














The compounds K4Th(C204)4.5H20 and Na4Th(C204)4.6H20,

formed by dissolving thorium oxalate in hot concentrated potassium

(6)

and sodium oxalates, were first described by Cleve

(7)

and Rosenheim,

Samter and Davidsohn respectively,

In 1908 Heuser and wirth'®) and Jyrouboff and Verneuill®)

gave an account of the formation of an oxalochloride of thorium,
Th4(C204)6Cl4,20H20, by treating thorium oxalate with hydrochloric
acid of concentration greater than 20%.

The first investigation of the solubility of the system

Th(02 6H20 - (NH4)2C2O4 - H2O was carrled out by Hauser and

04)2
Wirth(lo), together with an investigation of the solubility of

thorium oxalate in mineral acid and oxalic acid solutions. They

described the compounds (NH4)2Th2(C204) 7H,0, (NH4)2Th(CQO4)3.3H20

50

and (NH4)2Th(C 0,),.7H.0, and their solubilities in ammonium oxalate.

2747472
They postulated that, at 25009 the only possible solid phases are -

(NH4)2Th2(C 0, ) .7H .3H

274°5% 2 4)3 2

that the latter can only exist in very dilute oxalate solutions,

0 and (NH4)2Th(C2O 0 and Th(C204)2.6H20, and

They postulated the following equilibrias-

, 4+ 2
Th(0204)2 : Th + 2C,0,
4+ 2" N, 2"'
2Th + 5c204 - ThQ(C204)5
4+ 2m N 2~
Th + 30204 _ Th(C2O4)3 .

- Assuming the =



Assuming the chief source of thorium in the solution of thorium oxalate

" and Th(C,0 2=

5 4)3 , then :

. 2
in excess oxalate to be Thz(C204)5

_ 2- 2-
[Thlporar = [Thp(C0,)57 1 + [Th(Cy0,)57 ]
2 2-
= ( 55_..13_ + KSoP-) E?i‘l__]
S| Ko
_ 4+ 2-.2
where Ks.p. = [Th™ ] [C204 ]
4+ 2 2--5
[Th™" 17 [C,0,7]
Ky - 2-
[Th2(0204)5 ]
and [Th4+][020 2-]3
K = =
2 D
[Th(c,0,), ]

From these relations

[Th]TOTAL Constant x oxalate concentration and

should be directly proportional to the oxalate concentration,
The much more rapid increase in solubility with oxalate concentration

4- |
5 4)4 ion and to the

was attributed to the influence of the Th{C,0O
polymerisation of Th(C204)2 to [Th(C2O4)2]4. This was deduced from a

hydrate, 3Th(0204)2.4H 0, which they prepared,and the oxalochloride

2

‘ .. (9)
3Th(C204)2.ThCl4.20H20, of ¥yrouboff and Verneuil‘”’’/.

The most complete account of the oxalate chemistry of thorium

is found in the textbook of R. J. Meyer and O, Hauser, Die Analyse der

- seltenen Erde -



James, Whittemore and Holden carried out a phase rule

_ (12)
42 490050, — Hp0

at 25OC. From the points of intersection they deduced that the only

investigation of the system Th(CQO +6H0 =~ {NH

stable phases were (NH4)2Th2(0204)5.7H20 and (NH4)2Th(0204)3,3H20.

The latter however was incorrectly given in the original reference as

(12b)
2Th(0204)2.(NH4)20204.2H20 .

The system Th(0204)2.6H20 - Na,C,0,
(33) in 1936, The only solid complex isvlated was

- H20 was investigated

by Britton and Jarrett
Na,Th(C,0,),.6H,0, at pH ca. 7 and 25°C,  However mixtures of the latter

and Th(C204)2.6H20 and Na,C,0, were reported. Unfortunately the pH is

too high to allow these results to be compared with those of Hauser anc
Wirth,
No phase rule studies of the corresponding

KyC,0, - Th(0204)2 - H,0 system have been carried out.  The compound

K4Th(c204)4.6H20 has been prepared by Cleve(é) in his investigation of

solution of thorium oxalate in potassium oxalate. A tartrate complex

K2Th(C4H406)3.?H20 was also prepared by Cleve(l4). Another bidentate

thorium potassium complex of the same form is the catechol complex of
Rosenheim, Raibmann and Schendel(l5), KQCatsTh.7H20, formed by adding
KOH to a 1 : 8 molar mixture of thorium nitrate and catechol in 5 moles

water,

~ The quantitative -



The quantitative insolubilities of thorium oxalate in oxalit

(16}

acild and mixture of sulphurit and oxalic acid(l7) were determined by
Colani and Fi Wirth respeotively. The method of Eunaen(g) of separating
thorium from the rare earths by extracting thorium oxalate by concentrated
ammonium oxalate was critisised by Benz(ls), who, in 1902, fouhd
bontamination by terium earths and serious losses of thorium, even after
repeated extraction and pre¢ipitation, The method was also critieised
By Bouardi(ig)j Little(zo), Meyer ahd Hausertll) and Spencer(gl). since
1920 this method of separation hag found no application, and from 1920 to
1940 with the louss in interest in the incandescent gas mantle little
work on thorium complexes has been carried out.

Since 1940, however, the possible importance of the thorium
nucleus in fission studies has refocussed interest in thorium. In
1948 the first reviews of thorium chemistry, dealing chiefly with analytical

(22), (23)5 (25)

and separational procedures, appeared,

The quantitative precipitation of thorium as thorium oxalate

has been re-examined by Willard and Gordon(27), Kall and Gordon(gg),

(26). Precipitation was carrled out by

and Carron, Sklnner and Stevens
the sudden addition of & saturated golutlon of oxalid alid, solid oxatic
acid, or a solution of methyl oxalate in alcohol(27) to atidifled
solutiong of thorium salts, usually 4 = 5% in nitric acid., In dis-

(29)

tussing the precipitation of the oxalate, Rider and Mellon stress

the effect of the volume of the supernatant llquid., This 1s of

- significance -



significance because of the quantitative insolubility of thorium oxalate
with oxalate concentration,

Since 1941, when the use of thoron (APANS)} as a colorimetric
reagent for thorium was first proposed by Kuznetsov(ao), many articles
have been published about colorimetric methods for the determination of
thorium, These are far too numerous to review here. The reagents
proposed are various azo-dyes which are usually derivatives of

chromotropic acid, viz:
3. o e S0 H

- OH

These form very stable 2 : 1 complexes with thorium, A typical example
is thoron itself which is l-(o-phenylazo-}-chromotropic acid, In one
case, that of Thoron II, viz. bis 1-(o,0'diphenyldiazo-)-chromotropic
acid, the 1 : 1 complex formed is so strong that oxalic acid is used to
mask interfering elements, e.g. Ti and Zr.

The same group of dyes have been used as indicators in the
complexometric titration of thorium with EDTA or potassium fluoride,
A critical review of the complexometric methods for determining thorium

has been given by Prfbil(sz).

(24)

In 1935 Brintzinger and Eckardt investigated the

dialysis coefficient between 0,04 to O,” ¥ Thorium nitrate in

- M (NH,},C,0, and =
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M (NH4)2C2O4 and water, Th~y revealed the existence of a dinuclear ion

8- . . .
Th2(0204)8 . This has been confirmed in a more recent study using

a cellophane membrance by B, Frank(24b).

The oxalate complexes of thorium have been investigated by

(34)

Bose and Chowdhury using a thermometric method i.e. Job's method

cf continuous variation applied to molecular properties (in this case,
the freezing point of the 12% KNO3 - ice cryohydrate(35) }Jo On titrating
0.12 M potassium oxalate with 0.3 M thorium nitrate, pH not specified,
they obtained breaks in the freezing point curve corresponding to thorium :
oxalate ratios of 1 : 8, 1 ¢ 4, 1 ¢ 3 and 1 ¢ 2 moles, indicating the

b=

. 2~
formation of Th(C204)4 5 Th(0204)3 and Th(C204)2 . They

interpreted the 1 s 8 break as the initiation of Th(CQO ~ formation,

4
4)4
and the formation of Th(CQO4)88—. They obtained no break at 2 ¢ 5

a

and concluded that Brauner's compound, (NH4)2Th2(0204)5,7H20, is a double

compound of (NH4)2Th(C204)3 and Th(C204)2 in the solid phase, i.e.

Th(C,0

(NH4)2Th(C 0 o 4)2.7H20. On addition of potassium oxalate to

2 4)3'
thorium nitrate, they obtained indications of a polymeric complex ion

n+
(ThC204)n .

Bose and Chowdhury(36) have used the same method to calculate
the stability constant of the Th(C204)44- ion, which they give as

-log K = 24,48, with temperature and total ionic concentration not
specified, Owing to the slow rate of dissolution of thorium oxalate

the equilibrium was studied on the basis of hydrolysis, The

- pertinent -~
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ertinent eq -
4- .
Th(0204)4 : T
Th(C.0,) 2= 7
27473 —
2= \ ‘
Th2(0204)5 . T

No intermediate formation constants were
Thorium oxalate complexes ha
means of "heterometry”,(4o) this method
optical density of a suspension of a sol
Interferences due to colouration are rem
A titration is carried out in a similar:
titration, the optical density in the we
being continucusly measured, The metho
that the 1light absorbing particles are s
particles formed in the reaction and not
them, hence the optical density depends
primary particles rather than their physical size, Similarly, the
heterometric optical density is independant of the rate of stirring over
a wide range, Heterometric titrations are carried out rapidly and
without the addition of protective c¢olloids.
The breaks occuring in the plots of optical density vs,
moles of reagent added correspond to the change from one species of

primary particle to another,

Using this method the citrate'?), maleate(#2) phthalate(42)s

- tartrate(43) -






been mentioned by any other source,

A similar determination by Komatsu, Taki and Takoda(46),
employing the turkbidometric titration of 0,005 M Th(N03)4 with 0.05 M
ammonium oxalate in the presence of M acetic acid and 0.1% polyvinyl
alcohol, revealed only the break at 1 : 1 moles,

The more recent general reviews of thorium chemistry comprise

(56) (57)_,,

those of Scaborg and Katz y Kuznetsov, Savvin and Mikhailov

and CGmelin's Handbuch, 8 Auflage, Thorium und Isotope., A useful review
of the complex chemistry of the oxalate ion is that of Krishnamurty and

Harris(58).



THORIUJ OXALATE COMPLEXES.

SOLVENT EXTRACTION.

Although solvent extraction has been applied to the study of
the complexes between thorium and chelating agents such as oxine

(37), (38}, (39)’ (39), it has not

and cupferron and acetylacetone
been applied to oxalate complexes, In the above measurements the
distribution of the thorium- organic chelating agent complex between
water and organic solvents was studied by a radiometric technique
using Th234. This method is not suitable for the study of oxalate

complexes since their solubility in organic solvents is very low,

CONDUCTIVITY.

Conductivity studies of the ionic species present in thorium

(47)

indicate the

(48)

nitrate solutions made by Krauss and Holmberg

presence of polymeric hydroxy ions. Sirkka Hietanen by the same

4+n

method deduced the presence of Th[(OH)BTh]n and Th[O(OH)Th]n4+n

in a thorium nitrate solution in equilibrium with hydrous thorium
oxide, These results were later confirmed by Dey(49).
Other conductiometric studies of thorium and oxalate sclutions

have been made only with regard to the quantitative determination

of thorium,

- Menon and =
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(

~2non and Singh 5C) have determined thorium conductiometrically in
s~ lutions 0.00033 M with respect to oxalic acid with an error of
+ 0.5,

Connuctivity offers a suitable methed of investigating the
oialate complexes of thorium, the great difference in conductivities

netrien the thorium ion and the various oxalate complexes being

readily measurable under controlled conditions.

FiCd TREQUENCY CONDUCTIVITY.

This has the advantage that nc¢ actual physical contact with
the solufion is necessary, *hus eliminating electrode e.fects,
Furthormore the conductivity depends on the dielectric constant
oi the solution which may change by a large amount on the substi-
“utlon of one ionic species by another,

The high frequency titration of thorium with EDTA has been

(51)

discuzsed by Hara and West , and in rather more detail by Pungor

and Zapp(52)n

101 FXCHANGE.

Although the elution of thorium from cation exchange

(59)

resins has bzoen discussed , lon exchange techniques have not keen

“pplicd to thorium oxalate complexes. The difficulties assoclated
viith the ion exchange behaviour of small amounts of thorium have been

(53)

cvercome by A, Zielen in the radiometric cation exchange study

cf the reactions :-

- Tht + HSO4- -
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Arsenazo, 2,7-di-(4-sulphononaphthylazo)-1,8-dihydroxynaphthalene~
3,6-disulphonic acid, also known as SNADS.

iethods for the determination of thorium by thorin

have been described by Thomason, Perry and Byerly(éz), Banks and

Byrd(és), Clinch(64), and Grimaldi and Fletcher(65).
Methods using arsenazo by Kuznetsov and Nikol'skya(éé),

(67) (68).

Kuznetsov and Savvin and 5. K. Datta

Procedure adaopted.

The removal of oxalates Themason, Perry and Byerly(62)

recommended the wet oxidation by evaporation of the sample in a
mixture of 0,5 ml conc. nitric acid, 0.05 ml water and 1,0 ml 703
perchloric acid under an infra-red lamp, It was found that in
the presence of more than 0,1 g oxalic acid this had to be
repeated 10 times to give a constant result,

A simpler procedure which glves satisfactory results in the
presence of unlimited amounts of oxalic acid is as follows

The sample is evaporated to dryness in a silica dish, and
placed in a well ventilated oven at 170 + 5°C for 30 mins.
5 ml fuming nitric acid is added and the sample evaporated to
dryness under an infra-red lamp.

Since oxalic acid sublimes at l5OOC, and thorium oxalate 1s
stable uyp to 2OOOC, fairly accurate temperature control is needed.
All solid thorium complex oxalates are stable with regpect to

ThO, to at least 200°C,

- Colour development =~



























1,1

=L -

Thi distillation was carried out for 25 mins. The distillate was
~ollected in a receiver containing 25 ml of 1% boric acid.

Ti racior of the resulting solution was carried ocut as above.

DETER.INATION OF WNATER CONTENT.

kyroariments i,ith heated vacuum desiccators and ovens proved
unsuccessful owing to (a) lack of temperature control, (b) the
fact that some complex oxalates are hygroscopic and (c) some
oxalates tend to loose ammonia on heating in vacuo, Consequently
¢ thermobalance was deviseds a simple design which was first
trizd was hased on one described by Delhez(70). This consisted
of a vertical glass tube containing a quartz helical spring and
ogocnded e ety warmed by the passage of hot air,  However it
vas found that the temperature gradient of approximately 5°¢C along
the tube was too great.

A double jacketted arrangement was finally designed and
constructed, Fin, 1.1, With this apparatus the temperature

. o, .
gradient was reduced to 0.4 C in 25 cm.

MNgscription of apparatus. (Fig, 1.1)

(.o Quartz Spring.
This was obtained from the Thermal Syndicate. The specifica-
tions were, diameter 1 cm, length 2.5 cm, sensitivity 3.65

mr/ng, and a maximum extension of 20 cm.

The springs werce shipped in glycerine, Before use they were

- washed repeatedly =
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Criticzl Concentretion Composition ¢f product, molcs, |

Oxalate used s at 80°C, Th | Ox | NH, [HO NO. |

| } l 5 i

Ammonium 0.32 M 1,00 | 3.65 ‘ 3.82 | 6,71 50.02 :

4

! :

Potassium 0.27 1,00 33.69 E -~ 15.82 30.02 1
H h]

Sodium 0.36 1,00 53,60 5 - | 5.63 i0.01 |

In each case the minimum temperature required to redissolve the

precipitate was about76°C.

Termperature. Critical concentration of
ammoniym oxalate.

90°C 0.24 M
85 0.28
80 0,32
76 0.35

The decreased amount of oxalete required at higher temperatures

indicates a higher stebility at higher temperatures,

Dehydration of M4Th0x4.7H291

The compounds, 2ir dried at room temperature, contained between 5
and 6 molecules of water per molecular formula. In their dehydra-
tion curves (Fig. 1.2), there are inflexions at 30, 42 and 4?OC for
the NH43 K and Na compounds respectively. Unlike thorium oxalate

they all form stuzble anhydrides at 92, 101 and llOOC respectively.

- The 4~ hydrate -
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The 4~hydrate was prepared by using the thermobalance and is
completely steble at room temperatures, the 7-~hydrate loses water

very slowly at room temperature.

Preparation of M2Th0x3.

-

{(a) Hydrolysis of ThOx, " .

0.1 g (NH ThOx,.7H,0, as prepared above, was placed in 100 ml

44
water at room temperature. The substance rapidly dissolved
producing a milky suspension, which settled after 3 days.

The precipitate was coagulated by boiling (without change in
composition}) and filtered with difficulty., A similar
precipitate was formed by adding the thoroxalate to boiling
water, The mother liquid contained only 2.2 mg thorium, i.e.,
22 mg/litre. The precipitate was washed cautiously with cold
water and dried on filter paper and stored over silica gel in
a desiccator,

Under the microscope the crystals were seen to consist of
extremely small plate~Hke crystals,

The potassium and scodium analogues of the above also produced

precipitates similar to the above. The composition of the

hydrolysis products were as follows :

Percentage. Moles.
Th 48,55 1.00
.18
0204 46,37 3
NH4 6.52 2.19
H20 8.50 2.74

- The sodium and -
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QUALITATIVE PRECIPITATION OF THORIUM AS (NH4)2

Because of the insolubility and ease of filtres
precipitation
it was decided to compare itswith the precipit
as a mecans of determining thorium in the prese
Thorium oxalate is normally precipitated in fairly strong mineral
acid, pH 0,5 to 0,8, in the absence of ammonium salts.,
The relative solubilities of thorium and the rare earth oxalates in
saturated oxalate solutions is as follows: La 1.0, Pr 1,13, Nd 1,44,

(33). These differences in

Ce 1.8, Y 10,99, Yb 104, and Th 2663
solubility have been made use of in the separation of thorium from
the rare earths. However, the more weakly basic yttrium earths are
appreciably soluble, and they are reprecipitated as the normal
cxalate on addition of acid under the same conditions that thorium

is precipitated. Hence a precipitation in the presence of excess
ammonium oxalate, followed by a precipitation of thorium at higher
acidity, will not free thorium from the yttrium earths.,  Furthermore
the high acidity necessary to precipitate the thorium oxalate from
the oxalate complex causes losses due to increased solubility, If
the thorium is precipitated as a complex oxalate at a higher pH there

is less possibility of co-precipitation of yttrium earths or losses

due to increased solubility,

~ 1,31 PREPARATION OF REACENTS: -
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CONDUCTIVITY MEASUREMENTS.

APPARATUS.

Conductiometric titrations were carried out using a Doran transis-
torised conductance bridge. The cell used was of the dipping type
designed for small volumes. The resistances measured were of the
order of one ohm, The measurements were carried out in a thermostat
at 20 t 0.2°C or in a boiling water bath, The leads were '>tally

enclosed. The soclutions were shaken well before each reading.

REAGENTS USED.

(a) 2 M Th(NO,), solution,

96 g reactor grade Th(N03)4 (Thorium Ltd.) were dissolved in

100 ml of water. The concentration of Th(N03)4 was determincd
by evaporation of a 1 ml sample on a Whatman ashless tablet
followed by ignition for 30 mins at 85008. Owing to the viscous

nature of the prepared solution the same burette was used for

the standardisation as was used for the subsequent titrations,.

(b) 0.1 i1 oxalate solutions,

These were prepared from their respective salts and standardised

against 0.05 N ceric sulphate solution,

{c} Water.
Owing to the high conductivities consequent on the low pH's

used, doubly distilled water condensed in tin and in equilibrium

. . - with air =















ritric acid was added to the oxalate solution until the pH had
dropped to 1,5, so that the added hydrogen ions would exert a
comparatively smaller effect. The effect of this is shown in

Fig. 3.3

Fig, 3.3: To obtain this plot 50 ml of 0.1006 M K20x and 50 ml watz>

were taken, and HNO, was added until the pH reached 1.5. The

3

solution was titrated against 2.021 M Th(NO at 20°C.  The pH at

3)4
the end was 1,2, In this case the initially descending portion AB

is steeper, a definite break occurs at B (7,5 moles), the portion

BC descends somewhat to C (3.8 moles), and CD descends less steeply *o

D (2.42 moles), The curve is similar to curve (1) of Fig. 3.1 but

the break at B is more clearly indicated.

Oxalate added to thorium.

F'g. 3.4: In this case 1,00 ml of 2,021 M Th(NO3)4 in 100 ml water
and at a pH of 2,7 were titrated against 0.4140 M (NH4)2Ox.

The curve ascends with increasing gradient with breaks at 0,4 and
1,9 moles oxalate per thorium, Turbidity appeared at 0.5 moles.

At 95°C the conductivity ascended in a smooth curve, no breakc or~r2’

and turbidity appearing at 1.22 moles,

- 3.3 CONCLUSION. -










































0.5 moles,

4.3, CONCLUSTIONS.,

4,31 Addition of oxalate to thorium. (Fig. 4.3).

Portion AB.

- The initial addition of oxalate produces no drop in reading.
This indicates that the drop in conductivity is being compensated for
by a rise in dielectric constant, i.e. the molecules become more

pelar,

Portiaon BC.

The drop indicates a less polar structure being formed.

Portion CC'.
Particularly at higher pH's, 2 to 4, the break at C', 3 moles, :s

more pronounced, Thus at pH greater than 2, the reaction

8= 4+ \ 4~
Th20x8 + Th = Th20x6 + ThOx2
is preferred to
8- 4+ : 2~
Th20x8 + 2Th - Th20x5 + 2Th0x2.
This may be due to a conversion
. . D -
. Th20x6 - Th20x5 + Ox

2- . .
at higher acidity due to the mmoval of Ox~ as oxalic acid.

= Portion C'D. =



Drops sharply to a break at 2,4, this portion represents the

reactionss

4 4+ .
Th20x6 + Th — 3Th0x2 (A)

4- -
and Th20x6 + 2ThOx, > K, Th,0x, 4 (B)

which occur simultaneously.

Portion DE.

The curves of Fig. 4.4 represent a slow rate of addition, 1 drop
per 5 mins, and the slight change in gradient at E represents the
solid phase reaction

4+ . +
K,Th,O0x,, + Th > SThOx, + 4K .

The effect of lowering the pH in Fig, 4.4 is to reduce the influence
of the (ThOx3)24_ ion. Below pH 1 the minimum point was displaced
towards 2,0 molecules, due to the conversion:

4a ~. 2
Th40xlo —_— 4Th0x2 + 20x

4.32, Addition of oxalate to thorium, (Fig. 4.5, Curve (1)).

Since the curve descends to A, whilst the low frequency curve rises,
this must indicate a change in dielectric constant. This 1is
propably due to the formation of ThOx29 since turbidity first appears
at A. The formation of Th20x6+ could not account for turbidity at
this point.

- Portion AB, ~
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5,33 Therium added as Th(N03)4 solution,

-log[ Th] -log[Th}
~log[ox],., -log ag 2~ [MH,'] tot tot

pH observed calculated,
0.35 2.06 6.89 1.09 5,92 5,80
0.75 2.07 6,24 1.09 5,32 5.24
1.18 1.14 5.89 1.08 5.03 4,95
1,20 1.66 5,64 1.08 4,90 4,72
1.28 1.96 5,28 1,08 4,41 4,37
1,37 1.80 5,00 1,07 4,27 4,10
1.41 1,62 4,87 1,07 4,08 3.97
1,27 1,19 4,52 1.08 3,73 3.66
1,33 1,06 3.88 1,08 3.42 3.31
2,15 1.57 3.63 1,08 3.10 2.98
2,15 1,91 3.58 1,08 2.69 2,64
2,06 1.11 3.36 1.09 2,51 2.40
2,30 1.03 3.11 1.09 2,20 2.19
2,42 1.64 2.82 1,09 1.80 1.83
2,48 0.86 2.75 1,09 1.70 1.77
2,51 0.83 2,60 1.09 1,60 1.61
2.43 0.66 2,49 1,09 1,47 1,38
2.30 0.2% 2.33 1,09 1,12 0.94
2,51 0,40 2.20 1,10 0.72 0,65
3.17 0.92 2,12 1.10 0.57 0.45
3.15 0.91 2,05 1.11 0.38 0.32

~ 5,4 CONCLUSICN =~
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