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YMBOLS AND AB3REVIATIONS

Metal
Ligand
Complex

Activity of metzl, ligand and complex,

respectively.

Concentration of metsal, ligand and

complex respectively.

nth metal-ligand and proton-ligand
stoicniometric step staoility constant

respectively.

Stoichiometric gross or oversll stability

constant of MLn and HnL respectively.

Maximum number of ligands associated with

a metal in a complex.

Number of dissocisble protons attached to

the ligand molecule.
Normality of the alkali used for titration,
Initial concentration of the mineral acid,
Product and summation of all the terns.
Total concentration of the ligand,

Total cencentration of the metal ion.

Th/TM



pL

CTR
CBT

SPANDS

BPR

HMT

PAR

PAN

Volume of alkali requirea at a particular

intervsal-
Initial total volume of the solution,

Average number of ligands and protons
bound to one central group and free ligang

molecule respectively.
Free ligand exponent-
Proton or hydrogen ion.

Number of protons attached to the free

ligand molecule in a complex system,
pH of the solution.

Aosorboance or opticel density.

The degree ol dissociation.
Equilibrium concentration,

Universal gas constant -

Temperature in degrees kelvin.
Chromotrope 2R

Chromotrope 2B

2-(p-sulphophenylazo)-1, 8-dihydroxy-
naphthelene 3,6 -~ gisulphonic acid.

Bromopyrogallol Red.
Hexomethylenetetramine or Hexamine
L-{R2-pyridylazo)-resorcinal

1-{ 2-pyridylazo)-naphthol.
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CHAPTER 1

INTRODUCTION




The development of inorganic complex chemistry
has been one full of ups and downs. It received a great

impetus from the pioneering work of A, Werner and

S$.M. Jdrzensen, but then fell into oblivion, bpecause at
that time it Jjust did not pose the challenges allied
fields did., With the development of modern theories of
bonding, however, it has shaken itself up from its

enforced hibernation and of late has developed into an
attive fiela of research with manifold applications in
practically every field of human activity. Biology,
Biochemistry, Agriculture and Technology are alil indebted

to this branch of chemistry in one way or the other.
Moreover, with the development of newer techniques of
physical methods, the &activity in the field of co-ordination
chemistry has increaged considerably within the last two
decades, as evidenced in the journals. Frequent symposia
and discussions are being organised and an international
conference on the subject has now become a regular

feetur82’9’17’18.

The formation of inorganic comp lexes was recognised
in nineteenth century by Werner and J¢rgensen., At that
time the nature of these complexes was not fully unders tood.
Werner's concept of auxiliary valences and co-ordination
number22 went a long way in systematising the facts
available at that time. With the development of the theory

of co-valent bond, by G.N, Lewiss, a more realistic pPicture
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of the nature of chemical bonding was available and

its full advantage was taken oy N.V, Sidgwicklu and
Lowryo who pictured the bond vetween a metal ion and
ligand to be made up of an electron pair donatea by the
ligand to the metal. Thus all the neutral molecules and
ions which had a loan pair of electrons were envisaged a.
potential ligends and the bond formed by the donation of
a Loan pair of electrons by the ligand to the metal was
christened, the co-ordinate bond., Sidgwick went further
and generalized that every metal ion accepts only that
nunber of electron pairs, which help it to reach the
?EEEEEEEELEEQEEE.EEEEBF of the next inert gas. Though
this principle worked in many cases, it failed in quite
a few instances, notably in the complexes of Fe(II) and x//
in the complexes where the metal's oxidation stafg_;as

zero e, z., metal carbonyls,

The development of gquantum mechanics sew a fyurther
step in the theory of bonding in metal complexes, The
valence bond epproximation developed by Heitler and London
in 1927 was extensively applied by Pauling10 to the metal
complexes. This theory envisaged the use of hybridised

T e——
metal ion orbitals to overlap with the ligand orbitals and
thus form directed co-valent bonds., Although this theory
succeeded in giving a pictorial view of bonding in

complexes but failed to explain their SpeCtrah. It eould

predict the magnetic moments of some complexes, byt failed
}- S —— o,

to do so in many cases e.g, [poFJ
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With the introduction of the concepts of group
theory in quantum mechanics, theories of bonding in
comp lexes, which were governed by the rules of symmetry,
were developed. The Crystal Field Theory (CFT), developed
6y H. Bethe], treated metal-ligand interaction as purely
electrostatic. According to this theory, the d-orbitals
of metal ions, in electrostatic field generated by the
ligands are split e.z. their five fold degeneracy in the
free state is lifted. On the basis of d-orbitzl Splitting,
the CFT was able to explain the spectra and magnetic
moments of complexes, out it was at best a formalism, as
there is a considerable body of evidence tnat metzl-ligand

interactions are covalent to a greater or lesser extent,

The Molecular Orbital Theory (MOT) of J.H. Van Vleck'?
started with the premise that overlap will occur to some
extent between metal ion and ligand orbitals, It is
thus seen to be more general theory than CFT. In MOT
metal ion and ligand orbitals of matching symmetries are
constructed and then made to overlapj%ogéing and anti-
bonding molecular orbitals. The electrons are then
introduced into these orbitals., The MOT is conceptually
elegant, but incapable of generating easy quantitative
methods which is the main feature of CFT. The sSynthesis

of the better aspects of these two theories is called

Ligend Field Theary (LFT), and in the present state of

knowledge, it is in that the best approach to the

elucidation of bonding in complexes is obtained,
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The word 'chelate'! owes its origin to Morgans
and may be defined as a compound possessing a cyclic
structure arising from the union of a metal ion with a
chelating agent {ligand) which may be neutral or ionic,
and which has more than one point of attachment with the
metal ion. In the usual type of complexes the ligands
are unidentate and so that no ring formation takes place,
In case of bidentate chelates the concerned bonds may

either be (1) one covalent and one CO—OPdiEEEEJ (ii) both

covalent, (iii) both co-orainate. In most chelates low
strain i,e. five or six membered rings are formed but
macrocyclic chelates have also been reported. The ring
structure of a chelate gives it added stability as

compared to the stability of an ordinary complex and this
phenomenon 1is termed as 'Chelate Effect!. Earlier chelates

were considered to be a distinct class of compounds, but

now it is recognised as a special class in the domain of

complex compounds.

Chelates have a prominent role in every Sphere of
human activity and finds application in almost every branch
of science and technology. These are of immense importance
in chemical analysis both gualitatively and quantitatively,

13,15

Comp lexometric titrations , Spot testa, masking and

. 2 A 11,
demasking12 Weisz Ring Oven 1, colorimetry ™ and gravi-

?
metric estimations involve in them the use of complex
compounds. QOrganic chemists use chelates in synthetic

work e,g. Friedel and Crafts reaction, Grignard reaction
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Sandmeyer reaction ancd in the area of catalysis e.g.
polymeriszation of ethylene ana hydrogenation of olefins.

In physical chemistry, complexes have provided suitable
compounds for testing ana expanding the theories of

bonding, electrolytic behaviour of ions, magnetic behaviour,

solution thermodynamics and theories of kinetic behaviour.

In recent years,biochemists have become intensely
interested in the effect of metal ions in the form of
complexes in biological proceSSesv. Metal chelates are
widely spread in nature. Chlorophyll is a magnesium
chelate, Hemin, the oxygen carrier in humsn blood is an
iron chelate and Vitamin 540 is a cobalt chelate1]’20,
Enzyme catalysis 1s probably due to the chelating
tendencies of enzymes. It is also well estaolisheda that
the activity of most of the drugs is due to their ability
to chelate with the essential metallic ions present in the
body and fopm the backbone of a developing discipline of

inorganic biochemistry.

The usefulness of this branch of chemistry in
modern technology is also felt, Rapid developments of
advanced technology as atomic piles, rocket etc, made it
necessary to explore the chemistry of metallic ions afresh
in order to find better methods for their purification
and estimation. Their formation is also used in water
softening, detergents, antioxidants, dyeing and leather

industry.
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The development of specific sensitive chelating
agents and low cost hizh precision spectrophotometers
has revolutﬁhized chemical analysis to such an extent
that many of the analysis which were difficult in recent
past, have become routine methods of detection and
estimation, It is estimated that more than two-third
of metals have availavle orgenic chelating agents for
their accurate estimation. Thus it would seem that
modern methods of chemical analysis have as one of their
main features the use of chelating agents for the
accurate determination of metal jons, The neea to carry
out a wide variety of analysis under the broad Spectrum
of conditions has necessiated the development of
co-ordination chemistry, and this is now an active fielq

of intensive meaningful research,

L SR BRSO
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CHAPTER II

METHODS OF INVESTIGAT ION




Currently a great nuncer oi methods are used for
the investigation of complex compounds. It is, however,
observed that any property of the system, Such as
absorbance, pH, conductivity, optical activity and
solubility etc., which are related directly to the
concentration of one of species (Metal, Ligand or Complex),
may be used to determine the formation of complex, provided
the change in that property is solely due to the inter-
action between metal ion and the ligand. The detection
of complexes and the determination of stability constants
are akin to one another and most of the methods which are
used to determine the composition may also be used to
calculate the stability constant, Some of the techniques
which are widely employed for such types of studies

54,55, 56

include absorption by ion exchange , polaro-

graphy15’36, optico-chemical methodszg’iz, Solubility“1r57
59,62

reaction kinetics and conduCtance1“’34, A number

of other methods like magnetic susceptibility, dielectric
polarisatinn, molar refraction, dialysis, electrophoresis,
distribution methods, heats of mixing, cryoscopic and
colorimetric methods, ir absorption spectra and nmr are
used in some special cases. In the present work, spectro-

photometric and potentiometric techniques have been made

use of for the study of the complex systems.

Spectrophotometric Studies

The application of spectrophotometry to the

determination of traces of metalsBV, non-metals, alloy326
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and organic substances<® is one of the main reasons for
tne continued wiaespread utilization of this opticometric
method of analysis. Reliable low cost instruments, speed,
satisfactory accuracy and precision and suitability of
automation are additional factors contributinz to the
popularity of spectrophotometric analysis. Moreover,
progress still continues in the development of new and
improved light absorptive chemical systems for metals ang
non-metals based on the wide variety of chelating agents
or dyes which have high sensitivity, selectivity and molar

apsorptivity.

Numerous methods based on aocsorptiometric data have
been applied in the study of comp le xes, Moliand4o has
worked out @ method wnich is applicable in cases where
more than one central atom takes part, in the complex
formation, The method of proportional absorbances
developed by Budééinskf,r12 is applicable for establishing
the presence of binuclear complexes, Frank and Ostwal{],7
have proposed a method for the identification of 1:1
complexes, The logarithmic methodo’7, Asmus methodh angd

53

method of isobestic points have also been applied by

9

various teams of workers. Bjerrum’ has pointed oyt that
the formation of complexes always appears to occur in gz
Stepwise fashion. Newman and Humel*6 have derived genera}
equation by means of which successive formation constants
of mixed and single ligand complexes can be determined
from spectrophotometric data., Sullivan andg Hindman61 had
derived generai mathematical €quations by means of which
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association constants of complex ion system can be
calculated, There are available only 2 limited number

of general methods for the calculation of stability
constants, although a slight modification and specific
applications of these general formulations have been made
by a number of investigatorsT’10’27'3:'AJ'51. A\ brief

account of the methoas, mostly applied in this piece of

work has been described in the following lines.

Methods for Discerning the Composition of Metal Chelates

Many colorimetric analyses, particularly for metals,
depend upon the formation of complex ions or molecules,
Ley36 used absorption sSpectra to distinguish between a
metal ion and its chelates. The colour of chelate compound
is very significant and the intensification or the
appeérance of new colour is considered as an indication
that a complex is formed. It is frequently important to
know the molar ratio of metal to reagent in the complex,
This can be ascertained from the photometric data by the

following three different procedures.

(i) Job's method of continuous variation

The Job's method of continuous variation21
requires the preparation of a series of solutions of
varying mole fractions of the two constituents wherein
their sum is kept constant, The difference between the
measured absorbance, and the absorbance calculated for

the mixed constituents on the assumption of no reaction
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between them, is plotted against the mole fraction of one
of the constituents. The resulting curve will show a
maximum (or minimum) at the mole fraction corresponding to

that of the complex,

Vosburgh and COOpeFU} modified the above method to
study the couposition, in cases, where more than one
complex is formed by conducting studies at several wave-
lengths. A more general treatment in such cases is given
by Katzin ana Gebretzs. To differentiate monomeric and
dimeric complexes, Klausen has also described such a
method. Although the method has been criticised by a

number of workersl*”zzs 24 ,00-66

, 1t is agreed that the
method is capable of giving reliable results when

absorbance is used as the property.

(ii) Mole ratio method

In the mole ratio method of Yoe and Jonesbg, the
absorbances are measured for a series of solutions which
contain varying amounts of one constituent with a constant
amount of the other. A plot is prepazred of absorbance as
a function of the ratio of moles of reagent to moles of
metal ion or vice versa. This is expected to give a
straight line from the origin, where both the constituents
are colorless and breaks sharply to a horizontal Straight
line at the molar ratio of the complex, because gne

component is completely used up, and the addition of o

of the other can produce no more of the absorbing complex
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If the constituent which is in excess itself absorbs at
the same wavelength, the curve after break will show a
slope which is positive but of smaller magnitude than

prior to break. The sharpness of the break depends on

the magnitude of the stability constant.

(iii) Slope ratic method

The composition of the complex in the slope ratio
method, developed by Harvey and Manning18, is computed by
comparing the slopes of the two straight line-plots of
absorbance of the solutions, obtained by varying the
concentration of ligand in the presence of large excess
of metal ion and vice-versa. This method is useful in
studying less stable complexes and is applicable.to systems

conforming to Beer's law.

Determination of Stability Constant

In order to understand the relationship in
co-ordinate bonding and to be able to predict unknown
reactions, it is necessary to have quantitative measurements
on the degree of metal-ligand association which is
represented as the stability constant, In order to study
the formation ol complexes in solutions, two kinds of
Stability come 1into question (i) Thermodynamic Stability,
(ii) Kinetic stability. The former being a measure
of the extent to which this species will form, from or

be transferred into other species under certain set of
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conditions when the system has reached equilibrium.
Kinetic stability may be ghought of as a meessure gf the
rate at which a complex forms or decomposes to give other
products. Many examples for the existence of polynuclear
complexes have been reported but it has been found that
moncnuclear complexes are formea in a large ma jority of

cases,

Suppose we bring a metal ion M and some mono-
dentate ligand L, together in solution. Assuming that no
insoluole proaucts are formed, the stability of the

complex is expressed by an equilibrium of the type
M+HL.<—_‘ MLn (2.1)

By @pplying the law of mass action, the equilibrium

constent for this may be represented as

By = (2,2)

where ays 2p and aMLn represent the activities of the
metzl ion, ligand and complex respectively ang @£ iS the
overall thermodynamic stability constant for the reaction.
In these and the following equations the co-ordinated water

molecules to the metal lon and its charge are omitted in

order to simplify the equations,

Reaction (Z2.1) almost takesplace in a stepwise

manner



M4+ L == ML (2.3)

ML+ L == ML, (2. 4)

n-1

The stepwise stability constant K for the last step is

given by the expression

The constant that is determined experimentally is
usually the concentration or stoichiometric stsability
constant ﬁn in which concentration of the species replace

activities. Thus

)
EIE

(2.7)

By applying law of mass action to equations (2.3), (2.4)
and (2.5), the stepwise stability constants can be obtained

as indicated below.

[
Ky = '@-]—@“ (2.8)
oz

Ky = m"‘ (2.9)

(i)
§ {2.10
" ) (9 )

and overall stability constant can be expressed as
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6y = JE‘%‘ (2.11)

el
K R
\tL;
T 2.4
F2 " RGP (.72
ML
6 . il e

The overall and stepwise stability constants are relateq

by the equation

B, = Bpleilty ssamvs K

i
=
ey
=

(2,14)

where n represents the co-ordination number of the meta]l

ion for a particular ligand, L.

D

The thermodynamic stability constants which are more
important from the thermodynamic and the structural point of
view, can be calculated by determining the values of
stoichiometric stability constants, corresponding to
different ionic strengths and extrapolating it to zero
jonic strength either by graphical method 9 s &7 or by

using a least squares treatment>? 4%

y» Or using a Debye-
Huckel type relation. The values of the thermody-
namic stability constants obtained by extrapolation to
infinite dilution are more religble than the values

calculated from a single ionic strength, for they are

dependent less on the choice of parameters. It is always
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convenient to determine the stoichiometric Stebility
constant at a particular ionic strength which serves for

most of the purposes of the stability constant®

A critical description of the various methods used
for the determination of stability constants have been

provided in various publications of Rossotti and Rossotti50'

5
Martell and Calvin38, Jones“B, Murmanhz, Ringbom and

Harjuhg, Yatsmirskivand Vasifév68, Lewis and Wilkin333 ana
some of the methods available for calculating the stability

constants in these studies of ocurs are brief'ly descrihed

here.

(i) Molecular Extinction Coefficient Method

The molecular extinction coefficient method has its
principle basea upon Beer-Lambert'!s law which states that
'successive increments in the number of identical absorbing
molecules in the path of monochromstic raciation abscrb
equal fractions of the radiant energy traversing them', and

can be represented mathematically as

A = log IO/I =Cel (2.15)
. — A = Absorbance of the sclution
Io = Intensity of the incident beanm

I = Intensity of the transmitted beam

C = Concentration of colored substance in
moles/litre

1 = Depth of solution traversed by light in CHis

€ = Molecular extinction coefficient, the value o*
which dependson solvent, temperature and
wavelength
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The molecular extinction coefficient for a path
length of one cm and at a fixea wavelength transforms the

above equation into

m
"

o

(2.16)

In @ complex forminec reaction of the type (2.3),

the formation constant K, is given by

C

K o= (2.17)
where ¢ = concentration of the complex at equilibrium
a = initial concentration of metal ion
b = initial concentration of ligand.

Knowing the values of '€' and 'A', 'C' can be
reaaily obtained from equation (2.16), Substituting the
known values of 'a', 'b! and 'c', the formation constant

'Kt, is evaluated,

(ii) Mole Ratio Method

The stability constant of the Ccomplex can be

calculated from the mole ratio curve by using the equation

1 -

K =
nn O(n+1 Cr] (2.18)

where C = concentration of the complex

x the degree of dissociation, which is expressed

by the equation

E - E
& = e 8

E (R.19)
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In this 'E_' 1is the absorbance of the complex in the
presence of excess of the chelating agent, or metsl ion,
as the case may be, and 'ES' is the abscrbance of the

complex at equilibrium.

(iii) Dey and Banerji's Method

The Dey and Banerji method5 is a modification of
the Anderson and coworker's methociz’3 for the determination
of formation constants, in which one of the constituents
is coloured. Usually the metal ions are colorless, as
dilute solutions of 1O_LM Or more are used in these studies.
With the progressive increase of the metal ion, the
concentration of the ligand decreases and it may be assumed
that in this part of the Job's curves, where metal Yon
in large excess as compared to ligand, almost all the
chelating agent is bound to the central metal ion and
absorption in this part of curve is solely due to the

concentration of complex ion or molecule,

In a complex forming system of the type (2.3), the

formation constant “K is given by
K = re——re—
(a-c)(bicy (2.20)

where 'c', 'a' and 'b' have their usual meanings as 1in
equation (2.17). Taking two concentrations 'an, 1321

and 'b1', 'b,' of the metal ion and the ligang respectively
which have the same absorbance value i.,e. Same value of

ret , then
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c _ C
(aT-c)(b1-c) - (32_ c)(bz- c)

eed])

.._.4
=
|

or
o el 2 (2.22)
(a1+b1)-(a2+b2)
Knowing the valuesof 'c', 'a', and 'b', the formation

constant 'K' is ascertasined from equation (2,20).

Evaluation of Thermodynamic Functions

In order to have the most accurate approach for an
investigation of the nature of forces acting within the
complex particles when they are formed in solution, it is
necessary to know the energy changes accompanying the
reactions studied. Chsange in free energy of formation (AG),
heat content (AH) and entropy (AS) &f the system are
related to the stability constants of metal chelates, By

knowing these propertigﬁ, relevant information can be

sought about the nature of bonding between the metal and

the ligand.

The chenge in free energy of formation can be

calculated using the van't Hoff isotherm

where R = Universal gas constant
T = Temperature in OK

The chenge in heat content is the thermal ef fect

of the complex forming reaction. This can be determineq
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by direct calorimetric method or by means of the equation
of an isobaric¢ chemical reaction, from the data on

equilibrium constants measured at several temperatures,

d In K AH .
3T - 5 (3 2L)
RT
where 'T', 'R' and 'K' have their usual significance.
Eq. (2.24) can also be written as
d log K AH _—
al 1/T) = 4.57 <o 23)

For the calculation of AH, a graph of 1/T against
log K is constructed. 1If a comparatively narrow tempe-
rature range is chosen for investigation, the value of
AH remains approximately constant, and the graph obtained
is a straight line. The slope of this line is numerically
equal to (- Z%%V)’ from which the value of AH can be
readily estimated. The value of AH, can also be obtaineq
by using the van't Hoff{ isochore

€79 2.303 R [loz K, - log K,] T,T,

AH = Tq_T1 (2.20)

where 'K,' and 'K,' are the stability constants at tempe-

ratures 'T1' and 'T,'.

Knowing the valuesof the free energy of formation
and heat content, the entropy change of the cComplex formins

system is evaluated from the Gibbs-Helmholtsy equation

ﬂG = A.H - T.ﬂ.S (2.27)
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Potentiometric Studies

Measurements of the potential of galvanic cells
were used to determine the activities of metal and hydrogen
ions”’i‘s at the end of nineteenth century and were
employed in equilibrium investigations of a number of
metal ion and proton complexes 48,58, 6h Th= potentio-
metric method has since been used extensively and now is
the most widely used and probably the most accurate method
for the determination of stability of metal complexes. At
present instead of potential, the pH of the sclution is
measured, as this is relatea directly to emf. This methog
may be used for any complex forming system, provided the
complex is soluble in water or in mixed daqueous solution
in which the hydrogen ion concentration may be determined
potentiometrically. This is based on the fact that the
formation of complex directly affects the pH of the
solution as most of the chelating agents are either
Brgnsted acids (or bases) and the formation of complex is
accompanied by the displacement of a proton i,e, the pH
of the solution is decreased., The reverse is the case
with ligands which are basic in character, The magnitude
of the observed pH change is related to the metal-ligang

binding tendency and may be used to determine the Stability

constants of various complexes formed in the system,

In 1941, Bjerrum9 introduced the technique of
determining the stepwise Stability constant by this method,
Calvin and Wllson13 havecalculated through these Stuales

the degree of complex formation n, the free ligand
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exponent PL, and then the stepwise stability constants

of the systems., Experimental methods developed by Leden32,
Bjerrumg and Fr‘onaeus16 have been discussed by Sullivan
and Hindman07. Irving and Rossotti19 have introduced a

volume correction term.

B jerrum-Calvin pH titration techniqueQAés modified
by Irving and Rossotti19 was used because it is neither
necessary to convert the pH readings to stolchiometric
hydrogen ion concentrations, nor to know the stoichiometric
concentration of the neutral salt added to maintain the
ionic strength. Moreover, the acid dissociation constants
of the reagents, which are required in calculetions, are
determined under the same set of conditions as the

formation constants.

Titrations were carried out in agueous media and
sufficient sodium perchlorate was &daed to give a definite
overall ionic strength, To determine the stepwise stability
constant, the following mixtures were titrated against
standard sodium hydroxide, added in small increments, from
a micro-burette with thorough stirring, and then the chanege

in pH was recorded.

Mixture A : 5 ml of 0.24 HC10, + x ml 2.5M Naclo,

{for maintaining ionic
strength)

Mixture B : Mixture A + 75 ml (M/100) ligand Solution

Mixture C : Mixture B + 15 ml (M/100) metal ion Solution
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The mixtures were diluted with double distilled
water to a constant volume of 100 ml in all the cases,

The metal ligand ratio was kept 1.5, to fulfil the maximum

co-ordination number of the metal. Three titration curves
were obtained by plotting pH (B) against volume of alkali

added.

E{otqg:;igagg_Stabiiity_ggggtant
The average number of protons attached per ligand
molecule, n,, was evaluated using the methoa of Irving anc
"N

Rossotti19, from which the following equation for 'BA'

is obtained.

~ (v - v(n® o E°) .

Ap =7+ (2.28
A (Vo4 vi) T )
L
where
vi - volume of alkali required to reach a certain
pH in mixture A
¥t _ yolume of alkali required to reach the same
pH in mixture B
TL - total concentration of the ligand
y = total number of dissociable protohs attached
per ligand molecule
M - normality of alkali
B - initial concentration of the free acid

and V° total initial volume of mixtures,

For calculating the acid dissociation constant of
the ligand)ﬁk. is plotted against the pH (known as

formation curve of the ligand)}, and various computatiana
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methods, viz. interpolation at haif n,_ values, inter-

Fal
polation at various n, values, and the mid-point slope
method were applied to determine the values of protonation

constants.

Metal-Ligand Stability Constant

The average number of ligands attached per metal

ion is given by

(v - v 104 B° TGy - 7]

n = = (2.293)
o yit
{7 2 ~,) n, TM
where T.. = total concentration of metal ion
14|
VU - yvolume oif alkali required by mixture C

to reach the same pH as in mixture 4.

The other symbols have their usual meaning,

From the different values of n, the corresponding values

of pL, i.e., the free ligand exponent, were calculated

a=3 o [, B i
2= B, (}Aant.ilog, B)]
L = log S . ZSJ—V"' 5
P =10 1 (TL - T) T Vu— (“30)

from the equation:

v}

G 5;1 is the overall proton-ligand stability constant.
Metal-ligand complex formation curves were obtaineq by
plotting 'n' against 'pL' values and then the Stepwise
metal-ligand stability constents were obtaineqd by the

following three computational methods.
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(i) Interpolation at hall n_values

According to Bjerrum's approach,

log K, = an—l { 2.3T)
-2
when n = 1 log K1 = pL1/2
and n = <2 log Ko = pL3/2

and so the values of log K1 and log K2 (ana hence log P2)
can be obtained by reading the values of pk corresponding
to the points, where n = 0.5 and 1.5 respectively. This
nethod is applicable in CASE€S where K. /K, >> 1077, |
However this method suffers from a disadvantage as only
one or two points are used in the whole formation curve

for calculating the stability constants,

(ii) Interpolation 8t various 2 n velues

In this method,use is made of the Irving and

Rossotti equations

]

log K, = Pby_a logq_d/d (2.32)

and log K, = plqy,a ~ l°g1_d/d (2.33)

In these equations, the value of *d” varies from
0.1 to 0.9 and values of log K, and log K, are the average
values of the values 50 obtained. This method is justifieq
L
only when K1/K2 > 10%. The calculated values of stability
constants show & drift from the true value when

N
K, /Ky < 107

\ -
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(iii) Mid-point slope method

At the mid point of the formation curve where

n = 1
2
KK, [La = 1 ( 2:309
or log K.,K; = 2 pL, L 2+.35)
pL, = free ligand exponent at a point where n = 1.

Also the slope of the formation curve at a point

where n = 1 is given by the equation

606
D . - R0 (2.36)

2+/b
hz

'D! being the slope of tne formation curve at n = 1,

The value of log K, and log K, can then be
evaluated by using the equations (2.35) ana (2,36) simul-
taneously.

This method has a limitation as it is applicable

only when K1/K° lies between 103 and 10'2,

The Present Work

A thorough survey of literature on Chromotrope 2R
and Bromopyrogallol Red, reveals the need for the study
of some complex forming systems not reported earlier, in
spite of the large amount of work recorded, regarding their
use as analytical reagents, attempts have not been made as
yet to study the nature, composition ana Stability of these

systems. The aim of present work is to study Systematically
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the composition, stability ana thermodynamic functions
related to these systems. In the course of our studies,

it was observed that in some cases the molecular extinction
coefficient was very high, and this enabled the spectro-
photometric determination of these metals in trece amounts.
Attempts have also been made to study the interference of
certain foreign ions in determination. DMoreover, stepwise
stability constants of chromotrope 2R chelates of some
bivalent metals have been ascertained by using the Bjerrum-
Calvin pH titration technique as modified by Irving and

(19)

Rossotti x

The following systems have been investigated in

detail and are described in the succeeding chapters,

(1) Chromotrope 2R chelates of Copper (I1), Ytterbium (III),
Aluminium (III), Gallium (III), Zirconium (IV) and

Hafnium (IV).

(2) Bromopyrogallol Red chelates of Lead (II), Nickel { ZT)
Cobalt (II), Ytterbium (III), Praspdymium (III) and

Tungsten (VI).

(3) Potentiometric study of chromotrope 2R chelates of
Uranyl (II), Beryllium (II), Copper (II), Lead (T1),
Cobalt (II), Nickel (II), Zinc (II), Cadmium (IT1) and
Mercury (II).

......
..........
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CHAPTER III

SPECTROPHOTOMETRIC STUDIES OF

METAL CHELATES OF CHROMOTROPE 2R
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One of the important aspects of organic complexing
agents 18 their application in colorimetric analysis. The
change in colour by the jnteraction of metal ion with ligand
in solution, is the basis of chromogenic reactions, in which
measurement of optical density is possible., The use of
colour in chemical analysis is as old as the science of
chemistry itself. Recently a great impetus to the studies
involving absorbance measurements has been offerea by the
availability of high precision, sensitive ana automatac

recording Spectrophotometers.

Among the chromogenic reagents, many dyes have offered
considerable jnterest, on account of their tendency of
forming metal-dye complexes in solution. In the earlier
stages of studies of metal-dye complexes, there was a
confusion over the nature of association. Blitz8 and
WeiserSh expressed doubts about the definite chemical nature
of the products formed. They concluded from their studies
that the association is purely on account of absorption of
metal ion on the dye. Liebermann24 and Werner55 considered
these as distinct chemical compournds and according to the

present ideas, there is a definite bond between the metal

and the ligand.

While working with several dyes as a chromogenic

reagent for complexation, Green17, Meyer and Bradshaw28 ang
23

Larson and Hirozawa observed the non-stoichiometric
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compositions for these complexes, particularly when the
solutions of the ligand employed are not too dilute. These
deviations were attributed due to the hydrolysis of the metal
ion. However, Dey3 and coworkers concluded from their
conductance studies that these ligands behave as colloidal
electrolytes. They recommended the use of very dilute

L

sclutions of the order of 10 "M, when these ligands behaved
as true electrolytes and stoichiometric compositions are

observed.

Chromotropic acid is well known as a chromogenic
reagent for the determination of several metal ion33!37»39,47.
In a search for new and potentially useful reagents with
better sensitivity and selectivity, many mono-{ arylazo) and
bis-(arylazo) dyes of chromotropic acid have been synthesiseq
and are in wide use for the determination of numErous1L’26s29,Sli)
ions. Recently many reviews have appeared in litersture
which summarise the co-ordination chemistry and analytical

applications of these azo dyesé’9’12’2‘!31s40s48.

Barnarg
and Flaschkah have dealt with at considerable length the
preparation and analytical applications for the determination
of several metal ions individually with various mOﬂO—(arylazo)
and bis-(arylazo) derivatives of chromotropic acid. High
sensitivity, good selectivity and ease of Synthesis ape some

of the factors which are responsible for the Wwidespread yse

of these chromogenic reagents,

These chromogenic reagents can be divided into the

following three groups.
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I. 3-arylazo and 3,6-bis (arylazo) derivatives in which
the aryl group carries no donor group at the ortho

position to the azo link.

)\ :LI = AI‘-N — N-
\/ \
“ H,. = 'R or H
- 2 1
’\/ // U
‘ Ar = G:H_ - or C,,H — etc
675 12 *

II. 3-arylazo derivatives in wnich the aryl substituent

carries a donor group ortho to the azo group.

_ ”
Ar = <f j>~ Gr <f \>_
Al =li= {;;L\\///k\\ y = a donor group e.:.
| i

\) —AsO(OH) 5, —PO(OH) ,,

ITI, 3,6-bis (arylazo) derivatives in which at least one of

/

/

\

—COOH

the aryl substituent carries a donor group ortho to the

azo group.

)’
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Y - 2 donor group e.g. -—OH, —SH, —COOH, —S0 (OH)2,

~PO(OH) 5, —ASO(OH) 5, —B(OH) 5, —CH N ( GH,COOH),, ~NO, etc.

ool
1]

R1 or phenyl, p-substituted phenyl

s o)
1]

~OH, —NH, or CgHNH-

Among these dyes chromotrope 2R (C.I. 16570, Acid
Red 29) i.e. L, 5-aihydroxy-3-phenyl azo-2,7-naphthalene-
disulfonic acid ,abbreviated as CTR, in this thesis, is the
one which has been investigated for the spectrophotometric

studies of some metal complexes.

Popa and coworkers have . made extensive studies on
the metal complexes of chromotrope 2R. In the year 1961 they
studied the metal complexes of this reagent with palladiUmBL
and berylliumBB. From the results obtained, it has been
observed that the method for the determination of palladium

is very sensitive, selective and is applicable even in the

presence of 650 fold excess of platinum.

Koreman21 et al. in a search for a reagent for thallium
has tried various chromotropic azo dyes. POpa35 has carried
out the Spectrophotometric determination of lanthanium at
pH 8.0 using borax-boric acid buffer and has given the
composition for the metal chelate as 1:1. Prakash ang
Mushran36 have made photometric studies ol the compositign
and stability of Iron, Cobalt and Nickel complexes of
41

chromotrope 2R. Shah ana Sangal carried out the preliminar
4

investigations on the complexation between azophenyl

chromotropic acid and Cu(Il), Zn(II), Ga(III), AL(IIT)
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2r(IV), Hf(IV), Fe(III), Co(II}, Ni(II), P4(II), Pr(III),
Nd(III)}, Sm(III), Th(IV}) end U02(II). Shibata and coworkers™ -
have reported the spectrophotometric determinations of Mg(II)
in aqueous acetone medium at pH 10.8 and reported a method

by which magnesium in traces (0.01 ppm), can be aetermined
with great ease. Moreover, the method is applicable to the
direct determination of magnesium in zinc ana aluminium

alioys.

The metal complexes of rare-earths with chromotrope 2R

have been studied by Sangal et 31011,h2,hh.

They have made
extensive studies on its chelates with Pracseodymium,
Neodymium, Samarium and Europium and observed that Cu(II),
Be(II), AL(III), Gal(III), In(III), Zr{IV), W(VI), Ni(II),
Co(II), Pt(IV), La(III), Ce(III), tellurate, citrate,

tartrate, oxalate and phthalate interfere in all concen-
trations in the photometric determination, while Ba(I1) |,
Sr(II), Co(II), Br~ and I~ interfere only when present in
large amounts. Recently they have reported the composition
and stability constants for Cer‘ium-C1'11"orm:xtropéT}:helan:eLPj and
worked out suitable conditions for the determination of the
metal in micro amounts. Musnran52 has studied the 1:1 HEA 1
to ligand complexes of VO+2 with chromotrope 2R, chromotrope 23
and SPANDS at pH h.k and have observed the stability constants
in the order CTR > SPANDS > CBT and inferred this order ag
being due to the electrophilic character of the P-substituted

group in the ligand molecules.
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Apart from the use of chromotrope 2R as a chromogenic
reagent for the photometric studies of various metal complexes,

: 7 4LEC
it is widely used as a Staln10v2 y 4C

in various biological
processes. Betzer7 has used CTR in fuel cell electrode
manufacture for metallic coating. In a recent comnunication
Jain and coworkers19 have studied the ultrascnic efiect on
agueous solution of chromotrope 2R and observed that the
decolourisation of aqueous solution ot CTR with H202 oll
exposure to ultrasonic wave increases with sound intensity

and is slower in the presence of nitrogen than in the presence

of oxygen. Dioxane, ether, acetone, acrylamine and

allylthiourea inhibit decolourisation.

Although some work has been reported on the use of
chromotrope <ZR as a chromogenic reagent for the photometric
determination of various metal lons, but no work has been
done on the composition, stability and thermodynamic
functions (AG, AH and AS) of the copper, aluminium, gallium,
ytterbium, zirconium and hafnium chelates. This, therefore
has been undertaken along with the photometric determination’
wherever possible. In order to reduce the size of the thesis

the experimental data have been represented graphically.

EXPERIMENT AL

Instruments

All the absorbance measurements have been made on gz

Perkin-Elmer UV-VIS (model 139) spectrophotometer, using one

cm matched quartz cells, equipped with thermoplates tq
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stabilise the temperature. pH measurements have been
made on a Beckman (model H2) pH meter wsine glass-calomel

electrode assembly.

Chemicals

Stock solutions of copper sulphate (G.H”E. Merck)
ammonium aluminium sulphate (BDH, AnalaR), gallium chloride
(E. Merck), ytterbium chloride (K and X Laboratories, Inc. ,
N.Y.), zirconyl chloride (8DH, AnalzR) ana hafnyl chloride
(A.D. Mackey and Co. Inc., N.Y.) were prepared in carbon
dioxide free double distillied water and their metsl ion
contents determined by usual methods., A 10"4M solution of
purified CTk was prepared in double distilled water. Sodium
perchlorjte (Reidal) solution was used to maintain the
constant ionic strength. Solutions of diverse ions were

prepared using AnalaR grade salts of the corresponding metaj

ions.

Preliminary Investigation of the Ligand

Effect of pH on chromotrope 2R solution: In order

to study the effect of pH on the reagent, a series of
solutions containing the same concentration of the ligand
were prepared and their pH Wasadjusted to different valyes
with AnalaR grade hydrochloric acid and sodiumg hydroxige.
From the observations 1t can be concludea that between a pH
range 2.0-11,5 the reagent has Amax 19 the range 510-520 np
i.e. the variation of pH in the range describeqg above T p—

no shift in value of A ;
max
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Colour formation witn inorganic cations

Before going into the detailed stuay of metal chelates
of CTR, 1t was thought necessary to study the colour formation
of reagent with various metzl ions. For this a solution
of chromotrope 2<RWbAS taken in different test tubes ana to this

wer« added various metal ion solutions. The colour developed
wes noted visually and compared against a reagent blank., The

results obtained have been summarized in Table 3.1.

RESULTS AND DISCUSSION

Conditions of Study

The solutions of metal as well as the ligand were
mixed in certain proportions by diluting with CO, free double
distilled HgO. AlL the studies were carried out at a
temperature 25to,1°c. The solutions were kept in a constant
temperature precision thermostat (Forma Jclentific, model 2095)
for helf an hour to attain the equilibrium., The pH of
the solutionsj;éintained constant generally by hexamine-
perchloric acid buffer,after a preliminary study of the pH
effect by using sodium hydroxide and hydrochloric acid
had been made, In SOmME cases sodium hydroxide and hydro-
chloric acid have been used to adjust the pH of the solutions.
The conditions of study for all the metals are given in

Table 3.Z2.
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Effect of Time and Temperature

It was observed that the formation oif these chelates
was instantaneous. Moreover, the studies reveal that there
was no significant change in the value ol absorbance even
after twelve hours. The change oi temperature has no
measurable effect on the absorpbance when the ligand was
present in a large excess. The order of addition of
reagents does not have any appreciable effect on the absor-
bance of chelates. However, for constant environmental

conditions, the metal ions weneadded to the ligand.

Ef fect of pH

golutions containing the same concentration of the
reagent and metal ionswere prepared at different pH values.
The absorbance of these solutions were measured at different
wavelengths, after they have attained equilibrium. All the
complexes show A, at 530 nm whilst the ligand shows a
Npax at 510 nm against a waler blank., Absorbance studies
have been made at 580 nm in all cases, where the absorbance
due to the ligand jtselfwas found negligible. The pH range
in which the chelates are most stable, along with the pH at
which the subsequent studies have been undertaken, are

recorded in Table B

Nature of the Complexes Formed

The method of Vosburgh and Cooper has been employed
for the determination of the nature of the complexes f d
ormed,

For this, mixtures containing various pro i
] or :
proportions of metal
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and ligand (2:1, 120, 131, 1.2, 1.3, etc.) have been
prepared. The pH of the solutions was adjusted within

+0.1 of required pi, with pufiers of the corresponding pH
values. The optical density of these solutions was recorded
at different wavelengths and from tne results it was

observed that only one complex 18 formed under the conditions
of study in the S ys tems under investigations. The results

have been graphically represented in Plates 1-6 (Fig. A).

Stoichiometry of the Complexes

et i

Three jndependent methods viz. Job's method of conti-
nuous variation, mole ratio method and slope ratio method
have been employed to study the empirical formula of the

comp lexes formed, under the experimental conditions.

Job's Method of Continuous yariation

L ———"

Job's method using equimolecular and nonequimolecular
solutions have been used to study the composition of the
metal chelates. The metal and the ligand were mixed in
fixed proportions (1:9, 1:k, 1:3, 1:2, 1215, 1231, 1501,
2:1, 331, 43 and 9:1) so that the total concentration of
the metal and the ligand was constant in all the solutions,
The total volume wWas made upto 25 ml and pH adjusted with
appropriate puf fers. The absorbance was measured for these
solutions av wavelengths 570, 580 and 600 nm. However, results
obtained only at one wavelength i.e. at 580 nm have been

represented graphically in Plates 1-4(Fig. B) and Plates 5. ¢
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(Fig. B and Fig. E). The results reveal that 124
(metal 1ligend) complexes are formed with copper (1I),
aluminium (III), ytterbium (III), zirconium (IV) ang
hafnium (1IV), and a 1.2 complex (metal:ligand) has: been

observed in the case of gallium (III).

Mole Ratic Method

A series of solutions was prepared from the respective
metal ion and chromotrope 2R in such a way that the molar
ratio of the reagent to the metal varies from 1:;0.25 tq 1:6.0.
The absorbance of these mixtures was measured against water
or the reagent as a blank at 570, 580 and 600 nm. Some of
the studies performed, have been graphically represented in

Plates 1-4 (Fig. C), Plates 5 and 6 (Fig. D).

The results obtained corroborate the composition as

obtained by Job's method,

Slope Ratio Method

In this method of Harvey and Manning, the volume of
the variable component was varied from 0.0 to 10 ml in the
presence of an excess of the concentration of the other
component., The ratio of the slopes of the two straight
lines obtsined by plotting the absorbance against the
volume gives the same molar ratio of the metal to ligang
as obtained by the other two methods. The results obtaineq

have been graphically represented in Plates 1=k (Fie, p)



(45)

Evaluation of tne Stability Constants

The value of log K has been determined by the following

three methods descripea in detail in Chapter 1I.

(1) Molecular extinction coefticient method.
(2) Mole ratio method.

(3) Dey and coworker's method.

The results obtained have been recorded in Table 3.3,
from which it is quite apparent that the value of log K,

avalusted from the above methods are in a gquite good agreement

Thermodynamic Functions of the Complexes

The free energy of complex formation (AG) is related

directly to the stability constant by the expression.
AG = -RT 1n K

universal gas constant

o)
W

]
1

_ temperature in absolute degrees.

For the determination of enthalpy change (AH) and
entropy change (AS), which are accompanied with the complex
formation, the value of log K was determined at different
temperatures (from 15°-35°C), at a constant ionic strength
0.1. From the slope of the curves obtsined by plotting log
against 1/T, the change in enthalpy has been determined byD
assuming that the value of AH remasins constant over the
range of temperature studied, The entropy change has, then

been determined by using Gibbs. Helmholtz equation
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AG AH - T AS

or AS = AH - AG/T

The results obtained are given in Tables Jels=3s' T

and represented graphicelly in Plates 1-4 (Fig. F).

Analytical Applications

Experiments were performed to test the Suitability of
metal complexes of chromotrope 2R for the photometric deter-
mination of metals. Cu(II), AL(TII), ¥Yb{III), Ze(IV), HfLTv)
and Ga(III) were investigated for their photometric determi_

nation.

Effect of Resgent Concentration

The effect of reagent concentration was observed by
varying the concentration of the reagent with respect tg the
metal ions. It was observed that upto a certain fgold molar
excess of reagent concentration over that of the metal ion
concentration, the value of absorbance increases ang then it
begins to decrease. The concentration at which the maximum
absorbance has been obtained has been kept for the Phétometric
determination of the metal ions. The results revea] that at
least ten fold molar excess should be kept in the Case of
Cu(II), AL{III), Yb{III}), Zr(IV) and Hf(IV),Tt“¥;fty fold

molar excess is necessary, for determination of gallium

Beer's Law _and Sensitivity

Calibration curves were prepared for the detepminati
' Tlon

of' various metal ions, by varying the concentration of the
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cations in a large excess of the reagent. The Beer's law
is followed upto the portion of the curve upto which the
concentration was a linear function oi the absorocance. The
effective range for the photometric determination was
determined with the help of Ringoom plot. The molar
absorbtivity or molecular extinction coefficient and sensi-
tivity of the colour reactions, as defined by Sandell

along with the effective range for the photometric determi-

nation of various metal ions have been given in Table 3.8,

The Effect of Diverse Ions

The effect of diverse ions was examined in the photo-
metric determination of aluminium, gallium and ytterbium,
These metals were selected because of their high molar
extinction coefficient. A solution containing a known
concentration of metal icn and the dye was taken. The
tolerance limit was tentatively taken as the concentration
of the foreign ion which aef fects the absorbance of the metal
ligand system by less than t2%. The results have been

tabulated in Tables 3.9-3.11.

Comparison with other Methods

Several sensitive reagents have been used for the
determination of aluminium, gallium and ytterbium, The
proposed method is simple, rapid and sensitive, but not
selective due to large interference by foreign ions, The

selectivity can be improved in the determinstion of the
se

metal ions by suitable masking, Table 3,12 gj
g. . gives a cgp .
Parative
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account of the molar absorptivities of some reagents, which
are used for the photometric determination o:i these metal
ions. The results therein reveal that the method using
chromotrope 2R as & chelating agent for the photometric
determination is comparable in sensitivity with the most

of the reagents used for their determination.
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= 0.6 x 107
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Concentration of variable component = Lp.Ox‘lO_SI’-"‘.
- 2.0x107 i

Curve 1 = metal varying

Curve 2 = ligand varying
Fig. L. Beer's law plot for Cu-CIR system.

Fig. F. Plot of log K vs. 1/T.
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PLATE No, 2

: * Aluminium a&na
Fie. A. Absorption curves Os mixtures of alun
° Caromotrope 2K. 7
Curve T TL' - 12.0)(13-‘.1\11 T = i{-oOX“U—..{-‘l
Curve 2, T, = 8.0%x107 m T = k.Ox10
"Sr _ = A
Curve 3. T = L.Ox107°K Ty = ws0%10 5‘
Curve L. Ty = LoOx107 ! Ty = 0,0x10 "w
Fig., B. Job's curves (equimoleculer and nonequimolecular
solutions) for Al-CTR chelate.
curve i 'IL = TN‘ = 1.25x10_!+1\r1 P = TL/TM = 1°O
Curve 2. T =T, = 1.00x107M  p = T /1, = 1.0
Curve 3. T, =T, = 0.833x10°*M p =T /T = 1.0
Curve 4. T_ = 1.0%x107™M T, = 2.0x107 N
Fig. C. Mole ratio curves for AL-CTR chelate,
Concentration of constant component = 8.0x10" “w
Curve 1 = at 580 nm
Curve 2 = at 600 nm
Fig. D. Slope ratio curves for AL-CTR chelate
Concentration of constant component - 1.0x10™ 4y
Concentrati £ :
oncentratvion of variable component - 8-0X1O-6M
Carve 1 = metsl varying
Curve 2 = llgand varying
s B Beefvs low plot for Al.cTgr Che late
Fig, ¥,

Ll 3 o
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Fig. A.

Fig, B.

Fig., .

Fig. D

Fig, E.

Fig, F.

PLATE No, 3

Absorption curves of mixtures of gallium and

chromotrope Z2R.

Curve 1. T, = 12.0x107™y T, = k.0x107
Curve 2, Ty = 8.0x10™ 4 Ly 1= L.OX1O'LM
Curve 3, TL = h.0x10"hm o= L.Ox10_hk
Curve L. T, = L. Ox 107y L= 0.0x10™%

Joo's curves (equimoleculsr and nonequimolecular

Solutions) for Ga-CTR cheslate.

CGurve 1. T

L TM = 2.0%107 M
Curve 2, TL =

p
=T o= 1.25x107% p -
Mm - '
Curve By TL; = TNi = 1.00X1O—.L}i\‘i p =
Curve 4o T = 2,0x107% T

P = TL/TM = 2.0

Mole ratip curves for Ga-CTR chelate,

Curve 1.

L /1

T./T,

]

1,0

1l

1.0

1l

T /T, = 1.0

1,ox1o‘“h

Concentration of constant component

'L = 8.0x10-5M

Curve 2,

Concentration of constant component

(T) = 6.0x10~ 3y

Slope ratio curves for Ga-CTR System.

Concentration of constant component

Concentration of variabile component

Curve 1

metal varying

Curve 2 _ ligang varying

Ringbom Plot for Ga-CTR Systenm

Plot of log K vs, 1/,

1!

il

1.Ox1O'LM

8.Ox10—AM
-~ 4.0 x 10~y
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PLATE No. &

Fic. A Aosorption curves of mixtures of Ytterbium and
- Chromotrope Z2R.

- -51*'
Curve 1. TL 12.0%x10 "M T* = L.,Ox10 "M

-5 =N
Curve 2. TL = 8.0x10 "M TM = L.,0x10 ‘M
: ) -

Curve 3. TL = L.Ox10 "M TM = 4.0x10 ‘”
— _b‘

Curve L. TL = 4.0%x10 5M TM = 0.0x10 7

Fig, B, Job's curves for

equimolecular solutions of Yb-CTR
chelate,

4

Curve 1. T, = 2.OX10'L"M

Ty p = TL/TM "
= Ty = 1.25x10*hM p = TL/TN
L TN& = 1 -00X10—}+M

Curve 2. T

| 58
|
il
O

curve 5. T

1l

p =T /Ty = 1.0
Fig. C. Mole ratio curves for ¥Yb-CTR chelate.

Curve 1. Concentration of constant component
(T, ) = 7.2x107 7%
Curve 2. Concentration of comstant component
c

(T) = L.0%x10™ "I

Fig. D. Slope ratio curves for Yob-gTR chelate
Concentration of constant component = 2 O:-<10—brM
Concentration of variaple component = 4 0x10"5M
= " wo-
2.0%10™ M
Curve 1 - metal varying
Curve 2 _ ligand varying
Fig. E. Beer's law
2 plot for Yb-CTR Systam,
Figo Fo

Plot of log K Vs, 1/T.
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Fi-. A, Absorption curves of mixtures

o= 'h irconiun ana
Chromotrope 2R

-k, v Ox10‘“-4
Cumve 1. L = 8,0x10 'k I o= k.
. L o
Curve 2. T = . OX10™ i T = s OUXYI
-l
Curve 3. TL = h.Oxl:)'L“n:.‘ TN - 8,00x10 &
Sy
CUEvE Be T. = fouxWT R T = 0.00x10 =
Fig. B. Variation of absorbance with pH for zr-Cin cnelate.
Ty = 8.0%107 T, = 8.0x107 ¥
Fig. C. Job's curves for equimolecular solutions ol sr-CTR
chelate,
\ & = M0
Curve 1, rlh = TM = 5.0%10 1*1\& p = TL/TM = 1
Curve 2. T, =T, = 2,0x107*M  p = T /Ty = 1+°
Fig. D. Mole ratio curve for Zr-CTR che late.
Concentration of constant component (T )= 1.0x10°
Fig, B. Job's curves for i : v sp-CIR
chielate. nonequimolecular solution of 4aY
CuI‘Ve 1. TL = L}..OX1O-1+M T]\.ﬂ: s 100)(10_1"1\&
p =Ty /Ty = 4.0
C =
Vi) e TL. = 2.0x107%u TM = Oo5x10_h’M
P = TL/TM = hoo
Fig, B,

Ringbom plot for 4r-CTR chelate
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PLATE_No. 6

Fig. A. absorption curves for mixtures of

Hafnium and
Chromotrope 2R.

B = % SN
Curve 1. Ty = 12.0x107M T, = 4.0x107 ¥

6 =B
Curve 2. Ty = 8.0x107M T.. = 4.0x107 M
Gurve 3. T = 4:0%10" 7 T, = k.0x107 %
Curve L, TL = i+.0><10--'IV! T . = O,0x1C—DM
Fig. 8., Variation of absorbance with pH for Ht-CTR chelate.
TL = 8.0X1O-. ‘I.U’. Ti\f = 5,0%x10 I
Fig. C. Job's curves for equimolecular solution of H1i-CIR
chelate.
Curve 1. T =T, - 2.0x107"M p = T /i), = 1.0
Curve 2. T = Ty = 1.25x107%M  p = T /T, = 1.0
- - 2 = = 1,0
Curve 3, T, = Ty = 1.00%10 by o B TL/TM
Fig. D. Mole ratio curve for Hf-CTR chelate,
Concentration of constant component (T:] = 1_ox1o‘hM
ke che1s o UrVes for nonequimoleculsr solutions of HE:CTR
Curve 1 = 7. = 1,25x10 by T, = 2.5 x 10~k
Curve 2 - . ks
T, = 2.0x10" 4y Ty = 1.0x107%¢
p = TL/TI\‘L = 290
Fig, F

Ringbon plot for Hf.CTR che late
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TABLE 3.1

(49)

Colour reactionsof Chromotrope 2R with certain metal ions

Colour of the reagent solution - orange red

Colour

S.No. Metal ion developed

Iz

&y

10.

11,

12,

Uo,{I1)

2
pd( 11)

Cu(Il)
Mg(11)
Co(II)
Ni(II)

Fe(III)

AL(III)
Ga(III)

Yb( III)

Zr(IV)

HE(IV)

Remark

Violet

Crange
yellow

Pink
Pink
Orange€
Pink

Blackish
violet

Violet
Violet

Vviolet
blue

Violet

Pink
violet

Sensitive with dilute solutions

Sensitive with dilute solutions

sensitive

Sensitive

Sensitive

Sensitive

with dilute

with dilute

with dilute

with dilute

solutiong

Solutions

solutions

solutions
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TABLE 3.3

(59)

Composition and stability of metal chelates of Chromotrope 2R

System Composition  Molecuiar log K Dey Mean

extinction mole et al,

method ratio method

method

AL:GTR 131 3.8% L.08 3 .93 3.96
Ga:CTR 1:2 8092 9000 i 8-96
¥b:.CTR 1:1 ho38 L.22 - 4.30
ZrsCTR 11 LobL1 he50 L.32 L,y
Hf :CTR 1% 1 457 L,71 4.60 L.66

/' pﬂ(MaL:M'A—- ‘mw‘
. > VR S R e )
f;Lilx by HaTa log X 2o
thoti) ke f“"\o = s
/
F i -'(A&j KM ol !/

J

/ r';:'//f’ . P, £ {
DY i
/&ﬁh¢rezq

ly-2%
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TaBLE 3.4

Thermodynamic functions of €opper-Chromotrope 2R chelate

pH = 6.0%0.1 n o= 0.1
AH = =17.92 kcal/mole

Eg;;;;ature log K AG AS
%K kcal/mole e.u./mole
288.15 L.88 -6.44 -39.84
293.15 .66 -0, 25 -39 84
298.15 bobehs -0.05 -39.82
303,15 o 21 -5.84 -39.81

Megn AS = -39.83 e.u./mole

TABLE 3.5

Thermodynamic functions of Aluminium-Chromotrope 2R chelate

pH = 5.0%0.1 p o= 0.1
AH = +1.42 kcal/mole
P T log K A AS B
Tempegature 108 kcal/mole e.u. /mole
288.15 3.80 = B.u 08 2231
293.15 2,82 <5413 22.28
233.15 3.84 w52l 22.30
298. 15 3,86 - Slwe 3 B 22,31
303.15 3.87 -5. 46 22.3%

Mean AS = 22.30 e.u./mole




L.53)

TABLE 3.6
Thermodynamic functions of Gallium-Chromotrope 2R chelate

pH :3-1-&".'0-1 11:0.1

Tempeféturé log K AG AS
Ok kcal/mole e.u. /mole
288.15 8.47 -1, 18 66,51
293.15 8. 57 ~-11.50 66.48
298.15 8.69 -11.85 66. 55
303.15 8.78 -12.17 66, 53
308.15 8.86 -12.49 60,46

Mean AS = 66.51 e.u./mole

At ——————

TABLE 3.7
Thermodynamic functions of Y tterbium-Chromotrope 2R chelate
pH — 6.91'-0.1 Y = i 1
R = ~ 3] kcal/mole
——— T e 1S
Tempegiture o kcal%mole e.u. /mole
288,15 o 27 =553 S'ZZ
293.15 b 23 =507 Z'OO
298.15 4. 18 -5.70 5.99
303.15 e 13 gl 5'%
308.15 .08 =52 '
Mean AS = 5.98 e.u./mole
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TABLE 3.8

Optimum concentration range for determination, molar absorptivity
and sensitivities of metal chelates of Chromotrope 2R

Systen Concentration Optimum Molar Sensitivity
range in which  concentration  absorp-
Beer's law 1is range from tivity
obeyed Ringbom plot
(ppm) (ppm) ng/cm®
Cu:CTR 0.60- 5.20 1.00~- 5.00 7250 0.0080
Al:CTR 0, 11+ 2.20 0.23- 2.00 19875 0.0014
Ga:CTR 0.70- 7.30 1.60~ 7.21 17312 0.0040
Yb:CTR 3,50-21.00 2.90-20.50 25000 0.0068
4r:CTRH 2.50-20.00 3.50-19.05 3875 0.0248
3,50~21.00 7125 0.0215

HEf: CTR 2.75-22.25

P ——— — i ————




TASLE 3.9

BEfiect of diverse ions on the photometric determination of
Aluminium with Cnromotrope 2R

Concentration of Aluminium taken =

4,0 x 10'%ﬂ

Diverse jon adcded

(ppm)
Cu(II) 40
Co(II1) 40
Ni(IT) LO
Ba(II) 100
Po(II) 100
cd(II) 100
sn(I1) 40
U02(II) 40
Mg(II) L0
Hg(II) 100
pd(II) 40
Sr(I1) 100
Ce(IIl) &40
TL(III) 100
La(1ri) 100
W(VI) 40
Mo(VI) 100
Noj- 200
cl” 200
Nﬂé‘ 200
01og 200
I~ 200
CZOL-- 40
ChHhOé' 40

CeHs0n---10

—— e ——— ———

Relative % error

+10.90
-13.04
« Ha52
+ 1230
- 3.50
- 4,00
-67.80
+32.69
-17.39
2,00
~ ¥ 10
+ 4,00
42,20
= 3420
+ 3410
-78. 20
-33.30
+11.40
+ 8.60
+ 8.60
+ 11,40
- 7.40
5018
«82.,18
~87,80

Tolerance limit

(ppm)
7.34
6.16
12.32
large excess

large excess
large excess

1.19

2,48

4.70
large excess

11.26
large excess

1,89
Large excess
large excess

1.02

6.00
large excess
large excess
large excess
large excess
large excess

0.99

0.97

0.921

———



TApuE_3.10

Effect of diverse ion on the photometric determination of
Ytterbium with Chromotrope 2R

Concentration of Ytterbium taken = 4 x 10‘%ﬂ

Diverse ion added Relative % error Tolerance limit
( ppm) (ppm)

Hg(II) LO # 15T L.5
n(II) LO - 4.1 19.5
CU(IT) 20 -53.7 0.8

Cd(1l) 40 - 1.5 large excess
Pb(I1) 40 + 6.9 11.6
Co(II) 40 ~12.3 64 5
Ni(II) 40 ~23.6 1.7
g 2T . 29.6

uo,(I1) 40
Ba(II)} LO
Sr(II) 100 R (|

§ Ze D 229
large excess

Be(II) 20 =103 3.9
Mg(II) 100 -17.2 117
sn( I1) 20 .87.3 O.41
ce( IIT) 80 ~69.6 0.23
TL(III) 100 ~ 2. b §.2
La(III) 100 2wk 7'6
vV 10 ~81.6 0.20
Mo(VI) 40 g 0+ =0
. - 67.1 0.30
- - 1.9 large excess
Cl_ “0 - 1.9 large excess
Bi 1;2 + 1.8 large excess
I o1
o o
803~_ 100 -15.0 13.3
Soh 100 _ 1.3 large excess
ClOd‘ 40 _ 1.3 large excess
N03‘ 40 L BE large excess
Mog* 128 0.7 0. 51
0204 o _86.3 0.46
S % -81.0 (.25

CéHsOr? - 10 e e
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TABLE 3.11

Efr1ect of diverse ion§ on the photometric determination of
Fallium with Chromotrope 2R

Concentration of (yallium taken = 4.0 x 10_%“

Diverse ion adaea Relative % error Tolerance limit
(pfm} B - ( ppin)
Cu(II) 20 - L4 N 9.00-
Zn(II) 20 - 9.7 ke 10
Sn( IT) 20 - 1.0 O.44
Be(II) 100 = B0 large excess
Hg(II) 100 & 5.5 36.40
Co( IT) 20 - Fok 11. 80
Ni(1II) 20 = 1543 2.20
Ba(IT) 100 2.0 large excess
Cd(II) 100 -32.0 6.30
Pb(II) 100 + 3.0 large excess
Mg(II) 20 ~28,2 1.40
Ce(III) 20 -87.6 0.46
AL(ITII) 5 +66.6 0.15
T1(III) 40O -13.0 19. 10
Th( IV) 5 +92.4 0. 11
v(V) 20 -56.5 0. 71
Mo(VI) 20 -19.0 2.00
W(VI) 20 - 1.20
AN 100 - 3.2 large excess
™ 100 . g O large excess
o 100 | large excess
SU;"“ 100 =45 «0 L. 4O
803“ 100 ~-49.0 L.10
cio,” 100 s &l large excess
CHBCOO' 20 1169 0.96
c,0,-" 20 ‘22';8 ;'gg
ChHhoé‘* 20 -61.8 0.65
CgH g0y 20 o )
a1 1.30



TABLE 3.12

(58)

Compzrison with other res
. - gents used for spectroph i
determination of Aluminium, Gallium and YEterbiEmOtomEtrlc

fiethod Molar absorp-  Reference
B tivity

For Aluminium -
1. Methyl thymol Blue 19,000/590 nm 51
<. 2-(p-sulphophenylazo) 15,900/570 nm 15

1:8 dihydroxynaphthalene

3:0 disulphonic acid
3. Calciochrome 11,500/317 nm 18
L. Anthrazocnrome 29,000/590 nm 20
5. 2-Bromo-4,5-dihydroxy 27,000/455 nm 5

-4 '-azobengzenesulfonic acid
6. Chromotrope 2R 19,875/580 nm
For Gallium
1. pyrocatechol violet 11,160/530 nm ]
2, Xylenol orange 16,000/502 nm 32
S 1-pyrolindine-carbodithioate 2,580 25
L. 6-(2-pyridylazo},3-k dimethyl 10,000/570 nm 38

phenol
5. pyrogallol red 10,000/530 nm 49
6. Chromotrope 2R 17,312/580 nm

( Contd. )




Taple 3.12 (Contd.)

Methoé Molay absofp* Reference
tivity

For_Ytterojum

1. Eriochrome Black T 24,000/510 nm 50
2. Diantipyrylazo 23,000/645 nm 10
3. Arsenoazo 1 25,000/570 nm 2
. o 2—pyridylazo)—r‘esorcinol 26,000/600 nm 30
5. Pyrocatechol violet 21,000/650 nm 2
6. Methyl thymol Blue 21,000/600 nm 2

25,000/570 nm

7. Chromotrope <R

e ——



Vs

10.

11

12.

13

14,

. Banerji,

Akhmedli, M.K.,
dashikirove, E.A..
Gluschcnenko, E.L.
and Zykova, L.I.

Akhmedli, M.K, and
Granovskaya, P.B.

Sy K. Bt El,

Jr,

Bernard, A.d.
Ho Ao

and Flaschka,

Basarign, N.N.,
Akhmedli, M.K.
Kafarova, A.hs

and

Berge, V.H, and

Rohde, X.H.

Betzer, M.,
Heath, C.E.
Tremy, B.

Jr. and

Biltz, W.

Budééinskfa 8.

Budésinsky, B. and
vrzalova, D.

Dabhade, S.B. and

Sangal, S.P.

Datta, S-K'

Dey, A.K.

Dey, A.K. et al.

(60)

REFERENCES

Ser. Khim., Nauk., 2, 25 (1965)

Azero. Khim. zZh., 5, 105 {1965)

Nature, 1Y, 1002 (1963)
Bull. Chem. Soc. Japan, 3§(5),
720,(1965) ‘

'Chelates in analytical chemistry!
Marcel Dekker, Inc. New York, '
Vol. 2, pp. 1 (1969)

2h. Anal, Khim., 25, 1497 (1970)

(5), 178 (1969)

2. Chen,.,

Esso Research Engineering Co, ,
U.S. 3, 234, 0-50 (CL. 136-86),

Feb., 8, 1960, App. June 1, 1961,
Ber., 38, 4143 (1965).

Chelates Anal. Chem., 2, 1 (1969),
Collect. Czech. Chem. Commun.,

29(11), 2758 (1964).
Anal. Chim. Acta, 36(2), 246 (1960)

1h(2), 190 (1969)

Microchem. J.,

7. Anal. Chem,, 167, 105 (1959).
168, 347 (1959); 173, 369 (1960)

B

J.Calloid Science, 3, 473 (1948)

Microchem. J. 943), 282 (1965
~ fndian Chem. 3oc., L0, 275 (1963)

L
3 Inorg. Nucl. Chem, 3@191,1803(1qéq).



15,

164

17.

184

20,

Akhmedli, M.K., and
Basargin, N.N,

21. XKoreman, I.M.
Potemkina, V.G, and
Fedrova, L.S.

22, Kuznetsov, V.I. and
Nemodruk, A.A.

23. Larson, E.M. and
Hirozawa, S.T.

24, Liebermann, F.

25. Likussar, W.,

Sagan, C, alld
Boltz, D.F.

2. Magumdar, A.K. et al.

27, Mengzier, D.W.

28, Meyer, A. and
Bradshaw

29. Miyata, H. et 2al.

Garg, V.C.,
Shrivastave, S.C,.
and Dey, A.K.

Grey, P.;
Jereczky, E.,
master, M.U,
Nevsimel, C.

and

Green, DL.E.

Ishii, H. and

Einage, H.

Jagifi, 8. K.,
Prakash, O.
Prakash, S.

and

Kafarova, A.A

(61)

Proc., Acad. Sci,, 37, 203 (1966)

Stain Technol., 33, 215 (1958)
Analyt. Chem., 20, 370 (1948)
Bull. Chem. Soc., Japan, 3 (8],

1721 (196c}).

Bull. Soc. Chim. (France), 1,

91 (1972) )

Veh, Z3p. Azerb. Inst. Ser, Khinm.
Nauk. 1, 23 (1959).

Zhur. Anal. Chim., 11, 307 (1956)

Zh. Obshch. Khim., 35(5), 879
(1965); J. Gen. Ch . (ussz),

26, 3657 (1956)
J. Inorg. Nucl. Chem,, 3,
198 (13250).

Ber., 26, 1574 (1838).

Mikrochim. Acta, 4, ©83 (1970)

%. Anal. Chem., 174, 197 (1960);
176, 170 (1960), Talanta 18,

968 (1970)

gtain Technol., 37, 45 (1962)

Analyst, 77, 476 (1952)

Chem Soc., Japan, 33 gz

36(8), 885 (1963) L0
2085 (1967)~"

Bulé> s
1960
gg1 (196 ) 40



31.

32:

33

3h.

23

36.

37

38.

39.

L40.

k1,

. Munshi, K.N. and

Dey, A.K&.

Negoiu, D.,
Isvoranu, C.,
Kriza, A. and
Negoiu, M.

Ottomo, M.

Popa, Gri;
Negoiu, D. and
Vasilescu, C.

Popa, Gr.,
Paralescu, I. and
Baiulescu, Gh.

Popa, Gr.,
Paralescu, I. and
Balanel, E.

Prakash, 0. and
Mushran, S.P.

Rehman, S.M.F. and

Malik, A.

Rakhamatulloeva,K.Z2.,
Rakhamatullaeva,M. A. ,
and Shoeizov, N.

Sangal, S.P.

Savvin, S.B.

Shah, V.L. and
Sangal, S.P.

Shah, V.L. and
Sangal, S.P.

(62)

Anal. Chem., 36(10), 2003 (1954)

Ana;et. Univ, Bucurestl Ser.
Stiint. Nat., 13(2), (1964)

dull. Chem. Soc., Japan, 38(R)
o2k (1965) '

Acad. Rep. Populare, Romine,
Stuaii Cercetari Chim., 9, 629
(1961). 2

Acaa. Rep. Populare Romine,
Studii, Cercetari Chim., 9, 85

(1961).

Ser, Stiint., Nat., 10, 203
(1961)

Chim. Anal, (Paris), 49(9),
k73, (196%). -

J. Inorg. Nucl. Chem., 26(2),
385 (1964); J. Prakt Chem,
21(1- 2) 109 (1963); Indian T,
Chem., 1(10), 424 (1963).

Uzb. Khim. Zh., 14, 25 (1970)

J. Prakt. Chem., 26(3-4}, 137
( 19614-) Bull. Chem. Soc. Japan,

36(16), 1349 (1963).

Talanta, 15{7), 601 (1968);
15(12), 149% (1968), 16(3), 423

(1969). Tr. Kom. Anal. Akad,,
Nouk. (SSSR), 17, 163 (1969);
49, 1753 (1969).

Chim. Anal. (Paris), 50(11),
582 (1968).

Miclﬂochem. J-’ 1£"(_21’ 261 (1969)



L.

L.

4o.

L7.

48,

49.

50.

571

5&»

53.

5k .

=

56 .

Shah, V.L. and
Sangal, S.P.

Shah, V.L. and
Sangal, S.P.

Shibata, 3.,
Uchimi, A.,
Sasaki, S. and
Goto,; K.

Singh, C.

Sommer, L. and
Coworkers

Sommer, L. et al.

Srivastava, K.C.
Takano, T.
Tikhonov, I.N.

verma, J.R. and
Mushran, S.P.

Virgils A. and
Dragusin, I.

weiser, H.B. and

Porter, E.E.

werner, A.

720llinger, Hch.

Microchem, J., 15(4),

(63)

548 (1970)

Chim. Anal. (Paris), 53(1), 47

(1371).
Anal, Chim. Acta, L4(R), 345
{1969) ’

Stain Technol., 38, 103 (1963)

Chem. Listy, 52, 1485 (1958).
Z. Anal. Chem., 1o4, 299 (1958).
Bull., Soc. Chim, (France), 852

(1959).

Chem. Listy, 50, 1580 (195%).
Chemist Analyst. 56(12), 9 (1967)
Chim, Anal. {(Paris), 23, 525 [1971)
Bunseki Kagaku, 16{(1), 27 (1967)

7zh. Anal. Khim. 213(3), 275 (1966)

Rev. Chim. Miner. 8(2), 339 (1971)

Rev. Roum Chim.

, k(
(1969); 1k(12), 1511

1),
(1969
J. Phys. Chem., 31, 182k (1927),

ger., 41, 1002 (1908).

Helv. Chim. Acta, 34, 000 (1351),

o s Q\M‘ o -3



CHAPTER IV

SPECTROPHOTOMETRIC STUDIES OF METAL CHELATES OF

BROMOPYROGALLOL RED




(o4)

One of the important classes of ayes which stand

out prominently for their varied applications, is the

, th . . .
sulpnonep@gleln group ol dyes. Besides their use in

dyeing, printing)chrome_mordanting, their other applications

are manifold. A number of them possess the interesting

property of forming coloured products with metal ions,
which forms the basis for the estimation of these metazl

ions. The coloured metal chelates may be soluble or

insoluble depending on the concentrations, as well as

the nature of the metal ion. The colour formation reaction

is specific or selective in many cases, due to which these
dyes have found use as metallochromic indicators, spot

reagents and colorimetric reagents for the determination of

microamounts of metal ions.

The chief among the sulphonephthlein dyes are

pyrocatechol violet, xylenol orange, ML N0, DL
aluminon, pyrogallol red ana bromopyrogallol red, the
H

1 ' ea as
structures of which may be representea

CH
P

K/H\ C =

i 50,
L

Pyrocatechol viclet



HOOCK>C.__ ..

HOOCH »C~

Bromopyrog

(c5)

n H
H |
ny _/,f’. 5 /\'[ Uk
CH,COCH
J’ ,;/J~\\ + ",lQQ_ P LHEJ,// 2
N ~~c T CH ,COOH
! J\ R
AR50 180
L
<

Xylenol Orange : R = _CHB’ R' = ~H

Methyl Thymol Blue : R

~CH(CH3) ,, R' = —CH,

4

"
|
=

R

pyrogallol Red :

allol Red : R = -or



The preparation of pyrogallol red was first reported

. o L2 : ;
in 1838 by Sohon””, who obtained it by condensation of

p-sulphobenzoic anhydride witn pyrogallol. Leminger32 has

discussea the preparation and properties of many sulphothe-
lein indicators such as phenol red, tetrachlorophenol

sulphonephthalein bromophencl purple, o-cresol red, thymol

blue, bromothymol blue, pyrocatechol violet, pyrogallol red

and bromopyrogallol red. Suk52 has concluded from the

photometric studies that bromopyrogallel red exhibitsacid-

base properties in analogy with other sulphonephthalein

compounds. Akhmedli et al.j have obtained the dissociation

constants of bromopyrogallol red by isobestic point method,

Suk,Malét and Jeniékova53 haveused it as a

complexometric indicator for the ethylenediamine tetra-
s titration of several metal ions including Bi(III),

), Po(Il), Mg(II), Mn(II), Ce(III) ana the

acetat

Ni{II), Co(I1I

s under a variety of pl conditians. Vodak and

rare earth

Lemingeréo hsvcadvocated this reagent as a Spot test
e detection of silver ion, but the test is

reagent for th
practically all cations except

subject to interference from
those of the alkali metals.

and coworker814’bq have undertaken the colowur
west &

P formed with sijlver ion with eighteen metallochromic
ystems 1o

g Solochrome Black T,
1 Violet, Glycine Thymal blue,

th
~Cresolphielei
reagents includin o-Cresolphplein
PAN, PAR, catecho

Complexan,
d Brnmopyrogallol red and h

ave foun
Pyrogallol red an und that

{ red ecific colour with silver jgn
0 .

-ives a Sp
Bromcpyrogall give



(67)

EDTA eliminates the interference due to some ions which

lower the sensitivity. This method is also usea for deter-
% L 15 . .

mining silver ? in trace amounts and is more reproaucibple

than the earlier methods using dithiozone and p-aimethyl-

aminobenzenalrhodanine. LisitSYH33 and coworkers have

described a sensitive and selective spectrophotometric
method. which is based on the formation of a colourea ion
association of Aa—phenanthroline complex with BPR anion,

This method is applicable for the determination of silver

in its ores.

Lukyanov32 has given a method for the photometric
determination of uranium after separating the interfering

ions with 1-nitroso-2~naphthol in the presence of complexone III
or by chromatography. dashlrovo has studied the blue vioclet
complex of copper with bromopyrogallol red. Photometric
determination of cadmiud with 1-10 phenanthroline and
bromopyrogallol red has been made DY Degucn115.

3 _ _
Pandey and Sangal) have carried out the studies on

aminium, gallium and indium and have made

its chelate with al
r the structures 0O
4 a technique for the photometric

. f the chelates formed.
suggestions fo

6 have foun

Talipan et al.
m and have inferred that alkaline

determination of indiu
- - No.~, acetate and citrate

i T 3
earth metals, 503 , 50, o
ric determinations of titanium

Photomet
1.515% 4 nighly

n made by Suk et a
od for the determination

do not interfere.

and lanthsnum have bee
—t+ometric meth

Sensitive Spectrophutvmeffl

um in silicate rocks has been

of trace amounts 0% scandi
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described by Shimizu*~. Christopher and West'C have proposed
a simple and rapid method for the estimation of antimony by
usinc this reagent, which compares well with most sensitive
of the techniques used at present for the determination of
antimony. Thierig and Umlandoo have suggestea a method for

the quantitative estimation of tin in trace amount, wnich
is independent of the oxiaation state of tin. Bromopyrogalliol '’

: . I
reacts with niobium’ at pH 5.8 in a tartarate medium

containing EDTA ana CN~ as masking agent and formsi:2 and

123 (Nb:BPR) complexes in the presence and absence of EDTA

respectivety. The guthors inferred that the colour system

is stable and reproducible, and the proposed method seems to

be the most sensitive among 2 large number of visible-range

Spectrophotometric methods proposed So far for niobium(V).

Pandeyand Sangaijv have done the preliminary studies
sc(III), Y(III), AL I11) Ga(IEl), In{III),

on the Cu(II),
iII), Th(IV), 2r(IV), HE(IV) and Mo(VI)

Pr(III), Nd{III), Sml
allpl red and pyrogallol red.

chelates of bromopYrcs
have found that the interaction

Vasilenko and COWOTKeEIS
yrogall red proceed with the

between thorium and bromep
nd 1:2 comple€Xes,
Pop341 has presented &

formation of 1:4 & the formation of which
the pH of the medium.
ination of germanium i

scribed by Nazarenko and

depends on
n cupriferrous

method for the determ
ogallol red as de
rie determination of Zr(1IV) has
25

ore with bromop¥r

Ravitzhayth. The photomeb .
det2il by Takayoshi””.

s & colorimetric reagent for

; Honsa and Suk
been carried out 1D
have ysed bromop

enum.

the photometrié determi
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5 2L
Harrington and Steed™ have estimated yttzrium and
cerium with this chromogenic reagent after precipitating

these ions a8s fluoride and then separating the pure solution

on an ion exchange column. Poluektov et ai.39 have deter-

mined neodymium in & mixture containing ytitzrium in the

presence of nitrilotriacetic acid., Sanaw and coworkers“?

have determined lanthanum and cerium in $alts of yttsrium

subgroup rere earth elements, photometrically by masking the

reaction with nitrilotriacetic acid. Recently Akhmeali’ has

developed a new extraction-photometric method for determining
rare earth elements of ytterium subgroup which is applicable

even in the presence of 35 fold thorium, 250 fold titanium,

58 fold calcium, 508 fold barium, 360 fold fluoride and

600 fold phosphate excesses.,

Bromopyrogallol red is also used for the estimation

, L : . ‘ —
west and Dangell have estimated macrc ang

of anions.
using 1,10 phenanthroline

micre amounts of cynide lom by
indicator system.
prevent the formation of

The method is based

and bromopyrogallol

on the fact that cynide 1ons
mplex belween Ag(I) and

bsorbing ternary co
1,10 phenanthroline, and bromopyroggiloqun nasp i
gimilarly various workers ~''' have tried the

metric determimatwnof tpace amounts of sulphide,

strongly a
y neutral

solutiorm.
indirect photo
cynide and iodine ions.

11,12 paye calculated the activation

e and Popé

Costach
he true rate€ constant

1 factor and t
tween H202 and bromo-

have estimated traces of

pyrogallol red. MoreoVver they
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cobalt with this reagent kinetically, which is based on
the oxidation of bromopyrogallol red by HEDZ catalysed by
cobalt, leading to?colourless product. Barbigh and
coworkers have carried out the thin layer chromatographic
study of plasma bromosulphonephthalein metabolites in
normal subjects. Bromopyrogallol red can be used in the

in a solution of tri-n-

amperometri ¢ titration of uranium

octylamineoenzene ethanol using Qropping mercury electrode
at‘ ‘0-98“].

The work presentec here reports the chelates of
Lead (II), Nickel (II}, Cobalt (II)’ Ytterbium (III),

Praseodymium (III) and Tungsten (VI) with bromopyrogallol

red i.e. 5,5 dibromopyrogallol sulphonephthalein which is
abbreviated as BPR throughout this work.
4 in literature, & systematic work regarding

As no significant

work is reporte
stability and thermodynamic functionsof

the composition,
these metals was undertaken. In order to reduce the bulk

the results obtsined have been represented

of the thesis,
graphically or presentea in tables.

EXPERIMENTAL

ruments used for the absoroance

The details of inst
that describea 1in Chapter I1I.

: as
and pH measurements is same

Reagents
ns of lead acetate, nickel sulphate,

Stock soglutio
1aR},

(all BDH, Ana ytterbium chloride,
a ,

cobalt sulphate
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Praseodymium chloride (K and K Laboratories, Inc., N,Y,)

and sodium tungstate (BDH AnalaR) were prepared by
dissolving them in carbon dioxide free double distilled
water and their metal content was estimated by the ususal
manner. A TO'&M solution of purified sample of bromopyro-
gallol red (G.R., E. Merck) was prepared in double distilled

ethyl alcohol. To maintain the desired ionic strength

sodium perchlorate (Reidel) solution of known concentration

was employed. Solutions of various diverse ions were prepareg

from the AnalaR grade salts of the corresponding metal ions

Preliminary investigations of the reagent

Effect of pH on Bromopyrogallol Hed:
Bromopyrogallol red behaves as an acid-base indicator

and chenges colour with the variation of hydrogen ion
concentration of the solution, which is responsible for the

n the pH of the solution is varied, A

i i e
shift in Xmax’ wh

f solutions were prepared C
d their pH was adjusted to different

number o ontaining 6.0 x 10-%%
BPR in 50% ethanol an

AnalaR grade sodium hydroX
e spectra of the solutions was plotted,

values by ide and hydrochleric

acid. The absorbanc
n summarised in Table 4.1,

and the results obtained have bee

Colour formatiggﬁy;ﬁﬁ,}gorggggp ions:
For studying the colorimetric reactions of BPR with
of promopyrogall red s

his was added different

olution was taken

metallic ions, 2 mi

in different test tubes and to t
r change developed was noted visually

metal ions. The colou
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and compared with an equal amount of reagent diluted with
water to the same extent. The colour reactions of the

cations tested have been recorded in Table 4. 2.

RESULTS AND DISCUSSION

Conditions of study

Appropriate dilutions of the stock solutions were

made by adaing double distilled water, keeping the final

solution 50, ethanclic in every mixture. A4ll the studies

were undertaken at 30t0.1oC. The individual solutions and

mixtures were kept in a precision thermostat ( Forma

scientific Model 2095) maintained at 30%0.1
The pH of the solutions

OC, for half an

hour to attain the equiliprium.

was adjustea mostly with hexamine-perchloric acid buffer,
The conditions of study for all the metal complexes have

been summarised in Table 4.3.

Effect of time and temperature

1jate formation was observed o be instantaneous

The che
except cobalt, there

In almost every Case,

in all the cas€sS.
f absorbance

was no signichanL variation in the values o
ix or eight hours.
our of the solutions fades away as the

In the case of cobalt it was

even after S

observed that the col

To stabilise the colour formation 1 C.c. of

time lagpses.
After

lution was agoaed in every solution.
o

3% gelatin S
the colouration was stanle at

the adaition of gelatin,
o eight hours.
e effect onl absorbance, when the

Changes in temperature were

least for six b

ol
found to have DO megsura’
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15 ae i
1gand wes in excess. The order of addition of reagents

had no effect on absorbance of the chelates. However in
b ]

the present Studies, the ligand solution was taken first
]

to ensure the uniformity,

Lifect of pH on the complexes

With a view to study the effect of pH on the absor-
bance of the chelate, a series of solutions containing a
fixed amount of metal ion and BPR were prepared and their

pH adjusted to different values with AnzlaR grade sodium

hydroxide and hydrochloric acid. The absorbance spectra
was recordea for each metal chelate, The pH range in which

the chelates were most staole, the pH at which the subsequent

studies were undertaken and bufiers used to adjust the final

pH values, have been recorded in Table 4.3.

Nature of the complexes formed

To investigate the nature of complexes formed, the
q :
' was employed, in a way,

C
method of Vosburgh and Coopéer
The absorbances

Similar to that as described in Chapter LII.
of various mixtures were measured at various wavelength and
The results have been graphically

the spectra recorded.
The results

13 (Fig. A).

Pepresented in Plates 7-11 and
ed under the conditions

Peveal that only one complex is form
s except in the case of

of Study, in all the system
ed under different

e form
Praseodimjium where two complexes &r

Values of pH and wavelength.



Stoichiometry of the chelate

The empirical formula of the various complexes have

Deen establisned by the three independent methods.

(1) Continucus variation method

Job's method of continuous variation using equi-

molecular as well as nonequimolecular solutions was adopted

to study the molar compositions of the coloured complexes

formed under the conditions of study. The experimental

details of the method are same as described in Chapter IIT,

The results ootained have been graphically represented in

Plates 7-11 and 13 (Fig. B), and Plate 12 (Fig. A). The

results reveal that & 1:1 (metal:ligand) complex is formed

with Lead, Nickel, Ytterbium and Tungsten, whilst Cobalt

o »
forms a 1.2 (Co:BPR) complex. Prasedymium forms both 1:1

and 1:2 (metal:ligand) complexes under different sets of pH

and wavelength.

(ii) Mole ratio method

For the determination of composition oi the metal
complexes, mole ratio method of Yoe and JowesS was employed.
A series of solutions was prepared from the respective

metal ion and BPR in such a way that the molar ratio of the
metal to the ligand varied from 1:0.25 to 1:5.0. The
absorbances of these solutions were measured a2t the Kmax
of the chelate against @ reagent blank, The results obtaineq
have been embodied in the graphs in Plates 7-11 and 13
The results obtained by this

(Fig. C) and Plate 12 (Fig- B).
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metnod corroborate the same compositions as revealed by the

previous method,

(1ii) Slope rstio method

In this methoa, the volume of the varijiaole component
was variead from 1 to 5 ml, in the presence of an excess
concentration of the other component. The ratio of the

slopes of the two straight lines shows the same composition

a@s by the other two methods. The results obtained are

represented graphically in Plates 7-11 and 13 (Fig. D} and

Plate 12 (Fig. C).

‘Eyaluééogaof stability constants

The stability constants of these chelates have been
determined by the following two different methods.

(i) Molecular extinction coefficient method,

(ii) By using data from mole ratio curves.

The results obtainea have been recorded in Table 4.4
from which it is quite evident that the values of log K by

the two different methods are in a good agreement.

Thermodynamic functions of the complexes

The free energy of chelate formation has been

caleylated by using the equation

AG = - RT In K

To calculate the values of enthalpy and entropy changes

durine the chelate formation, the stability constants were
R ]
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calculated at different temperatures. From the slope of
tiie curve ootained by plotting log K against 1/T

(Plates 7-10 (Fig. F) and Plates 11,12 (Fig. E)), the value
of enthalpy (AH) has pbeen ceterminea by assuming that its
value remains constant in the range ol temperature under
investigation. Knowing the values o1 free energy of

formation (AG) and enthalpy change (AH), the value of

entropy change (AS), has been determined by Gibb$S. Helmholt
: Z
equation described earlier.
The results obtained have been summarised in

Taoles 4.5-4.11.

Analytical applications
To test the analytical potentialities of the

various metal chelates of bromopyrogallol red the following
=]

experiments were performed:

eageg;_concentranlon

Effect Qi I

{ increase in concentration of the

The effect ©
on the absorbance of the

er that of the metal ion,

ligand ov
(against a reagent blank)

various complexes formed at A,y

It was Seen that the abs
on of the BPR 1is increased and

orbance value

was observea.
ses as the concentrati
| at a certain molar excess of BP
Tt was found that atg

increa
E concen-

becomes maxima
at of the metal ion.

tration over th
xcess of BPR js essential for the

least three fold molar €
jnation of Lead (II},

(VI) whilst a 5 to 6 fold

Nickel (II),

photometric determ

Ytterbium (III) and Tungs ten
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molar excess of BPR is required to bes meintsineq for th
e

Spectrophotometric determinstion of cobalt (IT) and

praseodymium (IIT),

Beer's law ang sensitivity

Calibration curves for tne aetermination of Po(II)
Ni(II), Co(II), et LIL), Pr{1II) ana W(VI) with bromopyro

gallol rea were prepared using standard proceaures

(Plates 7-10, Fig. E and Plate 12, Fig. D). The rangs Guss

which the Beer's law was obeyea has also been Studied. The

optimum concentration range for the photometric determination

was obtained by the Ringbom methodhz. Molar absorptivity

and sensitivity as defined by Sandell's notation45 at A
max

(against a reagent blank), for IO/I = 0.001, were also

calculated for each system. The results have been summariged

in Table 4. 12,

Standard procedure for determination

Transfer an aliquot amount of theé metal ion (upto
which Beert's law is obeyed) to a 25 ml flask and ada at
least three fold concentration of BPR in the photometric
determination of Po(II), Ni(II), Yb(III), W(VI}, whilst a

5 to 6 fold molar excess of the reagent as adaed in the

case of Co(II) and Pr(III). The splurion WAy thed BE made
upto the mark after adjusting the pH to Bhe required value
n is 50% ethanolic. Add 1 ml of

such that the final solutio
in the case of Co{II) so as to stabilise the

3% gelatin
After allowing the miXtures to stang fep

colour formation.
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& suliicient time to attain equilibrium, their absoroance
valves werenotea, The concentration of the metal ion was

then estimatea from the calibration curve corresponding to

the value of absorbance,

The effect of diverse ions
The effect of diverse ions was examined with a

knowr. concentration of metal ion and the dye, in the

presence of various foreign ions. The tolerance limit was

tentatively assumed to be the concentration of the diverse

jon which affects the absorbance of the complex by less

than t2.0%. The effect of various foreign ions on the

photometric determination of various metals under

investigation, have been summarized in Tables 4.13-4.18.

Comgari§op;yi§p_9§per me thoas
Although various organic reagents have been used for
the determination of different metal ions under investi-
the method for the SpectrOphotometric determination

Bromopyrogallol Red as a chromogenic

However, to determine

gations,

of metal ions using

; TTWY
agent is simple, rapid and sensitiv
the interfering ions
i in alloys or rocks,
tal ions 1N

e usual masking agents

Tables k. 19-4.21

these me
or by column

must be mssked with th

i i resins.
chromatography using various

arative account
mination of Nickel,

of some of the reagents used

resent a com
p ’ Cobalt,

fer th hotometric dete
S The results

Lead and Tungsten.

Ytterbium, praseodymium, 1
he determination of these

is method, for t

indicate that th |
4 as the other methods available

metal ions is not 1less g00

at present.



PLATE No, 7

Fig. A. Absorption curves for mixtures of

Lead and
sdromopyrogallol Red,
Curve 1. T; = 6.0x10°M T, = 2,0x10"
Curve 2, TL = h.0x10'%m TM = 2.Ox10"5M
Curve 3. T = 2.0x10™ % T, = 2.0x10"
Curve b. Ty = 2.0x107%M T, - 0.0x107 5

Fig. B. Job's curves (equimolecular ang nonequimolecular
solutions) for Pb:BPR Chelate,

T
Gurve 1. Tp « Ty = 1.25x1074g o . £ . q.c
Curve 2, T, = T, = 1.00x10‘%m P = %9 = 1.0
M

Curve 3, T

o
i

= 1.25% 10~ My Ty = 2.50%104y

Fig. C. Mole ratio curves for Pb:Bpgr Chelate

Curve 1, Concentration
of Lead
(T

t’+.,0><10-'51‘JI
2.0x10_%ﬂ

]

Curve 2,

Concentration of Leagd &
M

Fig. D. Slope ratio curves for py BPR che) £
ate
Concentratign of the Constant Component 1 ‘AN
Ox10 ™M
Concen .
o tration of the Variable Component L =
= Ox1Q M-
Gu-r\ve \.‘ \h;.'l = acox“o‘.b}"
it L Varylx
Curve 5
2 = llgand Var in;
Fig. E., Rin :
gbom plot for Pb'BPR
. Chelat
Fig., F,
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PLATE No. 8

Fiz. A. Absorption curves for mixtures of Nickel and
Bromopyrogallol Hed.

Curve 1. T, = 8.0x10—%f T, = 4.Ox1o'5m
Curve 2. T, = 4.0x10'5M Ty = L.Ox10™ “M
Curve 3. T, = L.0Ox10™ M Ty = 8.0%10™ "N
Curve 4. T, = 8.0x10™ 2 Ty = 0.0%10™ M

:‘1 . —‘10

Job's curves (equimolecular and nonequimolecular
solutions) for Ni:BPR chelate. '

Curve 1. TL = TM = 1.0x10—hM TL/TM
Curve 2. T =T, = 0.00%x10 %y

. b =T /Ty
curve 3. T, = T.OX10TMK T . 2.0w107M4 o - T /1

P 1.l

]|

1.0

I

Fiz. C. Mole ratio curves for Ni:3pR chelate

Curve 1, Concentrati S NS \ -9
lon of Nickel Lim) L. 0% 10" 2

Curve 2. Concentration of Nickel (7 1

v ! - 2. Ox’lO" Si\'l
Fig. D, Slope ratio curye
o S Tor Niigpg '
. Che late
Conce
ntration of the Constang Component - 6 0*10_5M
Concentratg |
1on of the Variable component - | Ox 107 ¥ -
2.0%10" "M
Curve 1 | metal Varyineg
Curve 2

ine
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Fig. A.

Fig. B.

Fig. C.

Fig. D.

Mg, B,

Fig. ¥,

PLATE No. 9

Absorption curves for mixtures of Cobalt and

dromopyrogaliol Red.

Curve 1, Tp = 6.0x10™HM . = 2,0x107 %
Curve 2. T, = 4.0x1077M T, = 2.0x107 7
Curve 3. T; = 2.0x107 = 2,0x107 74
Curve 4. TL = 2.0X10—%ﬂ TM = O.0x10"5m

Job's curves (equimolecular and
solutions) for Co:BPR chelate.

Curve 1, TL = TM

L = m

2,0x10—hM p
1.0x10°%

Curve 2. T

i}
]

Curve 3, T

]

p =T /Ty = 2.0

Mole ratio curves for Co:BPR chelate

Curve 1, Concentration of cgbalt (7

Curve 2, Concentration of cobalt (T
M

Slope ratio curves for Co:BPR Chelate
Concentration of the constant Component

Concentration of the variable Compon
oneng

Curve 1

metal varying

Curve 2

ligand verying
Ringbom plot for Co:BPR chelate

Plot of log K vs: 1/T

noneguimolecular

TLXTP\'E = 1-0

L = 2.0 x 107y T, = 1.0x107"y

H
ks

= 4.0x10™ 2y

N

I

2.0x10” M

1.2x10™%u

4.0x10_bM

2.0x1o“5m
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PLATE No. 10

Fiz. A. Absorpticn curves for mixtures ol Ytteroium and
Brcmopyrogallol Red.
Curve ’]‘ Tu — 1+08X1O-5I\”i TI“ 1.6X1O-SI\'J»
Curve 2, T = 3.2x10‘%m TM = 188107
= 5 =
Corve 3. T. = 1.6x107°M 1 = 1.0%10" %M
Curve 4. T = 1.0x1077W T = 0.0x1077.
Fig. B. Job's curves (equimolecular and nonequimoclecular
solutions) for Yb:8PR chelate.
Curve 1. T =Ty = 6.60%10™ 7y B = TL/TM = 1.0
5. T.=T. = =i ‘
Curve . *L—TM = 5.00)(10 IVI. p = FI_‘:.-‘/'-]-_\1 = 1.0
; - =3 -
Curve 3. T = 5.00x10"°M T, - 1,00x107y
p =Ty /Ty = 0.5
Fig. C. Mole ratio curves for Yb:BPR chelate
Curve 1. Con i . =
oncentration of Ytterbium (TM) = L.0%x10 SM
Curve 2, Concentration of Ytterbium (T.) = 2 Ox10—5m
Fig. D. Slope ratio curves for Y0:BPR chelate
Concentration of ti
on ol Th€ constent component = 8~Ox10"63
Concentration of th i
€ Varianle Component = 2oOX1O_bM -
1.0x10™ M
Curve 1 = metal varying
curve 2 =

ligand va rying

Fig. E. Ringbom plot for Yb:BPR chelate

Plot of log X vs. 17,
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PLATE No. _11

Aosorption curves for mixtures of Praseodymium
end Bromopyrogallol Red.

Curve 1, T

U}

6.0x10" "M

L TN = 2°Ox10-5M
Curve 2. TL = h.0x10“5M T, = 2.Ox10_5N
Curve 3, TL = 2.Ox10'5M Po= 0,0x10-%ﬁ

Job's curves (

_ equimolecular ang nonequimolecudar
solutions) for Pr:BPR chelate at 020 nm,

Curve 1, Tb = TM = 1.Ox1O'LM P = TL/T. = 1.0
Curve 2, TL = T‘. = O,OQxIO-LFM

it
=
il
-
.
<

P
Curve 3, T

% 0.0bx10—hM T :

T/Ty = 0.5

Mole ratio curves fgorp Pr:BPR chelate

Curve 1,

Concentration of Praseodymium (TM)=A.OX1O-';
Curve 2, ;

Concentration of Praseodymium (TM)=2.0x1O’fﬂ

Slope ratig Curves for Pr:ppr chelate.

Conce; i h
ficéntration of the constant component = 1,0x10 i

C .
oncentration of the vVariable component

&
= L.0x10 M -
2,0%10” ™
Curve 1 Me€tal varying
Curve 2

N

Plot of loz K vs. 1/7
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PLATE No, 12

Job's curves (equimolecular ang no?equimolecular
solutions) for Pr:BPR chelate at 650

nm.
_41 _ ' /l - 1.0
Curve 1, Ui, < Tm = TLlx10"w p = TL/ M
: -k - T /T 1.0
Curve 2. T, =T, = 0.5x107"y Pl g i
Curve 3. T = 0. 5% 1075 Ty = 0. 2%10
p = Th/rl\iL = 2.0
Mole ratio curve for Pr:spRr che late.
Concentration of Praseoaymiwn (TM} = ZouxluT
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Concentration of the constant component = 1.0x10dhﬁ
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1,Ox107 %k
(JUPVE ‘ “.‘.{_'\ i \J AT
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PLATE No. 13

Fiz. A. Avbsorptiopn curves for mixtures of Tungsten and
Bromopyrogallol Red.

1§

Curve 1. T 6.Ox1O-SM T L.OX1O_5N

L

=
b
1l

L.Ox107M T, = &.0%x107°M

L M
h.O‘X‘IO—.M T‘T = L;..OXTO—5I\:;

Curve 2, T

i
1

Curve 3, T

)

|
A

-5
C\.LT‘W\Q _TL ‘ HO"\SC,M —(‘M . 0.0 X\0 M
Fig. B. Job's curves {(equimolecular ana nonequimolecular
solutions) for W:BPR chelate.
=~ :
Curve 1. T =T, = 2.00x107 "M p=T./T, = 1.0
. _ -L[.. _ ] -
Curve 2. T =T, = 1.25x10 7 p = lL/EM = 1.0
Curve 3. T. = 2.00%x10” " T, = hoOx107
p = Tj__J/TNl = 005
Fig. C. Mole ratio for W:BPR chelate.
Curve 1. Concentration of tungsten'(Tm) = b.OX1O"5~
Curve 2, Concentration of tungsten (TM) = h.Ox?O_%ﬂ
Fig. D. Slope ratio curves for W:BPR chelate.
Concentration of the constant component = 8.Ox1O—5M
A
Concentration of the variable component = 4.0x10° M -
2.0x10-ﬁﬂ
Curve 1 = metal varying
Fig,
g. Beer's lay plot for W:BPR chelate.
Fig, F,

Plot of log K vs. 1/T.
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TABLE 4. 1

(79)

hift 1 : .
Shif't in kmax with change in pH of BPR solutions

Colour

orange yellow
light raspbery
violet

blue

L4O
440,565
565
600




TASLE 4.2

(80)

Colour reaction of metal ions with Bromopyrogallol Red

Colour of the reagent solution

orange red

S.No. Metal ion Colour observed Remarks
Te Ag(T) Yellow Sensitive with dilute
solutiog
= Cu(IIl) Blue violet -
3, UOQ(II) Blue violet Sensitive
- La(III) Blue Very sensitive
5, Pb(II) Blue Most sensitive with
dilute solution
&is Co(Il) Purple 1
P Ni(II) Purple "
8, Yb(III) Violet Most sensitive
9. Pr(III) Violet Most sensitive
10. Mg(II) Pinkish tinge =
11. an(II) Pinkish tinge -
12, Be{II) Violet Sensitive with dilute
solution
13. cr{III) Violet black .
1. Fe(TII) Black i
15. V(V) Light yellow -
6, W el facki nommitise e

—— e
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TASLE 4.4

(82)

Composition and stability of the metal chelates

of Bromopyrogallol Red

Ws BPR

System Composition log K
Mk Molecular Mole ratio Mean
extinction method
coefficient
method
. Pb:BPR 1:1 6.39 6.57 6.48
Ni:BPR 1:1 5.89 5.68 5.79
Co:BPR 1i2 9.40 3.38 2.39
Yb:BPR 101 5.9 6.23 6.09
Pr:BPR 121 5,75 5.53 5.64
1:2 10. 59 10,74 10.66
101 5.56 5464 5.60




TABLE 4.5

Thermodynamic functions oi the Lead-Bromopyrogallol Rea
complex

pH = 5.5+0.1 no= 0.1
AH = -1C.46 kcal/mole

— — —_—— — T e

Temperature log K -AG -AS
Ok kcal/mole e.v./mole
286.15 6. 56 8.65 6.26
293, 15 6.41 8.60 5.33
298,15 6.28 8. 56 6.36
303,15 6.16 8. 54 6: 33
306..15 605 8.52 6.26
- Mean AS = -6.31 e.u./mgze
E_D"IJE 14'06

Thermodynamic functions oi the Nickel-BromOpyrogallol Red
complex

pH = 6.8t0.1 n o= 0.1
AH = =3.86 kcal/mole

Tempg;ature 198 X kcai&gole e{u.iiole

__;8;;5 6.03 7.97 1. 24
293.15 6.00 8.05 14,28
298. 15 5495 8. 11 14,25
303.15 5.89 8.47 14.32
308.15 5.85 8,26 14.26

——

o Mean AS = 14,27 e.u.}ﬁgle




TABLE 4.7

Thermodynamic functions of Cobalt-sromopyrogaliol Red

complex
pH = 6.5%0.1 Ho= 0,1
AH = -6.35 kcal/mole
Temperature log K -AG AS
ok kcal/mole e.u, /mole
288.15 9.61 12.68 21.97
293:15 9. 53 12.%78 21.95
298.15 9.46 12.90 21.96
303.15 9.38 13.01 21.99
308. 15 9.30 13,11 21.92
Mean AS = 21,96 e.u./mole
TABLE 4.8

Thermodynamic functions of Ytterbium—Bromopyrogallol Red

comp lex
pH = 6.3t0.1 = 0.1
AH = -3.54 kcal/mole

Temngature log K kcaiﬁﬁole e.U°?§Ole
288,15 6.07 8.01 15. 54
293.15 6.03 8.09 15.52
298.15 5+99 8.17 15. 59
303.15 5494 8.25 1253
308.15 5. 90 8.31 15.53

Mean AS =

——ree

15.53 e.u. /mole

B N
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TABLE 4.9

Thermodynamic functions of Praseodymium-Bromopyrogesllol
Red complex

pH = 7.2%t0.1 v = 0.1

AH = -1.84 kcal/mole

Temperature log K -AG AS
oK kcal/mole e.u.,/mole
28E,15 5. 81 7.66 20. 20
293.15 5. 79 7.76 20.19
298,15 5.76 7.89 20, 23
303 13 Do Th 797 20. 21
308. 15 5972 8.06 20.18

Mean AS =20.20 e.u./mole

TABLE 4.10

Thermodynamic functions of Praseodymium-Bromopyrogallol
Red complex

pH = 4.0%0.1 M o= 0.1
AH = -28.55 kcal/mole

Teﬁ;éﬁature log K kcal&iole e-u:?;9le
288.15 1425 15.49 45.30
293.15 11.25 15.10 45,86
298.15 10.88 14.85 L5, 80
303.15 10. 59 14.69 45,73
308.15 10. 34 14,58 45.33

Mean AS = 45.60 e,u./mole




TABLE 4, 11

Thermodynamic functions of Tungsten-Bromopyrogallol Red
comp lex

pH = L. 7%0.1 §o= 0.1
AH = -3.83 kcal/mole

Temperature log K -AG AS

oK kcal/mole _?LE;ZWQ}?
283.15 5.89 7.25 12.07
288. 15 5.48 7.36 12,01
303: 15 539 R P 12,00
313.15 530 7.60 12.02

Mean AS = 12.02 e,u./mole




(87)

TASLE 4.12

Optimum concentration range for determination, molar
aosorptivity ana sensitivities of metal chelates of
Bromopyrogallol Red

System Concentration Optimum Molar Sensitivity

range in which concentration absorp-

Beer's law is range from tivity

obeyed Ringbom plot

.(ppm) (ppm) ng/em?

Pb:BPR 0.8-14.6 3.0-13: 5 5000 0.0140
Ni:BPR 0.25-4.75 0.3-4.3 16000 0.0037
Co: BPR 0:2-3:0 0.3-2.9 29000 0.0022
Yb: BPR 10~ 14-0 2.9-13.0 19850 0.0087
Pr:BPR 0.5-5.16 0.8-4.9 46500 0.0031

W:BPR 0.8-14.5 2.0-13.6 8000 0.0023




TASLE 4,13

Effect of diverse ions on the photometric determination of
Lead with Bromopyrogallol Rea

Concentration of Lead taken =

Diverse ion added

5

L.O x 107 °M

Relative % error

Tolerance limit

(ppm) ( ppm)
Ag(1I) 100 +1.6 large excess
U02(II) 20 +73.0 0.55
S IT) 10 + 4.0 5l
Cu( I} 10 +81.0 G2l
gd( TI) 200 -19.7 Z04%.5
Hg( I1) 200 + 6.9 large excess
Be(II) 200 + 9.6 1.6
Mg(II) 200 - 2.6 large excess
Zn(II) 24 +R0.3 2.4
Ba(II) 200 +20.3 19.6
Sr(II) 200 + 123 324
T1(III) 200 + L.2 large excess
La(III) 8 +64.7 Q.26
fidl TII) 20 18R 2.2
Ce(1II) 2 +73.6 0.05
Th(IV) 10 +34.1 0.59
W(VI) 80 41,1 3.9
Mo(VI) 100 + 8.8 22.7
CH;COO_ 200 + b b3 large excess
c1- 200 + 1.8 large excess
7~ 200 -~1.8 large excess
NO. 200 =t large excess
026{' 200 +15.2 6.3
50,,~~ 200 + 1.3 large excess
Cthoﬁ-- 200 - 1.9 large excess
CgH0n=--100 A0 1.6

200 + 8.0 50.0

BO3™77

e . T



(89)
TABLE &4, 1k

Effect of diverse ions on the photometric determination
of Nickel with Bromopyrogallol Red

Concentration of Nickel taken = 4.0 x 10”%%

Diverse ion added Relative % error Tolerance limit
{ppm) (ppm)
UO,(LI) 120 +29.9 8.3
ca(II) L0 ~Li.5 1.89
Pb(I1) 40 -63.1 1. 2%
Cu{II) LO - [N 47
3a(Il) 200 -52.2 7.7
Be(II) 40 ~45.3 T+8
Zn(II) L0 -23.7 %
Mg(II) 200 + 3.1 lerge excess
Sr(II) 200 ~48.49 8.2
Sn(II) 20 ~s 25 0.5
La(III) 200 + 9.6 L1.7
T1(III) 100 =34 .4 5.9
Ce(III) 40 +20.6 0.4
Th(IV) 200 - 6.1 large excess
W(VI) 100 -19.6 10.3
Mo(VI) <00 - 41 large excess
CHQCOO“ 200 B Ti D 51.9
cL” 200 + 8.6 49.0
Br- 200 + 3.1 large excess
Cloh- 200 0,0 large excess
NOJ' 200 g 1s large excess
SOA“‘ 200 ¥ Fy ] large excess
G0~ 200 -10.8 3%.2
c H O,-- 200 - 3.1 _ large excess
" 6——- ~50.0 1.6
CeHsOr 40 ;
200 + 3.1 large excess

BO;~-~
/

_ T - o —— greomiges —
e e

a——



TABLE 4.15

Effect of diverse ions on the photometric determination of
Cobalt with Bromopyrogallol Red

Concentration of Cobalt taken = 4.0 x 10'5F

Diverse ion added Relative % error Tolerance limit
( ppm) { ppm)
Cd(II) 10 -73.6 0.3
Po(II) 20 =180 2s 2
cu(Il) L0 0.0 40.0
Ba(IIl) 200 +41.0 9.8
Be(1II) 20 -47.0 0.8
Zn(I1) 100 -17.0 11.8
Sr{l11) 200 +45.0 9.1
sn(1l) 200 Q+«0
Ni(II) 200 ~38,0 12.5
La(II1) 200 +85.0 4.7
TL{IIT) 200 -26.0 15.4
Ce(IIT) 100 -17.0 11.8
Th{IV) 200 +45.0 9.1
W(VI) 120 -68,6 3,5
Mo{VI) 80 ~5346 3.0
CHBCOO‘ 200 + 9.0 Kl
c1- 200 - 6.0 large excess
1- 200 - 2,0 large excess
NOB_ 200 - 6.0 large excess
c10," 200 = ©:0 large excess
50,"" 200 =400 13.3
CZOh‘— 200 + 8.4 47.9
¢ H 0~ 200 -R8. 4 T, 1
chﬂho e 80 150 2,2
6 200 - 8.0 50.0

BOJ"_

e . ——

I
e a———
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TABLE 4,16

wffect of diverse ions on the photometric determination orf
Ytterbium with Bromopyrogallol Red

Concentration of Ytterbium taken = L.0 x 10'%m

Diverse ior aaded Relative jo error Tolerance limit
( ppm) ( ppm)
Ba(II) 200 w e large excess

gualL.L) 200 ~30:6 131
Po(II) 40 ~-75.8 1.1
Sa(1I) 20 ~65.7 0.6
Zn( 1) 200 ~46.7 §.6
Ni(II) 40 -58.9 2.1
cd(II) 60 b3ie: 3 2.0
TL(III) 200 -21.9 18. 3
Ce(III) 4O -21.9 3.8
Th{IV) 200 -21,1 19.0
WVI) 200 =28 ol 14,1
Mo(VI) 240 +20.8 23 .1
CHBCOO- 200 4. i B large excess
c1” 200 + 2.1 large excess
Cloh‘ 200 - 5.7 large excess
T~ 200 - 0.5 large excess
NOB_ 200 - Bl large excess
56, =" 200 + 2.8 large excess
C .(;h-- 200 + 6.8 large excess
2

N 200 -15.0 26.8
4746 87.6
06H507 -~ 200 g b.5

- 200 -1009 jb.r?

———— —— ——




TASLE 4.17

(92)

Effect oi diverse ions on the photometric determination of

Praseodymium with Bromopyrogallol Red

Concentration of Praseodymium taken = 4.0 x 10'%“

Diverse ion aaaea

Relative % error

BG,
J

(ppm)
Ni(II) 20 + 5.8
Mg(II) 200 - 3.5
Cd(1I) Ry =57
Cu(II) 20 -60.4
Po( II) 20 =77.9
zn{ IT) 20 -73.0
Ce(III) 12 -69.3
TL(III) 200 % 2.3
La(III) 20 =15.1
Th(IV) 20 - 6.9
Mo(VI) 80 =32.5
CH4C00™ 200 +22,6
NO.}"‘ 200 +12.8
Br~ 200 - 3.5
7 200 - 4.6
Cloh- 200 + 1,1
803-- 200 +10.5
- 200 2546
€20, .
7T 160 -18.
5 T 200 =0
- 200 “‘57.7

( ppm)

6.9

0.8
0.7
Q.5
0.6
0.3

D et
38
4.9

17,7

31.3

Tolerance limit

large excess

large excessg

large excess
large excess
large excess
38..1
15.6
122
L.7
6.9




Cw)

TABLE 4.138

Effect of diverse ions on the photometric aetermination of
Tungsten with Bromopyrogallol Red

Concentration of Tungsten taken = 4,0 x TO*SM
Diverse ion added Relative % error Tolerance limit
(ppm) (ppm)
UOZ(II) 20 +48.0 0.83
Cd(II) 100 +22.9 8.5
Ba(II) 200 =12: 5 39.2
Be(II) 100 -33.3 6.0
an( II) 100 -54.5 3.4
Me(II) 200 -16.6 % .0
Sri{II) 100 -36,7 5.4
sn(I11) 200 ¥ 50,0 8.0
Tl LLL] 100 -45.0 b
Ce(III) 40 =B340 2.3
AL{III) 100 —22.1 9.1
CH,CO0™ 200 +8.33 L6.9
cL” 200 - 6.6 large excess
L‘UA‘ 200 + 241 large excess
NO)-‘ 200 & 8‘6 l}r605
so, ~” 200 - 8.6 46.5
020;‘ 200 - 2.1 large excess
| 200 =35.4 1753
ChHhoé
== g0 -42.0 3.9
CéHSO7

1 i 200 +13.3 30,1

7

e e e e
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TABLE 4.19

Comparison with other reagents used for the sSpectrophoto-
metric determination of Nickel and Cobalt

Method Molar aobsorp- Reference

tivity
For Nickel
1) N-methylanabasine-x'- A
azo-hydroxyquinoline 1.29%x107/500 nm 57
2) 8-hydroxy-5 quinoline-
sulphonic acid 1-30x701+/l+00 nm 28
3) Mercaptothioagzolyl-azo-
) naphtﬁol ‘ 1.50x10" /638 nm 20
~-dihyd dithiobenzoic
+ gcié TR SRS R 1.50x10h/530 nm Lk
5 2,3-bis (salicylideneamino-
) benzofuran) 1.22x10%/535 nm 26
6) Bromopyrogallol Red 1.6Ox104/62o nm
For Cobalt
1) 1-( 2-pyridylazo)-2-naphthol 2.5x10b/640 nm 23
2} 7_-nitroso-8-hydroxyguinoline)- i
) 5-sulphonic acid 1.1x107/528 nm 21
3) Furildioxime 1.84x10° /350 nm om
L) Mercaptothioazolyl-azo- 1. 4
naphthol 18x107/680 nm <0
5) L-{2-thiazolylazo) resorcinol 2.5X104/57O nm 22

6) Bromopyrogallol Red 2-9X104/620 nm

= e e — -_———



TABLE 4, 20

Comparison with other reagents used for th
' C : 24 € Spectrophoto-
metric determination of Ytterbium and Praseodgmium P ?

Method

Reference

For Praseodymium

1) Diantipylylazo
2) Arsenoazo (I)
3)
k)

5)

Chromotrope ZRH
Xylenol orange
Stilbazo (I)

1-methyl-6'-(4-hydroxy-
3-totylazo) anabasine

5)

7) Bromopyrogallol Rea

For Ytterbium

1) Xylenol orange

2) Chromotrope 2R

3) Diantipyrylazo

L) Pyrocatechol violet
5) Methyl thymol blue

Bromopyrogallol Red

Molar absorp-
tivity
2.30x10%/645 nm g
1.67x104/584 nm
3.00X103/590 nm L7
1.70x10%/570 nm 5
1.27x10%/536 nm 59
3.30!-(104 29
4.65%10% /650 nm
L

2.10%x10 /5'?0 nm 5
2.50x10%/570 nm 9
2.30x10%/645 nm g
2.10x10 /650 nm 5
2.10x10% /600 nm 5
1.985x10%/6 20 am '

- ——




TABLE 4.21

(96)

Comparison witn other reagents used for the spectro-
photometric determination of Tungsten and Leaa

Method

Molar absorp-

tivity

Heference

For Tungsten

1) Phenylf luorone

2) Quinalizarin

3) 8-Mercaptoquinoline

4) Tiron

5} Bengzohydroxyamic acid

6) Bromopyrogallol Red

For Lead

1) 1-(2-pyridylazo)2-
naphthol

2) Quinalizarin

3) 7- x-(o-Methoxy-
carbonylaniline)
-8-quinolinol

&) o_carboxy-2'-methoxy-

51 _sulpho-formazylben-
zene

5} Bromopyrogallol Red

8.50x107 /453
7875/530
3.67x10° /412
7.60x10° /313
6.5Ox103/290
8.00x10° /510

5.30%10°

5.00x10° /655

L. 50x10° /410

1.00x10%/590

5,00x10° /630

nm

nm

nm

50
35
62

40

35

36

65

63
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CHAPTER v

POTENTICMETRIC STUDIES OF SomME BIVALENT

METAL CHELATES OF CHROMOT ROPE 2R
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° =% - | (adninle a1 e~ R )
- N -DHIP LE3 H = O f > = e s <
5 ipiexing acent 2éneral. and chalating
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'
agents ;n particular, exhibit aCin-base Properties, and “h
comoleéﬁon of a metal ion is accompanied by eitrer ; release
or a consumption of hydrogen ion. Consequently, the
complexation reactions can pe foliowed via pH meaSurements,
which cvan be performed most reaaily with a glass electrode.
This convenient spproach was demonstrated quite early by
Bjerrum” ana SchwarzenbachBA. Commoniy, an aqueous mediwy
is employed, but for water insoluble Compounds otper megia
can be used, for example dioxane-water mixturesTO, From
the potentiometric titration curves for the ligands it s
possible to evaluate the number of protons that are

neutralized and to calculate the respective acig dssi
ciation constants.

When a chelating agent 1is neutralised 4n the
presence of a metazl ion that is capable of beinq complexed,
the form of the titration curve will Change in 3 character.
istic manner. The stabkility constent of the Chelates
formed may then be determined from the nature of the Curve,
The analysis of the titration curve 8150 enables the
determination of the stability of any Protonateq chelates
formed. Typical examples of this technique can be foung

in the work of Schwarzenbach and coworkepss? ana in a

32 .,
recent paper of S¢nacher”™.  Application of the potentjq.

metric method to the analysis of more complicateq Systenms
here polynuclear cheélatés are formed have bgep r'eporteq
) y

Grimes and cpworkers 7, Bohiglsh and Marte1,7»8 ,_,
iri &



Scinrgder-”,

AS aiscussed earljepr in Chapter ITT, chromotropic
ecid has been used for the photometric determination of
various metal ions, However, some workers have also
reportea potentiometric Studies on the metal Chelates of

Chromotropic acid with a View to determine the stepwise

Stability constants.

Zollinger37 determined the dissociation constants
of 1st and 2nd OH groups of many dihydroxynaphthalene
sulphonic acids poténtiometrically, He Concluded frop
these studies that there exists Strong hydrogen bonding
between QH groups in the 1,8 positions, Very weak hydrogen
bonding between 04 groups in the 2,3 positions and ng

itions,

o

hydrogen bonding between 0d groups in the 2,8 po
Budééinskyy has reported the acidity of Several chromg-

tropic acid derivatives by poténtiometric ang SpecCtrophots
O~

metric methods,

The course of reaction between Chromotroepjic acig
and titsnium was followed potentiometriCally by Sommerzg_
Athavale and COWOTker51’2 have studied the Stepwise
formation of metal cheldtes ol some bivalent apg trivalent
eal ions. Bartusekh’ﬁ méde potentiometric investigationg
of Beryllium and Urenium chelates of chromotropic aciq.

The potentiometric titration of ligang Solution witp MH(III)ES
showed a 1:1 molar ratio for the complex. Jgntyy?!

juded from his studies on metal chelates of ChromOtPOpi
conc c

; . v . +++ + 4+
- or’der of stagbilities as Al < Cu < Qptt++ < I_.o++

acid
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Less stable compounds were formed with Co+£, Ni*t< and Mn*z,
while no chelation was noted with Ca+2, sr* - and Ba+2.
Mehrotra and Dubey10’17 have reporteq e Poturnitiometric
titration of beryllium ang a8 luminium, Dey3 used Irving

ana Hossotti titration technique, to determine the Stepwise
protonation constants of chromotropic acid andg Stepwise
formation constant of chelates With uranium ang thorium,
Recently Gonia and 00worker518 have determined the thermo-
dynamic functicns related to aluminium and chromotropic

acid chelate., Many workers''H "2, 14,20,2k,31 have used

chromotropic acid as secondary reazent for the study of

mixed ligand chelates using this technique. Martell ang
coworkerSTB’TB’zé have investigated the hydrolytic

tendencies of metal chelate compounds potentiometrically_

However, no work appears in litersture on the
potentiometric studies of derivatives of Chromotropic acid,
Miyata and coworkers22’23’27’28 have made detailed Studies
on the chelate formation of o-substituted phenylago
chromotropic acids with alkaline earth metals i.e. with
calcium, barium, strontium and magnesium, Recently Petrgys

_ coworkersjo have made a comparative Study potentig-

swpgesily of colour reactions of bisazo-substituted
I

chromotropic acids.
While working on chromotrope 2R chelates e

certain amount of interest wasg induced

photome tr‘icallY)
| e stepwise stability constants of Some bivalent

to Study th
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metals potentiometricall i
Y, a8t different i,04
onic Strengths

a8 no work 1is reported i i
in literature
eXCEDt on s
ome

alkaline earths (Mg, Ca, Ba and Sr) very ser |
¢y §8cent ~}r U
Miyataés. )
The metnod followea is eSSentially the 3
Jerrum-
Calvin titration technigue as modified oy Irvi
ing ang

Rossotti which is describea at length in cp t
epter I, a

suitaole program was formea for the TRM 1130 ¢
~5i omputer tgq
calculate the various values of n,, n and PL, the knowleg
L ge

of which is essential for calcylatj
inz the Stepwis
€ proton

ligand stability constants and the
Stepwise meta]
— ligang

stability constants.

EXPERIMENT AL

Apparatus

A Beckman pH meter (model Hp) with glasg 1
S-Calomel
electrode assembly was used for pH measurement
| S. Standarg
geckman buffer supplied with the instrument i
» W8S useq to

check the value of pH at regular intervals of ti
ime, to

ensyre the accuracy of the results,

Reggents

A purified sample of chromotrope 2p (g Merck
used to prepare a M/100 solution in carbon dioxide “) e
double distilled water. Uranyl nitrete. comoer S;ltrEi
beryllium sulphate, lead nitrate, — nh1oridephate’
)
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Cadmliim sulphate, nickel Sulph=te, cobalt fulphate anqg
zinc sulphate (all BDH, AnalaR) were dissolved in 2ppro.-
priszte amount of double distilled water and their content
estimated by usual methodsjé. Sodium perchlorate (Reidel)
Solution was used to maintain the required ionic Strength,
as per-chlorate ion, of all the anions, has the leest
complexation tendency towards metal ions. Sodium hydroxide
(E. Merck) solution was prepared. and kept over Llime over.
night and then standardised against oxalic acid., The
strength of analytical grade perchloric acid (J.T. Baker
Chemical Co., Phillipsburg, N,J.) solution was determined

by titreting against standard sodium hydroxide potentiop.

metrically. All the studies were performed at room

o
temperature (15%1.0°C).

Calvin-Bjerrum_ pH titration technique

The following mixtures were titrated against 1,0N
sodium hydroxide pH-metrically in aqueous medium uSing a

microburrete. The mixtures were stirred magnetically,

and the pH noted after each addition.

(A) 5 ml of N/5 perchloric acid + x ml of 2.5M sodium
Rerchlorate

(B) Mixture A + 75 ml of M/10C chromotrope 2R

(C) Mixture B + 15 ml of M/100 metal ion solution

The value for x was 1 ml, 2ml, 3 ml ang 5 ml for

he overall ionic strength 0.025, 0.050, 0.075

maintaining t
0. 125 respectively. Carbon dioxide free double distil;eq

and



water was added in the first cwo Niatures to make the tots)

volume 100 m], A molar ratio of 1:5 5f m2tal to 1ipang

of the metal,

The volume of alkali used in each mMiXture was
pPlotted against the PH of the correspond: ne- solution and
the formation curves so obtained are Fipresenteq jip pliEnas

4-17 (Fig. A, Fig. C and Fig. D). Curves 1 and 2 in gy, A

represent the titration curves for perchloric acjg 5

sodium perchiorate and perchloric acjig + ligand . $0Qium

perchliorate respectvively. Curves 1 to 9 in Piz. € and

D are the titration curves in the presence of Nickey,

Fdig.

Cobalt, Berylium, Cadmium, Uranyl ton, Leaa, zine, Mercury
and Copper respectively,

The additional amount of sodium hydroxide Needed tq

reach the same pH values in the presence of metaj ions is
clearly due to the liberation of hydrogen ion on account

f complex formation between the ligand ang the meta] ions,
;t is seen that the titration curves almost concide at

H values at which the reagent jis Completely ioniseq,
higher p
- that metal complexes are hydrolysed to a very
. 5
This show

1 lues.
1L extent at hlgh pH aiu
sma v

ligand stability constants
-41g2aRa ¥ 2T roo

roton 1 ligand stabjls
B tion of meta igand stabj ity
calcula
or the

F ”~ " t
determination ol proton-ljgan. “taullicy
s det

4 priof

pservations made durin: g . titrat10“
The 0

agant
onstant,
co o
is necessSary.
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mixtures A and 3 containing percaloric acid ana perchioric
acid + chromotrope 2R respectively, were uysed to calculate
the formation constants of the proton ligand systen,
Chromotrope 2R (4,5 dihydroxy-3iphenylazo) 2:7 naphthalene
disulphonic acid) possesses two ionisable hydrogen atoms
in the two -OH groups present in ortho position to each
other. However, the titration curve 2 in Fie. A of plates

e 17 Stiows only ene Inflectien; indicabing the dissseistics
= &)

of one of the hydrogen atom in the range of pH in which

titrations were carried out.

Calculation of hA

The value of ¥y 1in the expression given below which
was used to caleculate n, (the average numoer of protons

dissociated during the course of titration) was tsken as

unity as only one proton gets dissociatea,.

- (v! - v") (W% 4 8%
o Y+ o ' (5.1)
(V- 4+ v'") T
L
: P e total concentration of chromotrope 2R = 7.5x10_%£
wnere I |
-0 _ 4ipnitial concentration of perchloric acig - 0.01M
UO total jnitial volume of mixtures = 100 g1’
NO - normality of sodium hydroxide = 1,0M
w _ volumes of sodium hydroxide added in
yt and V7 the absence and in the presence gf
chromotrope 2R to reach the same value
of pH
EO NO and VO being known, the value gof BA
TL’ ’ reading the values of v' and y» at
scertained by
e a

can D
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various pH values from the cyrves 1 and 2 in or s
grapns

'épresentea in Fig, A (plates 14-17) The
s vdlu=s oif n 4%
&M

various pH values have been . 1
calculatea ]
uslne g Suitaoy
= ole

program on IBM 1130 computer. The results obtsineq
ed at

various ionic strengths are embodied in Fig. B (plate
L] S 1“"‘”/).

-enct

only, are presented in Table 5, 1,

The proton ligand formation curves wWere obtajned p
€d by

lottine the graphs bet n X
P = &rep ween n, and pH. Varioys Computationa)

methods viz. interpolation at half 7 ;
B I'ny values (H) ang intep.

lation at ious n
polatio various n, values (V) have been apolied tq

determine the proton-ligand stability constant at qigp
ifferent
ionic strengths., The thermodynamic stabilicy constant
was
obtained by extraploting these values to gerg ionic st
rength,

The values of the proton-ligand Stability constants s
o

obtained are enlistea in Taople 5. 2.

Metal-ligand stability constants

The formation of metal complexes in solution hg
S

been found to take place in a stepwise manner The vg)
. ue

of stepwise formation constant is obtaineg by applying
Various

computational methods by plotting n against pL. The valye

of B i.e. the average number of ligand molecules attacheg

per metal ion, is given by

(v - v N 4 E% T (y - EN]
= (5.2

n = (Vo v = 7
% A M

where
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T total concentrztion of metal present in solution
= 0.0025M

.m . the volume of sodium hydroxide used in mixture C to

reach the same pH as in the case of mixtures A and B.

The other terms in the expression 5.2 have their usual

meaning.

The free ligand exponent, pL has been evaluated from

the expression.

1 {filﬂﬂljftq B L) R
pL; Og1o (T_. ~ ?1 TM) Vo \:'o]}
pii and PSJ are the reciprocal acid dissociation

nstants of the ligand. The results obtained are presented

in Tables c 3.5,A only at one 'ionic strength for the metals

co

under investigation.

The metal-ligand formation curves are obtained by

plotting n against pL (Plates 14-17, Fig. E and Fig. F)

for all the nine metals. The value of n varies between

5.0 in the case of u0,(11), Cu(Il), Be(IIl), Zn(1I), and

0.0"
Hg(11), while for ColTD), NE(IL), FBLIL) and GALLL) between
0,050 jndicating that two complexes are formed in the

former and only °N% netal chelate is formed in the ldter
case. The stepwise stability constants of the metal.

chromotrope 2R chelates are then evaluated by applying the

various computational methods viz. (i) interpolation at
+4) interpolation at vari T
, {ii) P rious n valyes (v

)

palf n values (H)
sl (444 mid point slope€ method. The results obtaineq are

fitted in Tables 5.7-5.12.



(111)

Thermodynamic stability constants

The thermodynamic Staocility constants were obtaineq
by extrapolation of the stability constants ootainea at
various ionic strengths to zero ionic strength., The
stepwise stability constants were €Xtrapolatea to Zero

ionic strength to give thermodynamic Stability constants

1=0 -
H=0, DHEAF Bym has been representeq

<

52ﬂ=o{cal.)' The values of overagll

log KTu;o and log f -

as calculated log

stability constants log $. were similar)y extrapolated ¢,

_ . U=0 _
give experimental log €, (exp.) " These are embodieq in

Taple 5. 13.



PLATE No. 14

Tempersture = 185,88 Tonic strength = 0.025

Fie., A. Titration curves for proten.CTR system

Curve 1 = HCLO, Curve 2 = HCth+CTR
Fig. B. Formation curve for proton-CTR system
Fig. C. Titration curves for CTR metal chelates
Curve 1 = Ni-CTR Curve 2 = Co-CTR
Curve 3 = 3e-CTh Curve 4 = CA-CTR

Curve 5 = U0 ,-CTR

Fig. D. Titration curves for CTR metal chelates

Curve 6 = Pb-CTR Curve 7 = Zn-CTR
Fig, B. Formation curves for CTR meta) chelates
Curve 1 = Ni-CTR Curve 2 = Bg TR
Curve 3 = Be-CTR Curve L = og CTR
Curve 5 = UOZ—CTR
Fie. F. Formation curves for CTR p
etal ChelateS
Curve 6 = Pb-CIR Curve 7
= Zn-CTR
curve 8 = Ha—CTR Curve o
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PLATE No. 15

Temperature = 15-1.0°C Ionic stren-th = 0.05¢

#i-. A. Titration Curves for proton-CTH system

Curve 1 = HCluh Curve z = Hgluh+L_J

! 3 Formation curve for proton-CTrn system

i-. L. 'Titration for CIR metsl chelates

It

Curve 1 Ni-CTR Curve 2

= Co-ClR
Curve 3 = Be-CTR Curve 4L = Cd-CTR
Curve 5 = U02—CTH

Fie. D. Titration cuyrves for CTR metal chelates
Curve 6 = Pb-CTR Curve 7 = 2n-CTR
Curve 8 = Hg-CTR Curve 9 = Cu-CTR

Fig. E. Formation curves for CTR metal chelstes
Curve 1 = Ni-CTR Curve 2 = Co-CTR
Curve 3 = Be-CTR Curve L4 = Cd-CTR
Curve § = UG,-CTR

Fig, F

Formation curves for CTR metal chelates
Curve 6

= Pb-CTR Curve 7

i

2n-CTR
Curve 8§

Hg-CTR Curve 9 Cu-CTR
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PLATE No. 10

Temperature = 15 1,076 lonie strength = 'Q.0%7%

Fig,

Pie

Fie.

A.

Titration curves for protorn-CTR system

Curve 1 = HClOLL Curve 2 = HC10L+CTR
Formation curve for proton-CTE system

Titration curves for CI'R metal chelates

Curve 1

= Ni-CTR Curve 2 = Co-CTk
Carye J = Be-GIE Curve 4 = Ca-Clk
Curve 5 = B0~~CTr

Titratior. curves f{or (TR metal chelstes

Curve 6 Pb-CTR Curve 7

an-ClR

Curve 8 Hz-CTR Curve 9 Cu~CTR

Formation curves for CTR metal chelates

Curve 1

Ni-CTR Curve 2 Co-CTR

n

Curve 3

Be-CTR Curve 4 = Cd-CTR
Curve 5 - UO,-CTR

1

formation curves fgp CTR metal chelates
¢ 5 = :
UIVE B = Ph-0TB Curve 7 = zn-CTR

Curve 8 - Hz-CTR Curve 9

Cu~-CTR
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Tempersture = 1521.0°C Ionic¢ strensth = 0. 125

Fiez,

o e

Fie,

Fig.

Fig,

Titration curves for proton-CrK system

Curve 1 = HClOL Curve 2 = HCI10Q, +CTR

L

Formation curve for proton-CTR system

Titration curves for CTHR metal chelates

Curve 1 = Mi-CTR Curve 2 = Co-CTR
Curve 3 = Be-CTR Curve & = CAd-=CTR
Curve 5 = UOz—CTR

Titration curves for CTR metal chelates

Curve ©

I}

Po-CTR Curve 7

2n=CIR

Curve 8 Hg-CTR Curve 9 = Cu-CIR

Formeétion curves for CTR metal chelates

]

Curve 1

Ni-CTR Curve 2 Co-CTR

)

Curve 3 cd-~CTR
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Be-CTR Curve 4
Curve 5 = UO,-CTR

Formation curves for CTR metal chela@U€s
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TABLE 5.1

T = 0.0075i N® = 1.0N
v® = 100.0 ml ¥ = 140
g = 0.125 Plete 17 (Fig. 8)

5.No. pH v L oy

' 3.6 0.800 - -

2 3.8 0.865 0. 800 1.0867

34 4.0 0.895 0.837 1.0774

L. L.2 0.910 0.857 1.0707

5. ol 0.923 C. 870 _

& b .6 0.927 0.880 1.0627

7. L.8 0.931 0.887 1.0587

o 5.0 0.935 0. 894 1.0547

9. Siaik 0.938 0.899 1.0520
16, 5ok C.943 0.904 ”
11. 50 0.944 0.910 1.0453
12. 5.8 0.945 0.916 1.0386
13. 6.0 0.949 0.925 1.0320
1l 6.2 0.950 0.930 1.0266
15, 6.1 0.950 0.940 1.0133
16. 6.6 0.952 0.947 1.0066
1. 6.8 0.952 0.955 0.9959
18. 7.0 0933 0.963 0.9866
19, P2 0.95L 0.968 0.9799




(113)

Table 5.1 {Contd,)

5.No. pH v L n,
20. Pali Q:95% 658 ) 0.9719
21. 7.0 0.955 0.983 0.9013
59 7.8 0.95 0.990 0.9533
23 8.0 0.958 0.999 0.9426
24 . 82 0.960 1.010 0.9306
25 8.5 0.963 1.030 0.9066
26. 8.6 0.966 1070 0.8572
27. B8 0.970 T+ 710 0.8079
28. 9.0 0.970 1.167 0. 7372
29, 9.2 0.978 1.240 0.6505
30. 9.4 0.987 1.300 0.5825
s 9.6 1.000 1. 360 0.5199
32, 9.8 1.025 Tob 5 0.4400
33 10.0 1.057 1.540 0.3496
Jhes 10:2 lo 305 1.625 0.3073
35. 10.4 1.195 1.745 O 23l
36. 1045
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TABLE 5.2

Proton-ligand stability constants of Chromo-

trope 2R at various ionic strengths

Tonic strength ________}QE_L” et S
H - vV - log KH
0.025 10.08 10. Ok 10.06
0.050 9.96 Q.92 2.94
0.075 D.ofil 9. 71 Q.74
Q. 123 F.63 09 Y.02
0.000 By usual extrapolation method 16, 22




TA3LE 5.3

(115)

T. = 0.0075M T, = 0.0025M
N; = 1.0N v° - 100 ml
u = 0,125 Plate 17 (Fig. E)
___“"_J“_Uoz(fi) B 3e(I1) Cﬁ(II)
S+ No. - s ~ D
n pL n pL n pL
1o 0235 7.7 0.112 7.763 0.103 4.375
2. 0.380 7.588 0.206 7. 592 0.291 4.052
3. 0.LL9 7.39% 0.312 7.381 0.375 3.907
L., 0.565 7.205 0.421 7.192 0.660 3. 837
5. 0.681 7.017 0.523 7.002 0.802 3 7571
6. 0.765 6.826 0.639 6.813 0.937 3. 746
7. 0.862 6.636 0.761 6.626 1.078 3.760
8. 0.958 6.440 0.662 0. 436 < -
9.  1.053 6.257 0.v57 6. 246 " -
10. 14150 6.068 1.034 6.055 = -
11 1293 5.884 1.092 5.861 - -
12; 1.429 5.701 1.189 5.672 e .
13. 1.600 5. 522 1.251 5.478 - -
L., 1,723 5,338 1.312 5.287 _ -
15.  1.7%75 52 145 1.400 5.097 2 "
16. 1.839 L.954 1.487 L.908 _ _
1% 1. 899 L,762 1.627 L. 726 - .
18, 1.990  4.575 (L Y _ )
19. - ~ 1.922 L.366
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TASLE 2.4
. = 0.00754 T, = 0.0025M
N° = 1.0ON v® = 100 ml
1 = 0.125 Plate 17, Fig. E
5 W Ni(I;) o EO(II)
n pL n pL
1. =013 6:155 0: 013 5.555
2 0.058 5959 0.04b 5« 356
3. 0.097 5.762 0.172 5,169
L 0.130 5.565 0.335 L.984L
5. 0.230 5.3k 0% 521 4 .802
g 0. 38k 5.189 0.728 L.622
7. 0.556 5.005 0.940 Lokl
8. G. 757 4825 1.089 L.261
9. 1,002 4.658




\}

10.
11.
12.
13,
1l .
.
16,

1.

TABLE 5.5

0.0075M T, = 0.0025M

1.0N v° = 100 ml

0.125 Plate 17, Figz., F

cu(11)  Pb(IT) i
5 oL R el

0,162 7..568 0.025 6.356
0+199 7.371 O.045 6 157
0.314 7.182 0.058 5.959
0.555 7.005 0.065 5.759
0.829 ©.833 0.130 5. 505
1. 148 6.607 0. 197 54371
1.433 6.501 0.318 5.182
1,595 6321 0.435 L4993
1.696 64 135 0.588 4.808
1.739 5.940 0.728 L622
1.787 S5 247 0.858 LoL36
1,797 5.548 0.881 L.238
1.808 5. 150 0.945 L.OLS
1.819 4.951 0.977 3.849
1.832 Ly 553 1.003 3.652
1.839 L.35k 1.030 3.455
1.854 b.156

-

(117)



TASLE 5.6

(118)

T = 0.00751 T.,_ - 0.00251“1
Ly I
N = 1.0M v® = 100.0 mL
poo= 0125 Plate 17, Fig. F.
Hg{ 11) Zn{1I)
B No. o= ST e e
n pL n pL
1 0.061 ki 559 - _
2 0.172 4,369 D115 L.764
3. 0.440 L 194 0.265 b 528
L G #35 4L.023 0.515 L. 401
5, 1.068 3.859 0.742 .22k
6. 1.470 3.7706 1.085 L.061
7z, 1.766 3. Sl ly 1.472 3.906
8. 1.984 35 375 1.777 3.746
g. 2.188 3.205 24023 3.580




TASLE 5.7

(119)

Values of stability constants for UO,-CTR chelate

Tonic strensth

0.025

0.050

0..0%5

0: 125

log K,

log K

at different ionic strengths

H Vv M
8.02 8.08 7 Tk
Ssh 5 5. 5k 5.62

13.45  13.62 13,36
8.05 767 7.04
5.75 5.68 5,77

13.80  13.35  13.41
7.81 7.6h 7,63
.70 5.69 5,67

13. 59 13.33 13. 30

?.34 7635 7.53
5.66 5.56 5.57
13.00 12,91 13,10

13.52
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TABLE 5.8

Values of stability constants for 8e-CIR chelate

at different ionic strensths

M Mean

0.050 log K,  4.85  4L.91 4. 93

0.075 log K, L.86 4.93 L. 90




TA

3LE 5.9

(121)

Values of stability constants for Cu-CTR

chelate at various ionic strengths

Tonic strength log Kn Y M Mean
loz X, 7.63 7.6l 7.78
0.025 log K 6.0k 6.60 6.57
log K. 14,27 4. 24 14.35 14,29
log K, 765 7.80 7.
0.050 log K,  6.58 0. 56 ©.50
log K, .23 1430 1i.9)  14.27
log K1 7.15 7.19 7.4
0.075 log X, 6.49 6. 2k 6.16
log X, 13.64 13.43 13.65 13.57
log K1 6.95 7.05 7. 85
0.125 log K, 6.45 .25 6.13
log K, 13.40 13.32 1342 13.38
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TABLE 5,10

Values of stability constants for Zn-CTR

chelate & different ionic strengths

Tonic strength log K H v M Mean

log X, k.60 b.65  L.71

0.025 log Ko 3.90 3.85 3.80

log K, 8. 50 8. 50 8451 8. 50

log K, 4,60 L.6k L.73

0.050 log K, 3.83 3.74 3.67
log K, 8.43 8.38 8.40 8. 41
log K, k.50 553 Iy 61

0.075 log K,  3.76 3.8z 3.7
log K,  8.20  8.35 .g8.32 g3

log K, 4,36 o by LS54
@, 125 log K, 3.89 3.87 3.66

: 8.25 8. 28 8.20




TABLE 5. 11

(123)

values of stability constants for Hg-CTR

chelate at different ionic strengths

Tonic strength

loge Kn H Vv M Mean
log K, 4. 58 L.6kL b 73
loz K, 3.82  3.89  3.97
log K, 8.40 8+53 38.70 8. 54
log K1 Lobd Le50 he53
log Ko 3,78 3.78 3.75
log KC 3.20 8,28 8. 30 8, 28
log K, Lo3b L.36 LoL3
log X, 3.73 3.64 3.69
log X, 8.07 .00 8.12 8.06
log K1 Lo11 L.15 hie 25
loz Kf2 370 3.68 3...52
log KC 7.81 7.83 7.7% 7.80




( 124)

TASLE 5.12

Vaiues ol staoility constants for Co-CLR,
Ni-CTh, Pb-CTR and Cd-CTR cheiates at
various ionic strengtns

log K
Vetal ion Tonic strength [
H v Mean
0.025 5«20 S i2ly 5.22
L2 0.050 5. 1% e 15 5: 16
0.075 £.93 b.9% h. 95
O« 125 k. 83 4,81 4 .82
0025 5.40 Selsly Selp2
s 0.050 5.35 5. 39 5,37
Ni
0.075 5.13 5% 16 S Ty
0«125 505 5:12 5.08
0.025 5. 37 5. 39 5..38
o 0.050 Do Tl 5.10 B 15
Pb
0.075 5.05 5.03  ° 5,04
Qe 125 L.90 4.9 4.91
0.025 L, Ok L.08 L.0b
0.050 3
- 93 3.96 3.95
ca 0.075 3.90 3.97 3.93
0.125 3.90 3,91 3.9
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CHAPTER VI

DISCUSSION
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In course of tnese investigations, detailed studies
have peen carriea out on some metsl complexes of CnromotrOpe
28 ana Sromopyrogallol Red, wnich have tne following

structures.

II.

{ Bromopyrogaliol Reaq)

Metal Chelates of Chromotrope 2R

Chromotrope <ZR behaves as a bidentate ligand ang
as such there are two alternstive positions where the

chelation ring can be formed:

1. between the hydroxyl group in the L_position of

chromotropic acid entity and the remote nitrogen in

the azo group.



(130)

1I. between the peri-hydroxyl groups of the chromotropic

acid component.

. 5 _ UH 9l; - . b/w ! \
" " F 2 — W
2\//\ LB s l |+ 2
| l T ~F '/\\
JETA a » ‘ k/'
5,57 NP\

Sommer23 has predicted both the possibilities for
chelation and is of the view that the mode adopted depends
on the bonding properties of the metal ions. Budééinsky2
and Dey10 have reported the structures of metal chelates
of this dye, which involve in them the two hydroxyl groups
at peri-position to one another. Budé$insky from further
studies has concliuded that the chelation by (1) proceeds ,
when the aryl substituent carries a donor group ortho to
the azo group. However, Miyata and coworkers15 have made

suggestions that the cheletion takes place between one of

the naphthoic hydroxyl group (at 4 position) and nitrogen

of the azo group.
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The xmax of the ligand, which may be attributea to
the m-1r transition of the conjugated m-electron system,
and the A .. of the complex (against water) are almost the

same, This sugzests that the w system is neot involved in

chelation, thus lending support to the assumption that the

two peri-hydroxyls are usea in complex formation, However,
this suggestion for possible structures is tentative, as
this does not form a part of these studies. To establjsh
the structures of the metal chelates of CTR fully, further

jnvestigations are necessary.

The absorption maxima of the dye solution, which
lies in the range 510-520 nm, does not change significantly
over the pH range 2.0-11.5. This factor offers an analytical
advantage for this dye, since reagent blank will show a

2
little, if any, pH dependence” . CTR shows the well known

- - . 20 J
tautomeric equilibrium™  as expressea by

Structure 'A' is acidic and occurs predominantly in alkgline
medium whilst structure 'B' is basic ang predominates in

acidic media.



Part A: Spectrophotometric Studies

The stabilities of the metal complexes depend on a
number of factors which are g function of the nature of the
metal ion and the ligand itself. It is a well known obser-
vation that the stability of the metel complexes, is a
linear function of the ionisation potential of the metal
ions. Moreover, electronegativity, which indicates the
relative attraction for electron pairs, also determines the
staoility. Two elements o1 very aifferent electronegativities
are expectea to form ionic vbonds, whilst two elements having
lesser difference in electronegativity, have greater tenaency
to form covalent bond, which contrioutes to the greater
stability of the complex compounds. TEbleE%eCOFdS the first
and second ionisation potentials together with the Paulings

electronegativity of the metals under investigation.

The order of stability of metal complexes of CTR
does not lead to any quantitative correlation as the metal
ions studied are of different oxidation states. However,
an attempt is made to compare the stabilities of the com-
plexes of these metal ions, whose oxidation states are
same. Thus, for metal complexes of trivalent ions i.e.

AL(III), Ga(III) and Yb(III), the order observed is:
Ga(II1) > ¥Yb(III} > AL{IIL)

The reason for the greater stability of Ga(IIT)

complex seems to be because of number oi ligands attacheqd

er metal ion, is twice the number of ligands attached
i_i
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in the case of aluminium and ytterbium. This may also be
attributed to the high value of ionisation potential (I )

tor galliuwm ion. Moreover, the closer proximity of its
electronegativity value to that of aluminium is also
responsible for its high stability. The Sequence of Stability
Yb(III) > AL(III) may be attributed to greater ionisation
potential (I, = 6.2) of Yo(III) than that of aluminium

(Iy= 5.984). The formation of 1:2 complex betwesn Ga{IIT)

and CTR, &s opposed to 1:1 complexes with other meta] lons,

could be connected with energetics of the chelation reaction.

Chelates ot 2r(IV) and Hf(IV) have been studied at
pH 2.0. The atomi¢ sizes of these metals permit the
formation of complexes, with co-oraination numper —
Hydrolysis does occur and it is very doubtful, if M4+aquo
ions exist even in strong acidic solutions. The orger of

stability observea is:

HE(IV) > 2r(1IV)

which can be due to the higher second ionisation potentiagl
of Hf(IV} than that of ZI‘(IV)_ Horeover\, Hf(IV) hss &
smaller ionic radiusthan Zr(IV), which might partislly

explain the slightly higher stability of Hf:CTR complex.

The greater stability of Cu(II) complex can be
sscribed to its being weagkly basic in nature, as a result
of which, this aquires a greater stability resulting in the
formation of a very stable complex. Apart from this, Cu(II)

has higher ionisation potential {1, = 7.633) as compared to
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other metals. Further Pauling's electronegativity value
(1.9) is in close proximity to that of nitrogen anq oxygen,
This renders it to be more czpaole ol covalent bond formation,

which leads to its greater stability.

Thermodynamic functions of metal complexes of CTR

From an examination of the thermodynamic functions
of the metal complexes of CTR, it is clear that all the
complexation reactions under investigations are Spontaneous,
as is evident from the negative value of free energy of

formation (AG).

The change in heat content (aAH) is dependent on the
difierence oif bond energies ol the rezctants and the
product and also tne solvation or ali the species {(ions or
molecules) involved in complexation reaction. This can
provide valuable information regardinz the nature of the
metal-ligsand bonding as well as the Sterochemistry of the
complexes, For essentially electrostatic interactions,
endothermic changes are observed, since the electrostatic
forces will vary with temperature in the same way as the
mscroscopic dielectric constant of water, The larger
exothermic heat changes are observed in the case of covalent

bond formation.

During investigations 1t was observed, that while
Cu(II) end ¥Yb(IIT) complexes are formed_exothermically

AL(III) and Ga(lIl) complexes are formed endothermically,

o ——



The positive AH in the latter two cases is inaicative

of the fact that energy is requirea for the replacement

of ligatea solvent molecules by CTR. As AL(III) and
Ga(III) belong tec the same group of periodic taole, we can
expect them to behave similarly in most chemical reactions.
This is borne out by the endothermic character of these

reactions with CTR.

5

Calvin and Bailer~” showed that heat and entropy

effects contribute equally to the free energy of the
formation or indirectly to the stability of the metal
complexes. According to Latimar et al.16 entropy changes

are mainly due to two factors.

(1) Change in entropy due to the replacement of water
molecules bound to the metal ion by the ligand

molecule.

(2) Charge effect.

Entropies of the reactions when there 18 a reductignp

————

in the total number of ions, are generally positive, while

entropies of the reactions between cations and neutra]

molecules, withh no net reduction of charee are Negative ang
- &N n

e SIS, o

do not favour complexation. It wag observed dyrine thes
i e

investigations that except for the Cu(II).cTRr System 11
y @

other complexation reactions have & positive val r
ve for pg.
The negative value of AS in the former case may he g
22 due to
the strong complex-solvent

_interaction,

= e e g




In the spectrophotometric method for the estimation
of various ions, the results obtained reveal that the
method usinz CTR as a chromogenic reagent compares well
with the other methods used at present for the photometric
determination of aluminium, gallium and ytterbium. A
comparison of these as a function of molecular extinction
coefficient is representea in Table 3.12. 1In spite of
various advantages such as sensitivity, speea and water
solubility, the method suffers from interference of a
number of cations. However, the interference due to anions

is comparatively lesser.

Part B: Potentiometric Studies of Metal Complexes of CTR

Tn course of these studies, proton-ligand stebility
constant and stepwise stability constants of some bivalent
netal complexes of chromotrope 2R have been determined
sotentiometrically using Bjerrum-Calvin pH titration

technique as described by Iho'ma . and Rossotti.

As is evident from the structure of CTR, the reagent
possesses two hydroxyl groups a8t péri-position to one
another. As such the reagent should give two inflexions
in the formation curve, but as ane inflexion is ooserved,
only one proton is dissociated under the conditions of
studies. The extremely high valve of second dissociation
constant 1s possibly due to the formation of a strong

hydrogen bridge after the first step of dissociation,
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This phenomenon has been odServed oy a number of
12, 195 2% . : . ; ,
workers while making stuaies on chromotropic acid
and its various derivatives. The value of Ph determined
for CTR agrees well with the values obtained earlier by

. 3 5 20
yvarious workers”' " . The order of stability constant of

bivalent metal complexes of CTR, taking into consideration

only log Ky values is:

U0 II) > Cu(IT) > Be(II) > Ni(IT)>Pb(II)> Co(II)>Zn(II)

~Hg(II) > Cd(II)

The order observed is similar to that observed by Maley
and MelL0r18 and Irving and William81b, except for a few
irregularities, The higher value of Uoz(ll) than Cu(II)
complex can be justified on the basis that it has been
generally observed that with -0-0- donors, U02(11) forms
stronger complexes than Cu(1l) and this order is reversed
in ligands with -0-N- donorszs. According to Maley and

Mel lor, order for zinc, cadmiuvm and mercury complexes

should be Zn > Cd > Hg. But in the case of CTR complexes

-
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operative in the first step of complexation of Cu(II)-CTR
complex, but it is not sufficent to stabilise the complex
to an extent greater than the stability of GO, (1:1)

compleX.

In all the cases it is observed that log oy 5

This is so, on account of statistical reasons as the presence

> log K

of a co-ordinating ligand Causes repulsion for an incoming

ligand of & similar type.

ALL the complexes except the 112 complexes of Be(Il)
and UOZ(II), show a decrease in stabilities with an increase
in ionic strength. This decrease may be attriobuted due to
the formation of a dense ionic atmosphere around the metal
ijons and the screening effect which reduce the rate of
recombination of the metal ion with the ligand molecule.

In the case of Be{(1II) and U02(II), where the stability
increases with increasing ionic strength may be due to the

lowerine of the activity coefficient of the ionic species,

Met§}_§0mE}§§e§_0f Bromopyrogallol Red (BPR)

In case of BPR, the chelation can take place in three
sossible ways described below:
I. between tnée phenolic -OH groups which are in peri-position

to one another.
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1T. between the -OH group and the ketonic - O group

of the same rinz.

III. between the -OH group and the -0~ group in the

adjacent rinz.

0 l)\
DN N _- OH

e
e e \55?
///£§>(/303
\v/
The absorption spectra of BPR and its metal chelates

are similar. This suggests that the 1 energy levels of

ppr and the complexes are of similar energy. It would

therefore o€ reasonable to assume that the chelation occurs

through the two vicinal hydroxyl groups in which case the

conjugated m syStem is more or less uneifected. This

conclusion, as may be seen, is further supported by the

. 8 3
oxidation styudies of West et al. A complete picture of

the structure can only be obtained by further studies, which

do not form the aim of the present work.
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BPR behaves as an acid-base indicator like other
sulohonephthalein dyes, and changes colour with the

variation of pH. The equilibrium may be repsented as

H BPR =—= H33PR™ == H,BPR™° > HBPR™3 —~ gpg-t
orange red light violet blue
rec raspoery

The rea form precominates in the acid meaium while violet

form predominetes in the alkaline media,

!

Preliminery absorption spectra was plotted for the
reagent and mixtures of the reagent and metal ion, The
reagent shows maximum absorbance at 565 nm. The effect
of the metal ion is to cause a decrease in the absorbance
at 565 nm, accompanied by an absorbance increase for the
complex which exhibit maximal value at apbout 620 nm, in
the case of lead, nickel, cobalt, ytierbium and proseo-

dymium, whilst in the case ol tungsten the maxima is at
3

510 nm.

An examination of the stability constant data of BPR

complexes reveals the order
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Co(II) > Po(II) > Yb(IIL)> Ni(II} > Pr{IT) > W(VI)

Cocalt and praseodymium are different in so far as poth

form 1:2 complexe€S. Praseodymium also forms an identifjaple
1.1 complex. This order of Stavility cannot be fruitfully
ccrrelatea oecause the metal ions studied belong to dif'ferent
groups. It may oe notea that the fact that Co(Il) anc
Pr(IlI) form 1:< complexes may oe connectea with tne energy

consiaerations of the chelation reaction.

However, some conclusions may pe drewn, about the
order oi stability of metal complexes of BpPR which belong
tc same group of the periodic table. For metals of

bivalent ions the order observed is

Co(II) > Pu(II) > Ni(IT)

The stability of cobalt complex is greatest, becayse
Co(II) forms 1:2 complex, whilst Pb(II) and Ni(II) form 1:1
complex, Moreover, the iognisation potential of Co(IT) is
higher than that of Ni(II) and Pb(II), which also contrj-
butes towards its greater stability. The order Ph > )4

has alsc been oovserved by a number of WOrker5<1,22.
For the 1:1 metal complexes of BPR with trivalent
metal ions the trend of stability is:
Yb(III) > Pr(Id)
Yb(III), having a greater ionization potential thap

that of Pr(III), w uld be expected to form more stable

i is | 1 e experimental re
complexes, which 1is borne out by th D sults,
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The thermodynamics of these Systems show that alj]
metals react spontaneously with BPR, as is evident by the
negative value of free energy of formation, Except in the
case of Pb(II), the values of entropy change (2S). for other
complexation reactions are positive, showing a greater
amount of disorder in the product than in the reactants. The
Po(II)-BPR system has a negative AS value, which shows
that the product is more ordered than th= reactants. This
may also be due to the formation or hizhly Symmetrical
species or due to very strong Complex-soivent interactions_
All the reactions are exothermic, ag is evidenceq DY the
negative neat of formation (pAH). A point of interest jis
the low value of heat of formation of 121 Pr(III)-B8pPR
chelate (-1.84 kcal/mole) as compared to the 112 complex
(-28.55 kcal/mole)., This suggests that in the first step
of complexation reaction ji.e. the replacement of the
co-ordinated solvent molecules by the ligand molecules, a
large amount of energy is consumeq which is jyust compen-
sated by the bond energy released dye to the Complex
species formed. In the subsequent Step, however, the
replacement of solvent molecules by tha ligang is Not such

an energy consuming process,

At present a large number or organic reagents are ip
use, fof the PHATONENrLe Seternination of fhiry) Co(11),
Ni(IL}, Yb(IIL}, PrilIl) and WIVI). The proposeqd metpeq
using BPR as a chromogenic reagent is simple, rapid ang
sensitive, but selective only %o a limiteg eXtent. Taples

L. 19-k.21 give 8 COmPAIative account of the myyay
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absorptivities of some reagents used for these metals,
which clearly indicates that BPR is compercpble in sensiti-

vity with the other reagents used at present.

While investigatine the BPR complex with Colll), 1k
was observed that the optical density of the system
decreases with the time. This may be accounted for the
rossible air oxidation of cobalt, from the divalent to the
trivalent state., This phenomenon has also been observed

by a large number of Workers1’h’7’17

while studying
complexes of this metal, Thes metal is probably bound to
BPR in a square planer configuration like Co(I1I)-
phthaloCyanineO and COLII)—dimethnglyoximeg_ This is
speculative, however, DbDegcause 1t 1s known that the a7
configuration of the metal ion can assume either square
planer (dspz) or tetrahedral (sp®) symmetry depencing on
the environment. The suggestion of an equilibrium mixtures
may be plausible in Some cases. A distorted octahedral
configuration has also been suggested as poSsibilityG_

guch a structure will require promotion of a 'd' electron
to @ outer 1gst or '4d' orbital. Two solvent molecules
then conceivably occupy two elongated, weskly bonding

sites of the metal. Magnetic moments measurementis would
possibly aid in the elucidation of the structure. The
stabilisation of the colour system by the addition of

gelatin is the phenomenon related to 'gelatin sensitisation'

T s :
cea by Feigal1 in connection with hydrophobic

gffect 1o e

solut i0ns.
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These stuaqies Clearly reveal the stoichiowetry of
the coloured bodies, out dg 10t present any €viaence of
its physical nature. The only pertinent eviaence
available from the studies is that the complexes precipi-
tate out from solutions and are easily coazulated at the
interface on standing. This hapnens despite the presence
of sulphonic acid groups in the pPeriphery positions of
the organic reagent, remote from the chelatin -~ center of
the molecule, is indicative of the colloidal nature and

sugeests that absorptlon System i,e. lake formation may

be involved in the complex formation.
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TASLE 6.1
Metal ion ; ;l;f;;;ion ;_QEEQEEE {e.v., ~ Psuling's
- 12 electro-
negativit,
cu(I1) 7.72) 20. 090 1.90
Po(IT) 7.415 14.970 1. 80
Ni(IT) 7.630 18.150 1. 80
Col(II) 7.860 17.050 1.80
Ga (I ) 6.000 20.430 1.80
AL(IIT) 5.98L 18. 740 1. 50
Yb(IIT) 6.200 - -
pr(I1I) 5.760 : ~
2r(IV) ©.3950 13.970 | 1.40
HE(IV) 5.500 14 .900 1.30
W(VI) 7.980 14.000 1.70
N 14.540 29.005 3.04

0 13.614 35,146 3. 44




10.

11.

12.

(147)

REFERENCES

Bailer, J.0C. dpr,
and Callis, C.F.

Barnard, A,J. Jr.
and Flashka, H.A.

Bjerrum, J.

gallis, C.F.,
Neilson, N.C. and
Bailer, R.H.

calvj_n, H. and
Bailer, R.H.

Cartell, E. and
Fowles ) G.W. A,

Cheng, K.L. and
Bray, R.

Christopher, D.H. and
Wwest, T.S.

Cotton, F.A. and
wilkinson, G.

Dey, ALK

Feigal,
and

Hellor, J. .

Schwar%enbach, (3.

ITVings.H’ 8Qd
Rossottl, .=

J. Am. Chem. Soc,,
7L, 6018 {1952),

'Chelates in analytical
Chemistry', Marcel Dekker,
Ine., N.X., p. 9 (1969)

'Stacil ty constant - Part
Organic ligands,' Tne Chemical
Society, London, p. Y5 (1957)

J. Am. Chem. Soc.,
T, 3401 (1952)

J. Am. Chem. Soc.,,
68, 949 (1946)

‘Valency and molecular struc-

ture', Butterworths, London
(1956)

Anali. Chem,,
27, 1827 (1955)

Talanta, 13, 507 (1966)

'Advanced inorganic chemistry:'
Ind. Edn,, Interscience (1966)

Proceedings - Fifty-seventh
Science Congress, Kheragpur,
p. 21 (1970)

'Specific, sejective ang
sensitive reactions', p. Lgs

(1949)

Helv. Chim. Acta,
3L, 1876 (1951)

J. Chem. Soc., 2904 {1954



14,

15

104

1%

1&.

19.

20.

2.

28

25

2.

25.

26.

%

: a
Irvingz, H. and
Williams, R.J.P.

Kataysma, T.,
Miyata, H. and
Tﬁei, K'

Latimar, W.M, ang
Jolliey, W.L.

Liu, J. CH.I.

Maley, L.E. and
liallor, D.P.

Miyata, H.

Miyata, H.

Menk, C.B.

Pederson, K.d.

Sommer, L. and
Cenek, M.

Sommer, Q- and
Hnildkova, M.

Vartak, D.G. and
Menon, K.R.

Zoliinger, H.

zoliinger, H. and

Biichler, W.

{ 148)
J. Chem. Soc., 3192 (1953)

M=le ChiEm, 'Sac. , Japan,
Lhi, 3040 (1971)

J. Am. Chem, S0¢. ,
75, 548 (1953)
Thesis, University of
lllineis (1951)

Lature, 159 370 (1947)

—

161, 430 {1948)

4. Anal, Chem., 245, 322
(1959)

Bull. Chem. soc, Japan,
l

Jo(k), so- ( ?LJ;

Trans, Faraday Society,
L7, 297 (1951)

Atta Chen. Scand., 3, 670
( 1949)

Chemist Analyst, 56, 9
(1967) -

Collect Czech. Chem,

Commun.,
22, 209 (1957)

J. Inore, Nuci, Chem, ,
31, 3141 (1969)

'Chemie dep azofarbstaffe',
Biskhouses, Basel and
Stuttgart ( 1958)

Helv, Chin, Acta,
3k, 391 (193571



SUMM_A__u




( 149)

. ?he Work descrioved in this thesis concerns with a
| ailed study of metal Complexes of chromotrope 2R ang
oromopyrogallol red, the former being an ago dye h‘lnCl

| while
latter belongs to the Sulphonphthalein group ot dyes .
course of these Studies, metal chelates of chromot -
and bromopyrogallol have been investigated Spect o
metrically whereas potentiometric studies have brophOtO-

€2n carried

ovt on some bi 1
valent metal jons complexes of ch
chromotro
pe 2R.

Part A: Spectrophotometric Investigat
————=_=2_7ESllgations

o p%lnclpal aim of the SPectrophotometric studi
has been to investigate the OB conditions ¢ uaies
formation, the composition, stabilitw and th o tomplex
functions such as free enerasy or Formhicn eTmOdYnamic
change (AH) ana entropy chenge (pS), whic: f%b), entha Lpy
with the formation of metal complexes 1n*; :lc-aSSOCiated
dyes selected for the present studies are :hutlon. The
and bromopyrogailol Red. The applicatign orr:mOtrope -
chromogenic reagents for the micro determinat‘hese
m~tal ions and the effect of Foreign isns . j:é of certain
determination of metal ions have also been at;g;p::ztmmctric

y @hg

the results obtained have been reported st |
1€ngth in ¢
ourse

of this presentation.

Part B: Potentiometric Studies

This part of the thesis deals with
the stug
Y of

metal chelates of chromotrope 2R with some b4
ivalent me
tal
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ions. Stepwise stability constants of the mets. complexes
and the reagent itself have been ootezined at various ionic
strengths, and the thermodynamic stability constants have

been obtained by the method of extrapolation to 2€r'eo ionic

strencth.

The work has been presented in six chapters., The
first chapter describes in brief the introduction of
co-nrdination chemistry with special reference to the
theories of co-ordination and the analytical importance of

metal complexes in various fields of science,

Chapter IT deals with the methods used for
di scerningz the composition and the Stability of thse metal
chelates, both by Spectrophotometric as well as by potentio-
metric methoas. For the stoichiometry of metal +tq ligand
in various metal complexes, in solution, the followin.

methods have been used in this work, which are basea on

absorbance measurements.

(1) Job's method of continuous variation using equimolecylar

and nonequimolecular solution.
(2) Mole ratio method of Yoe and Jones,

(3) Slope ratio method of Harvey and Manning,

The results obtained by these methods indicate the

same stoichiometry.

The apparent or conditional stability of the metal

plexes have been determined using the foliowing three
com E
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methods:

(1) Method o1 ganer ji anc Dey,
(2) Mole ratio msthod,

and (3) Molecular extinction coefficient method.

For the determination of thermodynamic functions,
which are associated with the complex formation, in
solution, the value of stability constants have been obtained
by the molecular extinction coefficient method at
different temperatures in the range 1500-3500. The value
of free energy of formation was obtained directly by using
van't Hoff isotherm. Assuming that the enthalpy remains
constant over the range of temperature under investigations,
the value of AH wes obtained by plotting a graph oetween
1o K vs 1/T, the slope of which is equal to - Zé%ﬁ’ or
by using vant Hoft isochore. The entropy change (AS) was

then obtainea DY Gibbs Helmholtz egquation.

The stepwise protonation constant of chromotrope 2R
and tne stepwise metal-ligand stability constents have been
determined using Bjerrum-Calvin pH titration technique as
described by Irving and Rossotti. All the values of EA, n
and pL which are used to determine the stability constants,
wore calculated DY programming in the IBM 1130 computer ang
results checked 0Y manual calculations.  The computational
nethods employed for the analysis of the formation curves,
to determine the protonation constant of the ligand and the

stepwise metal_ljgand stability constants are listed below.
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(i) lnterpolation at half n values (H}.
(ii) Interpolation at various n values (V).

(iii) Mid point slope method ().

A detsiled investigation of metal complexes of
Copper (Il1), Aluminium (II1), Gallium (III), Ytterbium (IITY
Zirconiur (IF) and Hafnium () with cnromotrope 2R has been
described in Chepter III, by sSpectrophotometric method, The

results obtained have been recorded in Table T.

Chapter IV describes the Spectrophotometric studies
of metal complexes of bromopyrogallol red with Lead tEi1],
Nickel (II}, Cobalt (IT), Ytterbium (I11), Preseodymium (IIT)
and Tungsten (VI). Some of the representative results have

been recorded in Table II.

The potentiometric studies on the metal complexes
of chromotrope ZR with scme bivalent metal jons i.e,
Uranyl ion (II), Copper (II), Beryllium (1I), Mercury (II).
Zzinc (I1), Nickel (II), Cobalt (I1}, Cadmium (II) ang
Lead (II) have been embodied in Chapter v, The resuits

obtained have been recorded in Tables IIT ang Iv.

The last chapter describes the discussion of the

results obtained.

The present work has thrown considerable light on
the composition, stability and thermodynamic functions of
metal complexes ol Chromotrope 2R and Bromopyroecallel Red,

which heve not been investigated earlier. The Stability



constants of the metal complexes of CTR with some
oivalent metal ions have also been aetermined at various
ionic strengths i.e. 0.025, 0.050, 0.075, ana 0.125, and
by the extrapolation of log K to zero ionic strenzth, the
thermodynamic stability constants (log K1v‘°, lpg k ¥°Y

and loz 52p=0)have been obtained.

B T T T SR PO Y
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TasJE 111

values ol stability constants ot CTR metal chelates

g+

|
1
|
|
|
r

Average

10.06
994
.74
9.62

5 38
2415
5.04
k.91

5uls2
5.37
5- 11-!-

Tonic ez X,
strength (H) (V)
0.025 10.08 10.04
0.050 9.96 9.92
0.075 9.%7 3.7 1
0.125 9.65 3.59
0.025 B3 2.39
0.050 5 Th 5.16
0.075 5.05 5.C3
0125 4.90 4.99
0028 5.40 B odil,
0.050 535 5.39
0.075% P 13 Js 16
0.125 5.05 5 12
0.025 520 5.2,
0.050 5.16 i
0.075 4.93 b, 97
0.125 L.81 L,82
0,025 L.04 L.0&
0.050 3.93 3.96
0.075 3.90 3.97
0.125 3.90 3+91
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APPENDIX I

COMPUTER PROGRAM FOR THS

CALCULATION OF EA AND n
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APPENDIX II

COMPUTER PROGRAM FOR THE

CALCULATION OF FREE LIGAND EXPONENT, pL
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