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CHAPTER I
- THE PROBLEM

The elements numbered 57 to 71 have presented a
problem invanalytidal chemistry unparalleled by that of

any other group since their discovery over the span of

the nineteenth century. The striking similarities in
chemical behavior of the fifteen elements comprising this
series have almost completely baffled analysts in évery
attack, and it is only with the increased use of those
‘newer methods, best described as being of a stfictlyv
physlcal néture, that much real progress has been achieved.
Where time-honored classical wet methods have failed rather
‘diéappointingly, newer methods based'upon the usge of the
spectrograph and similar instruments have given muéh
promise to the chemist interested in these elements. It is
unfortunate that such determinations leave much to be
desired in the way of quantitative accuracy, although as a
.‘criterion of purity, spectrographic data are of prime
Eimporténce to the analyst. '

The problem, then, is to develop a method for the
separation and determination of the rare earth elements
based upon wet method techniques rather than upon the use
of the ppectrometer or other physical measuring instrument.
The attack on the rare earth group as a whole would present

almost'insuperable obstacles to the worker pressed for time,

1
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and therefore only the elemepté comprising the cerium group
have beeﬁ chosen as a subject for research undertaken. As
commonly accépted, this series consists of lanthanum, cerium,
praseodymium; neodymium, element 61, and samarium. Europium
‘might also be included, but its mature is much that of a
TheAé;rium_group has been chosen because of the ready avail-
abili@y of the various salts (except those of element 61,
of course) and because of the rather wide occurrence of the
member elements in such minerals as monazite. Had time
been available, an additional reason might have been the
relatively simple spectra in the carbon or copper arc‘of
these first elements of the whole rare earth series.

 Since most promise has been shown by the use of
organic reagents, the greater part of the work hés been
done in this direction. An attempt has been made to
select a representative cross-section of organic compounds
used under a variety of conditions. Principal results

~are set forth in Table IIT of the appendix.



CHAPTER II
THE ELEMENTS OF THE CERIUM GROUP

Intelligent approach to the problem, whether typ-
- 1cally physical or chemical in nature, must first concern
itself with the properties of the elements under consid-
. eration. A review of the periodic table reveals that one
would expect to find only ohe element, lanthanum, occupy-
ing the third period position in the sixth orbit series
.between barium and hafnium. The latter two indeed fall
well into the series in which they have been placed.
Perhaps the most striking aspect is the great increase iﬁ
~atomic weight between lanthenum and hafnium, although the
ﬁwo elements occupy adjacent positions in the table. It
\ié here, in the position of atomlic number 57, that the
rare earth group of fifteen remarkably similar elements
is found. So alike are these elements chemically that
ordihary means of separation are almost worthless, and

T'jé#én the tedious process of fractional crystallization

bfprc&uces'pure salts only with repeated fractionation and
much effort on the part of the operator.

Electronic studies have determined that the rare
_earths, ekcept 1anthanum, are ﬁnlike other atoms in that
”tﬁéy contain a varying number of so-called 4f electrons
in the N shell. The number of these 4f electrons increases

fréom one in the case of cerium to a maximum of fourteen in

Mrln N,
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the case of luteciume. Lanthenum, the first member of the
series, has no 4f electrons and is not considered a rare

earth by some spectroscopists. These electrons occupy

~gircular orbits so thaet the azimuthal quantum number is

'equal to the total quantum number, and Since'they are in

"a shell located rather deep within the atom, they contrib-

wﬁgg iiffle to the chemical activity of the elements. The

increase in atomic number and atomic wéight doeé no£

contribute additional electrons in the outermost shell,
and this number remains at three throughout the entire
series, giving rise to the monotonous regulérity of the

chemical and physical properties exhibited by the members

- of the group.

The 4f electrons contribute néthing to the chemical
reactivity, but they do contribute much to the complexity
of the atomic spectra. The arc spectra of all the rare
earths except lanthanum include a'great nunber of lines,

and spectrographic analysis is tedious and demanding on

,‘-béth operator and instrument. Electronic cohfigurations

of the elements of the cerium group are listed in Table
I of the sppendix, although the nature of this study has
1itfle bearing on such data as theses

The phyéical set-up of the rare earth atom leads

to greater attraction between nucleus and planetary

v electrons due to the relative proximity with which the
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additional electrons are located in regardAto the nucleus.
This increased attraction within the atom leads to that
particular phenomenon known as the ianthanide céntractibn,
" in which increasing atomic number gives both atoms and
ions of decreasing radius. This leads to a situation in
‘whiéh'the rare earth holmium, atomic number 67, has an

jonic radius almost exactly equal to that of yttrium,

atomic number 39. Indeed, when the two elements occur
together, they are almost Ilmpossible to separate.
Little need be said concerning the occurrence of
A the.rare earths. There are a number of minerals in which
llhey occur together with thorium, yttrium, uranium, and
similar elements, usually as complex salts. The principal
source of the cerium group is the mineral monazite, which
. is a complex phosphate containing a preponderance of
cerium and much thorium. Other minerals of note are the sil-
icates gadolinite, cerite, and allenite, the piiesphate
xenotime, the fluoride ytterocite, and the colﬁmbate-
"jtanfalates fergusonite and samarskite; Deposits of these
minerals are 1limited 1h amount but widespread. The best
monazite areas are located in Brazil and India, although
there are considerable deposits in Florida and Idaho in
.this‘country. It has been estimated tﬁat cerium is present
to the extent of 0;00155 per cent. of the lithosphere and is

therefore more abundant than such everyday elements as



mercury, tin, cadmium, antimony, bismuth, and tungstenl.

Europium, the 1east}plentiful of the known rare earths,

occurs to the extent of only 0.0001 per cent of the litho-

sphere. Perhaps other important deposits remain hidden in
. 1little explored areas, but the limited use to which the
.members of this group of metals may be put could never

4~‘4~7;;;;;/ém§erium rush to another land.
Data concerning the physical properties of the

~rare earth elements of‘the cerium group may be found in

Afhe appendix (Table II), for.it seems unnecessary to in-

clude such a listing within the text of the thesis.

I ¥ost, Russell, and Garner, The Rare Earth Elements
and Their Compounds (New York: John Wiley and Sons, 1947)
page 40.




CHAPTER IIIX

A REVIEW OF METHODS OF ANALYSIS IN USE

The nature of the problem and the‘available
equipment indicated an attack from a typical wet methods
point of view rather than an approach making use of

T U@Xpen -ve'pieces of optical or photometric apparatus.
‘Much has already been done along these purely physical
lines by workers here and abroad making use of established

methods such as chromatographic absorptiong, arc spec-

4, X=ray spectrography5, and infra

troscopy5, spectrography
red emission spectroscopy®. While these methods are

perhaps less tedious than ordinary chemical means of sep=-

2 Lang and Nagel, Zeitschrift fur Elektrochemie 104,

1936. Pages 390-400.

, 5 Rodden, Journal of Research, National Bureau of
Standards 26, 1941. Page bb7. See also: Bauer, Zeitschrift
fur anorganische und allgemeine Chemie 221, 1935. Page
200.  See also: McCarty, et. al., Industrial and Engineer-
4 _ ing Chemistry, Analytical Edition 10, 1958. Page 184. See
.o BAlsor Gatterer and Junkes, spectrochimica Acta 1, 1939.
" 'Page 3l. See also: Lopez de Azcona, Boletin del Instituto
Lo Geologlico v Minero de Espan 15, 1941.” Page 270. See also:
- Fassél and WIIHelIm, Journal of the Optical Society of
America 38, 1948. rages 518-526.

4 Meggers, Review of Modern Physics 14, 194<. Page

06.

5 Kimura, Journal of the Chemical Society of Japan
54, 1933. Pages 215-219. See also: shinoda, Journal of
The Chemical Society of Japan 58, 1937. Pages 14831486,

6 Meggers, Analytical Chemistry 21, 1949. Pages

29"51 .



arations, still they leave much to be desired by way of
quantitat;ve}aécuracy. As an absolute criterion of purity,
however,'such data are without peer.

Fractional crystallization has long been the classic
method for the‘preparation of pure rare earth salts, time

consuming and wasteful as such an approach is. Some of the

limitations of fractlonal crystallization as a method of

separation pf the rare earths are reviewed by Spedding and

7

others’ in a recent paper describing ion exchange as a

promising method. Salts most extensively used in such

8, although bromates,

fractionations are the double nitrates
phosphates, and sulfates have been used with success?.

With such methods, of course, quantitative accuracy is

‘ impossible to achieve.

It would be foolish indeed to proceed in search of

the answer to such a problem as has been outlined in

7 Spedding, et. al., Journal of the American Chem—
ical SocieAX 69, 1947. Pages L786-2792.,

8 Jantsch, Zeitschrift fur anorganische Chemie 76,

1912. Page 321. BSee also: Prandtl and Rauchenberger,

Zeitschrift fur anorganische und allgemeine Chemie 120,
i§§§ Pag i .

9 geiwood, Journal of the American Chemical Society
55, 1933, Page 4900. GSee also: Marsh, Journal oOf Lhe

 Chemical Society 1939, 1939. Page 554. See also: James,

et. al., Journal of the American Chemical Society 49, 1927.
Page 132 .




chapter I without first completing a very thorough search

of the pertinent literature as far back as library facil-

~ities allow. Such a search reveals that a great many

aeld

analysts have turned their talents in the direction of

“rare earth research and have attacked the problem from

almost every conceivable avenue of approache In the
previous paragraphs, the discussion has concerned itself
mainly with those methods which might be considered

strictly instrumental in nature, and most of the work of

the last ten years has been directed along these lines.

'his does not imply that the classical wet methods have
been neglected; such is far from the case. Indeed,
almost every possible rare earth compound has been
prepared in an attempt tovfind differences of chemical
béhavior distinet ehough to afford a useful basis for a
new separation.

A number of methods have been developed for the

separation of the rare earth group as a whole from such

 elements as thorium and uranium, which almost invariably

25 . (
occur in rare earth minerals. Thorium may be separated

from the rare earths by boiling the mixture with a sol-~

ution of hydrogen peroxide which has been made slightly

10,'or by the use of an organic compound such as

10 Hopkins, The Chemistry of the Rarer Klements
(Boston: D.C., Heath and (0., 1923) page 99.

9
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11 12

hexamethylenete tramine~—. Pyridihe has been suggested
‘a8 a precipitant for the quantitative separation of thorium
| from the rare earths of the cerium group. Procedures such
| as the basic acetate method fail because elements such as
thorium and yttrium are incompletely precipitated. Organic
reagehts such as cupferron, sebacic acid, and the sodium
_AAAAhééifféf'diethyldithiocarbamic acid have been proposed for
‘the separation of the rare earths from uraniumi®.
A number of the reagents OOmmdnly used for the sep-
arafion of some other metal have been applied to the rare
- - earths with varying success. Thus, Studies have been made

14, oxalic acid, and 84hydroxyquinolinel5.

using aluminon
l"Most of theée methods fall because they lack the necessary

spgcificity. Aluminon, for example, gives similar reactioﬁs

for aluminum, the rare earﬁhs, yttrium, thorium, and gallium.

The use of certain of the alkaloids such as morphine has

11 1smail and Harwood, Anelyst 62, 1937. Page 185

.. 12 yoeller and Kremers, Chemical Neviews 37, 1945.

13 Short and Dutton, Analytical Chemistry 20, 1948.
Pages 1073-1076. : 2 :

L 14 Cory and Rogers, Journal of the American Chemical

o Soeciety 49, 1927. Page 216. See also: Middleton, Journal

© OF the American Chemical Society 48, 1926. Page 21%5. See
als0; Yoe, Journal of the American Chemical Society 54,
1932. Page IGE? .

15 yoe and Sarver, Organic Analytical Reagents (hew
York, John Wiley and Sons, I%ZT7“page 137

Z
B
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11
"been attemptele with but little success. Brucine was
tried in the present reséarch with negative results. All
of the above methods fail because they are not specific
for the rare earths as a group, let alone useful for the
desired intra—group.separaticns.
_w__AﬁA,m_W,MgthOds for the separation of the various rare
earths from members of their own group are even less
numerous and efficlent. Reported separations of lanthanum
from praseodymium and neodymium make use of ammonium

18,_ammonia with a metallic

110

chloridelV, ammonia alone

nitrate such as that of cadmium or nicke s Or the oxides

or carbonates of basic metals such as magnesium®®. Apple-

ton and Selwood have separated lanthanum and neodymium
‘thiocyanates by means of a n=-butanol and water mixpuregl,

but the method is by no means quantitative. Piperadine

16 1pbid., page 242.

17 pprandtl and Rauchenberger, serichten der Deutschen

Chemischen Gesellschaft 53, 1920. rages 843-853.

U 18 wierda and Kremers, Transactions of the American
Electrochemical Society 48, 1925. Page 159.

19 prandtl and Rauchenberger, Zeitschrifﬁ fur anorg-
anische und allgemeine Chemie 129, 1983. Pages 176-180.

20 Neish and Burns, Canadian Chemistry and Metal-
lurgy 5, 1921. Page 69.

, 21 Appleton and Selwood, Journal of the American
Chemical Society 63, 1941l. Page 2029 .

7
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‘has been suggested as a reagent for the separation of

= 23

neodymium from lanthanu » and Brauner claims a good
separation of praseodymium from lanthanum by alkalil
fusion of the nitrates at high temperature, the praseb-

dymium being oxidized to a higher valency state and

rendered insolible in concentrated ammonium nitrate

solution. The lanthanum salt is soluble in the reagent.
More recent separations make use of differing

reactionnrates. <Thus, the anhydrous rare earth bromides

‘react with ethyl benzoate at 154° C. to yield ethyl

bromide and the insoluble rare earth benzoates®®, The
method is only fair for the separation of lanthanum and

neodymium. Kruger and Tschirch have developed a color-

imetric method of doubtful value for lanthanum which

depends on the formation of a blue color with the

addition of ammonia to the nitrate solution in the presenée

of acetate or proplonate ion25. No verlification could be

~achieved in the research under discussion here. Praseo-

22 paskerville and Stevenson, Journal of the Amer-

ican Chemical Soclety 26, 1904. Page T

25 Brauner, Collection of Czech Chemlcal C ommuy -

ications 5, 1933. Pages 279-286.

24 Young, Arch, and Shyne, Journal of the American _

Chemical Society 63, 1941. Page 957.

. &85 Kruger and Tschirch, Berichten der Deutschen

' Chemischen Gesellschaft 63B, 1930. Pages B26-806.
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dymium, neodymium, samarium, ytterbiunm, and‘erbium do not
1n£erfere,\but the 6ther rare‘earths doe.

Y0e2® ana 1\:16911.5\1'12'7 list réagents such as gallic acid,
ethylenediamine, and pyrogallol as group reagents, and
pyrocatechol, diphenylaminé, benzidine, and carminic acid

as specific for cerium. Cacotheline is said to be specific
28

for europium A recent artiele reports that samarium
may be separated from the other rare earths by the reduc-
tion of ethanolic solutions of the trichlorides with
‘magnesium and hydrochloric acid®®. Some promise is shown
' by the use 6f'¢0mplex arsenicals such as 2—(o-arson6—
'phenylazo)-p-cresql and 3-(o-arsonophenylazo)-4,5 dihyd-
a30,

roxy- 2,7 naphthalenedisulfonic aci Elements such as

thorium, uranium, and zirconium do not interfere with the
test. Sodium azide precipitates thorium quantitatively

from rare earth mixturesSl.

26 yoe, op. cit., page 190

27 yellan, Organic Reagents for Inorganic Analysis
~(Philadelphia: Blakiston, 41) page 305,

28 yoe, op. cit., page 217.

29 glifford and Beachell, Journal of the American
Chemical Soclety 70, 1948. Pages 2730~2731.

80 kuznetsov, Journal of Applied Ghemistry (USSR)
}é, 1940. Pages 1257=1261. ‘ ‘

31 woeller and Kremers, op. cit., page 142.
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- In spite of the vast amount of research that has
been doﬁe with the rare\earths, the only really useful
methods are those making use of fractional crystallization.
Methodé based on delicaté'pﬁ contr0132 or on color

33

reactions®” are of value in some cases, but the number of

interfering ions is great. Thusj, fractionation is left
suﬁrém654. It is unfortuhate that this best method of
bbtaining pure salts of the rare earths is so tedious and
‘wasteful, and at best, fractionatlion is hardly quantit-
ative. Perhaps the answer to the problem lies in the
‘applicatipn of ion exchange55 to such separations, but

3 ;gain the process is costly and time consuming, however

- valuable it may be for the preparation of spectroscopic-

ally pure rare earth salts.

: 32 Tpombe, Comptus ‘Rendus hebdomadaires des Seances
,’l'Acadamie des Sciences 215, 1942. Pages 539-b41.

_ 33 Yoe and Sarver, op. cit., page 205. See also:
Mellan, op. cit., pages 307=300. '

54 vost, Russell, and Garner, op. cit., page 41.

55 Spedding, et. al., Journal of the American Chemical

Society 69, 1947. Page 2777. See also: oSpedding, €t. a8l.,
Journal oF the American Chemical Society 70, 1948. Pages
1671-1672. ~See also: Kunin, Analytical Chemistry 21, 1949.
Pages 87-96. See also: Beamish, Analytical Chemistry 21,
. 1949. Pages 147-148.
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CHAPTER IV
THE NATURE OF THE RESEARGH

A review of the literature such as has been briefly
desceribed in chapter III would indicate that almost every

avenue of attack possible has been attempted by other

aney

workers in the field of rare earth analysis. The nature
\of thé elements themselves is such that inorganic means
of appfoach seem futile, and, therefofe,'a number of
»Brganic compounds selected from as many of the classes of
compouﬁds as possible were tried. This preliminary part
of the research might well be described as trial and
error, but it was felt that the problem demanded such an
approach until a firmer basis of understanding could be
reached. éOmpounds were used from the classes of both
aliphatic and aromatic acids and their amino, halogen,
and hydroxy substitution products, alcohols, aldehydes,
primary and secondary aliphatic and aromatic amiﬁes,

' certain dyes, ketones, and phenols. It iz to be under-

f;fi§#§0d~ﬁhat no research of limited scope could attempt

| 1ﬁofe than a mere selection of such compounds in the brief
amount of time alloted. Many of the reagents previously
described in the literature were verified under different

¢onditions and concentrations. Thus, the aluminon reaction
was carried out in both ammonium hydroxide and in acetic

acid - ammonium acetate solution.



_rare earth nitrates

~

16
A11 tests were carried out with solutions of the

%6 of such concentration that one

" milliliter of the solution contained apprbximately one

-miliigram of the salt. In the preliminary study, controls
were carried ofi aluminum, barium, and calcium nitrates of
ythe,abovsﬂconéentratibn. The final investigation made use
of similar solutions of cédmium, chfomium, iron, strontium,
and thorium in addition to those mentioned ébove. The
control cations were selected from those likely to occur
in rare earth minerals; however, an attempt was made to
sslect representaﬁives from the various groups. The
results of the preliminary investigation are tabulated in
the appendix (Table III). |
Results were, for.the most part, uninformaﬁive.

Cerium often gave definite selective reactions, as might
well be expected since the element was in the quadrivalent
‘state. In the case of this particular cation, it was felt

 that the existing methods of separation were adequate and

. quite useful. All four of the remaining rare earths gave

‘ﬁOnotonously similar reactions with reagent after reagent

until a chance addition of a twenty per cent solution of

36 Nitrates of cerium, lanthanum, and neodymium-
were obtained from Eimer and Amend, while the salts of
praseodymium and samarium were purchased from the Lind-
say Light and Chemlcal Company. All samples were the
purest obtainable. .
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‘tartaric acid to an ammoniacal solution being tested with
m-nitrobenzoic acid yielded a white precipitate with
1anthanum4and praseodymium but not with neodymium and
‘Samariﬁm. It was from this point that the major part of
the research was developed.

The nature of the ammonia - tartrate precipitate

was‘thoroughly investigéted. Here, the separation of
lanthanum and praseodymium from neodymium and samarium
appears to be concerned principally with a father fine
édjustment of the hydrogen ion concentration with the
optimum pH at 2.7. Cerium is also partially brought down
with-lanthanum and praseodymium, but thie element is
easily determined vblumetrically with standard ferrous
soiution and causes no incénvenience. In cases in whieh
the ammonia was added to the solution of the rare earth
nitrate before the addition of the tartaric acid, poor
separations were noted. Indeed, under the very best of
conditions some error is likely due to copreéipitation
“'and-incpmplete precipitation, especially of lanthanum.

| | Various organic bases such as substituted amines
“and anilines were used in place of the ammonia with good
‘results. Perhaps the best separation of all was achieved
witﬁ diethylaniline. Even such a very weak base as
glycine gave a separétion, and here only the lanthanum

© was brought’down Immediately, thus affording basis for a
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fair éeparation of lanthanum from the othér members of the
group with the possible exception of some of the cerium.
Repeated precipitations wefe found to be necessary here to
1nsﬁre a separation as nearly quantitative as possible.
A.number'of series were carried through with

varying amounts of tartaric acid énd of base; the resuits

of this phaée of the investigation may be found in the
appendix (Table IV)g One series was run in aleoholic
solution, methanol saturated with ammonia being used as
the base and ethanol belng used in the preparation of the
solutions of the rare earth nitrates and tartaric acid.
Results were negative in that all of the rare esarths gave
similar white, gelatinous precipitates upon the addition
~ of the alcoholic ammonia solutione

| | Several series were run with varying amounts of
sélts such as ammonium tartrate and potassium hydrogen
tartrate as buffers. Resulbts showed chat the addition of

such a salt had little effect on increasing the general

- 'sensitivity of the separation, although if sufficient

'ammoniﬁm tartrate is presént, cerium will not come down.
In this case, the concentrations of tartaric acid and
Aammenium tartrate must be approximately equal in the
'vsolutioﬁ.~ Unfortunately, the principal éeparation of
lanthanum and praseodymium from neodymium and samarium

is also rendered less sharp, and the precipitate is more

ey oo

1
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colloldal in nature than that obtained under the other
- unbuffered condition. Probably a low concentration of
a salt such as ammonium tartrate does no harm, but neitherv
is it of any value in the separation. Perhaps repeated
pfecipitations in the presence of large amounts of ammonium
tartrate would effectively keep all of the cerium in the
filtrate during the separation, but this element is easily
determined by existing volumetric methods and does no harm
here. Table V of the appendix includes the information
obtained from this phase of the work.
‘The foregoing paragraphs have outlined methods for
the sebaration of lanthanum and praseodymium from the
other rare earths and from each other. Afﬁer separation,
they may be ignited to the oxides and determined gravi-
-metrically, taking care to aveoid overheating with the
dangerlof converting some of the praseodymium to Pr6011.
The neodymium and samarium may then be brought down as
hydrated oxalates and ignited to the oxides. Care must

’fﬁ>élso;be exercised here in order that some of the samarium

““'Will not be reduced to the divalent state, with the

. introduction of considerable errér in the results of the
’entire determinations Samarium can then be determined in
the neodymium - samarium oxide mixture by conversion of
the oxides to the trichlorides, soluti@n‘of‘the‘chle?ides

in ethéncl, and reduction with hydrochloric acid and
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magneéiﬁm according to the method proposed by Clifford and
‘Beachellsv. The samarium 1s reduced to the divalent state
and may readlly be determined volumetrically. The neo-
dymium remains unchanged and can be calculated by differ~
encé.v Europium and ytterbium interfere, but they seldom

occur in appreciable amounts in cerium group minerals and

5@léf,the‘énalysis by means of pyridine

thus prééénﬁ little problem.

It is best to determine cerium volumetrically in
each fraction, since this is the preponderant constituentl
of most of the ceric minerals found. Cerium is present to
~ some extent in the separation products of both the lan-
.thanum - praseodymium and the neodymium - samarium mixtureé.
~If the cerium is not accurately dgtermined in each fraction,
results that are too high by several per cent may be
reported fdr the other four ceric rare earths. An addition
of the valuvues obtained for the fbur different fractions
will give the total percehtage of cerium in the original
sample. Thorium, of course,_mﬁst'be removed at the start

38 or another of the

" 'sccepted methods of separation used for this element.

Yttrium may cause some difficulbty, but it is seldom

present in ceric minerals in larger than trace amounts.

37 @1ifford and Beachell, 10C. cit.

38 Moeller and Kremers, oOpe. cit., page 139.
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It must be‘taken into strict account, however, in the
énalysis of yttrium group minerals such as xenotime.
\ The usual rare earth mineral sample contains few
elements other than yttrium, thorium, scandium, and
uranivm as contaminantse. Elementé such as yttrium are
mostly removed by treatment with sodium sulfate; the double
sulfates of the cerium group elements are much less sol-
uble than those of the yttrium groupe. Care must be taken
~to avoid loss of ceric material in such a separation, of
course. Minerals such as euxenite and cerite may contain
considerable amounts: of zirconium, which may be eliminated
5y adding a solution of sodium thiosulfate to the bolling
solution of mineral in the presence of a very little min-
eral ac1a®®. 'Iﬁ this way, zirconium and thorium as well
are precipitated, whereas the rare earths, aluminum, and
biren are not. Scandium\may be separated from the hot
solution by the addition of sodium silicofluoride4o.
‘Elements such as.copper, zinc, cadmium, and antimony must
f:{,béireMQved as sulfides. Copper, if not removed, might
»ﬁievup the ammonla and preVent complete separation of the

rare earthsvlater on.‘ Caleium must be removed before the

separation of neodymium and samarium as oxalates, of course.

39 Hopkins, op. cit., page 152.
40 1bid., page 109.
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. . Most of the other contaminants may be removed by means of

& preliminary oxalate precipitation with subsequent
'ignitign to the oxides and solution in nitric acid. In
vthis manner, elements sudh as magnesium are eliminated
from the sample. Iron and manganese, if not removed, may
_ qﬁgse high results for cerium.

N Decomposition of minerals is usually brought about
by heating the powdered sample with concentrated sulfuric
or hydrochloric acld, although in the case of the complex
silicates, fusion with potassium bisulfate or sodium
hydroxide must be used. Minerals‘containing much colum-
bium and tantalum are fused in potassium bifluoride. The
- fluorides of columbium and tantalum are spluble'whereas.;
those of the rare earths are highly insoluble. In such
‘cases, 1t is necessary to attack the insoluble rare earth
- fluoride residﬁe with concentrated sulfuric acid as in the
éase above. In any event, the mineral must be first ground
to a very fine powder. _

= . iThe,proposed analytical scheme for the rare earth
“:“éiéﬁéhts of the cerium group is outlined and discussed in

s

the next chapter.



CHAPTER V
THE PROPOSED SCHEME OF ANAIYSIS

From the information obtained through research and

sét forth in chapter IV, the proposed scheme of analysis

_ for the members of the cerium group of rare earth elements

in minerals would consist of the following steps:

1) Decomposition of the mineral by acid attack or
by fusion method as described in the preceding chapter or
in any good analytical text.

2) A preliminary separatlon of the rare earths as

. oxalates and the elimination of the members of the hydrogen

.- sulfide group by the appropriate reagents.

. 3) The removal of thorium by means of pyridine, of

scandium with sodium silicofluoride, and of zirconium with

- sodium thiosulfate in an acld medium as previously des-

cribed (page 21).

4) The separation of members of the yttrium group

’ff@frOm'the eleménts\of the cerium group by the use of

;}thassium éulfate. The double sulfates with potassium of

the metals of the cerium group are relatively insoluble,

whereas those with members of the yttrium group are quite

soluble. Considerable care must be exercised here to

insure complete pfecipitation of all the cerium group,
even at the expense of some inclusion of yttrium.

5) Conversion of the purified sample to a mixture
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| of the nitrates and the preparation of solutions contain-
 /1ng appfoximately one milligram of mixed salts per milli-
liter of solutioh. | | | ;
6) Precipitation of lanthanum by the addition of 7
eight drops of twenty per Qent tartaric acid and/one drop

of a five per cent aqueous solution of glycine for each

‘milliliter of solution to be tested. Much excess of either

”vff19f some samarium to the divalent state.

reagent is to be avoided.
7) Precipitation of praseodymium by the addition of
one or two drops of fresh 1:1 ammonium hydroxide for each
milliliter of the filtrate from step é. The precipitate )

mast be filtered at once; if allowed to stand for any

his ATRGRIE

length of time, some neodymium and samarium may come down.

T 1 )

'A;double prebipitation both here and in step 6 is wise for
most accurate results. '

| 8) Separation of the neodymium and samarium as the
hydrated oxalates with subsequent ignition to the oxides.

Care must be taken during the ignition to avoid reduction

~'9) Reduction of the samarium in the weighed sample

from step 8 with magnesium and hydrochloric acid (page 19)
after solution of the mixed oxides. Samarium may then be
:determined‘volumetrically by a standard method such as
permanganate and the neodymium may then be calculated by

"difference from the total weight in step 8. Cerium must
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8t1ll be corrected for in the final results as indicated
" below,

10) Determinations of cerium,volumetrically with
standard ferrous solution. Determinations must be made
vindividually on the lanthanum oxide (step 6), the praseo-

dymium'okide (step 7), and the mixed neodymium and sam-

ariﬁg oxides (step 8)e The total of the three determin-
ations will be equal to the‘total per cent of cerium in

. the briginal sample. Since cerium is the principal rare
earth encountered in the usual mineral, it is wise to run
cerium alone'oh some of the original untreated sample as
‘& check on the method. Values for the other four rare
earths may then be detérmined by correcting original
values for cerium contente

o Under thé prbcedure outlined above, the rare earth
elements of the cerium group may be determined with as
great a degree of accuracy as is obtainable with the few
fractional crystallizations that might be utilized in a

 control analysis. To be sure, the method leaves much to

' 'be desired and can doubtless be improved upon by future

work, but it is much less tedious and wasteful than the

fractionation methods ordinarily resorted to.



FLOW SHEET

Selution of mineral
(Th, La, Ce, Pr, Nd, Sm)

treat with pyridine

Th Ppt. La, Ce, Pﬂ’ Nd, Sm
I
T T B ‘ ’
%ITh treat with 20% tartaric acid

and glycine

La, Ce Pr, Nd, Sm, Ce
ignite add NH4OH

% a Ce; Pr Nd, Sm, Ce

% Pr igaite

dissolve in HCI1,
% Ce ‘take to dryness,
and dissolve in
EtOH. Reduce
with Mg and HCl.

titrate
% N4, ‘ % Sm
(by diff.) '
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CHAPTER VI
CONCLUSL1ONS

The nature of the research has been that of an
attempt to seek a method by which the rare esarth elements
of the cerium group may be reédily separated and deter-

- oo A~

oolish to state that the method

o

would be
developed in this thesis is the entire answer, but is is,
perhaps, a step in the direction of the development of a
rapid wet method for control work where time and money are
important ddnsiderations.

No procedure can be better than the analyst who
does ﬁhe work; this case 1s no exception. In the hands of
a capable'analyst exerclsing reasonable care, the results
obtainable by the use of the method should be of an order
of accuracy sufficiently high for routine control work. Of
céurse, a procedure suéh as the 6ne outlined here can never
detect small quantities of the rare earths with the ease

and accuracy of the spectrometer; neither can it separate

"1maCPo‘quantities of relatively pure salts, as can be done

using the principles of zeolite action or fractional
cryétallizationJ The method as proposed is intended
merely for control work where the amount of special appar-

atus is limited and the training of the analysts has not

necessarily been concerned with instrumental processes.

" At this writing, no studies of quantitative
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accuracy have been run. Data obtained from direct obser-

(111 S R I

vation of the amount and nature of the precipitates and

i

the repeated addition of reagents have been sufficient to
establish at least the semi-qﬁantitative‘nature of the
obtainable results. In most cases, cerium is present in
great excess, and the determination of this element by
AkuAiimééhéﬁof 6xidation—reduction titrimetry is both rapid and
“highly accurate. It is felt that more work than is at
this time possible'might do much to increase the value of

such a scheme of analysis.
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TABLE I

BLECTRONIC CONFIGURATIONS OF THE CERIC RARE EARTHS

Element Atomic number N-shell configuration
e . I B B 8 8
Lanthanum _57 0 ‘2 6 1 2
Cerium 58 2 2 6 0 @
——Praseodymiwn- 59 3 2 6 0 2
Ne odymium 60 4 2 6 0O 2
e el 5 2 6 0 2
Samarium ' %2 6 2 é 0 2

TABLE II

PHYSICAL PROPERTIES QE THE CERIC RARE EARTHS

Eiement Symbol Color of ion Atomic radius Density
Lanthamum = Le colorless 1.870 A - 6.194
Cerium® Ce  colorless 1.81 A 6.78
'Praséodymium Pr yellow=-green 1.824 A 6776
.  _Neodymiuﬁf Nd red-violet 1.818 A 7 4004
‘ Eléﬁént 61 e mmmme meeee -
. Samarium Sm pale yellow P 6.93

* Ppivalent cerium is colorless; usual cerium
salts encountered in the laboratory are ceric
salts in which the valence of the element if
four plus. These salts are red-orange in color.

Above data is from Yost, Russell, and Garner,
ope cit., pages 3 and 20.
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TABLE III

EHEAT

USE OF ORGANIC REAGENTS

H’

Reagent used with Ammonia - Al Ba QE Ce La Nd Pr Sm B
Adipic acid ‘ , W W - W w w w W 7
Alizarin red S 0O = - r»r ' P r I
A__A;Aluminpn,jin EtO0H) - P P O r r T P
Aluminon (in HAc:NaAc) r - = %t r » r p
p-Amihobenzoic’acid : W = =« W W W W W
p-Aminophenol b P b » b b b b
Anthranilic acid W w g yow ow w w )
- Cacotheline Y = - vy vV VY Yy .
 Gacotheline (in HAc:NaAc) Yy - - ¥y ¥V 77y :
Carbémine chloride W W = Yy W W W W
Carminic acid r p P br pupu pu pu i
J Catechol = = = DPuyg yg yg& V&
Cinnamic acid ‘ W W -y W W W W
Citric acid (sat. sol.) - - -y - - e - i
Cupferron (in EtOH) W W = W W W W w é
Cgpferron (in HéSO4) S %
Cyclohexanol » ’ W = - W W W W W ?
Dimethylamine ) W W - ¥y W W W W ;
Diphenylamine WA W - Y W W W.ow ;
Diphenylcarbamine W = - ¥y W W w W %
- Furfural ‘ | br br br br br br br br

Gallic acid br br br br br br br br
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TABLE III (continued)

Reagent with Ammonia Al Ba Ca Ce La Nd Pr Sm

Gallic acid (in HAc:NﬁAc) y bgbrbrt t t t =
Glutamic acid ' W W - Y W W W w -
Glutaric acid W W = W W W W W
8-Hydroxyquinoline (in HC1) Y e - br Yy vy ¥V ¥
g-Hydroxyquinoline (in EtOH) y w - br yg yg yg vg 7

8~Hydroxyquinoline (in HAc:Nade) - = - br - - = =

Maleic acid W W - Yy W W W W

- Malonic acid ' - W = W = = = -

" m-Nitrobenzoic acid W - = W W W W W -
Oxalic acid ' ‘ - W W y W W W W =
Pyrogallol (in EtOH) - brbrbrr r r f -
fyrogallol (in HAc:NaAc) - = - b £ £ £ £ ;
Quinoline wow o -.w W W W W, -
Sulfanilic acid W W - Yy W W W W
Sucecinic acid W W =~ W W W W W
Tartaric acid - - -y W - W = §

b - blue o - brange t = tan %
bg~ blue=~green p - pink w - white -
br- brown pu= purple y - yellow _ :
f - flesh r = red yg~ yellow=-green -

g = green ro- red-orange yw- yellow=-wliite ;



PABIE IV

STUDIES OF TARTRATE PRECIPITATION

Series Reagents (drops/ml. test solution) Al Ba Cd Ca Ce Cr Fe La Nd Pr Sm Sr Th

1 8 Tartaric acid, 1 Ammonia , - = = = = = =W e W = - =
2 S Tartaric acid, 2 Ammonia - = = e § = = W - w' - - =
3 8 Tartaric acid, 4 Ammonia - = = =y = = W =« W = - =
4 8 Tarbtaric acid, 1 Ethanolamine - = = R e e e W e W e = =
5 | 8 Tartaric acid, 1 Aniline - = = = J = = W = W = = =
6 8 Tartaric acid, 1 Methylamine - = = = Y = = W = W = = -
7 8 Tartaric acid, 1 sec-Butylanmine - = - e § = = W = W = = -
8 8 Tartaric acid, 1 iso-Bubtylamine - - - e = = = = el -” 01 - e -
9 8 Tartaric acid, 1 Dimethylamine - m e e e e = W e Cl e = o=
10 8 Tartaric acid, 1 Diethylamine - = e, e e = = W e W e = -
11 g Tartaric acid, 1 beta-Naphvhylamine - = = = €l = = = = = = - =
12 8 Tartaric acid, 1 5% Glycine T . 2
13 8 Tartaric acid,Al_tri;n-Butylamine - = = = gl = = ¢l - ¢l -~ =~ =
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Series

Reagents (drops/ml. test solution

TABLE V

TARTRATE PRECIPITATION IN THE PRESENCE OF TARTRATES
: !

101
102

103
104
105
106
107
108

109

8
8

8

Tartaric acid, 1 Ammonia

Tartaric acid, 2 Ammonium
tartrate, 1 Ammonia

Tartaric acid, 4 Ammonium
tartrate, 2 Ammonia

Tartaric acid, 2 Ammonium
tartrate, 4 Ammonia

Tartaric dcid, 8. Ammonium
tartrate, 2 Ammonia

Tartaric acid, 4 Potassium
bitartrate, 1 Ammonia

Tartaric acid, 8 Potassium
bitartrate, 2 Ammonia

Tartaric acid, 4 Potassium
bitartrate, 4 Ammonia

10 5% Potassium tartrate,

1 Ammonisa

Tt . S m— G— — G —— Y e et s, St

CODE: w - white precipitate.
y - yellow precipitate
cl- cloudiness, but little precipitation

(S0 T I N E AR R IR A1 11, (300 il 1] ) IR

RE R L |

Ca Ce Cr
- cl =~
- cl -
- ¢l -
- = cl
- ‘y’ -

Fe La
- w
- W
- W ‘
- W
- W

W

cl

e b
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