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Introduction

The wide use of oxalate precipitation of rare
earths both in large scale separation and recovery
processes and in analytical procedures warrants a
better understanding of the equilibria involved in
such systems. The solubility of rare earth oxa-
lates in excess oxalate has been noted previously
by many workers in the field.! In general the
ability of rare earth ions to form complexes in-
creases with atomic number, and ytterbium as one
of the heaviest members of the group might be
expected to show a very marked increased in solu-
bility in excess oxalate ion due to complex forma-
tion. A knowledge of the ytterbium-oxalate sys-
tem was especially needed in studies of the ytter-
bium radioactivities induced by neutron irradia-
tion since chemical separations were carried out on
small samples. For such operations it was de-
sirable to perform the precipitations under opti-
mum conditions because the recovery of activity
from filtrates involved tedious and time consum-
ing evaporation and reprecipitation procedures.
However the radioactivity greatly facilitated
these studies since the necessary determination of
very low concentrations could be conveniently
performed with adequate accuracy by radioassays.
For such work an isotope with a conveniently long
half life and which can be prepared with a suf-
ficiently high specific activity is required. Yb36®
(K capture, 33 d half life) was found to be satis-
factory for these studies. Electrons from two
moderately converted and intense gamma transi-
tions of 0.177 and 0.198 Mev.? together with the
Tm K X-rays provided the greatest counting con-
tribution with thin window G-M counters.

Accordingly, the data from radiochemical
studies have indicated the formation of oxalate
complexes and have served to permit estimates of
equilibrium constants for possible reactions which
adequately describe the solubilities in the regions
considered. Interesting correlations may be pos-
sible when these procedures are applied to other
members of the rare earth groups.

We wish to express our appreciation for the as-
sistance and encouragement offered by Dr. F. H.
Spedding and the Messrs. P. E. Porter and J. M.
Wright who performed the separation of ytter-
bium from rare earth mixtures and provided the
very pure sample which was needed for this work
and other studies of the radioactive isotopes of
ytterbium prepared by the mentioned irradiation.

* This article is based on work performed in the Ames Laboratory,
Atomic Energy Commission.

(1) D. M. Yost, H. Russell and C. 8. Garner, ""The Rare-Barth
Elements and Their Compounds,’’ John Wiley and Sons, Inc., New
York, N, Y., 1947, p. 59.

(2) E. N. Jensen, private communication.

Also, their many suggestions regarding the prop-
erties and treatment of rare earth materials have
proven most helpful.

Experimental

Materials.—Reagent grade chemicals and doubly dis-
tilled water were used throughout this work. A primary
standard $f Sorensen sodium oxalate was used to stand-
ardize the permanganate solutions. Ozxalic acid-sodium
oxalate buffers were used to adjust the pH of all solutions
except the most acid to which standard hydrochloric acid
was added. In all cases solutions of ytterbium chloride
with a small known excess of hydrochloric acid to prevent
hydrolysis were used in preparing the equilibrium pre-
cipitates.

The 1-g. sample of ytterbium oxide which was supplied
by Dr. Spedding and his co-workers had been separated
from other rare earths by them in the following manner:
The cerium fraction including the elements samarium and
europium had been removed by separations in ion ex-
change columns using Amberlite IR-100 ion exchange
resin.® The ytterbium had then been separated from the
other heavy rare earths by repeated sodium-amalgam re-
duction and extractions. Conditions for effecting the
amalgam extraction have been described extensively by
Moeller and Kremers.* The sample had finally been pre-
cipitated as the oxalate and ignited to oxide. Following
this, it was irradiated for thirty days in the Argonne Na-
tional Laboratory pile to produce Yb!" with a 100 hour
half life and Yb!¢® with a 33 day half life. About 999, of
the activity was carried in three extractions with sodium
amalgam. Absorption curves for the radiation of the
residue from these extractions indicated that any activity
of significantly different character was probably less than
0.1% of the original. In particular, no evidence for the
105 day half life Tm!™ activity was noted.

The ytterbium oxide returned from the neutron irradia-
tion was precipitated as fluoride, dissolved by fuming with
sulfuric acid, reprecipitated with oxalate, and finally
ignited to ytterbium oxide again.

Procedures.—A Beckman Model ‘‘G’’ pH meter was
used throughout this work; it was standardized with
buffer solutions of pH 4, 7 and 10 supplied by the National
Technical Laboratories of South Pasadena, California,
which had been calibrated against a decinormal calomel
electrode to yield pH on an activity scale. Radioactive
samples were counted by means of Geiger-Mueller count-
ers with an end mica window of 2.5 mg./sq. cm., model
VG, manufactured by the Victoreen Instrument Co.
The use of the thin window permitted counting of soft
gamma ray conversion electrons present in moderately
high intensity with the Yb!%® undergoing K capture.
The counter tube was operated with a conventional scale of
64 circuit. Counting was standardized by use of a comn-
mercial plastic counter mount with five shelves for sup-
porting samples. Assay samples were prepared by tle
evaporation of known volumes of solution in aluminum
dishes. Counting rates were maintained less than 5,000
c./m. so coincidence losses could be neglected.

To determine the specific activity, five samples of 50 to
75 mg. of the active ytterbium oxide were weighed on an
analytical balance. Each sample was dissolved in hydro-
chloric acid and evaporated to dryness. The ytterbium

(3) F. H. Spedding, E. I. Fulmer, T. A. Butler, E. M, Gladrow,
M. Gobush, P. B, Porter and J. M. Wright, TH1s JoUrRN~aAL, 69,
2812 (1947).

(4) T. Moeller and H. E. Kremers, Ind. Eng. Chem., Anal. Ed., 17,
798 (1945).
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chloride crystals were dissolved in different solutions con-
taining enough hydrochloric acid to give a pH of 5 and
varied amounts of sodium chloride to give solutions whose
ionic strengths covered the range of 1072 to 10~! molar.
Each solution was diluted in a volumetric flask. Samples
for counting were prepared by evaporating 10-100 ul
aliquots, measured in micropipets, on the aluminum
sample counting dishes. The specific activity obtained
on the second shelf was originally of the order of 7.0 X
104 cts./mg. Yb min. and the variation was 59, over the
range of ionic strengths prepared.

Equilibrium solutions were prepared in two ways: (1)

Radioactive ytterbium chloride was added to buffered
oxalate solutions. (2) Wet washed radioactive ytterbium
oxalate was added to the oxalate solutions. In each case
the solutions were shaken periodically by hand and allowed
to come to equilibrium in a thermostat at 25.0°.
+ Each solution was analyzed once each day until results
remained constant for several days. Precipitates appeared
crystalline a few hours after formation and showed no
evidence of colloid formation:

Analysis of a solution consisted of a pH measurement
to give the hydrogen ion activity, a permanganate titra-
tion for total oxalate, and a counting determination of the
Yb activity in an aliquot of solution. The aliquots used
for counting were 10-100 ul portions evaporated in the
aluminum dishes under infrared lamps to very thin de-
posits. For a few of the most acid solutions the aliquots
were first neutralized with very dilute sodium hydroxide.
At least 10,000 counts were obtained for each sample.
The counting rate above background of each sample was
then compared with that of a standard prepared simul-
taneously by the evaporation of a similar aliquot of the
standard solution which most nearly matched the ionic
strength of the equilibrium solution. From the ratio of
the counting rates and the known ytterbium content of the
standard, a value for the concentration of total ytterbium
in the solution could be calculated for which errors due to
decay, self absorption, and scattering were minimized.
Radioassays of the same solution agreed in general to
within =29, and did not vary if the aliquots were with-
drawn from near the surface or from the center of the solu-
tion.

Discussion of Results

Results of the analyses of equilibrium solutions
are contained in Table I. From the data collected
an estimate of the state of the oxalate-hydrogen
ion equilibrium could be accomplished by means
of the equations

M = mu,c.00 + MECO- + M0~ 1)
and the first and second dissociation constants

(v1) (macoc ) (ar+) = K, = 5.38 X 10-2® 2)

(mm, 204)
eoclen) g s x w0 @

where

a’s represent activities

m’s represent molar concentrations

v1 represents the activity coefficient of the singly
charged ion, HCyO(™

v:  represents the activity coefficient of the doubly
charged ion, C,0,~ (the activity coefficient of
H,C,0; was taken as 1.00)

M  represents the total molar oxalate concentration
as determined from the permanganate titration.

The assumption that only a negligible fraction
of the oxalate was associated in ytterbium com-
plexes, as is implied in equation 1, was justified in

(5) L. 8. Darken, THis JourNaL, 63, 1007 (1941).

(6) G. D. Pinching and R. G. Bates, J. Research Nai. Bur.
Standards, 40, 405 (1948).
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TABLE I
DATA FROM SOLUBILITY EXPERIMENTS AT 25.0°
— log — log
—log —leg  [wpp* Vb
VB pH Mx* 8004 obs. caled.
0.223 4.47 1.11 1.57 3.41 3.27
.548 3.45 0.71 1.81 3.36 3.34
429 3.98 1.12 1.88 3.30 3.39
.354 4.12 1.34 2.00 3.49 3.46
.309 4.00 1.49 2.19 3.53 3.56
224 4.00 1.56 2.20 3.60 3.59
.224 3.78 1.48 2.25 3.70 3.61
.324 3.53 1.31 2.30 3.54 3.59
. 448 4.22 1.14 2.40 3.60 3.64
.342 3.70 1.70 2.62 3.87 3.76
.334 3.35 1.74 2.87 4.09 3.89
.141 3.40 1.89 2.90 4.00 3.95
.308 2.30 0.95 3.08 4.20 3.99
.303 2.70 1.52 3.22 4.10 4.06
.320 3.76 2.86 3.68 4.10 4.25
115 3.27 2.74 3.85 4.30 4.37
.366 1.47 0.92 4.01 4.20 4.36
.310 3.00 2.64 4.05 4.29 4.38
245 1.27 0.92 4.26 4.20 4.44
.032 3.37 3.31 4.28 4.63 4.53
.2565 1.19 0.89 4.35 4.36 4.45
.308 1.03 0.68 4.39 4.24 4.45
. 141 1.90 1.77 4.44 4.48 4.49
.100 2.15 2.31 4.52 4.53 4.51
.302 3.30 3.54 4.71 4.31 4.46
.216 1.40 1.97 5.12 4.46 4.40
.291 1.25 1.76 5.14 4.54 4.37
.187 1.47 2.13 5.19 4.38 4.38
.333 0.96 1.67 5.52 4.25 4.22
.235 1.28 2.33 5.67 4.19 4.20
.540 0.55 1.52 6.06 3.78 3.80
. 447 0.73 2.24 6.46 3.38 3.51
707 0.34 1.90 6.82 2.81 2.83

* M = total oxalate, moles/liter
** [Yb] = total ytterbium, moles/liter

later portions of the calculations. The simultane-
ous solution of equations 1-3 yields the following
expression for the oxalate ion activity. Within
the accuracy of the data differences between molal
and molar concentrations could be considered
negligible for the concentrations employed.

K K. M

GH* K.
a§{+ + ——')’1—1 +

ac0~ = K.k, (4)
Y

2

v1, was taken equal to v« for hydrochloric acid in
potassium chloride solutions of the same ionic
strengths.” Valuesof the quantity vc,0~/Yac.00-Yci-
which were indicated in the potentiometric
determination of K for oxalic acid® were plotted
as a function of ionic strength. <, for each equi-
librium solution was computed from this graph by
multiplying values taken from this curve by +}
which had been estimated as described above.
The calculation of the oxalate ion activity was
accomplished for each solution by means of suc-

(7) H. S. Harned and R. W. Ehlers, Tmis Jourwar, 58, 2179
(1933).
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cessive approximations in which the ionic strength
and hence the activity coefficients from each pre-
ceding computation were employed.

The total ytterbium content of the equilibrium
solutions was found to depend primarily upon the
oxalate ion activity. Variations of the pH were
only effective in controlling the oxalate activity
according to equation (4). Various attempts to
include the binoxalate activity in the explanation
of the experimental values failed to reveal any
primary effect in controlling the solubility of ytter-
bium oxalate within the ranges tested, (10~* <
auc,o- < 0.1 molar). Experimental solubilities
have therefore been shown in Fig. 1 as a function
of oxalate ion activity.

—-2.0
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;Z‘ —3.0 I
i \ b

E’ 4.0 ™ -

‘ i \g\? L e ﬁ%.

_5.0 1 1 1. . 1
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Log acior~.

Fig. 1.—Yb (total) concentration in buffered oxalate so-
lutions: A, experimental concentrations after dissolving
wet washed crystals; O, concentrations calculated by
means of equation 9; M, experimental concentrations after
precipitation.

It should be noted that for precipitations car-
ried out with the oxalate activity less than 10—*
molar changes in the analyses became very small
after a few days. When equilibrium was ap-
proached from the opposite direction, however,
much lower ytterbium concentrations were ob-
tained. Subsequently, it was found that the pre-
cipitation process at 25° required thirty days or
longer for the establishment of equilibrium in this
region. The results from these long experiments
were then in agreement with the equilibria at-
tained fairly rapidly by dissolving the precipi-
tates. At oxalate activities greater than 10—
molar equilibrium was essentially attained from
both directions after only a few days.

A striking feature of the system indicated by
Fig. 1is the slight variation of total ytterbium con-
centration (< 100) over oxalate ion activities vary-
ing by more than 105. Also, the points clustered
around a fairly definite smooth curve. These
features together with the increasing solubility at
high oxalate activity indicated that complex ions
had formed. The possibility of ions of the type
Yb(Cy04) 3% was considered. The slope of the
curve representative of the data in the region of
high oxalate ion activity should indicate the com-
plex species present in this region since to a first
approximation the formation of Yb(C,04)s= would
lead to a slope of 43/2, Yb(C,0,),~ to a slope of
+1/2 and Yb(C;04)* to a slope of —1/2. The

CArL E. CROUTHAMEL AND D. S, MARTIN, JR.

Vol. 72

slope was almost exactly —+1/2 for the curve
which was nearly straight in the region for log
aco- > —3.5. Hence the presence of Yb(Cp-
O4)2~ but not Yb(C;04);= was indicated. The ex-
perimental data could be adequately explained
by postulating the two equilibria

I Yb(C204.)2— S Yb(C,O‘) + + G0

II Yb(C:04) + X5 Yb+++ 4+ C04™

The formation of Yb(C,;0,)*+ was found neces-
sary to explain the flat minimum in Fig. 1, and it
apparently offers an important contribution in the

intermediate region of concentrations. Three
equilibrium constants were therefore considered

MYb©00+ 8000/ Mybc00- = K1 (5)
Yarmypt++ @000/ Vimiynconr = K (6)
Yimyucoo+ Mybcoor = Kap (7)

If the total Yb concentration [Ybiotat] were
given by

[Ybeotat] = mypr++ 4 myncroot + myncwoor (8)
the following equation is obtained from 5, 6 and 7

e - ~1/2

KiKer| K1y 2 - Y2 L G005

—71 [———73 aco~ + acom + ——'KI—
(9

Values of v; (with the assumption that activity
coefficients of the univalent ions were equal) were
calculated as indicated above for HC,0,™, and 7;
was calculated from the values of v; and the mean
ionic activity coefficient of various rare earth
chlorides reported as functions of ionic strength.®
In solving equation (9) successive approximations
were again required to obtain values of the activ-
ity coefficients and the ionic strength consistent
with the answer,

The function represented in equation (9) ap-
peared satisfactory with the choice of the follow-
ing equilibrium constants
K1 =26 X 107 Kn = 5.0 = 10~%; and

Ky = 1.9 X1071°

The circles in Fig. 1 were calculated by means of
equation (9) from the oxalate ion activity for the
equilibrium mixtures, and the curve actually
drawn was fitted to these points. It should be
noted that the circles did not fall exactly on the
smooth curve because of the dependence of 4's on
the individual ionic strengths which were em-
ployed. However, since in any one region of oxa-
late ion activity extremely great differences in
ionic strength were not encountered, the calculated
points did cluster around the smooth curve.

The precision of the experimental results was
tested by the quantity, V' 2(1/N)é%, where & =
log[Ybobs] — log[Ybcaca.]. For the 33 points in-
cluded in Fig. 1 this quantity amounted to 0.110.
Contributions to this quantity were partly from
the errors inherent in the micropipetting of solu-

(8) H. S. Harned and B. B. Owen, '“Physical Chemistry of Elec-

trolytic Solutions,’”” Reinhold Publishing Corp., New York, 1943,
Table 13-7-1A.

[Ybiotar] =
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tions and the subsequent radioassays by counting
techniques. The major effect, however, is believed
to be the difficulty in establishing true equilibrium
during the precipitation of ytterbium oxalate at
oxalate ion concentrations of less than 104 molar.

Additional Evidence for the Formation of a
Negative Complex.—Rimbach and Schubert®
reported that the specific conductance of not
highly purified ytterbium oxalate in pure water
was 4.85 X 10-° ohms—! cm.—? at 25°.

With the assumption that only the ions, Yb+++
and C;04~ were formed a value of 4.4 X 1072 was
computed for the solubility product from this
value.l® A value of the specific conductance for
such a solution has been estimated on the basis of
the equilibria proposed in this work by means of
the relations

m[ Ybeota1] = 2/3M
or

Myp++) F MYpC00*t + MYBCONr =

2/3 [moom 4+ mynciont + 2mevbcoos-]  (11)

It can be shown that at the concentrations in-
volved the equilibria yielding the formation of
HC,04~, H,Cy0,~ and H* may be neglected with
little error. From equations (5), (6), (7), and (11)
with the assumption that all 4’s in this very dilute
solution were equal to 1.0 the ionic concentrations
in a saturated solution were calculated and have
been included in Table II. With values of the
equivalent conductance for the two complex ions
estimated to be 50 ohms~! equivalents—! cm.? a
specific conductance of 2.8 X 107% ohms—* cm. ™!
for a saturated solution was estimated. Thus the
equilibria postulated accounted for a specific con-
ductance of the proper order of magnitude.

TABLE II

CONDUCTIVITY OF SATURATED SOLUTION OF Yby(Cy04): 1IN
Pure H,0 At 25.0°

Equivalent LY
Concentration, duz::;:ce 1\%36! X 108
Ion mole/1. No ohm=! ¢m, 1
Ybh+++ 1.41 X 1077 72° 0.031
Yb(Ca04) * 2.40 X 10~% 50° 1.20
Yb(C0s)y~  7.88 X 107° 50 0.39
G0~ 8.50 X 10~¢ 71 1.21

Total specific conductance T = 2.83
@ Calculated from data of Rimbach and Schubert using
the methods of Onsager.!! ? Estimated. ¢ Ni, ionic
normality.

To demonstrate qualitatively the existence of a
negative ion containing ytterbium the following
ion migration experiment was performed. Three
electrolysis cells with anode and cathode chambers
separated by a fine sintered glass disk were
equipped with Ag—AgCl electrodes. In one cham-
ber was placed a solution of pH 3.38 and a total

(9) E. Rimbach and A. Schubert, Z. physik. Chem., 67T, 198 (1909).

(10) W. M., Latimer, ‘“‘Oxzidation Potentials,” Prentice-Hall, Inc.,

New York, N. Y., 1938, pp. 268,
(11) L. Onsager, Physik. Z., 38, 277 (1927).
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oxalate concentration of 4.43 X 10~ molar con-
taining radioactive ytterbium. Virtually 1009, of
the ytterbium in such a solution was predicted to
bein theform of Yb(Cy04),~. In theother chamber
of the cell was placed an identical oxalate solution
with no ytterbium. Three such cells were pre-
pared. Cell 1 contained the ytterbium in the
chamber with the negative electrode, cell 2 con-
tained the ytterbium in the chamber with the
positive electrode, and cell 3 was maintained as a
diffusion control with no applied voltage. A cur-
rent of 1.0 ma. was passed through the cells 1 and
2 for 10 hours and radioassay performed to deter-
mine the activity present in the cell which origi-
nally had contained no ytterbium. It was found
that in cell 1 the rate of migration of ytterbium
activity was twice as great as in cell 3. However,
no detectable quantity of ytterbium activity had
passed through the sintered glass barrier of cell 2
verifying the original assumption that most of
the ytterbium was present as a negative ion. When
the voltage was reversed on cell 2, the rate of mi-
gration was in this case again twice as great as in
the diffusion control.

Still more evidence was obtained by batch ex-
periments with ion exchange resins. The cation
exchange resin ‘“Amberlite IR 100" failed to ad-
sorb a detectable amount of ytterbium activity in
a pH range of 2.5-3.5 with sufficiently high oxa-
late concentrations that the major portion of the
ytterbium was predicted to be in the form of
Yb(C:04):~. However from these same solutions
an anion exchanger resin, ‘“‘Duolite A-2," ad-
sorbed 75% of the activity. It would appear,
therefore, that nearly all of the ytterbium in solu-
tions of high oxalate activity must exist in the form
of a negative ion. However the variation of solu-
bility in the region of high oxalate activity indi-
cated that trioxalate ion, Yb(Cy04);=, was not
formed in significant quantities. The evidence for
the existence of Yb(C,0,) * rests in the agreement
between the solubility values calculated from
equation 9 and the experimental points. Without
the a—'/* term in equation 9 which represents the
contribution of Yb(C,04)*, the calculated points
would lie closely along a curve with a sharp mini-
mum at a very much lower value. Although an
attempt was made to fit an equation without this
term to the experimental data, no satisfactory
agreement could be made. It should be noted
that with the equilibria postulated the major con-
tribution to the conductivity of solutions in pure
Hzo of sz(C204)3 was by the Yb(C204)+ and the
C;0,4= ions.

Summary

Radiochemical assays have permitted the
measurement of ytterbium concentrations in buf-
fered oxalate solutions at 25°. The data have been
interpreted on the basis of the formation of the
ionic species Yb+++, Yb(C;04)+ and Yb(CyO4)s.
The ion Yb(C;04)s= was apparently not formed
in appreciable concentrations. Instability con-



1386

stants for the complex ions and a solubility prod-
uct were computed. These equilibria yielded
reasonable values for the specific conductance of
saturated solutions of VYb,y(C;0,); in pure H,O.

J. D. McCuLLouGH

Vol. 72

The existence of a negative complex ion was veri-
fied by ionic migration and ion exchange resin ex-
periments.
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An X-Ray Study of the Rare-earth Oxide Systems: Ce"-Nd™, Cr'V-Pr™, Ce''-
Pr" and PrV-Nd™!

By J. D. McCuLLoucH?

This study was undertaken with the object of
learning more about the behavior of the oxides
of praseodymium, in particular the unusual
properties of PrgOy; and the relationships of this
oxide to Pry0; and to PrO,. It has also been of
interest to observe the effects of trivalent NdII
and tetravalent CelV on the tendency of Prlll
to be oxidized to PrlV (or beyond) in the oxide
systems.

Materials.—The starting materials employed
in most of the present study were commercial
preparations of CeOs, PrgOy; and Nd;0; obtained
from the Rohm and Haas Company, Philadelphia;
the Research Chemicals Company, Burbank,
California and from .the Maywood Chemical
Works, Maywood, New Jersey, respectively.
Spectrographic analysis showed these oxides to
be 99.5, 99.5 and 98.59, pure from the standpoint
of the metal content. The more critical samples,
including most of those higher than 809, in
praseodymium, were prepared by use of column
purified praseodymium. Spectrographic analysis
of this material indicated no detectable amounts
of other rare earths or of the metals lanthanum,
scandium, yttrium, iron, aluminum and calcium.
Certain of the cerium-rich samples were prepared
from cerium oxalate obtained from Prof. F, H.
Spedding. The only impurities detected in a
spectrographic analysis of this material were

i

Nu(.‘,lo3

SAMPLE

Fig. 1.—Quartz tube for oxidation of praseodymium
samples.

(1) Based on work dome for the United States Atomic Energy
Commission under Contract W-7405-Eng.-48 with the Radiation
Laboratory, University of California, Berkeley 4, California.

(2) Present address: Department of Chemistry, University of
California, Los Angeles 24, California.

0.0179, each of neodymium and lanthanum.
In order to convert the starting materials to
substances of definite composition in weighable
form, they were strongly ignited in air. Since
there was some doubt regarding the exact com-
position of the oxide of praseodymium resulting
from air ignition, it was finally heated to approxi-
mately 1400° for two hours in high vacuum.
This procedure yielded a pale green powder
which was shown by means of its X-ray diffraction
pattern to be the A (hexagonal) form of Pr,0;.
Procedure.—Stock solutions of the three rare-
earths were prepared by dissolving weighed
samples of the oxides in nitric acid. The dis-
solution of CeO, was hastened by the addition of
hydrogen peroxide. Mixtures of the three pairs
of rare-earths having the compositions shown in
the tables were prepared by measuring appropriate
volumes of the stock solutions. Each mixed
solution was added quickly with stirring to an
excess of freshly prepared aqueous ammonia.
The resulting precipitates were collected on sin-
tered glass, oven-dried, then ignited in air in
platinum crucibles for two hours at 800°. Each
sample was then ground in an agate mortar and
heated in high vacuum for three hours at 1400°.
This treatment was found to convert praseo-
dymium to Prl and cerium to Ce!V while neo-
dymium remained in the trivalent state. X-Ray
powder patterns were prepared of all samples in
this state with the exception of some of the Pr—
Nd and Ce—Pr mixtures. The Ce-Pr and Pr—
Nd mixtures were then reheated in small open
crucibles in a furnace at 600° for sixteen hours,
after which X-ray powder patterns were again
prepared. Finally, most of the praseodymium-
containing samples were heated in sealed quartz
tubes (Fig. 1) under an oxygen pressure of ap-
proximately 50 atmospheres. The oxygen was
generated by decomposing a weighed sample of
dry sodium chlorate in the tube after sealing, the
approximate pressure being estimated from the
volume of the tube and the weight of sodium
chlorate taken. After decomposition of the
sodium chlorate by local application of heat, the
tubes were placed in a furnace for forty-eight
hours at 300°. This treatment has been found
to convert PrgOy to PrO; and presumably con-



