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ABSTRACT

Sorption of yttrium, lesnthanum and cerium (III) ions
on Zeo-Karb 225 (SRC 15) and De-acidite FF from perchlorate
media has been studied at 25°C and a tracer concentration
of the ions concerned., It has been found that the sorption
of these ions on the resins in question follows nearly an
identical pattern, and that the changes of the hydrogen-ion
concentration in the pH range of 2.5-4 have only a very
slight effect on the values of the distribution co-efficients,
Taking yttrium-glycollate as a representative for the
systems involving glycollate or other ligands and the triva-
lent rare-earth ions and those from the actinium series
uging yttrium-91 as a tracer and a perchlorete medium of
MM = 0,50M, the effect of the cross-linking of a resin on
the 13n_values of the system in question has been studied

and found to be negligible for the 2%, 4-5%, and 8% DVB

" resins provided the necessary corrections due to swelling

of the resins are duly teken into account. An investigation
of the same system with Zed<Karb 225 (SRC 15) at different
V/n ratios in the range of 1?/0.20 and l5/0.60 has revealed
that subject to the appropriate corrections due to swelling
of the resin having been made, such changes of the Y/m

ratio haweno significant effect on the 73n values of the

gystem concerned. It has been further obsexrved that a



treatment of a complexing solution with resins of different
cross—-linking practically entails no significant loss of
the ligand species (glycollate) from the momplexing solution.
Having made the above investigations of the resin/
solution behaviour in perchlorate media at 25°C, the method
(cation-exchange) was adopted for a2 tracer study of the
syetems involving yttrium, lanthanum, cerium (III),
europium (III), actinium and americium (III) ions and
chloride, fluoride, sulphate, oxalate, o =hydroxyisobutyrate
and glycollate ligands, The step-stability constants have
been cogputed by a graphic method based on a theory proposed

78, 102 7pe resulss obtained are generally

by Fronaeus
in good agreement with those reported by other workers

as a result of their investigation of the systems in

question by ion-exchange, solvent-extraction, pH or
potentiometric methods under commrable conditions, and have
further shown the dependence of the chemistry of the con-
cerned ions on the sizes of their respective crystal ionic-
radii. The ratios of the,?I values for the lanthanum/
actinium and europium (III)/americium (III) systems involving
sulphate, oxalete and o ~hydroxyisobutyrate ligands have

been worked out and found to be in general near unity: this
is an evidence in support of similar interactions between

the metal ions of both the lanthanum and actinium series

and the noted ligands in aqueous systems,
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CHAPTER I

INTROIUCTION

General

Our current ideas about the properties and behaviour of
electrolyteé are largely besed on the experimental and theoretical
work carried out during the last hundred and thirty years or so.

A number of the experimental methods used by earlier workers are
still in vogue though occasionally modified through the introduction
of various refinements in instrumentation, technique and theory.

A brief survey of the most significant contributions to ourxr
existing knowledge in this field is, therefore, pertinent.

A convenient starting point for this is provided by the
formulation of the laws of electrolysis by Faradsy (1833)1. Both
he and Daniell assumed thet electrolysis consists of the transport
of electricity by charged particles, that is, ions, which are dis-.
charged at the electrodes. The first suggestion that ions are
produced by the simple act of dissolving an electrolyte in water
can be attributed to Clausius (1857)2, who also envisaged a form
of dynamic equilibrium between free ions produced by bond disrup-
tion and the unbroken molecules of the solute.

Arrhenius (1883)3 propounded a more comprehensive theory on
electrolytic dissociation, based on the conducting powers of the
solutions. He ﬁostulated thet inorganic salts, acids and bases,
being such good conductors in agqueous solution, must be largely

present. as free ions; while most of the organic acids and bases,



LaPim

being relatively poor conductors in solution, must be partially
dissoéiated. He further suggested thaet where incomplete disso-
ciation occurs, the degree of dissociatioﬂ,<ﬁc, is concentration-
dépendent, tending.to unity as concentration tends éé Z8ro.

Shortly after Arrhenius had made his views known, van't
Hoff4 reported the results of applying the gas-laws of Boyle
and Charles to dilute solutions. He found that while with non-
electrolytes, osmotic pressures could be expressed by PV = RT,
where P = Pressure; V = Volume; T = Absolute tenmperature, it
was not so with electrolytes. With ionic solutions, ogmotic
pressures, elevations of boiling points and depressions of
freezing points were found to be higher than values obtained from
the formulae applicable to non-electrolytes. He, therefore,
introduced an empirical parameter, i, so that for an electrolyte

the osmotic pressure is given by PV = 1 RT where

i = =Xperimental value of the property.
T Value of the property expected from the ideal formula.

At first it was tThought that for a specific valency type i was
constant, but in fact it varies slightly with concentration.
Combining his conductance data with van't Eoff's findings,
Arrhenius tried to calculate the degrees of dissociation of
electrolytes, assuming that at infinite dilutioncﬁc = {><7Lo .
whereo‘:.c = degree of dissociation; A = equivalent conductance;
N, = conductance at infinite dilution,

The introduction of the 'law of mags-action' by Guléberg and
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Waage(1864-79)5 (al1so0 indepeé%iy by van't Hoff, 18774) provided
the basis for a quantitative treatment of chemical equilibria.
Ostwa1d6 in 1889, making use of the Arrhenmius theory and the
law of mags<action, calculated the first dissociation constants,

&

{", of 216 carboxylic acids. However subsequent failure to
7

obtain & constent K'' value for Potassium Chloride was throught

to be an anemaly of strong electrolytes. Jahn (1900)8 proposed
that for strong electrolytescxc = {27{]\0 is not valid,
because of the concentration-dependence ofo(c. This contradicted
the Arrhenius theory which assumed complete dissociation of strong
electrolytes at all concentrations. Jahn sought to overconme

this difficulty by the introduction of the concept of 'interionic
forces of attraction and repulsion' which cause ionic mobilities
(and hence pw&u(a.nd also c) to be concentration-dependent.

Noyes et alg’ 10

from their measurements of transport numbers

also confirmed the concentrationedependence of ionic mobilities,
The extension of the concept of 'interionic forces' to the

application of the 'law of mass-—action' to ionic equilibria led

Jahn8

to introduce yet another concept viz., 'ionic activities?,
Jahn argued that the interionic forces by restricting the free
and random movement of ions in solution must render some of them
ineffective as 'active masses', so that in the end it is not the
total stoichiometric concentration but only a fraction of it

(celled the aclivity) which is available for taking part in the
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reaction. The activity of any ion in solution is expressed as:

=Y
By =8y ey

i i s WheXre

a; = activity of the ion; Wi = activity co-efficient, and e¢; =
concentration (stoichiometric) of the ions in terms of molality
i,e.y, moles per kilogramme of the solvent. If'ci is” expressed
in terms of molarity, i.e., moles per litre of the solution
ay = yi ey s Where
yi'= activity co-efficient (when concentration is expressed as a
molarity).
The physical impossibility of having solutions containing
only cations or anions, led to the idea of 'mean activities' of
ions,. Thus for, say, a 1l:2 electrolyte, the mean molal activity
co-efficient?x’i, is relaged to thezindivi&ual ionic values as:
0+ = ¥
At infinite dilution, the mean ionic activity is unity regardless
of the concentration seale. i

)ll

Lewis and Randall (1900-20 s by making use of thermo-

dynamic principles in particular the theorems of Gibb312

y evolved
more precise definitions of activities and also the methods for
determining them from experimental data. In 192111, they intro-
duced the concept of 'ionic stremngth' which is the measure of the
total electrical field obtaining in ionic solutions containing
several electrolytes. This, according to the authors, should

determine the activity co-efficient of any particular ion in the

solution. The *ionic strength', I (or A ) is given by the
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expression:

2
I =082 m,z; , where
my = molelity of the ion.
zZ; = charge of the ion.
%, = summation for all different ions.

The rule assumes complete dissociation of all the electrolytes.
The activity co-efficients cen be obtained from experimental
data, for example from measurements of the electromotive force
(e.n.f.) of cells, freezing and boiling point determinations,
vapour pressuree, solubilities, rates of ionic reactions, and
phase distribution studies. tnother important contribution
which accounts for all the significant facteors is the theoretical

treatment of electrolytic dissociation by Debye and Hucke113h14

end its refinement. by Onsager and Fuossl5’ 16, 17, 18, 19, to give
the equation:
log £y = 4 [zizj} { I/(l + Baf_I)- Q (1)} (1)
It is applicable over a wide renge of ionic sirength. A, B, and
Q are empirical parameters, equal respectively to the products of
several physical constaents; ‘a;is the average cation-anion radiué
Zy and %ijthe ionic valencies,
There are meny different ways of studying electrolytic

dissociation. One approach is to determine the true or thermo-

dynamic dissociation constants for equilibria of the type:

ML — KM eI

Kc’ the thermodynamic dissociation constant is given by

8%




" To establish K, methods are required to find{h

- -

Ke = &g 8y,
a nkL
(1) & g0
(ML) ¥y, (1-2,) Ty,

c OF the ratio

A
N

.2 : _
Xe Q<1 -cLaD, the activity co-efficients are then calculated using
equation (1) if I is known. So far only the conductance method
has been mentioned, the proper treatment of which is based on the

15, 16, 17 and Onsager and Fuossls’ 19.

equaticns of Onsager
Another approach is to study the number of stages of ion-associa-
tion (br complex formation). This is, of course, the inverse of
dissociation. The contemporary treatment owes much to the work

20y 21y on Chromium (111) - complexes with thiocynate.

of Niels Bjerrum
Following N. Bjerrum's work, although & number of experimental and
computational techniques had been developed for the determination
of stability constants between 1920~40, only comparstively few
studies were made on systems containing several complex species.
According to Rossotti and Rossotti some of the best work of this
type concerns polybasic acidszz—zs. Other notable contributions
are due to Mﬁller27; Bates end Vosburgh?® and Riley et. al.2)~32
The impulse to further work was provided in 1941, when general

methods for computing step stability constents from the experimental
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functions & (a) (= average number of ligands/central group) and

o (a) (= free ligand concentration )
0 ~ Total ligand concentration °?

33 and Leden34 respectively.

were described by J.
Bjerrum
. Many of the experimental techniques employed since 1941

(e.g. Potentiometry; conductivity; catalysis; liquid-ligquid
partition and solubility) are fundamentally the same as those used
by earlier workers at the beginning of the century. Some of the
more recent methods like spectrophotometry, polarography and ion-
exchange combined with more refined methods of computing stability
constents from experimental. data have proved of great value to

the chemists engaged in the study of chemical equilibria in
solution,

As pointed out sarlier, the activity of an ion is largely
determined by the total ionic strength of a solutionll’ 13, 14, 15,
16, 17, 18, 19. 14 rollows that at constant ionic strength, the
activity of any particular ion will be constant: Thus in the
study of equilibria if a high and constant ionic strength is main-
tained by the use of a back-ground eleectrolyte, it should be
possible to control the activity of one of the reacting species
over & large concentration range, and the assumption that its
activity over that range is constant will be reasonably valid.
Equilibrium constaniéts can, therefore, be derived in terms of

concentration rather than activities, This is a useful simpli-

a
fication. The earliest published report on the use of/constant
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ionic medium in the study of chemical equilibria involving
association of ions is due to Grossman (1901)88. Biedermann
and Sillen35 have published en historicel survey of the subject.

The limitations of the use of medium of constant ionic
strength in the investigetion of step equilibrie are as follows:

(1) No information can be obtained about the complexes
formed betwsen the reacting species and the ions present in the
medium,

(2) In dilute solutions, no distinction can be made between
the solvated species containing different numbers of solvent mole-~
cules.

(3) Sillen36 has pointed out that comnplications may arise
if one of the ions of the medium can be converted to one of the
reacting species by the addition or loss og/%roton, €.8. in the
study of the H52+ - NH3 system in emmonium nitrate by the method
of pH measuremeﬁts, it might not be possible to distinguish between
" ammine (NH3) and amide (NHE) complexes on the one hand and ammine
end hydroxyl (OH) complexes on the other.

(4) That the effect of complex formation on certain physical
properties of the solution may almost be swamped by the effect of

the presence of the background salt. If so, the change in the
measured property attributeble to complex formation is very small
and therefore interpretation of the measurement is rendefed difficuli;

37

or impossible-’.
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(5) The method is not applicable to the studies of chemical
37

equilibria based on measurements of conductivities of solutions”'.,

In the choice of the bulk electrolyte, the following points
must be borne in mind:

(1) That in a given solvent, it is sufficiently soluble to
give the required concentration.

(2) That it does not contribute to the measured physical
properxrty.

(3) That it does not complex with the species under

Sodium and ammonium

investigation., / perchlorates meet the above requirements fairly
well and are commonly used as bulk electrolytes in equilibrium
studies.

Significance of Stability Constants

The stability constant is the measure of the degree of
association which occurs in a solution containing two or more
conmponent species in equilibrium, Step stability constants are
denoted by the symbolﬁBn, where n=1, 2, 3...... n,

For a reaction of the type
M+ nL = MLy
'@ n (the overall stability constant) is given by'ﬁn = Uﬂtrﬂf;jﬂJh
and is related to the equilibrium constents for the step equilibria,
viz. kl’ k2, k3 etc. by the expression:
By = h xR,xky . xkn

The step equilibria involved in a reaction of the above type are:



LV
MRPUCIGIE
ML:P,+£;: MLn
oo thak . [ML(n—s)‘f]
! (M")[e) o
'kx _ [MLU\—I)*J

Now the fact that the stability consta.n“t‘:pn ig found to be
appreciably greater than zero is perhaps one of the most convincing
pieces of evidence for the existence of the complex MIn in solution.
Moreover, if all the stability constants for a given system are |
known, it is possible, in principle, to calculate the equilibrium
concentration or activity of each of the species present under a
known set of experimental conditions. Such,?réxact knowledge of
the composition of the solution is desirable for a correct intéré
pretation of its optical and kinetic properties, of its ."iag.rtition

equilibria and of its biological behaviour, The values of the

stability constants can also be used to predict the cc'»"nd.itions for




complete or maximal formation of a given complex. Reliable
information of this type may be of great importance in planning
anelytical and separative procedures, e.g., in cases where the
species in question is highly coloured or can be precipitated from
gsolution, extracted into organic solvent or sorbed cn an ion-
exchanger o:/ihromatographic column,

HMoreover the equilibrium constant X. for any reaction is
related to the corresponding free-energy change by the expression:

- RT In K =AG = AH - T4S
where A G, A H and A S represent the changes of free energy,
enthelpy and entropy in that order in a hypotheticel unit-concen-
tration scale as the corresponding equilibrium constant K. The
step stability constants, therefore, give a measure of the value
of A G associated with the reactions:
M= nI, & MIn, (overall reactions)

and Mn-1 » L>MEn. (step reactions)
The corresponding changes of entropy of complex formation may be
obtained by combining the stability constant with the enthalpy
change of the complex formation which is best measured calori-'
metrically; but may also be obtained by determining the stability
constant at & series of temperatures., Analysis offin and Kn into
their component heat and entropy terme is essential to the further
understending of many factors viz., size, shape, and electronic
structure of the central group and the ligand; and also the

temperature and the composition of the solvent which influences
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the stability of the complex>®,

Partition methods with particular reference to ion-
exchangers for the study of chemical equilibria

Partition methods for studying chemical equilibria are based
on the distribution of one of the reacting species in solutions at
equilibrium between two phases. By meinteining the necessary
conditions of equilibrium and changing the concentration of'one of
the reacting species, the distributions of the particular species
between the two phases are studied and the information obtained is
made use of in the computation of the stebility constants., Liquid-
Liquid partitioning or solvent extraction, solubility and ion-
exchange methods are =2ll included in this category.

Solvent extraction:
The use of this method for the study of chemical equilibria

was first suggested by Nernstss, and it was applied for the investi-
gation of a number of chemical equilibries involving metal ions and

89, 90, 91 as early as the turn of the present century.

organic scids
The very successful application of this technique to the extraction
and purification of fission-products, rare-earth and actinide
elements along with a wide range of other inorganic substances in
the last two decades, encouraged its further application to the
study of the solution chemistry of these elements. According to

92, 93,

Irving, Rossotti and Williems 94, the extraction of

electrolytes into orgenic solvents can be classified as follows:
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(1) those due to the formation of inner complexes of metals
with reagents such as dithipzone and acetylacetone.

(2) +those due to the formation of metal acido-complexes such

as the well-known extraction of FeCl3 by ether from aqueous

HC1 as HFeCl4.

(3) +those due to the association of salts or ion-pairs
containing large anions or cations e.g., tetraphenyl arsonium
perrhenate and Ferrous tris 1l:10 phenanthroline with long

chain alkyl sulphates or sulphonates,

Thenoyltrifluoroacetone and alkyl- or aryl-substituted phos-
phoric acids are also being used for solvent extraction studies
of chemical equilibria. A number of extensive reviewsg5' 9%, 97
have appeared in recent years on this subject. The principles
involved in the study of the chemical equilibria by this
technigue are the same as in an ion-exchange method.

Solubility Method: _
The derivation of gquantitative information about associatioi

equilibria from measurements of solubilities of sparingly soluble
solids in aqueous solutions containing complexing agents has been
in practice for a long time, Molecular complexes of picric
acid were studied by this method at the end of the last
century98’ 99. The use of a medium of constant lonic strength

for controlling the activity co-efficients of wvaricus species

in solution in the study of the essociation equilibria by this
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method was introduced by Edmonds and Birnbaumi°°,

Ton-exchange Method:
The first reports of the use of ion-exchangers for the

investigation of complex ions were published in 1902 by Guenther-
schulze>2® 40,  Using an inorgenic zeolite, he studied the C1™-
complexes 6f sone divalent cations. He agsumed that the pres-
ence of Cl~ ions on the exchanger was due té the sorption of
MC1Y . The discovery of organic exchangers in 1935 by Adam
and Holmes41 stimuleted further interest in the use of the ion-
exchangers, due particularly to their greater stability in acid

42 in 1946, carried out similar experiments

media, Samuelson
as Guenther-Schulze using an organic cation-exchanger and
established that the presence of chlorine on zeolite was due

to adsorption of the chloride and not on account of the exchange
of My ¥ species as suggested by Guenther-Schulze. The work
of Guenther-Schuize>2**0 1ed Gustavson*3—21 to investigate
complexes of chromium using inorganic and organic exchangers
over the period 1924-46. He also suggested the use of anion-
exchangers for examination of the agueous phase.

Semuelson” 224

used enion-exchaengers in studies of the
strueture of Grazham's salt. He also employed a cation-
exchanger to determine the composition and stability of the

metaphosphato~-ferrate complex. TFurther studies on chromium (III)
56-58’

-complexes, involving organic acidshaving been made
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eventually led to the determination of the compositions and

stabilities of the alkaline-earths (including Radium) complexes

with various organic acids59‘65. The use of radioactive

tracers or very low metal concentrations simplifies experimental
technique as well as formulation of necessary equations for
calculation of stability constants, Investigations along this
line were begun in 194455. The technique which is now well
established has been extensively used for the investigetion of
the complexes of the rare-earths and transuranic elements with |
e host of organic and inorganic ligands66*73, Anion exchangers i
have also been used particularly to deduce information regarding
anion-complexes resulting from the interaction of Zirconium,
Niobium, Palledium and Iron ete., and the halides!4? 12+ 16,
The paper of Schubert77 dealing with the effect of temperature

and ionic strength on the interaction of Strontiumsg’ 20 and

89, 90 as a tracer also

citrate ions using'Dowex 50 and Strontium
includes a review of the subjeet up to 1950, Since then, the
most outstanding contribution is the treatment of ion-exchange
data for computation of successive stability constants by
Fronaeus78. This treatment will be dealt with at an appropriate
place in this text. The treatment of experimental data in
general for calculating stability constants of complexes of

the type MLn, derives mostly from the contributions of Bjerrum79,

Sullivan and Hindmannso, end Irving and Rossottial. The least
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squaresmethod of Rydberg82 which dispenses with the graphic

methods of computing complexity constants and allows the use
of high speed digital computers is & valuable time-saving
contribution.

Cation-Exchange Equilibriza

Cation~exchangers are compounds of high molecular weight
in ionised form with sodium, ammonium and hydrogen cations,
The commercial products are usually formaldehyde or polystyrene
resins which contain phenolie, sulphonic or carboxylic acids
groups either in the mcidic (H'-form) or selt form (e.g. N&-
form). They are insoluble in water and organic solvents.
When equilibrated with a solution containing métal ions or other
cations e.g. MLE+, they take part in the exchange reactions

of the type:

+ z+ zZ+ + _
ZH'R + ML "= ML ™ R + ZH (1)
and ZNaR + MIZ*—= wiZ* R + zNgd (2)

The subscript R indicates the resin phase.

It is evident from the above equilibria that the study of
the overall distribution of a central group M between the resin
end the aqueous phases can give valueble information about the
species present in the aqueous solution,

The partition co-efficient of the cation ML§+ (o ¢ m ¢ C,»

where C+ is the meaximum value of n for a cation complex) between
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en aqueous phase and the Na-form of the exchanger may be
expressed in term of the equilibrium constant, Kn, for reaction

(2) above asi=-

ozl
[Iﬂa_rzl*_]aq .

(xd] =.

[I\Té."] ad. [Na'."] R
and should be constant if the ratio [m.

This condition is easily fulfilled if the aqueous solution

Pn =

is constant,

contains a constant high concentration of N& ions and the
exchange is low. ‘

Similarly, if M is 1likely to be hydrolysed either in the ]
resin phase or in solution, it is essential to use the resin in |
the hydrogen form and a strong acid a2s a back-ground

&3, 86, 87. The use of constant ioniec medium as

electrolyte
prointed out earlier will ensure that the activity co-efficients
of various ions in the agqueous phase remain constant, It has
been further discovered»that the partition co-efficient is
dépendent on the load [MLIZ{"] R, and ié reagonably constant if
the load on the resin is very low. According to Fronaeuss4" 85,
at low concentration, the cationic species MZ+, M‘Lz-l (if L is
singly negatively charged) have the same effect on the activity
co—-efficients in the resin phase. He, therefore, recommends

that quantitative information about cogplex formation in the
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aqueous phase be obtained from measurements which refer to
constant and low loads on the resin, These conditions are
readily fulfilled when radio-tracers are used in equilibrium
studies, The chief draw-back of the ion-exchange technique
for study of equilibria is that it involves computation and
interpretation of C++1 parameters in addition to the required
step stability cons?ggts.' Of all the treatmentéméuggested,
that of Fronaeus7§/is normally endplcyed in the more recent

and refined work.

Computation of the Succesgsive Stability Constants
by the Method of Fronaeus

The overall stability constant Fn for a reaction of the

type:

M + 0l — My

is defined as:

(M)
e e

This is related to the formation constant kn where

- (mn]
[I'ﬂ‘n-l] [L]

ﬁn= kI Xy k2 Xp esossaee kIl’
In cation-exchange study of equilibria of the above type,

kn

a known volume of a solution containing MZ', - (which is

varied) and back-ground salt to maintain high and constant
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cationic strength, is equilibrated with a known weight of the

a.
resin in/suitable form, and the distribution co-efficient,

is found.
CMR |, vwhere

Cu
Cyn = Concentration of metal on the resin in all its forms

viz, Mg, HMD R? ML, R etc.
and Cy = Concentration of metal in the solution in all its
forms vigz, M, ML, M12
If ¥ is a trivalent cation, and L has a siﬁgle negative charge!

we can write @ as:

%

[ﬁ}"]R +[MI.2+)R + [ML;]R. cete (1)
(] [ + k) P

o = [M3¥]R (2)

m 6 = ¢
Lo [MB"']

the value of 1o is found experimentally, using aliquots of

metal solution alone and treating them with known weights of

Considering the step equilibria, visz.,

w3* + 3N¥aR— 3" R+ 3Ng'

3+

Ky = (2 1, Cerreenrennees (3)
[13+).

m2* + 2Fa R = m® 5+ 2N,
(2] g

K2- 11 sesecessssesse (4)



ar+ _ | + +
LII,2 + Na R ; m,2 R + Na
MLS ) - o
K’b - [ 2]11 = 12 ooooooooooooooo ) (5)
- + .
(3]
so that

[M3+]R 101 [3%] ,
[:MLZ“] g F 1 (1224, ena

[MI’Z]R = 1 fMI';]

substituting these values in equation (1), we have

1, fm“] + 1 [ az2*) + 1, fm:u*a’]

ﬁrﬂ [MLQ*] fm} [m,

Further by definitions N
(2] - P [w3+) (1],
[z} ) = /32 (w3) [1) 2,
we [my) = 3 ()00
So by further substitution equation (é), becomes:
(f) = 1 +FI 1z [L] + fz {12 fL]z
I o+ fy (z) + Pa (1]2 + 3 [L]3

D = . (6)
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| Jri
b = 10{1 [L}" (I‘]z
I+PI[L]+ szL:) + F3 [I.]3

et 1 ; 1
Le FI I =1I $ and P2 2 = 1/2 s S0 that
1, | 1,
(I +21:(1L)+ 1,(1
G =1 ( I(] 2[] ......... (7)

A T+ pr(L)+ Por)®+fy (1)
From equation (7) | ) 3
1, pl= T +p; (z) +Po [1)° + F3 (1)
I+1; (2)+ 1, (1) +
or1, ¢t -1=Prl2] +Pa(n) "_[33[1')3 - 1; (2] - 1, (%)

I+ 17 [1)+ 1, YL]Z

2

Dividing by [I.] ’ ’
107 -1 Prefe (B4 py (87 -2 - 1, (]

(1) I+1; (1) + 1, (3)°

L,F =T _(Br-1p + (Fp - 1p) (L) + Py 1)
(1] I+17 (1) 1, (1)?
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The quentity (1, g™~ - I)/ [L) ie called $ . Thus

b, = (1 - 17) + (B - 1) L)+ £y [1)?
I+17(1) + 1,(1)?

limepr = $% = (Br =11 cevrriniiiiiininenenns(9)

fL]~>o

At sufficiently low ligand concentrations, terms like

ceess (8)

Py ( 1)2, JI (1) ana 1, ( 1)2 should be negligible, so that

b1 = ¢r- 1'I) + (fp - 1) (3] eeeeennenns .. (10)
Now a plot ofcpI vs. [L:) should approach linearity, with
intercept PI - li =§b§ and slope (=/32 - 1;2).

From fthe knowledge of the quantities viz., 10, O gb:([)'h and

[.I."] , another function f is calculated, being:
T . /
£= 1o b q (PI-II)[L]-I} I
S |
ProT #P20T (B +P392 (1) -P3 (2] - (fo- 12)“a1)

1+ (1) + 1, (1)2

(1:Sm. £= 22=8:67 - (P, - 1}) ceiieeceniiasaeaas cerenes (12)
Lo

Knowing f, fo,¢>I, ¢ 3» the following quantities are calculated
Af=f-7fo, and
o
apr =P1 -1

By rearranging equations forgbIand f, we have
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pr= - fy fﬂ + £, [ﬂ - 1;¢>I (x ... 1)

AsbI A¢)‘ a1

on further rearranging

Af )

— A i3 /

YI,] f}I I -— 4 - fq_ [-II] +12 ¢1‘ cooo--co (14)
. fL .
It is usually assumed that a plot of A £ againgt a I y 18

A €7

linear; an assumption which is of course only valid if the
tems»ﬁ_,", ﬁ4 and f,_ ¢, ,» are-negligible, the slope of the line
apI

then gives -FI; The quantities At and ‘ sometimes tend
(1) [z™) -
to be nearly constant, so that this method is no longer appli-
cable., In such cases, following equation 13 a value of FI’
may be obtained by taking the arithmetical mean of the
A .
reliable _f values; this assumes that in equation 13, the

A J——
terms P P1 [I‘] 154 LLJ, etc. are negligible.
ApT a¢I ,
Imow:l.ngf? 7+ the quantity (Fz 12) is calculated from

(Pa"" 12) —fI ¢)Q - fO €8 0620 0CE PRS0 00 PDOSESO0CDOSOEROE (15)

This is followed by the calculation of another funection,
=T e
g = 10 ¢) (/)?2 - 12) g (f -fI ¢I)
(1]
= f2Pr-f3 - = L3 (16)

If the term Xy [L] is negligible, which will be the case if a
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higher complex is not formed, a plot of g vs. (bI is linear

with slope = /32, and intercept = 'ﬁ3°

OQutline of the work undertaken

The present work deals with certain aspects of the
solution-chemistry of some of the Rare-earths and elements of
the Actinium Series. ~The equilibria involving the trivalent
cations of these elements and oxalate, glycollate,o =hydroxy-
isobutyrate, Fluoride, Chloride and Sulphate ligands have been
investigated by :a  cation-exchange method using media of
constant cationic strength (N§4¢'or Naf, depending on the form

at constant
of the resin used) and/ﬁemperature. The data obbtained were
treated after the manner of Fron.aeus78 for}ggmputation of the
step stability constants. The choice of the ligands namely,
oxalate, glycollate and « =hydroxyisobutyrate, Fluoride and
Sulphate was made on account of the.. extensive use of thése
in the separation of Rare-earths and elements of?ﬁitinium Series
from each other and other elements by precipitation and ion-
exchange elution technigues.

A number of papers regarding the study of these systems by
potentiometric, electromotive force measurement, solvent
extraction and ion-exchange technigues have appeared in recent
years and will be referred to at appropriate placesin this text.

the
The study of/Chloride systems of Yttrium (111) and Cerium (111)
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was undertaken because in the earlier work done in this

1, ammonium chloride had been used as & back-ground

laboratorylo
salt and the results obtained lfrom the study of Yttrium (111)
end Cerium (111) complexes with glycollic and « =hydroxy-
iscbutyric acid etc;T?g;nd to be at variance with some of the
results reported in the literature since 1960,

The work is divided into two parts. Part I is an extension

of the work previously carried out in this laboratorylol

sy and
deals with an investigation of the factors which were thought
to have a bearing on the method and had not hitherto been
adequately studied. Account was teken in Part IL, of the
results of the Part I work in planning the study of the

equilibria mentioned above.



PART I

SORPTION OF YTTRIUM (III) ON ZEO-KARB 225 (SRC 15)

AND DE-ACIDITE FFog EFFECT 6F CROSS-LINKING OF A
RESIN ON YTTRIUM (III)-GLYCOLILATE SYSTEM; EFFECT OF
A VARYING V/M RATIO ON YTTRIUM (III)-GLYCOLLATE SYSTEM
ARND THE STUDY OF YTTRIUM (III) ok~ HXbROXYISOBUTYRATE

AND CHLORIDEZ SYSTEMS.
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CHAPTER IT

EXPERIMENTAL

Introduction

The use of synthetic ion-exchange materials for the
gseparation of mixtures of chemically similar elements of the
lanthanum and actinium series is now/:ell-establiéhed practice
especially at the tracer level. In such separations, the
solution containing a mixture of the elements is passed down
& column of a suitable ion-exchanger. The sorbed metal ions
are then selectively eluted with such buffers as glycollate,
lactate orK -hydroxyisobutyrate. The efficiency of the
separation by these acids increases in the order: glycollate,
1actate,o(—hydroxyisobutyrateloa. This cannot be explained
unless the nature of the equilibria involved and the composition
of the association products formed in the ionic solution are
adequately known. In recent years, particularly since 1960,

a wealth of data and results have been published on the study
of the equilibria involving these and other ligands and elements

of the rare-earth and actinium series by potentiometriclo4’ 105

106 107, 108, 109 110, 111,

y ilon-exchange end solvent extraction

112 methods. Prior to these and other equilibria of some of
the rare-earths and elements of the actinium series by cation-
exchange, & series of preliminary investigations were undertaken

regarding partition behaviour subject to change of pH, cross-
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linking of resin and '/m ratio (where v = volume of solution
in m%?ilitres, and m = weight of resin in gm.). The possibility
of & change in the concentration of a ligand in solution due to
adsorption of the latter on the resin was also studied; the
ligend selected for the purpose was glycollic acid, the reason
being that the same ligand had been used earlier ;g experiments
dealing with the effects of cross-linkage of resin etc. on
Yttriwn (111)-glycollate system. The data and results of all
these investigations and those of Yttrium (111)-glycollate,
A -hydroxyisobutyrate and chloride systems are a2ll contained in
this chapter. The choice of Yttrium-9l1l as a tracer for this
preliminary work was based on the following considerations—

(1) Yttrium-91 is one of the comparatively inexpensive

rare-earth isotopes, and it has a reoscnably 19ﬁg half-

life (t/% = 61 days).

(2) The p:-par'bicles emitted by this isotope are

sufficiently energetic permitting an accurate assay

of the metal in the liquid phase by’B counting in

G.M., liquid counters.

(3) Yttrium, on account of its ionic¢ radius, and

chemical behaviour similar to Gd and Tb, may be taken

as a representative for all rare-earths.

(4) Yttrium is consistently trivalent., Therefore,

the possibility of complications arising out ofa
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change of valence state of the element in solution

are ruled out.

Sorption of Yttrium (111) on ZeoKarb 225 (SRC l§2=:
8% DVB, 100=-200 mesh (Ammonium-form) in the presence
of O.5M and 0.1M Ammonium perchlorate and at 25°C.

A series of solutions containing the same smount of the
tracer (Yttrium-91) and enough of solid ammonium perchlorate to
give 0.,5M or 0.1M strength were prepared in 25 ml, and 50 ml,

concentrations
standerd flasks, and adjusted to different hydrogen ion
renging frdm pH 1.5 to 4.5 using standard aqueous ammonia and
perchloric acid sclutions. Equal and knovmn volumes of each
were mixed separately with the same and known weights of the
regin and equilibrated for nearly two days in a constant tem-
perature (25°C) water-vath as in the geheral procedure (vide
appendix iii). The initial and finael f3-activities of the
solutions were measured in .a Geiger—M&ller liguid counter,
and the distribution-co-efficients calculated by the method
detailed in .. =zppendix iv, Ysotherms were obtained by

plotting b against pH (vide -figures la,b,.c).

Sorption of ¥Yttrium (111) on De-acidite FF., in the
presence of 0,5M fmmonium perch;orata and at 259C.

De-acidite FF, was converted to the perchlorate~form,
A known weight of it was placed in a series of polythsane
capsules and mixed with equal volumes of Ytitrium-91 solutions

in 0.5 ammonium perchlorate and adjusted to different pH



Figure 3

Effect of the Degree of cross linking of the Resin on Yttrium (Ill)
Glycollate System in 0 SOM Ammonium Perchlorate at 25°C

4102 9, vs [LU] piot

O Points obtained with 20% cross-linked resin
10} —++ Length of the ordinate_indicating standard deviation (o)
in @ values at a particular[L] value due to variation of
values observed with resins of varying degrees of cross - linkage
gl viz. 2°/, DVB., 4 -5% DVB., and 8°% DVB.
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values. The capsules were sealed and placed in a constant
temperature water-bath to equilibrate (vide appendix iii),

As in the previcus experiment, ¢ values were obtained from
measurements of initial and final solution activities, and

plotted against pH's (vide figure 2). N
Investigation of the Yttrium (311)-Glycollate system
with cation-exchangers having different degrees of
cross—linking in 0.5M Ammonium perchlorate end at- 25°C.

In this investigation, the general procedure laid out in
appendix iii wes followed., pH's of the solution were kept
between 3 and 4 to avoid erratic distributions (vide figures
la, b,e). The data obtained with resins of different degrees
of cross-linking and the results calculated from them are
collected in the tables below:~ ( Atso St F1G.3)

TABLE I

Data and resuls obtained with Zeo-Karb 225 (SRC 15):

8% DVB 10C=200 mesh (ammonium form)

Weight of resin taken = 0.40 g.

Volume of complexing solution per

equilibration =15 ml,.
Volume of tracer solution in 25 ml, of

the complexing solutions = 1 ml,
Time allowed equilibration 24 hrours,

pH of solutions = 334 + .01



Proele B

1, (I - I0) = 3630 mi.g'

A

1, (IT = I7) =326 wmlq

(a)

' mgd.g/ o - Oy f Af A¢I g
litre ml.g M-t et M2 M- M3
- - | 300+10 :0.§5x105 T - - -

.00084| 2853 323 0.68 | 0.4 xi0*| 23.3] -
.00168| 2346| 326 0.82 1.7 25.7 -
.00252| 1828] 391 0.81 1.6 91,1 .
.00341} 1537 400 0.91 2.6 99.8 -
.00420] 1295| 429 0.98 3.3 129 -
.00518] 1073 460 1,07 4.2 160 -
00604 928 482 1.14 449 182 -
.00681| 782] 535 | 1.26 6.1 235 -
.00766| 759 494 | ‘i.23 518 | 194 | 1.19x107
.00863| 644| 537 1.34 6.9 237 1.27
0175 | 232] 752 2.00 13.5 452 1.81
L0262 | 119 1013 2.77 21.2 713 2.43
.0350 71| 1295 3.60 29.5 995 3.11
0437 | 49| 1515 4.27 36.2 | 1215 3.64
0874 13| 2923 8.48 78.3 | 2628 7.03
.1398 4] 5313 15.58 149.3 | 5013 12,75
.1748 3| 7413 21.83 211.8 | 7113 17.79
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Results

and conditions

‘Reaction medium PH range - pK HL - [31 ﬁZ v | ﬁ 3

0. 51 NH4 cio4 _ o . 4
o 3.34+.01 ] 3.46 | 297.1 | 2.4x10
t = 25°C

*See appendix (vi)b

TABLE II

Data and results obtained with 4-5% cross-<linked resin
(Zeo-P;arb 225 (SRC 12): 100;20(_) mesh; }H{z,rj-‘-fom).-
Resin weight used per equilibration-= 1l g

Volume of complexing solution per
equilibration = 20 ml,

0.9676*
3431 +0,01

Resin swelling correction factor (C)

pH

*vide appendix (vii)
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-
$° = 300+ 10/;M £, = 6.5%10% m? 1, = ‘176‘_7 mi. g™
(a) ' '
mgie} o | o1 z AL AP g
litre hn{ g-‘ M- M2 M2 M- w3
00169 |1140| 325| 8.26 x 204| 1.76.x10%| 25.35. -
00334 | 765| 393 9.00 2.50 ~92,79. -
00507 | 567 417| 10.21 .71 | 117.31)1.20x 207
.00676 | 413| 485| .11.81 5,31 184,83 1.20
.00771 | 373| 485| 12.15 5.65 184.67 1.25
.0103 | 270| 539] 13.85 7.35 239,26 1.40
0128 | 194| 631] 16.35 9,85 330.90 1.61
. 0257 70| 943 25.79 19.29 643,18 2.42
.0333 46 | 1122} 31.19 24.69 821.76 2,88
- 0446 31| 1257) 35.54 29.04 956,11 3.23
. 0625 17 | 1649 A7.24 40,74 1346.48 4.23
. 0695 14 | 1802 51.89 45.39 | 1502.42 4,63
*Meen of 5 velues corrected for swelling of the
resin
(b) Results
Reaction
medium snd pH pK' HI P-I 732 A3
conditions - M- M-2 M-3
= 0.5M | | A 5
0 3.31+..01 | 3.46 302,28 } 2,57x10 5x 10
t = 25°C
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TABLE III

Data and results obtained with 20% cross-linked resin
(Zeo-Karb 225 (SRC 23): ammonium form; 100-200 mesh).
Weight of resin used per equilibration = 0.1 g.

Volume of complexing solution used

per equilibration = 15 ml,
1, = 9200 mL g

molfeﬁlgtre o - ¢I
wi. g ™M
1. .001636 5651 384
2. .003227 3717 457
3. « 004643 26438 533
4. . 006454 1979 565
56 « 007737 1574 626
6. .015470 580 960
T. 039230 107 2166
8. . 080670 17 6696

b0 =320z1 20 ~"

PH = 3,29 + .01
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TABLE IV (a)

Data and results obtained with 2% cross-linked resin
(Zeo-Kzrb 225 (SRC 7): ammonium form; 100-200 mesh).
Weight of resin used per equilibration = 2.0 g.

Volume of complexing solution . used

per equilibration = 20 ml,
Correction factor O for resin swelling = 0,8508
pH = 3.,37%.01
1, = 470 mi.g"
Batch 1
No. [L-] ) QS
mole/litre mi. o M_I‘
1. . 002055 341 184
2. .003203 252 270
3. . 004109 240 233
4. . 0056084 172 285
5. .007378 144 307
6. .008325 136 295
7. .010410 113 304
8. . 012650 92 325
0. .021080 52 381
10. . 054040 18 465
11. 108100 8 _ 534




TABLE IV (b)

Data and results obtained with & different batch of

24 cross-linked resin (Zeo-Karb 225 (SRC 7):

form;

100-200 mesh).

Volume of complexing solution used

ammonium

Weight of resin used per equilibration = 1.0 g.

per equilibration = 40 ml.
Resin swelling correction factor, O = 0.,8894
pH = 3,26+ ,01
1, = 728 ml g
Batch 2
(7]
No. ’
mole/litre ¢ - 2 1
wmi. 9 ™M
1. 0003814 287 403
2. « 004392 '244 452
3. <006423 173 500 -
4. . 008915 115 598
e ,010821 88 672
6. « 013500 72 675
7. .015180 59 747
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Infra-red Spectirophotometric Examihation of the

two _batches of resin (Zeo-Ksrb 225 {SRC 752. 2%

TVB, ammonium form, 100-200 mesh)

The discrepancies in the values of the function @,
calculated from the data obtained with resin from two-~diff-
erent batches (vide supra, tables IV (a) and IV (b))
suggested the possibility of some basic differences in the
composition or strﬁcture of the two resins, To check on
thisg poseibility, the infra-red spectra of the two resins
were obtained by a method ocutlined in the appendix (VIII).
The comparison of the two speectra (vide figure 4) however,
does not clearly indicate any qualitative difference of
composition or structure between the two reins. The very
obvious difference in the two batches of the resin was
that of colour. The resin from batch I was much darker
in colour than that from batch II and on washing with
hydrochloric acid gave an effluent which was much darker in
colour than the one obtained from the latter.

Effect of the varying V/m ratio on the Yttrium
(TII)-CGlycollate system»in 0.5 Ammonium perchlorate

In this investigation, eight_per cent cross-linked
resin was used, The choice was based on the results of the
preceding experiment (vide figure 3). It is evident from
figure 3, that the effect of the degree of cross—l%%%age of

between 2-8% D
the resin used is not very serious regarding ¢I,/a.nd hence e

subsequent values of the stability constants of the

complexes involved, However,
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8 to 107 degree of cross~linkage seems a happy medium,

TABLE V (a)
Vim = 15/0. 2

pH = 3.21+0.01

* -
1, = 3587 mt.q’

mole/litre -\
ml. 9 M-
1. .00142 2359 367
2. . 00284 1809 346
3 . 00426 : 1255 436
4. .00568 987 464
5 . 00710 821 474

*Mean of 12 values, obtained with varying
V/m ratios - resin weight used/l15 ml. of
solution wss varied between 0.2 g. to 0.6 g=.
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MABLE V (b)

V/m = 15/0.4°
pH = 3.21+0.,01
1, = 3587 mi.q"
No. mog.g/gitre d -\ ¢-I
mi.g M-V
1. «00142 2422 339
2 .00288 1605 429
3. . 00438 1219 443
4, . 00576 953 479
5. . 00719 739 536
TABLE V (e)
Vim = 15/0.6
PH = 3.21+ .01
1, = 3587 mig"
No. mog.lc:ar/:l litre ¢ - ¢I
ml. 9 M-
1. « 00144 2340 370
2. . 00288 1552 455
3. .00438 1142 489
4, » 00593 898 505
5. 00720 736 538
NoTE: The renulls of the above nvestigation aste

%q,hicau% shown wn /ﬁ-ig,wﬂ 5.



Figure 5 |
Effect of the variation of v/m ratio on Yttrium(lli) Glycollate
System in 0-50 M Ammonium Perchlorate at 25°C.

# vs [L] plot.
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The determination of collic acid in
Solutione previously in contact with lon-
exchange resins.,

The study of chemical equilibria by (a cation-exchange
method is based on the assumption that while free and partially
complexed metal ions are sorbed onto the resin, the freeliigand
concentration is not affected. The investigatibn of the |

of varying cross-linkage -
glycollic solutiors previously contacted with resinsfwvas under-
taken to check the validity of this assumption, The loss of
free ligand species, though ruled out by the exchange mechanism
of a cation-exchanger, is nevertheless possible due to a vander
Waals adsorption process. The following methods were tried
for determining glycolllic acid concentration in solutions which
had previously been treated with cation-exchangers of varying
cross-linkages-

(1) Ultra violet spectrophotometry - The method had teo be

abandoned because solutions which had been in contact with
resins showed complete absorption in the U.,V. region. This,
incidentally, suggested that during equilibrations, some resin
might be pessing into solution. To check on this, and to
establish the nature of soluble resinous matter, 4-5% cross-—
linked resin (H-Form) was shaken with water for several hours.
After the insoluble matter had settled down, the supermate

was decanted off and centrifuged to ensure the complete

the
removel of/suspended matter, The solution was evaporated to
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dryness. The residue was collected in a clean dry test tube

and dried under vacuum for several hours, Finally its infra=
red absorption spectrum was obtained (vide appendix viii) and

compared with that of the original sample. The comparison

showed the two to be identicael (vide fig. 7).

(2) Cerium (IV) oxidetion of Glycollic scid'23The method was
abandoned on account of poor reproducibility of results.

(3) Chromium (VI) 'Heat of dilution' methodl™* - Essentially

the method given in the original paper was followed, However,
for 3 to 8 mg. quantities of glycollic acid in 2 to 5 ml. ofa.
sample only 7 ml. of conc,-sulphuric acid was added for initial .
oxidation (instead of 10 ml.) and afterwards a further addition
of 10 ml, was made instead of 30 ml, This prevented a
tendency towards excessive reduction of chromium (VI):. Iarger
amounts of glycollic acid require proportionally more conc.
sulphuric acid in the oxidation steps and consequently greater
dijution afterwards if a chemical indicator is used in the
subsequent titration. It was found in practice to be more
convenient to a2dd an excess of 0,1M, iron (II) solution to the
chromium (VI) remaining after the oxidation and to titrate with
g solution

/stenderd chromium (VI)/using N-phenylenthranilic acid as
indicator than to titrate chromium (VI) with iron (II) to

a potentiometrically determined end-point as previously

recommended. The method could not be used successfully for



~40~

determining glycollic acid in solutions which had previously
been in contact with resinsof low cross-linkage (2% DVB and
4-5% DVB) due to high and inconsistent blank values.

(4) Estimation of Glycollic acid by chromotropic acidl”-

The method was re-examined in detgil to ensure its successful
application to the systems under investigation, using crude
end refined grades of the reagent. The procedure finslly
edopted is as follows:-

0.200 ml. of/gample containing 15 to 130 wg. of glycollic

a "~ solution

acid and 0.5 ml. of/chromotropic acid (Na-salt)/ are transferred
to a boiling tube fitted with a ground glass stopper. 5 ml,
of conec. sulphuric acid are added in small portions and mixed
in such a way as to prevent an excessive localiesed heat release;
It is then stoppered and suspended in a boiling water-bath for
15 to 20 minutes (if refined reagent is used) or 30 to 40
- minutes (if crude reagent is used), cooled under z tap of runn-
ing water and diluted with water to 50 ml. in a standard flask.
The optical density of the coloured solution is finally measured
at 570 gﬂm against a reference solution prepared by following
the same procedure but uweing water or an appropriate salt
solution instead of the glycollic acid sample, A calibration

curve is prepared by the same procedure. The Beer-Lambert

relationship is obeyed for 15 to 139/Lg. of glycollic ecid
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using 1 cm, glass cells, With a somewhat longer heating
time and using crude reagent (the colour produced witﬂ%brude
reagent is less sensitive to heating time than the one obtained
witﬁ?purer stuff), the law is obeyed up to ISQ/Lg. Colour is
stable up to 24 hours. The concentration of sulphuric used
is also critical. Therefore, in a particular run the solution
to acid ratio must be the same in all samples including those
taken foﬁ?calibration curve, The acid used must, moreover,
be from the same container, Figure 8 shows a typical cali-
bration curve obtained with a recrystallised reagent. The
broken line indicates the position after nearly 24 hours.

The effect of lactic acid on such a determination of

glycollic acid has als¢c been studied, The results are

contained in table VI b,
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Determination of Glycollic acid by
Chromotropic acid. ( Sodium salt.)
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TABLE VI (a)

Glycollic acid determination; a comparison of results

oroms i nge | 3ob3 saken | foind Lig) Speereo- | ThirESC
g) photometrically* pry
2% 60.8 60,8 -
121.6 123 - -
182.5 183* -
4~5% 60.8 61.6 -
60.8 60.1 S
121.6 120 -
121.6 122 -
8% 60.8 615 62,0
60.8 60.1 61.7
121.6 121 123
121.6 122 121
20% 91.3 90.5 1 9.2
152.1 151%# 150 -

*Heating time 50 minutes; reagent sample B, The
reference solution was provided by a 'blank' deter-
mination run on 0,200 mi of 0.5M NH4_0104 which had
been equilibrated with resin in the same way as the

glycollic acid sample.
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TABLE VI (b)

The effect of laetic ecid on the determinetion of Glycollile
acid by the chromotropie acid method.

Glycollic acid Lactic acid Glycollic acid
taken {g) present (»g) found* (cg)

15.2 - 16

15.2 5.0 16

30.4 - 30.5
30.4 9.0 30.5
60,8 - 60,8
60,8 16 61.0
60.8 36 60,8
60,8 41 61,0
60,8 46 60,8
60,8 54 57.0
60.8 T2 54,5
60.8 90 41.5

*Heating time for colour development was 45 to 50

minutes,

Reagent semple A wes used.

The reference

solution wae prepared from & 'blank' run on 0. 5K

NH40104 previously equilibrated with resin,
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Study of Yttrium (IIT)- dlhg oxyisobutyrate
equilibria in O, 0.5M ammonium perchlorate at 25 C

The study was carrled out with 8% cross-linked resin
(cation—exchanger) following the usual procedure. The Y/m
ratio was kept the samé throughout to avoid unnecessary appli-
cation of .g . resin-swelling correction which is required if
the ratio is reduced beyond a certain limit (vide fig. 5).

The pH of the equilibrium solutions was maintained between 3
and 4. The pK value of the acid was determined by the method
used for a2 similar measurement on glycollic acid (vide appendix
(vi)). The results of the study are collected in the tables
VII (&) and VII (b). Table VII (a) contains values of [L~ )
and ¢, , derived frongﬁ values measured with -a saturated
Calomel/glass electrodes system hawing satursted potassium chlo-
ride es a salt-bridge. Table VII (bP) contains results derived
from measurement of pH with .3 : saturated Calomel glass
electrodes system using saturated sodium chloride solution as

a salt-bridge. The plots of the function ¢, derived from the
date of Table VII (&) and VII (b) against [ L™ )almost coincided
(vide fig. 6), indicating that change of the salt-bridge in

the electrode system was without effect on the values of the
step stability constants (derivetives of the functions @i

ana {27) ).
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TABLE VIT (a)

V/m = 29/0.1
pH = 3.60 + .01
PRpy, = 3.78

1, = 3590% vl g'

No.. moi;};gtre ¢ o

wi 9" M
1. .0002017 3070 839
2. . 0004034 2692 827
3. .0008068 1996 990
4. .001210 1634 989
5. .001614 1305 1086
6. 002017 1051 1198
7. .002415 889 1268
8. . 002824 T72 1293
9. .003227 637 1436

Flot of ¢h against fL'), on extrapolation to

0 -
" =750 + 50, M

0. ligand concentration gave

¥Mean of 8 values.,




TABLE VII (b)

Ym = 290,21
pH = 3,41 to 3.45
MK (ppy= 3.61
n;olg}l?i.tre n fq_\ Q:_‘ f«'z a f,\—?. AM?.' =-3
- 3590 { 750+ 30 | 3.63x10° - - -
. 000204 3070 828 | 2.38x%10° x 10° - x 10°
+000409 2692 816 4,51 - - -
. 000807 1996 977 4.45 0.82 239.8 -
.001226 1634 976 5,48 1.85 226,1 2,08
«001635 1305 1072 6.07 2.44 322,0 -
. 002044 1051 1182 6.75 3.12 - 432,0 2.31
002420 889 1248 7.33 3.70 498,0 2,52
.002824 772 1276 T.77 4.14 526,0 R
. 003270 637 1417 8.59 4.96 667.0 2.82
»004088 488 1555 9.69 6,06 805.0 3.12
004958 351 1859 11.71. 8.12 1109.0 3.67
< 005341 308 1999 12,63 9.00 1249,0 3.92
. 005885 328 1688 11.06 T.43 938.0 3.44
+ 006002 250 2184 14.03 10.40 1434,0 4.31
. 00667 232 2236 14.61 10.98 1498.0 | 4,46
. 006865 203’ 2436 15.81 12.18 1686.0 | 480

—g-v-
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TABLE VII (c)

; Results:
| . )
Reaction medium pKHI
and temperatiure pH ' f1 F% ﬁ m3'3
§ M ™M
= 0,5M NH,C10, | 3.41 %o | 750 5
o _ 3,62 -1 2:1x% 20 -
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Investigation of the Yttrium (III)-Chioride o
System in O,5M Ammonjium Perchlorate and at 25°C

The investigation was made in the usual way using
Yttrium-91 as a tracer and 8% cross~linked cetion-exchanger
(Zeo-Karb 225 - SRC 15). The pH of the equilibrium solutions
was maintained at  3.50 + 0.0l. The '/m ratio throughout
the run was kept the ssme, namely, 20/0.05. The ligand
range used was 0.05 to 0,48 mole per litre. The isotope
concentration of the solutionsbefore and after equi;ibration
was determined radiometrically bw'ﬁ—eounting usingféeiger
Miller liquid counter (vide appendix (viii))., The pH of
the solutions wzs measured by a Doran Universal pH meter using
a saturated Calomel glass electrodes system and a saturated
golution of poteassiun chloride es a salt-bridge. The time
allowed for the establishment of the equilibdrium was 24
hours, The stoichiometric concentrations of the ligand
solution have been used for the calculation of the funetion

®, » The results of the investigation have been collected

in the following table.
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TABLE VIII

mollg}ll}.tre . z.gt;_‘ ?i\i ‘ :: . A :-1 A :,?-’\ F:,:-\
- 4955 - - - - -
0.05 4213 | 3.52 - - - -
0.10 3717 | 3.33 - - - -
0,15 3504 | 2,76 | 0.45 | 0.35 | 0,76 | 0.46
0.20 3008 3.24 0.30 0.20 1l.24 0.16
0.25 2612 | 3.59 | 0.82 | 0.72 | 1.59 | 0.45
0.30 2251 | 4,00 | 1.33 | 1.23 | 2,00 | 0.62
0.35 2081 | 3.95 | 2.33 | 2.23 | 1.95 | 1.14
0.40 1758 | 4.55 | 2.73 2.63 2.55 | 1.03
0.45 1532 | 4.96 | 3.34 | 3.24 | 2.96 | 1,09
0.48 1532 | 4.65 | 3.78 | 3.68 | 2.65 | 1.39
- - 2,00 0,10 - - -

The agreement between the 'PI values (Table VIII), is

not very good.
further calculations of/]32 and P3.

Therefore no attempt was made at the

Rejecting the

value (underlined in Table VIII), and taking the mean

of the rest/PI is computed to be = 0,88 + 0.34, MY




=50~ , o
=

DISCUSSION OF RESULTS

Sorption of Yttrium (III) on Zeo-Karb 225 (SRC 15),
8% DVB and De-acidite FF from amﬁonium perchlorate solutions
follows the same pattern which is independent of the concen-
tration of tﬁe background salt (vide figures 1la,b,c, and 2).
The values of the distribution co-efficients (¢ ) are nearly
independent of pH in the range of pH 2.5 and 4.0. Below pH
2.5 the ¢ values tend to decrease sharply while beyond pH
4.0 they rise steeply. passing through a maximum at pH 6.5
end dropping suddenly to low values thereafter (see figure
le). This pattern of sorption for Yttrium (III) on ion-
exchangers is comparable to what Haissinsky et. a1133
observed concerning the adsorption of cerium (IIX) on platinum,
silver, glass and other surfaces at different hydrogen-ion
concentrations, These authors have suggested that the adsor-
ption of the lanthanides on platinum is due to the electro-
static attraction of a vrimary layer of adsorbed anions.and
is subject to changes of pH on account of the competitive
adsorption of hydrogen ions on platinum, The figure given

below illustrates this mechanism:

€y CT - ATA” - H HY
HY HY - ATAT - CT O}
H, H, - ATA” - H H]
¢l Cy - ATA” - H HY
Hy H - ATA” - C} C7
C"C" - ATAT - H" H
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According to this sssumption, it is evident that when a
cation is outnumbered in solution by hydrogén ions (1ow'pH),
it wiil be -forced tb stay in solution or as in the present
case the values of ¢ are low. Witﬁ decreasing'hydrogen ioh
concentration (increasing pH), the competition for sites by
hydrogen ions decreases and hence an increase in the values
of @ . The plateau regions in the isothems.(figures la,b,c
and 2) indicate a balanced state of affairs between the
competing ions., The sudden increase in the values of §6
beyond pH 4,0 is difficult to explain on the basis of the
competitive sorption of the hydrogen iong alone. Haissingky
et., al. explained the adsorption of ruthenium on platinum at
higher pH by further postulating that the decrease in the
potential of platinum with increase in pH favours the dis-—
charge of cations and hence greater adsorption, and have
demonstrated such a diminution of potential in platinum
experimentally. In the present case, if, it is =assumed

that an increase in pH causes a decrease of Donnan's Poteﬁ-
tial in e cation-exchanger, the steep rise in the values of
the distribution co-efficients for yttrium (III) may then be
explained on the basis of a break down of the primary
anionic layer around the resin particles and a favoured
sorption of yttrium (III) because of its higher charge and

smaller ionic¢c radius than the competing hydrogen ions. The
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steep fall in the values of ( beyond pH 6.5 mey be attributed
to the formation of colloidal miscelles slightly adsprbable
or poorly adherent to the surface due to the partial hydro-
lysis of the ionsl33.

Regarding the influence of the degree of cross-linking
of a resin on yttrium (III)-glycollate system, it has been
observed that up to 8% DVB it is not very serious (vide
figure 3). The standard deviations observed in the values
of ¢, at a constant concentration of a ligand (shown.by the
length of the ordinates in figure 3) obtained with 2% DVB,
4-5% DVB and 8% DVB resins are not beyond the expected limits
(+ 5%). It might be observed that the valuesof the distri-
bution co-efficients afe-subject to errors due, inter alis,
to the imperfections within the resin. According to
Freeman134, these errors are consistent and may be neglected.
In the present investigations such errars were minimized by
using the mean values of the distribution co-efficients
obtained from replicate measurements. If was further noticed
that the corrections due to the swelling of the resin were
more important in the case of a low IVB resin than those with
a higher degree of cross-linkage. . The higher trend of @ I
values (vide figure 3} obtained with 20% cross-linked resin
seems anomalous and is difficult to explain unless some kind

of a 'selectivity reversal' due to the ' polyfunctionality’
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of the resin and the ligand effect (apart from complexing

of yttrium (III) ) is assumed. The only case of 'selectivity
reversal' reported so far concerns the exchange of soéium .
and hydrogen ion on highly cross-linked resins (15% DVB and

higher). Reichenberg et. a1,161

in their exchange study of
the N&/HY system found that the value of Kga ife; the
selectivity co-efficient of the resin for Ng'iéns decreased
sharply wi?h increase in XNaR. i.e. the equivalent ionic
concentration of sodium on the resin, They attributed this
reversal of selectivity inlitially to the effect of the
'polyfunctionality' of the resin161 but later suggested that
it was due to the influence of the sulphonic group5162 iﬁ

the resin, In the present case since Xy(III)R,iS nearly |
constant on account of the fact that only tracer amounts of
yttrium were used, the 'selectivity reversal!, if any, must
be due eithér to the influence of the 'polyfunctionality' of
the resin alone or some sort of a combined effect due to the
ligand (apart from complexing) and the 'polyfunctionality*

of the resin or the suliphonic groups in it, A resin of 8%
cross—-linkage appears to be a reasonable choice on account Qg:
its smaller water uptake (compared to resins of lower cross-= .
linkage) and balanced selectivity (compared to resins of
higher cross-linkage). | -

The wvariation of T/m ratio over the range of 15,/0.2 eng’
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15/.6 does not seem 0 have any effect on the values for
ﬁn in y$trium (III)-glycollate system, provided the necessary
corrections due to the swelling of resin are made (vide

figure 5)«

The results of the investigation regarding the likely
removal of glycollic species from the golutions by the cation-
exchangers affvarious degrees of cross-linking due to vander
VWaal's adsorption phenomenon during eaquilibrations of yttrium
(III)~glycollate solutions with these resins, show that the
concentration of glygollic acid in solution is not affected
by the resins in questione, namely, the cation-exchangers of.
2%, A-Sth, 8b and 20% DVB (vide table VIa). This is
fortunate for otherwise the calculation of fL’] function
would berome more involved and less reliable so that the

n
values derived from it would not be wvalid, .On the basis of

the above, it was agsumed that like glycollic acid, the con-

centrations of other ligands (namelyo!~hydroxyisobutyrate,

chloride, sulphate, fluoride and oxalate) included in the

ensuing studies would not be affected by the resin. In the

colorimetric determinetion of glycollic acid in soiufzgns
which had been previocusly treated with resins, by chromo-
tropic acid (sodium sslt) lactic acid up to 46.ug per 6lug
of glycollic acid per sample was found to be without effect

(vide table VIb),.
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Yttrium (III)-o -Hydroxyisobutyrate System

As indicated in appendix viii, the conventional salt—:
bridge, namely, saturated solution of potassiugi~chloride was
replaced by a saturated solution of sodium chloride in the
saturated calomel half-cell, for the measurement of pH in the
present investigations. This introduced a constant differ-.
ence of =0,19 + 0.01 pH unit in the measured values of pH
against those obtained with the conventional cell-systen and
the salt-bridge. This necessitated re-determination of a
pK value for the scid under the desired conditions (vide
appendix iv), A pK value of 3.61 for o -hydroxyisobutyric
gcid for 4L = .50 and et 25°% is in good agreement with a
value of 3,78 derived from the measurements of the pH values
of £ ~hydroxyisobutyric solutions with a conventional cell
assembly and salt—bridgelol. The results obtained from a
parallel run of measurements of @, and (L’] functions based
onn the measurements of pH values with identical cell—s&stems
but different salt-bridges show a good agreement within
limits of experimental exror (vide figure §). The 8, values
obtained in the present investigation and those reported in
literature are given in table IX, _

It will be evident from the perusel of these results,’
thatf?I and 132 values obtained in the present work are in

good agreement with those reported at serial no. 2 and 3 in
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= Potentiometric titration

TABLE IX Yttrium (III) o -Hydroxysobutyrate — Results
Reaction medium, K
temperature, Method - | Php | B 1 B o B Reference
PH M"\ M‘Z M'3
0,50M NH, 0104 i. ex, 3.61 | 750+ 30 2.1x 10° x Present
t = 25°C; pH = 3-4 work
0.50M NH, C1 i. ex. 3.78 | 661 | 2.34%10° | 1,6x10° 101
t = 25°; pH = 3-4
2M Na €104 Pot. titra.| - 730 | 2.8x10° | 2.0x10 135
t = 25%
0.2M N 0104 i. ex. - | 1300 4x10* | 2x107 136
i. ex. = 1ion exchange
Pot. titra,
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the seid table IX. It may be objected to that.in view of
the difference of media, the agreement between the set of
results given at serial numbers 1 and 2 is only fortuitous,
It may be pointed out in answer to this objéction that since
the complexing of yttrium (III) by chloride ions is almost
negligible compared tod ~hydroxyisobutyrate ions (vide

tables IX end XI), the agreement between the said résults
cennot be but genuine, Regarding the agreement of the
results of the present work with those reported by Choppin135
(serial no. 3, table IX), in spite of the difference in the
strength of the media, it might be mentioned that according

to I. Grenthel56

y in europium (III)=-glycollate system a £
value valid for = 0,54 should be reduced by 10% for com-
parison with velues obtained at 4t = 2M, Taking this as a
maximum limit for yttrium (III) AL ~hydroxyisobutyrate system,
Choppin's value of 730 for fi; (at « = 21) should be 800
(for 4 = 0.5M). The difference between this end the f3
value reported in the present work.namely 750 + 30 is not
wnreasonable, conesidering the probability of experiment?I'

and other errors involved in the two techniques, Further,

in view of the non-availability of a computation similar to!

~

I. Grenthe's (156) for the relative sizes of;?I, a2t ionic

strength below 0.5M, the values fo:%}n reported by Spitsynl36

cannot be commented upon.
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Yitrium-glycollate System:

The.ﬁn values for the yittrium (III)-glycollate system
obtained from the present investigation and those reported
in literature are summsrized in Table X. In the light of

the computation suggested by I. Grenthe156

for comparison of
‘ﬁn va;uesobtained for eurcpium (III)—glycollate'system at
M= 0,5M and 4 = 2, cur value of 270 forf31 (valid for

A= 28) seems t0 be in good agreement with those reported by
137 1135 101

reported by Spitsynl36

Sonmsson 4 Chopp and Lyle et. al. The ﬁﬂ-....values
cannot be commented upon for reasons
already explained in the discussion of yttrium (III)-X -

hydroxyisobutyrate results,

Yttrium (III)~Chloride System:

The variations in the values of the function & (vide
Table VIII,Ipage 48) over the range of a ligand concentration
used in the present investigation, though partly ascribable
to the imperfections in the resin (vide page 52 ), do
indicate the weskness of the chloride complexes of yttrium
(I11). The (31 values for yttrium (III) and some other
trivalent elements of the lanthanum and actinium series are
collected in Table XI. The relative weakness of yttrium

2+

(I1I)-chloride complex, namely, YC1“" wvis a vis Am012+ and

2+

CmCl1°" meay be attributed to two causes, (i) the 2bsence of
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TABLE X Yttrium (IIT)-Glycollate System - Results
Reaction medium,. .
temperature and’ Method pK}_E B Bo 33 Reference
pH - . M“ M—?. )
0.50 NH,C10, 2972 | 2.40x 104 Present
) O., i, ex. 3. 46 . 4 5
t = 257°C; pH= 3=4 - 302 2.57x 10 5 x 10 work
2M Na.ClO4 4 5
o Pot. titra. - 239 1 2.30x 10 4 x 10 135
t = 25°C
o Pot. titra. - 295 2.5 x10 5 x 10 137
t = 207°C
0.50 NH401 A 1
A i, ex. - 290 1.6 x10 1.45x10° .
t = 25° 2 101
0.2M NaCIo0y i. ex. - |600 |[5.1x 10* | 1 x 20° 136

i, ex. = ion exchange

Pot, titra. = Potentiometric
titration.

®Results obtained with 8% cross-linked resin.
*Results obtained with 4-5% cross—linked resin.
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135,160,163 ;1 vitrium, and

144,164

a crystal field stabilization
(ii) the probability of 5f-orbitel hybridizetion
amergﬁﬁ and curxum. The absence of a crystal field s%abilif
zation in yttriwm (III) is- attrlbuted to its electronlc
configuration, namely, Kr] whlch is not con51dered %0 be
suitable for such srablllzatlon163. The probablllty of
5f-orbital hybridization in transurenic elements is attributed
to (i) the large distance of 5f-electrons from the nueclii,
(ii) their imperfect shielding by 6d and T7s electrons, (iii)
their greater spatial extension and (iv) their proximity

(in terms of energy) to 64 and 78 electrons. The hybridized

orbitals are known to Pe more strongly polarized and hence

cepable of stronger bonding with ligends which in turn may

determine the electronic structure of an element in a given
165

oxidation state in solution

" The conclusions arrived at from the preceding dis-
cussion of results in particular and the present investi-
gations in general are summarized as follows:-

(1) Sorption of yttrium (III} on Geo-karb 225 (SRC 15)
and Pe-acidite FF from ammonium perxrchlorate solutions
is almost independent of the hydrogen ion concentrations

of the solutions in the pH range of 2.5 and 4.0,

(2) The cross-}inking of a resin and the variations of



(3)

(4)

(5a)

'
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the '/m ratio. in the range of 15/;2 and.ls[;é have

no significant effect on the values of the function
¢& (and hence also on f3, values) in yttrium (III)-
glycollate system, provided corrections due to the
swelling of the resin are duly made. A resin of
8=10% DVB. appears to be a good choice for use in the
study of such equilibria on account of its low water-
uptake and balanced seleetivity for the cations

concerned,

The stebilities of yttrium (III) complexes with X -
hydroxyisobutyrate, glycollate and chloride ligands
are in the following order:-

o -hydroxyisobutyrate » glycollate ) chloride

The concentration of glycollic acid in ammonium

perchlerate solutions is not affected by treatment of

these solutions with cation~exchanger of 2 to 20% DV,

The chromium (VI ) 'hkeat of dilution' method is satis-
factory for a gquantitative determination of glycollic
acid in ammonium perchlorate solutions which have
previously been contacted with cation-exchangers of
8-20% DVB, provided the amount of glycollic acid ie in
the range of 1-2 mg/ml of a solution.
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(5b) The determination of glycollic azcid in perchlorate
solutions which have been in contact with cation-
exchangers of 2-20% DVB. by chromotropic acid (sodium
salt) is quite satisfactory. The Beer-Lambert law
is obeyed up to 13dxi»g anmounts of glycollic acid per
0.20 1. of the sanple solutions, The colour pro-

duced is stable up to 24 hours (vide Tigure 8 ).

(6) It has been observed that subject to the accuracy
of the available data most of the assumptions made
in the theory78, regarding the use of ion-exchangers
for the quantitative study of the step equilibria,

are reascnably valid.

Precautions:

(1) As far as possible a resin from the same batch should

be used throughout.

(2) The resin must be stored in dry, well stoppered bottles.

Samples for use may be kept in des@ié%tors.

A

(3) As far as possible the '/m ratio should not be altered
in a particular experiment. Alternatively resin-swelling !f
correction appropriate to the V/m ratio used should be

determined and applied.

(4) To minimize variations in the values of distribution
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ratios; measurements should be made in replicates and the

nean values -taken for the calculation of the function, @ ;.

(5) The pH of all the soiutions used should be nearij’the
same, Utmost care should be teken in the measurement of
the pH of a solution especially when it is required to be
used for the calculation of the ligand concentration in the

solution,

(6) Chemicals of the highest available degree of purity

should be used.
(7) Stocks of doubtful composition should be discarded.

(8) Instruments used for the measurement of radio activities

must be frequently checked for efficiency and reproducibility,

(9) Cross contamination of solutions should be scrupulously

avoided,

(10) The radio-chemicel purity of the tracers used must be

ascertained.,

(11) All the possible precautions necessary for minimizing
random statistical errors in counting rates should be

observed,



TABLE XTI Stability Constents for M (III)-Chloride Complexes
Metal igﬁigs Reaction Temperature Method Reference
ion A medium and pH 161 M-t :

Y (III) 0,98 | 0.50M t = 25%

NaC104 pH = 34 i. ex. 0.88 x P,
Y (I11) 0.98 M = 1M - o . s .

HC10; t = 25Y%C solv. ext. 0.93 4+ 0,11 138';
La (III) 1.06 M o= 1M -
: HC104 t =22+ 1 | solv. ext. 0.9 + 0.3 139
La (III) 1.06 = “ - 1.4 140

. — . O B -
La (ITT) | 1.06 | 41 NaCl04 Sis 2 C | solv. ext. | 0.62 % .15 141
Ce (III) 1.03 - - i. ex. 0.6 = 0.7 . 142
Ce (III) | 1.03 | 30%4 t =22+ 1 |solv. ext. | 0.9 % 0.3 139 .
Ce (III) 1.03 | M = 1M - solv, ext, 0.95 + 0,10 138
Eu (III) 0.95 |M =1,0M t =20+ 2 i. ex, ' (0.94 to 0.59
+ 0.14 143
solv. ext. | (0.97 to 0.77
+ 0,15

Eu (III) 0.95 |m= 1M t =22 +1 | solv. ext, 0.9 + 0.3 139
Eu (III) 0.95 |4 = 1M t =26+ 1 i. ex. 1.35 + .1 153

Con'd.



TABLE XI (Com'd)

"‘,"’\' . e L
\H*M = a trivalent rare-earth or actinide ion.

NN -
sg;v. ext. = solvent extraction.

. Y

.
3,

‘Tonic . _ '
Metal . Ieaction Temperature "
ion ragxus medium and pH HMethod ’3IM-\ Reference
Am (III) 0,99 4,0M — 0e0n o
NaC10, t = 25°C solv. ext. 0.72 + .12 141
Am (III) 0.39 | U = 0.5M - i.” ex. 1.7 144
|. Am (I11) 0,99 U4 =1M t =26 +1 i. ex. 1.41 153
~Cm (III) 0.98 | M = 0.5M - i. ex, 1.5 144
“Am (III) 0,99 | U =1 - 80lv. ext. 0.25 154
.\;ﬁ . P.W, = Present work.
5@ :\i. eX. = 1ion exchange method. -
\-\ (Y



PART II

A CATION--EXCHANGE STUDY OF THE SOLUTION-CHEMISTRY
OF SOME OF THE TRIVALENT CATIONS OF THE LANTHANUM
AND ACTINIUM SERIES OF ELEMENTS WITH REFERENCE TO
CHLORIDE, FLUORIDE, SULPHATE, OXALATE, o HYDROXY-
ISOEBUTYRATE, GLYCOLLATE LIGANDS,
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CEAPTER I

The Study of the Complexes of Lanthenum (IIT)
with Fluoride, Sulphate, £ =hydroxyisobutyrate
and Oxalate Ligsnds

Introduction:

The complexes of lanthanum (III)} with fluoride, sulphate,
A=-hydroxyisobutyrate and oxalate ligands in 0.5M or 1M sodium
perchlorate and at 25°C have been studied by ‘a: cation-
exchange method, using lanthanum-140 as a tracer. The proce-
dure employed for a similar study of the thrium (III)
complexes (already discussed) was used. The tracer,
lanthanum-140, was obtained from Barium-140 by a solvent-
extraction method using a cupferron-chloroform mixture after
the manner of Toshiyasu Kiba, Shigeru Ohashi and Toyoo lizeda
who used it for an identical separation of Yttrium-9¢ from
Strontium-90, from a mixture of fission produétslls. The
anion-exchange method of seﬁarating 1aﬁthanum—l40 from barium-
140165
good, clean separation in my hands. Investigation of the

y, apart from being tedious and lengthy, did not give

lanthanum (III)-complexes was undertaken, because lanthanum as
a precursor of the lanthanides could provide a clue to the
behaviour of these elements in general. The view that the
chemical behaviour of the elements in question depends on the
gize of their ionic radii and charge could alone be proved or

disproved by such an investigation cf the complexes of
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lanthenum (III) and some other elements of the series with -
the same ligands, under precisely the same conditions and by
the same technique. Farther, although the information
obtained from the isotherms regarding the distribution of
Yttrium (III) between the aqueous and resin phases, could be
made use of for planning similar studies on lanthanum (III),

it was decided to obtain similar isotherms with lanthanum (III)
and cerium (III) as well with a view to being on?surer ground
regarding the similarity of the distribution behaviour of these
elenents.

Separation of Lanthanum-14C from Barium-~140:

A drop or two of the Barium-140 isotope solution were
teken in a polythene_bottle, and diluted to 5'ml. with
distilled water. Added l.6ml. of 9M aqueous ammonia, 10.4
ml. of 0.9M ammonium acetate solution and 3 ml. of 5% solution
of cupferrcn in water. Shook the mixture for & couple of
minutes in an electric shaker followed by an addition of 5 ml. .
of -chloroform and 10 to 15 minutes sheking. Separated the
two phases. Treated the aqueous phase with more of the
cupferron-chloroform mixture (3t5 by volume) and_separqted
the organic phase after the mixture had been shaken for 10
to 1% minutes. The organic phases obtained in the above
treatments of barium-140, were then stripped with 3N nitric

acid for lanthanum-]140, A portion of the solution was used
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for following the decay of the isotope (lanthanum-140) to
provide a check on its radiochemical purity. The rest of
the solution was evaporated to a small volume and finally
ignited in a platinum crucible. The lanthanum-140 was taken
up from the crucible with 1 ml. of perchloric acid. The
perchloric acid solution was diluted with distilled water and
neutralised to the required pH with/ztandard sodium hydroxide
gsolution, The cationic strength was madé up to Q.SM or 1M
as required by adding solid scdium perchloraté.

Check on the purity of lanthanum-140:

The purity of lanthanum-140 wae ascertained from ite:
_ decay. The decay curves obtained by plotting counting rate
ageinst time in'hours_onj%emi-log graph paper showed it teo
-have a half-life in good agreement wifh the literature value
of 40,2 hours. fhe decay of the isotope was followed by
'counting itsﬁ'-activity in a gas flow type proportional
counter. The source for counting was prepared in the
following mannexr:

One mililitre of the isotope (La-140) was taken and
diluted to 15 mls. with distilled water. Added 5 mg. of
lanthenum (III) carrier and then an excess of & warm saturated

solution of ammonium oxalate to it with stirring. Heated in

a water-bath at 60°C for a few minutes (2 to 3 minutes) to

digest the precipitate. Cooled in ice water with stirring.




x10° Figure 9.

3 ) Sorption of Lanthanum and
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Filtered off the precipitate onto a fibre-glass filter disc,
end washed with ethanol and ether in that order. Dried in a
vacuun dessicator and counted in ta- proportional counter.

_Sorption of Lanthanum (III) on De-acidite-FF (perchlorate
form) from 1M Sodium perchlorate and at 25°C:

To study the sorption of Lanthanum (III) on De-zcidite-
FF (ClOZ—form), the method used for a similar investigation
with Yttrium (III) was followed. The '/m ratio used in this
- study was 40/0.05. The lanthanum-140 was used as a tracer.
The sclution activities before and after equilibration were
neasured byﬁ ~counting using Geiger-Mﬁller liquid counting
tubes (vide appendix viii). The results of the investigation
are shown in figure 10
Sorption of Lenthanum (III) on Zeo-Karb 225 (SRC 15):

t% DVB, 100-200 mesh (Sodium-form) from 1M sodium
perchlorate at 25YC: '

The investigation was carried out in precisely the same
manner a8 employed for a similar study on Yttrium (IIi)
(page 27). The Y/m ratio was 40/0.05, and time allowed for
equilibration was between twelve to sixteen hours, The
results obtained are shown in figure 9 , |

The study of the Lanthanum (III)-Fluoride system:

The investigation was made in the usual way using Zeo-
Karb 225 (SRC 15), &% DVB, 100-200 mesh (sodium~form) as a

cation~exchanger but under varying experimental conditions
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as detailed below:=-
(1) In run (a), 0.5M sodium perchlorate was used
as a medium and 0.1M sodium fluoride'solution_as a
ligand (vide appendix iig(l)). The pH of the
solution was kept between 3 to 4., The '/m ratio
used was 1?/0.4{
(2) In runs (b) and (c) the ligand golution'con— '
sisted of 0,45M sodium. flu'oi-ide + 0.05M hydro-
fluoric acid, and the medium solution was.obtained
by mixing sodium perchlorate and perchloric acid
in a proportion so that the resulting .soluticn was
0.45M in sodium perchlorate and 0.05M in perchloric
ecid (vide appendix iig(2)). The '/m ratios uséd
were l5/0,2 and 15/0.05.respective1y.

The data and results of the investigation are collected in

the following tablet-

Data and Results:

The concentration of free ligand viz., EF*j available
for complex formation with lanthanum (III), was calculated
from the total stoichiometric concentration of (NaF) or (HF]
in vac solution and the egquilibrium pH of the solution using

the relationship: . _ (5*) [F-] =1.23 x 10

(=)
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TABLE I
| 4 1 "
mole/litre ¢)_‘ 1s ¢ 0,
. - ml. 9 M-t
- _ 3216 | . ‘- -
(a) 1.70 x 1073 1735 1.8536 502
3.55 1123 2.8638 525
5.39 - 891 3.6094 484*
7.37 1587 2.0265 139
- 4212 - -
(b) 3,65 x 10™° 4168 1.0106 290"
7.30 4083 1.0316 433
10.95 4001 1.0527 481
18.25 3848 1.0946 518
: 4035
(c) 3.65 x 1077 3965 . 1.0177 485
4.75 3947 1.0223 469
5.48 3929 1. 0270 493 |
6.58 3894 1.0362 655
7.30 3894 1.0362 496
8.43 3859 1.0456 541

D, = 493 + 28
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Resultss: S
The perusai of Table I, shows that over the 11ga.nd

concentration range of 3. 65 x 102 to 7.37 x 10~ -3 mole/l:l.tre,

@) ,. values fluctuate without a trend.. Theé obvious con-
clusion is that, only one complex namely, I;a',:'E‘+2_, i.s being
formed. Therefore ¢ must be constent and give the value
of B » The constency of ¢ , with the exception of the -
values marked *, is evident from the above Table. The mean

of 11 values gives:

G = pi = 493 +28 M
Temp. |Medium Kyp ' PH B - '732 | ﬁi’
_ LMY M2 M3
25°c  [o.5M |, J1.23x2073 |1.18 eana  |493%28 | x | x
NaC10, 3.64 - 3.98
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Investigation of the Lenthanun (III)-Sulphate
System in 1l Sodivm Perchlorate at 25YC:

The system has been studied in the uéual way . The

V/m ratio used has been = 15/0.4 throughout. The pH of

the equilibrated solutionsvaried betwéen 3.50 and 3.70.- The
resin employed was Zeo-Karb 225 (SRC 15), &% DVB, 100-200
mesh (Na-form). Ianthanum-140 was used as a tracer and

its 'concentration' in solution before and efter equilibrations
was measured radiometrically by counting ofjg-particles in
a Geiger Muller liquid counting tube (vide appendix viii)
toichiometric concentrations of the ligandé have been used
for the calculations of the function @, , assuging that at
the given pH, sodium sulphate was completely dissociated.

The data and results are given in Tables II (a) and II (b):
TABLE II (a)

molegii}cre!_l Qj_, { ?
ml. 9 M

- 368 -
0.040 201 21
0.056 154 25
0.080 134 22
0.084 130 22
0,100 . 109 24
0.112 108 21
0.120 88 27
0.140 86 23
¢.200 . 51 31
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Over the .range of the ligand concentration used, it seems,

+

only one comﬁlex, namely, LaSO4 is being formed (vide

values in the above table which are nearly constant).

Assuming that it was so, a mean valile of (¢ was

teken as a2 measure of its sTability (=f31);

P =243 M

Results:

TABLE II (D)

Therefore

Reaction medium,
temperature and

”f I

PH range M- M- m-3
1 NaCl0,
t = 25°¢ 24 + 3 x X
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The Study of the Lanthanum (III)-Oxalate Equilibria
in O0.5M Sodiwm Perchlorate at 25YC:

The ligand solution used in this infestigation consisted
of 0.1¥ sodium oxalate, O.3M sodium perchlorate and perchloric
acid, The pH of the equilibrium solutions was msintained at
3.70 + .0l. The '/m ratio used in these equilibration was
15/.05. The pK2 value for the oxalic acid was determined
experimentally in 0.5M sodium perchloreste and at 25°C (vide
appendix vi)., The concentration of the free 1igend was
calculated from the pH of the solutions and the pK2 of the
acid using the Henderson's equation (vide appendix v(a)).

For equilibrations and treatment of the radiochemical data,
the procedure described in eppendices iii and iv were
followed. The essential data and results of the investi-~

gation are collected in the following Tables:-



:

PABLE III (a)

mg%.’e-/j’ @ o, £ Af A P, B 8

litre ml. " M- M-t M2 M- M M3
-7ogg_§ 2097 ousggsx 0.091315 o.oigl% 0,01%5x o.2g§5x o;ogg.g

8.80 1522 0,369* 0.0951 0.025 0.080 0.313 0.00466
10.56 1413 0.398 0.1028 0.033 0.113 0.292 0,00481
12,32 1306 0. 376 0.0998 0.030 0.091 0.320 0.00487
14,08 1042 0.430 0.1123 0.032 0.145 0.221 0.00523
17.60 674 0. 488 0.1274 . 057 0.203 0.281 0.00581
2640 412 0.556% 0.1482 0:078 - 0.271 0.268 000674
13520 247 0.714% 0.1914 0,121 0. 429 0.282 0.00857
44,00 184 0.775* 0.2100 0:140 0. 490 0; 286 0.00936
'52. 80 135 | 0.887* Gi2414 0.170 0.602 0:282 0.01070

mE 7356 -
5458** )
0-2025% 0.079:%

-vi-

values w

. Mean value of Ft

*Values obtained with 1_ = 6458;
ere ob'bained,ugi

= {0,288 + 0:010) x 10> ™"

remaining
ng 10 = 7356 'mf.q“

Erwo separate resin gamples
in these measurements.

flean of six values.

®%*Mean of eight values.

were employed



‘TABLE .ITII(Db)

=T5=

Reaction - - ;
medium & Ko PH -
temperature /5 1 'F’2 1 3
M M-t M~
0.5M NaC10, | 3.80 3.70 (2.88 + - 1.25 | 3.30
t = 25% + .00 |+ 501 0.20) x 204 | x 10% | x 201°

The Study of the La (III)-d-Hydroxyiscbutyrate
Equilibria in_O.EM-Sodim Perchlorete at 25YC:

The study wes carried out as usual using Lenthanum-140
-as a tracer and Zeo-Karb 225 (SRC 15): 8% DVB (100-200 mesh;
Na-form) as & cation-exchanger. The pH of the equilibrium
' solutione wes maintained at 3.49 + 0,0l. The '/m ratio
used in this study wes 1,05, The ligsnd solution used
was 0.5M o -hydroxyisobutyric acid adjustéd at pH 3.50 + .01
end A4 = 0,5 with respect to the cations (vide appendix ii(c)).
The time allowed for the equilibria t6 establish was over
twelve hours. The concentrations of the isotope in the
aguecus phase befbre and after the equilibration were deter-
mined radiometrically byf3-counting of the solutions using a
Geiger Muller liquid counting tube (vide appendix viii). The
essential date and the results of the investigation over the
ligand concentration range of 4 x 1073 mole/Iitre to 6 x 10~2

mole-1litre are given in the following Tables:-



TABLE IV (a)

mole,[’gilre qnl-(.bq" f\'.. frz A‘f\-z 4 3.'\ | fi:-\ et
*4,315x 1073 4456 129 3.50 x 10% - - - -
*8,176 3398 245% 3.62 1.12x 104 65 172 | 1.81x10°
#9,863 1901 264 3.90 1.40 84 167 1.89
#1,227 x 1072 2387 . 267% 4.10 1.60 87 184 | 2.05
1,680 1694 | 299% 4,67 2.17 119 | 182 | 2.29
2.129 1259 334% 5429 2,79 154 | 181 | 2.55
2.568 1024 347% 5460 1 3.10 167 186 | 2.67
2,980 | 781 405% 6.54 4,04 225 178 | 3.07
3.451 666 416% 6.80 4030 236 182 | 3.17
4.314 324 473 7.84 5034 293 | 181 | 3.61
5.176 240 539 9,02 6.52 359 181 | 4.10
6942
10218%
180+15 | 2.5 x 104

Mean value of f’,= 181 + 3.74 ™!

*¥*Ligand concentration viz. fL—'], were calculated from the observed pH values of the
solution, which for some unknown reason had deviated from the expected value of 3,49 +
«01. The maximum deviation was noted in solutioz no. 3, being equal to - 0.19 pH units.

;‘l‘he values were calculated with lo = 10218; +the actual 1, value obtained in the
particulaxr run,
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TARLE IV (D)

Resultse

Reaction K. | '
medivm and HL PH {3 I //3 o , 73 3
temperature ot ot -3

0.5M NaC10 ) o _
+ 3.61 |3.49+ .01 {181+ 3:74 {7.8x10° |7.5x 10%
t = 25°% ‘ -
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CHAPTER I1

The Study of the Cerium QIII)—Complexes with
Chlorlae, Sulphate and Oxalate

ngggd
Introduction:

The present work on the complexes of cerium {III) is in
fact an extension of the work which had already been done in
this 1aboratorylol in the chloride media with such organic
ligands as acetate, lactate, glycollate and «-hydroxyisobu-
tyrate. Since the results obtained did not show vexry good
agreement with those which appeared in the literature
subsequently and had been obtained by ion-exchange and other
techniques in perchlorate media’ 117,118, 119, it was thought
that the probable complexing of the cerium (III) by chloride
ions might be the cause of this disagreement. I%, therefore,
beceme imperative to study the cerium (III)-chloride system
in a perchlorate medium ueing ‘dn: ion-exchange technigue,

As will be seen later, this investigation did reveal a
significant complexing of cerium (III) by chloride ions,
though the results of similar investigations published in
recent years by the solvent extraction technique suggest a
different storyt2Cr12l,  The study of the cerium (III)-
sulphate system was underteken with a view to checking on

lz2 -

the reported results of e similar study by Fronaeus The
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agreement in the values of the successive stabiliﬁy constants
with those reported by Fronaeus was found to be very close.
The investigation was exteﬁded to the cerium (III)-oxalate
system in order that the results obtained from similar studies
involving other members of the lanthanum series and.the
oxalate, could be compared betweenlthemselvesé'

These investigations have been made with cerium=l44-
praesodymium-144 as a tracer and Zeo-Karb 225 (SRC 15):
8% DVB ms a cation-exchanger in 0.5M or 1M sodium perchlorate
solutions. The pH of the equilibrium:sﬁlut%éns were main-
tained between 3,0 and 4.0, The tracer concentrations were
determined radiomet:ically by{3-eounting of}%iacer solutions
before and after equilibration using a Geiger-Mﬁller liquid
counting tube (vide appendix yiifiggigesodymium-l44_had
attained equilibrium with its parent. A preliminary distri-
buticn study of cerium-144 between the resin and aqueous
phases vie-a~vis a varying hydrogen ion concentration of
the solution was made to make sure that cerium (III), did
not behave differently from yttrium (III) and lanthasnum (III)
in this respect. The similarity of yttrium (III), lanthanum
(III) end cerium (III) distribution isotherms obviated the
necessity of similar investigations with other elements of

the lanthanum series.
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Sorption of Cerium (III) on an 8% cross-linked
cation-exchanger Irom 1M Sodium Perchlorate at 25" %

Sorption of cerium (III) on Zeo-Karb 225 (SEC 15)
(100 to 200 mesh) was studied precisely in the manner employed
for similar investigations with yttrium (III) and lanthanum
(III),using cerium-144 as a tracer. The isotherm obtained

is shown in figure 9 ..

Investigation of the Cerium (III)-Chloride system &n
U.5N Ammonium Pecchliorate at 25903

The cerium (III)-~chloride system was studied much in
the manner?gmployed for the study of yttrium (III)-chloride
system, using cerium-144 es a tracer and 8% cross-linked
cation-exchanger (Zeo-Karb 225 - SRC 15). The essential

date and the resuits of the investigation are given below:
'V’/m - 20/:,05
pH = 3.56 + 0,01

Range of ligand concentration = 0,05 to 0.35
mole/litre.

Time allowed for equilibrations = 24 hoiirs,




TABLE V (a)

molgﬁlgtre i .d)ca" _ f‘i‘ M£ Ami AM?' ﬁl\ \vg\-s
0,00 12666 2,53 2,60 - - - -
0,05 11113 2,76 4.00 1.40 0.23 - -
0.10 9856 2.85 3.00 0.40 0.32 1.25 4.6
0.15 8880 2,84 4.87 2,30 0.31 - -
0,20 7496 3.45 4.25 1.70 0.92 | 1.84 7.1
0.25 6597 3.68 4.64 2,00 1.15 1.74 7.3
0.30 5589 4,22 5.11 2.50 1.69 1.48 6.7
0.35 5290 3.98 6.04 3.40 1.45 2.34 10,2

Mean f) = 1.73 M

-18-
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TABLE V (b)

Results:

Regction medium

t tu
mirgpgga re PI ,32 763 |

M- \ . M' 2 M-3

0.5 NH,C10, 1.73 2 X
t = 25°%
PH = 3,56

Note:

In the zbove investigation, addition of hydrazine hydrate to
the tracer solution did not make much difference in the
distribution of the tracer between the resin and aqueous
phases, showing that cerium was predominantly in the tervalent

state in solution,
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Investigation of the Cerium (III)-Sulphate
System in 1 Sodium Perchlorate and at 259C:

The cerium (III)-sulphate system was studied under
nearly the same conditions as those used by Fronaeusl22.
Zeo-Karb 225 (SRC 15) was used as a cation-exchanger and
‘cerium-144 as a tracer, The pH of the solutions was main-
teined at 3.80 + .0l. The V/m ratio was 15/22, and over
twelve hours were allowed for equilibrations. The concen-
tration of the isotope in sciutions before and after the
equilibration were measured radiometricelly as usual by
ﬁ-counting of the active solutions. The results of the
investigations are collected in Tables VI (a) and VI (b).

It may also be mentioned here that in the calculation of the
functions ¢,, f and g, the stoichiometric concentrations of
the sulphate ions in the solutions wére used as 'ligand’
concentrations, assuming that under the conditions sodium
sulphate is almost completely dissociated to give only
sulphate ions.




TABLE VI (a)

mol\é}' l}..'bre - R(Pq" ‘?__l‘ f;_,_ AMf."l Af\j_ L Ti:-. _ E;- 3
- 1107 | 33.8 920 - - - -
0.012 756 38,7 501 - - - -6.54 x 103
0.024 559 40.8 | 1087 167 7.0 23.9 +6451
0.036 452 40.2 | 1181 261 6.4 40.8 | 10.55
0,048 357 43.8 | 1272 352 | 10.0 35.2 10,41
0.060 292 46.5 | 1360 440 | 12.7 34.6 10.93
0.072 250 47.6 | 1417 497 | 13.8 36.0 11. 44
0.084 196 55,3 | 1614 694 | 21.5 32,3 12.40
0.096 181 53.3 | 1598 678 | 19.9 34.1 12,53
0,120 132 61.4 | 1849 929 | 27.6 33.7 14.21
0.144 105 66.3 | 2014 | 1094 | 32.5 33.7 15.31
0.168 86 70.7 | 2169 | 1249 | 36.9 33.8 16.38
0.216 60 80.8 | 2513 | 1593 | 47.0 33.9 18.74

Rejecting the first two wvalues of #,, which carry large errors due to the gizes
of Af and A®, and taking the mean 'of the remaining values, 1= 34 + 1, ™M The
plot of Af/L against & )/ was also tried and found to be linear with a slope
equal to 34 ( = P, )., (vide figure 1le)
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TABLE VI (b)

Resultg:

Reaction medium,

temperature . - '

and pH I fa £3
M M2 M2

"M NaClO4

t = 25% 34 +1 271 800

Investigation of the Cerium (III)-Oxalate System
in 0.5M Sodium Perchlorate and at 25VYC:

The gystem was investigated with 8% cross-linked cation-
exchanger (Zeo-Karb 225 (SRC 15)). Ceiium—144 was used as
a tracer, The '/m ratio was kept the same throughout,
namely, 1°/.2. The pH of the equilibrium solutions was also
- kept the same at 3.80 + 0.01. The ligand solution was
prepared as described in appendix ii (e). The concentration.
of the free ligand was calculated from its stoichiometric
concentration, the pH of the solution and the K, of oxalic
acid which was determined experimentally (vide appendix vi)
by Hénderson's equation (vide appendix v(a) ). At pH
3.80 + .01, and using the pK, value of 3.80 + .01 (vide

appendix ‘vi ), the concentration of free ligend,
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(z7)= o.50 (m)

where

(i-] = concentration of free ligand.

[HL]H= Stoichiometric concentration of the ligand.
The concentrations of the isotope, before and after equili-
brétion were measured radiometrically as described in
appendix viii. The essentizsl data and results of the inves-

tigation are given in tables VII (a) and VII (b).




PARLE VII (a)

mgg;} gj o £ Af A® . g
litre | 0o _— a2 -z . E),\‘.\ 3
- 7117 | 0,32 %102 | 0,087 x 101° - - . -
6.0x 1072 | 1849 | 0.48 0.13 0.043x10%° | 0,16 x 10° | 0.269x 10° | 0.74 x 1013
9.0 1264 | 0,52 0.14 0,053 0.20 0.265 0.82
l.4x10”%| 731 0.63 0.18 0,093 0.31 0.300 1.11
1.8 529 | 0.70 0.20 0.113 0.38 0.297 1.23
2.0 asc | 0.77 0.22 0.133 0.45 0.296 1.35
2.2 360 | 0.86 0.25 0,163 0.54 0.302 1.53
2.4 331} 0.86 0.25 0.163 0.54 0.302 1.54
3.0 231 | 1.00 0.30 0.213 0.68 0.313 1.83
4.0 148 | 1.19 0.36 0,273 0.87 0.314 2,17

Ignoring the first twe values of

f,= 0,303 £ 0,002 x 10° ™7

; and taking the mean of the rest, we have:



TABIE VITI (b)

Reaction pK2
-mediunm = .
tempe—ra%ure (Ozalic F I f 2 73 3
ond of acid)

B M-t M-% m-3

0+5 Na C10 _
ot 3802 3.03 & 1.87 x 4x 10%%
t =25C o1 0.02 x 10 :
o\ 4

pH = 3,80+ 16

«01
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CHAPTER TIIT

The Study of the Complexes of Europium (IIT)
with Sulphate, Oxalate, o{ =Hydroxyisobutyrate
and Glycollate ILigends .-

Introduction:

The complexes of Europium (III) with sulphate, oxalate,
L=hydroxyisobutyrate and glycollate ligands have been studied
under the same conditions as those used for similar studiegd i
involving these ligands and lanthanum, cerium and yttrium,
Europium- 152 + 154 was used as a tracer, and its concen-
trations in solution before ana after equilibration were
determined radiometrically by counting Y -radiations in the
energy mnge of 1.00 to 1.28 Mev. using a well-type Sodium
Iodide (Thallium-sctivated) crystal and & single channel
pulse~height analyser (vide appendix viii) Zeo-Karb 225
(SKC 15), 8% DVB, 100 to 200 mesh in the sodium form was used

as a cation-exchangerx.

Investigation of the PBuropium (III)-Sulphate system
in 1M Sodium Perchlorate at 25%YC:

The Furopium {III)-Sulphate system was investigated using
nearly the same conditions as those used in the studies of
the lanthanum (III)- and cerium (III)-sulphate systems. A
fT/m ratio of 19/:1 was used throughout, and the pH of the
solution was maintained between 3.70 and 3.80. 0.5M sodium
sulphate solution was used &8s a ligand. The results of the

investigation are contained in Tables VIII (a) and VIII (b).



TABLE _VIII (a)

molg 1}.131‘e mp_qbq-\ f'_. ,f—z ‘t\fz AM?‘ E\‘_. f,—}
- 1100 32,30 880 - - - -
0.01 829 32,69 1017 - - - -
0.02 656 33.84 1016 - - - -
0..03 529 35.98 1039 159 3.68 43.21 1.21 x 10%
0.04 s44 | 36.94 | 1077 | 197 4.54 | 42.46 1,22
0.05 383 37.44 1106 226 514 43,97 1.25
0,06 323 40,09 1165 285 T.79 36.58 1.25
0.07 293 39.35 1170 290 7.05 41.13 1.28
0,08 251 42.28 1241 361 9.98 36.17 1.32
0.09 217 45,21 1317 437 12.91 33.84 1.37
0.10 198 45455 1339 459 13.25 34.64 1.40
0.11 170 49.73 1448 568 17,43 32.59 1.49
0.12 162 48,25 1425 546 15.95 35,02 1.48
0.13 135 54,98 1602 T22 22,68 31,83 1.64
0.14 124 56, 25 1645 765 23.95 31.94 1.68

Mean wvalue of

B = 36.95 + 4,34 m7"

_06_
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PABLE VIIT (b). -

Results:

Reaction medium,

pH and pI ' £ B3

temperature

1.0M NaC10,

S Y M4 354 1200
t = 25%

Investigation of the Buropium (IIT)-Oxalate

System in 0.5M Sodium perchlorate at 25°9C:
' Europium (III)-oxalate equilibria were investigated under '
precisely the samé conditions as those employed for a similar
study of the cerium (III)-oxalate system. The essential
data and the results of the investigation are collected in

Tables IX (a) and IX (b):

TABIE IX (a)

Vm = 19/6,2

pH = 3.80 + 0.01
Pk, = 3,80 + 0.01
| (HL)

(2] = o.5 [mz)

¥Measured as described in sppendix vi




TABLE IX (a)

mol&? lltre ol C ot Q;M:E\ :f_L A;f"_l Anﬁ?\l : Pr;“ . 3_3
2431 2% | 30 |
2 x 10~ | 1336 0.78 0. 44 0.08 0.13_| 0.615x10° | 0.0465 x 1015
x 1010 | x 105
4 719 0.94 0.54 0.18 0.29 | o0.621 0.0575
6 465 1.06 0.62 0.26 0.41 | 0.634 0,0665
8 320 1.22 0.72 0.36 0.57 | 0.631 0.0767
- 3155 - - - - - -
1 x 10™4 232 1.26 0.76 0. 40 0.61 | 0.656 0.0808
2 79 1.94 1.20 0,84 1.29 | 0.651 0.1245
3 39 2,66 1.66 1.30 2,01 | 0.647 0.1700
4 28 2.79 1.76 1.40 2.14 | 0.654 0.1788
5 17 3.69 2,34 1.98 3,04 | 0.651 0.2362
6 14 3.74 2.38 2,02 3.09 | 0.654 0.2394
7 - 10 4,49 2,87 2,51 3.84 | 0.654 0.2878
1 x 10-3 7 4.50 2.88 2.52 3.85 0.655 0.2879
2 1.72| 9.16 5.91 5455 8.51 | 0.652 0. 5847
3 0.68] 15.58 | 10.08 9.72 |17.93 | 0.651 0.9964
4 0.32] 24.96 16.16 | 15.80 | 24.31 | 0.650 1.5972
/}I = 0,652 + 0,025 x 102 ™M™ (First four values rejected)
= 6,52 + 0,25 x 10% ™
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TABLE IX (b).

Results:

Reaction medium, |
ggmgzgature PKZ(HL) | ﬁf\ | ﬁfﬂ "ﬁﬁ;
0.5 NaClO4 |
| ot = 3.80 + .01 | 3.80 + .01 | 6.52 6.27 1.5
[t = 25% x 104 z 108 < 102

Investigation of the Europium (III)-mCHydrdxy%sdhutyrate
Eguilibria in 0.5M Ammonium perchlorate at 25°Cs

The Europium (III)- L-hydroxyisobutyrate system has been
studied in the usual way, vsing Zeo-Karb 225 (SRC 15), 8%
DVB (ammonium=-form) as a cation-exchanger and Buropium-152
end 154 as a tracer, At low ligsnd concentrations, the '/m
ralio used was 12/.2. At high ligand concentratious it was
decressed to 1°/.4. The ligand solution was 0.5M o-hydro-
xyisobutyric acid neutralised to pH 3.51 + 0.01 znd had an
emmoniiun ion concentration of 0,5 made up by the addition
of ammonium perchlorate (vide appendix ii (e¢) ). The pH
of the equilibrium solutions was in the range of 3.27 to
3.49 when low ligand concentrations were used, At higher
ligand concentrations, a constant pH of 3.59 was mainteined.

The .1igend concentration varied over the range 2.7 x 10"3 to
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2 mole litre™t.  The 'concentration’ of the isotope

6.4 x 107
in the solution-was determined radiometrically as described
in the introduction and in appendix wviii, The essential data
and the results of the investigation are given in the Tables

X (a) and X (v).




TABLE X (a)

[L &b 5, £ A g A
i ' ] g
mole/litre mb. 9 i -2 e et Ti‘-\ -
- 5646 " - - - - - =
- 5859111 - - - - - -
- 6118+ - - - - - -
- 576311 . - ) , - 5| - - - -
- 3 - 515 + 25 1090 X lO -—— - - L.
2,712 x 1072 | 1845" 780 3.01 1,11 x 10° 245 45 . 5.18 x 107
3,287 17851 738 3,12 1,22 223 54 5,81
3.546 - 15761 ! 766 3.24 1.34 251 534 5,92
3.868 1390' 793 3.38 - 1.48 278 532 6.10
4,471 1410 " 747 . 3.33 1.43 232 625 6.17
5.019 © 1062° 860 3.74 1.84 345 533 - 6.64
6.365 791¢ 964 4.26 2.36 449 526 | 749
7.062 708010 1030 4.58 2,68 515 520 7.83
7.957 62811 1098 4,92 - - 3,02 583 520 8.32
‘8,178 _ 528 1185 5428 3.38 670 504 9,14
1.008 .x 1072 | 4520111 1187 5,44 3.54 672 527 .9.06
1.096 365" 1320 6.06 4.16 805 517 10.01
1.260. 306! 1507 6.98 5,08 992 512 11,38
1.334 2210110 1879 8.66 6.76 1364 496 14,03
1.703 170" 2054 9.68 7.78 1539 505 15,46
2.157 111 2509 11.99 10,09 1994 506 18,91
2,166 g1 e 2815 13.43 11.53 2300 502 21,16
2,487 - Blrees 2820 13,60 11.70 2305 508 21.28
2,901 SLARRN 3577 17.32 15,42 3062 503 26.97
4,885 231 5097 25:31 | 23.41 - 4582 510 38.56
5.374 17100 6271 31,22 29,32 5756 509 A7.43
5.862 1300 7540 37463 35.73 7052 509 57 . 02
6.341 SRARRN 8232 41.18 39,28 7717 509 62,26

Mean value off’I = 516* +13 M~

*Values underlined were rejected in taking the mean.




Note: (Table X (=))

The experiment was completed in four runs, The 1, values
obtained for each rin separately are g’ivén at the top of the
Table X (a) in column .2 and they are marked ', ', 'tt, VvV,
The gﬁ values obtained in the presence of the ligand corres-—.
ponding to these are also marked identically. Iin each
individuwel run the ¢‘, values were calculated from the appro-

priate 1, and ¢ values.

TABLE X (b)
Results
Reaction : T -
medium & | e | P P 3
temperature g M- M- -3
 0.5M NH,C10, | 3.27 to _ 516 +| T.67 x 6
o - - 3.62 4 10
25°C 3.59 1 13 10
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Invest1ga+1on of the Europium (III)-Glycollate
System in 0,508 Ammonium Perchlorate at 2b°C:

Buropium (III)=-Glycollate equilibria in 0.5 M ammonium
perchlorate have been studied by the method employed for a-
similar study involving yttrium (III) and the glycoliatei
ligand. The necessary solutions were prepared in the mannef
-described in appendix ii. The cation-exchanger used was
Zeo-Karb 225 (SRC 15) of 8% cross-linkage and in the ammonium
form, The procedure used for equilibration and the treat-
ment of the radiochemical data are described in appendices
iii, iv, respectively. The '/m ratio was kept the same
throughout the run. The pH of the equilibrium solutions
was also kept conétaﬁt at 3;36. A europium-152 + 154 mixture
was used as a treacer and its 'concentration' in solution
before and after equilibration was determined radiometrically
by ¥ -~counting in the energy range of 1.00 to 1.28 Mev, zs
deécribed in appendix wviii. The essential date and results

are given in Tables XI (a) and XI (D).




TABLE XI (o)

molr—E}l}.tre ,m?_ s ?\i_\ 3\'_1 Av'f,_ 4 f?_l . E(-\ . E_ 3
- 4006 | 290| 0.22x10° - - - -
0.00177 2270 |  433| 0.46 0.24x10° | 143 | 168x | 1.69x 10’
0.00354 1506 470 1.37 1.15 180 639x 4,72
0.C0445 | 1124 575 | 1.03 0.81 ées 284 3.59
0.00532 896 652 | 1.21 0.99 362 273 4,01
0.00714 T44 613 1.34 1.12 323 347 2.51
0.00885 482 826 | 1.79 1.57 536 293 5,25
0.0133 267 | 1054 | 2.48 2,26 764 296 6.73
0.0177 167 | 1298 | 3.19 2.97 1008 295 8,28
0.0221 111 | 1586 | 4,01 3.79 1296 292 10.11
0. 0266 78 | 1896 | 4.89 L 4.67 1606 291 |.12.09
0.0310 56 | 2276 | 5.96 5.74 1986 283 | 14.52

_g6_

Rejecting the first two values asnd teking the mean of the rest, ﬁ, =296 + 19 ™M
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t = 25°e'

TABLE XI ( bz
Reacition oK : .
| medivm and vH HL /3 T /{; 5 ;13 3
temperafiae
_ M- M-2 m-3
3436 3.46 {296+ 19 }6.63x10°7 |3x10
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CHAPTER IV

The Study of Gadolinium (III) Complexes with
Sulphate, Oxalate and o -=Hydroxyisobutyrate
Ligands in Sodium Perchlorate ledis at 25

Introduction:

The solution-chemistry of gadolinium (III) in respect
of its complexing properties with sulphate, oxalate and
k-hydroxyisobutyrate ligands in sodium perchlorate media end
at 25°C has been studied by a cation-exchange technique. The
results obtained are reasonably comparable with those published,
recently in respect of these systems and obtained by ion-
exchange and other techniques. In the present studies,
gadolinium~153 and Zeo-Karb 225 (SRC 15), 8% DVB ete. (vide
appendix (i)) have been used as a tracer and a cation-
exchanger respectively. The procedures adopted for equili-
brations, treatment of radiochemical data and the calculation
of the step stability constants are described in appendices
(iii) and (iv) and the general introduction (p. 18)., The
'concentrations' of the tracer in solutions before and after
equilibrations were measured radiometrically by counting of
X-radiations in the energy range of 97 to 103 K.e.v. using
a well-type sodium iodide (thallium activated) crystal and

a single channel pulse-height snalyser (vide eppendix (viii)).

Investigation of the Gadolinium (III) Sulphate
system in 1M Sodium Perchlorate:

In the investigation of the gadolinium (III)-Sulphate
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system, the procedure employed for the study of identical
systems involvihg lenthanum (III), cerium (III) and europiunm
(III) and the ligand sulphate, was followed. The '/m ratio
(}°/.2) was maintained throughout. The pH of the equilibrium
solutions was kept at nearly 3.80. The essential data and
the results of the investigation are collected in Tables

XII (2) and XII (b).




TABLE XII (a)

molt[e}; 111;1«9 m?g_. 93_\‘ ‘f\'_z 5:,_ Af_" ﬁl. ,ﬁz
- 1118 | 35.50 | 1.08 x 103 - - - -
0.011 812 | 34.25 1.33 - - - -
0.020 628 | 39.01 1.21 0.13 3.51 37.03 9936
- 1046 - - - - - -
0.030 476 | 39.92 1.27 0.19 x 103 4,42 42,99 12217| .
0.040 384 | 43.10 1.34 0.26 7.60 34.21 | 10499}
0,050 328 |  43.78 1.39 0.31 8,28 37.44 11275 .
0:060 284 | 44.72 1.44 0.36 9.22 39.04 | 11755
0. 070 241 47.72 1.52 0.44 12,22 36.01 | 12048 .
0. 080 214 | 48.60 1.56 0.48 13.20 36.64 | 12426
- 1118 - - - - - Lol
0. 090 185 | 56.04 1.76 0.68 20,54 33.10 13475 -
0,100 160 | 59,87 1.88 0.80 24.37 32,83 14339
0.110 141 63.00 1.99 0.91 27.50 33.09 15125
0.120 131 | 63,00 2,00 0.92 27.50 33.45 15296
04130 128 | 59,50 1.93 0.83 24.00 | 35.42 14964
0.140 112 | 64.16 2,07 0.99 28.66 34.54 +15992

Mean value of

Pi= 35.83 + 2.76 ™"

-Z0T-
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TABLE XII (b)

Reaction medium, f ﬁ

temperature M- M-2 M-3
IM NaClO4
pH = 3.80 35.83 + 2,76 ‘279 1600
t = 25%

Investigation of the Gadolinium-Oxalate System
in 0,5M Sodium Perchlorate at 25YC:

The gadolinium-oxalate system was studied under the same

conditions as those used for the identical studies with
cerium (III) and europium (III). The V/m.rqtio, however,
was changed to 15/.l in order to obtain a better distribution
of the metal betwsen the resin and solution phases in the

absence of the ligand. The pH of the equilibrium solutions

was maintained at 3.80 + ,01l. The esgential datd and the
resulits of the investigation are given in Tables XIII (a)

and XIITI (b).



TABLE XIITI (a)

molt[a}' '1}..tre m?. i (3,- ‘ f\_l Amf-‘l AM?\ ’j\ ] i A
- 7094 |0.86 %10° |0.670x 1010 - - = . -
1.00x 10> |3799 |0.87 - - - - -
2.00 2374 [0.99 0.788 0.118x10%° [0.13x10° 10.908 x20% |0.093 x 2013
3.00 1725 |1.04 0.833 0.163 0.18 0.906 0.096
4.25 1252 |1.04 0.888 0,218 0.18 1.211 0.114
5450 950 [1.18 0.954 0.284 0.32 0.887 0.207
7.00 715 |1.28 1.044 0.374 0.42 0.890 0.117
8.00 594 [1.37 1.113 0.443 0.5 0.869 0,123
9.00 530 {1.38 1.126 0.456 0.52 0.877 0.124
1.00x10™% | 438 [1.52 1.242 0.572 0.66 0.867 0.136
1.20 363 [1.54 1.271 0.601 0.68 0.884 0.139
1.40 294 {1.65 1,363 0.693 0.79 0.877 0.149

Rejecting the value underlined and taking the mean of
$,= 0.885 + 0,013 x 10° M~

the rest,
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TABLE  XIII (b)

Reaction Ko
medium, pH and HL PI ﬁ2 733
temperatire M=t Y m-3

| pH = 3.80+ .01 | 3.80%,01 | 8.85+0:13 19.39x | 2x10

0. 50M Na0104
12

t

2500 | =z 10* 10°

Investigation of the Gadolinium (IITI)-—of-

Hydroxyisobutyrate System in 0,50M Sodium

Perchlorate at 250C:

Gadolinium-o ~hydroxyisobutyrate equilibria in 0,50M
sodium perchlorate were s‘tudied in the seme manner as
employed for the study of the other identical systems
involving yttrium (IXII), lenthenum (III) etc. end o -hydroxy-
isobutyric acid. The ratio v/m, however; was changed %o
lo/.l to have a suifable distribution of the tracer between
the resin and the solution phases. The data and the resulte
of the investigation are collected in the Tables XIV (a)

and XIV (D).



TABLE XIV (a)

molcg}il.jl.tre , mf o gi\ :S\-; A‘,f.-,_ AM?" Ti:‘-\ Mg.3
- 4086 | 550 | 2.45x10° - - - -
2,356 x1073 | 1566 | 683 | 3.19 0.74%10° | 133 | 556 |0.41x10°
4,712 . 857 { 800 | 3.87 1.42 250 | 568 |0.49
6.640 586 | 899 | 4.42 1.97 349 | 564 |0.54
8.854 411 | 1010 | 5.03 2,58 460 | 561 |0.61
1.107x2072 | 315 | 1081 | 5.47 3,02 531 | 569 |0.65
1.328 234 |1239 |6.30 3.85 689 | 559 |0.75
1.549 184 | 1369 | 7.00 4,55 819 | 556 |o0.82
1.771 154 | 1442 | 7.43 4.98 892 | 558 |0.87
1.992 128 | 1552 | 8.03 5,58 1002 | 557 |0.93
2.214 107 | 1680 | 8.73 6.28 1130 | 556 |1.01
2.435° 30 -1823 9,51 7.06 1273 | 555 1.09
2.656 61 | 2484 p2.93 10.48 11934 | 542 (1.48
2,878 42 13346 [7.43 14,98 2796 | 536 [1.99
3.099 26 | 5039 [26.26 23,81 4489 | 530  {2.99
' Mean value of fa = 555 + 11 ™7

=901~
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TABLE XIV (B)

Rezction medium ok
and £y
temperature HL P I P 2 f .3_
M-t M- m-3
0.50 Na0104 4 5
3.61 555+ 11 6.1x10 8x10
t = 25%
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CHAPTER V

Study of the Complexes of Actinium (ITI) with
pulphate, Oxalate and o =Rydroxyisobutyrate Ligends
in Sodium Perchliorate Media at 2900

Introduetion: .
Actinium was discovered in 1898 by Deblern=123
124

and about
the same time independently by Giesel The name 'actinium'
is due to Debierne. Boltwood 2" in 1908 demonstrated that
the ratic of uranium to actinium in wranium minerals was
nearly constant, indicating a genetic relationship between the
two, The independent nature of the actinium series origina-
ting from some isotope of uranium (uranium-235, discovered in

127 . He

1935 by Dempsterl26)was established in 1929 by Aston
found by mass-spectrographic analysis that the ratio of the
masses 207 to 208 was much greater in lead from uranium ore
than in ordinary lead. Since the end products of the radium
and thorium series are lead isotopes of masses 206 and 208,
the lead isotope of mass 207 must belong to the actinium
series, The isotope actinium-228 was discovered by Hahn128
in 1908. it is produced by the nstural decay of thorium-232,
3;./\31:(——) R‘Gus | Aczzs_'_ﬁ_)
It has & half life of 613 hours and is a strong ﬁ-—
emitter - the energy of itsz-radiation is 2,00 Mev , and has
been used considerably zs an actinium tracexr in the study cf

actinium chemistry. Because of the characteristic absence
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of 5f. electrons, actinium is regarded as a homologue of
lanthanum which is characterised by the absence of 4f. elec-
t#ons. The cerrying of actinium by lanthanum precipitates,
the insolubilities of their hydroxides, fluorides, oxalates,
carbonates etc., the identical volatilities of their halides
and the constant tervalency of actinium and lenthanum ions in
solution establish the homology of fhe two, The difference
in the sizes of their ionic radii can account for the differ-
ences in their basicities. Most of the work done on the
tracer chemistry of actiﬁium concerns its co-precipitation by

inert.carriersl29330
131.

and the x-ray diffraction analysis of
its compounds No information, whatever, is available

on the quantitative study of the complexes of actinium, It
was, therefore, decided that an effort should be made to study
the sulphate, oxalete and L -hydroxyisobutyrate systems of
actinium (III) under the same conditions as those used for

the study of metal ions previously dealt with so that the
resgults obtained in respect of its behaviour in solution in
the presence of these ligands could be compared with lanthanum, |
Another reason for attempting this tedious study was the
unique position of actinium as a precursor of the actinide
elements, It might be pointed out here thqt the interest in

the solution chemistry of these elements particularly uranium

and the trensuranic elements developed mostly from the
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exigencies of the preparstion and subsequent treatment of
nuclear fuels and the availability?iechniques such as ion-
exchangesrd solvent extraction. In the present work actinium-
228 has been used as a tracer and the investigation of the
aforementioned systems of actinium (III) has been made by a.:
cation-exchange method using Zeo-Karb 225 (SRC 15), 8% DVB,
100-200 mesh (sodium form). Actinium-228 was separated from
an aged sanmple of thorium nitrate by a solvent-extraction
method using a cupferron-chloroform mixture (ecf. extractioh

of lenthsnum 140 from bariumt0)

Separation of Actinium-228 from Aged Thorium Nitrate:

The conventional methods for the separation of actinium-
228 from aged thorium nitrate were abandoned because apart
from being lengthy and tedious, they did not give a sufficient
viéld of the isotope for use in the proposed study. Eventually
the cupferron-chlioroform extraction was selected for its
comparative rapidity end simplicity. The difficulty of low
yield and hence also of low initial solution activity weas
overcome by the simultaneous running of a szries of extractions

- tesin weight

and the subsequent reduction of pH, Y}m_xa$é§{and the time
allowed for attainment of equilibrium, The method is out-

lined belows-

(a) Dissolve about 5 gm. of the aged thorium nitrate




-111-

in a small amount of 60-70% nitric acid. Add 5 mg of
berium carrier as barium nitrate solution. recipitate
barivm (radium) nitrate with fuming nitric scid - adding a
little at a time, stirring and cooling under a running tap of
cold water or in well-pounded ice. Separate the precipitate
by centrifugation and dissolve in a very small quantity of
distilled water. Set aside for a day to let actinium-228
grow in,

() Treat the acid solution of barium (radium) nitrate
(pH 2) with nesrly 3 ml of a 5% aqueous solution of cupferron
- end 5 ml of chloroform. Shake mechanically for 5 to 10
mihutes.. Separate the organic phase containing thorium and
discard.

(e) 1Increase the pH of the aqﬁeous phase to. 6 by agueous
ammonisa, 4dd ca., 10 ml of O;9M ammonium acetate. Shake.
Add ca. 3 ml of the 5% agqueous cupferron solution., Shake
for 2 to 3 minutes, Add 5 ml chloroform. Shake mechanically
for 15 minutes. Separate the aqueous phase and re-extract
with more cupferron-chloroform mixture (3:5 by volume).

(a) Strip the orgenic phase with 3N. nitric acid,

(e) Dilute the =2c¢id solution containing actinium-228
with distilled water, Add 5 mg of lead carrier as lead

nitrate. Pagss hydrogen sulphide to remove lead and bismmuth,




-112-

Filter off the precipitate. Test for lead by dithizone and
repeat the hydrogen sulphide treatment if necessary. |

(f) Tvaporate the solution to near dryness in a china
dish. Transfer to a platinum crucible and ignite.

(g) Take up actinium-228& with 1M, perchloric- acid.
Neutralise to the required pH using standard alkali. Méke up
the cationic étrength by adding the calculated amount of

sodium perchlorate.

Radiochemical purity of Actinium-228:

This was checked by following the decay of the isotope
‘over several half-lives by counting ofﬁ'-particles in a Geiger
Mﬁller ligquid counting tube. On foilowing the above procedure
the half-life obtained from the decay curve agreed well with

the literature value (6.13 hours).

Preparation of samples for equilibrations:

10 mg of the resin (Zeo-Karb 225, 8% DVB, 100 to 200 mesh

sodium-form) were placed in a 'polythene' capsule along with

a known volume of a standard ligend solution. A known voluie
of the isotope solufion was added immediately after preparstion.
Made up the volume (.: 12 or 14 Sf/iﬁg%he following investi=-
gations) with standard sodium perchlorate (0.500M or 1.00M).
Sealed the capsule and placed it in a shaking device (vide

appendix (iii), figure 12 ) for just over an hourj. An
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initial investigation showed that in asll the systems in

guestion, the equilibrium is attained in' less than an hour.

Radiochemical assay:

The 'concentrations' of actinium-228 in solutions before
and after equilibrations were measured radiometrically by
counting B -particles in a Geiger IUiler counting tube (vide
appendix (viii)). Due corrections for background, dead-time
and decay of the isotope over the period of.the measurement
of initial and finsl activitvies were made. For decay

corrections use wes made of the relationship:

_ -\t
At = Ao e
where At = radiocactivity of the solution after time interval -
t, in counts per minute (c.p.m,) per 10 ml solution.
Ao = radicactivity of the solution at zero time in c.p.m.

per 10 ml solution.

N = decay constant = 0.633 (t3 = half-life of the
t3 ®  isotope).

t = tiﬁe interval in units used for half-life.

e = exponential constant.

Investigation of the Actinium (III)-Sulphate System
in 1M/Sodi® Perchlorate at 259C:
N

This system was studied in the usual way with actiniume

228 as a tracer and Zeo-Kardb 225 (SRC 15) os & cation--

exchanger, The pH of the solutions was kept between 3,20-
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3.30, and the Y/m retio at +2/,01. The pH of the solution
was reduced to give a favourable distribution of the tracer
between the resin and the solution phases. At the usual pH
of 3.70-3,80 used in similar studies with lanthanum and the
lanthanides, actinium showed strong sorption on the resin (due
to its stronger basic character). This could be tolerated
if high initisl activities were availablei: The ygggggigﬁ

of V/m ratio to skeex 12/.01 was necessary for the same

reason, The essential data and results are given in the

following Tables XV (a) end XV (b).



TABLE

XV (a)

L .
molg/ l;!.tre il e QS\I_ ‘ i"’- Ani Aﬁ’\\ 'E\(_\ f\;’_s
- 790% . 17.25 233 - - - -
0.050 395 2000 290 57 3.25 17.54 1.49 x 103
0.080 284 22,27 . | 321 88 5,02 17.53 1.46 h
0.120 197 25,08 367 134 7,83 17.11 1,62
. 0,160 146 27.57 411 178 10. 32 17.25 1.79
10,220 97 32,47 491 258 15.22 16,95 2,09
10,260 82 33.21 511 | 278 15.96. 17.42 2,17
10.300 66 36.56 566 333 19.31 17.24 2,38
0. 340 55 39.30 613 380 22,05 17,23 2.55

Mean value of

B = 17.28 + 0.19 ™"’

*Mean of six values,

-GTT-
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TABLE XV (k) -

Reaction medium,

temperature and’ I :
pH ﬁi“ Be 3

1,008 NaCl0,
t = 25% 17.3 + 0,2 66 X
PH = 3.20- 3430

Investigation of the Actinium (III)-Oxalate

System in O0,50M Sodium Perchlorate at 25%C:

The actinium (III)-oxalste system has been studied
in the same way as that employed for the investigations of
the identical system of lanthanum (III}, The pH of the

tesin weight

v .
2e%ie; however, were
~

complexing solutions and the
reduced %or reasons already explained (page_no Yo The
eggential data and results of the investigation are given

in Tebles XVI (a) and XVI (D).



TABLE XVI (5)

V/m = /.01
PK2(I'II)>= 3980 2 0001

(™) 0,29 (HL)* (#Caleculated in the usual
way using Henderson's equation)
L—' . | .
| mo;g/lltre it e 5‘2.'\ | f\-z | A i" /;Mq?' . ﬁm‘ | 5_3 |
- 1981% | 0,278 x 0,044 x - - - -
_ 10 10 I B
2,29%x107° | 1043 | 0.393 0.059 0.015 x | 0.115 x | 0.136 x o,._o_o-g"'x Y
1 ' o o 10l 102 10 10L5. | .H
|4:58 | 661 0.436 0.087 0.043 0.158 0.272 0,013 i
{6435 515 0.483 0.098 0.054 0.205 0.263 | 0.014. '
18,54 353 0.540 0.119 0,075 0.262 | 0.286 0.027 | .
} li%ﬂr_z % 235. | 0.649 0.148 0.104 0,371 0.280 | 0.020%
2.374 121 1,119 0.250 0.206 0. 841 0.245 0.033.
{1.603 77 1.543 0,350 0. 306 1,265 0.242 0,045 -
11.832 57 1,842 0.427 0.383 1.463 0.262 0.055
- 2180% | 0,278 0.044, - - - -
4.53 %1077 758 0.412 0.085 0,041 0.134 0.306 | 0.014
7.74 433 0.521 0.114 0,970 0.243 0.288 0.017
9,56 | 314 0,622 0,133 0,089 0.344 0,259 . 0.019
Me?.n velue of 4, = (0,270 + 0.19) xrl@i? M= I Mean of 4 values
lst value rejected i § Mean of 2 values
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TABLE XVI (b)

Results:

Reaction méﬁium, | ok ‘
temperature S22(drn) B T Bo B3
and pH - 3,
M- M-t M

0.50M NeCl0,

t = 25° 3,80+ 0,01 | (2,7+0C.2) |3 x 10 x

1ok
pH = 3.40+ 0,01 x 10

Investigation of the Actinium (III) L -Hydroxyisobutyrate
System in 0,50 Sodiuwm Perchlorate at 25°C:

The system has bheen investigated by the procedure out-
lired on page n2 of this text. The pH of the complexing
golutions was kept at 3.30 + 0.01. A V/m ratio of 12/.01
was used for equilibrations. The time allowed for equili-
brations was just over ar hour. The essential data and

results sre given in Tables XVII (a) and XVII (b).




TABLE XVII (a)

molgﬁlltre it o= 421_ . f\_z AM_:E AM(Z_S,‘ /i: -\ ff\-;
- 1572 | 183 | 0.250 x 10° - - - -

9.9 %1073 | 443 | 257 | 0.39% 0.146 x 20° | 74 | 197 0.26 x 10
1.65x1072 | 273 | 288 | 0.464 0.214 105 | 204 0.29
2,31 162 | 377 0.606 0.356 194 183 0.36
2,97 105 | 470 | 0.764 0.514 287 179 0.45 .

3,63 95 | 428 | 0.716 0. 466 245 190 0.42

4.29 74 | 472 | 0.796 0.5456 289 189 0.46

5. 28 56 | 513 | 0.876 0.626 330 190 0.52

-6T1I~

Mean value of
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TABLE _XVII (b)

Reaction medium,

temperature IPK(HL) I B2 B3
and pH S ' . - -
M- M2 "3
0.50 HNaCl0
_ 4 ' o
§ = 25% 150 + 7| 1.0 x 10* |7 x 10

pH = 3.30+ 0,01

3.61 + 0.01
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CHAPTER VI

The Study of Americium (TIT) Complexes with
Sulphate, Oxalate and L -Hydroxyisobutyrate
Ligands in Sodium Perchlorate Media at 25YC

Introduction:

Americium belongs to the "actinide" series of elements
end contains six electrons in the 5 f. electron shell. It
therefore corresponds to europium of the "lanthenide"series
of elements (which contains six electron in the 4 f. elec~
tron shell). The crystallographic ionic radius of
Americium (III) is greater than that of europivm (III) by
0.03E. In the absence of the f-electron participation,
therefore, the complexes of americium (III) with a parti-
cular ligand would be expected to be weaker then the corres-
ponding complexes of europium (III) with the same ligand
under precisely the same environmental conditions. The
present investigation was undertaken to check the validity “
of this assumption. It may be mentioned that the

132 to the contrary is derived from a

existing evidence
comparison of results obtained on comparable systems by
incomparable techniques. ,
In the present investigation americium-24]1 has been
used as a tracer. The Y -spectrometric examination revealed
the presence of less than 1% of protactinium-233 impurity in

the isotope. This was ignored. Protactinium-233 is a decay
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product of americium-241 and a strong X’-emitter (0.31 Mev

and 0,09 lev.)
Ap2il o

/

237 o pg233 {

N'\
The 'concentration' of the isotope in solutions was measured
radiometrically by § =scintillation counting in the energy
range of 0.03 and 0.06 lev. using a well-type sodium iodide
(thallium) crystal (vide appendix viii), The equilibrations
were carried out by the general p}ocedure described in
appendix (iii). The data obtzined were treated in the usual
way (vide appendix (iv ) and general introduction page 18)

for the calculation of the step stability congtants.

Investigation of the Americium (III)-Sulphate
Systen in 1 Sodium Perchlorate at 25VC:

The method and conditions adopted for the investigation
of this system were the same as those employed for studying
europivm (III)-sulphate system. A V/m ratio of 10/.2 was
used throughout. The pH of the complexing solutions was
kept zround 3.8. The time allowed for equilibrations was
over twelve hours, The essential data and results of the

investigation aré given in Tables XVIII (a) and XVIII (D).



TABLES XVIII (a)

=

moge/ }Li'l:re i o ?\L \ fM_,_ A£1 Angz_ﬁ\_‘ ﬁ:\_\ i"-‘
- 983%* | 30.00 |0.69 x 103 - - - -
0.01 821 | 19.73 |1.60 - - - -
0.02 620 | 29.28 |0.93 - - - -
0.03 493 | 33.13 | 0.89 0.20 x 10° | 3.13 |63.9¢ |1.43 x 10
0.04 412 34.65 | 0.93 0.24 4.65 | 51,61 1.37
0.06 303 37.40 |1.00 0.31 7.40 | 41.89 1.33
0.07 257 | 40.36 | 1.06 0.37 10.36 | 35.71 | 1.36
0.08 230 40,92 | 1.09 0.40 10.92 | 36.63 1.38
- 1080% | 30.00 | o0.69 x 10° - - - -
0.05 375 | 37.60 | 0,98 0.29 7.60 | 38,16 | 1.41
0.09 205 | 47.42 |1.23 0.54 17.42 | 31.00 | 1.54
0.10 178 | 50.67 | 1.31 0.62 | 20.67 | 30,00 |1.62
0.12 145 | 53.74 |1.41 0.72 23.74 | 30.33 | 1.74
0,14 119 | 57.68 | 1.53 0.84 27.68 | 30.35 | 1.87

@ .
Mean velueof B = 34 + 4 M~
®pirst two values rejected.
#lean of 2 values.

*Mea.n of 3 wvalues.

-tet-



Regults:

Regction medium,

temperature and ./[31 /ﬁz B3
pH M_I M-Z M"'3
1N I‘Ia0104

t = 25% 34+ 4 360 -
pH = 3,80

Investigation of the Amepricium-Oxalate System

in 035 M Sodium Perchlorate at 25°C:

This system was studied in the usual menner using a.
10

Y/m ratio of ~ /.10 and at pH 3:62 + 0,01, The essential

data and results are collected in Tables XIX (a) and XIX (b).



TABLE XIX (a)

e e I N B A I L
5100% | 0,64 x 10° {0, 37 x 1010 - - - -

2.19x107° [1943 }o0.74 |0.43 0.06 x10%° |0.10x10% |0.60x10% |0.022x 1037
2,79 1710 0,71 10.43 0..06 0,07 0.86 0.028

3.18 1460 |0.78 |0.46 0.09 0.14 0.64 0.027

3.98 1280 |C.75 0.45 10,08 0.11 0.73 0.028

4438 1130 |0.80 0.48 0.11 {0.16 0.69 0.030 .,
4,78 1050 | 0,81 0.48 0.11 0.17 10.65 0.027 G
55T 840 {0,901 Ce53 0.16 0,27 0.59 0.029
5,97 830 |0.86 0.51 0.14 [0.22 {0.64 0,029

6437 740 ]0.93 .55 0.18 0.29 0.62 0.029

716 630 |0.99 0.59 0.22 0.35 0.63 0,033

-T56 630 |0.94 ° 0.56 0.19 0,30 0.63 0.031

*Mean of six values.

Mean value of

&

(0,66 + .07) x 10° M
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PABLE XIX (D).

Reaction oK o

mediuin, 2.
temperature (HL) . P1 B2 B3
and pH M= M- -3

04501 NaC10, :
. (0.66 +

PH = 3,62 +
0.01

Investigation of the Americium-« -Hydroxyisobutyrate

System in O,50M Sodium Perchlorate at 22%Cs

This s&stem has been studied in the usual way employed
for the investigation of the identical systems involving
the rare-earths and « =hydroxyisotutyric acid. A V/m
ratio of 1'0/ .10 has been used throughout., The pH of the
complexing solutione wae kept the szme as that used in the.

study of the analogous europium—< -~ hydroxyisobtutyrate
The essentiel data and results are given in Tables

systen.
XX (a) end XX (D).




TABLE XX (a)

mﬂg? l}it?e' mi. g f-'—\ :'2 'flvf-l Ak\d-)'\ '&-' M3
- 5613% | 487 |1.83x10° | - - - -

1.8 x 1073 |2061 | 498 |=2.36 - - = |oss7x10°
2.3 2357 | 601 |2.43 0.06 x10°. | 114 526 | 0,38

3.4 1729 | 661 |2.71 0..88 74 | 506 |0.42
4.7 1273 725 | 3.02 1.19 238 500 0. 44
6.0 929 | 840 |3.50 1.67 353 | 4713 |o0.50
7.3 814 | 808 |3.49 1.66 321 | 517 |o0.50
"9,0 593 | 941 | 4.08 2.25 454 496 | 0,57
'1.07x1072 | 471 | 1020 | 4.47 2,64 533 495 | 0.62
127 369 | 1119 |4.95 3.12 632 | 494 |0.68
1,50 | 287 | 1237 |5.52 3.69 750 492 | 0.75

| .75 209 | 1478 |6.63 - - - 0.89
2:00 160 | 1704 |7.69 - - = 1.03
2.25 118 | 2070 |9.37 - - - 1.25

*Mean of sim values.

Mean value of

B =500 & 14 M

=l21~
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TABLE XX (b)

React'i'on oK
medium and HIL, o | |
temperature (HL) ﬁ I 'ﬁ P | ,;33
I M M-2 M3
0,501 Na0104 ] .

| 3.61£0,0L | 50014 | 6s1x10 x

1+ = 25%
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CHAPTER VII

DISCUSESION OF RISULTS

As stated already in the 'Cutline of the present work!
(page 23 ), part II of this work deels mainly with & study
of the complexes of some trivalent ions of elements of the
rare-earth and actinium series with fluoride, chloride,
sulphate, oxalate, -hydroxyisobutyrate and glycollate
ligands, Since it had been planned to study these systems
in sodium perchlorate media chiefly Ior reasomns of conformity
to the common practice of other workers, iv was decided to
study the sorption of lanthanum (III) and cerium (ITII) with
respect to pH on Zeo-Karb 225 (SRC 15) and De-scidite Ff
from sodium perchiorate solutions in order to obtain a
general idea of the sorption behaviour of the elements in
question on these resins from sodium perchlorate solutioris.
The results obtained are shown in figures 9 and 10. It is.
evident from these figures that the sorption of lanthanum
(ITI) and cerium (III) follows thé same pattern as that of
ytitrium (III) from ammonium perchlorate solutions., It
follows that the change of medium is not of any conseqguence
in the sgorption of the elements in question on the said
resins, and that the explanatvion given already for the sorp-

tion pattern of yttrium (III) may also be applied to that
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of lenthenum (III) and cerium (III).

The results obtained from the present investigation of
the eforementioned systems are discussed hereafter indivi-
dually and in relation to each other.

Fluoride

The study of the lanthanum (III)-fluoride system
revealed the formation of only one complex in the ligand
concentration range of 3.65 x 10™2 t0 7 x 1073 mole .17t
(vide tablel .69). The equilibria involved in the system

ares=— -
2+ K+ = YMFz{l

(1) w3 +p 2 we , X —_—
3 (7

(g") #)
(&)
MultiplyinggKl by K.y the following expression is obtained:
i 2+] [ +] * i
. | MF H _
Kl KHF = [ = Kl

[M3+_) (mr)

(Kl* is the -equilibrium quotient for the readtion:
N3t + HF <= MNP + H)

+

148
Using 1.23 x 1073 for Kgp (vide R. E. Connick et. al.)

and the wvalue 465 obtained in the present work for Kl, the

following Kl* value is obltained:

-3
Kl* - 465 X (1.23 x 10 ) = 0057
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This- value of'Kl* is in very %i%d agreement with that
reported by J. W. Kury et. al. (name;y, Kl = 0,59)
(vide table XX1) who obtained it by the so-called 'ferri
method' which is essentially a potentiometric method based
on competition between lanthanum (III) and iron (III) for
the fiuoride ions in a ferrous-ferric concentration cell.
Regarding the validity of the KHF valueld"8 used for the
calculation of the results in the present investigation it
may be mentioned that J. W. Kury et, al, also used the same
Kyp value in the calculaticn of their results and that more
recently Farrer and Rossotti 149 assuning the validity of
this vaiue for 0.5M sodium perchlorate have used it for the
interpretation of their own results derived from the study

of the 'Proton-Iluoride Association'. It may further be

observed that in the present investigation ¢>I values showed

a sudden drop beyond 7 x 107> mole 1~1 concentration of the
fluoride ions suggesting the probable precipitation of some
lanthanun fluvoride species (compare a value of 484 for ¢I
at 5.39 x 1073 mole 1™} concentration of the fluoride ions
with aQbI value of 139 obtained at 7.37 x 10™3 mole 171
concentration of the ligend). No attempt was made %o
explore the effect of increasing metal ion concentration in

solution on the system in question,

\




TABLE XL

. - -3+ ] o * "
Ligandg M Method Medium Temp. KI KI Ref,
™
La(III) i. ex. | 0.50M NaC10, | 25°% 0.57 | 493+ 28 P,
Pot. _ C\.O - - (‘}-0 - 0.59 478 145
i, ex. = ion-exchange.
solv. ext. = solvent-extraction,

P.W,

Results from the present work,

2T~
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Chioride

A pI value of 1,73 for the cerium (III)=-chloride
system on compariscn with those reported in the literaiure
for cerium (III) and the other trivalent rare-earth ions
(vide table XI) seems plausible in view of the difference

of the ionic strengths of the mediz used.

Sulphate

The ﬁ 0 velues obtained for the gystems involving
sulphate as ligand and the trivalent rare—earth ions,
namely, lanthanum (III), cerium (III), europium (III) and
gadolinium (III) have been observed to follow the trend
suggested by the relative sizes of the crystal ionie
radii (vide table xXiV page 139 ), i.e., the increasing
stabilities of the complex with decreasing ionic radii.
The sizes Of-Pn values for the sulphate complexes of
actinium (III) and americium (III) relative to those per-
taining to the identical complemes of lanthanum (III) and
europium (III) indicate the mutuslly exclusive depﬁﬂaence
of their chemistries on the sizes c¢f their ionic radii as
well es the homologous relationship existing between the
two series of elements (vide table XX\l ), It may further
be added that the 1%qvalues obtained for the various systems

involving the cations in question and the ligand sulphate
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have been observed to be in fairly good agreement with
those reporfed in the literature for the same systems in

recent years (vide table XXII).




TABLE XXTII

Iigand| M°% Method Medium Temp.| f 1 Ba 8 5 Ref.
| M- m-2 -3
504" | pa(rrr) 1. ex. 1M NaC104 | 25% | 2443 : - P.V.
solv.ext. y y 28 238 141
] . .. 25 - - - 150
Ce(III)  i. ex. W Nac104| 25°% | 34+1 271 800 P.W.
i. ex. “ " 43+ 3| 220450 | 1200+ 300 | 152
EU.(ITI) i, ex. # “ 371 4 354 1200 PV,
80lv.ext. " 35 490 - 141
i, ex. - - 37+2| 250+ 30 - 153
Ga(III)} 1. ex. 1M Nac104| 25°C 36+ 3 270 1600 PV,
Ac(III)} 1. ex, 1M NaC104| 25°% | 17 66 .- P.W.
Am(IIIY i, ex. 1M NaCl04| 25°C 34+ 4 360 ; P.W,
solv.ext. 4 ‘ 37.15] 457.09 141
solv, ext.| AL =1-1,3M p 30 390 153
i. ex. “ 31 300 153
i. ©Xe A = 0,75 - 60 - 158
A= 1,75 - 58 130 158
i, ex. = ion-exchange P,W, = Results from the present
solv, ext. = solvent-extraction wOCkK,

-GET-
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Oxelates

The 1a‘values obtained from the present investigation
of the systems involving the oxalate ligand and the triva-
lent rare-earth ions show a regular increase from lanthanum
(III) to gadolinium (III) (vide table XXIII). This is
consistent with the expected trend of these values in
view of the diminishing sizes of the crystal ionic radii
from ianthanum (III) to gadolinium (III) (vide table XXIV).
The similar values obtained for the systems involving the
ofalate ligand and actinium (III) and americium (III) appear
to follow the seme trend as the trivaelent rare-earth ions
relative to one another and to the corresponding rare-carths,
namely, lenthanum (III) anc europium (III) respectively
(vide table XXITI). Recently T. Sekinel#! has reported
results for the oxalate systems involving trivalent
lanthanum, europium and americium ions for M = 1M snd
t = 25°C (vide table XXIII, page 138). A comparison of
his results with those obtained from the present investi-
gation would show the latter to be consistently higher
(except the {32 value for the americium (III)-oxzlate system)
and this ig what would be expected bearing in mind that
ionic strength of the medium used in the present investi-

gation was 0,50M, The general trend of the relative 132
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and 3 values reported by T. Sekine and those from the
present work suggests that the /32 value reported by the
former Ffor emericium (III)-oxalate system is presumably
slightly higher than it should have been. The/BI velue
obtained from the present investigation for the europiun-
oxalate system for AL = 0.50 is almost in complete agree-
ment with a similar value reported by Xerechuk and

Paramanoval55

Tor the same system and for the same ioniec
strength of the medium. The discrepancies in the /32 and
133 values though apparently large are not out of the order

commonly observed in the reported values,
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TABLE XXITI

Liganad M3+ Method Medium Temp. ﬁI ﬁz | /83 Ref,
M-t mM-L M3
€00~ | |
| La(III)| i. exo | 0.50M NaC10,| 25°C| (2.88+0.10)| 1.25 x| 3.3 x [P.W,
x 104 108 | 1010 |
solv.ext. | 1M NaClO4 25% | 1.82x104 7.08 x| 1.86x |i41
107 1010 | -
Ce(III)| 4. ex, .| 0.50M Nac104| 25%| (3.03+0.02)| 1.87 x| 4x 1011{ 2. ¥,
x 104 108 |
Fu(III)| 1. exs “ ’ 6.52x10% | 6.27 x| 1.5 |Pw. | &
108 | 1012 P
“ g o 6.4 x 204 | 3.7 x | 3x 10155
108
solve.ext. | 1M NaC104 ” 5.89x104 | 5.25x | 2,46 % |141
108 | 101l -
- GA(III)| 4. exs | 0.50M NoC10,| - | (8.81+0.13) 9.39x% | 2 x P.¥.
x 104 108 | 1012
Ac(ITII)| i. ex. . v | (27£0,2) % | 3x 108 PW,
Am(III)| 4. ex. Z (6. 6:-10.7) x| 2x108]| 1.2 x |P.W.
104 1012
solv,ext. | 1M NaCl0, 25°C| 4.27x104 | 2.24x | 1.41x [141
108 | 1011
i. ex. ion-exchange. P.W = Results from the present work.

SOlV. ext. -

solvent-extraction,
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7 3L

XaIV

y3+ 0.98 1
Ta* 1,061
ce3*t 1.034
Eut 0.950
cad* 0.938
ac3t 1.11
a3t 0.99

The above values for the ioniec radii of the trivalent

ions lis%ted in column X
the 'Advanced Inorganic

Interscience Publishers

A =hydroxyisobutyrate

The relstive sizes

of the above tzble are taken from
Chemistry' by Cotton and Wilkinson

1962, pages 877 and 891,

of the f%'values obtained from

the present investigation for the systems involving « -

hydroxyisobutyrate ligand and the trivelent rare-earth

ions (excluding yttrium

(II1) ) appear to follow the

trend expected of the sizes of their ionic redii (vide

higntatd
IV ).

tables XHIV and XI

The 131‘ values obtained for the

actinium (III) and americium (II1)-x~hydroxyisobutyrate

systems (vide table XV} clso fit in nicely with the
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concept of the ionic-radium-dependence of their solution

chemistries relative to one another and to the corres-
ponding rare-earths, namely, lanthanum (III) and europium
(I11). The f3 ,, values obtained from the present investi-
gation for lanthanum (III) and europium (III) are in very
good agreement with those-reported by Stagg andIEﬁelirsl
for the same systems and ionic sitrength of the medium,
namely, for 0,5M sodium perchlorate (vide table XXV),
The ﬂ a values reported by Choppin and Chopoorianl35 for
the cerium (III), europium (III) and gadolinium (III) &« -
hydroxyisobutyrate systems for A = 2M appear to be out
of tune with those reported by other workerslol’ 151 and
the ones obtained from the present investigetion for

AL = .54, especimlly when the agreement of these latter
results is taken into consideration. The higher P n
values for the yttrium (IIl)- -hydroxyisobutyrate system
than those reported for a corresponding system involving
europium (III) under comparable conditions (vide table
XXVI) could be, according to Choppin and Chopoorian135,
due to the inductive influence of the methyl groups in
the o -hydroxyisobutyrate ion and the absence of a crysial

field stabiligation in yttrium (III). The absence of a

similar trend in the glycollate systems involving yttrium
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(III) and europium (III) (vide table XXVII p. 146) may

then be explained by the absence of the methyl groups in
the glycollate ion,




TABLE XXV

. -3+ - . .
Ligand Ul Method Medium Tenp. 1 y : Ref,
P Tt /3‘,%1 p‘:”,-a
S =Ly dr-| Ta(IiI) i. ex. | 0.,50M NaCl04 | 25°C| 181+ 4 7.8 x | 7.5 x |2.W.
oxyiso- 103 104
buty-
outy oH ’ . | 166 4.7 x . |1s1
103 |
Ce(III) i, exX. i " 229 1.8 x .- 101
1.04
I}I'I it 1¢ 234. 4 l. 02 X -~ - 151
104
Fot. U = 2M / 270 2,08 x 2.0§x 135
104 1.0°
Zu(III) i. ex. | 0.50 NaC104 259C | 516 + 1.3 7.67x 100 T.¥.
104
pH 4 u £13 8.32x | 8:,13x | 151
104 10°
Pot. M o= oM 4 503 8.75x | 3.33x | 135
104 106
Ga(III) i, ex. .| 0:50 NaCl0y4 259C | 555 + 11 6.1 x 8 x P.V.
104 _105
pH 4 o 513 9:33x | 1.02x | 151
104 100
Pot., |m= oM « | 503 8,75 % | 3,33x [135
104 10
Ac(III) i. exe | 0.50 NaCl04 250C| 190 + 7 1x104 | 7x104 | B.Y..
An(IIX) i. exe R 4 500 + 14 Gi%4x - PV,

-2y T=—




Yttriumq%—hydro;yisobuﬁyrate

TAB

8
2 4

AXYT

Method Medium Temp. B2 A1 Ref.
M=\ M- mMm-3
i. ex, 0.5CM FH,C10, 25¢C | 750+ 30 2.1x 102 P.V,
i, ex. 0,508 NH4C1 2590 661 2.34x 105 1.6 x 106 101
i. ex. 1300 4 x 104 2 x 107 136
Fot. A o= Z2H 250¢ 730 2.8x10° 2,0x 207 135
i, ex, = Ilon-exchange
Pot. = Potentiometric
PV, = Results from the present work

=EFT A
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Glycollate

The investigation of the europium (III)-glycollate
sysoem in 0.5 ammonium perchiorate revealed the formation
of three conplexes. The values for the stepstability
constants calculeted from the experimental data are given
in table XXVI 2long with those reported by other workers
for the same system. A comperison of the‘ﬁ%values
obtained from the present work with those reported by I. 3

Grenthel56 shows the two to be related as follows:

fn(B.)
ﬁn(I.G.)

It is evident that the ratios of the corresponding 73n

values are approximately related to each other as the terms
of a geometrical progression. This is indicative of the
presence of a systemalic error in the measurewment of one

or the other set cf the gquoted values, The /3;value?
namely, 285 from the present work is in complete agreement
with that reported by Choppin and Chopooriad35 for the
gystem in question for m = 2, provided a due adjustment

suggested by I. Grenthel6 for comparison of results

[\Y
e

in the concentraticn range of 0.5M and 2, is made, LIt

M

may be menticned that the aijustment suggested by I. Grenthe

ig baged on his computation of the probable differences of



.Pwvalues betreen the gwaid ionic strengths of the media
from the results reported by A. Sonesson157 rTor the
gadolinium (III)-glycollate system for M = 2M and M = 1,
derived from the potentiometric and ion-exchange studies
of the system in question, According to I. Grenthe a

ﬁ, value velid for 0.5k ionic strength should be reduced
by 10% of its nominal value for comparison with e similar
value ovtained at 21 ionic-strength; for ﬁ o and f33 the
suggested reduction is 20% of their nominal values, The
agreement between the f ; values for the yttrium (III) ana
europium (III)-giycollate systems is consistent with the

concept of the ionic-radius-dependence of their chemistry.



TABLE XXVII
Ligend] M3t | Method| Medium Tem.| (g po £ Ref,
m=! ™M- ™M
g@aaazzh Bu{III)} i.ex.| 0,50 NH4C104| 259%| 296 + 19| 6.63x 104 | 3 x 106 | ».w,
Fot. ’ 20°C) 369+ 3| (4.1%0.3)| (8.1+0.7)| 156
x 104 ¥ 109
Pot, = oM 250C| 285 | 2,62z104 | 6 x 107 135
Y(III)| i.ex.| 0,50 NH40104| 259C| 297.10 | 2.40x 104 P.V.
, 302,28 | 2.57x10% | 5 x 10° P,
i.ex.| 0.50 NH,C1 “ 290 | 1.6x104% | 1.45x104 | 101
i.ex, " 600 5.1 x 104 1 x 106 136
Pot. A= 2M 200¢ 295 2.5 x 104 5 x 105 137
Pot, | m = 2M 25%| 239 | 2.30x10% ! 4 x10°% | 135
i, ex. = ion-exchange
Pot. = TPotentiometric
P.W, = Results from the present work

-9 T~
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Comparison of the lanthanum (IIT) and actinium
(I1I) resultss~

The ratics fBI La (IlI)/ﬁI Ac (TII) for each of the
ligand used have been calculated and found to be nearly
the same size. It follows that the chemistry of the two
elements is a function of their ionic-radii rather than

any other factor.

(a) Tigand £ e (III)/p; 4e (III)
Sulphate 1.41
Oxalate 1.07
o« -hydroxyisobutyrate 0.95

Comparigon of the europivm (ITT) and americium
(ITL) results:-

The ratios P 1 Eu (III)‘QI Am (III) calculated from
the corresponding results of lhe systems investigated are
found to be nearly the same size (vide tdble below), It
folleows that the relative chemistry of these ions is a

funection of the relative sizes of their ionic-radii.

(b)

Tiigand /31 Eu (III)//;I Am (III)
Sulphate 1.09
Oxalete 0.99

A=~hydroxyisobutyrate 1.03
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The ratios of thef3I values for the pairs Ce (III)/
Ac (III) and GAd (III)/Am (III) for the ligands in gquestion

are as follows:

(e) Ligand /BI Ce (III)//)I Ac (III)
Sulphate 2.00
Oxalate 1.12
o =hydroxyisobutyrate l.21

(a) Ligand ﬁ 7 Gd (III)//.ﬂI Am (III)
Sulphate 1.06
Oxalate 1.34
f ~hydroxyisobutyrate 1.11

Comparison of the ratios given in tables (2) and (c)

for the pairs La (III)/ Ac (III) and Ce (III)/ Ac (III)
show an increase commensurate to the decrease of ionic
redius from lanthanum (III) to cexrium (III). Likewise
the ratics given in tables (b) and (d) for the pairs

Bu (III)/ Am (III) and Ga (II1)/ Am (III) show the
seme trend. The higher ratios of the p, values for the
sulphate systems of the La (III)/Ac (III) and Ce (III)/
Ac (IIT) pairs appear to be exceptional, presumably due to
the differences of pH involved in the study of the respective

systenms,
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AFPENDICES

The general informetion on the materials used, the proce-
" dures adopted for the conversion of resins to an appropriate
salt-form and equilibration, the preparation of the essential
stock-solutions, the counting devices employed for the gquanti-
tative determination of the tracers in solution and the other
relevant experimental asides are laid down in the appendices in

the following order:-

Appendix Contents Page
Number
(1) Materials used. 151
(ii A, Conversion of a resin tio an appropriate
) Salt-=form. T 153
B. a - ° . - . : ;
(a) Preparation of medium solution 153

(b) Preparation of tracer solution 154

(e) Preparation of «- hydroxylsobutyrlc 154
acid solution ,

(d) Preparation of glycollic acid “‘ 155
: solution : _ _
(e) Preparation of sodium oxalate 155
solution ' . B
(f) Preparation of sodium sulphate 155
solution _ S
(g) Preparation of sodium fluoride 155'
solution
(r) Preparation of ammonium chloride 156
solution.
(iii) Procedure for equilibration. 157 .
(iv) Treatment of radiochemical data for the i59

calculation of the distribution coefficients,




Appendix
Number

(v)

(vi)

(vii)

(viii)

-15 O
Contents

Celculaiion of the free-ligend concen-
tration:

(a) o hydroxyisobutyric acid, glycollic

acid, oxalic acid
(b) Chloride and Sulphate
(¢) Tluoride

Determination of the dissociation constants

D

-

of the =acids:

A, General procedure

B. Data and Resultis:
(a) o-hydroxyisobutyric acid
(b) Glycollic acid ‘
(e) Oxalic acia

Determlnatlon of the resin-swelling
correction (for 4-5% cross—linked resin:
Zeokarb 225 (SRC 12), 100-200 mesh,

emmonium-form) - A typical illustration

Instrumental measurements:
(a) Measurement of pH

(b) Spectrophotometric investigations

(¢) Infra-red sphectrophotometric
exanination of resin samples -
preparation of the sample

(d) Radiochemical measurements

[~

age

164
164
164

165
166

167
167

168

169

169

169
170
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APPENDIX (i)

Meterials used

Reagents - Chemicals of 'Analar' quality were used unless.

otherwise specified.

Ton-exchangers - ZeoKarb 225 series of chromatographic grade
jon-exchangers of 2% (SRC 7), 4-5% (SRC 12), 8% (SRC 15),
20% (3RC 23), cross-linking were used.

Ammonium perchlorate - B.D.H. 'Laboratory Reagent Grade' was
used. In some experiment , the reagent used was prepared

by neutralising perchloric acid with ammonia.

Glycollic acid - (Judex Laboratory Reagent, from the Genersgl
| Chemical and Pharmaceutical Co. Ltd,, Sudbury, Middlesex,
England). The acid was recrystallised from water and
dried in vacuum over sulphuric acid. The purity was

checked by alkelimetric litrationm.

o-Hydroxyisobutyric acid - (kindly supplied by A.E.R.E.,
Harwell) was recrystallised from benzene and stored in a

vacuunm dessicator.

Chromotropic acid - (B.D.H. Laboratory Reagent Grade and 'for

formaldehyde determination').

Isotopes used: All the isotopes used were carrier-free and
obtained from The Radiochemical Centre, Amersham, Bucks.,

England. These are:-



(1)

(2)

(3).
(4)

(5)

(6)

~152-

Yttrium - 91. The isotope solution was IN in
HC1l and contained less than 1.8 mg. of solids
per 2,25 ml., of the solution.

Cerium 144 - Prldi4. The amount of solids in the

isotope solution was about 0,7 mg./2 ml.
Barium - 140, Contained no solids.

Europium -~ 152, 154. The isotope solution contained
carrier, The total amount of Europium per ml.

of the solution being 3 ng.

Gadolinium - 153, The isotope solution contained

19 ug. of Gadolinium/ml,

Americium -« 241.
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APPENDIX (ii)

A, Conversion of & resin to an appropriate sali-form

A batch of sbout 100 g. of & resin in the sqdium-form
was taken in a large beaker and washed free of 'fines' with
2N. hydrochloric acid. It was then transferred to a large
column and washed with nearly 10 to 12 column-volumes of 2N,
hydrochloric acid to remove iron completely and convert it to
the hydrogen-form. The excess of the ecid was washed out
with distilled water,. The resin was then treated with 0,5M
ammonium or sodiun chloride solution (depending on the desired
salt-form of the resin), till the effluent was neutral to
litmas paper. The excess of the chloride was removed by
washing with distilled water. Finally the resin weas dried in
flat petri-dishes in an electric oven at 90°C, till the grains
just separated, snd stored in dry, clean screw-capped glass
bottle. Samples for use were kept in petri-dishes in silica-~

gel dessicators.,

Be Preparation of stock-solutions:

| (a) Medium solution: Appropriate weight of ammonium
perchlorate or anhydrous sodium perchlorate to give 0.5 or
IM strength was dissolved in distilled water in & standard
flask and its pH adjusted to the required using aqueous ammonia
or perchloric acid. Volume was made up to the mark with

distilled water and the pH of the solution rechecked.
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(b) Trecer solution: An adequate volume of the tracer
solution was teken and diluted with distilled water so that
one or two mililitres on further dilution to 25 ml., gave an
activity of 104 counts per minute per 10 ml. in a G.M, liquid
counter or per 2 ¥ 5 ml., in & scintillation counter using a
well-type Sodium Iodide (Thallium) crystael as a scintillator.
The pH of the solution was adjusted to the required by standard
emmonia or sodium hydroxide and perchloric acid solutions.
Appropriate amount of ammonium or sodium perchlorate was then .
added to give the required cationic strength and the volume
made up to the mark with distilled water in a standard flask,
The solution was stored in & polythene bottle with a screw top.

(e) o- Hydroxyisobutyric acid - ligand solution: An
appropriate amount of the recrystallised acid to give 0,5M
solution was dissolved in air-free distilled water and neu-
tralised to the desired pH with standard smmonia or sodium
hydroxide solutions - the amount of alkali required was
calculated from the proper pK value of the acid in the given
medium and at the given temperature using the Henderson's
equation, viz. |

Salt
PH = pK + log 'I%%ﬁ

Appropriate amount of ammonium or sodium perchlorate was then

added to give the desired cationic strength, and the volume of
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the solution made up to the mark with air-free distilled
water in a standard flask,

(d) Glycollic acid - ligand solution: The solution
was prepared in exectly the same mannexr as employed for the
preparation ofé{?hydroxyisobutyric acid solution.

(e) Sodium oxalate - ligand solution: The solution was
obtained by dissolving appropriate amounts of sodium oxalate,
sodium perchlorate and perchloric acid in water to give 0,IM
oxalate, 0,3 sodium perchlorate and I.6 x IO'4M hydrogen ion
concentrations., PFurther dilutions were made with 0,5M sodium
perchlorate solution adjusted to the same pH,

(f) Sodium sulphete -~ ligend solution: Appropriate
amounts of sodium sulphate and sodium perchlorate were taken
and dissolved in water to give 0.3M and 0.4M concentrations
of the respective salt. Enough of pure perchloric acid was
added to give pH of 3.80 and the volume made up to the mark
with distilled water in a standard flasek,

(g) Sodium fluoride - ligand solution: (a) 0.IM sodium
fluoride solution was obtained by mutusl neutralisation of
standard sodium hydroxide and hydrofluoric acid solutions;
The cationic strength was made to 0.5M by the addition of
anhydrous sodium perchlorate. Solution obtained showed strong
buffering and had a2 pE of 4.57. No salting out took place.

(b) Alternetive solution was prepared by mixing sodium fluoride
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and hydrofluoric acid in such proportions as to give O.45M
concentration with respect to sodium fluoride and 0,05M
concentration with respect to hydrofluoric acid. ' The total
cationic concentration viz. Na' + H:*, being 0.5M. For
further dilutions, & medium solution containing 0.45M sodium
perchlorate and 0,05M perchloric acid mixture was used.

(h) Ammonium chloride - ligand solution: 0.5M ammonium
chloride sclution in water was prepared by dissolving an
appropriate amount of the salt in water, The pH was adjusted
to the required with aqueous ammonia and perchloric acid

solutions,
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APPENDIX (4iii)

General Procedure for equilibrations

A known weight of resin was taken in a polythene capsule
(see attached &degwem fig;:a.) and secured at the top with a
cap.

I ml. of the tracer solution (or 2 ml,, depending on the
activity of the stock) was placed in a 25 ml, standard. flask
and a known volume of 'a standard ligand solution added to it.
Finaelly the volume was made to the mark with the stock
ammonium or sodium perchlorate of predetermined strength.

The contents of the flask were vigorously shaken to ensure
thorough mixing.

A known aliquot of this solution was transferred to the
capsule containing the resin (see attached diagram fig: De)e
The capsule was then sealed at the top by softening in the
Tlame of the bunsen burner and pressing between the tweezers,

A series of solutions were similarly prepared with
varying amount of the ligand solution and sealed up in order
in numbered capsules, In each run, a number of blanks
(minimum of two) were also prepared and sealed up with the
same weight of resin in marked polythene capsules.

The capsules were then clamped onto a rotating wheel in
a constant temperature water bath (see attached diagrem figs
e.) and allowed enough time (over 12 hours generally) so that an

equilibrium got established.
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At the end of the equilibration, the capsules were taken
out of the bath, two at a time, unsealed and their contents
squeezed into centrifuge tubes (polythene) and centrifuged to
separate resin. The clear supernate was transferred to snep
top polythene bottles (see attached diagram figélf.).

Activities of the solutions were measured before and
after equilibration, The pH values of the individual

solutions were also measured after equilibration,
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APTENDIX (div)

Treatment of Radiochemical data for the calculation
of the distribution co-efficients

The values of the distribution co-efficients between
the resin and the aqueous phases were obtained’from the
initial and final (after equilibration and separation from

the resin) solution activities with the help of the relation-

ship:s
_ (cp -¢C,) v
¢ = ‘I 2x_
Co m

where C; = Initial solution activity (expressed as counts
) per minute)

02 = Final solution activity
v = Volume complexing solution (in mililitres)
m = Weight of resin (in gramme)

For solutions which do not contain any ligand,
P = 1,

Knowing 1, and ¢ , the successive stability constant are
worked out by Fronaeus treatment78as outlined in Chap. 1 p.18.

In the same run, it is desirable to keep‘z constant.
m
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A resume of the same, particularly with respeet to
the mode of compufing /%'values in the present work, is
given below:

(1) From 1, and & series of @ values, (), values are

obtained using the relationship:

-1
_ logp™ -1

@)
(2) ¢E values obtained are plotted against corresponding
[i] values on linear graph paper, A straight line is
drawn through the points corresponding to reasonably low
ligend concentrations. Points corresponding to very low
concentrations are rejected bscause they tend to he erratic
due to the fact thet definite complex formation giving a
reproducible and consistently tendentious ¢%values appears
to begin at definite minimal ligand concentration; Points
corresponding to higher concentrations of the ligand are
rejected because as soon as the 3rd and higher complexes
begin to be formed the assumption that;bI vs [L) plot
should ©be linear is no more valid (vide page 22 of the
present text). It may be observed thét if the standard
deviation of Qz values is not far outside the expected
limits of experimental errors in @ and [L\} values, a
best straight line can easily be drawvn through the given

points by visual inspection (vide figuvre lla)., Alterna-
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tively the method of least squares should be employed to
obtain the best straight line fit for the points.

(3) The straight line obtained above is then extrapolated
t0 zero concentration of the ligend (¥-axis, fig. lla). A
value of @Io is thus obtained,

(4) From the values of the known quantities like 1, QSE,

¢I°, and [L] another function f is calculated using the

relationship:
=TI 4
1 -1.) -1 1
(3"

A series of velues obtazined for the fuhction f are then

plotted against [L] values using the samzs range cf [L}
values as employed for obta‘ning ¢I Vs [I.] graﬁh at (2)
above,

(5) The straight line obtained above is extrapolated to
zero concentration of [L] to obtain £, value.

(6) Know:i.ng¢1, ¢I°, f,fyy, the following quantities are

found out:

Af f-f,
A¢I Pz “fblo

7) ﬁI is computed from A f and A¢I either by plotting

Af/[L] against A¢I/ (L)(vide fig. 1llc) or by teking the

ratio of f/AsbI’ followed by taking the mean of the

=P

individual ratios; +the laltier expedience is resorted to
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when the quentities Af£/(L) and A(bI/ (1) are tending to
be constant as they do gquite often and assumes the linear-
ity of thed f/fL] vsﬁgﬁl/f‘_ﬂ] plot, the slope of which
according to Fronaeous should give fI, It may bve pointed
out that the linearity of thie plot is based on the
assumption that within the concentration range of the
ligand used for o’ote,iningszSI and f values, higher
complexes are not being formed, /31 as shown on page
228, is related to Af and ¢\¢I as follows:

I P £ R S 3 I N £
PL e /B3a¢1 /34A¢I i_‘?gg_i_[f

While it seems reasonable to essume that in the ligand

concentration range selected, ﬁ3 and 664 will not be
_ L
formed and hence the guantities 3 I‘J and 164 [ ]
. apr a1
L,¢r (L] | .
may be neglected, the term is still bound to

N ¢ I
o1
make its contribution unless the ratio -;b— is vexry close
AQT
/ -
to unity and 1, is negligible,

(8) EKnowing ){91, the quantity (/02 - 12) is calculated as

Tollows:e

( £9° -fo ) = (p - £ )
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This is followed by a calculation of another Ifunction g

using the relationship: ,

I, 7t (fo=1p) + (£ - p1 £1)
()

Po b1 - P35 - %4 [z)

It is evident from the above equation that a plot of &

[2)

against SbI will be linear provided no fourth or higher
complex is formed (vide fig. 11d). It may be pointed out
that in the present investigations no evidence for the
formation of the 4th complex was observed in the ligand
concentration ranges employad in these investigations. It
should further be noted that as one funetion is calculated
from its predecessor it will naturally include the errors
involved in the latter and its precursors. Evidently
error limits for ﬁ o, end ﬁ33 will increase. This explains
why the greatest possible care should be taken to obtain

as accurate values for the basic fuanctions like 10’ QS,

and ijIJ,
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APPENDIX (v)

Calculation of the ligand concentration
(a) = hydroxyisobutyric, glycollic and oxalic acids:

The.values of [L'J were calculated from the Btoichiometric
concentrations of the acids in the solution, and the equili-

brium pH values of the solutions by making use of the Henderson's

equation, viz. ' -
? ) L]
pPH = pK + log (
HI.]- [L]
" where HIL = Total stoichiometric concentration of the acid.

[L'] = Ligand concentration, i.e. the concentration
available at equilibrium for complex formatiqn

K = Log K.
K = Dissociation constant of the acid.

(bp) Chloride and Sulphate: In all the calculations given
in this text, the stoichiometric concentrations have been used
for 1~ values, assuming that under the given conditions, the
acids are completely dissociated.

(e¢) Fluoride: In order to calculate {F; values, use

~.

was made of the relationships:
e = (2 ()
(¥ ]

where KHF = Dissociation constant of hydrofluoric acid 3
= 1,23 x 10~

The value of [H+] was computed from the pH value of the

respective solution.,
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APPENDIX (wvi)

Determination of the dissociation constants of the acids

Such determinations became necessary because the pK values
of K-hydroxyisobutyric, glycollic and oxalic acids in the
proper medium were not available in the literature.

A, General Procedure

A series of solutions covering the entire range of
concentration likely to be used in the equilibrium studies
were prepared by dissolving known weights of the acids in
water in standard flasks or by dilution of a stock solution,
These were then partially neutralised by standard ammonium
or sodium hydroxide. The cationic strength was made to 0.5M
by further addition of solid ammonium or sodium perchlorate.
After the volumes had heen made up to the mark, the solutions
were placed in a constant temperature (25°C.) weter bath for
several hours, The pH values of the solutions were then
carefully measured using a Doran Universal'pH meter and
saturated, calomel/glass electrode system having saturated
sodium chloride as a salt bridge. The pK values of the

ecids were then calculated by the Henderson's equations, viz.,

pK = pH = log Salt
Acid
wt
and PK = pH = log Salt + CH_

Acia@ - CH'
where CHY = concentration of the hydrogen ionms.



B, Tata and Results
(a) déﬂydi-oxyisobutyz'ic Acids

Solu-| Weight“| Vol. .5545N Xﬁi&lg°8m 3gf§$é of K by pK by modified
tion | of acid| NH4OH added usedto4ma1:e solution PH Henderson's | Henderson's
No. o -+ ml, = .51 | ml. equation equation

1. 0.6528 5.74 11.65 25,00 3.635 3.62 -

2. 0.6523 2,80 13.68 " 3,125 3.61 -

3. 0.2608 2.25 14,08 " 3.610 3.61 -

4, 0.2614 1.05 14,89 " 3.110 3.62 -

5. 0,1035 0.90 31,00 50.00 3.620 3.61 =

6. | 0.1022 0.90 312,00 500 3.810{  3.80 3.65
T. 0.1035 0.990 solid added| 100 3.650 3.64 3.61
8. | 0.1022 0.90 " 1000 3,860 3,84 3,59 .

pK (X ~hydroxyisobutyric acid) = 3.61

-gqqT=-



(b)
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Glycollic acide

(m1) {z7) - = ®
1. | 3.74x1073 | 1.88x1073 | 3.68 | 3.67 | 3.60
2. | 8.89 4.44 3.51 | 3.51 | 3.45
3. | 2.22%12072 | 1.12x1072 | 3.51 | 3.51 | 3.48
4. 9.77 2.55 3.01 3.46
5. | 1.01x1071 | 4.99 3.46 | 3.46
6. 2.45 4.54 2.92 3.46
7. | 2.49 1.11x10™ | 3.35 | 3.46
XpK values calculated from Henderson's equation
3E'pK values calculated from the modified Henderson's
equation
(c) Oxalic Acid:
Total acid Total salt . -
mole/1itre mole/litre PH K
5 x 1072 2.5 x 1077 3.65 3.82
5 x 104 3.4 x 10~4 3.81 3.80
5 x 10-3 4.3 x 1073 3.98 3.79
pK, Oxalic acid = 3.797 = 3.80 + .01
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APPENDIX (wvii)

Determination of the resin: swelling correctlon for
4,5% crogs—linked resin. :

O = Concentration (n/1) after equilibration

Concentration (m/1) before equilibration
solution

10 ml, of the ammonium perchlorate/(0,5M) were equilibrated
with 1g. of the resin at 25°C for nearly the same length of
time as used in the actual study of the Yttrium (III)-
Glycollate system. The concentratiocns before and after
were detérmined by passing known eliquots of the ammonium
perchlorate down & column of Zeo-Karb 225 of 8% cross=linking :
. in Hydrogen form end titrgting the effluent againsf‘standafd
alkali. ’ |

Changes of concentration éorresponding to 20 ml: of the
equilibrated solution were calculated mathematically. The -

results of a duplicate deteérmination sre given in the:

following tabled

- o Concentration Concentration o d c2/CI
Ce before Cy after C, =

1. 04973 0.5217 11.0492
2. 0.4973 10.5217 1.0492
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APPENDIX (wviii)

Instrumental measurements,

Measurenent of pH

All measurementis of pH were made with a Doren 'Universal’
PH meter, using a saturated Calomel glass electrode system,
A saturated solution of sodium chloride was used as a salt-
bridge, unless otherwise mentioned. The chenge of the ccnven-
tional Potassium chloride salt-bridge became necessary due to
the use of sodiuvm and ammonium perchlorates as back-ground
salts. Potessium perchlorate, being sparingly soluble in
water, tends to precipitate in the presence of high.concen-
tration of perchlorate ions causing fluctuations of_pH. The
change of the salt-bridge introduced =z constant difference of
=0,19 pH units in all measurements relative to the values
obtained with the conventional salt-bridge, namely saturated
potassium chloride.,

Spectrophotometric measurements

These were made with a Unicam-500 spectrophotometer.

Infra-red spectrophotometric Examination of
resin samples

In these investigations a Grubb Parsons GS-2A double
beam grating spectrophotometer was used. The samples for
examination were prepared as follows:-

The resin was dried at nearly 120°C in an electric oven
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and ground to a fine powder in an agate mortar. The powder
was placed in a clean dry sample tube and further dried under
a vacuum for severazl hours, A miligramme of the dry resin

was then mixed with nearly 200 mg. of finely powdered potassium
bromide and subjected to a pressure of 3000 Ibs. per square

inch under vacuum,

Radiochemical Measurements

(1) Yttrium-91, Ianthanum-140, Cerium-144, -Pr-+4

and Actinium-228 activities in solution were measured by
-ﬁ-counting using/ZOth Century Electronics '"nnular liquid
Geiger counter-tube - Type MGH'. The working voltage selected
being in the plateau region, the counter-tubes could be easily
checked by counting a standard source before actual measure-
ments. A deviation of 1% in the counting rate (ccunts per
ninute - c.p.m.) was condoned as/:tatistical varietion.
Solutions with 1oﬁ activities were counted for a sufficiently
leng time to give a total count of ten thousand or so to
ninimise statistical errcrs. The same scaling and probe
units were used throughout a series of measuremente.

(2) Europium-152, 154, Gadolinium=153 and Americium-241
activities were measured by ) -scintillation counting of
golution samples placed in 2-4" snap~top polythene capsules

using NaI (T1l) well-type crystal manufactured by the *Nuclear
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Enterprises (G.B.) Ltd., Sight Hill, Edinburgh 11' - Type

TFg; diemeter 13", height 2", and a single channel Pulse
height analyser - Type N/10l1 manufactured by Dynatron Radio
Ltd., St. Peter's Road, Furze Platt, Maidenhead, Berks., and
the wide-band amplifier - Type 652 manufectured by the
VIgotope Development Ltd., Beenham Grange Aldermaston Wharf,
Reeding, Berks, Prior to actual counting, comparable Y—
spectra of the specific isotope were obtained on a multichannel
ﬁulse{height enalyser (Hutchinson—Scarrat pulse height anslyser
(100-channel) - Type 1363D, made by Clifford and Snell, Sutton,
Surrey) and the single channel pulse height snalyser used in

- actual measurements. Suitable instrumental settings were

then made on the single channel pulse height analyser to

count ‘Y'é-of the given isotope in a specified energy renge.
Since drifting may occur the settings were checked pericdically
by counting standard sources prepared from the particular
isotope and altered, if necessary, to give reproéﬁcible
counting rates. The linearity check was also frequently made
‘on the instrument by counting e series of sources prepared
from the isotope by known dilution of the original and

plotting the counting rate againsf the dilution. The plct
should preferably be a straight line passing through the

origin, In 211 radiochemical measurements, due account was
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taken of the dead-time and back-ground corrections, In

the case of short-lived isotopes viz., Lanthanum-140 and
Actinium~228, corrections due to the decay of the isotope over
the period c¢f egquilibration and measurements of initial and

final solution-activities were also made.
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