on emery paper.

The oxide was heated by means of a 3 KVA oscillator, feeding into a copner
coil. The sample tube was surrounded by a 12 mm. O, D. cvartz tubc over which
vas gAdpped a vlatinum tube 9 em. in length.,  The vater cooled induction coil
consist;d of a 6.0 em, diamotef coil, 16 ecm., long, containing 16 turns, of 1/4"

0. D. copner tubing, connccted to the oscillator. The coil was placed so that
the oxide sample and the outer nlatinum tubq vere contered in the copper coil.
Test showed that the tomperature was constant to within 119 ¢ over the longth of
tubc occupied by tho samplo.

Earlior oxperiments had employed a nickel block 5" long and 1-1/4" in diamoter
containing 2 holes, onc for the sample tube and another for the thermocouple. The
Ni block was surrounded by an asbestos insulatced tube furnace of the ordinary type.
The temperaturce gradient was too large and the time consumed in coming to an
equilibrium temporature was too great so the change was made to induction heating.

Attcmpté to measurc the tomperaturc of the oxide samplc by means of an ex-
torior thormocouplc gave variablo rosults so an interior thermocouple was uscd.
Five mil Pt, Pt-10% Rh wirc was inscrtcd down the length of the cuartz sample
tube. At the lower cnd of the thermocouple one wirec was insulated from contact
with the other by means of fine quartz cgpillary, and ncar the waxed joint by a
coat of glyptal varnigsh. Tho hot junction was buried in the oxido or was within
2 mm of it for all runs. A cold junction was maintainced at 00 C by moans of an
lce and wator bath. The effeect of the inductive ficld on the thermocouple was
small and it was folt that the thermal conductivity between the junction and
samble wag sufficlontly grecat so no appreciable orror in the moasurcment of the

temperaturce would result,
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The potential dovglopod was measurcd by a Rubicon Portable Proeision Poten-
“tiometer of more than adequato scnsitivity, since measurcments were made only to
the ncarest degree Centigrade.

Tho difforcnce in the lovel of the 2 Hg arms of tho manomctor was moasurcd
by ncans of a Gacrtner cathctomcter, cquipped vith a tolescope and a vernicr so
that rcadings could be made accurately to the ncarost 0.05 mm and cstimcted still
norc closely.

Sincc it was nocessary to know the total volume at any nressurc in order to
calculate the composition, all parts of the system were calibrated by £illing with
morcury which was then romoved and weighed. A roforcnec mark was scratched on
thoe precision bore scetion of the manomctor ncar the open end.  The volume of the
manometer up to this point was measured before the manometer was filled with
meroury. Changes in the volume of the system due to pressure chan-es could then
easily be calculated. An assumption was made that the menisci were spherical
segments and their volume calculated on this basis. The volume of the cuartz
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 was estimated to be T2 pl. which varies from S Q.A% to t 0,2%
depending on the »resswre in the systeﬁ. The volume of the cuartz sample tube
was approximately 1/4 ml and the cold trap and manometer to the reference voint
another 1/4 ml. At a pressure of approximately 100 mm. the total volumc of the
system was cqual to 1 ml.

The capillary depression of mercury in tubes of 3.6 mm Ciameter is a large
offect which must be corrected for., The system was pumped to <;10'3 mm and the
mercury levels of the manometer r-:ad, including the hoight of the menisci. A
scrics of readings at zero pressurc with different menisci heights were obtained

and the correcction to be applicd determined from these. It is ostimated that
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the pressure read from the manoncter should be accurate to L 0.2 nn for all casos
+
and ncarcr - 0.1 mm for most.

The weizht of oxy-en in the gystem was calculated from the pressure at sone
“nown temperature, the density of oxygen at this tempersture, and the volume of the
system at this pressure. Since a cold trap was added to the system, cooling only
a fraction of it, and the part containing the sample was heated to different
temperatures, it was necessary to determine the extent of these two ef "ects.

This was done empirically by first filling the system with a known pressure

of oxygen, then adding the cold trap and measuring the decrecase in pressure. This
was done over the range of pressures that would be worked with and tho results
plotted aé % correction versus pressurc in mm of Hg, giving a straight line.
Calculations of the corrcetions were in close arrcement with the measured vélues.
The corrcetions for the incrcasc in prossurce duc to heating the sample were
dotermined in *the same way. A cortain pressurc of O, was admitted to the system
with the cold trap in place, and then the temporaturc raised over the desirod
range.  This was donc for a scrics of prossures. A scrios of strairsht linoes
wora obtainod‘by nlotting T vs. % corrcction, onc line for sach pressurc measurcd.
The corroction for the measured ~ressure could bo obtainoed from this plot br
interpolation.  The over =-all accuracy of thesc correciions probably falls vithin
L 0.5%.

The decomposition, 2 Cul = Cu20 +1/2 05, was carricd out in an apparatus
of this tync. Tho AH valuc obtained by plotting 1/T versus log P agroed with
the #aluc found by other wofkors3 to within 0.2%, indicating that the systom is
capable of giving good rcesults with samples of the order of a for milligrams.

Whon uscd for the decomposition of americium oxide, the systom was surrounded.
by a box made from plywood and lucitc, fitted with slidin~ doors on the front
and connccted to the gxhaust system of the room so that air was constantly being

dravm fhrough the box.
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III, Prevaration of Sample

The praseodymium used in this investigation was obte~ined from Johnson-Matthey
and Co., Ltd. of London, and was of their best qualityi Spectroscopic analysis
showed several percent of sodium and potassium and less than 1% of other rare
earths, This material was further murified by R. C. Lilly and D. C. Stewart of
this laboratory by means of ion exchange methods, yielding a praseodymium oxide
that was nure within the sensitivity of the snectroscopic method.

- Table 1
Spectrograrhic Analvsis of Praseodymium

reported asumicrograms per fifty microsrams of sample
(ND = not detected)

Al - ND Gd~-- NDC 0.1 Ta - ND 0.5
Ba =~ ND Ho - ND 0.1 Tb - ND 0.1
Be - ND <0.005 K - 1ID<LO0.R Yo - ND (0.1
Ca =~ <0.01 LA - ND<O.1 Y - ND 0.1
Ce - ND ¢O.1 .Lu - ND (0.1
Dy - ND 0.1 Na - ND 0,01
Er -« ND 0.1 Nd - ND <0.0}
Eu - ND 0.1 Sm - ND 0.1

Fe - ND <O0.1 Sr - ND ¢0.01

The americium used was obtained from waste solutions left from the purifica-
tion of plutonium at Los Alamos. It was separated by long and arduous procedures
to give, for the final product, a spectrosconically pure solution of americium,

This americium was precinitated as the oxalate, and ignited to give AmO,.
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Table II
Snectrographic Analysis of Americium

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

Al - < 0.01 K - ND<O.1

Be - D <0.005 Mn - NDgO0.0L
Ca - 0.02 Ma - ND<0.01
Co - ND 0.1 Ni - ND<O0.01
Cr - ND <o..01 Pb - ND<O0.1

Fo - ND (0.1

In the case of praseodymium, the uncertainty in the comwositiecn of the
compound usually desi nated as "Préoll", made it desirnble to use PrZO3 as the
primary standard for weighia:. The sesquioxide was obtained by hydrorzen reduc-
tion of the hi-her oxide at 500° C. This was weighed in an air-tight platinum
capsule. In one case, the loose salt was removed in a dry N2 atmosphere and its
weight obtained by difference. This weisht was known to £ 20 jg for an 8 m~
sample of Pr203. This salt was added by means of a platinum funnel to the cuartz
sample tube of the apparatus. This tube was then vigorously tenped until all the
oxide appearcd to drop to the bottom of the tube. Due to the uncertainty as to
whother all the salt had fallen to the bottom of the tuhe and due to the interac-
tion of metal salts and SiO2 at high temperatures, another procedure was adopted
for a second sample. A small »latinum tube about 1.5 e¢m long and about 1 mm 0.D.
was fabricated from 1/2 mil nlatinum foil. This tube was pl-ced insidc the
larger platinunm weighinr vessel and subjected to the trecatment to be used for the
Hy reduction, then canned and weighed. It was oponed and the small inner tube
removed, then recapped and weiched arain, giving the weight of the tube by dif-

ference. After constant weight was obtained for the tube, it was filled with
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previously prepared Pr203, treated vith H2 at 500° C, and the weight of the salt
found by difference. This procedure tas repeated until constant weight was obpain-
2O3 was knowm to - 6 pg; The small tube was
placed in the cuartz sample tube and allowed to fall down to the bottom. In

ed. The weizht of about 5 mg of Pr

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 AmO,. The compo-
sition of this compound seems well established. No chanzge in lattice constants
for the oxide were detected after treatment of the compound under SO‘atmospheres
of 0, at 200° Ch. |

A small platinum tube was weirhed repeatedly after being treated in the same
manner as was to be used for the wcighipg of the americium oxide. After constant
weight was obtained, the tube was filled with the americium oxide, heated to
700° € and cooled slovly to 250° C wherc it was held for 15 nin. to allow maximum

absorption of O,. It was then put in the weighine capsule and capved. After

2
checking by the hecalth group for outside contamination, it was veighed. The vesse}
was opened, ‘the inner tube removed and transferred to the cunartz sample tube.

The empty onter vegsel was again weighed and the weight of AmO2 determined by dif-

ference. A 5 mg samnle of AmO, vas wedk

B

A1l weighings were made on the Ainsworth F D J micro-balance, with the
excention of the second praseodymium oxide sample called Sample 2 of Series 1
which was weished on the American Balance Corp. semi-micro-balance sensitive to

10 pug.
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IV. Experimental Results

The oxide decomposition data obta’ned from these studies is pr-sented as a
s~ries of nlots of the log of the nressure in mm of mercury versus the reciprocal
of the absolute temperature. (Figs. I th ough I¥).

The various sainles and aniaratl used were as follows:

Pr Oxide Decomposition

Series 1 -~ DPreliminary apparatus - approximate calibration.

Sample 1 ~-- 8.037 L 0.020 mg welched as Pr,0, directly into the quartz

3
tube in the form of pellets. (Fig. I).
Sample 2 -- 8.11 = 0,30 mg weighed as Prg0y, directly into the ruartz
tube as a powder. (Fig. II).
Series 2 =~ Improved apparatus as shown in draving - Aécurately calibrated
within the limits given in Section II.

Sample 1 -~ 8,76 L .020 mg weirhed as Pry0,, added directly to quartz

sample tube (Figs. III, IV, V, VI).

- 5.145 % 0.006 mg welghed as PrgO3 in small Pt tube which

was then placed in the samole tube (Figs. VII, VIII, IT).

Sample 2

Am Oxide Decomposition

Samﬁf@ anpparatus as in Series 2 above.

Sample 1 -~ 5.250 * 0,030 mg weighed as AmO, in small Pt tube which vas
then placed in the sample tube. (Figs. XIII and XIV).

Since the volume of the system was knovm at any pressure of 02, the composi-
tion of the oxide could be calculated. Due to the fact that in some cases oxygen
appeared to rcact with substances within the system and also due to outgassin-~ of
the absorbed gases in the fused silica tube, the composition of the oxide is not
known with high accuracy, particularly at teﬁperatures above l,QOO° C. The compo~

sitions given on ﬁ?{p XTI represent the best values obtained from the average of
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several different runs. Compositions from a decomposition run +hich did aot agree
with any other runs were not considered in this compilation. Compositious siven
to only two decimal places are from only one or two separate runs and the degree
of error is cuite uncertain. '

The x-ray data were obtained only for the praseodymium oxide decomposition.
One set of samnles was taken at Pr01.66 aﬁd another at Pr01.73. These data
along with lattice constants of Prg0;;, PrO,, and Pr203(0 form) from measurc=-
ments® made in these laboratories are presented in Fig. XII. The lattice crn-
stants given for the body-~centered cubic structures are actually one-half of the
true lattice constant. Another sample was taken at what corresponded to P;Ol_53
but was inhomogencous yielding hexagonal PrzOé and a fluorite structure ith the
same lattice constant as that of Pr01'73. This samnle was cooled very rapidly
which probably explains the inhomogeneity.

The composition of the higher oxide of americium was determined as follows:
The higher oxide was reduced with Hy at 5500 C to AmQOB. Oxyren was then admitted
to the system but in ths first instance reaction occurred so rapidly that the
pressure of oxygen could not be accurately measured and only an approximation of

, |

the pressurc could be obtained. This observation gave a minimum O:Am ratio of
1.95 to 1.0, A sccond oxperiment vhere the roduction was carried out at 750° €
followed by heating onc hour under high vacuun at 9900.0, gave a roduction product
Tiich did not react rapidly with oxycen at roon temp rature. This allowed a
norce accurate measurcnment to be made. Thoe result of this second measurcnent
gave an oxygen to amcricium ratio of 1,95 L 0.02 to 1.

Tho AH of the dccomposition

Slopes of the various curves were measured by visually drawing the bast

straight line through the points of the log p vs. 1/T plots and those curves were
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used which had the best defined slones. By plotting the points at vhich points
of inflection at the beginning of curves F and H of Fig., XI first anveared for all
runs at many different pressures, two straisht lines were obtained on which most

~ of the points fell, (Fig. X) The slopes of these tro curves were calculated

from this collected data. The lines of lesser slope (Curves 4, B, C, D and E.
Fig. XI) contributed only small amounts to the AH value and thus small inaccura-
cies in measurement of the slope were unimnortant in the AH for the total
reaction., The slopes of the curves beyond H were obtained from runs —there only
relatively small amounts of oxygen were present in the system and the decompositimn
could he effected at lowef temneratures. Slicht inaccuracies in these curves
vould caus¢ large errors in the AH value as would errors in the comnosition at
those po'nts of inflection. The valuc of AN calculated using fhcse slopes and
compositions rave 47 p 5 kcals., as the AH for tho decomposition of\Pr60ll to
Pr203 over a temperature range of 400° to 12000 C. The AH cbtaincd from heats of
solution ~iven in Bichowsky and Rossini6 is 48 kcals. A further check on theso
values Was the measurcment of the heat of golution of PrgOB by L. Eyringﬁ, which
agreed with the previous value, The conclusion is dravm that for much of the

decomposition, at least, eounilibrium precssurcs were measured.
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Table III

Lotters refor to Fig, XI

UCRL~329
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Phasec Fraction of log P1/P2 1/To -‘l/Tl ~-AH(kcal) for frac-
Total‘ Reaction — ‘ tion docomposced
A 0;021 0.439 0.30 0.157
B 0.039 0.363 d. 20 0.775
C + D# 0.093 0.439 0.30 0.624
F 6.201 0.512 0.15 ' 3;142
H 0.171 0. 924 0.06 12;053
I 0.144 0. 49/, 0.20 1.628
J 0.210 0.823 0;03 26,376
i 0.120 1.2505 0.30 2,292
Total 0.999 - - - - 47;05

*Inclusion of the slone of curve E causes an increass of 0.3 keal in the total AH,
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V. Discussion
One original objective of this study was t0~optain a AN valuve for the thermal
decomposition of americium dioxide to americium sesquioxide. By assuming that
here is the same difference between the heats of formation of Amoz'and Am+4(aq)
and 1/2 Am203 and Am+3(aq) as there 15 for the corresponding plutonium compounds
end ions and "hat the 84S values are the same, a value for the potential of the
ITI-IV couple could be estimated.
Althongh the praseodymium~oxide system proved very comnlex and there was a
lack of ranid, reversible equilibrium pressures over certain portions of the
system, a reasonably accurate approximation of the AH for the decomposition of

Prg0qq to Pr was obtainable. It was significant that a AH based on an idealized

203
picture of the system agreed with the AH obtained from heats of solution to within
the experimental error.

Unfortunatcly the thermal decompositiod of AmO5 could be carried out only
to AmO .05 at the temperatures possible with this apparatus. Within the range
of decompositicn investipgated (Am02 —— AmOl.85), AH for t@e total reaction
assuming the AH of tho partial resction amounts to 21 kecals. This may be comparcd
with 4ig keals from cstimations bascd on the heat of solution of AmO, 4.

The data »resented in oreceding sections show cenclusively that the course
of the thormal decomposition

Pr6oll = 3Pr'203 + O'2

is higggm@¢9@§$ox. The most interesting foature of this rsaction is that it sug-
gests thatvif is possible to have immiscibility of oxides of ver~ similar crystal

structurc and composition. In support of this hypothesis the data of McCullough

showing immiscibility of Prg0;q and PrO2 nay he présentod.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 meagre x-ray data taken at room temperature may be advanced. From the
fact that both PrOl;SBB(Préolly and Pr01;73 have fluorite structures, it would
appear that all intermediate compositions have the same fluorite tyne structure.

The reginns between PrOl.833 and Pr0; ma, on the one hand and Pr01.715
and PrOl'.51 on the other would appear to be regions of continuous solid solution
formation, although if this is the case the P-T relationshins are of an unusual
nature, There 1s a certain inertia in the system in the area C, the upper curve
being obtained by continually raising the' temperature until the curve D is rrached.
Upon cooling from the point of intersection of C and D, the absorption of oxygen
follows the lower dotted line which has the same slope as D and is reversible
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 limit of solid solution formation decomposition. The curve E was
obtained in only two of the many docompositions effected and may represent another
possible path for the decomposition., The loss of oxyren atoms as the decomposi-
tion proczeds eventually results in the formation of a new phasc with a decomposi-
tion slope H; The actual oxperimental curve F shows a considerable curvature
as it approaches curve G which may be an indication of solid solution formation.
However, x-ra-r evidenec shows only onc prominont phasc at Pr01.73 which is near
the composition Pr01;715 at which the horizontal curve G intersects curvo F.

The structuro obtained at Pr01.73 is the fluérito tyne with a coordination
number of cight for the motal lon, while the structure at PrOj g¢ is of the C

type with a coordination number of 6 for the metal ion. The pressurce of oxygen
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over the new phase 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 A and B, where the oxygen pressure was lowered to zero by evacuation of the_
system at a temperature just high enough to have decomposed all of the previous
phase, i.e. to the right of curve G. The pressure of oxygen then increaséd
along the curve obtained in run B, Fig. I, which could be extrapolated to irer-
sect the point of inflection between G and H and which had the same slope as
curve H of Fig, XI.

Since the C type structure occurs at PrOl;éé, and a C type structure is
known for PrOlLS(P?203) it is probable that intermediate compositions also have
the C tyne lattice. At high temperatures, the final product, PrOl;S, has the A
type structure (hexagonal) and prosumably a transition to this lattice type must
occur. From the data available, it is impossible to tell where this transition
does take place. There are three noints of inflection between nhase H and tho
final rhase Pr203, all having differcnt slopes; As the temperature is increased,
the same sort of decomposition takes place fs for the fluorite structures.

The fact that the compositions of oxide existing at the intersecﬁions of
the various straight lines conform to no simple stoichiometric raﬁios of Prp04
to PrO2 seems analogous to the gituation which has been demonstrated for many

different oxides such as those of Ti, V, Mo, W, Mn, Cr, Ni, and Pb oxides’.
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