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Equilibria in the Oxide Sj•stems of Praseodymium and 

L. B. Asprey a~1d B. B. Cunnine:;ham 

Radiation Laboratory and Department of Chemistry 
Uni versi tj• of California, Berkelej•, California 

ABSTRACT 

The thermal decomposition of the hic-her oxides of praseodymium and americium 

have been investigated. 

was accomplished and a value of 47 !. 5 kcals. for the he.?t of the reaction obtained. 

The reaction proved to be very complex. The decomposition of Amo2 was carried 

out only to Am~.85 due to the greater stability of Amo2• It was impossible~ 

to extend the value ' of n•l¢6l.s. obtained for the partial heat of the reaction 

to obtain a value for the decomposition to Amo
1

• 5• The composition of the 

ltip,her oxide was shown to be Am~. 9G i; 0• 02 • 
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~ ' 
I. Introduc.t!Q.n 

An invostic;ntion of tho thermal decomposition of tho higher oxides of prasoo-

d;>rmium and americium wns unclortalwn with tho folloninc objectives in mind: 

a) Equilibriun dn.ta would pornit an evaluation of t::.F, t::.H nnd t::.S for the 

r3actions 

Pro2 --+ 1/2 Pr2o3 + 1/4 o2 

An02 ~ 1/2 An2o3 + 1/4 0
2 

Such data rrould furnish a bo.s:i.s· for ostirnatine tho free energies for tho aqueous 

ronctions 

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

Am+J(aq) + H+ = Am+4(aq) + 1/2 H2 

b) In tho case of americium this would constitute tho first oxidation-reduc-

tion equilibrium studios for this clement, and '701J.ld be of valuo in ostimting 

tho thornod:rnnnic stnbilit:>• of other conpotmds (AnF 
4

, for cxa!·1p1o). 

c) Tho thorno.l st8bili ty ::md exact conposi tion of t 110 cor.mound · 11An02
11 

v.rould bo directly dotor!1inod cmd t}-·o oxygen prossm·c noasurod ns a function of 

tcnporo.turc. This Tiou1d constitute n check on the vnlir"it'j' of tho o.ssunption that 

tho conposition An02 results fro:·1 tho direct ignition of the nitrat·~ in nir nt 

800° C -- nYl nssunption nscl.o in- cnlculn tj_ng tho half-life of tho isotope An241 

fro:.1 specific n.ctivi ty ncnsurononts based on 11oighine: tho higher oxide 
1 

• . 
It should be ncntionod that nl thm~r;h tho anoriciun oxide equilibria nero of 

prinary interest, pro.cticnl considor::tions required that nost of tho initial vork 
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on t'1is problo:-1 bo carried out ~·:it:1 n nsto.nd in11 ~;lu:1ont. Boccmso of tho .:;xtronol;r 

lini ted <Woilo.bili t~· nnd :1igh toxicity of nnvriciu:1, tho o.pl)O.rD.tus J.nd techniques 

employed were developed using praseodymium as the most suttable 11 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 unioue complexity of this 

reaction it was investigated in some detail. ..l}.nother difficulty was the stability 

of Am02 which proved to be much greater than previously believed. It was impos­

sible to carry out the thermal decomposition of Am02 beyond Amo1 •85 at the tem­

peratures available with the apparatus used. 

or the experimental methods which have been used to study equilibria between 

• solids and r::ases, tr;o were invcsti_..,.atcd as best fulfilline tho requirements as to 

sample size and reduction of tho hazard associated r!ith handling the hit;''ly 
• 

radioactive clr;,r ar.1oriciun oxide. 

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

simple r.'uartz fiber cantilever balance inside a closed sjrstom by moasurine tho 

Height of tho· oxide under variou.s pressures of oxygen. Suitable reaction rates 

could be attained onl~r at elevated temperatures. At thgsc temperatures thermal 

currents prevented any ncasurcment of tho woip,ht of tho oxide. Honco after a 

preliminary qualitative invosti:~;ation on prasoodym:i.um, tho method ~~as abandoned. 

Tho second and noro useful method consisted of follmling tho course of tho 

reaction bjr measurement of tho pressure of oxygen in equilibrium 11i th tho solid 

j_n a sjrstom of knorm volume and tcnporaturc. Such investi.s;ations arc: ordinarily 

carried out ~-~ritl1 much larger sa:"1ples thnn those used hero, so that a rolntivolj• 

largo chanso in OXjmcn pressure causes a very sr.1all chanr;o in conposition of. tho 
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oxide. Particularl;>• for tho americium Sj'Stom but also for tho prasoodyniu..m, 

since tho amount of material availalJlo was limited to vel'J'•snall amotmts, severo 

difficulties wore placed in tho way of accurate mcasurcnonts. A sj•stom had to be 

dosignod so that tho dct;radation of tho oxide all the waj• to tho scsquioxidc ·would 

occur at roadilj• measurable pressures, i.e. the volume of tho s;rstom had to be 

siu.all, of tho order of one to two millili tors. Further, since tho total vr:;ieht 

of oxyson evolved during tho transition to M01 • 5 wns of tho order of 100-200 micro­

grnns, it v1as nocossnry to prevent tho reaction of this oXJ•gon with any other 

nntorial in tho s:,rstem such as r.1orcury vapor or stopcock eroaso or largo errors 

in the calculation of tho conposi tion of the solid phnsc t-rotlld result. As the 

vapor pressure of nercury at roon temporaturo is lo-3 ru:-1 and since a ncrcury· 

nnnonotor ;·ras used to neasuro pressures, it was obvious that this vapor nust be 

kept fron contnct nith tho hot oxide. .A cold trap nnintaincd nt tho tonporaturc 

of sublination of solid C02 was built into tho Sj•ston, separating both the stop .. 

cocks and tho r:umonotor fron tho part of tho syston undorcoing heating. Duo to 

volune considoretions, snnll boro tubinc; was used for tho r.1anonotor, introducing 

largo corrections for tho capillary depression of Hg. Since tho vmight of ox;n?;on 

in tho systcn was calculated fron tho kno·:m voluno, pressure and density of tho 

gns, it rms nocossai:J' to correct for tho effect of tho co;Ld trap and tho hcntod 

section of tho s;>•sten. Further errors rcsul ted from absorption of OXJ'gcn on tho 

oxide itself and on tho rmlls of tho tubing of v:hich tho sj•sten rms constructed. 

Sine o it rms inpossiblc to outgas tho sanplc tube i tsolf without subj ect:i.ne; tho 

oxide to prolonged ho;:ting at hir;h tonporntur;:"Js rrhich r.rou~d tend to decrease 

tho reactivity of tho SM1plo, a further error entered duo to tho eases dosorbod 

fror:J tho fused silica tube. 
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Tho s~rston consisted of a r.mnon:::tor, a cold trap nith a )-1m;/ st.opc~ck con­

necting to gas and vacuum lines, and a cuartz cnpillaij~ tube containing tho oxide 

whoso vapor pressure vms to be ncasured. A thornocouplo and potontionotor 'IDJre 

used for noasuring tho tonpernturo of tho oxide, and a platinun tube Y!as placed 

nround tho sanplo and of tho c;oortz tube and nas surrounded in turn bJ~ o. copper 

coil used for induction heating. Difforoncos :tn Hg lovol r10ro r.10asured bJr neans 

of an cathotonotor equipped ·ai th a telescope. 

Tho :wrcu~r r.1nnonotor uns constructed of 3. 6 :!TJ. I. D. procision bore tubinc;. 

It rms of tho closed typo and could ncnsuro pressures up to 200 nn of norc~r. 

Tho closed end .Q,9Q,11Al!lill .. Q, section of capilla!J' to renovo dosorbed r~ases2. 
. .. .... ,.: ,. 

Tho open end of tho r:mnonntor was soalod onto a short piece of 1 nn capillary, 

bent at right angles, to ;-;hich rras attac);led a cnpillaiJ• socket joint dosir:;nnted 

as S 12/1. 

To this nanonJtor, a cold trap r.ac1o out of 1/2 nr'. cr:pillarJ• tub:i.ne Yms 

connected b;r an S 12/1 bnll jo:Lnt ~s sho:'m in tho cl.ingr;m. Tho purposo of tho 

trap r:as to !coop norcury vapor fron tho l·wt ond of tho s~,rston and to renovo nn;y-

condonsabro r.;nsos. Tho nidclle ]j:~g of tho trap vms con:10ctod to n 3--c·:aj• stopcock 

,.,hich in turn con,1octod to gas nnd vo.cuux.1 lines. By this nonns, an:· onsily 

condensable r:;nsos r:oro rcnovod from oxygen added to the system. The end of the 

trap opposite to the manometer was blown out and then partially· melted to make a 

flared joint to ·which the r:uartz tube could be fastened bj• Apiezon wax. The 

trap was cooled to -7G. 5° C by a mixture of crus~1ed 11 d!'J' ice" and ethyl alcohol. 

A th.Lck ~7alled quartz tube, 23-25 em. lon-:; and l'!bout 1 mm I. D. and 1. :-:!5 mm 

wall t'1:l.c!:ness was used to conta.in the sample. The end of the tube was seeled 

off and then an eight em. piece of the same tubing welded on to reduce temperature 
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end effects vrhen the tubing nas heated. The end of the tnbe to be fastened to 

the cold trap was rounded by grinding on emery paper. 

Tho oxide was heated by moans of a .3 KVA oscillator, feeding into a cop?or 

coil. Tho sample tube was surrounded b:>~ a 12 mm. 0. D. cuartz tube over l:71:ich 

was .~ppod a 1Jlatinurn tube 9 em. in length. Tho rrntcr cooled induction coil 

-· 
consisted of a 6.0 em. diameter coil, 16 em. lone:, containing 16 turns, of 1/411 

0. D. c0]1por tubing, connected to the oscillator. Tho coil was placed so that 

tho oxide sample and t:1e outer :1lat:LnUII1 tube rv)re centered in the copper coil. 

Test s'wwed that tho tomport~turo was constant to within '!: 1° C over tho length of 

tube occupied by tho sample. 

Earlier oxperimonts had employed a nickel block 511 lonr, and 1-1/411 in diameter 

containing 2 holes, one for tho sample tube and another for tho thermocouple. Tho 

Ni block was surrounded by an asbestos insulated tube furnace of tho ordinary typo. 

Tho tom)oraturc gradient was too large ancl tho time consumed in coming to an 

equilibrium tompc:rature was too eroat so tho chango was modo to induction ho2ting. 

Attempts to measure tho tompornturo of tho oxide sample by moans of an ox-

terior thormocouplo gave variable results so an interior thermocouple was used. 

Five mil Pt, ?t-10/o Rh wire was inserted down tho length of tho c1uartz sanplc 

tube. At the lowor end of tho thermocouple one ·wire was insulated from contact 

with tho other by moans of fino quartz cEUJillary, and ncar tho uaxod joint by a 

coat of glyptal varnish. Tho hot junction rms: buried in tho oxide or was within 

2 mm of it for all r<ms. A cold junction was malnto.inod at oo C by moans of an 

ico and water bath. Tho effect of tho inductive field on tho thermocouple nas 

small and it uas felt that tho thermal conductivity botwron the junction o.nd 

sample rms sufficiently groat so no appreciable error in the measurement of tho 

temperature nould result. 
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Tho potential developed was measured b~' a Rubicon Portable Precision Paton-

· tiomotor of moro than adequate sensitivity, since measurements wore made orily to 

tho nearest dogreo Centigrade. 

Tho c1ifforonco in tho lovol of tho 2 HG arms of tho rnanonotor rms measured 

by neans of a Gaertner cathotonoter, equipped '.Ii th a telescope and a vornior so 

that readings could be mado accurately to tho noarost 0.05 nrn and ostimctod still 

n.oro closely. 

Slnco it rias necessary to lmon tho total volume at any ;;rossuro in order to 

calculate tho cor!l:)osition, all parts of tho s;>rstem nora calibrated by fill:i.nr: rJith 

mercury vThich rras then removed and vroishod. A reference nark v!as scratched on 

tho precision bore section of tho manonutor ncar tho opon ond. Tho voluno of tho 

manometer up to this point was measured before the manometer was filled with 

mero.ury. Changes in the volume of the s:~rstem 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 r·uartz 

insulation on the thermocouple wire was calcu.lated from a measurement of its 

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

any pressure was estimated to be ! 2 pl. which varies from ! ,0•1+% to -t 0,2% 

dependinB" on tho l'ressure in the system. The volume of the cuartz sample tube 

was approximately 1/4 m1 and the cold trap and manometer to the reference point 

another 1/4 ml. At a pressure of apnroximately 100 mn .. the total volume of tho 

system vm,s equal to 1 ml. 

The capilla:r;J~ depression of mercur:~~ in tubes of 3. 6 mrn c'iamctor is a largo 

offoct ,,_,hich must be cor<:"'octod for. The :=;:;rstom ~·1as pumped to < lo-3 rrun and tho 

moreury levels of tho nanometer r~acl., including the hoic;ht of the menisci. A 

sorios of readings at zero pressure nith different menisci heights wore obtained 

and the correction to be applied determined from those. It is estimated that 
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+ tho pressure road from t:.1o manonotcr should be accurato to - 0. 2 nm for all cases 
+ 

and nearer - 0.1 nm for most. 

The wei?;ht of o:x:y~:en in the s~rstem was calculated from the pressure at sone 

\:noi'm temperature, the density of oxycen at this te:apereture, and the volume of the 

system at this pressure. Since a cold trap was added to the s:;rstem, coolin[, only 

a fraction of it, and the part containing the sample was heated to different 

ter.1peratures, it was necessal:Jr to determine the extent of these tv1o ef-ects. 

T'lis was done empirically b~r first filling the system vdth a known pressure 

of oxygen, then adding the cold trap and measuring tho decr0ase in pressure. This 

·was done over the range of pressures that would be rmrlced v1i th and tho rosul ts 

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

Calculations of tho corrections were :i.n close a'"·:roomont wj_th tho measured values. 

Tho corrections for the incroaso 5.n prossnro duo to hoe. t~_ng tho sample wore 

determined in ·1 ho same way. A certain pressure of o2 was admitted to tho system 

with tho cold trap in plocc, c=md thon tho tomporaturo raised over t:1c desired 

range-. Th:Ls was dono for a s(,;rios of pressures. A series of strair:;ht lines 

vmro obtained by plotting T vs. % correction, ono line for ';ac'-, prCJssuro measured. 

Tho correction for tho r.toasurod •rcsr,uro could bo obtainoL. from this plot b;r 

interpolation. 

+ - o. 5%. 

Tho over -all accuracy of those corroc-~-~ons probably falls '.'ithin 

Tho decomposition, 2 CuO = Cu
2
o + 1/2 o2, was carried out in an apparatus 

of this t:,r;)o. Tho Mr value obtained by plotting 1/T versus log P agreed rrith 

the value found by other vvo~kors3 to r!ithin 0.2%, indicat~.ng that tho s~rstem is 

capable of giv5_ng good rosul ts with sa1:tplcs of tho order of a fc,,. millic;rams. 

When used for the decomposition of americium oxide, the r,ystom was snrroundod 

b:,r a box made from plywood and lucito, fitted 'Jith slidin~ doors on tho front 

and connected to tho exhaust system of tho room so that air ~-:as constantly being 

drarm throuc;h the box. 
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III. PreParation of Sample 

The praseodymium used in this investication v~as obt,ined from Johnson-Matthey 

and Co., Ltd. of London, and was of their best quali tyl Spectroscopic analJ'sis 

showed several percent of sodium and potassium and less than 1% of other rare 

earths. This material was further purified by R. C. LillJ• and D. C. Stewart of 

this 1abor.::torJ' by means of ion exchange methods, yieldine; a praseodymium oxide 

that was nure within the sensitivit:;: of the spectroscopic method. 

Al -
Ba -
Be 

Ca 

Ce -
Dy -

Er -
Eu -
Fe -

ND 

ND 

ND 

Table I 

Spectrogranhic Ana1:•sis of Praseodym:i.um 
reported as un:hcroe;rams per fiftJ' microp;rams of sample 

(ND = not detected) 

Gd-- ND( 0.1 Ta - ND ( 0.5 

Ho - ND (0.1 Tb - ND < 0.1 

< o. 005 K liD< O.ll Yb - ND < 0.1 

< 0.01 LA- ND<_O.l y - ND ( 0.1 

ND < 0.1 . Lu- ND (0.1 

ND < 0.1 Na - ND < 0.01 

ND <; 0.1 Nd - ND <0. 0:}. 

ND < 0.1 Sm - ND <O.l 

ND <O.l Sr - ND <.0. 01 

The americium used was obtained from waste solutions left from the purifica-

tion of plutonium at Los Alanos. It 1'ms separated by lons and arduo1ls procedures 

to give, for the final j_-:>rodnct, a spectrosco·,~~ca1l~,r pure solution of americium. 

This americium vms prech>itated as the oxalate, and icnited to r:;i.ve Am02• 
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Snectrographic Anal;.rs::Ls of Americj_um 

reported as micro~rarns per fift:~r micror;rams of sample 
(~ID = not detected) 

Al - < 0.01 K - ND <O.l 

Be - ND (0.005 Mn - ND<O.Ol 

Ca 0.02 Na - ND < 0.01 

Co - ND < 0.1 Ni - ND '( 0. 01 

Cr - ND <O.Ol Pb - ND <O.l 

Fe - ND (0.1 

In t~1e case of praseod:>rmimn, the w1certaint:>r in the corr)osit:Lon of t~1e 

compotmd usunlly desi ·n2ted as 11 Pr6o11n, m,1de it desir:1ble to use Pr 0 as the 
2 3 

primary standard for '!eic;hinc. The sesquioxide r~as obta:i.ned by hydrocen reduc-

tion of the llL:l10r oxide at 500° C. T!1is was neic;hed j_n an air-tight plat'num 

capsule. In one case, the loose nalt was removed in a dr3• N
2 

atmosphere and j_ts 

weight obtained by difference. This 1·Vei?;ht i7~s 1.~nown to t 20 pe for an S m.r· 

sample of Pr2o3• T~·\iS st'.d.t was added by means of a platinum funnel to the r:uartz 

sample tube of the apparatus. This tube was than vigorousl:l' ta;;ped until all the 

oxide appeJrcd to drop to tl1e bottom of the tube. Due to the uncertaint;>r as to 

whether all the salt had fallen to the bottom of the tu1)e and duo to the intorac-

tion o_f' metal salts and SiO at h:tr;h temporn tures, another procedure was adopted 
2 

for a second sanplo. A small ')lr:tinnm tube about 1. 5 era lonr; and obont 1 mm O.D. 

was fabric.c~ted from 1/": mil }')latinum foil. This tubo vms pl'ceCI. inside the 

larger plot:!.nur1 woit;:1:i.n,": vessel and subj ectod to tho treatment to be used for tho 

H2 reduction, then cn•~nod and 17oighon. It vms opened ond the small inner tube 

removed, then roc a rued and roi;)1ed n~~:ain, c;i ving tho rroi[:(1t of t'10 tube b;_r dif-

forencc. After crmstant woic;ht 17US obtcLi.nod for tho tube, it vras filled rrith 
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previousl;>• prepared Pr2o3
, treated r·ith H2 at 500° C, and the ,,-,eight of the salt 

found by difference. T!'lis procedure '17as repeated until constant v:eight was obliJain­

ed. The neir:ht of about 5 mg of Pr
2
o
3 

was knorm to :_ 6 pg. The small tube r;as 

placed in the c:uartz sample tube and allor:ed to fall dovm to the bottom. In 

this case all of the oxide rms in the zone that nas to be 11e<J.ted. 

Due to health hazsrds involved in the rnnipulations necessary to carr;r ou.t 

tho reduction, it '7as decided to weic;h the aMericium oxide as Am02 • The compo­

sition of this compound seems ~-:ell established. No chan::;e in lattice constants 

for the oxide were detected after tre11tmont of the compotmd under 50 atmospheres 

of 02 at 200° c4. 

A small platinum tube ~7as v1eir:hod repeatedly after being treated in tho same 

manner as was to be used for the \7ciehing of tho americium oxide. After constant 

weight 17as obtained, tho tube '.7as filled ~7ith the amoriciUEl oxide, heated to 

700° C and cooled slm.'ly to 250° C :·rhcro it >Jas held for 15 nin. to allorr r.1aximum 

absorption of 0
2

• It was t,hcn put in tho neighing capsule and cnplJed. After 

checking by tho hoalth croup for outside contamination, it ':Jar. r:oighod. Tho vcsso:J. 

was opened, •the inner tube removed and transferred to the r•uartz sample tube. 

The empty enter vessel was again neighed and the vreight of Am02 determined by dif­

ference. A 5 mg sar:l'Jle of Am02 1·;as m:t~~- to t 30 pg • 
. . . I 

All Yrei.zhings were made on the Absv10rth F D J micro-balance, v.ri th the 

exce:->tion of the second praseodymium oxide sample called Sample 2 of Series 1 

vrllic~ v;o.s •:reir;hed on t~1e American Balance Corp. semi-micro-balance sensitive to 

10 pg. 
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IV. E~~erimental Results 

The oxj.de decomrosition data ob'".a.'.ned from t:1ese studies is ;~r· sented as a 

s-ries of ~lots of the log of t11e Dressure in mrn of mercury versus the reciprocal 

of the absolute temper-"lture. (Fics. I th ongh IX). 

The various sa; 1ples and ar))ara ti nsed were as follows: 

Pr Oxide Decomposition 

Series 1 -- Preliminar~' apparatus - approximate calibration. 

Sample 1 8. 037 ! 0. 020 mg v:eir.:hed as Pr2o
3 

directly into the quartz 

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

Sample 2 -- 8.11!. 0.30 mg weie;hed as Pr6o11 directly into the :uartz 

tube as a powder. (Fig. II). 

Series 2 

Sample 1 

Sample 2 

Improved apparatus as sho'm in dra~·in0 - Accuratel3r calibrated 

within the limits given in Section II. 

8. 76 t . 020 mg v:eiched as Pr2o3, added directlj' to quartz 

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

5.145 
+ 0.006 mg r1eighed as Pr2o

3 
in small Pt tube 1,7hic~1 

was then placed in the sam:)le tube (Figs. VII, VIII, r:). 

!m Oxide Dec,qmJ2osition 

Sam~~\· apparatus as in Series 2 above. 

Sample 1 -- 5.250 t. 0,030 mg rreir;hed as Am02 in sr11all- Pt tube Fhich uas 

then pl8ced in the sample tube. (Figs. XIII and XIV). 

Since the volume of the s:rstem wns kno1·m at any pressure of 02, the composi-

tion of the oxide could be calculated. Due to t~e fact that in some cases oxygen 

appo2red to react r;ith substances r'Jithin the system and also due to outc;assin:: of 

the absorbed gases in the fused silica tube, tl1e composition of the oxide is not 

known <'.ritlt high accurac;)', particularly at ten;1eratures above 1,000° C. The campo-

sitions given on ~ie. XI represent the best values obtained from the average of 
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several different runs. Compositions from a decomposition run ··hich did not ~c;ree 

Pith any o.ther runs YlGre not considered in this compilatinn. Compositio'1s ;;iven 

to only tHO decimal places are from only one or tno separn to runs and the degree 

of error is cuite uncertain. 

The x-ray data 1:ere obtained only for the praseod:~rmium oxide decomposition. 

One set of samples was taken at Pr01.66 and another at Pr01.
73

• T:wse data 

along r1i th lattice cnnstants of Pr6o11, Pr02, and Pr2o3(o form) from measure-

ments5 made in these laboratories are presented in Fig. XII. The lattice cnn-

stants giV"en for the bod:~•-centered cnbic structures are actunlly one-half of the 

true lattice constant. Another sample rras taken at '.'i:1at corresponded to Pro1. 53 

but r~as inhomogeneous :~•ielding hexagonal Pr?O? and a fluorite structure ,-rith tho 
- J 

same lattice constant as that of PrOl. 73 • This sam1")le 11ns coolGd vor-; rapidly 

rthich probably explains the inhomoe;eneity. 

The composition of the :1ir:;hor oxide of a:mericium 1:as determined as follous: 

The 'li[Sher oxide uas reduced ,-d. th H2 at 550° C to Am?O • O:xyccn was then admitted ;... 3 
to tho s3•stom but in tho first iastance reaction occurY"od so rapidly that tho 

pressure of oxygen could not bo accur<:~toly measured and onl~r an appro;.;:imntion of 

tho pressure could bo obtained. T11is observation gave a minimum O:Am ratio of 

1. 95 to 1. o. A second experiment ;·rhcrc tho reduction nas carried out at 750° C 

follor;od by hoati.ng one hour under h:tgh vacuun at 990° C, cave a roduction product 

•:!:lich did not react rapidly 11i th OX3•s:on at roan temp ~ra turo. This allovod a 

r1oro accurate mcasurcr!cnt to be nadc. Tho result of this second noasuroncnt 

+ 
r.:avo an ox~rr:;cn to anoricium ratio of 1. 98 - 0. 02 to 1. 

The 6-H Qf... th;J doconposi ti.QU 

Slopes of the various curves were ::'!ensured by visually draw~~ng the best 

straight line throur;h the points of the lors p vs. 1/T plots and those curves Here 
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BJr plot.tine; the points at nhich points 

of inflection at the beginning of curves F and H of Fir_:. XI first a:_11Je.qrec1 for all 

runs at many different. pressures, t.r1JO strair-;ht lines v1ere obtained on rrhich most 

of the points fell. (Fie. X) The slopes of t'1ese trio clu·ves r:ere calculated 

from this collected data. The lines of lesser slope (Curves A, B, C, D and E. 

Fie. XI) contributed only small amounts to the 6H value and tims small inaccura-

cies in measurement of t'1e slope wore unim'lortant in tho 6H for the total 

roaction. The slopes of tho curves be;>rond H nero obta:l..ned from runs ''ihore only 

relatively smal+ amounts of oXJreen uere present in t 1 'e system and t~1e decompositirn 

could be effected at lower toml1cratures. Slir;ht. inaccuracies in those C'I.U'Vos 

rrould cause larae errors in tho MI value as \Jonld errors in tho composition at 

those po ··_nts of ·tnfloction. The value of 6H calculated us:i.nc; those slopes and 

+ 
compositions c;avo /+7 - 5 kcals. as the 6H for ·t;ho decomposition of ·Pr6o11 to 

Pr2o
3 

over a tomporaturc ranr:;o of 400° to 1.'2000 C. Tho AH obtained from heats of 

s elution ,.,.i von in Bichormky and Rossini 6 is 4G kcals. A fur thor chock on tho so 

values was tho mcasuromcnt of tho boat of solution of Pr20.3 bjr L. Eyring4, vl'lich 

aerocd ;-;ith tho previous value. Tho conclusion ls drmm that for much of tho 

decomposition, at least, oouilibr~.um pressures woro measured. 



Phase 

A 

B 

C + D* 

F 

Table III 
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6H Values for tho Docom')OSi tion of Pr60ll 
Lottors rofor to Fig. XI 

Fraction of log PI/P2 
Total Reaction 

-MI(kcal) for frac-
tion decomposed __ ____ 

0.021 0.439 0.30 0.157 

·---·---------
0.0.39 0.36:3 0.20 0.775 

---·-----
0.093 0.439 0.30 0.624 

-------------------------------------·-----------
0.201 0.512 0.15 .3.142 

------------------- ·---------------------·------ ------
H 0.171 0.924 0.06 12.05:1 

I 0.11;.4 0.20 

-----·-----------------
____________ .... ________ _ 

J 0.210 o. 8.'23 26.376 

--------
I~ 0.120 1.2505 0.3 0 2.292 

---------------------------------------------------------------------------·-------
Total 0.999 47.05 

---------------------- --------------------
-><Inclusion of the slo:"Je of curve E causes an increase of 0 . .3 kcal in the total AH. 
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One original objective of t~lis stndy nas to_ obt<:dn a t.H value for the thermal 

clecompositi'm of americium dioxide to americium sesqu.ioxide. By assuming that 

there is the same difference bet,,reen t.l1e hee1ts of formatj_on of Am0
2 

and Am +4(aq) 

and 1/2 Am203 nnd Am+3(aq) as there ;i.s for the cor~·esponding plutonium compounds 

2.nd ions and '·hat the t.S values are the same, a value for t:1e potential of the 

III-IV couple cotlid be estimated. 

Al thonGh the prnseodymiurn-oxide nystem proved ve!J• con~lox and there was a 

lack of ra)Jit!, reversible equi1 ibrium pressures over certain portions of tho 

sJrstem, a reasonably accurate approximation of the llH i'or the decor:1position of 

Pr6o11 to Pr
2
o

3 
was obtainable. It was significant that a t.H based on an idealized 

picture of the system agreed ni th the 6H obtained from heats of solntion to Hi thi:-t 

tho experimental error. 

Unfortunately tho thermal decomposition of Am02 could be carried out onl;}r 

to Am01. 85 nt tho tempo:raturcs possible with. th.is apparetus. Within tho ranGe 

of decomposi ti<:n invostignted (Ano2 ~ AmOl. 
35

), t.H for the total rBaotion 

assuming the t.H of tho parti:1l roe.ction amounts to 21 kcnls. Tl1is may bo com~'arod 

with L,;9 kcnls from ostimattons based on tl1o hont of solution of Ai102 
4 

Tho data ~rosontod in :)recodinc; sections s'lOVl cr,ncl,,_sivoly t~1nt the course 

of the t.hormal decomposition 

JPr
2
o + 0 
3 2 

is hi~;;io~,9~ox. Tho most interost:.ns fcd.uro of th:'Ls r,~action is that it sug-
.. ::-· ., ·.;. 

gests that it is po:::siblo to h;;.ve inmiscibHi t:>' of oxides of vor·· sir:rl.lcr c17stnl 

structure and coMposition. In support of t:Lls hypothesis the deta of UcCulloug:1 

showing imniscibility of Pr6o11 and Pr02 mny be presonted.5 
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Although no final interpretation of the data can be !'lade until the system 

is examined by means of a high temperatu;·e x-ray c-amera, a tentative explanation 

based on meagre x-ray data taken at room temperature ma;>r be advanced. From the 

fact that both PrOLGJ.3(Pr6o11Y and PrOL?J have fluorite structures, it would 

appear that all intermediate compositions have the same fluorite ty11e structure. 

The regirms between PrOL 833 and Pr01. ?G2 on the one hand and Pr01. 715 

and PrOl. 
51 

on the other would appear to be regions of continuous solid solution 

fol;'matinn, althoueh if this is the case the P-T relationshi:;s are of an unusual 

nature. There is a certain inertia in the system in the area c, the upper curve 

being obtained bJr continually raising the; temperature until tho curve D is rr:ached. 

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 furth·3r, the curves C and D 

are followed up to tho point of inflection between D and F, which apparently 

represents a limit of solid solution formation decomposition. Tho curve E was 

obtained in Onl;'!l t',70 of the many decompositions offocted and may represent another 

possible path for the decomposition. Tho loss of oxye:cn atoms as the dccomposi-

tion proc :::leds eventually rosul ts in tho formation of a now phase '"'i th a decomposi-

tion slope H. Tho actual oxporimontal curve F shows a considerable curvature 

us it approaches curve G which rna~· be an indication of solid solution formation. 

However, x-ra·." evidence shows only one prominent phase at Pr01. 73 which is ncar 

tho composition Pr01.71S at which tho horizontnl curve G intersects curve F. 

Tho structure obtained at Pr01.7.3 is the fluorite ty;;o with a coordination 

number of eight for tho metal ion, while tho structure at Pr01.66 is of tho C 

typo >7ith a coordination number of 6 for tho metal ion. Tho pressure of o:xygon 
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over the new phase represented by the decompositirm curve H seems to be less 

than 1 mm of Hg at about 650° C. This was shown b;;r the data ;;resented in Fig. I, 

Runs A and B, vrhere the oxycsen pressure was lowered to zero b;~• 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 oXJ•gen then increased 

along the curve obtained in rtm B, Fig. I, which could be extrapolated to irter-

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 Pr01 • 66, and a C type structure is 

known for Prol. 5(Pr
2
o

3
) it is probable that intermediate compositions also have 

the C type lattice. At high tempera turcs, the final product, PrOl. 5, has the A 

type structure (hexagonal) and presumably 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 !JO:l.nts of inflection bett"Jecn YJhasc H and tho 

final phase Pr2o
3

, all huv:i.ng different slopes. As t'\-:le temperature is increased, 

the same sort of decomposition takes place §s for the fluorite structures. 

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

the various straight lines conform to no simple stoichiometric ratios of Pr203 

to Pr02 seems analogous to the situation which has been demonstrated for many 

different oxides such as those of Ti, V, Mo, W, Mn, Cr, Ni, and Pb oxides7• 
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