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The precipitation of thorium with certain organie
reagents has been shown to afford a basis for polaro-
graphic methods for the determination of thorium. Ap~-
propriate conditions for the precipitation of thorium
by certain reagents have been determined, and the ad-
vantages of a homogeneous precipitation of thorium 8-
quinolinate have been demonstrated. The precipitate
that thorium forms with m-nitrobenzoic aeid has been
found to be the tetra-m-nitrobenzoate.
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INTRODUCTION
The purpose of this work was to develop new analytical methods,
polarographic in nature, for the determination of thorium, pertieularly
in modern magnesium-bage airereft allova. Some sttention was also
given to the development of a polarographie method for the determine-

tion of zirconium.

(1) Metallurgical Interest in Magnesium-Base Alloys

The effect of zirconium in magnesium-base alloys has been given
considerable study by metallurgists in the last fifteen years, and the
effect of thorium has been investigated particularly in the last five
years. These studies are related to the growth in importance of jet
engines during recent years, because there has been a demend from the
jot engine industry for "light" alloys with improved performance
characteristics, especially at elevated temperatures. The development
of new alloye containing thorium and zireonium has, in turn, given rise
to a need for improved analytiesl methods for thorium and zirconium,
elements that heretofore have held only modest metallurgical interest.

Ziyeonium is useful as an alloying constituent in magnesium-base
alloys primarily because of its grain-refining ability, which mekes pos-
gible the ecasting of alloys that otherwise would be very difficult to
handle in the foundry. This grain-refining action also improves the
duetility and toughness of the alloys, both at ordinary and elevated
temperatures.

Leontis (1) reports that the addition of thorium to magnesium-zireonium



alloys results in superior load-carrying ability and the highest ereep
resistance shown by any megnesium-base alloy. Hegnesium-thorium-zireoni-
um alloys possess definite advantages over magnesium-zirconium alloys
at 200° to 300°C., end they possess some usefulness at 375%., a tempera-
ture at which megnesium-zireconium alloys would generally not be con-
sidered applicable. Recent publications (2,3) immm that & still
further improvement in creep resistance and s further extension of the
useful temperature range ¢an be achieved by the addition of zine to
magnesium-thorium-zireonium alloys,

Leontis (4) hae shown that alloys containing thorium at sbout the
3 percent level, together with zirconium at sbout 0.9 percent, are suite
ablé for many stressed applieations at elevated temperatures. In s re-
cent paper, Ball (5) presented data for a magnesium-base alloy, containe
ing 3 percent thorium, 0.7 percent zirconium and 2.5 percent zine, that
showed improved oreep resistence.

{i1) Methods for the Determination of Thorium
Interest in the analytical chemistry of thorium has been extremely

sporadic. During the latter part of the nineteenth century snd esrly
part of the twentieth, thorium compounds were used extensively in the in-
candescent mantle lamp industry, the average mantle consisting of about
99 percent thorium dioxide. It was during this time that the development
of analytieal methods for thorium first came into prominence. Decline in
the use of such mantles was paralleled by a general decline in interest
in the chemistry of thorium.

The recent incorporation of thorium in breeder reactors for the pro-

duction of 92U255 and the use of thorium es en alloying agent has agein



focussed attention on the analytieal properties of this element.

Several colorimetric methods for the detection of thorium have been
proposed but these procedures are not spesifie. Xaserer (6) reported
that as 1little as 0.1 mg., of thorium in 100 ml. of solution yielded a
recognizable yellow colour with 2, 3, 4~trihydroxybenzaldehyde but that
zirconium behaved similarly. Aurintricarboxylie aeid was found by
Middleton {7) to yield a bright red lake with thorium, but this reac-
tion ie sensitive to only one part in 10,000 and the method is compli-
cated by the similar behaviour of the rare earth elements and zirconium.
Sodium alizarinsulphonate has been reported by Germith and Mitehell (8)
%0 yleld a red colour with thorium ions, but the reaction is sensitive
to only onme part in 200 and is far from specifie. Mayer and Bradshaw
(9) have applied the colorimetrie procedure of Banks et. al. (10) using
1-{ o~arsonophenylazo) -S~-naphthol-3:6-disulphonic aeid to the determine~
tion of thorium in magnesium-base alloys. This methed 18 claimed to be
agourate to within 2 percent; s preliminary separation of thorium and
zirconium is necessary.

A trend toward the use of organic precipitante for the gravimetrie
determination of thorium hes developed in the last few years, led notebly
by a group of Indian chemists. These Indian workers have added a large
number of new organie precipitants for thorium to an elresdy too long
list. Adipie seid (11), emmonium pierate (12), ammonium furocate, sodium
sulphonate (13), o~ and p-aminobenzoie aeid (14), o-chlorobenzoic acid
{18) , trimethylgallie acid, phenoxyacetic acid, veratic aeid (16), anisie
aeid (17), 7-hydroxycoumarinyl-4-acetic acid (18), camphoric aecid (19),
o-toluie aeid, secetylsalicylic aeid (20), cinammie acid (21), vanillie



aeid (22), m-cresoxyacetic acid (23), end meny others have been reported.
Hone of these reagents appear to be an improvement over the more famie
liar orgenie precipitants; they are all subjeet to interfering ions,
especially those of zirconium and the rare earth elements. The use of
the more familiar orgenic acids, fumsric, sebacie, phenylarsonic and
m-nitrobenzoic, for the gravimetric dotmimﬁon of thorium has been
described by Moeller (24) ae time consuming and not of general interest.
Moeller further states that 8-quinolinol, although generally suitable
for the determination of thorium, is in need of further investigation.
Recently Eswaranareyansa and Raghava Reo (25) reported that a separation
of thorium from cerium and lanthanum could be effected at a pH of 3.9
with 8-guinolinol.

Comparatively few titrimetric methods for the determination of thori-
um have been reported. All are either involved, highly indireet, or in-
accurate. As a consequence, the more accurate although more tedious
gravimetrie methods are preferred. The precipitation-titrimeiriec method
of Metzger and Zons (26), involving titration of the oxalate with ammoni-
um molybdate, is rapid but is not very accurate. The oxidimetric-oxalate
method of Gooch and Kobayashi (27) is accurate, but requires the slow
addition of the thorium solution to the oxalie acid solution. The possi-
bility of titration of the thorium 8-quinolinate precipitate with potase
gium bromide~potassium bromate solution after dissolution in hydrochlorie
eeid has been investigated (28, 29). The bromate titration is apparently
acourate, but the difficulties in the use of B-quinolinel as a precipitant
are inherent in this method.

The determination of thorium by methods dependent on radio-activity



measurements must of necessity assume that radicactive equilibrium has
been esteblished between thorium and its deeay products. Such methods,
moreover, are compliceted by the presence of radicactive substances from
other disintegration series, end even ressonably esccurate results are
diffioult to obtain.

Yueh work has been done with the so-called emenation method (30,
31, 32). This method depends on sweeping the gaseous decay product,
thoron (gn®%%) , out of the selutions to be analyzed and determining
its setivity by pmssing the mixed gases through an ionizetion chamber.
Cartledge (30) checked this method againmst the pyrophosphate procedure
{33) and reported a maximum error of 1.5 percent. The disadvantages of
this procedure are the costly equipment required and the neecessity for
radiocactive equilibrium. Dston et. al. (34) have recently reported re-
fined studies on the rediometric determination of thorium and found
seintillation counting » goPb®12 and 81212 (THE end THC) to have a
mich greater sensitivity than thoron-gas counting. A standard errocr
of %15 percent is reported.

One polarographie method for the determination of thorium has been
reported, by Komarek {35). In this method, thorium is precipitated es
the lodate, the precipitate is dissolved in sodium hydroxide, and the
iodate determined polarographically. The high solubility of thorium fo-
dste in the shsence of & large excess of iodate ions leaves this mwoced-
ure open to oriticienm.

Tilton and Aldrieh (36) describe a mass spectrometrie determination
of thorium, using the isotope dilution teechnique, that permits the accur-
ate determination of mierogrem snd submicrogram quantities of thorium.



The time required for each determinstion is three to five days.

The development of ¢lean-cut analytical methods for thorium has
been slow, and present day procedures are not very satisfeetory. There
is & need for a yapld, precise, and sccurate method for thorium, with

particuler reference to its determination in megnesium-base slloys.

(111) Methods for the Determination of Zireonium

The recent use of zireonium in muelear reactors and ite incorpore-
tion in certein alloys has directed attention to the snalytieal chemistry
of this element. The analytical chemistry of zirconium is similar to’
that of thorium, so much so that many of the reagents normally used for
the determinestion of thorium have besn applied to the determination of
zireonium.

Thoron, l-{o-arsonophenylazo)-2-naphthol-3;6-disulphonic aeid, whieh
hes become the basis of a colorimetriec method for the determination of
thorium, has been recently spplied to the determination of zirconium
{37). Most other ocolorimetric reagents for the determination of zirconi-
um - alizarin ved & (38), chloranilie acid (39), quercetin (40), and p~-
dimethyleminoazophenylarsonie ac¢id {41) - are subjeet to the interference
of thorium or the rare earth elements, or both, or else are not sufficient-
1y sensitive for snalytical application. Alizarin red 5 has been used
for the determination of zirconium in thorium-free magnesium-base alloys
by Wengert (42) and by Maver and Bradshaw (43).

Most of the work that hes been done on the analytical chemistry of
zireonium has been concerned with organic preeipitents such as mandelie
acid (44) and its halogen derivatives {(45). These reagents are decided-
ly superior to ocupferron (46) and ammonium phosphate (47) as guantitative



reagents., The Indian workers, led notably by Ragheva Rao, have developed
several mew organic precipitants for zireonium, e.g., tennin (48), benzilie
acid (49) and hydrazine sulphate (850). They have also applied to the deter-
mination of zireonium many of the organic precipitants that thﬁ developed
for the determination of thorium, e.g., fumaric acid (51), salieyliec scid,
phenoxyacetic acid (52), cinnamic aeid (53) and .nomsomeatie acid (54).

In order to avoid the ignition that is involved in the gravimetriec
methods, several volumetric modifications have been devised. White (585)
developed a titrimetric method based on the separation of zirconium as the
chloro~ or bromomesndelate. Dhar and Das Gupta (56) have proposed an indir-
ect method in which the zirconium oxalohydromemate preecipitate is hydrolyz-
ed to oxalie acid and hydroxylamine and the latter is determined by adding
excess titanium(IV) chloride and back titrating with ferrous ion. Kolthoff
end Johnson (57) reported an amperometrie titration based on preeipitation
with m-nitrophenylarsoniec agid. Fritz and Pulda (58) demonstrated that zir-
conium ean be titrated with ethylenedisminetetracetic aeid. Thorium inter-
feres in all these titrimetrie methods for zirconium.

Graham et. al. (59) have proposed the only polarographic method for
the determination of zirconium; the method is based on the facts that m-
nitrobenzoie acid is a seleetive precipitant for zirconium and is polare~
graphically reducible. Zireonium is precipitated as zirconium m-nitroben-
zoate, the .preeipitata is weshed and dissolved in hydrochloric acid, and
the resulting m-nitrobenzoie acid is determined polarographiecally. The
method appears to be appliecable to the determination of zirconium in

thorium-free magnesium-base alloys.



{iv) Methods for the Separation of Thorium and Zireonium

The usual gravimetric methods for the separation of thorium from
the more camn ions use either oxalic acid or potassium iodate. Wen-
gert ot. al. (60), using oxalie acid, have determined thorium in magne-
sium-base alloys containing zirconium by first separating the thorium
and zireonium from the other constituents of the alloy by means of ben-
zoie acid. The benzoate precipitates were dissolved in hydrochlorie seid
and the thorium precipitated with oxalie acid; the resulting precipitate
was ignited to thorium dioxide. The conventional precipitation of thori-
um with oxalie acid is time consuming becsuse a long digestion peried
is required for the development of a granular precipitate that ecan
puccessfully be filtered and washed. A considerable shortening in the
time required can be achieved by using the homegeneous precipitation
procedure devised by Willard and Gordon (61).

Potassium iodate has often 'éaoa employed for both the separation
and determination of thorium, The thorium iodate hes been weighed es
such (62), it has been dissolved, reprecipitated as the hydrous oxide
and ignited to the oxide (62), or dissolved and titrated with thiosul-
phate (63), and dissolved and determined polarographically (38). Many
difficulties are encountered in an iodate method, especially in the fil-
tration of the thorium iodate in the absence of excess iodate ions;
large quantities of this lon are necessary for both the precipitation
and washing., Zireconium, if present, is aleo precipitated as the iodate.

Osborn (64) has reported the separation and gravimetrie detsrmina-
tion of thorium and zirconium by means of m-nitrobenzoiec scid. Venka-

taremianiah et. al. (65) were unable to duplicate this seperation.



A separation of titantium, zirconium and thorium by ion exchange
using the eationle exchange resin Dowex 50, hae heen reported by Brown
and Rieman (66). The use of cation exchange resins for the separation
of the quadrivalent elements requires buffered complexing agents as
elutriants. Following the elution, and before any smbseguent analyti-
cal work can be carried out, these complexing agents usually must be
destroyed.

The usual methods of &ostmyﬁng these complexing sgents are tedious
and time consuming, and, if perchloric acid is used, are inherently
dangerous. Aeoids furnishing anions that complex with thorium and zir-
conium, sueh as sulphuric secid, are not desirable as a means to destroy
the complexing agents, Acecordingly, cetionic ion exehange is not attrae-
tive es a seperstional procedure for thorium and zireonium when both
elements are to be analyticmlly determined after separation.

Starting about 1949, with the development of such resins as Dowex 1
and Dowex 2, interest in anionie exchange phenomena grew rapidly. By
means of anionic exchange, Kraus and Moore (67) have separated zirconi-
um end hafnium in hydrochlorie~hydrofluorie acid solutions and Huffman
and Lilly (68, 69) have reported the seme from hydrochloric acid solu-
tions. Kraus and Moore (70) report an exeellent separation of zireconi-
wn and niobium in hydrochlorie-hydrofluoric acid solutions. HMost interest-
ing results on the purificetion of zirconium, for radiochemical and mass
spectrometrie studies of neutron defieient zireonium isotopes and their
decay products, were reperted by Hyde and 0'Kelley (71). In this work
the zireonium wee taken up from 10 M hydrochloric acid on Dowex 1 resin
and "milked” periodieally for its yttrium dsughter activity by rinsing
the column with 10-12 M hydrochlorie acid. The zirconium is retained
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quantitatively and the yttrium is quantitetively removed. Using the
procedure of Kraus and Moore (70), Melaiks (72) hae reported a sepere-
tion of zirconium from fission products and uranium on Dowex l. Petrus-
kﬁ {73) in & fission yield study has reported a separation of plutonium
(of an irrediated plutonium-aluminium alloy) from sluminium and fission
products in 8 M hydrochlorie acid on Dowex 1. 'mﬁ "geavenging® the
fission products from the aluminium with an iron{III) hydroxide preei-
pitation, the iron was separated from the fission products by anion ex-
change,

An anion exchange separation of protactinium from thorium by sorp-
tion of the protactinium from 8 M hydrochloric acid has been reparted
(74); this is based on the fact thet thorium does not form negatively
charged chloride complexes. The protactinium was subsequently eluted
from the column by means of hydrochloric aeid of a lower concentration.

Because thorium is not sorbed from hydrochlorie or hydrofluorie
aeid solutions on Dowex 1 resin, whereas zirconium is (71), a seperation
of the twoelements should not present substantiel difficulties. The use
of hydrofluorie¢ acid is undesirable not only because zirconium and thori-
um form very stable fluoride complexes which might be expected to compli-
cate further analytical work with the solution but alse because of the

need for special equipment when working with hydrofluorie acid.



EXPERIMENTAL

In the present resesrch, study has been given to new polarograph-
ic methods for thorium, snd also some attention has been given %0 s
polarographic method for zirconium. This work is set forth below.
Following this, there are described both precipitation snd ion exchange
methods for separating thorium and zirconium, and procedures for the
guantitative separation of these elements when they oceur in solutions
with compositions corresponding to those of modern magnesium-base al-

loys.

(A) Apperatus and Materiels

(1) Apparatus

All polarographic moasurements were carried sut at 25.0%. & 0.08%.
using a Tinsley pen recording polarograph, type V722/13 (Tinsley Indus-
triel Instruments, London, England). The measurements were made at
either 1/20th or 1/50th of the maximum galvanometer sensitivity. The
capillary for the dropping meroury electrode was a length of barometer
tubing supplied by E. H. Sargent and Compeny (Chicago, U.S8.A.). A con-
ventional "H" type of polarographiec cell (75) wes used, electrolytic
contact to the saturated calomel reference cell being made through a
potassium chloride-agar bridge.

Measurements of pH were made with a Beckman Model G pH meter (Beck-
man Instruments Inc., South Pasadena, U.S.A.) using a G-1190-80 glass
electrode. A Coleman Universal spectrophotometer, model 11 (Colemen
Electric Company, Maywood, U.S.A.) was used for the colorimetrie
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mea surements. |

The construction of the ien exchange columne is shown in FPigure I.
The resin was Dowex 1, 50-100 mesh, 7.5 percent cross-linkage {Alechem
Lmitad; Burlington, Onterio). It was slurried with water im a besker,
washed into the column, and the particles allowed to settle to form a
bed 10 em. x 0.75 en®, The bed was supported at the bottom and kept in
plage at the top with wads of glass wool. After a resin bed had been
formed in the column, it was washed with 25 ml, each of 10 M, 12 M and
4 M hydrochlorie seid and then with 256 ml. of water. These washings re-
moved a yellow colour which new resin gives to high concentrations of
hydrochloric aeid.

{11) Reagents
hemical | Grade
Alizarin blue British Drug Houses, spot test reagent
Alizerin red 8 Eastman Kedak, white label

1-{ o-arsonophenylazo) ~2~-naph-

thol-3:6-disulphonic aecid Eaetman Kodak, white lebel

Benzoie aeid British Drug Houses, Anslar

Casatholine Eastman Kodak, certified

Dimethyl oxalate Prepared by the method of Bowden (76)
and further purified as described in
the Appendix

Gelatin Eestman Kodak, purified pigskin

Mandelie aecid Eastman Kodak, white label

m-Nitrobenzole aeid Prepared by the method of Keamm and Sequy

(77)
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Chemical
n-ifitrophenylarsonic aeid
nePropylarsonie aeid
8-Quinelinel
Aluminium
Ceric ammonium nitrate

Lanthanum nitrate

Hydroehloric acid

Hydrogen peroxide

Misehmetal

Magnesium

Nitrogen

14

Grade
Eastman Kodek, white label
Eastman Kodak, white label
British Drug Houses, Analay
Aluminum Company of Canada, Limited
G. Frederick Smith Company (Columbus,
U.8.4.), reference or standard purity
British Drug Houses, sertified
Canadian Industries Limited, snalyzed
grade and stated to contain a minimum
of 37% HO1
Merck and Company Limited, chemiecally
pure, 30%
Supplied by Dominion Magnesium Limited
and stated to contain: 45 I 14 cerium,
97% total rare earths, 0.004% thorium,
and % iron.
Dow Chemical Company (Midland, U.S.A.),
sublimed
Purified by bubbling for at least ten
hours in 10-15% nitrie acid, washing
several times with water and distill-
ing twice in vacuo.
Purified by bubbling first through a
potassium pyrogallate solution and
then through distilled water
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Chemical Grade
Thorium tetrachloride Amend Drug and Chemical Company

{New York, U.S8.A.), chemically pure
and further purified as described
in the Appendix

Titaniumtetrachloride Fisher Sczanﬂﬂu Company {Tovento,
Ontaris), chemically pure

Zireonium oxychloride Amend Drug and Chemieal Company
{New York, U.S.A.), chemically pure
and further purified as described
in the Appendix

All other chemicals were of analyzed grede

(111) Solutions

A saturated solution of m-nitrobenzoic acid was prepared by dis-
solving 4 g. of m-nitrobenzoie acid in one liter of hot water, allow-
the solution to cool overnight, and filtering off the m-nitro-benzoie
acid that hed erystallized out.

The 8-guinelinol solution wes prepared by dissolving 2.5 g. of
B-guinclinol in 5,7 ml. of 17.5 M acetic acid and diluting to one liter
with water.

The gelatin solution was mrepared by dispersing 0.75 g. of gelatin
in 100 ml. of boiling water and allowing the solution to coel.
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{B) Determinations

{1) Thorium
{a) mn<litrobenzoie Aeid
(1) Polarography of m-nitrobenzoic scid: Leow concentrations of

m-nitrobenzole acid are easily detected polaregraphieauy: the type of
wave obbtained s shown in Figure II. The helght of the wave can eagily

be measured, with good preeision, using the slope-intercept method.

The wave shown here, and the ones used throughout this werk, correspond

to the reduction of the nitro group in a solution buffered at a pH of

4,0 with potassium hydrogen phthalate. Although m-nitrobenzoic acid

ecan give two reduction waves, only one appears at a pH of 4.0; this
probably corresponds to a reduction of the nitre group to a phenylhydroxyl-
amine (87).

Because the diffusion current and the half-wave potential of m-nitro-
benzoic acid can be expected to vary with pH (79, 80), a good buffer is
required to ensure amalytieally useful results., Potassium hydrogen phthe-
late serves well both as a buffer and a supporting electrolyte. Although
methyl red usually serves as o good maximum suppressor, it was found not
to be completely relisble. This wng overcome by adding ten dreps of a
1% solution of O(-naphthol in ethyl aloochol to each 100 ml. of solutiom
before diluting to voiume.

The diffusion eurrent given by m-nitrobenzoie acid is linearly re-
lated to the amount of thorium in the original seolution, from which both
were precipitated, as shown in Figure III. For the construction of thise
ecurve, thorium m-nitrobenzeate wems precipitated, filtered, and dissolved,

and then the free m-nitrobenzoic acid was determined polarographically.



FICURE IX

POLAROGRAPHIC WAVE OF
m=-NITROBENZCIC ACID
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(2) BEffeet of pH on the precipitation of thorium by m-mitro-
benzoie eeid: An investigation of the effect of pH on the completeness

of preeipitation of thorium by m-nitrobenzole acid was carried out. Teo
50 ml, of a thorium solution containing 10.23 mg. of thorium, there were
added 3-4 ml. of 12 ¥ hydrochloric acid and 50 ml. of a saturated aque-
ous solution of m-nitrobenzeie seid. A mchaniéal gtirrer and the
slectrodes of 2 pH meter wers nlaced in the solution, and then the
thorium was preeipitated by adjusting the pH, neing 7.5 M ammonia. The
precipitate was coagulated by heating the mixture near the boiling point '
for about 15 minutes, and then was filtered on Whatman #40 filter paper.
Next the precipitate was carefully washed with hot water and dissolved
directly into a 100 ml. volumetrie flask ueing hot perchlorie seid solu-
tion (one volume of 724 perchloric acid to two volumes of water). Five
ml. of a 20% tartaric acid solution were added and the solution was neu-
tralized to the methyl red end point by adding 15 M ammonia from a bur-
ette. Thirty-five ml. of a satursted potassium hydrogen phthalate solu-
tion and 10 drops of s 1% solution of OCnaphthol in ethyl alcohol were
sdded and the solutien made up to the mark with water, A portion was
decanted into a polsrographic cell, bubbled with purified nitrogen for
ten minutes, and then polarogrephed.

A plot of the average height of five waves given by me-nitrobenzoie
acid versus the pH of precipitation is shown in Pigure IV. Clearly the
aeidity for precipitstion is raiﬁlur eritical; only over a narrow range
of pH values does the precipitate have a constant composition. From
hydrochlorie acid solutions thorium gives no preeipitate below pH 1.7,
and a precipitete of constant composition from pH 1.8 to 2.5. At pH
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values greater than 2.5, a mixture (of the m-nitrobenzoate and the hy-
drous oxide of thorium in all probability) is apparently obtained. A
pH value of 2.05 to 2.25 for the precipitation is best, at least with
the concentrations of reagents used in these experiments.

{3) Notes on the m-nitrobenzoate procedure: The experiments

deseribed sbove show that the pH range for tho-uutal precipitation
of thorium Q-n;,trobenmta, under the conditions and concentrations
used, is 2,15 % 0.30. This range of pH values is not unduly restric-
tive. It is considered hiat;, however, that the safer range, 2,15 I
©.10 be used.

It was found that the precipitated thorium m-nitrobenzoate was
only moderately soluble in hot 7.5 M nitrie acid, 12 ¥ hydrochlorie
acid, and 9 M sulphurie aecid. Higher concentrations of these scids
were not desirable because they caused pleces ef filter paper to col-
lect in the volumetrie flask, making polareography difficult. A hot
perchloric acid solution (one volume of 72% perchloric acid to two vo-
lumes of water, or about 4 M) was found to dissolve the precipitate
rapidly and efficiently.

After the thorium m-nitrobenzoate had been dissolved, it was found
necessary to complex the thorium so that subsequent manipulation of pH,
in preparing the solution for polarography, would not cause reprecipite-

“tion of the thorium as the m-nitrobenzeate. Tartarie acid proved to be
an effective complexing agent.

- 14) Procedure for polarographically determinirgthorium ss the m-
nitrobenzoate: To the thorium solution, diluted to 50 ml., and containing

about 10 mg. of thorium, are added 50 ml. of a saturated m-nitrobenzoie
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acid solution. The thorium me-nitrobenzoate is precipitated by adjust-
ing the pH of the solution to 2,15 I 0.10 using 7.5 M ammonia. During
the adjustment, the pH is measured with a pH meter. The precipitate

is coagulated by heating the mixture near the boiling point for about
15 minutes, and s filtered through Whatmen #40 filter paper. The pre-
eipitate is carefully washed with hot water m then dissolved direct-
ly iato & 100 ml. volumetric flask using hot perchloric seid solution
{one volume of 72% perchlorie aecid to two volumes of water). Five ml.
of 20% tartarie acid solution are added and the solution is meutralized
%6 the methyl red end point by adding 15 M ammonia from a burette.
Thirty-five ml. of a saturated potassium hydrogen phthalate solution
and 10 drops of a 1% solution of O(-naphkthol in ethyl aleohol sre added
and the solution is made up to the mark with water. A portion of the
solution 12 decanted into a polarographic cell, bubbled with nitrogen
for ten miputes, and then polarographed.

The average height of five waves for the reduction step of m-nitro~
benzeic acid is taken and the corresponding concentration of thorium is
assessed by reference to a calibration eurve (Figure III). The calfra-
tion curve is prepered in a similar manner, with solutions of known
thorium eontent. The calibration solutions were prepared by dissolving
parified thorium tetrachloride in 5% hydrochlorie ecid, and the thorium
content was determined .by precipitation of the hydrous oxide using am-
monia, followed by ignition to thorium dioxide.

(8) Interferences in the m-nitrobenzoate method: In a study of

the procedure for the precipitation of thorium by means of m-nitrobenzoie

peld as proposed by Neish (81)'. Osborn (64) confirmed Weish's observetions



23

that zireconium, hataién. titenium and cerium(IV) sre also precipitated,
end that tin(II), tin(IV), mercury(I) and meroury(II) interfere because
of hydrolysis effeets. m-Nitrobenzoie seid will precipitate plutonium(IV)
but plutonium, like cerium, will not precipitate when it is reduced to
the (III) state (64, 97).

Crepaz and Marehesini (82) have reported that when the p¥ of an
iron(III) solution is adjusted to 1.0 - 1.5, menitrobenzolc acid and
the m-nityrobenzostes of sodium and ammonium yield s precipitate of
iron(IIX) m-nitrobenzoate, They also reported that under similsr con-
ditions for the precipitation of iron(III), sedium m-nitrobenzoate will
precipitate ehromium, thorium, bismuth, copper, lead, mercury, aluminium,
titanium, tin, berium, uranium, cerium(IV), yttrium and zireconium, and
that a separation of iron(III) from these elements eould not be obtained.

It wes found that under the eonditions for the preeipitation of
thorium as developed in the present study, up to 40 mg. of copper, lead,
aluminium, lenthenum, and barium in 50 ml, of solution, did not yield
polarographically reducible precipitates from hydrochlorie acid solutions.
Also, from hydrochloric acid solutions containing up teo 70 mg. of misch-
metal in 50 ml. of eolution, no polarographically reducible precipitates
could be obtained under the conditions used for the thorium determination.
Further, at pH values up to 8,0, none of these elements gave preeipitates
that yielded polarographically redueible snbstangn.

From these experiments it would appear that the work of Crepaz and
Harchesini (82) is not relevant to the present study. The elements most
likely to interfere in this proeesdure are zirconium, hafnium, titanium,
$in(II), %in(IV), mercury(I), and mercury(II).
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A procedure for the determination of thorium using m-~nitrobenzoie
acid, teking sccount of the possible interfering elements in magnesium-

base alloye, is given later, in Sections D{a) and D(b).

{(v) 8-Quinolinol
(1) Polarography of 8-quinolinol: The behaviour of 8-quinolinel

at the dropping mercury electrode is, in general, complicated and strong-
ly dependent on pH (83). The reduction of B-quinolinol in slkaline me-
dium is, however, simple snd reversible (84). Although 8-quinolinolesn
give two reduction waves in alkaline solution, only one weve is obtained
at pH 12; the type of wave obtained is shown in Figure V. The wave pro-
bably corresponds to the reduction of the B-quinolinel to the dihydro
compound (78). The height of the weve can be measured with good preci~
sion by the slope-intercept method.

Because the diffusion ocurrent and the half-wave potential of 8-
quinolinol are dependent upon pH (83), a good buffer is veguired to en-
sure analytically useful results. A solution of & sodium monchydrogen
phosphate (0.1 M) and sodium hydroxide (0.1 M) of pH 12 can serve both
as a buffer and a supporting eleetrolyte. The use of gelatin eliminates
all maxime at this pH.

The diffusion current given by the 8-guinolinel resulting from the
dissolution of thorium 8-quinolinate is linearly related to the amount
of thorium in the original solution. This is shown in Figure VI. Fig-
ure VII is snother emlibration curve, obtained not by disselving the
precipitated thorium S-guinolinate (se for Figure VI), but by determin-
ing the excess 8-quinolinol remaining in solution after the addition of

constent amounts of 8-quinolinol %o solutions of known thorium content.



FIGURE V

POLAROGRAPHIC WAVE OF

8-QUIROLINOL
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Use of these two linear relationships was made in the development of

polarographic methods for the determination of thorium with 8-quinolinol.
(2) DNotes on the 8~quinolinate procedurss: In this work it was

found that moderate amounts of smmonium ijon hinder the hydrolysis of

urea, and therefore ammonia should be avoided as much as possible in
any neutralizations prior to the hydrolysis of the urea used in the
homogensous precipitation of thorium 8-quinolinate.

Thoriun 8-quinolinate dissolves readily in all the ’cmen acids.
Aeids furnishing anions that diseharge at a potentisl close to that
of 8-quinelinol, such as nitrie acid, should be asvoided because of
their masking effect on the wave. A rapid, efficient dissolution of
the thorium 8-quinolinate cen easily be effected with hot 6 M hydro-
chlorie acid.

In what follows in (3) and (4) below, a method based om a ealibra-
tion curve such a8 that of Pigure VI, obtained by dissolving a preei-
pitate of thorium S-quinolinate, is called a "direect" procedure, and
one based on a ealibration curve such as that of Figure VII, obtained
by determining the excess S-guinelinol in the solution, is called en
*indireoct” procedure.

{3) "Direct" 8-quinolinol procedure: To 50 ml. of a thorium

solution containing about 10 mg. of thorium is added 8 M sodium hydrox-
ide dropwise until hydrous oxide just succeeds in rediesolving on stir-
ring, and then 10 ml. of a 2.5% acetic acid solution of B-quinolinol
and 12 g. of urea are added. The solution is kept just below the boll-
ing point until the orange-red preeipitate, which slowly forms on hydro-
lysis of the urea, coagulates. The precipitate is filtered on Whatman



29

#42 filter paper and washed thoroughly with water. The thorium 8-quino-
linate precipitate is dissolved directly into a 100 ml. volumetric flask
using hot 6 ¥ hydrochloric seid. Five ml. of 20% tartaerie seid solution
are then added and the solution adjusted to the alizarin blue end point
with 8 ¥ sodium hydroxide. Two more ml. of 8 M sodium hydroxide, 35 ml.
of disodium monohydrogen phosphate (0.1 M) and sodium hydroxide (0.1 M)
buffer solution of pH 12.0, and 1 ml. of 0.75} gelatin are added, end
the solution is made up to the mark with water. A portion of the solu-
tion is decanted into s polarographie cell, bubbled with purified nitro-
gen for ten mimutes, and then polarographed.

The sverage height of five waves for the reduction step of B-quinel-
inol is taken and the corresponding concentration of thorium assessed by
reference to a ealibration curve. The ealibration curve was prepared by
similer measuremente made in the same way, with solutions of known thorium
content. Such solutions were prepered by dissolving purified thorium
tetrachloride in O% hydrochloric s¢id; the thorium content wans deter-
mined by preecipitation of the hydrous oxide using smmonis, followsd by
ignition to thorium dioxide.

(4) "Indirect" 8-quinolinol procedure: The procedure for the pre-

eipitetion of the thorium is identieal to that glven above under (3) ex-
cept that exaectly 10.00 ml, of S8-quinolinol solution are added by pipette
before the urea is added., After eoagulation of the precipitate as before,
it is filtered on Whatman #42 filter paper and the filtrate and washings
are caught in a 250 ml., volumetrie flask., The filtrate is adjusted to
the elizarin blue end point with 8 ¥ sodium hydroxide and 5 ml. more of
sodium hydroxide are added. Fifty ml. of disodium momhydrogen phosphate



(0.1 ¥) end sodium hydroxide (0.1 M) buffer eolution of pi 12.0, and
2.5 ml. of 0.75% geletin solution are added, and the solution is made
up to the mark with water. A portion of the solution is deeanted inte
a polarogrephic eell, bubbled with purified nitrogen for ten minutes,
and then polarogrephed.

As before, the average height of five weves for the reduction step
of 8-ouinolinol is token and the correspending concentration of thorium
apsessed by reference to a calibration curve. The salibration curve
wag prepared by similar measurements made in the same way, with solutions
of known thorium eontent, determined as before.

{8) Comparison of 8-quinelinete precipitation methods: The homogene-

ous precipitation of thorium 8-quinolinate with urea has all the advan-
tages inherent in eny homogeneous precipitation. The preecipitete coagu-
lates rapidly, has little tendency to creep, end is easily filtered. In
contrast, the preeipitation of thorium by the classical methode (85, 86)
yields a bulky precipitate thet is slow to coagulate, ¢reeps badly, sticks
to the sides of the besker, and is difficult to filter.

Prom photomierographs of the precipitates the reason for the differ-
ence in the physicsl properties becomes apperent. In the homogeneous
precipitation (Pigure VIII) there are formed little worm-like erystals
which are easily weshed and filtered. PFigure IX shows a thorium 8-quino-
linate preeipitate obtained by the method of Frere (86). The long nesdle-
like erystale obtained by this method suggest in their arvangement a brush
heap. These do not pack easily and the agglomeration is not reedily
washed free of contaminating mother liquor.



FIGURE VIII

FIGURE IX



{e) m-Nitrophenylarsonie Acid
(1) Polarography of m-nitrophenylarsonie aeid: Although m-nitro-
rhenylarsonic seid can give three polarogrephie reduction waves, only

one appears at a pH of 4.0; this probably corresponds to & reduction of
the nitro group to a phenylhydroxylamine (87). The type of wave given
by m-nitrophenylarsoniec acid at this pH is ahm in Pigure X. The height
of the weve can easily be measured with good precision using the slope-
intercept method. The wave correspoude to the veduetion of the nitye
group st the dropping mercury electrode in a solution buffered at a pH
of 4.0 with potassium hydrogen phthalate,

Because the diffusion current given by m-nitrophenylarsonic acid
ean be expected to vary with pH (87), 2 good buffer is required as with
m-nitrobenzoie acid and 8-quinolinol. It has been found in this labora-
tory that potessium hydrogen phthalate serves well both as a buffer and
e supporting electrolyte. MNethyl red, which is present in this procedure,
gerves well as a maximum suppressor.

The diffusion ecurrent given by menitrophenylarsonic acid is linearly
related to the amount of thorium in the solutien, from which both were
precipitated, as shown in Figure XI. For the construction of the curve,
thoriun menitrophenylersonste was precipiteted, filtered, dissolved and
the free m-nitrophenylarsonie acid was determined polarographically.

(2) Effect of pH on the preeipitation of thorium by m-nitrophenyl-

arsonie acid: An investigation was made of the effect of pi on the com-

pleteness of precipitation of thorium by m-nitrophenylarsonie acid.
To 50 ml. of the thorium solution containing about 10 mg. of thorium,
there was added 3 M hydrochlorie acid or 4 M eammonia until the pH desired



FIGURE X

POLAROGRAFPHIC WAVE OF

m-NITROPHENYLARSONIC ACID
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for precipitation was obtained. The thorium was precipitated by adding
50 ml. of o solution, of the seme pf, containing 15 ml. of 0.08% ajueous
n-nitrophenylarsoniec eolution. The precipitate wae kept at room tempera-
ture for two hours to ecosgulate it, then filtered on Whetmen #42 filter
paper, and then washed four timee with water. Next, the preecipitate was
d1ssolved directly into a 100 ml, volumetric flesk with a hot satursted
godium tarterate solution made strongly alkeline with sodium hydrexide,
end the solution was adjusted to the methyl red point using & M perchlorie
acid. Thirty-five ml. of saturated potassium hydrogen phthalste solution
were added end the solution diluted to volume with water. A portiom of
the eolution was decanted into a polarographie cell, bubbled with puri-
fied pitrogen for ten minutes, and polarographed.

A plot of the average height of five waves glven by m-nitrophenyle
ersonie scid versus the pH of precipitation is shown in Plgure XIT. The
PH conditions for preeipitation are rather eritical; only ever a nerrow
range of pH wvalues is the preeipltete of constent composition. From
hy@rochlorie scid solutions, thorium gives no preeipitate below a pH of
0.7, and & precipitate of constant composition over the pi range 1.5 to
2.7« A pH value of 2.0 for the precipitation is best, at least with the

goncentrations of reagents used in these experiments.

desoribed above show that the optimum pH range for the precipitation of
thorium by m-nitrophenylarsonic acid is 2.0 I 0.1. Although quantitative
precipitation could be obtained over s wider pH range, it is felt that
it is safer to restriet the pi range to these values.

The precipitation of thorium m-nitrophenylarsonate disselves readily
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in o m saturated sodiwm tartarete solution made strengly alkaline with
sodium hydroxide.
(4) Procedure for rolarogravhically determining thorium by means

of menitrophenylarsonic aeid: To 50 ml, of a thorium solution contain-

ing about 10 mg. of thorium is added 3 M hvdrochlorie acid or 4 ¥ ammonia
un$il the o of the solution is 2.0 £ 0,1. The thorium is precipitated
by edding 50 ml. of a solution at pH 2,0 containing 18 ml. of agueous
0.08% m-nitrophenylarsonic acid solution., The mixture is coagulated by
keeping the solution at room tempersture for two hours, The precipitate
1s filtered on Whatmen #42 £ilter paper, washed four times with water,
and then dissolved directly into a 100 ml, volumetric flask by means of
e hot saturazted sodium tartarate solution mede strongly alkaline with
sofium hydroxide. The solution is adjusted to the methyl red end point
with 5 ¥ perchloric acid, Thirty-five ml. of saturated potassium hydro-
gon phthelate solution are added and the solution diluted to volume with
water, A portion of the solution is decanted into e polarographic cell,
bubbled with purified nitrogen for ten minutes, and then polarographed.
The avernge height of five waves for the reduction step of m-nitro-
phenylarsonic acid is taken and the corresponding concentration of thorium
is assessed by reference to a calibretion curve (Figure XI). The calibra-
tion curve is prepered in a similar manner, with solutions of known thorium
content. The calibration solutions were prepared by dissolving purified
thorium tetrachloride in 5% hydrochlorie acid, and the thorium content
was determined by precipitation of the hydrous oxide using smmonia, fol-
lowed by ignition to thorium dioxide.



(41) Zireonium
(a) meNitrobenzoie Acid
{1) Effect of pH and amount of reagent: The effect of pil on the

precipitation of zirconium by menitrobenzoic aeid was studied by preeipi-
tating & oonstant amount of zirconium with a constant amount of menitreben-
zoie aeid, at various pH values. .

To 50 ml. of a solution containing 15.2 mg. of zirconium were added
50 ml. of a saturated m-nitrobenzoie acid solution, and then e meechanieal
stirrer and the electrodes of = pH meter were introduced into the solution.
The pH was aod justed with 7.5 ¥ ammonia and the precipitate which formed was
coagulated by heating the mixture near the boiling point for about thirsy
minutes. The preecipitete was then filtered on Whatman #40 filter paper,
carefully washed with hot water, and then dissolved direetly into s 100 ml.
volumetric flask with hot 6 M sulphuriec acid. Five ml. of a 20% tertariec
acid solution were added and the solution was ad justed to the methyl red
~ end point with 15 M smmonia. Thirty-five ml, of a saturated potassium hy-
drogen phthalate solution and 10 drops of a 1% solution of O(~naphthol in
ethyl aleohol were added and the solution made up to the mark with water.
A portion was decanted into a polarographiecell, bubbled with purified
nitrogen for ten minutes, and polarographed.

A plot of the average height of five waves versus the pH of precipita-
tion indicated that the best pH for the precipitation of zirconium ueing
50 ml. of saturated m-nitrobenzoie scid was about 0.65.

An investigation into the effect of the amount of reagent on the pre-
eipitation of zirconium by m-nitrobenzoic aecid was mede by precipitating

a gconstant amount of zirconium at a constent piH of 0.85 with various amounts
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of m-nitrobenzoic aecid.

To 50 ml, of a solution containing 15,2 mg. of zirconium there was
added a measured amount of saturated m-nitrobenzoie asecid solution, and
then & mechanical stirrer and the electrodes of a pH meter were introdue-
od into the solution as before. The pH was adjusted to 0.65 with 7.5 M
ammonie and the precipitated zirconium m-uitmémoau was coagulated,
filtered, dissolved and the solution polarographed as before.

It wag found that as the smount of saturated m-nitrobenzeic acid
solution increased from 50 to 200 ml., the wave height incressed by ae
mach as 29%. The experiment was repeated using e substantially larger
amount of m-nitrobenzoic meid. One hundred ml, of hot 1% m-nitrobenzoie
aeld solution (adjusted beforehand to pH 0.65 with 12 M hydrochloric scid)
were added to the zireconium solution, also heated to the boil. The preci-
pitated zirconium m-nitrobenzoate was coagulated, filtered, washed, dis-
solved and polarographed, as before.

In these experiments a further increase in wave height was obtained,
with the results of triplieate experiments being in very good agreement
{64.2 X 0.1; 64.1 £ 0.1; 63.8 £ 0.3).

In order to ascertain if there was any change in the optimum pH for
precipitation with this large excess of m-nitrobenzoie acid, another series
of experiments relating pH of precipitation to wave height was carried out.
The pH of the 50 ml. of solution eontaining 15.2 mg. of zireconium was ad-
justed to the desired pH with 7.5 M ammonis or 6 M hydrochlorie acid.

The 100 ml. of 14 aqueous m-nitrobenzoic acid solution wae adjusted to
the same pH with 12 M hydrochloric aecid, and both solutions heated to boil-
ing before being brought together. The preecipitated zireconium m-nitrebenzoate
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was eoagulated, filtered, washed, dissolved and the solution polarographed,
a8 before.

It wae found that a constant wave height was obtained from pH 0.38
to 0.88,

(2) Effect of concentration of zireconium: It was found that a smooth

but not linesr calibration curve was obtained if less than 3 mg. of zdw-
conium per 100 ml, of solution were preeipitated. As shown in Figure XIII,
however, a good straight-line calibration curve wes obtained when from 3
to 15.1 mg. of zirconium were preciplitated.

3 otes on the procedure: The best pH for the precipitstion of
about 10 mg. of zirconium with m-nitrobenzoie¢ aeid is about 0.65, and ne
difficulty is encountered in contreolling the pH to sueh a wvalue.

As indicated above, a large excess of m-nitrobenzoie zeid is neces-
gaxry to obtalin en analytically useful precipitate of zirconium with this
reagent. These experiments indicated that at least a 36-fold excess of
me-nitrobenzoic aeid is necessary.

The precipitate was found to be very soluble in 6 M sulphuriec acid
but not appreciably seluble in moderate concentrations of other common
acids.

With these considerations in mind, the following procedure for the
determination of zirconium with m-nitrobenzoic acid is suggested.

(4) Procedure for the determination of zireonium with m-nitrobenzoie

agid: The pH of the zireconium solution, containing about 10 mg. of zir-
conium and diluted to about 50 ml., is adjusted to 0.65 % 0.10 with 7.5 M
ammonia, with the measurement made on a pH meter. In & similar manner,

the pH of 100 ml. of water containing 1 g. of m-nitrobenzoic acid is
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ad justed to 0.65 I 0.1 using 6 M hydrochlorie seid. Both solutions are
heated to boiling and the zirconium is precipitated by adding the hot me
nitrobenzoie acid solution to the zireonium solution. The precipitate
is coagulated by heating the mixture near the boiling point for thirty
minutes, and then ie filtered on Whatman #40 filter paper. The preeipi-
tate is cerefully washed with hot water and diaielné directly into a
100 ml. volumetyrie flask with hot 6 ¥ sulphuriec acid. Five ml. of 20%
fartaric acid are added and the solution iz adjusted to the methyl red
end point using 15 ¥ ammonia. Thirty-five ml., of satursted potassium
hydrogen phthalate solution and 10 drops of a 1% solution of OC-naphthel
in ethyl alechol are added and the solution is diluted %o the mark with
water. A portion is decanted into a polarographic eell, bubbled with
purified nitrogen for ten mimutes, and then polarographed.

The aversge height of five waves for the reduction step of m-nitro-
benzolic acid is taken and the corresponding concentration of zirconium is
assegsed by reference %o a calibration curve (Figure XIII). The calibra-
tion curve is prepared in a similar manner, using solutione of known zire
conium content. The ealibration solutions were prepared by disselving
zireonium oxychloride in 5% hydrochlorie =eid, and the zireonium econtent
determined by precipitation of the hydrous oxide using smmonia, followed
by ignition to zirconium dioxide.

{c) Separations
The determination of thorium in the presence of zirconium, as is

necessary in certain magnesium-bease alloys, is extremely diffieult un-
less o preliminery separation is carried out. A mumber of separations



using organiec precipitants were studied (Section (a) below), but these
were found not to be as successful as an anion exchange separation (Sec~

(1) By Preeipitetion
(a) BDenzoic Aeid

Owing to the large excess of magnesium in megnesium-base alloys, a
preliminery seperation of the thorium and zirconium from the other ele-
ments present wes carried out, meking use of benzoic aoid (88).

Ten greme of ammonium chloride were added to a solution of the alloy,
and the pil was adjusted to 2.4 I 0.2, making use of a pi meter. The thori-
um and zirconium were precipitated by adding 100 ml. of a hot 24 aqueous
benzoie acid solution, and the mixed benzoste precipitate was coagulated
by heating and then filtered on Whatman #41H filter paper. The precipi-
tate was carefully weshed with water and dissolved into a 2950 ml. beaker
with hot 12 ¥ hydrochloric seid.

It was from the solution of this dissolved precipitate that the
separations with mandeliec acid, n-propylarsonie acid and dimethyl oxalate
{{1) te (3), below) were attempted. Following such separations the thori-
um could be determined by a polarographic methed.

(1) lMandelie seid: The use of mandeliec meid to separete thorium
and zireonium, according to the procedure of Hahn (44), was investigated.
To a 10% hydrochloric acid solution of the thorium and szirconium

were added 50 ml. of a 16% mandelic scid solution, which precipitated
the zirconium as the mandelate. The precipitete wae coagulated at 85%.,
filtered on Whatman #41H filter paper, and washed six to eight times with

hot water. The precipitate was dried and then ignited. The results



obtained were:
Zireonium added, as maz 0.0870 % 0.0002 ge

Zirconium recovered, as Zr0g: 0.0565 g.
0.0566 e
0.0571 g.

Aversge: 0.0567 t 0.0003 g.

It would appear from these data that a reasonably good separation
of zirconium from thorium c¢an be effected with mandelic acid.

When an attempt was mede to precipitate the thorium in the filtrate
with 8-quinolinol, no precipitate was obtained. Further, it was found
that, in the presence of mandelie acid, thorium could not be precipitat-
ed as the hydrous oxide. Presumably the mandeliec agid had rescted with
the thorium to yield = very stable complex.

An attempt wee made to destroy the mandelie acid with potsssium
permengenate but an end point in the titration eould not be obtained due
to the presence of hot chloride ion. In order to dispose of chloride ion,
a mandelic aeid separation of the thorium and zirconium was earried out
under similer conditions, except that nitrie acid rather than hydrochlorie
aeid was used. The precipitate was ignited to the oxide ag before. The
results obtained were:

Zireonium added, as Zr0g: 0.1498 2 0.0002 g.
Zirconium recovered, as Zr0p: 0.1494 g.

0.1500 g.

0.1801 g.

Average: 0.1498 £ 0.0004 g.
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It is clear that thorium and zirconium cen be separated in a nitrie
aeid solution as well es in a hydrochlorie aeid solution.

The mandelic acid was destroyed with potassium permanganate, but when
a homogeneous precipitation of the thorium as the B8-guinolinate was at-
tempted, a gelatinous precipitate of undetermined composition was obtain-
ed. The precipitate eould have been caused by un oxidation product of
the mandelie acid, e.g., benzoie aeid, benzaldehyde, or benzoyl formie
aeid.

Because of its lack of promise, this line of investigation was die~
continued.

{2) n-Propylarsonic acid: Because of its specificity for zirconium,

a separation of thorium and zirconium with n-propylarsonie aeid {8%) was
attempted.

A separation of thorium and zirconium together, from a typieal mag-
nesium~base alloy, was carried out with benzoic acid, end the mired ben-
zoate precipitate was dissolved in hydrochlorie aecid as deserided earlier
(p43). Weter wae added until the solution wes 104 with respect to hydro-
chlorie eeid end then the solution wae heated to beiling. Twenty-five ml.
of 2 hot 5% aqueous solution of n-propylarsonic aeid was added to preei-
pitate the zirconium. The precipitate wes coagulated, filtered hot on
Vhatman #40 f£ilter paper, washed with hot water, and finally ignited to
the oxide. The results were:

Zireconium edded, as Zr0p: 0.0378 £ 0.0002 g.
Zireonium recovered, as Zr0y: 0.0373 ge

0.0379 g.

0.0382 g.

Average: 0.0378 £ 0.0005 g.



46

From these resulte it i elear that a good separation of thorium and
zireonium using nepropylarsonic acid ean be effected.

When the filtrate was evaporated and a homogeneous precipitation of
the thorium with 8-quinolinol attempted, a white precipitate appeared
{probably thorium benzoate).

Further study showed that thorium could not be precipitate with 8-
gquinolinel in the presence of n-propylarsonie seid. In order for this
procedure to be used, a method of destroying the benzoiec aeid and the n-
propylarsonie¢ acid would be necessary. This would make the proeedurs un-
necessarily long and tedious, end so this approach, too, was abandoned.

(3) Dimethyl oxalate: Oxalie aeid will precipitete thorium and not

zirconium but, if the precipitation is carried out in the classical way,
it requires twelve hours. A far more satisfactory method is the homogene-
ous precipitation of thorium as the oxalate using dimethyloxalate (61).

A solution containing 91.4 mg. of thorium and 37.8 mg. of zireconium
was precipitated with benzoic acid as desoribed previously (p.43). The
mixed precipitate wes dissolved in 25 ml. of hot 7.5 M nitric scid, and
15 M ammonia was added to the point of precipitation of the hydrous oxide.
Then 10 ml, of 16 M nitrie acid were added, and the solution was allowed
%o stand for five minmutes. Next, six hundred ml. of water snd € g. of
dimethyloxalate wers added with stirring., The solution was heated %o
85°. and stirring was continued for thirty mimutes. Then 280 ml. of a
solution containing 8 g. of oxalic acld were added and the solution stirred
for thirty more minutes. The precipitate was filtered and finally ignited.

The results were:
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Thorium aﬁﬁaé, ne Thﬁgz 0.0914 * 0.0001 g.
Thorium recovered, as !rhagz 0.0903 g.

0.0812 g.

0.0914 g.
Average: 0.0909 £ 0.0006 g.

As can be seen, the use of dimethyloxalate mekes possible a ressonably
good separation of thorium from sireonium, in the presence of benzois aeid,

Before the thoriun sould be determined polarographically, the thorium
oxalate had to be dissolved, and this could be secomplished eonveniently
only with potassium permanganate. The use of potessium permengsnate intre-
duced manganese{II) ion whieh is precipitated by S-quinolinol at about
the same pH as thorium is. This complication required another separstion,
gay by the differential ovrecipitation of hydrous oxides. The complica-
tions were such as to render unpromising a separational procedure involv-
ing dimethyloxalate.

{v) n-Nitrobenzole Aeid

A separation of thorium and zirconium wes attempted with m-nitro-
benzole asid.

A solution conteining 10.20 mg. of thoriwm and 15.14 mg. of zirconium
was diluted to 50 ml. end the pH sdjusted to 0.65 with 7.5 i eammonia, the
pH being measured on a pH meter. The zirconium was preecipitated by adding
100 ml. of hot 1% agueous m-nitrobenzoie ecid solution of the same pi.

The precipitate wae coagulated and filtered on Whatman #40 filter paper.
The precipitate was then treated as described earlier (pA0) to determine

the zirconium content.
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The filtrate wae allowed to cool and the thorium was precipitated by
ad justing the pH to 2.15 with 7.5 M ammonia, measuring the pH on a pH
meter. The precipitate was coagulated by heating near the boiling point
for fifteen minutes, and was filtered on Whatman #40 filter paper. The
thorium m-nitrobenzoate precipitate was then treated as described earlier
{p.2]) to determine the thorium content..

Zireonium added: 15.14 ¥ 0.01 mg.

(by gravimetrie determination as ZrOp)

Zirconium recovered: 15.14 I 0.03 mg.
15.14 I 0.07 mg.
15.18 £ 0.04 mg,

Average: 15.15 ¥ 0.03 mg.

Thorium added:

(by gravimetrie determination as ThOp) 10.20 I 0.01 mg.
Thorium recovered: 10.19 % 0.08 me.

10.27 £ 0.06 mg.

10.24  0.03 mg.

Average 10.23 ¥ 0.04 mg.

As can be seen from these resulte, a separation of thorium and zir-
conium is possible uaing m-nitrobenzole acid and pH control.

(11) By Ion Exchange
It was found that the separation of thorium from zireonium, and from
other elements thet preecipitate with m-nitrobenzoie aeid, can be convenient-
ly and efficiently carried out by means of an ion exchange column, as shown
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by the experiments deseribed below. For ressons given earlier, an anion
rather than cation exchange resin was used; in all these experiments the
resin was Dowex 1.

After the columns had been prepared and "conditioned" as deseribed
earlier (p./2 ), they were rinsed with 30 ml. of hydrochloric aeid of the
same molarity as was used in the separation to follew. The level of the
aeid in the column was lowered until the meniscus barely touched the wad
of glass wood on top of the resin. A 5.00 ml. aliquot sample of the solu-
tion containing the ion to be separated was then pipetted onte the column
and the ecolumn was then drained until the meniscus agein touched the wad
of glass wool. The resin was then washed with hydrochloriec acid of the
same concentration by passing 5 ml. portions of it through the column un-
til the non-exchanging ions hed been washed out of the column.

When ions were to be eluted from a column, hydrechloric aeid of an
appropriate concentration was passed through the column in 5 ml. portions

as deseribed above.

{a) The Separation of Thorium and Zireonium
(1) Sorption and elution of zireconium: The sorption of zireonium

from hydrochloriec acid solutions was studied colorimetrieally using ali-
zarin red 8§ (90). The zirconium content was memsured in order to deter-
mine how efficient the colummn was in sorbing the zirconium from solutions
of hydroschlorie acid of various concentrations.

Solutions of constent zirconium content but of varying hydrochlorie
acid concentretion were prepared from re¢rystallized zirconium oxyechloride.
The columns were rinsed with 30 ml. of the concentration of hydrochlorie
aeid to be used in the sorption and a 5.00 ml. aliquot sample of the
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zireonium solution, containing about 10 mg. of zirconium, wes pipetted on-
to the column. The solution was allowed to drain into the resin, and then
the resin was washed with hydrochlorie acid of the same concentration, using
5ml., at & time. Eaeh 5 ml., of the washings was analyzed colorimetriecally
for zireonium, using the procedure of Wengert (60) , and the results for

the sorption from 8, 9, 10, and 11 M hydraohlorie aeld are given below.

As 18 readily seen from Figure XIV, zirconium is not sorbed to any
appreciable extent from 8 M hydrochlorie acid. From 9 M hydrochloric aeid
the zireonium is sorbed, but, after 30 ml. of washing, some zireonium begins
to appear in the washings. From 10 ¥ and 11 M hydrochloriec acid zirconium
is strongly sorbed by the resin, since none appeared in the washings even
after 50 ml, of washing.

The elution of zirconium from the resin was studied by passing 4 M
hydroehloric acid through a column containing the sorbed zirconium and de-
termining, colorimetrically with alizarin red S (90), the amount of zirceni-
um in eaech 5 ml., of washing liguid drained from the eolumn, The results
are shown in Figure XV. As ¢an be seen from this graph, after 40 ml. of
4 M hydrochlorie acid had been passed %hroueh the column, no zirconium
could be detected in the elutriant. In order to ensure complete removal
of the zirconium, 60 ml. of elutriant were used in all subsequent analyses.

To determine if the elution of the zirconium with 4 M hydrochlorie
aocld was guantitative, 33 mg. of zirconium in 5 ml., of 10 M hydrochlorie
aeid was placed on the column as before and the resin washed with 60 ml.
of 10 M hydrochloric seid. S8Sixty ml. of 4 M hydrochloric seid were then
passed through the eolumn end caught in a 250 ml, volumetric flask. Ali-

quot samples of this solution were analyzed for zirconium colorimetrically
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with alizerin red S. At the ssme %ime, an identicel zireconium solution
that had not been passed through the column was analyzed in & similar

manner. The results were:

Transmittance
Standard zireonium solution: 62.0 I 0.26
4 62.9 £ 0.5%
Zireonium solution eluted
from the column: 61.8 £ 0.3%
6246 2 0.4%

From these results it is apparent that zireonium ecan be quantitative-
1y sorbed on Dowex 1 resin from 10 M hydrochloric aeid, and quentitatively
eluted from the resin with 4 M hydrochloric acid.

{2) GQuentitative recovery of thorium: An investigation of the sorp-

tion of thorium on Dowex 1 resin from 12 M hydrochlorie acid was carried
out. Determinations of thorium in the washings were made colorimetriecally
uging l-(o-areonophenylazo)-2-naphthol-3:6-d1isulphonie acid (9).

A 5.0('3 ml. aliquot sample of a 12 M hydrochlorie acid solution eon-
taining 9.73 mg. of thorium was pipetted onto the eolumn., The solution
was allowed to drain into the resin, and then the column was washed with
60 ml, of 12 M hydrochlorie aeid, using 5 ml. portions. Esech 5 ml. of
wmshings wes caught in a 100 m). volumetric flask and tested colorimetri-
cally for thorium. The results are shown in Figure XVI. From this figure,
it is apparent that no significant asmounts of thorium were removed from
the column after 45 ml. of acid had come through the ecolumn. In order to
be certain of complete removal of thorium, the eolumns were washed with
60 ml, of wash solution in all subsequent experiments.
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A similar experiment was earried out in which the washings were col-
lected and the thorium content determined polarogreaphically by preeipita-
tion with m-nitrobenzoie acid, sceording to the method described earlier
(pe2f)+ The resulte were as follows:

Thorium put through the column: 8.80 % 0.01 mg.
(by gravimetric determination)

Thorium recovered in 60 ml. of
washings: 8.78 % 0.07 mg.

8.82 t 0.06 mg.
8.76 £ 0.07 M e

Average: 8.79 ¥ 0.03 ng.

It ie evident from these results that thorium in 12 M hydrochlorie
aeid, at least in the amounts used in these experiments, can be quantita-
tively washed from the eolumn with 60 ml. of wesh solution.

A separation of thorium and zirconium in 10 M hydrochloric acid was
attempted. The column was rinsed with 30 ml. of 10 M hydrochlorie acid
and e 5.00 ml. aliquot sample containing 8.80 mg. of thorium and 33 mg.
of zirconium was pipetted onto the column. The aliquot sample was allow-
ed to drein through the column and then the column was washed with 60 ml.
of 10 M hydrochlorie aeid. All washings were collected and analyzed
polarographically for thorium with m-nitrobenzoie acid ae deseribed above
(p.ZI). The results were as follows:

Thorium added to the columns 8.80 £ 0.01 mg.

(by gravimetric determination)

Thorium recovered: 8.77 % 0.07 mg.
8.79 ¢ 0.02 mg.



Prom these data it can be seen that a separation of thorium and zir-

conium on Dowex 1 resin from 10 M hydrochloriec acid is possible.

{(b) The Separation of Thorium from Other Elements

According to Osborn (64), titanium and cerium(IV) are precipitated
by m-nitrobenzoic acid, and tin and mercury interfere on account of hydre-
lysis effects. The interference of cerium can be overcome by reduecing it
to eerium{III).

(1) Mereury: An attempt was mede to separate thorium and mercury(II)
under the conditions developed for the thorium-zireonium separation, withe
out a preliminary study of the sorption of mercury(II) on Dowex 1 resin
from hydrochlorie aeid solutions.

A 5,00 ml. aliquot sample containing 9.73 mg. of thorium and 45 mg.
of mercury(Il) in 10 M Mrbehlarie aeid was placed on the column after
rinsing the column as before. The column was washed with 60 ml. of 10 M
hydrochloriec acid and the thorium content of the washinge was determined
polarographically using m-nitrobenzoic seid as deseribed earlier (p ..2/).

The results were mas follows:

Thorium added to the column: 9.73 £ 0.01 mg.
(by gravimetriec snalysis)
Thorium recovered: 9.72 £ 0.09 mg.
9.76 % 0.06 mg.
From these results it is epparent that thorium can be determined with~-
out interference from mercury(II) under the conditions used for the separa-

tion of thorium and zirconium.
(2) Titanium: An investigation of the sorption of titanium on
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Dowex 1 resin from hydrochlorie aeid solutions was garried out by analyz-
ing the washings from the column colorimetriecally with hydrogen peroxide
{o1).

Five ml. aliquot samples containing 30 mg. of titanium in 10, 11
and 12 M hydrochlorie seid were pipetted onto three columns, from stock
solutions of titanium tetrachloride. The columns were washed with a cor-
rumndﬁng concentration of hydrochlorie acid, 5 ml, at a time, and each
S ml., of washing were analyzed colorimetrieally for titanium. It was
found that titanium was not sorbed to any appreciable extent frem 10, 11,
or 12 M hydrochlorie acid.

The hydrogen c¢hloride content of the solutiom of titanium chloride
wae increased beyond 12 M by bubbling gaseous hydrogen chloride through
the solution at room tempersture for twenty nimtés. A 5.00 ml. sliquof
sample of this solution was put on the column and washed through the resin
with a hydrochloric acid solution that had been treated in the same way.
The titanium was only weakly sorbed, for after 25 ml., of washing the wash
solution geve a pronounced test for titanium. .

Finally, gaseous hydrogen chloride was bubbled through 2 solution of
titanium tetrachloride in 12 M hydrochlorie acid whieh was kept cool in
an ice-water mixture. After fifteen minutes of bubbling, the solution
wag allowed to warm to room temperature with frequent agitation to avoid
supersaturation. A 5.00 ml, aliquot sample of this solution was pipetted
onto the ecolumn and the column was washed with hydroehloriec acid prepared
in the same way. The washings from the e¢olumn, when tested as before,
gave a negative test for titanium even after 75 ml.of washing.

A separetion Fthorium and titanium was attempted using a solution
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saturated with hydrogen chloride as deseribed sbove. A 5.00 ml. aliquot
sample eontaining 9.73 mg. of thorium and 30 mg. of titmanium was placed in
the ecolumn, under the conditions deseribed above, and washed through the
ecolumn with 60 ml., of the aforementioned wash solution. The washings were
eollected and analyzed polarographieally with m-nitrobenzoie seild as des-
eribed earlier (ng/). .Thc results are as follows:

Thorium added to the eolumn: 9.73 ¥ 0.01 mg.

(by gravimetrie analysis)
Thorium recovered in washings: 9.74 * 0,05 mg.

9.75 £ 0,07 mg.

From these results it can be seen that a separation of thorium and
titanium is possible when they are préscnt in very concentrated hydro-
chloric aecid.

(3) Tin: The sorption of tin(II) from hydrochlorie aeid‘ solutions
on Dowex 1 resin was studied by snalyzing the washings from the column
colorimetrically for tin(II) with cacotheline (92).

Five ml, aliquot samples of tin(II) chloride solutions eontaintgg
30 mg. of $in im 8, 9, 10, 11 end 12 M hydrochlorie seid were pipetted
onto the eolumn. The column was washed with hydrochloric acid of the
same concentration, and each 5 ml. of washings were tested for tin(II) by
means of cacotheline. From 11 and 12 ¥ hydrochlorie acid, the washings
gave a positive test for ¢in(II) and after 15 ml. of washing; from 10 M,
a2 positive test was obtained after 35 ml., of washing; and from 9 M, a posi-
tive test after 40 ml, of washings. TFrom 8 M hydrochloriec aecid the tin(II)
wag s8till retained on the ecolumn after 60 ml. of washing.

A separation of thorium and tin(II) in 8 M hydrochlorie acid was at-

tempted by placing on the column a 5.00 ml. aliquot sample containing 9.75 mg.
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of thorium and 30 mg. of tin(II). The column was washed with 60 ml. of 8 M
hydrochlorie acid; the washings were collected and emalyzed polarographi-
eally for thorium with m-nitrobenzoic acid as deseribed earlier (p.2f).
The results were as follows:
Thorium added to the column: 9.73 2 0.01 mg.
{by gravimetric determination)
Thorium recovered in the washings: 9.74 L 0.07 mg.
9.76 £ 0,04 mg.
From these results it is apparent that & separation of thorium and
tin on Dowex 1 resin from 8 M hydrochlorie acid is possible,.
In Table I there are summarized the conditions used for the ion ex-

change separations of thorium from other elements.

Table I
SEPARATIONS OF THORIUM FROM MERCURY, TIN, AND TITANIUM
Tin(11) Mereury(l) Titenium(IV)

ng. of element in 5.00 ml.

of solution 30 45 30
goncentration of hydrochlorie
acid: in solvent {5.00 ml.) 8 M 10 M 12 ¥ saturated
with hydrogen
ehloride
in wash solution (60 ml.) 8 M 10 M 12 M saturated
with hydrogen
chloride

mg. of thorium present in
5.00 ml. portion ‘ 9.73 9.73 9.73

mg. of thorium recovered
after column separation 9.75 9.74 2.75
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(D) Procedure for Analysis of Alloys

{1) Zirconium-free Magnesium-base Alloys
() Procedure ‘

To an accurately weighed 2.5 g. ssmple of alloy, about 25 ml. of
water are added, followed by sufficient 12 M hydrochlorie aeid (ebout 25
ml.) in small emounts to cause complete dlessolution of the sample without
applying heat. The solution is trensferred to a 250 ml. volumetrie flask
along with 25 ml. of 12 W hydrochloric acid and made up to the mark with
water.

To a 25 ml, aliquot semple of this solution there are added 50 ml. of
saturated m-nitrobenzoic ac¢id solution. The thorium menitrobenzoate is
precipitated by adjusting the pH of the_ solution to 2.18 % 0.10 using 7.5
M ammonis {about 3 ml. are required); the pH is measured by means of a
pH meter. The precipitate is cosgulated by heating the mixture near the
boiling point for about fifteen minutes, and then is filtered on Whatmen
#40 filter paper. The preeipitate is carefully washed with hot water and
dissolved directly into a 100 ml. volumetric flask by mesns of hot per-
ehloric secid (one volume 72% perchloric acid to two volumes of water).
Five ml. of 20% tartaric acid solution ere then added and the solution is
ad justed to the methyl red end point using 15 M emmonia. Thirty-ﬂvo ml.
of saturated potassium hydrogen phthalate solution and ten drops of e 1%
solution of O(-nephthol in ethyl alcohol are added, smd the solution made
up to the mark with water. A portion of the solution is decanted into a
polarographic cell, bubbled with purified nitrogen for ten mimutes, and
then polarographed.

The average height of five waves for the reduction step of m-nitrobenzoie
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aeid is teken and the corresponding concentration of thorium is assessed
by reference to a calibration curve (Figure III). The calibration curve
is prepared in a similar manner, with solutions of known thorium content.
The calibration solutions were prepared by dissolving purified thorium
tetrachloride in 5 hydrochlorie acid, and the thorium content was deter-
mined by preecipitation of the hydrous oxide uains ammonia, followed by
ignition to thorium dioxide.

(b) Testing of the Procedure

The procedure that was developed for the determination of thorium
in zireonium-free magnesium-base alloys was tested by analyzing solutions
of known thorium content that contained magnesium, zine, rare earth elements
and other elementes that are present in such alloys. The composition of
the synthetic alloy solutions corresponded to that of commereisl alloys
or to that of alloys of more complex composition.

The synthetie alloy solutions were praspared from stosk solutions of
thorium, magnesium, zinc and rare earth elements as the ehlorides, so that
the solutions would correspond to those obtained by dissolving a sample of
the alloy in hydrochlorie acid a8 required by the procedure. The concen-
trations were chosen go that after mixing and diluting, a 25 ml. aliquot
sample (that taken for analysis) would have the composition shown in
Table IIX.

The synthetic alloy solutions were analyzed by the method as outlined
under the procedure for thorium in magnesium-base alloys. The results of

these analyses are shown in Tebles III and IV.
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Table IT
SQURCE OF IONS FOR AND COMPOSITION OF SYNTHETIC ALILOY SOLUTIONS

Element Source of Ian  Approximate Compesition,
Magneasium Hetal 69 -~ 85
Zine Metal 8.7 = 7.0
Iron Impurities in Zine

and Mischmetal 0.81 - 0.26
Cerium Misehmetal 10 - 1.7
Other Rare Earth Mischmetal and

Elements Lanthanum Nitrate 12 - 2.3
Thorium Purified ThOl, 3.1 = 3.8
Manganese MnOly Approx, 0.01
Lead PbCle Approx. 0.01
Aluminium Metal Approx. 0.01
Copper Metal | Approx. 0.01

{All solutions contained 230 mg. of magnesium, 19 mg. of zine,
0.7 mg. of iron and traces of aluminium, manganese, lead and copper)

W Thorium Found,

Rare Eerth Ilements

4.0 3.76 3,77 L 0.03
7.8 3.62 3,63 L 0.03
15.8 3.30 3,51 £ 0,03
21.9 3.06 3,06 ¥ 0.01

21.9 , 3.06 3.04 ¥ 0.03
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Table IV
ANALYSES OF SYNTHETIC ALIOY SOLUTIONS

{All solutions contained 230 mg. of magnesium, 19 mg. of zine,
0.7 mg. of iron and traces of aluminium, mangsnese, lead and copper)

Rare Earth Elements Phorium Thorium Found,
sent Added, %

Ag Mischmetal

4.1 2429 2.27 I 0.03

7.9 2.20 2.21 £ 0.03
As La(NOg) 5

4.6 2.28 2.27 * 0.03

2.4 2.34 2.33 L 0.02

(i1) Zireonium-containing Wagnesium~base Alloys
{a) Procedure

To a A&g. semple of the alloy 1s added earefully, and in small smounts,
12 M hydrochlorie aecid (about 70 ml,) until dissolution of the alloy is
complete. (To hasten the dissolution, the solution may be heated after
the initial reaction has subsided.) The solution is transferred to a 100
ml. volumetrie flask with 12 M hydrochlorie acid and diluted to the mark
with 12 ¥ hydrochlorie aeid.

After thoroughly rinsing a Dowex 1 ion exchange column with 10 M hydro-
ehloric aeid as deseribed previously (p./d), a 5.00-ml. aliquot sample of
the alloy is placed on the column and allowed $o drain %o the top of the
resin. The columm ie then washed with 60 ml. of 10 ¥ hydrochlorie aeid,
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and the washinge are caught in a 250 ml. beaker. Fifty ml. of saturated
m=nitrobenzoic acid solution and 57 ml. of 15 ¥ ammonie are added. The

solution ie allowed %o cool to room temperastuve. Then the thorium n-nitro-

benzoate is precipitated by adjusting the pH %0 2.15 % 0,10 with 7.5 M
ammonia, measuring the pH on a p¥ meter. The procedure from this peint
on is idemtical with that given esrlier (p.60) for the determination of
thorium in zirconium-free magnesium-base alloys.

{b) Testing the Procedure

The procedure that was developed for the determination of thorium in
zireonium-containing magnesium-base alloys was tested by amalyzing solu-
tions of known thorium content that contained megnesium, zine, rare earthe
and other elements in concentrations that correspond %o the composition
of such alloys or to those of more complex alloys.

The synthetic alloy solutions were prepared from stoek solutions of
magnesium, zine, thorium, zirconium and the rare earth elements as the
chlorides in 10 ¥ hydrochlorie seid. Variously sized aliquot semples of
the stock solution were taken so that, after mixing and diluting to volume,
a ssmple of the solution would contain the elements in proportions corres-
ponding to the alloy compositions shown in Table V.

The alloys were analyzed by the method as outlined under the proced-
ure for thorium in =i reonium-base alloys. The results of these analyses

are shown in Table VI.
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ALLOY COMPOSITIONS CORRESPONDING TO SYNTHETIC SOLUTIONS

Hebal Composition of Alley, %
llnumaitﬁ . 74 - 82
Zine 6.2 « 6.8
Iron 0.23 - 0.25
Cerium 6.7 -~ 38
Other Rare Earth Elements TV = 4.8
Thorium 3.1 = 34
Zirconium 1.9 - 1.0
Aluminium Approx. 0.01
Lead Approx. 0.01
Copper Approx. 0.01
Hanganese Appwz.‘. 0.01

Table VI

ANALYSES OF SYNTHETIO MAGNESIUM-BASE ALLOY SOLITIONS

{All solutions eontained 230 mg. of magnesium, 19 mg. of zine,
0.7 mg. of iron end traces of aluminium, manganese, lead and copper)

Zireonium Rare Earth Elements Thorium Thoriun Found
Present, ’_ Present, Aﬁod, ﬁ Z

0 7.8 3.39 3.39 £ 0.01
1.0 77 535 3.35 £ 0.02
1.0 77 3.38 3.33 ¥ 0,01
2.0 7.8 3.58 3.82 £ 0.02
240 7.6 3.52 3.30  0.01
1.8 14.2 3.08 3.07 + 0.02

1.8 14.2 3.08 3,06 * 0.02
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(E) Composition of Precipitates

{1) Thorium

The composition of thorium m-nitrobenzoate wes determined by preei-
piteating, by the method desecribed on mel‘, a known amount of thorium,
dissolving the precipitate in meid, and determining the amount of m-nitro-
benzoie acid polarographically. The calibretiaz; eurve was prepared by
polarographing aliquot samples of a stendsrd m-nitrobenzoic aeid solu-
tion. This solution was prepared by dissolving & carefully weighed quan-
tity of thrice recrystallized m-nitrobenzoiec aeid in hot water, trans-
ferring the solution to 2 1000 ml. volumetrie flask, and diluting the
solution to volume at 25°C. with water. To each aliguot semple, in =
100 ml. volumetric flask, wes added perchloric acid in en amount equel
to that used in the dissolution of the precipitate. The solution was
ad justed to the methyl red end point with 15 M ammonia. Thirty-five ml.
of saturated potassium hydrogen phthalate solution end 10 drops of a 1%
solution of O ~naphthol in ethyl aleohol were added and the solution was
diluted to the mark with water. A portion of the solution was decanted
into s polarographie cell, bubbled with purified nitrogen for ten minutes,
and polarographed. Good eslibretion curves were obtained using this
procedure.

Various amounts of thorium were precipitated, snd the ratios of

thorium to m-nitrobenzoie ascid that were found are shown in Table VII.
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Thorium taken m-Nitrobenzoiec aeid Number of moles of m-
moles x 104 found, moles x 104 nitrobenzoic aecid to

one mole of thorium

0.803 3.19 . 3.97 .

1.605 Bedg 4.03

2,410 945¢ 3.98

3211 - 12.64 3.94

4.0185 15.9 3.96
Average: 3.98 ¥ 0.08

4.81 19.2 | 3.98

4.81 19.1 » 5.96

4.81 19.0 | 3.95
Average: 5,96 % 0.02

(i1) Zirconium
The composition of zirconium me-nitrobenzoate was determined in a menner
gimilar to that used for thorium m-nitrobenzoate. Various amounts of zire
conium were precipitated, snd the ratios of zirconium to m-nitrobenzoiec

acid found are shown in Teble VIII.



Teble VIII
COMPOSITION OF ZIRCONIUM m-NITROBENZOATE

Zireonium taken, m=-{itrobenzoic acid Humber of moles of m~
moles x 105 found , moles x 105 nitrobenzoic acid %o

one mole of zirconium

1.66 2.8 g 1.69
B.32 8.6 1.68
6.64 10.5 1.58
8.30 12.9 1.56
9.96 15.5 1.56
135.29 20.7 1.96
13.29 20.7 1.56

13.29 20.9 1.58




DISCUSSION

This work has shown thet thorium can be determined by polarographie
methods using one or other of the reagents 8-guinelinol, m-nitrobenzoie
aeid or m-nitrophenylarsonic aeid, as both a precipitating agent and a
polarographieally reducible substance. The methods involve the guantita-
tive precipitation of thorium, under controlled conditions, by the orgenie
reagent, then the dissolution of the filtered and washed precipitate, and
finally the polarographic determination of the free organiec reagent that
results from the dissolution. By appropriate calibration procedures, the
amount of the orgenic reagent found can be related to the amount of thori-
um in the original solution. A more indirect method, involving the addi-
tion of a carefully measured amount of the organie resgent to the thorium
solution, and the determination of the exeess of organie reagent after
preecipitation of the thorium, is also likely fezsible using any one of
the organiec reagente mentioned. The validity of this approach has been
demonstrated, however, only in the case of S8-quinolinol.

The conditions under which thorium gives, with each of these orgenie
reagents, e precipitete that is analytically useful have been found to be
not unduly restrictive. The preecipitates are readily soluble in appropri-
ate media under conditions that are conveniently achieved, and each of the
organic reagents gives an easily measured polerographie wave. Ih eagh in-
gbance a strictly linear relationship between the diffusion current of
the reagent and its concentration hss been demonstrated.

8-Quninolinol hes long been used for the gravimetric determination

69
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of thorium, but in this work an improved method for the precipitation hes
resulted from the adoption of a homogeneous precipitation procedure.

The thorium 8-quinolinate obteined by this procedure is readily £il-
tered and washed, in contrast to the preeipitate obtained by the commonly
used procedure of FPrere (86), which suggests the use of a glass frit and
suetion. The homogeneous method also ensures thﬂ the thorium 8-quino-
linate precipitate has the composition ‘rh{a,nﬁem&‘cgneem. The extra
mole of 8-quinolinol is obtained only when the preeipitation is carried
out above 70°C. (86), as it is in the homogeneous method. A% temperatures
below 70°., a mixed precipitate of Th(CgHsON), and Th(C gHgON) 4 *C gHgOHN
is obtained (86). BSuch a mixed precipitate is not objectionable in gravi-
metric enalysis where the precipitate is ignited to thorium dioxide, but
it i8 not analytieally useful for polarographic work, since there would
not be a linesr relationship between the concentration of thorium and the
diffusion current given by the 8-quinolinol after dissolution of the pre-
eipitate.

Although the two polarographie procedures that were developed for
the determination of thorium using S-quinolinol are very convenient, they
have the pronounced disadvantage of being restricted im application owing
to the lack of specifiecity of 8-quinolinel. This property of 8-quinolinel
makes it an unattractive reagent on whiech %o base a method for the deter-
mination of thorium, or almost any element, when a substantial number of
other elements mey be present. Although good separations of elements us-
ing 8-guinolinol have been ro;mﬁed (25, 29), the homogeneous procedure
for thorium that has been developed in thie work would need further develop~

ment before close and roiiablo control of pH eould be achieved. Such a
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control of pH eould very likely be obtained by ecarefully adjusting the pH
of the solution and then adding a carefully weighed amount of urea.

The precipitation of thorium by me-nitrophenylersoniec seid, although
restricted to a pH range of 1.4 to 2.6, is more attractive than the B
gquinolinol procedure because of the greater specificity of m-nitrophenyl-
arsonie aeid. Ascording to Kolthoff and Johmston (57), m-nitrophenylarsonie
acld precipitates iron(III) as well as tin(IV) and other quadrivalent
metals. The procedure involving m-nitrophanylareonia aeid that was de-
veloped in thies work is, however, rather lengthy because a two~hour stand-
ing period is required in order to ensure complete precipitation of thorium
n-nitrophenylarsonate. The use of heat to hasten the coagulation of the
precipitate was deemed unwise in view of the work of VanDalen {97) om the
determination of titanium with me-nitrophenylarsonie aeid.

The method for thorium using m-nitrobenzoie ameid combines the speed
of the 8-quinolinol procedure and the specifieity of the m-nitrophenyl-
arsonic acid procedure. The range of allowable pH values for presipita-
tion, though narrow, is praetical. The range of pH values that has been
found appropriate differs from that recommended by Osborn (64), but this
may inpart be due to differences in procedures: smeunt of reagent, use of
a chloride system rather than a nitrate system, ete.

It haes been shown by a polarographic method thet, under the conditions
of precipitation used, the precipitate has the composition Th(CgHgN0,000),.
Thie is in agreement with the results of other workers who used different
methods of analysis (81, 94).

Attention was also given in this work %o a polarographic method for
the determination of zireonium, using m-nitrobenzoie acid. Although the
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procedure that was developed differs little from that proposed by Grehsm
et. al. (59), the conditions for the precipitation have been more firmly
established. The importence of a large excess of reasgent has been demon-
strated and 1t has been shown that the concentration of zireonium, preei-
pitated by a eonstant smount of m-nitrobenzoic aeid, affects the composi-
tion of the precipitate. Over a reasonsbly broad pH range a precipitate
of constant composition containing 1.56 moles of m-nitrobenzoic acid for
every Iﬂﬂl;ﬁ of zirconium was obtained. .

The present work has also been concerned with separating thorium, and
to lesser extent zirconium, from substances that interfere with their deter~
mination, particularly the interfering substances likely %o be present in
modern magnesium-base alloys. The most serious problem is the separation
of thorium and zirconium.

The separation of thorium snd zireonium by preeipitation methods has
in general been shown in this work not to be attrsetive, partisularly when
the thorium is to be subsequently determined polarographieally. Although
effective separations eould be achieved, they were usually tedious, and
yielded solutions containing substances that were undesirable.

A separation ueing mandelic acid as a precipitent for zireonium,
although 1t was shown to be quantitative in both nitrie acid end hydro-
echloric aeid media, is not useful since the thorium is apparently strongly
complexed by the excess mendelic acid. Proecedures using dimethyl oxalate
and n-propylarsonic acid, although slso successfu) =s seperations, were
disearded owing to the difficulty of destroying the residusl organie re-
agents before the precipitation of thorium.

The separation of thorium and zirconium by meens of m-nitrebenzole
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acid is much more encouraging. A separation, and subsequent determination,
of thorium and zirconium with m-nitrobenzoie acid using pH control was
carried out with good results. Osborn (64) has reported a similar separa-
tion but Venkatarameniah, et. al. (65) were unable to duplicate his re-
sultse This failure could heve been due to lack of the close control of
pil necessary for the quantitative precipitation of thorium, or failure to
use a large excess of reagent in the preeipitation of zirconium, er»bovh.
The separation of thorium snd zirconium by means of menitrobenzoie acid
wae not exploited because, by the time it was shown to be promising, an
attractive ion-exchange method had ¢laimed more interest.

The separation of thorium from zirconium can be very simply and very
effectively carried out by means of an anion exchange column. The separa-
tion dependis on the formation of an anionic chlorido complex ien of ziye
conium in concentrated hydrochloric acid. If these elements in 10 M
hydrochlorie acid solution are passed through a Dowex 1 colwmn, the zire
conium is quantitetively retained, and the thorium ean be quantitatively
washed from the column with 10 M hydrochloric aecid. Thie separation ine-
troduces no substances that cause interference in the polarographiec methods
for thorium that have been discussed earlier. If a determination of zir-
confum 18 desired, this element can be guantitatively eluted from the
column by means of 4 M hydrochloric acid. (Water is unsatisfactory as
an eluting agent because of the ease with which iiraaaﬁun hydrolyzes.)

The anion exchange method for the separation of zirconium and thorium,
and the polarographic method for thorium using m~nitrobenzoic acid, have
been applied to synthetiec solutions. One group of solutions econtained
magnesium, zine, rare earth elemente, zirconium and other elements, in

proportions that corresponded to those that are obtained by dissolving
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modern magnesium-base alloys, or more complex alloys. The results were
very satisfactory, beth as regards precision and accuracy, and demon-
strated the validity of the separationsl and polarographie procedures
that have been developed. If zireonium is not present, se is true of
sgome thorium-magnesium alloys, the ion-exchange procedure is unnecessary.
Under these circumstances, the polarographic 'preéedm ean be applied &lr-
ectly %o a solution of the alloy, as experiments with another group of
synthetic alloy solutions demonstrated.

Titanium, mercury and tin are elements that, although not present
in thorium-magnesium alloys, furnish lons that ¢an interfere with the pre-
cipitetion of thorium by m-nitrobenzoie aeid. In order to broaden the
range of applieation of the polarographic method for thorium, using me
nitrobenzoic aecid, some study was given to ion-exchange methods for separ-
ating thorium from each of titanium(IV), mercury(II) and tin(IX).

The ion-exchange separation of thorium and titanium using Dowex 1
can be effected in hydrochloric acid solution saturated with hydrogen
chloride. Owing to the very large excess of hydrogen chloride in the
solution, gassing that can block the column may oecur. This can usually
be overcome by taking care to avoid supersaturating the solution with hy-
drogen e¢hloride. As shown earlier, the determination of thorium in the
presence of titanium by this method gives good results.

A determination of thorium in a solution that initially contained
mercury(II) was earried out with good results. A procedure that is identi-~
eal to that used for the thorium-zireonium separation was found to be appli~-
gsable to mercury{Il), and therefore little study was given to the exaet
conditions for the sorption of mercury(II) from hydrochlorie acid solutions.
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It was also found that an efficient separation of thorium from tin{(IIX)
can be carried out in 8 M hydrochloric seid. The elution of the +tin{II)
from the ¢olumn is not as easily effected as that of the other elements
studied. Large volumes (ga., 300500 ml.) of elutriant (water a 0.1 M
HC1l) were necessary for the complete removal of tin{IX). Kraus {96) had
found the same phenmomenon with Pt(IV) and PA(II) and states it %o be
characteristic of elements from which the concentration of the sorbable
species does not inerease with increaging concentration of hydrochlorie
acid.

These experiments, together with those involving thorium and zirveconium,
have shown that ilon-exchange procedures lend themselves well to removing
elements that interfere with the precipitation of thorium by means of me
nitrobenzoic acid. This method, then, is appliecable to the determination
of thorium in more substances than the magnesium-base alloys for which
it was speeifically developed.
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APPENDIX

Purifieation of Reagents

(a) Dimethyl Oxalate

Slurry the freshly recrystallized dimethyl oialate, prepared by the
method of Bowden (76), with methanol that has been cooled to -40%¢. with
Dry Ice, and auickly filter. Repeat this procedure until = negative test

for sulphate is obtained.

(b} Thorium Tetrachloride

Prepare a hot saturated solution of the commercial salt and cool to
room temperatufe. Saturate the solution with hydrogen chloride and add
an equal volume of ethyl ether. Stir until erystallization is complete,
then filter and wash several times with ether. Dry the purified salt at

room temperature in vacuo.

(e} Zireconium Oxyehloride
Prepare a cold saturated solution of the commercial salt, end add
an equal volume of 12 M hydrochloriec acid, Stir until erystasllization
is complete; then filter and wash several times with eold 12 M hydrochlorie

acid. Dryv the purified salt at room temperature in vacuo.
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