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INTROGDUCT I ON



INTRODUCTION

The rapid pce of the sdvances and the varied
character of the work being done in the reslm of coordi-
nation chemistry, has largely besn rea:zonsidle for the
renaissance of inorganic chemistry., Expansion of this
ares of scientific endeavour has been fostered by world-
wide interest. The field of coordination chemistry hes
grown in 8 half-century f{rom a well-defined and limited
area into what 1s now the most active field oif inorgsnic
chamjstry. In recent years, it has received not only a
large smount of expsrimental inveatigation but also & rather
extensive theorsticel trestment, From earlier times to the
present day, the hard core of advances snd the fascineting
results have chenged drasticelly the picture of the
coordinetion chemistry, Tremendous sctivities in this
f1eld mske one believe that in future too, this dramatic
scientific sege will continue to attract promising
scientista, With the aveilsbility of physico-chemical
methods end instruments for investigation, complex formeation
in th= sclution has been an active field for inveatigations
for nearly threc decades,

Metal Chelats lLompounds

A chclate may de defdined as & coupound possessing
8@ cyclic structure ariasing from the union of & metal ion

with an electron donor (chelatin; agent) which may be a



nsutral molecule or & charged spacie. with Tw or more
points of attachzent., In ordinsry complexes, &s apri
from a8 netal chelate, the ligend is monofuncticnal and

no ring formstion tskes place, The ring formation is #

sp civl characteristic of chelateo compounds snd the term
chelste (chela mesning Crsb's claw) was introduced 4n
coordination chexnistry by Mor-an and Drew (1) to derigneste

such a cyclic structure .

The formstion of inner complex compounds also
involve @ rins structure, which was noted by varicus
{nvestigetors including Werner (2}, Ley (3,4) and others,
who found that these atructures ere exceptionslly stable,
jnsolucle in water and sre oftvn intensel; coloured. The
chenical and physical propsrtics o4 metal cheletes, in
gensral, resemoie those of thic aimple complexes and difier
only in & qualitative way, Although chclates are now
considered to be 8 distinct class of compounds with
characteristic behavior, they can at best oe regerded es
belonging to @ spe cial type, under the genersl class of
complexes, Thus, 8ll chelates are complex compounds but

sll complex compounds 8r'e not necsesssrily chelates,

A chelating azent may be bidentate, tridentate,
quadridentate, quinquidentate, sexadentate or more, dejending
upon the presence of two, thrae, four, five, 84X or more
donor groups, plieced suitably in the ligend molecule.
Chelation 1e most favoursd when donor groups occupy such 8

position as to forw & ring of low swrain, i.e., five



memoered or six membersd ring. In th ces. of bdidentete
chelates the concerned linkeges msy either be (i) covelent
ponds, (41) one covalent en. one coordinete bond, or

(111) both c.ordinate bonds, However, as in other cases,
once the chelate is formed, there reslly is no way of
distinguishing s coordinste covalent bond {rom sny other
covalent bond present. When satursted rings sre formed,
the five membered ring is the most stable; where chelate
rinzs involvin; double bonds srs formed, the formation of
the six membered rinz is favoured, Chelates with higher
membered rings heve also been descrioed out are less
common. With multidendate ligands, es the formation of
chelate rings per ligand molecule increases, the stability
of the complex also increases. It iz found that chelation
is invariably attended witnu an increase in stability. This

{8 known as chelate effect,

Theories of Chelation

The structursl theory of coordinetion compounds is
about sixty years old, when Alfred werner in 1913 found
that chemicel composition and progerties of the Comp Lax
inorgsnic substances could be explained by assuming that
metal atoms often coordinate sbout themselves a number of
atons difforent from their valency, ususlly four atoms st
the corners sither of a tetrshedron or of @ square

coplanar with the centrsl atom or six atoms et the corner
of an octshedron,



According to the wWerncr's coordinatiocn theory,
ong of the atoms, usually s metal stom, in the molscule
of any complex compound occupies a central position and
neutral mol:cules or ions are arranged or coordinsted
sround it forzming an inner coordination sphere. The rest
of the ions not present in the inner sphere constitute the
outer coordination sphere, The total number of neutral
molecules or ions linwd to the centrsl atom in the complex
compound is celled the coordinstion nusber and this was
found to have values ranging from 2 to & (velues 4 and 6
being more common). The coordination number mainly dependa
upon the size, charge and electronic configurstion of the
central atom as well ss the experimental conditions under

which the reaction 4is being studied,

Aftar the discovery of the electron, many efforts
waore made to develop an electronic theory of the chemical
bond. A grest contribution was made in 1916 by G.N. Lewlis,
who proposed that the chemicel bond consiats of & pair of
elsctrons held jointly by the two atoms that are bonded
together, The earliest electronic interpretation of
coordin:ztion was given by 3ilduwick who introduced the
concept of the coordinate or semi-polar bond,

of the more modern theories sdvanced to explain
the bond structures in metsl complexes and chelates, the
simplest approach is Sased on velence bond theory advenced
by Heitler snd London in 1927 snd later extended by
Pauling and 3lster 4n 1931, It sssumes that the assccistion

(S]]



results froc. tae overlsp of an orbital of tho ligend
containing an unshared pair of electrons with hybridised
orbitals of the metal ion. This may be thought of bsing
formed either due tw a sharing of the electron pair
between the metal ion and the ligend or due to & partisl
donation of the ligand eslectron to the metsl ion. From
the point of view of depictinz the bondin: in tarms of the
electron configuration of the metal ion, 4t is profitaeble
to consider that the ligand electron-psirs enter the

metal ion orbitals, while still maintaining the electronic
configuration originally present in the ligand. The main
festures of valence bond theory are (i) the formation of
directional bonds through the overlap ol atomic orbitals
and (41) the formation of hybridised bonds oy mixin; of
atomic orbitals that ere capable of foruing stable bonds,
The velence vond theory provides the chemist with a
pictorisl representation of complexes but it has besen found
to be highly inadequate in explaining the magnetic proper-

ties of some complexes snd is incapadle of explaining

their specura (5).

The orystal field theory, firet proposed by
Bethe {6) was applied to explsin the magnetic properties
of the transition metal jons by Schlepp snd Penny (7),
Van Vlieck (8) aénd many others (9, 10). This theory deals
with the slectrostatic interaction of the ligand ions with
the central metal ion and the conseqguent effect of the
field on the energy of metal d orbitels. In particular,

Q3



thie theory is concerned with the efiect of various

possible electrostatic fi.lds, which erise iroa the
difiering gecmoetrics snc stren;ths of various ligsnds on
the five d orbitals of e transition metal. If & ligend
that possesses an electrostatic field, ap.roaches & metsl
fon or atom, the ensrgies of degenerate d orbitals (in
lizand field frec state) become differentisted. The
orbitals lying in the direction of the ligends are reised
in enorgy to s greater extent, in Comparison to those

whiich lie betwoen the ligends, The strength of the electro-
static field of the ligand 1is influenccd meinly by two
factors viaz., ti.e charge density of the central metal lon
anc the nature of the ligend itself. This theory is most
successful in the prediction of properties of fonic
complexes, Orgel {11-13) wes the firat tc call sttention
to the conseyuencas of the theory on the stability of
coordination compounds of the transitlo:n metvals., This
theory gives adequate explsnstion for the oocserved msgnetic

properties and spectra of these cowplexes.

The moleculsr orvital theory assw.es the formation
of molecular orbital rather than the simple overlap of the
orbditals of tus reactants, The electronic configuration
of tue molecule is then obteined by introducing electrons
to the loweat moloculsr orbital, As the lower energy
levels ere occupied, the entering electron 088 to 8 higher
excited level, These electrons oppose bond formation end

ere known ee antibondin - electrons. Electrons occupying e



lower energy level are the bonding electrons, while those
not psrticipating 1 the bond formetion sre known as non-
bondin ; electrona, The energy se;sration bYetwesn the non-
boriding end the lowest of th: antibonding orbitals, s

the ligend field sepsration., Ihe introduction ol electrons
into wie antibonding orvitals has the effect of weakenin ;

the bonding oroitals,

The crystal field theory considers only coulombic
interacticns betweesn tne metul ion end ligends. This is
f r removed from the reality of the situation, The 50lo-
cular orbitel theory 4s, at the moment, unsuitoble for
quantitstive calculstions, but the underlyi:g symmetry
considerations and overlap criteria sre essentially corract,
The ligend fleld theory sttompts to reconcile both these
theories in 8o for as it incorporates the best aspscts of
both these theoriaes; it hes the quontitative rigour of the
cryastsl fleld theory end the theoreticsl souniness snd
elegence of the molacular orbital theory. Thus 1{ provides

an adequate epproech o the study of metsl Compounds,

lmportance of Metal Ch-lates

Metal chelstes are of traemendous practicel importence
in aduition to the theoretical interest Comnonly usasociutved
with them. The application of metal Chelates s wnifold
in various ¢Che.lical, biologicel end techiical fields, It

finae use in practically all spheres of human activity,



Among their important uses cited, thelr utility
both in quelitstive and quentitative chemical snalysis is
® major one, A new use of cheleting egsnt hss been
sugceatad by Schwarsenbach (14) for the direct determination
of metals in solution. The differemt organic compounds
show specific reections with inorgsnic ions, resultin- in
the formation of & coloured precipitste or laske, due to
the formation of chelate compounds and are used for the
identification of dons even on the micro scale and forms

the basis of "spot methods” (15) for their identification.

Chelaticn alsc playes an importent part in the ficld
of physiologicel chemistry. Cyanocobaltamin, cnlorcpnyll,
blocd pignent and cytochroxe ars chelates (16,17) which
are important for life processes, These naturally occurring

chelates have functions which are vital to the organiem.

Chemotherpsutic studies of @ number of drugs have
shown that the sctivity of most of the druge is due to their
ability to chelate with the essential metallic ions,
Chelation slso plays en important role in the electro-
deposition of metals and in leather industury,

The otability of these chelates are of considerable
importence in evalusmting their utility. Potentiometric
sessurements provids probavly the most sccurate and reliable
method for the determinstion of atubility conetants. It can

be used in agueous as well as in non aqueous media,



The advent of excellent and relstively chesp
spectrophotometer hes given a great impstus to the
methodology and technique of photometric determination,

A ligand which shows hizh sensitivity and has an appre-
cisble amount of selectivity and has reproducibility maey
be considered to be useful for photometric deterainstion,

The formation of the metal chelates generally
involve tue replscement of hydrogen ions by the metsl
ions, from tho scid form of @ chelatin: agent (18). The
conventional type of orgenic acids, particularly tnose
conteining the carboxylic group, however, have limited
application in analyvical chemistry. Of great interest
are the orgenic acids or compounds containing groups other
than carboxyl and cspable of releasing hydrogen icns, in
solution, on subsequent replacement by metallic ions,
The most comron acidic group in orgeénic compounds ias the
hydroxyl {=OH) group. It does not ordinsrily split off
hydrogen ions, but it do®s so, frequently, on interaction
with s metal 4on to yield stable chelates or comylexes
giirough the coordination of ph-nolic oxygen (19), A
nunber of typical non-metaéllic elements like nitrogen,
phosphorous, sulphur snd oxygen are khown to behsve as

suitable electron donors in a chelate or com;lex formation,

+HES
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METHODS OF JINVESTIGAT ION

Thers are msny physical and chemical propsrties
which may, in principle, bs used to detect the formation
of complexes in aolution., Any physical property may be
used for this purposs, i{ variation in it can be attributed
unambiguously %t specific chemicel interactions. In
genersl, any property of a system which 1s related to the
concentration of one of the species (hydrogen ion, metsl
{on, ligend or the chelate ) involved in the formation of
the chelats may be used to determine the formetion of the
complex in the solution. 3ome of the techniques which have
been used for such studies are absorption by ion exchange (1-3},
pHemessurements (4), polarozraphy (5,6), opticochemical
mothods (7,8), solubility (9), resction kinetics {10) end
slectricsl conductence (11), Among the numerous other
metnods oxidation-reduction potentiala, elscircphoresis,
iaotopic metel or ligend exchange, liquid.liquid partition,
dielectric polarization measurcments, msgnetic suscepti.
bility, heat of mixing, volume chenges, molar refraction,
ultrasonic absorption, ultrscentrifugation, dislysis and
1ight scettering sre useful in epecislised situstions (12),

BH Metric Measurcments

The most widely used end probably the most sccurate
end reliable method for ths determination of stebility of

metal complexes, is the potentiometric messurement of



(RN
o

hydrogen ion concentration., The method may be useod for
sny chelate which 4e soluble in water or in aixed aqueous
solvents in which the hydrogen ion concentration may be
determined potentiometrically. This is based on the fact
that pH of & solution is directly sffected by complex
formetion, since most complexing sgents are also acids
(or oases) and the formstion of the complex 1s accompanied
by the displacement of & proton {decrease in pli) {rom the
scidic lizend, or by & decrease in concentration of the
base., The incressed acidity is » result of competitive
binding tendencies of the two Lewis acids (electron
acceptors), vis., hydrogen and metsl ions, for a Lewis
bese i.e. the ligend. The magnitude of the observed pH
change {or slkali needed to neutralise this pH change) 4o
relsted to the metal-ligand binding tendency and may be
used to determine the stability constants of verious
complexes formed in the systeam,

peterminacion o gtability Constsnts

The determination of stability cunstants is of
primary importance in thy study of chelate compouncs, since
it gives & comprehensive underetandin; of the chelstes and
the relationships which govern their formation and structure,
It 4s also useful in the understanding of its behaviour
in solutfon. Thus the conditions required for the maximal
or complete formation of s complex msy be predicted on the
basis of its stability constents. Since the stability

constant refers to a system in equilibrium, it mey be used
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to calculate the free energy change and other thsrmo-
dynamic functions. The quantitetive measurements of the
tendsncy towsards formation of a complex Spccies 4in

aqueous solution is roprssented by the formetion constant,
the magnitude of which gives & quantitutive measure of

the relative stability of various complexes, The formation
constent is generally teken ss the equilibrium constant of
reaction (8t the given tempersture) in which the complex

{8 formed by the interaction of the centrsl ion (M) and the
ligand (L ),usuelly an ioa .

¥any exsmples of the exiatence of the polynuclear
complexes have been reported but it has beon found that
the complex/chelste exists in a mononuclesr form in e
large majority of ceses particulsrly in diluve solutions,
In & system, which contesins only momonuclear species, the
ion or the molecule M mey be considered as the Central
group of the complex and L is usuklly referred to as the
1igend. The uaximum pumber oi ligends that cen coubine
with one central group is denoted by n i.e¢, the coordi.

netion number of the centrsl atom.

The formation of » mononuclear complex nLh can be

repreaentod as:
{ur}

{K} {L} eef{2.1)
g
Kz @ﬂL& {L} oo (2,2)
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where M may be univslent or bivalent etc. snd L may be
moleculsr or ionic, The charges have been omitted for the
scke of simplicity. The qusntitvies {MLh}, {uk and {Lk
represent the activity of the complex, metel ion and the
ligsnd roespsctively, rx‘ sesnany TKD sre the succesaive
stepwise stebility constsnts (stepwise activit; quotients)
end ten 18 the activity quotient, overall stability
constant or thse thermodynamic equilidrium conatant. From

the equations (2.3) and (2.4)

»

[uig} = 1g {MHIL] = 7 {many] e

- . | and -
Thus  Tg = Tx T, = Ty

© 1

The overall snd stepwise stability constants are

related by %the expresaion:

T p ¢

n
K sl rK . TK -ﬂ TK (2.5)

T « T -
€n ™ 3 ne1 n o °n

K2 *
In the sbove dlscuszion, the equilibrium conatants
have been exXpressed in terms of activity coefficients,
which depend only on the neture of tue reactants and the
products, But it is convenlent t determine the
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concentration;of the reacting species and the resuiting
complex, rather than their activities, It 1s also
possible to keep the activity coefficient, ¥V, of each
species, constant throuzhout s series of measurementa by
the use of a medium with conatsnt ionic etrength, In
such cases, the concentration of the complex f{NLbl snd
the reactants may be expressed in terms of th;vcor;On-
ponding conecentrstion quotients and the stoichiometric

astability constant is expressed en:

U L5 I 0% I " .
B[] [B] 0 M) {4 WLy

(in which concentration = uctivizy/uctivity coefficient,

X

1,.. f).
¥ Y
M Hn-t *
or  Kg=Tg - e = (2.6)
end similerly
(W] o T
fn (u] (L] b0 M, Le

where the square brsckets indicate equilibrium concentration,
K, represents stepwise atoichiometric stability constents
and @, 10 the overall stoichiometric stability constant,
TkLh’ Tye Y, 8¢ the activity coefficients of the complex,
wetal ion end the ligend respectively,

The above dascribod stebility constents can be
calculated by knowing the concentrstion of the complex,
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free liganc and the metal icn present in the 8ystem
with the help of the various methods available, 1In fact,
the stoichiometric stability constenta ars alsc the
thermodynamnic stability constants which are valid for tue

particular icnic strength of the solution.

Therapodynsmic Stability Constant®

The thermodynamic stability constants ‘Tan' T[n. etc.)
which sre wmore importaat from the thermodynamic snd struc-
tural point of view, can be celculested by substituting the
appropriate values of the activity coefficients, which are

seldom sveilable in the equetion (2,6) snd (2,7).

Two principal procedures are mainly followed in
evaluating the thermodynamic¢ atadility consta: ts of the
chelates, Lewis and Randsll (1)) first introduced the
concept of 3onic strength which later received theoraticel
justification from the Debye-Huckel theory., The classical
approach for the sveluation of thermodynamic stability
conatants involves the experimental determination of the
stebilivy constantd in medis of different low ionic
strengths followed by an extrapolation to gero ionic
strength (infinite dilution), For weter soluble chelstes,
it sppedrs to D8 the bLest approsch, 3ome workers (i4) have
used the value of a aingle determinstion and attempted to
corelate this walue to thermodynamic stobility conatant
through the applicetion of the Debye-Huckel theory, In
the second method & constent ionic strength is mainteined
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by swampin; i.0. by the addition of an indifferent
electrolyte in large excess. Leden (15) used 3M u-clob
for this purpose and Schwarsenbach (16) used O.1M
neutrsl salts, while Sillen (17) preferred to uss 1M or
3 NaClO, . This method has cartain lizitations, parti-
cularly because no electrolyte ie absolutely inert {rom
the point of view of complexation and even perchlorste

4on in large excess has becn reported to form complexes (18),

The values of the thermodynemic stability constants
obtained by extrspolstion to infinite dilution may therefore
be considered to be more reliable than the valueicalculated
from the measuraements at & single ionic strength, for they
sre less dependent on the choice of the porsmeters in
equstions for sctivity coefficienta. Therefore, in the
studies described in the thesis, the values of stability
constants were determined et various ionic strengths
(avoiding very large excess of the slectrolyts) and then
sxtrapolsted to sero lonic atrength, It mey be mentioned
that this appears to be a Comparatively better method
particulsriy when the sclutions of the resctants foruing
the chelate are very diluts,

In 1941, Blerrum (4) 4ntroduced the technique of
determining the atebility constents by potentiometric
titrations. Celvin end wilson (19) have shown that pH
messurements made during the titration with slkali of a
solution of g chelating agent in the presence and {n the

absence of the other motal ions, could be used to calculate
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the degres of formation n, the free ligend exponent,pl
and thea the stepwise stebility constant Kn of the
systea, Experimental methods dsveloped by Leden, Bjerrum
and Fronaeous have been discussed by Sullivan and
Hindman (20). Irving and Rossotti (21) have developed a

correction term metliod.

In the potentiometric studies, reported here, the
Bjerrun-Celvin pl.titration vechnique (4,19) s descrived
by Irving and Rossottl (21,22) wae used because it 4s
neither necessary to convert the pH readin;s to stoichic-
matric hydrogen ion concentration, nNor to know the
stoichiometric concentration of the neutral salt added
to maintain the ionic strength constantg, Moresover, the
scid dissociation constants of ths resgents, which are
required in calculstions, are determined under the same

conditions as formation constantas,

Tierations were corried out {n aqueous medis and
sufficient NaCl0, was 8dded to give a definite overall
ionic strength. - The t1Wrant wes Naoh in all the cases.

A large number of vitrationa were carried out mainteining
different ionlc atrengths, different temperstures,
eaploying different ligend and metsl ion concentration

ratios.

To deterxzine & chelste stabliity constant, the
follomwing mixtures were titrated ageinast standarad 8lkaXl, added

in smell increments, and corresponding change in pH was



recorded:

Mixture A : 5 ml of (0.1!*4)}!010‘. + x ml (accordin: to
desired ionic strenith) of 1M HaClO“.

Mixture B : Mixture A + 50 ml (M/200) ligand solution

Mixture C : Mixture J « 10 ml (M/200) metal fon

80 lutian '

The mixtures were diluted with doudle distilied
water to a conatint volume of 100 ml. The metel ligand
retio was kept 8t 1:5, to fulfil the maximum coordinetion
nuroer of the metal, Three titidion curves were obteined:

by plotting pH (B) ageinst volume of alkali added.

Proton-Ligsnd Jtability Constent

Irvine and Rossotti's method of calculation was
used, The everege number of protons attached per ligand
molecule (T:A) can be determined by using the following
equa tion?

(v' = v")(N® , £O)
(Ve vty TL

N, ey (2.8)
wnere v' and v" denote the volume of alkeli required to
reach the ss8me pH  4n titrations of the mixture A ang 3,
respectively, T, 18 the tovel concentration of the ligend,
y 1o the total nuuder of dissccisble protons attached per
11gend molecule, N° and E° are tho normelity of alkeli and

the initiel concentration of tho f[ree acid, resp ctively

Y]



and V° s the totel initial volume of the mixture.

This EA is given by:

- totsl concentrstion of proton bound to ligand
R, = Totel concentration of ligand not oound to metal

cw + 2 cwzf ssssce # chl
= EL'. cu{ +* éwz’ ense @ Cu‘

{2.9)
J

This equation csnh also ve trausformwd in terms of

forration constents I,H. ‘2H. etC. 88 foliows:

H, H, 2 B g

T3 2 ‘1 Ez zﬂ ¢ ssnvee P J ﬁi CH
2 H J

CH % K‘ ‘2 CH P eeve ¥ J ﬁJ CH

H
1 H

K C

T (2.10)

s
>

where J 48 the maximum number of associated protons
with the ligend, If there 1s only cne replaceable proton
in the ligand:

n
H A
1
(nl - 1) CH

which may be written in & simpler way as’

H
log Ky ® log =R | oy ... (2.12)
n, - 1

Thus, the value oI the protwonation constants can
be determined oy suvatituting Aifferent values of EA end

corresponding pi velues in equation {2.12) and then £inding
the average velue,
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The ¢alculationtof the protonstion constants wera
carried out by plotting & graph between n, snd pH, known
as foruation curve of the ligand and various computationsl
methods (21) vis. interpolotion at half n, values, inter-
poletion at various El values, mid point slops method and
lesast square method were agplied to determine ths values

of the protonstion constants,

otile and ability Constants

The stepwise metal-ligand stebility constents were
obtained from the analysis of the formation curves, which
were drawn by plotting n sgeinst plL. The values of n, i.e.
the aversge number of ligends attached per metal ion

present in whatever form, was calculated from the equation:

(v -v") M40, 7 (y oW

(\V° « v*) n, T,

)

n - (2.13)
where T, denotes the total concentration of the metal

present in the solution and other terns heve their ususl

meanings.

Frow the different valuss of T, the corresponding

values of pl, {.8. the free ligend exponent, were calcu-

1ated from the eQuation:

n=j
P Bnu gil(am:uog B)}-n

Nad

pL » dog ; .
10 (T, - 7 Ty, s (2.14)




9]
Gl

where en" is the overall proton-ligend stability constent.

Metsl-ligend complex formstion curves were obtoined
by plotting n va pL. The formation curves, so cbtained,
were theh analysed and stepwise metrl-ligand stebility
constants were ooteined by using various computstional
methods, describaed below:

(1) Interpolstion at Half m Values

According to this method in Bjerrum's approach

when n e 1, K, = ply/s i (2.15)

when N = 2, K2 - pL3/2 { 2. 16)

The vil ues of log K, and log X, (snd hence log p,)
were obtainsd by reading the values of plL, corresponding
to the points where T » 0,5 8nd 1,5 respsctively. Unless
31/52 >> 102'5,th18 very Commonly used approximation, cen
introduce considerable error and in the case of two dissow

cistion constants, it has the disadvantage of using only
two points on the formation curve.

(2) Inserpolation 8t Various n Values

To calculste log Ky ond log Ky, use wes mede of
Irving @nd Rossotti's equation:

log K, = Plyg_q ¢ log (1-d)/d (2.17)



log X, = ply 4 = oz (1-d)/d (2.18)

where 4 12 assumed to be equal to 0,1, 0.2, ...., 0.9 and
values of log X, ond logz K, were accordingly calculataed,
by taidnz th everage of valu:s 8o obtal ned.

The use of these equations over the whole range of
formation curve (0 < d < 1) 1s only Jjustified if
£,/£, > 10° though, in this case, this method s preferaole
to the first method &s it can be applied to ssversl points
alon, the formati i cwve and mean values of K, &nd K,
obtad ned from the resalts, If K,/Kz < 10”, the calculated
values of stability constants show 8 drift which is more

pronounced at lower vslues of d.

(3) Mid-Point Slope Method

At the mid-polint of the formation curve, where

net
1 72 1 & - 2 DL1 (2. 13)
For & system where o = 2, tue following equation
holds good
D e = ——mi2006 ( 2. 20)
(2 - ¥Ky/K5 )

where D 18 the slope of the formation curve at the point
where n = 1,0,
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Applying equation (2,19) and (2,20}, we can
calculate the individual values of log K, and log Koo

This method is only aprlicable wherse K,/K2 lies
between 107 and 102 and it wsos only 8 very small portion

of the formetion curve in the region of the mid-points,

(L) Least Squ:re Trsatment
The originel equation (for ns=s 2),

Hel(R-1) K C o (R= 2K xchz.o

¢an be written o

= (2 - n) [L]
(n~-1) & (n - 1)

Ky Ky = Ky) (2.21)

which is the equation which gives a straigiht line. The
line formed tarough the maximum nuwbder of pointe is used
for evaluation of the experimental deta using the method

of least square .

Evgluation of Thermodynamic Functions

The stability constents of metal chelates are
related to the thormodynsmic propsrtias such es free energy
changs (AG°), heat cortent or enthalpy change (Af) and
entropy change (43) of the system, A knowledge of these
properties is important for getting s complete ides of the
reaction and provides information regarding the nature of

tne bonding betwesn the metal and the ligend.
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The change in {ree¢ snergy of foruaticn ol the

complex cen be cslculated from the relation:

AF? 2 20° a = RT In K (2.22)

wh-r-.m€ is the change in free energy of formation, R i®
the zas constsnt, T is the temperature in °K, of the
system snd X 48 the stability constsnt. The equation

AG° « < RT In K 4s known as Len't Hoff isobheswm:

By finding out the stability conatants at different
temperatures snd plotting log K against 1 /T, the enthalpy
change, AH° of the reactf{on can be calculated Dy using the
following esquation;

2.303 R ¢ - "
21O a (bu% ;o_? Kq)(T4.Tp) (2.23)
2= ¥y

Assuning this to ba constant over tne range of
experinentsl touperstures, the entropy change, 45° ot the
reaction ¢an 8lso be celculated by using the Gi0U 8-
Helzholts equation:

AG% « pH® . T 25° (2. 24)
AH® . 2g°
or A9% o — = e (2.25)

Absorptiometric Me sursments

The formation of e characteristic colour is one of
the important and distinguishing festures of chalate
Ccompounds, Ley (23) used sbsorption ;s ctra to distinguish
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between the frec metal ions and their chelates. The
colour of the chelate compounds is generally accspted,
a3 beinz very significant and tne intensification of
colour 18 ususlly considered &s an indicstion that &

chelate may be preasent.

In recent yesrs, investigations on the absorption
of light heve extensively been used for the study of the
coloured chelsates in soluslon’moltly enploying the
spectrophotometric methods which are based upon Beer-
Lambert's law, which holds good only for monochrometic

radistions.

1
A = log —p— = €Cd (2.26)

where A = Absorbence of the solution
I = Intenaity of the incident beam
I = Intensity of the transmitted beam

C « Concentration of the coloured sudbatsnce
4n moles/litre

d = Depth of the solution traversed by light
in cmoe

€ = A constant, extinction coefficient, whose
value for apecislised units depends upon

the Solvent, temperature, as well as on
the wavelen-th,

In the cases of mixtures, the absorbsnce will be
the sum of the absorbance due to each conatituent.



Discerning the Composition of Metol Chelates

Numerous procedures are known tc have been smployed
succosafully uain; absorption msssursments for the celcu-
lsti n of the composition of the complexes. A urief account
of some of the sethods, used for the prasent atudies, 1s

given below,

Method of Continuous Variastion

Joo's mothod () of continuous variation involves the
use of en additive molecular proparty as a gudde. This
mothod requires 8 scries oi solurimns ol varyin, mole frec-
tions of ths two constituenta wsherein their sum is kept
constent anu varietion of wie physical proparty (say
asusorvance) of the mixtures in terms of the coxpositim 1a
atudied, Ths difference Letweon thae aosorbance of the
complex &nd the total ol %he abaorvsnce of the 1ligzend and
metsl (@ssuming thset there 1s no reduction 4in volume) 4s
plotted egainst the mole {ractiwns of one of the constituents,
The resultin; curve will show @ maximum {or minimum) velue at

the mole fractions corresponding ¢ that in the complex,

Vosburgh end Cooper (25) modified Job's method of
continuous varistion, to study the composition, in cases,
whare more® thoh one Coumplex is formed by conducting studies
at seversl wavelengths, A more senersl trestment eppli-
cable in 8uch cases ia given by Ketzin anc Gedert (26), In

spite of thc criticism of tue wethod by some workers {27«32)



1t 43 agreed, by sil co:.ceruned, tuet the results provide
o rolispl. data when absoroance measurcments ere used,

as the referencs proporty.

Mole Ratio Method

In the mole ratio mothod of Yoe and Jones (33), @
series of solutiocns of mixtures is prepared conteining 8
constant emount of the metsl ifon to that of the resgent.
The curve of th~ asLsorbsnce plotted sgainat the concen-
tration ratio rises linesrly from the origin whon both
the resctonts are cclourlesc &nd breaks sharply to @
horisontol strsight line et ths moler ratic of the
component in tie compliex. However, 2 cComplex that under-
goes appr{iaola diszociation in solution gives a continuous
curve, which oniy becomes ap.roximétoly peralicl to the
molar ratio exis when en eXcess ol vuriable component is
added. This method hss buenl found @ ve more useful in

case of very stoble complexes,

slope Ratio Method

-

In the slope ratlio method of Hsrvey and Menning (34),
the stoichiometry iz arrived at by comparing the slopes of
ghe two streight 1inie plots of the ebsorbance of the
solutions, obtalned by vorying the concentration of the
first component and thon the gther ccmponent in presence
of large oxcess of the second conponent, This method is

more suitiole for the study of less stedble complexes.
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Numerous other methods (35-44) based on absorptio-
metric measurement?® have been smployed for the study of
the complexes, Molland {40) worked out 8 method which is
applicable in ceses where more then one central ion is
fnvolved in the reaction. The method of proportional
absorbance developed by Budesinsky (37) in recent years,
is applicable for establishing the existence of bdinuclear
complexes, formed in solution. The method of Frank snd
Oswalt (36) is effective in the identification of 1:1
complexes., Methods spplied for the investisation of step.
wise formation of complexes include those of Bjerrum (36),
Newman and Hume (4t), Janssen (39), Yatsimirakii (43) and
Nickless and Anderson (45).

ters ti af Stabilit natants

Verious methods have been reported in the litersture
for determining the stabllity conatants (L6-49). A briel

account of some of thc methods used {n the pressnt studiss

{8 described below:

Mole Ratio Method

The stubility constant of the complex ¢sn be

calculated from the mole retic curve (33). The stability
constant K 18 given by the squaetion

- (2.27)



where C is the concentration of the couplex and o is
the degres of diesocistion, which is given by the equstion:
(B, - B.)
R (2.28)

whers 2 18 the shsorbance of th- undissociated complex
(4n presence of sn excess of chelating agent) and E. is
the absorbdsnce of the dissocisted complex (st equiliorium).

Thus for 131 complex, from eguation{(%-17)

(1 - &)
&« C

(2.29)

and for 1.2 complex

K ol (2.30)

o C

Malecular Bxtinction Coefficient Method

The molecular extinction coefficient, s specific
extinction coefficient for a concentration of one gram

mole of the complex per litre snd » path length of one cm

4s expressed 8s:

€ w A/CAd w AJC {wvhan d « 1) (2,31)

where d =» length of the absorption call in cm

C = concentration of the complax in gram moles/litre
A = 8dsorbdance

and € = molecular extinction coefiicient.

The formation constent K is given by
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b 4
(2 « mx)® (b - ox)?

K= (2.32)
where 'x' {.,e. C in equation (2,31) is the concentration
of the complex st equilibrium send *a' end *'b' are thas
initiel concentration of the metel ion and “he chelsting

agent.,

THEZ PRESENT woRK

Among the chromogenic ligands, many dyes are of
considersble interest on account of their tei.dency of
foraing metal-dye complexes, in solution., The chsnge in
colour by interaction between & metal fon end a suiteble
1igand forms the basis of chromogenic reactions, in which
medsurement of abveorption of light iz possible,

The complexation resctions of three ligsnds, viz.,
Aliserin Red 3, Nitrosc-R-Salt end Riboflavin with some
bivalent metsl iomns 1.8, lead, copper, zine, cad aium,
mercury, nickel, cobilt, beryllium end ursnyl have been
undertaken. Structures of the lizands may be represented

28
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In spite of conasiderable smount of work reportel
regerding their use as analytical resgents, not much
information regarding their hjvslent metsl chelstes is
available, Hence, the aim of the present wWork hes beett to
{nvestigate systematically the composition, stability and
thermodynamic functions of bivelent metal chelates formed
in the solution. Attsmpta have slso been made to find
gurther spplications of the reagents in the photome tric
determination of metal ions. 3Stepwise stability conatants,
thermodynsmic stability constante with their thermodynamic

functions have slso been found.

Some of the aims of the work presented hate areg

1, To find out the stepwise protoneligsnd and metal-ligand
stebility constants, using p-titration tachnique.



2o

de

b

5e

6.

7
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10.

11,

To deternine the effect of ionic strength on the
stability of the chelates and then its use for the
calculstion of thermodynamic staoility constants,

To determine the stepwise thermodynamic functions such
88 {ree energy of formastion, enthelpy and entropy change

during the formation of the metal Chelates,

To study the order of atability constants amongst

bivalent metal ions,
To study the couposition of tho metal chelates,

To determine the stability constants of the chelstes,

using adbsorbance date,

To atudy the effective pl-renge for the stable existence

of theae chelates,

To f£ind out the usefulness of these chelatin; agents
for the spectrophotometric micro determinastion of

metals,

To £ind out the interference of various foreign ions
and their tolerance limitcg

To £ind out tho corelstion between the ioniszation of

the ligands and the atability of the cheletes formed.

To study the variation of stadility constent and the
thermodynemic functions with the properties of metsls
like electronezativity and ionisstion potentisl,

36
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PART A

POTENTIOMETRIC STUDIEY

Aprarstus

A Beckman pH meter (Model H2) with a glaes-colomel
electrode sesondly was used to determine the change in
hydrozen 1lon concentraticn. Chocks were made using a
standard Beckman buffer sclution before each titration,

A Forma Sclentific (Model 2095) precieion thermo-
stat was used to circulute tie water al a constent tempe-
rature, A Specislly fabricated doubls walied beaker wan
used for titrations. The water al a constant tempersture
was circulsted through it to maintain ghe tempe rature of

the titrating mixture constont within a ranze of £0.1°C,

All the chenicals used were of 'AnaslaR' or reazent

grade purity. All the soclutions were prepered using cerbon
dioxide free, double distilled water,

Sodium hydroxide wes diesolved in double distilled
water 8nd wAs kept overnight gver lime, The solution was
filtered and atendardised egainst a standsrd oxelic acid
solution. Perchloric acid (Reidel) was staudardised uaing
thies NaOH. Sodium perchlorate (Heidel) solutions wers
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prepared by directly dissolving Jn double distilled wéter,
All the solutions of tue ligands and metil ions were

prepsred in aqueous redis and stendardised by usuel methods.

Frocedure

As alresdy menti-ned, Bjerrum-Celvin pH-titration
recinique as modifie’ by Irvin- end Rossottl wes used for
all these studies, A number of titrations were carried
out mrintoining different icnic strengths and different
terperstures to calculate tﬁé thermodynamic stability
coistant: and verious thermodynsmic functions. The

following thre  titrations were periormed in each case,

Mixture A

5 mi HCLOL (O i) « X 1l of NICIDb
pixvure B ¢ Hixture A « 50 mi of ligand (M/200)
Kixture B + 10 ol of metul fon (M/200)

Mixture C

(The volume of sodium perchioretc is dependent on the

jonic strength to be maintained),

Double distilled wotor was added {n ell the three
pixtures to make the volume as 100 ml, Th: metal-ligend
rotio woe kept 8t 1:5, to fulf1l the weximum coordination
number of the metol fon. All the thres mixtures were
elerated with progressive addition of a atandard NeOH
solution (~1H)} 1z emall dncrements using » miors buratte,
The corresponding change 4{n the pH was observed and
raecorded. First of sll these three titrations were

periormed &t 8 fixed temperature but at 5 different danic
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R A

strenzths vig, 0.02, 0,05, 0.10, 0.15 and 0.20 to get the
thermodynamic atability constants and then at @ {ixed
{onic strength end at five different tempearatures viz,
10“, 20°%, 30°, 40° snd 50°C to determine the various

theormodynenic functions.

Stepwise protun-ligand and metal-ligand atabllity
constants were determinec oy enalysing the formuation curves
usin, the following computational methods:

1. Interpolstion et half n velues

2, Interpolation at various n values
3. Mid-point slope method, and

L. Lesst square method.

After getting these stepwise stability constants,
verious thermodynemic functions 1,e. chonge in free energy

of formation, enthalpy chenre and entropy change were

determined by using the method as described esrlier,

PART B

ap SCTROPHOTOMETRIC STULIES

ns en

All absorbance measurements were made on ULV-¥1S
Hitachi Perkin Eluer spsctrophotometer {Model 139) using
ons cm netched quartz cellis, equip;ed with thermopletes

to stabilize the temperature of the cell holder. pH wes
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mecsured on a Beckman pH-meter (Model H2) with @ gless-

calomel electrode assembly,

Chemicals

All the che-icals used throughout this work were
of 'AnslaR' or reagent grade purity, Doudle cistilled
water wés used to prepare #ll the solutions. Aqueous
sclutions of ligends wero used. Stock solutions of
divorse lons were prepsred from the sslta of the corres-

ponding metals,

Conditions of Study

The optimum conditions of study wers worked out
first, in order to ensure reproducibdle resulces. The
individual solutions and mixtures were kept 4n #» thermostat
miinteined at the temperature et which the studies were
carried out, for helf an hour to sttaein the squilibrium,
pi of all the solutions was adjusted oy usin- en appropy-

Aiate wuffer,

gffect of Tire and Tempersture

The complex formation was found to be instentaneocus
in all the cases studied, 1¢ was alse cbaserved thet there
was no aigniricant change qn absorbance values even after
six or eight hours, , The temperature chanje had a little
or no effect on the absortence of the couplex, The order

oi addition of reegents did not have ény ef{sct on the
absorbance of the chelates,
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Bffecy of pH om Aoz tigl ~oectra

In order to atudy the effect of pH on tha absorbance

c. the chelsts, a series of solutiona conteining a fixed
amount of metal and ligsnd were prepared at dif{erent pH
values, The pH of the solutiocns were adjuated to the
required value using HC1l end NeOH and the total volume was
kept constant at 25 ml, The ebsorption spectra were
racorded, The pH ran-e i{n which the complexes w~\istable
was found out and the measurecencs were msde st 8 fixed H
(by employing sultuble buffer) tc aveld eny error due to

pH variations.

Nature of the Comylex Formed

The method of Vosburgh and (ocoper was exployed
to determine thc neture of the complex, in soldution,
Several mixture® containing various proportions of metal
and ligend (130, 1%, 132, 1:3, 134, etc.) were prepared
and then the absorbance was mensured at diflerent wave.
lengths. The nunber of shifts in the Apmax, °i$’rly
indicated the nunber of complexes formed. Inpthe cases
studied,only one shift was observed indicating that only

one complex was formed under the conditions of study,

Stoichiometry of tho Chelate

Iu order to obtuin the coxposition of the chelate,

in solution, three indepencdent mothods were spplied:

1. Continuous veristion method
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2. Mole ratio method

3. Slope ratio method

It was considercd desirable to use ssversl inde-
pendent methods for sstablishin; the composition to
arrive at a relisble composition. It has been found thag
sll different mothods reported here give results which

sre in good agreemsnt with sach other,

Cvaluscion of Stebility Conatent

The staebility constants were deteruined by the
methods already described, viz.,

1. Mole ratioc method

2, ¥olecular extincction coefficient method,

In order ¢y gugein the therwodynamic atability
constant, the Btability constantSat variocus icnic strengthe
were calculated and then the thormodynamic etability
conetont was calculated by the method of extrapolstion of

log K %0 zoro {onic strength.

Evaluetion of Thermodynsmic Functions

The free energy of formation of the chelste was
calculated by using the equation (2.22). In order to
determine the enthalpy and entropy changea during the
Complex formation, the stability conatents at different
temparatures were determined. 3ince the plots of log X

V3 1/T showed no significent departure from linearity,



Al was assumed to De constant over the teuperature rauge
studled., AH of the reaction has been calculsved by using
the equation (2.23). The entropy change (AS) of the

reaction was calculated by using the equation (2,25).

Analytical Appligations

In order to study the enalyticel spplications of
the chelate, tia follow'ng factors were looked intos

zflect ol reagent cuncentration

The effsct of chanzes in th. concentration of
ligend on the apsorbence of the ¢helate at suitadle pH was
deterained at )\ .. of tue chelete. It was oovserved in all
the C&8e2 that the abscroance increases with increase in
the reagent concentration, hence the reagent concentration
was kept Constany, The concentration ol the resgent,
@s38entidl for the apectrophotometric determinstion was
found out and the detorminstions were maéde under those

conditions,

ﬁgﬁ!lg—lﬁ!_lud effective photometric rsnge
The ran-e of concentration for adherence tc Heer's
law (in prm) was determined by plottinz a c¢alibration curve
botween abscrbance of various mixtures and the amount of

Retal 4on (4n ppm).

The effective photometric ranie was found out by

plotting the Ringbom plot betwsen the percentage



tranemittance and the logarithos of p;m of metal ion and

notin the renge in which t.¢ curve records a stecp riss,

Sensitivity and molecular ex

The sensitivitics of the colour reactions have bacn
determined as defined by Jandell (50) in vg/cn2 based on

am absorbance oi (.01 unit,

The molecular extincti-n coefiicient wes calculated

for esch of tuc syatemsinvestigated, &t the Apax of the

chelate.

nffact cf diverss ions

The effect oi diverse ions, in all photometric

determinstions, was investigated with & scluticn cuntsining
@ known emount of metal ion end diverss f:n, The pi was
adjusted to the required velue, The tolarance limit was
calculated in sach csse. The tolerance limit is defined

as the concentration of tho diverse {on whieh affects the

absorbance of the system by less than %39,

Hegroduc;bili ty and praeision

The reproducibility end sccurecy of the method was
studied by &nalysing the solutions conteining different

known awounts of the metal don in pra.

Thus the metal in the given alloy or ore, can essily

e determined by thess methods avoidin, the long and tediocus
wWet chemdstry methoda,
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CHAPTER 111

POTENTIGMETiIC _STUDIES
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Q1

UTONTIOMITHIC STUDIES

It s &8 well-known observetion that formation of
a metsl complex often results in the drop of pH or
increase in scidity of the aystem, The increas-d acidity
4s @ result of competitive binding tendencies of the two
acids (electron scceptors), viz,, hydrogsn and metal ions,
for a base 4,8., th- ligand, Thc megnitude of the
ocbserved pH change (or slkeli needed to neutreliae this pH
change) forms the basia of one of the well established
methods of dsteruining the stsbility constants of the

metal com;lexes formed in tie Systém.

While workin; on Alisarin red 3, Nitroso-R-88l1lt and
Riboflaevin, it waas felt ol interest to atudy the stepwise
2‘9 2+

E ] ]

stapility constants of Pb“*, Cu znzv. Cdz’, ng’, Ni

2
Coz+. 3e%* and V05" with these ligends, potentiometricselly
since no work secma %O have been regorted in litersture

on these deterainestions,

The detsils of the methods followed hsve been
elsvorstely described in Chapter II, 3jorrum-Celvin pHa
¢4 tration technique as used by Irving and Rossotti wes
employed for these studies, All the calculations of n,,

n end plL ware wade on T Computer 1130, and checked
against’hmmuuﬂ1031Culrtiona.



Ge _ALIZ/GIN RDD

Introduction

A nurber of hydroxysnthraquinone dyes heve been
used, for their chromogenic beshaviour, as 2 spaectrophoto-
metric resgsnt for metal fons, The chelatin: rop-rties
of th: dyes of this class sre due to the presence of = 0
and =04 groups in adjscent positions which offer suitable
coordinati n sites, Leibhafeky and Winalow (1) studied
th f.teractiocn of sgirconium wit. Alizerin (1,2-dihydroxy-
anthregquinone), Purpurin (1,.,4k-trihydroxysnthraquinone)
snd Cuilnelizarin {1,2,5,8«tewahydroxyantiraquinone).
Though the latver two &re more senaitive than Alisarin
towerds caetions, they show large deviastions {rom Jeer's
law. The deviations in these cases are attributed to the
scottering of light by the comps rativaly lerger gmrticles

of the dye molecules,

During the earlisr poriods, on the studies of metsl
dye cholates, there yao & confusion sbhout the nature of
pasociation of the dye with @ metal ion. 3eversl workers
1ike 31its (2), Veiser and Porter (3) considered these as
adascrption compounds, On the other hend, Leibermsnn snd
werner (&) regarded th:se as definite chemical compounds
which hew subsequently been susstentiated by tho studies
of Lelbhafsky and vinslow (1), Gubli and Jacob (%), who
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o)

founa t.at the ratio of the reactants were stoichiomstric,

It is intercsting toc note that nui-8wichiometric Cuupow
sitions for such complexes was found by workers like

green (6), Meyer snu Jredshew (7). lLarsen and Hircsawe (8)
sturibute | these deviations to the hydrolysic ol metsl

ions. Dey en. coworkers (9) esphasised the nature of the
dyes &s colloidal electrolytes a»nd expleined deviations

from stoichiometry due to this espact., They also
recommended the use of very dilute solution for elucidstin:
the true composition of complexes by absorbance measuremonts,

under which condiction stofichiometric results ere obteinable.

In spite of the sexcellent chromcgenic properties of
Aliserin, its use is limited due to {ts low solubility 4n
water {1 part per 200 psrts of water), The sulphonsted
compound is more soluble in water and possesses adiitional
resctivity., Jodium-1,2-dihydroxyantiragquitions-3-suliphons e
hes bean therefore widély used as a caromogenic ligend,

The compound wéy L€ representsd Dy the following structured

T
/;\ P

l/:‘/) \‘W/ \'/ /\*}-\s}»ou

3 -:\ o = : v/':/.' So'_l. Na

Comronly Known 8s sodiun 8lisarin.j.sulphonate (urivisl
neme Alizarin Red S; abireviated as AR3).
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nhilst consideracle work hes be.u done on the
8 sctrophotimotric studies of metal cheistes of ARG, DO
worx on the study of tie stepwise formation of bivalent
metal chelotes of ARS have been reported in livcoroturs,
Therefore, the present work war underteken end the Chelg-

tion reactione of ?bz', 0u2’, an’. ng', Riz’, Coz‘, Be**
and UOQ‘ in squoous medium, at verious ionic stren -ths and

tomperatures, have been studied.

Ap_sratus

A Beckman pHemeter (model Li2) with a gless~calomel
electrode assembly wes used tc deteruine the change in
hydrogen ion concentration. Chucks were nads using
standard dsckmen duffer solution before eacy titracion, to

eusure reproducliblility.

For the temperasture studiec,a double walled berker
with one inlet and & outlet, connected to & Forms dcientific
(Model 2095) thermostat whs used to meinteln the desired
temporature. Water at constsent temparsture was circulated
in the outer Jacket of th double walled beaker to mesntain

the temperature of thes mixture within e range of 0,19,

All the chemicals used vere of 'fnalaR' op res ent

grade purity, An squesus solution of AR (BDW Indicator)

wes used, IUH 'AnglaR? gréde lead nitrags, cupric



Hj Cl_;, NSy, (-L 0y,

cnloride, ainc sulphate,\uranyl nitrate and A.,u. Fluka
beryliiun chloride were used in these studies, Reddel's

perchloric scid and sodiuc perchlorste were used,

All the solutions were prepé red using co2 frea,
double distillied water. So iun hydroxide wes dissclved
{: weter and was kept overnight over lime. This sclution
was {iltered snc atsndardised sgsinot & standard oxalic
scid solution. The oversll ionic strencth was maintained

by usin- sodium perchlorste solution,

procedure

Bjerrum-Calvin pH-titration technique as used by
Irving and Rossotti was employed for these studies. Tho
detells of the methods fcilowud havebeen elaovoretely
descrined in Chapter l1l. A sultabdle program was irsmed
in the I Computer 1130 for the calculations of varicus
values of m,, n and phb. A Rusber of titrations were
carried out maintaining different ionic atrengths and
teaperatures, To determine the chelate stability constant,,

the folliowing three mixtures were titrsted:

Mixture 3 3 Mixture A o 50 ml of ligeand (0.0025M)
pixture C ¢ Flsture 3 &+ 10 ml of metel ion {(0.002%¢)

(The volume of sodium parchlorste depends upon the ionic
strength to Le maintalned).



The volume of all the mixtures was maintained at
10u @al. The mixturea were tiwrated with progressive
sduivion oi NaUh solution 4in sceld iacremects. The corrca-
pondiny chenge in the pH of .he mixture was ouserveu and
recorded. Th wmetsl-ligena ratic was kept at 1:5, W

ensure meximum coordination witi the matal don,

Thess three titrations were perforned witi the

2% P, “
eight metsl ions under study, i,e., PO™*, Cu™®, zn“*, ng’,

Niz’, Coz‘, 3e%* and Uog? at various ionic strengths i,e,.,
0.02, 0.05, 0.10, 0,15 and 0,20 by keepling the teapersture
corstant i,c. 30°C to set the thermodynsmic stability
constants. Then theac titretions were erformed at five
difrerent tempoer tures 1,e., 10%, 20°, 30°, L0° and 50%
by keeping the ionic strength conatent i.,e,, 0,10 to

calculate the varjious thermodynamic functions,

BESUATY

The ph readings were plotied sgainst the volume of
NaoH added, The titration curves thus obtained at five
jonic strengths vis. 0.04, 0,05, 0.10, 0,15 and 0.20 have
becn gmpnically represented in {igures A and B in

Plates 1=5.

Curvis 1 and 2 in figures repressnt the titration
curv:s of the solutiona containing perchloric acid and

parchloric acid + ligend respectively,



The adcitional amount of NaQli necded tc obDtain the
saue pi 4n presence of metal ions 4s clearly due to the
liperation of hydrogen ions by complex formetion between
the ligend and metel ions. It is seen that the titration
curves in absence and presence ol metel ions slmost
coincide st higher pH velues at wiich the reagent is
completely fonised, This shows thet tho metal complexes
are not hydrolyeed even at higher pH vslues,

Proton-Livend System

In order to cslculete tho metuleligend stubility
constants, it 1is necessary to determine the proton-ligsnd
stability constanta., Alisarin red S possessea two

ionizsaole hydrogen stoms, in the two-OH sroups,

The observetions made during the titration of
mixtures A end B containing perchloric acid alone snd
perchiloric acid plus ligand respectively, have been
utilises to calculate tho formavion constants of proton-
1igzend systems. The titration curve 2 in Figure & of
Plate 1-5, shows two inflections., The difference in the
volume of NaCH used in caese of curve 2 8s compered to
curve 1, to heve the same pli-meter readings, is clesrly
due to the neutrslizetion of ARS, Two inflections show

thaet dissocistion of two hydrogen ions ¢sn only tuke

plece in the range of pH in which titration is carried out,

ol

(8D



Calculation of EA values

As only two hydrogen ilons are liserated during the
titration, th. vaiue of y in the equation odelow cen thus
be 2. The expresscion for n, would be, 8s uscd by Irving

and Rosotti

Rywyo—dlovnl®s B0 (3.1)
(V0 e v") T
where TL is the total concentration of ligend, E® 18 the
initlal concentrstion of the perchloric acid (0, 11), vo
fs the total initial volume of the solution (100 ml),
N° 4s the normslity of the sodium hydroxide snd v' and v"
ere thr volumes of spdium hydroxide added in absonce and

in presence of the ligand for the same pH meter resdin §.

TL. E°, N° eni v° are known and the valuc of E*
can be calculated with the knowledge of v' and v". n,
values 8%t verious pi values wore celculeved and repre-
sentstive results sy jonic strength 0.05 only, are

presented in Tayle 3.1 to reduce the oulk of the thesis.



Tomperature = 30°c.
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Fig. D

Fig. ©

Fig. F

plate No, 1

Ionic strenzth » 0,02

Titration curvea:
(1) HClob (2) HCloh + ARS

Formetion curve ol proton=iiS system,

Titration curves of ARS metul chelutes:
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Taole 3,1

T, = 0.0025 N° = 0.34013
v° » 100.0 Y =20
¢ = 0.05 Figure = Plate 2,3
S.No. pH v? L 8,
1. 2.0 0.712 0.962 -
2. 2.2 0.728 0.978 1.6341
3 - 8 0.738 0.998 1.6290
los 2.6 0.876 1. 201 1.5081
5. 2.8 1,025 1.400 1.3631
G 3.0 1. 200 1.580 1. 3404
7. 3.2 1.280 1,678 1.3097
8. el 1.331 1.735 1.2997
9. 3.6 1.369 1.779 1,2895
10. 3.8 1.391 1.811 1.2724
i1, b0 1.410 1.832 1. 2690
12, - 1,418 1,850 1.2518
13. Lol 1419 1.859 1.2379
“. hob 1.419 1,868 1,2223
15, Led 1,420 1.875 1.2120
16. 5.0 1420 1.890 1. 1860
17. 5e2 1.422 1.900 1.1721
18. Sele 1.424 1.913 1. 1531
19. 56 1,427 1.933 1.1217
20. 5.8 1.L<9 1.958 1.0839

( Contd. )




table 3.1 (Contd.)

S.NO. pH v?
21, Va0 1.427
22, 0.2 1.430
23 Golo 1.430
2se 6.6 1.432
25. 6.8 1ok 3k
e 7.0 1.437
27. 7.2 1.439
28, 7.4 1.440
29. 9.6 1,420
30, 7.8 1,442
1. 8.0 1oLh5
3z, 8.2 1408
33. 8ebo L YRS
s BeC 1.451
- 8.6 14451
%, PeC 1.453
37. Pel 1.455
38, Dole 1.459
9. 9.6 1.460

L0+ 2.8 1.47C

o 10.0 1,482

425 10, 2 1. 502

AN 104 1o 537
bl 10,6 1.390

vt n,
1.963 1.0400
<.0U2 1.0U9%
2.025 09096
2. 0b5 0.9367
2,059 0.9177
2,070 0.9039
2,080 0,8900
2.089 0.8762
2,095 0.8658
24 100 0.8606
2.102 0.802h
2. 106 0.8607
2. 110 0.8555
2,114 0.8521
2.120 0.64L17
2. 127 Q.8331
2. 135 Q.8427
24 Wk 0.8141
2,157 0.7933
2,175 0.7756
2. 200 0.7572
& o2 Ce P53

<o OO Qe 7762
2o 354 0.C790

(Contd, )

al



Plate Vo, 2

Tenperature = 30°C

Tonic atrength = 0,05

Titration curves .
(1) Hclu,. (2) HCLO, + ARG

Fig. A 3

Fig. B ¢ Formation curve of proton-AiS system.

pig. C ¢ Titretion curves of ARS metsl cheletes:
(3) ARS only (&) PL-ARS (5) Cu-ARS
(6) Zn-ARS {7) Hg-ARS

Fiz. D ¢ Titration curves of AR® matel chelates:
(8) Ni-ANY (9) Co=-ARS
(10) Be-ARS (11) uoz-.t.ns

Fig. B ¢ Formation cirves of AHRS motal cheletca:
(1) Po-Ai3 (2) Cu-sRY
(3) Zn-ARS (L) Hg-ARS

Fig. F t Formation curves of AR2 metal ¢holatves
{5) Ni-ARS (&) Co-ARS
(7) Be-AR3 (8) U0 4-ARS
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Table 3,1 (Cont.,)

el O, pH ¥ v" n,

L5, 10.8 1.071 <eby53 06455
46. 11.0 1. 800 Lo Oly O 5472
L7, 11.2 1.935 2.799 0.4<34
L8, 11.4 2., 100 3.020 0.3310

The proton-ligsnd formation curves were obtsined
by plottine the maphs in vetwe:n n. snd pH, Various
computational methods viz. interpolrtion st half 7, velues
(), interpolotfon et various n, values (V) and mid-point
slops method (M) were spplisd to determine tho stepwise
protone.ligsnd stsbility constants at different ionic
strengths. The thermodynsmic stability constants wers
obtained by extrapolseting these velues Lo zero ionic

strength. These values are preaented in Table 3.2,

JTable 3,2

Proton-ligand atebilit. constonts ag
verious jonic strengths

H v M Kean
B e 0.02
log K, 11,06 11,06 11,14
log K, 2.50 2,48 2,52
log €, 13.54  13.54  13.66 13. 58

(Contd,)



Table 3,2 (Contd,)

a)
[N

R v M Hean
Uw 0005
log K, 11.01 11.05 11.09
log X 266 238 230
log 63 13,47  13.43 13,39 13.43
BRo= 0. 10
log X, 10,68  10.89  10.96
lo; K, 2.58 263 259
loz €, 13.46 13.52 13.55 13.51
p L] (J.‘S
loz K2 2.33 2,27 2.15
UV e 0.20
loz K, 10,32 10.29  10.34
log K, 2.6 236 2,29
V= 0.00
(8y the method ¢f extrspolavion)
log Kz 20%

log §, (exptl) 13,69
log @, {(calc) 13.67




atnl«Ligand Systems

All th- celculetions of n and pL were made on I

Comouter 1130.

For s metsl cowplex or chclate formation, taking

place in steps in 8 homogensous sclution, the svep forustion

constants are given Dy:

an
Kn - C},v‘ ‘n - 102 ----- N) (3.2)

L b

where K, is celled thg nth wmetal-ligand atability constant.

’n the present casse, the formation constsatsheve Leen
ovteined oy snslysis of the foriation curves obteined by
plotting h against pL. The velues of n i.,e. the sverago
nunber of ligends etvached per metal lon, is calculsted
from the equation:

(v" - v")(ﬂo + E9) TL {y - Ek)

nwe—

= (3.3)
0 r

(V QV)nAoTﬁ

where T, denotes the total concentration of metsl present

{n the solution and the other terms hsve their ususl
moenings.

The free ligend exponaent, plL heé veen calculated

from tne eguation:

6 e bl D ceenr o

- X389
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Fig. C

Flg. D

Fig. B 3

Plate No, 3

Temporature e 30%¢

Ionic strangth = Q.10

Titration curves:

(1) HCJ.O“ () HClOk * ARS

Formution curve of proton<ARs 8ystem

Titretion curves of ARS metel chelates:
(3) ARS only (L) PbeARs (5) Cu-ARs

(6) Zn-ARS (7) Hg-ARS

Titration curves of ARS metal chelatos:
{8) Ni-ARS

{9) Co-aRs
(10) Be-ARa

{11) U02-ARS

Formation curves of

ARS moval Chelatags
(1) PO-ARS (2) Cu-ARe
(3) ZneARrs (&) Hg-ARS

(5) Ni.ams
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1 4] L
where ¢, end €,  @sere the reciprocal acid dissocistion
conatants of the ligsnd., Results obtoined ere presented
in Teoles 3,3-3.6 (only representative results i,s. ionic

strength 0.05, are given to raeduce the oulk of thg theasis),

Teole 3,4
Ty = 0.00U25 T, = 0.0005
N® = 0.34LG13 v = 100.00
u = G.05 Figure « Plste 2,E
Lesc {11 Cop, er (T1)
S. No. e i
n pL £ pL
T, 04 05 11.520 0. 112 11,783
2. 0.430 11,332 0. 365 11.333
3, 0.610 11,431 0.478 11,131
L. 0.72b 10,967 0.608 10.929
5, 0.808 10,756 0.738 10.718
6. 04846 10, 549 0.879 10, 545
7. 0.915 10.351 0.986 10.398
g. 0.937 10, 149 1,112 10,172
, 0.951 9.954 1,182 9.981
o 0.952 9.369 1,241 9,769
G.971 3.612 1,311 9.301
1 0,986 7.634 1.432 8,784
e o 066 7,369  1.ho? 8,333
13. 0. 967 64599 1. 540 7.593
e 3,022 64392 1,579 Tk b
125 1.097 6.151 1,612 7,214
tes 1.183 5.992  1.6b1 7,006
17 1,236 5,785 1,695 04862
18, 1,318 5. 567 1.721 6.639
o 1,352 5,398 1,755 6,003
20, 1497 5,101 2 ”
21, 1.619 L.762 - -
22, gl




r%
®
o
=
C

T, = 0.,0025 Ty = 0.0005
R = 0.34013 v® - 100.0
u = 0,05 Figure - Plste 2,E
Zzinc (I} Mercury (11
S. Ho. e g
n ple n pb
1. 0.035 10.061 0,091 10.482
26 0. 104 J.604 0. 141 10, 287
3 0. 152 97l 0. 159 10.071
be Q. 258 J P8 0.230 Je 501
Se Oeb 27 Fe311 0.272 Je 298
6. 0.022 Je 112 0.315 3.091
7. 0,818 6.921 0.352 8.902
& 0.955 8.772 0.470 8,699
9. 1,087 8.551 0.623 8. 501
10. 1. 139 8,382  0.741 8.333
11. 1,176 8. 198 0.823 8. 167
12, 1,219 7.9%8 0,951 7.956
13. 1,245 7.810  1.11 7. 504
0. 1,341 7452 1,281 6.932
‘5. 1,430 7.001 1,392 6.672
6. 1.579 6.812 1.473 6elst
.y 1,512 64601 1,588 6,003
16. 1.565 6. 209 1.682 5.612
1,641 6.003 1.809 b.80b
19
1,762 5,672 . -
20. ”
‘ 1.790 5,281 - -
ny 1,831 5,071 . -
22. *

/

_————-/



Tgble 3.5
T, = 0.0025 T,, » 0.0005
N° « 0.34C13 V2 = 100,
u = 0.05 Figure - Plate 2,F
N Nickel (11) Cobalt (I[)
B ) n pl n pL
1. 0. 101 10.911 0.061 10.463
2. Jo Yo 1U.312 0.092 10, 285
3 0. 179 9,869 Ue 218 9.693
s Ve 92 b2 0. 297 Pel93
S 0.450 Je B9 Qb 1h Fe 299
6. 0. 572 9. 253 0.512 74100
% 0.711 Go 1) 0.657 8o P2
8. 0.831 8.942 0.048 3,751
9. 0. 960 8o HL9 0.967 8,552
10. 1.061 7,762 1.0b4 8.346
11, 1,112 7,362 1,145 8. 194
12. 1,169 7,181 1,238 7,989
13. 1.301 6.812 1.363 7.587
e 1.343 6.611 1.392 7.401
15. 1.b62 G.b12 .42 7.061
16. 1. 545 5,898 1.469 6,621
17, 1,656 5,545 1.492 6,198
il 1,692 5,261 1,589 5,812
19. 1,717 5,008 1.651 5,631
20. 1. 764 L.C2d 1.723 540
o - 1.79¢ 50223
<1, . - 1,853 4,851
22



Table 2,6
T“ L2 0001&,25 T. = o.ooos
N° o 0.34L013 v® = 100.00

” bd 0005

Figure - Plate 2,F

jerylliun (I1)

Urenyl (1I)

. NOW - —
n pl n pL
1. 0. 128 11.761 0.021 12,152
2. O 147 11,542 0. 203 12,071
3. 0.197 11.090 0.353 12.060
L. 0. 271 10,742 O.b99 11.876
Se 0.k 20 10, 291 0.702 11.783
0. 0. 560 10. 111 0.852 11.511
7. 0.0682 F.931 1.013 11.172
8. 0. 6Ok 9,722 1.096 10. 501
9. 0.885 9o b5 1. 179 Feb53
10. 1.012 P 367 1. 221 8,012
11, 1.061 94171 1. 26 7.837
12. 1. 149 8.987 1.273 6.599
13. 1,211 8,761 1.307 5.573
15, 1.283 8.211 1e302 5. 201
5, 1.333 7.812 1,383 bok21
-~ 1.4,22 7. 201 1.452 b.002
17, 1.4 5h 6,804 1.553 3.362
18. 1.493 5.999 1.6bL2 3.001
19. 1.521 5.613 1,755 2.L98
0. 1.576 50199 - &
a1. 1.649 L.E11 - -

66
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Fig.

Filz.

Plate No, 4

Temperature = 30°C

Ionic strength = 0.15

Tiwration curves:

(1) HClO, (2) HCLO“ + ARS
Formatlon curves of proton-ARS systen

Titration curves of ARS mstal chelates:

(3) ARS only (4) Pb.aRs {5) CueARS
(6) Zn«ARS (7) Hg-ARS

Titretion curves of ARS metgl chelates;
(8) Ni-ARS

(9) Co-ans
(10) Be-ARS3

(11) UOZ-ARB

Formiuion curves of

ARS mets) Chelates:
(1} Pb<ARs {2) Cu-ARS
{3) ZneARs {4) Hg-ARS

Formavion curvea of ARg metual Chelagoes:
(5) Ni-aRS .

(6) Co~aiis
(7) BewaR :
3 (8) Yo_-ans
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The metsl-ligand formntion curves were ootuined
by plottin: n a ainst pl 8nd were snalysed, es ususl, by
using various computational metnods referred to earlier.

The reaults obtoined heve been tebulated in Tavles 3,7-3.1L.

Taole 3.7

Values_ of stability cor stunts of PbaARS
chelate at various ionic strengths

Tonic
strength log K, H v N Meen
log X, 11,20 11,16 11,21
0.02 log K, 5.0L  5.06 5.0k
log K, 16,2 16,22 16,25  16.23
log K, 11,26 11,21 11,20
0.05 log K, 5. 11 517 5¢ 11
log KC 160‘03 16039 10."7 '6.‘&3
0.15 log Kz 5. 25 5-31 5.%
‘ - 1 * .
e
[ 11. 8 ".
.65 5.62 s. 52
8; %0 iy 5 17.00  16.88 6
l‘ L s 1 . 6
102 xc 16.99 ) - 7
/



Table &

Vplues of stevility constants of Lu-ARS
chelote ot various ipnic stren;jths

-——

Ionic y
strongth log Kn H v ] Mesan

log K1 11,03 11. 16 11.07

0.02 log Kz S B.7h 5.65
log Kc 12.77 19.90 19.72 19.80
loz K‘ 11.10 11,13 11,15

0.05 log Kz 8.12 8.26 E.14
lo: Kc 19.22 1339 17.28 19.30
log K, 10.91 10.90 10,93

0.10 loz K, 8.31  8.26 8,31
log K, 19.22  19.16  19.2% 19,21

0.15 log X, .40  B.32 .03
los K, 19.11 1903 19,17 15,10

log K, 18.94 18,89 18.90 16.91




Values aof stznility constants of Zn-AR3

Table 3.9

chela.e ot various ionic strengthe

Ionic

Qog K

strength o H v M Mean

loi; K1 9.10 9.13 9-09

0.02 log K, 6,70 072 6.
log K, 15.80 15.85 15.83 15.83
log K1 9. 22 325 9.19

0.05 log X, 6.72 6.83 6.69
108 KC ‘5.9‘. 16.08 15063 15097
108 K1 90@ 9.3" 9-2‘0
log K, 15.99 15.96 16.02 15.99
log K, J.2h 9.39 2.33

0.15 log K2 6.69 G.72 &.68
dog K. 15.93 16,11 16.01 16,01
log K, 8.73 8.73 8.71

0.20 10(,; Kz .28 6.31 6.38
log K, 15,01 15,06 15,09 15,05




Values of
chelsto

Tanle 3. 10

stability conatants of Ho-ARS

._______II____

8t various i-nic stroen;tha

-

sigg;:th log L H v M Mean

log K, Beled 8.45 8.41

0002 10{; KZ 0.68 6.66 6.69
log [c 15.11 15. 11 15. 11 15.11
dog Kl 8.04 8.08 8461

0.05 loy X, G.34 6,33 0.31
log K, .61 8.59 8.57

0. 10 loz K2 6422 6o 29 6.34
log Kc t4.83 4.88 14,91 14,87
108 R, 80 57 8. 59 8. £2
108 Kc 1".83 110080 11&.81 ‘&381

0. 20 log X, 0. 10 6.08 6,12
Loz &, W13 16 14,13 W, 14




Table 3,11

Values of stability constants of Ni-.ARNS

ch2lete 8t veriecus ionic strangths

Ionic
strongth log K H v Mean

log K,‘ 90210 9-22

0.02 log K2 5.31 5e 5k
1o Kc 14.55 14,76 14.65
log K, 7.0 Fe31

0.05 log K, 5.88 611
log Kc 15. & 15.b2 15.28
10; K1 9028 9.37

0,10 log Ko 6.06 6.01
log Kc 15,34 15.38 15.36
log K1 9-22 90216
log K, 15.45 15. 45 15.45

0. 20 log Ko 0.68 G.85
log K, 15.32 15,62 15.47

T ————

'-)



plage Ijo. 5.

Tempersture e 30°¢C

lonic strength =« 0,20

Fig. & - Tieration curves:

(1) HCLO, (2) HClob + ARS

Fig. B ¢ Formetion curve of prown-And sycuem

Fiz. C ¢ Tiwretion curves of ARS metul chelateal
(3) ARS only (&) PB<AR3  (5) Cu-ARS
{6) TNLAHS (7) Hg-AR3

Fiz. D ¢ Tiwration curves of ARS metal chelataes:
{8) Ni-AR3 (3} Co-ARS
{10) Be-ARS (11) U0 -ARS

Fig. © ¢ Formation curv-e of ARS metol chelates:
(1) Po-ARs (2) Cu-ARSZ
(3} Zn-ARS (L) Hg-ARS

Flze F 1 Formation curvea of ARS metul chelatoa;

(5) Ri-ARS {6) Co-iR3
{?) Se-ARS (8) U0 ~ARS
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Yelues o: steoil. .t

i

devde o.1s

s Consgtants_ ol

v id=2r.,

chelste at verious Jjounic sctrengtha

Ionic

@ trength log . H v Mean
10 4 K, g.‘it; B.()’f
log K, 1504 15,22 15.13
lo: K1 9.08 P 22
CeC5 log K, 6.20 6.38
log K, 15,34 15,60 15.47
0. 10 log X, 6.30 G.36
lo. K, 15.47 15.53 15.50
L0z K, 8.7 8.66
log K, 15.52 15.40 15,46
108 K, 8,83 8,89
log K, 15.46 15,70 15,89




Taple 3,13

Values of stability constants of de-Ails

chelate at various ionic stren.ths

Ionic

stren th logz K, H v M Mean

log K1 10.07 10. 0k 10.12
log Kc 15.5%7 - 15.72 15.64
log Ky 10.18 10,21 10,21

0.05 log K, 6.23 - 6.30
log K, 16,41 - 10.51 1646
log Ky 1011 10,10 10,13

0. 10 log K,  Oubd - IRA:
log K, 10.55 - 10,61 16, 58
log K, 9.67 9.70 972

0.15 log XK,  7.00 - 6.97
log K, 16,67 - 16.71 16.69
log K, Ge b Feb1 Fele2

0.20 log Kz 7.68 - '7.80
log K, 17,02 - 17,22 12.12

-~



Table 3,14

Values of stebility constunts of Uoz-&au

thelate at varjous ionic Stren. ths

Ionic . ; " .
atrength log K., K v “ Mesn

log X, 1.7 11,86 -

0.02 log Ko 5.20 - -
lOF KC 16-915 - - ’6-9'0
loz K, 11.€9 - -

0.05 lo~ Ky 3463 = =
lo” K, 17.52 - - 17.52
log X, .82 - =

0.10 lo: K, 7.85 - .
log K,  17.67 - - 17,67
log 3’:' 9.60 10.02 -

.15 log K, el - -
log Ko 17.60 - - 17.60
log K, 9. 54 .72 .72

0. 20 log K, 8.40 o 8.30
log Kc 17.9‘0 = 18.02 17.98

»
»a



Thermodynemic Stability Constents

The th ramodynsnic atsbilivty constants wers
obteined by extrepol tion of the stability coistsnts Tc
gero ionic strength (Plete O). The volues oif log etep
atebility constants et various lonic airengihs were
extrapolete. W zerc lonic etrengih W obtain the step
thermodynemic stebility. Theae values haeve been
represented as log K,p'° and log Ké”'°. Their sum hse
becn shown 8s calculnted log K2'°. The values of overali
concentration stabllity constants K., at verlous ionic
strengths, were likewise extrspoleted to zero ionic
atrength . The overall thermodynamic atabilicy constants
thus obtained hove beon symbolised as experimentel lo- K%fo.
The values of thermodynamic stability constaente hsve been

reportcd in Tsble 3.15.

Thermedynsnic Functiocns

A thorough study of complex forustion processes in
solution requires the knowledge of s.ze of the thermoe
dynamdc churacteristics of the reactions studied vis,,
changes in enthalpy {Al), entropy (A3) end free energy of
formation (AG). In order to have & relieble approsch for
an inveetigation ol the nuture of the forces scting within
complex particles when they are formed in solution, it is
necessery to know the emargy chsones i{n the rescticns
studied, .tadility constants are releted directly only to

changes in Ifrec energy of formation (AG). However, one
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- gxtrapolotion of log K to z8ro tonic
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A - lop Kf, B - log Kz; C - log K¢
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~1

must know th- chenges in enthelpy durin, complex
fornation reactios (thermel effect) to ¢ lculate the
chenges 4in entropy during complex formati-n and the
chenzes 4n stabilit: of the complex particlea with 8
tempornture chenge to evaluate the bond cnergy cnd to

study the complete reaction of complex formation.

A kncwledge of the entropy chan es during the
reactions makes it possible to heve 8 new epprosch to the

svplucrtdon of certain fectors which detertine the stsdllilvey

of corplex compounds,

shilst it §8 true thet relisble date cen be
cbtained for thermodynamlc staocility covastants by the
method of extrapelation (as descrioed earlier) of the
values obtained av different ionic astren;ths Lor the
purpese of determination oi theruodyneulc functions, ti:e
method of extrapolation has not in many cases yielded
relisple results, It wes, therefore, thought proper to
calculate the thermodynamic functions meintoining a
constant ionic strength, which incidently eliminates the

effect of variation in ionic strengths.

In the present studies ths thermodynamic functions
neve been determined Oy keeping the ionic strength

conetant i.¢, 0.10,

The stebility corstent iz releted to the chenge

in G1bbs' {ree energy of forwation (AG) st e particular



ionic stwrength by the equetion AJG = - RT ln K.

In order to deverwine the changes in enthalpy anu
entropy, ti. stobillt, constants were detormined at
verious tesperatures, As in earlier cases the Jjerrum-
Colvin pHe.titrstion technique 88 wmodified by Irvin and
208 otti was employed to eveluate trn: 8st-bility constents,
All the titrations were performe  at {ive different
temporatures, i,c., 10°, 207, 309, 40° and 50°C to cet

the thermodynemic func-ions.,

The pH resdings of the titrstiocns were plotted
against the volume of alkali addeu. The titretion curveas
tius obteined st five different temperatures are graphl.

cally repreaenned in Plates 7-10, A, C and O,

prown-Ligand sSystem

The B, velues were calculated et difierent phi values
to get the formstion Curves of the proton-ligend syatems
at five temperstures. All the values sre graphically

represented iun Figure B of Plstes 7-10,

The protongligand formatlon curves obtained ny
plotting n, vs pH were anslysed by using verious compute.
tional methods viz. interpolecion at half HA values, inter
polation at various n, vslues ond micepoint elope method,
to caslculate the protonation constsnta of the ligend st

different tem.oratures, The values obtained by different

methods are in fair agreemesnt.



plate Ho. 7

Tempsrature e 10°%¢

lonic strength = 0.10

A S T4erotion curvess
(1) HCLO, (2) HC10) » RE
3 Formation curve of proton-AR3S system

G Tivration curves of ARSC-metel chelates:
(3) Po=ARS (L) Cu~Ai3
(5) Za=-ARS to) Hg-/lRo

Dt Titraction curves of ARS metel chelaven:
(7) Ni-ARS {8) Co-ARS
(9) Be-ARS (10) UO,-AR2

B S Formation curves of fRE metel chelates:

{1) Poears (2) Cu-ARS
{3} Zn«ARS (L) Hg-ARS

Formation curvas of ARS maetsl chelatas:
{5) Ni.ARs (6} Co-ARS

(7) Be-ARS (&) 002-.AR3
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The Gibbs' free energy of formation (AJ) was
calculsted by usin. the equation AG = - KT 1n K. The
enthalpy chenge (AH) was celculated efther by the slope
of th curve obtained by plottin; log K vo 1/T or by
using th equation (2,23). Assuming AH to be constant
over th: experinsntel temper:-ture reape {10-50%C) the

chongze 4in entropy (23) wes celculsted by using tho

squation (2,25)., The sveraze volues of the proton-ligsnd
atnbility conatants with their thormodynamic functicna

ere reported in Taoble 3.16.

Table 3,16

Vplues ot proton-ligeny stability Constents
gnd thermodynamic functions

AHI o - 6.69‘
AHZ - - ’.218

AH = = 8.0k
(Kcal/mole)
Temporature 10 20 30 40 50
(°c) B
1
log X 3.01 2.95 2.63 2.90 2,85
P4
log X 13.91 13.75 , 13.51 13.40 13.15
S -
AG 14,, 22 154,64 15.09 15.04 15.23
- AG .
31 3,90 3.96 3,65 L.15 Lo 21
—ﬂ L) ]
) ooz  18.bb  16Th 19,20 19,4
_AG > |
{Keal/mols) (Contd, )

Q2



Table 3,16 (Contd,)

Temperature
( OC) 10 <0 30 L0 50

26,54 27.10 27.7C 26,65 26.L0
P47 Fe 3 8,01 9.38 9.27

Qﬁ;
A3,
44

<

S (.'u’ ) 3‘)061, 3'*092 3#.77 35.12 310.71

rotal-Ligend System

The values of N were calculated st differcnt pl valies

froa the sguation menti.ned earlier and then the Corres-

ponding values of plL were computed from this dava, The

values of B were plotted ageinst the corresyonding pl veluas

curves of metal complexation equilioris

to get the formstion
% end F.

and ere graphically represented in Plates 7-10,

Various computationsl methods were applied to enalyse
interpolation &t half T values

these formation curves i.e.
s T valves (V) and mid-point

(H), interpoletion 8T variou

slope method (M) tO calculate the
The averags Vv

stepwiss metsl-ligand

alucs of stability

stability constante
h various ghermodynami
3. 17=3e2be The values of

¢ functions i.e. AG,

constants wit
reported in Tadsle

Al and A3 ere
obtainﬂd by differen

, t methods ere in
stubility constants

foir agreement.



plate HNo, B

Teqperature = 20°¢

jonic strength = 0. 10

Titration curvess
{1) acxoh (2) HCIOR + ARS

Formation curve of proton-Ais ®ystem.

C & Tieration curves of ARS metsl chelatcsd
{3) PO=AHS (L) Cu-ARS
(5) 2n=AR3 (6} Bg-ARS

D3 Tiwration curves of ARS metul chelates:
(7} Ni-ARG (8) Co-ARS
{9) Be-ARS (10) uoa-ma

£ 3 Formation curves of ARS metal chelatea:
(1) PhaARS {2) Cu-AR3
(3) Zn-ARS (L) Hg-ARS

Forcation curves of ARS metol chelates:
{S) Hi-ARS (&) Co-ARY9
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Tanle 17

Values of stability constents and therms-
dynenic functions of Pb(13.-A%; system

AXZ' m. - 8.7(}6

Aﬂz = 5.&85
A“ » - ‘0- 2‘00
(Kcal/mole)
Temperature 10 20 30 N %
(°c)
log K1 11,67 11.40 11.20 11.01 10.62
log KZ ‘0095 5. 18 5.25 5.32 5.‘.1
log K 16,62 16. 58 16,45 16.33 16. 23
¢
AG 15.12 15029 15.53 15.77 15.29
Ay
AG Eolst 6.95 7.28 7.62 8.00
-AG, .
‘A »
(Xcal/mole)
. 2,
1
¢ ; 8'67 3806‘
A5, seg 3901 76 I
60. 56 01,12
AS o106 Olebb 61
(e.u.) - N




Values of stability conatents enc tharmo-

Table 3,18

dynsmic_functions of Culll,-ARS _syatem

AH1 m - 5.0'?

A.Hz . - 00972
Ah - o ’2.6‘00
(Keal/mole)
T 8
empa: ture 10 2 30 k0 -
(7C)
los K, 11.23 11,02 10.30 10.82 10.73
log K, 8.61 8.47 8.38 8o th 7.96
log K, 19.84 19.50 19. 20 16,96 18.69
- AG, 1. 5% 1h.79 15.11% 15.50 15.86
11.36 11,62 11,66 11,77
- AG, 11,15 3
- AG 5,70 .15 .73 .16 27.6b
(Kcal/mole)
2,64 33.27 34.57 33.55
156 33 14.95 1b,865
AS, 075 Me96 1503
5 L6, .
(8.u.)




Table 3,19

Values of atabilit. constants end thermoe-

dynamic functions ol Zn(]])-ARS system

AH! . - 70165

A“l - - 2.821

AH = -10,590
(Kcal/mole)
Tampgrnture 30 20 30 40 -

(°C)
log K, .61 P52 9.30 9.12 8.93
log K, 6.8h 6.78 6.70 6464 6457
log K. 16.45 16. 30 16.00 15.76 15.50
- AG, 12.L5 12,76 12,30 13,06 13.20
A3, 8.86 9.09 9.29 9. 51 9.71
- A0 21,31 21,85 22,19 22,57 22,91
(Kepl/mole)

A9, 18.59 19.01 18,85 18,70 18.61

452 21,32 21.39 214 3h 21,35 21.32

AS .62 3842 33,26 .12 3615

tn
)

{e.u,)
S




Teble 3,20

Values of stubility constants and ther:io-
dynomlc functions of Hg(]] )-A15_System

AH‘ " - 3.219

AL e - 5.223
(Keal/mole)

Tmf;:'; ture 40 20 30 40 50
log K, 8.7 8.69 8,60 d.51 8.48
log K, 6.43 6.35 6430 6.2 6.21
log K, 15,21 15.0b 16,90 1477 14.69
~ AG, 11,37 11,65 11.72 12,17 12.54
= ABw 8,33 8.52 8.7 8,97 9.18
- AG 19.70 20.17 20.66 21. 14 21,72

(Kcal/mole)
AS, 26,76 28,70 28,69 28,26 26,83
w5 .59 21469 21,51 2157 2.2
Asz 51,13 50499 50495 50.67 51.05
(e.u,)

on
a



plere No, 9

Temperuture = L0°C

Ionic awcnzm w 0.10

" Titratio.. curves:t

2%

(1) HClob (2) HCth + MRS
B: Formetion curve of proton-ARS System

o Titravion curves of ARS metal chelates:
(3) Po-ARS (4) Cu-ARS
(5) Zn-ARS (6) Hg-ARS

D : Tivration curves of ARS metal chelates:
(7) Ni-ARS {8) Co-iRS
(9) 3reARS {10} UOZ-ARS

E ¢ Foruwdtlon curves of ARS metal chelaves:

(1) Po=ARS  (2) Cu-AKS
(3) 2n-AR3  (4) Rg-ARS

Formation curves of ARS wetul chalates
4

(5) Ni-ARs (6) Co.ang

(7) Be-hRrs {8) U0 ARS
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Tesle 3,21

Values of stsbility constsnts and thermos
dynamic functions of Ni(D )-4R5 _eystem

Auz - ¢ 3-63'0

AH - - ‘00‘0‘98
{Kcal/mole)
Tampgraturo 10 2 30 40 50
(“C)
log K1 9. 58 Peb3 9.30 9.02 g.81
log Ko £.97 6.02 6.10 6.22 6.31
log X, 15,55 15. b5 15.4L0 15. 2k 15,12
- AG, 12,41 12.65 12.90 12,92 $13.02
” ch 7.73 8.07 8.’06 8.91 9-33
(Kcal/mols)
® [ ] 1 L ] | J
Asz 4015 39.95 39.9 40.0k LG. 11
A3 55440 55.69 55.75 8509 55.42
{e.u.)




Tadle .22

Values of ostability constents acd th
dynsnic functions of Co-ARC System

Aa1 s - 7.000

Aﬂz - 3-703
Ali = = 3.357
{Kcal/mole)
Rempearni 10 20 30 40 50
{“c)
log K' 9.18 9.02 8,90 8.73 8.48
log K, 6.51 6.61 6.70 6.78 6.87
log KC 15.69 15.63 15060 15051 15-35
-A3, $1.90 12.10 12. 3 12.50 12. 54
..Ac;z 8,43 8,86 9.9 .71 10. 16
(Kcal/mole)
1 L J
. .2 ®
AS 60.01 60,02 60.2 60,23 59.64
(0aus)

56



1 I

Plote MNo, 17

Temperature = 50°C

Ionic stren .. w 0,10

Titration curvea:

(1) HClob (2) HClob + ARS
Formation curve of proton-Aid system

Titration curves ofi AHLS metal chelatesa:
(3) Pb-ARS (L) Cu=AL3
(5) 2n-ARS (6) Hg-ARS

Titration curves of ARS metal chelptes:
(7) Ni-ARZ (8) Co-rRS
(9) Be-ARS  (10) UO,-ARS

Formation curves of ARS meta) chelatos:
(1) Po=ARS {2) Cu~ing

(3) &n-ARY (&) HgwsRs

Formation Curvas of AR

S mgtal Chelovea-
{5) Ni~ARs (6) Co-ARy (7) Be=ARS
w;mrms
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Tabl. éo 2_2

Veluss oL stubility constants &nd therwmo-

dynamic functions oi Ue-AkZ system

..‘\.“1 - 5-253
AH"! L -BOS‘DB
AH ] '-752
(Xcal/mole)
Tempir'ture 1 20 30 L0 50
(°C)
log 11 9.61 3.77 9.90 10.00 10.13
log K, 7.06 6.92 6.82 6.77 6,71
log Kc 16.67 16.69 16,72 16,77 16.64
- AG1 12.45 13. 10 13.73 .32 1497
o Aﬂz P14 e 28 Pebl 3.70 YeI2
- AG 21,59 2<, 36 23. 19 2h 02 <k o 89
(Kcal/mole)
AS' 62.61 62,69 62.70 62.59 62,66
532 19.75 19.55 19.49 19.64 19.71
AS 62.12 82.31 82,22 82.28 82.45
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Plate No, 11

Ionic strength = 0,10

Veriastion of lor K with
A - lor Ki; D « lo Kz;

Veriation oi log X with
A - log K,; 3 - log K2;

Varistion of log K with
A - log K45 B - log Ko

Variation of leog K with
A= log K.y B~ log Kas

Verlation of los X with
A - log K45 B « log Ko

Veriatlion of log K with
A - log K4y B = dog K2;
Varicvtion of log K with
A - lor K1; 4 -« lop Kz;
Variatlen of log; x with
’- - 108 K1‘. 3 - lu.g Kz;

/T

L -

/1

C-

/1

C -

/1
C -

1/1
c-

1/7T
C-

1/1
c-

1/1
C =

(Pb«ARS
loy Kc

(Cu=ARS
107, KC

(Zn-AlS
lo;; Kc

(Hg~/ RS
log Kc

(Ni-ARS
log K.

(Co=-AT S
log Kc

(Be-ARS
log L

systen)

8ys .om)

Systew)

aystcm)

eysten)

System)

system)

(002-AH3 syatem)

log K _



K n

LOG

Kn

LOG

Kn

LOG

LOG

A
C
60F M
~l 7”0’,"’#’/‘
8 0
4 A - X
—
L— i
0 0030 o 0032 0-0034 0.0036
I/T — e -
e r,a”‘rif_e
13 o}
A DD
9 0f e——mo— .
ML,——’—"
L e
0-0030 0 0032 0.-0034 0.0036
|/~r -
E

0.0030 00032
A At
G
m/—o——/ki—'r,"
1'% OF
13 OF
n ot
_’_o,.i-)"""‘o
90 >
? of 8 a
--;""_o'Joosb
¢ 0030 0 0032 o 003

LOG

LOG

LOG Xn

£u

LCG

¢
18 of
14 OF
A
. pa—
o o - o
10.0
k‘*_/__b_—b,r"‘
L . . .
0-0030 00032 00034 0 0036
v —

13 OfF
1 or
9 of _ A . o
o— 3
7. 0f
A A UL A
1 L —
0 0030 0-0032 0 0034 00036
I/ T - -
16.0f ‘:r_Ji__’_E,_C—D—Aj
14 Of
12 OF
10 Or
Q_,l-b’"k#,k‘_’c
B O}
B
P S S G
L—— l L PR
0 0030 00032 0 0034 0.0036
|/T -— -
V’y,y.‘:,y"'
16 0
A
12 Of 4"
80
8
&____A,______..n————dv——-—ﬂ
L N 1 )
0 0030 ¢ 0032 0-0034 00036

¥ -



Taole 3,24

Values of staoility conpgtents &nd thermo-
dynamic funciions of UO (L }-ARS system

AH, == = 7-&98

AHZ e 50 503
AH L -'2."80
(Kcal/mole)
T
Qm](:g:: ture 0 20 30 40 50
lo; K, 5,82 5.71 5,60 5.4 1 5,32
log K. 17.30 17.66 17.40 16.91 16,62
- AG, 15.0h 16.0J 16. 36 16.47 16,70
- AG, 7. 54 7.60 7.77 7.75 7.86
- AG 23.18 23.69 2o 13 2,22 2, 56
(Xcal/mole)
1 @
Aﬂ 7. 19 7035 7.&6 7. 17 7!3'
23 37,82 38,23 38,43 37.53 37.5%7
(e,u.)




PAUT 1I
bLOTAL CHOLATES OF R1TAUS0eRe3ALT

The excellent chromogenic propsriy of nitrosonsph-
thols for metal ions is well known. This ie due to the

presence of a nitrogo Jroup adjacent to the phenolic

;roup in the molecule, which impsrts the properties ol s

bidentate ligand to thie clsss of compounds, Thus
1.nitroso-2-naphthol and Zz-nitroso-1-naphthol are well

known spot &snd colorimetric resgents. The introduction

of sulphonste groups into the mol cule enhances the

propertiss of nitrcsonaphthols as chromogenic ligands.

Nitroso-E-salt, which 4z the sulpghonated for: of 1-nitroso-

2-naphthol has excellent chelating properties. This
couwpounc is comzonly known as Nitrotso-fi-salt (abbrevisted

as NRS) and 1its scructure may be repressnted as;

Na O.\ S -}\ ) § “\_\-‘_//.

(10) noted the colour reactlion of NRS with

Ven Klooster
e then the formation of Co-NRS chelate has

cobalt snd sinc
detsil LY vorious workers, Classein and

been studied 19

westerveld (1) and

wg1lerd end Kaufmenn (12) made extensive

&)

{4



8tudica on the interaction betwesn Coz’ énd NRS and

Studied th. charscteristics of the Culoured complex

Komer and coworkars (13,14) obtained interesting results

0G Wio com, lex and found a composition ot 1°0 (Cosivity)
with an instaoility constsnt of 7 x 10‘35 in & ciwrace
phos hate ouffer. The snalytical &, plicstion of the
for=s:fa: au rtoe coloarec Co . COL, 0% WES ZLS# L8e L-
the 8pectrophotometric determinstic- of COZ‘ by several

workers, vVolkova and i skbomova (15) repcrted the
e cametrde Jdetermxi i tion ol coowlis Lo ac Ao ore uslsg

NI roso-=galt &8 & re& @ac,

Jesides cobalt, saveral other metnl ions have also
been found to form coloured coaoplexes with Nitroso-R-88lt,
The Cuz’ complex of NRS was also atudied (16) and Anjer
and Ofri (17) studied the spot reactions of lR3, Ropars
and Viovy (18) wede @ detailed study of the copper-complex
and postuleted tue structure ol tie couplex based on

computed calculation of the spectra,

The iron complex of NRS has received considersvle
sttention, Oke and Miysmotc (17) studled the dissocistion
constonts of NR3 and the stability of the iron complex.
They (20,21) &lso described tho spectrophotometric deter.
minetion of Fe(ll; with KiJ, TYoshinega snd Masatoshi (22)
described the determination of traces of iron using NRS as
photometric resgent above a pH of 7.2, where e green

complex 1s formed. Quast (23) made a cozparstive study of



&
Jor

verious colorimetric reagents for iron and found NES to
De the most sensitive reagent for the 8, cctrophotometric
deternination of iron. HRS was employed by Ness and
Dickorson (24) for tho detarmination of iLron in serum.
Tolmachev and Sarkhinskii (25) used the NAS procedure for
the determination o. iron 4, nickel vased stainless steel,

Nageswars Reo and Reghava Reo (26) noted that
uraniuz forms a re. coloured complex with NR3 end the

complex may be extracted with chloroform, Spectrophoto-
metric studies of the NAS and the photometric determination

of thorium by NRS have bsen reported (27),

NRS forms coloursd complexes with many platinum
metals., Dey et al. (28,29) 4in connection with thoir
atudies on tie chromogenic reactions of platinum metels
studied the colour reactions of Pd(I1), Ruilil), Rb(IIX),
os{111) and Os{VIII) with NRS. uJesnerji sand Garg (30)
have rep.rted the forcation ol @& chelate with P4{I1I). Dey
et 81, (31) made a detsiled study ol tha cowpositlon of

pd{I1)=-NRS chelaces, The red coloured complex betwaen

pd(II) end NRS was 8leo investigated by sShamir and
schwartz (32), who deacrided the determinstion of PA(II)
with NiS. Neth and Agarwal (33) have reported the deterw
minstion of several platinum nstals with NRS,

In addition to th. study of the coloured complexes

and their snalytical applicactions, WR3S has also been



subjacted to several otier tyes of studies, Goldschzeid
and Lucena (34) studied the reduction of KRS at the

dro, .in,. marcury electrode and reported ite half wave
potcntial. Podolenko, Chikrryzove ana Lyalikov (35)
reduced Ni3 colorimetrically tov sumine end found the
reluction tv Je¢ a 4-electron process. Rudolph and
Furman (36) reported that NRS could be determiied by

rejuction with chromous chloride,

From the foregoing account, it may be seen thet
the work ont NRS complexes, so far raeported in litersture
is m-inly concerned with scactrophotometric studies on
coloured metal couplexes. Obvicusly, it hes been so, in
attempts to evolve suitcble methods for tne spectrophoto-
metric determination of metals, by exploitin: the
chroco enic properties of tho ligend. Attention however
dous not seem to have bean paid tu & rigorous trestuent

of the egquilibrie in these motal-RiS complexation reactions,

which 1s of great importance in sucn stuaies,

Tpe first s;stenstic atudy of the stepwise formation
of wetal-NRS complexes was done by Bancrjee and Day (37).
They carried out & study of the proton-ligend and metsl
l1igand stebility constants of NNIJ complexes of thorium and

urenium by the Bjerruz-Calvin pH-titration technique,

Thesg outhore, however, worked at an ionic strength of O, 1M

NeC1C and did no? evaluote the thermodynamic constants,

wandsl sand Dey (38) studied the Ti{IV), Zr(1V) and HLf(1v)



complexes ol Nil in medis of differenc ionic strengths

out they did not lo.k intc tie efiect oL teomperature and

deteraination of thermodynamic {unctiouns,

In the present work BR3 chelates of lead(I1l),
copper (I1), sinc (l1I), cadmium (I1), mercury (II),
nickel (II), cobalt (1I), deryiifua (II) end uranyl (II)
heve been atudied in detsil, Studies hive oeen carried
out in media of vaoryin ionic strengths vies. 0.02, 0.05%,
0,10, 0.15 and 0.20 using NnClOLif\ neintadnir g constency
of the 4onic strength, The verious thermodynemic
functions {.e. AC, AH and AC were 8lso calculeted by
determining the stadility constants at five different
tenporatures viz. 10°, 20°, 30°, 40° and 50°C by keeping

the ionic strongth conatent i.s. 0.10.

The experimental detsils are ssue &s in the cese
of metsl chelates of ARS and have been descrived, in detail

in Chagter ll. An agueous solution of NRI {EZ, derck G.R.)

was used for these studies.

ESU

protonation Constants

NRS 48 8 weak acid due to the presence of a

ph-nolic group. The dissccistion conztmt X, of HRS

(which 18 written here 83 HNRS) 18 given by:



s G
NES * TR

Chnrs

Ky =

J4

The formation curves of t.e protone-ligand systeam

were inverted-3 sheped and were extended betwecn O and 1

in the HA scale (Plate 123.168) showing thet only one

dissocietion was possivle in this ¢

The values of

B. were calculsted at various pH volues to get the

formation curves of the proton-ligand systems st various

ionic strengsths. The velues only st one lonic strengths

ere recorded in Table 3,25, in order to reduce the bulk

of the thesis,

Table 3,25
T_ = 0,005 N% = 0.17838
v2 = 100.00 I « 1.0
4= 0,10 Figure - Plate 14,8
S. No. pH s v® '
3 3.8 2.538 2. 545 0.9961
2 L.0 2,561 2. 571 0.9748
3 4.2 2. 580 2. 590 0.9945
l‘. “.h 2. 590 2.600 0.99‘5
5. beb 2,333 2.609 0.9945
. L.B 2,601 2.617 0.9712
7 ) {eontd,)




Table 3,25 (Contd,)

Se. No. ph v! e EA
8. B 2,603 2,034 0.3802
Je LR 2,611 2,045 0,9813

10, 5.6 2.612 2,602 0.9725
11, 5.8 2,615 2,690 09588
12. 6.0 2,618 2724 0.9419
13, 6.2 2,619 2.973 0.9155
15, 6.4 2.,62C 2,842 0.8783
15. 6.0 2,620 2,949 0.8196
16, 6.8 2.620 3.070 047533
17. 7.0 2,621 3o 207 0.6569
18, 7.2 2.621 3.410 0.5675
19. Tole 2,621 34560 0.4853

20. 7.6 2,622 3.000 Oel311

21. 7.8 LebR2 3.731 0.3921

22, 8.0 2,622 3.600 0.3543

23, 8.2 2,625 3.835 0.3366

2. 8.0 2.629 3.870 043198

25. 846 2,630 3.890 0. 3094

2%. 6.8 2,63k 3.901 0.305

- 9.0 2,639 3.915 0.3007

- 9.2 2,647 2,938 0. 9%

2, 9ub 2,657 3.951 0.2910

30. 9.6 2.668 3.971 0. 2861

7, 9.8 2,680 34999 (c::::::$




Plete No, 12

Tenporature = 3C°C

Ionic strength » 0,02

Fig. A ¢ Titretion curves:

(1) HClQa (<) HCJ.O‘* + URS
Flz. 8 ¢ Formetion curve of protone-ii.c systen

Fig. C ¢ Titration curves of NRS mets. Chelates:
(3) BRI only (&) Po=NKS {5) CueNRS
(&) Zn-NRS (7) Cd-NRg

Fize D ¢ Taitration curves of NRS metnl ehelates:
(8) Hg-RRS {3) Mi-NRS (10} Co=NA&S

Fig. S ! Formation curves of NRS metsl
{1) PbeKR3 (2) Cu~HRs
{L) Cd-NRS (5) HgeNR3

chelates
(3) Zn<NR3

Fige ¥ | Formation curves of NRs

BIT8L cuolatea:
(6) Ni-HRg

{7) Co-NRS

L€) BaskRs  (9) o .nmg
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Iabls 3,25 (contd)

3. No, pH vt [
- A
32. 1G.0 2.710 4.030 0.2771
33 102 e TH7 b, 0380 0. <092
Moo 10.4 <, 800 be 150 0.2613

The proton-ligend formction curves obtsined by

plotting H; ve pH were enalysed by using various compu-

tational mothods Vis. 4nterpolstion at half EA values (H),

interpolation st various A, velues (V) end least square
methods (L), to calculste the protonation constants of the
ligend. The valuaes of the protonation constants at various

ionic strengths a<e recorded in Teble 3.26.

Taole 3.20
T fog k¥
Ionsc = HEan "
strengtn i V L log K
7. 34 7.30
0,15 7,28 7.29
7 9. 1? 7. 17
O. m 7' ’6 7. ’
- - 7008
0.00 - -
,“"‘/




It 4s interesti g %W mention here that in the cese

0L lizead titrstion, colour changes wers observed, aas

follows:
L“ calour
2.6 =« 5,1 Tellow
5:7 = 6,6 Isllowieh grecn to greunish yellow

C.7 and adove Grecnish yellow to grecn

A change in cclour from yellow to green is observed
within the pH rance 6.9-7.7 8t vorious ionic strengths,

At this pH ran e, HA {s approximstely O.5,8t 8ll the five

This sugceats that tho transition from

fonic strencths.
ecies takes place in

yollow LH spocies to green L~ 8

solution.

Vietsl-iignnd System
& aade on

All the cslculations of T end pl wer

13 Computer 1130,
ere calculsted st various pi

The values ol B W
gariier snd then the

tiie equation mantioned

Values frow '
1ue8 of pb were computed from this deta,
ionic strength (to

in Tables

Corrcsponding vé

s s ond
These vaiues of n 8nd pv ik

re glven
reduce the Bulk of th thesio) 8 g

3' 2‘7'}. 29.



Table 3,27

N° = 0. 1836 vo = 100.0
B = 0.0 FigurczPlate 14,E
Pb(II Cu(l
3. No. - : S e it e
n pl n pLk n pb

6.883 0.131 7.083 0.052 7.099

1. 0.062

Ze 0.113

3. 0.166 6,512 0,379 6.711 0.108 6.709
b, 0.235 6,313 0.L78 6.52 0.157 6,501
5. 0,293 6,147 0,608 6,341 0,222 6.300
6. 0.364 5,898 0.682 6.153 G.301  C.102
7. NS 5,703 0.798 5.937 0.392 5.9<7
8. 0.502 5.512 0,959 5.501 C.495  5.711
Fe 0.556 5.32% 1,057 5.379 0.563 5.532
10. 0,621 5,139 1,136 5.19/ 0s650 54303
11, 0.657 L.9h7 1.202 5,002 0,713 3.151
12, 0.716 4.9 1,207 L8110 0,75k 4972
13, 0,756  L.563  1.321 L.602 0,802 L.74D
1h. 0.7681 ho3ob 1,348  4.4OL 0,878 bo571

1,385 3.865 0.927 4.387

15,  0.856 3.687
3,589 0.989  3.969

0.8869 3, 196 1. 445

16,

17. 0.918  2.971 1,499  3.457 - -
18. 0.987  2.70L 1,620 3.272 - %
19. 1.197 2011 1,881  3.001 - -
20, 1.417 2,286 - = ' -
<1, 1,520 2. 240 - - = -
22, 1.761 ELEE:.-,.-f.N B = _:‘___'_~:-



Tadle 3,
T, = C.005 T, = 0,001
N® = 0,1838 ¥© o 100.0

g o= 0,90 Flgure-Plate 14,E and F

o Ca(I1) Hg(1I) NIy
R T
t. 0.018 G.872 0.121 7,101  0.079 7.077
2, G.037 G.0h7 C.162  6.901 0,098  6.903
3. 0.061 G.483 0.219 6,639 0.129 6,701
b 0.129 6.312 0.3 6,500 0.205 6.378
De 0.172 6,111 0,338 6.289 0.439 6.098
6. 0.318 5.887 Q.b15 6.111  0.699 5,701
7. Oeb6” 5,701 0,503 5.947 0,827 5,552
€. 0.579 5.5b2 0,572 5,723 0.948 5,375
. 0.702 5.398 0.,65% 5.534 1.05%5 5,18)
10. G.768  5.273  0.730  5.341 1,158 4.999
11, 0.850 5,101 0.811 5,151 1.241 4,796
12. 0,972  5.699 0.869 4.952 1,328  L.61
13. - - 0,982 62767 1,381 4401
. - - 1,062  ©e597 1,432 L.212
15, = - 1,131 4.401 1.689 4,051
- ) . 1,239 3.973 1.521  3.6%
e, . - 1.298 3,457 1.572  3.889
- _ - 1,353  3.023 1.601  3.45
- . - 1.555 2,303 1,639 3.2L3
- 1.719 2,126 1,707 2.867
e ) - 1.769 2,483

23



Table 3,29
T, = 0.005 T, = 0.009
N® « C.1638 v® = 100.00
B =010 Figure - Plate th,F
Co{11) — 3e(I11) Uo,(11)
Je NO, e p -
n b n o n b
i 0.179 7.061  0.039 ©0.273 0.10 ©.901
2, C.bky ©e221 0.083 6,098 0.352 0.7M
3 0.696 ©.801 0.136  5.696 0.401  06.701
be 0.797 6.767 0.212  5.699  0.741  6.549
Se C.7796 6,619  0.302 5.501 0.978 6.351
6, 1,25 6,397 0.b19 5.299 1.102  6.199
(4" 1.358 6,221  0.546  5.133 1.199 6.001
8 1.4628 6.0b1 0.70L  4.876 1,289 5,802
2. 1.601 5,738 0.802 A.749 1.342 5,003
10, 1,731 5.268 0.973 457 1.412 5.421
s 1.759 5.081 1.116 L.396 14061 5.23%
12, 1,798 hb.€53 1,301 L.20%1 1,560 A.832
13, 1.829 4,673  1.bb2 L.125 1.579  4.0b8
14 . 1.601 L.69 14501 L,006 1.65%  L.biE
15, 1,892 b 251 1,756  3.943  1.738  4.273
- - x 1.698 3.6 1.859 4.003

106



pondin

comp lexation equililria.
vis. intorpolation at half n values {H), interpolstion at

various n values and mid-point slop. metiod (¥) were used
to deterwine the stu,wise wmetal-ligand stubility constants

and the volues sre reported 4n laoles 3.30-3.37.

The volues of n were plotted egainst the corres-

pL values 2o 7et the formation curves of metsl

Variou

computstional methods

-he

101

values obtained by difierent acthods sre in fair agreewent,

Table 3,30

Valucs of stability cgnatants of gbz’-égg

ue 1
cholote 8t _various ionic stpengthe

Tonic € H v " —
strenygth log Ry
log K, 5.37 5,58 5.36
2
0.02 log Ko 2.63 2.59 58
« 57
log K. 8.60 8.57 8.54 8.5
91
log K, 567 5.68 5.9
) 2,58 <o 53
A é .
los KC Bobs g
T 6 5.02 5.60
boc U - 32 2428
< e u
] 7.4 7 7.68 2.92
108 K'c .
L —
T 55 5.56 5,61
108 ¥4 5 .
2. 29 20 25 2. 21
15 io3 K3
0- 708‘0 ?C83 7.82 7.83
108 xc o o



Fig,

Fig.

Fig.

Pig.

Fig.

A

«®

Elnte No, 13

Temperature = 30°%

Ionic strength « 0.05

Titration curves:

(1) HC10, () HCIOL + NRS
Fornation curve of protcn-NRT systen
Titration curves of KRZ metel chslates;

(3) NRS only (&) P u=iiRS
(6) Zn-KRS (?) Cd-NRz

(3) Cu-iiiks

Titration curves of HRS metal chelatess
(8) Ri-HR3 (9) Co-lilg

(10) Be-NRS (11) UQ,-I'RS

Formation curves of NRS metal chelstes;

(1) PbahRz (2) Cu.Nms

(3) Zn-NRS
(4) Ca.nps

{5) Kg-NRms

rormation curves of Wpo netsl chelaten:
(6) Ni{NHs {?7) Co-kR= .
{8) BeuNRy

(9) uoz-nna
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Table 3,30 (contd,)

Ionic
strength log K, H v M Hesn
log Ky 5.40 5.2 5.38
0. 20 log K, 2,21 2,19 2.17
log K, 7.61  7.61  7.55  7.59
Japle 3.1

Valucs of stopility constants ol Cu-iiis
chelote 8t various icnic strengtus

Ionic H v " o
strength log Ky )
log K, 6,77  6.79  6.Eb
0.04 log Ko 3.60 3.66 3.63
log K, 10.63  10.45  10.67 10,45
log K, Ce 74 6,77 6.83
48
0.05 log Ky 3.52 3.50 3ok
log K. 10,26 10.27 10.31 10,28
B - . HDodo
. 3,49 3,42
0. 10 lo: Kg Jeboke - s
9 9.90 * o
log EC JeI0
- =3 .30 Ge I
log Kq HeJ
3.6 Jok) Je 36
Ce15 Loy K2 | ,
2007 9473 2ol .72
log K¢ S
— T 619 b2
108 K1 39
6 JS 6.‘53 3.
. K .
0.20 log "2 )63 .62 9.58 -
log Kc i e .

="
“—_—.—-—_—_——'—““



Table 3,32

Velues of stability constants of 7Zn-HfC
and Cd-NRS chelstos at verious ionic

atrengths
Ketal ion Ionic log K
strength H v Hean
0.05 5'81 5.87 508‘.
20 0.10 5,69 5,67 5,68
0.15 5.53 5.67 5,60
0.20 5e¢ 52 5.53 553
0.0%2 5.4 5.90 5.92
0,05 5.81 5.87 5, 8k
ca®* 0. 10 5.67 5,69 5,68
O.15 5.63 5459 5.61
B:53 5455 5¢ 54

0. 20

10

<



Fig,

Fy-.

Fiz.

Fig, .

Fig.

Fig,

Elato No. 14

Teapsrature . 30°%

Ionic 8trength « 0,10

Titration Curves:

(1) HCIO& (<) HCth ¢ NR9

Form-tign C'rva of proton-liRs system

Titration Curves gof NRa netnl chnlatcs:

(3} NRg oaly (4) P b=NRG

(%) Cu-NRo
(G) In=-NRS

(7) Cd-lRs

Iitration Curves of NiS ety | Chelptes,

(8) Hg-NR3s (9) Ni.ngn - {10) Co-ili3

(1) Be-hrs (4 U0 -NRo

Formotica curves 4r NR

(&) Hi.Nng
(8) Be-lne
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Table 3233

Values of atability constents of Hg-NRS
8ystem at dif(erent jonic strencths

Ionic ‘
strength log Ky i v M Mean

log ¥, Je 90 297 6.01

0.02 log K2 2.01 263 PR Y

log K, 5090 5.97 5.98

0.05 logz K, 2.59 2 59 2,62
log K, 8.55 8, 56 8.60 8.57

lo,"" x" 5.95 5’096 5-96

C.10 log L 245k 2.52 2.51
log Kc 8.49 8.48 8.47 8.48

loz K, 5.95 5.96 b 18° 1

0.15 l.g Ko 2.283 2,27 2.25
log K, 8,18 8. 23 8.19 8,0

log K' 5093 5-95 5 Pb

0.20 log K, <. 21 20 s 2. 21
8, 14 6.1y 8. 15 8,16

log Kc

K,



Velues of stability const:.nts of Ni-NR-

Taole 3. Jb

Bystem &t various fonic stren ths

ionic i
strength log K, H v K Kean
lO‘_; K' O, 25 0.27 0.31
0.02 log K, 3.60 3.61 3.65
log K, 3.85  9.68  9.96 9.90
log K, 6.2 .25 6,22
0.05 log K, 3.80  3.78  3.63
log K, 6.10 6.12  6.17
0.10 leg K: 3.95 .00 LeO1Y
1°g K1 Se 95 592 5.97
® 01 ®
log Ky 10:15 10.15 10,15 10,15
o - 95 5.97
‘bo‘b, “.
0.20 log Kp ¥ |
log K¢ ‘
e



Fig. A

Fiz. B

e

Fiz. C

Fiz. D ¢

Fi;. E 3

Fig. F ¢

plate No, 15

Temparature = 30°C

Ionic strengsth = Q.15

Titretion curves :

(1) HCth (2) HClO, + ARS

b

Formation curve of proton-ii® system

Titration curves of MRS metal chelates;

(3) KRS only (4) Ph-NR3 (5) CualR?
(6} Zn-NRS {7) Cd.um"

Titraticn curveas of NRS3 metal chelsates:

(8) Hg-NE3 (9) Ni.NR3 (10) Co-lR3

{11) Be-NHS {(12) U02-RR3

Foraetiorn. curves of NRS metasl Chielates:
{1) Pb-NR3

{&4) Cd-NRS

(2) Cu-NR3 {3) 2n<nRS

{5) Hg-hR3

Formation curvia or NRo metr)

Chelates:
{&) Ni-NRg

(8) Be-NRn
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Taole 3235

Values of stubiliv, Conatants of CoeNli'D

8ystem at various ionic strengths

lonie o
strength i0 K H v M iasi
EASE log X 5,89  5.82 5,78
loz K, 12,51 12.52 12.51 12, 51
log X, 6,72 6.€0 6.83
0.05 log K, 5.95 5.89 5.84
log K, 12,67 12,69 12,67 12.68
log K, 6.95 6.91 6.86
c.10 log X, 5¢97 6.02 6.08
log K. 12,96 12,93  12.96 129
log K, 6.98 6.95 6,69
C. 15 log K, G o Ol 6. 10 0. 16
log K, 13,04 13.05 13,05 13.06
i08 K‘ 7.03 7.00 7.05
. 6.12
0. 20 log K, Ge18  6.20
17 13. 19
log K, 13,21 13,20 13.1 2

105



Systam at various

Table 3, 3

Values of stability constents of 3a-NRS

donic sirengtha

b ¢
Bt:gégth io, n o v M #ean
log K, 536 2¢35  5.32
0.02 log Kz 4.00 &e Clo be0Y
loc K, TFE Pe0d Fols 1 9.39
10{: K, 50“6 5.’00 505’
log K. 9.48 9.50 P59 9.52
log K‘ 50 51 50‘0‘0 50‘08
. 20 Loel13
4 . 01 )ob‘
- 5 .h? 5-52
‘0033 o
0.15 los K, loo 37
Y.76 9.80 .81 .79
log K¢
e Db Se 5' 5'“}
'( hﬂjg ‘0.‘02 l‘.hg
e e 597 993 9:92 9%
log K, * B
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Titration curves of

{3) NR3 only (L)

{G) Zn-NRS (7)
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Table 3,37

Values of stebllity cunstants of UC-Ni 3

aystem &t variocus fonic atrengths

Jonic
atrenth log Ky " v N Mean
log K, 6.9  6.85  6.78
0.02 log Ky 5. 11 5.15 5¢ 14
log X, 12,05 12,00 11,92 11,99
CeC5 loz Ko 5.26 5. 18 5e21
log K, 11,96 11,82 11,30 11,90
108 E1 6063 6.69 6.7"
C. 10 log Ko 5.07 5.02 5.00
log K 11.70 11,71 11.74 11.72
0.15 log 52 5,10 5.01 LeP8
108 K 11.71 11,68 11,70 11.70
103 K' 6. 52 6.60 6068
0. 20 102 K5 5.02 he35 .89
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lhermodynsinic jtsbility Constants

The tuermodynsmic stability constsnts were
obtained gy extrspol-itlon of the stability constents
to zero lonic strength (Plete 17). The values of log
step stabilivy coustents at various ionic strengths were

extrspolsted to zerc ionic strength to give step

thermodynanic stroility. These values have bescn

represented as log an-o and log sz-o in Table 3.3¢.
The values of overall concentration stability constants
X ., at verious ionic straengths, ware likewise extrepolated

t. zero ilonic strength, The overall thermodynamic

stsbility constants thus obtzined heve becn symbolised
¥=%, The valuee of thermodynsmic

as expe rimentel lo kK
stability constants have besn reported in Tadble 3.38.

THERMODINAMIC FUNCTIONS

various thermodynasaic functions wers calculatsd

for 8 thorough study of complex formin: reactiocns,in

The fres energy oi formation, Al was calculated

sclutlon.
sing the equation (2-22), To celculats the change 4n
u

oy
enthelp
colculated &
30°, ,0° and 30

y snd entropys the atability conatents were
¢ five different temporatures i.e, 10°, 20°,
©c, at # fixed ionic strength i.s, 0.10,

The pH resdin:s of tho titrations were plotted

the volume of slkell added, The titration curves
1€

against



plete NHo, 17

Tempsrsture = 30°C

¢
A : Extrapolotion of lo- K to 28F0 1ani

syrength (FO=KRS systom).
A - log Kq3 B - 1og Ky C- log K,
B gxtrapolrtion of log K % goro iondc
strength (Cueiiid 8Yy8LOm) . )
A= dog Kgb B - log Kzg ¢ - log B,

Extrapolstion of log K to zero ionic

atrength
L - Zn=NR3%, B - Cd-NR3

D . Extrapoletion of log X to wmero lonic
strength (Hg-NRZ system)
p - logKy3 B - log Ky C - dlog K,

wxtrepolation of loz X to zerc ionic
strength (Ni-NR" system),
ho-log Ry B - log Ky € = log K,

™
ae

- : Bxtrepolation of log K to zero lonic
strength (Co«NRI Bysvem).

A= log K43 3 - log Koy = log K,

G ¢ Extrapolatiin of log K to zerc isnic
Bixrengtin (Be«NRS syetemn),

A - log K1; B - log Kz; C - log K

Wt Extrapolstion of log K to
atrensth {UOQ-HRS systam),
A« log Kqi B e logk

zaro ionjc

2y C -« log Kc
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thus obtsined at different tomperatures ure graphically

ropresented in Plrtes 18-A, C end U to 21-A, C snd D

“rotorn-uigand System

The n, values were calculsted &t vardous pH values

tc get thc formation curves of the proton-ligand systems

at differen. tem oratures, All the values are griphically

ro resented io rlates 18,8 w 21,4.

The proton-ligena foruétion Curves obtained vy
plotting EA vo pH were 8nulysed Dy using various coupu-

tetionel amethode viz. interpolstion atv haif EA velues (H),

fnterpoletion 8t various n, velues (V) and least aquare

~ethod {L),to calculate tne proton ligend atability

constents st different teoperstures, The values ootsined

by differont methods sre in fair acreement ancd the sversge
values sre recorded in Table 3.39.

frec energy of formation(iG)wes calculsted by

The
The enthalpy chanags

using the oqU
1ii wps calculate

stion AC = - RT in K.
¢ by using the equation {2,23) and

cnatent over tie temperature range, in

assuming AH to be €
wore perforsed, AS of the reaction

whicn the exporinents
J by using the esquation (2,25) end all these

was calculatec
¢ recorded 4n 1aole 3.JJ.

values 8r



Table 3,39

Values of proton~ligand stability ccastunta
and th.g_odynamég functions

Ali (Kcel/mole) = « 4e304

1 om: :t.; ture 1 20 30 4G 50

log X 7. 51 7.40 7.30 7.19 7.08-
(Kc;‘%jmlc) 2.73 9.92 10.13 10,30 10,87
(9{13. : 18,98 18.95 19.01 18,94  18.&9

Metal-Ligend Syastsm
values of N were cslculated st different pH

The
tioned e&rlier and then the

values from the squation men
ding plL values wore computed from this data,

cerresporn
agsinst the correspondin; plL

The N values warse ;lotted
¢ forastion curvos of wmetal couplexation

velues to zet i
g aud F to 21, B end Fj.

equilibris (plaves 16,
Variocus computatiﬂﬂﬂl methods were applied to
analyse these formati-n curves i.e, interpolaiicn av hold
e (H), L0terPOLe

0 mot.hOd (e
ape in £847 agreensnt #nd the average valucs

Tgblvl 3.40-
uLDt‘d froo th

- . .n at verious n ve

n valu G - lues (V) end
The values obtuin

mid-point 810} ed from

3,47, The free energy of

sre rocorded 17
e equation (2,22). The

forzation wW8s calc

—
(L



Plate No, 18

Temperaturec = 10°C

Ionic stren’ti = 1410

4, + Tiwration curves:
(1) HCth (2) H‘lol. + AR3

3 : Forwmation curve of proton-ik systen

¢ : T4iwration curves of MRS metel ChelBtess
(3) Pb=HRZ (&) Cu-kl3
(5) Zn=HRC {6) Cd-KRS

D ¢ Titration curvea of NR3S metsl chelates:
(7) Hg-NRS {8) Ni-NRS (9) Co=NRS
(10) BeaaKR3I  ({11) U0 ,=NRS

£ ¢ Formation curves of NRS metsl chelctes:
(1) Pb=NRS {2) Cu-NRS (3) Znlu3
(L) Cd-hRS (5) Hg-HR3

¢ Formation curves of NRS metul chelatest
(&) Ni-HR3 (7} Coedticy

(8) Be<hRS (9) UOszRS
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enthalpy chenge (AH) wss C€slculated b

(2.23), ;e uxing AX to bs

LORp crature ranga, AS

Yy usin- the equetion
Constant over the SXperiments)
» L2 entropy change was Calculsted

OY using the equation (2.25). The values of ste,wiae
yRa

8tabllity conatants with their thermodynamic funceqor

8 ore
recorded in Tavles 3.40 to 3.47,

lavle 3,40
Values of stability constents aand th
nemic functicns of Pb-RRZ szate;_mgx:
AH’ " = 9-585

Aﬂz s =13.490
AH = =22,470

(Kcal/mole)
Tempeorature
(°c ) 10 20 30 40 £0
logz X, 5.66 5.63 5.62 5,20 L.70
log K, 3.17 2,55 230 210 1.90
log K, 8.83 8. 18 7.92 7.30 6.60
- 4G5 bho11 Jib2 3.19 3.01 2,81
- AG 11.44 10,97 10. 58 10.46 2.76
(Xcal/mole) )
45, 33.13  34.34 33,97 33.45 33.05
- AS 38,94 39.22 37.89 38.43 39.32

(e.u.)




feble 3,41

Values of stebility cunstants and taermo-

dynotic functions of Cu-KR> system

Aﬁ' W = 1.950

AH - 300'1
{(Kcal/mole)
TexpErature 10 20 30 40 50
o (C)
dog K, 6.53 6.51 0450 642 Ge 34
log Iz 3023 3032 3-“1 30 53 3065
103 Kc 9.79 9.83 909’ 9-95 799
- AG1 8. 46 8,73 9.01 2. 20 937
-,AGZ bhe22 Lol5 b.73 5,06 5.0
- AG 12,68 13. 16 13.74 14,26 14,77
(Kcal/mole)
.Asz 29+ 36 29,14 29. 10 29+ 20 29.36
AS 34.18 35,67 35.3% 35,88 36.39
(e.u.)

115



plate Ko, 19

Tempzrature = 20°¢C
fonic strenth = 2,10

A ¢ Titration curves.

3 : Formation curve of proton-ilT system

c : Tiwration curves of NRS motel chelates:
(3) PL-HR3I (L) Cuehis

(5) Ln=hi3 (G) Cdeliis

D * Titrétion curves of NRK3 mevtal cheigtes:
{7) Hg-HRS (6) N4i.URS {9) Co=NR3
(10} Be=NRZ (11) UOZ-NRS

B ¢ Formetl:n curves of NRS metsl chelatass
(1) PD=HR3 (2} CuNR3 (3} Zn-NR3
(L) Cd-Nus (5} Hg-RRD

F { Formaution curves of NR2 mezal chelates:

(6) Ni<NRS {7) Co-NR®
(8) Be.Nns (9} U0 p=NR3
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Taole J.A2

values of stebility constants snd thermo-
dynemic functions of Zn-NAS and Cd-NRS

systems

« A for Zn.KRS = 6,304
{kcol/mole)

- A for Cd=NRS = 6.956
(Keel/mole)

Hetal Tempie

ion ragure 10 ey X &0 50
(%)
(Kcal/mole)
(e.ue.)
chr .AG 7. 53 7-67 7.82 7.68 7.61
(Kcal/mole)

(e.ue)




Taole 2!53

Yalues of stabllity constants énd theruo-

dynsmic functions of bZ=NRJ Systenm

AH' 5 = a.u%
AHZ w - J, 59
4dH = - 12.600
{Kcal/mole)
T.n:peraturﬂ 10 20 30
L0
(%) 50
log K, 6.15% 6.00 5e 90 5.60 5631
log K(_ 805? 8.61 8.“ 8.03 7.66
- AG, 7.37 8.0b 8 26 7.88 2,84
. 402 3.52 3. 50 3:49 - PN 3.50
(Keal/mole)
= ASs 0. 16 0.23 0. 25 0. 28 Qe <1
- AS 3.92 3.65 2."7 k. ‘2 3.90

{@.u.)




1i6

Table 324k
Values orf Stuoflivy conatsn-a ar4 therno
dynamic functions of Ni-Y30 system

Aﬁz 2 - 2.665

(Kcagﬁmoze; S
Tcmp:ratura 10 20 30 &0 50 o
("C)
log K, 029  6.21 Gl 6,11 6.05
log K, bette 4,09 4,00 3,97 3,88
log K, 10,43  10.30 10.14 10.08 9.93
« 2B, 8.15  6.33  &.51 895 g
- AG, 5.36 5.49 5.5% 5.69 5.74
- AG 13.51 12.82 14,06 1,44 14.68
(Kesl/mole)
A3, 20.22 0.15 .18 19,88 0. 18
A5, P53 .62 9.51 .65 9.50
2.7 29.75  29.59 29.82 23,68

AS
(B.U-)




fTezpeTature = 0%

fonic atrength = 0.10

A S Tiwrstion curvess

(1) HCLO, (2) HC10, « ERE
3 ¢« Formation curve of proton.tR® system

¢ ¢ Titration curves of U1 metnl chelates
(3) PLHRE (&) Cu=lRZ
(5) Zn<HR3 {6) CdeNRS

D 3 Tivration curves of NR: metal chelates:
(7) Hg-WR3 (€) NWi-RHS (9) Co=lR3
(10} Be~NRS (11) WU ,=NR3

E ¢ Formavion curves of NRS metal chelatesn?

(1) PL-NR3 {2) CuellR2 {3) Zn-HR3
{4) Cd-NRpa {5) Hg-NRS

F I Fform
ation curves of NRS metual chelates:

(6) NA.ms (1) CouNRy
(4} Be.xns
3] (N uoa-lms
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Tadle 3:45

Values of atajility constants and thermo-
dynamic func:ions of Co-NRS system

-ﬁ-“1 - - ‘0.809

AHZ -, - 1.730

L
’i‘mp“‘;f-“" N 10 20 30 40 50
(“c)
log Ky 7.0 6.96 . 6,90 6,72 b.56
log K, 0.0 6.02 6.00 5.9 5.88
log K, 13,06 12,98 12,90 12,64 12,46
- AG, 9.12 $.33 9.57 2.63 9.73
= AB5 7.62 8,06 '8.32 8,48 8.69
- AQ 16.96 17,39 17,89 18, 11 16.42
(Kcsl/mole)
AS, .15.23 15.40 15,70 15,38 15,22
A3, 21.51 21,60 21.74 21,55 21,55
AS 37.03 37,11 3741 37.07  36.%0

(e.v.)




Plpte ho, <%

Temperature = 50°\

lonic strength = 0,10

Titretion curvea:

(1) HClOl. () HCIOI‘ + NHZ

Formation curve of protonet system

Titration curves of R3S metpl cCholates:

(3) Pb=NRS (&) Cu=iR3
(5) Zn-NRS {v) Cd<HR2

Tizration curves of NE. metal chelates:

(7) Hg-NRS  (8) Ni=kRS
(10) Be-NRS (11) UQ,=KiS

‘ 9) CO-'S\u."J

Formation curves of NAS metal cuslates:
(1) Pb-NR3

(&) Cd-NRS

{2} Cu~HR: {3) Zn-HRG

{5} Hg-NRS

Formation curves of Nis metal chelatea;
{&) Ni-NR:

(8) Be-NRS

{7) CoaNRS
() PAN T
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Table 3,406

values of stsbility constints snd thermo-
dynamic functions of Be<-NRS system —

AH1 - - 3-8’01
AHz L J 0-523

AH = - b,22<

(Kcal/mole)
Teap g!‘ﬂ ture 10 20 30 L0 50
(7C)
- AG1 7.2‘& ?.h? 7.60 7.62 7.73
= A’]z 50’02 5.59 5-78 5.9 6.12
(Kcal/male)
AS, 12,00 12,19 12,40 12.07 12.03
A%, .28 1729 17,35 1731 17,32
AS 29.80 29.89 29.90 27.82 29.51
‘.ou')

1i8
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2.

3.

56

o,

7.

8.

Flste No, 22

lonic strength « L, 10

Variaticn of log K witi. /% (ro~hhJ 8yatou)
[ - 1.0__, KI‘ - lOU 52; L - 10\_, »c
Varistic: of lo: ¥ witi 1/T {Cu-lR: Bystew)
A - lo; ﬁ1; b ~ log K55 ¢ - log K.

Varistion of lo; K wit: 1/T
A - 2nelifiSy B - Cd-NR®

Veristion of lo: K with 1/T (Hg-NR:® system)
A -log K4y B =208 Ksy €< loz Ke

Veriation of loc K with 1/T (N{-NR3 system)

A-lop K4y 3 =1logKa C©- log K.

Varistion of lo: K with 1/T (Co-NRY system)
A= log K43 8 - logK,3 € - log Ko

Veristion of log K with /7 (De-nks Bys ven)
L-lo,;l&{, B-logkz; C - dog Kk
<

Veristioi of log K witl 1/T(ﬁ@

. , ~KRS systex)

C - log K.
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Taole s 47

Values of staobility conatants and thermno.

dynanic functions of UOy-NR3 system

AH, = o« 4,498

AH: - - l". 273
AH i . 8.78‘0
(Kcsl/mols)
log KZ S5.be De 29 5.12 S5.08 5.01
108 X¢ 12.26 12,05 11.87 11,59 11,43
- AG4 3,86  9.00 9.2  9.33  9.49
o Acz 7-02 ?. 10 ?.10 7.28 7.“1
(Kcal/mole)

Asz 2.70 9.63 .46 9.59 9.69

‘B.u.)
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MEYAL CHELAT=S o RIBCFLAV Iy

Introduction

hitrogen i1s one of the Bost powerful @lectron

donors among the ele.ents. The lone eleciron peir in
nitrogen's hyoridised 3p3 Oroitals cen e donated to a
variety oi electron acceptors, to form & host of
compounds ol widely diiferent msture, This Coupled with
the availability of & large nusber of nitrogen Containing
organic compounds, place nitrogen conteining ligends

among the most versstile of ligands.

The earlier work on nitrogen containing ligends
was mainly centred on a study of co-ordinatin- behaviour
of emmonis, smmnines and ethylenedismine., The ploneering
work in this field wESA;; werner (39), who studiag the
synthetic and stereochcaicel aspects of motal emmines and‘by
3jerrum (40} who studied metal ammine formation in aquesus
solution. Recently, intorest has been diverted principally
towards bidentate and polydentate nitrogen Containing

ligends.,
Nitrogen containing ligands sre of fmuense izgportance
0 every aspect of chemistry, The well known reagent for
nickel i.e. dimethyl slyoxime co-ordinates tnrougp g,
nxtensive advantags is taken of ghe coup lexgng

nitrogensd.
tondencies of sz0dyed in Ehe dve ndusery, gny op



biologicslly importenc chelstes like chlorophyll snd
heemin are metel cheletes of nitrogen contedning ligenda
The widespread use of chalates in homo:eneous and hetero:
gensous catslysis has ncceasitated a rapid developzment of
s;scific nitrogen containing ligends. Thua,it would be
reesonable to &ssert, with ¢ .nfidence, thac there is nc

facet 0. checzicel sciencs whicn is untoucined by these

ligands.

g-hydraoxyguinoline owas 1ts wall-known avidivy

for metallic cations to tug presence of an ionisable

hydroxyl group pﬁ!ito @
The presence of a simila
occurring purines i.8. riboflavin, gave

tertisry heterocyclic nitrogen

8toM. r cOﬁflglﬂ'ﬂtiOn {1 severel

of the neturelly
rize to 8 suggestion thet these subatances also, bind
metallic cations (L1142} through the nitrogen atom. The
structurs of ripoflavin may be represented as

b
and is kaown 83 ripoflevin (R&F), lectoflavin Oy
vitemin 8¢

<1poflevin pRs 50° reported by Albert (43) to
gora complexe? 4 th some metel ians, in solution. Foye
) 1solated solid metal lon complexes of

¢o 10406 two metal lons per riboflsvin molectyle



They repaorted that whan & 30lution or metal gale ,

8d-0cd w a solution of riboflavin, inftdnliy a¢ J.'
substantial drop 4n the PH waBs obLgeryed ani g co: .;.‘.
precipitate was is:ediately formed, This work na::TQQ
Dsen quesctioned by verious workers (45-47), 4 numb;:i::”’

mctel salts and cowglexes of riboilevin has becn reported
porte

Lo o inhibitory to tumor growth (48).

Biceynthesis and hydrolysie of Riui wag discussed

by Axelord and Martin (49) anu Kumer ang Rao (50). Some

factors afiecting the bios;nthceis of REF wers deteruined

¥
that R0F cennot be stored/more thon 10 deys becsuse of fea

Thermal decompoaition of

by Kanopksite snd Gibsviciute (51). Vaisman {52) studieg

being suaceptible to oxidation,
RGF was discussed by Kiyohide (53) and Xazuo snd Motome (54)

Dreper and Ingrsham (55) determined the pX velues of Ryp

potentiometricelly.
Xaderavek and Prati (56) determined ROF in cheese

and wss extrected from verious snimal and vegetavle food
A review ol dlscussion of tho methods of

products (57).
dotermination for HBF wes glven by Jancki, Keminsid sng

Jome biological spplications were studieg

Stanicki (58).
william et 8l. (00) studieq

by Burns rnd Conney {59).
y of rivolflsvin. It changesits colour py

the photochemiotr
visible 1light (G1).

ultraviolet and
tendencles of RBF ware discusaseqd by

The cheleting

g (62). 5pence and Tocatlian (63) Studiag

Thomes and Henr

a

3



| OF RB¥F were €XUracubO wi. vhwar i.:0, Specura were stu-ied
Oy 3pance and reterson (64). Tne properties or complcxes

of enzymes with riboflivin were studied by Richard and
Plaut (65),

The survey ol the literzture how ver shows that
very little work hes besn done on t 5 metel Complexes of
R3F, Recently Nayan and Dey (66) mede s systematic 8 tudy

£ th stepwise formetlion of AL(IIT), cr{171), Be(I1),
Pb{IY) and U(VI) conplexes with rfboflavin,

In the present work, the chclates of rivoflavin

with Cu(XI), 2a(II), Cd(II) end Hg(II) nave been atudied

{n detail. These studies have Leen carried out in

aqueous wedis of different ionic strengins viz. 0.01, 0..2,
0.05, 0.10 and 0,15 8t & £ixed tewporature of 25°C. Tie
® ) ®

chermodynamic 8tability constante were 6180 celculated by

trapoloting tiio valuocs of measured stability constants
ex

to zero lonic atraength.

The gxperimental detzils are the seme as given in

se of metsl cheletes ol AR2 and have been described,

the ca
detail, in chapter IT. Riboflovin %a soluble either in

in det »

ter or in an alksline sclution. An squeous solution

hot we

thoflavin (8. verck) was ussd for these studies,
of ribolls



Proton-iigand Jystem
In order ts cslculate the metsl-ligand Stability
consteants, it 18 nacessary to determine the proton-ligand

stability constsents,

The observations wade durins the titrations of
mixtures A and B, containing perchloric scid alone and
perchloric acid plus ligend rescectively, have besn
utilized to celculsce the stabdiliity conatants of Proton-
ligend system. The difference in the volum: of alkali
used in cese ol mixture A as coupsred to 8, to have the

seu: pHd value, is clearly due to the nDeutralisation of
riboflevin,

The values of v', V" gnd v"' were ootained from
the graphs plotted 1in ovetween alkall added snd pH end then
ti.s various velues of A, wore calculsted 8t different pH

0.10 and 0.15. The representative values of v, y~ and ¢

at one ionic strength only (to reduce the bulk of the

thosia) ere glven in Table 3,48,



Table 3.4

N° - 0,5263 v° = 100.00
T = Q-O\w"s 8 4 s 1.0
- =
pH v! v’
cu(II) 2zn(Il) Cd{II) Hz(II)
3.60 0.95 0,962  0.960  0.332  G.3%0  O.90b
L.00 0.963 0.907 Je 765 Us iled e 765 Ue 973

O« 07 0. 908 0 980
O« 953 Ce973 0.987
0.956  0.975  0.973
0. 902 0.978 1.000
0.965 0.980 1,002
0.967  0.901 1.003
0.970 0.983 1.00L
0.973 0.984 1.005

0.979 O. 90k 0.977 0.985 1.006
0.268 0.979 0,966 1.007

4,20 G. 707 0. 767 Ve 70
0. 970 0. 7%
0975 0.977

bo b0 0.970
L.6O 0.973
boE0 Oe 974

5.00 0. 774
20 Ce 977

)@ e

5.40 0.97¢

0,374 0.976
0,77l 0.980
0.977 0,980

0.976 0.901

5-60 0.978 OUI?VL 0-982

5,60 0.979

0.0 o.9é0 2.322 0.992  0.982  0.967 1,008
64 20 0.?§o 0-981 0,996  0.986  C.988  1.010
0.40  0e%C1 '982 4,000 0.986  0.989  1.019
6,60  0.981 0'955 L oo3  0.991  0.9%0  1.012
s.60 0.982 O L5 1006 O 0. 1.013
7.00  0.76% 0-?87 Lof0  0.997 0992 1015
7.20  0.983 0'987 013 1,000 0:992 1,01
7.40  0.J6h 0.9-3 017 100k 0973 1,017
7.60 0.8k Q’?ﬁ 4,020 1.008 0,995 1,018
.25 0.986 0.970 R {Contd, )
e




A

C.

Plate No, 23

Teaperature « 30°¢

Formation curve of protun«ibF systsa (u w U.01)

Foruation curve of proton-RaF System (u

Foruwation

Formacion

Foruetion

Extrapolrtion qf loj

{H=-REF systen)

Curve of proton<Rap Syatem (p

Curve of proton-RuF Syatem (p

curve o1 Proton-Rgy 8ystem (o

K w

L 0.02)

b 0.05)

- OI 10)

a 0, 15’

Bero lonic 8trengen
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Q_T‘ble 048 (Coirtd,)

pH v? v
CulIl) m(IN  carn)  maiin

1.021 1.012 0.996 1.020
1.023 1.017 0.998 1.022
1.026 1,02z 1.004 1.02
1.026 1.027 1.011 1.027
1.032 1.032 1.022 1.029

700 G952 Ue 0 1.030 1.047 1.050 1.033

1.050 1.050 1.093 1,040

1. 060 1.111 1,047
1.072 1.127 1,057
1.0€9 1. 140 1.070
1.110 1.139 1.088
1.133 1.160 1.110
1. 166 1.208 1. 140

6.00 0. 966 Cs392
.20  0.787  0.993
S Xo) 0.968 Ce 994
8.60 0.768  0.975
Ge 80 0e 770 0.995

7460 C.974 1. 0065
.00 Ce7 7 1,015 1.060
980 1.000 1.025 1.072
10.00 1.007 1.040 1.088
10. 20 1.017 1.037 1. 106

10.4C 1.032 1.07€ 1.127

10,60 1.055 1. 120 1. 155
10.80 1.092 1. 150 1.200 1. 210 1.235%0 1.175
1.260 1.300 1. 200 1.245

11.00 1. 144 1. 182

The proton-liigend formation curves {(Plate 23) were

obtsined by plotting 8, @t various pH values. Various
cougutational methods viz. interpolation at helf Ehvoluoa
(i), end interpolstion 8t verious myvalues (V) were &y lied
to determine the stepwise proton-ligend stability constents
at different lonic strengths., The thernodynamic atability

constants ware obtained by extrepolating tneso vielues to



2ero iont
onic strength, All these values are Feported 1
n

Te sle 30"9 .

T80l 3.4}

Ionic R o
atrength lozg K liean
H v log x"
UDO' ,0002 10. Sb '0060
0.02 10. 54 10. 54 10.54
Q.05 10.49 10. 51 10. 50
0. 10 1042 10.38 16.40
0.15 10.00 10.01 10.00
0.00' - - '0.66

* Value extrapolated st zero iocnic strength

MetahLigand Jystom
A1l the calculazions of n,, n and pl were msde

on the IA¥ Computer 1130 and chocked,

The values of n were calculusted at various pH
n the

velues from the equation mentioned esrlier and th

ding vaslues of plL were computed Lfrom this
pk @t one lonic atrengtu {vo reduce

) are peported in Tables 3.50-3.51.

data.

correspun
These vslues of n @nc
the bulk ol tre thesis
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Table 3,50

'”I; w 0,00C25 T,, » 0.00015
o] ; S o
= Ue5203 Vo = 100.0

Flgure - Plste 2,4

% = 0.01
pi i b an(11)
. pl n oL

e 40 0. 104 8.338 2 -
5.60 0. 138 FRTR " .
5. 80 0. 174 7.944 - -
6,00 0,277 7. 754 - -
6. 20 0.416 7. 567 0,069 7.535
6.40 0.520 7.377 0. 173 7, 34
6.60 0.628 7.187 0.209 7,147
6.80 0.668 6,991 D« 256 6,951
7.00 0.743 6.799 0.318 6.757
7.20 0.820 6.607 0.356 6,561
7.40 0.920 6,417 0.460 6.371
7.60 - - 0. 570 6. 181
7.80 1.069 6,033 O.0b1 5. 968
6.00 - - 0,723 5.797
8o 20 1.085 5.635 0.666 5.612
Ge k0 1. 157 5. 433 1,012 5.427
8.60 1.203 5¢ 2t 1. 166 50 hole
8.50 1.328 5,063 1.328 5,063
9.00 1.39% 4,871 1.431 4.875

- 1. 552 4,690

(Contd,)

¢ 20




w {contd, )

-—

(39
&

e 20

pH Cu( II) za(11) =
n pb a =
7460 1.714 4e 511 .71, 4. 511
7+80 1.938 both2 1,979 Lo 48
Teble 3,51
N° = 0.5263 v® = 100.00
u = 0.01 Figure - Plates 24 A
- C&GI) Hg{II)
pH = pH =
n pL n pl
00U O. 1hls 5.7%1 3.860 0.072 2.935
be 20 O« 161 5.5b5 4,00 Q. 21h 9. 7h&
G b0 0,361 5.361 &4 20 Oeh 50 3 570
8.60 0.583 5.183 Lo b0 0. 589 9. 363
8,70 0.723 5. 119 4,60 0.723 9. 197
8,80 O« 969 5.022 5. 20 0.901 8,615
560 0.936 8.2139
5. 80 0.942 8.020

0.970 7.623
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The velues of 1 were plotted agoing: ¢,

Corr-es, ondin, pPL val 88 to get the

formetion Curves of
“etal complexation equilibria,

Verious Computational
mathods vig,

interpolati-n at half B velyes (H), inter.

Polition st vorfous n values (V) and mid-potne 8lope

~ethod (M) were ernlied to determine the stenwise meta].

ligand s¢: bility constants and the velues are reported in
Tables 3.52.3.55. The values obtained by different

methods are in fair &grecment,

Table 3,52

Values of stsbility consténts of Cu-RoF
systom at vardua donfc strenyths

e c—

Ionic H Y M Kean
Strength log X,

108 K, 7.36 7.33 7.34
0.01 log KZ 4.70 4.70 $.72

10,3 Kc 12;08 ’2.03 ’2006 12.05

PN o

log K, 6.94 6,95 65.84
0.02 103 zz 3068 3.66 3.85
log K, 10,62 10.61 10.69 10,64

log K, 6,78  6.61  6.38

g ke 0b
100"3 1C. 5" fOol‘L'a 10.148

log K,

‘ Contd, )



?“ J;o z )
==212 Jo2< (cont ,)

Ionic R

_2tremsth log K, H v & "oan*
log K, 6,48 6.43 6. 16 |

Oa 10 log Kz L.OL 4.05 30 2@

o lop Kc 10. 52 10.4¢ 10. 14 10.38

10@ K’ 6.6’0 ~bo[03 6.39 -

0.15 1o K, 3. 25 340 3. 35

sole 3

Yalues of stsbility conatents of ZnoRiF

Chelate et varfous jonic strengths

I
“trogégcth log X, H v H Mean
log Ky 6.30 6e39 6.51
0.01 log K, 4.90 be 74 b.58
log Xo 11. 20 11.13 11.09 11,14
log Ky 6.28 6,33 6.31
C.02 log K4 4.03 Lot Lelb
log K, 10.31 10. 56 10.65 10, 50
log E, 6.12 6.38 6.0
0.05 loyg ‘2 4.05 419 o3
- o (Contd,)




A,

Co

D,

F,

Ge

H.

Pleste No, 2L

Temperature « 30°C

Formetion curves of "BF-metal chelntes (u = 0,01)
(1) Cu-RBF {(2) Zn-RBF (3) Cd.R3F

(4) Hg-R3F

Formevion curves of RBF-metal cholatus (p e 0.02)
(1) Cu-RaF (2) Zn-RYF (3) CdeH3F

(&) Hg-iaF

Formetion curves of h3F-metul Cheletis (p « 0.0 )

(1) Cu=RGF (2) Zn-HBF (3) Cdabfiyr
(&) Hg-R3k

Formation curves of R3F-metol cheletes

(8 = G.10)
(1) CuRBF (2) Zn-RaF (3) Cd-hraF
(&) Hg-R3F
Formztion curves of RBF-metal chalates (2 = 0,17
{1) Cu-RBF {2) Zn.RBF

(3) Cd-ROBF
{4) Hg-RBF

Extrapolstion of loz
(Cu-RBF system)
A - log Kqt

X to zero ionic atrencth
8 - log Kas €< 1o K.

BExtrapgoletion of log X ¢
0 zaro :
(Zn-RaF system) ionic strength
1 g K3 ¢ o 5
20 log K
Extragoiation of lo

g K 2o
A = Cd-RBFs ser

) 0 londc strengtii.
8 - HE-RB“ Byata g

&,
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[

ble 3,53 (Cont., )

Tonic
strongth lo: K, H v >
10& N" 5.73 5.83 5.70
O, -
0 loz K 458 45 4.6
log X, 5 5l 5. 50 5.80
0.15 loL, L bk L3y b.52
lo, K, 7o 9 9.89  10.32  10.15
Tauvle 3,54
Values of atability constents ef Cd-isKF
systen &t vericus fonic sErgngths
Ionic ,
atrength a8 By i ¥ Ko
0.01 log K, 5e 23 5037 5030
0.02 log K, 5.21 5.35 5.26
.05 log K, Se 20 5.2 523
0.10 log K, 5.15 5.2 5.20
C. 15 I_og K, 5. 10 Sedh 5"7




Tadble 3,55

Velues of 8tability conastants of Hg-RBF
System ot verious fonic strengtha

Ionic |
strength log X, H v Kean
0.01 108 K, 9!1 5’ 90’05 90‘8
0.05 lo; K, 3.66 8.75 6.80
0. 10 log K, de 52 84 36 Seds5
0. 15 log K, 8.22 8.20 8,21

Thermodynemic Stebility Constanta
The thermodynamic stability constaonts were

obtai ned by extrspolation of messured atability constents

to zoro fonic atrength (Plete 2.F, G and H)., The volues
of log step atability constants at vsrious donic streng-hs

were extrapolated to zero fonic atrength to give stap

- - =0
thermodyn:mic stability as log x,” ® snd log k™. The
values of the overall concentrstion stabllity constants

K_, at various lonic strengths were likewise extrepolated
C
The overall therzodynamic stability

to zoro ionic atrengti.
thus obtained, have been syubolised &s experi-

constantad,

=0
mental log hc"‘ .
constants have pecil

The velues ol thermodynemic stability

reported in Table 3.56.

3

-
-

.
Nty



Table 3. 56

Values of Shersodynamic stabiligy epnsgants at_zsgg

log Ky Cu({ll) zn(II) Cd{II) Hg{1II)
log K ,M®0 7.81 6.4s2 5041 9.49
log K,M"° 5.81 571 - -
log Kcﬂ'o 13.62 12,1 - -
(calculated)
b1 949
log k P=° 13.59 12,08 504
(experimentol)

PRI S o
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#3T w ._j; STUDI_:_

‘i foruation ol coloured Caelates oy wetsls in

° 2
olution)n-z.¢ veériotc chelatiing sgents nas recejived

Conslderable sttention in roceut years,
baals

It forus tne
0. colorisewric analysis oy the aeasurement of the

int naity o1 colour of the solution, Almost &1l matsls
Cin now be deternined colorimetrically end Sendeli hsa
estimated soventy five per cent of the metsls, These
methods are superior to th conventional methode becsuse

of better seloctivity and sensitivity,

Amon -~ th= chrozogenic ligends, meny dyss have
oflered considorable interest on account of their t.ndency
0. forrin metsal dye corplexes in solution., The veriation
in colour oy dnteraction Letween & wetal ion and & sult Lle
Mgand 1, solution, forms ti.e basis of coromogenic reections

in which RoBOrbance measuremenus are possiole.

The oivalent mutal ions selected Lers, &re tauss,
on which, no work hes been reported in the litersture. lhe
chelates of zZn{II}, He(Il), Ni(II) sna Col{Il) witn Alizerin

Red 3 end Ni(II) with Nitroso-R-salt Lave been studied,

A detailed atudy of those systems alon; with their

photometric determing tions, hes been reported in the present

chapter,
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fliserin Red ° (AR5) changes 1ts colour with the
var  in hy :
dation in hydrogen ion concentr:rticn snd a atudy of

tie absorption ac @
spectrun shows @ ahif ;
Lt in tie xmx with the

— : N
CLan e in the pi of the wedium, A stock @olution of ARS

was prepséred in douvle distilled water, &nd a nuuber of
solutions wore prupared et diff rent pil velues by dilution

of the stock solution. ALl the studies were made et

o
25¢9.1°C. The results obtained huve beon sumsarised in

Table 4.1 an grephically representsa in Plate 25.

Table 4.1

Shift in Agpx with chenge in pH of AR3

pH Aoex
1.2 Lo d 6.7 bm
5.7 = 12.0 520
> 12,0 555

e on UV-VIS

Instrunentd

All gosorbance measurenants were mad

odel 139) Spaccropnoeomstor usin .

serkin Elmer (X
equipped with thermoplstes to

Hitechi
one om s tched quarts cells,



s
a
oy

Steoilize g Ceuperiture of oh c¢oli holder, i wos

woter (llodel H2) wing & -lass-
Celow .1 el .ctrode G8ceunbly,

*e“aur.d (O 793 & I Ck.‘ll;.,cn y[{

thenicals

ALL tue che .icals used throughout this work, wero
of 'AnslaR' or res ient grade quality. All the solutions
I th m tels anu ligend wer: propared in double distilled
water, SJtock soluticis ol diverse ions were preparsd from

the cor-esponding metal salts.

londitions of Study

A propriste dilution of the solutions wore msde by
8d idn: double distilled weter, All the studies were carried
out at 25C. The individual solutions end the mixtures were
kapt in & precision thermostat (Forma scientific Model 2095)
megint -ined at 25?.0.10(.;, for half an hour to attain the
equiliorium., The pi in tn. chelates oi zn(ll) end de(l.)
wore adjusted usio, hexsnine-perculoric scid ouffer aad in
the chelates of Ni(I.) and Co{ll) with ARS by using

potassium hydrogen phthellste-NaOH ouffer solution. Th

conditi . ns of study of all the chelates are given 1o

Teble &. 2.

Sfifect ol Time end Temperature

Ths chelate formation was found to be instantenesous



-

ch
hange in the 808orbance viluus gven al’ter sii .p eight

The teaporature Change hud no he=surable effect
Tha order of add{tion

hours,
@ the acsorocance of the complex,
eflect on the ansorbance of

Ol reagentgs aid not have any
metal

However, in the uresent stucles, the
the cases, tu ensyre

the chelates,
ion 3olution was token first in alj

uniformi ty.

Effect of pH
In order to study the effect of pH on the aosorbince

of the chelate, & sories of solutions containing e fixed
émount of metel and lisend were prepsred st different pH
values, The pH of the solutions were edjusted to the

required velue snd the total volume was made upto 25 ml,

The absorption spectrs were recorded against reagent

The pH renge in which the chelsteswyre stavle

blenk,
along with the pH et which the studies wore cerried out

are recorded in Tsble 4.Z.

Nature of the Complex rormed

The method ol Vosburgh and Cooper (1) ws8 employed

on,
ty determine the nature of the complex, in soluti
ortions of metsl and ligand

Mixtures containing various prop g
1:2. 123, 124, etc,) were prepsred, The
: ’ [ 4 E ] L]

{(2:1, 1:0, 121, e
of the solutions of zn(II), ge(Ir), Co{I1) end (h
I .1 of the
with ARS were adjusted to within %0 |
. of these mixtures at various

reguired pH. The absorbence



wWévelengzths 203
g wer€ teas red and th- pesylts have pgen

Ersy nie:
1ly represent: in Plates 26,A=29,A. The r
™ cduls

8..0
w Wt only onc Coplex is formeu under the

| Conditions
Ol 8%udy, in &ll the systens,

The concentr: tions
s enp loyed
ir. the atudies &re recorded in Toble be)

Stoich;omggx 0. thu Chelates

In order to cotein the ezpiricel foramulse of these

Chelates, in the solutiwa, three independent methoda were
spplied,

{1) Continuous varistion method

Job'’s mathod of continuous variacion (2) was adopted
for the determinstion of the composition of the coloured
complexes. The results and cecnditions of studies at "m:r
of each chelste have been sumrarized in Table 4.4 snd sre

grephicolly ropresented in Plates 26,3-29,3.

(441) Mole rastio method

For the detcrmination of composition by wols ratio
method (3), @ series of scluticns wes prepared from netal
The mole ratio o:i metsl to
The absorbance of

and ligend.at appropriate pHe

ligand was veried from 1:025 to 1310,

these mixtures werc nessured ot ‘mu of tne chelate, In

only one repressntative

order to ecchomise oD tha 8pece,
27, D.

result has becn graphicolly reprasented 1o plate



(11%) Slope ratio metiod

In t;-i:' ) t (
met od, the voluma of the veriaole ccnm
nent C o
was veried from 0.0 to 5.0 ml in t.e [resenc ! 4
5 e of an

o

euployed and results obtained sre given in the Table 4.5
Ihs results are grephically represenved in plate 27,2
I |

wta ‘n“ 2’.Do

EBvaluation of Jtabilit, Constant

The 8tability constents oi these chclates hove been

determined by two different methods descrived earlior. The
velues ol the stability coustants by different methods sre

recorded in Table 4.6.

“ffect of Ionic Strength on Stsbility Constent

with @ view to obtain the thermodynamic stability

constant of the cheletes, the @tability constant of the
chelatas at different ionic stren:the, at a perticuler ph
and tompcrature (cf, Table 4.2) heve been dotermined, 3y
the method of extrapolation, using log K valuss, to gero
ionic strength. , the thermodynamic stability constent has

been c¢eslculated and tie results have been recorded in

Table 4. 7.

ANALY TICAL A7 LICATIOUZ
e tavilicy

Bxperimentsd wore perlormed to teat tno sul
of tho chelaze for the photom@iric deteraination of the



metsl,

tand i }
tandard Pr.cedura

’- a."a"ﬁ.r o 'D P
ale o ' O 1.. C 8¢ O:. ;L(A‘) 2 O p {1+
4 +.5'0 . > « 0

p | TP » 7
b B 0. the motal sclutfon for Co(II) and

A1(11) a;arexs to & 25 ml flask end

fold ¢oncentra 2am L
Be(il) .‘:c.iﬁ,n ?f.. N *for ‘a(Il), twenty fold concen-

Ggth b}

tration forAN4(II) and tiwent.y fold concentration of the

8dd gt leasat eight

11genu for Co(II). The solution may then 've made upto the
Gari aiter adjustin, thu pH to thc required value, allowing
30 minutes for tne soluticns to attain the oquiliiriug,

The absorvance wes wessured at tae Amu of the chelste,

Effect_of Reagent Concentration

' The effect of the changes in thie concentratiwn of
ligsnd on the ebsorbance of thc chelete,et that ph,was
determined at the A . . It was observed thet the sbaorbance
increassed with incresse in the reagsnt concentration; hence
the reagent concentration wes kept conatant. It wos
found that at least eight fold concentration of the reagent
WaS -ssential for the effective spesctrophotometric determi-
notion of 2n(II), twenty fold for Se(II), ten fold for

Ni(II) end twensy fold for Co(1I) with ARS,

Seer's Law eng Jensi tivity

Calibration Curved for the determinotion of An(il),

py using
Hde{1I), Ni(II) and Co{II) with ARS were prepared by &

-~



de

C.

D,

F.

" Plate No, 26

Auvsorption curves of t @ mixtures of ginc
ciloride anc ATT,

Curve 1 = 2nCl. = 8,00 » 10721, ARS = G.G x 10™)
Curve 2 = 70CL, & 4e00 * 107% , AR = 8,0 x 107

Curve 3 - ZnCl, = .60 * 10", AR = 6.0 = 10~ .

¢
e

Curve & = 20Cl, = 2,00 10770, AR « 6,0 x 1077,

Voriction Am sosorpunce of in-Al. chelste with Lk
T = 4,0 = 1&.'5;,. 1 w 8.0 = 10"5:4.

-4

Job's curves for Zneiio chelate.
Curve 1 = C = L = 20~ 10™°.

Curve 2 = &y, = €, = 1.0 = 107%
Curve 3 - C, = C = 5.0 x 10""&.

Jobts cuwrrvas for Zn-AR7T chelate
Curve 1 - C. = 1.0 » 1072, C_ = 2.0 x 10~
Curve 2 = G = 5.0 10"’"}1, C, w 1,0 x 10‘3

e

3eer's law plot for Zn-fRY Chelate

Ringbom plot for Zn-ARS chelate
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the
stenderd rocedure (Plstes DE, 29F, 235 and 29E)

The range over which the 3eer's low was obeyed has a)
alug

oecn atudied (Table 4.8).
determinstion,was obtsined by the Ringbom

Molsr sbsorptivity

The optimunm concentration

range for the

method snd is tsbula-ed in Table 4.8,

& ;
NJ Spactrophotometric sensitiviey, #ccording to Sandell's

ware calculated and rocorded in Table 4.8,

REPRODUCISILITY

Standard solutims of metal ions werc analysec ten

times Dy the standerd procedure with ARS tu determine the
The results werc¢ found to be constant

reproducibility.
The accuracy of the

with a stendard devietion ol 0.005.
mathod was evalueted by enslysing solutions containing

known emounts of metel ions using the stsndard procedure.

Effect of Diverse dons
In order to examine the effect of diverse ions on
shasorbance messurenents were
unt of metal (in
Tha

the determination of metals,

mede for solutions contsining 8 fixed amo
prescnce of diverse ions,

ti.o final solution) 1o the
smount which cauvaed

tolerance limit was tokan &8 the
not exceediuy t3e.

& osorbance error

for solutions

Z0{I1)=ARS Systex
Apsorbance N nBUSrementsd wore made

+a
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be

o

Fo

plate o, <7

Avsorption curve. of tus wixtures oi Je(d- end ALS

nd

CUE’TG - - @:w L 1-\1 10 g

o o
. L

curve f - )Lviz = D0 » 10-)-., ‘i @ 1640 = 1C-ib

¢

Curve 2 - B8CLy = 10,0 < 1077, ARS = 1.,0 = 10°°

Varistion i{in absorusnce of Ue-AR" chelete with pi

T, o L,0 » 10-5‘.| T-‘ w 0o} ¥ 10-5

Job!s curves for Jes<-AR. chelate
Curve 1 = C. = C_ = 2.0 10~
Curve 2 = (, = C = 1.0 x 1071

Curve U = ., - CL‘ = 5,0 x 1C-L;.

Mole ratio curves or s ectrophotomstric titruation
of & constant amount ol 3e(Ii) &nu varyln, asount
of ARS.

Curve A - Conc. of Be{II} = 4.0 10"

Curve 8 - Conc. of 30(11) = 2.0 » 10

Slope ratio msthod for 3e-ARS chulate
Curve 1t - Lizend varying

Curve 2 - ifetal varying

3eer's lsw plot for Je-ARY chelste
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Plate Mo, 28

"osorptic. curves of W.o mixtures ol Ni.ou suu

"

curve 1 < :4'1.,3“ =« 16,0 10-5.., Al & 1O, = 10-55:.
Lurve 2 = Nif gl‘ » H.0 x 10-).. » Ao = 1\.}.&. = 10 /

curve 5 = Niwh - - e ARS ®» tQ,u [V

vari tion in absorbence of Ni-All chelste witl, pH
T, = 4.0 x 10°%, T. = 3,0 x 107y

Job's curves for lil-/ ~ chelate

Curve 1= C, = C. = 2.0 » 1072

Curve 2 - G, o C. = 1.0 x 10‘34

Curve 3 - C = C = 5.0 « 10~

Slope ratio method for Ni-ARS chelate
Curve 1 - Ligsnd vorying

Curve 2 - Metal varyin-

Beer's lew plot for Ni-Ars cheibte

Ringbom plot for Ni.pRrs Chelste
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(2]

0h8in n - ; -, 4
5.0 ppm of zinc in presence o: diverse ong
¢an be eoncluded that 1cne Specially
“Arcury (Il), nicksl (II), vorium (II), chromtum (I1Y) ang

deaum (VI) !

Froem t.e results, {:

iron (I"1) ine rfere seriouvaly while molyb

silver (1), sulphatc, scetdte snd oxalete

dd not gnger.
fero.

BV2ill whan the concentration was sa aigh as 50 pim
v iike

Bef{ll)-ARS System

AdBorbance we:-surcments were uwade for tug éclutions
Contadning 2.0 ppw ot Be(ll) 4n the presence of diverse
ions. The results siow toat ions specially lesd (II),
azlne (II), cop.er (1I), caduium (II), nickel (II), cobalt
(II), uvenyl (17), vanadyl (1I), molybdenum (VI1),

cerrous (II) end oxalats are not tolerated end interfere
seriously whilc magnesium (II), berium (II), stronlium (II),
chloride, sulphate, borast:, nitrete and iodide didnot

interfere oven when the concentration was as high eas 100 pom,

N4{(II}-ARS Sysgem

AbSorbsnce messurencnts were mede Lor tho solutiona

e
containing 2.2 ppm of Ni{ll)} iu the presence of divers

dons From tno results it can be 8seen tiuet ions like

T ) 1-
co.. er (I1), ziuc (11), ceduium (XI}, cobalt (11}, OeFy
;.

polladium (II), £6rrous,

11), pletinum (1I),
e ' cerrous interfere seriously

vansdyl, aluminium (111) euc

the conccnu'at!.on Nos
Y cerfere oven when
1odidc ddnor. Lﬂ

P
o
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C.

D.

Fo

Plate No, 29

vsorption curves of tii mixtu-es of
Curve 1 - CoSO, = 16,00 x 107>, AR°
Curve 2 - Co50, = 8.CC x 1"3;, ARS
Curve 3 - Co%0, = 5.33 x 10°7F, ARS

Curve L - Co&b“ 4,00 x 10‘%4, AR

Col0, and ARI

16,0 x 10-5

16,0
16,0 = 10
10,0 >

10
5.
%

10= %M

Variation 4n susorvance of Co-ARS chelate with pH

T, = 4.0 % 107 7%,

-~

Job's curvea for Co-AKJ cheis te
Curve 1 = €, = C_ = 2,0 x 1072
Curve 2 « C = C; = 1.0 x 10724
Curve 3 - G, = C, = 5.0 x 107"

Slope reatio method for Co-ARS chelate
Curve 1 -~ Ligend varying
Curve 2 - Metpl voryin

Beer's law plot for Co-ARS chelate

Ringbom plot for Co-AR3 chelate,

T. = 6.0 x 10"

4
L]
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@s hi_h as 100 ppm.

Co(IT)-2A12 System

"“beorbance measurenents were made for the soluti:ns
containin- 2,24 p m of Co(II) In the presence of diverse
ions. From the results it cen be infer:rsd that ‘one
sy clelly sinc (II), cedmfum (II), nickel (II), beryllium
(11), platinum (II), pelladium (11), iron (1I), vanadium
(11), elusminfum (IIl) end cerrous interfere seriously

while magnesium (II), silver (1}, chloride, sulghate,
scetate, oxulate, chlorate, tertorate, bromide end lodide

dc not interfere even 8t high concentrations (100 pum).
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Table 4.6
Values of stebility constents(leyK]

155

— e —

Zn-AR3

Je-AR3

Ni-AR3

Jiole ratio Molecular extinc- ¥ean
method tion coefiiciont log K
sethod
6.13 7.05 7,89
ba 22 b.28 be5
432 4. 38 .33
3.91 30 52 3.71
L ——
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16019 b7
varivtion ol st.uility constant wity jonic sgrength

Conditions of study are same as descrised in Table 4.2

afﬁﬁégw 3e-ARS Ni-ARS Co-ARS
9,04 k16 by 171 3,74
0.04 L.22C he 4E 3.726
0.06 b.230 be125 3.713
0.08 Lo 23 4. 110 3,702
C. 10 by o 20 4,087 3,690
Ge 15 be 256 Lo 0LO 3.657
Ue €0 bhe 270 3.990 J.020
0.30 b 300 3.890 34550
Ge b Lo 330 3.85k Ll
0.00 L.210% 4. 185% 3,760

-

ants

——

.—-———’-‘-—"‘_'

agx;ropolsted valu
onic s rength.

—

@a of stability conset

at sero &



Cptimum concen

Taole L.b

givie, s0OG
A ——- - - -

Conditicna of

troti v ro
ncqg!: vities n.

[N

ro;. e, mol-r 8bDBOTR-
et 1L choliotos

study are scmc 86 descri

bed in Table L.

il |
s |

e —

Jysten

Zn-AR3

Be-ARS

Ni-ARS

Joncentr i tiokn Op tizum
rec. ¢ Lo wr e concantré-
PPV L tio. Frenge

(g, 84 (p. =

1.(;_/.‘ 2.0"0.2
(,..;-1..7 002-“00
(e 0=10.0 OeF=9e0
0.0-10.0 1.2-8-2

Molar Sensi-
absorp- tivity
tivity 2
(p&/e=")
59 %0 0.010
b 300 Oe.0LZ
550C 0.010
6000 0.009



el g (1) « NITRO30=ReSALT CH  LATE

&N
B

The for:ation of an orsnge coloured cholate bot. en

2ivalent nickel and nitrosc-R-salt hes beesn studied in
8queous m~diuam, 8 sctrophotometricelly, The composition
of the complex, in sclution, hss be:n determined by tiree
di flferent mothods, menti-ned earlier and it has been found

that a stable chelate is formed between one mole of nickel

ard two moles of th- ligand. Th stability constant of

the chelate has be n deter ined by mole-ratioc method and"

the metiod using molecular extinction coefiicient dats,

Th. thermodynsmic stability constunt has be.n deturmined
and tue el: ct o: temperiture on tno stability wes studied.

The optimuz conditions for the micro determination of

nickel have also been worked out.

EXPERTAENTAL

A standard solution of nickel wss prepared by

dissolving nickel sulphete (BDi tAnalaR?') in double
distilled water. An aqueous sclution of nétroso-R-s8lt
(£, Merck) was prepared in CO, frec, double distilled

water, All other reagents used were of tinelsR! grade.



itudy

Coaditions o
All expoerirents ware porformed st 259,
mixtu es were kept in g pracision

The irdi.

vidual soluti ns an
the: zostst (Forme cedentific lodel 2095) maintained at

2520.1°C. The wixtures were sllowed to atand for haif an

ho.r to attain the equilibrium. The pH of all tho

Soluticns was mainteined at 7,220.1 by usin_ potassiynm

hydrogen phthal ste-NaOH bufler,

Nature of the Complex

1o deteruine th. neture of the

complex formed,

Vosburgh an. Cooper's method wés adopted. Mixtures

containing verying proportions of nickel and NRS were

prepsred. The concentreti is exployed in the studies

are given in Table 4.9.

Tebie 4,9

Concentrsa tion Concentration Ratio

ixture of Nickel of NRS oL
3 1.6 = 10~ 3.2 x 10 121

2 3.2 x 10™" 3.2 » 10™% 1:2

3 3.2 = 107 1.6 x 1074 231
4 P 3.2 = 107% 01

b
(5]



The atsorbance of thrse mixtures at verious
wavelengths was moosured and the results huve been
graphically represented in Plate 30A., The results ahowed

that only ono complex WiSformed under th- conditions of

study.

Lffective Ll range

The aolutions coutsiniag tue Seme concentration

of metal and ligand were prepared at different g and the
spsorbance was measured at various wavelengths, 7Iue

comp lex siowed Aoox @t 470 nm in the pH renge 5.6 to 6,8,
The absorbence was almost constant in the pH reange 6.9 to

7.4 and so 7,280.1 pH was selected for suvsequent studies

and was adjusted by potassium hydrogen phthallate-NaOH

buffer.

Stoichiomotry of the Components

{1) Jeb's Method

To determine the composition of the complex, Job's

mothod of continuous varistion was adopted. The studles

were performed st two wavelengths but only reprcsentative
ined from the etudies &t 470 nm, have been

results, obtal
grepnically repreaented in Plate 30,3, The peake were

oosorved ol metsliligend ratio 8t 1:4,

b

Q.



(11) lole Ratio Metiod

A series o. solutions wés prepe red from Niz' end

“Zy dn such a wey th: - the mole-retio of Ng<* and N3

varied from 1:0.25 to 1:10. Th concentrations ey loyed

are giv-n 4n Tebl 4,10,

Jaole 4,10
pH = 7,220, 1 Temp., = 25°C

Total volua. mede upto 25 ml

Concentratio.. of nickel (C) S.Ox‘lo"M t..ouo"m
Plate 30, Cuwrve A B

The results showad 8 bresk at & ratio of one mole
of the metal 1on to two moles of the ligend, indicating

that 8 1.2 complex wes formed.

{($44) Slops Ratio ¥ethod

The volume of the variasble component was veried
from 1 to § ml, in prosence of en excess concentration of

the otuer. The concantrations employed ars given in

Table L. 11,

b “L



plgte Nog, 20

i Acscrption curves ol ti. alxtures c. Niyv“ 0O W
Curve 1 - Ni30, = 1.6 » 107%i, Ni3 = 3o< = 1074
Curve 2 - Ni3Q, = 3.2 x 1074, WRo = 3.2 x 107

-L‘

*

curve J - Ri;;h -« J,d X 10'§a, Niio = te0 x 10

Curve 4 - - - g - 3.2 = 107"

3, Job's curves for Ni-NI'" chelute
Curve 1w C. w €, = 2,0 x 107
Curve 2 « C = C. = 1.0 10~
Curve 3 = C. = C. = 5,0 x 10~

.

Ca Mole rotio curves for Ni-NR3 chelate
Curve A - Conc, o. nickel « 5,0 = 10'52

Curve 3 - Conc. of nickel s 4,0 x 10°°%

F. slope ratio wethod for Ni-NA: chelste
Curve 1 « Ligand verying

Qurve 2 - Metal verylng

E. Variatlon of log K of Ni-NRS chelate with 1/7
(T = absolute tempurature)

D. 3eer's lew plot for Nininc chelste,
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Table 4,11

mw 7.2 2 Je 1 Tﬁmp- » 2500

Totsl volua = 25 ml A= L70 an
Concentraction oi. tic constant component = L.Ox10%.
Councentracicn o. tiue vorisole component varigs

10"

dae

Ifroa 8.0 : ‘O-D o 0.0 »

igure uine femarik
Plate 30, 2 Metal verying
Plate 30,F 4 Ligend vorying

e T e —

The recults have been graphically representoed in

l1ote 30,1, The salope of the two straight lines provided

the N4:MR9 retioc as 1:2,

Determinstion of Stebillty Conatent

The stability constant of Ni1-NAS chelate hse been
The

determined by different met..ods, mentioned euriiar,
valucs of log K obteined Dy different methods are given in
Tavie 4.12,

Table 4,12

Method log K
Mole Ratio method .68
.67

Molecular extinction coefficient method
Mean 9.,58 ¢ 0,1




zifect of Tonic Strength

Th& ofi® ¢ ) e t 1 oua
1{1 & i 1 0
| was
C lc lk d D/ oxu'a.-; ‘01 ti Of at.abili ty Co stints th t { Jge)
al ad >

icaic swrength and tha results are given in Taste 4.13
-8 &.13,

Taols Lell

‘u]‘ [ 7.; t 001; T.meo L] 25°c

A = 470 no
- Ianic strength | ‘-log K
0.00 7313
0.02 9.328
0.0k 9.337
0.06 9,351
0,08 9.361
0. 10 9.371
0.15 3.37
0.20 9.371

Effact ol Tims and Temporature
Ths coauplex formetion was fuund vw e instuantaneous

at room teupurature; maximur colour development was sgL@iuou
' .
e & ¢ar /8 eration he ebsorbance thsn

t Lor &wor® Lgl PR LTS,

£, Cef

remained consten

Ie3
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Ih r-odyneric Functics

The [rre energy oc. ch.late formstion has bee.
Calculsted by using the equation AS » -RT 1n X. For
o dotermin.tion o4 eithialpy and entropy Chian;es during
Cholste formatio.., tie 8tadilivy con.tunt was aeteruw.ned
&t dif.ierent temperatures, §Frow tue slope of the curve
ootalned by plotting log K agsinat 1/T (Plate 30,E) the

enthelpy change (AlH) has oson deteraminsd and Oy essuming

t- /3 Lo oF €oa@tant over & range of th experizental

eatropy cheage [45) wie cilculated oy

Ceaip ﬂ"tw’;u.;, b 77
The resulcs obtsi ed

using expres:cion AS = (AH - A3)/T.
ero given in Teble 4. 1.

Taole 4.14

p“ -m 7.2-’-0-' p - 0'10

AH @ be239 Kcol/mole

D — —

Ty -

Teap. (OC;-- :og K «AG (Kcal/molo) A3 (e.u,) -
10 o Pe 5b2 12,30 20,07
20 Felo31 12,05 26,71
30 94357 1295 8. 75
L0 P £53 13.25 2..76
Hesn 28.73

i I ———

rrCAL APPLIC TIONS
T suitabdbility of

ANALY
sxperimentd were perf‘ormed to test the
atril determination of N1(IT)

the chelste for the photom
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with Nikg,

~Lendsrc | rocedur.

iransier 2.24 p.a of Ni(Il) solutic: in & 25 m)
£l e end ad eight folid Corcentration of NHS. The
Soluticn Les thon to o msde upto the mark after sdjusting
the pH to 7.2%0.1 by ratessiu- hydrogen phthel-ate-NooH
bufier, After 30 minutes, the absoroence was measured at

the A, of ths chelste,

Effect of Rascent Concentration

The eficct ol ciisnge in the cancentration of
sbsorbance of the chelate &t 7.220.1 pH wsa

ligend on
It was ¢ served that the aosordance

deteruined av 470 nm,

increased witu incresse in th res_ent concentrstion, hence

the rea_ent concentration was kept constant, It waes found

thet at least eigut Lold concentration of the resgent is

eszential for the efiective 8puctropiiotometric determi-~

nation of Ni(II).

Heer's Law 8nd Sensitivity
Calibrstion curve for the determinztion of N3(II)

with NRS was prepared by using the standsrd procecure

(Plate 30,D). The Beer's low obeyed over the concentration

reange of 0.0 to 7.8 ppm.
detorminstion was obtained by Ringbom nethod and was found

The optimum concentration for the

to Do O.7=0.7 prtle



iii0 wol r abﬂor;tivity wad found to be 8375 ®snd
.o 8 ectro, Lot - |
CLlro, Lotow tric Scnsitivity ass &xprcssed by

saliyedd! atio; -
NotaLic. wag U,uln B3 o nickel per cn2.

i8producibilit, L. Precision

ALC roproducibility enc precision of the method was

studied by @, lying ti. stendarc procedure to e number of

sclutions of known conceantration of nickel sng cozparing

t.© rosults, so obt.ined, with ti~ ealibration curve, The

dviotion wos found to be wi thin 8 renge of 0,008,

Zffect of Diversc Tons

» eflect of d/yerse Lfons or the determinstion of

”~ o
e g7

N4(I1) was examined under the ccuditions of standsri

procedurs, In every cese 2,24 ppm of nickel solution was
The tolerance limit was tsken as tho amount thatg

Ua S'«-l.
The results

ceused the ebsorbance error not exceedin; <Jjk.
show thrt ions 8, vcielly zdne (I1I), mercury (II}, cobslt
(1I1), beryliius (I:), psliedium (II), copper (II}, iron (II)
an. silver (I) interfere snc lesd (II), codunium (II},

ursnyl (11}, magnesiun {(11), strontius (II), molybdenum (V1),

lanthanun (IXXI)} and thallius (I) do not interfere at low

concentrations, Chloride, bruzide, fodide, sulphste,
chlorete, nitrate, nitritc, sulphite, oxalate, acstate,

norate snd tarterets do not interfere even st high

concentrations (50 prm).
4442330044294

.66
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DI3CU3I3ION

In course of thease investigations, detatled syyqy
a8

bivalent metal chelstes viz
] chQ-’ HS&. N12‘Il 0020,

wore carried out on soms 2
Cuzo. e,vn20 < 2 Pb +.
A aasO
and vo, ¢ invelvin

Alizorin red 3, Nitroso-f-salt ans Riboflavin hsvin -

. thie
{olliowing structures:
) IH
, l o
K 1o t° ™ Q g [' ‘
’ - OMH
| f
‘|r . 7 = 50 JMNa /l |
NG - « e _‘l
; S . N:‘L!’b g .\SOSNG_
O
(Aligarin red ) (Nitroso-R-sslt)
OH
“bLj & - \\ . \‘\K‘
| f |
.'\ ] l|\‘
HC P S ~

CHy (CHOK)m CH0H
(Ribof lavin)

fART I ¢ METAL CHLATES OF ALIZARIN RED S

I; metal cheletes of Aligarin red 3 (ARS), there are
two alternstive positions where tine chelation ring may De
formed. The metal ion may be¢ chelated either (I) between
the quinoid oxygen and alphs phenolic oxygen or
(I7) between the alphe and beta phenolic oxygens, Jeech



rew (1), “arsen and Hirossvs (2) wv.- ested @ ag
-0 UCa
tire 4nvel - ¢ !
invelvin {I) wh*} -ofohofoky agnd Cowork -rs (3)

held - view of com; lexation by (I7).

~oraen and Hirosswe (2) heve proposed the follo in
10+ dng

Fracast o, structure for AS for .. haif Neutrslised
I,
l"f )
I ) 8
[. (' H i % S.)H ?P S’H
\"\) | 1 . "' &‘ \ ‘ A}
‘ — .' f) =3 | [f ’ e
) ey N 2 g ! : ; |
!, k.'-“ .L)L,v ? N h -
h . 2 r 507
() ) o 3

Here the b ts hydrogen is ionized at pii~2 g, Therefore,
cheletion by metinod (I), involvin. the quincid oxygen and
alphe phenolic oxygen will not affect tue resonance and
expericentslly it hass also be n reported &s not effecting
resonance¢., @ ctrel end polarsgraphic evidences also

suprort this view,.

It has becn sugrested (4,5), that in the ceae of
AR3, the bets pheonolic hydrogen ioniges first since the
@lphe nhenolic hydrogen is involved in hydrogen bonding
with the quincid oxygen. This mey be represented by ths

fol .owin; structure.



Lo

It 1s felt tist sufiiclent attention has not veen
given to the presence of -Soj' group, adjacent t the vete
phenclic group. 1he preseace of this _rou. should hincver
the lonigation of tie beta phenolic hydrogen as tie
presoence of the sdjacent negative charges should introduce
electrostatic repulsions in thec molecule which could
overcome th astebility due to intremolecular hydrogen

vondin . Inlfre-red studies of ARS in o polar 8nd s non.
polar solvent should show & stron,: splitting of quinotd
modes in 'the non-polur solvent if the quinoid oxygen 1is
intremolccularly hydrogen bonded, But such studies do
not seem to have been carried out as yet. In the absence
of such evidence, it is difficult to decide which hydrogen
ioniges first, though purely eleoctrostatic considerstions
sup ort the fonizsetion of alpha phenollc nydrogen. ihe

doniged species may then bc represented as:




ble spectru’ of jonised apecies has \__

Th visc
neerly 520 am,

st around 520 na. If ©. chelace Las &)
TRX
o mesn that chelaticn 4o throusdh th. gquinoid

4v 4u tveken ©
otnhersise bonding is

sl ha phenoldc ITOUPs

| ¢ oe throuch the two phenollc [roups.

Lydrogeu {oniges first, then
Then,

If t.e olpﬁu .,A".l nolic

20 nm . ¥ due ¢o | A9
X% of the ligand to tuet of

the A ., *¢ 5 gonic s.ecies 1l.

ok
L ]

tne large ehifts irom T Agg
justifiec on ¢ne besls o-
the &lphe phenolic group.

chalation

the chelatcs can Ov¢
4noid oxygeh

through the faa

r th chelates,

The two posaiblc s cructures £0

therefore, are.




Duri: - thess investigstions

» a8 t..p w i.o pro ton‘
t
Col.atants of ARS don

8nd stability cons tants

ol 4ts metal
chelates wic. po%*, gy

Zn". H‘&. hiélo 2.. 3.2.

@etricall, uaing

Lo
2 "
snd vo, * were deterwinec rotentio
8Jerruzs-Calvin toclnique 85 xodislied by Irvin. an,
no8sottl, detajled in Chagver II,

These studies rcvesled that aly the metsl ions form
122 (M:L) chelstes with ARS. The order of 8tability of

bivelent metal cheletes was found tc be:

Cu>002>30>Pb>Zn>CO>Ni>Hg

This order is yenerally in sgroement with the order

given by Mal ey and Mellor (6). Irvin; and Rossotti (7)
heve obtained -en order Cu > VO, in 8-hy-roxyquinoline,

The higher value of CO'?‘ chelate {n comperiaon of Niz'
chelate cen be stiridbuted to the fact tiiat the tetrahedra)
comp lex of Coz" is mors stuable than Ni“"” (8). It heas alsp
been sugsested thac higher the iopiasstion potential of
tne metal atom, tue higher should be the stability of its

‘ | £ ionization
complex. Since covbalt (11) nas @ higner vélue 0

i thisa
potential than nickel (I}, it is quite likely thet

e
pleys &n important role in determining the order of Gk

2 B,
stability constants of Coz"' snd N1“*-ARS chelate

is 80, for
In all the cases, Kn > Kmt' This "

~t
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4 *

ti val es of AH and A3 aere lerger in ma;nd tude
£

y n..

This evidently 1s dus to the "chelate-effect"”
ch )
lat 5 o in: ooviously more stable than the protonated

» the magtal

Tho chelates of vivalent amutal fons with ARS, are
’

@il forrnd 8 _ontanecusly as eov: denced by the negative
values o0f AG {.v. {ree energy of formation. The positive
values of AT show thst 8 greater amount of disorder exists

aystem after chelsts formation than befcre. The

in th
velues of AN are negotive except for the first step of

chelate formaticn in 26-AR3 and the second step firn sz’,
Only in the case of the

¥1%* snd Co**-AR3 cheslates.
It aprears

3e-ARS system, the overall AH 18 positive.
Ze ion, ligend substitution is not

¢het in the soclveted 3@
possible except DYy supplying @ gquaentity of energy for the
first step of chelation. The second 8teé; is exothermic

as to make the oversll

but the first step 1s 90 endothernic

process endothermic. The second step in the chelate
forzation betwesn sz', N4%* and Coz’ with ARS seems to
be atericelliy hindercd giving rise to positive AH values.
and N:lz* form getrahedral complexes

It muy ve bDeCauds Co
resuliting in ghe stobilivy of Co™ chelate deing gred

ger

ehan N1%* chelate with ARS.



In ti wetsl Che lates of Nuroao-ﬂ-salt (NR:)
Vi ’

tic caelats .n '
d ti.acn ¢ £ d8C¢ o.,ly Bt one +0B:tion i
- - . .o.

48l ,:_:,t' f : - p { =l
wern ti, v grow, aeud -0H _ro ++ The tentucyiy
- €

3tructure for th . metsli ch

Ao g -4 WHS can pg 6, ré.
senct.d &89
NO—iMYy/
‘ /
3 |
e
N S - -

In these investizations the proton-ligend stebilicy
constants and stepwise metal-ligsnd stability ccnstents of
NE o with Pb2*, cu®*, 20, cd®, ug®, W12, co®*, e

and 0022‘ were deternined potentiometricslly.,

These studies reveasled thet all the bivalent metal
ions, except zn® and Cdz", fora 1:2 motal chelates with
NRS. These results are in confirmetdion with Uiose
obtained spectrophotometrically., The order of steoility
of these bivalent metel chelates, considering 10g % only,

was found to be:l
o, > Co > Cu>Ni >7Zn~ Cd~Hg > Fb > Ge
The higher value of 0022’ then Cu°’ chelate can be

justified on the vasis thot it has bsen generally observed
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with —0—-_- donors that Uozz.

f 20 "
t..an Cu and tiiles order 1is reversed in 11gands with

forms stronger Comp lexes

~ii= donors (7). According w the saley and lellor's

order, tus astability constanss ol in“*, cd dmd “62’

e

chiglstes shovla decresse from Zn°* throuch Hga i.n

M > 0d > hge In the case of the chelates of thege
mutole with L 5, however, it is found thet the order is
(considering loy K, only) Jun~ Cd ~Hg. (ne of the
contributing factom mey be matal-ligend w-bonding which
is likel, tc be maxiczum in Hg-NRS and ainimum in ZnNR:
chelste., It 4o wol. known thet m-bonded Complexes are
more stable than sinple O~ bonded complexesa. The sg¢: bility
of Coz’ chclete is grester than Niz* which can bs justifieqd

on the bssis of the fact thet cobalt has & higher value

of fonization potential then nickel and that the tewrs.

hedral comylexes of Coz" sre very stable in comperison %o

other bivalent m tol 1ons (B).

The metal chelates of NRS are more stable than the

d complex wiich cun oe Jusufiod on tue ocasis of

protonate -
ghat the values of AH @nd AS are larger in megnitu o

- 8ys tem,
tho metsl-NRS Bysiens 88 compared to the H=NRS 8Y

! leat
The chelate formation betweall NRS 8ndJ 01ive

-

of A, The
This mey b®

nugative yalues
of Cu-hRS syotem.

excopt 10 the case of AH,



bacayse 4
Of ateric hiuderance to Solvent syps

| { u tituuon L ¥

“Op.  lucu @ hindersnce 1s |

e 1"‘“5&_-;11'3@ ti

the secc..d g
Coriceivaplg 11
| Lr0avtry of wi. 8 sectes foraed in e,
Lirast ore
e -ll“l Uu“lzv) ediflu Lo ¢ toetriw ; '

due to ; P erte
. Jaln-Tellor effcct (10). The a3 valu

CY
8ll checletes 8XCept [ LNl e

v 80d Hg-liS systems are 198  tive

In | l“ over I I
th tter tw 68808, t.o Otapl‘iso a8 w‘ll 8K v
&

AS values ar nezetive, possibly due to the formatios Ty
T

ver: sy...ctric sy scies which fnteract strongly with tig

8clvent to produce s hizhly ordered systen,

PART III : MZTAL CHELATZS OF RISOFIAVIN

In th> metal chelstes of riboflavin (RBEF), the

chelation can tske place in two possible ways:

(I) between the phenolic —(H group snd the nitrogen
of tas sawe ying:

or (II) between the phenolic —(H group and the hstero-

cyclic nitrogen ol tua adjecent ring.

1n structure {I), there is a four membered ring
formotion which gvidently will be unstable or l:ss stable

in comparison to that of 8 {ive membered ring. The only

posglibllity, ghere

method, forming 8 five

fore left is, of chelation by the (II)

membered ring, which will be stable,

the struccure of AIF chelates, csni

Tentatively therefore,

pe represented 883

™

a“)
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In .course of tnese 1nveatigations. the protonation

constants of HuF and Stepwise atability constants of its

motel  cholstes with Cu®*, 2n%, 4% ang g were

determined potentiometrically using Sjerrum-Celvin

tochnique &8s modified by Irvin- an¢ Rossotti, detailed 4p
Chapter 1II,

Th:se studies revesled that R5F forms 1:1 mets)
ciielsi:a with Cdi' end ng’ and 1:2 chelstos with Qy<* and
an*. The order of stabilit, of these chelates, conaijor&ng

1oy K,. was found to oe:

Cu > 2axd < Hg

This order is generally, in azreement with ths

e
rder given by 4aley end Mellor except 1n the caso of 1g“*
o

5 8
The stsoilivy ol rg
can be sttriouted to the unusuall)

* chelsto is greater thén
chelats.

5 2
-.“40 ond cd "" w: ich

lso be
hizh fonization pocential of mercury, It may 8i80
- . HeeR3F chelate, axtonsive motel-

posaibl@ thot in ti



ligend nebonding takos place lerdin: to 8 high value

of stabilit; co..3tant for this chelats,
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The thecis co.cerns itself witl, disceraing
¢helat: formation, 4n solution, by potentiomotric as well
&8 spcectrophotomctric methods. In course of these studies

B

metal chelates of Alisarin red iy Nitroso-R-selt end

Riboflsevin have been invcstigatsd potentiometric: 1ly
wiieress spectrophotometric atudies have been carried out
or. somt motel chelates of Alisgerin red S sand Netroso-R-

salc,

¢ _STUDICS

The principal aim of the present work has been to
investigete systemstically, the astepwise proton-ligand
any metal-ligand stability constants at verious loanic
astrengths to get the stepwise thermodynamic stability
conatents end at different tezperatures to determi.e various
thermodynanic fupcti .ns such as free energy of formstion,

enthalpy 8nd entropy chenges associated with the formation
The ligende selected for

of metel cholates in solution.
1isarin red S, Nitroso«R-88lt end

these atudies 8re A

Ribof lavin,
vART 3 ¢ 2 ”CTE;?HOTQMTTQTL TLDIES
This part of the thesis concerns {zs0lf w
¢ pldgerin red 3 and Nitroso-i-

{ metal chslates O 1
. ¢ aiC
gasirion, stability snd thermodyna

ith the

gtudy ©

salt, The comp
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‘ _.‘.\“c u d ’ d

: ¢! L 2
or the micro determination of metsl ions has als
sttenpted. o been

The work hes been presented 1. five chaptera, The

first chapter of the thesis conteins » briof introducti
on

of coordination chemistry with specinl reference to the
cheniatry of motzl chelstes,

Chapter two describes th- methods of discerning

chelate formation in sclution potentiometrically &8s we.l

as spectrophotometrically.

The stepwise proton-ligand and metal-ligsnd

stability constants have bean deterained using Sjerrum-

calvin titratica technique a3 modified by Irving aad
The computational methods meinly suployed for

lossottl.
of the formetion curves,to determine the

the enalysls
d and metal-ligand stebility constants

stepwiae proton-1igen
sre:

(1) tnterpolotion o°¢ half n velues
rpolation 8% various n velues

thod

(41) Inte

(411) yid point slope e
method.

(1v) Least squere
AG, AK and AS

functio"'ia ioeo

by using 3i6cs jlelmholts

The gherzodynoni s
lculsted

.ve also beed ca

oquation and van't £



T ’
in thne ﬂpeCtPOthLOl

“tric studig.
Lethods wepro

» LShe

follow:ns
used for g Owing

.0 dotrr:innticn of th

com
0f mptal ch:ﬁl&ton; pouit!m

(1) The ¢ ntinuous varisii.n aethod

(11) The mole ratio mathod

(114} The 8lope ratio method

Th. staovility Constants of the Chelatos werg
dneu by using followin, ne

ReEI T eRents
(1) ¥ole retio m.thod

(11) Hethod using moleculsr extinction Coefiicient data,

The third chapter deals with the detersinstion or
proton-ligand snd metnl-ligend stebility constants e
verious ionic strengths and different temparatures to
calculate various thermodynsmic functions using pH.
titretion tuchnique. The chspter iz subdivided into

three parts; Pert I deals with the studies of metal
chelates of Pb(Ir), Cu(ll), 2n(1Il), Hg(lIl), NL{IX), Co(II),
Be{1T) #nd UOZ{ II) with Alizarin red 3,

is with the studies of motsl chelates

de-
rert 11 - .
cu(11), 2n(1l), cd(1I), Hglii), #¥4(11), Co(lI),
Of Pb( II)’ u , -R-ﬂﬂlﬁ.
Be(II} and 992( 11} with Nitroau

»a

ls with ehe studies of matsel chelates
art 111 ued

7) #nd Hg{11) with Riboflavin. Ail
Cd‘I onstants were made on I3M

P

of Cu(I1), Zn{it/s pility €
the culculetions of 8%
e

154
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vOo&, uter 1130 anu checked with the resulws cotatned

msenually,

Chept.r four descrioces the spectrophotometric
study of Zn(IXI), Be(Ir), Hi(II) enc Co{Il) with
*e. 5 and NI(IX) with Nitroso-Resalt.

Aliserin

The fifth and the last chapter presents the

dfscussdon of all the results obtained,

In course of this work, the stepwise proton-ligsndg
snd met l-14-and stebility constants of Alizaerin red S,
Hitroszo-Resslt and Riboflavin heve been detormined

potentiometrically.

The pressent work has also been &ble to throw lighe
on the couwposition, stadility, thermodynemic functius and
certain structural sspects ol the chelates and also the
poasibilities of being used for photoumetric deterainations,

which have not received sufficient attention earilier,

The atability constenis and thermodynamic functions
of the chelstes heve becn determined at five different
lonic strengths viz. 0.02, 0,05, 0.10, 0.15 and 0.20, and

at five different temperatures vis, 10°, 20°, 30°, 40° end

50°C., Some of the representative resulte have been

recorded in Teblea 1.V,
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Teble Y
Y2l ss of 8tabilivy constents of ARS and NRS metal chelates
Temperature = 30°C Uw 0.t
lletal e k' - x‘;’ B log i‘c o
a NR ARJ NRS ARS NRS
H* 10.91 7.37 <.60 - 13.51 7.37
Pb< 11.25 5,62 518  2.30 16,3  7.92
cu® 10.91  6.50  8.30 3.5 19.21  9.95
1n 2.29  5.66 6,70 = 15,99  5.68
cd® i 5,68 - - - 5.68
Hg2* 8.59  5.96 6.27 252 14.88  8.48
Ny 2* 9.33 6.12 6,03 k.00 1536 10.12
co®* 9.1 5.90 6,36 6.0b 15,350 12.9%
3e< Boaz S8 LB WG BE
7.85  5.03 17,67 11,72

vo, % 9.82  6.69
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-'"

Taole 1.1
Values oi ghersocmenic functions of ARjsmotsl chelates
= O. 10
etal -l a4 AH
L on (Xesl/mola) {e.u.) (Xcal/mole)
T T T 13y = W8 A3y = .88 fHg e =600
K sz - 3.97 A32 = 7.09 A~ = -1,218
A.G - 18,77 AS = 3“-8b A" - -84 206
e 3. & 17uh  ASg e 25,56  Mig e -8, 706
2 V. 7,25 A% e 3871 Mg e sk
e & 22:75 15 = 61,08 AHS a =420
LB e
—— TS - A3, = 3355 Ay = =5.017
L. Qe ‘:":! - 1?. 5L1' .\,:}; o 1637 .Ull « =0.972
-t 3322 268 A8 = 45,07 43" = -12.000
-——’_‘_-—.- s - - 4 ¥ -
e - o . 3 a 1 070 Lh - "'01‘5
2e 8dq '“'};’ ié" D13 Wil e
: A2 L Bt 45 = deold 3iS =100 590
T T Y sy w d0e00 Mg e =202
T ) I Rt i o)
e 3::“ ° woc A3 = 5109 MiS = =5.223
e — =3 /,-—‘_-”T— 15.01 A, = «0.0U71
- - - Ao a Je ). g
2 . '§:§‘é AS) = 40.03 iﬁ; - .icﬁg
g b ‘{52 - ‘;1.2.-, A,S‘-- 5505 ) .
_.___,_._...-:J—--""""" ‘ - 7.10 ™ -7.%{)
43, = 1228 L a2.84 AA:‘ o 934903
o 311D A7 0Gr Wi e -3.357
o Acl e 2157 il —
s —— 2 263
// (‘,_.(‘)5 A“ - ’5.
- o, - B2 A3 lgles 4 = =3
s d3le 38 252le228 M e o1
PLy AG‘ - 2}'2' e e ,
___,‘_..-—"'r"“" 48 81' w P -7.‘98
g e o, A8y = 9 1 . =5.503
b= » - ’f/. .3 7.30 A“z L “. 80
ie / - o
L0, ';‘;2 v iz o s



Isoie 3y
islues of Shermodyna:- 1 : S
e 0. 10
etol <43 L T
fon (Ycol/mole) £ a4
. ¢ (o.u.) (Xeal/moloe)
H* 27 e 10,1 S = : - =
9 A ’6095 AH - ‘L.}blc
B, 45, @« 7,41 43, = <7,19 AK ) 8
:_‘bl.o .s', % 3 3’ 1,..' ¢ el ® -'OSL:
:‘!2 ,. "2 .-3?.52 AH“ - -'3.L90
L5 @ 10,92 A»-‘ ':—3\.7s "‘ - -2;.[.70
A5y = .95  AS. = 23.10 . -
\'uz. AJ; - ‘0.77 AS’ - :‘)02} iﬂht - ’1::3952
Ao = 15,73 A5" = 5%¢30 A“z = 43.011
T e,
Cd™ AT = 7.66 45 = 235 M e w0,y5
AGy & .00 AS. = 2,17 4w -0.050
4% 203 = 3.5 433 - <0023 and I I39R
T wfaeiido a3% . 3067 g D 33:299
o 4G, = 8.3k ASy = 20,12 AH, e 22,423
N1 2Gla si57 48] e 0% M . 22663
AG‘ = 14,10 437 = 29,72 AH ~5.088
N » 15,39  AH, = <4.809
- W AG‘, 1o b g’ s 21,59 .ﬂH1 » ~-1,730
Co AGl = 8.27 2 2 -
26% = 17,75 45° = 3708 AW? = lelsy2
- ® B 43, = 12. 14 AH - -3.&,
o I RE BIRO g
Be .;}2 - 13.29 A3" = 29,78 AH” = 24,222
T S5, = 15.53 A, = <k 496
2 4311 7 ash gl il Ln
UOZ -332 o 10,39 A3% m 25.05 AH” = -8.7?{;

e —
—— -t

———
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APFENDIX II

Computer program for tne calculations of free ligana exponent, pL
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