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Thermochemical ltudies of Oxides of Praseodymium and ind@ricium and

the Dstimation of the Pr'o=Pr'®, am o-Am'® Oxidation Potentials

LeRoy Eyring

ABSTRACT Fﬁﬁ?f*g 8

RQIEIER

273
M HNO, to be 106.2 = 0.3 and 42.4 = 1.5 Keal/mol respectively. The reaction

The heats of reaction of Pr,0, and PrO, have been measured in 6.02
&

heat with 6,0 M HHO3 and 0.1 M HBF4 of Pr02 and Amo? was measured as 42.0 :

1.0 and 30.4 = 1.0 Kcal/mol. ‘:ith these and other date an agueous solution

oxidation potential of -3.1 I 0.2 volts wac cstimated for the Pr+5-—Pr+4

couple and -2.6 2 0.2 volts as the notential of the Am‘w-Am+4 couple.

O ¢
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(ICIUM ALD

TTRICCEEHICAL STUDIES OF OXIDWS OF PRASEOOYUIUID AND Al

v s ran et ca e - e +3 +4 +3 +4 \ N
TITD ASTIINTION JF &7% Pr " -Pr ~, Am =Anm OXIDLTION TOTEMTIALS

LeRoy Lyring

TNTRODUCTION EM: Cﬂ-‘* \ Mgd "':‘5 E D

s L e e i e 0

. - A . . +3  +4 . -
A lmowledgs of the oxidation potential of the Am "-Am ™ courle is of

fun @l importence in understending ths chemistry ol americium, not only
in agqueous solution but alsc in the Jorm of solid compounds. This potential
cannot be measured directly because the Am+4 ion decomposcs wabter. Atbempts
to osidize Am+3 ion in acid soluﬁion, even with arpentic ion, have failed.l

Since americiuvm forms an oxide in which it is in the tetravalent
state, the oxidation potential can v estimated with reasonssle confidence wy
thermochenical observations. These measurcments ond their treatment Cerm the
substunoe of this »naper,

A lmowledge of this potential would serve to indiecatc whether 1t is
fensinle by complexing, adjustment of the ok, or by ovher meuns to achisve
oxidation in acid solution and thus to securc the basis for a rapic separatioﬂ
of americium and curium. Such a rapid separation would be of great value in
muclear studies dealing with the short-lived isotopes of +these elements. In
addition to this, a Imowledge of this rotential might malke more cvident such
rerularitics as may exist in the oxidationereiucvion equilibrium of the
actinidc elements. This would be of grcat value in the scarch for still
heavisr members of the actinide series

RBecauce of ths hagardous aature of ~rorlzin~ with americium and
merticularly becausc of th: very limited supply of thet clement, it was desir-

abhle first to perferm similar cxperiments on another material as o "stand in".

.
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Praseodymium was notably suited to this purpose because of its similar shemical
arnd physical properties and because of the desirability of checking the

literature values of its thermodynamic data.

NATURE OF THE PROBLEM

The method chosen to estimate the oxidation potential for Pr+3-Pr+4

and Amfz-Amfé couples required the determination of the heats of solution of
the dioxides of these elements.

M0, + 3 e+ 1/a 0, + 8/2 H,0 . -~
Since this reaction resulted in the immediate reduction to the +trivalent cation in
solution by the décomposition of water, it was also necessary to estimate as
accurately as possible the heat which would be »nroduced had the reduction not
ocecurred. The only additional information required was the entropy chanye for
the reaction

e w -t e e H,

Previous thermodynamic measurements of plutonium supplied the data necessary
to estimate the entropy change. The dioxides of americium and praseodymium
were used for the determination of the heat of reaction since they were the
only tetravalent compounds known in either system.

A microcalorimeter had been built for another purpose and was
available.2 It was, however, a typé not suj ted to measurements of heat
developed over a time longer than a very few minutes. As usually prepafed,
the oxides of elements in this region are difficultly soluble in ordinary
solvents at room temperature. Some means, therefore, had to be found to
reduce the solution time of these oxides to a maximum of about ten minutes.
The reason for this limitation of reaction time was the large drift correc-
tion involved and the danref of change in thermostat or room temperature

during the period of the calorimetric run.
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It has long becen known that prolonged heatins at high temperaturcs

Fal

renders most substences less reactive. Thercforc, cxperiments were made to
determine the mildest conditions of ftomperature and time which could be used
to obtain the desircd oxide as a single pure phasc, X-ray diffrection on all

samples was the criterion by which the composition and phasc of the product

was determinced. The heat content of the oxide produced under thesc mild condi-

~tions is differcnt from that of thc usual standard statc; this differcnce, how-

ever, is negligible in this casc.

Prascodymium forms threc known oxides - Przo FrGO and Pro, 8

3’ 11 2
Americium forms a scquioxide and a dioxide. The methods of preparation and the
stability of cach will be discusscd latcer.

As startine materials hydroxides, nitrates, and oxalates were
denited in air to producc pure oxides. In all cascs thc decomposcd oxalate
gave the nicest, most reactive product. Qualitative tests showed that the
oxides could be preparcd with the solution propcrtics shown in Tablce I. It
should bo‘pointcd out that a non-reducing acid had to be used because the
solution of PrOz or AmO2 WOuIQ othcrwise lead to side rcactions not entircly

predictable.
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Table 1

Solubility of Praseodymium and Americium Oxides

Oxide Approximade Solution Time in Minutes at Room Temperature

6 _}4 HNOS 6 _L_'I HNO3

6 ILK,HNO3 0.005 M Na281F6 0.1 M_HBF4

Pr203 2 - 3 - -
Prso11 10 8 - 10 5
PrO2 10 8 - 10 5
AmZO3 > 30 4 -
AmO2 > 30 35 5 - 10

EQUIPMENT AND CUXPZRIMENTAL RESULTS

PRASTODYMIUNM

The praseodymium used in all the experiments to be described herein
was obtained as "spectrographically pure" from Johnson, Ibtthey ¢ Co., Ltd.,
of London. This material in the form of PrO2 was found to contain about four
percent sodium and potassium, and of the order of one-half of one percent
other rare earths, principally neodymium. This relatively pure oxide was
further purified by D. C. Stewart and R, C. Lilly of the University of California
Radiation Laboratory by a cation—exchange'column separation procedure using
nalcite resin. The resulbing material was quite free from any impurities as
indicated by the following spectrographic analysis: (lMicrograms per fifty

micro~ram sample)
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Al TD I WD

Ba 1D La  ®D .1
Bc ND - .005 Lu WD (.1
Ca < 0.01 fa  ND

Cc WD (.1 Nd WD (.01
Dy ND < .1 Sm ND < .1
Er uD < .1 Sr WD £ .01
Bu @D (.1 To. WD ( 5
¥e WD ' T WD (.1
Ga WD < .1 Yo WD .1
Ho WD .1 Y w1

D = not dectected
The prascodymiuvm from the column runs was precipitated as

oxalate and ignitcd in air o the black cxide usually eclled Pr.0 The

611"
s e . . . . ; SN . .
ignition was carricd out in a platinum containcr at about 850°C. This oxide
constituted the stock material from which tiic suececding prascodvmium calorimeter

samples woere prepared.

Prascod mium lictal

At prescnt the most likcly wvaluc for thc heat of solution of prasco-
3 3 3 2 s 1 ™ AT 4 .
dymium metal was obtoincd somewhat indircetly by Bommciy and ilohmann. This
rcorescnted a corrcetion of about three kilocalorics per molc to the previously
. , o N . P! c )
acccpted value from Biohowsky and nossini. It was desircd to check thesc
valucs by production of the purec mctal and the direct mcasurcment of its heat
- . . = =0

of solution in 1.5 M HC1l at 25~ C.

The mcthod of production of prascodymium metal similar to that

. - v s € ; o
deseribed by Vicstrum and Zobinson” may be swmarized brieflly as follows: Purce
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PrSO11 was placed in the hydroqsen raduction apparatus shown in Figure 1 and
pumped down to remove all adsorbed moisture. The molybdenum radiation shiczld
used +to heat the oxide scmple in the reduction apparatus was found to resist
action of hydrogmen at thesc. high temperatures to a much greater degree than
tungsten, ‘dantalum, cold rolled stcel or stainless steel. The Chromel vs.
Alumel thermocouple was spot welded to the bottom of the nlatinum sample holders
About one-third atmosphere of pure hydrogeh was admitted from a tube of uranium
hydride maintained at 360° C. A discussion of this purc hydro:cn sourcc is
given by Amos Newton.7 It is cspecially pgood for such an apnaratus as this
because, in addition to the purity of the hydrozen produccd, any desirable
prossure can be maintained simply by adjusting the equilibrium temperature of
the uranium hydridec.

The oxide charge was heated to 500° C. and maintained at that
temperature throughout the rcduction. After two or thrce minutes the black

oxide changed with an observable rate to ycllow=green Pr,0,. Lo further
. J

2
decrease in weight was observed after one hour under thesc conditions. There-
forc, an adequate time of onc and one-half hours was adopted for the rcduction
to Ir,0,.
273
+

the cubic C form with a = 11.14 «

X~ray diffractlon results on this materinl consistently indicated
0.01 & . When the temperature of this
nroduct was increascd to 1000° ¢. in vacuun, it changed over to the pale green
hoxaronal A form with o = 3.859 & 0,003 £ , ¢ = 6,005 £ 0.003 8. 7If %he Prg0; 4

. e} . . .
is rcduced at 1000 C., the A for: is produced dircetly. The reaction at

lower temperature may be represeanted as

. 1/3 atm., H
Pro0,, + 2H, -"?&F}“‘H 3Pr,0, + 21120

C Form
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This Przo3 was removed and nlaced in a »latinum fluorination lin08
and treatcd with a 50 - 50 mixturc of HF and hvdrogen at 700° C. for onc hour:

P - ™
eros + GHF 5 2Prb3A+ SHZO.

=

The prascodymium trifluoride from this treatment was reduccd by
barium vapor at 1100° C. in a beryllia erucible systcm supported by a tungsten
furncee in high vacuum:

2PrF3 + 3Ba _ > 2Pr + SBan

The nrascodvmium metal thus produced always tended to sprecad out over the
beryllin surfacc. Ievertheless, good calorimeter samples werc made.

The metal was vory maleablc, had a bright grey metallic luster and -

. . o s
rcadily formed a hydride at about 240 C. The metal samples submitted for
X-ray analysis wcre never anncaled cnough to give good patterns.

The metal pellets werce immersed in dry xylene in a "dry box" and very
carefully clemned under a microscone. They werc weithed by diffcrence dircetly
. ) . - . 9 . .
into thc calorimeter bulbs on a Kirk quartz microbeolancc. This balance is

A -8 . .
sensitive to 10 grams and could rc»roduce the weirht of the few hundred micro-
gram samples of metal to a fow hundredths percent accuracy. In order to use
this balance, very frazile glass calorimcter bulb systems werce made weizhing
less than twenty milligranms.

For the prascodymium mectal, prascodymium sequioxide and onc sct of
prascodymium dioxide calorimeter runs, the microcalorimeter described by Westrum

a8 . ‘s .
and Zyring was used without modification.

The mierocalorimecter was again calibrated chemically using pure

a-nesium motal in 1.0 1 HC1 at 26° C. The results are shown in Table II.
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Table II

o s o . @

Iagnesium Metal Calibration Runs

Run_ o, Weipht-He. Heat Bvolved-Calorics - A H(XCal/Mol)
1 0.5280 0.2410 111.3
2 0.5866 0.2673 111.1
3 0.2861 | 0.1309 _111.8

111.3 £ 0.3

The best literaturc value of 111.322 = ,041 was detormined undor
similer conditions by Shomate and Huffman.lo Eloctrical calibrations werc made
with each run.

Consistent rosults on the heat of solution of prascodymium motal in
1.50 M HC1 were not_obtaincd. They ran~cd in value from 170.5 to 178 KCal.
per mole in seven runs, four of which were about 173 Keal. There werc no
obvious rcasons why the runs should not arrce since the samnles were very care-
fully preparcd and the operation of the calorimeter was normal.

Spectrographic analysis on the calorimeter solutions showed as
impuritics in the metal 0.1 - 0.4 percent berylliuﬁ and 2 - 6 pcreent bariume
This may explain the variation in rcsults. The hish wvalucs were probably duc
to the presence of beryllium metal in the sample. Although it was present in
low weight perecent, its low atomic weight lcd to a high mole percent. Low
rcsuits could be expleined by the prescncc of barium or oxide in the metal.

The speotrographic analysis at best is accurate to a factor of two, and within
this limit thc high heats of solution corrosponded to high beryllium content.
Leck of exact knowlecdge of impurities prohibited accurate calculations of the
corrcction to be applicd.

Onc would not cxpect the beryllia- %o be reduccd under the conditions

of mctal vproduction unless bervllium wmctol has a high heat of solution in
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prascodymium metal and/br the beryllia rcacts with PrF5 to give Ber and PrOF,
the first of which could be reduced by barium. Both rcactions are thermodynami-
cally possible.

AIn two runs the metel sample was divided into two portions and onc
uscd for a calorimeter run and thc other for a hydrogen evolution measurcment.
Both detcrminations showcd onc to two percent more hydrogen evolution than
would be calculated assumine purc prascodymium metal. This also could be
attributed to the prescnmec of Be metal. The apparatus uscd is shown in Figure
2 cnd consisted of a very small bulb attached to a calibrated capillary fixed
to a meter sticek. The metal sample was exnosced to acid solution in the bulb
and the volume of pgas cveolved measurcd by the movement of the liquid column
in the capillary tube. A thermomcter was fixed alongside the capillary and
the temperaturc noted carcefully. Corrcctions were made to standard conditions
of temperature end pressure.

It is difficult to give very much weicht to these results, but, if
anything, the secm to indicate that the result of Bommer and Hohman4 of 172.9
+

= 0.7 Keal/mol is better than the lower previous literature value.

Praseodymium Scsquioxide

Prascodymium sesquioxide was preparcd as above and removed immediately
into the dry atmosvherc of a nitrosen "dry box". There it was quickly loaded
into weirhed samplc bulbs and scaled off with Apiczon "W" wax rcady for re-
woirhing and calorimetric runs.

The results of the dotermination of the heat of solution of

prascodymium scsquioxide in 6.02 M HNO3 at 25° ¢, arc siven in Table IIZ.
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Table III

Heat of Solution of Pr,0, in 6.02 M ENO, at 25° C.
' ( = 11.14 = 0.01 R)

Teight Heat Evolved ~ AH C Form
Run No. Mg Calories Keal/mol
1 7.312 2.355 106.2
2 4.109 1.324 106.3
3 4.539 1.459 106.0
106.2 Z 0.2

Praseodymium Dioxide

Upon heating Przo5 in oxygen et one atmosphere or in air, the
resulting product uﬁon cooling closely approximated the formula Prso11 but
the exact composition depended upon the conditions of the experiment.

In order to produce Pr02 in a reasonable time, one must go to higher
pressures of oxygen and temperatures of the order of 300° C. or higher. These
conditions were achieved to produce the PrO2 for calorimeter runs, that is,
oxidizing a lower oxide with oxygen at very high pressures in a quartz bomb.
The sesquioxide was used as the starting material since the product of that

reaction was more readily soluble.
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The bomb (Figurc 3) consistcd of o thick walled quartz tubc of about
8 mm. OD and 2 - 3 mm. ID with o roundcd bottom and a constricted portion at
the othur c¢cnd. The construction insurcd a thick wall when the end was scaled.

The Pr was loaded into the bomb and the open cnd attached to a

203
system which was altcrnately evacuatcd and flushed with oxygen wirich was water
and carbon dioxide frece. The latter impuritics were frozen out of tank oxygen
in a copper coil kept at -100° ¢. by an alcohol liquid nitrogon mixturc.
Finally, with oxygen in the bomb, the end was immcrsed in liquid nitrogen and
oxyren was liquificd in an amount pfeviously caleculated to producc 100 atmos-
pheres pressurc at 500° C. At this point thc bomb was scalcd off with a gas=-
oxyeaen flame. The quartz bomb was then placced in a stainless stecl jacket
vhich scrved as nrotcction against possible explosion. The complete asscmbly
wes then put into a muffle furnacc and hecated at 500° C. for § - 12 hours.
The resulting procduct was & rcddish-black compound which consistantly showed
o sinrle fluorite phasc (a = 5.395 & 0.005 £) by X-ray diffraction.

The bombs werc opcned and the material placed in a small phosphorous
pcntoxide desiceator iﬁsidc a "dry box" rcady for loading calorimcter bulbs.

The microcalorimetor was uscd to determince the heat of solution of

Pr0, in 6.02 M HNO, at 25° C. as given in Table IV.
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Table IV

Heat of Solution of Pr0, in 6.02 1l HNO, at 25° C.
2 ot

Vleight Heat Ivolved - AH
Run No. g Calories 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 these samples was from fifteen to twenty
minutes and the drift correction amounted to some ten to twenty-five percent.
This fact leads to the uncertainty shown by the results tabulated later. It
is believed that this accuracy was as good as could be expected under the
circumstances with the present apparatus. For this reason PrOz wasvrun in
0.1 M HBF4 and 6.0 I HNO5 solution where its time of reaction is reduced by
about a factor of five.

In order %to use an acid solution containing F~ ion, all glass sur-
faces had to be replaced with HF resistant materials. DMany coatings for
the plass bulbs were tried including Zapon, Glyptal and plastic paint, but all
these showed a tendency to peel and expose fresh pglass surface after the film
had been ruptured. On the basis of these attenpts it was decided to go to
another bulb material. No substance was available which had the necessary proper-

ties of fluoride resistance and fragility in addition to the required workability
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in forming spheres to simply replace the gloss bulbse. Hence, it was neccessary
to try an entirely different bulb tyne.

The mate?ial most surted for this work seccmed %o be polymonochloro-
trifluoroethelene, a plastic, which is rcsistant even to warm concentrated
HNO3 and HF and is easily machined. The bulb assembly finally desicned which
worlked satisfactorily is shown in Figure 4.

A small dislk was used to seal off.the neck of the cone, which formed
the body of the bulb,and the latteor was sealed withlwax to the large bottonm
disk. After the bulb was loaded and weirhed it wos seaied with Apiezon "W"
wax to the end of the stirring shaft and broken by depressing it agninst an
anvil in the bottom of the calorimeter. Juring loading and handling, the
large bottom furnished a very stable base but iis primary purposc was to
make it possible to open the bulb without mashing the powdered sample into
the wax. This was achieved by spot welding an auxiliary pletinum anvil to the
bottom of the calorimeter offset from the center to engfage the periphery of the
base as the bulb vias depressed. This furnished a very effective way of
flipping-tﬁc bottom off in order that the invérted cone could be depressed over
the central anvil to remove the nitrogen bubble which was present. In this
way it seemed cquite certain that all the oxide was contacted by the solution.
The bulbs were cuite sturdy and could be handled and loaded without serious
donger of breoking them.

The sidewise thrust expericenced when these bulbs were opened occasion-
21ly broke the thin ~lass stirring shaft ordinarily used., Therefore, it was
necessary to replace this shaft with a stron-er one. It wes found that a forty
mil bungsten shaft could be used for this purposc provided the top of the

calorimeter was insulated and a very careful checl made on the room temperature
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in this area., Zxperiments were performed to determine the e¢ffect of the change
of the external temperature on the drift rate so that aprpropriate corrcetions
could bc made where necessary.

Four runs were made on PrO

dissolved in 6.0 M HNO, and 0.1 E Yo BE .

2 3 4

The solution time was decreased by at least a factor of three over the previously
described runs or to about three or four minutes. Table V shows thc results

of these ruuns.

Table V
Heat of Solution of PrO2 in 6.0_@ HNOS, O.l_y NaBF4 at 25° C.
Weight Heat Evolved - & H
Run Wo. Mg Calories - FKeal/mol
1 .827 0.2002 41.9
2 1.430 0.3471 42.0
3 1.229 0.3031 42.7
4 1.177 0.2818 241.4
| 42.0 2 0.4

AYIERICIUM

Bccause americium is available in much smaller quantities than
prascodymium the procedure and apparatus was modified to male measurements
on these minute quantities possible.

The hazards involved in handling quantities of a few micrograms
of powdered americium compounds are exceedingly great. For this reason,
all operations involving preparation of materials, loading and weirhing of
samples and loading of the calorimeter had to be done in a "drv Box" or "rlove

14

box leighing the samples presented the most unigue problem. It was solved
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by building a Salvioni type quartz microbalancc which was calibrated and mounted
on the front pancl of the americium "glove box". A microscope support and
microscope were fixed rigidly to thc same front panel making possible weighing
the bulbs on the safec interior of the "glove box". The readings on the filar
micrometer could be made to about ten to twenty divisions or an uncertainty
which represented an error of about 0.1 - 0.2% of the total weight of' the
sample. A larger uncertainty of about 0.5% was due to the slight irreproduc-
ibility of the zero point on removing and replacing the bulb.

Pure americium from stock solution was precipitated with a small

Fel

cxcess of pure oxalic acid and the dried oxalate decomposed in air at a tempera-
ture of 650° C. This treatment produced a black dioxide which was very slowly
soluble under all conditions tried. The black Am)z we.s reduced with hydrogen
at 600° C. in the apparatus previously described, forming Amzo3 which is a

very bright persimmon (bright red-orance) cglor. This material was heated at
about 250° C. for one hour producing AmO2 in a form soluble in sufficiently

short time to be satisfactory. The dioxide was the same fluorite tvpe structure

as Pro, with a = 5.393 ¥ 0.005 %,
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Four runs were made in the calorimetcr on Am02 yielding the valucs

AE indicated in Table VI.
Table YE

Heat of Solution of AmO, in 6.0 If HNO,, i
Run No. K;ameol
1 29.7
2 3043 |
3 30.8
4" 30.8
30.4 = 0.4

DISCUSSION OF RLSULTS AND TRIATIIZNT OF THI DATA

The calorimetric results reportcd here, together with data from the

litcrabure, make nossible the calculation of the oxidation potontials for the

+ +4 . . .
and P Y-Pr T couples. The following cquations for amcricium

Am+3—Am+4
illustretc the mothod of calculation: »
(1) tno, + 3H" = AntS 4 1/20, + 3/20,0  AH
e ., s
(2) AmO, + 4H = Am' " + 2H,0 AE,
T 5 = -I
(3) 1/’2h2 + 1/4 o, 1/2 H,0 SH,
-

(4) an'® 4 B = an™t 4 1 H, -
The heat of the first reaction was measured dircetly as =30.4 leal.

If the best values for the heats of

The heat for the sccond rcaction has becn cstimated from the data available
arc plotted against the

for the other actinide clements.,
=
NpO2 and Pqu 11,12,15,16

formation of ThOz, UOZ’
ionic radius of the corrcsponding tetrapositive eation, o reascnably smooth
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curve results. A short extrapolation of this curve yvields an cstimated heat
of formation for AmOz. In.an analorsous way the heat of formation of the
tetravalent ions can be plotted and a similar extrapolation yiclds a value

for Am+4. These extrapolated values, toscther with the heat of formation of
water, give the expected heat for reaction (2), which, of coursc, cannot be
measurcd directly since the tetrapositive americium immediately oxidizes water.

The alternative assumption that the differcnce between the heats of formotion

vs o ‘o . . +4
of the dioxide and tetrapositive ions is coustant, e.g., AH Pqu—AH Pu 7,

AH UOZ~AH U*é, ete., is equivalent to cxtrapolating the curves since they

have, to a considercd cxtent, been constructcd on the basis of {this assumntion.

The cxtrapolation yiclds

AHY, +4 = 127 Keal/mol and z?/ = 248 Keal/mol

Am 'AmO2

and

AHZ = ~15.8 Keal.

This heat of solution is corrcctcd to 6.0 B HNO5 from the data of Bichowsky
and Rossini5'and is -15.1 Xeal,

The heat for recaction (3) was calculatced cs -54.2 from the datn

) [
. s O
of Bichowslky and Rossini,

The heat for rcaction (4) is obtained from thc oth 'r three:
AH4 = AH2 - Ahl - AH3 o
—1501 + 50.4 + 34‘,.2 ..

i}

i

49,5 .
The entropy change for rcaction (4) may be obtained from the
nlutonium caleculations of Evans}3 For thec reaction

Pu+5 + H = Pu+4 + l/? H2
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an entropv chaﬁfe (45) of =32.4¢c.u. was caleulated. It is impossible to moke
o magnctic entropy corrcction since the term for the ground state is not lmown.
The corrections for mass differcnces and ionic radii arc cssentially Zero.l7
Thercfore -32 e¢.u. has becn used as the cntrony AS4.

From 46, and 4§, the free energy (AFé) may be calculatod:

4
bF, = O0H, - TAS, s
= + 49.5 - (-32 x 10 © x 298) = 59.0
and E = - AF = -59 =-2.6 V.

The large necative potential for this couple is consistant with
chemical evidence since Am+3 was not oxidizod in sulfuric acid solution cof
argentic ion. The potential of Ag+ - Ag++ is about -2.2 v. under thesc

C s 1
conditions.
. +3 _ +4
In an analorous way the potential for Pr "-Pr ~ can be calculated.
< +4 .
t= ~15,1. (Note: Since Pr ~ ion is the
+4

. +4 . .
samce sizc as Am ion, %he AmO2 - Am  heat differcncc was assumcd. ),

From the data above AH1'= -42.0, AH2

AH3'= -34.2,% The cntrony change for rcaction (4)'was taken as -32 c.u. as above,

BH,' = ~15.1 + 42.0 + 54.2 = 61.1
OF,' = 611 - (=32 x 107% x 298)
= 70.6
D' =-70.6 =-3.1v.
5%.07

A check on the prascodymium calculation is possible using the heat

of solution of PrZOS'
(a) Pro, + 4K = prtd 21,0 pH, = -15.1
(), 1/2 Pr,0, + 3H = prte 4 5/ H,0 AF, = =53.1
(c) 1/2 Pr,0, + 1/4 0, = Pro, AH, = -12.0
(d) 1/2 H, + 1/4 0, = 1/2 H,0 AHy = -34.2

* (Primed volucs rofer to Pr valucs similar to amcricium above. )
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(a)-(b)+(c)=(d) = (£) = Pr™° 4 = pr*t 4 102 i, BH, = 60.2

The heat of reaction (c¢c) is obtained by using the heat of formation
1
of Przo3 given by Brower“land the hecat of formation of Pr02 calculated from
cquation (1)' above.

Onc then calculates

E =~ 69.7 =-3,0 volts.

The relatively higher valuc for the prascodymium potential is in
qualitativo arrecment with the obscrved fact that AmOz is morc easily preparzd

than PrO, and, of coursc, was shown dircetly in the more ncgative heat of

2
solution of the PrO_.

2

The thermodynomic dato for cerium 14 could not bc used as aﬁ aid
or chcek on the above calculations since at.tho acid concentrations used in
the calorimetric measurements the Cc+4 ion must certainly be-hydrolyzed., Data
arc not available whieh would enablec the calculation of the hecat of hydrolysis
of ccric ion.

"The rcason for the cxtraoordinary stability of Cc(OH)+3 ion is not
understood. This becing the casc, it is possiblc that the corrcsponding Am(OH)+3

% to am(om)*">

ion misht also be highly stable. In this event, oxidation of Am®
could occur at a potcntial considerably less negative than has becen estimated
aerc.

The heat of formation of the fluoride complex of americium is not
known and hencc a corrcction could not be made for the heat of recaction in the
solution containing fluoride ion. Ilasurcments were made, as tabulated above,
on the hceat of solution of PrOz with and without the O.l‘y HBF4 in G’O.E HNOS,

and the heat of solution was different by not more than onec-holf Kilocaloric
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per mole. Heat of solution of the ThCl4 in 6 1l HC1 and 6 M HCl containing

0.005 II NaZSiF6 differcd by only threce-tenths [{ilocaloric per mole of ThClé.
The crrors indicated in the tabulated data of Table VII arc not the

average deviation for the mecasurcments made, but indicate the possible crror

in the large corrcetions nceessary for the slowly soluble samples.

Table VII
Recapitulation
AR z
, 6 M HNO, o3 , . -
1/2 Pr 0, + 3H = ° pr" 4+ 3/2 E,0 -106.2 = 0,2
19
. 6 I HINO, 3
Pro, + 8H - Pri” + 1/4 0, + 3/2 Hy0 -42.4 X 1.5
, 6 i HiO, o3
Pro, + 3H = °ope"™ 4+ 1/4 0, + 3/2 HO -42.0 = 1.0
2 X 2 2
0.1 M HBI \
="
, 6 limo, +3 +
Am0, + 3H = An"® + 1/4 0, + 3/2 H,0  -30.4 I 1.0
N 0.1 Il HBF,
+3 o+ +4 . + .+
Am™T o+ H o= AmTC o+ 1/2 I, 49.5 = 5 -2.6'= 0.2 v
+3 + +4 2 + +
Pro” + I =Pr "+ 1/2 Hz 6l1.1 -~ 5 -3.1 - 0.2 v,
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MICROCALORIMETER PARTS LIST FOR FIGURE 7 Page 27
Designetion Quentity Specificetions
R-1 1 300 ohmes, 256 watts, W.W. potentiometer
R2,R3,R4,RE 4 286 ohms; consisting of 400 ohms, 10 watts, W.W. in parellel
with 1000 ohms, 10 watts, W.W. ,
R6 1 8300 ohms, W.W.
R7 1 «5 megohm manganin - )
R8 1 50,000 ohms manganin
RO 1 29.84 ohms(IRC precision menganin, non-inductively wound on
ceramic core, immersed in oil bath)"standard resistor”
- Re10 1 10,000 ohms manganin
R-11 -1 10 ohmé mengenin
R-12,R27 2 0-9999 ohms, L & N decade resistence box !%“
R-13 1 350 ohms manganin
* Re-l4 1 .42 ohms mengenin
R=15 1 12.5 ohm potentiometer, W.W.
R-16 1 125 ohm pbtentiometer, W.W. .
R-17,R23,R26,R29, & 1000 ohms mangenin (R26 immersed in oil batha
R=-33 '
R-18 1 55,0 ohms mengenin (immersed in oil bath)
R-19 1 15 ohms, menganin
R20 1 100 ohms manganin
R21 1 300 ohms manganin
R22 1 5 ohms menganin (immersed in oil bath)
R24 1 w53 ohms at 25°C, copper resfftance thermometer,non-inductively
wound with menganin leads
" R25 1 91.5 ohms, manganin (immersed in oil bath)
R28 1 33,300 ohmg mangenin (immersed in oil bath)
_ R30, R31 2 500 ohms menganin
R32 1 50 ohms copper damping resistoer
R34 1 150 ohms menganin
R35 1 3750 ohms mengsnin
B-1 1 14 volts: 7 heavy duly lead storage cells
B2 1 1.0189 volts; Weston standsrd cell
B3 1 2 volts: lead storage cell
B4 1 4 volts: 2 lead storage cells
PB-1,PB2 2 Push-button contacts, normally open
Lt-1 1 8 volt pilot light, green
Lt2. 1 8 volt pilot light, red
L3 1 110 volt pilot light, green
Re-1 1 SPST reley, 115 volts AC, normally closed
Re2 1 DPDT impulse relay, Advance type 904A, 115 volts AC,
gilver contacts
Medl 1 Rubiocon galvanometer, ,006 ugﬁmn,SGB ohm ooil, cal. 3402 HH
Me2 1 " Leeds & Northrup high sensitiviYy galvenometer. Sensitivity
«077 uv/mm, C.D.R.X. 28 ohms, coil resistance 21 ohms, period
‘848 seconds
8-1,59 2 6~position, single-circuit tap=-switch
$2,83,88 3 SPDT copper knife-switoh
84,86 2 SPDT toggle-switch
85 1 DPST toggle-switch ‘
87 1 SPDT eopper knife-switch with pole added so that R-32 ig
connected before remainder of cirocuit
Twl 1 Pri. 115 V e.c., Sece 643 v, 1 smp. Co Te-

Note: All mangenin resistors are IRC type WW-4 or equivalent. Some values are made by
peralleling two or more resistors. .
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