STUDIES IN METAL CHELATE COMPOUNDS
(METAL CHELATES OF

8-HYDROXYQUINOLINE-5-SULPHONIC ACID DERIVATIVES
& ALUMINON)

Thesis submitted
in
partial fulfilment
of the course leading to the
Degree of Doctor of Philosophy
of
BIRLA INSTITUTE OF TECHNOLOGY AND SCIENCE

PILANI (RAJASTHAN)

By
Balraj K. Avinashi

CHEMICAL LABORATORIES
B.I.T.S., PILANI
March, 1971,



BIRLA INSTITUTF (F TECHLCLGGY & SCIUNCE

PILALI (RAcASThAN) INDIA

Larch 3, 1971.

SUPERVISCR'S CERTIFICATL

Certified that the research work described in
this thesis entitled, "Studies in lietal Chelate Compounds
(l'etal Chelates of &-Hydroxyquinoline-5-Sulphonic Acid
Derivatives & Aluminon)" was carried out by Shri Belraj
K. Avinasghi, under my guidance and supervision during the

period of September, 1967 to March, 1971.

o)
Sunuy F D6 _lv',;

[
Qamir I. Bdﬁerji,
I'A'SC.’ D-Phil-’ FDI.‘IqA-SC-
Professor & Head,
Department of Chemistry



ACKNCYLEDGEMENT

I am greatly indebted to Professor Samir K. Banerji, M.Sc.,
D.Phil., F.N.A.Sc., Head, Department of Chemistry, B.I.T.5.,Pilani,
tor introducing me to the subject of metal chelates, for his able
guidance, inspiring and instructive discussions, constant encoura-
gement and lively personal interest which he has shown in super-

vising the present work at every step.

I would like to take this opportunity of expressing my
grateful thanks to my colleagues Dr. K. C. Srivastava, Dr. K.
Balachandran and Miss Sunita Rani for their help, co-operation,
useful discussions, valuable suggestions, encouragement and cheer
in course of my work. My thanks are also due to Shri R.K. Gupta
for his timely assistance in computer work. My sincere thanks are
also due to Messrs S.S5. Savant, A.D. Taneja, A.N. Pant, P.K. Govil,
S.C. Dhupar, N.K. Agarwal, C.S5.G. Prasad, Ved Prakash, H.P. Vyas,
Drs. %.K.S5. Bhatia, R.N. Soni and J.N. Jaitly for making my stay

at Pilani a pleasant experience.

I wish to express my deep sénse of gratitude to my parents,
who lacked University degrees, but Not the will and vision to
guarantee mine, for their inspiration and patience ang to other

members of my family for their help and encouragement.

It is my pleasant duty to thank Dr. C.R. Mitra, Director,
and Dro AOKO Duttagupta, Dea-n., Facu:l-ty Of SCience, B.I.T-S.,

Pilani, for providing the necessary facilities for the work. In



the last but not the least, I wish to acknowledge with thanks
the financial assistance in the shape of a fellowshilp received

from the University Grants Commission, New Delhi.

37 ey o Nresats

(BALRAJ K. AVINASHI )



LIST OF PUBLICATIONS

Balraj K. Avinashi and Samir K. Banerji: Composition and
Stability of Iron(III)-7-Bromo-8-Hydroxyquinoline-5-
Sulphonic Acid Chelate.

Jour. Indian Chem. Soc., Vol.47, No.2, 1970, pp.177-178.

Balraj K. Avinashi and Samir K. Banerji: Composition and
Stability of Cu(II) - 7-Bromo-8-Hydroxyquinoline-5-
Sulphonic Acid Chelate.

Chimie Andytique, Vol. 52, No.Z, May 1970, pp.f15-518.

Balraj K. Avinashi and Samir K. Banerji: Composition and
Stability of U(VI)-7-Bromo~8-Hydroxyquinoline~5-Sulphonic
Acid Chelate.

Jour.Indian Chem. Soc., Vol.47,No.%, 1970, pp.453-455.

B«K. Avinashi, C.D. Dwivedi and S.K. Banerji: Potentiometric
Studies on Chelate Formation of Ammonium Aurintricarboxylate
with Bivalent Copper.

J« Inorg. Nucl. Chem., Vol-32, Aug.1970, pp.264L1-264L.

Balraj K. Avinashi and Samir X. Banerji: Thermodynamics of
V(V)—7-0hloro—S-HydroxyquiHOline-5-Sulphonate.

Jour. Indian GChem. Soc., Vole47,No.11,1970, pp.1050-1052.

Balraj K. Avinaghi and Samir K. Banerji: Some Thermodynamic
Constants of Gu(II)-7—Chl°TO-S-hydroxyquinoline-S-
Sulphonic Acid Chelate.

Indian Jour. Chem., Vol.8, Dec. 1970, pp.1140.



7. Balraj K. Avinashi and Samir K. Banerji: Composition and
Sstability of V(V)-7-Bromo-8-Hydroxyquinoline-5-sulphonic
Acid Chelate.
Indian Jour. Appl. Chem., 1971 (In press).

8. Balraj K. Avinashi and Samir K. Banerji: Spectrophotometric
Determination of Uranium (VI) with 7-Chloro-8-Hydroxy-
guinoline-5-Sulphonic Acid.

Amer. Microchem. J. 1971 (In press).

9., Balraj K. Avinashi and Samir K. Banerji: Some Thermodynamic
Constants of Palladium(II)—7—Bromo-S-Hydr0xyquinoline-
5~Sulphonic Acid Chelate.

Indian Jour. Chem. 1971 (In press).

10. Balraj K. Avinashi and Samir K. Banerji: Some Thermodynamic
Constants of U(VI)-7-Chlor0-8—Hydroxyquinoline-5—Sulphonic
Acid Chelate.

Jour. Indian Chem. Soc., 1971 (In press).

11. Balraj K. Avinashi and Samir K. Banerji: Thermodynamic
Constants of Gallium Chelates of some Halo Derivatives
of 8-Hydroxyquinoline-5-Sulphonic Acid.

(Communicated).

12. Balraj K. Avinashi and Samir K. Banerji: Potentiometric
Studies on Chelate Formation of Ammonium Aurintricarboxy-
late with some bi, tri and tetravalent Metals.

(Communicated).



CCNTENTS

CHAPTER I

Introduction o e &

CHAPTER II

Methods of Discerning Metal
Chelate Formation in Solution see

CHAPTER III

Thermodynamic Ionization Constants
and Metal Chelates of 7-Chloro-8-
Hydroxyquinoline-5-Sulphonic Acid

CHAPTER IV

Thermodynamic Ionization Constants
and Metal Chelates of 7-Bromo-8-
Hydroxyquinoline-5-Sulphonic Acid

CHAPTER V

Spectrophotometric Determination

of Uranium and Iron with 7-Chloro-
8-Hydroxyquinoline-5-Sulphonic

Acid eve  eae

CHAPTER VI

Potentiometric Studies on the
Metal Chelates of Aluminon ... .,

DISCUSSION cee .
SUMMARY s

APPENDICES

14

61

182

200

266

290






iistorically few brancnes of chemistry nave received
aemuch concentrated study with such fruitful results, as the
~rea encomnassed by coorcdination cnemistry. The Tield af
coordination chemistry has grown in the rast few decades from
a readilv defined and limited area into what is now, one of
the most active fields in inorranic chemistry. The rapid and
fascinatine strides made in this field durine helf a century
have largely been responsible for renaissance in inorganic
chemistry. This science is, even now, in a state of rapid
advance, probsbly similar to that experienced in organic
chemistry, nearly hundred vears ago. The kind of compounds
with which it is concerned is so varied that it can be easily
exvected that future progress is likely to pick up greater
pace and for the bteginning as well @s established scientists,

coordination chemistry will be an extremely attractive field

of research.

etal chelate compounds

A chelate may be defined &s & compound possessing a
cyclic structure arising from the wion of a metal ion with
an electron donor (chelating agent) which is a neutral mole-
cule or a charged species, with twO Or more points of attach-
ment. In ordinary complexes,as @Pa&rt from a chelate compound
or metal chelate, the ligand is mOHOfunctional, and no ring
formation takes place. The ring formation is a special

characteristics of chelate compounds and the term chelate
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(chele meanine Crab's claw) was introduced in coordination
chemistry by .or=an (1) as early as in 1920, to desirnate such
eyclic =tructures. Usually rings containine five or six mem-

hers, including the metal ion, are more stable.

Tre formation of inner complex compounds also involves
2 rins structure which was noted by various investirators
including Werner (2), ley (3) and others, who found that these
structures are excentionally stable, insoluble in water but
frequently soluble in non-polar solvents and are often intensely
coloured. But Feigl (4} asserts that there is a tendency to
exaggerate these properties of the inner complexes. The che-
mical and physical properties of the metal chelates in general,
recsemble those of the simple complexes and differ only in a
qualitative way. Although chelates are now considered to be
a distinct class of compounds with characteristic behaviour,
they can, at best, be regarded as belonging to a special tyve,
uncer the general class of metal complexes. Thus, all chelates
are complex compounds but all complex compcunds are not

necessarily chelates.

For the formation of a chelate, a ring formation is
an essential condition. In case of bidenkate chelates, the
concerned bonds may either bLe (1) covalent bonds, (ii) one
covalent bond-one coordinate bond or {iii) both coorcinate
bonds. In fact, in the earlier stages, the nature of the

linkages has been used as a basis for classifying chelate
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compounds. Covalent bonding is produced by the replacement

of a vroton in an organic group. Functional groups of this
type are sometimes called acidic groups because of the fact
that hLydrogen may be replaced from them. Coordinate linkages,
without the replacement of hydrogen, are formed by the donation

of an electron pair.

With the discovery of compounds, in which the metal

atom is linked to the organic molecule, through three or more
groups, it became necessary to look more closely into these
compounds. It was Morgan (1) who called these compounds
tridentate, quadridentate, quinguidentate and sexadentate
accordingly as they functioned through three, four, five or

six groups, respectively. Since polydentate molecules may be
attached to the central metal atom through two kinds of func-
tional groups, acidic and coordinating, to form covalent and
coordinate linkages, the logical classification should follow
the number and kind of attachment involved. Such a classifi-
cation has been developed by Diehl (5), according to which,

the rings may be closed in the c2se of a tridentate chelate
either by (i) three covalent linkages, (ii) two covalent and
one coordinate bond, (iii) one covalent and two coordinate bonds
or (iv) by three coordinate bonds, and so on for guadridentate,
quinguidentate and sexadentate. However, there is no way of
distinguishing a coordinate covalent bond from any other cova-

lent bond present, once the chelate is formed.



Theories of chelation

(f the more modern thecries advancea GO explain the
boné structures in metal corplexes and chelates, the simplest
approach is based on valence bend theorv. It ~ssumes that
the association results from the overlavp oi an orbital of the
1irand containine an unshared pair ot electrons with hybridized
orbitals of the metal ion. This may be thought of either
as a sharing of the electron pair between the metal ion and
lirand or as a partial donation of the lirand electron to the
metal ion. From the point of view of depicting the bonding
in terms of the electron configuration of the metal ion, it
is profitable to consider tmat the lipand electron pairs enter
the metal ion orbitals, while still maintaining the electronic
configuration originally present in the ligand. The main
features of valence bond theory are (i) the formation of airec-
tional bonds through the overlap of atomic orbitals (ii) the
formation of hybridized bonds by mixing ol atomic orbitals,
that are capable of forming stable bonds. Covalent ¢— bond
is formed through the overlap of & filled orbital of the
central metal, while in a 77 bond there is overlapping of a
vacant ligand orbital with a central metal orbital, containing

available d-electrons.

Usually, & and 7f bonds ©OCCur simultaneously and pro-

duce a stronger bond than either would do alone. Two types

of 7T bonds are commonly recognized: either a combination of



6~ {lirand — metal) and 77 (metal — lirand) or ¢ (lirand -»
iotal) and 7T (ligand —» m~tall. Tne former are renerally
formed with the metal ion in 2 low oxidation state (many
~1lsectrons) and an uncaturated lirand, while the latter type
is prevalent with saturated lirands and the metal in a high

oxidation state.

The valence bond theory hLas however bpeen found to pe
hienly inadeocuate in explaining sOme of the magnetic proper-

tise and spectral properties (6)-

In the molecular orbital theory, the formation of mole-
cular orbital is assumed rather than the simple overlap of the
orbitals of the reactants. The configuration of the molecules
is then obtainegd by introducing electrons to the lowest orbital
of the molecular frame work. As the lower energy levels are
occupied, the entering electron g0€s to @ hicher excited level.
These electrons oppose bond formation and are known as antibong-
ing electrons. Electrons occupying a lower energy level are

the bonding electrons

e, while thos€ not participating in the

pond formation are known as nonbonding electrons. The energy
separation between the nonbonding and the lowest of the anti-
bonding orbitals, is the lirand field separation. The intro-
duction of electrons into the antibonding orbitals has the

effect of weakening the bonding orbitals.

The crystal field theory revived from the early work

of Van Vleck (7) deals with the electrostatic interaction of
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thie liranéd ions with th=2 central ion and tlue consequent effect
of *he field on the ener~y of metal c-orbitals. This theory
hae Leen extenced bv Schlapp and Penny (8) to include neutral
polar lirand which are covalently bonded to the central metal
atom and coneceguently is now cnlled the lir-anc field theory.
Creel (9,10) has worked it out to interpret certain aspects of
the tranc=ition metal chemistry. Tt consicders the influence of
the electrostatic fields due to tne lieand, on the five
d-orbitals of a transition metal atom. If 2 lirand possessing
an electrostatic field approacnes & metal ion or atom, tne
energiec of the degenerate d-orbitals {in ligand field free
state) become distinguishable, and the orbitals lyineg in the
directions of the ligeand acquire & higher energy. The strength
of the slectrostatic field of the ligand is influenced mainly
by two factors, viz., the charge density of the cental metal
ion and the nature of the ligand itself. If the approaching
ligand has a weak electrostatic field, then the splitting of
the orbital degeneracy 1s small, and if the field is a strong
one, then the splitting is large- So that when a transition
metal is introduced into the field of octahedral symmetry, the
electrons preferentially fill up the lower energy level first.
The ligand field theory has been found to be more valuable

for describing metal-ligand interéction and has been very help-
ful particularly in explaining the magnetic susceptibility

and the visible absorption spectra of the metal complexes

particularly of the trensition metals of the first long period.



T.e importence of metal cielates

»'atz]l chelrtec are of tremendous practical importance
in aadition to tLe treoretical interest associated with them.
The anplication of metsl chelates is manifold in various
chemical, biolopical anc technicél fields. It finds use in

practically all spueres of human activity.

Tlhe metale which are essential for plant and animal
nutrition, are known to form chelates in the oreanism (11).
Chlorophyll, tre sreen pigment, practically omnipresent in
plants, contains two closely related colourecd substances, toth
of which are magnesium chelates. nemin, the rec colouring
matter of the blood is an iron chelate (12). In the func-
tioning of engymes the vitally important intermediate compounds
are known to consist of chelate compounde. The use of metal
ion buffer is also of very great biological importance. The
concentration of free metal ion in the system i1s maintained at
a fairly constant level in a regquired range, in the presence

of suitable chelating agent.

An important use of chelatlng agents is in water soften-
ing. Ion-exchange resins have been develoved based on the
coordination phenomena, which yield deionized water, with a
purity almost equivalent to distilled water. The formation
of metal lakes in mordanting is well known in the textile

industry. GCoordination and chelation also play an important

role in the electrodeposition of metals and in leather industry.



Lelatin~ e~ente which form water solu le ci.elates
ars grllac -equecterinc argents and are used in agueous solu-
tion for tre removal of o' fectionable metal icns. Chielatine
arantc gucn a8s 'L pave teen XKncwn tO e used to speed up

the elimination of narmful rafioactive n=tal from the body.

Chelates in cnemicel snalysis

i new use of chelating &rent nas heen surpested by
chwarzentacn (13} for the direct deternination of metals in
=olution. ie found tLat a nurber £ chelating arents change
colour according to the metal ion concentration, wilch wake

Girect mesal titrations vossivle-

There are numerous uses of metal chelates in the chemi-
cal laboratory, both in gualitative and quantitative analysis.
The different organic compounas snow specific reactions with
inorganic ions, resulting in +he formation of & coloured preci-
pitate or lakes, due to the formation of cnelate compounds and
are used in tne identilficatlon of ions even on the micro scale
ard forme the basis of 'shot metiiods' {14] for their identi-
fication.

Chelating agents, having spacific reactivity with several
ions, leading to the formation of sufficiently ineoluble inner
complex compounds, are used in #r&vimetric procedures as preci-
pitating agentse. The formation of the coloured chelates by
metals with various chelating agents has received consicdersble

attention in recent years. 1t forms the basis of colorimetric



analysis by the measurement of intensity of colour of the
solution. The procedure involving the measurement of inten-
sity of the colour is termed as photometric method of deter-
mination. Almost all metals can be determined colorimetri-
cally with organic reagents and Sandell has estimated that in
case of at least three fourths of the metals, organic reagents
are superior to inorganic reagents because of their selectivity

or sensitivity.

The advent of excellent and relatively cheap spectro-
photometers has not only given a great impetus to the methodo-
logy and technique of photometric determination, but alsoc has
extended the scope of colorimetric analysis by enabling the
analyst to work in the entire range of the specturm from

ultraviolet to infra red.

The formation of metal chelates involves the replacement
of hydrogen ions by a metal ion from the acid form of a chelating
agent (15). The conventional type of organic acids, particu-
larly those containing the carboxylic group, however have a
limited application in analytical chemistry. Of greater
interest are the organic acids or compounds containing groups
other than carboxyl and capable of releasing hydrogen ions,
in solution, on subsequent replacément by metallic ions. Some
organic compounds, not ordinarily considered as acids, yield
small amounts of hydrogen ions dueé L0 keto enol isomerism when
the equilibria are disturbed by the introduction of certain

metallic ions that form stable chelates or complexes. The



11

mo=t com .on 2cidic sroup in orranic compounds is the hydro-
xyl rroup (- CH) ~roup. It Fo=s not ordinarily split off

¢ Arogen ions, but it “oes so, freguently, on interaction with
s metal ion to yield stable chelafes or complexes tiroush the
coordination of runenolic oxyren (16). It is interestinr to
note thst cenerally lirands have conciderably lower reactivi-
ties when complexec, then when in their free state (17). A
number of *ypical nonmetallic elements of rroup V, VI and VTI
are nitroren, phosphorous, sulphur, oxypen and fluorine which
aleo behave as suitable electron donors in chelate or complex

formation.

The value of 2 reagent for its use as a satisfactory
colorimetric reagent lies in ite specificity and selectivity.
Such reuasents are difficult to be found. The value of a
reagent may howsver bte enhanced enormously by masking end
unmasking agents. Masking agents can greatly increase the
selectivity of reagents. Organic compounds which have received
roet attention as masking agents are amilnocarboxylic acids.
“I™" and other carboxylic acids whieh form stable, water
soluble complexes with the alkaline earth elements and even
to some extent with alkalil metals. Because of high stabiligy
ané water solubility of thelr complexes, these reagents are
excellent for masking metal ionse Most obvious example of
unmasking, is precipitation by pH adjustment (18). An inte-

resting example to illustrate this phenomena is the demasking
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of zinc witn formaldehyde from the cyanide solution of gzinc

and nickel.

In zeneral, a reagent may be considered to be useful
for srectrcphotometric determination of the chelates if some
of the requirements, listed below, are also met with, besides

specificity:

(i) hign sensitivity,
(ii) water solubility,
(iii) reproducibility, and

(iv) availability of other reagents.
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CHAPTER 11

VETHCDS CF INVESTIGATICN

In general, any property of a system which is related
to the concentration of one of the species (hydrosen ion,
metal ion, ligand or the chelate)involved in the formation
of the chelate may be used to determine the formation of
the complex. Some of the techniques which have been used
for such studies are, absorption by ion-exchange {(1,2,3),
pH measurements (4), polarography (5,61, opticochemical
methods (7,8), solubility (9), reaction kinetics {10), and
electrical conductance (11}. Among the numerous other methods
oxidation reduction potentials, electrophoresis, iscotopic
metal or 1ligand exchange, liquid-liquid partition, dielectric
polarization measurements, magnebtlc susceptibility, heat of
mixing, volume changes, molar refraction, ultrasonic absorp-
tion, ultra-centrifugation, dialysis and light scattering are

useful in specialised situations-

Absorptiometric measurements

The formation of a characteristic colour, is one of
the important and distinguishing features of chelate compounds.
Ley (11) used absorpticn spectra to diStinguish between free
metal ion and their chelates. The colour of the chelate com-

pound is generally accepted, &s belng very significant, and

vy
~



the intensification of colcurs usually considered an indi-

cation that a chelate may have been formed.

Absorption of lieht has been extensively employed
in recent years, for the study of coloured complexes in
solution, mostly employing the spectrophotometric methods,
where it is possible to employ an almost monochromatic light
of a narrow tand width. This fact is of great importance,
since the Beer's lambert law holds good only for the mono-

chromatic radiations, where
E = ng(IO/I] :eCd (2.1)

where E-~fbsorbance of the solution
I.—Intensity of the incident beam
I_——Intensity of the transmitted beam

6 — Concentration of the coloured substance in
moles/liter

d——Depth of the solution traversed by light
£ — 1k constant, extinction coefficient, whose value

for specialised units_depends upon the solvent,
the temperature as well as on the wavelength.

In cases of mixtures, the absorbance will be the sum of the

absorbances due to each constituent.

Discerning composition of metal chelates

Numerous procedures are KDOWR wnich employ absorption
measurements for the calculation of the composition of the
complexes. A brief account of some of the better known methods

may be prcfitably discussed.



lethod of continuous variation

 useful anc convenient method to determine the compo-
sition cof the coloured chelates, in solution, has been the
method of continuous variation, &s introduced by Job (12).
Althougrn tne principles of this method were worked out by
Cstromisslensky (13) in 1910 and by Denison (14} in 1912,
yet the credit of invention of the method is generally ascri-
bed to Job. The method involves the use of an additive mole-
cular property as a culde. Let us suppbose that & complex is
formed by the mixture of TWO solutions in the same solvent of
two simple constituents A anda B. Mixtures of these solutions
in variable proportions 3are prepared in such & way that the
total volume remains constant and the variation of the physical
property {say absorbance!/ of the mixture in terms of the com-
position is studied. Frequently it sc happens that the par-
ticular property chosen, becOmeS maximum or minimum, for a
mixture of a particular composition. In such cases one is
naturally led to admit that this particular composition where
the property attains the maximum OF minimum value, 1s the
index of the formation of the complex, whose composition, must
correspond to this ma xi mum composition. Job chose molecular
extinction coefficient as the property to be studied, in his
ctudies and emphasized that the method is applicable tc such
systems where only one complex is formed. This then is method

of continuous variation.

Voshurgh and Ccoper {15) modified Job's method of



continuous variation to study the comrosition, in cases,

where more than one complex 18 formed, by conducting studies
at several wavelengths. A more seneral treatment applicable
in such cases is ~iven by Katzin ard Gebret (16). bore
recently hlausen (17} has deccribed a2 method for determination
of stability constents of complexes, in solution, based on

the methocd of continuous variation and on computer calculated
values of the maximum concentration for different tctal molar
concentrations. This methocd can be used to differentiate

between monomeric and dimeric complexes.

The method of continuous variation has been very popu-
lar for the stuaies of the composition of the complexes and
inspite of the criticism of the method by a large number of
workers (1¢,19,20,21,22,23) ang¢ 1t is agreed by all concerned
that the results zre reliable when absorbance measurements are

used as the property.

Mole-ratio method

In the mole-ratio method of Yoe and Jones {EQ), a series
of solutions of mixtures is prepared containing 2 constant
smount 5 she mebAl 16 Yo thal ©f the reagent. The curve of
absorbance plotted against the concentration ratioc rises
linearly from the origin when both the reactants are colour-
less and breaks sharply to a horizontal straight line a2t the
molar ratio of the component in the complex. However, a

complex that undergoes appreciable dissociation in solution
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ves 2 ccntinuous curve, which only bsccmes arproximately
parzllel to rhe molar ratio axis when an excess of the varizs-
ble component 1is added. This method is more useful for very

stable complexes.

Slcre-ratic method

In the slope-ratio method of Harvey and KFanring (25},
to find out the composition of the complex, the stoichiometry
is arrived at by comparine the ~lopes of the two straight
line plots of the absorbance c¢f the solutions obtained by
varying the concentration of the first one and then the other
component, in the presence of large excess of the second
component. This method is appliceble only if the system
conforms to Reer's law and jg more useiul lor thie ctudy of

less stable complexes-.

Other methods

Numerous other methods based on absorptiometric mea-
surements have been employed for the study of the complexes.
Molland {26) has worked out & method which is applicable in
cases involving more than one central lon in the reaction.

The method of proportional absorbances developed by Budesinsky
(27) in recent years, 1is applicable for establishing the
exictence of binuclear complexes formed in sclution. Method
of Frank and Oswalt is effective in identification of 1:1

complexes. Logarithmic method (28,29) and the method of



isobestic points {30} Lave also been anplied in many cases.
i'ethods applied for tue investipgation of the sterwise forma-
tion of comnlexes include those of Bjerrum (31}, liewman and
Kume (32), Janssen (33), Yatsimirskii (34) and Nickless and

inderson (2%).

The method of continuous veriation, is by far, the
simplest and most trustworthy of the methods, particularly,
iT ootical data is used as the cuiding property, and kas
therefore been extensively used as one of the methods of

investigation.

DETERMINATION OF gPABILITY CCNSTANT

The evaluation of stability constant ig useful for
understanding the characteristics of a chelate (or 2 com-
plex}. The quantitative meagurements ¢f the tendency to-
wards formation of a complex species in aqueous solution 1is
represented by the formation (stability !} constant, the
magnitude of which gives a quantitative measure of the

relative stability of various complexes.

In general, 2 conplex may be defined as a species
formed by the association of two or more simpler species,
each capable of indepencent existence. If two species M
and L coexist in solution, they may interact to form one or
more complexes of general formuld MpL .  Although M, L and

Man are usually solvated, it 1s customary not to take the
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solvent into account. This is Justifiied because the reac-
tants are present in low concentration and the concentration
(activity) of the medium (usually water) remains constant
throughout the series of measurements. Nany examples of the
existence of polynuclear complexes have been reported, but
it has been found that only mononuclear complexes are formed

in a large majority of systems.

Most mononuclear complexes formed in aqueous solution

belong to one of the following two main types:

(1) Bronsted acids, in which hydrogen ions act as ligands
and are associated with a neutral or anionic central

group. These species can be represented as LHy°

(2) Metal complexes, including ion pairs, which usually

consist of one or more neutral or anionic ligands

coordinated to a central metal ion (MLn).

The formation of a mononucledr complex ML can be
represented as:

M L T, = —LBiIL—L (2.2)
1 {FI{L] »
_ MLy}
52 " Ui (2.3)

M+ L

ML + L = M

ov e
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n=t * n K'n, 3ML -1“1‘-& \201+J

(ML,
M + nL et ot ML T - n’__
/3n fu] L3° {2.5)




woere tne quantities {IFLlg}, i+, and {L} represent the

activity of the complex, metal ion and the liganc respective-

n
constante (sterwise activity quotients) and . , is the

i, Tgus <o+ Ty~ are tne successive stenwice stability
: ta

activity quotient, overall <tability ccnstant or the thermo-
dynamic equilibrium constant. n represents the nurber of
the ligand species pich comrine rer metal ion. rrom the

equations (2.4) and (2.5):
g ¥ ))I'l _ . ;
Ly} = 1y fuhibl = Ty - Ly bl
n
Thus, Ts = Ty = 1 and F. = Tyg
g ‘o i

The overall and stepwlcse etability constants are related by

the expression:

In the above descriotion, the equilibrium constants have been
expressed in terms of activity coefficients, which devend only
on the nature of the reactants and the products. But it ig
convenient to determine the concentration of the reacting
species and the resulting complex, Tather than their activities.
It i< possible to keep the activity COefficient,~r , of each
species constant throughcut & series of measurements by the

use of a medium with constant ionic strength(36). In such
cases, the concentration of the complex-{MLn} and the reactants
may be expressed in terms of the correspcnding concentration
quotients, and the stoichiometric stability constant can then

be expressed 85:



[k L] {% Ly} YK LpoqVL

° T w1, L) ML ML YE L

L

(in which concentration = activity/activity coefficient, i.e.X)

’ . YML, 4 VL (2.7
o n- Kyt VML <
and similarly,
; R |
- E&_Eﬂl = T Tk (248)
“a ML) Ba TH Ly

where square brackets indicate equilibrium concentration, K,
represents stepwise stoichiometric stabllity constants and

An is the overall stoichiometric stability constant. YMLn,
YM, YL are the activity coefficients of the complex, metal

ion and the ligand respectively.

The above described stoichiometric stability constants
can be calculated by knowing the concentration of the complex,
free ligand and the metal ion present in the system with the
help of various methods available. In fact, the stoichiometric
stability constants are the thermodynamic constants which are

valid for particular ionic strength of the solution.

The thermodynamic stability constantsg (%Sn, TKn, etc.)
which are more important from the thermodynamic and the
structural point of view, can further tbe calculated by subs-
tituting the appropriate values Oof the activity coefficients,
which are seldom available in the equations (2.7) and (2.8).
Preliminary values of the activity gquotient may also

be calculated using approximate activity coefficientsg and



then extrenolatins tc zero ionic etrern *th to ~ive a more

reliable value (37,381.

In snother n~thod, 2 series of values cf stoicniometric

atability conrtants, corresronding to the cifferent ionic
strensthe mav be extrepolated to 2€re ionic strenrth either
by graphical method (39,40} or by the least squares treatment

using Debye-tuckel type relation (1,424,

The valuee of the t hermody namic stability constants
obtained by extrzpolation tcC ipnfirite dilution are more reliable
than the values calculated from the me2surements at a single
ionic strength, for they are less dependent on the choice of
the varameters in eguations for activity coefficients. However,
unless measurements are made 1n Very dilute solutions, the
extrapolation method cannot give thermodynamic constants which
are entirely independent of assumptions about activity coeffi-
cient (43). Until more information about activity coefficients,
both for single and mixed slectrolytes is available, values of
thermodynamic stability constents should, therefore, be treated
with caution. However, it 1s always convenient to determine
the stoichiometric stabllity constants at a definite ionic
strength which serves for mosb of the purposes of the stability
constants (LL). Rossotti and Rossottl (45) have exprecsed this
idea very aptly by saylng that, "It is better to obtain reliable
values of the stoichiometric constant, than less certain vslues
of the thermodynamic constant, which are ugeful for practical

purposes'.
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A eritical deccrintion of the various metiiocs used

for cetermination of ctability constants Lave 1l een nprovided

in various nublications of Rossctti and Rossottil (L,5), bartell
and Calvin (L6), Chaberek (4,7), N.i.. Jones (L&) and

Vateimirskii (49).

Although several methods ﬁ%ed on absorptiometric
measurements are available for the determination of stability
constants, yet, in the following account, the various methods,
used in this work, for calculating the stability constant

are triefly described:

1. Banerji and Dey method

Amone tne procecures aadopted for the determinaticn of
stability of coloured complexes, & convenient method is that
described by Anderson anc coworkers (50,51) which is based
on the comparison of the composivion of mixtures having itden-
tity of cclours, i.e., the same absorbance values. Ancderson
and coworkers (51,51b) have concluded as a result of compara-
tive study of various metuods of determination of the formation
constants, that their method yields more reproducible results.
The method however, suffers from a limitation that both the
interacting solutions forming the complex should be colourless.
Banerji and Dey (52) modified the Mmetnod to calculate the
stability of complexes, 1n solution, where one of the reactants
may be coloured. This method bd&s been found to be useful and

applicable under a wider variety of conditions.
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BY BANERJ! AND DEY METHOD.



The results obtained from the method of continuous
variation, using equi—molecular solutions, was aacoptea and
the absorbance of mixtures of varying composition, at a fixed
wavelength was measured. In a graph, the observed absorbance
(and not the difference in absorbance) is plotted against
D)/[M) +(Ke) , where [M) is the concentration of the metal
ion and]Ke) that of the chelating agent. A graph, as shown

in the P.1.F.1, is obtained for a 1:2 type complex.

Usually, the metal ions are colourless at the wave-
length used for the studies. Hence, in the procedure adopted,
with the progressive increase of [M], [Ke] decreases and it may
reasonably be assumed that in the descending portions of the
curves, where [M] ig in large excess as compared to tKe], most
of the chelating agent is bound UP in the complex. Therefore,
in these portions of curves, the absorbance due to free chelating
agent is negligible and does not contribute to the absorbance
of the system. The observed absorbance, therefore, is due to
the colour of the complex alone, when the measurements are
being made at or near the region of maximum absorption of the
chelate. It would therefore be reasonable to assume that in
curves A, B and C, where the absorbance is the same (say 0.200),
the respective amounts of the complex formed in each case are

identical .

In a complex forming reaction of the type:

nM + nKe_'____,.Mm Ken



the formation constant Y. is ~iven by:

(2.9)

{a-x) (b-nx)D

where 'x' is the concentration of the ccmplex at equilibrium,
and 'a' ancd 'b' are the initial concentration of the metal

ion and the cnelating agent.

“here m = n = 1, the formation constant K is piven by:

(a-x) (b-x)

Taking two concentration a4, 2, and b1, t. oI the reactants
piving the same absorbance of the mixture, that is, the same

value of 'x', we have

= X _ X
(2 -x) (b1—x} (az—x} (bz—x)
A4b4 - anb
or  x= — 11T 24 (2.10)
(m1ﬁh‘J - (32+b2:

In a system where m . 1 and n = 2, the formation constant K is

-—

given by:

K = X
(a-x) (b-2x)2

Taking two mixtures having the identical absorbance as in the

previous case, we have,

X
K X =%

(a1-xJ (b1—2x)2 (az—x) (b2—2x)2




Thus. from a knowledee of two initial concentraticens of a and
b, ths value of x can be calculated and the value of I can be

obtained Ly substitution.

2. Job's method (using non-egq;@clecular solutions,

In this method, the volume of the metal ion is plotted
against the A - absorbaace and the stability constants are

cbtained from the expressions given below:

y
v o (n —{n+1}x) (p-1)‘ ; (o 3§
e rl:x-'n [{ o .—I.J rt 1

i1 complex,

Thus for

—b

_£1—2x) (p—1)
c(pr1)x-1) ©

ané for 1:2 complex,

2
(2-3x) (p-1)

;z;[(p+2}x-2] 2

I. =

where ¢ = concentration of the metal.ion

chelating agent concentration
metal ion concentration

p = A ratio =

Total volume - Peak volume

% =( ____————-_-} of metal ion (2.12b)
. Total volume
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2, FKole-ratic metinod

T . stabilitv of the ccmplex can also le calculated
from the ncle-ratic curve, througsh a calculation of +the decree
0° Aicscristion, as proposed by hLarvey and vanning (24). o« -
the derree of dissociation is riven by the eguation:

(B, - ES}

. - (2131

B

where %, is the abscrbance of the undissociated complex (in
presence of excess of chelating agent) and ES 1s the absorbance

of the dissociated complex (2t equilibrium).

After calculating the value of x, K ig determined from

the equation given below:

1 - {2a10)

I_ = _________.-——--—-'—-'_'

n
n mn+1-C

where ¢ 1is the concentration of the complex.

I

Thus for 1:1 complex; K (1- ed/ «"c  and

(1= o)/l x5 e® .

»
]

for 1:2 complex; %

L. Molecular extinction coefficient method

The molecular extinction coefficient, a specific extinc-
tion coefficient for a concentration of one gram mole of the

complex per liter and a path length of one cm is expressed as:

¢ = D/c.t = D/c (when © = 1 cm) (2.15)



(a) wnether a substance will precipitate out from solution,
and if so, to what extent? Will other substances separate
under the same conditions? If so, can we change conditions
by using complexine azents or controlling the acidity of the
solution to obtain a selective separation? (h) "That are the
characteristics of reaction that are of practical use in
methods of cetermination? (c) What is the nature and extent
of any side reaction ? (d) hat are tne criteria for selec-

tion of suitable indicators for titrimetry?

Similarly, in trying to interpret the physical, chemical
or biological properties of a metal chelate system (in soclution,,
it is essential to know the stability constarts, because each
species that is present makes 2 significant contribution to

these properties.

The stability constants of metal chelates are relatec
to thermodynamic properties such &s free energy change (AFO),
heat-contznt or enthalpy change (ZSH) and entropy change
(AS) of the system. A knowledg®f of these properties is
important for getting a complete idea of the reaction and
provides information regarding the nature of the bonding bet-

ween the metal and the ligand.

The change in free energy Of formation of the complex

can be calculated from the relation:

AFO = AGO = =RT1nK (2-16)

where A F° or Ag® is the change in free energy of formation,



% je the ~as congtant, T, the absolute terperature at whicin the

work hed been carried out and kK, tue formation constant.

The equation AF = -RTlnll is knoun 2s van't Koff
Icotkerm. Di’ferentiating egquaticn (<.16), with respect to

temperature, we ret,

A A L o.g In R = B -
dt |

Upon multiplying throughout by T and substituting A F¢ for

-RT1nk, it is seen that,

-
1

T 52 (AF°) = AF° - aTzé% Lak (2.17)

Gibbs-Helmholt equation for the special case in which the

substances are 21l in their standard states, is

T ..51. (AFO) =AFO _ AHO (2.18)
dt

Combination of equation (2.17) with equation (2.1%) gives

o

d g - OH

dt o RT2

€ 1nk = Aﬁg (because A H° can be easily (2.19)
dt RT replaced by A HI)

Equation (2.19) is popularly knowl as Van't Hoff Isochore or

Varn't Hpff equation,

For applying this isochore to any particular reaction,
it is essential to integrate it- If AH remains constant
over a range of experimental temperatures (say 20°¢ ~ 5000),

we can have on integration,
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1

Ink = :4%?-dt , lé%; . a constant

If we intecrate the abeve expression between two temprerature

T, and T.. 2t wuich the equilibriun constants are c,oand .

respectively, we have

) Al . - l—-)
Ink, - lnkK, = ‘7"(T2 T,
inky Ay )
g . 2H (p, - 151 /T5T
TE. ki 244 43+
- AR 1. - dey
or lecg K2 - log K, = ——— \To T

Thus knowing the equilibrium constant at different tempera-
tures, by plotting log K against 1/absolute temperature, it is
pessible to calculate AH of the reaction by using the follow-
ing equation:
2.303 R (log K, - log ¥¢) T4To
T2™Ty

(2.20)

From the knowledge of enthalpy change, tne entropy change of

the reaction can further be calculated from the relationship:

AF? = Ag® = AH-TAS (227}

IONIZATION SCOLSTAUTS

Ionization constant refers LO constants which are used
+0 measure the strength of acids and bases. They reveal the
proportions of the different ionic species into which a subs-

tance gets divided at any chosen ph. This kind of information



©

je useful in many vays. FCr exanpie, different ionic species
Lave ¢ifferent a“sorbancez. The different ionic srecies of

a piven substance differ in physical properties and in some

(@]

sces cnemical anc liolcgical preperties as well (5:).
Tonization constants, by cefining the ph range in which 2
substarnce iz least ionized, indicate the conditions under
which it c¢an be isolated with a maximumr yield and this has o
sreat value in preparative chemistry. They are often used to
nelpy diagnose the structure of newly isolatec substances and
can help to confirm the identity ©L two substences which cannot

be differentiated by melting point determinations.

Conductometry is protably the oldest methkod used for
the determination of the ionization constant, and is especially
useful for very weak acids. with @ little care, the method

is capable of yielding sxcellent results.

A more cecnvenient method for the determination of
jonization constants is by using potentiometry. However,
spectrophotometry is particularly suitable for sparingly
soluble substances and also for work at very high and very
low pH values, which are beyond the range of the glass elec-
trode. It can however be used¢ only for subetances which
absorb ultraviolet or visible light and the relevant ionic

species must show absorption maximd at different wavelengths.

Whereas the potentiometric method of determination of

the ionization constant, measures the hydrogen ions not bound



bv the unknown znecles, the spectronhiotometric metnod measures
the spectral snift producer when tne un:incwn csrecies bind the
hydroren ions. 2Raman spectra and nuclear macnetic resonance
parmit the determination of the ionization constants of such

strong acice 2e nitric acid end tri-rluoro-scetic acid (84,

inother method consists in the determination of increase
in aqueous solubility of unknown species at different pH (55).
Althouegn the method cannot claim the accuracy of earlier ones,
it ie useful in cases where a substance is f1) too insoluble
in water for potentiometric and concuctometric determination

or € has no useful ultraviolet spectra.

Substituent proups can change the electron density on
an acidic group by polar interactions. lMany authors have
attempted to divide polar interactions into inductive effects,
displacement of electrons along the molecular chain or ring at
direct or electrostatic field effects which occur, at least
in part, through the solvent (56-61)- The distincticn is
however a fruitless one, because there is no way to estimate
one type of interaction independentlY of the other. Commonly
these changes in acid strengths are treated by considering
them as arising from the polar effect, resonance effect,
hydrogen bonding and steric hindrance. Often more than one
of these considerations play a significant role in determining
the acid strength of a molecule and it is gifficult to find
examples which illustrate just one of them. The effects of

substituents can also be treated by a "linear free energy"
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relationsnip. Tihe most erenerally used form of %this expression

is the modified Hammet equation

pKa = P& (2.22]

where the substitution constant o measures the atility of the
substituent to either withdraw electrons from the ring or donate
them by induction and resconance. It depends primarily on the
position of the substitution because resonance is more important
at the vara position than at the meta position. It is assumed
to be indevendent of temperature and the solvent. P 1s the
reactior constant which is the came for 211 substituents but
depends on the solvent, the temperature and nature of the acig

group.

The Hammet equation is a land mark in the development
0." physical organic chemistry. With it, one can store and
correlate a large quantity of equilibrium. The sign and
magnitude of P have proved useful in characterising the nature

of reactions and in speculating their mechanism.

Most of the ligands, which are used for forming the
metal chelates, may be regarded as complexes containing hydrogen
or hydroxyl ions. A knowledge of thelr dissociation constants

is necessary Ior calculating the stdbility constants.

s . 3 . & i 5 .
Acid dlssociation constants, K%, are equilibrium constants

for reactions of the type:

+
LH y == LHy 4, + H (2.23)
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cince tue 2cid (ieeociation censtant of the fully saturated
proton complex, Lh,, is usually cesirmatec Ll the subserirts

1:2)3; etc.
3 It 4
P R | L
o [Lhﬁ Kl

H 1 3 3 L4 -
where KN is the lNth stepwlc€ acid association (formation)

constant.

Similarly for the next dissociation step,

LY s [1-]'1‘)‘ ;

“ 5 1.7
LL'I-J i1

and in general

7 [LHy 1 [Hﬂ _

-
B+1-n - [LH:"] - KE (2.24)

The values of acid disscciation constants are renerally quoted

in terms of pK? values which are related to the diesoclation or

the association constant as follows:

pKa & Tog Ko = log KH (2.25)
K41-n © 08 Pieion n 225

DETERMINATION CF THERFCDYNAMIC TONIZATTICN CONSTANTS

The method of J. Philip (62} has been employed for the
spectrophotometric determination of thermodynamic ionization



First of all, the svectra of fully protonated form
(in O.1N HCl), the partially protonated form (in a buffer
solution - say of pH 5.5) and completely unprotonated form
(in O.1N~-KaOH) of the ligand is recorded over a wide range
of wavelength. If a significant difference in the absorbance
between the different ionic species, is observed, one can

proceed with the determination of the ionization constants.

The appro)(imat'e ranges are then determined in which
pK values of the ligand may lie, applying half equivalence
point method. Then buffers of various pHs in those ranges

and of known ionic strengths are prepared.

Sutsequently the absorbance of a definite concentration
of ligand is measured at a number of wavelengths (where peaks

are recorded in the absorption spectral in:

A. for determining pKNH

(1} in O.1N HCL
(2) in buffers covering the pK value range

and (3) in buffer of 5.5 in which entire spectra has
already been recorded.

B. for determining pKOH

(1) in buffer of 5.5, in which entire spectra hag
been recorded

(2) in buffers, covering the pK value range

and (3) in O.1N NaOH



The velue of pi. czn then Le determirad by applyinr the equa-

tion (62

whore pi is twat of the ruffer, in which, absorbance x of the
” . - \ A
lieanc Las been measurec¢ (: s obtainec in step 2/, a and b are

abeorbances of the ~ame concentration of the comnound in acidic

znd bacsic solutions.

Further the thermodyramic ionization constant (pK,)
can be then obtained by arplying the expression:
I1/2

1 + 11/2

Pk, = pE, + (2.27)

x of the lipand is measured.

PART A

SPECTROPHCTCLATRIC LNKVESTIGATICNS

The introduction of 8-hydroxyquinoline for use z2s a
resgent for the analygis of metal ions by Berg and Hahn (63)
opened & new field in analytical chemistry. The ability of
8-hydroxyquinoline to form metal chelates is due to the peri
position of phenoliec hydroxyl group to the hetero atom nitrogen,

forming of grouping N-C-C-C which can give rise to the formation
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cf a five membered chelate rinr, which is one of the nore

stable rinc structure=.

Tue selectivity of orranic reaeents is invariably rela-
ted to the presence of certain salt forming erroups and the
coordinating atome. A better understending of the coordina-
tine groups in -hydroxyquinoline 2nd its analogues, will offer
ereat help in carrying out systematic work towards a greater
applicability and selectivity of these reagents. By condensa-
+ion and substituticn reactions, certain groups can be introcduced
into the molecule of this compound sc¢ 2s to modify their complex

forming properties.

The present study is concerned with the determination
of thermodynamic dissociation constants and stability constants
of the chelates of, substituted 8-hydroxyquinolines, having

the following structures:

o L

- %
OH
(1) 7-chloro-8-hydroxyquinoline- (2) 7~bromo-8-rydroxyquinolina-
5 pHOIAE hoig 5-sulphonic acid

Some of the aims of the work presented here in the

realm of spectrophiotometric jnvestigationg are:

(1) To study the composition of the metal chelates

(2) To determine the stability constants of the metal
chelates



(3)

(&)

(6

(7)

(8)

(5!

(10)

by the

To study the effective ph range for the stable
existence of these chelates

To find out the usefulness of these chelating agents
for the spectrophotometric estimation of metals

To find out the interferences in various foreign ions
and their tolerance limit in the estimation of these
metals

To determine the thermodynamic ionization constants
of these chelating agents

To determine the thermodynamic functions as free
anergy of formation, enthalpy change and entropy
change of the metal chelates formed

To find out the effect of halogen substitution in
the aromatic ring on the thermodynamic ionization
constants of these chelatlng agents

To find out the correlation between the thermodynamic
ionization constant of the ligand and the stability
constant, free energy Of formation, enthalpy change
and entropy change Oof its metal chelates.

To study the variation of stability constant and
the thermodynamic functions of the chelate with the
properties of the metal like electronegativity and
ionization potential

The ligands chosen for the studies have been prepared

method used by Tiao-Hsu Chang et al (64).

EXPERLMENTAL DETAILS

In order to avoid duplication, a brief review is being

made here of the details of the experimental methods adopted

in these investigations, which are common to all the systems

studied.



Instrurents

211 absorbance measurements were made with a nileer
Uvispox Spectrophotometer (i.odel h 7UL-380) usine one cm metched
quartz cell, equipped with thermoplétes to stabilize the tempe-
rature of the cell holder. pH wes me2sured on & Seckman pH
meter (llodel E2), with a rloss-calomel electrode system. The
individual solution and all other mixtures were kept in a Townson
and llercer precision thermostatic bath maintainine a constant
temperature. The solutions were kept for about an hour to

attain equilibrium, before abecorbance measurements were made.

l.aterials

411 the chemicals used throughout this work were of ana-
lytical ang reagent grade purity- Double dietilled water was
used for making the solutions. The working solutions were
prepared by appropriate dilution of the stock soluiion, with

dcuble distilled water.

The hydroxyquinoline derivatives were tested for their

purity by usual methods.

Optimum conditiong of study

The optimum conditions of study were worked out first,

in order to ensure reprOdUCible results.

Erfect of pH

Measurements were made @t a fixed pH (by employing suitable

buffers) to avoid any error due to pH variations.



Cffect of time

i

he complex formaticn was founé to be instantaneous
in mo=t cases and the absorbance attained constancy within
a short time (neximuu an kour). It was also (ound that there
was no sirnificant chan~e in absorbance values, even after

nours.

_ffect of temperature

Temperature chanee nad little effect on %he absorbance

of the complex, when the lipand is present in excess.

Crder of addition of reagents

The order of addition of reagents did not have any
effect on the absorbance of tne cnelates. lowever the ligand

was taken first in all the cases and then the metal ion Wasg

added to it.

nature of the complex species formed

Tne method of Vosbhurgh and Cooper (15) was used +o
ascertain that only one complex is formed in each case under
the specified congitions. Several mixtures containing metal
and ligand in ratics, 1:1, 1:2, 1:3 and 1:4 were prepared ang
then the absorbances were measured at different wavelengths.

By the number of ghifts in the )\max from the )\qu of the

reagent itself, the number of ccmplexes formed was ascertained.



Composition of the crelate

Tie emcirical fermula of the chelate, in ecclution, was

1

determirnec by the fecllowin methods, usin- -"scrbance measure-

mente:

(1) Continuous variaticn method
(2) lole~ratio method, and

(3J Slope-ratic method

It was considered desirable to use severdal independent
methods for establishing the corposition tecause, to avoid
arriving at, misleadineg results, which may occur ty using only
one metnod. It has been found that all different methods
reported in this thesis give resul®s which are in good agree-
ment with each other, in almost all the cases. In case of
continuous variaztion method, the results have been confirmed

using both - equimolecular and non-equimolecular solutions.

Evaluation of gtability constants

The apvarent stability constants were determined by the

methodz already outlined, Vize.:

(1) Method of Banerji and Dey

(2} Job's method, using non-equimolecular solutions
(in some cages)

(3) Mole-ratio method, and,

(L) Molecular extinction coefflcient method.



“valu-tion o° thernocvnanil functions

The free enercy cf formetion, enthal-y chan~e and the
entropy change, during the formation of a complex c.n be cal-

culated tv arplyine equations (2.1634 - oo and (. 7144

hnalytical apnlications

ifter the composition of tue chelate nas been determined,
in order to study the analyticel applications of the chnelate,

the following factore are lookec into:

The effect of rearent concentration

The effect of the reapent concentration is studied with
solutione containing a given amount of metal and varyingamounts
of a solution of the ligand. Tne pH values of the solutions
are kept constant and the absorbance is measured at theJ\_max
(using the same concentration of the reagent at that pH as
plank). The number of moles of the ligand per mole of the metal
ion are plotted against the absorbance and the moles of the
reagent required for complexing 2 unit mole of the metal ion
is thereby known. The same can also be found out from the mole-
ratio curves,when the given amount of the metal is mixed with

a varying amount of the ligand:

Beer's law and effective phopometrlC range

The range of concentration for adhnerance to Beer's law,
{in pom) is determined by plotting & graph between absorbance

of various mixtures, and the amount of metal ion (in ppmj.



Tne effective rhotometric ranee ie found ULv plotting
the Nincbom plot, hetween the nercentnge transmittance and
the or.. of the metal ion and notine the ranse in which the

curve recorcs & steep rise.

Censitivity

The sensitivities o0I une colour reactions is also deter-
mined as defined by “andell (65) in ug/cm’ based on an absorbance

¢f 0,001 unit.

Molecular extirnction coefficient

The molecular extinction coefficient is calculated for

each of the systems investigated.

Effect of diverse iouns

The effoct of diverse 1008 is examined in a solution
containine a known amount OX metal ion and diverse ion. The
pH is adjusted to the required value. The tolerance limit is
calculated in each case. The tolerance limit is cefined as
the concentration of the forelgh jons which affects the absor-
bance of the system by less than ¥3 per cent. Wherever possible,
an attempt should be made TO make use of masking agents for

elimination of foreign ions.

Reprogucibility anc percengggQ#EEEEE

The reprcducibility and accuracy cof the methed is studied

by analyzing solutions containing known amounts of the metal ion



in rpm. Tc aliquot quantities of the metal ion solution, taken
in 2€ cc flssk, excess of the rearent is added; the volume in
each is wade to 2% cc alter adjustment of the pu. rom the

rezsults obtained, the vercentage error can easily be calculated.

Thue the metal ion in the glven alloys or ores, can easily

be calculated.

Lo

PART

PCTENTICLETRIC STUDIES

One of the important classes of organic dyes, which
stand out prominently for their varied applications, is the
hydroxytripnenylmethane group of dyes. Besides their use
in dyeing, printing and chrome-mordanting, their other appli-
cations are manifold. A number of them possess the interesting
proverty of forming coloured products with inorgenic ions and
tnis kas larprely been used in the field of inorganic analysis.
The coloured metal chelates may b€ soluble or inscluble depending
upon the concentrations, as well &s ©0 the nature ol the metal
son. The colour reaction is specific or selective in many
cases, ané the dyes nave found applications as metallochromic
indicators in chelometric yitrations, as spot reagents, and
as colorimetric reagente for the detection and determination

of microquantities of inorganic lons.



- urintricerbox-lic acid (triam.onium =altl) is an importaug

, - s o5& \
cve o tuls group (Fie. 1)

‘/\H o

liOCC/ \/\ / COCN HL\

H (//H
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Hammet and Sottery (66) in 1925, reported the formation
of a red coloured compound batween aluminium and ammoniumauri-
ntricarboxylate (usually abtreviatea 2s AsCj, anc on account of
this reaction, the compound tnought to be specific for aluminium,
came tO be known as eluminon. Mukherji and Dey (67) noted the
colour reactiorsof various metals with aluminon. These authors
further (68) found from electrical conductance studies that the
reagent behaved as a colloidel electrolyte, and they suggested
that physico-chemical measurements should preferably be carried
out in extremely dilute solutions, when it behaves asg a true

solution.

Aluminon forms a number Of chelates with several metal
iong, and considerable work has been reported on the spectro-

photometric investigations ol fThese ccmpounds.
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It as toeou ot pro fitable to etermine the stenwice
orotonatior constants of ~al and formstion constants of 1ts
chielates with some of th di-, tri; and tetravcsitive metal

chelates, ~otenticrstrically.

The most widely uced ana prchably the nost reliable
metho- for the determinetion of ctability constents of mestal
somplexes is the potentiometric measuremens of hydroren lon
concentration. Thie is based O the fact that ph of a solution
is diractly affected by complex formation, since most complexing
agents ar<e alsqgacids (cr vesess and the formation of the ccm-
plex is accompanied by the displacement of a proton (decreasc
in pH) from the acidic ligend, or by a decrease in concentra-
ticn of the base. The increased acldity 1s a result of compe-
titive binding tendencies of the twWo Lewis acids {electron
acceptors), viz., hydrogen and metal ions, for a2 lewis basge,
j.e., the ligand. The magnitude of the observed ph cnange
(or 2lkali needed to neutralise this pH ciénge) is related to
the metal-ligand binding tendency and may be used to determine
the stability constante of various complexes formed in the
system. The method was developed, mainly by Bjerrum (L),
calvin and Wilson (69), Fronaeus (7C), Schwarzenback (715721
and Irving and Rossotti (73). Bjerrum {(L: introduced a
function 10, which is defined &s the average number of ligand
molecules bound per metal ion, which is generally determined
from the data obtained from the PH titration of the system

containing known concentration ol the metal and the ligand.



The ©n values 2nd the corre Hondine nepative lo~ values of
fres 1i-and ccneantration (pl) at verious pn values 2are cal-
cul~ted and tnen graphically plotted. From the values of n
and pl, the values of the stability constants can bz cbtained
by the metrods such ar curve fittine method (74), Bjerrum's
svreadine factor method, r2lf - n method and mid-point method
(4), Scrwarzenbacih'e rrerpnical metnod (/5), Irvine and
Rogrotti's correction term metihod, methoo of successive
approximation, methnod of solution of simultaneous equations,
interpolation at various n values method anc of least square

method (76).

In the present studies, we have employed the Bjerrum-
Calvin pH-titration technicue as described by Irving and

Rossotti (45,73).

Titrations are carried out in agueous media and suffi-

cient (HCIOL+ s NaClO. ) is added to give & definite overall

L

ionic strength. The titrant is NeCUH, which is used as primary

standard.

A large number of titrations should be carried out mgin-
taining different ionic strengths, empioying different ligand
concentrationimetal ion concentration ratios, using different

molar concentrations of (HC1O, * NaCth) medium, and using

-

various molar concentrations o the titrant,

We may assume a case for discussing the procedure,
-

in WhiCh, = 0.02, T]_. = 2.5 X 10“3B:, T = O°5 X 10-)1‘;

%3] ]

E = 0.1M and N = 0.1M.



Tt i- also assumed that the anion of the lirand (L)
reacts with metal ion (i) to feorm the species +.L and | and
with protone (wi to form LH and Lh,. Tnece reactione are

reprecented by two chelate stability end disscciatlion constantre.

Ts determine a chelate stability constant, three titrations

are carried out:

(a) Perchloric acid (5 = 0.01M) is titratec against

sodium hydroxide (K = O Tin)

-

(b) Perculoric acid (£ = 0.01ki plus ligand (FponsSelG B

is titrated against sodium hydrcxide (N = C.ith)

and(c) Perchloric acid (Z = 0.1M) plus ligand (TL=2.5x1O“3M)
plus metal (TN=005x1O'3M) is titrated against sodium
\

hydroxide (N = O.1M)

The initial volume of the titration solution in each
and v" of alkali are consumed in titration (al, (bl ena (c)

respectively to give identical values of pH.

A ligand-proton formation curve is then obtained by
plotting the degree of formation (nA) (where HA is the average
nurber of protons bound per free llgand molecule) of the
ligand-proton complex against pH, using the well-known rela-

tionship derived by Irving and Rossottl (76)

7 osgh ao it HAE (2.28)

oy g
(VO$V)




and y tue totel number of diseociable nrotons per li-~and
added at the berinning of thue titration. frow this plot the
2cid dissociation constants of the ligand were obtained.
Trese conctants jere then used in calculating the stability

constante.

A comnlex lirand formation curve is thnen obtained by
plottine the desree of formation of the complex (n) (where n
is the averare number cf 1lirands bouncd per mnetal ion, asainst
the necative lorarithm of the concentration of non-protonated
ligend (pl} using the followinp relationships:

(vt _ ) [N+E+TL(Y - EA)]

(2.29)

(Vg + v") ny Ty

WA A £ R Ik (g ¥¥™ L
L = lJ.I.—' = TT > 7 '

=¥ : O

)

-

I$i £ . . . .
where ,86 =1,/ ang A, are the reciprocal acid dissccia-

tion constants of the ligand anrd are equal to [LH)/[L}{H] ang

iy 2 _ ; WAL
[LH?]/LL”UJ respectively. The chelate stability constants
and acicd dissociation constants can be read from the formation

cCurves.

If the formztion curves for the proton-ligand system
extends between EA _ 0 to 2, it shows two steps of dissocia-

tion and there will be accordingly two step-acid dissociation

:
by applying various computational methods.

u
constants - log « and log K5 » whose values can be obtained,



e have employed, in tue rresent studies, Sjerrun's
nalf n, metnod (4), sjerrum's mid-point method (L) and Irving

and lossottits (761 internolation at various n. values metnod-

Cimilarly, if ctne formation cuwves for the metal-ligand
systenm is extended Letween tNe valuee of n = O to 2, the exis-
tence of two stevs in equilibria are indicated. There are twe
ctens - chelate stability constants - log ¥, and log K,,
wnose valuss can Le octained cinilarly, by usine the computa-

+ional methods mentioned above-
5 brief outline of thece methods is given as under.
Accordine to ?jerrum's ralf n method,

T (2.31)
lOg {n = pl.n_“‘/z

and

Il

he = %
when n 1, lor h‘ iDI-'1/2
wien n = 2, lOg e &= bI‘B/?

The values of log and log R2 {end hence lOg;Gz),

are obtained by reaging the yalue of PL, corresponding to the

pointe, where T — U.c, and 1.5 respectively. This equation is

5 L
aooli il 7 i
cable where v1,}2 j§> 1L

For calculations by the mid-point method, it has been

found that at the mid-point of the formation curve, when n=1,

_ 2 b1
log K, K, =2 PLy {2a32]



"or 2 syster. in wuicn I — ., the follicwain- equation

La:l‘: S ")‘»;d
D _ h_téL (2.33)
\ > ', \
prlyine equations (2.2 (2.33), we can calculate the
values of 1log K. and 1log . -

U in the equation (2.23/ is the slope of the formation
curve at the point where n = 1. These equations are applica-
ble cnly whers K1/KQ lies between 10% ang 1077, This condition
has rarely teen fulfilled in our studles; hence this method

has not been applied freauently for celculating the stability

constantes.

To calculate log K, and log Ko v Irving and Rossotti's
method, use is made of the following relationships:
log K. = plL + log (1-ci/d (2.34)
1-d )

lOg I".z = pl, - log (1-d/d (2.3
148

\n
-

where d is assumed to be equal tO Quly 042 ;uey 0.9 End
values of log i., and log K, are accordingly calculated, by
taking the average of values so obtélned. The use of tlese

equations over the whole range of formation curve (0<d<1)

is Jjustified only if K‘/K2;> 104.
Further,
i b -1 ¥
lop B = log Klf; dog Ay = Jox K 4 log 1Y (236

and similarly log 3, = log K; and lOg,62=1og K, +log Ky(2.37)



r¢

e)

mhe camsulintion of an excess of alkeli ir tre cnelation

titration relative to *ue cimple li~and titration is due to the

1li~-n¢ pretone liberzte. during the complex formatioln.. Despite
‘e tencdency of netal ions to nycrolyse in aqueous solutions,
such effect=s have been irnored in this work eince the chelates

¢

|,-J
(D

are stelle in the pii renres, ir whiich studies have Teen carri
out.

In some cases, the proton-li~and stebility constants
of ARC and stepwice stability constants of tne conplexes have
reen determinec 2t various ionic strengtns and the ionic
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7—CHLORG-8-HYDROXYQUINOLINE—5-SULPHONIC ACID

Introduction

g-hydroxyquinoline has been a very important reagent
in the analysis and estimation of a number of metal ions, since
1926. But it lacks selectivity and such, forms insoluble che-
lateswith at least thirty metal ions. While researches on the
use of 8-quinolinol in analytical separations and determinations
have not yet been exhausted, the search for new, potentially
useful reagents similar to 8-quinolinol but having greater

selectivity, is being carried O, with even greater ardour.

The selectivity of organic reagents is invariably related
to the presence of certain salt forming groups and the coordi-
natable atoms. Coordinating groups present in a reagent, aifect
its selectivity and so do, other atoms or groups present in the
molecule. By means of substitution and condensation reactions,
certain groups can be introduced into the molecule of these

organic reagents, so as to modify their complex forming properties.

In 8-hydroxyquinoline, the phenolic hydroxyl group has
a strong ortho-para - directing influence, as a result of which,
substitutions in the 5 and 7 positions mostly occur, with the
more active electron-seeking reagents substituting in both the
positions. Generally, the s.position is attacked first. Quino-
line is reactive at the 2 and L pesition towards nucleophilic

reagents. However, substitutions in the 2-position have been



1y I

more effective. Corresnondingly in 8-quinodiinol too, substi-
tutions in position Z have heen found very ccmmon. a number

of substituted 8-quinolincis can often be used to advantage.
The presence of the sulphonic acid group makes the reagent
sclutle in water. Albert anc Magrath (1} mace some colcrimetric
teects of 8-quinolinol—5—sulphonic acid with some metal ions and
found that it forms scluble chelates with many metzal ions and
+his led many workers to investigate its metal chelates in
agueous redium by various physico—chemical meéns I‘egarding com-
position, stability, thermodynamic functions and analytical
applications. lore recently mived ligend chelate stucdies em-

ploying this reagent have also beed carried out.

Amongst the chleoro cubstituted 8-hydroxyquinolines, con-
siderable interest has been taken, in compounds like, 5-7-
dichloro-8-quinolinol, 5_chlor0-8—quinolinol, 7-chloro-8-
quinolinol, 5-ch10ro-7_iodo_8_quinolinol, 7-chlorc-5-iodo-8-
quinolinol, 5-chloro_8_quinolinol—7-sulph0nic acid and 7-chloro-
8-hydroxyquinoline-5-gulphonic acid. The ability of the chloro
substituted 8-quinolinols, %O precipitate the metal lons from
aqueous solutions have made thes€ compounds very lmportant from
the point of view of gravimetric estimations of metal ions and
the solubility of these metal chelates soO precipitated, in
organic solvents led many workers tO investigate the utility

of these compounds as SpectrophOtomEtTiC reagents.

Considerable interest has been evinced in studying the

effect of substituents, on the ionization constants, chelsate



stability constants and thermodynamic functions of halo deri-
vatives of 8-quinolinol and its sulphonates. Studies have been
made on 7-chloro-8-hydroxyquinoline-5-sulphonic acid, which

forms a good number of water soluble chelates, regarding (a) its
ionigation constants (b) composition, stability and molecular
structure of its metal chelates (c) thermodynamic functions,
associated with the formation of its metal chelates and (d) their

use in tne analysis of metal ions.

Richard Berg (2), while studying the influence of substi-
tuents on the ingolubility and stability of metal complexes of
8-hydroxyquinoline gerivatives, observed that 7-chloro-8-
hydroxy quinoline~5-gulphonic acid in acetone-water solution
contalning a mineral acid, gave & greenish yellow precipitate
with copper (1;200,000) and a greenish black precipitate with
ferric salts (1:100,000). Jacob Molland (3) observed the possi-
bility of colorimetric determination of iron with some 8-
hydroxyquinoline derivatives, including, 7‘°h1°r°‘8‘hYdT0XY“
quinoline-5-sulphonic acid, which produces 2 dark green coloura-
tion with FeClB. He recommended the use of pthalate ang borate
buffers for the determination, as they did not influence the
colouration. Harry B, Feldman and Arnet L. Powell (L) reported
that 8-hydroxyquinoline-5-sulphonic acid and its derivatives
displayed properties of indicators. OUn the basis of calcula-
tions of acid and basic dissociation constants, he found 7-
chloro-8-hydroxyquinoline-5-sulphonic acid, as the most suitable

indicator. Antonio Luis, Palomo Coll and Gabriel Palomo Coll(s),



while studying the chemistry of Amebicides, reviewed the method
of synthesizing the derivatives by halogenation, by the Skarup
synthesls, or by the Gattermann-Sandmeyer synthesis and repor-
ted improvement in the proceduwres. The melting point of 7-
chloro-8-hydroxyquinoline~5-sulphonic acid was reported by him
to be 300°C. J. Buchi and P. Meier (6) reported the preparation
and bacteriological testing of several 8:hydroxy alkoxy quinoline

derivatives.

Tiao-Hsu Chang et al (7) prepared some of the derivatives
of 8-hydroxyquinoline. They also reported the dissoclation
constants and chelate stability constants of Cd(II}, Pb(II),
Zn(I1), Co(II) and Ni(II) chelates. The acid dissociation cons-
tants were found by NaOH titration at 25°C in 2M-NaCl and chelate
stabllity constants were determined by metal perchlorate titra-
tion under the same conditions, using Bjerrum-Calvin plots. The
acid dissociation constants of halo-substituted acids were found
to te lower, owing to the inductive effect of aromatic halogen,
which behaves as an elgctron attracting group. The order of
inductive effect ip these halo substituted 8-quinolinol sulpho-
nates was found to pe ] > 1 > Br. The corder of stability of
the halo-substituteg sulphonates was reported as I > Br> Cl > H.
The order of decreasing stability of metal ions to form metal
chelates as found by them was Ni(II) > Co(II)> 2Zn{II)> Pb(II)>
Cd(II). They further observed that the chelates of 8-quinolinol-
S5-sulphonic acid with metal ions were more stable than those
of 8‘quj-nc"linc’l"'?-sulphonic acid, while most of the chelates of
7-halo—8-quinolin01_5_su1phonic acid were less stable than those

of corresponding 5-halo-8-quinolinol-7-sulphonic acid.



Fans Berge (8) reported the polaropgraphic studies of
complex equilibrium in dioxane-water mixtures and determined

the stability constants via exchange equilibriums.

As no significant work seems to have been done on the
chelates of Copper, Palladium, Uranium, Vanadium, Iron and

Callium, a systematic work was undertaken.

In order to reduce the bulk of the thesis, complete data
on only one bipositive and one tripositive metal chelate has
been presented along with the graphical representations. The
data obtained in the detailed investigation of the other chelates

have, however, peep represented only graphically.

Prevaration of 7-

chloro-8-hydroxyquinoline-$-sulphonic acid

The compoung has been prepared by the method used by
Tiao-Hsu Chang et al (7). To 90 gm of 50% fuming sulphuric
acid, 10 gm of 8*hydr0xyquinoline was added drop by drop. The
mixture after having been allowed to stand over night, was poured
intc ice-water, when crude precipitate of 8-hydroxyquinoline-5-
sulphonic acig immediately separated. The precipitate of
8—hydroxyquinoline_5_Sulphonic acid was collected and recrys-

tallised from distilleq water, to give pale yellow needles

which crystalliseg with 2 molecules of water.

5 gm of 8-hydroxyquinoline-5-sulphonic acid was dissolved
in 150 ml of 10% sodium hydroxide solution. The solution wag
magnetically stirreyq while 2 steady stream of chlorine gas was

led through it for two hours. After the reaction was complete,



the solution was acidified. The precipitate was filtered and
recrystallised from 500 ml of distilled water. The product,
which consisted of yellow needles, containing two molecules of
water, could be converted to deep brown anhydrous needles by
heating in a drying oven at 12000 for two hours. The yield was

about 60%.

Colour formation with inorganic 1ions

The colour reactions of the reagent with some of the
cations were studied and the results obtained have been recor-

ded in Table 3.01.

Table 3.01: Colour reactions of metal ions with 7-chloro-8-

hydroxvquinoline-5-sulph0nic acid (CHQS)

Reagent - Light yellow in colour

—

sl.No. Metal Celouration Remarks
1 Hg2+ Colour intensifled Sensitive with dilute
solutions
7) Tk Slightly bluish Sensitive with dilute
coloured tinge solutions
developed
2 —
3 U02+ Orange red Very sensitive with
dilute solutions
2 Fe3+ Green Most sensitive with
dilute solutions
+ cou o
5 Cr3 Colour intensified Sensitive with dilute
solutions
+ - -
6 Tih Colour intensified Sensitive with dilute
solutions
7 V5+ Dark yellow

Sensitive with dilute
solutions




THERMODYNAVIC ICNIZATION CCHSTANTS OF 7-CHLORO-8-

EEDROXYCUINCLINE—S-SULPHONIC ACID

The thermodynamic jonigation constants of 7-chloro-8-
hydroxy—quinoline~5-5ulph0nic acld have been determined in

agqueous medium, using spectrophotometric methods, at 2500

The instruments used for absorbance and pH measurements
have been described earlier. 7-cnloro-8-hydroxyquinoline-5-
sulphonic acid was recrystallised twice from double distilled
water and the spectra of the solutions were taken against a
blank consisting of the aqueous buffer, acid or alkali used
as solvent for the ligand. The other chemicals used were of

A.R. quality.

o
All experiments were performed at 25 2 0.1°C. The pH
of the solutions were adjusted using chloro-acetic acid - KCH

buffer, succinic acid - KOH buffer and KHyPO, - Na2HP0& buffer .
|

Spectral studies of 7-ch10ro_S:deroxyquinoline-5-sulphonic

acid

The spectra of fully protonated form in O.1N HCl (Curve A),
the partially protonateq form in & buffer of pH 5.5 (Curve B)
and completely unprotonated form in O.1N NaOH (Curve C) of CHQS
were taken in the range of 220 nm to 380 nm. The results have
been presented in Taple 3.11 and represented graphically in

p.2.F.1.
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Table 3.11: P.2.r.1.
Conc. of CHQS = 6 x 107 M

Curve A— CHGS in C.1N HC1
Curve B—CHQS in buffer of pH 5.%

Curve C—CHQS in O.1N NaOH

-

Wavelength Absorbance
(nm) . 5
220 0.495 0.704
225 0.4L85 0.565
230 0.505 0.685
232 - 0.810
235 0+547 1,046
237 = 0.964
240 0.814 1.375
242 1.026 -
2LL - ~
2L 5 1446 1.105
247 10 722 0.876
255 1.950 0.705
257 1.822 -
260 1.202 0.815
262 0.707 -
26l - -
265 0.260 1.050
267 0.111 1.168
270 0,080 1.315
275 - 10262
277 - 1.075
280 0.065 0.664
282 = O.421
285 = 0.215
290 0.081 0.138
300 0.115 0.130
305 0.134 O.135
310 0.140 0.135
320 0.143 0.125
330 0.156 0.091%
340 0.180 0,044
350 0.181 0.016
360 C.155 0.018
370 0.110 0.026

0.064 0.036

380




The results indicate the presence of different ionic

species of CHQS which correspond to the neutralization reactions:

(H*J [HAT]/ [HoA)

o
e
I
\
T
-
+
ja
=
1

(H*) (A™2)/ [HAD)

0 B
x
|
l
b 34
+
"
)
=
N
1l

Thermodynamic jonization constants

The ionigzation constants of CHQS have been obtained, since
there 1s @ significant dif ference in the absorbance between the
different ionic cpecies. BY measuring the absorbance of the
compound in a buffer of known pH, the ionization constant of the

compound can be obtained from the following equation (9):

b-X

c

where pH is that of the puffer and x is the absorbance of the

compound in that buffer and a and b are the absorbances of the

same concentration of the compound in acidic and basic solutions.

Further the thermodynamic ionization constant can be

obtained by the equation ¢
I1/2

+ _ﬂ"”
1 11/2

pKa = DKC
where I is the ionic strength of the medium in which the absor-
bance of the compound is measured. The value of 'x' has been
[ - a
determined uslllg different puffers and wavelengths and the pKa1
and pK_» obtained for 7'Chlor0'S'hydroxyquinOline-5-sulphonic
a

acid havebeen represented in Tables 312 to 3.15.



Table 3.12: Conc. of CHGS = 6 X 0% X = 2% on

2 - 1.976; b= 0.695; Temp. = 25°C.

H .
Buf fer P X pK pK 5
Chloro-acetic acid -
Chloro-acetic acid -
KOH buffer 3.2 1247 3.0792 3.1701
R e
rable 3.13: Conc. of CHGS = 6 x 107 "N; A = 2H5 Hi
a = 1.950; b = 0.705; Temp. = 2 5°¢
Chloro-acetic acld -
KOH buffer 3.2 1.285 3.11.;06 3.2315%
-5 .
Table 3.14: Conce. CHQS = 6 x 10 "M; A= 270 nm
x = §,.J1%; b= 0.220;
T . Er.82 .
KH,PO, - NapHPO, 7.2 5 7.2130 7.3039
- [ O‘ 1 a2
KH,PO, - Na PO, 7ok 715 7.2184 7.3093
_ .6 0,600 .
KH,PO, NaQHPOLr ¥ 71929 7.2838
-5
Table 3.12¢ Conc. of CHQS = 6 x 1C 75 A = 275 nm
0,702 :
KHEPOJ+ - NaZHPOh 742 7 7.2060 742969
0.
KHQPO,* - NaZHPOh, 7oLt 541 7.2010 7.2919
6 0.450 5
KH,PO, - Na, HFO, 7 741901 7.2810

o ——
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COPPER(IT )-7-CHLORC-8-HYDRCXYGUINOLI NE- 5-SULPHONIC ACID CHELATE

The formation of the complex between bivalent copper and
7-chloro-&-hydroxyquinoline-f-sulphonic acid (abbreviated ag
CHNS) has been studied in aqueous medium. The chelate is stable
in the pH range 3.1 to 6.6. The composition of the chelate,in
solution, has been determined by three different methods and it
has been found that a stable complex is formed between one mole
of copper and two moles of 7-chloro-8-hydroxyquinoline-5-
sulphonic acid. The stability constant of the chelate has been
determined by the method of BanerJjl and Dey, mole-ratio method
and the method using molecular extinction coefflicient. The
effect of temperature on the stability and the thermodynamic

functions such as free energy of formation, enthalpy change and

entropy change during the chelate formation have also been

investigated.

EXPERIMENTAL

A standard solution of coPper was prepared from A.R.
CuSOL.EHQO (B.D.H.) and the copper content was estimated. A
purified sample of 7~-chloro-8-hydroxyquinoline-5-sulphonic acid
was used for the preparation of ligand solution in double dis-

tilled water. All other reagents were of analytical grade and

were used without further purification.

Conditions of study

A11 experiments were performed at 20°C. The individual



(A
4

solutions and mixtures were kept in a thermostat maintalining a
0

temperature of 20 * 0.1°C, for one hour, to attain equilibrium.

The pH of the solutions and mixtures was adjusted by the addi-

tion of suitable amount of sodlium acetate - acetic acid buffer.

Absorption spectra of the complex in solution

To determine the nature of the complex in solution, the
method of Vosburgh and Cooper was adopted. Mixtuwes containing
varying proportions of copper and 7-chloro-8-hydroxyquinoline-5%-
sulphonic acid (CHQS) were prepared. The concentrations employed

are recorded in Table 3.21.

Table 3.21:

iixture Conc . of Copper Conc. of CHZS BAEA S
.

1 L x 1077 N 1.6 x 107 M -

2 , x 1077 M 1.2 x 107% 1 _—

3 L x 1077 M g x 107° K -

L L x 1077 N L ox 107° W o

1.6 x 1074 M L ox 1077 M b o1

n

Absorbarce of these mixtures at various wavelengths,
from 29C to 4,00 nm, was meagured. The results have been recorded

in Table 3 .22 and graphically represented in P.3.F.1; which shows

that the \ max of all the mixtures are in the spectral region

5 365 s It is evident therefr‘om that Only one COmplex is formed

under the conditions of study .



Table 3.22

avelength Absorbance

(nm)gt 1 2 3 L 5

290 Q325 0.220 0.121 0.066  0.084
300 0.335 0.231 0.131 0.070  0.076
310 .3 52 O.231 0.153 0.080 0.080
320 0.3%6 0.260 0.165 .08,  C.08L
330 0.336 0.25€ 0.184 0.095  0.095
34,0 0.335 0.286 0.244 0,125 0:012
3£0 0.370 0.341 0.211 0.15¢  0.155
&8 0.403 0.374 0.343 0.170  0.165
A0 0.432 0.404 0.368 0.175 0.169
365 0.4 50 0.418 0.385 0.179  0.167
379 0.455 0.420 C.385 G.175  0.160
120 0.L2L4 0,390 0.349 0.158 ©0.129
390 C.339 0.298 0.255 0.103  0.085
1,00 0.239 0.193 0.149 0.059 0.049

Effective pH range

: -l
Solutions containing the same concentration (1.2 x 10 M)

of the reagent and copper sulphate were prepared at different

pH with dilute HESOh andg NaOH and the ionic strength was main-

tained at 0.1, with NaClOy . The complex showed A max 8t 365 nm

:n the pH range 3.1 - 6.6j and an almost constant abgorbance
in .

in the range el = 5.5 TE maintaln uniform conditions of study,
ln - - -

ph 5.3 was selected for subsequen’t studies. The results of the

studies are recorded in Table 3.23 and graphically represented

in P.3.F.2. Ourve 1 shows the variation of Apax with pH;

hereas Curve 2 shows the variation of A - absorbance at 365 nm
whe

with pH.



Table 3.23

Wavelength pH
(nm) o . il Iy
A B G A 2] G A pil »
V5 L.381 0.346 0.035 0.421 0.18L4 L.237 0.42L 0.084 O
Te 0.393 0.330 0.063 O.L5k 0.179 C.275 0.460 o.ost oi%gg
360 0.390 0.298 0.092 0.473 0.173 u.300 0.484 G.089 0.395
LA s 0.375 L.276 0.099 0.479 C.162 C.317 0.488 0.094 0.394
370 0.349 0.223 G.126 0.464 0,153 L.211 L.L7TC 0.099 0.376
wavelength __ P pE
(nm Le7 __ . Bos
A [ C I 2] o A E]‘ C
160 0.4,25 0.071 0.354 0.426 0.071 v.355 0.426 0.085%
1o 0425 8-070 07387 01463 0.07 0.389 0.463 0.08k 01379
[ 0.L8L 0.079 0.405 O 8L 0.082 0.402 0,484 0.090 0.394
26e 0.196 0.085 0.405 0.490 0.088 O L,02  0.490 0,066 0,354
375 0 L6 0.092 0.38h 0.478 0.C96 O. 382 0.478 0.103 0.375
wavelength e e pH
(nm & oy H— 6.E
A B w A B C
0 0.,28 0.1C5 0.323 0.431 0.204 0.2
%gf O.L64 0.106 0.358 0.467 0.206 0,2%?
360 0.,88 0.111 Q377 0.4092 0.208 0284
365 0.n02 0,115  0.377 0.498 0.200 0.298
370 0.,80 0.119 0.361 C.,87 0.191 0.296
e =

4, B and C are th

and t©
Stoichiome

Three

he difference in absorb

cry of the components

once (A - B) respectively.

o absorbance values of the complex, ligand
> >

methods were adopted for determination of the empi-

rical formuld of the compleX in solution.



(1} Jok's method

The composition of the complex wasg determined at 360 nm,
365 nm and 380 nm by Job's method of continuous variation, using
both equimolecular and non-equimolecular solutions. Only repre-
sentative results, obtained in case of studies at 365 nm, have
teen presented in Tables 3.24 through 3.29 ang graphically repre-

gented in P.3F.3.

L

Table 3.24: Concentration of ccpper sulphate (c) = 2.0x10" P
Concentration of ligand (CHQS) (e') = 2.0x10 4y
|
PH = 5.3 2 0.1, p=— =1, X =365 nm,
(Pe3.F.3 Curve 1)
Volume of Volume of Absorbance of " =
CHQS copper Mixture CHQS Mfference
} 1
(ml) su(gil?te (5) (b) (a-b)
2,00 0.00 0.136 0.136 0.000
22 .50 2 .50 0.300 0.128 0.172
20.00 5000 Oahﬂh’h Oa115 0.329
1667 8.33 0.624 0.100 0.524
15.00 10.00 0.556 0.090 0.4,66
12 .50 12,50 0. 440 0.079 0.361
10.00 15.00 0.339 C. 06 0.275
7.50 1758 0.252 C.055 0.197
5,00 20.00 0.170 0.041 0.129
2. 50 22.50 0,090 0.021 0.059
0.00 25.00 0.000 C.000 O-OOO




Table 3.25: Concentration of copper sulphate (¢) = 1.6 x 10-”

Y

Concentration of the ligand (c')= 1.6 x 1J'bu
ph = 5.3 2 0.1, p=c¢'/c =1, A= 365 nm
p = 0.1 KaClO,
(P.3.F.3 Curve 2)
Volume of Volume of . Absorbance of
CHQS copper Mixture CHQS Difference
(ml) sulphate (a) (b) (a-b)
(ml)
25.00 0.00 0.115 0,115 0.000
22.50 2450 0.228 0.094 0.134
20.00 5.00 0.342 0.081 0.261
17. 50 7450 0.460 0.C70 0.390
16.67 8+33 0.489 0.069 0.420
15.00 10.00 O.L34 0.062 0.372
12.50 12.50 0.334 0.050 0.20J,
10,00 15,00 0.255 0.043 0.212
74 50 17.50 0.185 0.033 0.152
5.00 20,00 0.126 0.026 0.100
2,50 22,50 0.055 0.013 0.042
G.00 25.00 0.000 0.000 0,000
Table 3.26: Concentration of copper sulphate (c} = 1.2 x 10'hm
Concentration cf the ligand (e')= 1.2 x 10'AM
pH = 5.3 2 0.1, p=c'/ec=1, A = 365 ag
p = 0.1 NaClO,
(P.3.F.3 Curve 3)
2¢.00 0.00 0.089 0.089 0,000
225.50 2«50 0-170 0'069 0.101
20.00 5,00 0.257 0.061 0,196
17 50 7.50 0.346 0.054 0.292
16.67 8.33 0,370 0.049 0.321
1550 12,50 0.250 0.036 0.214
10:00 15.00 0.195 0,032 0.163
7050 17.75 B:139 0,023 Q118
50 €0 22.50 0.045 0.011 0.034
" 25.00 0.000 0.000 0.000

0.00




Table 3.27: Concentration of copper sulphate (c) = 3.2 - TO-hM

Concentration of the ligand (c') = 1.6 x 1O*LN
pPH = 5.3 2 0.1, p = ¢'/c = 0.5, . 365 nm,

o= 05 9 NaCth

(E.3.F.3 Curve 4)

Volume of Volume of Absorbance of
CHOS copper raxture CHQS Differen
(mgj sulphate (a) (b) (a_ﬁ)ce
(ml)

25.00 0.00 0.115 0.115 L COC

22: 20 2.50 0.369 0.094 0.275

20.00 5400 0.604 C.081 " o523
17.50 7,50 0.494 0.070 0.424
15.00 10.00 0.402 0.057 0,345
12450 12.50 0.331 0.050 0.287
10.00 15.00 0.260 C.043 0.217
7. 50 17.75 0.193 0.032 0.161
5.00 20.00 0.125 0.026 0.099
2:a50 22450 0.060 0.013 0.047
0.00 25.00 0.000 0.000 0.000

Table 3.28: Concentration of copper sulphate (c) = 1 10—4M

Concentration of the ligangd (' )= 2 & 10“ha
pH = 5.3 il 0.1, p = C'/C = 2.0’ j\-._- 365 nm,
v — 0-1 NaClOL

(P.3.F.3 Curve 5)

0.00 0.137 0.+137 0.000

52;82 2.25 0.204 0.128 0.07%
20.00 5.00 0,270 O.115 0,155
17.50 750 00333 00103 0.230
15.00 10.00 0.404 0.076 0.328
10.00 1500 0.354 0.050 0.20y
7. 50 17+50 0.246 0.036 0. 200

K.OO 20900 00160 00030 0'130

é.ro 22.5 00075 00016 0.059

¢ .00 25.00 0,000 0.C00 0.000




F,g

Table 3.29: Concentration of copper sulphate (c) - 8 x 10"

Concentration of the ligand (c') =2.4 x 1G—LM
pH = 5.3 £ C.1, P = c¢'/c = 3, A=365 nm

u = 0.1 NaClQy

(P.3.F.3 Curve 6)

Volume of Volume of _____Absorbance of Difference
CHQS copper Kixtere CHQS {(a~b)
(ml) su}p?ate (a) (b)

—_——— V< 7
25.00 0..00 O.154 Ois 154 0.000
22,50 2.50 0.212 0.143 0.069
20.0C 5.00 0.256 0.132 0.124
17.50 7. 50 0.308 C.120 0.188
15.00 10.00 0.359 0.107 0.252
1250 1250 0.405 0.080 0.325
10.00 15.00 O hlsly 0.060 .38y,

7450 17450 0.318 0.04L6 0.272
£,00 20.00 0.19L4 0.032 C.162
2.50 22 .50 0.09%4 0.020 0.074
0.00 25.00 ¢.000 0.000 0.000

1

The peaks are observed at the metal:ligand ratio of 1:2.

(2) Mole-ratio method

A series of solutions was prepared from cooper and CHQS
in such a way that the mole-ratio of copper to CHQS varied from
1:0.4 to 1:6.0. The absorbance of these mixtures was measured,
using water &S blank, at 360 nm, 365 nm and 380 nm. Some of the
representative results, obtained in case of studies performed

at 365 nm, have been presented in Table 3.30 and graphically

represented in P.3.Feke



Table 3.30: Concentration of copper = 6 x 10'f&

A

[

4 x 10-— M
B

Temp. = 209, PH = 5.3 2 0.1, {onic strength = 0.1

Totel volume made up to = 25 ml

Ratio Absorbance
gu ¢ BHZS

A B
T = O-}-} 0.089 0'055
1 @ 0.8 00191 0.125
1 = 1.2 0.306 0-201;
1 2'5 0.580 0_390
b g 0609 0.405
1 % 345 0.625 0.421,
1 3 kb 0.64L4 0435
1 . 5.0 Oa676 0.45
15 6.0 0.709 0.475

The results show a break at a ratio of one

mole of the

metal to two moles of the reagent, indicating that a 1:2 complex

is formed.

{(3) Slope-ratio method

Tre volume of variable component was varie
10 ml, in presence of excess conceéntration of the
absorbance of the solutions was noted using water
at three wavelengths - 360 nm, 365 nm and 380 nm.
of the studies at 360 nm only, have been recordeq

and represented in PaBalabia

d from 1 to
Other. The
as blank,

The results

in Table 3.301



Table 3.301:

Concentration of the constant componernt — 2.4 X 10‘“:
Concentration of the variable component, variles from

6 x 107 to 6 x 1075n
pi = 5.3 ¢ C.1; Temp. = 20 2 O.1°C; Total volume = 25 ml

(P.3.F.5 ~ Curve 1, metal varying; Curve 2, ligand varying)

Yolume of the Absorbance
variable component 1 >
(ml
2 0.231 0.04L9
3 0.276 C.067
L 0.328 0.C8y
2 0.373 0.115
6 O.414 0.136
7 Q465 0.170
8 0; 516 0.185
9 0.556 0.209
10 0.606 0.231

The slope of the two straight lines, show that the

Cu : CH@S is 1 ¢ 2.

Determination of stability constant

The stability constant of the chelate has been determineg
by three different methods mentioned earlier. For the deter-
mination of the stability constant by the method of Dey et al
and mole-ratlo method, the concentration of the reactants are

the same as shown in P.3.F.3 and P.3.f4.

ror the determination of stabllity constant by mole-ratio

method, the values of Em, Es and « are given in Table 3,302,



Tatle 3.302:

Fig. Curve Concentration Em Es o
. ~
P.3.F.4 B L x 1077 0.39 0.36  0.0769

olecular extinction coefiicient data (Table 3.303) Have

been used for calculating the stability constant by this method

Igple 32303 ¢

A D c . A X " Log K

365 om 0.33h  Lx1CWM 8350  0.31% 3.772x10%  7.956x10'T 17.900

The values of log K obtained by these methods have been

given in Table 3.30L.

Table 3.304:
pH = 53 * 0.1; Ionic strength = O.1; Temp. = 20%

Stability constant

et hod Yoo K
(1) Mole-ratio method 11.58 * .08
(2) Method of Dey et al 11.30 * o8
(3) Molecular extincticn coefficient method 11.90

Thermodynamic functions of the complex
Thermogdynan

The free energy change of complex formation has been

calculated, using the equation AF = ~RTinkK,



For the purpose of determination of the entropy ang
enthalpy changes during complex formation, the stability cons-
tants were determined at different temperatures (20 - 45OCJ.
From the slope of thke curve obtained by plotting log K against
1/T (T is the absolute temperature), the enthalpy change A H
of the redction has been calculated by temperature—COefficient
method, using the formula A H = 2.303.R.(log K> - log K'J.
1/(1/T; - 1/T,). Assuming this to be constant over the range
of the temperatures employed, the entropy change AS of the

reaction has been determined using the equation:

AH - AF

As = BRI

T

The results obtained have been summarised in Table 3.308%,

Table 3.305:

pH = 5.3 2 0.1 Tonic strength = Q.1
Temperature 20°% 25°C 30°% 359 40°c Lﬁoc
log K 11.90 11.77 1159 1143 11.27 11,12
A Fl(kcal/mole) -15.95 -16.0L -16.06 -16.12 -16.14 ~16.18
A H{kcal/mole) -14.00 ~14.00 ~14.,00 -14,00 ~14.00 —14.00

AS(e.u.J 6-65 6-814- 6-79 6.8? 6.83 6-85
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[1.DIUKE(TT)~ 7-CHIGRC-8-i¥DRCXY LT CITki-5-SUIPECITC  =Th

GEnLATE

Tae complex formed between palladium and 7-crloro-e.
hydroxyquinolire-f-gulphoric acid kas been investigated svectro-
rhotemetrically. Tge crelate is stable in the phk ran-e 2 to 7.
Tne conposition of tha chelate, in solution, gas been cetermineq
by three difflerent methods and it nas been found that a stable
complex 1s formed tetweern one mole of valladium and tyo moleg
of 7-chkloro-d-hycroxyquincline-f-sulphonic acid. YTne stability
constant of the chelate has teen determined Wy the mole-ra g
methccd and tne method usins molecular extinction coef icient data.

~

Tre free energy of formation cf tne complex has zlso T ——_—

e PLELEBKTAL

b U S

4 standard solution of palladiuu was prepared by dissolving

: : # T iatthey & Co. London) 3 i1
pellediwn chlorige (Johnson i&a > don/ in dilute kvdro-
chloric acid, and the pallacdium content was estimateq. burifieg
cample of 7-cnloro-&-hydroxyvquinoline-f-sulphonic acid was Lsed
for the preparation of the ligand 1n double distilled water, 41]

other reagents were of analytical grade and wers useq without

further purification,

Conditions ol cstudy

. | . -
All experiments were performed at 30°C. 7pe individual

solutions and mixtures were kept in & thermostat maintainipe a



O
: ¥ P ~ : .
tenrerature of 30 = U,1 2, for one nour to attain cquilibriug
“odiw perciillorate was used throughout to maintainp a constant
lonic strensth of O.1. The pH of the solution and the mixture -

was adjusted with sodium acetate - acetic acid buffer.

absorption spectra of the complex

A 13 : -~ = y
To deternine tue nature of tne complex fermed, the method
of vosturrn and Cooper was adopted. lixtures containine varyine
rroportiors of palladium ané 7-chloro-S-tiveiroxveuinoline . s
sulphonic acic¢ (CL"S) were prevared. The concentrations enployed

in the studies are recorded in Tadble 3.31.

Tabide %23

[ ixture Conc. of valladium Conc. of 3EAS Ratio

"i.'._ —-;1

1 1.2 % 10 "L 1.2 x 10 .. 131

2 £.0 x 107K 1.2 x 1074 (1o
sl =

3 .’_,..O X TO ’. 1-? X 10 L“: 1:3
- & " <l ’

L,, 3-0 X 10 IU" T‘C X TO l\-’: 1:I+

£ — 1-2 X 1O-Lj 0-1

H-———‘_o—.

sbzorbénce of these nixtures at various wavelengths, Fron
28C num to 00 nm was measured. The relevant section of the pe.
cults hoae heen graphically represented in P.4.F.1, The results
show that only one complex is formed under the concitions of
study (when the reagent is in excess, the shift gue to complexa-

\ . . -
£460 18 Suppressede, in the spectral regicn of LCC nm.



"fective pH rangce

A

cclutions contzinine 1.2 x 10 7L of the reagent and

A.C x ' ~ . of the metal ion were preparec at different oH ang

the ioric strenctn sas maintaired at 0.1 with 1,2C01C . Ty = P

ance o taese solution~ was noted. Tne complex snowed -

A

ra

apsor

- @ ] 7 I & z — }
\iax at ~00 nn in the ph renre 2 tc 7. po 4.F was, however,
selected ror subsegquent studies. Tne results of the studies =-re

craphically representec in t.L.F.2. Curve 4 snows variation of

A - absorkance at 295 nm witn ph, whereas cuve 3 =pays chanpge of
[Sndy $% 3 i
Amax with pH.

Stolcpniometrv of the components

(1) Job's method

Job's method of continuous variation, usine both eguimole
cular anc non-equimolecular solutions, has been adovted. The
studies were performed at 385 nm and 400 nm, but only renresenta

»

: - Do) ‘%8: -‘< S0 ]
tive resultes of the =studies at 38> nm have been grépoically reppe-

cented in P.h.F.3 anag P.L.F.6. The concentrations emploved and

the specific conditions of study are as given in the Table 3,372



Co
.73

ph = L.5 2 U.1, lonic strength = Cel, Tenmp. ~ 3002, )\=

Tirure Surve sonc. of palladium(ci  Zonc. of SRog( v . .
Foilie P2 1 2.0 x 1674y 2.0 x 10 " HT—_
Eulys oits3 2 1.A x 10'ﬁk 1.6 x 10"hm 1
FolioFa3 3 1.2 x 1074 1.0 x 1674y 1
P.h.fub 1 3.2 x 107 1.6 x 1074, e
P. L.t F 2 1.7 x 1074 2 ek 10“1‘;.,; 5
P.b.5.6 3 5.¢ x 107 D ol ® A0 .

The peaks are observed &t metal : ligand ratioc of 1

(2) kole-ratio method

A series of solutions was prevared from vallsdium ang CHRS
by
in such a wav tnat the mole-ratio of palladium to Cp~g varied from

1:0.4 to 1:7.0. The concentrations employed are givem ir Teble 2.3°

_ R
Temp.:BOOC; ph=L.5 Z C.1; Ionic strength = 0.1;

Total volume mdde up to - 25 ml
Concentration of palladium (ci Lox 107k 5 = 10"
PalpE oy, Curve 5 i

The £ - absorbance of these mixtures was leasured at 385 nn

5 = ntative re q Yo e 3
and LCO nm. 2ut only represe esults, obtained frop s

studies at 38%f nm, nave teen grapnically reoresenteg in Py,



e results =uow a Lreak at & ratio of one mole of the
Lo two woles of the reagent, indicatip that a 1

p - -
retd l ies

ccipisx ie forned.

(3. Slore-re¢tic method

Tne velune of the variable component was varieq from 1 to
" 1.
10 ml, iu presence of an excess concertration of the other T e
A . 0y 1

concentrations employed are piven in Table 334,

a1, Temp. — 3C = 03" » lotal volume = 2¢ ml

Concentration of the constant component = 2.4 x 10™ %
Concentration of the variable component varies from 4 % 10‘6y to
& x 10 %v
Jioure Line Remarks
; —_—
1 Vetal varvine

Ligand varyine

e e et et
——

Tne slope of the two stralght lines, provides the Pd:chng

ratioc as 1:2%

Determination of stability constant

The stability conetant of palladium (IT) - 7 c130p0_ e
hycroxvquinoline-5-sulpnonic acid caelate has been determineq by

different methocs, detailed egrlier. TFor the determinatiou orf



o~ 5 | e ~ g “r - f e Gaty = .
L4ty eonetént v the role-ratin mecwnoc, tae concentration of
PRLSEenLE &re cae 28 suown dn Tebis 7.9 ("rapLical 1 repre

3= ! b B -~ X eteem Al o
Takial Yo set sl the values of bm, hg ang - are eiven in
2 )
~Bbles Zeif
21 -ure Curve Conecentration Eri B
&

i .!p.l' .l& A h }: 10 - LJ.237 0'23(:' 0 Czoc

¢ <

F’.z‘*.:'-!ry B 3 ¥ 10 '; C'-T-:.O (.‘.1'72 O |! OO

t -

iclecular extinction coefficient cdatg (Table 2.36) have

teen used for ealculatine the statility constant by this methog

Tebhle o>

A D C (@ A X K T

— - — - ——
e —

/

: - £ 2 2 3 LN "-_L- ~
385 nm  C.261 Lx1077h 6525 g.247 3.7854x1C5 9.521x1¢1T 49 gmg-

The values of log K obtained by these methode have teen

civen in Table 3.37.

Table 3.37

o A —. —-E_._—-_H'“-—-
A i
e __ 08 K -
= e U
(1) Mole-ratio method 12695 X o ong
(2} Folecular extinction coefficient metnod 17,979

Lan: lar o= 17T
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URAHYL—7-CHLORC-S-HYDROXYOUINCLINE—5-SULPHONIC ACID CHEI, 7w

The formatior. of the orange red complex between uranium
and 7-chl0ro~8-hydroxyquinoline-5-sulphonic acid has beenp studi og
in the aquecus medium. The chelate is stable in the pH range
Loy to 9.3. The composition of the chelate, in solution, hasg
been determined by three different methods and 1t has been foung
tnat a stable complex %s formed between one mcle of uranium ang
two moles of 7—chloroj£ydroxyquinoline-5—sulphonic acid. The
congtant of the chelate has been determineq by the

stabtility

method of Banerji and Dey, mole-ratio method and the method ysi
ng

molecular extinction coefficient. The effect of temperature gop
the stability and the thermodynamic functions such 8s free energy

of formation, enthalpy change and entropy change during the che-

late formation have also been investigated.

Experimental

A standard solution of uranium was Prepared by dissolvine~

Uranyl nitrate (B.D.H.) in double distilled water. 2 purified

sample of 7-chloro-8-hydr0xyquin01ine“5‘SUlphonic acid wasg used
for the preparation of the ligand solution in double distilieg

water. All other reagents were of analytical grage and were

used without further purification.

Conditions of study

A11 experiments were performed at 30°C, The Individual

solutions and mixtures were kept in a thermostat maintaining .



5
bk

-

temperature of 30 I 0.100, for one hour to attain equilibriyg
The pH of the solutions and mixtuwres was adjusted by the addi

tion of ammonium acetate buffer.

Absorption spectra of the complex in solution

To determine the nature of the complex in solution, the
methed of Vosburgh and Cooper was adopted. Mixture g containing
varying proportions of uranium and 7-chloro~8-hydroxyquinoline_
S-sulphonic acid (CHGS) were prepared. The concentrationg employe

and the conditions of studies are recorded in Table 3,41,

Table 3.41:

# = 0.1; Temp. = 30°C;

Mixture Conc. of  uyanium Conc. of CHgs Ratio
1 1.2 x 107 1.2 x 1074y e
2 6 x 10°°N 1.2 x 10~ 4y 1322
3 L x 107°M 1.2 x 10”7y 1 3
L 3 x 1077M 1.2 x 1074y 134
5 - 142 x 107y O:1

Absorbance of these mixtures at vVarious WaVelengthS’ from
290 nm to 500 nm, was measured. Some of the TePresentative resulte
have been graphically represented in P.5,F.1, qpe results show

that only one complex is formed UNder the conditiong of study,

in the spectral region of 355 nm.



Zifective pH range

Solutiong containing the same concentration (1-2x10“4;)
0: the reagent and uranyl nitrate were prepared at different
pH with the help of dilute HCl and NaGCH and the ionic strength
at vel witt. NaCth. The absorbance of these solutiong was noted.,

The complex showed X\ ., &t 355 nm in the pH range Sy = 9.3

pH 6.6 was selected for these studies. The results of
the studies are as graphically represented in P.5,F.2 Curve 4
- L4 . e

shows variation of absortance, at 355 nm, with pH and the Cup ’
ve 1

represents the cnange in .\ p,x With change in pH.

Stoichiometry of the components

Three methods were adopted for the determination or the

empirical formula of the complex 1n solution.

(1) Job's method

Job's method of continuous variation, using both equi-

molecular and non-equimolecular solutions, has been adopted.

The concentrations employed and the specifie conditions

of study are given in Table 3.4%.



Table 3.42: pH = 6.620.1; Ionic strength = 0.1, Temp.=30°C, ) =355 nm

Concentration of Conc. of

Fipure Curve wranium (c) CHRS(c') P = c'/o
P.5.F.3 1 2.0 x 1074 2.0 x 1074y 140
P.5.E3 2 1.6 x 107 1.6 x 1075y f
P.5.F.3 3 1.2 % 10745 .2 x 10'hm 1.0
P &M e3 L 1.0 % 10’“m 2.0 x 10" 2.0
PeS.F.3 el 8.0 x 10'5M 2.4 x 1074y 3.0
P.5.F.3 6 2.4 x 107H 1.2 x 1074 0.5

The results of these studies have been graphically repre-

~ente” in P.5.F.3. The peaks are observed at metal-ligand ratio

af 1492.

(2) Mole-ratio method

A series of solutions was prepared from uranium and CHQS

in such a way that the mole-ratio of uranium to CHQS varied from

1:0.4 to 1:8. The concentrations smployed are given in Table

343,

Table 3«42

o
Temp. = 30 C; P
olume made up to = 25 ml

I+

0= 6.6 % 0.1, Ionic strength = 0.1; A = 355 g

Total Vv g
s = = il
Concentration of uranium (c) = kX 107K 3 x 10 "M

P.5.Fak Curves A 5

The absorbance of these mixtures was measured using the

chgany s Blabls TR DERELSS obtained have been graphically



2
==

represented in P.5.F.4. The results show a break at g RaLA
io
of one mole of the metal to two moles of the reagent, ingi
’ lcating

that a 1:2 complex is formed.

(3, Slope-ratio method

The volume of the variable component was varieqg fp
om 1 to

10 ml, in presence of an excess concentration of the Ot he T
ar, he

concentrations employed are ag given in Table 3.44.

Table 3.44:

pH = 6.6 20.1, Temp. = 3C % 0.19C, Total volume = 25 p]

= Rab > 10“bm

=

Concentration of the constant component

Concentration of the variable component
varies from

Figure Line Remark g
P.5.F.5 1 Metal var;;;~-‘—_
P.5.F.5 2,21 Ligand varies
PueSsFab 1502 )\ used = 355 nn
P.5.F.5 it X used = 370 nm

o ——

The /A - absorbance of the solutions wasg noted at 34c n
- m
and 370 am. The results have been graphically representey i

P.5.,F.5. The slope of each set of the straight lines, pProvides

U022* : CHQS ratio as 1:2.

Determination of stability constant

The stability constant of Uranyl -7-Chloro—8-hydroxy,

quinoline-5-sulphonic acid chelate his been determineq by the



€D
&

three different methods, mentioned earlier. For the determing-
tion o1 the stability constant by the method of Dey et al and
mole-ratioc method, the concentrations of the reactants are the
same as shown in P.5.F.3 and P.5.F.4. For the determination

of stability constant by mole~ratio method, the valyeg of Fm,

Es and « are given in Table 3..45.

Table 3.45:
Figure Curve Concentration Em Es e
P.5.F.L A b x 107"k 0.225  0.165 0.2¢6¢
P.5.F ok B 3 x 107H 0165 0.110 0.3333

To determine the stability constant of the chelate bY the

tnird method, molecular extinction coefficient ig given in

Table 30»’4—6-

Table 3.46
— @ —— RV
)\ D (&4 e’ A A K lOg K
_-—_-ﬁﬁ-—-—-—ﬁ

-£&
5t 0.263 4x10“5M 6575 0152 2.311x10"- 1.199x10%9 9.079
_h_-ﬁ‘__-_ﬁ"'——_

The values of log K obtained by these methoqgg have been



Table 3.47:

pH = 6.6 1 0.1, Ionic strength = 0.1; Temp. = 30%

Ilethod StabiITtKOEOEStant
(1) lole~-ratio methed 9.74 % 0.0y o
(2) Nethod of Dey et al 9.69 1 0.04

(3; lolecular extinction coefficient methog 9.079

Thermodynamic functions of the complex

The free energy of complex formation has been calculateg
2

using the equation AF = -RT1nK.

For the purpose of determination of the enthalpy ang
entropy changes during complex formation, the stability constants
were obtained by plotting log K against 1/T (T is the absolute
temperature), the erthalpy change AL of the reaction Y

calculated by temperature coefficient method, using the formula
AH = 2.303.R.(log Ky - log K ).1/(1/T ~1/1,)

Assuming this to be consté&nt over the range of tempera

tuwes employed, the entropy change AS of the reaction hag been
: AH -
calculated, using the equation AS = _.I.'I__T AF

The results obtained, have been summarigedq i, Table 3,.,8



pE = 6.6 2 0.1 Icnic strength = 0.1
Temperature 20 25 30 35 50 L5
°t

AF(kcal/mole)  -12.46 -12.52 -12.59 -12.66 -12.72 -12,7g
AH(kcal/mole) - 8.696 -8.696 - 8.696 -8.696 -8.696 ~8.696
A s(e.u.! 12.84 12.83 12.85 12.86 12.85 12.84
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v 7—ChLORO—B-HYDRCKYQUINCLINE-ETSULPHOMIC T Bi g

The formation of the complex between vanadium and 7-¢ilope
v-hydroxyquinoline-5-gulphonic acid has been stugdieq in the aque

Ous medium. The chelate is stable in the pHK range 3.2 . g.¢0

The composition of the chelate in sclution has been deterndpeg

by three different methods and it has been found that 4 stable
complex is formed between one mole of vanadium ang two moles of
7-chloro-d-hydroxyquinroline-5-sulphonic acid. Tpe SLability
constant of the chelate has been determineg by the method of
Banerji and Dey, mole-ratio and the method using moleculsp ex-
tinction coefficient. The effect of temperature op Lhe stability

and the thermodynamic functions such as free energy of fOFmation
]

enthalpy change and entropy change during the chelate formation

have also been investigated.

EXPERIMENTAL

A standard solution of vanadium wasg prepared by dissolving

ammonium meta vanadate (Reanal A.R.) in hot water, A purifieq
sample of 7-chloro-8-hydroxyquinoline-5-sulphonic acigqg Was ugeq

for the preparation of the ligand solution in aqueous medium,

A1l other reagents were of analytical grade and were used witphoyy,

further purification.

Condition_of study

o
A1l experiments were performed at 30°C,

The indiviquag

lutions and mixtures were kept in a thermostasy Maintaining
sSCiUucl



& temperature 30 % O.1°C, for one hour, to attain €quilibrium
The pd of the solutions and mixtures was adjusted by the addition

of ammonium acetate Luffer.

Absorption spectra of the complex in solution

To determine the nature of the complex, the method of
Vosburgn and Cooper was adopted. Nixtures containing varying
propcrtions of vanadium and 7'Chl°r°‘8*bydr0xyquinoline_5_
sulphonic acid (CHGS) were prepared. The concentrationg employed

are recorded in Table 3.%51.

Table 3.51:
Concentration of Concentration of e ————

Mixture vanadium CHQS e Hmeie

1 - : 1.2 x 1074y B v

2 1.2 x 107 M 1.2 x 1074y i

3 6.0 x 107°K 1.2 x 10™ky o

4 4.0 x 107K 1.2 x 10~%y -

5 3.0 x 107°K 1.2 x 1074y -

T —

Absorbance of these mixtures was measured at Various wave.
lengths from 260 to 400 nm. The results have beep recorded ip
Table 3.52 and graphically represented in P.6.F,q. From the
results, it can be concluded that only one complex i= formeq inp

the spectral region of 360 nm, under the condition of study.



Tabtle 3.52: (P.6.7F.1 Curves 1,2,3 % &)

avelength abeort ance
nm 1 Z E L S M.
290 C.320 0.2%50 0.258, 0.26
300 0.349 0.2890  0.28, 0.28? 8'352
310 0.399 0.344 0.335 0.331 0.317
320 0.435 0.390  0.370 0.364 0.325
330 0.461 C.41¢  0.389 0.370 .30+
340 0.529 0.514  0.443 0.396 0.3 51
345 G.509 0.565  0.476 0.419 "
350 0.659 0.619 0.506 Gal b2 0.225
355 0.686 0.645 0.531 cul e it
360 C.700 C.5659 0.541 0.466 0.226
365 0.691 0.647  0.536 0.L 59 x
370 Q. 661 0.5615 O. 506 Ol 3L 0.220
380 0.5L1 0,500 O 0.35, 0.130
390 0.385 0.349 0.29; 0.252 Gs13e
400 0.245 O.214 0.191 0.176 0.115

f‘
|
|

Bffective pH range

Solutions containing the same concentration (g 10—5H}
of the reagent and ammonium meta vanadate were Prepared at diffe.
rent pH and the ionic strength was maintained at 0.1 with NaClQ,
1

The absorbance of these solutions was noted. The Complex showeq

Amax 2t 360 nm in the pH range 3.2 - 8.0; and an almoet constant,

absorbance was observed in the pH range 5.6 - 7.4,

. : . nditions of study,
To maintain uniform co Study, pH K.4 was selec-

ted for subsequent studies as the complex shows maximum Sachdrss

tion at this pHe The results of the studies are recorded ip
Table 3.53 and graphically reprecented in P.6.F.2.CUrv@ iy shops

the variation Of~A~maX with pH;j whereas the Curve 2 shows the

ariation of absorbance at 360 nm with pH.
-
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otoichiometry of the component s

Three methods were adopted for the determination of the

empir‘ical formula of the Complex in SOlLIt.ion.

(1) Job's method

Job's method of continuous variation, using both, —
molecular and non-equimolecular solutions, has been Shemiey
The results of the studies at 360 nm have been Presented i

Table 2.54 through 3.59 and graphically represented ip P.6.F. 7

Table 3.54:

Concentration of ammonium metavanadate (c¢)

Concentration of the ligand CHES (c') = 2.0 x TO-QM

ct/c =1, -\ = 360 nm; u = 0,9 I‘JaClO4

pH= 6.6 ""'001, p=
(P06-F03 Cur-Ve ])

Ab b~— m——
Volume of - sorbance of Diffepe
Volume of ammonium slxture Chgs —— (a-ance
CHQS metavanadate (a/ (b)
(ml) (ml)
R‘“
.CO 0.00 0.383 0.383 & 00
55.50 2450 8-%91‘5 0.328 Dotie
20.00 5.00 e 0.292 0.319
17.50 L4370 o°738 - 229 0.470
b 1680 067 8:5‘;2 0..85
35:50 1250 C.5§§ 0.180 Oépéjg
10.00 15.00 0.45 0.153 0.302
7.50 1750 0-3234 0,109 6ot
5,00 20,00 8.215 0.075 e
2 .50 22450 O.éoé 0.041 0,070
0.00 25.00 . 0.000 & ot
e




Table 3.55:¢

Concentration of ammonium metavanadate {c) - 1.6 x 107",
concentration of the ligand CHQS (c') - A& 10 i
phi = 6.6 2 0.1, 1 = ct/jcz, X=360 nm; g = 0.1 NaClo,

(Po6-F03 Curve 2)

—~ TVoliume of

Volume oI ammonium _ .Absorbance of Difference
CHQS metavanadate [ixture CHGS (a-b)
(ml) (ml) __-____(a) (b)

25,00 0.00 0.295 0.295 0.000
20.00 5.00 0.489 0.234 0.25%
17.50 +50 0.580 0.210 0.270
16.66 8.33 €. 58C 0.199 0.38C
15.00 10-00 0-536 0.186 0.350
12.50 12.50 0-452 0-1&8 O'BOL
10.00 15,00 0.356 0.119 0.237
7.50 17. 50 0.264 0.C39 0.175
z,00 20.00 0.178 0.06L, 0,111,
2.50 279 +50 0.085 0.028 0.057
O.OO 25.00 0.000 0.000 OoOOO
e

Iggle 3.56

Concentration of ammonium metavanadate (c) = 1.2 x 1O_AM

the ligand cHes (c') = s R 1o‘hM

Concentration of
U glie = Tt A = 360 nm; u = 0.1 NaCIOL

pH = 6-6 1 O‘TI
(P.6.F.3 Curve 3)

—— " o227 0.22
: .00 ; . 0.000
gé.%o 2.50 0.220 8-195 0.095
"20.00 5. 00 0.30% 9+10k 0.200
1750 7429 8'&%6 O']“g 0.282
1656 §.33 0390 L 0.286
"OO 10.00 ./ h 001 2 0.265
12°%0  12.%0 0.33% 2114 0.220
1260 15-C0 a. 0.089 0.171
1 o 1745 0195 0.075 0.120
7o /OO 20.00 8-627 0.045 0.087
g':o 22..50 o'oog 8-023 0.042
0,00 25.00 ‘ -000 G.coo
e




Table 3.5

Concentration Oi AaAmmonium metavanadate (Cj = 1.0 x To-L‘,P.

Concentretion of the ligend CHQGS (ct) £ 2.0 % TO—AN

L i SRR - Y I /\.= 360 nm; g o U.1 Nacigo
4

(pﬁéoF.B CUF'"{— '.)

Volume of
nlume of ammoni wm Absorbance o1 Liflerence
CHQRS metavanacdate  Mixture s Faects &
(ml) (ml) (a) (b) :
—_—
22 .50 24 5C Q.411 S 0.083
20.C0 Q0 C.454 C.292 C. 165
17.5C 7.£0 C.494 C.2%g e
15.C0 10,00 Qs £33 C.216 0.313
12« S0 12.50 0,234 0.180 0.354
10.00 1.£ .00 O.440 0.153 0.237
£.00 20.C0 0211 0.075 C.136
2 .20 22,0 0.101 0.041 0.085
.00 25.00 0.C00 0.C00 0. 000
Table 31.58:
= 3.2 X ]G-AI

Concentration of ammonium metavanadate (c)

Concentration of the ligand CHQRS (c') = 1.6 x 14,

PH = .6 20,15 po=c'fe=1/2; X=360nm . 0.1 Nacio,

(Poé.F.j Curve ¢ )

“
0.00 00292 00292 0.000
530(20 2 .50 0.%516 0.260 0.258
- 050 . L 0.408
,37650 18.00 0.534 8.186 0.348
124 50 ko 8-%23 e 0.292
. .O ¢ ' 7 .2
10.00 1B, 0,260 0,090 By
Z’é 20.00 0.169 0.064 G105
_-EO 22.50 0,0u 0.028 0.055
—H_‘“
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Table 3.5G:
Concentration of ammonium metavanadate (c¢) - & x 10"y
soncentration of the ligand CHQS (c!) = 2.4 x 1074y

PH = 6.6 2 0.1, p=c'/c=3; |\ 360 nm; 4= o0. Nac1c,
;héw\ijweé)

Volume of o —_
Volume of ammonium Absorbance of lelerence
CHQS metavanadate IMixture CHGCS {ah)
(ml) (ml) {a) (b)
E.H——_
25:00 0.00 Oulk35 0.435 0.000
23.%0 2.50 0.4,58 0.395 0.063
20.00 £:00 0.481 0.354 G.127
1750 750 G.500 0.310 0.190
15,00 10.0C 0.520 0.260 0.260
12.50 12.50 0. 40 0.227 0.313
5400 20.00 C.264 0.089 17)
G.00 25.00 0.000 0.000 0. OOO
-“—h-h-—h

Ld

The peaks are observed at the metal : ligang ratio of 7:o

(2) NMcle-ratio method

A series of solutions was prepared from vanadiyp and CHgs
in such a way that the mole-ratio of vanadium to CHOS varieg

from 1:0.4 to 1:1.6. The results of the studies maqe at 360 np

have been presented in Table 3.60 and graphically representeq

in floé.l...h'



Table 3.60:
¥inal concentration of the ligand CHQS (c') = 4'0X10‘5M, 3-0x10_5}

Temp. = 30°C, pH = 6.6 t 0.1, lonic strength = 0,1 NaClOL

Total volume made up to = 25 ml.

(PoéoFol{, Curves A,B)

—h—-\.—‘—x
Ratio Absorbance

¥ i CHES A R e——
R—“—E~

1 : 0.8 0.097 0.082

1 2 3.2 0.185 Q124

1 . 1-6 00231 0.167

1 ¢ 2.0 0.275 0202

1 245 0.319 0.239

1 3.0 0331 C.238

1 : 3.5 C.334 C. 246

1 5.0 0.330 0.251

The results show a break at a ratio of one mole o the

metal to two moles of the reagent, indicating that 8 12 complex

is formed.

(3) S8lope-ratio method

The volume of the veariable component wag varied from 1 ¢
O
10, 1o presencs uF Sl SXCESR FSNSEULRASLON off whs pefiar
The A - absorbance of the solutions was noteq at 360 nn The

results of the studies have been recorded in Table 3.609 afid

: P
craphically represented in P.6.Fa5.



Table 3.601:
final concertration of the constant component = 1.6 « 10_ar

Final concentration of the variatle component

varies from = 40 x 1O~6M toe 4.0 . 10_:N
= 0.1, Temp. = 30 4+ 0.19C, Tota) volume = 25 g3

-
.

(BoBeFs 5 Curves 1,2)

Volume of Absorbance
variable Fetal varying T o
component 1 Varving
(ml) B L <
——
1.0 0.053 0.01
2.0 0.C95 0-03;
3:0 C.140 0.060
4.0 0.181 0'079
£.0 0.230 0:105
€.0 0.277 0125
7D 0.323 e
8.0 C.366 Go1dl
9.0 0.410 0.19
10.0 0.457 0.211
o “ﬁ..“._—%

CHQS ratio as 1:2.

Determination of stability constant

The stability constant of pervanadyl - 7-chlorg-§.

hydroxyquinoline-5-sulphonic acid chelate hag been determineg

by the three different methods mentioned earljer,

For the determination of stability constant by ¢pe —
of Dey et al and mole-ratio method, the concentpations of the

reactants are the same as shown in P.6.F.3 ang P.6.F.1,

For the determination of stability constant by mole ratj
- ia

method, the values of Em, Es and & are given in pap, 3.602
? » "



Table 3.602:

— . - —

rlgure Curve Concentration En 3 @
of &

Pib Fak A L x TO-SM 0.335 0295 O-;;;;_.__

P.6.F.,, B 3 x 107K 0.250  0.202 g, 1929

e ——
e ——

To determine the stability constant of
the che late
by the

tnird method, molecular extinction coefficient GATE ig gi
Eiven in

Table 3.603.

Table 3.603:

A D C € A i i
log

S6L Ll335

The values of log K obtained by these methods have b
een

given in Table 3.604.

Table 3.604:
pH &= 6.6 i 0-1,

Ionic strength = 0.1, Temp. = 30%

SLability COnstant
K

Method
lo:;
_—N
10’425 t 0’076

1Oo§q0 i O'Boa

(1) Mole-ratio method

(2) Method of Dey et al
(3) Molecular extinction coefficient method 10,350

———
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mra 2 O
=fAgrmodynamic functions of the complex

The free energy of complex formation has bteen caleyl
Ulated,

using the equation AF = -371nk.

for tne purpcse of determination of the enthalp
¥ and

entropy changes during complex formation, the stabilig
¥ Cohgw

tants were obtained by plotting log K against 1/T (T 3
s the

has been calculated by temperature coefficient method
: ’ USing

the Tormula
A H = 2.303.R.(log K.-log K,)-1/(1/T1—1/T2).

Assuming this to be constant over the range
nge of temperatures

employed, the entro change A S of :
ployec, Py g o the reaction has peen cfeter-

mined usings the equation AS = A ’I-‘AF

The results obtained, have been summarigeg in Table 3¢
e J.hUC,

Table 3.605:
pi = 6.6 = 0.1

Ionic strength - 0 1

Temperature 30 35 o 45 50 ¢
60

°c
\\

log K MRS ReT TSR Bl By g 8.93

A Fkcal/mole)
A H(keal/mole)

=34 =147 21406 ~13.95 45 40 13.71
= = e "13.60
~21.97  -21.97 =21.97 -21.97 _21,95_a, 7
¢l 9 & ""21.
-25.19  -25.32 -25.27 -25.23 _. 2§ -25,1q 7
e =< 5.1¢ -.25.11{_

As(e.u.)
— 7
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1‘ L. ("'TJ' ! o 7:__1.L( o= =

ne foru tion of 2 -‘reen chelate pet enn tPiV&?ant 5 v i
7-citoro-o-uvdroxyquinoline-f-culphonic acid , . | :@s been sty
fie” i. 2queous mediun spectrophotometricallv. The Conposit ionp

of £~ corrlex in =olution has heen ceternined bv tpe three diry
1l fe

re.t .ethods mentioned earlier and it nas been foung tLat a gtani
O L e

rhelate is formed tetween one mole of iron and Molesg ae &

S of the

icand. The stabilitv constant of the chel o ; .
liecand he stabilit: ate nas been det T

by the metuod of Panerji and Dey, mole-ratig method and the i

usin~ molecular extinction coefficient. The effect of T—

on tiie stability and the tnermodvnamic functienae SuCh as free

energvy of formation, enthalpy change end entrony cuanee furing

the cnelate formetion have also teen inveetigated.

EPTRIILUTAL

3 > ‘I[l = .
A standard solution of 1ron was prepared by d18807ving

ferric chloride (BDE]} in dilute hydrochloric acid apg Lhe SEen

contant was estimated. Tne reagent solution was Prepared rop

‘ 1 alli afn F 7-chloro-o-hvdr : ;
the recrystallised sample of 7 iwvd Oxyqulnollno_c-sulphoni

acic¢ in double distilled water. Sultable standarg s0lutions were

prepareé¢ from tiese stock scolutlons.

Conditions of study

: . & o
All experiments were performed at 209, The $nddvigual

solutions anc¢ the mixtures were kept in a Towngon and lercer



rrensd : % by g Lo ; - 5 3 Yol r v
=ewlsion uner.ostat, mainteired ot 20 * 0i1°C. Tie Gixtures
ere allowed to stand fcr an nour in the theriostat to attain
5 ; 3

eoudlitriun. The oh of all tie Lixtures was 2djusted bv th
i e 7 e

He A a § " esuitable anount of PCtrnalate buffep.

_heorotion evectra of the complex

7o deterrine the nature of the complex Tormen . the methog
of Josturrh and Cooper was adonted. rixtures containing varying

of iron and 7—chloro-d—hydroxyquinoline—€~5u1~gn,:ﬁ-
;. . were prepared. The concentrations employed 1 the

studies dre recorded in Table 3.61.

Table 2.561:

[ixture Concentration of iron Concentration of .. .4 Ratio
o -y -4 T i

1 3.6 x 10 I 3.6 x 107", 111

2 1.8 x 1O"AN 2.6 x 10™%; 143

3 1.2 x 107 ".. 546 % 10-hm L

~5y 3.6 K
L_ 9.0 x 16 M . X 10 L i %
- 3.6 x 107, 011

The absorbance of these mMixtures at varions wavelength
- s S,

ured andg
from 370 nm to 490 nm was meas d the resultg have teen

praphically reoresented in P.7.%.1. The resultae SLOW that oy

one complex is formed under the conditions of Study, in the

spectral region of 430 nm.



2tive ou rnge

olutions containines the saue concentration (2.4 x 10~ 4%

metal and tne li-and -rera prevarec at different pii -

Ot

@ roroaice ol these solutions was noted. Tie complex showe
10Ty

Xr*ﬁv "t h)o nin iI& tf&p Dh I"Ein{‘:e 1.5 to 7.0. nH 3 “!aq ho‘rpve
: W wever

14

for subsequent studies. The resulte of tpe SLUCLe
SelCles are

selecte
~ranpical ly renrecented in F.7.F.2. Curve 1 suows +: - .. ;
4 N gy

OfA‘max wltn pH; whereas Curve 2 shows variation cof L _—
t‘fit}l pH-
ctoicniometry of the components
(1) Job'e method

Job's method of continuous Variation, uSinE: bOtt SUlnols

cular and non-eqguimolecular solutions has been adooted. ..

stusies were performed at 430 nm and 410 nm, pyg o ds revresents

tive results, obtained Irom the studies at 430 nn have beep

L] Lo I Q } )
graphically represented in P.7.0«2. The concentratlong enployveq

- #
- "

and the specific conditions ol study are as given ip Talle -
. YTe .85

Table 3.62: pH = 3.C * 0.1, Temp. = 200, ) _ 436 n.
Tioure curve ‘Conc. ol CHQS ::EPCEFiEETEF‘E‘**;;;77:—_
P,7.F.3 1 8.4 x 10~ 8.l 10 _‘““;~—u:‘_
P.7.8r.3 2 72 X 10-bm 7e: x 10 ; 1
P.7.F.3 3 6.0 x 10”4 6.C x 10-b 1
Pu7.8.3 b 3.6 x 107"% 7:2 07k
Pu7.F2 5 6.0 x 1074 3.8 x 107 .,




(:_ ‘ ..Ola-ra’;iu iﬁetnCd

e

series of solutions was prevared from iron anc CHQS
(- 5 b 'o
&

o

in sucn 2 way tuat the mole-ratio of iron and CH"S varied f
P e X rom

1: .4 to 1:4.5. The concentrations employed are eiven in

Te le 2.62.

x LA le -3.-6:)'
""ulr‘- = 4')(.0}, pH = BOLJ ;' Co.:
Total volume made up t¢c - - ml -
Concentration o iron (¢} = 1.85X 1@
Do Fedali Curve A
i S

The C)-absorhance nf these mixtures was meadswed at
110 nm anc 430 nu. 3ut onlv representative results, obtained
have been grapnically represented

from the sgtudies at 430 nm,

irl P-?oE‘oh-.

The results show @ rreak at a ratio of one mole of the
1 ion toO two moles of the reagent, indicating that a 1:2

meta
compleXx js formed.
(3) Slopeﬂratiodggﬁggg
The volume sf tne varisble component was varied from 1
to
10 ml - presence of an exXCess concentration of the other o
b et ) .

concentratinns prnloya ! 8re given in Table 3.6L.



e 4 8 i \ : x QA T

e Vo] 4 t2MDe = 20705 ) Tot~]l volume = 25 ml \ L 30

- : ' » A= 450U nm
loncentration of the constant coimponent = 7.2 X 10"l

neentratin P %) i :
centration ol tre variatle component varies from 1.} x TO“KTF
» Thbe

1.8 b R | =
. Line -
. 1 Iletal varying
7 Ligand varving

neve heen graphically represented in P.7
) . oF.r.

Tie results

Tre slone of tne two etrairht lines, providea the fe : CHAS
. ) e Toni

11

)

&

Letermination of ctability constant

Tue stabllity of iron (III)- 7-chloro-8-hydroxycuinoli
‘ : i0Llline-

5-sulphonic acid chalate hac been determined by tl .
! y three differ
ent,
methicds, mentioned parliers #or the determination of stabil
< 01l ity
constant by the method of Dey et al and mole-ratio method, th
.~ p 2 e

-~+onts are tne sane as shown in F
a8 n o 0 3
{f ek »

concentrations of the ree

(Curves 1-3) and p.7.7., respectively. for the determination of
n o

atablility constant by ve laspaltl® hEeagT, The S SS—— i
l;' -~
ang o are given in Table 3.65-
Table *eff
_____‘_____,_,__-——-.__ s i it 5 &S —
Pigure Concentration Em Es N
bl I __,_____________....—-—-
b 0.182
s F ok 1.8 x 10 7 - C.155 0.1483
e e 3. o " J— as



o ~ o -3 y: ™ [l o 3
: volues of lo obtaineq CY these methode have been
iven in Talhle .64,
T2hle 2,66
Pii — e = Cul, lazmp. = 207 ., Tonic streneth = 0.1
e m -
1 = — o |
. ) >_—E——
(1) rethed of Ley et al R.972 % ¢ pes
. "_
9.3026

(2) lole-ratio me=hod

(3/ iolecular extinction coefflicient method Q.L475

Thermordynanic functions of the complex
The free enerpy of complex formation has heen calculateq
~AdCUlated,

using the equation:
AF = -BT 1ln X

For the rurpose of determination of the enthalpy ang
entrony changes during the complex formation, the stability
constants were obtained by plotting log I against /7 (B, & )
(where T is the absolute temperaturel, the enthaloy chanee A

of the reaction nas been calculatecd by temperature coefficient

metncd, using the Tormula:

R \ o
llffz;z.BO}.R.(log Ky = log KT' . 1 (1/11 = 1/T2J

i \is to be constant over the o
Asguming this range of temperature

g ‘1 < Of .
employed, the entrony crange,ﬁiu, the reaction has been calculate



i tne eau-~tion:

The re-~ulte ol tainad nave deel

X
g

2:le A

L = 3,_ 2 el Tcnic strencth = 0.1

[ew.nerature 1% 2L .

o

log K 9.56376 Q. uL75 9.26(C

A (kecals/molel -12.7C -12.67 -12.53

A .(kcels/molel ~1h 6L ~14 .64 ~14.64
-6.736 -6.723 6745

A slesu)

I -
LR N

Laeik
&R

sumarisec in Tal le 2,67
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NS
P
u-

V.. (II1)= 7-CHLCRC-g-N"ERC VLI, CIThizZ-SULPHCHLS AGTL 1
= 7\ e L R ut" .Iu.n:._z

~ne comnlex formed 1etween galliun and 7-c..lor o I
- - —OYy(roxXVv-

iy gline-f-sulphonic acld Les teen investipated s»ectrophotomet
S 1 metri-

5
A

Tiie chelat: 1- «table ir the vh rence 3.3 to 7.6 Tt
- - . e

cor osition of the chelate, in solution, ras been deteruined b
4 AC y

i formed between OnNe Lole of ealliuw anc three wol a

: * * es ol 7-enl
/-cnloro-

vdroxynuixoline—F-rulphonic scid. Thne starility constant of

: . 3 SLARE B

-

] D d

rature on the stabiiity &an

thalpy change and entrovy change durin
= i

fFree energy 0L formation, €n
e Pormetion have also leen investigcated.

the chelat
PrRIIENTAL

— e

dard solution of zallium was prepared by dissolving

A stan
oreanics, U.S.4.) in dilute sulvhurie

In

qalliuw»sulphate {

s purified sample of 7-chloro-38-hydroxyquinoline-£-sulphoni
- = $ 4 C

acid.
acid ~=F s~~~ for the preparatlon of tne ligand in double distilled
N o e
wobers 11 OBHET reagents were ©1 analytical arade and were used
witoeout further Purification'
ConditéﬂﬂfﬂQEngESE
3 l:lﬂ

A1l experiments were performed at 20°C. Tne individual

ne and MIXTUrESs were thermostated at 20 2 0.1°C, for on

i ) e

solutio



Lour to attain equilitrium. Tkte ph of the solutions and tpe

mixtures was adjusted with sodium acetate - adcetic acid buffer

Lbeorrtion spectré of the complex

To determine the nature of the complex formed, the method
of Vosburer end Cooper was adepted. lhixtures containine varvipe

rronortions of csalliun and 7—cnloro-8-hvdroxyquinoline—f_gulniOni_

reid (CHNS) were prepared. The concentrations empleyed in the

stucies are recorded in Table .71

lxtures Sonc. of GHTS Concs. of gellium Ratio
1 1.7 x 10_1"1-,{ w8 X 10_}"}"\; 1:1
L a Y e
2 9.G % 10" “I 1.8 % 1079 1:2
- -k,
3 A.C x 10 TH 1.8 x 10 7K 153
b Lo B % T 1.8 x 107 134

The sbsorbance of these mixtures at various wavelengths,
from 280 nm to 380 nm, was meacsured. The results have teen gra-
phically represented in p.8.F.1. "The results show that only one
ssmplex is formed under the conditions of study in tre spectral

region of 355 nne

Effective pH ranfge

=Ly
colutions containing (2.4 x 107°L) of the reagent ang

(1.2 % o7i) of the metal ion were prepared at different pH.



v'\

[he 2! ~orbance of thess solutions wae noteg ¢
ze S was n Q. The connle b
HAEX Shioweqd
. e
bufPer). ph 4 W&s, however, selected for subseguent studi
) . ¥ ea,.
Tre results of the studies are erapnically répresented ip
Ze « «. o« Curve 1 shows the variation of i ;
. ‘/\max wlt h ph: Whel"eas

curve 2 shows the variation of absorbance with ph.

stoichiometry of the components

Ty Job's metuod of continuous variation, y & ; -
» Uslng both €quimole

cular and non-equinolecular solutions rnas been agopteq | i g :
¢ ¢ M Cebprrine

tne comovosition. The studies were verforneg at 345 nm ang 5%
S22 nm,

renresentative results, of the stuads cE i
but only renresentat > t¢les at 3 nm have BEén

; : oo :
praphically revresented in P.3.7.3. Tne clncentratione emplovye @

are ziven in Table 3.72.

shle 2.72
E;]= 4.071 0.1, Temp. = 2076, A = 355 nnm _—
;;gure Surve - Concentration of Conc. of‘éﬁ;;a;;;_‘}ijtif>——

= gallium (c) U=ty
P.8.7.3 1 3.0 x 1074 3.0 x 10™% e 1'*-
P.8.F.3 2 2.4 x 1074 2.4 x 10-h: 1
P.8.F.3 3 1.8 x 107 1.8 x 1074 |
P:8:Fe3 L 142 x 10_}41'-'1 18w 10—-!;; ;
P.8.F.3 5 1.6 x 107 K 3.6 x 1074 ,
Pi8:F:3 6 3.6 x 167" 1.8 x 10“%{ 5.

— ] — 7

—

peaks are observed at metal : ligang ratio of 1:-

Trne



(2) sole-rztio method

carier= ¢I <0 ctions wa&s nrenare o &R )
A P .y 3 24 - rOi-l K llil.lr” a 9
| I - nd Ct. )5

Ly § cgr. e LRLESRY t:i'(- k Olg‘ ! at .O o] cd ) { 1 1811 ¢ (Y o
W l; ] T . = B3 _.i 1 I a'qd i ES yn .
- om

1:C.¢ to 1:10.0 Tne concentrations e
r P U > H as 1S _mployed are frl -
Tiven in Ta?
Hle

|3

Temp. = ZOOC, pH = 4.0 % Ot = ey

motal volume made up to - 25 ml

noncentration of gallium (c] = 6.0 x 10", o "
s ha® & 10T 7L,

P.8.F.he Crrves A B

Pre JA = atecrhaince OF these mixtures wéas measwred at

3ut only representative results, obtained

Bll', I]_]_I‘ 8Il(r ; 3 I n”l »

£yom tae etpdle
P.S-FC.’.}--

Tre results snow 8 rreak at @ ratio of one mcle of the
e reagent, indicating that a 1:3

metal ion tO three moles of th

complax 18 formed.

of the variable component wide varied from 1
1 to

Tpe volume

~ : & <cess concentration of i |
10 ml, 1 presence ©- an e ration of the other. Tre
emploved are piven in Table 3.7L.

concentrations



e et

: 0-
=20 = C.170, Total volume = 25 nl

Concertration of the conctént component = L8 x 10—;.
¥

neartreticn ol the
bo £ 10T
SiosEr Line Remarks
' letal varying

liganc varying

variable component varies from 6 x 7C-éw

m. + " i a 8 3 e
nie results have teen graphically represented in P.&.7, ¢,

wo etraieht lines, vrovides the . (O
Ga : CHQS ratio

The clope of the ®
1% »

Egggrmipagipnic. T X
The stability constant of gillium (ITI) - 7-chloro-8
¢ acid chelate has been determined b

-

c_gulpnoni

oy quinoline->
- egarlier. For the determination

da detal-st

ifferent metho
ole-ratio method, the concentrati
ons

constant bY the B
shown in Table 3.73 (graphically

two d
of stabillty

e reactants are same as

oi ft
o L s deiiehdi che values of Em, Bs and )
represented VY are given

in Table 3.72-

—~p e

;
Ll

e a i
Figure curve Cﬂncentration Eg Es s
Fa s ionde Ay B 0+629 0.490  0.2784

5 L8 x 107H 0. 540 0.400  0.2592

. r'



o, et i ri.., tll 7 .tEOlll ¢ 13 t, I I,! (: g
r!['“ n P o IU { Ol ql,dl[ O Je
Iy late I\E?

W= Lo.r uethod, wolecular extinction coeifflcient dat~ «
°77 1s riven

1 able 2.76.

able %,76
A D 3 - A T
- L
35¢ nm 0.678 6x107 1. 11360  0.49C &, v . < =F
' -k B 13.3211

Tre values of log K obtained bty these methods have pb
- ¥ © Desan

eciven in Takrle 2.77.

s Tem:p_: 2000

T-_-.—“' -

192 0T R e ———
S -*ATY constant

Method . loeg Kk

(1) Mole-ratio methed
(2) Molecular extincticn coefficient method 13.3211
S g

Thermodynamic functions of the complex

The free energy of complex formation has been sy A .
= L1i8t an
L2,

Leind =g 20unsian
AF - -RT In K
For the purpose of determination of the enthal py ane
shiAL ] ng entrOD
: - ;
changes CUIMES the complex forwmatlion, the st-iiy;,, Constant
4 weelils were

obtained by plotting log Kt against /T (Pub. .n) (; g o 1
s th solute

temoeratufej; the enthalpy change Amn, of the reactiop hae



ssuing thie to !

® “loyec, the entrony cranve,AS,

The results ottained have teen su

2
.

2¢, usine~ the equation:

A -

rature coefficient met hod

302.2.(lo~ &, - log K)o 1/(1/T,

y USlLi~ the formula

- !
¢

-

@ constant over the ranese of tennersty
~elre re-

of the reaction ra-e been czley
_ e "

A -AF

m

marised ir Tabl-=

ITonic strength - 0.2

e —_—
Temnarature 20 2% 30 38 LG r:“m‘
°g
log K 13.3211  13.3008 13.2903 13.271¢ 13.;;;;_:;T;;;;*‘
A7V cal/mole) -17.86C -18.13C -18.430 -18.71g -1 4
AH(cal/mole)  1.442 1442 Tehh2 1440 1442 e
A sSla.n.) 65.38 65.66 6%5.58 65.42

AEa2h 6L .95

e
-_— e e e
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CHAPTER IV

PHERCCDYIALIC TCIZATICN CCRSTANTS AND
LeTAL CHELATES CF

5 BRCNMG-8-HYDRCLY UTNCLINE-Z-SULFHCHIC ACID




7-BROMD-B—HYDROXYTUINOLINE-S—SULPHONIC ACTID

Introcduction

The ability of 8-quirolinol and its analogues, +o form
stable metal chelates, is due to the peri position of the phe -
nolic hydroxyl grougp forming the grouping N-C-C-Q which can slve

rise to the formation of a five membtered chelate ring.

The principal bromo substituted 8-quinolinols, investi-
gated by various workers are : 5-7*dibromo-8-quinolinol, 5~bromo -
8~quinolinol, 7-bromo-8-guinolinol, 5-br0m0-8—quinolinol-7_
sulphonic acid and 7-bromo-8-quinolinol-5-gsulphonic acid. Bapijap
work on bromo-substituted 8-quinolinols concentrateg around the
composition, stability and molecular structure of their metal
chelates. Ourrently attention is belng given to theip utility
in detection and estimation of trace amounts of meta] ions. Thisg
is mainly due to the possibility of extracting thege chelateg

from agueous medium, into an organic phase by solvent extraction

processes.

Considerable interest has also centred around the studies
of the effect of substituents, on the ionigzation constantg,
chelate stability constants and thermodynamic functiong of the
halo substituted 8-guinolinols and its sulphonateg, In continua-
tion of these studies, we have taken up the studieg on 7=-bromo-g8-
hydroxyquinoline—5-sulphonic acid, which forms water soluble
chelates, regarding (a) its fonization constants (b) composition,

stability, molecular structure of its metal chelates ang



(¢} some thermodynamic functions, associated with their foppe.
tion. Very scanty work on 7- brcmc-8—hydroxyquinoline_5~
sulphonic acid is on record, as compared to the work that has
been done on 7-iodo-8-hydroxyquinoline-f~sulphonic acid ang

8-hydroxyquinoline-5-sulphonic acid.

It was observed by Richard Berg (1}, in COurse of his
studies of the influence of substituents on the stability anc
insclubility of the metal ccmplexes of 8-quinolinel deriva.
tives, that 7-bremo~8-hydroxyquinoline-4-sulphonic 2cid in g
acetone-water solution containing a mineral acig gave a greenish
yellow precipitate with copper and a greenish black Precipitate
with ferric salts. The sensitivity of this reagent for copper
and iron igs (1:500,000 and 1:100,000 respectively). Jacop
Kolland (2) formulated the possibility of colorinetric detar.
mination of iron with 7-br0m0"8'hydr°x?quinOline-S—sulphonic
acid and with some other 8-quinolinol derivatives, The reagent
produced a dark green colour with ferric chiorige. The use of
pthalate and borate buffers was suggested by him, ag 5 result
of his observaticn that these buffers did not influence the
colouration. On the basis of calculations of acig and bagie
disscciation constants, indicator properties of 7-bromo-g.

quinolinol-5-sulphonic acid and its derivatives wepg reported

by Harry B.Feldman and Arnet L. Powell (3). Methogs of syn-

thesizing the halogenated derivatives of 8-quinolinol and 8-
quinolinol-5-sulphonic acid were improved by Antonio Luis,Palome

7-bromo-8-quinolinol-5-sulphonic acld was reporteq ag 2809 .



Tiao-Esu Changz and coworkers (6) prepareq some of the
derivatives of 8-hydroxvquinoline and S—hydroxyquincline-s_
sulpiionic acid. Dissociation tonstants of 7-bromo—8-quinolin01_
f-sulphonic acid and the chelate Xldlicy coustante or its
chelates with C4(II), Pb(II), Zrclidy Sel(iT) and L{i1. wers
reported 2long with similar studies on certain Other derivatives

of 8-hydroxyquinoline.

Hans Berge (7) carried out polarographic studies of com.
plex equilibrium in dioxane-water mixtures ang determined tpe

stability constants via exchange equilibriumg.

As sleeady mentioned earlier, although a lot or work hag
been reported on ferron and 8—hydTOXYqUin01ine-5-sulphonic aciq
?

yet, not much work has been reported on 7—hkﬁonu»8—hydr0xyqui~

noline-5-sulphenic acid.

It was therefore thought proper to investigate ip detail

the chelates of copper, palladium, uranium, vanadium, iron and

gallium.
As in the earlier chapter, to reduce the bulk of the
thesis, complete data on only one d=ipositive and ope tripositive
metal chelate have been presented, along with the graphica)
representation. The data obtained in the detailed investigation

of the other chelates have, however, been represented graphically

Preparation of 7—bromo-8—hydr0XYquinoline~5~sulph0nic acid

The compound has been prepared by the method used by Tiag

Hsu Chang et al (6): 5 gm of S—hydroxyquinoline-5-5ulph0niﬁ Sk



(method of preparation, described earlier, in Chapter II1) was
dissolved in 200 ml of 10% potassium carbonate solutior. Con-
cantrated hydrochloric acid was slowly added to the solution
till precipitation. A small amount of 10% Potassium carbopate
sclution was added in amournts just sufficient to redisc<olve
the precipitate. At this point, the pH value of the solution
wac about 6.6. Then 20 ml of the saturated bromine water wa-s
poured into the solution from & separating funnel. The reacticn
rmixture was stirred for 2 hours and then acidified. The preci-
pitate obtained was separated out,filtered ang recrystallige

from distilled water. The yield was about 60%.

Colour reacticns of 7-bromo-8-hydroxyquinoline-5-sulphonic acid

The colour reactions of the reagent, so obtainedq were

observed, with a numter or cations. Table 4.01 records the

observations.



Table 4.01

Reagent Light yellow in cclour
8ls 2
No. Iletal Colouration Remarks
2+ : : . s ; % L
1 He i slight intensification  HNot very sensitive
in colour with dilute solutions
. Cu2+ Slight bluish coloured Sensitive with dilute
tinge develcped solutions
3 Ni2+ Greenish yellow Sensitive with dilute
solutions
24 Vi v "
, UC Crange-red ery sensitive with
2 dilute solutionsg
5 FeB* Green Most sensitive with
” dilute Solut,ic)ns
3+ lour S it 4 Sth &4
6 Cr Yellow colO ensitive with dilute
intensified solutions
7 Ceb+ Pink colour iade§ very soon,
eaving a yellow ti
tehind tinge
g i Colour intensified Sensitive with dilute
sclutions
9 V5+ Deep vyellow Sensitive with dilute
solutiong
o+ Yellow colour Sensitive wi :
i ; & vith dilute
18 e intengified solutiong




THERCDYNARIC ICNIZATICN CONSTANTS (OF 7—BROMO—8—HYDHOXYQUINCLINE~

5- SULPHONIC ACID

The thermcdynamic ionization constants of 7-bromo-8.
hydroxyquincline-5-sulphonic acid have been determined in the

agqueous nmedium at 25°C, using spectrophotometric methoq .

The sample of 7-br0m0-8-hydroxyquinoline—5~sulphonic acigd
wae recrystallised twice from double distilled water before use,
Other chemicals used were of A.R. quality. The spectra or 50 1. i
tions were taken against 2 blank consisting of the &queous buffer,

acid or alkali used as solvent for the reagent.

All solutions were kept in a thermostat having a tempe-

rature of 25 s O.’]OC for about thirty minutes to attain equili_

brium. The pH of the solutions were adjusted using chloro~acetic

acid - KCH buffer, succinic acid - KOH buffer ang KHQPOL'anhPQ&
puffer.

Spectral_studies

The absorption spectra of, fully protonateg form ip
0.1 N HC1l, partially protonated form in a buffer or PH £.5 ang
completely unprotonated form in O.1 N NaGH, or 7-bromo-8.
hydrOXYQUinOline_5_Sulphonic acid (abbreviated as BHQS) were
taken in the range of 220 nm to 380 nm. The results have been

presented in Table 4.1711 and represented graphically in P.9.7. 1
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Tacle 4.11

-lv:‘_ -
Sencentration of BHEQS = 6 x 10 N Temp. = 25  0.1°C

curve A = BHQS in 0.1 N EC1

1 =
Curve B = BHCS in a Luffer cf pH 5.5
Curve C = BHQS in 0.1 N NaOH
Wavelength . _ Absorbance -
(nm) : .
0.470 0.626 0.37%
22? o.?g1 0.790 0.327
230 0.506 1.165 05447
230 0.52; 1.605 0.715
o 0.530 1,700 0,864
ez 0.805 1.677 1.030
249 0.919 1.617 1.124
ey 123176 1915 1.295
i 124,58 0.890 113,66
2hly §E70 0.690 12255
245 1.795 0.395 1.716
24,8 ) 820 0.330 1974
250 1765 0.295 1.765
2ER 1'531" 0.272 1.64L6
250 1'313 0:255 1.560
255 1.061 0241 1,450
256 0-810 0.228 1.315
257 0.564 0.212 1.170
258 0'301 0.509 1.025
259 w27 0.20k 0.380
2 0.241 0.199 0
262 D08 0.205 0l
0.037 0.205 0.3,6
261 0.025 oo o2
265 0-016 O.EO Mo
267 0.014 0'1::5 8'C1)L"1
250 0.030 e 059
280 .
0.201 0.056
300 0.094 0.230 0.125
305 0.102 0.211 0118
210 D18 0.180 0u179
315 0.0 8 0.099 0.225
320 0.116 0.034 0.270
330 0.13 0.01k 0.208
350 O.(!\“18 0.009 0-206
360 O.u96 0.006 0.121
370 0:0%
380 el —

it




The results obtained indicate the presence of Jdiff
grent

jonic species of BHQS which correspond to the neutralizati
zatlon

reactions:
e + -
Hy —Ha + H ; K1 = [Hf][HA J/[ﬁzg}
B s EC g W V(a7 / (A"
— » AT = (5") (& ")/ a7

Thermodynamic ionization constants

The ionization constants of BHQS have been i
obtained ‘
s Slnce
there is a significant difference in the absorbance between th
e
different ionic species. By measuring the absorbance of the

in a buffer of known pH, the lonization constant of th
e

compound
compound can be obtained from the following equation (8):
b-Xx
K == H + lo —
Pk, P & 3

hat of the puffer and X is the absorbance of the

where pH is U
and a and b are the absorbances of th
e

compound in that buffer
same concentration of the c ompound in acidic and basic soluti
ons.

Further the t hermody namic ionization constant can be

cbtained bY t he gxpression:
I1/z

pK =pK P s m——
a c 1011/2

where I is the ionic strength of the medlum in which the absor
und 1is measured. The value of 'x' haq p
s been

using differen

banc
t buffers and wavelengths ang th
e

determineda



pK., and pK_., obtained for 7-bromo-8-hydroxyquinoline- &~
at az q 5

sulphonic acid nave been represented in tables 3.12 to 3.1%.

Table L.12:

Concentration of BHQS = 6 x 1071 A L8 nm

8 = 1.795; b = 0.395; Temp. = 25%

Buffer pH * PKe PK,

Chloro-acetic acid - KOH puffer 2.8 1660 3.5786 3,6695

Suceinic acid - KCH buffer 3.6 1.056 3.5516 3.6425
- KOH buffer 3.9 0.804 3.5156 3.6065

Suceinic acid

Succinic acid - KOH buffer ko3 0.619 3.5798  3.67C7

Table L.13: ]
Concentration of BHQS = 6 X 10 K3 )\ = ‘B8
= 25°C
a = 1.820; b = 0.330; Temps =
H X
Buffer P ch1 .,

. acid - KOH buffer 3.6 1.070 3.5941  3,6850

d:- KOH bUffer 3.9 0'780 3'5362 3.6271
H buffer bed  0.575 35940 3.6849

Succini
Suecinic aci

guccinic acid - KO

m——

mtp—




Table 4.1L:

- £
Concentration of BHGS = 6 x 107 7M;
Temp. = 25°C

\ = 255 nm

a = 1.313; b = 0.255;
M
H X ;
putter F o pYC? PK g,
—_—
Succinic acid - KOH buffer Le3 O.425 3.5820 § sy
—_—
Table L.15¢
-5
Concentration of BHGS = 6 x 107 7K; )\=-264 nm
o
a = 0.205; b = O.I{."ﬁ; Tempo = 25 C
744 0.290 7. 5h75 L
KH,PO, - NajHPO, e 7.658),

Kﬂzpoa = Na2HP04
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COPPRR(IL) - 7—RRCMO-8—HYDROXYQQ£§CLINE-E-SULPHCNIC ACID CHELATE

The formation cf thne complex between copper(Il}) and 7-

hromc_a-hydroxYQUinOline-5—S“thOHiC acic has been investigated

in the aqueous medium. The empirical formuld of the complex in

was found to Dbe Cu (BHQS): (where BHCS stands for the

y constant of the complex and the free

U e b

ligand. - The stabilit
energy oF formation, surins the complex formation have been

evaluated.

i opper was Ppre ared fr
~t.andard golution of € PP PEER om a sample

T . _Merck]) and the copper content was estimated
of GoR. SLEC, 50 (B ¥ o ted.
i cample OF 7*br0m0"8'hydroxyqulHOllne‘S‘SUlphOHic acid
et €

Saan BE the ligand solution in aqueous

or the prepar
were of analytical grade and were

was used £
medium. all ot her rearents

.psmation.
used without further purlflc

Nopditions of study

. wtures were kept in a thermostast

h n equilibrium- The pH and ionic
O

for ab
+. -
¢ the .clutions was kept constant ¥alue throughout,
strength 4 ° N . :
. cordl conditions may be maintained for these studies.
so that P1E
;hg cOIZlDlex

the complex formed in solution
b

per was adopted. Mixtures containin
L2 g



varyinz proportions of copper and 7-bromo-8-hydroxyquinoline-5-

sulphonic acid {BHZS) were prepared. Tne concentrations employed

are recorded in cable 4L.271.

Table 4.21°

e ety e e

—

_oncentration of copper Concentration of BHGS Ratio

Lixture
1___‘______- - b % 10_fM 0:1
06 s 10‘5; 9.6 x 1C° L. 159
. bo8 x 107K 7:6 1O_im HE
', (2 LY 9.6 x 10':1-.-'; 1:3
; o x 10'5M 9.6 x 167°N 18k
S s

hance of these€ mixtures was measuwred at various wave-
Absornd

to 440 nme
cally represert

330 The relevant section of the results,
lengths from .
of all the

ed in P.10,F.1, indicate

which hav i
mixtures are in the spectral region

\
that the-\ max
It is ev?

- cherefrom that only one complex ig

4 Me
of 365 n o g study » The results have been

the conditiol

Le22.



Table 4."2

avelength :

Chm) ——7 Absorbagce

. L 5
0.271 0.c08 0.00
, .001 0.

Lo 0067 0.256 G.222 O e
160 O. v @b 19 O.344 O' 4 0.106
200 0.C5% 0486 Db e ol
376 0.0hg Culy9 9 Cub31 0.280 Q.21C
126 2 b 0.488 0.430  0.28 0.218
390 0'929 g1 Cl333  0l260 Tl
406 o 9 0.299 0.289 G.10 0.201
v O.oz, 0.1€0 0.168 0 15? C.151
5 021 0.069 0.c79  0.C5 0;C89
0.017 0.017 0.029 SiEel G
4,30 G.021 G.000 0.C06 g.c19  0.016
e 016 0.C00 08 g ol
I w1 0.001

s erescive pp Feult

s containing t,he same concentration (8 5
x 107 1)

F-"phste were prebvare £

of the reagent and cOpper

ionic strengt yo 8 mainbained at 0.1 with NaCl
: 9]
L*

pH and the how
The absorbance ot these solutions was noted. The compl
eX showed

)\max

absorbanc

- 3.9 -
rang? 3,9 - 7.7 and an almost c
Onstant

st 365 nu in the PR

~omplex in the pH r
: ange 3.9 -

9 6.7.

e was shown bY the
uniform conditions of study, PH 5.3 was sel
ected for

, @5 the com

s of the srudie
’ c
urve 1 Shows

lex shows maxi
5 axlmum extinction a
t
g a
re recorded in Table 1.2
hied3

thiS pH'

and graphica

variation Of/\ max

abgorbanc
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: 14716

il 1.5 ) 3B 35 L 5 - Fo . . o
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Stoichiometry of the comovonents

(1} Job's method

The composition of the complex was determinad at 365 nn

by Job's method of continuous variation, using both equimolecyular

and non-equimoleculer solutions. The absorbance was measured

uein~ ligand solution &as blank. The results of the studies have

been presented in Tables he24 and 4.25 and graphically repregen-

ted in P.‘IC.[‘.:-.

Table kezl:

Concentration of Culel) = 1.6x10-hM, 1.2x1o“4M’ 8-Ox10'5M

Concentraticn of BHQS (c?) = 1.6x1O-AM, 1-2x10”hm’ 8-0x10_5M
1 2 )

(P.10.F.3) (curves)
ph = 5.3 * 0.1, Temp »
= 9, )\:: 365 nn.

_ 30%, Ionic strength = 0.1,

p = ct/c =
e
Volume of Volume of ___,ﬂ___f5 - Absorbance
EQS cu
%m%) {ml) 1 2 g
____________,_____#_"ﬂ_ﬂ___,__
25,00 0.00 8'?08 g.?gg 0,566
0 2 1 D
20.00 = 0.430 0.32 0.136
17:50 -2 8.ﬁ§1 0'35!'P 0.200
1!-'.00 10.00 Ooh'95 0.29 0.229
15.50 18- '% L 0.2 1 0.186
0.00 150 8'289 0.1L8 0.131
‘75'00 20.00 0.0%5b 0'033 0.060
250 22. 5 0.000 0.000 0.019
500 2500 . : o1

—.—/,/—” ———



1.6}(10“&1"’ ;5'0){10_;::'*' 8.0}(10-51-.

1l

Conicentration of Cu (e¢)
sonesntration of HAS{e') = 8.0x1C 7k, t.rwrlT 2. 4x10~ 5,

o'1 ‘e 1,' 2 2

Il

.' & Temp. 7 “ g g B e i S ‘-'." 4\ Rl =y nm

1<

A - Absorbance

Volume of  Volure of _

=] S{gh: 'Cu i 5 -
2¢.00 0.¢c0o 0.000 0.000 G080
25 .10 2.50 0.136 C.06¢ Aoome
20 .00 £,CO C.265% C.149 0L1LE
Vo A.258 0.324 - .
kgl ~r’ 0.286 0.225 B2y,
15.00 1G.00 0.229 0.289 0.290
18450 12 .50 0.180 C.35¢ 0.5%«
1€ .0C 15,00 0.139 0.290 i3,
2«50 17.5C 0.1% 0.220 G L350
5,60 20.00 o.gég 0.136 o
2.50 22.50 O'ooé .056 3 v
0.00 2£.00 C. 0.000 0. 000

The peaks are observed at the metal:iligand ratio of 1:2,

(2) FMole-ratio method

In the mole-ratio method, the metal to ligand ratio o

s 4 30,33 0 1:A when the councentration of the meta}

varied IT .
TO- “Pe In anothe 5
ion wWas kept constant at 6 x her series the metal

- s (] i -
was veried from 1:0.4 to 716, when the concen-

to lisand rtio .
1 ! '—j"
the metal ilon wWas kept at 4 x 107 -1, Although the

tration of
165 nm and 380 nm; only the representative

* obtained in case of studies performed at 365 nm have be
¥ ' on

ble 4.26 and represented graphically in P 10.% .
L] > ...L.



Table 4.26:

- K
.

Concentration of Cu (¢) = 6.0 % 10"5&, L.C x 10”7

P.10.F.4 Curves A B

14

Temp. = BODC; PH = §.3 0.1; Ionic strength = 0,1

Total volume made up to = 25 ml.
Curve A __Curve B e
Ratio Ratio T
Cu : BHGS Absorbance Cu : BIiigs ———ﬂﬁﬂiiéﬂﬂggh_
1 2 8433 0.106 11 0,40 0.8
1 : 0.56 0.217 1 :0.80 0.152
1 : 1.00 0+326 1 1.20 0.281
¥ = 9.33 G.455 1 ¢ 1.60 0-360
1 % 1.66 0.555 1 :2.00 Ue3ge
1 : 2.00 0. 581 T 1 2.50 0.423
1 2.5C 0.605 1 3.00 0.42‘;
1 1 3.00 0.615 T 4.00 0.425
1 LI..OO 0-615 1 ’ ,'-OO O..L;,25
1 : 5.00 0.624 1+ 6.00 Coty25
1 6.00 0.630

The results obtained, show a break at a ratjo °f one mole

of the metal to two moles of the reagent, indicating that 4

1:2 complex is formed.

(3) Slope-ratio metkod

The volume of the variable component wag varied frop 1 to
10 ml, in presence of excess concentration of the Othap, The
A _absorbance of the scolutions was noted at tyo wavelengthS -
365 nm and 380 nm. The results have been recordeq iy Table 4,27

and represented in P,10.F. 5.



“aole 4.27:
Concentration of the constant comwponent — <ol x TO'hT

of the variable component &
varies from €.0x107°): to 6-CX?O“5r

‘l v . - L B -
A BTN &% 5 e R 1|

: c
OH = 5.3 - 0.1, Temp. = 30 X 0.1 C; Total volume = 2« 0

1«1C.r o5 Curves 1,2 (365 nm) ', 2" (380 nm)

__________h__ﬁ___“__-“—“
Vol. of variable _ N . T ——_—
comoonent ' —-—-—-.____““___“~“~
(ml) iletal varying Licang vapyqr
1 1 “?E—L:;ﬁ
\-\R—“
1 G.055 0.051 0.022 0.0
2 C.102 0,094 0.Cl7 0.015
2 0.155 G144 .07, 0.028
A 0210 0.19C 0.150 O.oéé
o) G.259 0.236 0.125 0.100
6 0.320 0.2G0 0.150 0:125
8 0.426 0.389 0.21s 0. 149
9 0.480 C.435 0.2/, 1 0108

The slope of each set of the straighe lines, Providesg

a Cu BHOS ratio ag 1:2.

Determination of stability constant

The stability constant of copper(IT) . 7‘br°m0-8-hydro

xyquinoline-5-sulphonic acid chelate has been determineg yy 4

different nethods detailed earlier. For the determination of

the stability constant by the method of Dey et al ang mole-pagy
) G
method. the concentrations of the reactantg are the same aq i
e ¥ 5 ] B wn

in P.10.F.3 (keeping ligand as blank) and P10 Fublheeping o,

as blank), and P.10.F.4.



-Or the determiration of stability constant by 1
) E moie-ratq
o,

tue values of Lm, Es and o

Table b o8

are given in Table L4.28

rirure Curve Concentration Em = ) ) )
P.1C.7.4 A 6 x 107N, 0.610  0.s80 o .0‘4_9;—\
P.10.F.L B Lox 1C77M C.425  0O.00 0589

Trne valves of log

given in Table 4.29.

K obtained by thege Methods have 5
een

pH = 5.3 < 01l Ionic strength = 0,1; Temp, = 30OC
T
Fethod LIty sohobuns
lOIf E\ )

ey ity

-“-\

(1) Miole-ratio method

(2) Method of Dey et al

11.7C 2 0.7,

\\

Computational values of:

log K = 11.635 2 0,165

AF =-16.135 ¥ 0.225 kcal/mo1e
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= UL G, for one hour B0 @y b liriug
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ston
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2 R
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sbectra of the complex

To IMilne tne nature of the complex formec the methog
o)

Cooper was adopted. riXtures Conbat.j, . —

Cs vockburen and

Proportions of vnalladium and 7-bromo-g. kyoroxvcuinoline_c

LA~ " T S ) OV S TR S o
Sulononic acid (THCS) were PreEparets  lue 2o eu, P Evl0ns employegy

in the studies are recorded in Table Low 39 &

Tabtle 4.31:

- == e e

Concentration of palladium ConCeﬂtration 5 .
- ‘ Ll

tixture
— = g
] 1.2 x 10 K 1.2 x 1074 "
o
" R 1.2 % 10 =%y
2 6.0 x 10 rh 0 Am Fis
[ - IN’T 1.2 O_ ,..r'
3 Lol x 10 H X1 i -
=5 ol
L 3.0 x 10 @ 1.2 x 1074, -
- 1.2 x 1074,
9 O:9q

Oqor‘bance of tnese mixtwes atg Val"lOU': [-raveleng:tns P
A ol 3 2 1
tS ha\.'e

500 nm was measured' ~Ome repreqeﬂtdtlbe resul
to ?
The r -
esult show % Bt

=00 e P.11.F.1
i
nted¢ in ol
&lly represe
been graphir _
omplex is formea uncer the condition o
only one ¢
14

nt is in excess, shift aue to Complexatiogp is Partialiy
the reage 4

stugdy {when

in the svectral region of 39¢ Yitii.

suporessed)
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ne e2’'s are ot served

at metal:lipang ratio of 1:2

O <

(?2) ..0le-r=tio me t hod

series of solutions wa-= nrensred from palladiyy
< i

BH?3 in suchk a way that the mole-ratio of vall

varied from 1:0.4 to 1:6.0. The concentrations em

'
Ji= L. .

Table 4.23:

——

O . : .
Temp. = 30 O, i = 4.f - 0.7, Icnic strensth = 0.1
ot . volume made up to -~ 25 ml.
?ina) concentration of palladium {¢) = 4.0 X 1071

PillaFsk Curves A

The A - abtsorbance of these mixtures was measured a+

and L1C nm. But only representative results, Oobtained from

studies at 385 nn, have been graphically Uepresented in p x

The results show a btreak at a ratio of

metal ion to two moles of the reagent, indicatine tpa«+ 1:0

complex is formed.

() lei--ratic method

Tie volume of the variable component wag varisq f
e

1

- an excess conce i ;
10 ml, in presence of X ntration of +hae other .

ations employed are given in Table L

concentr I

and

adium to 3Hng

ployed are

t he

sy
'
L4 -

One mO]_Q of th@

b'-
v

The
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] ) ; h
y 10ta. volume = e 71

‘s Temr. = 3C % ©,1C

.& nim
ouce tration of the constant corvonsnt = 2,4

-0t certration of the variable component varies Poom

4L x 10-61“ to 4 x 1+ -

Figs line Remarks
Pu1Twl s & 1 letal varying
Pl ek 2 Ligand varying

Thie reculte have teen graphically e€dresented ip P.1q

The slope of the two straiesht lineg, Provides the —
« ﬁ

ratio as 1:2.

Letermination of stability constant

-~

The stability constant of valladium (I7) B
hydroxyquinoline-%-sulphonic acid chelete has heel carpan .
- . 2LErming

Iz WP -.]_ ’a . . -
bv two different methods detailed earliep, For the determina‘

‘W oy _

] f atability constant by the mole-ratig Meth

tion o od, the Concen.
trations of the reactants are same as shown ip Table 1 -5

1 . 1 . - o -’: - ) > t}~
sphically reoresented by P.1 i the valuge o
(erap es of Em’ Fa ang

~$van An Table l.3%.

Table 4.35

I~ Curve  Concentration Rt

' u _ = : -‘S (X

— it ESSe—te. T
! A Ll 1 7t g

I¢T1. o : w (’-363 0'032(:,

. : ) P o' " | i ALY .
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-elonular evtinetion coe “Picient céta { bie 4.36]

ot~

)I CC d CU, Ay bld\- .:ta 1-A+t\ £2 ].. by~ | ! '\"" + ~
o rl ’ |9 X 117 e Ot q
L &30 .

' i A _ N
‘nan e 5 kxtC” . pote . ?.78x10‘5h 9.A51x10~11 ,,___ N

The values of loe I’ obtained by thece metliods Lave .
‘ een

riven in Tallde L.37.

Table 437

pH = 4.5 T C.1, Ionic strength = 0.1, Temp. = 30°-

l’et hod Stability constant
e . _:C7 X
ﬂq_ﬁ'h——-“_

(1) Mole-ratio method 12,789 2 C.c87

(2) Kolecular extinction coefficient method 11.985

log K = 12-&1 + 0.43:

Comnutational values of:
ﬁlF = —17-21 = 0.60 kcals/mole
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"pe formation 0. &@n orange red complex between uranium

and 7-tromo-b- ﬁYGFOXYQUIHOline'5_Sulph0nic AT, Ras e stmdbeg

in aquecus medium. The chelate 1s stable in the ph range 3.4 -

2.0, Toe composition of the chelate in solution has been deter-

rwo different methods anc jt nas been found that a

formed betwe

minec by
1o comtlex 18 en one mole of uranium and two

C¥ v
S VTR )

Cpnxvqulnollne— 5-sulphonic acid. The stability

7-hromo- ~8=-1

helate has be
e-ratio method. The free energy of for-

moles Of
en determined by the method of

conctant cl the C

Baner i and DeY, and mol
plex has also beedl evaluated.

mation oi LhL# coh

i sy eripengal
ncarc solution of pranium was prepared by dissolving

L stand !

D.He )} &8 double distilled water. A BT

1 nitrate (B
romo-8-hyd

fo j 13
r the Dreparatlon of the
; Stlcal grade ang were

e Of
411 other reagents wer

urar : '
y sulphonic acld was used

roxyqu1P°llne"

ie of 7-t
samp gand solution in double distilled

water. o,
used wits nout further purlflca
Conditions of study
eriments were performed at 30°C. The individual

All expP L pures WET® kept ip 2 chermostat maintaining a
soluvions nd mlo . 0.19C, for one bour to attain equilibrium.
temoerature 0= Blubio“: and pixtures was adjusted with NaOH
Tre pH oFf phe 29



A Ty -
Lbsorrtion spectra of the complex in_sclution

To determine the nature of the complex in soluti
on, the

1 ! v
Josburgn and Cooper was adopted. Mixtures contai
aining
o

~f uranium anc 7-bromo-8-hydroxyquincli
ne-5-

met hod of

varying proportlots
sulphonic ccid (BHOS) were grepared. The concentration
E s employed

ded in Table L«kls

in the studies are ag recor

Table L&l

e
uranium Concentration of BHQS Rati
io

I

Concentration of

fAxtures
e —
1 = 2.0 x 10741 -
- '
2 S e & 10 K 2.0 x TO—LM —
3 .0 x 107H 2.0 x 10~k .
-t =
L [ T ¢ M 2.0 % 10 4M 1:3
ok _
e 5,00 x 107 F 2.0 x 1074 14,
__,__#,____,,_.._—’f———~——~—" :
sbsorbance of these mixtures at various wavelengthlis, from

asuTEd- The relevant section of the

600 nm, was me
aphically represented in P.12.F.1

27C nm tO
results obtalned has been &T
snow that only ©One€ complex is formed wnder the eorgd

The results
cral pecion of 280U nme.

in the spec

same concentration (2.0 x TO-AN)

yl pnitrate were prepared at different
5trenzbh WA S maintained at 0.1 with NaClo
1+o

ce solutions was noted. The complex showed

Tue nbgorbance of the



Amax 2% 320 nm in the ph range 3.4 - 7.0. To maintain uniform

conditions of study and GO avoid hydrolysis by going to the

kbagic range, Eb 4.4 was selected for subsequent studies. The

s are as graphically represented in P.12.F.2

ot A

results of the studie

where Curve 1 shows GhEH ? may WALH change of phk, whereas
Surve 2 54a0WS variation of absorbtance, at 350 nm, with phL.

" - e o R ~On 0 "-"—"I.-
01 L Gl tan 20llioel=
= o, "= _.,._._-,-__—_.——_.‘-—-“""

Licois were adooted fcr the determination of the

Three v be®

empirical rovrmala of t he complex 11 solution.

£ continuous variation, using both equi-

quimolecular solutions, has been adopted.

v g methoa ©

molecular and non-e¢
re performed au

gtuﬁieﬁ at 3

3+0 nm and 360 nm, but only repre-

The studies W€
50 nm bave been graphically

1t s of the

sentative resu
y ~ ~ A B 2.'\:.1‘-- T e i
5 gn i, Yt a2 and E.1 he concentrations employed

represente .
of ctudy are as given in Table 4.42.

G i eionS
and the Speclflc conditions



0.1, Ionic strength = U.1, Temp. = 565, A = 350 nm

pd = 6.5
Pisure Curve Concentraticn of Concentration of ;i _ ot ¢ —
uranium(c) BHGS (¢! ) g% /e

P.12.F.3 1 3.2 % 1679 3.2 x 107" 1
P.12.F.3 2 2.4 x 1074 2. x 107y 1
P.12.7.3 3 2.0 x 1074 2.0 x 107" 1
P.12.F.3 & 1.6 x 1074N 1.6 x 1074 1
P.12.F.6 1 146 % 107 3.2 x 107My 5
P.12.F.6 2 1.2 x 107 2.4 x 10~y )

P iZ«E:D 2 1.0 x 1074 2.0 x 10'1‘1{1 5
P.12.F.6 &4 0.8 x 157™ 1.6 x 1074 ,

The peaks are observed at metal:ligand ratio of 1:2,

(2 )Mole-ratio me thod

L series of solutions was prepared from uranium and BHGS

that the nole-ratio of BHGS to uranium varied from

in such a way
e concentratlolls employed are given in

1:0.05 o 1:48.00. Th

Table bkl

i 6.6 = 0-1s Tonic strength = 0.1
0°C pH = O .
Temp » 3 ;

_ DE
Total volume made up to = 2¢ ml

QS ."I L] X = I £ -
Final concentratlon oF BHRS (&' = 152 10 {“ o SN

A 3



The abs i -
The sorbance of these mixtures was measured, at 350
? nm

and 360 nm. J3ut only a section of the representative resul
33U ts,

obtained from the studies at 350 nm, 1
S , nave been grapnicall
: Y repre-

Sented in - -1: ol .}.l..

The results show a break at a ratio of one mole of th
tne

metal icn to twWo moles of the reagent, indicating that a 1:2

complex 1is fcrmed.

(3) Slope-ratio method

Tie volume ol the variable component was varied rrom 1
n to

sresence of an excess concentration of the other. T}
- ne

10 ml, in
e -iven o Table Lobh.

concentrations en) Loyen i

Table 4.LA*
: O
pli = 6.6 0.1, Temp- = 30 20,1703 Total volume = 25 ml

£ the constant component = 1.2 X 10" 4,

Concentration 0]

Concentration of the yvariable component y
varies from Zekix10 5 to 2 Lx10™ 5y
__________,.____,____‘4____.."__
Figure line REHATKS
__,,..____,______.___,__,__
P.12.Fe5 1,17 metal varies
P.12.Fe> 82! ligand varies
P.12.Fe5 1,2 L E
P.12.Fe5 [a®’ Aused = 360 nm
A --_'___.-——"‘..‘——.‘”“—""' N
The absoroance of the solutions was noted at 350 nm and

. Tt ; raphic i @
360 nm. TO° penult hallg Wesh EFSE ally represented in P.12.F,5,



The slope ¢f esep set ol tne s:;ui ¢ Tis. )
= SRk pI"OVldeS

Bg " BHGS ratic az 1:2.

~

zetermination of stability conetant

The .12 1428y consSant ol Urfsps ., « 7-bromo‘8‘hydr‘0xyqui

noline-f-sulphoniec &cid chelate has been determined by two air
1t fe -

ent methods mentioned earlier. For ¢ ; .
t d he determinatigy of the

-fnEtioby the method of Dey et al apg Wle=patts et
€thod,

- RPEY YR GO = e

‘ xcentrations of the reactants are the aan .
the concent S t a 2 as shown in

. o and . . 1Z.F.L4. For the determination of stabijse.., 5
R Ong-

:‘. 1.

‘ -rati ethod, the values of Ep HE N o
tant by mole-ratio met p S s Es unc & are S Tten

in Table L45.

Table 4L.45:
Fipure surve Concentration Em Es -
—— = r ﬂ—“&
e R\
N /"E . ’ e P
6.C x 107} 0.690 (¢, rys 3.2246

P.12.P.5 & ]
AR (s 0.430 0

]

P
[
8¢}

The values of log K obtained by these metnpgs have peep
given in Table L.L6.

Table 4.46:

Ionic strength

pH = 6.6 i 001 3
e
o tat =) =
Method iilét,!{pc,mm
'_‘“‘““‘““*~EL4»—-___“»h_‘~

(1) Mole-ratio method 74832 2 0, 90z

+ (J PR < »
(2) Method of Dey et al FaRal Wi Sy
: — T
= - log K = 9.455 t 0, 60q —

Computational values of :

AF =-13.105 % 0-705 kcal/mole
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F_AVauADYL= 7—BRChC-B—HYDRUXYQUIIULIHm—5-SULPHONIn ACID CHR
= LIATE

e 3 N
vhe formation of the complex between vanadium ang 7
¢ 7-bromo-

o . . = . .
u—hydroxyqulnollne—;-sulphonlc acid has bteen studied in ti
le agueous

medium. Tne chelate 1is stable in the pH range L.3 - 7.8
= °2 = (+%. The

composition of the chelate in solution has been determined
- ne by
rrerent methods and it has been found that a stabl
S e com-

ne mole of vanadium and two moles of
o}

tnree di

plex is formed between ©
7-bromo—8-hydroxyquinoline-5—sulphonic acid. The stabilit
Y CcOons-~

reen determined by the method of Baner
i

tant of the chelate nas

and Dey, mole-reatioc method and Job's method. The free energ
y of
formation of the compleX has also been evaluated.

Exgerimental

A enandsre solution o vanadlum was prenared ty dissolvin
A PSS 1"-

Ra) in hot water. A Um‘ii.i@d

ammonium metad vanadate (Reanal A-
: b _ .
cample of 7—bromo-8—hydroxquIHOllne B onlpBoiie dcid was used
d solution in aqueous medium. All

the ligab

aration of
ical grade and wer :
ti g ere used without

for the RIER

other reagents were of analy

further purificaciou.

a OL cgudy

condiiigg;_,,,,__d.

ent

" e o
i1 sxpepimenta qere performed &t 30°C. The individual
cures were xept in a thermostat maintaining a

and miX
[or oné hour,

+ 0.1%, to attain equilibrium. The

eolutions
cragure Y
solution
of ammoniu

temp .
ures was adjusted by the addition of

pH of the
e amount

g anc mixt
m acetate buffer.

suitabl



Absorption spectra of the complex in solution

To determine the nature of the complex in soluti
ulon, the

methoo of Vosburgh and Joober was adopted. Lixtuwes cont
G ) ntaining

. -_: ortions of vanadium and 7-bromo-8-hydroxycuinolj
i ine-

¢_ ., .:noneu acid REQE 3 m
O { BEZ ) were prepared. The concentrations ermployved
4 Ye

are civen 1n Table 4.51.

Table 4.51°
e I
M xture Concentration of Concentretion of i
~ 3 i e + ®)
_____________m_féﬂﬂgilﬁl____—- BRGS Metal:Lipand
1 - 8.0 x 107°k -
-r -
2 .0 x 10 “M 8.0 x 10 5M fiaen
- " _E
3 4.0 x 10 5M 8.0 x 107K 1:2
L 2. 66x 107N 2,0 x 1077M 5
y e o=,
5 5,00x1077 N g0 % 16 W .
_.—.-.—_—.-'_p_-_—-—’——--’_’_-_’-_'_’_ .

The absorbance of thees® mixtures was measured at variou
s

from 290 tO 500 nine The results have bteen recorded
e

and @& section or

waveiengthg’
the results has been graphically

in Table Lo 52

ved in P.13. v he results, it can be concluded

F.1. rFrof

represen
s *IT i the spect 3

1y one complex 18 formec, I pectral regio .

that only gion of 360 nm,

the conditions of studye

uncer



=
R
2

Tab . EE1 .
le [+ e (P 13.F-1 Curves 1,2,3,l{,,5)

Fel o A Lbsorbance
1 ' L 7

L C.379 C.261 C.266 0.296 0.324
300 C.h51 0.296 0.315  0.349 0.384
310 9.44LL €328 0341 0.370 0,351
: G g R 0.36C 9.351 0.358 0.368
2 ¢.23L C.400 O 367 0.328 0.306
oy G.114  C.471  C.399 0.319 C.269
s C.066 '.Ci? O 448 0e 3k 0.275
LEs 0.060 U.flo c.,63 0.350 0.28C
: AC 0.057 ©.56C C.464 C.353 0.278
i 0.056 C.5k7 0420 0344 0.274
g.oBs 0.515 0.428  0.324 C.25

0.049 0.347 0.261 0.211

0.CLO 0.244  0.186 0.152

L 035 U."f 0.120 0.101

0.029 0.110 0.075 0.068

O 026 0-033 O~052 O-Ohg
0.024 0.059  0.03€ 0.036

¢g.o48  0.029 C.030

a.04h  0.020 0.022
0.039 0.C14 0.018
0.026 C.010 0.015

0.024  0.008 0.011

- the same corncantration (8 x 10“533

]

gplutions contaant

. +a vanadate were :
r cpe reagent and ammonium M€ prepared at diffe-
(%

C1
t ﬂH; anﬁ the

jonic strength was maintained at 0.1 with NaC10
}4..

ese solutions was noted. The complex showed

T

¥

i

The absorbance of th

A\ e at 3
ma
gitions of

eX ShOWS (L
corded in Table k.53 and graphically repre-

40 nm in the pH range 3.3 - 7.7- To maintain uwniform

study » pH 6.5 was selzcted for subsequent studies
3

con i ! :
tinction at this pH. The result
s

aximumn eXx
us LLe compl
, 1{ias are T
of the stud’

hows the variatio ;
g i e B B L n of \ pax with pH;

C
sented 1o
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kL | . .

whereas tne cwve 2 shows the variation of/ - 5 S6Fba
S ance at 360

n.

with pHe.

Stcichiometry ol the components

Three methods were adcpted for the determination P
0L the

empiricel formula of the complex in solution

(1) Job's method

Job's method of continuous variation, using beth _—
i equi-

molecular and non-equimolecular solutions, has been ado t
p ed.
The results of the studies at 360 nm have been presented i
d in

Tables &.54 through L .59 and graphically represented in P.13.[.3

and P113|E1'60

Table L.54° | 4
. n . metavanadate (el = 1.B x 40~ %%
Concantratioll of ammoniun i,y

the ligand BHas (c'i - T.h % HE B

6.6t 0.1, 0 =c/c=T A = 360 om,  m = 0.1 NaClo,

Concentration of

pH =
(P.13.F.3 Curve 1)
5 'ﬂf_~“—~"’#———“
~ i e 01
Voiﬁﬁffj?""?iiggnium “_T1Xtﬁggorbance 2ﬁ“n Difference
S g 4 QH S i
{ml) metaYig?date - ‘b (a-b)
.____,_,.-————-—"'—"“"—‘ 0.065 0.065
.00 2 .00
2500 2050 0:240 0.05%5 01789
2230 500 01579 o Dk 0.357
Zg'cc 7. 50 0.231 8‘854 C.525
1{-57 ._-5.33 0-610 . 50 00581
16+ 10,00 . 0.050 0. 560
15'00 12.50 0.55 0.0hf 0.505
12.50 15.00 8-b43 0.034 0.409
10.00 17.50 «329 0.025 C.304
Ol 22.50 0'808 0.015 0.090
%.58 25'00 . 0.000 0.000
."-“_____’_._—-—‘—————'_‘__"_'_'—__ ~— e



Tavle Le55:¢

concentraticn of ammonium metavanadate {(c) = 1.: x 105

102 2 10-

Concensration of the ligand BHGS (c*)
pr = 6.6 t ¢, p=c'/c=1, )\= 360 nm, n = 0.1 NaCl10
4

(POTB-F-B Curve 2)

Volume of volume of

Bh™S ammonium L Absorbance of Dife

(ml) metavanadate Fixture BACS (ference

e A P {3, (i) &)
25.00 0.00 0.051 0.051 -
22 . 50 2.50 0.185 0.0go 8-000
20.00 5.0 0.310 0. 0l & 0-135
17.50 7.50 0.519 0.035 0'265
15.67 Gt 0.4 5b 0.03% i
15.G0 16.00 0.440 0.03% 0119
15:50 127 50 0.40C 0.035 O-ggﬁ
10.00 15.00 0.323 0.02% 5 2es
7.5 17 50 0.245 0.025 -
£ .00 20.00 G.162 0.015 e
350 22. 50 0.075 G.010 i
G.00 2,00 0.000 0.000 6 oon

IP——

e

Table 4220

Concentration of ammonium metavanadate (c) = 8.0 x 107K

] = 8-0 X 10—51\&

Concentration of the ligand gLQS ic

D = Gaf 2 0T BT gife = Ty = 360 mmp g Oi iy,
(P.13-F.3 Curve 3)
o ooy g o
2. S +O8
5% % 5.00 0'205 00 ol
37, 5C e 0.286 21030 %'Egg
Loe ) < -4
12 . 15.0 O.Tjr 0. b 0.175
10.0 i Ay +015 0.130
7+ 59 20.00 0'825 8-015 0.234
%-g 25.00 “ " OOOOO
. d-(,"._———.—-——— L

g



Table 4.5

Concentration of ammonium metavanadate (¢! = 8.0 x 107-)

1.6 x 1074y

|

Soncentration of the ligend BHQS (c'’
&=~ C1, P = C'I;C = 2:>\: 360 nm ’ = 0.1 I\faClof.
(P.13.F.€6 Curve 1}

T - {:
P = O

o Absorbance of Diffe
Volume of Volume ot —ire — ference
BHQS ammonium (a (b {5ub)
(ml) metavanadate ‘ i o4
(ml) _—
| L LQL'_E 01065 C‘-OOO
22.C0 3 Vkp 0.155 0.063 0.C92
22.50 F AR et 0.235 0.C60 0.175
20.C0O g 0.315 0 .05e C.260
17. £0 L3208 0.393 0.C;8 0,345
15.00 M 014,05 0,046 0.359
1pn B0 10. 50 Q.L20 0.CL5 G.375
14400 Hds 01435 0.C45 0.390
13, £0 1129 0.1k7 C. 043 0.404
13.00 12,00 O Llh 0.042 0.402
12. 50 .k 0.438 0.042 0.396
18.00 13.C0 Gk 31 0.CLO 0.391
11.50 13- 20 O LR C.0L0 0.380
11.00 1400 0.51C 0.040 0.370
10. 50 14 20 G400 0.039 0.361
10+ L0 15.0C 0.315 0.035 0.280
.20 17. 20 0.205 0.C25 0.180
60 20.C0 0.099 0.C15 0.08L
5,50 22, 0 0.000 0.000 0.C00
O:CO 2£.C0

a—— i T



Takle L.538:

s
Concerntration of ammonium metavanadate (c) = 6.0 x 10 ‘I

Concentration of the ligand BHQS (c')

= 1.8 & 1074y

rhk = .6 =~ D:ty p= C'/C = 3, \)\'= 360 nm; = 01 NaClOL
(P.13.F.é Curve 2)
. Absorbance of L1 er e
Volume of Volume cf it : 3

OB;gS ammonium HAELLTE FE?S -

(m]:J metavanadate (dj
(ml) e

0.068 C.068 0.000

2£.C0 O'Eg 0.126 C.C61 0.C65

22.50 2°/o 0.192 0.C55 C.137

20.00 5-3 o249 C.0LE 0.201

15.00 TO.;_'O 0.370 0.0&.5 0.325

14. 50 10. 2 0.375 0.045 0.330

11 .00 11.28 0.385 0.045 C.340

13.50 11'/ 0.390 OUOL{-‘,:' 003&,5

132.00 12.00 0.385 0.045 v e 340

12,00 13.00 C 0.0L0 0.330

s £ 0037 -

11.50 13.20 0.360 0.0L0 0,320

11.0G0 14.00 0.350 C.040 0.316

1G. 50 14+ 20 0.335 6,035 0.300

10.60 15.C0 0.320 0.030 0.290

7.50 17.29 0.225 C.025 0.260

5,00 20.09 0. 106 0.015 C.091

O.éo 25,00 &

|




Table 4.£59:

1.6 x 10hhtw

Soncentration of ammonium metavanadate {c)

Concentration of the ligand BHGS {c') = 8.0 x 10 K

F’H - 6.6 i 0.1’ p = C'/C = OOS X = 360 nm, 1% = 0.1 NaClOLI’
(P.13.F.6 Curve 3)

y Absorbance of Dif ference
Jolume of Zolumg of AT SHeE Freps
BHG5 mmonium (S o5
(ml, retavanadate !
(:A.ll
B C 0,035 0.035 C.C00
Pl e 0:52%0 0.030 ik
R 260 G.236 0.030 0.204
20.00 5.OU O:27U 0-030 O.zho
17+ 50 7. 5C o % G030 e
15.00 1Q.OO 0:320 0.030 i
This 20 1D 0.345 4030 0.316
14 .00 11 .00 0564 0.025 =
f..r":.' 11-50 0’365 0.025 0'340
L g C.360 0,025 0.335
12050 12.50 0.3‘;6 0.025 0.331
12.00 e 0.350 0.025 0.325
11480 1350 0.319 0.025 0.290
11.00 1400 Bel 0.022 o
10,50 1h« 20 0.21L C.02i 0.190
10.00 15.00 G159 0.024, 0.135
7450 17220 0.109 0.020 0.089
5.00 2000 0.05k 0.016 0.038
é.5o 22,50 O'OOO 0,000 0.000
0.00 25,00 .
T

e



The peaks are observed at the metal:ligand ratio of 1
= o 124

(2 lole-ratio met nod

L ceries of colutione was prepared f
=145 s rom vanadium a
nd BEQS

in SLlCh 3 way that the mole-r atl-O of _,':'FQC
f BRES to vanadium vari
ried f
rom

east&"ed ]]q’
.,lng

water as tclank. Althoueh the studies were made at 360 nm
and

380 nm; only the representative results, obtained in case of

studies performed at 360 nm have been oresented in Table 4 .60
anc grapnically represented in Pe13er.Le

Tatle L4.6C:

o 1ligand BHQS (cf)=38.0x107">, 6.0x10™ 7

Final ﬁoncentration of th
A ; B
Temp,» = 30°c, pH = 7.6 T G, Tonic strength = C.1
metael volume made up to = 25 ml 5
/7 (P'1}'F-l¥ Curves A,BJ
Rati G :_ﬂ"t_).s.qr..bance
Biecs ¢ V A E
‘-‘__-‘__'___‘___‘__"’-"—
1 1 0.2 0.221 0.169
1 . 0.3 00305 0.230
1 ¢ 0.k 0.389 S
4 : 0.5 Ok Ok 0.335
1 0.6 0.491 0.361
4 7 150 O.Shg 0.401
15 1.5 0.238 0.419
1 , 2.0 0-551!' C.419
1 e g. 55 C.5L30
" 5.0 0. 5€0 0.428
11 2% 0.560 0.4,29
R 0.563 0.431
e s g S



The results show 2 break 2%t a ratio of cne mole cf th
la of &

retal to two moles of the reagent, indicating tnat a 1:2 compl
h " plex

‘e formed.

Slope-ratic method

The volume of variable component was varied from 1 to

ecence Of €XCESS soncentraticon of the other. The

1¢ ml, in pr
absorbance of the solutions wés noted using water as blank at

The results of the studies have been recorded

16C nm and 3E0 nm.
in Table 4.601 and graphically represented in P.13.F.5.

Table 4.601:
Final concentration of the constant component = 1 x 10~ 5y

ariable component

Final colcen tratl of the V ‘
¥ = & 0_(:"»1'. _5
yaries from = 2 % 10°"M to 5§ x 1077 M
pH = 6.6 + ¢,1, Tempe = 30 4 0.1°C , Total volums = 25 ml
(F.T:'-i-‘.fl. curves 1,2(360 nm)’1r’2,(380 i
e T absorb
sorpance
Volume of pRgLabs "’{gfglzzéifigg Ligand varving
component —7 > 71 ing
(ml) I
—_-_-_’-"‘_——-"'—_"_‘_._ St
O 0.081{, O O
0.11V B4, 0.0
] 0.159  9-122 0.075 O.og?
: C.221 Dl 7 0.104 0.085
2 0280  0.221 0.136 o 16
L c.330 D2 3h 0.170 0138
2 0.300  0.294 0.200 e
6 0.,36  0-329 0.231 ot
7 0.4L90 0.375 0.259 0.202
8 o.5k5 Dl 0.28% Niear
10 /_____r
_.-—-—____.——-—'—"',’-" .
Lope of the T .rraight lines, provides the VO’ :BHgS
The € )
S 1:20



Letermirnaticn o. stability ccnstant

The stability constant Ol pervanadyl- 7-bromo-8-hLydroxy-

- nnline-f-sulphonic acid cnelate has been aetermined by three

dif “erent metnocs mentioned earlier. For the determination of

tpe stability constant by the method of Dey et 21, Job's method,

and mole-ratio methcd, the concentrations of the reactantsz are

the same as shown Il S 1 e e, P.13.F.6 and P.13.F.4,

For the determinaticn of stability constant by mole-ratio

the values of Em, Es and o are given in Table 4.602,

method,
Table L. 602

$ e curve Concantr‘ation AT &3 &

e
—_— T o
i " 60w 105 0.+552 0.455 0.180
= I f r} 'C-.U X 1L'1—-I:. 0-14—10 0.335 00183
C e el e -~
_————-_—___.______’___'.___-_-———-’-
The values of log K obtained by these methods have been
given in Table h4.6C3.
6.6 2 Ul jonic syrength = 0.1, Temp. = 30°C
pH = He0 = 7F° _ __
—_""ﬂ"”,——”’—_—_————_ ‘)tabll]itv constant
oc
I TV [ <
(1, pole-ratio metnod 10454 £ 0,115
) A
10. 2

() Method of Dey et &l 610 = 0.300

" 10663 * U.16e

(34 Job'!s me thod 62 V16!

TR logK = :
Wf gl 1 % TLAlE S Gl

u
= AF =-14.710 2 0.410 kcal/mole
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Iron
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2tween
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~rmation of the complex have !
S ceen

- T
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1
istilled water. Suiteble standard
@ gtanaard
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¥
ot

Condi ions Ol —
: o =
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CHAPTER ¥
SPECTROPHOTOMETRIC DETERMINATION OF URANI UM

AND IRON WITH 7-CHLORO-8-HYDROXY-

QUINOLINE-5-SULPHONIC ACID
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ALUMINON

Introduction

Dyes of the hydroxytriphenylmethane group are well known

for their interesting property of forming coloured products

with inorganic ions, and this property has been profitably usedqd
in the field of inorganic analysis- The chromogenic reaction

between a metal ion and the dye is egsentially due to the forma-

tion of coloured metal chelate OT lake which may be soluble or
Jjuble, depending upon the concentration, as well as on the

inso
The colour reaction 1is often sensitive

nature of the metal ion.

enough to permit micro detection and determination of ions.

has been done on the use of the hydro-

Considerable work
xyanthraquinone group of dyes angd their use as spot reagents and
s for the detection and determination of

as colorimetric reagent
various inorganic ions at micro level concentrationses

The chief among the hydroxytriphenylmethane dyes are

surol S, Eriochrome Cyanine RC, Xylenol Orange

Aluminon, Chrome A

and Pyrogallol Red-~

res have been represented overleaf.

Thelr structu
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Alw .inon

urintricarhoxvlic acid (Triammonium salt)
Amm~niun Aurintricarboxylate
calicylic acic¢ (Triammoniun salt)

s (3-carboxy-h—oxo—2,5—cyclohexadien-1—ylidene)

methylene di -

Triammonium ¢
3- bis(carboxy-L-hydroxyptenyl)

methvlene) =-6-0xo.

(Abbreviated as AAC)

salt {1,k-cyclohexadiene-1-carboxylic acid
‘ !

jad J
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Pyreeallol Reqd

¢~ i hydroxy-2 .
) ; Z=CX0-9( ] -0 - i
- (- nemdl o-sulnhonic acid)

(ibbreviated as PgRr)

Ammonium aurintricarboxylate was fipret reported to form
a red ccloured lake with aluminium by Hemmet ang Soptterv (1)
in 1925, who sugrested the use of the reagent for the detection
of aluminium. The reagent, thus thought to be specific for
aluminium, came to be known as Aluminon (Abbreviated as AAC or

AN). Cubsequently a laree amount of work has been done on the

detection and estimation of aluminium using this reagent.

Tt was realiced that the method of preparation of the

reagent is of importance. The earlier methods of preparation

(2,2,h5) yielded unsatisfoctory products. Smith and coworkers

(6,7) emphasized the quality of the reagent and they discussed

the spectral ckharacteristics of Aluminon. Thev recommended that,
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of the chelat€s arc often found 7
so with a metal naving @ tendency tO form polymerized aggrerate
= Jd = P

-

en extensiVu;y
-.19,20])

d and anima

41lwninon nas D€
]~'|7!1 for tne detection and esti

12,13’1‘-"'-’
1 material, in

in water;

cases (171,
ploo

aluminiunl,
in titanium allovs
Yy <oy

in steel,

in ores and concen-

mation O-
plants, fen-errous alloys, in ~ine,
proe,y 10 zirconium and titanium powder's;

.
in

r;snectivﬁ17'

trates
Conaiderable work has peen reported OF the: Favourable
conditions€ under weich ;uminen ~ar. b€ used for the ‘eternina-
2’25,;5,27), The interterenct of

tion of ajuminie (71,22,23,2
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R — . N—— o )
vorinug foreien ions on the s neitivity of the ressent in

lvsie ¢’ 2luminium has also attracted wide

(]

CO: ’“'T"‘_‘i_’ Ntr- c an”

attentlon (” "59:303 1’?2;33)34;35). Van uieuv_-:enburr: and

Litenbrock (26) modified the well known reaction of aluminium

e A —

Wil Jlumiron in sucn A wey as to make it specific fop .

el-ment. This bas Leew accomplisned by addin sulpnurous acig

elrorzuaud ana ecvhanol anc aydrochiloric acicg afterwards. Syul.

churou= acid prevents tne interference of chromiun, indium
1liw. and titenium wheresas the ethanol and hyvdrochloriec _—
rrevonts trose of terylliunm, scandium, zirconium and smalil

arounts o~ ferric iron.

xtensive work has heen rerorted on the determination of

sluminivm with Aluminon (37,3¢,39,4C,47,42,43,44,45,46), descri-

binge various modilications in ordaer to increase the sensitivity

and the selectivity of the chromogenic reaction.

Attempts were also made to use the reagent for other

Liddleton (47) studied the reaction of Aluminon

slements 2lsc.
beryllium, rare-eartns, szirconium and thorium,

with hydroxides of
studied colour formation with scandium,

Corey and Rogers (4€)
indium and germaniun, while Mukherji and Dey (49) noted

gallium,

the rolour reactions of various metals with Aluminon ang@ reported

coloured chelates with various metal ions.

+hot the resagent forme
D 4 coworkers (50;51:52’53,",‘5:55:57,58,59,60) have: imre s
ey and coOwor'x
ge number of m tal chelates with Aluminon, regarding
ar

. > - rm

their compositlon,
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Theo P S R P 4 n
LRt Ylies comprize of netal chelrtos 0: 2] yyng
+ 2lWwninon
i )

\hige A % & WL T a Ta J ki
( (IT), PA(I1), Pe(III;, Sel(Iil), L”nthenides(zzl)

"R(I7) anA U(VI).

Jlurinen kas 21_0 been ugsed for the heterometrie deter
etermi-

na+inn {r1) 2nd chelometric determinces.. .
i of altij.ium,

iren, alciw. and magnesium (62).

Fe=21l and ewran (63) have reported the detnvmﬁna+;on £
voHsnany o

e(TI) ~ith 2lwinon. Usine aluminnn, determinatinng of t
L aces
of “erwvllium, in a mixture of calcium, strontium and ariyg p
X . U a i K
Yaen reported (AL). Separation of beryllium from Aluminigm 5 -

ardro”luoric 2c¢ic€ solutions on Ar-17 anion-exchanger in ti.-

fluoride form. with the help of Aluminon, have been recent 1y

repor‘teci (6[1_(':1). Redction ol BP{II) witn Aluminon hag veen qtudie
~ |

in detail by Serdyuk and Fedorova (65).
(S8

‘,-,;.,:\-:"

Colorimetric determinations of Iron(III;, Fe(IT)
{ . (69) and ca(II) (70) have been reported,

T.’Z(I_'_ri [' ‘o

emrloyving aluminon. Determination of Ytterbium(ITT) (71)
been done, on the bazis of the difference in the pH of complex
formation and reagent ionization and the rate of change of
absorbance with pH. Complex compounds of 2r(IV) heve been
synthesized with the help of Aluminon (7<) . vtudies of some

metal chelates of some lanthanides with AAC have been reported
Spectrophotometric determination

by Serdyuk and Fedrova (73).
of T(IV) (74), V(IV) {78), In(II1) (76) and U(VI} (77,78) have

: - ¥ i
aleo heen carried out. A comparative study ol indicators for
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ir=tion o Jumleil ing c2en € by

>n W :oTeva
s fnon: | e sco. 2nded

i nded by the. l1u relrac

-y (0U) have stucied tus2 W
= es

-~

«OIIe com‘l«xoq oL luminiun ¢ 1
- . L L Wl ‘.«h ne rea
eagents

~eries and nave sutecected that for th
tne

sfiicient reacents of the triphenvlmethane

( p r-ﬂ(,‘ h) or Ctpler' ana o
Ju‘.l 2 2 bt n: lorous orours may be

to the carpvonyl zroup of the

s ptroduction o® slectron-cdonor substituent
¥ 2Nt s

~ the 2 benzene rinrcs.

anouls ke made srly i+ 1ol
Dev and cowor er~ 1ave recently reported the stepwise
metzl chelates oL Uranium(VI), Trorium (IV) (81])

formation of
s Zirconium(IV)
«tudies tie

constants of
using 3Jjerrul

Rossottl (6371 &

ﬁuparapus_gn

A geckman

BDh Analai grade
csulphaté an

cnlorice; O.Re ¢

d reaqents

d 1ead

(V) (¢2). In course of these

and pafniubi

censtants of AhC and formation

ctepwise AL
its chelate€ iy SEE retravalent metals,
LAY s &% i BT riped by Irvine and
;- bheel desc'™
QKPERIL.NTAL
__,_-—"—.-o—__..-—--""

iiod €1 H2, was used for pH measurements.

ph meterl
. - eulphate, aluminium

= ]liu chloride and beryllium

nitrate,
WIS B 8 il anc At et iamennt Trane

ferck ¢
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rote .. vopn-dvl eulphate warz used in tiese studics.
s was also Z:L.H« reacent grade.

rdiced by usual ~ravimetric

3 an 1131 sre =tand
v Lodiun trloride: seimlie Boite and :nnl-" hyérechloric
n3 * -eAne uced 1n cone atudiec. '  perclloric acid and
3 oM rereolorate wers weed in these studiles.

1 : ine A o R
111 the solutions €Ie prepared, usine- deublz-cdistilled,
arnyide was diesolved in double distil-

(C,-iree mter. Sociul
and was Xept overnicht over lime. The

fpee ilrom 002
acainct & standard oxalic

Ted r@ter
acid solution.

- ndardis~c

1°¢. The ionic

£1] the studie carried out at
n(1C

~+prencth 138 a4 usted eith 12CLLy -

Al . o :
ts plresay mentioned 1D cpanter 1I, calvin-Djerrum tit-
mnloyed for these ctudie . Three L3drotion:

technigue W23 e
vsing N/10 socdiur hvdroxide as

rztion
metrically;

ere rorformed gH =
‘ ne followin? solutions {Total volume 1CJ ml).
et, LOE ; 183

ritrant AcplnE

roia bitratiod. (Curve £)
.1
dies av Sl C ctregggg 002
- ctu - T .
r ctu .“-'-“‘ pl) * sodium perchlorate (x/1C-

VV/ . Perchloric acid (m/10-1"

40 .li + water (2C ml)
= ,_-—--_...-—-—-.--—-/—‘ "'-'—""-’.-- ) - |
. s, geid o7 ~Aium perchlorate, hydrockloric
Instea” of perchloric i L
S i se) were USE .



s apd i - Epanshin Lol
et — s 23
¥ pae "™ (3 /AR mli 4+ s0°1L ~are i lorate (./10-
ver (80 MLls
h?‘ O]
[ " LA
aarlopfe melr (,./1C-1V ml/ corium percnlorate (i - @ md
< 7 i /
“‘1" ( 1 ~ ll o
el - ¢ _l
For = RO I _;__LQEE_Q;QZ
: : . Lq codiw weycnlorate 55 4
[erch - \ ' peres {1,/ 1C-
o _or mi) ¥ water (55 ml) .
1¢ ml, b
| ~ i On05
For =tud’ = A% jonpiC 2 —-— 7" -
e 1, # sodiun perchlorate (/T
: :loric 8¢+° 7 )
k BB ml) water (25 ml)s
2 el "‘j,,;.'.-fo
WHH =% o ac _-_»__‘_'J_ o e =
¢ E3 gocium F Inroke (i =
7 T f
: acid
Percle- \ o4 W “or (56 mls.
( _ ozl '
I
o iOL-L’g;;;,M,
" ~1 L,,,‘,—"/"
! ;__,;-f—-;f"""f” ~
L. 0.02
LV B! [.‘_’——JL‘_“_H‘- h - 4
Sy AR g wdd ? s0C 1V shlopste oo TV
l_-
: cid | \ A1 i (15,100 - &
. ; . etd ion s/ £, ml)
! < 1\(1—-25 mll * ET
{ thlon
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or 3 Y ¢ 3 3w
) 5. XTELEC strenctin \ e

. Al r'-C 41( (J‘ /“ ~ (J 4 l) - d. 11'(}{"_'}te r
(l‘./i\) —

L. ml) + 2lumiron (./10G - 2f mll + metal ion (»/100
& w &
F ml

. uarer (20 mli.

t, ienic strengti 0.1

oV

- a .y "
Ferculoric 2¢icC (1,10 = 1L wl) + sodium nerculorate (
A peren orate (N -

9 ml} + aluminon (1./1C0 - 25 ml) + lLetal ion (1/1CO
% - £ ml)

+ water {51 ml).

‘tuﬁig;_ap_inpic strencgth 0.0Z

‘abla £.1 presents the record of the observations mad
) b L2

hree titrations represented by curves s B and ©
s A, .

d]]l"j rl; |,h@ [-‘
jve results heve also been graphicall
& v

Some O: LDE renresentat

renrecented-
& < the values ol V! s ‘
Table 6:% records t , v A Labbamed
te) at various P

{calculater with IBL computer (rodel 113C))

£ values. Table 6.2 ewbodies

in case of 8 elenen

tne variation G nA
te are grapnically represented in P.18.F

with ph and these resul
- £ 4 e £ Ve of acid dissoci e
Trom tniE plot, cet of values o4 cid clssoclation constants,
i H .n ave been obtaine .
log R?? log by and 1" ¥ ed by applying Bjerrum'’s
(cenoted bY H), Irving and Rossotti's inter-

me thod {8¢5),

to= S { g
polation at yarious 0, values | “
(85) (7o

nelf N,
) (denoted bY V) and Bjerrum's

ny b)) and these are teing presented

mic point met hod

in Table Hek-



o O nter (i nnj 11;6); a2t different s V?luec

Teigtits BelIT), CBlIT). SUL, Pe(Ir), AL(IIT}, B={ITI],

>

~pn : ~

~{T7) 2nc FIV) . fie. 2 {eurves d and /) in vnlate numbhers 10-21;

ca ~paniine’ renracentations of n valves plotted 2eosinat

pL (H) and plL (V}, for the ahove

rAprs anandire values of Ples -

v

" $5 0 A
montiqn» :] qxlgment:‘, "»‘31"1"_] -LY- :C‘I. (1- qn'_‘- PL (‘f: re th-, ValU_F‘S

I ehteined by tein-~ /é? she /32 values okttained by takine

1 S
peile~ of tne 1ou,€¥ and lo;,@é values obtained by eprlying
stgpipirties Lalf ;Avﬂlue rethed anc interpolation at varicus n
- "o A

o3
¢t

) hoe not heen plottec versus n in these

L b

values methoc.
c conditions for applyine Bjerrur's mid point

Ficures, 7° the basi

for calculation of log,{*T
2; plate numbers 19-21 and 23-27), two

. and log /A. are not fulfilled.
mothnd B

From these plots {8 =

and 1oa/32 have been obtaired by

cete of values o
- sl 5 methos and various n velues method for
ATD ying 12 :

h elemant and these e .1z recerded in Table .13,
each elame
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Table 6.1 (contd..l:

14 2 % o 5 B+
1 3450 - = 305 3=10
15 3,80 - - - -
16 370 - - 3410 -
17 3,80 - - 3:13 -
18 3«85 - - 3415 -
19 3.90 - - 3.18 -
20 4,00 2.35 3425 3.20 3,20
21 L +20 - - 3.25 3.25
22 Lo 40 - = 3.30 3,30
23 L+ 50 - ~ - -
2L L+ 60 - - 3435 3435
25 be70 - - - -
26 4 .80 - - 3440 3.40
27 %.90 = - - ~
28 5,00 2.42 355 345 3,50
29 5410 - - . -
30 5,20 "



Z's g. 94 10 114 12
315 2.90 2 3.00 3.15 3.90
- - 2.98 - " -
3,20 - 3,90 - 3,20 -
3425 3.00 2.05 - - 3.10
3.30 3.05 3.10 3.10 3625 -
335 3410 315 & - -

- - - - 3.30 320
340 3415 3418 - - 3
Je45 - = - - =
3.50 3.20 3422 - 3.35 -
3455 % - - - -
3.560 3425 3.25 3420 3.40 3.30
3.63 - - - - 3.33
3.66  3.30 - . . 3.36

contde.
™o
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Table 6.1 {contd..):

1. 2 3 bs 5% 6.
L9 7410 - - - -
50 720 - - 4,00 -
51 7430 - - L.C5 -
52 740 - - L 10 -
53 7«50 - - el 3.98
Sy 7.60 - . - -
55 7.80 - - L R0 -
56 7 .90 - = = -
57 8.00 2.75 L5 L25 L.C5
£8 8.10 2.80 L .20 - L .10
59 8 .20 2.85 I e25 - Le15
60 8.25 - - L.30 =
61 8.30 2.90 L 430 = 118
62 g.35 - " - -
63 8 .40 2.95 L35 = )
6 8.50 3.00 L <40 l;s35 he25
65 8 .60 - Lh5 - 4«30
66 8,70 3.05 L+ 50

L35
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Table 6.3: Ionic strength 0.C2;
Elements Al, Be, V, Ga, Pb, Ni, Co, Ce
SeNo. ' v" v'-v" Vosv! pH EA
1 9.787 8.500 1.28699 109.787 L 40 2.51579
2 g9.g12 8.950 0.86200 109.812 4 .60 2.34539
3 9.825 9.200 0.62500 109.825 4.80 2.25036
4 9.837 9.400 0.43699 109.837 5,00 2.17505
5 9.850 9.€00 0.25000 109 .850 5020 2.10013
6 9.862 9.750 0.11199 109.862 540 2.04L485
7 9.875 9.900 -0.02499 109.875 5.60 1.98998
4 g.g80 10.000 -0.12000 109.88C 5,80 1.95194
9 9.887 10.125 _0.,23800 109.887 & .00 4 .904L70
10 9,890 10.225 _0.33500 109.890 6.20 1.86586
11 9,300 10.300 .0,39999 109.900 6 .40 1.83985
12 9.900 10.330 ~0.44999 109900 6.60 1.81983
13 9.910 10.400 _0.49000 109.910 6.80 1.80383
11 9,915 10.4 50 ~0.53499 109.915 7.00 1.78583
15, 9.920 10,500 _0.58000 109920 7.20 1.76783
16 9.925 10.525 L0.60000 109:922 7+40 1.75983
17 9.925 10590 _0.66499 1094922 FeED 1.73381
& 9.925 10.675 075000 109.925 Peee 1.69979
ig  9.930 10.800 _0.86999 109-930 8,00 :'55177
20 9.940 11.000 -1.,06000 109.940 8.20 « 57576
8 .40 1.45975
21 9.950 11.300 -1.35000 109.950 a7
22 9,960 11700 ~-1.,74000 109.960 8 .60 s
00 109.970 8.80 Te
23 9.970 12:2 2% 80 9,00 0.87179
2, 9.9% 12.800 -2,82000 122-200 9:20 e
0.0 13400 -3 .40000 1102012 9.40 0.40L97 _

t2

™D
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Table b.4: Ionic strength = 0.02
H H

1
og K. 1og/31 log K log /il
(H) {(v) (H) (v) (M) (H) (V) (1)

9.315 9.558 9.434 8.333 8.271 8.296 17.648 17.829 17.730

Table 6.5: JIonic strength 0.02; Element Be (II)

S .No. vnrov? n pH pL(H) pL(V) pL(M)
1 0.2560 0,1991  4.40 11.50414 11.68516 11.58614
2 0.4250 0.3630  4.60 11.12179 11.30282 11.20381
3 0.6500  0.4896  L.80 10,73537 10.91640 10.81739
A 0.6000 0.5525  5.00 10.34247 10.52352  10.42449
g 0.5999 0.5876  5.40 9.5,758 9.72867  9.62963
6 0.6299  0.6289  5.60 9.15273 9.33386  9.23480
o 0.6499 0.6667 580 8.757,6 8.93866  8.83957
8 0.6700 0.7095 6.C0 8.3630L, 8.54436  8.L4L522
9 0.7099 0.764,0  6.20 7.97037  8.15187  8.05266

10 0.7500 0.8160 6.0 7°5;79h 7.75972  7.66039

. 1850 .
” 0.7800  0.8525 6.60 7.18504  7.36726  7.2677k4
" 0.7999  0.8877 6480 6.79362  6.97652  6.87672
0.8,00  0.9381 7.0 6.406kk  6.59040  6.49015
s | 0.9623 7.0 6.02046  6.20602  6.10510
14 0.8499 .02&'0 10 Sgéhhhé 5.83239 5.73048
1% :
15 0.8999 260 5.27350 5.4,6480  5.36149
051 .
16 0.91C0 bl 7.80 I, 491604 5.,11191 5.00671
') .
17 0.9200 1'089
contdse.
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Table 6.5 {contd.)

228

S.No., g -
N v . pH pL(H)  pL(V)  pL(M)
18
0.9300 1.1210 8.C0 Le57412  LW77579 L .€6821
19 0.8999 1.2340  3.40C 3.95889  4.17441  4.06121
20 0.9300 1.4,200 8.€0 3.70149  3.92377  3.80787
21 0.8799 1.6090 8.80 3.L667%  3.6948L  3.57663
22 0.7999 1.4360 9.00 3.25577  3.48847  3.6845
Table 6.%: Ionic strength 0,02; Element Co (I
1. 0.1299 0.1387  6.80 6.71832  6.90123  6.80143
2 0.1300  0.1401 7.00 6.32576  6.50972  6.40948
3 0.1299 0.1415 720 5.93727 6.12283  6.02191
.0 i
5 0.2200 0.2649 7.80 5,.83027  5.02614 4 92094
49420 L,.69587  4.58828
6 0.2999 0.3635 8.00 k434 ?
’ 4.7999 0. 5080 8.20 5 » 18307 L.39148  L.28115
) 2,60 5.62710  3.84938  3.73347
8 0.5000 OtZEZi--:—-““""'-_
. Element Ni ()
1 0.0600 0069 7.3 ,.41921 501508 ,-90988
.80 )
8o
.1,6580
1‘ 0‘3299 O,I‘Ioﬁf’ 3.35591 305811-01 3 b
480
5 VAL
0.34L99 0.6&)7
\ —'/
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Table 6.8: Ionic strength 0.02; Element Pb(ID
S_.NO. vt n pH pL(H) pL(V) pL(M)
1 0.1299 0.1360  6.40 7.51011 7.69189  7.59256
2 0.1300 041375 6.50 7.11341 7.29564  7.19612
3 0.1299 0.1387  6.80 6.71832 6.90123  6.80143
4 0.1499 0.1698 720 5.93988 6.12545  6.02453
’ 0.2000  0.227h 740 5.56241  5.75034  5.6L8k4
6 0.2600 0.3001 7.90 5.19536 5.38666  5.28335
7 0.3200  0.3827 7.80  L.84160  5.03747  4.93227
g 0.3500  0.4241 8.00 50011 4.70178  L.59L19
7 0.3299  0.L455 8.40 3.87412  L.0896L  3.97644
e 0.3000  0.4604  8.50 3.59592  3.81820  3.70230
1 0.3799  0.6897 8.80 3.36063  3.58873  3.47052
12 0. 5000 1,000, 8.90 3,27520  3.50130 -
Table 6.9: ZIonic strengtb 0.02; Element Al Qs
1 0.2500 0.1991  heh0 11.50415 11.68517 11.58616
2 0.6499 0.5552 460 11.14107  11.32210 11.22308
3 0.8000  0.7121 4480 10.75833  10.93636 10.84034
4 0.9499 0.9559  5.60 9.18775 936889 9.26983
5 0.9419  0.9901  6.00 g.39348  8.57480  8.47566
6 0.9250 1.018¢  6.60 7.20331 7.,38553  7.28601
7 0.9249 1.0270 6480 6.80909  6.99200 6.89219
8 0.,9250 1.0370  7.00 6441749 6.60146 650121
9 0.9369 1.0610 7.20 6.03155 §.21712 6411620
0.9600 1.1000  7.80 5.27690 546820 £.,36489
contde.
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Table 6.9 (contd.)

S.No. vhtey? n ph pL(H) pL(V) pL (1)

:; 0.9750 1.148 7.30 4, .92284 5.11871 &.,0123¢51

12 1.00C0 1.212 8.00 L.58516 L.78683  1,.67925

13 1.0000 1.270 8.20 %.26613 helb 7454 4 ,36421

14 1,0000 T 350 8.40 3.97537 419089  4.07769

15 1.0500 1.611 8.60 372577 3.94805  3.83214

16 1.0999 2,023 8.80 3.52413 375223  3.634L02

Table 6.10: Ionic strength 0.02; Element Ga (II)

-:_ 0.5000 0.3982  L.40 11.52353  11.70455 11,6055,
2 0.6499 0.5552  1.60 11.14107  11.32210 11.22308
3 0.8099 0.7788 L .80 10.76518  10.94621 10.84719
ks 0.9799 0.8978  5.CO 10.37907  10.56011  10.46109
5 1.0499 1.0280  5.40 9.59502 9:77611  9.67707
6 1.0599 1.0690  5.60 9.20050 9.38163  9.2825
7 1.0200 1,1000 6.20 8.00747 8.18897  8.08g7¢
8 1.,0000 1.1000  6.60 721262 7439484 7.,29535
9 1.0000 1.1100  6.80 6.81853 7.0014L  6.901¢3

10 0.9799 1.0980 7.C0 6424143 6.60839 6.5081y

11 0.9799 1.1040  7.20 6.03648 6.2220L  6.12192

12 1.0000 1.1370  7.40 5.65737  5.8L530  5.7,33q
13 1.0100 1.1660  7.60 5.28673 5.47803 5,374
b 1.0500 1.2360  7.80 4+93318 5.12906  5.0238¢
15 1.1000  1.3330  8.00 Le59919  L.80086  L.€932g
16 1.C0999 1.3970 8.20 L.28156 L.48998  L.3796y

contdee.



Table 6.10(contd.)

O
e
o

- —

SRS

S.No. vty n pH pL(H) pL(V) pL(M)
17 1.0800 1.4750 840 3.98818  4.20371  4.09051
18 1.0800 1.6500 8.€0 3473091 3.95319  3.83729
19 1.0L99 1.931C  &.80 3.51C72 3.73882 3.,62061
Table 6.11: Ionic strength 0.C2; Element Ce(3¥)
1 0.300 o.cuL14  7.C0 6.31664 6.50060  6.40035
2 0.0399 0.0418  7.20 5.92809 6.11366  6.01274
3 0.C500 0.0568  7.40 5.54657 5.73450  5.63259
6 0.1000 0.1211  8.CO Loh7128 L.67295  L.+56537
7 0.1299  0.1587  8.20 L 14949 Le35790  L.RA4757
8 0.1499 0.2301 8.60 3.57385 3,79613  3.68023
9 0.2000 0.4,589  9+C0 3.09655 3.32925  3.20923
10 0.1999 0.6245 9420 2 .88565 3.1217L  3.00039
Table 6.12%: Ilonic strength 0.02; Element V(FED
1 0.6L999 0.5552 4.6 11.14107 11.32210 11.22308
2 0.64999 0.5786  L.B 10 . 7L 42 10,9255 10.82644
3 0.69999 0.64L6 5.0 10.35195 10, 53300 10.43398
L 0.70000 0.6675 5.2 9.95521 1013627 10.03724
9 0.75000 O.7345 5k 9.56288 9.74397 9.64L493

contdes



Table 6.12 (contd.)

S.No. v -y " n pH pL{H} pL(V) pL(M)
6 0.79999 0.8206 5.8 8.77375  8.95L96  8.85587
04 0.79999  0.8409 6.0 8.37706 8.55838 8.4,5921L
8 0.87500 0.9625 6.6 7.19710 7.37932  7.27981
9 0.89999 0.9987 6.8 £.80589  6.98880  6.88899
10 0.92500  1.0370 7.0 641749 6.60146  6.50121
11 0.93699  1.0610 %2 6.03155 6.21712 6.11620
12 0.97500  1.1090 7ok 5.65412 5.8420L  5.7L01L
13 0.96000 1.,1080 7.6 5.2330L 5.42531 5.32103
14 0.97500  1.1480 7.8 4 .9228L 5.11871  5.01351
15 1.00000  1.2120 8.0 h o 58470 4,.78637  L.67879
16 1.00000 1.2700 8.2 426613 LelL7h5h  L.36421
17 ,.00000  1.3710 8.k 3.97537  L+19089  4.07769

18 4.05000 1.6110 8.6 3.72577 3.94805 3,83214
19 4 .09999 2.0230 8.8 3.52613  3.75223  3.63402
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Table 6.13: Stability constants of metal chelates of Aluminon

Ionic strength = 0.0C2

Vetal log K1=log,61 log K, 108;62=10g K +log K,
(H) (V) (H) (v) (H) (V)
Be(II) 10.616  10.541 3.586 3.832 14,202 14.373

Co(II) 4.192 Lol - ~ - _
Ni{II) 3.728 3.943 - - - _

Pb(II) 3.520 3.740 - - -

AL(ITITI) 11.215  11.348 3,820 4.090 15.035 15.438
Ga(IIT) 11.300  11.487 3.970  4.289 15,270 15.776
Ce(IV) 3.067 34284 - - s _

V(IV}) 11,490 11.670 3.833 4£.079 15.323 15.749

The results indicate that generally there is an agreement

in the values obtained by the two methods.
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Potentiometric studies on the chelate formation or bivalent
en

Copper with Aluminon, were made, using sodium chloride ang hyd
ro-
Chloric acid in the acid titration, in stead of sodium perchle

Tate and perchloric acid, which were used throughout thege studi
es

with the other elements.
As usual, three titrations were performed; change of pH

in these titrations was plotted against the volume of alkali
added (in ml) (P.22.F.1). At various pH values, v', v" apy um

values were calculated. Some of the representa.

were noted and HA
tive results are recorded in Table 6.14 and variation of 7 with
A

PH is graphically represented in P.22.F.2. From this plot, 3 gt

o i
of values of acid dissociation constants, log K/, log K, ang
log Ag have been obtained by applying Bjerrum's half N, methoq

(denoted by K ), Irving and Rossotti's interpolation at varioyg

-

n

, values method (denoted by V) and Bjerrum's mid point methoq
(denoted by M) and these are also being recorded in Table 6.14,



Table 6014:

Y = 2; N = 0-098 M;
2.5 x 10~°M

P —

C.02; E = 0.01 M; Temp. =

2500;

oo

2

Vo = 1C0 m1; T} =
S.No.  pH v! vh Votv! VAR AL HA
1 6.5 10.19 10.15 110.19 0.0k 2.015
2 6.2 10.20 10.23 110.20 ~0.03  1.990
3 7.0 10.20 10,28 110.20 -0.08 1.970
L 743 10.20 10.36  110.20 -0.16  1.940
5 7.5 10.20 1042 110.20 ~0.22 1.910
6 2.8 10.20 10,52 110.20 0,422 1.8725
7 8.0 10.20 10.60 110.20 -0.40  1.840
8 8.3 10.22 10.76 110.22 -C.54  1.790
9 g., 10.22 10,83 110.22 -0.61  1.760
10 g.5 10.23 10,91 110.23 ~0.68 1.730
11 g.8 10.24 11.30 110.24 ~1.06  1.585
12 9.0 10.26 11.68 110.26 -142  1.440
13 9.2 10.28 12.18  110.28 -1.90 1.255
14 9.3 10.30 12.50 110.30 -2.20 1.140
15 9.4 10.31 12,90  110.31 ~2.59 0.985
16 9.5 10.33 13.26 110.33  -2.93 0.850
17 9.9  10.40  1h.64  110.40 ~L.2L  0.340
(H) (v) (M)
log K? = 9.76 9.76 9.925
log xg = 8.93 9.23 8.855
18 .69 18 .99 18 .780

lOg,Gg



Table 6.15 records the values of n and pls, calculated
at different pH values and these values of pL pL{H) and pL(V)
are plotted against the corresponding n values in P.22.F.3.

(curves H and V) pL(H) and pL(V) are the values of pL obtained

by using /3}; e /3£l values obtained by taking antilog of the

1Og/GH and log;@H values obtained by applying Bjerrum's half

HA values method and interpolatlon at various nA values method .

pL(M} has not been plotted versus n in this figure, as the basic

conditions for applying this method (Bjerrum's mid point method)

for calculation of lOg,G1 and log /3, are not fulfilled. From

this plot (P.22.F.3), two set of values of log 34 and log A,

have been obtained by applying Bjerrum's half n values method

and Irving and Rossitti's interpolation at various n values

method and these values are also being recorded in Table 6.15.
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Studies at ionic strength 0.05

rTable 6.16 records the observations made during the three
titrations, represented by curves A,B and C, detailed already.

Some representative results have also been graphically represented

rable 6.17 records the values of v', v" and v" (obtained
in case of elements Beryllium, aluminium and vanadium) at various
Table 6.18 embodies the variation of EA (calculated

pH values.

by IBM - 1130 Computer) with pH and these results are graphically

represented in P.28.F.2. From this plot, 3 set of values of acid

H
dissociation constants, log K?, log K? and lOg/Bz have been ob-

tained by applying Bjerrum's half EA method (denoted by H), Irving

n at various n, values (denoted by V)

and Rossotti's interpolatio A
and Bjerrum's mid point method (denoted by M) and these are being

presented in Table 6.:19.

Table 6.20 through 6.22 serially record the values of n

and pls, calculated by TpM - 1130 Computer, at different pH values;

for the elements Be(II), A1(III) and V(IV). Fig.2(Curves H and V)

in plate numers 2930,31 are graphical representations of n valueg

plotted against corresponding values of pLs - pL(H) and pL(V) for

the above mentioned elements, serially. From these plots
(P.29-30-31. F.2), two sets of values of log/91 and log B, have
been obtained by applying half § values method and interpolation

at various T values method for each element and these are being

recorded in Table 6.23.
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Table 6.16:

Temp. = 25°C; ZIonic strength = 0.05; y = 2;
T. = 2.5 x 1073M; T. = 0.5 x 107k; N = 0.14; E = 0.1M;

L= M
Vo = 100 ml
S.No. Volume of Observed pH in titration
NaOH i B grvios
added (ml) 5o TTT] T S
1 1.C0 2420 240 2.60 - 2 .50
2 2.00 2.25 2.50 = = _
3 3.00 2.30 2.70 - ” _
A 5 «CO 2.40 3a20 - - _
5 5.CO 2. 50 3.50 340 3.30 230
6 6.00 2 . €0 3.70 - 3,70 3.60
7 7.00 2.70 3.80 % 3.90 3.85
8 8.00 2 .90 £.00 400 4.10 L.00
9 8.1C - 4 .C3 - = _
10 8,20 - 4.7 LeC5 » _
1 8.30 - Lo 10 L .05 - _
12 8 .40 s hel5 & - -
13 8. 50 3.05 4«20 410 L.20 L .07
14 8 .60 5 25 hel5 Iy« 20 _
15 8,70 - L.30 4«20 L4422 _
16 8.80 - L35 Le25 Le25 _
17 8.90 - L« 40 - -~ -
18 9.00 3.30 Lol5 L.30 he28 4.20
19 9.10 3«35 L +60 L.35 L.30 Le22
20 9 .20 3.40 L.75 - Le35 Le25

contdee



Table 6.16 (contd.)

Observed pH in titration

S.No. Volume of
adgigH(ml) A B C for

Be(II) AL(III) V(TV)
A 9.30 3445 L, .80 - L 4O e
e 9. 40 355 .90 - o5 Le35
23 9.50 3.65 5.C0 o 5O oo 5O Lol
2L 9.60 3.80 5.10 L+ 60 Le55 bobi5
25 9.65 3.90 - - . -
26 9.70 L, .QO 5420 L.70 L .60 L . 50
27 9.75 L.20 - - _ i
28 9.80 , .80 5.30 L .80 Lo65 L. 55
29 9.85 560 " 2 ) i
30 9.50 6.50 5040 L+ 90 L .70 L .60
31 9.92 6 .80 - - - _
32 9.95 7 .40 - - - -
33 10.C0 8.40 5+50 5,00 k75 L a0
3k 10.05 9.20 5460 - - boT5
35 10.10 9.70 5470 510 4 .80 b 85
36 1015 9.85 5,80 - = L <90
37 10.20 10.00 5,90 5420 4+90 495
38 10.25 - 6.00 a = 5.00
39 10.30 10.20 6.10 5430 be95 5.05
L0 10.35 10.30 6+25 - - 5+10
41 10.40 10,35 6440 5.40 5.00 5.15
L2 1045 10.40 6.65 - - -

contde e



Table 6.16(contd.)

.‘
-

* N
*

o

Observed pH in titration

S.No., Volume of
NaOH
added (ml) A B C for
Be(II)  AL(III) V(IV)
L3 10.50 1C.45 6.90 5450 5.05 5,20
bty 10.55 10. 50 7520 - - 5.25
LS 10.60 10.55 7.40 5.65 5.15 5.30
L6 10.65 10.65 755 - - 5.40
L7 10.70 10.70 7470 5.78 5.30 50l 5
48 10.75 10.72 7.80 - = 5,52
L9 10.80 1CG.75 7.50 5490 540 5,60
50 10.85 = 8,00 6.CO - _
51 10.90 10.78 8.15 6.10 5y 55 5470
52 11.00 16.80 8 .20 6.30 5.70 5.90
53 1140 . 8425 6.60 5495 610
5L 11415 - - 6.80 - 6422
55 11.20 - 8.30 7.00 B.20 635
56 11.25 . - 7420 6.40 6. 50
57 11.30 . 8435 740 6.60 6.65
58 11.2 - - 7455 6 .80 6.80
59 11.40 - 8440 770 7.10 7.00
60 11.45 5 - 775 7.30 7415
61 11.50 - 845 7.80 7. 50 7.25
62 11.60 - - 8.00 7.70 760
63 11.70 - - 8.10 7.80 7475
64 11.80 - - 8.20 794 7.90
65 11.90 - - 8.30 8.05 8.00

contdee



Table 6.16 {contd..)

Do

o
P

S.No. Voi:gﬁ of Observed pH in titration
added (ml) k ° =298

Be(II)  AX(III) V(IV)
66 12.00 10.90 8.70 8.35 8.20 8.10
67 12.50 » g.85 8 .60 - 8.50
68 13.00 10.95 9.00 8.75 8.70 8.65
69 13,50 = - 8.90 - 8.30
70 14 .00 11.00 9.30 9.05 9.00 8.95

——

Table 6.16 have also been re

Some of the r

are given below:

Titration

A

B

C for Be{II)
¢ for AL(III)
¢ for V{(IV)

elevant observed pH values recorded in

Graphical Representation

p,28-31.F.1. Curve A
p.28-31F.1, Curve B
pP.29.F.1. Curve C
P.30.Fele Curve G
P.31.F.1. Curve C

presented graphically. The details
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Table 6.17:
y=2; N=0.,1; E= 0083 TL o 2-5x10"3; TM _ 0-5x10'3
V, = 100
(H) (v) (M)
.8? . 1.679 x 109 3.141 x 107 2.486 x 107
AL = 361 x 07 5.358 x 1017 4.721 x 10"
SNo. pH v! v vin
Be (1D Al (TD) v (%)
1 L a2 9.750 8.500 8.700 8.600 9.000
2 Lok 9.775 8.875 9.300 9.300 9. 500
3 L5 9.800 9.125 9.600 9.700 9.862
A [is8 9.310 9.300 9.800 10.062 10.062
5 2.0 9.820 9.500 10.000 10.362 10,262
6 542 9.825 9.700 10,200 10.600 10,500
7 5l 9.837 9.900 10.400 10.800 10.650
8 5,6 9.850 10,050 10.550 10.937 10.800
9 5.8 9.862 10.150 10.700 11.050 10.950
10 6.0 9.875  10.250 10,825 11.130  11.050
11 6.2 9.890  10.325 10.950 11,200 11,150
12 6ok 9,900 10.400 11.025 114250 11.212
13 6.6 9.910 10.450 11.100 11.300 11.275
14 6.8 9.920 10475 11.150 11.325 11.325
15 7.0 9.930 10.512 11,200 11.400 11.412
N 742 9.937 10. 562 114250 11.437 11475
17 7ok 9,950 10,600 11.300 11.475 11.550
18 7.6 9.962 10.675 11.375 11.550 11.62¢
contdee



Table 6.17 (contd.):

S.No. pH v! v v
. Be (AL Al (TID) V (%)
19 748 9.975 10.750 11.500 11.675 11.725
20 8.0 9.980 10.850 11.625 11.837 11.900
21 8.2 9.987 11.000 11.300 12.025 12.100
22 8.4 10.000 11.400 12.075 124250 12.325
23 8.5 10.012 11.800 12,500 12.600 12.750
2l 8.8 10.020 12.400 13.125 134300 13.500
25 9.0 10.025 13.000 13.825 14,.000 14..250
26 9.2 10,050 13.700 - - _
Table 6.18:
Ionic strength 0.05; Elements Be, AL, V
S.No. v! v LA Vorv! PH HA
1 9.750 8.500  1.25000 109.75000 4420  2.50113
2 0.775 8.875 0.89999 109.77500 4« 40 2.36073
3 9.800 9.125  0.67499 109.80000 Le60  2.27049
A 9.810 9.300  0.50999 109.81000 L.80  2.20435
5 9,820 G.500 0.31999 109.82000 5.00 2412820
6 9.825 9.700  0.12500 109.82500 520 2.05007
7 9.837 9.900 -0.06300 109.83700 540 1.97476
8 9.850 10.050  -0.,20000 109 .85000 5460 1.91989
9 9.862 10.150 ~0,28800 109.86200 5.80 1.88465
10 9.875 10.250 ~0.37500 109 .87500 6.00 1.84982

contdses
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Table 6.18
>elo v g i Votv! pH n,
11 9.89C0 1C.325 -0.43500 109 .89000 6.20 1.82582
12 9.500 1C.400 -C.20000 109.$0000 6440 1.99981
13 9,910 10.450 -C.53999 109.51000 6.E0 178382
14 9.920 10.475 ~-0. £5500 109.92000 6.80 1.77783
15 9.930 1C.512 -0.58199 109.63000 7,00 1.76705
16 9.937 1C.562 -0.62500 1€9.93700 7.20 1.7L985
17 9.950 1C.600 -0.E4999 109.9 5C00 7440 1.73988
16 9.962 10.675 =C.71299 109.56200 7.60 1.71470
19 9.975 10.750 -0.77500 109.97500 7.80 1.68992
20 9.980 10.850 -0.86999 109.98000 8.0  1.65193
29 9.987 11.C00 ~-1.01300 109.9870C0 8 .20 1,594,775
22 10.000 11.400 -1.40000 110.C0000 8 40 1.4L000
23 1C.012 11800 -1.68800 110.01200 8 .60 1.28487
2L 10.020 12 4,00 -2 .38000 110.02000 8.80 1.04L817
25 10.025 13.C00 -2.97500 110.02500 9.00  0.81027
26 10.050 13.700 -3.65000 110.05000 9.20 0. 54066
Table 6.19: Ionic strength:_ifjf_
log E, = log /3‘1{ ﬂ/ (H)log/_:f)
@ % ()
m.497 9.3956 8.333 8.232 uﬁs 17.729 17.674

————




——

Table 6.,20: Ionic strength 0.C5; Element Be (Jr)
S.No. vm - v" n pH pL(H) pL{V) oL (M)
1 0.4249 0.3607 L.40  11.43122  11.60224 11454727
2 OC.474L9 0.4191 L.60 11.03799  11.20803 11.15405
3 0.5000 O.454L  4.80  10.64221 10.81326 10.75827
L 0.5000 0.4706 5,CO 10.2L457 10.41563 1C.36061
5 0.5000 0.4885 5.20 9.84725 10.01835 9.963134
6 0.5000 0.5071  5.40 944995 9.62109 9.56606
7 0.5000 0.5215 5.€0 9.05228 9.22351 9.16843
8 0.5,99  0.5843  5.80  8.65949  8.83084 8.77571
9 0.5800 0.6223 6.00 8.26L144 8.43598 8.38075
10 0.6199  0.6853 6.20  7.87243  8.0L428 7+98890
11 0.6299 0.6951 6+ 40 747551 764784 7.+592273
12 0.6L99  0.7293 6.60  7.08223 7.25530 7419932
13 0.6700 0.7599  6.80 6.69015 6.86439 6.8078L
14 0.6900 0.7791  7.C0 62994 647547 641805
15 0.6500  0.7868 7.20  5:91161 6.09036 6.03162
16 0.7500  0.8878  7.80 /y + 80391 4499996 4.93290
17 0.7800  0.9384 8.00 L 46381 L.6OILE L.59786
18 0.7999 1.0030 8.20 Lo 14540 Le36214 4.28535
19 0.7000  1.0890  8.60 3.57268  3.81186 3.72480
20 0.7299 1.3830 8.80 3.34,882 359728 3+ 50606
0.8300  2.0360 9.00  3.19512 3 45087 3.35642

N
N




T_éible 6.21: Icnic strength 0.05; Element A1(JI)

S.No. vt oyt n pH pL{H) pL(V) pL(2:) -
1 O.L249 0.3607  4.40 11.43122 11.6022, 11.54 _
2 0.5749 0.5074  4.€0 11.CL684  11.21788 11.16;27
3 0.7600  0.6925 4.80  10.66660  10.83765 TC_.782:O
4 0.8599 0.8114 5.00 10.27996 10.45103 10-39607
5 0.8999 0.8794  5.20 9.88819  10.05928 10.0042;
6 0.8999 0.9128  5.40 9.49262 9.66377 9.608
7 0.8899 0.9252  5.60 9.CoLEL 9.26606 9_21053
8 0.8999 0.9562 5,80 8.69907 8.870L2 8.81529
9 0.8699 0.9594  6.20 790192 8.07376 8.01839
10 0.8799 1.0010  7.20 5493501 6.11376 6.C5502
11 0.8800 1.0060  7.40 555272 5.73546 5.67478
12 0.8700 1.0210 7«60 5.,18045 5.36886 5.305L5
3 0.9299 1.0950  7.80 4.82706 5.02312 L .95605
14 0.9899  1.1950  8.00 hebP297 469863 L+ 62702
15 1.0299 1.2860  8.20 Le17818  4.39,92 431813
16 0.8999 1.7170  8.30 3.39155 3464001 3.54,879




Table 6,22: Ionic strength 0.05; Element V(L)

S«.No. vM -y" n pH pL(H) pL(V) oL (M)
1 0.5000 0.4007  4.20 11.83384  12.00486 11.94989
2 0.6250 0.5305 4,40 11.44820 11.61923 11, 56486
3 0.7369 0.6503 4.5C 11.06152  11,23256 11.17758
4 0.7599  0.7172  5.00 1026991 10.44097 10,3508
5 0.7500  0.7607  5.40 9.47616  9.64734 9.59227
é 0.7500 0.7823  5.60 9.07932 9.25051 9.19547
7 0.7999 0.8659 6.00 8.29016 8.46170 8.406¢
8 0.3099 0.9031 640 749772 7.67005 78144,
9 0.8300 0.9257  6.60 7.10338 7427645 7.22047
10 0.8400  0.9569 6,80 6.71148  6.88572 6,409,
11 0.9200  1.0440  7.20 5.93987  6.11867 6.05987
i 0.9500  1.1080  7.60 5.19036  5.37877  5.34534
13 0.9799  1.1540 7480 483387 5.02992 4 96246
14, 0.9300  1.2850  8.40 BAHRY  BlBEE g Gapes
15 0.9500  1.4790  8.60 3.61926  3.8584L 3 55,49
16 1.1000  2.0990  8.80 3.44604  3.69L50 3 gg3o

T ey




Table 6.23: Ionic strength = 0.05

Element log K, = log/91 log K, log/32=10g K1+log Ko
(H) (v) (H) (V) (H) (V)

Be (II) 9.670 9.900 3.300 3.552 12.970 13,452

AL(III) 11.120 11.202 3.730  3.976 14850 15.178

V(IV) 11.540  11.712 3.600 3.862 15140 15,571

The results jndicate that generally there is an agreem
ent

in tnhe values obtained by the two methodse.
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Table 6.24¢

Temp. = 2500;

v = 100 ml

_a.e x 1077M; Ty

g .Np. Volume of

Ionic strength

_g.c x 1077M; K = 0.1 Mj B =0.10 N

. 4

2

NaOH
added (mll
e
1 1.00
2 2.CO
3 3,00
4 1, .00
£ 5.C0
6 6.,CO
o 7,00
8 8.00
9 8,10
10 8.20
11 8.30
12 8 .40
13 8. 50
14 8,60
15 8.70
16 8.80
17 8.590
18 9.00
19 9.10
9 .20

Observed pH in titration

A B C for

Be{Il) AL(III) V(IV)
5,20 2.€0 2.50 - -
5,25 2.85 - = -
2,30 2.95 = - "
2.0 3.30 = - -
2.50 3.60 3435 3.25 %
2.60 3.80 - 350 3.60
2,70 400 = 3475 3.85
2.90 410 L CO L+ 00 % .00
2.95 - - ) =
3.00 430 bl e 10
3.05 L35 . ) -
5,10 Lo 40 o ) B
3.15 bokd g ) )

: Jy » 50 - i )
3,20 be55 1, 420 L +20 il
3,25  beb5 be25 - B
3.30 475 430 = )

contder-



Table 6.2k (contd.)

S.No. Volume of

Observed pH in titration

NaOH
. A B C for
added (ml) e n By X s @y

21 Y, 30 3.40 4 .82 Le35 % _
22 9440 %4.50 L+ S0 L 4O - i}
23 9.50 3460 4.98 boli5 4430 L35
2 9.60 a7 5,08 k.50 Le35 Lo L0
25 9.5 - = - - -
26 9.70 3.95 Eo15 455 L L0 bl
29 9 .75 - N - - -
28 9.80 L« 4O 5425 L +60 Loks5 4«50
29 9.85 5.00 - - = -

9.50 5.85 5.30 k70 ks 50 bS5
30 . ‘
31 9.92 E - _ i

’ 7.00 -
= . : .80 be55 465
33 10.00 8.30 5450
g .90 5458 } ) -
25 Jeaba ly « 60
35 10.10 940 5065 e et
36 10.15 9.70 5472 e o s \oos
37 10,20 9.85 5.80 ' i
38 1025 9.92 5.9%2 e e vos
39 10.30 10.00 6.05 _ -
.18 -

10 .40 16.15 630 .

41 _ -
10.25 6-75 ¢
1050 contdee

L3



Table 6.24 (contd.)

w51

Observed pH in titration

S.No. Volume of

NaOH . A

added (ml} B C_for
Be(II

Ll 10.55 10,30 7.10 _( R =
45 10 .60 10.35 : )
L6 16.65 1040 Ziz ELM s B
47 10.70 10.45  7.70 5,60 5- 20
48 10.75 . 7.80 . ' 733
L9 10.80 10.50 7490 5.75 5:;5 i
50 10.85 - 8.00 - - T
51 10,90 10.55 8.10 5.90 5.4,0 5.-65
52 11.00 10 .60 8 .20 6.10 5.55 5.85
53 11.10 = 8.25 6,30 5.75 6.C5
54 11415 - . 6.45 5487 6.17
55 11.20 - 8.30 6.65 6.00 6.30
56 11425 - = 6.85 6415 6445
57 11.30 _ 8.35 7.00 6430 6 .60
58 11.35 - - 7ela 6.55 6.75
59 11 640 - 8 .40 735 6.80 6.90
60 1145 - - 7.+ 50 7.00 7.10
61 1150 - B sl res W el
62 11460 - - 7485 i T30
” - _ _ 8.00 7+70 775
61 11.80 - = 8.10 790 7490
s B ) _ 8,20 8.00 8.00

12.00 10.90 8.70 8,30 Bu10 8410

contd.

66



tn
<3

Table 6.24 (contd.):

Observed pH in titration

S«No. Volume of

NaOH
added (ml) A B C for
Be(II) AI{(III) v(IV)
67 12.50 10.95 8.85 8.55 - 8. 4,(
68 13.00 11.00 9.00 8.80 8.70 8.6%
69 13.50 11.05 - - - 8.85
70 14-00 11010 9'30 9-10 9000 9.00

elevant cbserved pH values recorded in

Some of the T
represented graphically. The details

Table 6.24 have also been
are given below:

Graphical representation

Titration
P032'350F-1o curve A
A
P.32-35.F.1. Curve B
B
C
¢ for Be(IT) P.33.Fete curve G
Fals Curve
¢ for AL(III) P.34.F
P.35.F.1 curve C

c for V(IV)



L d
Table 6.25: 7
y=2; N=0.1M; E=0.91N; T, §x10 s TM=U-5xm;\3; v 2100 1
() (V)
ﬁ1 1.778 X 107 3.266 x 00 2.523 x 109
/GH 3.923 x 1017 5.5 17
. 5.636 x 10~ 5.012 x -1
S.No cH v' o .
BE Al 7
R
1 3.6 9.500 5,000 6.150 6400 P
2 3.8 G625 6.000 7.125 7,150 s
3 5.0 9.710 7,000 8.000 8 .000 5000
b el 9.760 8.250 9.000 94150 000
5 Lok 9.300 g.700 9.400 5700 -
6 B 9.825 9.025 9,750 10,100 —
7 L8 9.837 9.300 10,000 10.400 10.150
8 540 9.850 9. 500 10,200 10.625 10,350
9 5.2 9.862 9.750 10.400 10,775 10.525
10 5ol 9.875 9.925 10.575 10,900 10..700
11 5.6 9.880 10,075 10.750 11.025 10.850
12 5.8 9.887 10.200 10.850 11.125 10.975
13 6,0 9.895 10.287 10.950 14,200 11.062
14 6 o2 9,900 10.362 11.050 11.275 11.150
15 6o b 9,905 10 420 11.125 11.325 11237
16 6.5 9.912 10.462 11.187 14375 11.300
17 6.8 9.920 10.500 11.237 11400 11.375
740 9.925 10.530 11,300 11 462 11 425
contdes



mahla A.2°f (contdel:

S-NO. pH v! v" e
Ee Al v
19 w T 9,030 10.562 11350 t1.512 11.487
20 7ok 9.937 10.5612 11.4256 11.562 11.550
21 7.5 9.945 10.650 11.487 11.637 11.637
23 8.0 9.970  10.850 11.700 11.900 11.900
2L 8.2 9-987 140285 11.900 12.100 12.100
2% 8.4 10.000 11375 12 .200 12.500 124500
26 g.5 10.020 11 .800 12.500 12.850 12.850
277 g.g 10.037 124300 13.025 13.300 13.300
28 9.0 10.050 13.000 13.650 14.000 14.000
29 9.2 10.075 13.5650 - =
Table 6.26 Tonic strength 0.10; Elements Be, Al, V
W 1oyt Va.+v! pH 0
SoNOo V' v v (0] A
I S
,80000 RN 2.4408
1 g9.800  8+700 ;10000 1098 S e ;: 0
8250 * «32050
2 9.825 9025 0.79999 1% . o 2.2
. 00 L, 21511
3 9.837  9+300 0.53700  109:8%7
o 0.34999 109:87
L 9.850 9. 50 ’ g
o  0.11199 109.86
oo 540 HTI97
6 9.875  9.925 _0.04999 109877 -
1] . 1
7 9,880 10.075 -0.19500 109.88000 et o
) .80 1»
9.887 10.200 -0.31300 109.88700 ?
8 Contdoo




-~

"1
l‘q

Table 6.26 (contd..)

S.No. v! v vi—y! Vo*‘r' bl HA
2 9.895 10.287 -0.39199  109.89500 6.00 —
10 9.900 10.362 -0.46199  109.90000  6.20 1.81503
11 9.905 10.420 -0.51500  109.30500  6.40 —
12 9.912  10.462 -0.55000 109.91200  6.60 1.77982
13 9.920 10.500 -0.58000  109.92000  6.80 1.76783
14 9.925 10,530  -0.60499 109.92 500 7.00 1.75783
15 9.930 10.562 -0.63199  109.93000  7.20 1 7073
16 9.937 10.612  -0.67499 109.93700 71,0 1.7208,,
17 9.94,5 10.650 =0.70500  109.94500  7.60  1.71785
18 0.055 10.750 <-0.79500 109.95500  7.80  1.68146
19 9.970 10.850 -0.87999 109.97000 8.C0 1.64,790
20 .987 11.025 -1.03800 109.98700 8§.20 1.584,75
21 10,000 11375 -1.37500  110.C0000 8 .40 1.45000.
22 10.020 11.800  ~=1.78000 110.02000 8 .60 1.28812
23 10.037 12.300 -2.26300 110.03700  8.80  1,09510
2L 10.050  13.000 _2.95000 110.05000  9.00  0.82053
25 10.075  13.650  =3.57500 110.07500  9.20  0.57097
Table 6.27: Ionic strength = 01 - o
A g et
(H) (V) (M) W W) (M) (m (i)
9.250 9514 9:402  8.333 8.237 8.298 17-581_1-7_'751 17700




Table 6.28: Ionic strength 0.1; Element Be(.1L)
S.No. v™M-v" n pH pL(H) pL{V) pL(M)
1 0.7000 0.5746 k.40 11.47710 11.64511 11.59414
2 0.7250 0.6258 460 11.08362  11.25164 11.20067
3 0.7000 0.6329 ,.80 10.68538  10.85341 10.80243
k 0.6999 0.56550  5.00 10.28839 1045644  10.40545
5 0.6499 0.6365 5,20 ©.88751 10.05559 10.004 58
6 0.6550 0.6573 5440 9.4,9040  9.65853 9.560749
7 0.6L99  0.6941 5,80  8.69600 8.86431 8.81314
8 0.6599  0.7201 6,00 8.29970 8 .46820 8.41691
9 0.4900 0.7588 6.20 7.90527 8.07406 8.02257
10 59900 07867 B0 7.51023  7.57947 7.62769
o 0.7299 0.8153 6,60 711639 7.28634 7..235409
5% 0.7399  0.8343 6.80  6.72317 6.89h22 6.84125
- 0.7700 0.£766 7.60 6.33495 50770 6.45361
14 0.7899 0.9026 T+ 5-9zz:f i';i:i? i'22j61
» 5 . . 14
1 0-e17 T 5,20018 54,3846k 5.32286
16 0.8400 0.9749  7+€0 5
g1, 7-80 4.23018  5.03089 4.961439
17 0.8300 0.9 il b 49916 L 69999 L.62759
18 0.8500 1.0320 8.20 - + sop2h oo
19 0.8700 1.1040 o ) 3.38296 4.10533 L.01917
20 0.8199 11380 8.k o1 3.E0798 s i
3200 880 T 5.40623 3430369

007299

21
.00
25 006’4'99 1 '581'0 7

3,15769




Table 6.29: Ilonic strength 0.1 ; Element Al ()

s.No. v -v" n pH pL(H) pL(V) pL(M)
1 0.8999 0.€924 L, .20 11.88788  12.05588 12.00492
2 1.0000 0.8208 L+ 40 11.50315 11.67116 11.62019
3 1.C7L9 0.5280  L.€0 11.1161C  11.28412 11.23314
L 1.1600  0.9946 L .80 10.72451  10.89254 10 .84156
5 1.0199 4.0040 520 9.,92717 10.09525 1004521
6 0.9750 0.5859 5440 Q.52583 9.69396 9.64291
g 0.9300 0.9878  5.80 8.72778 8.89609 8.84492
9 0.9099 0.9916  6.00 8.3291L 8 . 49764 8.44635
10 0.9200 10070 6.20 7.93236  8.10114 8.04966

11 €.5100 41,0100  6.40 7453466 7.70389 7.65212

12 0.9200  1:027° cgg  AIS9EE  TATPS B-R5pS

X 6.52819
13 0.9300 1-061° 7.00 6 35525 6 B & P40
20 5,96982 « 1513 6.08
14 0.9099 1°0%% ! 22008  5-LOL5L -
& 060 5' y 5.32"2
15 o.0899 1+1590 7 °
00 7.80 1, .86299 5.05470 L .98820
16 1 .OOOO 1 .19 *
1,2750 g.,00 W 465581
.0 500 .

17 1.05 1 3570 g .20 l;.-21177 Loh2313 Le34397

18 1.0699 .6300 s 55 3.66360 3.,89633 3.80364
1, :

W e



Element V(PL)

-

e ———————

Table 6.30: Tonic strength Q.1
S.No v oyt n pH pL(H) pL(V) pL(M)
1 0.8750 0.5082 3,80 12.66053 12.82853 12.77756
2 4.0000 0.6496 L .00 12.27891  12.44692 12.39595
3 0.7799 0.7589 5.20 9.90038  10.06846 10.01744
L 0.7749  0.7837 540 9.50370  9.67183 9.62C79
5 0.7699  0.8073 5.60 9.10708  9.27528 9.22419
é 0.7800 0.8276  5.80 8.71019 8.87850 8.82733
7 0.7700 0.8,18 6.00 8.31266 8.48116 8.42987
8 0.7900  0.8690 6.20 7.91709 8.08588 8.03440
9 0.8200 0.9116 6.40 752373 7.69296 7.64119
10 0.8,00  0.942L 660 7.13022 7.30017 724792
» 0.8799 0.9906 6.80 6.74033 6.91138 6 .8 5840
12 o.gggg 1a1E0  TOP 6.35072  6.52347  6.46938
13 o.g300 1.0600 7+% §igeshl  GelbIY5 BDB6IT
14 0.9400  1.0750 7440 5,58554  5e76463 5.70636
sogagy 1500 TP 5.22008  5eROLSL 534276
" .oooo 1.1900 7.80 4+86299 BT G Ll
1. ¥
16 4.00 11-052722 5.72822 L.65581
17 4.,0500 1.2750 '
4.20 ), +21177 bokR313 Le34397
18 1.0699  1.3570  °°
1.0499 16300 8.60
20 1.0000 1.8260 —i'-gf)—/-



Table 6.31: Tonic strength = 0.1
Elements 108 K = log/3
= E log K
1 1 B g B, :Logﬁz:.log K,+log K,
(H) (V) (H)
(V) (H)
— (v)
pe(II) 11.600 11 843 5nd
. .1932 3.453 14,.79
«793 15.296
AL(IIT) 12.368 12505 3.968  L.108  16.236
% 16.613
v{IV) 12.680 12.827 3.368 4412
» Y 1 16.5&8
16.948
I

The entire calculation

peen done o0 1pM Computer (Model
been made for the yarious salculations.
g with the programming) nav

1-9)

results (alon

pAppendices (No.

¢ in the potentiometric studies h
ave
113017« guitable programming h
as
Some representative

e been given in the
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Aué vo the fact tunat -I and +7 effe
oLler anc @s tue =L elfzsct predominates over +T effect, there i
2 LS

small jncreécse 10 the ionizauiom- TLe oraer of the eifect i
e =

A

o

made bnese prelimlnary obgervations ol the cnarac-

davine
B ' . .
£-sulphonlc acid deri
) d derivatives,

cepieping OF tLEsE Gary (1170 uinollne-
. 1lladium (12i, uranium (II)

the chelat® rormation of cooper li-¢:

. 5 \ . e oo o W H - "':"I_I." ; .
vanadiuma L. - Rl TR gl Lims Al may Now B e —
Cut of the spclys 1 EET chelates i pyersireiecs the two of rallium
pave @ composition 1:3, tee rest of thewm .ave a metal tO 1ipand

11 -1|..'.r o.t y
ratio of 4:2. For these studles: pormnal s waveleng hs corres-
Lﬂnding ko >\mal}{ nave teel gel=cteous-
i ghi ne chelate
The ;\n@x of the chelates; the phk at which ©
£ the components in

n investigated and tne stoichiometr¥ 0
N i ;-I-._.'.'la II.

pas bee
sve heen report-" =

theee chelates h



: . s of -aydroxy-
>~ “~eculphonic acid derivativee. Y Yy

-

reoteriatice of tie reotal cuelete

1ins
phi .\ Lt 3 Yorposition
- _ FiL
2 £e3 365 1:2
Pc- bz E LOu 1:2
- f.6 355 1:2
VG ~oi 2 4.6 360 1:2
= 3.0 L3C 132
- - 355 1:3
. 5.3 36 1:2
B Le5 392 1:2
uC, - €46 350 1:2
VG- 6.6 360 §42
e 3.0 43C 1:2
P € 358 1:3
B X 5 by constants of the complexes were calculated
i A J——— smrliers Temverature studies were

hP, Hlet hOd-i . f'
by b ' | 9 | CIle lates ] ;—Chloro-8—hy:‘;x'oxy
P ey B L.rh = oL} 4 Jr

- s .-:-"-Ll ' - o
qulnollne :  pable 111 .
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Tehle 1L1: Stal ili 3

g t‘iy co?stants and taerwodynamic para
2 ‘ﬁA‘ 9ue apes o1 7—Cn10r0-0—nydrox. ﬁmeters
5_sulpuonic acid. FAHRTOL e

Trelate Temp . loc K AR * AH AN
og ( keal/mole) (kcal/mole) &e.:

v CES 20 11.26620.340  15.950 - 14,00 ——
P~ Chins 20 12.3742C.395  16.62C - e
UCs -CH™S 30 a,,70%C.35C 12.590 ~0 . 696 12 f
/G- CL°S 30 10.426%0.076 14340 -21.970 _21.35
fo Ci%S 20 9.17920.269 12.670 ~14..64C _6;.;?
i G 8 20 13.827%C.213  17.86C 1442 5q-8;
5,88

k BTV a lue e Obbd..i.l“-'l. ’ .+ plUiIl 2 HlOle(: & i t o)
=y B - Ul.:;r' extlnc 10N cOef;:u -
lclient

metl.od cnlvia

manle 1V records the atability constants and free en
ergies

of formation of tne metal cnelates of 7-bromo-3-hydroxy quinol
- yauilnoline-

F—sulphonic acid -

free energies of formation of
o

b B 5 1 consténts anc
hromo-8-nydroxyquinoline-«

Table I1V: =
v 61 metal chelates of 7-
sulphonic acid

R -
lase Temp - log K T T
o ( %cal/mole)

- p .67 & BallhE .38 20225
pd- BHGS L 12.10 ¥ 0.430 17.21G * 0.600
UG, = e 9.455 * 0.509 13.105 £ C.705
= UHS 0 10.610 * 0 .300 11,.710 = 0.41C
Fo- 9.8 i 9.365 - 0.106 12.570 = 0140
= ~ 20 13,654 * B.218 18.275 * 0.292

_.____,__,______,r______;_J-_._#___#______,__v_ L



rou wly lincor relationehip was otservec Letween ph
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ign 9. the 1i7ance sanc their crelate stal ility

~V £k - I"OI:;O-U-—M}'(.I‘OX}/(".linoline_::_ e Tobond
> — LAda C
volue creater tnan tLat of 7-cnloro

1G.. ae- @ Pk,

£ 3ne-—Esdulohonic acic (G "8i, also forms more etabl

narec to 7—Cﬂ10r0—8—hyﬁroxv_

. metal iens, 8° com
nu1xoline—f—aulnnonic apii. 16 seems to bte guite reasonable in
view of the ract that tne incuctive e fPect of halocens decreases
in the orcder Gl > Br.- T. A similar relationshin is also obtained
! of formation gf T4 AT 1ogeng

rurtnAar in case of toth the lirance, the order of staki-

11t conetant of +ie ~knlntes 1g Aas foliows:
R y ot 2 £ %
s 5 v » i > Fe

srder €an re explainead on tie basis of ta:z values of
. - notential p— qlectroneﬂatiV1tY of these elements, which
LoRL A Ls 3

_ . 1 =ia0 keeping in vier some otuer cousi
: 1 Teble { dnic 6-2 SRS 181~
are recorded

deratbionse
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X ll.
 § TI T T Pauline's Vflue:v
yall ium ALVl 20. 510 24,8 2
-~ “6. /10 1 -L71
Frlledium 5«3 20 1G.420 2775
7‘!"/(: 2-20
mer 7.7k 20290 ‘
U.29 206.014 1.90
fznaciun 6. 744 14 .50 21.390
1.63
reniw L. QUG = - 1.70
itroren 144540 29'605 LL 145 3.0L
Cxyren 12.614 36,146 L4o.760 Brudih,
el ] T e )
The number of lirands combining per metal atom, i
) n
~ 1 4 i +he hirkerl in the =eries (three, as comvared
to two, ior the rest of the elements in the series). Tnat is

the main reason -°0I

clear

value whicn

loreover,
oI

PaEr AR
) L}

nitro~el

ie 3180 responsibl

greater ctabi ity . Furtiher, from Table V
)

arl

chat zalilur. 58S cLe hichest ionigetion potential(II)
~peater Stability of its chelates.

contributes 0
- oser proximity Oof its olectronegativity value to that
1 F &~ 19 x

and OXYEED, aa Compareo Lo t.hose oi wvanaaqaliur, uraniwn,

‘;lalso form Very stable

Desides gallium, copper ana rall @ it
nromplexes; becaucse of & number of reasone: Palladium and covper
are capeble of fornming strong ishz (souare-nlsner) pondss The
chelates can also b° ascribed O their

crcat®

r S‘tab MER 7

y of the-%
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.o tentesivs etructure, prorosed for the vanadium che-

1z 5"~ tucs- rea-ente, basec on tue studies o. .. .¢. “lazxr
+ .1 (6J) is as ‘iven velow:
G +
) %
=0 / \ — S
}‘/
V .

e ded tions of Ley et al (s) and(4)
with the sugges

Ip actordancs

. Lerurs for the iron chelates of these

G LG Bt g

I knan et ai,

reagents cen oe 55 4l
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On the basis of these and similar other reasoning, the

following structure for gallium chelates of these reagents can

also be proposed:

(Ve
o
v



2t rotzutiometric studies
il eurintricerboxrlate is represented by the following
'-_\\COONHL‘

/ ) O

HylN 00 C —— A -

VA /

O__-\ /ic

7\ on

COONHH

oordination in sumoniwm aurintricarboxylate is possible

in two ways:

5 . o by the denation of a pair orf
(i) Tie coorcination may be by

srom tihe CCOT grour and by the replacement
electrons 1 a Th
of hydrogen [rom the CH group (structure I)

nay inated between
(ii) Alternatively, & metal may De cocrd the
ii) A1G ely, & |
and tue quinoid oxygen o1 the chelating
- 3 n 1
cartoxylic OXY#e

e [ Eorissuna 1 P oo
//’M
(@)
HQNOOC
C
O
OoH
cooNHy
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.:o\
b=

(S ‘.NHQ

4 \>OH

B
g3

VA VA

COONRHY

[

(113

Tf the coordination takes place as according to (I),th
’ ere

rease in the hydrogen ion concentration of the

would be &n inc

ration of H* by the chelation process. On

~tem, due tC the libe

oy

the other hand, if chelation takes place as in (I1), the pH of
the mixture would remain unaltered- It has, however, been found,
in course of our potentiometric studies, that there is always an
jncrease jn acidivy: following chelation with various bivalent,
ent and getrevalent metal ions. Thus the chelates appear

\

trival

to have gtructures of the type€ I.

It may, ¢ herefore, be concluded that the structure of the
1:1 (as 18 the case with Ni, €9 Pb, or ce) and 1:2 (2s is the
y, Cu or ga) complexes can at best be repre-

Case
sented DY structure (111} end (IV) respectivelye
coo
___—COC»
I\IH‘1
- C

C ooNHy Hl'N cocC

e M = Cu,Be,Al,Ga or V)

(Wher
(31T}
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{where M = Co, Ni, Pb or Ce)

i1 course of thnrse spvectiraticne, stepwise protonation
of aluminon and fornaticn congténtis of its chelates
itn some OI the '1; tri anc tetrepositive metals, nave been
3 ttntiometrically using

vi.apter 1T anc¢ GCra»nter Vi. Tue results Lave oeen

3jerrun-Calvin technicue
4 R

detaile
aLles VI and yII respectively.

at Co{Il), Ni(IL), Pb{II) and
oo 481 (ndL) conplexess .. order of log/3, cbserved

v \
Ce(IV 2+
: [ =1 3res ig riven below:

These studies reveal i

_;->>Ni >-Pb‘> o

Taking into consideration, the valuves of ionization voten-
alecnr-n—;;:ivitv of these€ element S, which are recorded
can be exvlalned-

yITI, the orcer
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~tepwise formation consacant " metsd
L : & 54 acants of metal cuele
ol alwninon. SELAESE

V.:abl\, VII:

{(+ Studies carried out

e

—_—

i i

in somewh

st dif feren

t conditions)

rad qiggigth Log By=log By 198 &z lor 3,=1log K¢ log K2
(H) (v)  (u) (V) (H) W)

Be (II) G.02 10.616 10.541 2.586 3.832 14,.202  1L.273
Co(IT) 002 1,.192 ohth . _ ) )
A(171) .02 3,728 3.043 - : ) _
culIl) 0..02 9.330 9.72C 3.760 3.948 13.090 13.678
pp(IT)  0.02  3.520  3.740 - - . )
L1(I1I) ©.02 11.215  11.348 3.820 4.090 12.035 15.4,28
ca(I1r) 0.C2 $1.300  11.487 3.970 ) . 289 15.270 18,7764
Ce(IV) 0.C2 3.CH7 3.28L - - - )
VIV 0.02  11.490 11.67C 3.833  4.079 15.323  15.74,9
Be (I1) 0.C5 9.670 0,900 3.300 2.552 12,970 13.452
Ai(IIr)  0.C5 11.120  11.202 3.730 3.976 14.850 15.178
V(IV) G.05 11540 11.712 3,600 3.862 15.140 15,37
se(TI)  0.10  11.6C0 op di3 3-198 Jebdl  ThalER 15205
A1(TIT) 6.1C 12 .ok ye e O 3.868 l.108 16.236 16.613
v (TV) 0.10  12.680  12.827 3,868 b.121  16.548 16.943

g S



289

(Ia ~onis:vion mnv-.tial(evi .f._Lectr'Qne:ativitv
allred-loclow for-
mula values

1t 7. &G 170
Cicked 7.633 1,78
L.ac Tl 1.5c
‘;riu. 6.910 1.06
Cxyger. 13,41, 3.5

“tudies ol the cnaracteristics of the cheletes and the

131

iorniz: tion —otential o° the metal atoms show that cobalt, having
£l 34 velue o lonizetion notential, foruig more stable
it 2X LU 3 4 - = :

som Lewes thon the othbZs: TrLe results obtéined further, indicate
RILcleXxe 1ok &

¢ ot tue shzbility constent of the complexes increases liﬂeerly
Py ItV Le sStia <

. 5 ' otential of the metal
with the increase in the ionization P &toms.

Tre electronecativity of an atom is 2 MSasUre O. the rels.
tive tencency of an atom, in bonding to go to & negative condition,
i.e., to attract & shared electron pair (11/. The knowledge of
the electronegativity of th olements is useful in predicting tie
nature of tne vond. Since the electronegativity indic tes the
relative attraction for electron pairs, two elements with very
‘different electronegativity are expected t0 form ionic bonds.

The less the difference in electronegativity, the more covalent

is likely to be the nature of the bond, and the more stable is

the metal chelate formed. The difference between the electro-
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Sy i U , =
1t nickel, «nu oxy-eua 15 lesser tnan in

o

we coriuw, and oxypen. So cobalt and nickel

X T sle coinlaxes tuan do lead aad c2rium. Cn the
: sane
= =1 44 v ¥t 1w ‘ '
, 1 liftw donet E ceriull, shiould be legs than that >
L3 B, 2Ll Cx~
. , "..igi i= &lre *le c¢i-s in the results obtained.

talility constants, observed in

~ o0f retele Jorming 1: 2 complexes; isi

PEIV) S B (TIT)  AX(III) > Be(I1)

Taking into coneideration, arain, vne values ou ionization

notentiael end electronecativity of these elements waich are

presented in Table Ik, this sequence can also be explained.

malle T

Jlements (I) Ionization Potential (ev) sl nronegativity
F1Irsd-Tochos Tor

. mula values
Janadium LT 1.4¢
Gallium 6.000 182
Aluminium £, 90k 1 i 7
Beryllium 9.320 157

z

Cxyveen 3.614 3.20

e chelates and the

ity constants of th

Studies of the stabili
an order of sta-

ionization potential of the metal atoms sugeges

bility constant:

¥y > Ga > Al
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| 0. stability constent in case of gallium, can g]¢, b :
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iiniuy

(Ll di
It nas also reen observed, in course oI these studies,
a ‘ :
trat the values of protonation consténts log/31 ang log/gb
of Aluminon, obtained by various comoutational methods obrepye

a seaguence:

(VI > (1) > (H).

. : ietal che
The formation constants values of various met lates,

alaso follow the same sequence!

- i ion constants
Aenotes, values of stepwise brotonatio : :
(1) " ppmiztion constants, calculated by arplying the

] R 1.
3jerrum’s hall n values (11/;
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fFl FLCR

£]0CS(2501 REABER,14C3PRINTER)
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#0ONE WORD IiWTEGERS

$EXTELCED PRECISION

C
BALRAJ K. AVINASHI PH.D. TEESIS 1'1971

C
C CHEMISTRY DEPARTNMLNT, BaleTeSe
L
P{ TLNTICMETRIC
REAL NA,HC, Tl
DIMCANSION v1(30),v11(30)
ROAC(8,21Y,NO,VO,EOQ,TL
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oG 1€ J=1326
II=II+O.200C01
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XXX=(NQ+ED)/TL

NA=Y+X#XXX/XX
J,VLEIYVILE)

WRITE(5,9)
10 CONTINUE
2 FORMAT(5F9.4)
3 FURMAT(IVFE. 3)
4 FURFATL LN 43X, TAHLE NC.

ke ’
1311)(,75('-")./.l}"(.'S-NU.'n
$8Xy "PH', 7TXs 'NA BARY /9 L1 X2
6 FURMAT(lHl,ZﬁX;'Y=',F3.1,3
$F4.2|3X7'TL:',F0.4!/,
9 FORMAT(L3X,13,3X,F6.3,4%sF
CALL EXIT
END

FEATURES SUPPCRTEC
ONE WORD INTLGERS
EXTENDED PRECISICN
[0CS

CORE REGQUIREMENTS FOR
COMMON C VARTABLES

214
ENC CF COMPILATICN

/7 XEGQ

PILANI(RAJ.)

CALCULATICNS CN DIGITAL COMPUTER IBM 1130

11(Jd)sd=1,30)

XXXy LI NA

o ///10%,'TADLE
[ON1C STRENGTH CeUC

Ce
AT

APPLICABLE Tg »
’

.'/'

(,K"Vl'.?X,'VIl"(J 'Vl ll.'l" "VU'VI
X v Vv X - '
?

750'-1) /)
X:’N0='1F3-113x"

6.3,F12.544XsFL1.514%XF5.2,F12.5/)

PROGRAM 362

VC=',F5- 1'3x'IEe=',
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L1 FUR

FIUCS(2%01 ~EADLR,1403PRINTER)
*LIST SCUURCE PRQOCRAV

*UNE WORD INTLGERS

¥*CXTENCED PRECISICN

C
AVINASHI  PH.C. TKESIS 1971

BALRAJ K.
CHL "ISTRY DEPARTMENT, B.1.T.S. PILANI{RAJ.)

C
C
o
C POTENTIUMETRIC CALCULATICNS CN DIGITAL COMPUTER rnm 1

-« 130

R(AL ‘.\’ilc
DIMLNSICN VILI(3C),V1I11(30),BNA{30)

RCAC{E,2)Y NO,VC,EQ,TL,TM

2 FURMAT{O6F9.4}
WRITE(546) YsNC,VO,EQ,TL,THM
O FORMAT(LIHL,, ! Y=',F3.1p3x"ND='1F3.113Xr'VU='|F5 1,3x% '‘E
- | . '3 “()= Fé{-
y .2’

33X, TL=,FE.4,"TM="*,Fb6.4,//)
0 16 bLL=1,;2
REAC(8,3){VIIITI),I=1,30),(BNA{K) K=1,30)
3 FCRMAT(10F8.5)

CC 1C KK=1,3
REAU{8’5)(Vlll(J]?J:1r30}

5 FCRMAT{10F8.5)
WRITC(S54+4)
4 FURMAT(111["")'/’llx,'Soh‘Uo"éX"PH"éx"NA PAR' ?X ]
SUVILLY 5K, 'VIII=VEIL® 5K, "VO+VILT 16X, "N BARY ./, 11X, 100( 124 ; " OX
= v /)

RK=3.4
[=0

K=0

DC 10 J=113O
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N=X#XXX/ XX
WRITE(S5,9)JyRKyBNATK) VITET) 3 VILLIJ) XXX 4N

FDRMQT‘IBX’I314fo4'1’4X’F8‘5’2(4X’F6'3)’3t4x,F8'4,7/,

10 CONTINUE
CALL EXIT

END

FEATULRES SUPPCRTED
CNE wQRD INTEGERS
EXTENDEDC PRLCISIGN
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CCRE REQUIREMENTS FOR
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' INTER
ELIST SCLRC PRCCN ANV )
: AL TNTLCLRS

C
Ka AVINASHI  PH.LU. TRESIS wiewq

(c RALPQAJ N a
C CFEMIST.Y UEPARTMENT, B.Il.T.5. PILANI(RAJ.
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Ph=4.2
CC 1C L=1,3

Bl 1B K=1,24
X=(BFLIL)+BF2(LI*F(K) ) *F(K)

YY=vC+v]I11(K)
YYY={TL-BAN(K)*TN) RV

Y=X%YY/YYY
XX=ALCGLY)
PLIL,K)=XX/XXX
Z(K)=v111(K)-V1L(K)

10 CONTINUL
WRITE(S5,8)
DC 1C1 N=1,24

Pr=PF+0.2C0CC1
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1C1 CONTINUE
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caLL EXIT
ENC

FEATURES SUFPCRTEL
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772 PROGRAM 486
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CORE .
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Y:Z.O NG=001 VU-’—LG0.0 Lt]:O.Ol IL:0.00ZS
TAELE NC. €.18
5% poottartr 10 Be, Al & yoAT TONIC STRENGTH 0.05
Tl A ___i'_“____-__'iﬁi'i‘_i--------‘i?i‘ii_______,ﬁﬁ_ NA BAR
. 8.500 1.25000 109.75000 ;
2 ..vg 8.875 O.BQ(;{J(-; 109-??500 liolﬁo 2'36073
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¥ 5
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by 109.8250 5 o
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10 32 B 1% 1C.250 ~{3s ITHOO 109.87500 6.00 1.845872
; - 109.89000 6.20 i
il g.d90 1329 0.43500 1.82582
12 5 G0T 1C.4C0 =p.56660 109.9CCCO 6.40 1.79981
13 §.91C g usm  SOSTREE 109, 91000 Ear80 1.78382
lq 3 ’_2'_ lbo"'7J -'O 55560 109-92000 6.80 1'77785
1e (54
1C 10.31¢e ~0.58199 109.93000 7.00 1 76705
1'% re ‘ |
137 LU.202 _0.62500 169.93700 7.20 1.74985
1_6 q. : U e
17 TR °* . 00 7.60
1c.6T9 —0. 171297 109.962 1.71470
- s 1c . 199 .
19 54913 999 109.98000 8.00 1.65193
9.980 10.8650 ~0+8 .
20 . 01300 109.987C0 8.2 1.59475
21 )-‘)8? 1loCCD -1 10 00000 8.40 1.44C00
40t -'].-399(;9 b A
14UV
5y 1a.tUC : 78800 110.01200 8. 60 1.28487
_ 11'500 2¢CO 8.80 1.04
23 1p.ull _2.38000 5109 211
- 12400 02500 9.00 0.81027
24 1 CaC2k ,2.97500 110
13.C0Y 0.05000 9.20 0.5406&6
25 10.027 | _3.65000 4
2. 7C0

26 10.050



(o)

2 ) \,:c.l VUleC-U EO=0001 TL:O'OOZS
TABLE NO. 6.26
L IC BeJAL & VoA ToNAL STRENGTH C.10
: TR ol JoyAl & Ve
________ i PR VO+V1 PH NA BAR
______ E A --__-______________._—_..-..--————-—--—-—.—_.-..-._._.--
S.". < o —_-______--———
""""" o 109.8CCCO 4.4C 2.4408C
8.700 1.1000
- ,c‘,(l<. 1(59.82500 4.60 2.32050
2 P Y- - e 1C09.837C0 4.80 2.21511
5.300 :
3 . o 109.85000 5.00 2.14019
. 5.500 o
4 j.85u o JLIe 169.862C0 520 2.C4485
.75C G+
5 : ’ 0.04999 109.87500 5.40 1.97597
)+ R
2o .886C0 5.60 1.92
6 . r _0.155C0 1C9.88 191
’? C)-EEC 1L e l .’l"' ng.BBTCO 5080 l.87“67
.2C0 Bk )
8 & L& A 109.89500 6.00 1.84305
T B
9 . v . hin 199 Logy Feall 6-2¢ L~8 LB
1.C 5 362 e 90500 6.40 1.79382
1c ;e . ’0.51500 1094
16.42 109.912C0 6. 60 1.77982
il e ~¢.55C00
Ll 169.92CCO 6.80 1.76783
12 e ~¢.58000
16.500 109.92500 7.00 1.75783
13 ’ - -6049%
i #5534 1£9.93060 7.20 1.74703
14 ’. S BT
15 “ e - 06 T49%
' 1c.ulé 5 169 .945C0 7.6C 1.71785
: l1. i "_0.7050
> L o 109.955C0 7.80 1.68186
A ___0.795
17 ’ [c.159 109.970C0 8.00 1.64790C
G e"s ——0887999
18 ? 10,850 109.987C0 8.20 1.58475
5 ~1.03800
19 . 1 25 . 110 00000 8.40 1.45C00
5.587 B 1. S78R0 1.2
2C : 375 = | 16.026C0 8.6C .28812
¢.CCO e ~1.78CCC 80 1.0951
21 gce 110.03709 o PSSR
c2¢ Hi _2.26300 0 0.82C5
12- *
. o037 .0 _2.565CC0 1,075 9.20 0.57057
d 1,3.C g o 1]_ a
5C _3.575L0
24 -0 13.69Y 2

~

[Sa]
o
[ )
[ ]
oz
—~
LS4



-

(7)

.

ThBLE NU. 6.5

______________ ‘._-fl‘f'tfl;iii-I’,_j";ff‘_‘_fLi' AT IONIC STRENGTH 0,02
s.NE. (HLEI-VIL N EAR PH e Wt e
A s 3 e -__-_-_-__-__ﬁ__-_-__-___-_________________'__l__ PLEM
1 C+295CL 0.1691 4.4C 11.5C4l4 11.68516 11.58614
~ { (3 ; .
2 C.42%C 0.3¢€3C 4,60 11.12179 11.30282 L O
c /
3 € 55C0 0.489¢€ 4 .80 1073537 10.91640 1C.81739
i c6? 8
C.cCCC Lo BR25 5.CC 10.34247 10.523%2 10.42449
5 - | |‘..::'."“ 5'20 9.94052
9 .S58 7 5.4C g.54758
7 ad )y \.(;_’63 5060 90152?3 q'33386 9.23480
. “ 4 1 5.8C 8.75746 .
) b &8 e 8.938¢€6 8.83557
g 2 R 54436 a4 655
10 AV (1. 160L 6.20 7.97037 Ba+1%187 8.052¢
* &
11 {.l"ﬂ,( O.816C 6.4(: 7-57795‘ 7.7591%2 1 L6 TG
12 ?U((J | L;’,?‘) 6.60 ?.1850,1 7.36726 7‘26774
! 4 ¢ ESCE 0.6381 7.C0 6. 40644 8. SES 6.49015
5 L phSS 0.9623 7 .20 6.02C46 6.20602 6.10510
5.64446 5.83239
16 ¢« €599 1.C24C 7.4C 5.73048
) 5.27350 5 .46480
.86 4.616C4 5.11191
18 0.52€C 1.089C 1 5.00671
.CC 4.5Th12 4ol 1ST9
15 c.53CC 1.121C 8.C ' 4.66821
1.1430 8.2C 4.25081 4,45923 4.34889
20 C.TQGQ
3.95889 4.17441 .
21 C.E959 1.234¢ LS ERRe
36C g.C0 3.2557? 3-48847 3.36845



il

Y-\

C

C
. 6.20

o 'I'. L
______ { ’QPPL
2z S.iCa --_——-"'-—EEE?LE TC BERYLLIUWM
______ o . T "
___________ i EAR '—'—-:__I IONIC ST
___________ PE p__""——__ RENGTH
T e e B 0.058
i . s 4.
. 0.3607 o e 1 A
. u' o s e p s ot S
& i . 11.43122 . -_“__ElM)
3 .EC Ccomre
50 1 2
4 .80 .2C 27
c.5CCO c. 4708 10.64221 l 9C3 41§
& ) 5.C0 g.81 -« 154(CH
2 c.5CCC 0. 4685 10.24457 . 326 -
l5'-2(: <41l * 827
& 0.5CC0 9.864725 563
0.5C71L 5.40 1C. 0 10.36Ce
L s 0 9.44995 1835 . 4
G WS .5215 .
5.6C 4 9.62109 9€334
S . -052
K 59wl 0.6223 A G2l . 9.1 i
- 6.CC £.83 -16843
1C i _E15° 8.26444 08 8
- )8 0.6853 5426 8.4359 '77571
= S 0.6651 787243 ° 8.3
y i 6.40 R 8.04428 .38075
2 (..({',: ‘, 2 51 7
O 0 7293 &.6C - 7.64784 «FEBEGC
13 0.6 ¢ 23 7
14 . 7
0.69C0 0.1791 7.00 \ aas 6 BERF -15527
1 ¢
5 c.e9¢CC 0.7868 5 5% _— 6.47547 -80784
- 161
16 6.
0.706C 0.205C 7.40 c eac 6.09036 41805
- 70
L7 c.7CCC 0.8167 7.60C o S e 6.031¢72
.15804
5
1€ c.75CC 0. 6878 7.8C . 5.34645 « 65276 s
-80391 '
19 7800 0.9384 8.00 Gty 4.99599¢ 5.283C4 :
* 381 4 "
4
2C ¢ 7999 1.0C3C 8 4.66 <93
Z 4. ‘5
4
22 0.170€C 1.c89C 8.6C e— 4.C638g T
3830 g 3.8 3.98
3. 22
o.83C0 5,0360 9.00 5 igETD 59728 12480
3.3
L ] 5&4
2

24



Ny

10
i1

12

15
16
17
18
19
20
2L
22
23

24

C.6599
0.6900
0.71C0
c.7259
L7353
G TRE
C.7859
c.8199
0.84C0
0.83CG0
04 85CC
0.87C0O
0.8199
0.79%5
0.7299

0.6499

0.9026
0.9300
C.9745
0.98L4
1.032C
1.1C4C
1+ 1380
1.2420
l1.3240

1.584C

L ot

TARLE NCa 6,28

g.CC

11.4771¢C
11.083¢€2
10.68538
10.28839
9.88751
§.49040
9.09603
8.69600
8.29970
199527
7.51023
7.11639

6.72317

b 33K95

L oAhSue
5.56931
5.2C018
4.83918
4.49916
4.18184
3.88296
3.61531
3.36631

3.15769

STRENGTH Q,10

11.64511
11.25164
10.85341
10.45644
10.05559
9.65853
9.26423
8.86431
8.46820
8.074C6
1.67947
1.28634
6.89422
Ll
tA2633
5.74841
S.38464
5.03089
4.66959
4.39320
4.10533
3.84804
3.60789

3.4C0623

11.5%414
l11.2CCe7
10.80243
L0.40545
10.004%8
S.6C749
9.21313
8.81314
Beb165)
8.02257
T.62769
7T«.234C9q

6.84125

b-\ﬁ&t\

t.063¢
5.690:
5.322;
4.964
4.627!
431404
4.01917
3.75535
3.50967

3.303¢69



