
la

THESIS FOR THE DEGREE OF u^

i

DOCTOR OF PHILOSOPHY

on

CHELATES OF URANIUM (VI) WITH OXYGEN
DONOR LIGANDS AND ASTUDY OF THEIR k

STABILITY AND POLYMERIZATION J

c?y
by

SUDARSHAN KUMAR VERMA

DEPARTMENT OF CHEMISTRY,

UNIVERSITY OF ROORKEE,

ROORKEE (India)

February 1967

iM

JT >£V*



ACKNOWLEDGEMENTS

I take this opportunity to express my deep

sense of gratitude to my teacher Dr. R.P. Agarwal,

M.Sc, Ph.D. of Chemistry Department, University of

Roorkee, for his keen interest, immense help, sincere

advice and continuous supervision which I received

during the present investigations. The completion of

the work would have been rather impossible without his

expert guidance, invaluable suggestions and sound

inspirations.

My indebtedness is also due to Prof. W.U.Malik,

D.Sc, Ph.D., F.R. I.C. (London), F.N.A.Sc. Head of

Chemistry Department, University of Roorkee for kind

encourage lent, benevolent help and providing research

facilities.

Thanks are also due to the staff of Computer

Centre, S.B.R.C. Roorkee for their co-operation during

the computations involved in the thesis.

Lastly, the research fellowship from Council

of Scientific and Industrial Research is also acknowledged

gratefully.

udarshsn Kumar Vei



i

CERTIFICATE

Certified that the thesis entitled •CHELATES

OF URANIUM (VI) WITH OXYGEN DONOR LIGANDS AND A STUDY

OF THEIR STABILITY AND °OLYMERlZATION» which is being

submitted by Sri Sudarshan Kumar Verma in fulfilment

for the award of the Degree of Doctor of Philosophy in

Chemistry to the University of Roorkee, is a record of

his own work carried out by him under my supervision

and guidance. The matter embodied in this thesis has not

been submitted to any other University for the award of

any degree.

This is further to certify that Sri Verma has

w u'ked for a period equivalent to ?6 months full time

research in the departnent of Chemistry for preparing

his thesis for Ph.D. Degree at this University.

Dated February 25, 1967. ( R*p» Agarwal )
Department oj Oiemistry

University of Roorkee,
Roorkee.



CONTENTS

PARTI

INTRODUCTIOH ... 1

P A R T II

CHELATES OF URANIUM (VI) WITH

OHAPCER Ii RESULTS AND DISCUSSION

Section It Uranyl chelates of mandelic acid ... 17

Section IIj Uranyl chelates of lactic acid ... 38

Section ni:Uranyl chelates of malonic acid ... 44

CHAPTER II: EXPERIMENTAL

General Description ... 87

(i) Uranyl chelates of Mandelic acid ... 6?

(il) Uranyl chelates of Lactic acid ... 77

(111) Uranyl chelates of Malonic acid ... 86

PART III

CHELATES OH URAEHJM (VI) WITH SOME
o-UYpRQ)tf CARBbiYLtg AOtt

CHAPTER It RESULTS AND DISCUSSION

Section It Uranyl chelates of 1-Hydroxy-
9-Naphthoic and °-Hydroxy-.3~
Naphthoic acids ... 94

Section Ux Uranyl chelates of Salicylic and
5-Sulphosalicylic acids ... 103

ection HI: Uranyl chelates of l-flydroxy-.^-
Naphthaldehyde ... 112

No.



i

page No,

CHAPTER II: EXPERIMENTAL

(i) Uranyl chelates of l-Hydroxy-2-.
Naphthoic and 2-Hydroxy-3-
Naphthoic acids. ••• 116

(ii) Uranyl chelates of Salicylic and
5-3ulphosalic/lic acids ... 135

(ill) Uranyl chelates of 1-Hydroxy-
2-Naphthaldehyde ... 151

PART IY

CHELATES OF URANIUM (VI) WITH CATECHOL

CHAPTER Is RESULTS AND DISCUSSION URAN

Uranyl chelates of catechol ••. 158

CHAPTER II: EXPERIMENTAL

Uranyl chelates of catechol ... 174

REFERENCES ... 186

FART V

SUMMARY

Chelates of Uranium (VI) with oxygen
donor ligands and a study of their
stability and polymerization ... 190

LIST OF PUBLICATIONS ... 199



PART I

INTRODUCTION

1



•>•=

1

INTRODUCT ION

Oxycations of the types MCn+ and MOg* 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. They are almost non-existent

with the later group metals, although exceptions, such
2+ _2+ 1—10as Os0| and RuCg , are known. The most extensively

studied and the best characterized oxycation is the dio-

xouraniura (VI) or uranyl ion, UCg+.

It may be assumed that the uranyl ion is linear.

Although such linearity may not be deduced completely

unambiguously from any one experiment, there is general

accord that a collinear O-U-0 structure affords better

interpretation of the Raman l4 infrared16, and elect-
ronic spectra , and of x-ray diffraction intensities .

It is also an established fact that the uranyl ion

possesses three characteristic frequencies: the symmetric

stretching frequency i)^ , lying in the range 780-900 cm"1?
the asymmetric stretching frequency i)3, lying in the range

800-1000 cm"* ; and the bending vibration X)z* appearing in

the neighbourhood of 200 cm"1. The rather large freque
ncy intervals quoted by i^ and l)3 are indicative18 of the
fact that appropriate complexation of the uranyl ion

by ligand groups presumed to lie in, or nearly in, a plane
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perpendicular to the axial O-U-0 direction, produce

extremely large variations in U( and 1)-$ ,

HYDROLYSIS OF Ucg+ t

Aqueous solutions of uranyl salts are distinctly

acidic and it has also long been known that large amounts

of U03 can be dissolved by solutions of uranyl salts.

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 valence type,
19Maclnnes Longsworth ' proposed the formation of the poly-

g.

meric species UOgfUCg) . On the basis of cryscopic meas

urements, potentiometric titrations and spectrophotometry
20studies, Sutton proposed structures corresponding to

UgOg and UgOg as well as a number of Ions containing

additional hydroxo groups, viz., U308(OH)+, U30g(0H)g and
U30q(0H)^ and calculated equilibrium constants for the

formation of various species:

2U(|* ♦ HgO +=± U2C§+ * 2H* Km 1.U10"6
<-9

U2°5+ +»<£* +V ^==± u3°!+ +2H+ K" 5xlCf

u3^+ ♦ H2° ;p=± Vb<«>* * H+ K* 2-8xlcr4
21

Sillen and coworkers have been active in advanc

ing the 'core-link1 hypothesis for the formation of

polynucleer complexes and have described methods for det

ermining formula of polymeric olated metal species of the
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general formula M ([0H]t M)n. In a number of cases,

they found that the curves, obtained by plotting

%(average number of hydroxo groups bound per mole of

the metal ion) as ordinate vs. -log [H*] as abscissae

for different values of total metal ion concentration

(Tjj), were essentially parallel and that the horizontal

spacing between the two curves was proportional to the

difference between the two values of -log T«. Mathemat

ically this may be expressed by the relationshipt

i log Tj

a log[H*]\ a io«fH+l /2

3

where 't' is the number of hydroxo groups bound per

polynuclear link in a 'core plus links' type of complex,
2?

Ahrland, Heitanen and Sillen have Interpreted their

potentioraetrie data on hydrolytic reactions of UOg4, to
indicate the formation of sheet-like complexes with double

OH bridgest

U0g([0H]2 UOg)^

23
Recently Gustafson, et al.T employing the mathe

matical 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 UOg"1*. Aplot of -log TM against -log [H*] at
constant Z , obtained from the potentlometric titrations

of uranyl nitrate with KOH, corresponded to slopes of
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2.08, 2.16, 2.20, 9.P6 and 0.34 at 2 values of 0.20,

0.40, 0.60, 0.80 and 1.00 respectively. These values

are somewhat higher than th* value of 9.00 which would

be predicted on the basis of the formula suggested by

Sillen and co-workers, i.e., polymers containing two

hydroxo bridges per link. Gustafson et al.?3 have

explained this behaviour on the basis of the presence

of complexes such as UOg(OH)* in the system. They conc
luded thit the hydrolysis of UG^4" ,in the initial stages
(Z < 0.3), proceeds by the reactions

and

U0|+ ♦ HgO < t U0g(0H)+ +H+

2U0g* +2H2° *==i ^(C^JgUCg"'" +2H*

or 2U0g(0H)+ |SSt U0g(0H)g Uo|+

The values of Kx, Kg and Kd, defined by the eouations

. [U0g(0H)+] [H*]
Kl [»F]

, pyq»<og>» !<3 [H*]2
1*4 ]s

*d
[wB*]»

4

were found to be 10"6'10, 1CT5'84 and icT6'36 respectively,
It is of interest to note that the value of Kd for the
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uranyl ion is considerably greater than those calculated

for copper °, aluminium25, iron26"09(III), and thorium30
indicating that the monohydroxy species of uranyl ion

has a relatively greater tendency to form polynuolear

complexes.

URANYL CHSLATES

Among the uranyl chelates of oxygen donor ligands,

complexes of a-hydroxy ccrboxylic acids have received

11
an extensive attention. Uranyl tartrate has been known

3^ ^the earliest investigations of uranium chemistry.
Peligot32*33, Courtois34 and Itzig38 have described the

preparation of solid compounds. A considerable amount of

work has been done on the optical properties of uranyl

complexes of aliphatic hydroxy acids. Walden36 found thpt

the addition of KOH and uranyl nitrate to solutions of

tartaric, malic, mandelic, and quinic acids cause a large

increase in the optical rotatory powers of the solutions.
37

Bruhat has reported tfart vLTtxyl tartrate solutions

exhibit cotton effect.

Recently, Feldmsn and co-workers38-40 have concluded

on the basis of potentiometric, spectrophotometry and

polarograpiiic studies that tartaric, malic and citric acids

react with uranyl ion in the pH range 2-4 by terdentate

chelation to form binuclear chelates which are held together

by hydroxy bridges between uranium atoms. They have also
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concluded that binuclear diolated chelates react further

with hydroxyl ions at pH > 4 to form ternuclear species.

Diraerization and trimerization constants for the uranyl

41
tartrate and malate complexes have been reported . More

recently, Rajan and Martell , by a mathematical analysis

of the potentioraetric data, have reported that in che

polymerization of uranyl tartrate and malate chelates the

bridging between the metal ions occurs through the ligand

groups. Formation constants of the uranyl chelates of

glycolic, lactic, p-hydroxy propionic, a-hydroxy butyric

and p-hydroxy butyric acids43"*45 have been determined.
46,47

Ascorbic acid forms in solution altl uranyl complex

48—60
which has been used for the colorimetrlc determination

of uranium. The solid uranyl ascorbate complex, U0g(CgH70g)g
E4 CO

and a basic ammonium uranyl ascorbate have been isolated " '.

'Hok-Bemstrom has studied the extraction of uranyl ion

63by solution of salicylic acid in 4-methyl-pentanone . The

coroplexse U0g(F0 Cg H4 C00)2 and I [ UOg (HO Cfi H4 C00)3 ]
or complexes stoichi©metrically equivalent to them were

present in the organic phase, and [UOg (HO Gg H^ COO)] and
UOg (0 C- H4 COO) in the aqueous phase, o-methoxy benzoic

acid behaves similarly, but does not form a 1:3 complex.The

extraction, of uranium (VT) by salicylic acid in iso-amyl

alcohol has also been studied . Numerous hydrated double

salts and addition compounds with organic bases have been

. .55-60
reported
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Poly and Anderson, employing spectrophotometry
61technique, reported the formation of a 1:1 uranyl-

sulphosalicylat© complex. Banks and Singh, using Burma's

method, obtained evidence for the formation of ltl and It2
62

complexes of uranyl isn with 5-sulphosalicylic acid at

pH valusa of 4.6 and 7.5 respectively. More recently, Ha,jan

and Martell have re-investigated the interaction of uranyl

ion with 5-sulphosalicylic acid by potentiometrlo titrations

and concluded the formation of only ltl complex63 in aqueous
solutions.

64?,5-cresotic acid gives the complex Nag UOg ,

(Oi3 Cg HgO COO)g analogous to the double salicylate complex.

2,3-cresotic acid and hydroxy naphthoic acids have been rep-
4»K fin

orted to form ltl chelates " in aqueous solution. Addition

compounds of these metal chelates with pyridine have been

isolated.

Numerous complexes with p-diketones and related dica-

rboxyl comoounds have been pi.-epared. Among these, the acety-

lacetonate complex has been studied in detail. This complex88

in the raoaohydrate form was apparently first prepared by

Bilz and Clinch in 1904. The subsequent workers isolated

69—71the anhydrous compound *. the monohydrate has recently
72

been prepared in three different crystallogrgphic forms.

Two of tham are yellow in colour, typical of uranyl complexes

of aliphatic Uganda, whila the othar Is red. The anhydrous

complex in benzene solution is dimeric, and it has been
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proposed that the dimers are held together by coordination

with ligand groups.

Stability constants of uranyl-acetyl-acetone complexes

73 74
have been determined by potentiometric ' , spectrophot-

«r. <9g
ometric and solvent extraction methods. An evidence for

the formation of UOg(Cg H? Og)g.Cg Hg Og has been obtained.

Solvent extraction by organic solution of HTTA has

been widely used for the laboratory-scale separations of

77
the actinides . The uranyl-HTTA system broadly resembles

the uranyl-acetylacetone system. Benzene solutions contain

ing an excess of IITTA extract the uranyl ion in the form of

UOg(TTA)g.HTTA78"80.

The uranyl-dibenzoyl methane complex crystallizes

81 82 8"^ 84
with water ' , ethyl alcohol , ammonia, and pyridine .

The formation of this complex in dilute solutions forms the

basis of a sensitive colorimetric method for the determin-

85
at Ion of uranium.

With polyhydroxy benzenes (pHg), [U0?(P)] complexes

are formed in the pH range 3-5, whereas at higher pH values

complexes containing lt2 molar ratio of uranyl to ligand

result; the ligands include catechol, resorcinol, pyrogallol

and gallic acid * •

23
Martell and co-workers studied the interaction of

uranyl ion with tiron by potentiometrlc and spectrophoto-

metric techniques and reported equilibrium constants for

the formation of various chelate species in the system.
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Chromotropic acid (DNS) has been used as a reagent

91 92
for the colorimetric estimation of uranium (VT) • '.By

the electrical and continuous variations measurements,

93
Banerji and Dey have reported the formation of a ltl

94
complex. Janttl , employing potentiometrlc titrations

have claimed the formation of ltl and lt2 complexes in

solutions containing one and two moles of DNS per mole of

uranyl Ion.

In addition to the above, many other uranyl compl

exes of oxygen donor ligands h ve been reported. Some of

them are listed In the table given below,

URANYL COMPLEXES JITH ACIDIC OXYGEN DONORS

Ligand! UOg: ligand
in complex

References

3-0xoglutaric acid ltl 51.

3-Allzarine sulphonic acid
(aluminon)

ltl 95

Aurintricarboxylic acid ltl 96

Chlorotetracycllne ltl 97

Dihydroxy maleic acid ltl, Ojl 98

Kojic acid ltl, lt2 99,100

^-Naphthol-3, 6-dlsulphonic
acid. ltl 101

1-Nitroso-^-Naphthol-3,6-
disulphonic acid. 3t2 101

Tropolone 1:1, 1st, 1:3 102,103,104

Resorcinol lt2 105

Benzilic acid * lt2 106

—
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Prom the above review on the uranyl chelates it

is interesting to note that various 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;

(ii) Their hydrolytlc behaviour and the factors

influencing their stability.

(iii) The unusual behaviour of uranyl complexes to

undergo polymerization 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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URANYL CHELATES OF MANDELIC ACID

Complexes of uranyl ion with a-hydroxy carboxyllc

acids viz., glycollic , lactic , tartaric and malic3"8

acids have been known since the earliest investigation of

the uranium ohemistry. But a physico-chemical study of the

complexes has been undertaken only in recent years. Feldman
7-10

and Co-workers have est bllshed the stoichlometry of

the chelates of uranyl ion with a-hydroxy carboxyllc acids

by potentlometrie, spectrophotometry and polarographic

techniques and have Interpreted their data on the basis of

polymerization of the chelates. More recently11 they have
reported the equilibrium constants for the formation of

polynuclear chelates in uranyl-malte, -citrate and -tartsrate

1*
systems. Rajan and Martell *', by a mathematical analysis of

their potentlometrie data, have put forward a reaction mech

anism for the formation of polynuclear uranyl-tartarate and

-malate complexes.

Mandelic acid (phenyl-glycollie acid), a bidentate

ligand, firms strong chelates with a number of metals viz.,

beryllium13, zinc14, aluminium15'16, gallium17, indium18,
19 *0 V% P?> 9**

titanium , protactinium "• A, thorium and vanadium . This

ligand has long been used as a precipitating re&gent in the
*3—29 %0

estimation of zirconium" . Pande and Misra have recently
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studied the interaction of uranyl acetate with mandelic

acid by potentiometrle and conductometric titrations and

have indicated the formation of complexes having uranyl

to mandelate ratios of ltl and It*.

In view of the above it was considered worthwhile to

carry out a systematic study of the uranyl-mandelate system.

Attempts were made to study the reaction mechsnism and the

nature of polymerization of the chelate in the system by a

mathematical treatment of the potentiometric data.

RESULTS AND DISCUSSION

Potentiometric Studyt

Curve O(Fig.l), for the titration of mandelic aeid with

potassium hydroxide, exhibits a sharp inflexion at one equi

valent of KOH indicating that only carboxyllc hydrogen of the

acid dissociates in acidic solutions 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-workers •

Curve 1 (Fig.l) represents potentIometric titration of

an equimolar mixture of uranyl nitrate and mandelic acid with

KOH. The curve shows an Inflexion point at m • S» , where

•m1 represents moles of KOH added per mole of the metal ion,

above which the precipitation of uranium hydroxide begins to

occur. For the formation of the normal ltl chelate in acc

ordance with the react!ont



.

• •

UOg + CgHgCH < t CgHgCH ^ UOg + 2H+ (i)
^\t°

0

(I) (I)

two moles of KOH per mole of uranyl ion are required. Form

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

stepst

19

H

U0p+ + CzJIrCH <••• I CJBLGH .UOj + H+ (ii)
2 ^8 " OCXS 6 5^C0^ 2

ii

0

(II)

H Q

u,« \oi ?==* wf ,nu *h+ (in)

The hypothetical reactions (i) and (iii) are bas«yd on

the assumption of the dissociation of the a-hydroxy hydrogen

of mandelic acid as a result of chelation. Liberation of a

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

H H

CgHgQH „U0g + HgO < > CgHgCH /UOg(OH) + H+ (iv)
f fi°
0 0

(III)
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Formation of the monohydroxo chelate (III) would also

give an inflexion point at m * *.

g
Inflexion point at m• 2y exhibited by curve 1 (Fig.l),

thus indicates that the 1:1 uranyl raandelate chelate

undergoes hydrolysis followed by polymerization reactions.

This finds support from the work of Feldman and co-workers •
i

who have interpreted the factor of y , in similar titrations

of uranyl chelates of some a-hydroxy carboxyllc Acids, on

the basis of polymerization of the chelates. The potentio

metric curves, for the titration of uranyl nitrate with NaOH

in the presence of an equimolar concentration of malic and
10—15*

tartaric acids r spectively have, however, been shown

to exhibit two inflexion points, one at m»3 and the other at

m» 3y . At the first inflexion point the metal chelates

have been reported to be mainly present In the binuclear form,

above which further polymerization 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

break 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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Pig.2.Titrations of 1:8 and 1:16 uranyl nitrate-mandelic acid
mixtures: Curve 1, 2.5x10-3m in uranyl nitrate and 2x10-2m
in mandelic acid; Curve 2, l.°5xlO-3rv: in uranyl nitrate and
P.xlO-^N; in mandelic acid. Curve 0 represents titration of
mandelic acid (2xlO~^M) alone with KOH. m=moles of KOH added
per mole of metal ion; For curve ?, the actual 'm' values
are twice of the • m* values shown. In curve C, inflexion
point corresponds to one equivalent of alkali. Ionic strength
= 0.lM(KN03).

2o V>A
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Curves ° and 3 (Fig.l) for the potentiometric titrations

of uranyl nitrate with KOH in the presence of two and three moles

of mandelic acid exhibit inflexions at *m* values of Sir and 4g

respectively. These inflexion points may be explained on the basis

of the formation of ternucl ar chelate species having combining

ratio of mandelate to uranyl of ltl, as shown in the equimolar

raction mixture of uranyl nitrate and mandelic acid (curve x.Fig.l),

and the neutralization 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

f! by the horizontal addition of^the potentiometric curves 0 and 1(Fig.l]

and the curve B(represented by ooo) was obtained by the addition

of the abscirsae of the curves 0 and t (Fig.l). Curve A approximates

to the titration curve * and the curve B closely resembles in nature

with the experimental curve 3. Thus, the metal chelates,having ligand

to uranyl ratios of greater than one, do not appear to be formed

under the experimentel conditions.

Recently Pande and Misra Tiave, 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, therefore, considered worthwhile to carry

out the above potentiometric titrations in the presence of a fairly

large excess of the ligand. Nature of curves 1 and * (Fig.2), for

the titration of uranyl nitrate with KOH in the presence of large

excess (8 and IS moles) of mandelic acid, was found to be similar

to that of curve 1 (Fig. 1). In these curves inflexion points at



6

Pig.3. Absorption spectra of uranyl nitrate-mandelic acid
mixtures, each solution 0,005M in uranyl nitrate at
pH=3.5. The numerical ratios associated with each'spec
trum represent the initial uranyl/niandelic acid ratio
of the solution. Ionic strength = O.lM(KNO-)..



22

2 *m * 9jr and 17w> respectively may be easily accounted for on the

basis of the formation of a ternuclear ltl chelate and the neut

ralization of the unbound mandelic acid present In the reaction

mixtures. These titrations also, therefore, did not give any

evidence for the formation of It*, or higher uranyl mandelate

complexes.

After the first Inflexion point, the potentiometric curves,

discussed above, for the titration of reaction mixtures containing

uranyl nitrate and mandelic acid in different molar ratios, assume

the shape of the latter half of curve 0*, for the titration of

uranyl nitrate with KOH, when a yellow precipitate appears in the

system. This indicated the decomposition of the metal chelate into

uranium hydroxide and potassium mandelate. Confirmation of this

conclusion was obtained by the analysis of the precipitate which

showed that the precipitated derivative did not eontaln any app

reciable amount of mandelic acid.

Spectrophotometric Studyt The absorption curves for various mixt

ures of uranyl nitrate and msndelic acid raised to pH 3.5 are

presented in figure 3. Esch curve shows a minimum point near 390 mpu

followed by a rapid increase in absorbance by decreasing the wave

length. An increase in the wave length also causes an increase In

absorbance giving a maximum point near 4S0 m/u A similar nature of

these absorption curves indicated the formation of a ltl complex in

the system.

The above conclusion was confirmed by the .Fob's method of

^ continuous variations . In figure 4 are presented the continuous

variations data obtained at pH values of 3.0, 3.5 and 4.0. At all

WMMMMMMMMMMMMMMMMMM
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wave lengths studied (360-450 m/A,), maximum absorption was observed

for solutions containing approximately equivalent amounts of ligand

and th© metal ion*? indicating formation of a ltl complex, the noi-
i

.linearity shown by these plots together with an increase In absor-

[banee with an increase in the pH of the solution indicated that the

/ complex is appreciably dissociated under the experimental conditions.

Determination, of Equilibrium Constants

In view of the above conclusions of the potentiometric and

spectrophotometric studies, it was considered worthwhile to carry

out a mathematical analysis of the data. Attempts were first mp.de

to analyse the potentiometric tela of curve 1 (Fig.l) on the basis

of reaction (1). If HgA represents mandelic acid having an loniaable

oerboxylie hydrogen, and the other weakly acidic a-hydroxy hydrogen

atom, the equilibrium constant, K*, of the reactlont

0C?* + %* *!S* U02A +PH+

may be defined ast

&MJ 01
[uoH [Ml

Ka, the dissociation constant of raandellc acid

♦« „•*> *.♦HgA < ~ HA ♦ H
*

may be expressed ast

jr « i— L J (t)

HA" ]
Prom a plot of -log[H against log •• , (FIg.S), obtained

[1,1]

(1)
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Pig. 5. Graphical evaluation of the dissociation constant
of mandelic acid(Hr>A). Ionic strength=0.lV(KNO?).



from the potentiometric data of curve 0 (Fig.l), the value of

-log Kft was found to be 3.37 as an intercept on the -log[kj axis,
which is in good agreement with a value of 3.41 reported by Bell

14
and ffaind .

If TM represents the total concentration of all the metal

species and TA that of the various ligand species and if T^

be the concentration which the added base would have if there were

no reaction, we can readily deduce the following equations for

material balancet

#' *0H+ S3 " " C°¥3 * CHA-] (4)
•J i

and I. • [U] « O"*^ • PV9 W

In the pH range studied, concentrations of j^A "*]and\CSTjwere

negligible as compared to those of the other species present in

the system. Concentrations of the hydrolyzed species of uncomplexed

uranyl ion were also considered negligible in solutions of pH<3.

Combination of equations 3,4 and 5 gives

-_ 2T. - Tnn - [hJ

Wl
In an equimolar mixture of uranyl nitrate and mandelic acid, since

fA • Tjj, from equations 2, 3 and 5 we obtain
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C»V 3• ** - M O♦ -^Sj-> (•>
Altar determining the concentration [pOp*] » 0%*3 an* [?%4l»
the equilibrium constant K* may than be calculated from equation

(1), ?he reaulta of tha^e calculations, obrained from the poteat-

i-raatrle data of curve 1 (Fig.l), for the titration of an equl-

aolar fixture of uranyl nitrate and mandelic acid (SxlCT a) with

KOH, are presented in ''able I.

Table_I

Carve 1 (Fig.l), TA - ?„ - SxlCT5?!

K0K(«I.) 0.0 0.* 0.4 0.« 0.8 1.0 I.» 1.4

pH °.75 ?.8J? %89 S.96 3.03 3.10 3.17 3.£4

.log K* 4«10 4.13 4.°? 4.35 4.4? 4.48 4.53 4.57

It la evident from Table I that the above mathematical

trestaaat of tha data did not glva oonatant values of the equil

ibrium eonatant. A gradual increase In tha values of -log*1,

observed in tha above table)* Indicated that the concentration of

hydrogen lona in tha reaction mixture la lees thwn that would ba

on tha basis of reaction(t).

In view if tha failure to fit tha potentiomatrio data la

the reaction (I), atteapta ware made to analyse tha data on tha

basis of reaction (ii) t

V<%* ♦ R>A < •>J UOp HA* ♦ H*

fha equilibrium constant, K , f^r the reaction may ba expressed aat



fUQpHA"} TH*!K - -L ^ £ (9)

and tha formation constant , k , may be given byt

1
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(10)
C'Og] ChaT

In calculation of the above constants from the titration

data of solutions of pH>3 , it 1b necessary to account for tha

equilibria involved In the hydrolysia of the uncomplexed uranyl

Ions present in the system. From the values of the hydrolysis

constante, my -lO"*6*10 ,^ «lcr5.84 find K m1Q-17.60
33reported by Gustafson et al . and the arbitrary assignment of

K3 * 0made by Ahrland et al3f. where

it may be shown that the concentration of (UO^OH)] , and also

below pH of 4.5, the contribution of ^^((OHjgUOg)^ ia negll-

glble aa compared to the concentrations of the other species

present in the system.

In order to make calculations in the range 3<pH<4.5, there

fore, uae waa made of tha hydrolysis constant JLp which is given

by the expression:

CUQgCOH^UCL] [afj1
* " r miP " I0 (19)

for applying correction to the uncomplexed uranyl Ions present in

the system.



From the material balance, thus, we obtain

*M " fP%3 ♦ ^[(UQpOH)^ * [UOgHAj (13)

T0H* [h*] - Lha"3 ♦ SfOJOgOH)^) ♦ pOgHA) (14)

••* fi • flW ♦ fr*-] ♦ Pvm do)

Charges on the metal species have been eliminated for the sake

of clarity.

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

*M -*OH - Ptl - WA - M (li)

In an equlmolar mixture of uranyl nitrate and mandelic acid,

since TA • TM, from equatlona 13 and 15 wa have

QMg * 2[(uOgOH)^] - [H^A] 4 [HA"] (17)

Combining aouationa (2), (1?), (16) and (17) and rearranging the

terms, gives

~|p frog] - Tf^- pqal - (i* t^){tw*Ch4] - TMj- 0 (18)
Concentration of the unoomplexed uranyl ions oreaent in the equili

brium mixture may, therefore, be given by

- - bl vy I 4ao
pog] « _. (19)

where.

After computation of the concentration of free uranyl ions by
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Pig.6. Potentiometric titrations of equimular mixtures
of uranyl nitrate and mandelic acid. Concentrations
of uranyl nitrate: Curve 1, 5x10-3^; Curve ?, ?.5xlCr3Ni;
Curve 3, l-.95xlO-3M. m=moles of KOH added per mole of
the metal ion; ionic atrength=0.1M(KNG3). Curve 4 rep
resents titration of uranyl nitrate with potassium
mandelate. In this case 'm' represents moles of pota
ssium mandelate added per mole of uranyl nitrate.
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using the known value of Kg, concentrations of the other specie,

present in the reaction mixture may be calculated with the help

of the equations 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 waa

varied over a four-fold range in the potentiometric titrations of

equimolar mixtures of uranyl nitrate and mandelic acid (Fig.6).

The values of the equilibrium and formation constants, K and k,

calculated from the potentiometric data of these titration curves,

are presented in table II.

nut it

—3Curve 1 (Fig.6), 7A • TM • 5x10 Mj
Volume of Initial reaction mixture • 50 ml.

I0H (ml.) 0.0 0.2 0.4 0.6 0.8 1.0 1*1 1.4 1.4

pH 2.76 2.82 2.89 2.96 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 ".47 2.49 2.51 ?.64 (2.58 2.78)

Average value of -log K * 0.87-0.04 and log k m 2.60*0.04
( ) values not included in the average.

Curve 2 (Pig.6), TA « TM » 2.5xlCT3M;
Volume of initial reaction aixture * 100 ml.

KOH (ml.) 0.0 0.2 0.4 0.6 0.8 1.0 1,2 1.4 1.6

pH 2.99 3.05 3.11 3.18 3.26 3.30 3.35 3.40 3.47

-log K 0.90 0.90 0,89 0.88 0.89 0.86 (0.68 0.46 0.26)
^ log k 2.47 2.47 2.48 P.49 ".48 ".51 (2.69 2.91 3.11)

Average value of -log K « 0.88±0.0? and log k * ".49*0.02
( ) values not included in the average.
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Curve 3(Fig.6), TA - TM • 1.25xlCr3M
Volume of initial reaction mixture * 200 ml.

KOH (ml.) 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

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 .91 (0.83 0.65 0.33 0.15)

log k 2.43 2.43 2.43 2.46 2.46 (2.54 2.72 3.04 3.22)

Average value 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 constant

values of -log K, independent of concentration of the metal chelste,

could be obtained upto *a* value of about 0.4 (pH about 3.3) indi

cating that the mononuclear diaquo ltl uranyl mandelate chelate

H

0^ ^-0H2

b

Is the predominant chelate species present in the system upto

pH of about 3.3.

Hydrolysis and Polymerization of Uranyl-Mandelate Chelate »

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

calculated at a>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 epecleat

0 ""8
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From the potentiometric data alone it is difficult to distin

guish between the above two possible structures. Structure II,

however, appears to be more probable in view of the tendency

of uranyl ion and its chelates to undergo hydrolysis and ooly-
34 35

merization'above pH 3. Th€> uranyl glycolate chelate, for
36

example, has been reported to hydrolyse at pH 3.5 with the form-,

ation of polynuclear chelate species. Moreover, the potentio

metric titration of uranyl nitrate with potassium mandelate

(Curve 4, Fig.6) did not show any appreciable fail 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 polarographle

and conductometric studies of a similar uranyl lactate system
37

reported by Lai and Wang .

Determination of Hydrolysis Const nt

The hydrolysis constant, %^ , of the chelate (UOg HA* ♦

HgO 4=* UOg(GH)HA +H*) may be defined aa

DJQp(OH)HAl [H*l
*h * —r s <2°)

The equilibrium constant, KH , of the overall reaction

UCg* + H^A + HgO eSSSfc UOg(OH)HA ♦ 2H*

may be expressed ast

». saiga p*3'



"... 31

Other pertinent equations are

TM - QNfc] * 2[(u0g0H)g] ♦ tuOgHA] + [U0g(OH)HA| (22)

*0H + M * IW * HBVW +[°°2HA] +2LU0?,(0H)Hg (23)

and TA - [HgA] ♦ [ha"] ♦ [UOgHAj + [U0g(OH)HA] (24)

Elimination of jUOg(OH)HA) between equations 2? and 23

gives

wm - toh - W - *iu(vi+ *0»%*>ti♦ r uva3 - M t»)
In an equimolar mixture of uranyl nitrate and mandelic acid,

since TA * TM, from equations 22 and 24 we obtain

[UOj + 2|(U0g0H)g) - [HgA] 4 [HA"] (26)

Combination of (2), (10), (12), (26) and (26) and rearranging the

terma into the form of a polynomial yields

2>K Kp$ 0"*]3 ♦[> ♦ ^}mf ♦{*♦ ^-} Wfl
-{nlK-T(M- P]J<1+ V' "° (87)

Knowing the values of Kft, Kg (from expression 12) and k(from
table II), equilibrium concentration of the uncomplexed uranyl

ions can be determined by solving the above cubic equation,

using the H«wton*s method38 of successive approximations. After
computation of [uOg] , concentrations of the other species

present in the reaction mixture may be determined with the help

of the equations given above. Values of the constants K^ and Kg,
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thus calculated from the potentiometric data of curves 1,2 and

3 (Fig.6) are presented In Table III.

Table III

Curve 1 (Fig.6), TA mTM * SxlO~3M
Volume of reaction mixture before titration * 50 ml.

K0H(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 3.82 3.69 3.66 3.74 3.80 3.87 3.94

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

-log KR 4.71 4.72 4.69 4.66 4.64 4.65 (4.59 4.54 4.42)

Average value of -log K_ • 3.78*0.04 and -log K« » 4.68+0.04
( ) values not induced in av»raga.

Curve 2 (Fig.6), TA - tg « 2.5xlO""3M
Volume of reaction mixture before titration * 100 ml.

K0H(ml.) 1.8 2.0 2.2 2.4 9.6 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 4.03

-log Kn 3.92 3.96 3.93 3.90 3.88 (3.85 3.79 3.73 3.66)

-log KH 4.82 4.85 4.83 4.80 4.78 (4.75 4.69 4.63 4.56)

Average value of -log Kn * 3.92*0.04 and -log Kg * 4.82*0.04
( ) values not included in average.

Curve 3 (Fig.6), TA » TM * l.*5x!0~3M
Volume of reaction mixture before titration • 200 ml.

KOH (ml.) 1.8 2.0 2.2 2.4 °.6 2.8 3.0 3.2 3.4

pH 3.71 3.78 3.85 3.92 3.98 4.05 4.11 4.16 4.22

-log Kh 4.03 4.01 4.00 3.99 3.97 (3.91 3.83 3.73 3.59)

-log % 4.93 4.91 4.90 4.89 4.87 (4.81 4.73 4.63 4.49)

Average value of -log Kh • 4.00*0.03 and -log Kjj • 4.90*0.03
( )Values not included in average.
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It la 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*1.05. Above ttils range a

gradual fall In the values of -log Kn and -log Kg was observed

indicating the occurrence of some side reaction which has not

been considered in the above treatment. It la also apparent from

the average value of the equilibrium constants, given in table III,

that the values of -log Kfl and -log KH Increase with decrease in

the total concentration of the metal salt. A difference of 0S14

pK unit, for example, in the equilibrium constants, calculated

from the potentiometric data of curves 1 and 2, might poaslbly be

due to an exoerimental pH error of about 0.04 unit only in the two

titrations. But a similar trend observed in the pKfl and pKH values,

calculated from the data of the curve 3, for the titration of an

equimolar mixture of uranyl nitrate and mandelic acid of concent

ration 1.26xlO"3W, appears to be real. Such a trend is Indicative

of the condensation of the monohydro ltl metal chelate to form

chelate species of higher molecular weight.

DimerlzetIon of the Chelate

Polymerization of the monohydroxo 111 uranyl mandelate complex,

indicated above, would possibly involve an intermediate formation

of a binuclear chelate species. Attempts were, therefore, made to

analyse the titration data, in the •m* range of 0.64-1.05 which

yielded constant values of pK^ (table III) on the basis of dimeri-

aatlon reaction t

2U0gHA «• 2Hg0 %SS& (U0g(0H)HA)8 +2H+



The dimerizatlon constant, Kd, may be defined as

flUQg(OH)HA)g] [H*]2
[UOg HAj

Kd - f -f- (28)

The equilibrium constant, KD» for the overall reaction:

2U0g?+ ♦ 2HgA + 2Hg0 4=^ (UOg(OH)HA)g + 4H+

may then be expressed aa

[(UOg(OH)HA)?] [H+]4
[Uo|̂ Z UHgA]kd- arei zrz*— (*9)

34

Other pertinent equations are

*M * CUQgl * ^fr110*0^ * &°9Ha] + [UOg(OH)HA]
2[(UO,(0H)HA)gJ (30)

*0H + &tl * &A"!] ♦ I [(UQgGH)*] * [«CgHA] 4 2£u0g(0H)HA] ♦

4C (U0p(0H)HA)g3 (31)
and

TA " 0*8*] * C^Tl 4 t?0^] ♦ t?0?^)*] ♦ 2 QU0g(0H)HA)g] (32)

Combination of equations 20, 28 and 30 gives

egj {'m - gag -; Baa] -i<"^HA3} . ,,K ays ,, (w)

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 ?Kd and
fUOpHAl

the intercept at -—7—^— * 0 would be equal to Kk. This requires
[H ]

a knowledge of concentrations of the various metal species Involved

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

here also, It may be demonstrated that the concentration of the
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Pig.7. Graphical demonstration of dimerization of mono-hydroxo-uranyl
mandelate chelate

Plg.7A, X =
[UOgHA] [ti+J{TM -[uOc.]-°[("Oc»OH)p]-[U0<:,HA.)^-5
[U+] fUC^HA]

+ 12[H+J
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uncomplexed uranyl ions may be determined by solving the cubic

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

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

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

ing values of , ._«— should yield a straight line of slope
IhT DJOgl [HgA]

2K« and an intercept equal to Kg at —r +-•f * 0, if the

metal chelate undergoes dimerlzntion in the manner shown above.

It is, of course, possible that higher polymers of the form

[tJ0g(0H)HA]n may be formed. For instance, if a trlraer were formed,

a plot of expression on the left side of eouatlon 33 against

[UO-HAj2
HP would give a straight line of alope eaual to 3K+, where

K* represents trimerissation conatant of the chelate.

The plots of the potentiometric data, obtained over a four

fold concentration range (Curves l-3,Fig.S), in accordance with

equations (33) and (34), are presented in Figure 7. Both the plots,

obtained between *ml values of 0.64 and 1.05, corresponded to

straight lines. This fact together with the non-linearity of the

plot of the expression on the left side of equation 33 against
[UO,HAJ2
• . ^_ig (on the bftsis of trimerizatIon) showed that in the above

buffer region (m*0.64-1.05) the monohydroxo chelate is mainly

present in the solution in a binucleor form under the experimental
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conditions. The values of the equilibrium constants obtained

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

Table IY

From Flf. TA from Fig. 7B
-log KQ 4.06 -log Kj| 4.92

-log Kd 4.94 -log Kn 6.70

The binuclear chelate species may, thus have the probable

structure:
H H H

w^iS^T^*^ °* h
'i « o'

In this connection it may be mentioned that dimerlzation may also
BSl

occur through an oxygen bond es suggested by Sutton in the poly

merization of uranyl lona.

Hydrolysis of Dlmeri

Calculation of hydrolysis constants of ljl complex by the

algebraic solution of equations 2?-27, above ,m* values of

about 1.05 (table III), showed a gradual fall in the values of

-log K_ and -log Kg. This fact together with &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 conclusion is supported by

the work of Feldman and Co-workers who have reported the form

ation of a temuclear chelate species in the 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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ayatem caused by the overlapping of the successive hydrolytic

and polymerization reactlona.
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SECTION II

URANYL CHELATES OF LACTIC ACID

Although uranyl-lactate system has been studied earlier,

a quantitative study of the equilibria Involved in the system

does not appear to be undertaken by the earlier workers. Feldman

9 10and co-workers • hava studied the interaction of uranyl nit

rate with lactic acid by spectrophotometric and potentiometric

techniques and have indicated the formation of a lil complex.

At pH of about 6 the complex has been reported to be in a

3*?
temuclear form. More recently Lai and #ang by using polaro-

graphic technique, have also shown the formation of a 1*1 com-

39
plex. Crutchfleld et al. have studied the system at pH<3 by

AOptf titrations and have determined the Bjerrum's stepwise

formation constants of the complexes by the Fronaeus graphical

extrapolation method • Three complexes having molar ratios ltl,

1*2 and 1*3 of uranyl to lactic acid have been claimed by this

42
study. Pande and FAiara , 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

Potentiometric titrations of uranyl nitrate with KOH in the

presence of lactic acid gave curves similar to those obtained for
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Fig.8. Potentiometric titrations of uranyl-lactate chelate system
with KOH(O.lW): Curves 1,2 and 3 represent titrations of 1:1,
1:2 and 1:3 uranyl nitrate-lactic acid mixtures respectively
(Tw^O. 005K). Curves 0 and C represent titrations of lactic acid

(0.005M) and uranyl nitrate (0.005M) respectively. m=moles of
KOH added per mole of the metal ion; ionir strength = O.lM(KNOj)
xxx Comoosite curves derived from curves 0 and 1 and 0 and 2
respectively.
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the corresponding uranyl mandelate system. Curve l(Fig.8)for the

titration of an equimolar mixture of uranyl nitrate and lactic

acid, for example, exhibits an inflexion point at m» 2£ (cf.

curve 1, figure 1). This curve is also similar to that obtained

by Feldman and co-workers °. In figure 9 are presented the pot
entiometric curves obtained by the titration of uranyl nitrate

in the presence of a fairly large excess of lactic acid. Nature

of these curves also closely resenbles with that of the corres

ponding titration curves of the uranyl-mandelate system (Fig.2).
In this case also, therefore, only a 1*1 complex appears to be

formed under the experimental conditions as reported by Feldman

and co-workers10. Fro,.n the analogy of this system with the
uranyl-mandelate system, the complexation reaction at the initial

stages of the titration may be represented ast

U0|+ + CH, CH -Z=± CH CH ">0+ +H+ (i)
^ 3 ^-COOH 8

vlathemaslcal Analysis of the Data

In table v" are given the values of the equilibrium constant

t of reaction (i) and the formation constant k of the chelate

calculated from the potentiomotric data of curves 1,2 and 3 (Fig.10)

on the basis of the mathematical treatment presented by equations

(9).(19) in the uranyl-mandelate system. For these calculations

dissociation constant of the carboxyllc hydrogen of lactic acid

was determined from a plot of -log|H J against log * (Fig.ll),

obtained from the potentiometric data of curve O(Fig.B). This plot

gave a value of -log Ka equal to 3.74 which is identical with the
43

veiue reported by Carman and Kibrlck •
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Fig.10. Potentiometric titrations of equimolar mixtures
of uranyl nitrate and lac+ic acid: concentrations of
uranyl nitrate: curve 1, 5xlO~3M; curve °, °. ^xlO-SivT;
curve 3, 1.25xlO-3M. m=moles of KOH added per'mole of
the metal ion; ionic strength = 0.1M(KN03).
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fable V

Curve 1 (Fig.10), ?A * Tgj • 5xl0"3M
Volume of reaction mixture before titration • 50 ml.

KOH(ml.) 0.0 0.2 0.4 0.6 0.8 1.0 1.2

pH 2.90 2.98 3.07 3.15 3.21 3.28 3.35

-log K 1.28 1.20 1.27 1.26 (l.l2 1.03 0.93)
log k 2.46 2.48 2.47 2.48 (2.6P 2.71 2.81)

Average value of -log K - 1.27±0.01 and log k • <\47±0.01
( ) values not deluded in average.

Curve 2 (Fig.10), TA • TM • 6xlO~3M
folume of reaction aixtur© before titration « $00 al.

KOH (ml.) 0.0 0.2 0.4 0.6 0.8 1.0 1.2

pH 3.13 3.20 3.27 3.33 3.39 3.45 3.52

-log K 1.27 1.25 1.23 1.22 (l.06 0.94 O.So)
log k 2.47 2.49 ».5l ?.52 (2.64 P.73 2.85)

Average value of -log K • 1.24±.03 and log k = ?.50£.02
( )values not included in average.

Curve 3 (Fig.10), TA mTM a 9.5xiCT3M
Volume of reaction fixture before titration * 200ml.

K0H(ml.) 0.0 0.2 0.4 0.6 0.8 1.0

pH 3.34 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 2.60 2.51 (9.56 ^.62 2.78)

Average value of -log I « 1.23*0.01 and log k » 2.50^0,01
( ) values not included in average.

The relatively constant values of the equilibrium constant,

independent of the concentration of the metal salt, obtained upto
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*m» value of about 0.2 indicated that (1) ia the main reaction

which occurs In the system upto this stage of titration.

Hydrolysis and Polymerization of Uranvl Lactate Chelate

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

(cf. Table II), calculated above ,m» values of about 0.2, indic

ated the occurrence of either of the reactions :

H

/°N + , >. /°\CHgCH^ ^UOj, < 8 CH3 OH x tfOg +H* (ii)
8

b1

or H H
0. 0

CH3°t ^UC? + M ?=± OH-CH^ NfQ^OH) +H+ (ill)
^-00^ °^-oo-^

1i

Although it is difficult to distinguish between the above two

alternative reactions, from the argument given in the uranyl

mandelate system, here also formation of a monohydroxo chelate

(reaction ill) 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 equatlona

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

Table VI

Curve 1 (Fig. 10), TA « TM - 5xlO~3M
Volume of initial reaction mixture • 50 ml.

KOH (ml.) 1.4 1.6 1.8 2.0 2.2 2.4 2.0 2.8 3.0

pH 3.42 3.49 3.56 3.64 3.71 3.78 3.84 3.90 3.96

-log Kn 3.93 3.91 3.91 3.93 3.92 3.93 3.89 (3.86 3.82)

-log KH 5.17 6.15 5.15 5.17 6.18 5.17 5.13 (5.10 5.06)

Average value of -log K- « 3.91*0.02 and -log % « 5.1510.02
( ) Values not included in average.
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Curve 2 (Fig. 10), TA * T„ - 2.6xlO~3M
Volume of initial reaction mixture * 100 ml.

KOH (ml.) 1.4 1.6 1.8 2.0 2.2 2.4 2.0 2.8 3.0

pH 3.59 3.65 3.72 3.79 3.85 3.91 3.97 4.03 4.09

-log Kh 3.99 4.01 4.02 4.03 4.03 3.98 (3.94 3.92 3.72)

-log KH 5.23 6.25 5.27 5.28 5.28 5.22 (5.18 5.15 4.90)

Average value of -log K_ * 4.01±0.03 and -log KR « 5.261^.03
( ) values not included in average.

Curve 3 (Fig.10), TA - TM • 1.25xlO"3M
Volume of initial reaction mixture • 200 ml.

KOH (ml.) 1.4 1.6 1.8 2.0 2.2 2.4 2.0 2.8 3.0

pH 3.76 3.83 3.89 3.96 4.01 4.06 4.12 4.17 4.23

-log Kh 4.21 4.23 4.22 4.23 4.24 4.25 4.»1 (4.10 3.99)

-log KH 5.43 5.47 5.46 5.47 5.48 5.50 5.43 (5.34 5.23)

Average value of -log Kn » 4.?3±0.02 and-log KR « 5.47±0.03
( ) valuea not included in average.

A gradual fall in the values of -log Kn, observed above

•m1 values of about 1.0 (Table VI), indicated further hydrol

ysis of the chelate.

Dimer1aat 1on 0onet*:nt

Tha valuea of the hydrolysis and dimerizatlon constanta,

determined in the •ra» range of 0.6-1,0 from the standard slope

intercept relationship (equations 33 and 34, Fig.l?), are

presented in Table VII.
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Table VII

From Figure 12A From Figure 12B

-log Kh 4.26 -log Kg 8.34

-log Kd 5.13 -log Kn 7.79

A probable structure of the binuclear chelate species may

be given as :

5 H Hy\ o.o o y i
CH,CH n N0^ HO-CH-

^oo o oxo ^od
I I *

Like uranyl mandelate system, here also, no attempt

waa made to analyae the potentiometric data above •a* values

of about 1.0 due to a greater complexity in the system caused

by overlapping of the successive hydrolytic and polymerization

reactions.
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SHOT ION III

URA1TYL CHELATES OF MALONIC ACID

A study of the complexes of uranium (VI) with carbo

xyllc acids has long been e subject of research. Tishkoff

45
and Warland have ma e an extensive study of the uranyl-

acetate system and have shown the formation of species of

2 nthe type u"Og(OAc)n"* • The values of n have been reported
46

tobeltoSby these workers. Recently, Banerjee and Singh

have studied the system by potentiometric measurements and

have obtained evidence for the formation of the speclea upto

00g(0Ac)J . Oxalic acid has been reported47»*8 to form a
variety of complexes with uranyl ion. After a comprehensive

study of a large number of carboxylate complexes of uranium (VI),

49
it hr«e been concluded that the anions of diearboxylio acids

generally have a stronger tendency for complex formation with

uranyl Ion than does acetate ion. This has been observed even

when the acid dissociation constants of the dibasic acid are

seine as for acetic acid; this is probably due to the effect

of chelation in the case of dloarboxyllc acids.

Malonic acid, although is • well known ligand and forms
is r\ ai aa

complexes with a large number of metals viz., cooper ' ,

cadmium , beryllium , aluminium , lanthanum , iron ,

thorium and vanadium , has, however, received little

attention for complex formation with uranyl ion. Feldman and

oo-workera have studied absorption spectra of uranyl-aalonic
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mm
acid ayatem. More recently Lai and Hsleh have studied

polarography of uranyl ion in malonic acid solution. By

a conductometric titration of uranyl perchlorate solution

with a sodium hydrogen malonate aolution, 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 also made to determine

atability constants of the chelates formed in the system.

HSSHLTS AST) DISCUSSION

Curve 0 (Fig.13), for the titration of malonic acid

with &OB, exhibits two inflexion points, me at one equiv

alent and the other at two equivalents of alkali, indicating

dissociation of the acid in two separated steps.

Titration of an equimolar mixture of uranyl nitrate and

malonic acid (curve 1, Fig.13) showed an inflexion at m * 2,

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

fi
^^,COOH ^-"00\

ief* ♦ OH* \fStit CH* ^UOl. ♦ ?»H* (1)
"^COOH ^CO^

8

Beyond the inflexion point, a yellow precipitate was observed

aeer pH of 5 when the chelate appeared to hydrolyze into



uranium hydroxide and free ligand anions.

The first Inflexion point in curve I (Fig.13), 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 :

'COOH

0
n
CO

|
oc

sst

46

uo|+ 2 CHg \,
C5* /UQ2V }

r

CH, (ii)
COOH CO

i

As in the ese of 1:1 chelate, this complex also appears

to hydrolyae beyond the inflexion point (near pK 6), when

a yellow precipitate of uranium hydroxide begins to separate

out from the solution.

Curve 3 (Fig.13), for the titration of a 1:3 mixture

of uranyl nitrate and malonic acid, shows a eloping inflexion

between m * 5 and 6 and does not give any indict ion for the

combination of the 1:2 complex with another mole of the ligand.

In order to verify this conclusion, a calculated 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

nltrate-malonic acid chelate ayatem (curve 2). Thia calculated

curve was found to be aimllar in nature to the experimental

curve 3 and thus indicated that a 1:3 complex is not formed in
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significant amount under the experimental conditions.

The above conclusions are supported by a polarograohic

and conductometric study of the system reported recently

64
by Lai and Hsieh .

Stability Constants of the Chelates.

For the determination cf formation constants of

the chelates, the dissociation constants of malonic acid,

Kax and Kag , were determined from the potentiometrie

data of curve 0 (Fig.13) for the titration of the acid with

KOH in aqueous medium, 0.1M in potassium nitrate. The

values of pKa^ and pKag were found to be 3.03 and 5.14

respectively.

If Kn represents equilibrium constant of the

reaction:

Uo£* + HgA < I UOg A + 2H*

(where HgA represents malonic acid)

we have,

. _gag w ,»,K-i • *._ (35)
1 !XJ [Hj.A]

Formation constant, k^of the 1:1 chelate may be

defined as:

[UOgA]

Dissociation constants of malonic acid may be

«,»„..* a., . M |^j

IM1
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™* [a*-] [h+]
**? • r" (38)

[HA-j

If, in an equimolar mixture of uranyl nitrate and malonic

acid and in the initial stages of the titration of a 1|2

mixture of uranyl nitrate and the ligand, concentration of

the 1:2 complex In solution be assumed to be negligibly

small, from the usual material balance we have:

*«•• WW ♦ frvo <3*>

T0H + Rfl " CHA"3 ♦ 2[a8"3 • • [UOgA] (40)

ta- 0*2*3 ♦ ["*"] ♦ D«fe*l+ [A2'] (41)

In solutions of pH upto about 3, concentrations of the

hydrolysed species of the uranyl ion were negligible aa

compared to those of the other species present in the

equilibrium mixture.

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

gives

r p. *ta - *« - W

**1 Kax Ka„

Again, combination of (37)-(39) and (41) yields

.♦i2 -n

E*l«fitl{**Jj&«.j?Ka?
- (T. - Ttf) (43)



Fig.14. Potentiometric titrations of "^ft?1" "*_*££S of uranyl nitrate and malonic acid .^entr.t-
ion«*- curve 1, 5xlO-3M; curve ?, 9--^°^ '"'cSrve 3^!?5xlO-3M. m=moles of KOH added per
mole of the metal ion.
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After computation of [a ~] and [uo|+J, concentration of
the other species present in solution may be calculated

algebraically from equations (39)-(41). Equilibrium and

formation constants K^ and k^ may then be determined.

Values of these constants, obtained upto pi! of about 3 over

a four-fold concentration range of the metal salt (Fig.14)

are presented in table Till.

Table VIII

Curve 1 (Fig. 14), TA • TM - 5xlO"*3M
Volume of reaction mixture before titration * 50 ml.

KOH (ml.) 0.0 0.4 G.8 1.2 1.6 2.0 2.4 2.8 3.2

pH 2.39 2.44 2.49 ".54 2.60 ".67 2.75 ".83 ?.94

-log Kx 2.48 2.47 2.45 2.46 ".41 2.42 S>.43 2.41 2.43

log kx 5.74 5.75 5.77 5.76 5.80 5.80 6.79 5.80 5.79

Average value of -log Kx - 2.44+0.04 and log kj^ « 5.77*0.03

Curve I (Fig. 14), TA * TM * ?.5xlO~3M
Volume of reaction mixture before titration • 100 ml,

KOH (ml.) 0.0 0.4 0.8 1.2 1.6 2.0 2.4 2.8

pH ".62 2.66 2.71 ?.77 2.83 ".90 2.97 3.05

-log Kx 2.46 9.42 2.43 2.45 2.46 2.47 P.46 2.44

log kx 5.76 6.79 5.79 5.76 6.76 5.74 5.76 5.78

Average value of -log K^ * 2.45*0.02 and log ^ • 5.77*0/02



Pig. 15. Potentiometric titrations of 1:2 uranyl nltrate-malonic acid
mixtures. Concentrations of uranyl nitrate: curve 1. 5xlO~*M;
curve 2, 2.5xlO-3M; curve 3, 1.25xlO~3M. m=moles of KOH rided
oer mole of the metal ion.

^
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Curve 3 (Fig.14), TA • TM =l.^xlCT3!!
Volume of reaction mixture before titration • 200 ml.

KOH(ml.) 0.0 0.4 0.8 1.2 1.6 2.0 2.4 ".8

pH 2.86 2.90 2.95 3.00 3.06 3.12 3.20 3.28

-log Kx ".45 9.42 2.44 2.43 2.45 2.44 2.45 2.43
log kx 5.77 5.79 5.78 5.79 5.77 5.78 5.77 5.79

Average value of -log Kx • ".44*0.02 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(Fig. 15),

Results of these calculations are given in table IX.

Table IX
WMMMHMMMW

Curve 1 (Fig. 15), TA • "TM - LOxlO^T
Volume of reaction mixture before titration * 50 ml.

KQK(ral.) 0.0 0.4 0.8 1.2 1.6 2.0 9.4 9.8

pH ".26 2.30 2.34 ".37 ".41 2.45 ".49 2.54

-log Kx 9.44 ".45 2.46 ".41 2.41 (2.38 2.34 ?.*9)
log kx 5.78 5.77 5.76 5.80 5.80 (5.83 5.85 5.90)

Average value of -log K^ • 2.43 ± 0.03 and
log kx • 5.78 t 0.02

( ) values not included in average.

Curve 2 (Fig.15), TA * 2Tjj * 5x10" M
Volume of reaction mixture before titration • 100 ml.

KOH(ml.) 0.0 0.4 0.8 1.2 1.6 ".0 2.4 2.8

pH 2.49 ?.5" ".56 9.59 2.62 ".65 ".69 ".73

-log Kx 2.49 2.47 2.48 ".45 ".41 (2.35 2.33 ".31)
log kx 6.73 5.75 5.74 5.77 5.80 (5.87 5.89 6.91)

Average value of -log K. »".46±0.04 and log kT~5.77l0.04
( ) values not included in average.
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Curve 3 (Fig.15), TA - 2TM » ".SxICT'm
Volume of reaction mixture before titration • 200 ml.

K0H(ml.) 0.0 0.4 0.8 1.2 1.6 2.0 9.4 2.8

pH 2.72 2.76 2.78 2.81 2.84 2.86 9.90 2.94

-log Kx 2,48 2.48 2.47 9.46 2.43 (2.38 2.36 2.36)

log kx 5.74 5.74 5.75 5.76 5.79 (5.84 6.86 5.87)

Average value of -log m\ •» 2.46+0.09 and log kx a 5.76±0.02

( ) values not included in average.

The relatively constant valuea of log k^, obtained

upto *m* equal to about 0,6 (table IX), which are in close

agreement with those presented in table VIII, indicated that

upto thia atage of titration ( m^O.6) only the 1:1 complex

is formed In the reaction mixture containing two moles of

malonic acid per mole cf the metal ion.

Stability of 1:2 Chelate

In view of the conclusions arrived at from potentio

metric data of the curves (Fig. 15) 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 m\ observed in table IX, calculated above *m*

valuea of about 0.6, may be taken as an indication for the

commencement of the formation of a It9 complex in accordance

with the reaction:

UOgA ♦ HgA < * uoeA2T * 9R+
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If Kg represents equilibrium constant of the above reac

tion, we have

Ina, 4-] &+f
K- s I (44)

[UOgA] [HgA]

Formation constanty k^y of the chelate may be

defined as:

v . i&*i5 ia.ik2 * -T 5 r Pi (45)

The overall stability constant of the 1:2 complex or equil

ibrium constant of the overall reaction :

UOg"1' ♦ PA2' 5pSt UOgA|-

may be expressed as :

K - ^^ J (46)
NnOrr

Other pertinent equations are:

TM - [nog*] +[UQgA] +[i%4*] (47)

T0H + Hh * CHA~] +•(W * 2CU02AJ *^^""J <48>
and TA - U2A] * [hA"J + {/"} + OJOgA] +2(U0j,a|-] (49)

In a system having two moles of malonic acid per mole of

uranyl nitrate (Fig.13 and 15), since TA * Itm combination
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of equations (36-38), 47 and 49 gives,

m

24 kx [a^]

Thus, knowing kx (from tables VIII and IX), [a^~] (from
expression 42) and the dissociation constants of malonic

U0| J may be calculated. Concentrations 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 (Fig. 15), TA « 2TM • lxlCT?M
Volume of reaction mixture before titration « 50 ml.

KOH (ml.) 2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 6.6

pH 2.48 2.49 9.54 ".58 2.63 2.69 2.76 2.80 2.94

-log X,> 3.99 3.90 4.00 4.00 4.00 3.96 3.99 3.91 3.98

log kg 4.21 4.30 4.20 4.20 4.20 4.26 4.21 4.29 4.24

Average value of -log Kg • 3.98+ 0.05 and log kp » 4.26*0.06

Curve 9 (fig. 16), TA • 2?^ • 5xlO~3M
Volume 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 2.68 2.69 2.73 2.77 2.82 2.86 2.91 2.97 3.03

-log Kg 3.94 3.96 3.93 3.88 3.94 3.86 3.89 3.88 3.93
log kg 4.28 4.26 4.28 4.34 4.28 4.35 4.32 4.33 4.28

Average value of -log K? « 3.91±°.05 and log k9»4.30l0.05
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Curve 3 (Fig.15), TA » 2TM - 2.5xlO"2M
Volume of reaction mixture before titration * 200 ml.

KOH(ml.) 2.0 2.4 ".8 3.2 3.6 4.0 4.4 4.8

pH 2.86 2.90 ".94 ".98 3.02 3.06 3.11 3.16

-log Kg 3.98 3.98 4.00 4.00 3.95 3.88 3.99 3.98

log kg 4.24 4.24 4.20 4.20 4."7 4.34 4.21 4.24

Average value of -log Kg • 3.95 1 0.05 and
log k9 • 4.96 1 0.05

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.

In order to confirm the above conclusions, attempts

were also made to determine the formation constants of the

40 —
chelates by Bjerrum's method . n, the average number of

donor groups bound per metal ion, may be given by the

expression:

»•

+12

(51)

2 n —After calculating [A "J from (49) , the evaluation of n

may, therefore, be made from equation (51). Thus, a set of

values of n and [A "J was obtained (table XI) from the

potentiometric data of each of the curves presented in

figure 15.
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Pie.17. Degree of formation, n , as a function of
-logfligand] : ooo and aa a experimental curves
obtained from potentiometric data of curves 2
and 3 (Fig.'l5); •••• calculated curve.
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Pig.16. Degree of formation, n, as a function of
-log[ligand] :ooo, experimental curve obtained
from potentiometric data of curve 1(Fig.15);
•••t calculated curve.
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The values of n were plotted against -log[A9~J (Pig. 16

and 17). As a first approximation, tha values of -logJA^""]
at n • 0.5 and 1.5 are equal to log k-^ and log k^ respec

tively. These temporary eonetanta were then corrected by

the method of successive approximations . A plot of the

calculated values of n (determined by using the average

value of the atabillty conatant and the spreading factor)
CO •

A "J la presented

by a solid line in the figure. Thia gave log kj-5.84 and

loo> kp • 4.15. A comparison of these values from those

given in tables VITI-X shows that there is a good agreement

between them, thus, confirming the conclusions of the alge

braic method.
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CHAPTER II

BXPBRIMSKTAL

Deacription.

(i) Uranyl ehelatea of Mandelic acid.

(11) Uranyl chalntea of Lactic acid,

(ill) Uranyl chelates of Malonic acid.
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EXPERIMENTAL

57

GENERAL DESCRIPTION;

MATERIALS I

Uranyl nitrate, U0p(N03)?>.6H90, was of B.D.H.

analytical reagent quality,

Mandelic and malonic acids were B.D.H.(L.R.)

products and were purified by recrystall!sation (Melting

points 118.6 and 136°C respectively). Lactic acid (A.R.)

waa a B.D.H. product.

Catechol was a G.R. sample of E. ?<ferck. 1-hydroxy-

2-naphthoic and ?-hydroxy-3-naphthoic acids and 1-hydroxy-

°-naphthaldehyde (B.D.H) were purified by repeated crystall

isation from alcohol until their melting points rose to

186, P°P and 60 °C respectively. Salicylic and 5-sulpho-

8alicyllc acids were of B.D.fl. reagent grade quality.

Stock solutions of uranyl nitrate were standardized

66
gravlmetrically by precipitation with 8-hydroxy quinoline

and subsequent Ignition to U^Og. Because of the possibility
67

of photochemical reduction of the uranyl ion , uranyl

nitrate solutions were stored in a dark place and were

frequently tested for the presence of uranous Ion by tit

ration with dichroaate solutiona.
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Standardization of the aqueous solutions of the

ligands was effected by means of potent;iometric titrat

ions with standard potassium hydroxide solution. The

solution of KOH was standardized against primary stand

ard potassium hydrogen phthalate.

ANALYTICAL MB WOPS

The precipitated compounds, after being washed

and dried, were analyzed as given below:

MBTAL:

The metal content of the compounds was, in

general, determined by direct ignition to UjOq. It was

also determined by the precipitation method, i.e., the

compound was decomposed with aqua-regia, the metal

precipitated as its oxinate with oxine, washed with

distilled water and then weighed either as such or after

ignition to UgOg.

MANDELTC ACID

The mandelic acid was estimated by oxidation with

68
eerie sulphate . A known weight of the compound waa

dissolved In dilute sulphuric acid and made up to 100 ml.

In water. An aliquot of this solution was boiled for twenty

Nminutes with an excess of -j-q eerie sulphate solution.

In a separate conical flask, the same volume of eerie

sulphate was boiled under Identical conditions to serve
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as a blank. The solutions were cooled and the excess

of eerie sulphate titrated against a standard ferrous

ammonium sulphate solution (0.1N) using N-phenyl

anthrallnic acid as indicator. Mandelic acid was calc

ulated on the basis of the reaction*

C6H6CH(0HC00K)—2 >. C6HgCHO + CQg ♦ HgO

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 Horvath69.

CATECHOL

The catechol was estimated by oxidation with

alkaline potas -lum permanganate . It was observed that

catechol was oxidized quantitatively to carbon dioxide

and ./ater after being treated with an excess (100 percent)

of alkaline potassium permanganate solution for about 15

to 20 minutes at the room temperature:

c6H6°fe * 13° *" 6C02 + 3Ho°

TECHNIQUE POR PHYSICO-CHEMICAL MEASUREMENTS

POTENTIOMETRIC STUDIES!

Potentiometric study of the metal-chelate system

was carried out by the direct and the pointwise titration
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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 -vas added to provide the desired volume and Ionic

strength (O.lM). The reaction mixture waa then titrated

with a standard KOH solution and the pTi recorded after

the system had 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 waa reached

slowly and some times several ^ays were required for the

completion of a titration. In these cases, therefore, a

pointwiae titration method waa adopted. In this procedure

KOH solution was added slowly to reaction mixtures contain

ing known amounts of uranyl nitrate and the ligand in volu

metric flasks. After adding the necessary amounts of potass

ium nitrate to keep tha ionic strength constant (O.lM), 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 solutions were again kept for

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

SPECTROPHOTQMBTRIO STUDIES

The solutions under study containing the necessary
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amounts of KNOg to furnish the desired Ionic strength

(O.lM) were adjusted to proper p'l by small additions 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 ?0 or a Unlearn SP 500 with a silica cell of

10 mm. thickness.

61



PART II

(i) URAKYL CHELATES OP MANDELIC ACID
POTENT IOMETRIC STUDIES

IABLK 1

TEMPERATURE » PS*1°C

POTKNTIOMBTRTC TITRATION OP 50 ML. OF 5xlCTaM
MANDELIC ACID -JflTH O.lM POTASSIUM FffDR-

QXIDE IONIft STRENGTH * O.lMfKPOg)

( CUEYE Q.PIO.l )

Ml.of O.lM
KOE PH Ml .of 0,

KOH
1M pH

0.0 ?.88 ?.5 4.95

0.5 3.10 B?i 9.10

1.0 3.30 M 10.15

1.5 3.60 9.8 10.50

?.o 3.90 ?.9 10.70

2.2 4.10 3.0 10.85

".4 4.45 3.P 11.01

62
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TABLE 2

TEMPERATURE • 26+l°C

POT SNT IOMETRIC TIT RAT I ON OP 50 ML. OF 5xlQ-3M IN
URANYL NITRATE .;ITH 0.13 POTASSIUM HYDRO

XIDE. ICWn STRENGTH • O.IMCKNQj)

(CURVE o'. FIG.l)

Hi.Of O.lM
KOH

PH
Ml.of O.lM

KOH
pH

0.0 3.44 4.5 5.?0

0.6 3.74 5.0 5.40

1.0 3.9<> 6.5 5.8?

1.5 4.10 5.8 7.36

2.0 4.23 6.0 8.20

2.5 4.38 6.2 9.20

3.0 4.54 6.4 9.86

3.5 4.7? 6.6 10.?5

4.0 5.05 7.0 10.52

63



TABLE 3

TMP'-IRATUR^ • g5-l°C

POTENTICWOTRIC TITRATION OP 50 ML.SOLUTION OP 5xl(T3M
URANYL NITRATE AND 6xlCT3M IN MANDELIC ACID >VIT!1 yj

POTASSIUM HYDROXIDE. IONIC 3TREN0TH-0.1M (KMO3)
(CURVS 1. PIGS 1 AND 6)

64

Ml.of O.lM
KOH PH Ml.of O.lM

KO'i
pH

0.0 2.75 4.0 4.08

0.2 2.8? 4.5 4.?2

0.4 2.89 5.0 4.36

0.6 2.96 5.5 4.55

0.8 3.03 6.0 4.78

1.0 3.10 6.5 6.28

1.1 3.17 6.7 5.85

1.4 3.?4 6.9 6.15

1.6 3.31 7.1 6.38

1.8 3.37 7.3 6.48

o.O 3.45 7.6 6.60

2.2 3.5? 8.0 6.85

".4 3.59 8.3 7.30

2.0 3.66 8.5 8.15

*.8 3.74 8.7 9.05

3.0 3.80 9.0 9.90

3.? 3.87 9.? 10.30

3.4 <3. "4 9.6 10.69

3.6 4.01



TABLE 4

fEMP.SRATURB m 25*1°C

jOT'OTPIOMETRIC TITRATION OF 50 ML.SOLUTION OF 5xlCT3M IN
—?.URANYL NITRATE AND 1.0x10" M IN MANDELIC ACID JITH CUM

POTA-^TITT HYDROXIDE. IONIC STRENGTH * 0.1M(KN03)
(CURVE 2. PIG.l)

65

Ml.of O.lM
KOH

PH Ml. Of O.lM
KOH

pH

0.0 ?.54 9.0 5.15

0.5 2.63 9.2 5.76

1.0 o.73 9.4 6.50

1.6 2.83 9.6 6.65

2.0 2.88 9.8 6.80

2.8 3.07 10.0 6.86

3.6 3.28 10.? 7.02

4.4 3.48 10.4 7.20

5.0 3.60 10.8 7.65

5.6 3.75 11.0 7.99

6.0 3.90 11.2 8.60

6.5 4.0? 11.4 9.35

7.0 4.15 11.6 9.90

7.5 4.30 11.8 10.?0

8.0 4.47 1^.0 10.48

8.5 4.70



TABLE_-5

TEMPERATURE * 25 ± 1°C

66

>-3,
POPEN !'TOMETRIC TITRATION OF 50 ML. SOLUTION OF 5x10 ^M TN

URANYL NITRATE A^D 1.5xlO"ZM IN MANDELIC ACID .YTTH O.lM
POTASSIUy HYDROXIDE. IONIC STRENGTH = O.lM (KNOg)

(CURVE 3. FIG.l)

mi. of o.im
KOH PH

Ml.of O.lM
KOH

pH

0.0 ?.40 11.6 5.18

1.0 ?.55 11.8 6.45

2.0 ?.70 1P.0 6.85

3.0 ?.87 1*.4 7.10

4.0 3.04 12.8 7.33

5.0 3.?3 13.? 7.53

6.0 3.4? 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

TEMPERATURE a 25 ± 1°C

POTENTIOMETRIC TITRATION OF 100 ML. OF mrT%
MAlPMLiq ACID .VITH 0.:1M POTASSIUM HYDROXIDE

TONIC STRENGTH - O.lMdNG.)

(CURVE 0. PIG.?)

Ml.of O.lM
KOH

PH Ml.of O.lM
KOH

PH

0.0 ?.52 18.0 4.0?

2.0 2.65 19.0 4.41

4.0 ?.80 19.5 5.00

6.0 ?.96 19.8 5.90

8.0 3.10 20.0 8.50

10.0 3.25 20.2 9.05

12.0 3.40 20.4 9.75

14.0 3.56 20.6 10.05

15.0 3.68 20.6 10.30

16.0 3.75 20.8 10.54

17.0 3.88

67
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TABLE 7

TEMPERArURB»?5±l°C
POTENTIOMETRIC TITRATION OP 1QQ ML.SOLUTION OF 2xlO~°M IN

MANDELIC ACID AND 2.5xlO"3M IN URANYL NITRATE WITH O.lM
POTASSIUM HYDROXTDE. IONIC STRENGTH « O.lMfKNOtj)

(CURVE 1, PIG.2)

Ml. Of O.lM
KOH PH Ml.of O.lM

KOH pH

0.0 2.40 22.0 4.25

?.o 2.54 ?3.0 4.90

4.0 8.66 23.5 5.60

6.0 ?,81 23.8 6.20

8.0 2.95 24.0 6.85

10.0 3.10 24.2 7.00

12.0 3.?5 24.6 7.10

14.0 3.41 26.0 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 ?6.4 10.00

20.0 3.95 ?6.6 10.20
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TABLE 8

TEMPERATURE 25±1°C
POTENTIOMETRIC TITRATION OF 100 ML.SOLUTION OF 2xlO"*M IN

MANDELIC ACID AND l.?5xlO"3M IN URANYL NITRATE WITH 0.3M
POTASSIUM HYDROXTDE. IONIC STRENGTH • 0.1M(KN0n)

(CURVE 2. FIG.2)

Ml.of O.lM
KOH

PH Ml.of O.lM
KOH

pH

0.0 2.46 21.0 4.70

2.0 2.57 81. • 5.15

4.0 2.73 21.8 6.96

6.0 2.87 ??.o 7.15

8.0 3.02 P2.0 7.30

10.0 3.14 22.4 7.40

12.0 3.30 ?2.6 7.58

14.0 3.45 ?3.0 8.25

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. ?5

20.0 4.15 ?3.8 10.40



A

TABLE 9

TEMPERATURE»25*1°C
-..p.-— r ,,-ffy-^, r„ -Turn-Mimi i mm

SPECTROPHOTOMETRIC DETERMINATION OF MAXIMUM ABSORBANCE

OP URANYL-MANDSLmvfi SYSTEM AT DIFFERENT MOLAR RATIOS

AT pH 5.5 OONOENJRATION OP UOfc « 5xlO"JM
XHUUL

70

340 .052 .35 .547

350 .030 .?25 .356 .416

360 .022 .140 .220 .262

370 .022 .090 .140 .152

380 .026 .070 .100 .105

390 .035 .070 .090 .090

400 .045 .080 .100 .107

410 .050 .087 .118 .1?3

420 .043 .096 .128 .138

430 .030 .080 .IPO .130

440 .015 .060 .095 .107

450 .012 .046 .070 .077

460 .008 .030 .080 .053

470 .006 .025 .050 .050

480 .004 .023 .030 .025
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TABLE -10

TNMPBRAmRS • ?6±1°0

JOB'S METHOD OP CONTINUOUS VARIATIONS APPLIED TO URAKYL-MANDSLATE

8TSTEM AT PH 3.0 KEEPING THE I'QTAL VOLUME CONSTANT (50 ML) OF

EACH SOLUTION. IONIC STRENGTH » 0.1M(KN03). INITIAL (Uo|+ ♦
MANDELIC ACID) CONCENTRATION » 0.02 M.

(FIG. 4A)

O.D. coo- O.D.
lex. WCJ*

yfrve lenrtfr S 350 ftp*

0.1 .078

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

.138

.?00

,?88

.?40

.288

,?00

.166

,1?0

.006

.010

.016

.02

.026

.03?

.046

.055

.060

Wava length «420 nu>

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

.033

.058

.085

.108

.130

.136

.140

.140

.143

.01

.02

.036

.045

.060

.07?

.088

.105

.120

Dlff.ln
O.D.

.070

.1?8

.185

,?06

.216

.193

.155

• 111

.060

.023

.038

.050

.063

.070

.064

.05?

.035

.023

O.D.
complex

O.D.

uoj*
Dlff.ln

O.D.

.04 .002 , 038

.086 • 006 • 080

.180 .010 no

.140 .018 12?

.16? .028 130

.146 .030 116

.130 ,040 090

.11* .046 066

.088 .050 038

Ware lensrth - 430 »A* y

.0?« • 006 <020

.060 .010 « 040

.075 .0? ,055

.088 .028 060

.106 .040 ,066

• 108 .048 ,060

.109 .059 ,060

.105 .065 ,040

.102 .079 .030
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TABLE -11

TEMPERATURE • ?5*1°C

JOB'S M5THQD OF CONTINUOUS VARIATIONS APPLIED TO URANYL-MANDSLATB

SYSTEM M? ?H 5.5 KEEPING Ttfg TOIML VOLUME CONSTANT (50 ML) OP

BACH SOLUTION. IONIC STRENGTH » 0.1M(KN03). INITIAL (Uog++
MANDELIC ACID)OONCBN'fRATION "O.jOS M.

(UL-IU

X O.D.

complex
O.D.

af»
Differ

ence in
O.D.

O.D.
complex

O.D. Difference
In O.D.

Wave length * 350 mu

.132

fiive

.090

length * 350

.016

au

0.1 .150 .018 .074

0.2 .305 .023 .282 .190 .020 .170

0.3 • 420 .030 .390 .*65 .025 •848

0.4 .480 .040 .440 .305 .036 .270

0.5 .560 .055 .605 .350 .045 .305

0.6 .518 .065 .453 ,3?0 .053 • ?67

0.7 •485 .075 .410 .300 .060 ."40

0.8 .410 .090 .320 .?60 .070 .190

0.9 .270 .105 .165 .180 .080 .100

Wave length * 4?0 m u

.025

Wave

.036

length • 440

.015

to u

0.1 .045 .020 .080

0.? .098 .036 .063 .075 .020 .055

0.3 .145 .060 .095 .110 .0?5 .085

0.4 .19* .067 .1?5 .136 .030 ,106

0.5 ,?35 .090 .145 .160 .040 .120

C.6 ."40 .110 .1?9 .160 .050 .110

0.7 .*50 .13? .118 .155 .060 .095

0.8 .?45 .155 .090 .145 .070 .075

0.9 .?30 .175 .055 .120 .065 .035
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TABLE -18

TEMPERATURE • 25±1°C
JOB'S METHOD OP CONTINUOUS VARIATIONS APPLISD TO URANYL-

MANDBLAT3 SYS JEM AT pH 4.0 K'SBPINO TH5 TOTAL VOLUME

CONSTANT (50 ML) 0? EACi SOLUTION. IONIC SPRENGTH-

2+O.lM(KNOj), INITIAL (UOg ♦ MANDELIC ACID) CONCEN
TRATION -0.02 M

O.D,
complex

O.D. Dlff.ln
O.D.

Wave length * 360 m 1

u.l .210 .020 .190

0.2 .390 .036 .354

0.3 .460 .048 .41?

0.4 .548 .063 .486

0.6 .600 .080 .520

0.6 .560 .105 .455

0.7 .485 .125 .360

0.8 .4?0 .160 .270

0.9 •»?B .170 .150

ve length • 420 m M.

0.1

0.?

0.3

0.4

0.5

0.6

0.7

0.8

0.9

.088

.800

.?70

,350

.440

.460

.470

.460

.440

.028

.065

.090

.125

.168

,?20

.275

.3?6

.366

.060

.145

.180

,?"5

.27?

.240

.195

.134

.074

O.D.
Complex

O.D.

.2*
UO

Diff.in
O.D.

Wave lenafth = 37 0 m w

12 .020 .100

226 .032 .193

280 .046 .234

385 .057 .268

370 .070 .300

340 .086 .?54

306 .105 .200

270 .180 .150

?83 .140 .083

flave length g 450 m tx

.070 .015 .055

.134 .020 .114

.170 .030 .140

.206 .040 .166

.250 .050. .200

.235 .070 .166

.216 .086 .130

.190 .098 .09?

.160 .110 .050



TABLE 13

TEMPERATURE • ?5±1°C
POTENTIOMETRIC TITRATION OP 1QQ ML. SOLUTION OF 2.5xl(T3M

IN URANYL NITRATE AND 2.5xlO"3M IN MANDELIC ACID JITH
O.lM POTASSIUM HYDROXIDE. IQNTC STRENGTH«0.1M(KN0g)

(CURVE g. PIG. 6)

Ml.of O.lM
KOH

pH Ml.of O.lM
KOH

PH

0.0 ?.99 4.5 4.44

0.2 3.05 5.0 4.67

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 6,7 5.85

1.2 3.35 6.9 6.03

1.4 3.40 7.1 6.28

1.6 3.47 7.3 6.39

1.8 3.54 7.6 6.50

2.0 3. 62 8.0 6.70

2.2 3.69 8.3 7.10

2.4 3.76 8.5 7.75

2.6 3.83 8.7 8.80

?.8 3.90 8.9 9.50

3.0 3.96 9.2 9.90

3.2 4.02 9.4 10.20

3.4 4.08 9.6 10.50

3.6 4.17 9.8 10.62

4.0 4.30 10.0 10.80

Ii
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TAB.M! 14

TEMPERATURE » 25±1°C
POTENT IOMETRIC TITRATION 0? 20C» ML. SOLUTI*2N i

AC".

DP 1.25x1 C^M IN
URANYL NITRATE AND 1.26xlCT3H IN HAI9HJ0 [D nfH O.lM

POTASSIUM HYDROXIDE. IONIC strsngth • i1.1M (KNO,)
(1IU1 3. PIG.6)

•

MljOf O.lM
KOH

pH Ml.of O.lM
KOH

PH

0.0 3.??

•

4.5 4.53

0.2 3.°8 5.0 4.68

0.4 3.33 5.5 4.80

0.8 s.se 6.0 5.01

0.8 3.43
•^

6.3 5.22

1.0 3.48 6.5 5.50

1.2 3.53 6.7 5.85

1.4 3.5G 6.9 6.01

1.8 3.64 7.1 6.10

1.8 3.71 7.5 6.35

?.o 3.78 8.0 6.60

2.2 3.35 8.3 6.96

?.4 3.9? 8.5 7.65

B#W 3.98 8.7 8.65

?.8 4.05 8.9 9.25

3.0 4.11 9.8 9.75

3.2 4.16 9.5 10.00

3.4 4.?2 9.8 10.24

3.6 4.?8 10.0 10.36

4.0 4.4?,



TABLE 15

TEMPERATURE • g5£l°C

76

POTENTIOMETRIC TITRAT TON OP 50 ML. 0? 5xlCT5M URANYL NITRATE
WITH (O.lM) POTASSIUM MANDELATE. TOPIC SPRSNGrH«0.1M(BTCU)

(CURVE 4. PIG.6)

Ml.of O.lM
Potassium
Mandelate

pH
Ml.of O.lM
Potassium
Mandelate

PH

0.0 3.44 6.0 3.64

0.6 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 3.84

3.0 3.50 12.0 3.87

3.5 3.53 13.0 3.89

4.0 3.56 14.0 3.91

5.0 3.60 15.0 3.92



(ii) URANYL CHELATES OP LACTIC ACID

POTENT IOMETRIC STUDIES

TABLE 16

TBMPEHATURE « ?5 1 1°C

POTENT IOMETRIC TITRATION OP 50 ML. SOLUTION

LACIIC ACID HI2n O.lM POTASSIUM HYDROXIDE

IONIC STRENGTH « O.lM (KNOg)

( CURVE 0tPI0, 81

77

6x1O^M

a.of o.im
KOH PH

Ml .of 0
KOH

,1M
PH

0.0 3.08 2.4 4.75

0.4 3.28 2.5 5.00

0.8 3.52 ?.8 8.90

1.2 3.74 ".7 9.80

1.6 3.99 2.8 10.08

8.C 4.28 ?.9 10.35

?.2 4.48 3.0 10.60



«.am.* a

TEMPERATURE « ?g±l 0
,-3,POTENTIOMETRIQ TITRATION' OP 60 ML.SOLUTirN OF 5x10"^ IN

IN URANYL arraATB AND 5xUT3M IN LACTIC ACID *H?K O.lM,
POTASSIUM HYDROXIDE. IONIC STR'̂ GrB * O.IMCKNOj)

(CURVH! 1.PIG.8 AND 10)

78

m.of o.im
KOH

pB Ml.of O.lM
KOH

PH

0.0 ?.90 4.0 4.26

0.2 ?. 98 4.6 4.40

0.4 3.07 6.0 4.57

0.6 3.16 6.6 4.75

0.8 3.21 6.0 6.00

1.0 3.88 6.3 6.20

1.2 3.35 6.5 6.42

1.4 3.4? 6.8 5.60

1.6 3.49 6.9 6.98

1.8 5.86 7.1 6.10

8.0 3.64 7.4 6.?8

2.8 3.71 7.8 6.52

2.4 3.78 8.0 6.70

2.8 3.84 8.? 6.98

2.8 3.90 8.4 7.60

8.0 3.96 8.6 8.55

5.2 4.02 8.8 9.30

3.4 4.08 9.0 9.70

3.6 4.15 9.2 10.00
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TABLE 18

POTENT I0M

u
ETHIC TITRj

ITSATE AND

mi
UIIDN

l.Oxl

•DB. I

PURE • *5±1°C

OP 50 ML.SOLUTION OP 5xlCT3M IN
URANYL N gt8m ii lactic ACID #ITH O.lM

* 0.1M(KNOj£PCrASSTUM HYDROl. OHIO STRENGTH '

1[CURVS 2. PIG.8)

Ml.of O.lM
KOH

pH Ml.of O.lM
KOH

pH

0.0 2.71 8.8 5.22

0.4 ?.80 9.0 5.42

0.8 ?.90 9.? 5.79

1.2 °.99 9.4 6.32

1.6 3.09 9.6 6.45

?.0 3.19 9.8 6.55

?.4 3.30 10.0 6.67

P.8 3.40 10.3 6.80

3.2 3.50 10.6 7.10

4.0 3.70 10.8 7.35

4.8 3.88 11.0 8.01

5.6 4.07 11.2 8.60

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 1?.0 10.25



TABLE 19

TEMPERATURE- 25±1°C

i I

POTENT I OMETRIC TITRATION OP 50 ML. SOLUTION OP 5xlQ-3M IN
URANYL NITRATE AND 1.6xlCT?M III LACTIC ACID WITH O.lM

POTASSIUM HYDROXIDE. IONIC STRENGTH

(CURVE 3. PIG.8)

O.l'UdNOj)

Ml.of O.lM
KOH

pH Ml.of O.lM
KOH

PH

0.0 2.63 10.6 4.88

0.8 ?.79 11.0 5.02

1.6 2.94 11.4 1*88

2.4 3.09 11.6 5.50

3.? 3.26 11.8 6.35

4.0 3.42 1?.0 6.55

4.4 3.50 1?.? 6.70

8.0 3.6? 1?.6 o. y •

5.6 3.73 1?.8 7.13

6.2 3.84 13.? 7.35

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 9.75

9.? 4.47 14.4 10.05

9.6 4.56 14.6 10. *5

10.0 4.65 14.8 10.37

&V7SV

w&sm oi «i*au
ROORKE6,
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TABLS 20

TBMPBRATURB°95±i°o

POTENTIOMCTRIC TITRATION OP 100 ML. OF 2x1CT M LACTIC

ACID fflTH O.lM POTASSIUM HYDROXIDE.

IONIC STRENGTH - O.lMdCNQg)
(CURVE 0.FIG.9)

Ml.of O.lM
KOH

pH Ml.of O.lM
KOH

pH

0.0 *.70 19.5 5.P5

2.0 ?.90 19.8 5.55

4.0 3.10 20.0 5.95

5.0 3.20 •>o.i 6.30

3.0 3.30 ?0.? 8.50

8.0 3.50 20.4 8.98

10.0 3.68 *0.5 9.16

12.0 3.87 *0.6 9.30

14.0 4.07 20.7 9.45

15.0 4.18 P0.8 9.66

17.0 4.45 P1.0 9.87

18.0 4.86 ?1.2 10.08

19.0 4.98

81



82

TABLE ?1

TEMPERATURE • ?5±1°C
PO?ENTIOMETRIC TITRATION OP 1QQ ML. SOLUTION OP PxlC^M IN

LACTIC ACID AND P.5xlO"3M IN URANYL NITRATE WITH O.lM
POTASSIUM HYDROXIDE. IONIC STRENGTH • O.lMCKNOg)

(CURV3 1. PIG.9)

Ml.of O.lM
KOH

pH Ml.of O.lM
KOH

pH

0.0 2.54 ?3.4 5.60

2.0 2.75 23.8 6.00

4.0 2.95 24.0 6.35

6.0 3.15 24.? 6.56

8.0 3.34 ?4.4 6.70

10.0 3.51 ?4.6 6.80

12.0 3.70 ?5.0 7.00

14.0 3.87 ?5.4 7.*5

18.0 4.10 ?5.8 7.66

17.0 4.?0 ?6.0 8.45

18.0 4.31 "6.2 9.00

.1.9.0 4.4^ ?6.4 9.45

20,0 4.58 ?6.6 S.70

21.0 4.75 ?6.8 9.8?

?2.0 5.00 "7.0 10.05

23.0 6.26 27.? 10.10
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TABLE ?2

TEMPERATURE « ?5±1°C

POTENTIOM'iPRIC TITRATION OP 100 ML. SOLUTION OP 2xlO"?M IN LACTIC
—•i mil, ••mill. — ^•^mmmummmmmmmmmmmmi~~m+mmmmm*~m*mmmi^mm*~*i+mm**mmmmm^mmi--~*i™" » '• m—••• m..— • wwmw^wiwi^i—Mwt—mim^- i wmp.

ACID AND l."5xlO~3M IN URANYL NITRATE ifflTH O.lM
POTASSIUM HYDROXIDE. IONIC STRBNGTH-Q.IMCKNQj)

(CURVE || PIG. 9)

Ml.of O.lM
KOH

pH Ml.of O.lM
KOH

pH

0.0 2.63 "1.8 5.95

2.0 ?.83 22.0 6.40

4.0 3.03 "2.? 6.80

6.0 3.?2 ?2.4 6.98

8.0 3.4? ?2.6 7.08

10.0 3.60 22.8 7.25

12.0 3.30 23.0 7.55

14.0 3.98 ?3.2 8.60

16.0 4,?0 23.4 9.20

17.0 4.35 ?3.8 9.5?

19.0 4.65 ♦>3.8 9.80

20.0 4.e8 ?4.0 9.96

"1.0 5.?5 ?4.2 10.12

21.4 5.54 "4.4 10.25
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TABLE ?3

IWPERATUSS ?5±1°0
f-3.POe •gTTIOM-<TRIC TITRATION OP 100 ML. SOLUTION OP 2.5x10 ;>I IN

URANYL NITRATE AND 2.5xlCT3M g LACTIC ACID »IT i 0,1%
PQgASSIUM HYDROXIDE. IONIC STRENGTH g C.1M(KF03)

(CU3VE 2. PIG. 10)

Ml.of O.lM
KOH

pit Ml.of O.lM
KOH

PH

0.0 3.13 5.0 4.65

0.? 3.?0 6.5 4.8?

0.4 3.P7 6.0 5.05

0.8 3.33 6.3 6.26

0.8 3.39 6.5 8.48

1.0 3.45 6.7 5.80

1.2 3.5? 7.0 5.98

1.4 3.69 7.? 6.12

1.6 3.65 7.4 8. "8

1.8 3.78 7.6 6.40

2.0 3.79 8.0 6.60

2.8 3.85 8.? 6.80

2.4 3.91 8.4 7.60

2.6 3.97 8.6 8.50

?.8 4.03 8.8 9.30

3.0 4.09 9.0 9.65

3.6 4.?3 9.3 10.00

4.0 4.35 9.6 10.16

4.5 4.50 10.0 10.38
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TABLE 24

TEMPERATURE « ?5ll°C

POJESTIOM'-^RIC TIDRATION Cf 200 4L. SOLUTION 0? l.?5xl03M
__ ,

III URANYL ?TITRAL'E AND I.?5xl0 M IN LACTIC AOID #I£H

O.lM POTASSIUM HYDRQXID5.I0NIC STR3N0TH»0.1M(KN0.,)

(CURV3 5, FIG.10)

Ml.of O.lM
KOH

PH Ml.of O.lM
KOH

pH

0.0 3.34 4,0 4.49

0.2 3.40 4,5 4.60

0.4 3.46 5.0 4.74

0.6 3.6? 5.5 4.9°

0.8 3.68 6.0 5.12

1.0 3.63 6.3 5.36

1.8 3.68 6.5 5.50

1.6 3.83 6.7 5.90

1.8 3.89 6.9 5.99

?.0 3.96 7.? 6.25

?.? 4.01 7.5 6.40

2.4 4.06 3.0 6.75

P.6 4.1? 8,2 7.00

2.8 4.17 6,5 7.55

3.0 4.?3 8.8 9.00

3.? 4.?8 9.0 9.30

3.4 4.33 9.? 9.60

3.6 4.33 9.4 9.85

3.8 4.44 9.6 10.05
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(iii) URANYL 01!SLATES OP MALONIC ACID

POTENT IOMBTRIC STUDL3B

TABLE ?5

TEMPERATURE « 30tlQC
POTENT IOMETRIC TITRATION OP 50 ML. SOLUTION OF 5xlO~3M IN

MALONIC ACID .»ITH O.lM POTASSIUM HYDROXIDE.

IONIC STRENGTH • O.lH(KNOg)
(CURV3 0. FIG.13)

Ml.of O.lM
KOH

pH Ml.of O.lM
KOH

pH

0.0 ?.68 4.0 5.32

0.4 2.79 4.4 5.6?

0.8 P.90 4.8 6.00

1.2 3.04 4.9 6.27

1.6 3.?4 5.0 7.20

2.0 3.50 5.1 8.?0

?.4 3.90 5." 8.60

?.6 4.?2 5.4 8.90

2.8 4.44 5.6 9.?0

3.0 4.66 6.0 9.46

3.? 4.76 6.4 9.61
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TABLE 26

TEMPERATURE • 3Qxl°C

POTENTIOMETRIC TITRATION OF 50 ML.SOLUTION OP 5xl(T3M IN
URANYL NITRATE AND 5xlO"3M IN MALONIC ACID tflTH O.lM

POTASSIUM HYDROXIDE. IONIC STRANGTH • O.lM (KNOg)
(CURVB 1.FIG.13 AND
pRYl 1, FIQ.14J,

Ml.of O.lM
KOH

PH Ml.of O.lM
KOH

pH

0,0 ?.39 6.4 5.16

0.4 2.44 6.8 5.40

0.8 ?.49 7.2 5.63

1.2 ?.54 7.6 5.80

1.8 . ?.60 8.0 5.95

?.o 2.67 8.4 6.15

?.4 ?.78 8.8 6.30

?.8 ".83 9.2 6.43

3.2 ?.94 9.6 6.57

3.8 3.0" 10.0 6.70

4.0 3.?? 10.4 6.9?

4.4 3.47 10.8 7.40

4.8 3.92 11.0 8.10

5.0 4.20 11.2 8.46

6.2 4.38 11.4 8.86

5.6 4.66 11.6 9.P6

6.0 4.90 1P.0 9.76
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TABLS 27

TBMPSRATURE • 30±1°C

g OFPOT SNT IOMETRIC 1 IT RAT I ON OF

AND l.OrlCT

50 ML.30LUTII 5xlQ~3M IN
URANYu NITRATE PM IN MALONIC A DID flTI 01M

POTASSIUM HYDROXIDE- TOUT C STRENGTH • (

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

Ml.of O.lM
KOH

PH Ml.Of O.lM
KOH

pH

0.0 2.26 9.? 4.30

0.4 2.30 9.6 4.77

0.8 2.34 9.8 5.16

1.? ?.37 10.0 5.55

1.6 2.41 10.2 5.58

?.o 2.45 10.6 5.90

2.4 2.49 11.0 6.10

2.8 2.54 11.4 6.24

3.2 2.58 1".0 6.40

3.8 2.63 1?.6 8.50

4.0 2.69 13.2 6.60

4.4 2.75 14.0 6.68

4.8 2.80 14.6 8.84

6.4 ".90 15.0 7.00

6.0 3.02 15.4 7.32

6.4 3.11 15.8 7.80

7.2 3.34 16.0 8. "5

8.0 3.58 15.2 8.75

8.8 3.98 16.4 9.45
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TA3LR 28

TEMPERATURE • 30*1'3c
POTENT IOMET HI l TITRATTON OF 50 ML. SOLUTION OP 5xl0"3M IN

URANYL NITR.M 1 AND 1.5xlO~*M IN MALONIC ACID WITH OOM

POTASSIUM HYDROXIDE. I OK I STRENGTH = CI.1M(KN0,)

(CURVE 3. FIG .13)

ML. of 0,
KOH

,1 I r pH Ml .of O.lM
KOH J

pH

0.0 2.18 14.0 5.48

1.0 2.26 14.5 5.78

?.o 2.33 15.0 61 06

3.0 2.41 15.5 6.30

4.0 2.50 16.0 6.50

5.0 ?.60 16.5 6.60

6.0 ?.7? 17.0 6.55

7.0 ?.84 17.5 6.70

8.0 2.99 18.0 6.78

9.0 3.17 18.5 6.92

10.0 3.42 19.0 7.02

11.0 3.74 19.5 7.1"

11.5 4.00 20.0 7.?5

12.0 4.25 i
i

20.5 7.45

1?.5 4.51 21.0 8.02

13.0 4.84
,

21.2 8.50

13.5 5.15
!

P1.4 9.00
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TABLE 29

TEMPERATURE • 30*1°C
,-3,

POTENTIOMETRIC TITRATION OP 100 ML. SOLUTION OF 2.5x10 VM IK

URANYL NIP HATE AND 2.5xlO"'3M 111 MALONIC ACID KITH O.lM
POTASSIUM HYDROXIDE. IONIC STRENGTH • O.lM (KNQj)

(CURVE 2t FIG.14)

Ml.of O.lM
KCH

PH Ml.of O.lM
KOH

pH

0.0 2.6? 6.8 5.48

0.4 ?.66 7.2 5.70

0.3 ".71 7.6 5.84

1.2 P.77 8.0 6.00

1.6 ?.83 8.6 6.P0

2.0 ?.90 9." 6.43

2.4 2.97 9.8 6.52

?.8 3.05 10.0 6.68

3.2 3.16 10.4 8.90

3.6 3. "8 10.8 7.30

4.0 3.43 11.0 7.80

4.4 3.68 11.2 8.25

4.8 4.1? 11.4 8.65

5.0 4.35 11.6 9.00

5.2 4.50 11.8 9.30

5.6 4.78 1?.0 9.60

6.0 5.02 1".2 9.88

6.4 S.^S
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TABLE 30

TEMPERATURE * 30U°C
,-3,

POTENTIOMETRIC TITRATION OF 200 ML. SOLUTION OF 1.25x10"°M

IN URANYL NITRATE AND 1.25ylCT3M IN MALONIC ACID fflTH 0.1 M
POTASSIUM HYDROXIDE. IONIC STRENGTH » O.lM (KNOg)

(CURVE 3. FIG. 14)

ML.of O.lM
KOH

PH ML.of O.lM
KOH

PH

0.0 ".88 6.4 5.35

0.4 2.90 8.8 5.60

0.8 2.95 7.2 5.80

1.8 3.00 7.6 5.95

1.6 3.06 8.0 6.10

2.0 3.1" 8.4 8.22

2.4 3.20 8.8 6.35

P.8 3.?8 9.? 6.45

3.? 3.38 9.6 6.60

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 7.66

5.0 4.56 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.P0
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TABLE 31

TEMPERATURE 30±1°C
POTENTIOMETRIC TITRATIO' OF 100 ML.SOLUTION OF ?.5xlCT3M IN

URANYL NITRATE AND 5.0xlCT3M IN MALONIC ACID WITH O.lM
POTASSIUM HYDROXIDE. IONIC STRENGTH • O.mtKNOj)

(CURVE ?. FIG.15)

Ml.of O.lM i
KOH |

pH Ml.Of O.lM 1
KOH

pH

0.0 2.49

IJL ' 1

10.2 5.80

0.4 2.5? 10.6 6.00

0.8 2.58 11.0 6.?0

1.2 2.59 11.4 6.29

1.6 2.6" 11.8 6.38

2.0 ".65 12.6 6.50

?.4 ?.89 13.4 6.65

".8 P.73 14." 6.78

3.? ?.77 15. C 7.02

3.6 ".8" 15.4 7.?4

4.0 ?.86 15.8 7.65

4.8 ?.97 16. C 7.88

5.6 3.10 16.? 8.?4

6.4 3.?8 16.4 8.8?

7.? 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.?7 17.2 9.98

9.? 4.60
17.4 10.15

9.8 ft .40 -
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tABLB 3«

'

TEMPERATURE - 30tl°C
POTENTIO T MAT ION OP 200 ML.SOLUTION OF l.?6xlO"3M IN

URANYL NITRATE AND 2.50X1CT1"'M IN MALONIC Al2ID IXfH O.lM

POT A SSIU'J HYDROXIDE. rcMicJ STRENGTH - 0.1'.!(KN0„)

(CURVE 3. FIG.15)

Ml.of 0.
KOH

1M pH ML.of O.lM
koh

pH

0.0 ",7? 10.0 6.71

0.4 ".76 10.2 5.84

0.8 ?,78 10.6 6.03

1.? ?,81 11.0 6."1

1.6 2.84 11.4 8.28

?.o ".86 12.0 6.38

?.4 ?.90 1?.8 6,50

2.8 ?.94 13.6 6.63

3.P ?.98 14.4 6.77

3.5 3.tf> 15.0 6.95

4.0 3.06 16.4 7.15

4.4 3.11 15.8 7.45

4.8 3.16 16.0 7.70

5.6 3.30 16.? 8.05

6.4 3.48 16.4 8.6"

7.2 3.69 16.6 9.16

8.0 4.00 16.8 9.45

8.8 4.45 17.0 9.70

9.2 4.76 17.? 9.86

9.6 5.14
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CHAPTER I

RESULTS AND DISCUSSION

Section It Uranyl chelates of L-Hydroxy-?-
Naphthoic and ?-Hydroxy-3-Naph-
thoic acids.

Section lit Uranyl chelates of Salicylic and
5-Sulphosalicylic acids.

Section Hit Uranyl chelates of 1-Hydroxy-?-
" Naphthaldehyde.



CHAPTER I

SECTION I

URANYL CHELATES OP l-HYDRQXY-2-NAPHTHOIC

AND 2-HfDRQXY-3-NAPHTHQIC ACIDS

Complexes of uranium (VI) with salicylic and

5-sulphosalicylic acids have long been known. Chelates

of hydroxy naphthoic acids have, however, received

70
little attention. Fernandes hss isolated a number of der

ivatives of uranium (VI) with o-hydroxy naphthoic acids

having uranyl to ligand ratio of lt2. Trlpathi and Satya

71
Prakash ' have shown the formation of a ltl complex

with l-hydroxy-2-naphthoie acid. More recently, Soni and

Gupta niave studied the interaction of uranyl ion with

2-hydroxy-3-naphthoic acid by spectrophotometry and cond-

uctometry and have Indicated the formption of a ltl complex.

In view of the above r>nd the interesting results

obtained on a-hydroxy carboxyllc acid derivatives of

uranium (VI), it was considered worthwhile to carry out

a systematic physico-chemical study of the interaction of

uranyl ion with 1-hydroxy-P-naphthoic and ?-hydroxy-3-

naphthoio acids.
t

Due to the insoluble nature of the hydroxy naphthoic

acids in water, 60 per cent ethanol solution (equal volume

ethanol-water) was used as a solvent. Attempts were also
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respectively (Ty=0.005M) in 50°/ alcoholic medium. Curves 0 and 0'
represent titrations of 0-Hydroxy-3-I?aphthoic acid (0. OC nd

0.1

9. Potentiometric titrations of uranyl-.2-Hydrox.y-3-1 oate
tem with fCOH(C.]N): Cu-ves I,? ar.d 3 represent tit of

1:? and 1:4 uranylnitrate^-Hydroxy-S-^aphl • id mixtures

inyl nitrate (C.> vely in 50 ^ ale ediura.
-es H aided per mole of the metal ion; ionic
itf(KNOg). • , c ."posite cur e ai C a id 1.

stren



g.18. Potentiometric titrations of uranyl-l-Hydroxy-?-Naphthoate,
system with K0H(0.1N in 50*% alcohol): curves 1,? and 3 represent
titrations of 1:1, 1:2 and 1:3 uranyl nitrate-l-Hydroxy-2-Naphthoic
acid mix" respectively (T,»=0. 005M) in 50 /0 alcoholic medium.
Curves 0 and 0* represent titrations of l-Hydroxy-?-Naphthpic acid
(0.005?/!) and uranyl nitrate (0.005M) respectively in 50% alcoholic
medium,curve 0" represents titration of uranyl nitrate (0.005M, in
aqueous medium. m=moles of KOH added per mole of the metal ion:
Ionic strength=0.1M(KN03).xxx, represents comoosite curve derived
from curves 0 and 1.

a
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Bade to carry out the study in aqueous medium by using

potassium salts of the acids which were soluble in water.

But a quantitative study of the reactions in aqueous

medium could not be made, since the ligands, in acid form,

separated out slowly from the solution on standing even

when small amounts of potassium salts of the acids (0,4-0.5

mole per mole of uranyl nitrate) were added to uranyl nit

rate solution.

RESULTS AND DISCUSSION

Potentiometric Studyt

In figures 18 and 19, curve 0 represents titration of

l-hydroxy-2-naphthoic and ?-hydroxy-3-naphthoic acids

respectively with KOH. In both cases, a sharp inflexion

occurs at one equivalent of alkali indicating the dissocia

tion of carboxyllc proton only in acidic solutions. The

phenolic hydrogen of the acids, thus, remains unaffected

under the experimental conditions.

Nature of curve 0*(Pig.18) for the potentiometric

titration of uranyl nitrate with KOH in 50 per cent alco

holic medium is similar to that of curve 0" (Pig.18) for

a similar titration of uranyl nitrate in the aqueous medium.

Curve 0M 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
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assume that the hydrolysis of uranyl ion in 50 per cent

alcoholic medium (including reaction of the type:

'UCI+ + 02Hm ^"^ U02OC?H5 ♦ H+) t0 be negligible up to
pH of about 3.5.

Curve 1, presented in figures 18 and 19, represents

titration of uranyl nitrate in the presence of an equi

molar concentration of 1-hydroxy-^-naphthoic and ?-hydroxy-

3- naphthoic acids in 50 per cent alcoholic medium. In

both cases, the titration curve Is throughout lower than

the potentiometric curves for uranyl nitrate and tha

ligends alone indie ting chelation. Both the curves (curve 1,

figs.18 and 19) approach an inflexion point at m • ?. This

is in accord with a reaction of the type :

N fYV0H . <YVo
U0^*WCO0H - CO

W y
:UQfe + 2H

(1)

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

accordance with the reactions:

uo|+ +fYvOH

COOH

/VY?

W
HO* + H«0 +

J-COS 2

AV0

WH
-U<$ ♦ H+ (ID

UOg (OH) + H+ (iii)

Beyond m - 2, curve 1 (Pigs.18 and 19) assumes the

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



•

,J . ..
97

for the titration of uranyl nitrate with KOH. Thia fact

together with the formation of a yellow precipitate,
similar to uranium hydroxide in appearance, Indicated

decomposition of the 1:1 metal chelate into uranium
hydroxide and the free ligand anions. This conclusion
was confirmed by the actual isolation and analysis of the

precipitate. The precipitate, after being washed with
50 par cent alcohol, was treated with dilute hydrochloric
acid when a clear yellow solution was obtained. Had there

been any ligand, it would be precipitated in aqueous

solution. Purther, the solution in hydrochloric acia did
not give a blue colour with ferric chloride which has been
reported73 to be a characteristic test for o-hydroxy

naphthoic acids.

In figures 18 and 19, curve 2 represents titration
of uranyl nitrate in the presence of two moles of 1-hydroxy-
o.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 is no interaction between 1:1 chelate
and a second mole of the ligand, two moles of alkali being
consumed by the 1:1 complex and the third mole being used
up by the free acid ligand (one mole) present in the system.
This assumption was verified by the addition of the absc-
issae of curves 0 and 1 (Pigs.18 and 19). The calculated
curve so obtained (shown by crosses in Pigs. 18 and 19),
closely approximates to the experimental curve thus confirm
ing the above conclusion.
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Pig.??. Graphical evaluation of the dissociation constants
of l-iIydroxy-°-Naphthoic acid (Curve A) and
?-Hydroxy-3-Naphthoic acid (Curve 3) in 50 per cent
alcoholic medium. Ionic strength = 0.1M(KN0»),
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Pig. ?1. Method of continuous variations appllod
to uranyl-0-Hydroxy-3-Nciohthoate system
at different oH: (A) pH 4.3; (B) pH 3.8;
(C) pH 3.3. (Ta = TM) for each solution
= 0.004 M; Ionic Strength = 0.1m(KN03).



Pfg.?0. Method of continuous variations applied
to uranyl-l-Hydroxy-?-Naphthoate system
at different pH: (A) pH 4.3; (B)pH 3.8;
(C) pH 3.3. (TA + T55) for each solution
= 0.O04M; Ionic Strength - O.lM (1010-).

4
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Spectrophotometric Study

In Pigs?0 and 21 are shown the continuous variat

ions data obtained for uranyl-l-Hydroxy-?-Naphthoate

snd-?-Hydroxy-3-Naphthoate systems respectively. At all

wave lengths studied (460-520 m/M maximum absorption

was observed for solutions containing approximately

equivalent amounts of ligands and the metal ions indicat

ing formation of a 1:1 complex in both the systems.

Determination of .Equilibrium Constants

Dissociation constants of carboxyllc proton of the

hydroxy naphthoic acids (HoA), were determined from the

plots of -log|H*] against log LHA J (Pig."2), obtained
from the potentiometric data of curve 0 (Pigs.18 and 19).

The values of pK for l-hydroxy-^-n^phthoic and "-hydroxy.

3-naphthoic acids were found to be 3.75 and 3.68 respect

ively.

If K be the equilibrium constant of the reaction

Uo|+ ♦ H2A ?=£ UOgA ♦ 2H* (i)

we have

[UQgA][H+]2
K «-

[UOl4! [HgA]

The equilibrium constant K» of reaction

U0§+ ♦ HA"" «=^ UOgA + H+
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may be defined as

m [UOgA] £h+]
jjwfj [HA*]

With the help of expressions for K and Kft, it may

be shown that

K

KT"
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Prom the mathematical treatment presented by equations

(3-8)in the uranyl-mandelate system, values of the

equilibrium constants K and K*t 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-?-naphthoic acid

Curve 1 (Pig.?3), TA » TM » 5xlCT3M
Volume of reaction mixture before titration • 50 ml,

KOH(ml) 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 3.35 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. ?otent iometric titrations of equimolar
mixtures of uranylnitrate and 1-Hydroxy-
2-Naohthoic acid with K0H(0.rO in 50%
alcoholic medium: curve 1, 5x10""3M; curve
P., P.5xlO-3M; curve 3, I.?5xl0-3M. m =
moles of base added per mole of the metal
ion; ionic strength = 0.1M(KN03).

^
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Fig.24, Potentiometric titrations of equimolar
mixtures of uranyl nitrate and 2-Hydroxy-
3-Naphthoic acid with KOH(O.IN) in 50°/o
alcoholic medium: curve 1, 5X1.0-3M; curve ?,
2.5x10-3},'; curve 3, 1.25xlO-3M. m=moles of
base added per mole of the metal ion; ionic
strength = O.lM(KNOg).

J
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Curve 2 (Fig.?3), TA * % • P.SxlO"*3!!
Volume of reaction mixture before titration • 100 ml.

KOH(ml) 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

pH 3.15 3.20 3.?5 3.31 3.36 3.41 3.46 3.51 3.56

-log K 4.65 4.58 4.55 4.58 4.58 4.59 4.56 4.57 4.56

-log K» 0.80 0.83 0.80 0.83 0.83 0.84 0.81 0.82 0.81

Average value of -log K ** 4.57 ± 0.02 and
-log K»» 0.82 + 0.02

Curve 3 (Iig.?3), TA - TM » l.*5xlCT3M
Yolume of ra act ion mixture before titration * 200 ml.

KOH (ml) 0.2 0.4 0.6 0.8 1.0 1.2

pH 3.34 3.38 3.43 3.48 3.52 3.57

-log K 4.56 4.59 4.56 4.59 4.55 4.57

-log V 0.81 0.84 0.81 0.84 0.81 0.82

Average value of -log K• 4.57 t 0,0? and -logK««0.8?±0.02

Table XIII

Ligand t 2-hydroxy-3-naphtholc acid

Curve 1 (Pig.?4), TA • TM • 5xlO"3M
Volume of reaction mixture before titration - 50 ml.

KOH (ml.) 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 ?.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 4.7* 4.70 4.71 4.70 4.71 4.7? 4.71 4.72

A .log K» 1.06 1.07 1.04 1.0? 1.03 1.02 1.03 1.04 1.03 1.04
Average value of -log K m4.73 1 0.03 and

-log K' • 1.04 ♦ 0.03
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.-3,Curve ? (Pig.?4), TA « TM « ?.5xlO"°M
Volume of reaction mixture before titration * 100 ml.

KOH (ml.) 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

pH 3.19 3.?3 3.P8 3.34 3.39 3.45 3.51 3.56

-log K 4.76 4.76 4.73 4.75 4.73 4.75 4.74 4.76

-log K« 1.08 1.08 1.05 1.07 1.05 1.07 1.06 1.03

Average value of -log K « 4.74 1 0. OP and
-log K» » 1.06 { 0.02

Curve 3 (Fig.?4), TA • TM - l.PSxlCf^M
Volume of reaction mixture before titration » 200 ml.

KOH (ml.) 0.2 0.4 0.6 0.8 1.0

PH 3.38 3.40 3.45 3.50 3.56

-log K 4.74 4.73 4.^3 4,73 4.76

-log K* 1.06 1.06 1.06 1.05 1.08

Average value of -log K - 4.74 t 0.0? and -log K» * 1.06 t 0.02

The relatively constant values of -log K obtained

in tables XIX and XIII Indicated that in both cases, reaction

(i) 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 th?t the uranyl chelates of 1-hydroxy-P-naphthoic and

P-hydroxy-3-nephthoic acids do not polymerize under the exper

imental conditions employed.

The stoichiometry of 1:1 of the chelates was further

confirmed by the calculation of pK from the potentiometric



data of curve ? (Pigs. 18 and 19). Results of these

calculations are presented in tables XIV and XV.
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Table XIV

Ligand: L-hydroxy-?-naphthoic acid

Curve ? (Pig.18), TA - ?TM • 1.0xlO*"2M.
Volume of reaction mixture before titration-SOml

KOH(ml.) 0.0 0.4 0.8 1.2 1.6 2.0 ?.4 ?.8 3.? 3.6

pH 2.76 2.86 ?.95 3.03 3.10 3.18 3.?5 3.32 3.39 3.47

-log K 4.60 4.57 4.56 4.56 4.53 4.55 4.56 4.58 4.56 4.57

-log K» 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

Ligand : ?-hydroxy-3-naphthoic acid

Curve 2 (Pig.19), TA • 2TM - 1.0xlCT2M

Volume of reaction mixture before titration * 50 ml.

K0H(ml.) 0.0 0.4 0.8 1.2 1.6 2.0 ?.4 ?.8 3.2 3.6

pH 2,77 2.87 2.97 3.06 3.13 3.?1 3.30 3.37 3.43 3.50

-log K 4.76 4.7? 4.74 4.73 4.71 4.72 4.74 4.7? 4.72 4.71

-log K' 1.08 1.04 1.06 1.05 1.03 1.04 1.06 1.04 1.04 1.03

Average value of -log K • 4.73 t 0.02 and -log K* *1.0510.03

The constant vrlues of -log K, obtained in tables XIV

and XV are in good agreement with those given in tables XII

and XIII indicating that, in both oases, only a 1:1 complex

is formed even when an excess of ligand is present in the

system.
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SECTION II

UBANTL QHBLATBS OP SALICYLIC AND 5-SULPHO-SALICYLIO ACIDS

Although much work has been done M the salicylic acid

derivatives of uranium (VI), a survey of literature revealed

that a quantitative study of the equilibria involved in the

interaction of uranyl ion with salicylic acid has not been

un«.rtak.n *y th. .arll.r .—.. Onn.r! «• I——.'4
in 19°4, showed that uranyl salicylate forms addition comp

ounds with s number of metals (Na, K and Ba) and organic

bases. Uranyl salicylate, U02(HOCeH4000)gt has been crysta-
ne «g 77—80

llized in the anhydrons state'O,ro and also as hydrates

Formation of a 1:? uranyl salicylate has been reported by
81Dutt and Ooawami in aqueous medium.

Hok-Bernstrora8* h s studied the extraction of uranyl

ions by a salicylic solution in 4-methyl-^-pentanone. The

complexes U0j>(H0C6H5C00)2 and •£*%(•• C6H4C00)J were
shown to be present In the organic phase whereas the compl-

axaa [OOgtHO OgHgCOO)]* and U0g(0 CfiHBCOO) or !%<!• C6H4C00)(0H)
were present in the aqueous phase. ?he extraction of uranium(VI)

83
with salicylic acid in isoamyl alcohol has also been studied .

In view of the above and the study carried out on the

uranyl chelates of hydroxy naphthoic acids, it was considered

of Interest to extend this work to the uranyl-salicylate

system.

An equilibrium study of the interaction of uranyl Ion with

5-sulphosalicylic acid in the aqueous medium has recently been



Pig. 26
sy
of .

Su^aro^'o^rajraaen? SiSS*!™" fT-SulpWlicyli£iT(0?006lO and uranyl nitrate (0.0.05M) respectively in
50% alcoholic medium. m=moles of base added per mole of
the metal ion; ionic strength-0.1M(KN03).xxx,composite
curve of curves 0 and 1.

Potentiometric titrations of uranyl-5-Sulphosalicylaue
item with KOH(O.IK): curves 1 and 2 represent titrations
1:1 and 1:2 uranylnitrate-6-Sulphosalicylic acid mixt-

Blcoholic medium". (TM=0.005M
|h
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. Potentiometric titrations of uranvl-Salicylate
system with KOH(0.IN):Curves 1 and ° represent
titrations of 1:1 and 1:2 urqnyl^nitrate-Salicylic
acid mixtures respectively in ^0% alcoholic medium
(Ty=o.005M).Curves Oand 0' represent titrations of
Salicylic acid(0.005M) and uranyl nitrate(0.005M)

resoectively in 50 %alcoholic medium. m=moles of
base added per mole of the metal ion; ionic stren
gth = 0.1M(KKrC3). xxx, composite curve of curves
0 and 1.
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reported by Rajan and Martell84. This ligand has been
included in the present study in order to check the

experimental technique employed.

RBSULTS AND DISCUSSION

Potentiometric titrations of uranyl-salicylate

(Pig.?5) and-6-sulphosalicylate systems (Pig.^6) gave

curves essentially 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 1:1 metal chelate appears to be formed

under the experimental conditions. Prom a close simi

larity of these systems with the uranyl-naphthoate

systems, the Interaction of uranyl ion with salioylic and

5-sulphosalicylic acids may be represented as :

,2+
™? * COOH

and

ucf A*-CM

co / UOg + ?H<
0

...(I)

A-o
-03s!/-

.UOp + ?H+
CO^ ...(ii)
0

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

pitate of uranium hydroxide was formed.

The stoichiometry of 1:1 of the chelates waa further

confirmed by the Job's method of continuous variations.
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Pig.28. Method of continuous variations applied
to uranyl-5-sulPhosnlicylste system at
different oH: (A) pH 4.3; (3) pH 3.3;
(C) 3.3. (Ta + T'vl) foT each solution *
0.004''; Ionic Strength = O.lM (K?T03).
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Fig, °7. )d of continuous variation applied to
ursnyl-salicylate svstem. (Ta + Tm) for
each solution = 0.004M; /^= O.lM (KNQ-),
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In figures 27 and ?8 are presented the continuous

variations data obtained for uranyl-salIcylate and

-5-sulphosalicylate systems respectively. At all

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

complex is indicated.

Determination of Equilibrium Constants

Dissociation Constants of Acids:

Determination of equilibrium constanta of the

reactions required a knowledge of dissociation constants

of the acid ligands. It ia evident from curve 0 (Pig.?5)

for the titration of aalicylic acid that only the carb

oxyllc proton of the acid dissociates in acid solution.

Prom the potentiometric data of the curve, pKa of the

acid was found to be 3.94. Weakly acidic nature of the

phenolic proton of the ligand is also evident from a

13 fi
value of 1CT for its dissociation constant reported

by Perrin .

Curve 0 (Pig.26) for the titration of 5-sulpho-

salicyllc acid exhibits a sharp inflexion point at two

equivalents of alkali indicating that dissociation of the

carboxyllc and sulphonic acid groups of the ligand takes

place in overlapping steps. The dissociation constants,

K^ and K* of the acid (H^A) having a weakly acidic

phenolic proton, may be expressed as :

•i- (53)
^ ' CM
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[HA8"] I<I

It TA represents total concentration of 6-sulpho-

salicylic scid and T^ be the concentration which

the added b se would have if there were no reaction,

from the material balance we obtain

TA * LH3A1 * &?A"1 • ["A2"] (55)

TOH * Kl « 0*2*1 v ? [HA2"] (56)

In the lower buffer region of the titration curve

(curve 0, Pig.?6)f concentrations of A3"" and OH" were

negligible as compared to those of other species present

in the solution.

Combination of equations(53-56)gives

[ha~] ^ (57)
TTT

al ~*2

Elimination of Ih2A~] and £ha2"} between (54), (56) and
(57) and rearranging the terms yield

&!'{*<*+ 1**1 u M{TA-Tm,[HT}
gTA - *OH " PH «A - ^ - [H+] S

+\ \ ••« <58>
Thus a plot of the values of the expression on the left nan<3

side of equation 58, obtained from the potentiometric

- i
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Fig. 29 Graphical evaluation of the dissociation
constants of 5-sulphosalicylic aci'3
in P^ ner cent alcoholic medium. Ionic'"'
strength = O.lM (KP03).

~—: 7~^- xl° • f^;—: r:.T-,

(*,

r>rjl rp

OH - l« J °TA •• T0H -1H]
, .-6



'. 107
dsta of curve 0, against the corresponding values of

[H+] {ta - Tqh - K]}/ (?TA - Tffl - fr*] )Should
yield a straight line of slope K_ and intercept on

the [H4]9!Tqh ♦ [H+]j'/(?Til - Tgj - [H*]) axis equal
to L K_ • The values of pK_ and aJL from the

^1*2 al *2
above plot presented in figure 29 were found to be

2.84 and 3.60 respectively.

Equilibrium Constanta:

Since sulphonic acid group of 5-sulphosalioylic

acid is strongly acidic and it la a well known fact that

thia group does not take part in chelation reactions with

metals, as a first approximation, ^A"* may be considered

to be the ligand after the addition of one equivalent of

alkali to a reaction mixture containing an equimolar

concentration of uranyl nitrate and 5-sulphosalicylic aoid.

V lues of the equilibrium constant K of reaction (i)

and K*, equilibrium constant of the reaction:

Uo|* + HA" |SS± UO?A ♦ H*

obtained from the titration data of uranyl salicylate

and -5-sulphosalicylate systems are listed in tables XVI

and XVII respectively.
•

Table XVI

Curve 1 (Pig.30), Ligand: Salicylic acid: TA«TM * 5xl(T3M
Volume of initial reaction mixture * 50 ml.

K0H(ral.) 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

pH 3.06 3.13 3.19 3.?5 3.31 3.36 3.4° 3.48

-log K 4.83 4.84 4.8? 4.8? 4.8* 4.8? 4.83 4.84

-log K* 0.89 0.90 0.88 0.88 0.88 0.88 0.89 0.90
Average value of -log K • 4.83 1 0.01 and -log«C«» .3910.01



Fig.30. Potentiometric titrations of equimolar
mixtures of uranyl nitrate and Salicylic acid
in 50 %alcoholic medium: curve 1, 5xlO-3M;
curve 2, ^.5xlO~3M; curve 3, 1.?5x10"3m. m =
moles of bqse added per mole of the metal ion;
ionic strength = O.lM (KNC,).
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Curve ? (Pig.30), TA - TM « o.5xlCT3M
Volume of initial reaction mixture • 100 ml.

K0fi(ml.) 0.2 0.4 0.6 0.8 1.0 1.2

pH 3.?5 3.31 3.36 3.4? 3.47 3.53
-log It 4.88 4.88 4.84 4.86 4.84 4.86
-log K« 0.94 0.94 0.90 0.9? 0.90 0.92

Averaga value of -log K» 4.86 ± 0.02 and
-log K»« 0.92 ♦ 0.02

Curve 3 (F1g.30), TA - fg - l."5xlCT3M
Volume of initial reaction mixture • ?00 ml.

KOH (ml.) 0.0 0.2 0.4 0.6 0.8
pH 3.37 3.43 3.48 3.53 3.59

-log K 4.82 4.87 4.39 4.86 4.88
-log K» 0.88 0.93 0.95 0.91 0.94

Average value of -log K» 4.86 ± 0.03 and
-log K1 • 0.9? i 0.03

Table XVII

Ligand: 5-eulphosalicylic Acid

Curve l(Plg.31), TA * TM - 5xlCT3M
Volume of initial reaction mixture • 50 ml.

K0H(ml.) 3.0 3.? 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.?8 3.33 3.38 3.44

-log K 4.3? 4.31 4.31 4.31 4.31 4.3? 4.3? 4.3? 4.33 4.33
* -log K« 0.7? 0.71 0.71 0.71 0.71 0.7? 0.7? 0.7? 0.73 0.73

Average value of -logK - 4.3? + 0.02 and -logK-\7? t 0.01
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'ig. 31. Potentiometric titrations of equimolar mixtures
of uranyl nitrate and. S-Sulp'apsalicylic acid in
50 %, alcoholic medium: curve 1, 5xl0~^M; curve ?,
?.5xlO-3M; curve 3, 1.25xlO-3M. m=moles of base
added per mole of the metal ion; ionic strength3
0.1M(KNC3).
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Curve ? (?ig.31), TA -T„ - ?.5xl(T3M
Volume of Initial reaction mixture * 100 ml.

KOH(ml.) 3.0 3.? 3.4 3.6 3.8 4.0 4.? 4.4 4.6

pR 3.16 3.?0 3.?4 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 V 0.74 0.7? 0.70 0.74 0.75 0.73 0.7? 0.74 0.74

Average value of -log K m 4.33 ♦ 0.01 and

-log K«» 0.73 t 0.02

Curve 3 (Pig.31), TA - TM - l.*5xlCT3M
Volume of initial reaction mixture • ?00 ml.

K0H(ml.) 3.0 3.? 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 Kf 0.79 0.78 0.76 0.79 0.80 0.78

Average value of -log K • 4.38 t 0.02 and
-log K»« 0.78 1 0.0?

The relatively constant values of equilibrium constants,

independent of concentration, observed in tables XVI and

XVII showed that in both systems only a 1:1 mononuclear

chelate is formed under the experimental conditions

employed.

In order to verify the conclusion of the formation

of 1:1 uranyl-sallcylate and -5-sulphosalicylate chelates

attempts were made to calculate the equilibrium constants,

given above, from the potentiometric data of solutions



containing two moles of ligand per mole of the metal

salt. The results of these calculations are presented

in tables XVIII and XTX for the salicylate and suloho-

salicylate chelate systems respectively.

Table XVITI

Llgand-Sallcylic Acid

Curve I (Plg.?5), TA - ?T^ * 1.0x10"^
Volume of initial reaction mixture • 50 ml.

KOH (ml.) 0.0 0.4 0.8 1.2 1.6 ?.0 ?.4 °.8 3.2

pH 2.86 2.97 3.06 3.15 3."3 3.30 3.38 3.47 3.54

-log K 4.88 4.34 4.8? 4.85 4.85 4.83 4.83 4.86 4.86

-log K* 0.94 0.90 0.88 0.90 0.91 0.39 0.89 0.9? 0.9?

Average value of -log K • 4.85 ± 0.03 and
-log K* - 0.91 t 0.03

Table XTX

Curve ? (Pig.?6), TA m?TM • 1.0xl0-?M
Volume of initial reaction mixture • 50 ml.

KOH (ml.) 3.0 3.4 3.8 4.? 4.6 5.0 5.4 5.8 6.?

pH ?.81 2.90 ?.97 3.04 3.10 3.15 3.?? 3.30 3.42

-log K 4.34 4.31 4.34 4.36 4.3? 4.3° 4.3? 4.3" 4.33

-log K* 0.74 .71 0.74 H.76 0.7? 0.7* 0.7? 0.7? 0.73

Average value of -log K • 4.33 - 0.03 and

-log K» « 0.73 ± 0.03

The success thus achieved in obtaining constant values of

the equilibrium constants which are in close »greement

110



Ill

with the values calculated from the potentiometric data

of systems containing equimolar concentration of uranyl

nitrate and ligand, shows that even in the preaenca of

an excess of the llgpnds only a 1:1 complex is formed.

This conclusion obtains a further support from the work

of Rajan and Martell . Recently, however. Banks and Singh

have reported the formation of a 1:2 complex in system

containing two moles of 5-sulphosalicyllc acid per mole of

uranyl nitrate.
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SECTION III

URANYL CHELATES OP l-HYDROXY-?-NAPHTH ALDEHYDE

Although salicyldehyde derivatives of uranium(VI)
87

have been investigated earlier , a survey of literature

revealed that the complexes of l-hydroxy-?-nsphthaldehyde

have not been studied. In view of the above and the chel

ation studies of hydroxy-naphthoic acids, it waa consid

ered of interest to carry out a study of the interaction

of uranyl ion with l-hydroxy-?-naphthaldehyde which has
83

been reported 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 1:1 uranyl

chelates of hydroxy-naphthoic and salicylic acids, the

aldehyde also formed a 1:? complex in solutions of pH > 4.4.

RESULTS AND DISCUSSION

Curve 0 (Pig.3?) for the titration of 1-hydroxy-

?-naphthaldehyde exhibited a sharp inflexion at one equi

valent of alkali showing neutralization of the weakly

acidic phenolic proton of the ligand.

Curve 1 (Pig.3?) for the titration of uranyl

nitrate in the presence of an equimolar concentration of



l-hydroxy-?-naphthaldehyde showed a bend near m « 1,

followed by a sharp inflexion point at about ra • ?.?.

In the range m • 0-1, we may have a reaction of the

type

CHO ^C-O *
H

(I)

Beyond m * 1, the curve assumes a shape composite of

the latter half portione of curves 0* and 2 Indicat

ing the diaproportionation reaction

113

♦ 20H- «=±jy._^ \ ^UO2(0H)8

(ID

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 and 3
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Pig.33. Method- of continuous variations applied to
uranyl-l-Hydroxy-^-Naphthaldehyde system
at different pH: (A,A') pH 3.3;(B,B')pH 3.3;

(CC) pH 4.3; (D.D') pH 4.3. (TA + Tj,,0 for
each solution = 0.002M ; /> - O.lM (OO3).
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m

Potentiometric titrations of uranyl-1-Hyiroxy-^-TCaphthel-
dehyde chels : vstem with KOH in 50 per cent alcoholic
medium. Ourves 1,° pnd 3 represent titrations of 1:1,1:2
and 1:3 uranyl nitrste-l-Hydroxy-?-NHohthaldehyde mixtures
respectively (TM = 0.006M). Curvea 0 md represent
titrations of l-Hydroxy-°-Ni
molar mixture of uranyl nitrate ar•
dehyde. (TM = 0.00?5M). m - moles
the metal ion. Ionic strength =

le (0.005M) and equi-
tydroxy-°-Naphthal-
ise added per mole of
0'0,).

3
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(fig.3?) 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.

OCT C«C
H H (ill)

The reaction product is, however, unstable and dispropor-

tlonates giving a yellow precipitate in alkaline solutions.

Buffer region in curves ? and 3 in the pH range 7.5-3.5

may thus be explained on the basis of conversion of the

1:? complex Into hydrous uranium oxide and the utilization

of KOH by the free ligand In the system.

Pormatlon of a 1:1 chelate in acid solutions

(pH < 4.4) was confirmed by spectrophotometry employing

Job*s method of continuous variations (Plg.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 solid phase, It was not possible to

investigate the system by this technioue.

Values of the equilibrium constant for reactlon(l)

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



TABLE XX

Curve 1 (Pig.3?), TA » TM - 5xld"3M
Volume of initial reaction mixture • 50 ml.
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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 0.05
( ) Value not Included In average.

Curve 2 (Pig.3?), TM • 5.0xl0~3 Mj TA - I.OxICT'm

KOH (al.) 0.0 0.2 0.4 0.6 0.8 1.0

pH 3.10 3.?0 3.32 3.4? 3.53 3.6?

-log K 1.79 1.74 1.71 1.67 1.66(1.59)

Mean value of -log K « 1.7? ± 0.06
( )Value not included In average.

Constant 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, mathematical

analysis of the data could not be made.
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EXPERIMENT AL

(i) Uranyl chelates of l-Hydroxy-?-Naphtholc
and ?-Hydroxy-3-Naphthcie acids.

(ii) Uranyl chelates of salicylic and 5-sulpho-
sallcyllc acids.

(ill) Uranyl chelates of 1-Hydroxy- ?-Naphthaldehyde,



PART III

CHAPTER - II

IllllZIIItil

(i) URANYL CHELATES OP l-HYOROSY-2-HAPHTHOIC

AND 2-HYDR0XY-3—NAPHTHOIC ACIDS

POTENTIOMETRIC STUDIES

116

TABLE 1

TEMPERATURE • 30 ± 1CC

POTENTIOMETRIC TITRATION OP 50 ML. SOLUTION OP 5xlO"3M
IK l-HYPR0XY-2-NAP':iTH0IJ ACID WITH O.lM PQl'ASSIUH

HYDHCXIDS IN 50 PER CENT ALCOHOLIC W5DIU.HL

IONIC STRENGTH • Q.1M (KNOg).
(CURVE 0,PIG. 18)

Ml.of O.lM
KOH

I

I
pH Ml .of O.lM

KOH
pH

CO 3.17 ?.4 5.10

0.4 3.30 2.5 5.90

0.8 3.53 ».6 8.50

1.2 3.77 ?.7 9.40

1.6 4.03 ".8 9.85

?.o 4.37 ?.9 10.^5

?.2 4.62 3.0 10.53



TABLE ?

TEMPERATURE • 3g!:i0C
POTEST IOMaTRTO L'lTRATT^N ^P 50 ML. SOLUTION OF 6x10"^ IK

URANYL NITRATE 7ITH 0.1 M KOH IN 50 I ALCOHOLIC MJSDIM.

IOHC STR3NC-TH • 0.1 M(KNO?)
(cuava 0'. PIG. 18)

^-3„
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Ml.of O.lM
BOB

pH na.of O.lM
KOH

PH

0.0 3.7" 4.4 5.14

0.4 3.97 4.8 6.30

0.8 4.15 5.2 5.55

1.? 4.?4 5.5 5.90

1.6 4.33 5.8 6.90

9.0 4.4? S.O 8.00

?.4 4.57 6.2 8.98

".8 4.68 6.4 9.55

3.? 4.85 6.6 10.00

3.6 4.97 6.8 10.38

4.0 5.03 |
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TABLE 3

TEM?SP.ATURE « 3Ctl°C
F-9*POJISNglOMETRIQ TITRATION OP 50 ML. SOLUT'ON CP 5x10 ;tt IN

URANYL NITRATE AFP 5xlCT3« IT l-HYDR^NY-2.NAPiTHOI0 ACID
WITH O.lM POTASSIUM RTPROIIDE g 50 I ALCOHOLIC MEDIUM

IONIC ^!J2^:VL » 3.th(KM03)
CCUHV; 1. PIS.13)

Ml,of O.lM
KOH

pH Ml .of 0,
KOH

1*4 J
i

PH

0.0 2.90 6.? 5.00

0.4 3.03 5.5 5.08

0.8 3.15 6.0 5.17

1.2 3.?4 6.5 5.33

1.6 3.35 7.0 5.57

2.0 3.46 7.5 5.95

?.4 3.54 3.0 6.58

?.8 3.65 8.4 7.70

3.2 3.78 8.6 8.45

3.6 3.92 8.8 9.45

4.0 4.10 9.0 10.15

4.4 4.40 9.2 10.70

4.8 4.70 9.4 11.00

6.0 4.87 9.6 11.20
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TABLE 4

TEMPERATURE • 30xl°C

POTSNTIOMCTRIC TIT RAT ION OP 50 ML. SOLUTION OP 5xl0*3M IN
URANYL NITRATE AND l.QxlCT'M IN l-)ITDRONY-?-NAPHrHOIC
ACID >VITH O.lM POPASSIUM HYDROXIDE IN 50% ALCOHOLIC

M'iDIUM. IONIC STRENGTH • 0.1 M(KNOl)
(CURVE 9. PIG.18)

Ml.of O.lM
KOH

0.0

0.4

0.8

1.2

1.6

?.0

?.4

?.8

3.?

3.6

4.0

4.4

4.8

5.?

5.6

6.0

6.4

PH

?.76 6.8 4.5?

?.86 7.? 5.00

9.96 7.4 5.?6

3.03 7.6 5.40

3.10 7.8 5.46

3.18 8.2 5.54

3.26 8.6 5.69

3.3? 9.0 5.70

3.39 9.4 5.85

3.45 9.8 6.20

3.5? 10.2 6.60

3.60 10.4 7.10

3.7? 10.6 7.60

3.8? 10.8 8.05

3.91 11.0 9.00

4.07 11.2 10.20

4.?5 11.4 10.75
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TABLE -5

TEMPgRATURE « 30*10C

POTENTIOMETRIC TITRATION OP 50 ML. SOLUTION OP 5xlCT3M IN
ii I ' » '" I I I I •• I II T ii ii I II .1 <

URANYL NITRATE AND 1.6x10" "M IN 1-.HYDR0XY-2-NAPHTH0I0

ACID Wlffl O.lM KOH DT 50 % ALCOHOLIC MEDIUM
IONIC STRENGTH • O.lMCPTOj)

(CURVE 3. FIG.18)

Ml.of O.lM
KOH

pH Ml.of O.lM i
KOH

pH

0.0 9.76

1

10.0 5.55

0.5 2.86 10.5 5.60

1.6 2.98 11.9 6.78

?.5 3.10 19.0 6.05

3.5 3.?4 19.5 6.60

4.5 3.34 1?.8 7.13

5.0 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 13.6 10.01

9.0 4.64 14.0 11.00

9.5 5.00 14.2 11.20

9.3 5.36
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TABLE .6

TEMPERATURE 30±1°C
.-3,POrSNTIO'iEPRIC TITRATION OF 60 ML. SOLUTION OF 5x10 UM IN

2-HYDR0XY-3-NAPHTH0IC AOID fflTH O.lM POTA ;SIUM HYDROXTDE

IN 50 %ALCOHOLIC MEDIUM. IONIC STRENGTH»0.1?)l(KN03l

Ml.of O.lM |
KOH

pH Ml.of O.lM
KOH

pH

0.0 3.1? ?.4 5.05

0.4 3.?6 9.5 5.76

0.8 3.48 9.6 8.60

1.2 3.71 ?.7 9.45

1.6 3.96 2.8 9.90

".0 4.30 ?.9 10.30

2.9 4.56 3.0 10.60
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TABLE 7

POPENT IOMETRIC

TRMPE:UTURE

TITRATION OP

<VNP 5x10~3^

= 30±3

50 ML,

IN ?-I

SOLUTION OP 5xlC~3M IN
URANYL NITRATE tYDR0NY-3- NAPHTHOIC ACID

WITH O.lM POTASSIUM HYDROXIDE IN 50% ALCOHOL];o MEDIUM

IONIC STRENGTH = 0, 1M (KNQ.)

(CURVE 1. PIG, all

Ml.of O.lM
KOH

PH
1

Ml .of 0,
KOH

11 pH

0.0 ?.93 5.? 4.79

0.4 3.06 5.4 4.85

0.8 3.17 5.8 4.93

*** 3.?8 6.? 5.00

1.6 3.40 6.6 5.10

?.o 3.51 7.0 5.?6

2.4 3.63 7.4 5.50

2.8 3.75 7.8 5.90

3.? 3.88 8.? 6.90

3.6 4.04 8.4 7.60

4.0 4.?3 8.6 8.70

4.4 4.43 8.8 9.80

4.8 4.61 9.? 10.40

5.0 4.71 9.4 11.00
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TABLE 8

i*i<>,TEMPERATURE « 3QllvC
-3,POTSNTIOMgrRIC TITRATION OF 50 ML. SOLUTION CP 5xlO"^M IF

URANYL NITRATE AKD 1.0xlO"g?4 IN S-HYDR0XY-3 NAPHTHOIC
ACID WIPH 0.1?a KOH IN 50 % ALCOHOLIC MEDIUM. IONIC

STRENGTH • 0.1 MCKNOg)
(CURVE ?. PIG.19)

Ml. of O.lM 1
KOH

pH Ml.of o.im!
KOH

pH

0.0 2.77 6.4 4.°2

0.4 9.87 6.8 4.4°

0.8 ^.97 7.2 4.80

1.? 3.06 7.4 5.00

1.6 3.13 7.6 5.10

9.0 3.?1 8.0 5.?5

?.4 3.30 8.5 5.35

2.8 3.37
a

9.0 5.50

3.? S.43 9.5 5.75

3.6 3.50 10.0 6.10

4.0 3.60 10.5 6.75

4.4 3.70 10.8 7.50

4.8 3.78 11.0 8.50

6.9 3.88 11.2 9.20

5.6 3.98 11.4 9.70

6.0 4.10 11.6 10.10

6.2 4.16 19.0 10.60



TABLE -9

TSMPERATURE • 30tl°C
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POT EOT I OMETRIC TITRATION OP 50 :4L. SOLUTION OF SxlCT5;" IN
URANYL NITRATE AND 2.QylO"?M IN 2-HYDRQXY-3 NAPHTHOIC

ACID VITH 0.1^ KOH IN 50 % ALCOHOLIC MSOIUM
hi i••• • .iliii —a——•"—••* •• I " — *^i mnun—g—'«• i—mwww n—wwm —iimmw up—>

IONIC STRENGTH • 0.1™ (KNQg)
(CURVE 3. FIG.19)

Ml. of O.lM
KOH

PH Ml.of O.lM 1
KOH

pH

0.0 2.80 1?,5 5.?8

1.0 2.90 13.0 6.55

2.0 3.03 13.5 5.65

3.0 3.18 14.0 5.75

4.0 3.35 14.5 5.90

5.0 3.50 15.0 8.00

6.0 3.63 15.5 6.55

7.0 3.75 15.8 7.20

8.0 3.90 16.0 7.90

9.0 4.05 16.2 8.75

10.0 4.?? 16.4 9.75

11.0 4.45 16.6 10.30

19.0 4.86



TABLE 10

BRATU8S * 30 - 1°0
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JQP^S M&V P C0NTIT1U0US VARIATIONS APPLIED TO URANYL-1-HYDR-

0XY-2-HAPMTH0ATE CO'tP^SX AT pH 3.3 KEEPING THE .ECi'AL VOLUME

0QR3TAH: (50 Al,) OP SAC? 3 0LUTIQH 5Y THE ADDTf ION OF 60

PERCENT ALCOHOL. IONIC STRENGTH « O.T* (KN
3F"INITIAL (UQJT ♦ 0R0"3TC LIGAND)COHOSH?RAC T0«

( FIGURE 20 )

4xl(T3M

tfave m
length 460 mjx *av« . - 50^ •

length
taw
length

* 820 iV*

X
0.0.
Comp
lex.

.120

O.D.

uo|+

.004

Diff.

in
O.D.

cost-

olex
9*-

Biff,
in
O.D.

Us.
Coa-

pj-ex.

1tJ.B.

.002

In
O.D.

0.1 .116 .110 • 002 .103 .096 .093

0.2 .193 .004 .189 .163 • 003 .160 .140 .002 .138

0.3 ."56 • 006 .281 .?3? • 004 .228 .200 .002 .198

0,4 .296 . Ouo .290 ,?88 .008 .?80 • ?28 .003 .2??

0.8 .320 .008 .312 .286 .008 ."60 ."36 .004 .931

0.8 ,?90 .03.0 .280 .245 .008 .937 .920 • 005 .218

0.7 .270 .013 .967 .252 • 010 .22? • 190 • 006 .184

0.8 .190 .018 .172 .188 .01? .183 .150 • 008 .144

0.9 .108 .018 .090 • 092 .014 • 078 .030 • 008 • 07t
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irA3LE - 11

©•3 METHOD OP C

TEMPERATURE • 30±1°C
TO UR ANYL-L-H

OLUtfE CO

J( ONTINUOUd VARIATIONS APPLIED YDROXY-

5'-NAPHTHOATE COMPLEX AT pH 3t8 KEEPING THa i?OTAL V N ST ANT

(50 ML)
IONIC

OP EACH

STRENGTH

SOLUTI

• O.lM

ON BY THE ADDITION OP 50 2 ALCOHOL t

(KNOJ. INITIAL (UOp + ORGANIC LIGAND)

CONCENTRATION = 4xlCT3M.

(PIG. ?0)

wave length*460 a/t Ware !Length»600 ale wave length»5?0 m>U-

X
O.D.

Comple
O.D.

* uoi;*
Dlff.

in O.D

O.D.

Comp
lex.

O.D. Dlff.

in O.D

O.D.

Comr>l

b.D.

ex UC?*
Diff.

O.D.

0.1 .190 .005 .185 .155 .004 .151 .140 .004 .136

0.2 .350 .006 .344 .306 .006 .300 .?65 .004 .281

0.3 .518 .008 .510 .441 .007 .434 .380 .008 .375

0.4 .596 .009 .587 .500 .008 .49? .435 .005 .430

0.5 .645 .010 .635 .550 .010 .540 .456 .005 .451

0.6 .698 .015 .583 .502 .01? .490 .4?5 .006 .419

0.7 .610 .018 .492 .4?5 .013 .419 .37? .007 .365

0.8 .345 .020 .325 .?98 .015 .283 ,?60 .008 ,?52

0.9 .190 .09? .168 .155 .016 .139 .140 .009 .131
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TABLE - 1?

TEMPERATURE • 30*1°C
JOB'S METHOD OF CONTINUOUS VARIATIONS APPLIED TO URANYL-l-HYPROXY-?-

NAPHTHOATE COMPLEX AT pH 4.3 KEEPING THE TOTAL VOLUME! CONSTANT (5 OML)

OP EACH SOLUTION BY THE ADDITION OP 50 % ALC010L. IONIC STRENGTH"

O.lM^Op). INITIAL (U0|* +ORGANIC LIGAND )CONCENT RAT 10N«4xlCT3M
(FIG.?0)

Wave length»460 mp. Wave length»l500 m Wave length • 5?0 mjx

X O.D. O.D.

Complex U02*
Diff.

in O.D

O.D. O.D.
2+Complex UOg

Diff.

in O.D

O.D. O.D.

Comolex UOg
Dlff.ln

O.D.

0.1 .300 .008 .29? .?65 .006 .?59 ."30 .004 .226

0.? .546 .010 .538 .460 .008 .459 .400 .004 .396

0.3 .74? .01? .730 .6?0 .008 .619 .540 .006 • 535

0.4 .950 .015 .935 .770 .009 .761 .670 .005 .665

0.5 1.050 .018 1.039 .8?5 .010 .815 .706 .006 .700

0.6 ,9?8 .020 .908 .755 .01" .743 .655 .007 .648

0.7 .736 .0?2 .714 .610 .014 .596 .636 .008 .6?8

0.8 .536 .024 .519 .445 .015 .430 .396 .008 .388

0.9 .310 .025 ,?85 ,?58 .018 .?40 ,2?5 .010 .215
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TABLE - 13

TEMPERATUR3 g 30*1°C
JOB'S METHOD OP CONTINUOUS VARIATIONS APPLIED TO URANYL-2-'!YDR0XY-

3-NAi»HTH0AT3 SYSTEM AT pH 3.3 KEEPING PgJ TOTAL VOLUaB CONSTANT

(50 IL) OP 8ACH SOLUMON BY THE ADDITION OF 50 % ALC010L. IONIC

O.lMtKIIOg). INITIAL(UO%* + ORGANIC LIGAND) CONCENT-
RATION = 4xlCT3M

STRENGTH

4*10

(FIG.91)

Wave leng;th • 460 mu> Wave length « 500 m/c

X O.D.
Coranlex

O.D. Diff.

in O.D.

O.D.
comi)les

O.D.

• <
Diff.

in O.D.

0.1 .064 .004 .060 .055 .002 .053

0.? .11? .004 .108 .093 .003 .090

0.3 .140 .005 .136 .115 .004 .111

0.4 .150 .006 .144 .198 .005 ,1"3

0.5 .165 .008 .157 .145 .006 .139

0.6 .145 .010 .135 .126 .008 .118

0.7 ,1"6 .013 .112 .099 .010 .089

0.8 .115 .018 .097 .09? .012 .080

0.9 .076 .018 .058 .059 .014 .045

/
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TABLE - 14

TEMPERATURE • 30*1°0

JOB'S METHOD rp CONTINUOUS VARIATIONS APPLIED TO URANYL-2-HYDRQXY-3-
HmSai SYSTEM A,: pH 3.8 K^INQ THE TOTAL V0LU7 . ^Sf^-teOMDOF
SAC? SOLUTI OR BY THE ADDITION OP 60 fr ALCOHOL. IONIC STRENGTH »
SEES! IKimL Wcg+fOROANlC LIGAHD)C0NC^TRAT10N«4X1CT.I

(FIQ.gl)

*uve Iength-460 a/v Wave length«600 mp- Wave length»5?0 aM

3t

O.D.
COiBJl-
ax.

.186

O.D.

.008

Diff.in
O.D.

1
.181

O.D,
Compl
ex.

.140

O.D.
««2*
UQ2

,004

Dlff.
in

O.D.

O.D.
compl
ex.

O.D.

UOg*
Diff.
in O.D

0.1 .136 .122 .004 •118

0.2 .?45 .006 ."39 ,?20 .006 .?14 ,192 .004 .188

0.3 .340 .008 .33? .310 .007 .303 .288 .008 .260

0.4 .388 .009 .376 .350 .008 .34? .300 .005 .295

0.5 .4?0 .010 .410 .385 .010 .376 •3?8 .008 ,3?0

0,6 .385 .018 .370 ,350 .01" .338 .300 .003 .294

0.7 .336 .018 .317 ,?95 .013 .88? .180 .007 .843

0.8 .270 .020 .250 , **«3a .015 .??9 .200 .008 .192

0.9 .158 ,0?2 .196 .130 .016 .114 .116 .009 .106
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TA3L3 -15

TEMPERATURE • 30H°C

JOB'S METHOD OP CONTINUOUS VARIATIONS APPLIED TO URANfL-P-HYDROXY-S-

WAPHTHOATE SYSTEM A'i-|mpH 4.3 KEEPING THE TOTAL .VOLUME CONST ••NT(60 ML)
OF EACH SOLUTION W THE ADDITION OF 50 % ALCOHOL. IONIC STRENGTH

»0.1M(KNOj). INITIAL (U0J[*+0R6 NIC LI0AND)C0NCKMT3A PTOW4xl (T3*
jgfclaJ

Wave length-460 m/v Wave length*'800 a/^ Wave 1*mgth*!5?0 mp~

X

O.D.
compl
ex.

O.D.

ucf*
Dlff.
in. O.D

O.D.
coapl-
ex.

O.D.
2+

uo2

Diff.
in.
O.D.

O.D. O.D.
complex ygg*

Dlff.
in
O.D.

0.1 .0270 .008 ,9g? .ft46 .006 ."40 .210 .004 .208

0.2 .460 .010 •440 .4?6 .008 .417 .366 .004 .36?

0.3 .618 .01? .606 •585 ,008 .887 .490 .005 .486

0.4 .700 .016 .688 .648 .009 .636 .860 .005 .566

0.6 .780 .018 .762 .886 .010 .676 .586 • 006 .680

0.6 .695 .020 .676 .630 .COL? .818 •841 .007 .834

0.7 .588 .0?2 .666 .680 .014 .816 .46? .003 .484

0.8 .440 .024 .416 .390 .018 • 875 .348 .008 .337

0.9 ."79 .098 .284 .?60 • 018 .24? .900 • COLO .190
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TABLE - 16

TEMPERA 'URS » 30*1°C

POTENT IOMETRIC TITRATION 0? 100 ML. SOLUTION OP 2.5xlCT3M IH
URAHYL NITRATE AND P.5xlQ~3M fl I-HTDROXY-9-NAPHTHOIC ACID
nm o.^m potassium hydroxide in so % alc- hqlic medium

IONIC STRENGTH • 0.1BS (KSOg)
(CUHVB 2. FIQ.P3)

Ml. of O.lM
KOH

PH Ml. of O.lM
KOH

PH

0.0 8.1? 8.8 8. 'J

0.4 3.20 6.? 6.34

0.8 3.51 6.6 6.44

1.8 3.41 7.0 8.60

1.6 3.81 7.4 8.88

?.0 3.61 7.8 6.80

8.4 1.71 8.0 6.50

2.8 3.8? 8.? 6.80

8.2 3.98 8.4 7.16

3.6 4.08 8.6 7.80

4.0 4.?6 o.o 8.60

4.4 4.50 9.0 9.30

4.8 4.80 9.9 9.90

5.0 4.98 9.4 1*46

5.4 8.12 9.6 10.78

_.±
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TABLE -17

TEMPERATURE « 30±1°C
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-3,
POTENTIOMETRIC TITRATION OP ?00 ML. SOLUTION OF 1.95x10 "M IN

URANYL NITRATE AND 1.25xlO~3M IN L-tffDR0XY-9-HA?HTH0IC ACID
'VITH O.lM KOH IN 50% ALCOHOLIC MEDIUM

IONIC STRENGTH » O.lM (KNO3)

(CURVE 3. FIG.93)

Ml.of O.lM
KOH

PH Ml.of O.lM
KOH

PH

0.0 3.28 5.6 5.26

0.4 3.38 6.0 5.36

0.8 3.48 6.4 5.45

1.2 3.57 6.8 5.60

1.6 3.67 7.2 5.75

9.0 3.78 7.6 8.03

2.4 3.88 8.0 5.47

?.8 4.01 8.4 7.04

3. Z 4.14 8. 7.58

3.6 4.30 8.8 8.30

4.0 4.45 9.0 9.18

4.8 4.90 9.2 9.80

6.0 8.02 9.4 10.?8

5.2 5.10 9.6 10.56

5.4 5.20 9.8 10.75
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TABLE -18

TEMPERATURE 30±1°C

POTENTIOMETRIC TITRATION OP 100 ML.SOLUTION OP ?.5xlCT3M IN
URANYL NITRATE AND 8.5xl(T8M IN 2-HYDR0XY-3-NAPHTH0IC ACID
WTH O.lM POTASSIUM HYDROXIDE IN 50 % ALCOHOLIC MEDIUM

IONIC STRENGTH • O.lM (KNOj)
(CURVE 2. FIG.24)

Ml.of O.lM
KOH

0.0

0.4

0.8

1.2

1.6

9.0

2.4

?.8

3.^

3.6

4.0

4.4

4.8

5.0

5.4

PH Ml.of O.lM
KOH

pH

3.17 5.8 5.00

3.?3 6.? 5.07

3.34 6.6 5.16

3.45 7.0 5.33

3.66 7.2 5.40

3.67 7.6 5.70

3.78 8.0 6.95

3.9? 8.4 6.90

4.05 8.6 7.07

4.94 8.8 8.45

4.43

4.60

4.75

4.85

4.95

9.0

9.?

9.4

9.6

10.0

9.90

9.85

10.40

10.75

11.90
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TABLE - 19

30±1°CTEMPERATURE
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,-3,
POt'ENTIOMffRIC TITRATION OP 200 ML. SOLUTION OF l."5xl0" g IN

URANYL NITRATE AND l.""5xl(r3 MIN P-HYDR0XY..3 NAP ITHOIC ACID
KITH O.lM KOH IK 50 % ALCOHOLIC MEDIUM. IONIC

ggHKB * °'m (KNOj). (CURVE 3.PIG.24)

Ml.of O.lM
KOH

pH

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.? 5.51

".0 3.8" 7.8 5.70

2.4 3.94 8. C 6.15

9.8 4.08 8.4 6.86

3.2 4."3 8.6 7.35

3.6 4.40 8.8 7.85

4.0 4.56 9.0 8.56

4.4 4.7? 9.? 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



(ii) URANYL CHELATES OP SALICYLIC AND
6-SULPHO SALICYLIC ACIDS

POTENTTOMBTRIC STUDIES

TABLE -?0

TEMPERATURE » 30 - 1° C

135

,-3,POTENTIOMETRIC TITRATION F 50 ML. SOLUTION OF ExlO"^? IN SALICYLIC

ACID WITH O.lM POTASSIUM UTDRCXIDJ IN 50 % ALCOHOLIC MEDIUM.
I ONTO STRENGTH m Q.iy (KNO3J

(CURVE 0. FIG.95)

Ml . of 0.
KOH

u PH Ml .of 0.
KOH

in \
\

pH

0.0 3.?? 2.2 - 4.80

0.4 3.43 ?.3
•

5.?5

0.8 3.69 2.4 6.94

1.2 3.94 9.5 10.10

1.6 4.21 9.6 10.80

?.o 4.56 ?.7 11.15
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IABLB -n

TEMPERATURE « 30±1°0

POTENTIOMETRIC TITRATION OP 50 ML. SOLUTION OF 5x10 3M IN URANYL

NITRATS AND 5xlO~3M IN SALICYLIC ACID WITH O.lM POTASSIUM

HYDROXIDE g 50 2 ALCOHOLIC isum. ionic STRING laap.i«(ra,%2

•

(CURVS 1, PIG. ttl

Ml. of 0.
KOH

1M j PH
|

Ml.of O.lM 1
KOH 1

1 •

pH

0.0 ?.99 5.8 4.98

0.4 3.13 6.? 5.06

0.8 3.?6 6.6 5.18

1.? 3.36 7.0 5.31

1.6 3.48 7.4 5.57

2.0 3.69 7.8 5.98

2.4 3.69 8.? 6,70

?.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 9.60

4.4 4.48 9.? 10.26

4.8 4.68 9.4 10.85

5.0 4.80 9.6 11.10

5.4 4.90

1—



TABLS -"?

TEMPERATURE » 30*1°C
.-3,

POTENTIOMETRIC TITRATION OP 50 ML. SOLUTION OF 5x10" g IN
URANYL NITRATE A?TD 1.0x10" M IN SALICYLIC ACID WI fl O.lM

POTASSIUM HYDROXIDE IN 50 % ALCOHOLIC MEDIUM. IONIC
STRENGTH • 0.1M(KNOg)

(CURVE ?. FIG.P5)

Ml.of O.lM
KOH

0.0

0.4

0.8

1.2

1.6

?.0

9.4

9.8

3.2

3.6

4.0

4.4

4.8

5.?

5.6

6.0

6.4

?.86 6.8

9.97 7.?

3.06 7.4

3.14 7.6

3.?3 7.8

3.30 8."

3.38 8.6

3.47 9.0

3.54 9.4

3.6? 9.8

3.71 10.0

3.82 10.4

3.92 10.6

4.03 10.8

4.15 11.0

4. "6 11.2

4.40 11.4

4.67

4.93

5.07

5.18

6.?4

6.35

5.45

5.56

5.67

5.80

6.05

6.65

7.16

7.80

8.60

9.30

9.90

137



TABLE -23

TEMPERATURE • 30 ± 1°C

POTENTIOMETRIC TITRATION OP 50 ML. SOLUTION OF 5xlO~3M
5-SULPH0-3ALICYLTC ACID -vITH O.lM POTASSIUM HYDROXIDE

IN 50 PER CENT ALCOU^LTC MEDIUM. IONIC STRENGTH

• O.lM (KNOg). (Curve 0. Fig.96)

Ml.of O.lM
KOH

pH Ml.of O.lM
KOH

pH

0.0 2.65 4.0 3.80

0.4 ?,74 4.4 4.12

0.8 2.84 4.6 4.50

1.2 9.95 4.8 5.02

1.6 3.04 4.9 8.09

?.o 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

138
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TABLE -?4

TEMPERATURE - 30±1°C

p*.POfSNT IOMETRIC TIT RAT 108 OF 50 ML. SOLUTION OP 5xlO"°M IN URANYL

NITRATE AND 5x1(T3M IN 5-SULPHO-SALICYLIC ACID «VITH O.lM
P^ASSIUMlfffflOXTDE IN 85 S AtoWOtlO ^EDIUiUMc" ~

STRENGTH « 0.1! (KNQx)

(CURVE l.PIG.?6)

Ml. of O.lM
KOH

pH Ml.of O.lM
KOH

pH

0.0 2.48 7.0 4.61

0.4 ?.63 7.3 4.80

0.8 ?.58 7.5 4.94

1.2 ".64 *.7 8.00

1.6 ".69 8.0 8.06

2.0 9.76 8.5 8.?0

2.4 ".82 9.0 5.41

2.8 2.9? 9.5 5.63

3.8 3.03 10.0 6.00

8.6 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 3.56 11.1 9.75

5.6 3.70 11.4 10.50

6.0 3.90 11.6 11.00

6.5 4.?1



TABL3 -25

TEMPERATURE - IOtl*0

140

POP SNTI OMETRIC TITRATION OP 50 ML. SOLUTION OF 5xlO~3M IN URANYL
NIfRATE AND l.QxlCT'M IN 5-SUL^10-SALICYLIC ACID .VIT 1 O.lM

POTASSIUM HYDROXIDE IN 50 % ALCOHOLIC MEDIUM.

IONIC STRENGTH • 0.1M(KN03)
(CURVE 2. FIG. 28)

ML. of O.lM
KvH

PH Ml.of O.lM
KOH

pH

0.0 ?.37 11.6 4.58

0.8 2.47 1P.0 8.05

1.6 2.86 19.? 5.90

?.4 ?.68 19.8 6.37

M 2 ?.86 13.0 5.45

4.0 3.01 13.6 5.65

4.8 3.13 14.0 5.80

5.6 3."6 14.4 6.02

8.4 3.36 18.0 6.43

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 16.9 10.14

10.4 4.20 16.4 10.64

10.8 4.3? 16.6 11.05

11.? 4.43 16.8 11.?8
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TABLE - ?6

TEMPERATURE • 30*1°0
JOB'S METHOD OP CONTINUOUS VARIATIONS APPLIED TO URANYL-

SALICYLATE SYSTEM AT pH 3.3 K CBPINO CHE I'OTAL VOLUME

CONSTANT BY THE ADDITION OP 50 PERCENT ALCOHOL.

IONIC STRENGTH«0.1M(K^03)
INITIAL(U0»%SALICYLIC ACID)C0NCSNTR.ATIQN«4xl0"3M

(FIGURE 97)

oTd.
ffave Length»460 bu^

Dlff.in
O.D.

O.D.
Coaplex UQ?+

0.1 .034 .004

0.2 .054 .004

0.3 .070 .005

0.4 .08? .006

0.5 09? • 008

0.6 . 990 .010

0.7 079 .013

0.8 .066 .018

0.9 .048 .018

.030

.060

.065

.076

.084

.080

.066

.048

.030

fave Ieni»:th«5Q0 mJU
Hff.in

O.D.
O.D.

Complex
O D

?♦

.099

.034

.06?

.069

.070

.066

.060

.060

.036

.00? ,0?0

.003 ,040

:oo4 ,048

.005 ,057

.006 ,064

.008 ,058

.010 ,050

.01" .038

.014 ,0?"
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TABLE -?7

TEMPERATURE » 30*1°C
JOB'S METHOD OP CTTIWUOUS VARIA'IONS APPLIED TO URANYL-

SALICYLATE COMPLEX AT pH 3.8 KEEPING TH5 TOTAL VOLUME

(50 ML) BY THE ADDITION Op 50 PERCBN1' ALCOHOL.

IONIC STRENGTH « O.IM(KNO^)
INITIAL (VOS* SALICYLIC ACID)c6nOBNTRATIOR«4x1CT31I

(FIGURE 9?)

$ave" ten •460 mju Wave lenirth * 50< ) Jmu,

x O.D.
Comp
lex.

O.D.

<
Diff.in

O.D.
O.D.

Complex
O.D. Diff.in

uo** °-D-

0.1 .090 .005 .086 .064 .004 .060

0.2 .148 .008 .14? .113 .006 ,107

^.3 .195 .008 .187 .153 .007 .146

0.4 .??6 .009 .?17 .170 .008 .16?

0.5 .246 .010 .238 .190 .010 ,180

0.6 ,??6 .015 ,?11 .170 .01? .168

0.7 .196 .018 .178 .150 .013 .137

0.8 .148 .020 ,1?8 .110 .015 .096

0.9 .085 .0?? .063 .07 .016 .054



M
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TABLE -28

0,
TEMPERA i'URE • 5C±1 C

JOB'S METHOD OP CONTINUOUS VARIATIONS APPLIED TO URAEYL-SALIQYLATB

COMPLEX AT PH 4.3 KEEPING THE TOTAL VOLUMS CONSTANT (50 ML)

BY THE ADDITION OF 50 %ALCOHOL. IONIC SgRENGCH^C.l.M^KNOj)
13+ *-3,INITIAL (UOg + SALICYLIC ACID) CONCENT RAT I0N-4ylQ-JM

(PIG.27)

Wavel length^SOmM Wave length3*500 a> Viteve length-520 mj>-

X O.D.
Complex

O.D.

<
Dlff.ln

O.D.
O.D. O.D.
Como- nr?+
lex uo2

Diff.
in O.D

O.D.
Comp
lex

O.D.

uof*
Dlff.ln

O.D.

0.1 .1?8 .008 .190 .09? .006 .085 .058 .004 .054

0.2 .940 .010 .?30 .18" .008 .174 .1?5 .004 .1?1

0.3 .340 .01? .328 .256 .008 .?48 .180 .005 .175

0.4 .376 .015 .371 .?97 .009 .987 .206 .005 .*oo

0.5 .415 .018 ,397 .318 .010 .308 .224 .006 .?18

0.6 .375 ,0?0 .365 ,?88 .012 .P76 .195 .007 .188

0.7 .3?8 .02? .303 .244 .014 .230 .170 .008 .18?

0.8 .936 .0?4 .208 .173 .015 .158 .120 .008 .11?

0.9 .135 .096 .110 .093 .018 .075 .060

I

.010 .050
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TABLE -?9

TEMPERATURE » 30±1°C

JOB'S METHOD OP CONTINUOUS VARIATIONS APPLIED TO URANYL-5-

SULPHOSALICYLATB SYSTEM AT pH 3.3 KEEPING CHE ?3TAL VOLUME

,rr.r:A-: (50 ra.) of rac;1 IfflHUJI B "^ jWmWM "?
50 PERCENT ALCOHOL. I03IC STRENGTH • O.lMUNOg).

INITIAL (U({+ ♦ 5-SSA)CONCSNTRATIOK«4xlOT5M

(lUi ?8?

Wave length =460 Vk/*~ Wave length * 500 m*o

X O.D.
mixture

.037

O.D.
?♦

Diff.in
O.D.

O.D.

mixture
.D.

9+
uo9

Dlff.ln
OD

0.1 .004 .083 .055 .002 .053

0.2 .159 .004 .165 .093 .003 .090

0.3 .206 .005 .200 .12? .004 .118

0.4 .936 .008 .230 .143 .005 .138

0.5 .288 .008 ,?50 .161 .006 .155

0.6 .238 .010 ,??8 .148 .008 .140

0.7 .214 .013 .201 .130 .010 .190

0.8 .170 .018 .159 .100 .01? .088

0.9 .10? .018 .084 .064 .014 .050
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TABLE -30

TEMPERATURE • 3Q*1°C

JOB'S MrfTHQD P CONTINUOUS VAiUAriONS APPLIED TO URANYL-5-SULPH0-
SALIOYLATE SYS I? EM AT pH 3.80 KEEPING THE TOTAL VOLUME CONSTANT

(50 4L) OF EACH SOLUTI | BY THE ADDITION OF 50 %ALCOHOL.
IONIC grRENGCH«0.lM(K^03). INITI^L(U0g"t"-»-5-SSA)C0NCSNCRATl0N»4xl0"3M

(PIG. 28)

Wave length«460 m>iu wave length«=500 mi,J Wave length a 520 a><-

X O.D.
Mix

ture

O.D.

ucf
Diff.

in O.D,
O.D.
Mix

ture

O.D. Oiff.

In O.I
O.D.

I Mixt-

1 iai6 a

O.D.

uog*
Diff.

in
O.D.

0.1 .138 .005 .133 .074 .004 .070 .044 .004 .040

0.2 .?8? .006 ."46 .144 .006 .138 .078 .004 .074

0.3 .383 .008 .345 .?07 .007 .200 .114 .005 .109

0.4 .417 .009 .408 .246 .008 .238 .135 .006 .130

0.5 .450 .010 .440 .268 .010 .?58 .15? .005 .147

0.6 .425 .015 .410 .26? .012 .?40 .136 .006 .130

0.7 .366 .018 .348 ,?13 .013 .200 .117 .007 .110

0.8 .283 .020 ."43 .15? .015 .137 .080 .003 .07?

0.9 .15? .022 .130 .084 .016 .068 .048 .009 .039
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TABLE -31

TEMPERATU-.E • 30 ± l°0

JOB'S ME- ii P CONTINUOUS VARIATIONS APPLIED fO UR Aircraft.

SULPirOSA. ICYLATE ST3:«M AT p!l 4.3 KSE'Iffli ' :>i :M VOLUME

CONST ANT (50 ML.) OF gAg .Ci.U :0S BY fHE ADDITION Of
50 PERCENV Aj
INli-IAL (uffi
SO PERCJfT,.ALQttni, IONL0 STRENGTH • %lM(CTfr).

**£ 8-SSA) CONCESTRAriON « 4xl(r^M
mjG^js.)

iave
length • 460 • a

length
800 mju #ave length »5?0 ayu

X
O.D.
mixture

. D.

U<£*
Diff.
In
O.D.

O.D.
mixt
ure.

O.D. Dlff.
In O.D.

o.x.
mixt
ure.

.D.

UGf*
Diff.
in

•B.

0.1 .?03 • 008 .195 ,1?3 .006 .117 .066 .004 .061

0.2 .370 .010 .360 .233 • 008 .228 .142 .004 .138

0,8 .61? .01? .800 .323 .008 • 315 .188 .005 .183

0.4 • 603 .018 •593 .369 .009 • 360 .""9 .005 .224

0.6 .888 .018 .840 .392 .010 • 382 .246 . 006 ."40

0.6 .806 .020 .888 .388 .012 • 383 .??7 .007 .?20

0,? .49? .022 .470 .304 .014 • ?90 .174 .003 .167

0.8 .363 .024 .344 .217 • 015 • 202 .128 .003 .1?0

0.9 .2?" .0?5 .197 .1?4 .018 .106 • 081 • 010 •on



TABLE -3?

TSMPERATURE » 30±1°C

147

POT SNTI OMETRIC TITRATION OP 100 ML. SOLUTION OF 2.6xlO"3M IK
URANYL NITRATE AND 2.5xlCT3M IN SALICYLIC ACID *ICH O.lM KOH

IN 50 %ALCCBOLIC MEDIUM. IONIC STRENGTH • O.lMtKNOg)
(CURVE ?. PIG.30)

ML.Of O.lM
KOH

as ML.of O.lM
KOH

aa

0.0 3.18 5.4 5.07

0.4 3.31 6.8 6.1?

0.8 3.4? 6.? 5."1

1.? 3.53 6.6 5.33

1.6 3.64 7.0 5.50

".0 3.74 7.4 5.75

".4 3.35 7.8 6.10

?.8 3.96 8.8 8.70

3*2 4.1? 8.4 7.40

3.6 4.?8 8.6 7.95

4.0 4.45 8.8 8.60

4.4 4.65 9.0 9.37

4.8 4.85 9.2 10.?0

8.0 4.95 9.6 10.96

5.2 6.02
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TABLE - 33

TEMPERATURE - 30±1°C
POT SNT IOMETRIC TITRATION OF ?00 ML. SOLUTION OP ].."SxlO'^M IN

URANYL NITRATE AND l.?5xlO~3M IN SALICYLIC ACID WITH O.lM

KOH IN 50 % ALCOHOLIC MEDIUM. IONIC STRENGTH»0.1.(KNOg)
(CURVE 3. PIG.30)

Ml.Of O.lM
KOH

PH Ml.Of O.lM
KOH

PH

0.0 3.37 5.6 5.22

0.4 3.48 6.0 8.30

0.8 3.59 6.4 6.40

1.2 3.69 6.8 6.55

1.6 3.79 7.2 5.72

2.0 3.89 7.6 5.95

?,4 4.01 8.0 6.58

?.8 4.13 8.4 7.30

3.? 4.P7 8.6 7.80

3.6 4.44 8.3 8.40

4.0 4.87 9.0 9.10

4.4 4.87 9.? 9.90

4.8 5.01 9.6 10.80

5.0 6.10 10.0 ll.?0

5.? 5.15 •
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TABLE - 34}

TEMPER4TURE • 30 ± 1°C

potektiomstr;

uranyl hitrj

CC TITRATION OF 100 ML. SOLUTION OF ?.5xl(T3M IN
ITE OB 2.5x10"'5M IN 5-3ULPH0-S;LLIQTLIO ACID

SNT ALCOHOLICfflTH O.It* POPAS HYDR0XID3 IN 50 PERG1

MEDIUM, 1(»IC STRENGTH • O.lM (XNO,)

(cuavs 2. FIG|31)

ML.OF O.lM
KOH pH ML. OF O.lM

KOH pH

0.0 ?,73 7.5 5.06

0.4 2.80 8.0 5.15

0.8 9#ag 3.5 5.30

1.2 9,90 9.0 6.45

1.8 ?.95 9.5 5.68

2.0 3.0? 10.0 6.00

2.8 3.09 10.4 6.60

3.0 3.16 10.6 7.35

3.5 3.27 10.8 8.20

4.0 3.39 11.0 8.68

4.5 3.50 11.2 9.37

5.0 3.64 11.4 10.?0

5.5 3.85 11.6 10.70

6.0 4.08 11.8 10.94

6.5 4.4? 1?.0 11.14

7.0 4.76



TABLE - 35

nmiATURn: = 3GU°C
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POTENTIOMETRIC TIPRATTQN OF ?QO ML. SOLUTION OF l.?5xlO~3M IN
URANYL NITRATE AND l.?5JM IN 6-3ULPH0-SALICYMC ACID WII?H

O.lM POTASSIUM HYDROXIDE IN 50 % ALCOHOLIC MEDIUM
IONIC STRENGTH • O.lM (KNOg)

(CURVE 3. FIG.31)

H.of O.lM
KOH

pH Ml.of O.lM
KOH

pH

0.0 3.00 7.0 4.90

0.4 3.05 7.5 5.16

0.3 3.10 8.0 5.30

1.2 3.15 8.6 5.49

1.6 3.20 9.0 5.53

2.0 3.95 9.5 5.75

2.4 3.30 10.0 6,01

?.S 3.35 10.4 6.60

3.2 3.40 10.6 7.23

3.6 3.48 10.8 7.75

4.0 3.57 11.0 8.45

4.6 3.72 11.9 8.93

5.0 3.84 11.4 9.75

5.8 4.06 11.6 10. °5

6.0 4.98 11.8 11.65

6.5 4.60 1?.0 10.95
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(lit) URAETL CHELATES Of L-HYDROXY - 2— RAPHTHALDEHYDE

POT8STXOM8TRI0 STUDIES
TABLE - 36

TEMPERATURE • ?8 ± 1°C

POrENTIOMElRIC TITRATION OF 50 ML. SOLUTION OF 5xlCT3M IN L-
HYDROXY-P-NAPHTHALDSHYDH) nlfE O.lM POTASSIUM HYDROXIDE IN

50 PERCENT ALCOMOLIC MEDIUM. IONIC STRENGTH • O.lM^Oj)
CfflgJJ 0.PI0.3P)

0.0

0.1

0.?

0.3

0.4

0.6

0.8

1.0

1.2

1.4

6.53

6.66

7.00

7.18

7.30

7.52

7.87

7.84

8.01

8.1?

1.6 8.?7

1.8 8.4?

?.o 8.60

2.? 3.82

2.4 9.?8

?.8 9.64

?.6 10.44

2.7 10.78

?.8 11.00

3.0 11.24
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TABLE -37

TEMPERATURE « ?8 - 1°C

POTENTIOMETRIC TITRATION OF 50 ML. SOLUTION OF 5xlCT3M IN
URANYL NITRATS AND 5xlCT3M IH l-itYDRflXY."-NAPirTHALDl-HYDE

WITH O.lM POTASSIUM HYDROXIDE IN 50 PERCENT ALCOHOLIC

MEDIUM. IONIC STRENGTH * O.lM (KBOg)

(CURVE 1.FIG.32)

ML.OF O.lM
KOH

pH
ML.OF O.lM

KOH
pH

0.0 3.28 5.8 6.00

0.4 3.53 6.0 6.70

0.8 3.74 6.2 7.15

1.0 3.85 6.4 7.50

1.4 4.00 6.6 7.70

1.8 4.13 6.8 7.90

9*T 4.26 7.2 8.?0

2.6 4.35 7.6 8.50

3.0 4.40 8.0 8.76

3.4 4.44 3.6 9.13

3.8 4.47 9.0 9.60

4.? 4.61 9.2 9.80

4.8 4.55 9.4 10.22

5.0

5.4

5.6

4.62

4.80

5.16

9.6

9.8

10.0

10.70

11.00

11.28
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TABLE -33

TEMPERATURE • "3 ± 1°C

POTENTIOMETRIC TITRATION OP 60 ML. SOLUTION OF Bx-LCT^M IN
URANYL TITRATE A? D 1.0x10* M IN 1-IIY PROXY-?-NAP ITHALDEHYDE

WITH O.lM POTASSIUM HYDROXIDE IN 50 PERCENT ALCOHOLIC

MEDIUM. IONIC STRENGTH » O.lM (KNQj)
(CURVE 2. FIG.3?)

ML.OP O.lM
KOH

pH ML.OP O.lM
KOH

pH

0.0 3.10 5.6 7.88

0.4 3.32 6.0 3.10

0.3 3.53 6.5 3.30

1.2 3.72 7.0 3.50

1.6 3.90 7.6 3.65

2.0 4.03 8.0 8.70

2.4 4.?0 8.5 8.76

2.8 4.30 9.0 8.81

3.2 4.37 9.5 3.89

3.6 4.40 10.0 9.00

4.0 4.45 10.6 9.10

4.4 4.66 11.0 9.28

4.8 4.90 11.4 9.67

6.0 5.50 11.6 9.80

5.1 6.05 11.8 10.?5

5.2 7.?0 1".? 10.98

6.4 7.70 1?.4 11. ?8
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TABLE - 3Sl

TEMPERATURE as ?8 t 1°0

POTENTIOMETRIC TITRATION OP 50 ML. SOLUTI0*1 OF 5xlO"3M IN
URANYL IIX1A19 AND 1.6xlCT?1 IN l-HYDRlXH -P-NAPHTHAL-

DEHYDE WITH O.lM KOH IN 50 PERCENT ALOOIOLIC

MEDIUM. I OHIO STRENGTH • O.lMfKNOj)
(CURVE 3. PIG.Z\t)1

ML. OF O.lM
KOH PR

ML.OP O.lM
KOH

pH

0.0 3.06 6.4 8.08

0.5 3.25 7.0 8.39

1.0 3.45 7.5 8.50

1.5 3.68 8.2 8.70

2.0 3.93 9.0 8.80

?.5 4.10 10.0 8.96

3.0 4.20 11.0 9.17

3.6 4.?6 11.8 9. ?5

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 6.45 13.4 10.50

5.2 7.00 13.6 10.83

5.4 7.30 13.8 11.20

5.6 7.65 14.0 11.32

6.0 7.82



TA!3LE -40

ATURS «?8 ± 1°C

15a

POTENT IOMETRIC TITRATION OP 100 ML. SOLUTION OP 2.5x10^ IN
URANYL NI PRATE KD 8.6>10*3M IH l-HYDROXY-P-NAPHTHALDEHYDE

<VITH O.lM POTASSIUM HYDROXIDE IN 60 PBRC5NI ALCO iOLIC

MEDIUM. IONIC STRENGTH « O.lM (KNO3)

(Curve 1*. PIG. 32)

ML.OP O.lM
KOH

ML,.OP 0.
KOH

1!

1.6 4.?5 6.8 7.65

P.O 4.40 7.2 7.96

?.4 4.50 7.6 8.?2

?.8 4.55 8.0 8.48

3.2 4.68 8.4 8.80

3.6 4.60 3.6 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

5.2 4.90 9.8 10.85

5.4 6.85 10.0 11.08

5.6 5.82 10.9 11.30



TABLE -41

HATURE • 28 ± 1°0

156

JOB'S MBf.IQD OP CONTINUOUS VARIATIONS APPLIED TO URANYL

NI?RAi'E L-BYDROXY-P-NAPHTHALDSHYOS MIXTURES KEEPING

THE TOTAL VOLUME CONSTANT (50 ML. ) OF K CH SOLUT-

[ffj BY fHE ADD ITION OP 50 PERCENT ALCOHOL IONIC
STRENGTH « O.lMQCKC^). INITIAL (\ldjj* + 1-irfDROXY-

2-NAPHTH'LDEHYDS) CONCEN PRAT ION • PxlO"^

( PIC 58)

"aF PH 3.3 At PH 9.8

X
> -450 aju

O.D. mix
> «470 m

O.D. a ix

* ^SO a /a
O.D, mix

>«470 a A*
O.D. mix

0.1 .040 .035 .075 .06?

0.2 .080 .050 .130 .101

0.3 .030 .063 .170 .130

0.4 • 088 .073 .190 .150

0.5 .100 .079 .?10 .170

0.6 .085 .074 .196 .155

0.7 .076 .081 .175 .136

0.8 ,059 .055 .136 .103

0.9 .042 ,040 .079 .070
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TABLE -42

TEMPERATURE • ?3 ± 1°C

JOB'S METHOD OP COFTinUOUS VARIATIONS APPLIED TO URANYL

NlT;Ue3.HYDR0XY-?-NAP!THAl&EHYDB MIXTURES KEEPING THE

TOTAL VOLUME CONSTANT (50 ML.) OF EACH SOLUTION BY

THE ADDITION OF 50 PERCENT ALCO.IOL. IONIC

STRENGTH » O.lM (KNOj)
.2+

INITIAL (UQo ♦ 1-HYDROXY-?-.NAPHTHALDBHTDB)CONCBN-
THAT ION « gxlO-SM

(FIG. 33)

At pH 4.3 At pH 4.8

X >>*450 mja
O.D. mixture 0

•470 a Al
,D.aixture

^«450 a jU-
O.D. alxture 0

-470 a /u
,D. mixture

0.1 .180 .135 ."70 .202

0.? .270 .215 .401 .301

0.3 .325 .275 .480 .362

0.4 .401 .300 .5?0 .392

0.5 .415 ,3?0 .640 .415

0.6 .370 ,?85 .460 .330

0.7 .380 .970 .430 .300

0.8 .260 .9?0 .330 .240

0.9 .176 .140 .960 .165
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MOLES OF CRTECHOL RDDED

ric titrations ; ?0 ml. or 2.5xlcT2M
• . '. Oai >1 solution ir

t[ie vx i ( rve 1) I (Cu-ve 21 moles
of "'ol ; -r mole r4' uranyl ion.
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- i

URANYL CHELATES QF CA^W

Catechol, o-dihydroxy bensene, gives a five

aembarad ring on chelation. It, thus, foras atabla chelates
•J9 90

with a number of oatlona like copper0", chroaiua* , aluain-

iua91, alrconiua95' and thorium93. Although catechol deriv-
94—97

atires of uranium (VI) have been reported earlier » a

quantitative atudy of the equilibria involved in their for-

aatlon does not appear to ba undertaken by the earlier

workers. Rosenhela and co-workera in 1931 Isolated a num

ber of uranyl complexes of catechol. Recently Shnaidewma

and 8alinker96 have reported the formation of a 1:1 complex

up to pH of 8, above which interaction of the 111 chelate

with another mole of the ligand has been shown to occur. More

recently, Miara et al?7 have, however, reported the formation
of a 1:2 complex below pH 5 in a 1:2 uranyl-cateohol system.

In view of a atrong tendency of uranyl ion and its chelataa

to hydrolyse and polymerize In aqueous solutions, it waa

considered of lnteraat to earry out a eysteaatie physico-

eheaicsl atudy of the above system. Attempts were alao aada

to determine stability and polymerisation conatanta of tha

chelataa.

RESULTS AND DISCUSSKM

Curves 1 and ? (Plg.34) ahow that »H of the uranyl

nitrate aolution falls by the addition of catechol indicating



chelation of the type:

DC§* A*
H

-0

(I)v H
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,uo§+ (i)

This chelation by the donation of lone pair of electrona

from the hydroxy oxygen atoms of tha ligand makes the

hydrogen atoms more labila and acidic. Protoha of both

the phenolic groups of catechol may then either dissociate

simultaneously i

0

HV,
uo§* A.

V
^>U0g + 2H+ (ii)

(ID

or aay ionize in two overlapping steps:

/\.H

0^
H

V
uc|+ *

fV ♦ - ->.

UOj ♦ H* (iii)

(in)

A° U0., ♦ H+ (iv)

In view of the hydrolysable nature of the uranyl ions

at pH > 3, formation of the hydroxo chelate species in

the system also cannot be ruled out.



PH

m

Pig.35. Potentiometrie titrations of uranyl-catecholate chelate system
with KOH(O.IN): Curves lt? and 3 represent titrations of 1:1,
1:? and 1:3 uranyl nltrate-catoehol mixtures respectively
('!' = 0.006M). Curves 0 and 01 represent titrati ns of catechol
(OvOO uranyl nitrate (0.005 opectlvely. Curves 1',?'
and 3* rep <t titrations of equi'nolr-r mixtures of uranyl
nitr :>ncent rot ions of uranyl nitrate: Curve 1',.
5xlO-<5;'.-; Curve °', ?.5xlO-3M; Curve 3'. I.c5xl0-3M. m - mol
of b^so addei per aole cf the metal ion./AL= O.lM (OI0-,).
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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*1 «nd 3 (F1«' 38> foT tne

potentiometric titrations of reaction mixtures contain
ing ltl. It2 and Ii3 molar ratios of uranyl nitrate to
catechol respectively with KOH exhibited a eharo inflex

ion at m • 2» . A similar nature of these curves In the

acid medium with a common inflexion point indicated fora-

ation of a ltl complex only under the experimental condi

tions. This conclusion Is supported by the work of

Shnaiderman and Gallnker96. Misra et alit. have, however,
reported the formation of a It? complex in the lower

buffer region of the potentiometric curve obtained by the

titration of a It? mixture of uranyl acetate and catechol.

In 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 spectrophotometrically. In figure 36 are

presented the continuous variations data obtained at pH
•slues of 3.7 and 4.5. In both cases, at each wave length
studied (370-480 m/O, maximum absorbance was observed for
solutions containing approximately equivalent amounts of

catechol and the metal ion, thus, supporting the conclusion

of the potentiometric study of the formation of ltl complex

in acid medium.
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Further confirmation of the stoichioaetry of the

chelate MM obtained by the isolation of the precipitates

obtained by the addition of 24> aoles of KOH per mole of

uranyl ion (moles of base required for the first inflex

ion point in potentiometric titrations) to the reaction

mixturea containing ltl, It? and lt3 molar ratio of

uranyl nitrate to catechol. Analysi8 of the precipitated

derivative, in all the three cases, corresponded to a comb

ining ratio of uranyl to catechol of approximately Itlj

confirming the formation of a ltl complex in the lower

buffer region of the potentiometric curves.

On the basis of reaction of the type (ii) alone,

tha potentiometric titration curves (Pig.35) would have

exhibited an inflexion point at a • 2.0. The occurrence

?
of inflexion points at ra • S§ indicated that (II) is not

the final product of the reaction. Like uranyl-mandelate

and -lactate chelate systems, in this case also, an

2extra consumption of w; aole of alkali par aole of tha

aetal ion together with the aatablishment of the stoichlo-

metry of ltl of the complex, appears to indicate polymeri

sation of the metal chelate which involves the use of

hydroxyl ions.

Mathematical Treatment of the Data

In view of the interesting nature of the potentio

metric curves (Pig.35), it was considered worthwhile to
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carry out a mathematical analysis 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, considering reaction

of the types (i-ii), which may be represented ast

♦ HgA < •> UOgA ♦ 2H*

the equilibrium constant, K , for the reaction may ba

expressed as

[UOgA] [H^T

D«F3 M
* • -5 Uj -—?• (59)

In order to account for the amount of the hydro-

lyaed species of the uncomnlexed uranyl Ions present in

the system, use was made of the value of the hydrolysis

constant. Kg , equal to 10 * * , reported by Oustafson
33et al. , where Kg is defined by equation (I9) given in

the uranyl-mandelate system.

Prom the usual material balance we obtaint

TOH * [H*l * pC(U08 WJ + 2P0?A] (61)
and

TA * hfl * CUV] <68>
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Charges on the metal species have been eliminated for

the sake of clarity.

In tha lower buffer region of the potentiometric

curves, concentrations of HA""*. A and OH" were negli

gible as oompared to those of the other species present

in the system.

Elimination of [UOgA] between (60) and (61) gives

«TM - Taj - [H+] - 2[U0g] +2[(U0g 0H)g)] (63)

Combining equations (83) and (1^) (see page2G) and

rearranging the terms in the form of a quadradic equation,

we obtain

JU [UO,]8 ♦ [W,] - K - | (To, ♦ [H+] >} - 0 <«4)
LH J u

Concentration of the uncomplexed uranyl ions present in

the systea may, therefore, be given by

-1 + \ l+4ac
[UOg] - - (S4M

2a

where

LH 1

After coaputation of QjCg], concentration of [UCv,(0K)gU0g]
aay be determined from equation (1?). Amount of the other

species present in the solution aay then be calculated
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algebraiclly from aquations (60) and (6?). The values of -log K,

calculated from various points on the lower buffer region of

potentiometric curves 1-3(Pig.35) are presented in table XXI,

Table XXI

Curve 1 and 1» (Pig.35), TA - TM • 5xlCT3M
Initial volume of reaction mixture * 50 ml.

K0H(ml.) 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2

pH 3.51 3.61 3.71 3.79 3.87 3.94 4.01 4.08 4.14 4.20 4.25

-log K 6.40 6.41 6.44 6.4? 6.44 6.41 6.39 6.36 6.35(6.30 6.?0)

Mean value of -log K * 6.40 - 0.05

( ) values not Included in average.

Curve 2 (Plg.35), TA • tfpj » I.OxKT'm
Initial volume of reaction aixture * 50 al.

K0H(ml.) 0.? 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 °.0 ?.2 2.4

pH 3.46 3.56 3.65 3.73 3.80 3.86 3.93 3.99 4.06 4.1? 4.18 4.24

-log K 6.40 6.39 6.40 6.4? 6.4? 6.40 6.4? 6.42 6.44 6.43 6.44 6.43

Average value of -log K m 6.4?-0.0?

Curve 3 (Pig.35), TA - 3TM • 1.5xlcr8M

K0H(ml.) 0.? 0.4 0.6 0.8 1.0 1.? 1.4 1.6 1.8 2.0 ?.2 ?.4

p*H 3.43 3.53 3.61 3.69 3.76 3.8* 3.88 3.93 3.99 4.06 4.1? 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 value of -log K • 6.43± 0.02
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Constant values of -log K, obtained up to pH of about 4.2

(table XXI), indicated that the normal ltl chelate, [UOgA], is
only formed under tha experimental conditions, 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, calculated from the poten

tiometric data Of curves 8" and 3* (Pig.35) are given in table XXII.

Table XXII

?A • TM • ?.

Initial voluae of reaction mixture * 100 ml.

Curve 2» (Pig. 35), TA » TM - ?.5xlCT3H

K0H(ml.) 0.? 0.4 0.6 0.8 1.0 1.? 1.4 1.6 1.8 ?.0 ?.2

pH 3.71 3.80 3.89 3.97 4.06 4.14 4.?1 4.27 4.34 4.40 4.45

-log K 6.56 S.56 6.57 6.55 6.56 6.53 6.53 6.5? 6.51(6.45 6.38)

Average value of -log K • 6.54 - 0.03

( ) valuea not included in average.

Curve 3* (Pig.35), TA - TM » l.?5xlCT3M
Initial voluae of reaction mixture • 200 ml.

KOH(al.) 0.? 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 ?.0

pH 3.93 4.00 4.07 4.15 4.?2 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 6.62(6.51)

Average value of -log K • 6.65 i 0.03

( ) Values not included in average.
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Coaparlson of the values of -log K, obtained in

tables XXI and XXII shows that there is a gradual

increase in the average values 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 II, Chapter I). In the latter systems,

the normal chelate species, R»Clf~ °"**>U0j , did not
^-000^ 8

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, UOgA, indicated above, leads to the

possibility of condensation through phenolic orygen atoas

of catechol. Such a behaviour is not abnormal in view of

33
polymerization of the tiron derivatives of uraniua (VI)

and thoriua (IV). In these cases also polymerization of

the chelates through phenolic oxygen atoms of the ligand

has been reported.

Stability of tha Chelatet

Tha stability constant, k, of the chelate UOgA t

UOg* ♦ A2" < > UOgA

may be defined ast



If K^ and K represent dissociation constants of
al *?

catechol (HgA), we have

[H+] [HA"]

and

[*] [A2*]

Combination of (65), (66), (67) and (69) gives

(66)

(67)

al *2

(68)
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Substitution of the values of K (Average value from

tables XXI and XXII is equal to 3.24xl0""7) ,K& (6.31x10"* )
and K„ (1.18xl0"12)ref*98 in equation (68) gave a value

of 4.35X1014 for the stability constant of the chelate.

Piaerizatlon of the Chelatet

Polymerization of the chelate, Indicated by the conc

entration dependence of pK (tables XXI and XXII), would

possibly involve an interaediate formation of a dimer.

Attempts ware, therefore, made to analyze the titration data,

in tha range m • 0 to m » 0.8 which gives constant values

of -log K , on the basis of the reaction t

2U0|+ + 2H2A *SS± (UOgA)g ♦ 4H+ (v)

(rv)
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The equilibrium constant, KD , of the reaction may be

expressed aa

_ [(py)8l fr*]4
B i^f m* (89)

Other pertinent equations aret

T„ « [tJ0g]+2[(U0g0H)g]+[U02A]+?[(U0gA)g] (70)

TCR ♦ [H*] • 2 [(UOg OH)g] + 2 [UOgA] +4[(U0gA)g] (71)

TA * Dfe*] + [UQSA3 * * O0?^] <??>

Coabination of (69), (69), (70) and (1?) yields

SK^ ' a ' ' + K (73)

In this case also, it aay be ahown that the concentration

of the uncomplexed uranyl ions present in solution, [UOg] ,

aay be determined by using (64*). [HgA] may then be easily

calculated with tha help of equations (70) and (7?).

It is evident from equation (73) that a plot on the

left side of the equation (73) against the corresponding

values of ^HOgl CH2A] / CH*]2 should give a straight line
of slope ?KD and the intercept on T-axis equal to K, if

the chelate undergoes diaerlzatlon as postulated in reac

tion (v). Likewise it may be ahown that a plot of the
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values of the expression on the left side of equation (73)

against the corresponding values [UOg] [HgA] /[H*] should
yield a straight line, if a trimer is the predominant

species present In the solution. A plot of the potentlo-

aatric data in the range a * 0 to a • 0.8, obtained over

a four-fold concentration range (F^'g.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 concentration of the

solution. An experimental pH error of 0.0? unit produced

an appreciable shift of the points. Consideration of the

formation of temuclear 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 KD * 10.00. The former value, compares well with a

value -log K * 6.54 ( curves l1, ?* and 3*t tables XXI and

XXII), obtained when dimerization of the chelate is not

considered.

Hydrolysis of the Dimari

A gradual fall in the values of -log K calculated

above a m 0.8 (tables XXI and XXII) and the occurrence of

?an inflexion point in curves 1-3 (Pig. 35) at m • 2y

indicated hydrolysis of the chelate with the formation of
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hydroxo complexes in the system. If, in the initial

stages of hydrolysis, the reaction is represented

as t

(UOgA)g +HgO < y (UOgA)g(aHr ♦ H+ (vi)

<T)

The hydrolysis constant, K^, moy then be expressed ast

. [<UQgA>2(QHrJ [H+] (?4)
^ " C(UOgA)g]

Other pertinent equations are:

TM * [U023 + RBUC2m)2] * IWJ + ffCu9BA>2l +

2[(U0gA)g(0nr] (75)

TOH + 0*1 « 2 [(UOgClDg] ♦ ?[UOgA] + 4[(U0gA)g]
♦ 5[(lT0gA)g(0H)] (76)

and

TA - [HgA] + [UOgA] ♦ 2[(U0gA)g] + 2[(UQgA)g(OH)] (77)

Elimination of [(UOgA)g£Hj] between (74) and (75) gives

5TM - STOH ' *OT * 8LUO?3 + ^[(UC^OHjg] ♦ [UOgA]

+0U02A>2] (78)

In reaction mixtures containing an equimolar concentra

tion of uranyl nitrate and catechol, since TA • TM, from
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equations (75) and (77) we obtain

[HgA] * [UOg] ♦ 2[(U0gOH)g] (79)

Combining equations (1?), (59), (69), (78) and (79) and

rearranging the terms into the form of a polynomial gives

*4 %,-„ n< „ «S *d r_.n8 +St ruoui* +!^ roan3

L J (80)

Knowing the values of K (tables XXI and XXII), Kn (Pig.36)

and Kg (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 v\

thus obtained from the potentiometric data of curves l*-3'

(Pig. 35) are presented In table XXIII.

Table XXIII

Curve V (Pig.35), TA - TM » 5xlO"3M

K0H(al.) 2.6 2.8 3.0 3.? 3.4 3.6 3.8 4.0 4.?

pH 4.34 4.40 4.46 4.53 4.60 4.67 4.75 4.83 4.92

-log 1^ 5.35 5.?9 6.?3 5.26 5.?8 5.?4 5.26 5.?3(5.15)

Average value of -log K^ • 5.?9-0.06
( ) value not included in average.
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Curve 2» (Fig.35); TA - TM * 2.5ylCT3M

KCH(ml.) ?.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2

pH 4.54 4.60 4.67 4.74 4.82 4.89 4.98 5.06 5.14

-log Kn 5.53 5.50 5.54 5.50 5.50 5.43 5.48 5.44(5.35)

Average value of -log K- * 5.4910.06
( ) value not included in average.

Curve 3f (Pig.35)jTA * TM • l.?5xlCT3M

K0H(ml.) 2.6 8.8 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 K^ 5.68 5.70 5.67 5.74 5.7? 5.68 5.69 5.67(5.55)

Average value of -log Kn * 5.6910.05
( ) value not included in average.

The success thus obtained in calculating the equilibrium

constant K^ seeas to strengthen somewhat the validity

of the original assumptions involved. Here also a gradual

Increase in the average values of -log K^ (Table XXIII)

with the decreaae of total concentration of uc|+ ions in
solution confiras the polymerization of chelate.

A gradual fall in the values of -log K. observed in

table XXIII above *m* values of about 1.6 indicates farther

hydrolysis of the chelate. Purther, an inflexion point at
P

a * 2jy, exhibited by the potentiometric curves (Pig.36)

may be accounted for on the basis of the reaotlon of the

type:

3(U0gA)g(OHr ♦ HgO *=± ?(U0gA)3 (OH)^ ♦ H* (vii)
(VI)
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An evidence for the formation of the chelate species

of the type VI would be forthcoming from tha calculation

of the equilibrium constant of the reaction (vil) but

unfortunately the formation of solid phase in the systea

warranted these calculations.

Tha ionic polynuclear chelate species bear a charge

of ainus two. In the solid state it would be associated

with two unipositive radicals. An equimolar fixture of

uranyl nitrate and catechol was, therefore, treated with

2% moles of ammonium hydroxide solution per mole of

uranyl ion. Analysis of the precipitated compound, after

a careful washing and drying, corresponded to a ratio of

catechol to uranyl of 0.96 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

(NH4)g [(U0gA)3(0H)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 OP CATECHOL

POTENT IOMETRIC STUDIES

TAHLB 1

TEMPERA PURS • ?5 ± 1°C

POTENTIOMETRIC TITRATION OF ?0 ML. OP 2.5xlCTgM URANYL
NITRATE SOLUTION //TTH ?.5xlO'"IM CATECHOL SOLUTION^

in NITROGEN A? TOS 'H^RB

(Curve 1. Ftg.34)

ML. OP 0,?5M
CATECHOL SOLN. PH

1 ML. OF 0.
CATECHOL

?6M

SOLN. PH

0.0 3.22 2.8 3.16

0.2 3.?1 3.8 3.15

0.4 3.?1 3.6 3.14

0.6 3.20 3.8 3.14

0.8 3.20 4.0 3.13

1.0 3.19 4.6 3.12

1.2 3.19 5.0 3.12

1.6 3.18 5.5 3.1?

2.0 3.17 6.0 3.1?

?.4 3.17
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TABLE - 2

TBMPE3A 1!URE « ?5±1°C
?..

POJSNPIOMETRIC TITRATION OF ?Q ->!L. OP ?.6xlCT M URANYL

flITH ?.5xlO"1M CATECHOL IN PRESENCE OP 1 MOLE OP KOH
IN NITROGEN ATMOSPHERE. ( Curve ?. Pig. 34)

ML. OP 0.25M
CATECHOL SOLN,

ML. OP 0.25M
CATECHOL SOL*.

pH
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0.0 4.22 3.2 4.08

0.4 4.20 3.6 4.07

0.8 4.18 4.0 4.06

1.2 4.16 4.4 4.05

1.6 4.15 4.8 4.04

2.0 4.12 6.2 4.03

2.4 4.10 5.6 4. OS

2.8 4.09 6.0 4.0?
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TABLE-3

TEMPERATURE • 25±1°C
POTENTIOMETRIC TITRATION OP 100 ML. OP 2.5xlCT3M

CATECHOL SOLUTION WITH O.lM POTASSIUM

HYDROXIDE. IONIC STRKNGTH-O.lMfKNOg)
(CURVE 0. PIG.35)
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ML.of O.lM
KOH

PH ML.of O.lM
KOH

pH

0.0

1

6.66 1.5 9.25

0.1 7.34 2.0 9.56

0.? 7.94 ?.5 9. 9Z

0.5 8.54 ?.8 10.13

0.8 8.80 3.0 10.26

1.2 9.06 3.5 10.47

1.4 9.17 4.0 10.67
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TA8L3 -4

TEMPERATURE • ?5±1 C

POTENTIOMETRIC TITRAT'ON OP 50 ML. SOLUTION OP SxlCT3 M IN

URAHYL NITRATS AND 5xlCT3M IN CATECHOL CETH O.lM KOH IN
NITROGEN ATMOSPHERE. IONIC STRENGTH»0.1M(KN03)

(CURVE 1. PIG.35)

ML.of O.lM
KOH

pH ML.of O.lM
KOH

pH

0.0 3.41 4.4 4.94

0.4 3.61 4.8 5.02

0.6 3.71 5.2 5.10

0.8 3.79 5.6 5.26

1.0 3.87 6.0 5.47

1.2 3.94 6.3 5.75

1.4 4.01 6.5 6.30

1.6 4.08 6.7 7.00

1.8 4.14 6.9 7.52

?.o 4.20 7.2 7.82

?.4 4.30 7.6 8.13

?.8 4.40 8.0 8.65

3.0 4.46 8.2 8.90

3.2 4.53 8.6 9.27

3.4 4.60 6.8 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
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TABLE -5

TEMPERATURE a 25±1°C
POTENT IOMETRIC TITRATION OP 50 ML. SOLUTION OP 5xlCT3M IN

URANYL NITRATE AND lxlO"2M IN CATECHOL #ITH 1D.1M

POTASSIUM ITYDROXIDE IN NITROGEN ATMOSPHERE

IONIC STRENGTH * O.lM (KNO.1

•

(CURVE ?.PIG.35 )

Ml.of O.lM
KOH

PH Ml.of O.lM
KOH

pH

0.0 3.38 4.5 4.68

0.4 3.56 5.0 4.8?

0.6 3.65 5.5 4.96

0.8 3.73 6.0 5.15

1.0 3.80 6.3 5.30

1.2 3.87 6.6 5.55

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 8.06

?.2 4.18 8.5 8.30

?.4 4.?4 9.0 8.47

2,8 4.34 9.5 8.87

3.2 4.42 10.0 9.20

3.6 4.48 10.5 9.75

4.0 4.56 11.0 10.30



TABLE -6

TEMPERATURE » ?5±1°C
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-3,
POTENTIOMETRIC TITRATION OP 50 ML.SOLUTION OP 5x10 WM IN

URANYL NITRATE AND l.SxlCT'M IN CATECHOL vITH O.lM

?OTASSIUM HYDROXIDE IN NITROGEN ATM03PHBRS.

IONIC STRENGTH » 0.1M(KN0~)

(CURVE 3. PIG.35 )

Ml.Of O.lM
KOH

PH Ml.of O.lM
KOH

pH

0.0 3.35 7.2 7.30

0.4 3.53 7.6 7.60

0.8 3.69 8.0 7.74

1.2 3.82 8.5 7.8*

1.6 3.93 9.0 7.95

2.0 4.06 9.5 8.05

?.4 4.16 10.0 8.24

3.0 4.29 1C.5 8.40

3.5 4.40 11.0 8.58

4.0 4.53 11.5 8.60

4.5 4.60 1?.0 9.05

5.0 4.68 1?.5 9.37

5.5 4.75 13.0 9.58

6.0 4.90 13.5 9.78

6.4 5.30 14.0 10.12

6.6 6.?6 14.5 10.30

6.8 7.00 16.0 10.60
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TABLE -7
V.

TEMPERATURE • ?5±1°C

POTENTIOMETRIC TITRATION OP 100 ML. SOLUTION OP ?.5xlO"3M
IN URANYL NITRATE AND ?t5xl0**v;M IN CATECHOL «TH O.lM

POTASSIUM HYDROXIDE IN NITROGEN ATMOSPHERE. IONIC

STRENGTH • O.lM ( KN03). (Curve ?». F1*.35)

ML.OF O.lM
KOH

PH
ML.OP O.lM

KOH
PH

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 8.77

1.2 4.14 6.3 6.17

1.4 4.?1 6.5 6.54

1.6 4.?7 6.8 7.0?

1.8 4.34 7.0 7.26

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 4.9S 10.0 9.95

4.0 5*06 10.4 10.18



181

TABLE -8

TEMPERATURE » ?&J1°C

POTENTIOMETRIC TITRATION OP 200 ML. SOLUTION OF l.?5xlO"3M
IN URANYL NITRATE A"!D l.?5xl0"3^ IN CATECHOL WITH O.lM

POTASSIUM HYDROXIDE IN NITROGEN AT fQSPHBRE. IONIC

STRENGTH » 0.1M(KN03)
(Curve 3'. Pig.35)

ML.OF O.lM
KOH

PH
ML.OF O.lM

KOH
pH

0.0 3.85 4.4 5.38

0.4 4.00 4.8 5.47

0.6 4.07 5.? 5.56

0.8 4.15 5.6 5.73

1.0 4.22 6.0 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 4.67 7.2 7.62

2.2 4.63 7.4 7.85

2.4 4.68 7.6 8.00

? .6 4.T3 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 5.04 9.6 9.45

3.6 5.12 10.0 9.76

4.0 5.3C



TABLE - 9

JOB'S METHOD OP CONTINUOUS VARIATIONS APPLIED TO URANYL-

CATECHOLATE COMPLEX AT pH 5.7 KEEPING THE TOTAL VOLUME

CONSTANT (50 Ml) OP EACH SOLUTION. IONIC STRENGTH »

.1g(KN OjV IN IT IAL (U0K++CATECHOL)CON CRNfRAT 108*
4xICT3M

(Fl&u^J

Wage length

O.D.
complex

»370 mjx,

d.b.
?+UOg*

"MffT
in

O.D.

390 m/tffave length •

"oTd! o7d7
Complex go5*"**

11117
in

O.D.

0.1 .055 .006 .050 .064 .007 .057

0.2 .080 .006 .074 .089 .008 .081

0.3 .095 .008 .087 .107 .014 a y^O

0.4 .105 .009 .094 .124 .020 .104

0.5 .115 .010 .105 .139 .0?3 .116

0.6 .110 .015 .095 .129 ,0?8 .101

0.7 .100 .018 .08? .119 .032 .087

0.8 .080 .028 .055 .098 .037 .061

0.9 .068 .032 .036 .085 .04? .043

182
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TABLE - 10

|^PSRA-UI >5 * l°C
JOB'S MB-fHOD OF CONTINUOUS VARIATIONS APPIilSD TC URANYL-CATEC-

TTPLATS COMPLEX. AT pH 4.5 KEEPING TlfS TOTAL VOLUME CONSTAHT

(50 ML.) OP EACH 3":LU?!0*I.IONIO STRENGTH • O.lMdCNOj)
INITIAL (UCJ;* + CATEC IOL) CONCENTRATION * 4x1(T3M

( Pig. 36 )

X O.D.
complex

O.D.

uc|*
Diff. in
O.D.

O.D.

complex
O.D.

<
Diff. In

O.D.

Wave length * 370 m/a Wave length • :590 m/t

0.1 .120 .01 .110 .126 .01° .114

0.2 .157 .012 .145 .166 .015 .150

0.3 .175 .015 .160 .19? .020 .17?

0.4 .200 .0*0 .180 .216 .025 .191

0.5 .22» .026 .197 .*35 .0?8 .?07

0.6 .198 .030 .168 ♦tit .034 .178

0,7 .170 .03? .138 .185 .039 .146

0.8 .156 .038 .118 .170 .045 .1?5

0.9 .130 .04? .038 .145 .055 .090

Wave length • 480 m/u

.080 .06? .005 .057

.079 .080 .005 .075

.097 .09? .005 .087

.112 .102 .007 .095

.1?8 .116 .009 .107

.113 .097 .010 .037

.091 .086 .01* .074

.069 .075 .014 .061

.056 .068 .015 .053

Wave length • 4160 myu

0.1 .066 .006

0.? .086 .006

0.3 .104 .007

0.4 .120 .008

0.5 .138 .010

0.6 .1?6 .013

0.7 .106 .015

0.8 .085 .016

0.9 .073 .018



PREPARATIVE STUDIES

PREPARATION OF URANY I, CATECHOL DERIVATIVES
DIPgERENr C NOITllM

(i) Reaction of Uranvl Nitrate with ?£ molas of caustic

184

potaah in presence of differentaaou^t^ of catechol:

A solution of uranyl nitrate was treated with caustic
2potash (2y 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 waa oht-ined. It

waa left for an hour at room temperature (30°C) and then

filtered. The precipitate was washed with water several times

and dried in vacuum and analysed. The results are given in

table 11.

afrit ..t n

Ml. of uranyl Ml.of Ml.of Percen-
nitrate catechol KOH tage of
0.1 M 0.5M 1M „n2+ ,

uu» in

ppt.

Percent- Ratio of
age of uranyl
catechol to cate-
in ppt. ehol.

40 8 10.65 64.37 20,8 l.?7

40 16 14.65 64.30 ?0.4 l.?8

40 24 18.65 63.30 ?2.5 l.?0

Precipitation f the uranyl mono-catecholafce derivative

was also carried out by the addition of ammonium Hydroxide

(10.65 ml, 15$), instead of cauetic potaah, to the uranyl

nitrate solution (O.lM, 40 ml.) containing catechol (0.5M,

8.0 ml.). Tha precipitate was washed, dried and analyzed.

UgI* • 89.1 %, catechol mP4.8 %t KH* * ?.64 %
Ratio of Uof+ to catechol « I.O49, Ratio of NH. to

uranyl * 0.64
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A

SUMMARY OF FHS

CONCLUSIONS

I Baal

THE PRSSEMT INVESCIOA IONS

OHHLATKS OF uTUWIUM(YI) WIJH OXYGEN DONAR LIGANDS

AMD A STUDY OF THIIR STABILITY AND ?OLY fERIZATIOM

190

Tha investig»tlona presented in this thesis ware

undertaken to atudy the hydrolytic behaviour of uranyl

chelates, in view of tha Interesting report a appeared in

recent years £j. Ara. fla—, oe. 76 , 4798(1984); J. Phya.

Cham. 6£ , 1??4(1*60); J. Am. Chera. Soc 8? , 1596(1960);

J. Inorg. Nucl. Chaa. ?£, 19?4(1964) ] on tha hydrolysis

and polymerization of uranyl Ion and its chelates in

aqueous solutions. For this purpose, the interaction of

uranyl Ion with tha following Uganda was stud lad t

1. o-hydroxy carboxyllc acids - mandelic and

lactic acids.

n. tolonlc acid,

3. o-hydroxy acids-salicylic, 6-sulphoaalieylio,

l-hydroxy-9-naphthoic and P-hydroxy-3-naphthoic

acids.

4• L-hydroxy-9-na phthaldehyde.

8. Catechol.

URANYL 0 1SLATES OF ^HDBLIO AND .ACTIC ACIDS:

PatentIometric titrations of uranyl nitrate with



I

191

KOH in tha presence of an equimolar concentration of
?mandelic aold showed a sharp inflexion at a • ? y, where

•m' representa aolaa of KOH added per iole of tha metal

ion. This Inflexion point has been interpreted on tha

basis of the formation of chelate species of the type

(U0?>HA)3(OI)g. Tha ltl combining ratio of uranyl to

ligand remains unaffected in the presence of an excess

of mandelic acid. Verification of thia conclusion haa

been made by apectrophotometry, using Job's method of

continuous variation a.

By a mathematical analysis of tha potentiometric

data for the titrations of uranyl-mandelate and -lactate

systems, the reaction in the initial stagea haa been

shown to proceed ea

R

UCC* ♦ RCH < RCH ^UCU ♦ H*
8 ^COOH ^-CO^ *

0

where R represents methyl or a phenyl group. Formation

? 48
constant of the chelate has been found to be 10 . Thia

value of *k' has been shown to be independent of concen

tration of the metal chelate indicating that the above

complex is present in solution mainly aa a monomer.

HYDROLYSIS AND POLYMERIZATION :

In the calculation of formation constants of

uranyl-mandelate and -lactate chelates, constant values

of log k could be obtained up to 'm* value of about 0.4



(pis about 3.40), above which a gradual rise in tha

values of logk was observed. This has been explained

on the bnsis of an occurrence of a reaction of tha

type i
H

0
H

RCH ,U0g ♦ HgO 3=± RCH ^UOg(OH) ♦ H*
co' * * \*y

COii

|U0g(0H)HA][H*]
Values of hydrolysis constant, Kfc * • ,

^ [UOgHA]
of the metal chelataa ware determined with tha help of

tha material balance aqua*lona. Conatant values of oK^

co Id be obtained up to about m « 1.0, above which a

gradual fall in tha pK^ valuea waa observed indicating

the occurrence of soma side reaction which has not been

considered in tha above treatment. Determination of the

hydrolysis constant over a four-fold eonoantration range

showed a gradual increase in the values of pK^ with

a decrease in eonoantration of tha metal chelate indicat

ing condensation of tha raonohydroxo ltl complex to form

chelate species of higher molecular weight.

DIMBRIZATIOTC CONSTANT t

By applying a standard slope intercept relation

ship in tha range m » 0.6 - 1.0, tha metal chelate has

been ahown to dime rise in accord once with tha reaction

*• /.,~ /«.x„.x »..+? UOgHA ♦ 2HgO < (U0g(ai)HA)g + ?H

192
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[(U(k(CH)HA)J [n**]8
Values of the dimarization oonstsnt, K^ g

[UOg HA]8
for the uranyl-aandelate and -lactate derivatives ware

found to be 10""4,94 and 1.CT5'15 respectively. A probable
atructura of binuclear chelate species has been auggeatad aa

o o ^

/\v\f/°\
^co'c^o^o oc-^

Ii u II
0 0

where R • -CHj in case of lactic acid

* ""C6H8 4n case °* "wWelie acid.

HYDROLYSIS OF DIMBR

A gradual fall in the valuea of pK^, calculated

above 'a' v luea of about 1.0, la probably en Indication

of a further hydrolysis of tha metal chelate. Beyond a « 1.0,

mathematical analysis of the potentiometric data could not

be made due to a greater oomplexity in the aysteni cauaed

by tha overlapping of the successive hydrolytic and polymer

ization reactions.

^ URAHYL OHSLATBS OF MALONIC ACID

Coaplexatlon resetlone of uranyl ion with malonic

acid have been studied by potent tometry. The titration of

an equimolar mixture of uranyl nitrate and malonic acid

showed an Inflexion point at a * ?. Thia is in accord with
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the reaction:

J300H ^COO

U0j+ ♦ CHg < * CHg ^UOg ♦ 2H*
"""^CQOH "^-COO^

Beyond tha inflexion point, the metri chelate waa found

to decompose into uranium hydroxide and tha free ligand

anions.

Potentiometric curve, for the titration of uranyl

nitrate in the presence of two moles of malonic acid,

approached an inflexion point at about m « 4. Formation

of a It9 complex in accordance with the reaction!

0 0
D J'

COOH CO .00

UO8* ♦ 2 CHg 3=£ CHg VQt Hgj) ♦ 4H
""^COOH "^CO X00 -^

I B

haa been ahown to take place. Beyond tha inflexion point,

tha chelate atartad decomposition when a yellow precipitate,

resembling uranium hydroxide, began to separate out from

the reaction mixture.

Since the above chelates remained in solution below

pH5, atterapta ware aeda to determine their formation constants,

employing the algebraic and BJerrum's aathods. Tha valuea

of these constants for the ltl end It? ehelatea ware found

to be logk1 * 8.78 and logkg * 4.?7 respectively. The above

values of the formation constonts were independent of

♦
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concentration indicating that the aetal chelates do

•y not polyaerize under the experimental conditions employed.

URAKYL CHELATES OF o-HYDROXY

CARBOXYLIC ACIDS

A quantitative study of the interaction of uranyl

Ion with salicylic, 5-sulphosalicyllc, 1-hydroxy-?-

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 speciss

having metal to ligand ratio of 1:1 has been shown. This

conclusion was verified by the Job's method of continuous

variations. By a aathemetical analysis of the potentiometric

data, it has been shown that two hydrogen ions are liber

ated per mole of the metal ion. The chelation reaction in

the case of uranyl-?-hydroxy-3-naphthoate system, for

example, may be represented as

UO8*
AA. AAf Y Voh ^ ( Y Yo-n. +

UQj, ♦ 2H*
CO'*=* I r

Win300HW

Values of the equilibrium constants of the reaction were

found to be independent of concentration indicating that

^ the chelates of the above ligands do not condense to give

chelate species of higher molecular weights.
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INTERACTION OF URANYL ION WITH 1-HYDRCXY-

2-NAPHTHALDEHYDE

Addition of a solution of l-hydroxy-?-naphthal-

dehyde to uranyl nitrate oroduced a brilliant orange

colour. In t »is case also, since the free ligand and the

metal chelates were insoluble in aqueous medium,complex

reactions were studied in 50 per cent alcohol. Formation

of complexes having ltl and It? molar ratios of uranyl

to ligand has been established. Mathematical analysis

I of the potentiometric data above pH 3.5 could not be

made due to the formation of a solid phase in the system.

INTERACTION OP URANYL ION *ITH CATECHOL

Potentiometric titrations of uranyl nitrate with

KOH in the presence of an increasing aolar concentration

of catechol (catechol to U0g+ ratio > 1) showed a sharp
a

Inflexion at ra * 2y . On the basis of a mathematical treat-

raent of the titration data, in the initial stages, tha

reaction has been shown to proceed ast

<+(J-m **• Qo-^ +8H+
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 metal chelate was found
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7 14
to be 3.24x10" giving a value of 4.35x10 for the

stability constant of the chelate.

The value of oK was found to 1 crease with a

decrease in concentration of the metal chelate indic

ating polymerization of the complex. With the help
v

of a standard slope Intercept relationship, the chelate

haa been shown to dimerize in accordance with the

reaction:

2UCg+ + 2HgA +=£ (UOgA)g ♦ 4H*

[(U09A)g] [H*]4
k\ The dimerization constant Kjj(Kd * 3 g -tj- )

iV02 J CH2AJ
S was found to be 10" .

HYDROLYSIS OF DIMER:

A gradual fall observed In the calculation of

pK beyond a • 0.8 has been explained on the basis of

the occurrence of the reaction:

(UOgA)g + H^O 3=± (UOgA )g (OH") + H+
[(U0gA)g(^-)][H+]

Value of the hydrolysis constant (Kv * ' «

was found to be 10 . Again constant values of K^

could be obtained up to 'a' values of about 1.6 above

which a gradual fall in the values of pK*. was observed

indicating further hydrolysis in the system.

A further mathematical analysis of the datn could
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not be made due to the formation of a solid phase

in the system. The inflexion point at m • ?y shown

by the potentiometric curves has, however, been

explained on the basis of the formation of the chelate

species of the type (ua,A)3(0H)?. Verification of this

conclusion has been made by the isolation and analysis

2of the precipitate obtained by the addition of 2J moles

of ammonium hydroxide to the reaction mixture contain

ing an equimolar concentration of uranyl nitrate and

catechol.
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