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"<r•Ul bria in the Oxide Sys:~m:. o:
5

::;eodymium and AmericiumiJ£CLASS/FJ£KJ 
Radiation Laboratory and Department of Chemistry 

University of California, Berl~eley, California 

ABSTRACT 

The thermal decomposition of the higher oxides of praseod~rmium and amoricium 

have been investip~ated. The decomposition of Pr01.GJJ(Pr
6

o
11

) to Pr01.
5

(Pr2o
3

) 

+ 
was accomplished and a value of 47 - 5 kcals. for the he8t of the reaction ob-

tained. - The reaction proved to be very complex. The decomposition of Am02 

was carried out only to Amo1. 85 due to the croater stability of Am02• It was im­

possible to extend the value of 21 kcals. obtained for the partial heDt of the 

reaction to obtain a value for tl1e decompositj_on to Am01. 5• The .composition of 

. + 
the hig:'er oxide was shown to be Am01. 9D _ 0•02 • 

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

Atomic Energy Commission. 
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L. B. Asprr:y 
Radiation Laborator:• and De~)artnent of Chemistry 

Univer8it;r of California, Berkele:J•, California 

April 26, 1949 

I. Introduction 

An investigation of the thermal decomposition of the higher oxides of praseo-

dymium and americium was undertaken rrith the following objectives in mind: 

a) Equi!.ibrium data VJov~d permit an evaluation of liF, liH and liS for the 

reactions 

Pr02 ---:-} 1/2 Pr20
3 

+ 1/4 02 

Am02 ~ 1/2 Am2o3 + 1/4 o2 

Such data would furnish a 'basis for estimating t~1e free enercies for the aqueous 

reactions 

Pr+3(aq) + rt = Pr +4(aq) + 1/2 H2 

Am+3(aq) + H+ Am+4(aq) + 1/2 H
2 

b) In the case of americium this r:ou~d constitute the first oxidation-

reduction equilibrium studies for this ele!'1ent, and ~;ould be of value :!.n estimating 

t}le thermod:•namic stability of other compounds (AmF 4, for example). 

c) The thermal stability anc~ exact crmposition of +.:1e compound HAm02 11 

would be directly determined and tho oxygen pressure measured as a function of 

tem::_Jerature. This wot.,~d constitute a check on the validity of the assumption that 

the composition Am02 results from the direct ignition of the nitrate in air at 

8000 C -- an assurJption made in calculating the half-life of the isotope Am241 

from specific activi tJr measurements based on wei0hing t11e higher o:dde1 • 

It should be mentioned t~.1at. although the americium oxide equilibria were of 

primary interest, pract~cal cons:i_de:rations required that most of the initial '::ork 
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on V1:Ls problem be carried out ·-,it11 a 11stand-in11 elenent. Because of the extremely 

limited avai+abiJity and high toxicity of americ.'.um, the apparatus and techniques 

employed were developed using praseodymium as the most suitable 11 stand in11 for 

americium. 

Not all of t.he objectives mentioned previously were attained in t 11is inves-

tir;ation. As ':"Jill be nade evident snbsec:uently, t11e principle difficulty encounter-

ed arose from the (unanticipated) hic;hly com)lex nat.ure of the t11ermal decompositicn 

of the hic;11er ')raseodymium oxides. Because of the uni(lue complexity of this 

reaction it was investisated in some detail. Another difficulty was the stability 

of Am02 rrhich proved to lJe much greater than previousl~r believed. It r:as impos­

sible to carr3r out the thermal decomposition of Am0
2 

beyond Am01. G5 at the 

temperatures available with the apparatus used. 

Of the experimental met~10ds v'hich have been used to studJr equilibria between 

solids and gases, two were investic;ated as best fulfilling the requirements as 

to sample size and reduction of the hazard associated with handling t 11e highly 

radioactive d~r americium oxide. 

In the first method, the course of the decomposition was followed nith a 

simple quartz fiber cantilever balance inside a closed s~rstem by measuring the 

weight of ti1.e o:dde under various pressures of O:h.'ygen. s~~itable reaction rates 

cm.1ld be attained onl:;,r at elevated tem~eratures. At ti1ose temperattJ.res t!1ermal 

currents prevented anJ' measurement of the r.reiGht of t~1e oxide. Hence after a 

preliminar;'{ qualitative investi:ation on praseodymium, the method wa~:; abandoned. 

The second and more useful method consisted of follo,·rinc; V1e course of the 
J 

reaction by measur'"raent of t,l1G ~Jressure of oxycen in equi:l.ibrium with the solid 

in a system of 1:nonn volume and temperature. Such invocti,:::ations are ordinarily 

carried out v!ith much le.rger samr:>les t 11an those used here, so that a relatively 

large change in O:h.'Jrgen pressure causes a very small chanse in composition of the 
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oxide. Particularl;:,r for the americium system but also for the praseod;>rmium, 

since the amount of material available was limited to ver"l; s···1all amounts, severe 

difficulties were ))laced in the way of accurate '"!leasurements. A system had to be 

desj_p;ned so that the degracl.ation of the oxide all the wa:;r to the sesquioxide 

l70uld occur at r8adily measurable pressures ,et.seq.the volume of the system had to 

be small, of the order of one to tPo millili tors of PrO • 
X 

Sine e the total 

•·ei.'?;ht of oxygen evolved durin5 the transition to Pr~. 5 was of the order of 100-200 

micrograms, it was necessary to prevent the reaction of this oxygen ._,_,ith any 

ether material in the system s1.1.ch as mercury vapor or stopcock ~rease or large 

errors in the calcul2tion of t.he compositiQn of t!1e solid phase :'!ould result. 

As the vapor pressure of mercur~· at room temperattlre is 10-J nm and since a 

mercury manometer "!as u:~ed to moo sure pressnres, it was obvious that this vapor 

must be kept from contact :7i th the hot oxide. A cold trcp 1:1ainta 1.ned at the 

temperature of sublimation of solid C02 172S built into the s;;rstem, separatinG both 

the stop-cocks and the manometer from ·!)1e ;)art of t"'e system undergoing hestine. 

Due to volume considerations, small bore tubing 1·•as used for the manometer, intro-

ducing large corrections for the capillar;>' depression of Hg. Since the wei~ht 

of oxygen in the fJ;}'stem as calculated from the !mo1m volume, pressure and density 

of the gas, it v.ras necessary to correct for the effect of the cold trap and the 

heated section of the system. Further errors resulted from absorption oi' o:::ygen 

on t:1e oxide itself and on the ;:rolls of t~1e tubi~g of which the system was con-

structed. Since it uas im?ossible ·:·o outgas the san:ple tube itself nithout sub-

jecting the oxide to ~rolonged heating at hir-:h temperatures ,.,hic;:h '"Ould tend to 

!' decrease the reactivity of tl:le sanple, a furtl1er e~·ror entered due to the o;ases 

desorbed fro:n the fused silica tnbe. 

In the case of americiur1 it 11as necessary to reduce still further the 

volume of the system due to the much s;nallor amount of americium available. 
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II. Apparatus- for praseodymium oxide decompositions 

The system consisted of a manometer, a cold trap with a 3-way stopcock 

connecting to .~as and vacuum lines, and a c.ll.B.rtz capillar~r tube containing the 

mdc!.e whose vapor pressure was to be measured. A thermocouple and potentiometer 

were used for neasuring the temperature of the oxide, and a platinum tube was 

'>laced around the sanple end of the quartz tube and wa::; surrounded in t·,_rn b;r a 

cop~oer coil used for induction he.::!ting. Differei1ces in Hg level were measured by 

means of an cathetometer equ • pped '7i th a telescope. 

The mercury manometer was construd.ed of 3. 6 mE1 I. D. precision bore tubing. 

It was of the closed type and could measure pressures up to 200 mm of mercury. 

Tho closed end contained a section of capillarJ' to Temove des orbed gases
2

• 

The open end of the manometer was sealed onto a short piece of 1 mm capillary, 

bent at ric;ht angles, to v1hich was attached a capill~~· socket joint designated 

as S 12/1. 

To this manometer, a cold trap ma(1e out of l/2 mm capillary tubinc; was con-

nected b~r an S 12/1 ball joint as s'wrm in the c~iae;ram. The purpose of the trap 

was to keep mercury va')Or from the hot end of the system and to remove any con-

den sable e.;ases. The middle leg of the trap was connected to a ?>-way stopcock 

w~lic:1 in turn connected to gas and vacuum lines. By this means, an)' oasilj' 

condensable gases ·were rer:~oved from OXJ'~·en ac[ded to the s;;rstem. The end of the 

trap opposite to tho mano!neter rms blorm out end t~1en partiall:J• melted to na~ce a 

fl_ared joint to which the quartz tube cou~d be fastened by Apiezon rmx. T!w 

trap was cooled to -7G. 5° C by a mixture of crushed 11dry ice11 and ethyl alcolwl. 

A thick walled quartz tube, 23-25 em. long and abo11.t 1 mm I. D. and 1.25 

mm wall t'1iclmess wus used to co~tain the sartple. The end of the tube was sealed 

off and then an eight em. piece of the same tubing welded on to reduce temperature 
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end effects when the tubing vras heated. The end of the tube to be fastened to 

the c:old trap was rounded by grinding on emery paper. 

The oxide was heated by means of a 3 I\VA oscillator, feeding into a cop~)er 

coil. The s<"Elple tube nas surrounded by a 12 mm. 0. D. quartz tube over which was 

slip'Jed a nlatinum tube 9 em. in length. The V!ater cooled induction coil consisted 

of a 6.0 em. diameter coil, 16 em. long, containing 16 turns, of 1/411 O. D. 

copper tubing, connected to the oscillator. The coil was pl.nced so t~1at t~1e oxide 

samnlo and t~1e outer platinum. tube were centered in the copper coil. Test 

s'10wed that t~e tel'lperature ':Vas cons~ant to within !. 1° C over the length of tube 

occupied by the sample. 

Earlier experiments had emplo;ted a nickel block 511 long and 1-1/411 in dia-

meter containing 2 holes, one for t'1e sam:)le tube and another for the thermocouple. 

The Ni block \'!as surrounded by an asbestos insulated tube furnace of the ordinarJr 

type • The teMper2ture 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. 

Atternts to measure the temperature of the oxide sample by means of an 

exterior thermocouple gave variable rosul ts so an interior thermocou.ple nas 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 ,-,ire vms insulated from contact 

with tho othor by means of fine quartz capillary, and near the waxed joint by a 

coat of glyrtal varnish. The ~1ot junction was buried :Ln tho oxide or v.ras within 

2 mm of it for all runs. A cold junction vras maintained at 0° C b:" means of an 

ice and water 'bath. The effect of the inductive field on the thermocouple was 

small and it r·as .felt t~1at the t'1ormal conductivity bet-r!Cen V10 junction and 

sanple nas sufficiently s:roat so no a~lTrcci2ble error in tho rnasurement of the 

to:;qoratu.re '.-rould result. 
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The potent.iRl rtoveloved was me2surod by a llubicon Portable Precision Paten-

,, tiometor of nore than adequate sensitivity, since measurements were made onl:r to 

tho nearest degree Centigrade. 

The difference in the level of the 2 Hg arms of the manometer was measured 

by means of a Gaertner cathetomet8r, equipped with a telescope and a vernier so 

that readings could be made accurately to the nearest 0.05 mm and estimated still 

more closely. 

Since it was necessary to know tho total volume at any pressure in order to 

calculate the composition, all parts of the system were calibrated by filling with 

mercu!J7 which vms then removed and weighed. A reference mark vras scratched on 

the precision bore section of the manometer near the open end. The volume of the 

manometer up to this point nas measured before t~1c manometer was filled with 

mercury. Changes in the volu.rne of t:1o sJrstom cue to pressure changes could then 

easily be calculated. An assumption was made tl1at the menisci trere spherical 

segments and their volume calculated on this basis. The volume of the quartz 

insulation on the thr-Jrmocouple wire '\Vas calculated from a measurement of its 

diameter and length. The overall uncertainty in the volume of tho system at 

any pressure :7as estimated to be "!: 2 pl. which varies from to. 4 to ;: 0. 2% 

depending on the pressure in tho system. The volu.rne of the r'uartz sa·1plo tube 

was a!Jproximately 1/11• ml and the cold trap and manometer to the reference point 

another l/!~ ml. At a pressure of approximatoly 100 mm. the tota:J_ volume of the 

system "ras equal to 1 ml. 

The capillary depression of morcury in tubes of 3.6 mm diameter is a large 

effect 11'/b.ich must be corrected for. The system vras pumped to< 10-3 mm and the 

:mercury levels of the manometer road, includ:tng tl1e height of the menisci. A 

s'1rios of road.i'1Q;S at zero ~)rossuro rrith different menisci heiz,hts woro obtained 

and the: correction to be a:)plied determined from those. It is estimated that 
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b t • + 0..., -,., the pressure rDad. from the manometer shCJul.d o accura G c,c - , ,.::. rom I or all cases 

+ 
and nearer - 0.1 mm for most. 

Tbe '.7eight of oxygen in tho syotem •:ms calculated from tho pressure at some 

known tonperature, the density of oxygen at this tom;::>oraturo, snd the volume of the 

system at tl1 ;s pressure. Since a cold trap was added to tho syst~m, coolinc; only 

a fraction of it, and tho ;Jart containing the sample was heated to different 

to:"lporaturos, it was necessary to determine tho extent of those t'·o effects. 

This v1as done empirically by first filling the s;rstem ··:ith a J:nor:n prossurc of 

oxygen, then addinc; the cold trap and measuring tho decrease in pressure. T'1is 

was done over the range of pressures that would be rrorked with and tho results 

plotted as % correction versus pressure in mrn of Hg, giving a straight line. 

Calculations of the corrections were in close agreement with tho measured values. 

The corrections for t~o increase in pressure duo to heating the sample wore 

determined in tho same wa;}r. A certain pressure of 0 was admitted to tho S;}'stcm 
2 

with tho cold trap in place, and then tho temperature raised over the desired 

ranc;o. Th.is was dono for a sorios of pressures. A series of ·straight lines 

wore obtained by plotting T vs. % correcti·"'n, one line for each lJressuro measured. 

Tho correction for t1,_o measured '::>rossure could be obtained from this plot by 

interpolation. Tho over-all accuracy of '·.hose corroctio'1S probably falls within 

+ 
- 0. 5~i. 

Tl1o decomposition, 2 CuO = Cu
2
o + 1/2 02 , was carried out in an apparatus 

of t:1:;_s ty:,Jo. Tho b.H value obtained lJ:>r plottin3 1/T versus lac; P aprood rrith 

tho value fotmd b;;r other ,-,orkors.3 to ni thin 0.::%, indica tine that tho system is 

capable of ::iving cood rosu~ ts nit> sa"'l;>los of tho order of a fe··~ milligrams. 

'VIhon used for t'..e decomposition of amoricinn oxide, th;; system was surrounded 

by a box made from plywood and lucito, fitted with sliding doors on tho front 

and coi1ncctod to tho exhaust system of tho room so that air was constantl;}r being 

drawn through tho box. The system used in t',is case wa· similar but o.f r.mch 

smaller volume. 
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S The :Jraseodymium used in th:Ls investigation r.rns obtsined from Johnson-

Matthey and Co., Ltd. of London, and was of their best q_uality. Spectr:t>:>scopic 

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 exchanee 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 - ND Gd - ND < 0.1 Ta - ND / O. 5 
'-

Ba ND Ho ND < 0.1 Tb - ND (0.1 

Be - ND(0.005 K - ND < 0.1 Yb - ND ( 0.1 

Ca < 0.01 La - ND < 0.1 y - ND< 0.1 

Ce - rm <O.l Lu - ND ( 0.1 

Dy - ND "0.1 Na - ND<_ O. 01 

Er - ND <. 0.1 Nd - ND < 0.01 

Eu -. ND < 0.1 Sm - ND <. 0.1 

Fe - ND ~ 0.1 Sr - ND ( 0.01 

The americium was purified by various chemical procedures to c;ive a spectre-

scopically pure material. 

In the case of praseodymium, t;Je uncertainty in the composition of the 

compound usuaRy designated as 11 Pr6o11n , made it desirable to use Pr2o
3 

as the 

primaiJr standard for weighing. The sesquioxide was obtained b;')r hyr~roc;en reduction 

of the hieher oxide at 500° C. T;ds was weighe,d in an air-tight platinum capsule. 
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In one case, the loose salt rTos removed in a dry N2 atmospher- and its -reight 

obtained by difference • + T,_1is v1eie;ht was 1mown to - 20 pg for an 3 mg sa:01ple of 

Pr2o • Th'.s salt YJas added by means of a •1h1tinum funnel to the quartz sar.qle 
3 

tube of the a•1paTntus. This tube was then vigorously tnpped until all the oxide 

annear:d to drop to the bottom of t11e tube. Due to the uncertainty as to YJhether 

all the salt had fallen to the bottom of the tube and due to the interaction of 

metal salts and SiO..., at h~.c;h temper-::~tures, another '1rocedtt-re vms adopted for a ._ 

second sample. A small ;1latinum tube about 1. 5 em lone am~ "bont 1 mm O.D. 

was fabricnted fr0m 1/2 mil platinum foil. This t.u"be rras :;laced inside the larr,er 

platinum weighing vessel nnd subjected to the troatment to "be used for the H2 

reduction, then can'Jed and weighed. It was opened and the small inner tube re-

moved, then recap'Jed and weighed ar-:ain, givinc the rreight of the tube by dif-

ference. After constant weight was obt:dned for the tube, it Fas filled with 

previousl:~r prepared Pr2o3, trf,3ate_d with H
2 

at 5000 C, cmd the c7eight of tl-:e salt 

found by difference. This procedure ':7as repe8t61 until constant ~'Ieight was ob-

ta:'.ned, 
+ 

The weight of about 5 mp; of Pr203 was ':no·-m to - 6 pg. The small tube 

Y•r•s n1aced in the 0uartz sample tube ancl allowed to fall down to the bottom. In 

this case all of the oxide was in the zone that ''lO.S to be heated. 

Due to '1eal th hazards ~.nvolved in the 'l1anipu~ations necessary to carr~' out 

the reduction, it nas decided to weigh the americium oxide as Amo2 . The compo­

sition of t'ds compound seems well established. No chan::;e in latt;_ce constants 

for t'~e oxide uere detected after treatment of the compound under 50 atmosphe1·es 

of 02 at 200° c4. 

A small platinum tube •vas rreizhed repeatedly on a microeram baJance after 

beinz treated in the same manner as 1'-'a· to be used for the wei::;hing of the 

americium oxide. After c nstant weight was obtained, t:1e tube was filled '7ith 
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the americium oxide, !1G3ted to 700° C and cooled slowly to .:250° C where it was 

held for 15 min. to allow maximum absorption of o2• It vTas then put in the 

neigh;_nG capsule and capped. After checkinG bjr the health group for outside 

contamination, it was weighed. The vessel was opened, the inner tube renoved 

and transferred to the qu13,rtz sample tube. The empt;)r outer vessel 11as again 

weighed and tho YJej_[';ht of Am02 determined by difference. 

\ 

All neighings of praseodymium oxide were made on the Ainsworth F D J micro-

balance, with the exception of the second praseodymium o:dde sample ca:Ued Sample 

2 of Series l which was weighed on the American Balance Corp. semi-micro-balance 

sensitive to 10 pg. The americium oxide was weic;hed on a sensitive c:uartz balance. 

IV. Experimental Results 

The oxide decomposition data obtained from these studies is presented as a 

series of plots of the log of the prt!ssure in 11m of mercuiJr versus the reciprocal 

of the absolute tempe··a+.ure. (FiGs• I throush IX, XIII, J::IV). 

The various sa"'1Dles and apParati used were as follows: 

Er Oxide Decomposition 

Series 1 -- Pn1liminary anparatus - approximate calibrntion. 

Semple 1 8. 037 t 0. 020 mg neis;l1ed as Pr2o
3 

directly into the quartz 

tube in the form of pellets. (Fig. I). 

Sample 2 8.11! 0.30 "lg ueic;hed as Pr6o11 directly into the qunrtz 

tube as a powder. (Fie:. II). 

Series 2 -- Improved apparatus as shmm ;_n dra,·rinc - AccuratelJr calibrated 

within the limits given in. Section II. 

Sample 1 8.76:;, .020 mg wei:c;hed as Pr20
3

, added directly to quartz 

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

Sar,r,le 2 -- 5.11~5 -: 0.006 mg weighed as Pr20
3 

in small Pt tube r;hich was 

then ~')laced in the sa:nle tube (Figs. VII, VIII, IX). 
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\A micro-modification of tb.e a).)paratus used :i_n Series 2 above] 

Sample 1 -- 17eie;hed as AmO in small Pt tube 11hich was then placed in 
2 

the sam'Jle tube. (Fir;s. XIII and XIV). 

Since the volume of the system was known at any pressure of 02 , the composi­

tion of the oxide cou~d be calculatec:. Due to the fact that in some cases oxy-;en 

a'!penred to react with substances within the system and also due to outgassing of 

tl1e absorbed c;ases ·1_n the fused silica tubo, the composition of the oxide is not 

known '··'i th 11i_r;h accuracy partict,~arl;;r at tompo:catures above 1, 000° C. The com-

positi.ons give:1 on Fig. XI represent the best values obtained from the averaee of 

several different runs. Compositio:1s fro;.1 a decomposition run which did not agree 

with any other runs were not considered in this compilation. Compositions r;iven 

to only +r;o decimal places are from onl:;r one or two separate ruri.s and the degree 

of error is quite uncertain. 

The x-ray dat~ vrere obtoined only for the praseodymium oxide decomposition. 

One set of sa:n.ples was taken at Pr0l.66 and another at PrOl. 73• These data 

along with lattice constants of Pr60lV Pr02, ;and Pr203(c form) from measure­

ments5 made in these laborQtories are presented in I~ig. XII. Tho lattice constants 

given for the body-centered cubic structures are actually one-half of ·[·.11e true 

lattice constant. Another sam:Jle was taken at what corresponded to PrOl. 5g 

but rras inhomoeeneO'lS yielding hexar;onal Pr20
3 

and a fluorite structure 1r.ri th the 

same lattice constant as. that of PrOl. 73 • This sam!)le 11as cooled very rapidly 

17hich :'robably explat)1S the inhomogeneity. 

T1·w composition of the hl(Yher oxide of '1me::.~i_cium tcra!3 determined as follows: 

The higher oxide was reduced with H2 at 550° C to Am2o3• Oxy~;on was then admitted 

to tho system b1.1.t in tho first i;1stance r:action occurred so :~apidly t!'lat the 
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pressure of oxygen couJ.d not be rccurntely measurr.d and only an approximation of 

the pressure co1,ld be obtained. This observation eave a minimum 0 : Am ratio of 

1.95 to 1.0. A second experiment ''here the reduction was carried out at 750° C 

followed by heating one hour under high vacuum at 990° C, c;avo a reduction 

proc'uct which did not react rapidly with oxygen at room temperature. This allowed 

a more accurate measuremnnt to be made. The rAsult of this second measurement 

gave an oxygen to americium ratio of 1.9G ~ 0.02 to l, 

The ~H of the decomposition 

Slopes of the various curves were measured by visually drawing tho oost 

straight line throuc;h the po~.nts of :.he log p vs. 1/T plots· and those curves wero 

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 aplJeared for 

all rU11S at many different preSSUreS' tWO S traie:ht lin OS Were Obtained On Fhich 

most of tho points fell. (Fig. X) The slo:_1es of those two curves nero calcula.ted 

from this collected data. The l·i.nos of lesser slope (Curves A, D, C, D and E. 

Fig. XI) contributed onl~r small amounts to the ~H value a:1d thus small inaccuracies 

in measurement of the slope were unimportant in tho ~H for the total reoction. 

The slopes of the curves beyond H nero obtained from runs rr)1ere only relatively 

small amounts of Oi-..'J'fOn were nresent in tho s:rstem and the decomposition could 

be effected at lower temperatures. Slight inacCU1'9.cies in those curves would 

cause le.rge errors in the ~H value as would errors in the composition at these 

l}Oints of inflection. The value of 6H calculated using those slopes and composi-

' 
tions zave 1}7 -::. 5 kcals.as the ~H for the decomposition of Pr6o11 to Pr2o

3 
over a 

temperatura r.:mge of 400° to 1200° C. The 6H obta:Lnod from heats of solution 

givGn in Bichowsky and Rossini 6 is 4'J lccals, A further check on those values was 

the measurement of the heat of solution of Pr2o3 by L. E;rrinr/+, which agreed with 

the previous value. The conclusion is dra~·m that for much of t>o decomposition, 

at least, equilibrium pressures were measured, 
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0 

-----·--------------------------------------------------------------
Phase 

A 

B 

c + D*. 

F 

H 

I 

J 

Total 

Fraction of 
Total Reaction 

0.021 

0.039 

0.093 

o. 201 

0.171 

0.144 

0.210 

0.120 
• 

0.489 

o.36C 

0.439 

0.512 

0.924 

0.49!, 

0.323 

0.30 

0.20 

0.30 

0.15 

0.06 

-~H(kcal) for frac­
tion decomposed 

0.157 

0.775 

0.624 

12.058 

·---··---·-------
0.20 

0.0.3 26.376 

·----------·-·------.. ·----· -· ·-· -·---··--
1.2505 0.30 2.292 

, _____ ___; ________ ------·-----·----------
0.999 47.05 

---------·------------------
·~<- Inclusion of tho slope of curve E causes an increase of 0. 3 kcal in the total 

~H. 
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One orig5_nal obj active of tl1is study nas to obtain a till value for the 

thermal decomposition of americium dioxide to americium sosquioxide. By assuming 

that there is the same difference between t:1o heats of formation of Am02 and 

Am+4(aq) and 1/2 Am2o
3 

and Am+3(aq) as there is for tho corrospondj_nr; plutonium 

comDOlmds and ions and that the AS values arc the same, a value for the ~otential 

of tho III-IV couple could be estimated. 

Although tho praseodymium-oxide ,c;ystcm proved very complex and there uas a 

lack of rapid, reversible equil:l.brium press'Ul"es over certain portims of the 

system, a reasonably accurate approximation of the AH for the decomposition of 

Pr6o11 to Pr
2

o
3 

nas obtainable. It was significant tJ1at a AH based on an j_dealize:l 

picture of the system agreed rrith the t.H obtained from heats Qf solution to 

within the experimental error. 

Unfortunately the thermal decomposition of Am02 could be carried out Ch.1ly 

to Am01.35 at the temperatures possible nith this apparatus. Within the rAnge 

of decon.posi tion investigated (Am02 --7 AmOl. 35), t.H for tl1e total reaction 

assuming the LlH of the partia1 reaction amounts to 21 kcals. This may be compared 
4 

with 49 kcals from estimations based on tl1e heat of solution of Am02 

The data presented in preceding sections show conclusively that the course 

of t:1e thermal C :Jconposi tion 

is h1.ghly complex. The most interesting feature of this reo.ction is that it sug-

gests t}lat it is possible to have immiscibility of oxides of very similar crystal 

structure and composition. In snp1ort of th~ .. s h;y·xythesis :·,he data of McCullouGh 

shovd.nc; immiscib:i.lit;;r of Pr6o11 nnd Pr02 may be presented. 5 
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Althongh no final interpretation of the data can be made until the system 

is examined b;r means of a high temperature x-ray c::1mera, a tentative explanation 

based on meagre x-ray data talcen at room temperature may be advanced. From the 

fact that both Pr01. 333 (Pr6o
11

) and Pr01. 73 ,have fluorite structures, it would 

appear that all intermediate compositions have tl1e same fluorite tyne structure. 

The regions between Pr01. 333 and PrOl. 782 on the one hand and PrOl. 715 

and PrOl. 51 on the other would appe:>r to be re- ions of continuons solid solution 

formation, .althouch if th~.s is the case the P-T relationships are of an unusual 

nature. There is a certain inertia ~-n tho s;rsteM in the area C, the upper curve 

being obt2,ined by continually raisinc; the temperature until the curve D is reach-

ed. Upon cooling from the point of intersection of C and D, tho absor;ltion of 

oxygen follows the lower dotted line vvhich has the sar.~e slope as D and is rever-

sible in that region. Ac;ain, as decom_l)osition proceeds further, the curves C and 

D are followed up to the point of inflection bet·ween D <md F, nhich apparently 

represents a limit of solid soluticn formation decomposition. The curve E was 

obtained in only two of the many decompositions effected and may represent another 

poss:i.~Jle path for the decomposition. The loss of oxygen atoms as the decompo-

sition proceeds eventually results in the formation of a new 'Jhase ',·rith a de-

composition slone H. The actu.al ex;::>erimental curve F shows a considerable curva-

t.ure as it a!Jproaches curve G ;;rh:Lch may be an indication of so1id solution forma-

tion. However, x-ro.y evidence shr~ws onJ.y one ~Jrominent phase at Pro1 • 73 nhich 

is near the composition PrOl. 715 at r.rh:!.ch the horizontal curve G intersects curve 

F. 

The structure obtained at F'r01. 73 :i.s the .fluorite t?ne nritl1 a coordination 

nmnber of eirsht for the metal ion, 1.7hHe the structure at Pr01. 66 is of the 

C type nith a coordination nmnber of 6 for t~1e metal ion. The "Jressure of oxygen 
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over the new ")hase represented by the decomposition curve H seems to be less than 

1 mm of Hg at about 650° C. This was shown bJr 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 tem;Jerature ,just h-lc;h enoue;h to ha-.-e de0omposed all of the 

previous phase, i.e. to the right of curve G. The pressure of oxygen then in-

creased along the curve obtained in run B, Fie;. I, nhich could be extrapolated 

to intersect the point of inflection between G and H and nhich had the same slo~Je 

as curve H of Fig. XI. 

Since the C tJ"Je structure occurs at Pr01.66' and a C t;;:pe structure is 

1movm for Pr01. 5(Pr20) it is probable that intermediate compositions also have 

the C ty)e lattice. At hieh ter::perntu:ces, the fj_nal :Jroduct, PrOl. 
5
, has the 

A type structure (hexagonal) and ~resUJ"'lablJr a tr;:msition to this lattice ty)e Must 

occur. From the data avilable, it is impossible to tell rrhere this transition 

does take -~Jlace. There are three points of inflection betv.reen phase H and tl1e 

final phase Pr2o3, all having different slopes. As the temperature is increased, 

the same sort of decomposition takes place as for the fluorite str~1.ctures. 

The fact that the compositions of oxide existing at the intersectj_ons of 

the various straight lines conform to no sim~le stoichiometric ratios of Pr203 

to Pr02 seems analo::::ou.s to the situation which has been demonstrated for many 

different oxides such as those of Ti, V, Ho, n, Mn, Cr, Ni, and Pb oxides7 . 
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