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PART I

INTRODUCTION



INTRODUCTION

Oxycations of the types uo“* and Mdy are found
mainly among the lighter transition elements (in their
higher oxidation states) of a given period, for example,
in groups IV, V and VI. Thoy are almost non-existent
with the later group metals, although exceptions, such
as ﬁﬂﬂ%* and Rueg*. are known, The most oxtonlivel%-lo
studied and the best characterized oxycation is the dio-

xouranium (VI) or uranyl ion, UC§+.

It may be assumed that the uranyl ion is linear.
Although such linearity mey not be deduced completely
unambiguously from any one experiment, there is general
accord that a éollinear 0-U-0 structure affords better

interpretation of the Ramanlo'u .tnrramdm. and elect-

ronic apoc'trals. and of x.ray diffraction intensitiesm.

It is alsc an established fact that the uranyl jon

possesses three characteristic frequencies: the symmetric
stretching frequency ), lying in the range 780-900 om"ls
the asymmetric stretching frequency ))3, lying in the range

800-1000 en'l; and the bending vibration Y, appearing in

the neighbourhood of 200 cﬂ"l. The rather large freque-

ncy intervels quoted by Jjand )z are indicativel®

of the
fact that appropriate complexation of the uranyl ion

by ligand groups presumed to lie in, or nearly in, a plane

.
b2



perpendiculer to the axial O.U-0 direction, produce
extremely large variations in ) and Vs .

HYDROLYSIS OF UG* :

Aqueous solutiomns of uranyl saltsz are distinectly
acidic and it has also long been known that large amounts
of UOg can be dissolved by solutions of uranyl selts.

To account for these observations as well as for the
steep rise in electrical conductance of dilute solutions
in comparison with other salts of similar velence type,
MaecInnes anguworthlg proposed the formation of the poly-
meric species UO@(003)2+. On the basis of eryscopic meas-
urements, potentiometric titrations and spectrophotometric
studiesn, 3utton2° proposed structures corresponding to
U20§+ and U30§+ as well as a number of ifons containing
additional hydroxo groups, viz,, Uaoa(m)"'. U303(G{)2 and
USQB(OH):‘ and ecalculated equilibrium constants for the

formation of various species:

a:uog* + Hg0 T Uzog" + ont K = 1.1x10~°

9
+ - T, - + K = 86x10"
Ugoﬁ +Uo§ * Hyd T—= Uaﬂg + 2H
Usﬁ*w Hg0 F—= UuQg(01)* + B* K = 2.8x10~%

Sillen and coworknrnzl

have been active in advanc-
ing the 'core-link' hypothesis for the formation of
polynucleer complexes and have described methods for det-

ermining formula of polymeric oleted metal epecies of the



genersl formula M ([Dﬂ]t M),. In a number of cases,
they found that the curves, obtained by plotting

%z (average number of hydroxo groups bound per mole of
the metal ion) as ordinate vs, -log [H'| as abscissae
for different wvelues of totsl metal ion concentration
(Ty)s were essentially parallel and that the horizontal
spacing between the two curves was proportional to the
difference between the two values of -log Ty+ Mathemat-

ically this may be expressed by the relationship:
<‘10‘T >
4
3 log(H" |
where 't' is the number of hydroxo groups bound per
polynueclear link in a 'core plus links' type of complex,

Ahrland, Heitanen and Sillcn22

have interpreted their
potentiometric date on hydrolytic reactions of UGE' %o
indicate the formation of sheet-like complexes with double

OH bridges:

U0y ([0] U0 )z

Recently Gustafson, gg_glf? employing the mathe-
meticel treatment described by Sillen and co-workers, have
determined equilibrium constants for the reactions asso-
ciated with the formation of various species in the hydro-
lysis of UGR'. A plot of -log Ty against -log [H'] at
constant Z , obtained from the potentiomeiric titrations

of uranyl nitrate with KOH, corresponded to slopes of



9.08,.2.18, .20, ?.2b and ©.34 at Z values of 0.20,
0.40, 0.60, 0.80 and 1.00 respectively. These values

are somewhat higher than the value of 2.00 which would
be predicted on the basis of the formuls suggested by
Sillen and co-workers, i.e., polymers containing two
hydroxo bridges per link, Gustafson 23_5;=?3 have
explained this behaviour on the basis of the presence

of complexes such as UOg(a*i)+ in the system. They econc-
luded that the hydrolysis of UGG’ , in the initial steges
(Z < 0.3), proceeds by the reactions

U0zt + B0 == uoy(aH)* + u'
2005" + 2H,0 T—= UO,(0H),U0E" + 2m*
or 2uG ()" F—= uoy(ow), vog?

The values of Kl' Kg and Kd’ defined by the equations

[va, (on)*] [r]

L L
i [Uoy (), U0*] [0*]2
[veg* 1*
and R [ U%(m)g UO§+ ]
5 [ve2*]?

were found to be 10'6'10. 107584 and 10~5-56 respectively.
It is of interest to note that the value of Kd for the



uranyl ion is considerably greater tharn those calculated
for eopperzo, aluminium?ﬁ, 1ron?6'99(III), and thorium
indicating that the monohydroxy specles of uranyl ion
has a relatively greater tendency to form polynuclear

complexes,

URANYL CHELATES

Among the uranyl chelates of oxygen donor ligands,
complexes of a-hydroxy carboxylic escide heve received
an extensive attention. Urenyl tertrate has been known31
8 he earliest investigations of uranium chemistry.
Peligot>?*33, Gourtois®® and Ttzig®® have descrived the
preparation of solid compounds. A consideresble smount of
work hss been done on the optical properties of urenyl

complexes of aliphatic hydroxy acids. Waldenas

found thet
the addition of KOH and uranyl nitrate to solutions of

tartaric, malic, mendelic, and quinic acids cause a large
increase in the optical rotatory powers of the solutions.
Bruhatsv has reported thet uranyl tartrate solutions

exhibit cotton effect.

Recently, Feldmen and ao-workeramo have coneluded
on the basis of potentiometric, spectrophotometric and
polerogrephiic studiee thet tartaric, malic and citric acids
react with uranyl ion in the pH range P-4 by terdentate
chelation to form binuclear chelates which are held together

by hydroxy bridges between uranium atoms. They have also



e e

concluded thet binuclear diolated chelates react further
with hydroxyl ions at pH > 4 to form ternuclear speciea.
Dimerization and trimerization constants for the uranyl
tartrate and malate complexes have been reported‘l. More
recently, Rajan and Msrtell‘z. by a mathematical analysis
of the potentiometric data, have reported that in the
polymerization of uranyl tartrate and malate cheistes the
bridging between the metal ions occurs through tne ligand
groups. Formation constants of the uranyl chelates of
glycolie, lactie, B-hydroxy propioniec, a-hydroxy butyrie
and p-hydroxy butyrie acids*3'45 have been determined,

46,47
Ascorbiec acid forms in solution a 1:1 uranyl complex
which has been used for the colorimetrie dctormination‘a’ao

of uranium., The solid uranyl ascorbate complex, Ucb(csnvo‘)g

and & bagic ammonium uranyl ascorbate have been 1aolatodbl’52.

’gok.-’scmstrom has studied the extraction of uranyl ion

53. The

by solution of salicylic acid in 4-methyl-pentanone
complexse UQ, (FO Cg H, 000)g and H [ U0, (HO Cg H, COO)y ]
or complexes stoichiometrically equivalent to them were
present in the organic phase, and [UQ, (HO COg H, COO)]+ and
U0 (0 Cg H, C00) in the agueocus phase. o-methoxy benszoic
acid behaves similarly, but does not form a 1:3 complex.The
extraction of uranium (VI) by salicylic acid in iso-amyl
alcohol has also been ntudica54. Fumerous hydrated double
salts and addition compounds with organiec bases have been

rsporte&ss'so.



Foly and Anderson, enploying spectrophotometriec
technique, rtportod‘l the formation of a 111 uranyl-
sulphosalicylate complex. Banks and Singh, using Bjerrum's
method, obteined evidence for the formatieﬁ of 1:1 and 1:?
complexcs62 ef uranyl ion with B~sulphosalicylic acid at
PH valuss of 4.5 and 7.8 respectively. More recently, Rajan
and Martell have re-investigated the interaction of uranyl
ion with B-sulphosalieylic aecid by potentiometric titrations
and concluded the formation of only 13l conplexes in agueous

gaolutions,

?2,6-cresotic acid64

gives the complex Nag UQp .
(Gﬂs Cg Hyz0 CO0)y analogous to the double salicylste complex.
2y3-cresotic acid and hydroxy naphthoic acids heave been rep-

orted to form 1:1 chalutoséﬁ*s?

in aqueous solution, Addition
compounds of these metal chelstes with pyridine heve been

isoleted.

Numerous complexes with p-diketones and related dica-
rbexyl compounds have been prepared. Among these, the acety-
lacetonate complex has been studied in detail., This oomploxps
in the monohaydrate form was appareatly first prepared bﬁ
Bils and Clinch in 1304. The subsequent workers isolated

the anhydrous eompaun&sg*VI

« The aonohydrate has recently
been preparsdvg in three differeant eorystellegraphic forms.
Two of tham are yellow in colour, typical of uranyl complexes
of aliphatic ligands, whils the other is red, The aahydrous

complex in benzene solution is dimeric, and it has been



proposed thet the dimers are held tegether by coordination
with ligand groups.

Stability constants of uranyl-acetyl-acetone complexes

heve been determined by potontionotr1073'74

™ and solvent oxtractienve methods, in evidence for

s Bpectrophot-
ometric

the formstion of 002(05 Hy 09)2.05 Hg O, has been obtained.

Solvent extraction by orgenic solution of HTTA has
been widely used for the laboratory-sczle separations of
the aotinidelvv. The uranyl-HTTA system broadly resembles
tﬁe uranyl-acetylacetons system. Benzene solutions contain-
ing an exceas of HITA extract the uranyl ion in the form of
U0y (TTA)g . HIT Magnad

The uranyl-dibenzoyl methane complex crystallises

81,82 83

with water y ethyl alcohol 84

, ammonia, and pyridine .
The formation of this complex in dilute solutions forms the
basis of a sensitive colorimetric method for the determin-

ation85 of uranium.

With polyhydroxy benzenes (pH,), [Uob(P)] complexes
are formed in the pH range 3-5, whereas at higher pH values
complexes containing 1:2 molar ratio of uranyl to ligand
result; the ligands include catechol, resorcinol, pyrogallol
and gallic acidsﬁ’go.

Martell and co-worknrl23

studied the intersction of
uranyl ion with tiron by potentiometric and spectrophoto-
metric techniques and reported equilibrium constants for

the formation of various chelate species in the systen.



Ghramotropic acid (DNS) has been used as a reagent
)91,92. By

the electriecal and continuous variations measurements,
93

for the colorimetric estimation of uranium (VI

Banerji and Dey have reported
94

the formation of a 1l:1
complex, Jantti®~, employing potentiometric titrations
have claimed the formation of 1:1 and 1:2 complexes in
solutione cont=ining one and two moles of DNS per mole of

uranyl ion.

In addition to the above, many other uranyl compl-
exes of oxygen donor ligasnds have been reported, Some of

them are listed in the table given below,

URANYL COMPLEXES WITH ACIDIC OYYGEN DONORS

Ligand :ﬁchx‘iigan& References
in complex
3-0xoglutaric acid 1:1 51.
3-Alizarine sulphonic acid 1:1 96
(aluminon)
Aurintricarboxylic acid 1:1 96
Chlorotetracycline 1:1 a7
Dihydroxy maleic acid 1:1, ?:1 98
Kojic acid 1:1, 1:2 99,100
?~Naphthol-3, 6-disulphonic
acid. 1l:1 101
1-Nitroso-?-Naphthol-3,6-
disulphonic acid. 3:2 101
Tropolone l:1, 1:2, 1:3 102,103,104
Resorcinol 1:2 106

Benzilic aecid . 1:2 106




From the above review on the uranyl chelates it
is interesting to note that wvarious noteworthy aspects
of the problem have not been given due emphasis. These
are:

(1) Quantitative study of the equilibria involved

in the formation of these chelates;

(1i) Their hydrolytic behaviour and the factors
influencing their stability.

(i1i) The unusu=zl behaviour of uranyl complexes to

undergo polymeriszation under suitable pH conditions.

Based on the above considerations, it was thought
worthwhile to carry out comprehensive and systematic

investigations on these chelates.
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QHAPTER I
SECTION I
URANYL CHELATES OF MANDELIC ACID

Complexes of uranyl ion with g-hydroxy carboxylie
aclds viz., glycollicl, lacticﬂ, tartaric and nnlioa'ﬁ
acids have been known since the earliest investigation of
the uranium chemistry. But a physico-chemical study of the
complexes has been undert:ken only in recent years. Feldman

and CO-workorav'm

have estsblished the stoichiometry of

the chelates of uranyl ilon with e-hydroxy carboxylic acids
by potentiometrie, spectrophotometric and polarographie
techniques and have interpreted thelr data on the basis of
polymerization of the chelates. More rocuntlyll they have
reported the equilibrium constants for the formation of
polynuclear chelates in uranyl-malte, -citrate and -tartarate

gsystems. Rajan and lu"tclll2

» by a mathematical analysis of
their potentiometrie data, have put forward a reaction mech-
aniem for the formation of polynuclear uranyl-tartarate and

-malate complexes,

Mandelic acid (phenyl-glycollie acid), a bidentate

ligand, forms strong chelates with a number of metals vis.,

beryllium'>, sineld 18,16 17, ind1un’®,

titantumt?, protactinium”?®l, thortun® and vanadium®>. This

y @luminium v Eallium

ligand has long been used as a precipitating reagent in the

23-29 3

estimation of zireconium . Pande and Misra ¢ have recently
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Pig.1l, Potentiometric titrations of uranvl-mandelate chelate
gystem with KOH(0.1N ): curves 1,2 and 3 represent titrations
of 1:1, 1:2 and 1:3 uranyl nitrate-mandelic acid mixtures
respectively (TV=O.OOEM). Curves O and O' represent titrat-
ions of mandelic acid(0.0086M) and uranyl nitrate (. 005M) A
respect ively. m=moles of KOH adided per mole of the metal ion;
Ionic strength = O.lM(KNO;). xxx, Composite curve derived
from curves O and 1; B, Uomposite curve jerived from curves
0 and °.
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studied the interaction of uranyl acetate with mandelie
acid by potentiometric and conductometric titrations and
have indicated the formation of ecomplexes having uranyl

to mandelate ratios of l:1 and 1:°2.

In view of the above it was considered worthwhile to
carry out a systemstic study of the uranyl-mandelate system.
Attempts were made to study the reaction mechanism and the
nature of polymerization of the chelate in the system by a
mathematical treatment of the potentiometric data.

RESULTS AND DISCUSSION

P trig St

Curve O(Pig.l), for the titration of mandelic acid with
potassium hydroxide, exhibits a sharp inflexion at one equi-
valent of KOH indicating that only ecarboxylic hydrogen of the
acid dissociates in acidic soluticns and the a-hydroxy hydrogen
remains unaffected under the experimental conditions. Nature
of the potentiometric curve 0' for the titration of uranyl
nitrate solution (0.006M) is similar to that obtained by

Feldman and co-workcrslo.

Curve 1 (Fig.l) represents potentiometric titration of
an equimolar mixture of uranyl nitrate and mandelic scid with
KCH., The curve shows an inflexion point at m = 3§,, whe re
‘m' represents moles of KOH added per mole of the metal iom,
above which the precipitation of uranium hydroxide begins to
occur. For the formation of the normal 1l:1 chelate in ace-~

ordance with the reaction:
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CH 0
- 7N
— _ +
{
0
(1) w4

two moles of KOH per mecle of uranyl ion are required. Form-

ation of the chelate (I) may also oceur in two overlapping

steps:
o,
OH ,
2+ " > = + +
UCy' + CpHgCH —= (.H.CH U0, + H (11)
Og gl % kit 6 5\190/ 2
0
(1I)
H
/
/0\‘ + +
~—> Q.H.CH U0, + H (1i1)
Cglig®H U0, R
co il
& 0

The hypothetical reactions (i) and (iii) are based en
the assumption of the dissociation of the a-hydroxy hydrogen
of mandelic acld as a result of chelation, Liberation of a

second hydrogen ion in the system may also take place as:

: Tery
R il
CgHis cEuo;‘,‘ + HpO = Cgll;QH U0, (0H) + B (iv)
§O §O

(I11)



Pormation of the monohydroxo chelate (III) would also
give an inflexion point at m = 2,

Inflexion point at m = &% exhibited by curve 1 (Fig.l),

thus indicates that the 1l:1 uranyl mandelate chelate
undergoes hydrolysis followed by polymerisation reactions.
This finds support from the work of Peldman and co-workers' 'l
who have interpreted the fnetor of § y in similar titrations
of uranyl chelstes of some a-hydroxy carboxylic acids, om

the basis of polymerigation of the chelates, The potentio-
metriec curves, for the titration of uranyl nitrate with NaCH

in the presence of an equimolar concentration of malic amd °
tartaric aclds respectively have, however, been ahawnloblﬁ
to exhibit two inflexion points, one at m=3 and the other at
m= 5% . At the first inflexion point the metal chelates
have been reported to be mainly present in the binmelear form,
above which further polymerisation of the complexes has been
shown to occur resulting into complete conversion of the
binuclear chelate species into the ternuclear form at the
second inflexion point, The failure to obtain a titration
bresk at m = 2 in the uranyl-mandelate system (curve 1, Fig.l)
shows that the successive hydrolytic and polymerization react-

ions in the system overlap.
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Fig.2.Titrations of 1:8 and 1:16 uranyl nitrate-mandelic acid
mixtures: Curve 1, 2.5x10-3M in uranyl nitrate and 2x10-2¥M

in mandelic acid; Zurve 2, 1.25x10-3K in uranyl nitrate and
ox10-2N in mandelic acid. Curve O represents titraticn of
mandelic acid (2x10-?M) alone with KOH. m=moles of KOH added
per mole of metal ion; Tor curve ?, the actual 'm' values

are twice of the 'm' values shown. In curve 0, inflexion
point corresnonds to one equivalent of alkali, Ionic strength

= 0.1M(KNOg).
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Curves 2 and 3 (Pig.l) for the potentiometric titrations

of uranyl nitrate with KOH in the presence of twc and three moles
of mendelic acid exhibit inflexions at 'm' wvalues of 3% and 4§
respectively, These inflexion points may be explained on the basis
of the formation of termuclear chelate species having combining
ratio of mandelate %o uranyl of 1l:l, as ghown in the equimolar
rection mixture of uranyl nitrate and mandelic acid (curve 1,Fig.l),
and the neutralisation of free mandelic acid, one and two moles

respectively, present in the systems.

In order to verify the above conclusion, two calculated comp-
osite curves were obtained. Curve A(represented by xxx) was obtained

by the horimontal addition of the potentiometric curves O and 1(rig.

[ :
[y B ~— e e

end the curve B(represented by 00o) was obtained by the addition
of the abscissae of the curves 0 and 2 (FPig.l). Curve A approximates
to the titration curve 2 and the curve B closely ressmbles in nature
with the experimental curve 3. Thus, the metal chelates,having ligan
to uranyl ratios of greater than one, do not appear to be formed

unier the experimental conditions.

Recently Pande and Hisrasohavt, however, reported the forma-
tion of a 1:2 complex by potentiometric and conductometric titrat-
ions of uranyl acetate with KOH in the presence of two moles of
mandelic acid., It was, therefors, considered worthwhile to carry
out the above potentiometrie titraticns in the presence of a fairly
large excess of the ligend. Nature of curves 1 and 2 (Pig.2), for
the titration of uranyl nitrate with KOH in the presence of large
excess (8 and 16 moles) of mandelic acid, was found to be similar

to that of curve 1 (Fig. 1). In these curves inflexion points at
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Pig.3. Absorption spectra of uranyl nitrate-mandelic acid

mixtures, each solution 0,C08N in uranyl nitrate at

pH=3.5. The numerical ratios associated with each spec-

trum represent the initial uranyl/mandelic acid ratio

of the solution. Ionic strength = F.lW(KﬂOH).
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m= 9§-and 17% respectively may bae easily accounted for on the
vasis of the formation of a ternuclear 1:l chelate and the neut-
ralization of the unbound mandelic acid present in the reaction
mixtures. These titrations elso, therefore, did not give any
evidence for the formation of 1:2 or higher uranyl mandelate

complexes.

After the first inflexion point, the potentiometric curves,
discussed above, for the titration of reasction mixtures containing
uranyl nitrate and mandelic acid in different molar ratios, assume
the shape of the lattier half of curve 0', for the titration of
uranyl nitrate with KOH, when a yellow precipitate appears in the
gystem, This indiceted the decomposition of the metal chelate into
uranium hydroxide and potassium mandelate. Confirmation of this
conclusion was obtained by the snalysis of the precipitate which
showed that the precipitated derivative d4id not contain any app-

reciable amount of mandelic acid.

Spectrophotometric Study: The absorption curves for various mixt-
ures of urenyl nitrate and mendelic &cid raised to pH 3.5 are

prasented in figure 3, Esch curve shows a minimum point near 390 5&.
followed by 2 rapid inerease in absorbance by decreasing the wave
length. An incresse in the wave length also causes an incresse in
absorbance giving a meximum point near 420 m4. A similar nature of
these absorption curves indicated the formation of & 1l:1 complex in

the systenm.,

The above coneclugion was confimed by the Job's method of
1,32
continunus variatzoﬁg . In figure 4 are presented the continuous
variations data obtained at pH values of 3,0, 3.5 and 4.0, At all
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wave lengths studied (350-450 g}b), maximum absorption was observed

G S &

for solutions containing approximately equivalent amounts of ligand

end the metal ione indicating formation of a 1:1 complex. The non-
;linsarity shown by these plots together with an increase in absor-
| bance with an increase in the pH of the solution indicated that the
/

- eomplex is appreciably dissocinted under the experimental conditions.
Dete tion o 1ibri Constant

In view of the sbove conclusiong of the potenticmetric and
spectrophotometric studies, it was considered worthwhile to carry
out 2 mathematical enalysis of the data, Attempts were first made
to anslyse the potentiometric datn of curve 1 (Fig.l) on the basis
of reaction (1), If HyA represcnts mandelic aecid having an ionizable
cerboxylic hydrogen, and the other weakly acidic a-hydroxy hydrogen

atom, the equilibrium constant, XK', of the reaction:
UG + Hph T== Uo,A + o8
may be defined as:

[vo,4] '] »

TR A 4
K,» the dissociation constant of mandeliec acid

Hoph F—= m~ + &
may be expressed as:

o 1 ] -

[Bg4]

HA™
From e plot of -1ug[ﬁ¥] against log [ ]

[ moA

y (Pig.B), cbtained
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Fig. 5. Graphical evaluation of the dissociation constant
of mandelic acid(HpA). Tonic strength=0.1%(XNOg).
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from the potentiometric data of curve 0 (Fig.l), the value of

-log K, was found to be 3.37 as an intercept on the -1ag[§f]axis,

which i in good agreement with a value of 3.41 reported by Bell
4

and Waind .

It Ty reprecents the total concentration of all the metal
specles end T, that of the various ligand qpueicm and if T
be the concentration which the added base would have 1f there were
no reaction, we can readily deduce the following equations for

material balances

?e = [U03] + [U0A] (3)
fﬁ Tog + [B] =2 [U0A] + [EA] (4)
and 2, = [:!PA] + [HC] + [U0,4] (6)

In the pH range studied, concentrations of [A ']and[OHf]werc
negligible as compared to those of the otheT spec species present in
the system. Concentrations of the hydrolyzed species of uncomplexed

uranyl ion were also considered negligible in solutions of pH<S3,

Combination of equations 2,4 and B gives

(rd] = —A—S = (6)

2"-——-—

]

In an equimolar mixture of uranyl nitrate and mandelic aecid, since

Ty = Ty from equations 2, 3 and 5 we obtein

[ug*] = [Hgh] (1 + IK, ) )
"]



[uoph] = 1, - [ip] @+ —3=) ®)
LM

After determining the concentrations [U0p'] , [Hpd] ama [U0,A],
the equilibrium econstant X' may then be caleculated from equation
(1) The results of these calculations, obtained from the potent-
iometric data of curve 1 (Fig.l), for the titration of an equi-
molar aixture of uranyl nitrate and mandelic acid (hld’sl) with
KOH, are presented in Table I,

fable 1
Curve 1 (Pig.l), 7T, = Ty = Bx10™>%

KON(=l.) 0.0 0.2 O4 O68 0.8 1.0 1.2 1.4
pH 2,78 2,82 ¢.89 2.96 3.083 3.10 3.17 3.%24
210g K'  4.10 4.18 4.27 4.35 4.4 4€.48 4.53 .57

It is evident from Table I th:t the above mathematieal
trestment of the data d4id not give constant values of the equil-
ibriums constant, A gredual increase in the values of logk’,
observed in the above table, indieated that the congentration of
hyirogen ions in the reaction mixture iz less thsn that would be
on the basis of reaction(i).

In view »f the failure to fit the potentiometrio data in
the reaction (i), attempts wers made to analyse the data on the
basis of reaction (11) 3

UGt + H,A —— Ug m' + ®

The equilibrium constant, K , for the reaction may be expressed as:



Cuogia] [ 8" ]

K = (9)
LU0, ] [HpA]
and the formation constant , k , may be given by:
E i.IOzHA ] (10)
[ UG ] [HAT]

In calculation of the above constants from the titration
deta of solutions of pH>3 , it is necessary to account for the
equilibria involved in the hydrolysis of the uncomplexed uranyl
ions present in the system. Prom the values of the hydrolysis
constants, K, = 10'6'10 ) Kp = 1g75-84 and K4 = 10"17"0
reported by Gustafson et a1®? and the arbitrary assignment of
Ks = O made by Ahrland et alaf. where

S 2n
E’%“"H)emz)n] [x]
Kl = @o;ln-?[ (11)

it may be shown that the concentratien of [Uo,(0H)] , and also
below pH of 4.5, the contribution of [txoz((m)zuoz);] is negli-

gible as compared to the concentrations of the other species

present in the systenm,

In order to make calculations in the range 3<pH<4.5, there-
fore, use was made of the hydrolysis constent K, which is given
by the expression:

[Uoz(tlE):Z:zjg [x*]° - 10°5-84

for applying correction to the uncomplexed uranyl ions present in

(12)

the systenm.
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From the material balance, thus, we obtain

7y = [Ug] + 2[(vo,om),] + [Uo,HA] (13)
Toy * [nﬂ = [m7] «+ e[(Va,00)s] + [UO,HA] (14)
and T, = [HA] + [ma7] + [U0oHA] (15)

Charges on the metal species have been eliminated for the sake
of clarity.

Elimination of [UIQBHQ] between (13) and (14) gives

Ty =T = [A] = [U0,] - [a”] (16)

In an equimolar mixture of uranyl nitrate and mandelic aecid,
since 1" = Ty» from equations 13 and 15 we have

vo;] + 2[(UG0H)g] = [HpA] + [ma7] (17)
Combining equations (2), (1?), (16) and (17) and rearranging the

terms, gives

2K, '] "] .

-EH-"‘]-E E}Qz]z - T: BJO?J - {1+ 1;'—) Tm‘f(ﬂ] - T'}“ 0 (18)

Concentration of the uncomplexed uranyl ions present in the equili-

brium mixture may, therefore, be given by

VT + 48
o] . i (19)

2a

2 "] u”
a= -E;-E—]-e " ’b--!-:- and ¢ = (l*T:){TOH-I-[H*] —’!l}

where,

After computation of the concentration of free uranyl ions by
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Fig.6. Potentiometric titrations of equimular mixtures

of uranyl nitrate and mandelic acid. Concentrations .
of uranyl nitrate: Curve 1, 5x10-3M; Turve 9,?.5x10*5m;
Curve 3, 1.25x10-3¥. m=moles of KOH added per mole of
the metal ion; ionic strength=0.1M(KNO.). Curve 4 rep-
resents titration of uranyl nitrate wi%h potassium
mandelate, In this case 'm' represents moles of pota
ssium mandelate added per mole of uranyl nitrate.
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using the kmown value of Ky, concentrations of the other specie.
present in the reaction mixture may be calculated with the help
of the egquations given above. The values of equilibrium and

formation constants may then be determined.

In order to investigate the presence of polynuclear comp-
lexes in the system, total concentration of the metal chelate was
varied over a four-fold range in the potentiometric titrations of
equimolar mixtures of uranyl nitrate and mandelic acid (Fig.S8).
The values of the equilibrium and formation constants, K and k,
calculated from the potentiometrie datas of these titration curves,

are presented in Table II.

Table II

Curve 1 (Fig.6), T, =y = 5x10?3l;
Volume of initisl reaction mixture = 50 ml.

Koi (m1.,) 0.0 ©02 0.4 06 08 1.0 1.2 1.4 1.8
pH 2,76 2.8 ©.89 2.98 3.03 3.10 3.17 3.24 3.31

~log K 0.90 0,91 0,91 0,90 0,88 0.86 0.83 (0.79 0.59)
log k 2.47 2,46 2,46 2.47 2,49 2.51 2.54 (2.58 2.78)

Average value of -log K = 0,8720.04 and log k = 2,5080.04
( values not included in the average.

Curve 2 (Pig.8), T, = Ty = 2.5x107 W
Volume of initiesl reaction aixture = 100 ml.

kKo (mi.) 0.0 ©0.2 0.4 O 08 1.0 1.2 1.4 1.6
pH 2.99 3.06 3.11 3.18 3.206 3.30 3.35 3.40 3.47

~log K 0.90 0.90 0,89 0,88 0.89 0.88 (0,68 0.46 0.26)
log k .47 2.47 2.48 2,49 °2.48 2,51 (2.69 2,91 3.11)

Average value of -log K = 0,88%0,0? and log k = 2,4920.02
( ) values not included in the average.



Curve 3(Pig.6), T, = Ty = 1.26x10°N
Volume of initisl reaction mixture = 200 ml.

KO (ml.) 0.0 0.2 0.4 06 08 1.0 1,2 1.4 1.8
pH 3.22 3.28 3.33 3.38 3.43 3.48 3.53 3.58 3.64

-log K 0.94 0.94 0,94 0,92 0,91 (0.83 0.856 0.33 0.15)
log k 2,43 2.43 2.43 2.45 2.46 (2.54 2.72 3.0¢ 3.22)

Average vaiue of -log K = 0.92%0,02 and log k = 2,44%0,02
( ) values not included in average.

It is evident from Table II that the relatively conatant
values of -log K, independent sf concentration of the metal chelate,
 gould pe obtained upto ‘m' vaelue of about O.4 (pH about 3.3) indi-
cating that the mononuclear diaquo 1l:1 uranyl mandelate chelate

H
T

-

G‘ H‘ \GO/UO? \\%
0

is the predominant chelate species present in the system upto
pli of about 3.3.

Hydrolysis and Polymeri 2 —Mandela late :

A gradual fall in the values of -log K, observed in Table II,
calculated at m>0.4, indicated that either hydrogen of the a-hydroxy
group of the ligand begins to dissociate or that one of the water
molecules of the normal diaquo chelate undergoes dissociation to give

one or a mixture of the following chelate species:

ﬁ
" CH/ \H /,.’OHE " || OH
GHE \bg/b\ 5 QHB \ﬁo/lol \\%
0 e

1 , I1



Prom the potentiometric data alone it is difficult to distin-
guish between the above two possible struectures. Structure II,
however, appears to be more probable in view of the tondoncﬁ

of uranyl ion and its chelates to undergo hydrolysis and poly-
umrizatiégbigove pH 3. The uranyl glycolate chelate, for
example, has hbeen rnportggato hydrolyze at pH 3.5 with the form-,
ation of polynuclear chelate species. Moreover, the potentio-
metriec titration of uranyl nitrate with potassium mendelate
(Curve 4, Fig.68) did not show any appreciable fall in the pH

of the solution indicating that the a-hydroxy hydrogen of the
ligand remains unaffected under the experimental conditions,.

The above conclusion also obtains support from the polarographic
and conductometric studies of & similar uranyl lactate system
reported by Lai and inn¢3?

Dete t1 0 d is C tant

The hydrolysis constant, K, » of the chelate (UO, gt +
Hy0 = U0, (OH)HA + H') may be defined as

[vo, (or)ua] [H']

= 20
- [00pHA"] =

The equilibrium constent, IH s 0of the overall reaction

UG + HoA + Hy0 F== U0, (CH)HA + o'

may be expressed as:
2
OH

[vop (omag] ('] =

T T (4



Other pertinent equations are

= [vog] + 2[(U0y0H)g] + [UC,HA] + [UOy(OM)HA]  (22)
Ton + [ = [H47] + 2[(vo0m)g] + [UOpHA] + 2[U0, (0H)HA]  (23)
and = [Hph] + [HAT] + [U0gHA] + [U0, (CH)HA] (24)

Elimination of [UQ,(OH)HA] between equations 22 and 23

gives
2By - Tog - [H'] = 2[U0,] + 2[(U0,00)g] + [ UOpHA] - [ma7] (25)

In en ecuimolar mixture of uranyl nitrate and mandelic acid,
since T, = Ty, from equations 22 snd 24 we obtain

[Uoy] + 2[(UQ,0H)s] = [HpA] + [ma7] (26)

Combination of (2), (10), (12), (25) and (28) and rearranging the
terme into the form of o polyrnomial yields

‘gk;i [UQB] {k * ;""?T"} sz‘.lz +{J-.+ —E-LE?—} [Uo,]

-{wl-rm- @*]}(h-‘::‘l) =0 (27)

Knowing the values of K., K (from expression 12) and k(from
table II), equilibrium concentration of the uncomplexed uranyl
iones can be determined by solving the above cubic equatioen,

using the Newton's method>°

of successive approximations. After
computation of [UGy] , concentrations of the other specles
present in the reamction mixture may be determined with the help

of the equations given above, Values of the constanis lh and Kl!'
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thus calculated from the potentiometric data of curves 1,2 and
3 (rig.6) are presented in Table III.

Table IIX

Curve 1 (Fig.8), T, = Ty = 5x10°°M

Volume of reaction mixture before titration = 50 ml.

KOA(ml,) 1.8 2.0 2.2 2.4 2.6 2,8 3.0 3.2 3.4 3.6
pH 3,37 3.46 3.52 3.69 3.68 3.74 3.80 3.87 3.94

-log lh 3.81 3.82 3.79 3.76 3.74 3.75 (3.69 3.64 3.52)

-log Ky 4.71 4.72 4.69 4.66 4.64 4.65 (4,59 4.54 4.42)

zve' valus of -log KH = 3,78%0,04 and -log Ky = 4.68+0.04

values not inclufed in average.

Curve 2 (Pig.6), T, = Ty ™ 2,8x10"°N

Volume of reaction mixture before titration = 100 ml.

kod(m1.) 1.8 2,0 2,2 2.4 2.6 2.8 3.0 3.2 3.4
pH 3.54 3.62 3.69 3.76 3.83 3.90 3.96 4.02 4.08

-log K, 3.92 3,96 5.93 3.90 3.88 (3.85 3.79 3.73 3.68)

-log Ky 4.82 4.86 4.83 4.80 4.78 (4.75 4.69 4.83 4.58)

Average value of -log K, = 3.92%0,04 and -log Ky = 4.8220,04
( ) values not included in average.

Curve 3 (Fig.8), T, =T, = 1.25x10°°N
Volume of reaction mixture before titration = 200 ml,

KO (m1.) 1.8 2,0 2.2 2.4 2.6 2.8 3.0 3.2 3.4
pH 3.71 3,78 3.85 3.92 3.98 4.06 4.11 4.16 4.°?

-log Ky, 4.03 4,01 4.00 3,99 3.97 (3.91 3.83 3.73 3.59)

~-log Ky 4.93 4,91 4.90 4.89 4.87 (4.81 4.73 4.83 4.49)

4verage value of -log Ky = 4.00£0.03 and -log Ky = 4.90%0,03
( )Values not included in average.



It is evident from table III that the above mathematical
treatment of the data yielded constant values of the equilibrium
constant in the range of m=0,64 and m=1.06, Above this range a
gradual fall in the values of -log K, and ~log IH was observed
indicating the occurrence of some side reaction which has not
been considered in the above trestment. It is also apparent from
the average value of the equilibrium constants, given in table III,
that the values of -log K, and -log K, increase with decrease in
the total concentration of the metal salt, A difference of 0,14
pK unit, for example, in the equilibrium constants, ealculated
from the potentiometric data of curves 1 and 2, might possibly be
due to an experimental pH error of about 0.04 unit only in the two
titrations. But a similar trend observed in the pKh and p!a values,
calculated from the data of the curve 3, for the titration of an
equimolar mixture of uranyl nitrate and mandelic acld of oénccnt-
ration 1.25116'3l. appears to be real., Such a trend is indicative
of the condensation of the monohydro 1l:1 metal chelate to form

chelate epecies of higher molecular weight.
t1 of the lat

Polymerization of the monohydroxo 1:l uranyl mandelate complex,
indicated sbove, would possibly involve an intermediate formation
of a binuclear chelate species. Attempts were, therefore, made to
analyse the titration data, in the ‘m'* rangs of 0.64-1.05 which
yielded constant values of pEK, (table III) on the basis of dimeri-

getion reaction @

20G,HA + 2H 0 T—= (U0, (OH)HA), + 2H'
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The dimerigation constant, Kd. may be defined as

[(vo, (om)EA)g] [H4*
[vo, HA]

Ky = (28)

The equilibrium constant, Ky, for the overall reaction:
2005 + PHph + 2H0 = (U0, (OH)HA), + 4H'

may then be expressed as

o Loy (om)mA)] Lk X
y 01" [Hyh]” '

Other pertinent equations are

T, = [U05] + 2[(vo,0H)5] + [U0,HA] + [0, (OH)HA]
2[(U0, (OH)HA),] (30)

Toq + [H] = [HAT] + 2 [(Uo,0H)g] + [UQHA] + 2[U0, (OH)EA] +

4 (U0, (0H)HA), ] (31)
and

T, = [Hph] + [HAT] + [UOHA] + [U0,(0H)A] + 2 [(UC,(OH)HA), ] (32
Combination of eguations 20, 28 and 30 gives

(7 {ry - (v - » [0y 3 - fwopuil} | [oomd

|U0pHA] ' I

Thus if a dimer is formed, a plot of the expression on the left hand

side of equation 33 should give a straight line of slope 2K; and
(U0, HA]

L H

a knowledge of concentfations of the varicus metal species involved

the intercept at

= 0 would be equal to K. This requires

in the expression on the left side of equation (33). As shown before

here also, it mey be demonstrated that the concentration of the
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uncomplexed uranyl ions may be determined by solving the cubie
equation 27. Other quantities required in the above plot may
then be calculated easily.

If, instead of combining (20), (28) and (30), equations
(21), (29) and (30) are combined, one obtains

1% {2y - (Vo) - 2[(U0,0m) - [VOpEAL} [00,] [B,A)]
0] THokl *kp [lla."’-—;_-_] ; K,(34)

Again, it is evident from equation (34) that a plot of the exp-

ression on the left side of the equation againast the correspond-

U0p] [HoA]
ing values of O%I+H2 should yield a ntrniﬁﬁt line of slope
H Hy
2‘% and an intercept equal to KH at +[;? = (O, if the

[47]
metal chelate undergoes dimerization in the manner shown above.

It is, of course, possible that higher polymers of the form
[UQE(OH)Ej]n may be formed. For inatance, if a trimer were formed,
a plot of expression on the left side of equation 33 against
[uogns]®

would give a straight line of slope equal to 3K, where

H |
Ky represents trimerization constant of the chelete.

The plots of the potentiometrie data, obtained over a four-
fold concentration range (Curves 1-3,Fig.f), in accordance with
equations (33) and (34), are presented in Figure 7. Both the plots,
obtained between 'm' values of 7,64 ané 1.05, eorrespunded to
gtraight lines. This fact together with the non-linearity of the
plot of the expression on the left side of equation 33 against

[00pHA) ®

(on the basis of trimerization) showed that in the ebove
H
buffer region (m=0.64-1.06) the monohydroxo chelate is mainly

present in the soclution in a binuclezr form under the experimental
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conditions. The velues of the eguilibrium constants obtained

from the above plots (Pig.7) are given in Table IV.

Zable IV
Prom Fig. TA Prom Fig. 7B
-log Ky 4.06 -log Eﬂ 4.92
~log Ky 4.94 -log K, 6.70

The binuclear chelate species may, thus have the probable

structure:
H H
\tc/ \n/
H
0 0

In this connection it may be mentioned that dimerisation may also
ococur through an oxygen bond ess suggested by Suttan35 in the poly-

merization of uranyl ions.

Hydrolysis of Dimer:

Calculstion of hydrolysis constonts of 131 complex by the
algebraic solution of equations 22-.27, above 'm' values of
about 1.06 (table III), showed a gradual fall in the values of
~log Ky and -log KH. This fact together with a sharp inflexion
exhibited by the potentiometric curves 1.3 (Fig.6) indicated
further hydrolysis of the binuclear chelate species followed by
polymerization of a higher order. This coneclusion is supported by
the work of Peldman and co-workerulo who have reported the form-
ation of a ternuclear chelate species in ths uranyl-lactate system.
Mathematical analysis of the potentiometric data, above 'm' values

of about 1,06, could not be made due to a greater complexity in the
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system caused by the overlapping of the successive hydrolytiec

and polymerization reactioms.
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SECTION II

URANYL CHELATES OF LACTIC ACID

Although uranyl-lactate system has been ptudied earlier,
a quantitative study of the equilibria involved in the system
does not appear to be undertaken by the earlier workers. Feldman

910 have studied the interaction of uranyl nit-

and co-workers
rate with lactic acid by spectrophotometric and potentiometric
techniques and have indicated the formation of a 1l:1 complex.
At pH of about 6 the complex has been reported tc be in a
ternuclear form, More recently Lai and Hangav by using polaro-
graphic technigue, have also shown the formation of a l:l1 com-
plex. Crutchfield et al,”” have studied the system at pHC3 by

40

pH titrations and have determined the Bjerrum's” stepwise

formation constants of the complexes by the Fronaeus graphical

extrapolation mnthod‘l

« Three complexes having molar ratios 1:1,
1:2 and 133 of uranyl to lactic acid have been claimed by this
gtudy. Pande and uiurntg, by the potentiometric and conducto-
metric titrations of uranyl acetate with KOH in the presence of
one and two moles of lactic acid, have reported the formation of
1:1 and 1:2 complexes. In view of the above and the interesting
results obtained by a mathematical analysis of the potentiometric
data of uranyl-mandelate system, it was considered worthwhile

to carry out a quantitative study of the equilibria involved in

the interaction of uranyl ion with lactic acid.

RESULTS AND DISCUSSION

Potentionmetric titrations of uranyl nitrate with KOH in the

presence of lactic acid gave curves similsr to those obtained for
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Pig.9. Titratione of 1:8 and 1:16 uranyl nitrate-lactic acid
mixtures: furve 1, 2.5x10-5M in uranyl nitrate and 2x10-"M
in lactic acid; curve 2, 1.25x10-3M in uranyl nitrate and
9x10~2M in lactic acid. Curve O represents titration of
lactic acid (QxlO‘EM) alone with KOH. m=moles of KCH added
per mole of metal ion; For curve 2, the actual 'm' values
are twice of the 'm' values shown. In curve 0, inflexion
point correaponds to one enuivalent of alkali; ionic

strength = C;lr(KWOS)_
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Fig.B8, Potentiometric titrations of uranyl-lactafe chelate system
with KOH(O0.1N): Curves 1,7 and 3 represent titrations of 1l:1,
1:2 and 1:3 uranyl nitrate-lactic acid mixtures respectively
(TW=O.OO5N}. Curves O and Q' represent titrations of lactic acid

(0.005M) and uranyl nitrate (0.005M) respectively. m=moles of
KOH added per mole of the metal ion; ionirc gtrength = P.IH(KHOB}.
xxx Composlite curves derived from curves Q and 1 and C and 2
respectively.
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the corresponding uranyl mandelate system. Curve 1(Fig.8)for the
titration of an equimolar mixture of uranyl nitrate and lactic

ecld, for example, exhibits an inflexion point at m = 8% (ef.
curve 1, figure 1). This curve is aleso similar to that obtained
by Feldman and ca-workerslo. In figure 9 are presented the pot-
ent iometric curves obtained by the titration of uranyl nitrate
in the presence of a fairly large excess of laectic acid. Nature
of these curves also closely resembles with that of the corres-
pending titration curves of the uranyl-mandelate system (Fig.2).
In this case also, therefore, only a 1i:l complsx appears to be
formed under the experimental conditions as reported by Feldman
and eo-workornlo. From the analogy of this system with the
uranyl-mandelate system, the complexation reaction at the initial

stages of the titration may be represented as:
H

’ P P
utt + Oy CH == a8 vy’ (1)
~~CO0H ~go~
¢

ematical lysis o he t

In table V are given the values of the equilibrium constant
K of reaction (i) end the formation constant k of the chelate
caleulated from the potentiometric data of curves 1,2 and 3 (Pig.10)
on the basis of the mathematical treatment presented by equations
(9)-(19) in the uranyl-mandelate system, For these calculations

dissociation comstant of the carboxylic hydrogen of lactic acid

was determined from a plot of -log[hf] against log (Fig.11),

HeA]
obtzined from the potentiometric data of curve G(Figfg). Thie plot
gave a value of -log K, equal to 3.74 which is identical with the

value reported by Cannen and Kibrick45.
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Table V

Curve 1 (Pig.10), T, = Ty = 5x107°N

Volume of reaction mixture before titration = 50 ml.
KGH(ml.) 0.0 0.2 0.4 ©0.6 08 1,0 1.2
pH 2,90 2.98 3,07 3,15 3.21 3.28 3.35
-log XK 1.28 1.26 1.27 1,26 (1.12 1,08 0.93)
log k 2.46 2.48 2,47 2.48 (2.67 2.71 2.81)
Afaragt value of -log K = 1.27%0.01 and log k = 2,47%0,01

values not included in average.

Curve 2 (Fig.10), T, = Ty = Bx10W
Yolume of reaction mixture before titration = 100 ml.

KM(ml.) 0.0 ©0.2 ©O0.4 ©06 08 1,0 1,2
pH 3,13 3.0 3.27 3,33 3.39 3.46 3.52
~log K 1,27 1,26 1.23 1.22 (1.08 0.94 0.80)
log k 2,47 2,49 2,81 2,52 (2.64 2,73 2.88)

Average value of -log K = 1,24%,03 end log k = 2,50%,02
( Jvalues not included in average.

Curve 3 (Fig.l0), Ty =Ty= 2.&:10‘5l
Volume of reaction mixture before titration = 200ml,

KGH(ml,) 0.0 0.2 0.4 0.6 0.8 1.0

pH 3.3¢ 3.40 3.46 3,52 3.58 3.63
-log K 1.23 1.24 1.23 (1.18 1.12 0,95)
log k 2.51 2.80 2,81 (2.3 2.62 2.78)

Average value of -log K = 1.23%£0,0l and log k = 2,50%0,01
{ ) values not included in average.

The relatively constant values of the equilibrium constant,

independent of the concentraticn of the metal salt, obtained upto
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'm' value of about 0.2 indicated that (1) is the mein reaction

which occurs in the system upto this stege of titration.

drolysi 4 Polymerigation of U 1 _Lactate

te

A gradual fall in the values of -log K observed in Table V

(ef. Teble II), calculated above 'm' values of about 0.2, indic-

ated the occurrence of either of the reactions:

(11)

\‘UO?(Oﬂ) + H (14

H
0 V//O.
cnscn uo;f e CH, C \Uca2 s o
~~go ~
b 8'
or H
/o =
Cﬁa‘“\m, o + B0 T cnscm
B

Althoughuit is difficult to distinguish between the above two

alternative reactions, from the argument given in the uranyl

mandelate system, here also formetion of a monohydroxo chelste

(reaction 11i) appears to be more probable. The results of the

determination of hydrolysis constants of the chelate, calculated

on the basis of the mathematical treatment given by equations

(20-27), are presented in Table VI.

Table VI
Curve 1 (Pig.l0), T, =0, 5x10 5

Yolume of initial reaction mixture = 50 ml.

EOH (m1.) 1.4 1.6 1.8 2.0 2.2 2.4

pH 3.42 3.49 3.56 3.84 3.71 3.78
-log Ky 3.93 3.91 3.91 3.93 3.92 3.93
-log Ky 5.17 5.15 5.15 6.17 §6.18 5.17

Qrerage value of -10{ Kgd- 3.91%0.0° and -log Ky = 5.1520.02
u

Yalues not inec in average.

2.6 2.8

3.84 3.90
3.89 (3.868
5.13 (6.10

3.0
3.96
3.82)
5.08)
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Piz.12. Graphical demonstration of dimerization of mono-
nydroxo-uranyl lactate chelate:

Fig12a, X = [U0aHA] v _ [H] LTM{uoﬂ—z[@JOJOH);HUOzHﬂJ}

[H"] (U0 HA]
By 2= TRl op s (1T {Toafu0a]- 2[(U02 0H),)-{voatd]
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Curve 2 (Fig.10), T, = Ty = 2.5x107°K
Volume of initial reaction mixture = 100 ml.

KOH (ml.) 1.4 1.6

pH 3.59 3,65
-log Ky 3.99 4.00
~log Ky B.23 5.25

Average value of =log K

1.8 2.0 2.2

3.72 3,79 3.85
4.02 4,08 4.08
5.27 %.28 5.28

( ) values not included in average.

2.4

Curve 3 (Fig.10), T, = T, = 1.26x10™°N

Volume of initisl reaction mixture = 200 ml.

KO0 (ml.) 1.4 1.8

pH 3.76 3.83
~log K  4.21 4.%3
-log Ky  5.43 5.47

1.8 2.0 2.2

3.89 3.96 4,01
4,22 4,23 4.24
5.48 B.47 5.48

2.4

4.06
4.28
5.60

2.6 2.8
3.91 3.97 4.03
3.98 (3.94 3.92
5.22 (5.18 5.15
= 4.00£0,08 and -log Ky = 5.2520,08

2.8 2.8

4.12 4.17
4.71 (4.10
5.43 (5.34
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3.0
4.09
3.72)
4.90)

3.0
4.23
3.99)
5.23)

Average value of -log Ky = 4.2320.02 and -log Ky = 5.4720,08
( ) values not included in average.

A gradual fall in the values of -log !h’ observed above

'm' values of about 1.0 (Table V1), indicated further hydrol-

ysis of the chelate.

Dimerigetion Constent

The values of the hydrolysis and dimerization sonstants,

determined in the 'm' renge of 0.6-1.0 from the standard slope

intercept relationship (equations 33 and 34, Pig.1?), are

presented in Teble VII.
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Table VII
From Figure 12A From Pigure 12B
-log Ky 4.26 -log KH 5.34
-log K4 5.13 -log Ky 7.78

A probable structure of the binuclear chelate species may

be given as :

0 PN
P nw,~ Y \
O CH \H\ \g<nc-cm3
e 0 “070 > of
¢ m d

Like uranyl mandelate system, here also, no attempt
was made to analyse the potentiometrie data above 'n' values
of about 1.0 due to a greater complexity in the system caused
by overlapping of the successive hydrolytie and polymerisation

reactions.
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SECPION III

URANYL CHELATES OF MALONIC ACID

A study of the complexes of uranium (VI) with carbo-
xylic acids has long been 2 subjsct of research. Tilhkoff“
and Ahrland“ have made an extensive study of the uranyl-
acetate system and have shown the formation of species of
the type UOz(QAo):'n. The values of n have been reported
to be 1 to 3 by these workers. Recently, Banerjee and Si.,nig):f‘e
have studied the system by potentiometric measurements snd
have obtained evidence for the formation of the species upto
qu(oio)z“a. Oxalic acid has been roportcau'w to form a
variety of complexes with uranyl ion. After a comprehensive
study of a large number of carboxylate complexes of uranium (VI),
it hes been cmcludcnd“ that the anions of cﬁurbmlio aclds
generally have a stronger tendangy for complex formation with
uranyl {on thsn does acetate iom. This has been observed even
when the =zcid dissoclation constants of the dlbasic acid are
gseme as for acetic acid; this is probably due to the effect
of cheletion in the case of dicarboxylic acids.

Malonic acid, although is = well known ligand and forms

complexes with s large number of metals viz., copper 50'55,

cndniun“’"”, bcryllin“, alminiunaa 59, ’_mGO’

thoriun®l and vanadium®%-63

y lanthanum
» has, however, received little

attention for complex formation with uranyl ion. Feldman and

10

co-workers = have studied absorption spectra of uranyl-malonie
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acid system. More recently Lai and Haich“ have studied
polarography of uranyl ion in malonie acid solution. By

a conductometric titration of uranyl perchlorate solution
with a sodium hydrogen malonate solution, the latter
workers have Indicated the formation of two complexes hav-

ing metal to ligand combining ratios of 1:1 and 1:2,

In view of the above, it was considered of interest
to carry out a quantitative study of the interaction of
uranyl ion with malonic acid under widely varying experi-
mental conditions. Attempts were alsc made to determine

ptebility constants of the chelates formed in the system.
RESUIZS AND DISCUSSION

Curve 0 (Fig.1l3), for the titration of malonic acid
with KOH, exhibits two inflexion points, one at ome equiv-
alent and the other at two equivalents of alksli, indicating
dissocliation of the acid in two separated ateps.

Titration of an equimolar mixture of ursnyl nitrate and
malonic acid (curve 1, Pig.l3) showed an inflexion at m = 2,

edmupmding to the formation of a normal 1:1 chelate:

0
i\
CcOooH co
uost + oty === Ol Uo, + oH (1)
s coos ﬁo/ "
| 0

Beyond the inflexion point, a yellow precipitate was observed
near pH of & when the chelate appeared to hydrolyze into



46

uranium hydroxide and free ligand anions.

The first inflexion point in curve 2 (Pig.l1l3), for
the titration of uranyl nitrate with KOH in the presence
of two moles of malonic acid, approaches at about m = 4,
This corresponds to the formation of a 1:2 complex in

accordance with the reaction :

COCR : ge 3@: 1
A 5 S
ugt + 2 cily == L Uoz CH, | (1)
~ coon | ﬁo \90/
AL o <

As in the cuse of 1:1 chelate, this complex also appears
to hydrolyse beyond the inflexion point (near pF 6), when
a yellow precipitate of uranium hydroxide begins to separate

out from the solution,

Curve 3 (Fig.1l3), for the titration of a2 1:3 mixture
of uranyl nitrate end malonic acid, shows a sloping inflexion
between m = § and € and does not give any indie=tion for the
ecombination of the 1:2 complex with another mole of the ligand.
In order to verify this conclusion, a ealculated composite
curve (shown in figure 13 by crosses) was obtained by the add-
ition of the abscissae of the separate potentiometric curves
for the titration of malonic acid (curve 0) and the 1:2 uranyl
nitrate-malonic acid chelate system (curve 2), This calculated
curve was found to be similar in nature to the experimental

curve 3 “nd thus indicated that a 1:3 complex is not formed in



significant amount under the experimental conditions.
The above conclusions are supported by a polarographiec
and conductometric study of the system reported recently
by Lal and Heioh64.

abilit tants of th tes.

For the determination of formation constants of
the chelates, the dissoclatlion constants of malonic acid,
Kay and Kng s were determined from the potentiometriec
deta of curve 0 (Pig.1l3) for the titration of the acid with
KOH in aqueous medium, 0.1M in potassium nitrate. The
values of pKa, and pEKap were found to be 3.08 and 5.14
respectively,

Ir Kl reprecents equilibrium constant of the
reaction:
U0yt + HpA F—= UQ, A + o'
(where HpA reprecents malonic acid)

we have,
Lo [ [T
1 Tuey] [Med]

Formation constant, kl,of the 1:1 chelate may be

(35)

defined as:
A]
[ucg'] [A]
Dissociation constents of malonic acid may be

expressed ast A=l [u*

Ka, = [H?A] (37)
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e %] [6*]
(7]

If, in an equimolar nixture of uranyl nitrate and malomnie

(38)

acid and in the initisl stages of the titration of a 1:2
nixture of uranyl nitrate and the ligand, concentration of
the 132 complex in solution be assumed to be negligibly

small, from the usual material balsnce we have:

7y = [065%] + [wop4] (39)
T+ [E] = [17] + 2[a%] + 2 [uopi] (40)
and T, = [H,A] + [Ha7] + [wo,A]+ [a%] (41)

In solutions of pH upto about 3, concentrations of the
hydrolyzed species of the uranyl ion were negligible as
compared to those of the other specles present in the
equilibrium mixture.

Combination of equationa (37), (38), (40) and (41)

gives =
2", - 2y - (0¥]

T, T
2 Eey ey

Again, combination of (37)-(30) and (41) yields

(42)

1] -

vy " n*]?
[053] = [a*] {2+ %;1'- ’ '—[z;;]-x::; - (=T (43)
24
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£ itrations of equimolar mixtures
of uranyl nitrate and malonic acid. Concentrat-

fons: curve 1, 5x10-21; curve 2, o, 5x10-3M;

curve 9, 1.25x10-3i, m=moles of KOH added per

mole of the metal ion.
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Pig.l4. Potentiometric t
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After computation of [AB"] and [Uoi*], concentration of
the other species present in solution may be calculated
algebraically from equations (39)-(41). Bquilibrium and
formation constants K; and Xk, may then be determined.
Values of these constants, obtained upto pH of about 3 over
a four-fold concentration range of the metal salt (Pig.l4)
are presented in table VIII.

Table VIIT

Curve 1 (Pig.14), T, = T, = Bx10™M
Volume of reaction mixture befors titration = 50 ml.

KH (m1.) 0,0 0.4 o8 1,2 1.6 2,0 2.4 2.8 3.°
pH 2.39 2.44 2.49 2,54 2,60 2,67 2,75 2.83 2.94

~log K, 2,48 2,47 2.45 2.46 .41 2.42 2.43 2.4]1 ?2.43
log ky 5.74 &.76 5.77 b5.76 5.80 5.80 B,79 5.80 5.79

Average value of -log K; = 2.44#0,04 and log Ky = 5.7720.03

Curve 2 (Pig.l4), 7, = Ty = 2.5x10™N
Volume of reaction mixture before titration = 100 ml.

KOH (ml.) 0,0 04 08 1.2 1.6 2.0 2.4 2.8
pH .62 2,66 2,71 2.77 2,83 2,90 2.97 3.06
-log K}  2.46 2.4% 2,43 2.45 2.46 2.47 2.46 2.44
log ky 5.76 B.79 5.79 5.76 B5.76 5.74 5.76 5.78

Average value of -log K; = 2,4520,.02 and log k; = 5.7720:02
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Piz.15. Potentiometric titrations of 1:2 uranyl nitrate-malonic acid
mixtures. Concentrations of uranyl nitrste: curve 1, 5x10-9i;
curve 2, 2.5x10-3¥; curve 3, 1,.25x10-3M. m=moles of KOH added
per mole2 of the metsl ion.



Curve 3 (Fig.14), T, = Ty = 1.°6x10°°N
Volume of reaction mixture before titration = 200 ml.

KoH(ml.) 0,0 0.4 08 1,2 1.6 2.0 2.4 2.8
PH .86 2.9 2,95 3.00 3.06 3.1? 3.20 3.28
-log K3 2.45 2.47 2,44 2.43 2.45 2.44 2.45 2.43
log ky b5.77 5.79 5.78 5.79 B5.77 5.78 5.77 5.79

Average value of -log Ky = 2.44%0.0? and log k, =5,78%0,02

From the mathematical treatment, given above,
attempts were also made to calculate the values of K, and
k, from the potentiometric data of the titration of 1:2
reaction mixtures of uranyl nitrate and malonic acid(Pig.15).

Results of these calculations are given in table IX,

Table IX

Curve 1 (Fig.15), T, = oTM = 1,0x10"H*~
Volume of reaction mixture before titration = 50 ml.

KOi{(mli.) 0.0 04 0.8 1.2 1.6 2,0 2.4 2.8
pH 2,26 2,30 2,34 2.37 .41 °2.456 2.49 2.54
-log K %.44 2.45 7,46 7.41 2,41 (2.38 2.3¢ °,29)
log k; 5.78 5.77 5.76 5.80 5.80 (6.83 5.85 5.90)

Average value of -log K; = 2.43 ¥ 0.03 and
log ky = 5.78 X o0.02
( ) values not included in average.

Curve ? (Fig.15), T, = 2Ty = 5x10™M
Volume of reaction mixture before titration = 100 ml.

Ki(ml.) 0.0 04 O08 1.2 1.6 2.0 2.4 2.8
pH 2.49 2.52 2,66 2.59 2.62 2,65 2.69 °.73
-log K; 2.49 P.47 2.48 ?.45 2.41 (2.35 2.33 2,31)
log ky b5.73 5.76 5.74 65.77 5.80 (5.87 5.89 5.91)

Average value of -log K; =°.4520,04 and log k,=5.7710,04
) values not included in average.
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Curve 3 (Pig.15), T, = 2T, = 2.6x107°MW
Yolume of reaction mixture before titration = 200 ml.

Kol (ml.) 0.0 0.4 0.8 1.2 1.6 2.0 2.4 2.8
pH 2,72 2.76 2.78 2,81 2.84 2,86 2.90 2.94
-log K; 2.48 2.48 2.47 2.46 2.43 (2.38 2,36 2.35)
log k; B.74 5.74 5.75 B5.76 5.79 (6.84 5.86 5.87)

Aversge value of -log K3 = 2.4610.0 and log ky = 5.76%0,07
( ) values not included in average.

The relatively comstant values of log k,, obtained
upto 'm' squal to ebout 0.8 (table IX), which are in close
agreement with those presented in table VIII, indicated that
upto this stage of titration ( m-~0.6) only the 1:1 complex
is formed in the reaction mixture containing two moles of
malonic aecid per mole of the metal ion.

ility of 1% 1a

In view of the conclusions arrived at from potentio-
metric data of the curves (Pig.1l8) obtained by the titration
of uranyl nitrate with KOH in the presence of different
concentrations of malonic acid, a gradual increase in the
values of log ky observed in table IX, calculated above 'm'
values of about 0.6, may be taken as an indication for the
commencement of the formotion of a 112 complex in accordance

with the reaction:

UGpA + HgA +—= TUGA,~ + °H



52

If K, represents equilibrium constant of the above reac-
tion, we have
pl- 2
[vo, 4,71 [1°]

" " ooghl (4] il

Formation constant, k,, of the chelate may be
defined as: _
[vopa57]
[vogd] [A™]

(48)

X,

The overall stability constent of the 132 complex or equil-
ibrium constant of the oversll resction :

UGt + oA"" T== UG-

may be expressed as :

i O
L = . Luof‘_z ]__ (48)
[wop* ] [4*1?
Other pertinent equations are:
1y = (003 + [wop] + [o a2 (a7)

Tog * @ = [3a7] « 2[1,""_] + 2[UoyA] + 4{0031\3'] (48)
and T, = [Hoh] + [HA™] + [A™] + [UQA] + 2[U0,A5~] (49)

In a system having two moles of malonic acid per mole of
uranyl nitrate (Pig.13 and 16), since T, = 2T,, combination
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of equations (36-38), 47 and 49 gives,

e, 1 [
[A ] 1+ —::; + -zgz—zﬁg—;}

kR

(50)

Thus, knowing k; (from tables VIII and IX), [Ag‘] (from
expression 42) and the dissoclation constants of malonie

acid, [h0§+] may be calculated. Conecentrations of the other
species, present in solution, may then be determined alge-
braically from equations (47)-(49). Values of the equilibrium
constants, calculated from the potentiometric data of figure 15
are presented in table X,

Table X
Curve 1 (F1g.15), T, = o7, = 1x10" M
Yolume of reaction mixture before titration = 50 nml.

KOH (ml1.) 2.0 2.4 2.8 3.2 3.8 4.0 4.4 4.8 5.8
PH 2.45 2,49 2,54 2,88 2,83 2,69 2,76 2.80 2,94
-log K, 3.99 3.90 4.00 4.00 4,00 3.96 3,99 3,91 3.98
log ko 4.2]1 4.30 4.20 4.20 4.70 4.76 4,21 4.79 4.24

Average value of -log K, = 3.95% 0.06 and log k, = 4.25%0,00

Curve 2 (Fig.18), T, = 2T, = Bx10™°N
Yolume of reaction mixture before titration = 100 ml,

KOH (ml.) 2.0 2.4 2,8 3.2 3.6 4.0 4.4 4.8 5.2
pH 2,66 2.69 2,73 2,77 2.82 2,86 2.91 2,97 3.03
-log Ky 3.94 3.96 3.93 3.88 3.94 3.88 3,89 3.88 3.93
log ko 4.28 4.76 4.78 4.34 4.78 4.35 4.32 4.33 4.78

Average value of -log K, = 3.91%0.06 and log k,=4.30%0,05



Curve 3 (Pig.15), T, = 2T, = 2,6x107°M

Volume of reaction mixture before titration = 200 ml.

Ko#(ml.) 2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8
pH 2.86 2,90 2.94 °.98 3.02 3.08 3.11 3.16
-log K 3.98 3.98 4.00 4.00 3.95 3.8 3.99 3.98
log kp 4.74 4.24 4.20 4.70 4.°7 4.34 4.21 4.24
Average velue of -log Ko = 3.95 I 0.05 and
log k, = 4.26 £ 0.06
It is evident from the above table that stability
constant of the 1:2 complex is almost independent of conc-
entration indicating that the metal chelate does not poly-

merize under the experimental conditions.

Tn order to confirm the above conclusions, attempts
were also made to determine the formation constants of the
chelates by Bjerrum's methoa4?. 7, the average number of
donor groups bound per metal ion, may be given by the

expression:
+12
£ T, - [Ag']{} + é;;l + -Egillié}

Ty

(81)

After calculating [Ag'] from (42) , the evaluetion of n
may, therefore, be made from equation (51). Thus, a set of
values of n and [Ag‘] was obtained (table XI) from the
potentiometric data of each of the curves presented in

figure 185,



Curve 1 (Pig.15), T, = 21, = 1x10"

KOH(ml)

0.0
0.4
0.8
1.2
1.6
2.0
2.4
2.8
3.2
3.6

Curve

0.0
0.4
0.8
1.2
1.6
2,0
2,4
2.8
3.2
3.6

0.0
0.4
0.8
1.2
1.6
2.0
2.4
2.8
3.2
3.6

2 (Pig.15), T, = 27, = Bx10"

pH  -log [.A.?’]
2.26 5.87
2.30 5.80
2.34 5.74
2.37 5.70
2.41 5.85
2.45 5.59
2.49 5.54
?.54 5.47
2.58 5.41
2.83 5.36
2.49 6.74
2.52 5.70
2,56 5.66
2.89 5.62
2.62 b.b68
2.85 5.54
2.69 6.49
2.73 5.44
2.77 5.38
2.82 5.31
3 (rig.18), T, =
2,72 5.68
2,76 5.63
2,78 65.59
2.81 5.56
?.84 8.52
”?.86 5.850
2.90 5.46
2.94 5.39
2.98 5.354
3.02 £.30

lable X1

n
0.45
0.48
0.51
0.56
0.60
0.84
0.68
0,73
0.77
0.82

C.47
0.81
0.5%
0.59
G.83
0.68
0,71
0.78
0.79
0.82

KoH(ml.) pi -log[A”] =

4.0
4.8
5.4
8.0
7.2
8.0
8.4
8.8
9.2
2.8

4.0
4.8
6.6
6.4
7.2
8.0
8.4
8.8
9.2
9.8

2.69
2.80
2.90
3.02
3.34
3.68
3.77
3.98
4.30
b.16

?2.86
9‘9‘97
3.10
3.98
3.50
3.78
4.2
4.727
4.60
5.40

ony, = 2,5x107

C.B4
0.568
0.59
0.62
0.66
0.71
0.74
0.76
0.79
0.84

4.0
4.8
5.6
6.0
7.2
8.0
8.8
2.2
9.6
2.8

3.06
3.16
3.30
3.38
3.63
4.00
4.45
4.76
5.14
£.39

5.26
8.12
5.00
4.84
4.47
4.27
4.11
35.97
3.78
3.50

5.27
5.13
4.97
4.76
4.50
4.27
4.11
3.94
3.74
3.53

5.25
5.14
4.97
4.88
4.57
4.31
4.C4
3.8°
3.73
3.68

0.88%
0.95
1,02
1.09
1.28
1.39
1.47
1.66
1.67
1.86

0.87
0. 95
1.04
1.11
1.2?
1.36
1.45
1.56
1.66
1.80

0,88
0.95
0,99
1.08
1,19
1.33
1.49
1.80
1.61
1.80
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The values of n were plotted against -1og[42f] (Pig.16
and 17). As a first approximation, the values of -leg[A?f]
at n= 0,5 and 1.5 are equal to log k, and log k, respec-
tively. These temporary constants were then corrected by

the method of successive approxlnationa‘a

« A plot of the
caleulated values of n (determined by using the average
value of the stabllity constant and the spreading factor)
against the corresponding values of -10;{}9f] is presented
by a solid line in the figure. This gave log k,=5.84 and
logf k, = 4.18, A comparison of these values from those
given in tables VIII-X shows that there is a good agreement
between them, thus, confirming the conclusions of the alge-

braie method.



0 HAPTER II

EXPERIMENTAL

General Description.

(1) Uranyl chelates of Mandelic acid.
(11) Uranyl chelates of lactic acid.
(111) Uraayl chelates of Malonic acid.
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CHAPTER - II
EXPERIMENTAL

GENERAL DESCRXPTION:
MATERIALS i

Uranyl nitrate, U, (NOgz),.6H,0, was of B,D.H.
analytical reagent quality.

Mandeliec and nnlonic.acidn were B,D.H.(L.R.)
products and were purified by recrystallization (Melting
points 118.6 and 136°C respectively). Iactic aeid (A.R.)
was a B,D.H., product.

Catechol was 2 G,R, sample of E, Merck. l-hydroxy-
?-naphthoic and 2-hydroxy-3-naphthoie acids and l-hydroxy-
f.naphthaldehyde (B.D,H) were purified by repeated crystall-
ization from alecchol until their melting points rose to
186, 222 and 60 °C respectively. Salicyliec and S-sulpho-
salicylic acids were of B.D.H. reagent grade quality.

Stock solutions of uranyl nitrate were standardized
gravimetrically by precipitation with 8-hydroxy qntnolino“
and subsequent ignitiom to ]BSQB' Because of the possibility

of photochemical reduction of the uranyl 1one7

y uranyl
nitrate solutions were stored in a dark place and were
frequently tested for the presence of uranous ion by tit-

ration with dichromaté solutions.



. 58

Standardization of the aqueous solutions of the
ligands was effected by means of potentiometric titrat-
ions with standard potassium hydroxide solution. The
solution of KOH was standardized against primary stand-
ard potassium hydrogen phthalate.

ANALYTICAL METHODS

The precipitated compounds, after being washed

and dried, were analyzed as given below:
METAL:

The metal content of the compounds was, in
general, determined by direct ignition to UsOg. It was
also determined by the precipitation methed, i.e., the
compound was decomposed with agua-regia, the metal
precipitated as its oxinate with oxine, washed with

distilled water and then weighed elither as such or after
ignition to UgQy.

MANDELYC ACID

The mandelic acid was estimated by oxidation with
ceric aulphatasa. A known weight of the compound was
dissolved in dilute sulphuric acid and made up to 100 ml.
in water. An aliquot of this solution was boiled for twenty
minutes with an excess of —!}5 ceric sulphate solution.

In a separate conicsl flask, the same volume of ceriec

sulphate was boiled under identical conditions to serve



a8 a blank. The solutions were cooled and the excess
of ceric sulphate titrated ageinst a stendard ferrous
ammonium sulphate solution (0.,1N) using N-phenyl
anthralinic acid as indicator. Mandelic acld was cale-

ulated on the basis of the reaction:
Cglig O (0HCO0H) —2—- CHCHO + CO, + HyO
LACTIC ACID

Lactic acid content of the compounds was deter-
mined by oxidation with an excess of acid permanganate
solution, a method reported by Ernst and Horvath”.

CAT BCHOL

The catechol was estimated by oxideation with

098 34 was obsarved thut

alkaline potas=ium permanganate
catechol was oxidized quantitatively to carbon dioxide
and water after being treated with an excess (100 percent)
of alkaline potassium permanganate solution for about 15

to 20 minutes at the room temperature:

G.H-.% + 130 =——> 8002 + 3!!20

TECHNIQUE FOR PHYSICO-CHEMICAL MEASUREMENTS

POTENT IOMETRIC STUDIES!

Potentiometric study of the metal-chelate system
was carried out by the direct and the pointwise titration



procedures. In the direct titrations, known amounts of
uranyl nitrate, potassium nitrate and the ligand solut-

ions were pipetted into the titration cell. Conductivity
water was added to provide the desired volume and ionie
strength (0.1M). The reaction mixture was then titrated

with a standard KOH solution and the pi recorded after

the system hed reached equilibrium by using a Cambridge

pH meter (No.317044). A slow stream of purified nitrogen

was bubbled through the solution during the course of
titration to make a carbon dioxide free and inert atmosphere,

In certain cases the equilibrium was reached
slowly and some times several days were required for the
completion of a titration. In these cases, therefore, a
pointwise titration method was adopted. In this procedure
KOH solution was added slowly to reaction mixtures contain-
ing kmown amounts of uranyl nitrate and the ligand in volu-
metric flasks. After adding the necessary amounts of potass-
ium nitrate to keep the ionie strength constent (0.1M), the
solutions were diluted to the desired volume, shaken and
allowed to age for several hours in the dark at room temper-
ature, after which pH readings were taken. In order to
ensure equilibrium, these sclutions were again kept for

several hours and the pH of the solutions was again measured.

SPECTROPHOI'OMETRIC STUDIES

The solutions under study containing the necessary



amounts of KNO; to furmmish the desired ionic strength
(0.1M) were adjusted to proper pH by smell sdditions of
a KOH solution., After standing for several hours in the
dark at room temperature, the absorbance of each sol-
ution was measured using either a Bausch and Lomb
Spectronic 20 or a Unicam SP 500 with a silica cell of
10 mm. thickness.



(1) URANYL CHSLATES OF MANDELIC ACID

PART II

POIENTIOMETRIC STUDIZES

TABLE 1

TEMPERATURE = 28%1°%

POTERTIOMETRTC TITRATION OF 5O ML, OF 5x10™°M
MANDELTC ACID ¥ITH O.1M POTASSIUM HYDR-

OXIDE IONIC STRENGTH = O,IMKNQGZ

CURVE 0Q,PIC
Ml.of O.1M

e pH Ml.of C.1M pH
0.0 2.88 2.5 4,95
0.5 3.10 2.8 9.10
1.0 3.30 2.7 10.15
1.5 3.60 2.8 10,80
2.0 3.90 2.9 10.70
2.2 4,10 3.0 10.856
2.4 4.45 3.2 11.01




TABLE 2

TEMPERATURE = 25+1°C

POD ENT IOMETRIC TITRATION OF 50 ML.OP 5x10°°M IN
URANYL NITRATE #ITH O,1M POTASSIUM HYDRO-

XIDE, IONIC STRENGTH = O.1M(XNO,)

CURVE 0', PIG.1)

.1'E€a°.l“ pH Il.;éno.ll pH
C.0 3.44 4.5 5.20
0.5 3.74 5.0 5.40
1.0 | 3.9° 5.5 5.8?
1.5 4.10 5.8 7.35
2.0 4.23 6.0 8.20
2,6 4.38 8.2 9.20
3.0 4.54 6.4 9.85
3.5 4.7? 6.6 10.78
4.0 5.06 7.0 10.5°?




PABLE
TEMPERATURE = 25%1°

POTENT IOMSPRIC TITRATION OF 50 ML,SOLUTION OF 5x10" M

URANYL NITRATE AND Sx10° M IN MANDELIC AGID WITH O.li

QT AS HYDROXIDE, IONIC STRENGTH=0,1M (KNO,)
(CURVE 1, PIGS 1 AND 8)

Ml.of O0.1M
KOH pH Il.g%qo.lm pH
0.0 2.75 4.0 4,08
0.2 2.82 4.5 4,22
0.4 2.89 5.0 4.368
0.6 2.96 5.5 4.55
C.8 3.03 6.0 4.78
1.0 3,10 8.5 5.8
1.2 3.17 8.7 5.85
1.4 3.%24 8.9 6.15
1.6 3.31 7.1 8.38
1.8 3.37 7.3 6.48
2.0 3.45 7.6 6.60
2.? 3.52 8.0 6.85
2.4 3.59 8.3 7.30
2.6 3.86 8.5 8.15
2.8 3.74 8.7 9.05
3.0 3.80 9.0 9.90
3.2 3.87 9.7 10,30
3.4 3.94 9.6 10,69
3.6 4.01




TABLE 4

IEMPERATURE = 28:1%
20T ENT IOMETRIC TITRATION OF 5O ML,SOLUTION OF Sx10™oM IN
URANYL NITRATE AND 1.0x10™ M _IN MANDELIC ACID WITH O

POTASSTUM HYDROXIDE., IONIC STRENGTH = C’),l!iﬂl%}_

(CURVE 2, FIG,1)

Ml.of O.1M pH | Ml.of 0.1M l pH

KOH ' KOH |

0.0 2,54 | 9.0 5.15
0.5 2.63 SR 5.76
1.0 2,73 | 9.4 6.50
1.8 2,83 | 9.6 6.65
2,0 2,88 9.8 6.80
2,8 3.07 10,0 5.86
3.6 3.28 10,7 7.02
4.4 3.48 10.4 7.20
5.0 3.60 10.8 7.6
5.5 3.76 11.0 7,99
8.0 3.90 | 11.2 8.60
6.5 4.02 11.4 9.36
7.0 4.16 11.6 9.90
7.5 4.30 11.8 10,20
8.0 4.47 12,0 10.48
8.5 4.70




TARLE -H

TEMPERATURE = 25 * 19¢

66

POTEN 'TOMBETRIC TITRATION OF 50 ML, SOLUTION OF 5x10-3h! IN

URANYL NITRATE AWD 1.5x10-2M IN MANDELIC ACID WITH 0O.1M

POTASSTUM HYDROXIDE, IONIC STRENGTH = 0,1M ﬂm’)%l

(CURVE 3, FIG.1)

Ml.of O,1M

Ml.of O.1M |

KOH Pa KOH e
0.0 2,40 11.6 5.18
1.0 2.56 11.8 6.45
2.0 2,70 12.0 8.865
3.0 2,87 12.4 7.10
4.0 3.04 12.8 7.33
5.0 3.93 13,92 7.53
6.0 3.49 13.6 8.8
7.0 3.62 13.8 8.90
8.0 3.83 14.0 9.65
9.0 4,06 14.° 10.10
10.0 4.31 14.4 10.36
10.8 4.60 14.6 10.53
11.¢ 4.83 14.8 10,67




TABLE 6
TEVPERATURE = 25 & 1°C

POTENTIOMETRTC TTTRATION OF 100 ML, OF ox10™ M
MANDELIC ACID WITH 0.1M POPASSTUM HYDROXIDE

IONIC STRENGIH = O,gﬂﬂ%)
(CURVE 0, FIG.2)

Ml.of O.1M PH Ml,of 0.1M pH
KOH KOH
0.0 2,52 18.0 4.02
2.0 2.656 19.0 4.41
4.0 2,80 19.5 5.00
6.0 ?.96 19.8 5.90
8.0 3.10 20,0 8,50
10.0 3.25 0.2 9.06
12.0 3.40 20.4 9.75
14,0 3.66 20.5 10.06
15.0 3.68 20.6 10.30
16.0 3,78 20,8 10.54
17.0 3.88
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TABLE 7
TEMPERATURB=2541 %0

POTENT IOMETRIO TITRATION OF 100 ML,SOLUTION OF 2x10~"M IN
MANDELIC ACID AND 2.5x10°°M IN URANYL NITRATE WITH 0.1M

POTASSIUM HYDROXIDE, 1 GTH = O,1M(KN
(CURVE 1, PIG.2)

ML of 0.1 I - M.of 0.1 -
0.0 2,40 22.0 4.%5
2.0 . 2.54 23.0 4.90

. 4.0 2.66 23.5 5.50
6.0 2,81 23.8 6.20
8.0 2.95 °4.0 6.85

10.0 3.10 24.2 7.00

12,0 3.25 24.6 7.10

14.0 3.41 25.0 7.25

15.0 3.50 25.4 7.40

16.0 3.58 25.8 7.95

17.0 3.69 26.0 9.25

18.0 3.75 26.2 9.70

19.0 3.83 26.4 10. 00

20.0 3.95 26.6 10.20
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TABLE 8
TEMPERATURE 25%1°%

POT ENT IOMETRIC TITRATION OF 100 ML,SOLUTION OF 2x10” M IN
MANDELIC ACID AND 1.25x10"°M IN w YITH O

POTASSIUM HYDROXIDE, IONIC STRENGTH = O
(CURVE 2, FIG.2)
Ml.of 0.1M pH Ml.of 0.1M pH
K0H : KOH
0.0 2.45 21.0 4.70
2.0 2.57 21.6 5.18
4.0 2,73 21.8 5.96
6.0 2,87 22,0 7.15
8.0 3.02 22.0 7.30
10.0 3.14 22.4 7.40
12,0 3.30 22.6 7.58
14.0 3.45 23.0 8.28
15.0 3.53 23.2 9.00
16.0 3.65 23.3 9.50
18.0 3.88 23.4 9.90
19.0 4.00 . 23.6 10.25
20.0 4.15 °3.8 10.40




TABLE 9

TEMPERATURB=2621°¢
SPECTROPHOT OMETRIC DETERMINATION OF MAXIMUM ABSORBANCE
OF URANYL-MANDELETE SYSTEM A7 BIF]'EREHT MOLAR RATIOS

AT pH 3.5 QONCENTRATION OF UQB 5x10M

(P16.3)
Wave length | Ratio Ratio Ratio Ratio

m/A 310 | 1:1 1:2 1:3
340 . 052 .35 547
350 .030 . 220 + 355 +4156
360 . 022 «140 .220 252
370 . 022 . 090 .140 152
380 .026 070 .100 .106
390 . 0358 070 « 090 . 090
400 . 045 .080 .100 107
410 . 050 . 087 .118 .123
420 . 043 . Co6 .1°8 +138
430 . 030 . 080 .120 «130
440 .018 .060 . 095 107
450 01?2 . 048 070 OT7
460 .008 .030 .080 . 083
470 . 008 . 028 . 080 . 080

480 004 . 023 . 030 . 028




TABLE -1
TEMPERATURE = 9,5+1°c

JOB'S IETROD OF CONTINUOUS VARIATIONS APPLIED TO UR&!!L—IHDEBAI’E
SYSTEM AT PH 3,0 KSEPING !B! TOTAL VOLUME CONSTANT

BACH SOLUZION. IONIC ST =0, INTZIAL (UGG +
MANDELIC AGID) amgmmuog = 0,02 M,
(FIG. 4A)
x OD.com- 0.0, Diff.in 0.D, 0.D. DL, 1in

. m-,:+ 0.D. eomplex Uci" 0.D.

" ¥ave lemgth = 360 mo- ' Nave lenzth = 360 mu
0.1 .O?8 . 005 .070 .04 . 00? . 038
0.2 .138 .010 178 . 085 . 005 . 080
0.3 .?00  ,015 .185 120 . 010 .110
0.4 .725 .02 .208 .140 .018 129
0.6 .740 . 026 215 152 . 072 .130
0.6 .28 . 032 193 .14 . 030 .115
0.7 .200 . 048 .156 130 . 040 . 090
0.8 .166 . 065 111 .11° . 046 . 086
0.9 .1%0 . 080 . 080 . 088 . 080 . 038

Save length =420 mev ¥ave length = 430 g
0.1 .033 ._ .01 .023 .028 . 008 .020
0.2 .088 .02 . 038 . 080 . 010 . 040
0.3 .085 . 035 . 050 . 075 .0? . 065
0.4 .108 .048 . 083 .088 .0%8 . 080
0.8 .130 .080 .070 .106 . 040 . 086
0.6 .138 072 . 064 .108 . 048 . 080
0.7 .140 .088 . 082 109 . 059 . 050
0.8 .140 .105 . 035 .106 .085 .00
0.9 .143 .120 . 023 102 079 . 030




TABLE -11

TEMPERATURE = 2531%

JOB'S METHOD OF CONTINUOUS VARIATIONS APPLIED TO URANYL-MANDELATE

SYSTEN AT PH 3.5 KEEPING THS TOVAL VOLUME CONSTANT (50 ML) OF

+1M(KNO.), INTTTAL gt@g%

EACH SOLUTION, IONIC STRENGTH = Q,1M(KN
MAWDELIC ACID)CONCENTRATION =0 .02 i,
(PIG, 4B)
x 0.D. 0. g Differ- C.D. 0.D, Difference
complex + ence in complex + in 0.D.
UG 0.D. ik voj

Wave length = 350 mu Wave length = 350 mu
0.1 .180 018 1382 . 090 .0l8 074
0.2 « 305 .C23 .282 190 .020 170
0.3 420 .030 390 « 265 . 025 «240
0.4 480 040 440 . 308 . 035 270
0.5 .580 . 065 .B0B 350 « 045 « 3056
0.6 518 . 088 483 320 + 053 « 267
0'.7 .485 cms -410 030'0 .080 .04:0
0'8 041.Cf 0090 .330 .9‘0 .mo -190
C.9 <270 , 1086 185 180 . 080 100
Wiave length = 420 m u Vave length = 440 m u
0.1 . 045 . 020 . 0285 . 035 016 .020
0.2 .098 . 038 .083 076 + 020 . 065
0.3 « 145 050 . 095 «110 . 075 » 085
0.4 «19° . 067 128 136 .030 .106
C.5 « 238 .090 146 «160 040 .120
C.6 « 740 «110 <179 180 . 050 .110
C.7 «?50 132 .118 .155 .060 . 096
0.8 « 245 .159% . 090 145 070 . 075
0.9 . 230 178 . 065 .120 . 085 . 0356




TABLE .12
TEMPERATURE = 25%1°%C

JOB'S METHOD OF CONTINUCUS VARIATIONS APPLIED TO URANYL-

MANDELATE SYSTEM AT pH 4,0 KGEPING THE TOFAL VOLUME
CONSTANT (B0 ML) OF EACH SOLUTION, IONIC STRENGTH=

0.1M(KNO,), INIPIAL. (ug'% MANDELIC ACID) CONCEN-

TRATICN =0,02 M
FIG. 4C

x 0.D. 0.D. Diff.in| 0.D. O.g. Diff.in

complex + 0.D. Complex ,,n2F 0.D.

uoy uo;

Wave length = 360 m m fave length = 370 m M
.1 «210 . 020 190 «12 . 020 100
0.2 «390 . 036 . 354 « 2256 . 032 «193
0.3 .460 . 048 «41? .280 048 234
0.4 . 548 . 063 + 488 . 3885 . 057 .268
0.6 . 800 .080 520 «370 070 «300
0.6 5680 «108 4856 « 340 .C86 254
0.7 .485 <125 . 360 « 300 .108 «200
0.8 420 .180 270 .270 .120 «150
C.9 . 328 170 «1E0 . P23 «140 .083
Wave length = 420 m u Wave length = 450 m
0.1 . 088 . 028 . 080 - JO70 LA « 085
0.2 200 . 088 « 145 134 .020 114
0.3 «270 . 090 «180 170 .030 .140
0.4 350 128 278 206 040 +166
005 o“o 01‘8 0279 .250 .CBC?' .300
0.6 .460 « 220 « 240 238 o770 165
0.7 470 <276 +195 « 2185 . 086 «130
0.8 460 « 326 134 «190 .098 092
0.2 440 . 366 . 074 «1680 «110 . 080




TEMPERATURE = 2531°%¢
ZQUENE IOMBIRIC TIFRATION OF 100 ML. SCLUTION OF 2, 5x10~>n

IN URANYL NITRATE AND 2;_5x10" M IN MANDELIC ACID WITH

O.1M POrASSIUM HYDROXIDE, IONTC ST EHGTH-Q,IM{KHOG)_
(CURVE 2, PIG. 6)

Mi.of 0.1M pH | Ml.of O.1M pH
KCH KCH
0.0 2,99 4.5 4.44
0.2 3.06 5.0 4.57
0.4 3.11 5.5 4.74
0.6 3.18 6.0 4.97
0.8 3,25 6.5 5.43
1.0 3.30 8.7 5.85
1.2 3.35 6.9 6.08
1.4 3.40 7.1 6.28
1.8 3,47 7.3 6.39
1.8 3.54 7.8 6,50
2.0 3.62 8.0 .70
2.9 3.89 8.3 7.10
2.4 3.76 8.5 7.76
2.8 3.83 8.7 8.80
0.8 3.90 8.9 9.50
5.0 3.96 9.2 9.90
3.2 4.02 9.¢ 10,20
3.4 4.08 9.8 10.50
3.6 4.17 9.8 10.62
4.0 4.30 10,0 10.80




URANYL NITRATE AND 1.26x10°°M IN MANDELIC ACID WIFH 0,1M

TABLE 14

TEMPERATURE = 25+1%
POTERT IONETRIC PITRATION OF 200 ML, SOLUTION OF 1.25x)0™ M IN

POPASSTUM HYDROXIDE, IONIC STRENGTH = O.1M gggaz

(CURVE 3, F1G.8)
Mlaof 0.1M pPH Ml.of C.1M pH

KH KCH

0.0 3.2 4.5 4.53
0.2 3.28 8.0 4.88
0.4 3.33 5.5 4.80
0.6 3.38 6.0 5.01
0.8 3.43 L. 6.3 5.22
1.0 3.48 8.5 5.50
1.2 3.53 6.7 5.85
1.4 3.56 6.9 8.01
1.6 3.684 7.1 8.10
1.8 3.71 7.5 8.35
2.0 3.78 8.0 8.60
2,2 3.88 8.3 .95
2.4 3.92 8.5 .66
2.6 3.98 8.7 8.85
2.8 4.05 8.9 9.25
3.0 4.11 9.2 9.75
3,2 4.16 9.5 10.00
3.4 4.2 9.8 10.24
3.6 4,98 10.0 10.36
4.0 4.42




TARLE 18

TEMPERATURR = 28+1%

POTENT TOMETRIC TITRATION OF 50 ML, OF 5x10™°M URANYL NITRATE

WITH (O.1M) POPASSIUM MANDELATE, TONIQ STRENG!H-O,IH‘IIQBE
(CURVE 4, FIG.6)

Ml,of 0.1M Ml.of 0.1M |

Potassium pH Potassium PH

Mandelate Mandelate
0.0 3.44 6.0 3.64
0.5 3.44 7.0 3.69
1.0 3.44 8.0 3.74
1.5 3.44 9.0 3.78
2.0 3.44 10.0 3.81
2,5 - 3.46 11,0 3.8¢4
3.0 3.50 12,0 3.87
3.5 3.563 13.0 3.89
4.0 3.56 14.0 3.91
8.0 3.80 16.0 3.92




(11) TURANYL CHEIATES OF LACTIC ACID

POTENTIOMETRIC STUDIES

TABLE 18

TEMPERATURE = 25 * 1%

POTENTIOMEFRIC TITRATION OF $O ML. SOLUTION OF 5x10™°M

WITH POI ) 3
IONIC STRENGTH = O0.1M (KNO,)
( CURVE O,FIG, 8)

M1§8§ 0. 1M o sl.géﬂc.lx pH
0.0 3.08 2.4 4.75
0.4 3.28 2,5 5.00
0.8 3.52 2.8 8.90
1.2 3.74 2.7 9.80
1.6 3.99 2.8 10.08
2.0 4.28 2,9 10.36
2,2 4.48 3.0 10,60




TABLE 17

TEMPERATURE = »
BOTSRTIONETRIC TTPRATION OF 80
IN URANYL WITRATE AND Bx
20LASSIUNM HYDROXID ®

M.of 0,1 oo M.of 0.1X pH
. EOH | KOH
0.0 ?.90 4.0 4.28
0.2 .98 4.5 4.40
0.4 3.07 6.0 4.87
0.6 3.18 8.5 4.75
0.8 3.71 8.C 5.00
1.0 5.28 8.3 5.20
1.2 3.36 8.6 B.4%
1.4 3.4° 8.8 5.60
l.6 3.49 8.9 5.98
1.8 5.566 7.1 6.10
2.0 3.84 7.4 8.78
2.2 3.7 7.8 8.52
2.4 3.78 8.0 : 8.70
2.8 3.84 8.°? 8.92
?.8 3.90 ' 8.4 7.60
3.0 3.98 , 8.6 8.56
3.2 4.02 8.8 9.30
3.4 4.08 9.0 9.70
3.8 4.15 ' 9.2 10,00




LEMPERATURE = 25%1°%

TABLE 18

2OTENT TOMETRIC TIPRATION OF 60 ML,SOLUTIOK OF §110-3l IN
URANYL NITRATE AND 1,0x107°M IN LACTIC ACID WITH 0.1M

POTASSTUM HYDROLIDE, IONIC STRENGTH = O,1M(KNO, )

(CURVE 2, PIG.8)

Ml.of C.1M PH Ml.of O.1¥M pH

KOA KOH

0.0 2,71 8.8 5.22
0.4 ?2.80 9.0 5.42
0.8 ?.90 9.9 5.79
1.2 2,99 9.4 6.32
1.6 3,09 9.6 6.45
2.0 3.19 9.8 6.58
2.4 3.30 10.0 8.67
2.8 3.40 10.3 6.80
3.2 3.60 10.6 7.10
4.0 3.70 10.8 7.35
4.8 3.88 11.0 8,01
5.6 4.07 11.? 8.6C
6.4 4.°8 11.4 9.35
7.2 4.51 11.6 9.80
8.2 4.80 11.8 10.15
8.4 4,98 12.0 10.285




TABLE 19

TEMPERATURE = 2531°%
POTENTTIOMETRIC TITRATION OF 50 ML,SOLUTION OF Bx10™M_IN
URANYL NITRATE AWD 1,6x10" M IN LACTIC ACID WITH 0,1M

2O ASSIUM HYDROXIDE, IONIC STRENGTH = 05!.'1{“%2_

(CURVE 3, FPIG,8)

Ml.of 0.1M pH Ml.of 0.1M |  pH
KOH KOH
0.0 2.63 10.6 4.88
0.8 2,79 11.0 5.02
1.6 2,94 11.4 5.5
2.4 3.09 11.6 .50
3.0 3.26 11.8 6.35
4.0 3.42 12,0 6.55
4.4 3.50 19,2 6.70
5.0 3.6 12.6 8.92
5.6 3.73 12.8 7.13
6.2 3.84 13.9 7.36
6.8 3.98 13.6 8.00
7.4 4.07 13.8 8.75
8.0 4.18 14.0 9.30
8.6 4.3° 14.2 9.76
9.2 4.47 14.4 10.05
9.6 4.56 | 14.6 10.26
10.0 4.65 14.8 10.37
&AL TS
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TABLE 20

TEMPERATURB=25%1°0
POPENTIOMSTRIC TITRATION OF 100 L, OF 2x10” M LACTIC
ACID WITH 0.1M POTASSIUM HYDROXIDE,

IONIC STRENGTH = O,1M(KNO,)

(CURVE 0,FIG.9)

Ml.of 0.1M pH ML.of 0.1M oH
KCH KOH
0.0 °,70 19.5 5.25
2,0 2,90 19.8 5.55
4.0 3.10 | 20.0 5.95
5.0 3.20 | 20,1 8.30
8.0 3.30 0.2 8.50
8.0 3.50 20.4 8.98
10.0 3.68 20.5 9.15
12,0 3.87 0.6 9.30
14.0 4.07 20,7 9.45
15.0 4.18 0.8 9.86
17.0 4.45 21,0 9.87
18.0 4.65 01,2 10.08
19.0 4.98
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TABLE 21

TEMPERATURE = 25+1%
POTENT IOMETRIC TITRATION OF 100 ML, SCLUTION OF 2x10™"M IN
LACTIC ACID AWD 2.§;;0P§; IN_URANYL NITRATE WITH O.1M

POPASSIUM HYDROXIDE, IONIC STRENGTH = O,I.M‘WQE)_ '
(CURVE 1, FIG.9) :

Ml.of O.,1M | oH M.of 0.1 | pH
KOH . | KOH
0.0 2,54 3.4 5.60
2.0 2,75 22.8 6,00
4.0 2,95 24.0 6.38
6.0 3.15 4.2 6.56
"ar 3.34 °4.4 6.70
10.0 3.51 24.6 ‘ 6.80
12.0 2,70 98,0 7.00
14.0 3,87 5.4 7.25
18.0 4.10 o5.8 7.85
17.0 4,90 6.0 8.45
18,0 4.31 | 26,2 9.00
19.0 4.4° 6.4 9.45
20,0 4.58 6.6 9.70
21.0 4.75 | 8.8 9.82
22,0 5.00 7.0 10,06
93.0 5.28 27.2 10,13
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TABLE 22

PEMPERATURE = 25+1%
POPENIIOMETRIC TITRATION OF 100 ML, SOLULION OF 2x1d™°M IN LACTIC
ACID AND 1,°5x10"°M IN URANYL NITRATE WITH O.1M
POTASSTUN HYDROXIDE, IONIC STRENGTH=0,1M(KNO,)
(CURVE 2, FIC. 9)

M.of O,1M pH Mli.of 0.1M pH
KOH KOH
.

0.0 263 | 9.8 5.95
2.0 2,83 | 22,0 8.40
4.0 3.03 02,2 8.80
6.0 3,22 22,4 6.98
8.0 3.4° 2,6 7.08
10.0 3.60 29,8 7.25
12.0 3.80 23.0 7.55
14.0 3.98 93,2 8.60
16.0 4.20 3.4 9.20
17.0 4.35 3.6 9.52
19.0 4,65 3.8 9.80
20.0 4.08 4.0 9.96
©1.0 5.5 °4.2 10.12
21.4 5.54 °4.4 10.28
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TABLE 2

TEMPERATURE = 25%1%%

POPENTIOMSPRIC TITRAPION OF 100 ML,SOLUTION OF 2,5x10°°M IN

URARYL NIPRATE AND 2,6x10”°M IN LAQTIC AGID #4123 0,1M

POTASSIUM HYDROXIDE, TONIC STRENGTH = C,1u(KNO,)
(CURVE 2, PIG. 10)

;

Wl.of O.1M | pH Ml.of 0.1M pH

KOH | KOH

0.0 3.13 5.0 4.85
0. 3,20 5.5 4.8°
0.4 3.97 6.0 5. 08
0.8 - 5.33 6.3 5.25
0.8 3.39 8.5 8.46
1.0 3,45 8.7 5.80
1.7 3.5 7.0 5.98
1.4 3.59 7.2 6.12
1.8 3,85 7.4 6.°8
1.8 3.72 7.8 6.40
2.0 3.79 8.0 ' 6.60
5,2 3,85 8.° 8,80
2.4 3.91 8.4 7.80
2.6 3.97 8.6 8.50
2.8 4,03 8.8 , 9.30
3.0 . 4.09 9.0 9.65
3.5 4.93 9.3 10.00
4.0 4.38 | 9.6 10.185
4.5 4.50 10. ¢ 10,32




TABLE 24

TEMPERATURE = 2531°
POPENTIONIIRIC TITRATION CF 260 ML, SOLUTION OF 1,25x13°W
1u URANYL NITRAVE AND 1.P6x10™ 8 IN LACTIC ACID WLIE
Q.1¥ POTASSIUW HYDROXTDE, IONIC STRENGTH=0,1M(KNO,)

(CuRvE 3, ¥15.10)

Ml,of O.1M pH Ml.of O,1M pH

KOH KOH

0.0 3.34 4.0 4.49
0.2 3.40 4.5 4.80
0.4 3.46 5.0 4,74
0.8 3.62 5.5 4.9?
0.8 5.58 6.0 5.12
1.0 3.63 6.3 5.35
1.2 3.68 8.5 5.50
1.8 3,83 8.7 5.90
1.8 3.89 6.9 . B.99
2,0 3.96 7.2 8.26
2,2 4.01 7.5 .40
2.4 4.08 8.0 8.76
.6 4.1° | 8.2 7.00
2.8 4.17 | 8.5 7.56
3.0 4.°3 ? 8.8 9,00
3.2 4,78 9.0 9.30
3.4 4.33 9.2 9.680
3.6 4,38 | 9.4 9.85
3.8 4.44 9.8 10.08




(111) URANYIL CHELATES OF MALONTC ACID

POTENT IOMETRIC STUDIZS

TABLE ©5

TEMPERATURE = 30*1°¢
POTENTIOMETRIC TITRATION OF 60 ML,SOLUTION OF 5x10”°M IN

MALONIC ACID #ITH O,1M POPASSIUM HYDROXIDE,

IONIC STRENGIH = O.INSKNFQBl

(CURVE 0, FIG.13)

Ml.of 0.1 pH Ml.,of O.1M pH

KOH | KOH

0.0 2,68 4.0 5.32
0.4 2.79 4.4 5.6°7
0.8 2,90 4.8 6.00
1.2 3,04 4.9 8.27
1.6 3.24 5.0 7.20
2.0 3.50 5.1 8.20
2.4 3.90 6.2 8.680
2.8 4.°2 5.4 8.90
2.8 4.44 5.6 9.20
3.0 4.65 6.0 9.46
3.2 4.76 6.4 9.61




POTENTIOMETRIC TITRATION gz 60 ML,

URANYL NITRATE AR

TABLE 26

LEMPERATURE =

30t1°¢

81

SOLUTION OF 5x10°°M IN

ANYL NITRATE AND 5x10” "M IN MALONIC ACID #ITH O.1M

POrASSTUM HYDROXIDE, IONIC STRENGTH = O.1M (KNO,)

(C'URVE 1, FIG.13% AND

l.0f 0.1M l pH Mi.of 0.1M pH

KOH KOH

0.0 °,39 6.4 5.16
0.4 2,44 8.8 5.40
0.8 2,49 7.2 5.63
1.2 °.54 7.6 5.80
1.8 . 2.60 8.0 5.95
°,0 2,67 8.4 8.15
°.4 2,75 8.8 6.30
2.8 °.83 9.2 6.43
3.2 °.94 9.8 6.57
3.6 3.0? 10.0 8.70
4.0 3,29 10.4 6.92
4.4 3,47 10.8 7.40
4.8 3,92 11.0 8.10
5.0 4.20 1.9 8.46
5.2 4.38 11.4 8.86
5.6 4.66 11.6 9.26
6.0 4.90 12,0 9.75




TABLE 27

TEMPERATURE = 30%1%

88

ROTENTIOMETRIC TIPRATION OF 50 ML.SOLUTION OF 5xl0"°M IN

URANY, NITRATE AND 1, Ox10™"M IN MALONIC AOTD WITH O1M

POTASSIUM HYDROXIDE, IONIC STRENGTH = 0. LM(KNO,)

(CURVE 2, FIG.13 AND CURVE 1, FIG.15)

Ml.of 0.1M pH Ml.of 0.1M pH

KOH KOH

0.0 2.26 9.2 4.30
0.4 2.30 9.6 4.77
0.8 2,34 9.8 5.18
1.2 °,37 10.0 5.56
1.6 2.41 10.2 5.68
2,0 2,48 10.6 5.90
2.4 2,49 11,0 6.10
2.8 2,64 11.4 6.24
3.2 2,58 12.0 6.40
3.8 2,63 12,6 6.50
4.0 2,69 13.2 6.60
4.4 2,75 14.0 6.68
4.8 2.80 14.6 5.84
5.4 2.90 15.0 7. 00
8.0 3.02 16.4 7.32
6.4 3.11 15.8 7.80
7.2 3.34 16.0 8.285
8.0 3.58 18,2 8.75
8.8 3.98 18.4 9.45




TABLE 28

TEMPERATURE = 30£1°¢
POTENTIOMETRIC TITRATION OF 50 ML. SOLUTION OF Bx10~°M IN
URANYL NITRATE AND 1,5x10° M IN MALONIC ACID WITH OIM

POTASSIUM HYDROXIDE, IONIC STRENGTIH = O.lM{WQaz

(CURVE 3, FI1G.13)

ML.of 0.1M pH Ml,of 0.1M pH
KOH t, | KOH :
J |
0.0 2,18 1 14.0 5.48
1.0 ' 2.26 : 14.5 5.78
2,0 £.335 | 15.0 8.06
3.0 2.41 : 15.5 8.30
4.0 2,50 | 16.0 8.50
5.0 .60 i 16.5 6.80
6.0 2,79 | 17.0 8.68
7.0 °.84 1 17.5 8.70
8.0 2,99 | 18.0 8.78
9.0 3.17 ; 18.5 6.92
10.0 3.42 | 19.0 7.02
11.0 3.74 | 19.5 7,12
11.5 4.00 | 20,0 7.95
12.0 4,25 | 20.5 7.45
12.5 4.51 1.0 8.02
13.0 4.84 21,2 8.50

13.5 5.16 | ?l.4 9.00




TABLE 29

TEMPERATURE = 3031%

30

POIENTIOMETRIC TITRATION OF 100 NL,SOLULION OF 2,5x107°M IN

URANYL WITRATE AND 2,8x10°0M IN

MALONIC ACID WITH O,1M

POrASSTUM HYDROXIDE, IONIC STRENGTH = 0,1 (KNOy)
(CURVE 2, FIG.14)

Ml.of O,1M | pH Ml.of 0.1M pH

KCH l KOH

0.0 2.6° 6.8 5.48
0.4 ?.66 7.2 5.70
0.8 2,71 7.6 5.84
1.2 2.77 8.0 6.00
1.6 2.83 8.6 8.20
2.0 2.90 9.? 6.43
2.4 2.97 9.6 6.52
2.8 3.08 10.0 68.68
3.2 3.18 1C.4 8.90
3.6 3.78 10.8 7.30
4.0 3.43 11.0 7.80
4.4 3.68 11.2 8.25
4.8 4.12 11.4 8.65
5.0 4,38 11.8 9.00
5.2 4.50 11.8 9.30
5.6 4.78 12.0 9.60
8.0 .02 12.2 9.88
6.4 5.28




TABLE 30

TEMPERATURE = 30t1°%
POTENPIOMETRIC PITRATION OF 200 ML, SOLUTION OF 1.25x10°°M

91

IN URANYL WITRATE AND 1,26x10""M IN MALONIC ACID WITH Q1M

POTASSTUM HYDROXIDE, TORIC STRENGTH = 0.1M (XNOg)

(CURVE 3, PIG.14)

¥ML.of 0.1M pH ML.of 0.1M pH

KOH KOH

0.0 2.88 T- 6.4 5.56
0.4 2.90 6.8 5.80
0.8 2.95 Y.L 5.80
1.2 3.00 7.8 6.95
1.6 3.08 8.0 8.10
2.0 3.1° 8.4 6.22
?.4 3.20 8.8 6.35
?.8 3.78 9.? 5.45
3.7 3.38 9.6 8,80
3.6 3.61 10.0 6.76
4.0 3.71 10.4 6.88
4.4 3.96 10.8 7.15
4.8 4,34 11.0 7.68
5.0 4.55 11.2 8.16
6.° 4.70 11.4 8,56
5.6 4.9° 11.6 8.90
6.0 5.13 11.8 9,20




URANYL NITRATE AND 5,0x10">M IN MALONIC ACID WITH O.1M

TABLE 31

TEMPERATURE = 30¢1°g
POTENTIOMZTRIC TITRATION OF 100 ML.SOLUTION OF 2,.5x107>M IN

92

POTASSIUM HYDROXIDE, IONIC STRENGTH = O,1M(KNO,)

(CURVE 2, FIG,15)
Ml.of O.1M | PH Ml.of O.1M pH
KO | KOH ]
] I

0.0 2.49 10.2 5.80
0.4 °,52 10.6 6.00
0.8 2,58 11.0 6.20
1.2 2,59 11.4 6.28
1.6 2,62 11.8 6.38
2.0 °,85 12.8 6.50
2,4 °,89 13.4 6.65
2.8 2,73 14.° 8.78
3.9 2,77 15.0 7.02
3.6 2,82 15.4 7.%4
4.0 .86 15.8 7.66
4.8 .97 16.C 7.88
5.6 3.10 16,9 8.%¢
6.4 3.28 16.4 8,82
7.9 3.50 | 16.6 9.30
8.0 3.78 16.8 9.60
8.4 4.02 17.0 9.80
8.8 4.27 PR v
9.7 4.60 | 17.4 10.15
9,8 5.40

-
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TABLE 3°

TEMPERATURE = 30t1%
PO ENTIOMEIRIC TITRATICH OF 200 ML.SOLUTION OF 1,26x107°M IN

URANYL NITRATE AND 2.50x107°M IN MALONIC ACID WITH O,1M
POPASSIUM HYDROXIDE, IONIC STRENGTH = O,1M(KN

(CURVE 3, FI6,15)

Ml.of 0.1M pH MlL.of 0.1XM pH

KOH KOH

6.0 .72 10.0 5.71
0.4 2,76 10.? 5.84
0.8 2.78 10.6 8.03
1.2 ?2.81 11.0 8.°1
1,6 2,84 11.4 6.28
2,0 ?2,848 12,0 8.38
2.4 2.80 12,8 8.50
2.8 2.94 13.6 6.63
3.° ?2.98 14.4 8.77
3.5 3.0? 15.0 6.99
4,0 3.06 15.4 7.18
4.4 3.11 15.8 7.45
4.8 3.18 16.0 7.70
5.6 3.30 16.7 8,05
6.4 3.48 16.4 8.6°
7.2 3.69 16.6 9.15
8.0 4,00 16.8 9.45
8.8 4.4 17.0 2.70
9.2 4.76 g 17.2 9.86
9.6 5.14




PART III

CHELATES OF URANIUM (VI) WITH SOME C-IYDROXY CARBOXYLIC ACIS

Chepter I: Results and Discussion.

Chapter II: Experimental.



CHAPTER 1

S

RESULTS AND DISCUSSION

Section 1: VUranyl chelates of l-Hydroxy-?-
Naphthoic and ?-Hydroxy-3-Naph-
thoic acids,

Section II; Uranyl chelates of Saliecylic and
5-Sulphosalicylic acids.

Section III: Uranyl chelates of l-Hydroxy-2-
Naphthaldehyde.



CHAPTER I
SECTION T

URANYL CHELAIES OF 1-HYDROXY-2-NAPHTHOIC
AND 2-HYDROXY~3-NAPHTHOIC ACIDS

Complexes of uranium (VI) with salicylic and
S-sulphosalicylic acids have long been known. Chelates
of hydroxy naphtholc aclds have, however, recelived
l1ittle attention. Pernnﬁdei7° has isolated a number of der-
ivatives of uranium (VI) with o~hydroxy naphthoic acids
having uranyl to ligand ratio of 1:12. Tripathi and Satya
Prakaah71 have shown the formation of a 1:1 complex
with l-hydroxy-2-naphthoiec acid. More recently, Soni and
Guptavghavn gtudied the interaction of uranyl ion with
2.hydroxy-3-naphthoic acid by spectrophotometry and cond-

uctometry and have indicated the formetion of a 1l:l complex.

In view of the above nnd the interesting results
obtained on a-hydroxy carboxylic acid derivatives of
uranium (VI), it was considered worthwhile to carry out
a systematic physico-chemical study of the interaction of
uranyl ion with l-hydroxy-®-naphthoic and 2-.hydroxy-3-
naphthoic acids.

Due to the insoluble nature of the hydroxy naphthoiec
acide in water, 50 per cent gthanol solution (equal volume

ethanol-.water) was used as a solvent. Attempts were also
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22,18, Potentiomeiric titrations of uranyl-l-Hydroxy-®-Naphthoate
system with KOH(0.1¥ in 50 % alcohol): curves 1,2 and 3 represen
titrations of 1:1, 1:2 and 1:3 uranyl nitrate-l-Hydroxy-“-Nap!
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acid mixture- respectively kTY=C.COFM; in 50 / alcoholic medium.
curves O =ud O' represent titrations of 1-Hydroxy-“-Naphthoie acid
(0.005M) and uranyl nitrate (0.C05M) respectively in 50 % alconolic
medium . curve O" represents titration of uranyl nitrate (0.CO5M) in

(4%

agueous medium., m=moles of KCOH added per mole of the metal ion:
Ionic utren"th:(‘.lmiK“O_}}.xxx, represents composite curve derived
from curves O and 1.
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made to carry out the study in agqueous medium by using
potassium salts of the acids which were soluble in water.
But a quantitative study of the reactions in aqueous
mediunm could not be made, since the ligands, in aecid form,
separated out slowly from the solution on standing even
when small smounts of potassium salts of the acids (0.4-0.5
mole per mole ofd uranyl nitrate) were added to uranyl nit-

rate solution.

RESULTS AWD DISCUSSION

Botentiometric Study;

In figures 18 and 19, curve O represents titration of
l-hydroxy-2-naphthoic and 2-hydroxy-3-naphthoic acids
respectively with KOH. In both cases, & sharp inflexion
occurs at one equivalent of alkali indicating the dissocla-
tion of carboxylie proton only in acidic solutions. The
phenolic hydrogen of the acids, thus, remains unaffected

under the experimental conditiona.

Nature of curve 0'(Fig.1l8) for the potentiometric
titration of uranyl nitrate with KOH in 50 per cent alco-
holic medium is similar to that of curve 0" (Fig.l1l8) for
a similar titration of uranyl nitrate in the agqueous medium.
Curve 0'" is, however, throughout lower than the curve 0'.
In view of the fact that uranyl ions in aqueous medium do
not hydrolyze below pH of 3, by a comparison of the potent-

iometric data of curves 0' and 0" , it is reasonable to



assume that the hydrolysis of uranyl ion in 50 per cent
aleoholic medium (including reaction of the type:

wag* + GpHigOH ¥== U0,00,H + H') to be negligible up to
pH of abaout 3.5.

Curve 1, presented in figures 18 and 19, represents
titration of uranyl nitrate in the presence of an equi-
molar concentration of l-hydroxy-”-naphthoic and 2-hydroxy-
3= naphthole acids in 50 per eent alcoholic medium. In
both cases, the titration curve is throughout lower than
the potentiometric curves for uranyl nitrate and the
ligends alone indicating chelation. Both the curves (curve
figs.18 and 19) approach an inflexion point at m = 2, This
is in accord with a'rnaction of the type :

OH 0
'+ e R +
udy *(I)com e ?'o/UOZ L8 ST
0

A titration break at m = 2 in the curves may also occur in

accordance with the reactions:

H
; 0
@com s g mgOEU% + H (11)
0
UO"’ o = ™ g0, (0H Bt (114
e @Fﬁ/ a3

Beyond m = 2, curve 1 (Figs.l8 and 19) assumes the

o

shape of the latter half portion of curve 0' (Pig.18)

)



for the titration of uranyl nitrate with KOH, This fact
together with the formation of a yellow precipitate,
similar to uranium hydroxide in appearance, indicated
decomposition of the 1l:1 metal chelate into uranium
hydroxide and the free ligend anions. This conclusion
was confirmed by the actual isolation and enalysis of the
precipitata. The precipitete, after being washed with

50 per eent aleohol, was treated with dilute hydrochlorie
aclid when a clear yellow solution was obtained., Had there
been any ligand, it would be precipitated in agueous
golution. Further, the solution in hydrochloric acid did
not give a blue colour with ferric chloride which has been
r@portndvs to b§ a characteristic test for o-hydroxy
naphthoic acids.

In figures 18 and 19, curve 2 yepresents titration
of uranyl nitrate in the presence of two moles of l-hydroxy-
2.naphthoic and 2_hydroxy-3-naphthoic acids. In both cases,
the curve approaches an inflexion point at about m = 3.
This observation may be explained on the basis of the
assumption that there 1is no intersction between 1lil chelate
and 2 second mole of the ligand, two moles of alkali being
consumed by the 1l:l complex and the third mole being used
up by the free acid 1igand (one mole) present in the system.
This assumption was verified by the addition of the absc-
{ssae of curves O and 1 (Figs.18 and 19). The calculated
curve so obtained (shown by crosses in Figs. 18 and 19),
closely approximstes to the experimental curve thus confirm-

ing the above conclusion.
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?-Hydroxy-3-Naphtholc acid (Curve B) in 50 per cent
alcoholic medium. Ionic strength = O.l‘,T(KNOS).
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Spectrophotometric St

In Pigg?0 and 2?1 are shown the continuous variat-
ions data obteained for ursnyl-l-Hydroxy-?-Naphthoate
and-2-Hydroxy-3-Naphthoate systems respectively. At all
wave lengths studied (460-520 m/uf) maximum absorption
was observed for solutions contzining approximately
equivalent amounts of ligands and the metal ions indicat-
ing formation of a 1:1 complex in both the systems.

termination o ilibrium Constants

Dissoclation constants of carboxylic proton of the
hydroxy naphthoic aclds (HgA), were determined from the
plots of -log[H'] against log ] (Pig.”2), obtained

from the potentiometric data ogﬂgvﬂ'ﬂ 0 (Pige.18 and 19).
The values of px‘ for l-hydroxy-®-nephthoic and ?-hydroxy-
3-naphtholc acids were found to be 3.75 'and 3.68 respect-
ively.

If K be the equilibrium constant of the reaction

Ugt + Hoh F= UGA + 2m' (1)
we have
[voa] [0* 8

* ] Al

The equilibrium constant K' of reaction

UoSt + HAW = UOpA + H'
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may be defined as

_ [vopd] [']
[vy"] [Ea)

K! (52)

With the help of expressions for K and Ka' it may
be ghown thsat

B ;
From the mathematical treatment presented by equations
(3-8)1in the uranyl-mandelate system, values of the
equilibrium constents K and K',; calculated over a four-
fold concentration range of the metal chelate up to pH
of about 3.5, are given in tables XII and XIII.

Table XII

Ligand: l-hydroxy-2-naphthoic acid
Curve 1 (Fig.23), 7, = Ty = 5x10™°M
Volume of rezction mixture before titration = 50 ml.

K¥(m1) 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

PH 2.96 3.03 3.09 3.15 3.20 3.24 3.30 3.30 3.40 3.45
-log K 4.54 4.58 4.58 4.59 4.68 4.58 4.56 4.56 4.55 4.54
-log K' 0.79 0.83 0.83 0.84 0.83 0.83 0.81 0.81 0.80 0.79

Average value of -log K = 4.57 ¥ 0.02 and
-log K' = 0.81 * 0.02
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Pig., 23. Potentiometric titrations of equimolar

mixtures of uranylnitrate and 1-Hydroxy-
2-Naphthoic acid with KCH(0.1Y) in 50 %
alcoh2lic medium: curve 1, 5x10"3ﬁ;curve
2, 2.5x10-3M; curve 3, 1,25x10-9M. m =
moles of base added per mole of the metal
ion; ionic strength = C.lM(VNOZF.
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Fig.24, Potentiometric titrations of equimolar
mixtures of uranyl nitrate and 2.-Hydroxy-
3-Naphthoic acid with KOH(0.1¥) in 50
alcoholic medium: curve 1, 5x10-3M; curve 2,
2.5x10-3¥; curve 3, 1.25x10-3M. m=moles of
base added per mole of the metal ion:; ionic
strength = O.1M(KNOg).



Curve 2 (Fig.?3), T, = Ty = o, 5x10" "M
Volume of resction mixture before titration = 100 ml.

KH(ml) 0.2 04 0.6 08 1,0 1.2 1.4 1.6 1.8

PpH 5.15 3.20 3.25 3.31 3.36 3.41 3.46 3.51 3.56
-log X 4.55 4.58 4,55 4.58 4.58 4.69 4.56 4.57 4.56
-log k' 0.830 0,83 0.80 0.83 0.83 0.84 0.81 0.82 0.8l

Average value of -log K = 4,57 £ 0.02 and
-log K'= 0,82 * 0.02

Curve 3 (F1g.23), T, = T, = 1.25x10"5N

Volume of reaction mixture before titration = 200 ml.

KH (m1) ©02 04 06 08 1.0 1.2

pH 3,34 3.38 3.43 3.48 3.52 3.57
—lﬂs K 4.56 4.59 4.66 4.59 4.5 4.87
-log K' .81 0.84 081 0,84 0,81 0.82

Average value of -log K = 4,57 £ 0,02 and -logK'=0,8220.02

ble XIIT

Ligend : 2-hydroxy-3-naphtholic acid
Curve 1 (PFig.?4), T, = Ty = 5x107°M

Volume of reaction mixture before titration = 50 ml.

KH(mi.) 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

pH 3.00 3.06 3,11 3.17 3.23 3.28 3.34 3.40 3.45 3.51
-log K 4.73 4.75 4.72 4.70 4.71 4.70 4.71 4.72 4.71 4.72
-log K' 1.08 1,07 1,04 1.02 1,03 1,02 1.03 1,04 1.03 1.04

Average value of -log K = 4.73 I 0,03 end
~log K' = 1,04 ¥ 0.08
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Curve 2 (Fig.%4), T‘ = T! = ?.5:1G'3l

Volume of reasction mixture before titration = 100 ml.

KO (ml.) o2 0.4 0.6 08 1.0 1.2 1.4 1.6

PH 3.19 3.23 3.78 3.34 3.39 3.45 3.51 3.56
-log K 4,76 4.76 4.73 4.76 4.73 4.75 4.74 4.76
-log K' 1.08 1.08 1,06 1.07 1.06 1.07 1.06 1.08

Average value of -log X = 4,74 ¥ 0.0? and
| -log K' = 1,08 * 0,02

Curve 3 (Pig.24), T, = Ty = 1.96x107°N

Volume of reaction mixture before titration = 200 ml,

KH (ml.) 0.2 0.4 0.6 0.8 1.0

pH 3.36 3.40 3.46 3.50 3.56
-log K 4.74 4.73 4.73 4,73 4,76
-log K! 1.06 1.06 1.08 1,06 1.08

Average value of -log K = 4,74 2 0.0? and ~log K' = 1.06 X 0.02

The relatively constent values of -log K obtained
in tables XIT and XIIT indicated that in both cases, reaction
(1) is the only one occurring in the system. It is also
evident from the above tables that the values of -log K are
almost independent of concentration of the metal chelate
showing thet the uranyl chelates of l-hydroxy-2-naphtheic and
2_hydroxy-3-naphthoic acids do not polymerigze under the exper-

i{mental conditions employed.

The stoichiometry of 1l:1 of the chelates was further

confirmed by the calculation of pK from the potentiometric
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data of curve ? (Pigs. 18 and 19). Results of these

calculations are presented in tables XIV and XV.

Table XTIV

Ligand: l-hydroxy-?-naphthoic acid

Curve 2 (Pig.18), T, = T, = 1,0x10° M.

Volume of reaction mixture before titration=50ml
KOi(ml.) 0,0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6
pH 2,76 2,86 2,95 3.03 3.10 3.18 3.25 3.32 3.39 3.47
-log K 4.60 4.57 4.56 4.56 4.53 4.55 4.56 4.56 4.56 4.57
-log X' 0.85 0.82 0.81 0.81 0.78 0.80 0.81 0.81 0.81 0.82
Average value of -log K = 4,56 £ 0,03 and -logk' = 0,81 £ 0.03

Table XV

Ligend : ?-hydroxy-3-naphthoic acid
Curve 2 (Fig.19), 7, = 27, = 1,0x10°"N

Volume of reaction mixture before titration = 50 ml,

Koi(ml.) 0.0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6
pH 2.77 2.87 2,97 3.08 3.13 3.°1 3.30 3.37 3.43 3.50
-log K 4.76 4.72 4.74 4.73 4.71 4.72 4.74 4.72 4,72 4,71
-log K' 1.08 1.04 1.06 1,06 1.038 1,04 1.06 1.04 1,04 1.03
Average value of -log K = 4,73 * 0.02 and -log K' =1,06X0.03

The constant values of -log K, obtained in tables XIV
gnd XV are in good agreement with these given in tables XII
and XIIT indicating that, in both cases, only a 1l:1 complex
is formed even when an excess of ligand is present in the

system.
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SECTION II

URANYL CHELATES OF SALICYLIC AND 5-SULPHO- ALICYLIC ACIDS

Although much work has been done on the salicylic acid
derivatives of urenium (VI), a survey of literaiure revealed
thet a quantitative study of the equilibria involved in the
jnteraction of uranyl ion with salicylic aecid has not been
undertaken by the earlier workers. Canneri and Pornandouv4
in 1924, showed that uranyl salicylate formg addition comp-
ounds with a number of metals (Na, K and Ba) and organie
bases. Uranyl salicylate, UOE(H006H4000)2. has been crysta-
11iged in the anhydrons state’>'7S and also as hydrates' — ..
Formation of a 1:? uranyl salicylate has been reported by

Dutt and Gelwamisl in squeous medium.

Hok;nornltronag heos studied the extraction of uranyl
ions by a salicylic solution in 4-methyl-“-pentanone. The
complexes U0, (HOCGHgCO0)g and H[UO (HO Cgl,000);] were
ghown to be present in the organic phase whereas the compl-
exes [0y (HO Cglig000)]" and U0y (0 C4HgC00) or UGy (HO Ogl,000) (0H)
were present in the aqueous phase. The extraction of uranium(VI)

with salicylic acid in isoamyl alecchol has also been stuﬂicdas

In view of the above and the study carried out on the
uranyl chelates of hydroxy naphthoic acids, it was congldered
of interest to extend this work to the uranyl-salicylate

systen.

An equilibrium study of the interaction of uranyl ion with

$-sulphosalicylic acid in the aqueous medium has recently been
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26. Potentiometric titrations of uranyl-5-Sulphosalicylate
gystem with KOH(0.1N): curves 1 and ? represent titrations
of 1:1 and 1:2 uranylnitrate-ﬁ_ﬁulphovqlicylic acid mixt-
ures respectively in 50 7 alcoholi medium. (T,~=0. 005N)
ourves O and O' represent titrations of ﬂ-iulkhosalicylic
acid (0.008M) and uranyl nitrate (. 0OBM) respectively in
50 7 alcoholic medium. m=moles of base added ver mole of
the metal ion; lonic strength=0,1M(¥N0g JXxx, composite
curve of curves 0 and 1.
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Pig.25. Potentiommtric ﬁ!trquons of uranyl-Salicylate
system with XOH(U.1N):Curves 1 =2nd ° represent
titrations of 1:1 and 1:2 uranyl nitrate-Salicylic
acid mixtures respectively in HDZ alcoholic medium
(Ty=0.005M).Curves Oand O' represent titrations of
Salieylic acid(0.005%) and uranyl nitrate(0.005M)
respectively in 50 7 alcoholic medium. m=moles of
base added per mole of the metal ion; ionic stren-
gth = C.lH(KNC3}. xxx, composite curve of curves
0 and 1.
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reported by Rajan and Martell®4, This 1igand has been
included in the present study in order to check the
experimental technique employed.

RESULTS AND DISCUSSION

Potentiometric titrations of uranyl-salicylate
(Pig.25) and-B-sulphosalicylate systems (Fig.26) gave
curves essentlally similar to those obtained in the
uranyl-naphthoate systems. On the basis of the arguments
given before (see uranyl-naphthoate system) in these
systems also, from the nature of the potentiometrie
curves, only a 1l:l metal chelate appears to be formed
under the experimentsl conditions. Prom a close simi-
larity of these systems with the uranyl-naphthoate
gystems, the interaction of uranyl ion with salieylic and
b-sulphosalicylic acids mey be represented as :

OH 0
-+ e >, +
90" + | Looow = | o> UG + o »=eid)
v

and

O
ueg* + _ J == 0\/002 + o5*

In both the systems, beyond the inflexion point, a preci-

pitate of uranium hydroxide was formed.

The stolchiometry of 1:1 of the chelates was further

confirmed by the Job's method of continuous variations.
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In figures 27 and 8 are presented the continuocus
variations data obtained for uranyl-salicylate and
-5-gulphosalicylate systems respectively. At all

wave lengths studied (460-5°0m ) formation of a 1l:l

complex is indicated.
Dotermination of Equilibrium Constants

Dissociation Constants of Acids;

Determination of equilibrium constants of the
reactione required a knowledge of dissociation constants
of the acid ligands. It is evident from curve O (Fig.25)
for the titration of salicylic acid that only the carb-
oxylic proton of the acld dissociates in acid solution.
Prom the potentiometric data of the curve, px, of the
acid was found to be 3.94, Weakly acldic nature of the
phenolic proton of the ligand is also evident from a
value of 10713+6 £or 1ts dissociation constent reported

by Porrinab.

Curve 0 (Pig.26) for the titration of S-sulpho-
salicylie acid exhibits a sharp inflexion point at two
equivalents of alkali indicating that dissociation of the
carboxylic and sulphonic acid groups of the ligand takes

place in overlapping stepe. The dissociation constants,
K‘l and K‘g' of the acid (Hal) having a weakly acidic
phenclic proton, may be expressed as :
[Epa7] [v']
[54]

(63)



1ub

] ]
x‘z [, A‘;]

(54)

If T, represents total concentration of S-sulpho-
salicylic acid and Toq be the concentration which
the added buse would have if there were no reaction,

from the material balance we obtain
Ty = [Hgh] + [H,47) + [HAB'] (585)
Top + [1'] = [Hoa™) + 2 [ma®) (56)

In the lower buffer region of the titration curve

(ourve 0, Fig.26), concentrations of Aa'

and OF were
negligible as compared to those of other species present

in the solution.

Combination of equations(53-656)gives

T, ~ 2o ~ [']
] = w%g L 1 (57)
. %

Elimination of [HzAf] and [hlgf] between (54),(56) and
(67) and rearranging the terms yield

G LR L I A |

2T, « Toy - [B'] 22, - T - [B'] "
+ t’l Kng «ee (58)

Thus a plot of the values of the expression on the left hand

mtidAa st mmsmnaddas KO T g T AT T, O WY WP i . ©
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data of curve 0, against the corresponding wvalues of

1" {TA -Rgy tﬂ‘”]}/ (P2, - Ty = [H')) should
yield a straight line of slope K and intercept on
| ° ¢ "1

the [H*] {Tm + LH"]}/(PTA -Tog - [,H"]) axis equal
to K‘l !“2' The values of pxal and pkK from the

b
above plot presented in figure 29 were found to be

2.84 and 3.60 respectively.

Equilibrium Constants:

Since sulphonic acid group of B-sulphosalieylic
acid is strongly acidic and it is a well known faet that
this group dves not take part in chelation reactions with
metals, as a first appraximation, HpA~ may be considered
to be the ligand after the addition of one eguivalent of
alkeli to a reaction mixture containing an equimolar
concentration of uranyl nitrate and S~.sulphosalieylic acid.
Values of the equilibrium constant K of reaction (i)

and K', equilibrium constant of the reaction:
UGGt + AW T== U0, + B

obtained from the titration data of uranyl salicylate
and -S5-sulphosalicylate systems are listed in tables XVI
and XVII respectively.

Table XVI
Gurve 1 (#1g.30), Ligands Salicylic meids T,=Iy = 5x10™°H
Volume of initial reacticn mixture = 50 ml.
KOfi(ml.) 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
pi  3.06 3,13 3.19 3.95 3.31 3.36 3.42 3.48
-log K 4.83 4.84 4.82 4.87 4.87 4.87 4.83 4,84

-log XK' 0.89 0,90 0,88 0,88 0.8 0.88 0,89 0,90
Average value of -log K = 4.83 ¥ 0,01 and -logK'=0,89%0, 01
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Fig.30, Potentiometric titrations of equimolar
mixtures of uranyl nitrate and Salicylic acid
in 50 % alcoholic medium: curve 1, 5x10-3M;
curve 2, 2.5x10-5M; curve 3, 1.25x10-9M, m =
moles of base added per mole of the metal ion;
ionic strength = 0.1M (KNOs).



Curve ? (Fig.30), T, = Ty = o . 5x10"°M
Volume of initial reaction mixture = 100 ml,

KOH(ml.) 0.2 0.4 0.6 0.8 1.0 1.2
pH 3.256 3.31 3.36 3.47 3.47 3.53
-log K 4.88 4.88 4.84 4.86 4.84 4.86
-log K' 0, 94 0,94 0.90 0,92 0.90 0.92
Average value of -log K = 4.88 % 0.02 and

-log K'= 0,92 1 0,02

urve 3 (Fig.30), T, = Ty = 1.26x10"°N
Volume of initial reasction mixture = 200 nl.

KOH(ml.) 0.0 0.2 0.4 0.6 0.8
pH 3.37 3.435 3.48 3,63  3.59
_log X 4.82  4.87 4.89  4.86  4.88
_log X' 0.88 0.93 0.95 0,91 0.9
Aversge value of -log K = 4,86 * 0.03 and

~log k' = 0,92 X 0.08

Table XVII
Ligand: B-sulphosalieylic Acid
ourve 1(Fig.51), T, = Ty = Sx10"N
VYolume of initial reaction mixture = 50 ml.

HITE

KOH(ml,) 3.0 3.2 3.4 3.6 3.8 4,0 4.2 4.4 4.6 4.8

pH 2,98 8,03 3,08 3.13 3,18 3.°3 3.78 3.33 3.38 3.44
~log K 4.32 4.31 4.31 4.31 4.31 4.32 4.3°2 4,32 4.33 4.33
-log X' 0,72 0.71 0.71 0.71 0.71 0.72 0,72 0,72 0.73 0.73

Average value of -logK = 4.3? I 0.02 and -logk'=0,72 X 0.01
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Pig, 31. Potentiometric titrations of equimolar mixtures
of grﬁnyl nitrate and H-Sulp4aosalicylic acid in
50 /> alcoholic medium: curve 1, 5x10-9M; curve 2,
2.,6x10-3M; curve 3, 1.25x10-3M., m=moles of base
added per mole of the metal ion; ionic strength=

0.1M ( EN lh3 :J .




ourve ? (Pig.3l), T, = Ty = 2.5x107°M
Volume of initial reaction mixture = 100 ml.

KoH(ml.) 3.0 3.2 3.4 3.6 3.8 4.0 4,2 4.4 4.6
pH 3.16 3.20 3.74 3.30 3.35 3.39 3.44 3.49 3.53
~-log K 4.34 4.3 4.30 4,34 4.35 4.33 4.3” 4.34 4.34
-log X! 0.74 0.72 0,70 0.74 0.76 0.73 0,72 0.74 0.74
Average value of -log K = 4,33 } 0.01 and
~log K'= 0,73 X 0.

Gurve 3 (Fig.31), T, = Ty = L.2Bx10"°K
Volume of initial reaction mixture = 200 ml.

KOH(ml.) 3.0 3.2 3.4 3.6 3.8 4.0

pH 3.36 3.40 3.44 3.48 3.53 3.57
-log K 4.39 4.38 4.36 4.39 4.40 4.38
-log X' 0.79 0.78 0,76 0,79 0.80 0.78

Average value of -log K = 4.38 ¥ 0,02 and
-log K'= 0,78 * 0.02

 The relatively constant values of equilibrium constants,
independent of concentration, observed in tables XVI and
XVII showed that in both systems only a 1l:1 mononuclear
chelate is formed under the experimental conditions
employed.

1u9

In order to verify the conclusion of the formation

of 1:1 uranyl-salicylate and -B-sulphosalicylate chelates

attempts were made to calculate the equilibrium constants,

given above, from the potentiometrie data of solutions



containing two moles of ligand per mole of the metal
salt, The results of these calculations are presented
in tables XVIIT and XTX for the salicylate and sulpho-
salicylate chelate systems respectively.

Table XVITI
Ligand-Salicylic Aeid

Curve 2 (Pig.?5), T, = 2T, = 1, 010" M
Volume of initial reaction mixture = 650 ml.

KoH (ml.) 0,0 0.4 0.8 1.2 1.6 2,0 2,4 2.8 3.2

pH 2,86 2,97 3.06 3.15 3,23 3.30 3.38 3.47 3.54
-log K 4,88 4,84 4.82 4,85 4.85 4.83 4.83 4.86 4.86
-log K 0.94 0.90 0.88 0,90 0,91 0.89 0,89 0,9? 0,92

Average value of -log K = 4.85 ¥ 0,03 and
-log K' = 0,91 ¥ 0,08

Table XTX

Curve 2 (Fig.”6), T, = 2Ty = 1.0x107°N
Volume of initial reaction mixture = 50 ml.
K04 (ml.) 3.0 3.4 3.8 4.2 4.6 5.0 5.4 5.8 6.7
pH 2,81 2,90 2.97 3.04 3,10 3.15 3,22 3.30 3.42
-log K 4.34 4,31 4.34 4.36 4.37 4.32 4.3% 4,32 4,33
_log X' 0,74 0.71 0.74 0.76 0.72 0.72 0.72 0.72 0,73
+

Average value of -log K = 4,33 - 0,03 and
-log K' = 0.73 £ 0,08

The success thus achieved in obtaining constant values of

the equilibrium constants which are in close agreement



.

with the values calculated from the potentiometriec data
of systems containing equimolar concentration of uranyl
nitrate and ligend, shows that even in the presence of
an excess of the ligends only a 1:1 complex is formed.
Thig conoclusion obtains a further support from the work

54. Recently, however, Banks and Sinshss

of Rajan and Martell
have reported the formantion of a 112 oompiex in system
containing two moles of S-sulphosalicylic acid per mole of

ursnyl nitrate.



SECTION III
URARYL CHELATES OF 1..HYDROXY..2..NAPHTHALDEHYDE

Although salicyldehyde derivatives of uranium(VI)
have been investigated onrlierav. a survey of literature
revealed that the complexes of l-hydroxy-f-naphthaldehyde
have not been studied. In view of the above and the chel-
ation studies of hydroxy-naphthoic acids, it was consid-
ered of interest to carry out a study of the interaction
of uranyl ion with l-hydroxy-2-naphthaldehyde which has
been rnportcdsa to be a strong chelating agent. In this
case also due to an insoluble nature of the ligand in
aqueous medium, physico-chemical investigations were

carried out in 50 per cent alcohol.

Compared to the formation of only 1l:1 uranyl
chelates of hydroxy-naphthoic and salicylic acids, the
aldehyde also formed a 1l:2 complex in solutions of pH > 4.4.

RESULTS ARD DISCUSSION

Curve 0 (Pig.3?) for the titration of l-hydroxy-
2-naphthaldehyde exhibited a sharp inflexion at one equi-
valent of alkali showing neutraligation of the weakly
acidic phenolic proton of the ligand.

Curve 1 (Fig.32) for the titration of uranyl

nitrate in the presence of an equimolar concentration of
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l-hydroxy-®-naphthaldehyde showed 2 bend near m = 1,
followed by a sharp inflexion point at about m = 2,2,
In the range m = 0.1, we may have a reaction of the

type

ueg* 8"‘ = AT
CHO oy T TN

H
(1)

Beyond m = 1, the curve assumes a shape composite of
the latter half portions of curves 0' and 2 indicat-
ing the disproportionation reaction

o + 20 ==| | +U0, (O )y
' oy U0,
0=0" o (11)
2

(11)

The inflexion point corresponding to the above disproportion-
ation reaction is followed by another inflexion point at
about m = 3.3 when the orange coloured complex (II) appears

to be converted into uranium hydroxide.

In the range m = 0-1, nature of curves 2 amnd 3
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Fig.33. Method of continuous variations applied to
uranyl-1-Hydroxy-"-Nzphthaldehyde systen
at different pE: (A,A') pH 3.3: (8,8 )pH 3.8;
(G,C") pH . 4.3; (D,D"} pH 4.8 (B s+t T2 Lor
each solution = 0.002M ; A~ = O0.1M (KNOz).
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pH

6.4

Pig .39, Potentiometric titrations of uranyl-1-Yyiroxy-°-Naphthal-
iehyde chelate systam vith KOH in 50 per cent alcoholic
-1

medium. turves 1,” snd 3 represent titrations of 121,1:2
and 1:3 uranyl nitrete-l-Hydroxy-"-Nashthaldehyde mixtures
regpectively (Ty = 7.006M). Curves 0 and 1' represent
titraticns of l-Hydroxy-"-Naphth=l ‘ie (0.005%) and equi-
mol~r mixture of uranyl nitrate ar’ -{ydroxy-°"~Naphthal-
dehy« = N, 0075M

0 Jo» m = moles ~nge added per mnole of
{on, I[onic strength = ,f"ﬂ3).



(fig.32) for the titration of uranyl nitrate in the
presence of ? and 3 moles of the ligand is similar to
that of curve 1. Lowering in these curves, as compared
with curve 1, increases beyond m = 1, A sharp inflexion,
shown by both the curves at m = ?, is in accord with

the reaction.

Uog"' + 2 4—-; + EH"'
(6] \_Uo P :
=0 =0 2 0=0
H H H

The reaction product is, however, unstable and dispropor-

(111)

tionates giving a yellow precipitate in alkaline solutions.
Buffer region in curves ? and 3 in the pH range 7.5-9.5
may thus be explained on the basis of conversion of the
1:2 complex into hydrous uranium oxide and the utilization
of KOH by the free ligend in the system.

Formation of a 1l:1 chelate in acid solutions
(pH < 4.4) was confirmed by spectrophotometry employing
Job's method of continuous variations (Fig.33). At all
wave lengths studied (450-470 mu ) formation of a 1:1
complex was indicated. At higher pH, due to the formation
of an orange coloured sclid phase, 1t was not possible to
investigate the system by this technique.

Values of the equilibrium constant for reaction(i)

calculated up to pH of about 3.5, are given in the table XX.
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TABLE XX

Curve 1 (Fig.32), T, = T, = 6x10™M
VYolume of initial reaction mixture = 50 ml.

KOH (ml.) 0,0 0.2 0.4 0.6
pH 3.6 3.41 3.53 3.65
-log K 1.79 1.76 1.68 (1.62)

Mean value of -log K = 1,74 T o.05
( )Value not included in average.

-3

Curve 2 (Fig.32), Ty = 6,0¢107° My T, = 1.0x107 X

EKoH (m2.) 0.0 ©0.2 0.4 0.6 0.8 1.0
pH 3.10 3.270 3.32 3.47 3.53 3.62
-log K 1.79 1.74 1,71 1,67 1.66(1.59)
Mean velue of -log K = 1,72 * 0,06
( )Value not included in average.
Constent values of -log K, independent of concentration
of the metal chelate, show that up to pH of about 3.5
only a 1:1 complex is formed in the system. Due to the
appearance of solid phase beyond m = 0.4, mathematieal

analyeis of the data could not be made,




PART III

EXPERIMEENTA AL

(1) Uranyl chelates of l-Hydroxy-?-Naphthoic
and %-Hydroxy-3-Raphthole acids.

(i1) Uranyl chelates of salicylic and S-sulpho-
salicylic acids.

(111) Uranyl chelates of l-Hydroxy- 2-Naphthaldehyde.
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PART III

CHAPTER - II
EXPERINMNENTZAL

(1) URANYL CHELATES OF 1-HYDROXY.O.FNAPHTHOIC
AND 2-HYDROXY-3— 7 APHTHOIC ACIDS

POFENTIOMETRIC STUDIRS

ABLE 1

TEMPERATURE = 30 % 1%¢
OTENT RIC TITRATION 0 SOLUPTON OF Bx10™ M
I¥_1-HYDROXY-2-NAPHTHOIC AQID WITH 0,1¥ POTASSIUN
HYDRCXIDE IN B0 PER CENT ALCOHOLIC MEDIUM,
IONIC STREWGTH = O.1M (KNQ,).

{(CURVE 0,FIG.18)

L.of O.Lx | pH Ml.of O,1¥ | pH
| K
C.0 3.17 ©.4 .10
0.4 3.30 2.6 5.90
0.8 % .63 ©.8 8.50
1.2 2.77 2.7 ’40
1.8 4,05 | 2.8 . o
2.0 4.37 .9 A0.58
0.2 4.62 3.0 10.53




LABLE 2

EMPERAYURE = ¢

1%

1

POENT IOMEPRIZ PITRATTON OF 5O ML, SOLUTION OF Bxig™>M IN

URANYL WITRATE #ITH O.1 M KOH IN 50 7 ALCOHOLIC MEDIUM,

IQVIC STRENETH = 0.1 M(KNO,

(CURVE O', FPIG.18)

Ml.of C.1M pHE Ml.of 0.1 PH

KCK KoH

.0 3.7° 4.4 5.14
0.4 3.97 4.8 5.30
0.8 4.15 5.2 5.55
1,? 4.4 5.5 5.90
1.6 4.33 5.8 8.90
2.0 4.42 8.0 8.00
2.4 4,57 8.2 8.98
.8 4.65 6.4 9.56
3.2 4.85 6.6 10,00
3.8 4.97 ! 6.8 10.38
4.0 5.03
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TABLE 3

TEMPERATURE = 3¢¢1%

POTEN?IOMETRIC TITRATION OF 50 ML. SOLUPTON CF $x10°°M IN
URANYL NITRATE A¥D 5x107°M_IN 1.HYDRONY-2-NAP4THOIC ACID
WITH 0.1M POTASSIUM HYDROXIOE IN 60 £ ALCOHOLIC MEDIUM
LONTC STABVGTH = O, IM(XNO,)

(CURVE 1, FIG.3i8)

Mi.of 0,1 | | |

KOH l DH Hl.ggHO.ll { pH

C.0 2,90 5.2 5.00
0.4 3.03 5.5 65.08
0.8 3.16 6.0 5.17
1.2 .24 6.5 5.33
1.8 3.35 7.0 5.57
2,0 3.46 7.8 5.95
.4 3.584 8.0 8.58
2.8 3.66 8.4 7.70
3.2 3.78 8.8 8.45
3.6 3.92 8.8 9.45
4.0 4.10 8.0 10,18
.4.4 4.40 9.7 10.70
4.8 4,70 9.4 11.00
5.0 4.87 2.6 11.20




113

TABLE 4

TEMPERATURE = 30£1%
POT ENT IOMERRIC TITRATION OF 50 ML, SOLUTION OF Sx10™°M IN
URANYL NITRATE AND 1.0x10" M IN 1-iYDRONY-2_NAPHTHOIC

ACID WITH O.1M POI'ASSIUM HYDROXIDE IN §03 ALCOHOLIC
MEDIUM. IONIC STRENGTH = 0,1 J‘I‘]K}Woal
(CURVE 2, F1G.18)

M1,0f 0.1M pH Ml.of 0.1 pH
XCH KOH
0.0 2,78 6.8 4.52
0.4 ©,86 7.2 5.00
0.8 2,96 7.4 5.25
1.2 3,03 | 7.6 5.40
1.6 3.10 7.8 5.46
2.0 3.18 8.2 5.54
2.4 3.26 8.6 5.62
2.8 ' 3.39 9.0 5.70
3.2 3.39 9.4 5.85
3.6 3.45 9.8 6.20
4.0 3.52 10,2  8.80
4.4 3.60 10.4 7.10
4.8 3,79 10.8 7.80
5.? 3.82 10.8 8.05
5.6 3.91 11.0 9.00
6.0 4.07 11.2 10,20
6.4 4.95 11.4 © 10,75




TABLE B

TEMPERATURE = 30%1°¢C

POT ENTIOMETRIC TITRATION OF 5O ML, SOLUTION OF 5x10”°M IN
URANYL NITRATE AND 1.Bx10” M IN 1 HYDROXY-2-NAPHTHOIC

ACID WIMH O,1M KOH IN 50 Z ALCOHOLIC MEDIUM

IONIC STRENGTH = O,1M(KNOs)
(CURVE 3, FIG,18)

Ml.of C.1M . pH Ml,of 0.1M pH

KOH | KOH L

J _ +
c.0 2,76 10.0 5.58
C.5 2.88 10.5 5.60
1.5 2,98 11,.°? 5.78
2.5 3.10 12.0 6.05
3.5 3.%4 12.5 6.80
4.5 3.34 10.8 7.13
6.0 3.41 13.0 7.65
6.0 3.73 13.2 8.10
7.0 3.95 13.4 9.00
8.0 4.%4 13.68 10,01
9.0 4,64 14.0 11.00
9.5 §.00 14.2 11.20
2.3 5.35




TABLE -6

TEMPERATURE = 30%1°%
POT ENT TOMETRIC TITRATION OF §0 ML, SOLUPION OF 5x10”°M_IN
2_HYDROXY-3.NAPHTHOIC ACID WITH O.1M POPASSIUM HYDROXIDE
IN 50 4 ALCOHOLIC MEDTIUM,IONIC STRENGTH=0.1M(KNO;)

(CURVE O, FIG, 19)

Ml.of O.1M " pH | Ml.of 0.1M pH
KOH KOH
0.0 3,12 2.4 5.06
0.4 3.26 2.5 5.76
0.8 3.48 2,6 8.60
1.2 3.71 .7 9.45
1.8 3.96 2.8 9.90
°,0 4.30 2.9 10.30
2.9 4.56 3.0 10.60
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PENPERATURE = 3021°C
POTENTIOMETRIC TTTRATION OF 50 ML, SOLUTION OF 6x10™M IN
URANYL NITRATE AND 6x10”°M IN 2-HYDRONY-3-NAPHTHOIC AGID
WITH 0.1M POPASSIUM HYDROXIDE IN 5O % ALCOHOLIC MEDIUM
IONIC SPRENGTH = 0.1 (KNO)
(CURVE 1, FIG.19)

Ml.of .10 | pH | M.of 0.1M \ . pH
KOH l KO
0.0 2,93 5.2 4.79
0.4 3.06 5.4 4.85
0.8 B 5.8 4.93
1.9 3.78 6.2 5.00
1.6 3.40 6.6 5.10
£.0 3,51 7.0 5.25
0.4 _ 3.63 7.4 5.50
2.8 3,76 7.8 5.90
3.9 3.88 8.2 6.90
3.6 4.04 e.4 7.60
4.0 ' 4.23 s.é 8,70
4.4 4.43 8.8 9,80
4.8 4.61 9.2 10.40
5.0 4.71 9.4 11.00
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TABLE 8

TEMPERATURE = 30%1°C
POT ENT IOMSTRIC TITRATION OF 50 ML, SOLUTION CF 5x10”°M IN
URANYL NITRATE AND 1,0x10°°M IN 2.HYDROXY.3 NAPHTHOIC
ACID WITH O,1M KOH IN BO % ALCOHOLIC MEDIUM. IONIC

STRENGTH = 0,1 !fKNOaz

(CURVE 2, PIG.19)

ML, of O.1M | pH Ml.of 0.1M pil

KOH l KOH j

0.0 2,77 6.4 4.2
ODed .87 6.8 4.4°
0.8 2.97 7.2 4.80
1.° 3,06 7.4 .00
1.6 3413 7.6 5.10
2,0 3,21 8.0 5.26
2,4 3.30 8.5 5.35
2.8 3.37 | 9.0 5.50
3.2 3.43 9.5 5.75
3.6 3.50 10.0 6.10
4.0 3,80 10.5 8.75
4.4 3,70 10.8 7.50
4.8 3.78 11.0 8.50
5.7 3.88 138 9.20
5.6 3.98 | 11.4 9.70
8.0 , 4.10 11.6 10.10

6.2 4.16 ' 12,0 10.60
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TABLE -9
P EMPERATURE = 30+1°%
POTENTTOMETRIC TITRATION OF 50 ML,SOLUTICN OF Bx10™>i IN
URANYL NTTRATE AND 2,0x10" M IN 2-HYDROXY-3 NAPHPHOIC
ACID #IPH O.1% KOH IN 50 2 ALCCHOLIC MEDIUM
IONIC STRENGTH = 0,14 (KNO,)
(CURYVE 3, FIG,19)

Ml, of O,1M pH Ml.of 0,1M ol
KCH . KOH
0.0 2,80 17,5 5.5
1.0 2,90 15.0 5. 55
2.0 3.0 | 13,8 5.65
3.0 3.18 | 14.0 5.76
4.0 3.35 | 14.5 5.90
5.0 3.50 15.0 8. 00
8.0 3.63 16,5 6.55
7.0 3.75 15.8 7.20
8.0 3.90 | 16.0 7.90
9.0 4.08 16.2 8.78
10.0 4.0° 16.4 9.75
11.0 4.45 16.6 10.30
12,0 4.86




[
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TABLE 10
TEMPERATURE = 30 & 1°
JOB'S METHOD OF gcm: NUOUS VARIATIONS !L-I-HIDB-
OXY-2-NAPHT oup H PING T OLUME

CONSTANT m -!L) oF_EAGH sgyrncm BY THS mmrtg QF 80

0,14 (ENO.)
¢ I_.;sgn)gggvnmou - 410"

105* + oroaNT

( PIGURE 20 )

Wave Wave
0.0, Oube Tﬂ?. 0.0, 0.D. Diff.
o conp- Ui com- u§.+ in

0a D
0.1 .120 .004 1186 «110 002 ,108 |
0.2 .193 .004 189 «163 L0066 ,160
0.3 .756 .00B .251 . 239 004 .278
0.4 .796 .006 290 . 266 L0086 .,2850 |
0.5 .320 ,.008 «312 . 286 .008 .760|
0.6 .?90 .010 280 » 245 008 737
0.7 .270 .003 « 257 232 010 .27
0.8 .19 .018 «172 « 1656 012 .153
0,9 .108 .018 . 080 . 092 .0l4 .078

g:;:th 520 mu.
-~ 0.0, U.D. DIIT.
_SEL UG o,
L
« 095 <002 ,093
-140 .002 .138
.200 .00 .198
26 0083 .R9?
« 236 .004 ,231
220 006 ,.215
«190 008 ,184
150 L0068 .1l44
.080 .008 ,072




TABLE .11

TEMPERATURE = 30t1%
JOB'S METHOD OF CONPINUOUS VARIATIONS APPLIED TO URANYL-l-HYDROKY-

(50 ML) OF EACH SOLUTIQN

CONCENTRATION = 4x10"°M,

BY THE

fDITION oF 80 2
+

ONIC STRENGTH = O,1M(KNO,). INITIAL (U

1 o+ 1H( 3

1206

2-NAPHTHOATE COMPLEX AT pH 3.8 KZEPING THE TOPAL VOLUME CONSTANT

ALCCHOL,

.t ORGANIC LIGAND)

(FIG, 20)

Wave length=460 mu. | Wave length=6500 mi.| Wave length=520 mM

0.0, 0.D, Diff.| 0.D. 0.D. DIff. |0.D. O.D.  DIff.

CompleX yo?* 1n 0.p goap- U0p* in 0.DfComplex UOZ®  0.D.
0.1 .190 .005 ,185 | ,1556 .004 .151 |.140 .004 .136
0.2 .350 .006 .344 | .306 .008 .300 |.”65 .004 .26l
0.3 ,518 .008 .510 | ,441 ,007 .434 |.380 ,006 375
0.4 .596 .009 .587 | .500 .008 .492 |[.436 .005  .430
0.6 .646 .0L0 .635 | .550 .0L0 .540 |.456 .00 .45
0.6 ,598 .015 .583 | .502 .0l® .490 |.4°6 .006  .419
0.7 .510 .018 .,492 | .4°5 ,0l3 .41 |.372 ,007  .365
0.8 .345 .020 .325 .298 .05 .283 |{.?60 .008 . 252
0.9 ,190 .0?? .168 | .15 .0.6 ,139 |.140 .009 .13l




TABLE - 1°

IEMPERATURE = 30t1°¢C
JOB'S METHOD OF CONTINUQUS VARIATIONS APPLIED TO URANYIml HYDROXY-o-

121

NAPHTHOATE COMPLEX AT pH 4.3 KEEPING PHE TOTAL VOLUME CONSTANT (50ML)
OF EACH SOLUTION BY THE ADDITION OF B0 % ALCOHOL, ICHIG STRENGTH=

0,1 _INITIAL (UGS’ + ORGANIC LIGAND)CONCENTRATION=4x10 "M
(FIG.20)

Wave length=4460 n,a,u Wave length=500 m Wave length = 520 3).1.-
x 0.0, 0.,D. Diff, | 0.b, 0,0, Diff.| 0.D., 0.D. Diff.in

Complex yg2* 4 0.D{ Complex UO® in 0.D| Complex UGG*  0.D.
0.1 .300 .008 .292 | .266 .0068 .?69 [.°30 ,004 .226
0. .546 .010 .536 | .460 ,008 .462 |.400 .004 ,396
0.3 .74> .12 .730 | .6°0 .008 ,61° |.540 005 535
0.4 .950 .015 .935 | .770 ,009 .761 |.670 .005 .66B
0.5 1.050 .018 1.032 | .86 ,010 .B815 |.706 .006 .700
0.6 .9%8 .020 .908 | ,756 .01° 743 |.655 .007 648
0.7 .736 .0°2 .714 | .610 .0l14 .596 |.536 .008 .5%8
0.8 .536 .024 .512 | .445 ,016 .430 |.396 .008 .388
0.9 .310 .0265 .285 | .?58 018 ,240 |.226 .010 .215
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TARLE - 1
TEMPERATURE = 30t1°C
JOB'S METHOD OF CONTINUQUS VARIATIONS APPLIED 70 URANYL-2..HYDROXY-
3-NAPHTHCATE SYSTEM AT pH 3.3 KSEPING IHE TOPAL VOLUME CONSTANT
(60 ML) OF EACH SOLULION BY THE ADDITION OF 50 2 ALCOHCL, IONIC

SIRENGTH = 0,1M(KNO,). INITIAL(UOR' + ORGANIC LIGAWD) CONCTNT- |
RATION = 4x10™°M

(rIG.71)
Wave length = 460 m.c | Wave length = 500 m (v
x 0.0, 0.D. piff, | 0.D. 0.D, Diff,

Comnlex Uog* in 0.D. complex Uog* in 0.D.
0.1 . 064 « 004 .060 . 066 . 002 +0b3
0.7 117 . 004 .108 . 093 . 003 090
0.3 .14C « 005 135 «1156 « 004 111
0.4 .180 . 006 .144 .178 . 005 «123
0.5 .1656 .008 <157 .145 . 008 «139
0.6 . 145 010 . 138 .126 . 008 .118
0.7 176 013 112 . 099 .010 . 089
0.8 .118 . 018 . 097 . 092 . 012 080 .
0.9 .076 .018 . 058 . 059 0la « 045
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TABLE - 14

TRMPRRATURE = 30£1°0
Jop' OD OF CONTINUOUS VARIAPI APPLIED T0 URANY L.2.HY

- +0RGAIIO I-IGAND)QWGEII‘MIMQ
(PIG.21)

Wave length=480 mi Wave length=500 my- | Wave length=520 mi\-

TN PO ) O
.z? Ui- i ox.p U0y 0.D. :x.p U0y e
0,1 .156 .006 .181 I ,140 .004 .136 | .22 004 ,118
0,2 .745 008 .239 .220 ,008 ,?14 | .192 .004 ,188
0.3 .340 .008 ,33° 510 .007 .303 | .2656  .005 ,.260
0.4 .388 .009 ,376 550 .008 .34° | .300 .005 .205
0.5 .420 .010 .410 385 .010 .376 | .3°5  .005 .3°0
0,6 .385 .015 ,370 350 .01° .338 | .300 .008 .?%4
0.7 .335 .08 317 295 .013 .e8? | .80  .007 243
0.8 .270 .020 ,250 234 .06 .29 | .P00  .008 192
0.9 .168 .0°2 .1%6 130 .016 .114 | .18 ,009 ,106




TABLE =18

TEMPERATURE = 30%1°C
JOB'S METHOD OF CONRINUOUS VARIATIONS APPLIRD TO URANYL-2-.HYDROXY-3-

Mﬂﬂu At pH 4,3 KEBPING THE POTAL VOLUMS CONSTANT (50 ML)
LACH SULUTL I BY THE " “ L O ‘- ‘l LTONIOC OLRENG H
=0, 1H(KNCs), INITIAL m..axc gmqmg ONCENTRAT I ONmgx] 0]

j!lﬂ.!}l

Wave length=460 mrv

Wave length=500 mAv

Wave length=520 ’b"

o.p. 0.D, Diff. | o.p. 0.D. Dife. | O.D.  OD. Diff,
x u::;:l— " cﬁ* in.0.D :g?pl- U@' ’1:.]:.:1." complex UE@' g.:n.
0,1 .0270 ,008 ,°6° | .”46 L0068 .%40 | .,?10 .004 ,206
0.2 .460 .0l0 ,440 | .4°6 ,008  .417 | .386 ,004 .367
0.3 .618 .01? .806 | .566 ,008  .B57 | .490 ,005 .486
0.4 .700 .16 .685 | .645 .009 .636 | .560 005 .BBS
0.6 .780 .018 .762 | .686 .0l0 .676 | 586 006 .B8O
0.6 .695 .020 .67 | .630 .m? .618 | .541 .007 ,534
0.7 .588 .0°2 666 | .630 .Cl4 .516 | .462 .003 454
0.8 .440 .024  .416 | .390 .08 378 | .348 .008 ,337
0.9 .79 .0°6 .254 | .60 .8 .2¢? | ,?00 .0l0 .190




TABLE - 16
TEMPERA 7 = 30%1°

4 IOMETRIC TIPRATION
URANYL NITRATE AND 2,5x10°"M IN

WITH O,1M SSIUM HYDROXIDE IN $0 % ALCOHOLIC MEDIUM

g SOLUTT

2

i

31

IN

~HYDROXY-2-NAPHPHOIC ACID

IONIG STRENGIH = 0,1M (KNO.)

(CURVE 2, FIG,23)

¥l, of 0.1M pH M., of O0,1M pH
KO’ KOH
0.0 3.1° 5.8 5.°3
0.4 3.20 8.9 5.34
0.8 3.31 8.6 5.44
1.2 3.41 7.0 5.80
1.8 3.51 7.4 5.88
2.0 3.61 7.8 6,30
2.4 3.71 8.0 8.50
2.8 3.8° 8.2 8.80
3.2 3.95 8.4 7.16
3.6 4.08 8.6 7.80
4.0 4.%6 8.8 8.80
4.4 4.50 2.0 9.30
4.8 4.80 9.7 9.90
5.0 4,92 9.4 10486
$.4 .12 9.8 10.78




POTENITIOMETRIC TITRATION OF 200 ML, S
U

TABLE 17

TEMPERATURE = 30t1°%

32

OLUTICN OF 1.28x10°°M IN

RANYL NITRATE AND 1,26x10" "M IN 1_-HYDROXY-2.NAPHTHOIC ACID

— §ITH 0,18 KOA IN 50 7 ALOOAOLIC MEDIOM

IONIC STRENGTH = O,1M (KNOEZ

(CURVE 3, PIG,23)

Ml.of O,1M pH Ml.of O,1M pH

K1 KOH

0.0 3.28 5.6 5.26
0.4 3.38 6.0 6.36
0.8 3.40 6.4 5.45
1.2 3.57 6.8 5.60
1.6 3.67 7.2 5.76
2,0 3.78 7.6 8.05
2.4 3.88 8.0 8.47
2.8 4.01 8.4 7.04
3.2 4.14 8.6 7.58
3.6 4.30 8.8 8.350
4.0 4.45 9.0 9.18
4.8 4.90 9.2 9.80
5.0 5.02 9.4 10.78
5.2 5.10 9.8 10,5686
5.4 5.20 9.8 10.76
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TABLE .18

IEMPERATURE = 30%1%

POTENTIOMETRIC TITRATION OF 100 ML,SOLUTION OF 2.5x10"SM TN
URANYL NITRATE AND 2,8x10™M IN 2-HYDROXY-3_NAPHPHOLC ACID
WITH_O.1M POPASSTUM HYDROXIDE IN 50 & ALCOHOLIC MEDIUM

IONIC STRENGTH = 0.1M mnga)_
(CURVE 2, FI1G,24)

Ml.of Q.1M pH Ml.of 0.1M | pH
KOH - Kod
0.0 3.17 | 6.8 5.00
0.4 3,93 8.2 5.07
0.8 3.34 . 8.8 5.16
1.2 3.45 7.0 65.33
1.6 3.56 7.2 5.40
2,0 3.87 7.6 5.70
2.4 3.78 8.0 8,75
”.8 3.9° 8.4 6.90
3.2 4,05 8.6 7.07
3.6 4.74 8.8 8.45
4.0 4.43 '9,0 9.70
4.4 4.60 9,2 9.85
4.8 4.76 9.4 10.40
5.0 4.85 9.6 10,75
5.4 4.95 , 10.0 11.20




TABLE - 19

TEMPERATURE = 30t1°%c
POTENT IOMSTRIC TITRATION OF 200 ML, SOLUTION q;_;,aa;;g‘au IN
URANYL NITRATE AND 1.P§x1’5:§ M _IN o-HYDROXY-3 NAPHTHOIC ACID

WITH 0.1M KOH IN 50 § ALOJHOLIC MEDIUM. IONIC
SIRENGTH = 0.1 (WOy).(QUAVE 3,P1G.24)

Ml.of 0.1M pH Ml,of 0.1M pH
KOH KOf
0,0 3.35 5.6 5.08
0.4 3.40 6.0 5.18
0.8 3.50 6.4 5.6
1.2 3,60 6.8 5.37
1.6 3,71 7.2 5.51
2,0 | 3.8 7.6 §.70
2.4 3.94 8.0 6.15
92,8 4,08 8.4 6.86
3.2 4.23 8.8 7.35
3.6 4.40 8.8 7.85
4.0 4,56 9.0 8.58
4.4 4.7° 9.7 . 9.30
4.8 4.87 9.4 10.00
5.0 4.93 9.6 10.40
5.2 4.98 10.0 10.80




(11) URANYL CHELATES OF SALICYLIC AND
5-.SULPHO SALICYLIC ACIDS

POTENT TOMETRIC STUDIES

IABLE -20

TEMPERATURE = 30 2 1% ¢
POTENTIOMETRIC TITRATION OF B0 ML, SOLUPION OF §;10‘3x IN SALICYLIC

ACID WIPH 0,14 POTASSIUM HYDRCXIDE IN 50 2 ALCOHOLIC MEDIUM,
TONIC STR = 0,18

{(CURVE 0, FI16.25)

ll.x%é 0.1M - PH mu.;gﬂo.lm pH
C.0 3.22 2,2 4.80
0.4 3.43 .3 65.76
0.8 3.69 2.4 5.94
1,2 3.94 | 2.0 10,10
1.6 4.21 9;8 10.80
2,0 4.58 | 2,7 11.185




TABLE -%1

TEMPERATURE = 30+1°C

POTENT IOMETRIC TITRATION OP 5O ML, SOLURION Op 5x10°3M_IN URANYL
NITRATE AND Bx10™°M IN SALICYLIC ACID WITH 0,1M POPASSIUM

HYDROXIDE IN 5C Z ALCOHOLIC MEDIUM,IONIC S?RRNGTH-O.lH(EHQ52
(CURVE 1, PIG.25)

ML,of 0.1M pH | M.of 0,1M l CpH

KOH KOH .

0.0 0,99 | 5.8 4.98
0.4 3.13 6.2 5.06
0.8 3.5 6.6 5.18
1.7 3.36 7.0 5.31
1.6 3.48 7.4 5.57
2.0 3.59 7.8 5.98
2.4 3.69 8.2 ' 6.70
2.8 3.82 8.4 7.60
3.2 3.96 8.6 8.16
3.6 4.12 8.8 9.00
4.0 4,30 9.0 9.80
4.4 4.48 | 9,2 10.25
4.8 4.68 | 9.4 10,86
5.0 4.80 9.6 11.10

5.4 4.90

e - p—————




TABLE .22

PEMPERATURE = 30%1°C

POTENTICMETRIC TTTRATION O

RIC F 50 ML, SOLUTI

* URANYL NITRATE AND 1,0x10" M _IN SALICYLIC ACID WITH O,1M

ON_OF 5x10”°M IN

POPASSIUM HYDROXIDE IN BO z ALCOHOLIC MEDIUM, IONIC
STRENGTH = OQIHQKHQSI

(CURVE 2, FIG.28)

b s

31

Ml.of 0.1M pH Ml.of 0.1M | PH

KH KOH
0.0 2.86 8.8 4.67
0.4 2,97 7.2 4.93
0.8 3.06 7.4 5.07
1.2 3.14 7.8 5.18
1.6 3.23 7.8 5.74
2.0 3.30 8.° 65.35
2.4 3.38 8.8 5.45
2.8 3.47 9.0 5.56
3.2 3.54 9.4 5.67
3.6 3.8° 2.8 5.80
4.0 3.71 10.0 6.05
4.4 3.82 10.4 6.6b6
4.8 3.92 10.6 7.156
6.7 4.03 10.8 7.80
5.6 4.15 11.0 8.60
8.0 4.6 11.? 9.30
6.4 4.40 11.4 9.90




TABLE -23
TEMPERATURE = 30 * 1%

POIENT IOMETRIC TITRATION OF 50 ML, SOLUTION OF 5x107°M
B-SULPHO-SALICYLTC ACID WITH 0,1 POTASSTUM HYDROXIDE
IN 50 PER CENT ALCOHOLIC MEDIUM, IONIC STRENGTH

= 0,1M (KNOz), (Curve 0, Fig.?6)
mu.ggﬁo.lu ol Ml.ggﬂo.lw | ol
0.0 2.65 4.0 3.80
0.4 2,74 4.4 4.12
0.8 ?.84 4.6 4,50
1.2 2,96 4.8 5.02
1.5» 3.04 4.9 8.09
2.0 3.13 5.0 10,00
2.4 3.22 5.1 10.80
2.8 3.35 5.2 11,10
3.2 3.46 5.3 11.30
3.6 3.63 5.4 11.45




LABLE .94

PEMPERATURE = 30%1°C
POTENT TOMET Rxg TITRATION OF 50 am. SOLULION OF gxlo"sn IN URANYL

s.mnnam- 0. m (xwoﬂ

(CURVE _1,P1G.26)

Ml. of 0.1M pH Ml.of 0.1M pH

KCH KOH

0.0 2.48 7.0 4,61
0.4 ?.63 7.3 4,80
0.8 2,58 7.5 © 4,94
1.2 ”,64 7.7 5.00
1.6 ?.89 8.0 5.08
?,0 2,78 8.5 5.20
2.4 °.82 9.0 5.41
2.8 2.97 9.8 5.63
3.2 3.03 10.0 6.00
3.6 - 3.13 10.3 6.45
4.0 3.23 10.5 6.98
4.4 3.33 10.7 8.26
4.8 3.44 10.9 9.15
5.2 3.58 11.1 9.76
5.6 3.70 1l.4 10.50
6.0 3.90 11.6 11.00
6.5 4.71




TABLE -25
_TEMPERATURE = 30t1°¢

POIENTIOMETRIC TITRATION OF 50 ¥L. SOLUTION OF S5x10”°M_IN URANYL

NITRATE AND 1.0x10" M IN 5-SULPHO-SALICYLIC ACID WITH O.1M
POPASSIUM HYDROXIDE IN BO z ALCOHOLIC MEDIUM,

IONIC STRENGTH = 0.1M(KNO,)

(CURVE 2, FIG, 26)

M.,.of 0,14 pH Ml.of 0.1M pH
KOH KOH
0.0 ?2.37 11.8 4.58
0.8 2.47 12,0 5.05
1.6 2.86 1°2.2 5.20
?.4 °,88 12.6 5.37
& 38 ?.86 13.0 5.45
4.0 3.01 13.6 5.65
4.8 3.13 14.0 5.80
5.6 3.76 14.4 6,02
6.4 3.36 15.0 6.48
7.2 3.47 15.4 7.18
8.0 3.65 15.6 7.93
8.8 3.80 15.8 8.73
9.6 3.97 16.0 9.45
10.0 4.10 16.° 10.14
10.4 4.20 16.4 10.684
10.8 4,37 16.6 11.05
11.°? 4.43 14.8 11.78




JOB'S METHOD OF CONT CG‘TIHUWS VARIAI'IWS APPLIED T0O URANY L.

SALICYLATE SYSTEM AT pH 3.3 KSEPING THE TOTAL VOLUME

CONSTANT BY THE ADDITION OF 50 PERCENT ALCOHOL,
IONIC STRENGTH=0, yx;mga)

gII‘IALﬂIg +SALICYLIC ACID)CONCENTRATION=4x10 l

11

PIGURE ©7)
“Wave L —Wave ng%h-!ﬁ_g ;%
¥ cg;apiu 24 i~ i e T 0.0,
u% PleX  ugp
0.1 .034  .004 .030 . 022 .00? .020
0.2  .084 .004 . 050 . 034 . 003 .040
0.3 . 070 . 005 . 068 . 052 <004 . 048
0.4 .082 008 . 076 . 062 . 005 . 057
0.5 .092  .008 .084 070 . 008 . 064
0.6 .090 .010 .080 . 066 . 008 . 058
0.7 .O79  .013 .086 . 080 .010 . 050
5.8 .086  .018 . 048 .050 019 .038
0.9 .048 .018 .030 . 036 . 014 . 022
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TABLE 27
TEMPERATURE = 30%1°%

JOB'S METHOD OF QONTINUOUS VARTACIONS APPLIED TO URANYL-
SALICYLATE GOMPLEX AT pH 3.8 KEEPING THE TOTAL VOLUME

(50 ML) BY THE ADDITION OF 50 PERCENT ALCOHOL,
IONIC STRENGTH = O,1M (XN

71 %4 SALICYLIC ACID)CONCENTRATION=4x10™ N
(PIGURE 27)
] - ve 1 -

x 0.D. 0,D. Diff.in | 0.D. 0.D. DLfL.1n

fc.::p- Uog"' 0.D. Complex uo;" 0.D,
0.1 .090 ,008 .085 . 084 . 004 . 080
2.2 .148 006 142 113 .006 107
0.3 .1956 008 .187 .153 . 007 .146
0.4 .226 .000 217 170 . 008 162
0.5 .246 .010  .236 .190 .010 .180
0.6 .226 .01B .211 .170 .012 .168
0.7 ;196 018 178 .150 013 137
0.8 .148 ,020  .128 .110 . 018 . 095
0.9 .085 .22 . 063 .07 .018 . 054




fABLE .28

TEMPERATURE = 30%1°C
JOB'S METHOD OF QONTINUOUS VARIATIONS APPLIED 70 URANYL-SALICYLATE

113

COMPLEX AT pH 4.3 KEEPING THE TOTAL VOLUME CONSTANT (50 ML)

BY THE ADDITIQI OF 50

2 ALCOHOL, IONIC srmam—o,u!mgal

INITIAL gug{’ + SALICYLIC ACID) CONCENTRATION
(P1G.27)

Wavel lengthustimju; Wave length=500 2& Wave length=620 n}bt-

x 0D, 0,b. Diff.in| 0.D, O.D. Diff. |0,D. O0.D. Diff.in
Comnliex UO§+ 0.D, ;,“F;o:p.- UOS* in 0.0 gz:pu U0§+ 0.D.
o,1 .28 ,008 ,1°0 |{,092 .006 088 (.088 .004 . (54
0.2 .P40 .,010 .°30 {.,18° ,008 A74 |.125 004 .1°1
0.3 .%40 ,01? .328 |.2668 ,008 .P48 |.180 ,005 178
0.4 .376 .06 37N .297 ,009 P87 |.206 006 200
0.5 .415 .08 ,397 |.318 ,010 ,308 (.224 006 .218
0.6 .376 .0°0 365 .288 ,01° 276 |.195 007 .188
0.7 .328 .0?? ,303 P44 014 .230 {.170 .008  .16°
0.8 .?36 .0%4 .208 173 016 168 |.120 008 119
0.9 .13 .0?5 .110 |.095 .0l8  ,O?6 |.060 .0lO  .050

I
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TABLE 29
TEMPERATURE = 30%1°¢

JOB'S METHOD OF CONTINUOUS VARIATIONS APPLIED TO URANYI-5-

SULPHOSALICYLATE SYSTEM AT pH 3,3 KEEPING I'HE TOTAL VOLUME
CONSTANT (50 Ml,) OP EACH SOLUTION BY THE ADDIZION OF

50 PERCENT GOHGL. IONIC STRENGTH = OEIM‘KN%L_

INITIAL ‘!_i + 5.3SA)CON TRAT ION=4x1
(Fig, 28
Wave length = 460 m i Wave length = 50O mAL
x Q.D, 0.D. Diff.in 0.D. O«De Diff.in

mixture UQ“? 0.D. mixture Ud;* QD
0.1 . 087 . 004 . 083 . 0B85 . 002 . 053
0.2 1859 . 004 «168 . 093 . 003 . 090
0.3 .206 « 006 .200 .122 « 004 .118
0.4 +236 . 006 230 .143 . 006 .138
0.5 258 . 008 250 .161 . 008 «165
0.6 .238 . 010 .278 .148 . 008 «140
0.7 214 . 013 201 .130 010 120
0.8 170 . 018 .1862 .100 012 . 088
0.9 .le2 018 . 084 . 084 .0l4 .050
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T ABLE -30
TEMPERATURE = 30+1°C

JOB'S METHOD OF CONTINUQUS VARIATIONS APPLIED T0 URANYL-5-SULPHO.
SALICYLATE SYSVEM A? pH 3,80 KEBPING THE TOPAL VOLUME CONSTANT

STRENG IH=0,]

KW INITIAL(U

(FIG, 28)

ALCOHOL,

(60 ML) OF BACH SOLUTICN BY THE ADDITION OF 50 z
4+

+B55S ACONCEN PRAT TON=4x10""M

Wave length=4560 miv

¥ave length=500 m/,.) #ave length = 520 mi-

x 0.D. 0.D. piff, | 0.D, O.D. biff. | 0.D. 0.D. Diff.
= s die e A - e,

0.1 .138 .005 133 {.074 .004 .070 | .044 .004 . 040
¢.2 .282 ,006 .46 [.144 .008 .138 | .078 ,004 074
0.3 .353 .008 .346 |.20? .,007 .200 | .114 .0OO5 .109
0.4 .,417 .009 .408 (,246 .008 238 135 .006 .130
0.5 .450 .010 .440 [ .268 .,010 .”°B8 | .1562 ,OC5 .147
0.6 .425 .C15 .410 |.252 ,012 .?40 | .136 .008 .130
0.7 .366 .018 .348 {.P13 .03 .200 | .117 .0QO7 110
0.8 .283 .020 .743 1,18 .05 ,137 | .080 .008 .02
0.9 .152 022 130 {.08B4 .(16 .088 | .048 .009 . 039
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::;;ﬁ-«c mu i'_:;;t = 800mp |Vave length =670 a

s BBt B RSk B R o

0.D. ure. ure. 0.D.
0.1 .?08 ,008 .195 |.1?3 ,006 .117 |.085 .004 .06l
0.2 .370 .010 .360 [.233 .008 .22 |.142 .004 .138
0.3 .61 .01 .500 |.323 .008 .15 |.188 .006 .183
0.4 .608 016 .593 |.369 .009 .360 |.7°9 .006 .224
0.6 .668 ,018 .640 |.392 .010 .382 |.P46 .008 .P40
0.6 .86  ,0P0 .B8S !uu L0l 383 |.?P7 .007 .920
0.7 .492 .022 .470 |.304 .0D4 .P90 [.174 .O08 ,167
0.8 .368 .0°¢ .344 |.217 .06 .202 |.1?8 .00 .19
0.9 .22 .0° .197 |.174 .018 .106 |[.081 ,010 .o07m1
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TABLE .32

TEMPERATURE = 30:1°¢C

POTSNTIOMETRIC TITRATION OF 100 ML, SOLUCIION OF 2 5110-:"’! IN

URANYL NIPRATE AND 2,5x10" "M IN SALICYLIC ACID WITH O.1M EOH
IN 5O Z ALCUHOLIC MEDIUM, TONIC STRENGIH = Q,;H‘KEQ.’)_

(CURVE 2, ¥IG,30)
ML.of O.1M pH | ML.of 0.1M pH

KOH | KOH

0.0 3.18 | 5.4 5.07
0.4 3.31 5.8 5.1?
0.8 3.4 | 6.° 5.%1
1.2 3.53 | 5.6 5.33
1.6 3.64 7.0 5.50
2,0 C B.74 7.4 5.75
2.4 3.86 7.8 6.10
2.8 3.96 8.2 8.70
342 4.1° 8.4 7.40
3.6 4.98 8.6 .95
4.0 4.45 8.8 8.60
4.4 4,65 9.0 9.37
4.8 4.85 9.2 10,20
5.0 4.95 ' 9.6 10,96
5.2 5.02 |




TABLE -~ 33

T EMPERATURE = 30t1°¢

POT INT IOMETRIC TITRATION OF 200 ML. SOLUTION OF L,?Bxl()'a!d IN

URANYL WITRATE AND 1;9@_15% IN SALICYLIC ACID WIIH O,1M

KOH IN goz ALCOHOLIC MSDIUM, IONIC STRENGTH=0,1(KNO,)

(CURVE 3, FIG,30)
¥l.of O.1M pH Mi.of O0.1M PH
KOH KOH
0.0 3,37 5.6 5.22
0.4 3.48 6.0 5.30
0.8 3.59 8.4 5.40
1.2 3.69 6.8 5.55
1.6 3.79 7.2 5.72
2,0 3.89 7.8 5.95
2,4 4.01 8.0 8.56
2.8 4.13 8.4 7.30
3,2 4,27 8.6 7.80
3.6 4.44 8.8 8.40
4.0 4,87 9.0 9.10
4.4 4.87 9.2 9.90
4.8 5,01 2.6 10.80
5.0 5.10 10.0 11,20
5.9 5.15




TABLE - 34
mma_z =302 1%

URANYL NITRATE AND g,g; IN zqsvnrno.sgnxggntc ACID
#ITH 0,1 POPASSTUM HYDROXIDE IN 50 PERCENT ALCOHOLIG
MEDIUM, IQNIC SYRENGIH = 0,14 (KNQ,)

(QURVE 2, FIGi31)
nzﬁgg 0. 1M ol nnigg 0. 1M | -

0,0 2.73 7.5 5.06
0.4 2,80 8.0 5.15
0.8 2,85 8.5 5.30
1.2 2,90 9.0 5.45
1.6 2,95 9.6 5.68
2,0 3.0 10,0 6.00
2.5 3.09 10.4 6.60
3.0 3.16 10.8 7 .35
3.5 3.27 10.8 8.20
4.0 3.39 11.0 8.65
4.5 3.50 11.2 9,37
5.0 3.64 11.4 10,20
5.5 3.85 11.6 10.70
6.0 4.08 11.8 10.94
6.5 4.4 12.0 | 11.14
7.0 4.76 '




TABLE - 35
IEMPERATURE = 30t1°¢

POTENT IOMETRIC TITRATTON OF 200 ML, SOLUTION OF 1,25x10°°M IN
URANYL NITRATE AND 1,°5%M IN 5.SULPHO-SALICYLIC ACID WITH
0,1¥ POTASSIUM HYDROXIDE IN 50 2 ALCOHOLIC MEDIUM

IONIC STRENGIH = 0,1M (KNOg)
(CURVE 3, FIG,31)

¥l,0f 0.1M pH | m.or 0.1 pH

KCH KOH

0.0 3.00 7.0 4.90
0.4 3.05 7.5 5.16
0.8 3.10 | 8.0 5.30
1.2 3.15 8.5 5.4
1.6 3.20 9.0 5.53
2.0 3,95 9.5  B.J76
2.4 3.30 10.0 8.C1
°.8 3.35 10.4 6.80
3.2 3,40 10.6 7.23
3.6 3.48 10.8 7.75
4.0 3,657 11.0 8.46
4.6 3.72 11.9 8.98
5.0 3.84 11.4 9.75
5.5 4,06 11.6 10,25
8.0 4.98 11.8 11.66
6.5 4.60 12.0 10,95
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-~

(111) URANYL CHRLATES OF 1.HYDROXY - ®u.. NAPHTHALDEHYDE

POTENTIOMETRIC STUDIRS

IEMPERATURE = 28 % 1%
ROTENTTOMETRIC TITRATICN OF 50 ML, SOLUTTON OF Sx1d™>M IN 1.
HYDROXY..2-NAPHTHALDEHYDE WITH O,1M POTASSIUM EYDROXIDE IN
BO PERQENT ALCOIOLIC VEDIUM, TONIC STRENGTH = O, LM(KNG,)
(SURVE 0,FIG,32)
L. O 0.1k pu | ME.OP 0.1 pi
0.0 5.53 1.6 8.27
0.1 6.66 1.8 8.42
0.2 .00 | 2.0 8.60
0.3 7.18 | 2.0 8.82
0.4 7.30 2.4 9.5
0.6 7.52 2.5 9.64
0.8 7,87 °,6 10.44
1.0 7.84 2.7 10,78
1.2 g.00 | 2.8 11.00
1.4 8.17 3.0 11,24




TABLE 37

TEMPERATURE = 28 ¥ 1%
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POTENT IOMETRIC TITRATION gg 50 ML, SOLUTION OF 5x10™M IN

URANYL NITRATE AND 5x10" "M IN 1..HYDROXY.2~NAPHTHALDEHYDE

WITH O,1M POTASSIUM HYDROXIDE IN $0 PERCENT ALCOIOLIC

MEDIUM, IONIC STRENGTH = O,1M (Klgaz
(CURVE 1,FIG.32)

mn.ggﬁo.ln - un.gguo.1n -
0.0 3,26 5.8 6.00
0.4 3.53 8.0 6.70
0.8 3.74 6.2 ?7.16
1.0 3.85 6.4 7,60
1.4 4.00 6.6 7.70
1.8 4,13 8.8 ?.90
2.2 4.6 7.2 8.20
2.6 4.35 7.6 8.80
3.0 4.40 8.0 - 8,78
3.4 4.44 8.6 9.13
3.8 4.47 9.0 9.60
4.2 4.51 9.2 9.80
4.6 4.55 9.4 10.22
5.0 4.62 9.6 10.70
5.4 4.80 9.8 11,00
5.6 5.16 10.0 11,26
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PABLE .38
TEMPERATURE = 28 % 1%

POTENT IOMETRIC TITRATION OF gg ML, i_m_lm_

URANYL NITRATE AND 1,0x10" M TN 1-HYDROXY~2_NAPHTHALDEHYDE
WITH O P TUM HYDROXIDE IN SO PRRCENT ALCOHOLIC

MEDIUM, IONIC STRENGTH = 0,1M (KNO.)

(CURVE 2, FIG,37)

ML, OP 0.1 ‘ - L. 0P 0.1K -
0.0 3.10 5.8 7.88
0.4 3.32 6.0 8.10
0.8 3.53 6.5 8.30
1.2 5.7 | 7.0 8.50
1.6 3,90 7.8 8.65
2,0 4.08 8.0 8.70
2.4 4.20 8.5 8.76
2.8 4.30 | 9.0 8.81
3.2 4.37 9.6 8.89
3.6 4,40 10,0 9.00
4.0 4.45 10.5 9.10
4.4 4.56 11,0 9.26
4.8 4.90 11.4 9.57
5.0 5.50 11.6 9,80
5.1 6.06 | 11.8 10,25
5.2 7.20 | 12,2 10,98
5.4 7,70 | 12.4 11.25




TABLE -39
TEMPERATURE = 28 ¥ 19

POTENT TOMETRIC TITRATION

O ML, SOLUTION OF

1

104

M_IN

URANYL NITRATE AND 1.5x10" M IN 1-HYDROXY_9.NAPHTHAL.

DEHYDE WITH 0,1M KOH IN 5O PERCENT ALCOHOLIG

MEDTUM, IONIC STRENGTH = O,1M(KNO;)
(CURVE 3, FIG.32)

ML.ggHO.lu pH HL.&%EO.IHI pH
0.0 3.06 6.4 8.08
0.b 3.25 7.0 8.3?
1.0 3.45 7.5 8.50
1.5 3.68 8.2 8.70
2.0 3.93 9.0 8.80
2.5 4.10 10.0 8.96
3.0 4.20 11.0 9.17
3.6 4.76 11.5 9.25
4.0 4.34 12.0 9.30
4.5 4.50 12.5 9.45
4.8 4.81 13.0 9.90
5.0 5.48 13.2 10.20
5.1 6.49% 13.4 10.50
6.2 7.00 13.6 10.83
5.4 7.30 13.8 11.20
5.6 7.88 14.0 11.32
6.0 7.82




ITH 0.,1M POTASSIUM

W P ] HYDROXIDE IN 50 PERCENT ALCOHOLIC

MEDTUM, IONIC STRENGTH = 0,14 (KNO,)
(Qurve 1', FIG, 32)

POTENTTOMELR TITRATION OF 1 ML, SOLUTION OF 2,5x1¢ M
URANYL NITRATE AND 2,5x10°°M IN 1-HYDROKY-2-NAPHTHALDEHYDE

HL.%;{O.IN i ML. gxmo.m pH
0.0 3.50 5.8 6.35
0.4 3.73 6.0 6.85
0.8 3.93 8.2 ?7.06
1.2 4.12 6.4 7.30
1.6 4.7 6.8 7.66
2.0 4.40 7.2 7.96
2.4 4.50 7.6 8.22
2.8 4.55 8.0 8.48
3.2 4.58 8.4 8.80
3.6 4,60 8.6 9.04
4.0 4,63 9.0 9.40
4.4 4.66 9.4 10.00
4.8 4.75 9.6 10,50
6.2 4.90 9.8 10.85
5.4 5.26 10.0 11.08
5.6 6.82 10.”? 11.30




TABLE —41
TEMPERATURE = 28 1%

JOB'S MECHOD OF QONTINUOUS VARIATIONS APPLIED PO URANYL
NIZRATE L.HYDROKXY-2..NAPHTHALDEHYDE MIXTURES mrm
THE TOPAL VOLUME GONSTANT (50 ML.) OF BACH SOL

ION BY THE mnmrgg QF 5O PERCENT ALCOHOL

STRENGTH = O

S HALDEHYDE) CON IoN =
{ P16, 33)
[ A% piT 3.3 At pT 3.8
e Mgmom | 2oan | nuonn  [rtonn
0.1 . 040 . 038 078 . 062
0.2 . 080 <060 .130 101
0.3 . 080 063 170 130
0.4 . 088 073 .190 : 150
0.5 .100 079 210 .170
0.6 . 085 074 .196 156
0.7 .O75 . 061 | 175 135
0.8 . 089 . 055 | .136 .108
0.9 . 042 . 040 | . 079 . 070
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TABLE -42

TEMPERATURE = 28 % 1%
JOB'S METHOD OF CONTINUOUS VARIATIONS APPLIED 70 URANYL
NITRATE.HYDROXY-2-NAPHTHALDEHYDE MIXTURES KEEPING THE
TOFAL VOLUME CONSTANT (50 ML.) OF BACH SOLUTION BY

THE _ADDITION OF 50 PERCENT ALCOHOL, IONIG
STRENGTH = 0,1M (KNOs)

INITIAL (U i‘* + La!ngm.n_gummem)omgg;.
= 2x10-°M

(FPIG, 33)
At pH 4.3 At pH 4.8
X A=450m m A=470m M N=g50mm  |P470mm
O.D.mixture O.D.mixture 0.D. mixture |{0.,D. mixture
0.1 .180 1356 ' <270 202
0.2 270 215 401 301
0.3 3256 276 .480 362
0.4 401 300 .520 392
0.5 415 « 370 540 415
0.6 370 . 785 - .460 «330
0.7 «350 270 <430 300
0.8 260 220 « 330 . 240
0.9 176 140 , . 280 .166




PART IV

CHELATES OF URANIUM (VI) WITH CATECHOL

CHAPTER I : RESULTS AND DISCUSSION
Uranyl chelates of catechol

CHAPTER II: EXPERIMENTAL
Uranyl chelates of catechol
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CHAPTER - I

URANYL QHELATES OP CATECHOL

Catechol, o-dihydroxy benzene, gives a five
membered ring on chelation., It, thus, forms stable chelates

with a number of cations like eoppora'. ohmiungo. alumin.

o1 o and thor!.u”. Although catechol deriv.

ptives of uranium (VI) have been reported urnor“"w. a

fum™ ", zirconium
gquantitative study of the equilibria involved in their for.-
mation does not appear to be undertaken by the earlier
workers. Rosenheim and co-workers®® in 1931 isolated a nunm-
ber of uranyl complexes of eatechol. Recently Shnaidermen
end Golinker’® have reported the formation of a 1:1 complex
up to pH of B, above which interaction of the 1l:1 chelate
with eanother mole of the ligand has been shown to occur. More
recently, Misra ﬂ_ﬂi’ have, however, reported the formation
of a 112 complex below pH B in a 1l:2 uranyl-cetechol system.
In view of a strong tendency of uranyl ion and its chelates
to hydrolyse and polymerize in aqueous solutions, it was
considered of interest to carry out a systematic physico-
chemiesl study of the above system. Attempts were also made
to determine stability and polymerization constants of the
chelates,

RESULIrS AND DISCUSSION

Curves 1 and 2 (Pig.34) show that pH of the uranyl
nitrate solution falls by the =ddition of catechol indicating
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chelation of the type:

0: - QE’?U%* ()

VM u

This chelation by the donmation of lone pair of electrons
from the hydroxy oxygen atoms of the ligand makes the
hydrogen atoms more labile and acidiec. Protohs of both
the phenolic groups of ecatechol may then either dissociate
simultaneously

H

e, 0
Fdt T Oo>ua3 + 2H" (1)

H
(I1)

Oor may ionize in two overlapping steps:

H
0 0
o)mf* === \uc:'2 + B (111)
H K

(1I1)
0

\ \002 T Oﬂ'/uo2 + B (1v)

H

In view of the hydrolyzable nature of the uranyl ions
at pH > 3, formation of the hydroxo chelate species in
the system also ecannot be ruled out.



o
Fig.

2
Wl s

Potentio
KOH

with

ric titrations of ursnyl-catecholate chelate system
«1N): Curves 1,2 and 3 represent titrations of 1:1,

1:2 and 1:3 uranyl nitrate-catechol mixtures respectively

{"‘.1 = 0,006M). Curves O and 0' represent Titrati ns of catechol
(0, 005M) and uranyl nitrate (2.005M) respactively. Curves 1',°
ind 3' represent titrations of equimelar mixtures of uranyl
nitrate and catechol. Concentrations of uranyl nitrate:;Curve 1°',
5%10=9M; Curve ©', ?2.6x10-3l; Curve 3', 1.9°5x10~3M, m = moles

of base added per mole of the metal ion.A-= C.1¥ (fH‘Dé}.



In order to study the above reaction, uranyl
nitrate solution was titrated with potassium hydroxide
solution in the presence of different molar concentra-
tions of catechol, Curves 1,2 and 3 (Pig. 35) for the
potentiometric titrations of reaction mixtures contain-
ing 1:1, 112 and 113 molar ratios of uranyl nitrate to
ecatechol respectively with KOH exhibited a sharr inflex-
ion at m = E% . A similar nature of these curves in the
acid medium with a common inflexion point indicated form-
ation of a 1:l complex only under the experimental condi-
tions. This conclusion is supported by the work of
Shnaidermen and Galinkorgs. Misra 33_5;&?? have, however,
reported the formation of a 112 complex in the lower
buffer region of the potentiometric curve obtained by the

titration of a 1:2 mixture of uranyl acetate and catechol.

Tn view of the above and a red colour produced by
the addition of catechol to uranyl nitrate solution, it
was considered of interest to investigate the uranyl-
catechol system spectrophotometricelly. In figure 36 are
presented the continuous variations data obtained at pH
velues of 3.7 and 4.5, In both cases, at each wave length
gtudied (370-480 g}b), maximum absorbance was observed for
solutions eontaining approximately equivalent amounts of
catechol end the metal ion, thus, supporting the conclusion
of the potentiometric study of the formation of 1l:1 complex
in acid mediunm.
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Further confirmation of the stoichiometry of the
chelate was obtained by the isolation of the precipitates
obtained by the addition of 2y meles of KOH per mole of
uranyl ion (moles of base required for the first inflex-
ion point in potentiometric titrations) to the reaction
mixtures conteining 1:1, 1:2 and 1:3 molar ratio of
uranyl nitrate to catechol, Analysis of the precipitated
derivative, in all the three cases, corresponded to a comb-
ining retio of uranyl to ecatechol of approximately 1l:l,
confirming the formation of a 1l:1 complex in the lower

buffer region of the potenticmetric curves.

On the basis of reaction of the type (ii) alone,
the potentiometric titration curves (FPig.35) would have
exhibited an inflexion point at m = 2,0, The occurrence
of inflexion points at m = !%-indlcated that (II) is not
the final product of the reaction. Like uranyl-mandelate
and -lactate chelate systems, in this case also, an
extra consumption of §' mole of alkali per mole of the
metal ion together with the establishment of the stoichio-
metry of 1:1 of the complex, appears to indicate polymeri-
gation of the metal chelate which involves the use of
hydroxyl ions.

t t t t

In view of the interesting mature of the potentio-
metric curves (Fig.35), it was considered worthwhils to



carry out a mathematical enalysis of the data. In order
to investigate polymerization of the metal chelate,
potentiometric titrations of equimolar mixtures of uranyl
nitrate and catechol were carried out over a four-fold

concentration range of the metal salt.

If HgA represents catechol, consldering reaction

of the types (i-ii), which may be represented as:
Uegt + Hgh T uoyA + 2"

the equilibrium constant, K , for the reaction may be

expressed as

[U0g4] mﬁ?
[U’a?] [Hp4]

(69)

In order to account for the amount of the hydro-
iyzed species of the uncomplexed uranyl ions present in
the system, use was made of the vaiue of the hydrolysis
constant, K, , equal to 1075-84 » reported by Gustafson
et a1.35. where K, 1is defined by equation (12) given in
the uranyl-mandelate system.

From the usual material balance we obtain:
Ty = [U0] + 2 [(U0y CH),] + [UO,4A] (60)
Ty + [B] = 2[(U0, OH)p] + 2[U0A] (61)

and

Ty, = [HgA] + [UOpA] (62)



163

Charges on the metal species have been eliminated for
the sake of clarity.

In the lower buffer region of the potentiometrie
curves, concentrations of HA™, A" and OF" were negli-
gible as compared to those of the other species present
in the systemn.

Elimination of [UQyA] between (60) and (61) gives
BTy - Tog - [(1'] = 2[Ug] + 2[(V0, ON))]  (63)

Combining equations (63) and (1?) (see page26) and
rearranging the terms in the form of a quadradic equationm,
we obtain

-[-:—i? [v0,]% + [vey] - {?u,-% (g + (1)) =0 (o0

Concentration of the uncomplexed uranyl ions present in
the system may, therefore, be given by
-1 + VI+dac
[vog] = (84')

2a

where

a= [f:f? and ¢ =Ty -5 (Tog + (A7)

After computation of [J0y], concentration of [0, (0 )aU0]
may be determined from equation (12). Amount of the other

species present in the solution may then be calculated
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algebraic=1ly from equations (60) and (62). The values of -log K,
calculated from various points on the lower buffer region of

potentiometric curves 1-3(Fig.36) are presented in table XXI.

Table XXI

Curve 1 and 1' (Pig.36), 7, = T, = 5x10°°N
Initial volume of reaction mixture = 50 ml.

Koi(m1.) 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2
pH 3061 3061 3.71 3.79 3087 3.9‘ 4«01 “om 4-14 4026 4025
-log K 6.40 6.41 6.44 6.42 6.44 6.41 6.39 6.36 6.35(6.30 6.90)

Mean value of -log K = 6.40 % 0,05
( ) values not included in aversage.

Curve 2 (Fig.35), T, = °Fy = 1.0x107 M
Initial volume of reaction mixture = 50 ml.

K#M(ml.) 0,2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2,0 2,2 2.4
pi 3.46 3.56 3.65 3.3 3.80 3.86 3.93 3.99 4.06 4.1°2 4.18 4.24
-log K 6.40 6.39 3.40 ‘504? 60“2 6040 'Bo“ﬂ 6-42 Go“ 60“ G.M 60‘3

Average value of -log K = 6,42%0,02

Curve 3 (Pig.35), T, = 31y = 1.5x10"°M

KOH(ml.) 0. 0.4 0.6 0.8 1,0 1.2 1.4 1.6 1.8 2.0 2.2 2.4
PH 3.43 3.53 3.61 3.69 3.76 3.82 3.88 3.93 3.99 4,06 4.12 4.16
~log K 6.41 6.42 6.41 6.44 6.45 6.44 6.44 6.43 6,45 6.45 6.45 6.44

Average velue of -log K = 6.43% 0.2
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Gonstant values of -log K, obtained up to pH of about 4.2
(table XXI), indiceted that the normal l:1 chelate, [UOpA], is
only formed under the experimental conditionms, irrespective of

the amount of catechol present in the system.

In order to investigate polymerization of the chelate,
values of the equilibrium constants were determined over a four-
fold concentration range. These values, caleulated from the poten-
tiocmetrie data Of curves 2' and 3' (Fig.35) are given in table XXII

Table IXII
Qurve 2' (Fig. 36), T, = Ty = 2,6X107W
Initial volume of reaction mixture = 100 ml.

KOH(ml.) 0.2 0,4 0.6 0.8 1.0 1,2 1.4 1.6 1.8 2,0 2.2
i 5,71 3.80 3.89 3.97 4.06 4.14 4.21 4.27 4.34 4.40 4.45
_log K 6.56 6,56 6.57 6.55 6,56 6.53 6.53 6.52 6,51(6.45 6.38)

Average value of -log K = 6.54 ¥ 0.03

( ) values not included in average.

Curve 3' (Fig.35), T, = Ty = 1.25x10°°M
Initial volume of reaction mixture = 200 ml.

KGi(m1.) 0,2 0.4 0.6 0,8 1,0 1.2 1.4 1.6 1.8 2.0
PH 3.93 4.00 4,07 4.15 4.92 4.30 4.37 4.45 4.52 4.58
-log K 6.68 6,67 6.66 6.67 6.63 6.65 6.63 6.65 8.62(6.51)

Average value of -log K = 6,65 ¥ 0,03
( ) Values not included in average.
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Comparison of the values of -log K, obtained in
tables XXT and XXII shows that there is a gradusl
increase in the average veslues of -log K with a decrease
in the total concentration of the metal salt. Such a
trend is an indication of polymerisation of the chelate.

It is considered of interest to compare this
system with the corresponding mandelate and lactate
systems (Part TI, Chapter I). In thﬁ, latter systems,
the normal chelate species, ncﬁ\lgo\»\/uog s did not
give any indication for polymerisation. They only app-
eared to polymerize through hydrolysis, i.e,, through
OH bridges. But in this system, polymerization of the
normal chelate, UOpA, indicated above, leads to the
possibility of condensation through phenolic oxygen atoms
of catechol. Such a behaviour is not abnormal in view of
polymerization of the tiron derivatives of uranium (‘l'?[)35
and thorium (IV). In these cases also polymerization of
the chelates through phenolic exygen atoms of the ligand

has been renorted.
abil of th 1

The stability constant, k, of the chelate U0A @
UGt + A = uo

may be defined as:
o v
[Ug*] [A°]

(65)



o

It K‘l and K represent dissociation constants of

b |
catechol (Hgl), we have
u'] [mA~)
i A [WJ i
and 1B
llg = [?;1-:::‘ ] (67)

Combination of (65), (66), (67) and (59) gives

k = (68)

. T
]:‘1 "‘z'
Substitution of the values of K (Average value from

tables XXI and XXIT is equal to 3.24x10°7) , K (6.31x107'0)
and “2 (1.18:10"12)"1"98 in equation (88) ga&n a value

of 4.35x10%% for the stability constant of the chelate.

Dimeri of th lat

Polymerization of the chelate, indicated by the conc-
entration dependence of pK (tables XXI and XXIT), would
possibly involve an intermediate formation of a dimer.
Attempts were, therefore, made to analyze the titration data,
in the range m = 0 to m = 0,8 which gives constant values
of -log K , on the basis of the reaction 3

Ut + ZHA F—= (UGyA), + 4" (v)

(1v)
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The equilibrium constant, ;n s of the reaction may be

expressed as

[(woga)g] [w"]*
[V [Rphl”

(69)

Other pertinent equations are:
Ty = [Uop]+2[(U0,00),]+[U0A]+2[(UGyA)e]  (70)
Tog + [H'] = 2 [(vgy 0H)y] + 2 [U0,4] + a[[U0pa),] (72)
7y = [Hph] + [Ugya] + 2 [(U0,a),) (2)

Combination of (59), (69), (70) and (1?) yields

°.8 6 °
—r

= + K (73)
[Uop] [HpA] " [&'] ki
=T

In this case also, it may be shown that the concentratiom
of the uncomplexed urznyl ions present in solution, [UGy] ,
may be determined by using (64'). [HpA] may then be easily
calculated with the help of equations (70) and (72).

It is evident from equation (73) that a plot on the
left side of the equation (73) against the corresponding
values of [U0p] [HpA] / (#']® should give a straight line
of slope P?K; and the intercept om Y-axis equal to K, if
the chelate undergoes dimerization as postulated in reac-
tion (v). Likewise it may be shown that a plot of the
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Fig., 37. CGraohical demonstration of dimerization »f mono-hydroxo-
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Fig. 36. Method of continuous variations
applicd to uraayl- Cdtuahﬁlatc sys fe“ at
different pF: (A) p¢ 3.5 (R) pI 4.95.
(Py + Ty) for aach solution = 0 . 004’ s
lonie strength = 0,1M( .5'-'1-,\ ). Abscis=a x
represents the added molar ratis P../(P.+ By )
Ordinste Y is the difference betweén
the observed absorbance mnd that which
Would be by uranyl nitrste if no conplex-
ation resction occurred.



169

values of the expression on the left side of equation (73)
against the corresponding values [Uoh]gfﬂzﬁgfyqﬂ*]‘ should
yield a straight line, if & trimer is the predominant
species present in the solution. A plot of the potentio-
metric data in the range m = O to m = 0.8, obtained over

a four-fold concentration range (Fig.35) of the metal
chelate, in accordance with equation (v) is presented in
figure 37. A slight scattering of points seen in figure (37)
probably indicates the presence of small amounts of other
species in the system which have not been considered in the
above treatment of the data, It was also found that the
plots were sensitive to hydrogen ion conecentration of the
solution., An experimental pH error of 0.02 unit produced
an appreciable shift of the points. Consideration of the
formation of termuclear chelate species showed much greater
deviation from the linear plot. The best line shown in
figure (37), however, gave a value of -log K = 6.68 and
-log Kp = 10,00, The former value, compares well with a
value -log K = 6.54 ( curves 1', 2' and 3'; tables XXI and
XXII), obtained when dimerization of the chelate is not

congidered.

the D

A gradual fall in the values of -log K calculated
above m = 0,8 (tables XXI and XXIT) and the occurrence of
an inflexion point in curves 1-3 (Fig. 35) at m = 3;
indicated hydrolysis of the chelate with the formation of



W

hydroxo complexes in the system. If, in the initial
stages of hydrolysis, the reaction is represented

as 1@
(U0ph) + HpO T—= (UGgA)g(OH)™ + H'  (vi)
(V)

The hydrolysis constant, Ky, may then be expressed as:

. Lwopa)g(an] [

T (74)
Other pertinent equations are:
Ty = [U05] + 2[(U0p0R)g] + [UGyA] + 2[(UCzA),] +
2[(U0gA)p (01)7] (75)
Ty + [B'] = 2 [(vop0u)g] + 2[UGA] + 4[(V0pA),]
+ 5[ (V0y4)g (0H)] (76)

and

7, = [Hoh] + [U0gA] + 2[(UpA)g] + 2[(UOyA)g ()] (77)

Elimination of [(UOpA)gOH]] between (74) and (75) gives
87y - 27y - 2[H"] = 6[Ucs] + 6[(U0,0H)g] + [UGpA]
+[(uayA )5 (78)

In reaction mixtures containing an equimolar concentra-

'tion of uranyl nitrate and catechol, since T, = Ty, from
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equations (75) and (77) we obtain

[HpA] = [Uog] + 2[(vog0H),) (79)

Combining equations (12), (59), (69), (78) and (79) and
rearranging the terms into the form of a polwmnﬁinl glves

5 g+ T g+ 22, g 1, [

( ) [“02] il T {5": - 2o "'[H+]}

(80)

Enowing the values of K (tables XXI end XXII), K, (Fig.36)
and Ko (expression 12), concentration of the uncomplexed
uranyl ions in the solution can be determined by solving
the above polynomial equation, using the Newton's method

of successive approximations. Concentrations of the other
species present in the system may then be calculated easily
with the help of equations given above. The values of pKy,
thus obtained from the potentiometric data of curves 1"-3'
(Fig. 35) are presented in table XXIII.

Table XXITI
Curve 1' (Pig.35), 7, = Ty = 5x10™°M

KH(ml.) 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 g.p
pH 4.34 4,40 4.46 4.53 4,60 4.67 4.76 4.83 4,92
-log K,  5.35 5.29 5.3 5.26 5.78 5.24 5.26 5.23 (5.15)

Average value of -log Ky = 5.2920,06
( ) value not included in average.



Curve 2' (Pig.36); T, = T, = 2.5x10°°M

KOH(ml.) 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2
pH 4,64 4.60 4.67 4.74 4.82 4.89 *098 5.06 5.1‘!
-log K, 5.83 5.50 5.84 5.50 5.50 5.43 5.48 5.44(5.35)

Average value of -log = 5.49%0.08
( ) value not included in average.

Curve 3' (Fig.35);T, = Ty = 1,26x107°M

K(H(nl.) 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4,2
pH 4.73 4.80 4.88 4.96 5.04 5.12 5.21 5.30 5.39
-log Kp 5.68 5.70 BH5.687 5.74 5.7? 5.68 5.69 5.67(5.55)

Average value of -log K, = 5.6920.08
( ) value not included in average.
The success thus obtained in celeulating the equilibrium

constant K, mseems to strengthen somewhat the validity
of the original assumptions involved. Here also a gradual
increase in the average values of -log K, (Teble XXITI)
with the decrease of total concentration of ch+ ions in

solution confizrms the yolynarihation of chelate.

A gradual fell in the values of -10; ih observed in
table XXIII above 'm' values of about 1.6 indicates further
hydrolysis of the chelate., Further, an inflexion point at
m = 2%, exhibited by the potentiometric curves (Piz.35)
may be accounted for on the basis of the reaction of the
type:

3(UOgA)g (CH)™ + HoO = 2(UG,A); (GH)2~ + H*  (vi1)
(V1)
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An evidence for the formation of the chelate species

of the type VI would be forthcoming from the calculation
of the equilibrium constent of the reaction (vii) but
unfortunately the formation of solid phase in the system

warranted these calculations.

The ionic polynuclear chelate species bear a charge
of minus two. In the solid state it would be associated
with two unipositive radicals. An equimolar mixture of
uranyl nitrate and catechol was, therefore, treated with
2§~noloa of ammonium hydroxide solution poi mole of
uranyl ion. Anelysis of the precipitated compound, after
a careful washing and drying, corresponded to a ratio of
ecatechol to uranyl of 0,95 and that for ammonium to
uranyl of 0.64. These experimentally determined combining
ratios are in close agreement with the corresponding values
of 1.0 and 0.67 respectively required for the compound
(Wig)p [(UOpA)g(CH)g]. This, thus, offers a direct evidence
for the presence of the chelate species of the form VI in
the system.



PART IV

CHAPTER - II

EXPERIMENTAL

URANYL CHELATES OF CATECHOL
POTENTIOMETRIC STUDIES

?ABLE 1
TEMPERATURE = 25 * 1°%¢
POTENTIOMETRIC TITRATION OF 20 WL,OP 2.5x10" M URANYT
NITRATE SOLUTION WITH ©,5x10° Lk CATECHOL SOLUTTON
IN NITROGEN ATMOSPHERE

(Curve 1, Fig.34)

ML, OF 0,254 MI.CF 0, 25M

CATECHOL SOIN, i CATECHOL SOLN. -
0.0 3.29 2.8 3.16
0.2 3.21 3.2 3.15
0.4 3.21 3.6 3.14
0.6 3.20 3.8 3.14
0.8 3.20 4.0 3.13
1.0 3.19 4.5 3.12
1.2 3.19 5.0 3.12
1.6 3.18 | 8.5 3,19
°.0 T, T SR 3.19
°.4 3.17
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ABLE - 2
TEMPERATURE = 251°¢

POTENT IOMETRIC TITRATION OF 20 ML, OF 2,5x10°"M URANYL

WITH 2 M CATECHOL IN PRESENCE OF 1 MOLE K
IN NITROGEN ATOSPHE K i

ML, OF O,25M pH ML, OF 0,2BM pH

CATECHOL SOIN, CATECHOL SOLX,
0.0 4,22 3.2 4,08
0.4 4.20 3.6 4.07
0.8 4.18 4,0 4,08
1.2 4.16 4.4 4,05
1.6 4,15 4.8 4.04
2.0 4.12 5.2 4.03
2.4 4.10 5.6 4.02
‘208 4009 690 4ow




CATECHOL SOLUTION WITH O,1M POTASSIUM
HYDROXIDE. IONIC S’EREIGTK-OJISKEQE)_

TABLE-3

TEMPERATURE = 25+1°%
POTENTIOMETRIC TITRATION OF 100 ML, OF 2.5x10° M

(CURVE 0, FIG.35)

i

ML,of 0.1HM pH ML.of 0.1M pH

KOH KOH

0.0 6.686 1.5 9.25
0.1 7.34 2.0 9.56
0.? 7.94 2.6 9.92
0.5 8.54 2.8 10.13
0.8 8.80 3.0 10.26
1.2 9.06 3.5 10,47
l.4 9.17 4.0 10.67
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TABLE -4

PEMPERATURE = 25+1°%¢
POTENTIOMETRIC TITRATION OF BO ML. SOLUTION OF 5x10°> N IN
URANYL NITRATE AND Bx10™>M IN CATECHOL WITH O,1M KOH IN
NITROGEN ATMOSPHERE, IONIC_STRENGTH=0:1M (KNO,)
(CURVE 1, PIG.35)

ML.of 0.1 ! pH ML,of 0.1M pH
KOH [ KOH
0.0 3.41 4.4 4.94
0.4 3.6l 4.8 5.02
0.6 3.71 5.2 5.10
0.8 3.79 5.6 5.26
1.0 3.87 8.0 5.47
1.2 3.94 6.3 5.75
1.4 4.01 6.5 6.30
1.6 4.08 8.7 7.00
1.8 4.14 6.9 7.52
2.0 4.20 7.9 7.82
°.4 4.30 7.8 8.13
°.8 4.40 8.0 8.65
3.0 4.46 8.2  8.90
3.9 4.53 8.6 9.27
3.4 4.60 8.8 9.63
3.6 4.67 9.0 9.73
3.8 4.75 9.2 9.83
4.0 4.83 9.6 10.08




B(

URARYL llI‘l.'Bé E_AND 1x10™
POI'A.SgIUI HYDRCOXIDE IN WITROGEN ATMOSPHERE

“M_IN CATECHOL WITH Q 1M

IONIC STRENGTH = 0,1M (KNO.)

CURVE_2, 16,35 )

M.of 0.1M pH | Ml.of O.,1M pPH

KOH KOH

0.0 3.38 4.5 4,68
0.4 3.56 5.0 4.8°
0.6 3.695 5.5 4.95
0.8 3.73 6.0 5.15
1.0 3.80 6.3 5.30
1.2 3.87 6.5 5.56
1.4 3.93 6.8 6.95
1.6 3.99 7.0 7.48
1.8 4.06 7.5 7.90
2.0 4.12 8.0 8.08
2.2 4.18 8.5 8.30
2.4 4,74 9.0 8.47
2.8 4.34 9.5 8.87
3.2 4.42 10.0 9.20
3.6 4.48 10.8 9.76
4.0 4.65 11.0 10.30
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TABLE -6
TEMPERATURE = 28+1%
POIENTIOMETRIC TITRATION OF SOLUTION OF 5x10™°M IN
URANYL NITRATE AND 1,5x10" "M IN CATECHOL WITH O.1M

POTASSIUM HYDROXIDE IN NITROGEN ATMOSPHERE,
(C STRENGTH = O X ‘

(CURVE 3, FIG.35)

Ml.of 0.1M pH Ml.of 0.1M pH

KOH KOH

0.0 3.35 7.2 7.30
0.4 5.53 7.8 7.60
0.8 5.69 8.0 7.74
1.2 3.82 8.5 7.82
1.6 3.93 2.0 . 7.98
2.0 4.06 9.5 8.05
2.4 4.16 10.0 8.24
5 4.99 1C.5 8.40
3.5 4.40 11.0 8.58
4.0 4.53 11.5 8.80
4.5 4.60 12.0 9.08
5.0 4.68 12.8 9.37
5.5 4.75 13.0 9.58
6.0 4.90 13.5 9.78
8.4 5.30 14.0 10,12
6.6 6.5 14.5 10.30
6.8 7.00 15.0 10.60
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TABLE .7
TRMPERATURE = 2531°%¢
POTENT IOMETRIC TITRATION OF 100 SOLUTION OF aggggsx
IN URANYL NITRATE AND 2,5x10"°M IN CATECHOL WITH O,1M
POrASSIUM HYDROXIDE IN NITROGEN ATMOSPHERE, IONIC

RENGTH = 0.1 ( KN rve 2, Pi
u:t.iamg 0.1M - ML, grm 0.1% ol
0.0 3.62 4.4 5.14
0.4 3.80 4.8 5.24
0.6 3.89 5.0 5.29
0.8 3.97 5.5 5.46
1.0 4.05 6.0 5.77
1.2 4.14 6.3 6.17
1.4 4.21 6.5 6.54
1.6 4.27 6.8 7.02
1.8 4.34 7.0 7.25
2.0 4.40 7.2 7.68
2.4 4.50 7.6 8.07
2,8 4.60 8.0 8.43
3.0 4.67 8.4 8.80
3.2 4.74 8.8 9.15
3.4 4.82 9.2 9.40
3.6 4.89 9.6 9.70
3.8 4.98 10,0 9.95
4.0 5.08 10.4 10.15




BOUENTIOWRTRIC TITRATION OF 2
IN URANYL NITRATE AND gueggg' M IN CATECHOL WITH O,1M

TABLE -8

TEMPERATURE = 25%1°%

SOLUTION OF 1,25x10°°M

POTASSIUM HYDROXIDE IN NITROGEN ATMOSPHERE, IONIC

STRENGTH = 0,1M(KNC,)
(Qurve 3', Pig.35)

um.:zno.lu pH um.ogog.lu ol
0.0 3.85 4.4 5.38
0.4 4,00 4.8 5.47
0.6 4,07 5.2 5.56
0.8 4.15 5.6 5.73
1.0 4,22 8.0 6.06
1,2 4,30 6.3 6.40
1.4 4,37 6.6 6,76
1.6 4.45 6.8 7.15
1.8 4.52 7.0 7 .45
2,0 4.57 7.2 7.62
2,2 4.63 7.4 7.88
2.4 4.68 7.6 8.00
2,6 4.73 8.0 8.26
2.8 4.80 8.4 8.60
3.0 4.88 8.8 8.90
3.2 4.96 9.2 9.20
3.4 5.0¢ 9.6 9.45
3.6 5.12 10.0 9.75
4.0 5,30




TABLE ~ 9

JOB'S METHOD OF CONTINUOUS VARIATIONS APPLIED 20 URANYL-

CATECHOLATE

OMPLEX AT pH

7 KEEPING THE TOTAL ¥

CONSTANT (50 OF BACH SOLUTION, IONIC STRENGTH =
0,1M INITIAL * +CATECHOL ) CONCENTRAT | =

_!____)________.

4x10 M

(2

36

189

Wage length =370 mic

Wave length = 390 m it

complex 024- in | Complex v 02+ in

2 0.D. 2 0,0,
0.1 . 065 .006 .080 . 064 007 . 067
0,2 .080 . 008 074 . 089 . 008 . 081
C.3 « 095 .008 . 087 107 . 014 « 093
0.4 «106 009 094 124 020 <104
0.5 118 010 ,108 <139 « 073 .116
0.6 .110 018 « 095 129 . 028 «101
0.7 .100 . 018 . 082 119 « 032 « 087
0.8 080 0256 .055 . 098 « 037 . 081
G.9 . 068 . 032 . 0368 . 085 . 042 » 043




TABLE - 10
TEMPERATURE = 28 + 1°0

JOB'S METHOD OF CONTINUOUS VARIATIONS APPLIED 70 URANYL.CATEC.
HOLATE COMPLEX AT pH 4.5 KEZPING THE DOTAL VOLUME CONSTANT

(50 ML,) QF EACH SOLUTION, TONIO STRENGTH = 0,1M

50
INITIAL (UGp + GATECUOL) CONGENTRATION = 4x10”

( Fig. 36 ) ‘
x 0.D. 0.D. Diff. in DD 0.D, Diff, in

complex U i*r 0.D. complex 0;"‘ 0.D,

Wave length = 370 m Wave length = 390 mm
C.1 120 + 0L 110 «196 .01? 114
0.2 .187 012 145 +165 . 015 «1560
0.3 .176 . 016 .180 «19° .020 172
0.4 200 . 020 180 .216 . 0256 191
0.5 .222 « 028 «197 + 235 . 078 207
0.6 198 L0350 .168 219 . 034 .178
0.7 170 . 032 .138 +185 039 .146
0.8 .156 . 038 .118 170 « 045 «175
0.2 .130 . 042 . 0B85 .145 « 055 . 090

Wave length = 460 m u Wave length = 480 n m
0.1 .068 . 006 L080 . 08?2 « 008 . 0B7
0.2 .086 . 006 L9 . 080 « 006 075
0.3 104 . OO7 . 097 . 092 . 006 . 087
G4 4120 . 008 .112 L1028 . 007 . 096
0.9 .138 +010 .198 .116 « 009 107
0.6 .1%6 . 013 113 . 097 010 . 087
0.7 .108 . 015 » 091 . 086 017 . 074
0.8 . 085 . 016 . 069 . 078 .0l4 « 081
0.9 .O073 .018 . (B5 . 088 . 016 « B3




P * STUD

A zolution of uranyl nitrate was treated with caustic
potash (S% moles) in presence of different amounts of cate-
chol solution ( 1 to 3 moles)., The reaction mixture was
stirred well when a dark brown precipitate was obtained. It
was left for an hour at rcom temperature (so"c; and then
filtered. The precipitate was washed with water several times
and drisd in vacuum and amaiy:ed. The results are given in

table 11l.

Table -~ 11
Ml. of uwranyl Mi.of Ml,of Percen- Percent- Ratio of
nitrate catechol KOH tage of age of uranyl
0.1 M 0.5 1M U;§+ in catechol to cate-
in ppt. chol.
ppt.
40 & 10.68 64.37 20.8 1.27
40 16 14.66 64.30 ?0.4 1.28
40 "4 18.686 63.30 22.5 1.20

Precipitation of the uranyl mono-catecholate derivative
was also carried out by the addition of ammonium Hydroxide
(10.36 ml, 1), instead of caustic potash, to the uranyl
nitrate solution (0,1X, 40 ml.) eontaining catechol (0.5M,
8.0 ml,). The precipitate was washed, dried and analyzed.
UGs* = 62.1% , eatechol = 94.8 %, NH] = 2.64 2

Ratio of u@"’ to catechol = 1,042, Ratio of Hﬁhto
uranvl = .
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A
SUMMARY OF THE

CONCLUSIONS

FROM
THE PRESENT INVESTIGATIONS

CHRLATES OF URANIUM(VI) WITH OXYGEN DONAR LIGANDS
AND A STUDY OF THREIR STABILITY AND POLYYBRIZATION

The investigstions presented in this thesis were
undertaken to study the hydrolytie behaviour of uranyl
chelstes, in view of the interesting reports appeared in
recent years | J. Am. Chem. “oec. 76 , 477°6(1954); J. Phys.
Chem, 84 , 1224(1960); J. Am. Chem, Soc. 82 , 1576(1960);
J. Inorg. Nuel. Chem. 26, 1924(1964) ] on the hydrolysis
and polymerigation of uranyl ion and its chelates in
aqueous solutions. For this purpose, the intersction of
uranyl fon with the following ligands was studfied:

1. g-hyiroxy carboxylic acids -~ mandelic and
lactic acids,

?. Malonic acid.

3. o-hydroxy acids-salieyliec, B-sulphosaliecylie,
l-hydroxy-"~naphthoic and ?-hydroxy-3-naphtheic

acids.

4. lohyiroxy-?-naphthaldehyde.
B. Catechol.

URARYL CISLATES OF M.NDELIC AND LACTIC ACIDS:

Potentiometric titrations of uranyl nitrate with



KOH in the presence of an equimolar concentration of
mandelic acid ghowed 2 sharp inflexion at m = ¢ g-. where
'm' represents moles of KON added per mole of thi. metal
ion. This inflexion point has been interpreted on the
basis of the formation of chelate species of the type
(UOoHA) 5 (O)g. The 1:1 combining ratio of uranyl to
ligand remains unaffected in the presence of an excess
of mandelic acid. Verificstion of this coneclusion has
been made by spectrophotometry, using Job's method of

continuous variations.

By a mathematical analysis of the potentiometric
data for the titrations of uranyl-mandelate and -lactate
systems, the reaction in the initial stages has been

shown to proceed as

H
e -0
uGG* + RGH — Bl T
~COoH ~co0~”
0

where R represents methyl or a phenyl graup.. Formation
constant of the chelate has been found to be 10 °42, This
value of 'k' has been shown to be independent of concen-
tration of the metal chelate indienting that the above

complex is present in solution mainly as a monomer,

OLY D P I :

In the ecalculation of formation constants of
urenyl-mendelate and -lactate chelates, constant values
of log k could be obtained up to 'm' value of about 0.4



(pH mbout 3.40), above which a gradual rise in the
values of logk was obgerved. This has been explained

on the basis of an oceurrence of a reaction of the

type:
- "
am/ \“u"' s T o\-“u u
\00/02 + Hy lmc O (i) + H
1
0 )

_ [vop (omymia] []
[vopia) 4

of the metal chelates were determined with the help of

Values of hydrolysis constant, K

the material balance equations. Constant walues of plh
could be obtenined up to about m = 1,0, above which a
gradual fall in the pK, values was observed indicating
the occurrence of some side reaction ihioh has not been
considered in the above treatment. Determination of the
hydrolysis constant over a four-fold concentration range
showed a gradual increase in the values of plh with

a decrease in eoncentration of the metal chelate indfecat-
ing condensation of the monohydroxo 1ltl complex to form
chelate species of higher molecular weight.

D CONST ANT :

By applying a standard slope intercept relation-
gship in the range m = 0.6 - 1.0, the metal chelate has

been shown to dimerize in accordance with the reaction

® UOpHA + 2Hg0 T——= (UOy(GH)HA)p + on*



Loy (amia)g] [1']®
[uoy na]®

for the uranyl-mandelate snd .lactate derivatives were
found to be 1074 .p3 10713 respectively. A probable

Values of the dimerization constent,

structure of binuclear chelate species has been suggested as
- "
/ I
N 4 \n :
\\oo 6\\\. //”
0

where R = 'GHS in case of lactie acid
= -ﬂ,ﬂa in case of mandelic acid.

HYDROLYSIS OF DIMER

A gradual fall in the values of pEy,+» calculated
above 'm' vslues of about 1.0, is probably en indication
of a further hydrolysis of the metal chelate. Beyomd m = 1.0,
mathematical analysis of the potentiometric data could not
be made due to a greater complexity in the systen caused
by the overlapping of the successive hydrolytic and polymer-

ization reactions.
V" URANYL CHELATES OF MALONIC ACID

Complexation resctions of uranyl ion with malonie
acid have been studied by potentiometry. The titration of
an equimolar mixture of uranyl nitrate and malonic acid
showed an inflexion point at m = 2, This is in accord with
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the reaction:

R e FEETTN :
UC{ +{’\com > v S %coo//ﬁoz + 20

Beyond the inflexion point, the metsl chelate was found
to decompose into uranium hydroxide and the free ligand

anions,

Potentiometric curve, for the titration of uranyl
nitrate in the presence of twoe moles of malonic acid,
approached an inflexion point at sbout m = 4, Pormation

of a 11% complex in accordance with the reaction;

0
CO0H bo '

il = X g \
u*+a% = : ~uo,, o + 4"
i GOGH OH’\%,O/ '\og)

0

has been shown to take place, Beyond the inflexion point,
the chelate started decomposition when a yellow precipitate,
resembling uranium hydroxide, began to separate out from
the reaction mixture.

Since the above chelates remained in solution below
piS, attempts were made to determine their formemtion constants,
employing the algebralc snd Bjerrum's methods. The values
of these constants for the 1l:1 snd 1:? chelates were found
to be logk; = B.78 and logkp = 4.77 respectively. The above

values of the formation constants were independent of



concentration indicating that the metal chelates do

not polymerize under the experimental conditions employed.

URANYL CHELATES OF o-HYDROXY
CARBUOKYLIC ACIDS
A gquantitative study of the interaction of uranyl

fon with salieylie, B-sulphosalicylic, l-hydroxy-o-
naphthoic and ?-hydroxy-3-naphthoic acids has been carried
out by potentiometric titrations in 50 per cent alcoholic
medium. In all the cases, formation of chelate species
having metal to ligend ratio of 1l:1 has been ghown. This
conclusion was verified by the Job's method of continuous
varistions. By a mathemetical analysis of the potentiometrie
data, it has been shown that two hydrogen ions are liber-
ated per mole of the metal ion. The chelation reactidn in
the case of uranyl-f.hydroxy-3-naphthoate system, for

example, may be represented as

O 0~ +
vott 4+ e U0, + °H
. mﬂm @30’ ”

0

Values of the equilibrium constants of the reaction were

found to0 be independent of concentration indicating that

the chelates of the sbove ligands do not condense to gilve
chelate species of higher molecular weights.



INTERACTION OF URANYL ION WITH 1-HYDRCXY-
2-NAPHTHALDEHYDE

Addition of a solution of l-hydroxy-?-naphthal-
dehyde to uranyl nitrate produced a brillisnt orange
colour. In this case also, since the free ligand and the
metal chelates were insoluble in agqueous medium,complex
reactions were studied in 50 per cent alcohol. Formation
_of complexes having 1l:1 and 1:? molar ratios of uranyl
to ligand has been established. Mathematical analysis

} of the potentiometric data above pH 3.5 could not be
, made due to the formation of a solid phase in the system.

INTERACTION OF URANYL ION WITH CATECHOL

Potentiometric titrations of uranyl nitrate with
KOH in the presence of an increasing molar concentration
of catechol (catechol to UO§+ ratio > 1) showed a sharp
inflexion at m = a§ « On the basis of a mathematical treat-
ment of the titration data, in the initial stages, the

reaction has been shown to proceed as:

i (3= (Jom - o

Average value of the equilibrium constant K of the
reaction, calculated in the range m = 0-0.8 over a four-

fold concentration range of the met=l chelete was found
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to be 3.34:10'7 glving a value of 4.55:10;‘ for the
stability constant of the chelsate.

The value of pK was found to incresse with a
decrease in concentration of the metal chelate indlc-
ating polymerization of the complex., With the help
of a stendard slope intercept relationship, the chelate
has been shown to dimerize in accordance with the

reaction:
2 UGY + ZH,A T==  (UGyA), + 4’

[(u0,4)5] [H’]‘

The dimerigzation constant K,(K, =
oo
was found to be 10~ 0

DROLYSIS OF DIMER:

e —

A gradual fall observed in the ealculation of
pK beyond m = 0.8 has been explained on the basis of

the occurrence of the reaction:

(UOpA)g + Ho0 F== (UGpA)y(0H™) + H'
[(U%A)g(m )] [n*]

Value of the hydrolysis constamt (K, =

[(uoga);]

was found to be 107°*°9, Again constant values of K,
could be obtained up to 'm' values of about 1.6 above
which a gradual fall in the values of pK. was observed
indicating further hydroiysia in the system.

A further mathematical analysis of the dats could
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not be made due to the formation of a solid phase

in the system. The inflexion point at m = P§ shown

by the potentiometric curves has, however, been
explained on the basis of the formation of the chelate
species 6!' the type (UOEA)S(CH)Q. Verification of this
conclusion has been made by the isolation and analysis
of the precipitate obtained by the addition of 2§ moles
of ammonium hydroxide to the reaction mixture contain-

ing an equimolar concentration of uranyl nitrate and

catechol.
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