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ABSTRACT
The heats of reaction of Pr,0,
to be 10642 = 0.3 and 42.4 = 1.5 Kcal/mol respectively, The reaction

and PrO2 have been measured in 6,02

M HNO;5

heat with 6.0 M HNO of Pr0, and AmO, was measured as 42.0 :

3 4 2
1.0 and 30.4 £ 1,0 Keal/mol, With these and other data an oxidation potential

and O.1 M HBF

of =3.1 I 0.2 volts was estimated for the Pr+5-Pr+4 couple and =2.6 p 0.2 volts

as the potential of the Am"‘s-An{"4 couple.
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THERMOCHEMICAL STUDIES OF OXIDES OF PRASEODYMIUM AND AMERICIUM AND

4 4

THE ESTIMATION OF THE Pr'o-pr'%, Am*°-mn** oXxIDATION POTENTIALS

L. Eyring, B. B. Cumningham, H. R, Lohr

INTRODUCTION

A knowledge of the oxidation potentidal of the Am+5-Am+4

couple is of
fundamental importance in understanding the chemistry of americium, not only
in aqueous solution but also in the form of solid compounds. This potential
cannot be measured directly hecause the Am+4 ion decompgscs water. Attempts
to oxidize Am+5 ion in acid solution, even with argentic ion, have failed}l

Since americium forms an oxide in which it is in the tetravalent state,
tho oxidation potential can be estimeted with rcasonable confidence by thermo-
chemical observations., Thesec measurements and their trcatment form the substance
of this paper.

A knowledge of this potential would serve to indicatc whether it is
feasible by complexing, adjustment of the pH, or by other means to achiove
oxidation in acid solution and thus %o sccure the basis for a rapid separation
of cmericium and curium. Such o rapid separation would be of great value in
nuclear studies dealing with thc short-lived isotopcs of these elomentse 1In
addition to this, a knowledge of this potential might make more cvident such
reguloritics as may oxist in the oxidation~recduction cquilibrium of the actinide
eloments. This would be of great value in the search for still heavier members
of the actinide series.

Bectiuse of the hazardous naturo of working with americium and parti-

cularly because of the very limited supply of that clement, it was desirable
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first to pérform similar sxporiments on another material as o “stand in'.
Prascodymium was notably suited to this purpose bocausc of its similar chemicsal
and physical propertics and beccausc of the desirability of checking the litcra-
ture volues of its thermodynamic data.

NATURE OF THZ PROBLEM

The method choscn to cstimate the oxidation potuntial for Pr+3--Pr+4

and Am+5—Am+4 couples required the determination of the heats of solution of the
dioxides of these clements. Sincs this roaction resulted in the immediate
reduction to the trivalent cation in solution by the decomposition of water, it
was also necessary to cstimate as acocuratoely as possible the heat which would be
produced had the rcduction not occurrcd. The only additional information roquirced
wos the entropy chanse for the rcaction

M}S N H+ - M+4

+1/2 H,
Privious thcrmodynamic measurcements of plutonium supplied the QQta necossary to
cstimate the entropy change. The dioxides of americium and prasoodymium were
usced for the determination of the heoat of rcaction sinec thoy werc the only
tctrgvalont ¢compounds known in cither systom.

A microcalorimeter had becen built for another purposc and was availablc.z
It was, however, a type not suited to measuroments of hcat develeped over o time
longer than ¢« very fow minutcs. As usually preparcd, the oxides of clemenbs in
this region are difficultly soluble in ordinary solvents at room temperaturc.
Some meens, thﬁroforu, 2d to be found to reducce the solution time of thesc
oxides to a maximum of nbout ton minutes. The rcason for this limitation of
rcaction time wns the large drift corrcetion involved and the danger of change

in thermostat or room temperoturc during the period of the calorimectric run.
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It has long boon known that prolonged hoating at high tomperatures
renders most substanccs loss reactive. Therefore, oxporiments were made to
determine the mildest conditions of tomperaturc and timc'which could be used
to obtoin the desircd oxide as o single purc phasc. ZX-ray diffraction on all
samples was the oriterion by which the composition and phase of the produét
was determined. Heat content of the oxide produccd under thesc mild conditions
is diffcrent from that of the usual stondard state; this difference, howewver, is
negligible in this casc,

Prascodymium forms thrce known oxides3 - Pr2 3 Prsoll and PrOz.
Americium forms a sequioxide and a dioxide. Thc wethods of preparation and the
stability of cach will be discusscd latcr.

As starting materials, hydroxides, nitrates, and oxalates were isnited
in air to.producc purc oxides. In all cases thcvdocomposcd oxalate gave the
nicost, most recactive product. OQualitative tcsts showed that the oxides could be
preparod with the solution propertics shown in Table I. It should be pointed
out that a non-rcducing acid had to be uscd becausc the solution of PrO2 or AmOz
would othcrwisc lead to sidc reactions not entircly predictable.

Table I

P e P

Solubility of Prascodymium and Amoricium Oxidcs

Oxido Approximate Solution Timc in Minutes at Room Temperaturc
6 M HI\TO3 614 HNO:5
6 1 HHOS 0.005 E'Na281F6 0.1 M HBF4

Przo3 2 -3 - -
PrGO11 10 8 - 10
PrO2 10 8 - 10 5
Amzo5 > 30 4 -
AmO 330 35 5 - 10
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FEQUIPKMENT AND EXPERIFTNTAL RESULTS

The prascodymium used in all the experiments to be described herein
was obtained as "spootrographically pure" from Johnson, latthey & Co., Ltd., of
Londone This material in the form of Pr02 was found to contain about four percent
sodium and potassium, and of the order of one-half of one percent other rare earths,
principally neodymiume. This relatively pure oxide wms further purified by D. C.
Stewart and R, C. Lilly of the University of California Radiation Labordtory by
o cation-ekchange column separation procedure using nalcite resin. The resulting
material was quite free from dny impurities as indicated by the following
spectrographic analysis:

Micrograms per 50 microgram sample

A1 D K XD

Ba ND Ia ND <‘ .1
Be KD € .005 Iu WD ¢ .1
Ca <.01 Na ND

Ce ND &.1 Nd ND( .01
Dy WD «C.1 Sm ND .1
Er ND .1 S» ND { .01
Eu WD .1 Ta WD g -5
Fe ND To ND g.1
Gd ND .1 Ty Nb <1
Ho ¥ND ¢ .1 Y w1

ND = not detected
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The prascodymium from the column runs was prccipitated as oxalate and
ignited in air to the black oxide usually called Prsoll' The ignition was
oarried out in a platinum container at about 650° C. This oxide constituted
the stock material from which the succeeding prasecodymium calorimoter samples

were preparede

Prascodymium Motal

At present the most likely value for the heat of solution of prasso-
dymium metal was obtainod somewhat indirectly by Bommer and Hohmann.'4 This
represented a correction of about three kilocalories per mole to the previously
acceptod value from Bichowsky and Rossini.5 t was desired 4o check those wvalues
by production of the pure metal and the direct measurcment of its heat of solu-
tion in 1.5 i HC1 at 25° C,

The method of production of prascodymium metal similar to that dos-
cribed by Westrum and Robinson6 may be summarized briefly as follows: Puro

P was placed in the hydrogen reduction apparatus shown in Figure 1 and

6011
punped down %o remove all adsorbed moiﬁturc. The molybdenum roadistion shield
uscd to heat the oxide sample in the rcduction apparatus was found %o resist
action of hydrogen at thesc high temporaturcs to & much groater degreo than
tungsten, tantalum, cold rolled stcel or stainless stecls, The chromel vs.
alumel thermocouplo was spot welded to the bottom of tho platinum sample holder.
About onc-third atmosphere of pure hydrogon was adnittod from a tube of uranium
hydride maintained at 360° C. A discussion of -this purc hydragen source is
given by Amos Néwton.7 It is especinlly good for such an apparatus as this
because, in addition to the purity of the hydrogen produced, any doesirable pres-

surc ocan be maintainced simply by adjusting the equilibrium temporature of the

uranium hydrido.
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The oxide charge was heated to 500° €. and naintaincd at that tempera-

[}

ture throughout the reduction. After two or threo minutcs the bleck oxide changod

with an observable rate to yellow=-grocn Przos; No further decrcase in weight

was obscrved after onc hour under thesc conditions. Therefore, an adequate time
of onc and onec-half hours was adoptcd for the reduction to Przos. X-ray dif-
fraction results on this material consistently indicated the cubie C forn with

a = 11.14 £ 0,01 . TWhen the temperature of this product was increascd to 1000°
C. in vacuum it changed over to the pale green hexaronal 4 form with o = 3.889

+

£ 0.003 8%, ¢ = 6.008 % 0.003 8. 1If the Prg0,, is roduced at 1000° C., the A

form is produced dircectly. The rcaction at lower temperature may be represontced

as

Pr6011 + 2H2

1/3 atn. Ho
P 4

o~ 3Pr, 0, + ZHZO .
500° C.

273
C Forn

This Pr203 was removed and placed in a platinum fluorination line8

and treated with a 50 - 50 mixturc of HF and hydrogen at 700° C. for onc hour:

Przo3 + BHF ey, ZPI'F:5 + 3H20 .

The prascodymiun trifluoride from this trcatment was rcduccd by barium

vapor a% 1100° €. in o beryllia crucible system supported by a tungsten furnace
in high vacuum:
ZPrF3 + 3Ba -——-———) 2Pr «+ SBaF2 ;
The prascodymium metal thus produced always tended to sproad out over the
boryllia surface. Nevertheless, good calorimeter samples were made.
The metal was very malleable, had a bright grecy metallic lustoer and
readily formed o hydride at about 240° ¢. The metal samples submitted for

X-ray analysis werc never anncalced onough to give good patterns,
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The metal pellets, immerscd in dry xylene in a "dry box", were very
carcfully cleanced under a microscopc. They werce weighed by differonce directly
into the caleriricter bulbs on a Kirk quartsz microbalanco.9 This balance is
sensitive to 10-8 groms and could reproducc the weight of the fow hundred nicro-
gran samples of metal to a few hundredths percent accuracy. In order to usc
fhis balanee, very fragile glass calorimeter bulb systems were made weighing
less than twenty milligrans.

For tho prascodyaium metal, prascodymium scquioxide and one sct of
prascodyniun dioxideo calorimeter runs, the nicrocalorimeter described by Ylestrum
and Eyring2 was uscd without modification.

The niecrocalorimeber was again ocalibrated chomically using pure
magnesiun netal in 1.0 I HCl at 25° C. Tho rosults arc shown in Table II.

Table II

Magnesium Metal Calibration Runs

Run_lNo. We ight-ig. Heat Evolved-Calorics - AH(Keal/ii0l)
1 045280 0.2410 111.3
2 0.5866 0.2673 111.1
3 0.2861 0.1309 111.6

111.3 = 0.3
The best litcrature valuc of 111.322 I 041 was deterained under
sinilar conditions by Shomatc and Huffman.lo Eloétrical calibrations werce made
with cach run.
Consistont results on the heat of solution of prascodymium metal in
1.50_@ HC1 were not obtained. They ranged in value from 170.5 to 178 Keal.

per mole in scven runs, four of which wore about 173 Keal. There wero no obvious

‘L\
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rcasons why the runs shou}d not agreo sinecc the sunples were very carcfully
prepared and the operation of the calorimeter was normal.

Spoctrographic analysis on the ecnlorimeter solutions showed as inpuri-
tics in the nmetal 0.1 - 0.4 percent beryllium and 2 - 6 percent barium. This
may explain the variation in results. The high values were probably duc to the
prescncae of beryllium motal in the sanple. Although it was prescnt in low
wceight pereent, its low atomic weight led to a high mole percent. Low rcsults
could be explained by the presence of barium or oxide in the metal. The spectro-
graphic analysis at best is accurate to a factor of two, and within this limit
the high hoats of solution corrcsponded to high beryllium content.e Lack of cxact
knowlcdge of impuritics prohibited accurate calculations of the corrcection to be
applicd.

One would not expect the beryllia Yo be reduced under the conditions
of rnetnl production unless beryllium motal has a high heat of solution in
prascodymiun netal and/or the beryllia reacts with PrF3 %o give BeF,, and ProOF,
the first of which could be rcducced by barium. Both rcactions arc thermodynami<
cally possiblc.

In two runs tho mctal sample was dividod into two portions and one
uscd for a calorimoter run and the othor for a hydrogen cvolution measurcmnent.
Both determinoations showed onc %o two percent more hydrogen ovolution than would
be calculated assuming purc prascodymium metal. This also could be attributed
to the prescnce of beryllium metal. The apparatus uscd is shown in Figure 2
and consisted of a very small bulb attached to a calibrated capillary fixed
to a moter stick. The nmetal sample was cxposcd to acid solubion in the bulb
and the volume of gas cvolved measurcd by the movement of tho liquid column

in the oapillary tube. A thermometer was fixed alongside the capillary and the
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tenperature noted carsfully. Corrcotions were made %o standard conditions of
tenperature and pressurec.

It is difficult to give vory ruch weight to thesc rosults, but, if
anything, they soom to indicate that the reosult of Bommer and Homnan4 of 172.5
2 0.7 Keal/fmol is botter thon the lower previous literaturc valuc,

Prascodynium Sesquioxide.

Prascodynium sosquioxide was preparcd as above and removed immediately
into the dry atmosphore of a nitrogen "dry box". Therc it was quickly loanded
into weizhed sample bulbs and scaled off with Apiczon "W" wax rcady for rc-
weighing and calorimetric runs.

Thoe rcsults of the detcsrmination of the heat of solution of prasco-

dyniun scsquioxide in 6.02 1 HNO, at 25° €. arc givon in Table III.

Table ITI
Hoat of Solution of Pr,0, in 6.02 i HilO, at 25° ¢.
(o = 11.14% 0.01 R)
¢ Forn
Weight Hoot Evolved -AH

Run No. Mg Calorics Kcal/mol
1 7.312 A 2.355 10642
2 4.109 1.324 106.3
3 4.539 1.459 106.0

106.2 ¥ 0.2

Prascodymiuwn Dioxide and fAmericium Dioxide

The cossentianl mecasurcments for dotermining the oxidation potentials

+3

+3 +4 5
or im

of the Pr ~-Pr —Am+4 couples wore tho hoats of solution of the dioxides

in acid:
+ fS

MO, + 8H ey 1 + 1/4a 0, + 3/2 H,0 .
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Tﬁis rcaction included the hecat of oxidation as wcll as the heat of the formation
i

K

of the tripositive ion.

Upon heating Przds in oxygen at onc atiospherc or in air, tho result-
ing product upon cooling closcly approximated the fornula Prso11 but thc exact
conposition depcnded upon the conditions of the cxperinent.

In order to produco,PrOZ in a reasonablo time, one nust go to higher
pressures of oxygen and temperaturcs of the order of 300° C. or higher.,

Theso conditions were achicved to produce the Proz for calorincter runs, that
is, oxidizing a lower oxide withloxygcn at very high pressures in o quarteg

&
bomb. The sesquioxide was uscd as the starting noterial sinec the product
of that rcaction was more readily solublo.

The bomb (Figure 3) consisted of a thick wnlled quartz tube of about
8 mm., OD and 2 - 3 mn. ID with o roundcd bottonm and a constricted portion at
the otheor end. The constriction insured a thick wall when the cnd was scaled.

The Pr was loaded into the boab and the open ond attached to a

2%
systen which was aldcrnately cevacuated and flushed with oxygen which was water
and carbon dioxide free., The latter impuritics were frozen out of tank oxygen
in o copper coil kept at -100° ¢, by an alcohol=liquid nitrogen mixturc.
Finclly, with oxygen in the bomb, the end was immersed in ligquid nitrogen and
oxygen was liguificd in an amount previously calculated to produce 100 atnos-
pheres pressurc ot 500° C. At this point the bomb was scaled off with o gas-
oxygen flame, The quartz bomb was then placed in a stainless stoeel jacket which
served as protection ngainst possible cxplosion. The completc assembly was then

put into a muffle furnancc and heated at 500° C. for 8 - 12 hours. The rcsulting

product was & rcddish-black compound which consistantly showed a single fluorite
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phasc (a = 5.395 = 0.005 %) by Y-ray diffraction.
The bombs were openced and the material placed in a small phosphorous
pontoxidc desicecator inside o "dry box" ready for loading calorimcter bulbs.

The microcalorinecter was used to dotermine the heat of solution of

Pro, in 6.02 [ HNO, at 25° C. as given in Table IV.
Tablc IV
Hoat of Solution of Pr0, in 6,02 LI HIO, ab 25° ¢,
Weight Heat Evolwved -AH

Run No. Mg Calorics Keal/mol

1 1.0042 0.2381 41.0

2 0.5712 0.1412 42.8

3 0.4722 0.1186 43.4

4 0.8412 0.2071 42,6

42.4 % 0.8

The solution time for thesc samples was from fifteen to twonty minutes
and the drift corrcction amounted to sonc ten to twonty-five poreconte. This
foct lcads to the uncertainty shown by tho results tabulated later. It is bo-
licved thet this accuracy was as ~ood as could be expected under the circunstances
with the presont apparatus.

The omericiun oxides did not dissolve in 6.02.£ HNOS, but dissolved
in about ten minutcs or less in 0.1 if HBF& end 6.0 1 HNOS. For this rcason
PrOz wos run in the latter solution %o debcrmine the heat offecet of coapleoxing
the Pr'® jon with fluoride.

In order to usc an acid solution containing o ion, all glass sur-

foaees had to be replaced with HF rosistant naterinls. liany coatings for the

plass bulbs waretricd including Zapon, Glyptal and plastiec paint, but nll thesc
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showed a tendency to pecl and exposc fresh glass surface after the film had been
rupturcd. On the basis of these attempts‘it wés dcecided to go to anothor

bulb material., No substancce was available which had the nccessary propertics

of fluoride resistance and frogility in addition to the required workability

in fornming sphercs to simply replacc the glass bulbs. Hence, it was necessary to
try an cntirely different bulb type.

The material most suited for this work scomed to be polynmonochloro-
triflucorocthelene, o plastic which is resistant cven to warm concentrated HNO3
and HF ond is casily machincd. The bulb asscrbly finally designed which worked
satisfactorily is shown in Figurc 4.

A small disk was uscd to scal off the ncck of the conc, which formed
the body of the bulb, and the latter was scaled with wax to the large bottonm
disk. Aftor the bulb was loaded and weighed it was scaled with Apiezon "W"
wax to the cend of the stirring shaft and broken by déprcssing it against an
anvil in the botbom of the calorimeter. During loading and handling, the large
botbton furnishod a very stable base but its primary purposc was to make it
possiblc to open tho bulb without mashing the powdored sample inbto the wax.
This was achicved by spot welding an auxiliary platinun anvil to the bottom of
the éulorimetor offset from the center Yo ensage the periphery of the basc as
the bulb was depresscd. * This furnished a very offcctive way of flipping the
bottorn off in ordcr that the invertcd conec could be depressod over the central
anvil to remove the nitrogen bubble which was prescent, In this way it scomed
quite cortanin that all the oxide was contacted by the solutions, The bulbs were
quitc sturdy and could bo handled and loaded without scrious danger of broaking

thone
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The sidowisc thrust cxpericnced when these bulbs were opencd oceasion=
ally broke the thin gloass stirring shaft ordinarily uscd. Thercfore, it was
nceessary to replace this shaft with a stronger onc. It was found that a forty
mil tungsten shﬁft could bo used for this purpose providod tho top of the calori-
netor was insulated and & vory carcful chceck made on the room temporature in
this arca. Experinecnts were perforncd to determine +the cffcct of the change of
the oxternal temporaturc on the drift rate so that approprintc corrcetions could
be nade where noéossary.

Four runs werc made on PrO2 dissolved in 6.0 H HNO‘,5 and 0.1 H’NaBFQa
Tho solution timo was deercased by at least o factor of threo ovor the proviously

deseribed runs or to about throe or four minutes. Tablc V shows the rosults of

thesec runse.

Table V
Hoat of Solution of PrO2 in G.Olg HNOS, O.I.E NaBF4 ot 25° C.
Vieight Heot Evolved - Al
Run No. Mg Calorics Kcal/mol
1 0.827 0.2002 41.9
2 1.430 0.3471 42,0
3 1,229 0.3031 42,7
4 Co1a77 0.2818 | 41.4
42,0 2 0.4

The hazards involved in handling milligram quantitics of powdered
arcriciun compounds arc cxccodingly greate For this rcason, all opcorations
involving preparation of materials, loading and weighing of sanmples and loading

of the calorimeter had to be dono in o "dry box" or "glove box". Weighin
Y g g 4
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thc samples proscnted the most unique problems It wes solved by building a
Salvioni btype quartz microbalance which was calibratcd and used for the PrOz
runs and latcer nounted on the front pancl of the "glove boxes" for the AmO,,
determination. A nmicroscope support and microscope were fixed rigidly to the
same front pancl mnking possible weighing the bulbs on tho safe interior of the
"zlove box". Tho balance had a scnsitivity of 0.0694 microgranms per division
of the filar micrometer. The readings on the micrometor could be made to nbout
ten to twenty divisions or an uncertainty of about ono microgram. This rcpre=-
sented an error of about 0.1 - 0,2% of the total weizht of the sample. A
larger uncertainty of about 0.5% was duc to the slight irrceproducibility of the
zero point on removing and replacing the bulb,

Purc amoriciun from stock solution was precipitated with a small
oxccss of purc oxalic acid and the dricd oxalatc decomposcd in air at a toupera-
turc of 650° C, Tho spectrographic analysis on the stock solution was as follows:

Spectrographic fnalysis
Micro~rams por 50 microgram sample

Al &£ 0,01 Fe ML .1

Bc ND€0.005 K ND«L .1

Ca 0.02 Mo ND& .01

Co wp £.1 Na wDL.OL

cr Np € 0.01 Ni D% .01

Pb WD«.1

This treoatment produced a black dioxide which was very slowly soluble under all
conaitions tricd. Tho black Am02 was reduced with hydrogen at 600° C. in the
apparatus previously described, forming Jm, 0, which is a very bright persimmon

273

(bright red-orange) color. This materinl was heated at cbout 250° ¢. for one
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hour producing AmOz in a form solublc in sufficicntly short timc to be satis-

factory. The dioxide was the sane fluorite type structurc as PrOz with a =
5.393 £ 0,005 f. ’
Four runs wcre made in the calorimeter on Amoz yielding the valucs of

~-AH indicatod in Table VI,

Table VI
Heat of Solution of AmO2 in 6.0‘y HNOS, O.I.E HBF4
Weight Hoat Evolved ~AH
Run No. - Calorios Kbalémol
1 0.834 0.09062 29.7
2 0.672 0.07466 30.3
3 1,177 0.1326 30.8
4 1.449 0.1636 3048

30,4 = 0.4

DISCUSSION OF RESULTS AND TREATMENT OF THE DATA

The calorimetric results roportcd horc, together with data from the
literaturo, make possible the calculation of the oxidation potentials for the
A .
Am+5-A m+4 and Pr+3-Pr+‘ couplese Tho following oquations for americium

illustrate the method of calculation:

(1) w0, + 8E" = an* + 1/2 0, + 8/2 KO aH,
(2) 40, + et = antt 4 2H,0 ;4
(3) 1/2 H, + 1/4 0, = 1/2 H,0 AH,
(4) e = a2, ~ oH,
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The heat of the first recaction was neasurcd diroctly as -30.4 Keal.
The heat for the second recaction has boen ostimated from the datn available for

the other actinide clements. If the best valucs for the heats of formation of

and Pu0 11,12,15,16 arc plotted ageinst the ionic radius of the

2 2

corresponding tetrapositive cation, a rcasonably smooth curve results. A short

Thoz, U02, NpO

cextrapolation of this curve yiclds an estimated heatdof formation for Amoz; In
an analogous way the heat of formation of the tetravalent ions can be plotted
and a sinilar cxtrapolation yiclds a valuc for Amfé. These extrapolated valucs,
together with the hoat éf formntion of water, give tho expected heat for
rcoction (2), which, of coursc, cannot be measurcd dircctly since the tetra-
positive americium immedidtely oxidizcs wator, The alternative assumption that
the differcnce botween the heats of formation of tho dioxide and tetrapositive

4

ion is constant, c.g., AH Puoz—AH Pu* , OH UO,-AH U+4, cte., is oquivalont to

2

cxtrapolating the curves sincce thoy have, to a considerable extent, beon con-

structed on the basis of this assunption. The extrapolation yiclds

8H 7, = 127 Keal/mol and AHf = 248 Kbal/hol

+4

A AmO2
and '
AH? = «15.8 Keal.
This heat of solution is corrccted to 6.0 M I-INO5 from the data of Bichowsky and
Rossini5 and is -15.1 Keal,

The hcat for reaction (3) was calculated as “3%,2 from the data of
Bichowsky and Rossini.5
The heat for reaction (4) is obdained from the other threo:
AH4 = AH2 - AHl - AH:5

-15.1 + 30.4 + 34,2

it

Y]

49.5
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The cntropy change for rcaction (4) may be obtained from the plutonium
calculations of Evans.13 For the rcaction

I SN H,

an cntropy change (AS) of =32.4 c.u. was calculateds It is impossible to meke
a magnetic ontropy corrcction since the ¢crm for the ground state is not known.
The corrcetions for mass differcnces and ionic radii are csscentially zero.
Therefore =32 c.u. has bocn uscd as the entropy AS .

4
From AH, and AS, the froe cnergy (AF4) may be calculated:

AF AH, - TAS

4 4 4
=+ 29,5 - (~32 x 1070 x 298) = 59,0
and E, = = AF = -59 = ~2.6 V.

nF 23.07
The large nogative potential for this couple is consistant with
chemieal evidence since Amfs was not oxidized in sulfuric acid solution of
argentic ion., The potential of Ag+ - Ag++ is about -2.2 v. under thesc
conditions.l
In an analogous way th¢ potential for Pr+3-fr+4 can bo calculated.
Fron tho data above #Hy' = =42.0, AH,! = -15.1 (Noto: Sinoc pr*% jon is tho

: +4 . = .
samc sizo as Am  ion, the An0y =i * heat diffcrence was assumcd. ), AHs' =

—34.2.* The ontropy change for reaction (4)!' was taken as =32 c.u. as above.

AH4' = «15.1 + 42.0 + 34.2 = 61.1

AF,t = 61,1 -(-32x107° x 298) = 70.6
E.j:' = ~70.6 = mB3.l Ve
23,07

* (Primed valucs rofer to Pr velucs sinmilar to americiun abovc.)
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A check on the prascodyniun caleculation i1s possible using the heat

of solution of Pr_O

273"
a) Pro, + 4 = Pr'¥ + 2E.0 AH = ~15.1
2 2 a
(b) 1/2 Pr,0, + 30 = Pe*S . 32 H,0 pH, = -53.1
e + 1/4 = Pro, = =12,
)121.r>r205 1/4 0, = Pro, AH 12.0
(@) 1/2 B, + 1/4 0, = 1/2 H,0 0H, = =B4.2

(2)-(0)+(0)=(@) = (£) = 2r*° v 5" = ™ 4 12 W, amr - 60.2

The hoat of reaction (¢) is obtained by using the hoat of formation
of Pr203 given by Brewcrll and the heat of formation of PrOz caleulated fron
cquation (1)' above.

Onc then calculatces

E =~ 89,7 = «3.0 volts

28.07
The rolatively hizher waluc for the prascodymiunm potentinl is in
qualitative agrceencnt with the observed fact that AmOZ is morc oasiiy prepared
than PrOz, and, of coursc, was shown dircctly in thc more ncezative heat of
solution of the PrOz.

The thermodynanic data for c:criumPi could not bc uscd as an aid or
chock on the above calculations since at the acid concentrations uscd in the
calorimetric ncasurcuents the Cc+é ion nust certainly be hydrolfzod. Dota are
not available which would onable the calculation of tho heat of hydrolysis of
ceric ion.

The rcason for the cextraordinary stability of Co(OH)+3 ion is not
understood. This boing the casc, it is possible that thec corresponding

Am(OH)+3 ion night also be hipghly stablce. In this cvent, oxidotion of Amfs

3
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to A.m(OH)“5 could occur at o potential considerably less ncgative than has been
cstimated herc.,

The heat of formoation of the fluoride complex of ancricium is not
known and hence a corrcotion could not be madc for the heat of rcaction in the
solution containing fluoride ion. Ileasurcrments werce nmade, as tobulated above,

on the heat of solutlon of PrO, with and without the 0.1 X HBF, in 6.0 i HNOS, and

2
the hoat of solution was different by not morc thon one~-half Kilocaloric per
nolcs Heat of solution of the ThCl4 in 6 M HCl and 6 M HCl containinz 0,005 M
NaZSiFG diffcred by only thrceo~tenths Kilocaloric per nole of ThCl4.

The crrors indicated in the tabulated doata of Table VII arc not the

averare deviation for the measurcernonts made, but indicate the possible crror

in the large corrcctions nccessary for the slowly soluble sanples.

Table VII
Recapitulation
6 11 HNO AH E
1/2 Pr,0q + st =" ety 3/2 1,0 ~166.2 = 0.2 -
+ 6 EHHOS +3 +
Pro, + 3§ = Pr° o+ 1/% 0, + 3/2 1,0 -42.4 = 1.5
+ 6 E-!{IAINOS +3 +
Pro, + 3 = Pri” o+ 1/4 0, + 3/2 H,0  =42,0 = 1.0
0.1 N HEBF,
LS UHIO, g .
AmQ, + 3H = AT e 1/s 0, + 3/2 H,0 =304 = 1.0
“ 0.1 M HBF,
. +3 + +4 + +
A S+ H =An 0 o+ 1/2 H, 49,5 = 5 -2.6 = 0.2 v,
R R Rt 61.1 & 5 -3.1 ¥ 0.2 v,
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Specifications

300 ohms, 25 watts, W.W. potentiometer

285 ohmg, consisting of 400 ohms, 10 watts, W.W. in parallel
with 1000 ohms, 10 watts, W.W.

8300 ohms, W.W.

«5 megohm meangeanin

50,000 ohms manganin

29484 ohms(IRC precision mengenin, non-inductively wound on
ceremic core, immersed in oil bath)"standard registor"
10,000 ohms. manganin

10 ohms mangenin

0-9999 ohms, L & N decade resistance box 5%y

350 ohms menganin ‘

42 ohms mengenin

12.6 ohm potentiometer, W.W.

125 ohm pbtentiometer, W.W,.

1000 ohms mangenin (R26 immersed in oil bath)

55,0 ohms mengsnin (immersed in oil bath)

15 ohms, menganin

100 ohms mangenin

300 ohms manganin

5 ohms menganin (immersed im oil bath)

w53 ohms at 25°C, copper resiftance thermometer,non-inductively
wound with mangenin leads

91.5 ohms, mengenin (immersed in oil bath)

33,300 ohms mangenin (immersed in oil beth)

500 ohms manganin

50 ohms copper desmping resistor

150 ohms menganin

3760 ohms menganin

14 volts: 7 heavy duly lead storage cells

1.0189 volts; Weston standard cell

2 volts: lead storage cell

4 volts:s 2 lead storage cells

Push-button contacts, normally open

8 volt pilet light, green

8 volt phlot light, red

110 volt pilot light, green

SPST relay, 115 volts AC, normally clesed

DPDT impulse relay, Advance type 9044, 115 volts AC,

silver contacts

Hubiocon galvenometer, .006 ua/hm,368 ohm ocoil, cal. 3402 HH
Leeds & Northrup high sensitivity galvenometer. Sensitivity
«077 pv/mm, C.D.R.X. 28 ohms, coil resistance 21 ohms, period
8.8 seconds

6~position, single~circuit tep-switch

SPDT coppsr knife-switoch

"~ SPDT toggle=-switch

DPST toggle-switch

SPDT copper knife-switoh with pole added so that R-32 is
connected before remaindsr of oircuit

Pri, 115 V a.0., Seo. 8.3 v, 1 emp. Ce Ts

Note: All mangenin resistors are IRC type WW-4 or equivalent.‘ Some values ere made by
pearalleling two or mors resistors. '
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