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CHAPTER I

INTRODUCTION




Coordination compounds

Chemistry is concerned with the struectures, properties
and reactions of substances. The building blocks which make
up substances are the atoms of the several elements. The
problem of how and why these building blocks - atoms - unite
is as 0ld as the chemical science itself and has probably
not been completely solved. TIwo types of valence bonds-ionic
and covalent between atoms in a molecule have long been
recognised, Modern approaches have shown that these represent
the two limiting types and the possibility of molecules with

purely covalent or purely lonic bonds does not generally

exist.

The theory of valence developed during the nineteenth
century provided, for that period, a satisfactory explanation
of the formation and properties of most organic and simple
inorganio compounds. But this theory of valence offered no
adequate explanation of the union of neutral molecules with
ions to form these "Complex' compounds. This caused Alfred
Werner (28), the founder of coordination chemistry, to
introduce his concept of auxiliary valence in 1893 to explain
the formation of such complex compounds. A complex compound
wag regarded as a compound of a higher order, formed by the
union in stoichiometric ratio, of two or more saturated

molecules which are themselves capable of independent



-t (2) 3=

s
exitence (5) and which do not vapourise without decomposition
(10). These compounds retain their indentity in solution (19)

and dissociate partly in their constituents.

In his theory Werner postulated that neutral molecules
or oppositely charged lons are coordinated around a central
atom or ion in the inner sphere of attraction, The number of
such groups, which may be arranged around the central atom, is
the coordination number of the atom. He suggested that this
arrangement of molecules or ions around the central ion
produces a symmetrical spatial grouping. The coordination
numbers which permit spatial symmetry of some sort are 2, 3,
4, 6 and 8, of which the values of 4 and 6 are most common,
During the period of seventy-five years, the coordination
theory has been very useful in the understanding of the
formation of complex compounds., It has gained support by the
impact of the discoveries in the realm of physical sciences,
It has strengthened itself wlth the application of the
knowledge derived from the electronic concept of valence, the
theory of quantum mechanics and by varlous refined techniques
of instrumentation. These have made it possible to obtain

more details regarding the structure of these molecules(1,9,23).

With the availabllity of physicochemical methods and
instruments for investigation, substantial advances have been
made in the field of coordination complexes and with their
manjifold applications in the field of chemistry, biochemistry,
bilology, agriculture and technology., The formation of g
coordinate bond seemgs to occur on a much wider scale than

wag earlier suspected and since we are primarily concerned
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with complexes which retain their identity in solution 1t is

useful to say that a compound formed between a metal ion

and a ligand, through electron pair sharing, using electrons

from the ligand, is called a coordination compound. It should

be mentioned here that some ligands such as ethylene, armatioc
Brmaslo

hydrocarbon and carbon monoxide do not donate lone pair of

electrons and bond through the use of ® type orbitals.

Sufficient aotivity within the domain of the coordina-
tion chemistry has been concentrated on the study of complex
formation in solution during the last thirty years. There
have been two main approaches to this study; thermodynamic and
kinetic. The first deals with the composition and the
8tability of the complexes while the second with the rate and

mechanism of reaction.

Metal chelate comgounds(lll

A chelate may be defined as a compound possessing a
cyecliec structure arising from the union of a metal ion with
an electron donor (chelating agent) which is a neutral
molecule or a charged specles, with two or more points of
attachment to produce a closed ring. 1In ordinary complexes
the ligand, being monofunctional, the ring formation does
not take place, Thus ring formation is a special characteristic
of the chelate compounds and the term chelate (chele meaning
¢law) was introduced in coordination chemistry by Morgan(18)
in 1920 to designate such cyclic etructures, Usually chelate
rings containing five or six members, including the metal
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ion, are more stable.

The formation of inner complex compounds also involves
a ring structure which was noted by various investigators
including Werner (28), Ley (16) and others, who found that
these structures are exceptionally stable, very insoluble in
water but frequently soluble in nonpolar solvents, and are
often intensely coloured. Feigl (6) states that there is a
tendency to exaggerate these properties of inner complexes,
Thus, he contrasts the relative instability of the inner
complexes with the stability of certain ignited metal oxides
and of the naturally occuring sulfides and silicates. Further,
he states that although colour intensification does occur,
colourless components rarely result in coloured inner
complexes, Feigl also asserts that the extraordinary
80lubility of inner complexes in organic solvents is not
always to be observed, although chloroform does have exceptio-
nally great solvent capaclty for inner complexes. The
chemical and physical properties of metal chelates, in
general, resemble those of simple complexes and differ only
in a qualitative way. Though chelates are now considered
ag a distinct class of compounds with charaeteristic behaviour,
Yet they may be regarded only as a special type of coordination

complexes,

For the formation of a chelate, ring formation is an
eagential condition but the bond involved in a ring in the
case of a bidentate chelate may be either by (1) two covalent

bonds, (11) one covalent bond and one coordinate bond or
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(111) even by two coordinate bonds. In fact, in the earlier
stages the nature of the linkages has been used as a basis
for the classification of chelate compounds, Covalent
bonding i1s produced by the replacement .of a proton in an
organic group. Functional groups of this type are sometimes
called acidic groups because of the fact that hydrogen may
be replaced from them. Coordinate linkages, without the
replacement of hydrogen, are formed by the donation of an

electron pair,

With the discovery of compounds in which the metal
atom 18 linked to the organic molecule through three or more
groups, it became necessary to devise another sgystem of
classification, Morgen originated for these compounds the
name tridentate, quadridentate, quinquidentate and sexadentate.
Since polydentate molecules may be attached to the central
metal atom through two kinds of functional groups, acidiec
and coordinating, to form covalent and coordinate linkages,
the logileal classification should follow the number and kind
of attachment involved. Such a classification has heen
developed by Diehl (4) and is being presented here in its
outline. According to the classification,rings may be closed
in the case of a tridentate chelate either by (i) three
covalent linkages, (ii) two covalent and one coordinate bond,
(11i) one covalent and two coordinate bonds or (iv) by three
coordinate bonds and so on, for gquadridentate, quinquidentate
and gexadentate. There is no way of distinguishing a

coordinate covalent bond from any other covalent bond present,
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once the chelate ig formed., In the present work, therefore,
the bonds have been indicated by = through out and not by »
as suggested by Martell and Calvin (17).

Theories of Chelation

A large number of metal chelates can be 1soliated in
a pure form and these are usually stable compounds, Due to
complexation and chelation, the loss of the normal chemical
properties of the metal lon in solution occurs and, in
general, properties such as conductivity, oxidation potential,
abgorption spectra, intensity of light absorption, hydrogen
ion concentration changes, optical activity, solubility and
normal chemical reactions of hydrated ions are drastically
altered, which furnish positive proof of complexation or

chelation,

0f the more modern theories advanced to explain the
bond structures in metal complexes and chelates, the simplest
approach is based on valence bond theory., It assumes that x
the association results from the overlap of an orbital of
the ligand containing an unshared pair of electrons with
hybridized orbitals of the metal ion., This may be thought
of either as a sharing of the electron pair between the metal
ion and ligand or as a partial donation of the ligand
electron to the metal ion. From the point of view of depicting
the bonding in terms of the electron configuration of the
metal ion, it is profitable to consider that the ligand
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electron pairs enter the metal ion orbitals while still
maintaining the electronic configuration originally present
in the ligand., The main features of valence bond theory are
(1) the formation of directional bonds through the overlap
of atomic orbitals (ii) the formation of hybridized bonds by
mixing of atomic orbitals, that are capable oi forming
getable bonds. Covalent « =bonds can be formed throagh the «x
overlap of a filled orbital of the central metal, while a =
bond through the overlapping of a vacant ligand orbital with

a central metal orbital containing available d-electrons.

Usually o~ and = bonds occur simultaneously and produce
a gtronger bond than either would alone, Two types of m bonds
are commonly recognized: either a combination of o~ (ligand -
metal) and m (metal » ligand), or o (ligand < metal) and =
(1igand » metal), The former are generally formed with the
metal ion in a low oxidation state (many electrons) and an
unsaturated ligand, while the latter type is prevalent with
saturated ligands and the metal in a high oxidation state,

The difficulty in explaining some magnetic properties
and the inability to explain spectral properties have found
the valence bond theory as applied to coordination compounds
in a position of diminishing usefulness (15).

In the molecular orbital theory, the formation of X
molecular orbitals is assumed rather than the simple overlap
of the orbitals of the reactants. The configuration of the
molecules ig then obtained by introducing eleetrons to the

lowest orbital of the molecular frame work. As the lower



energy levels are occupied, the entering electron goes to a
higher excited level. These electrons oppose bond formation
and are known as antibonding electrons. Electrons occupying
a lower energy level are the bonding electrons, while those
not participating in the bond formation are known as
nonbonding electrons., The energy separation between the
nonbonding and the lowest of the antibonding orbitals is the
ligand fleld separation. The introduction of electrons into
the antibonding orbitals has the effect of weakening the

bonding orbitals.

The erystal field theory revived from the early work
of Van Vleck (26) deals with the electrostatic interactions
of the ligand jons with the central ion and the consequent
effect of the field on the energy of the metal d-orbitals.
Thig theory has now been extended to include neutral polar
ligands which are covalently bonded to the central metal ion
and consequently it is now called the ligand field theory
postulated by Schlapp and Penny (24). This hag been worked
out mainly by Orgel (20, 21} to interpret certain aspects of
the transition metal chemistry. It considers the influence
of the electrostatic fields due to the ligand, on the five
d-orbitals of a transition metal atom, If a ligand that
possesses an electrostatic field approachesthetal ion or
atom, the energies of the degenerate d-orbitals (in ligand
field free) condition becomes distinguishable, and the
orbitale lying in the directions of the ligand acquire g
higher energy, relative to those which are present between

the line of approach of the ligand. The strength of the
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electrostatic field of the ligand is influenced mainly by two
factors, viz. the charge density of the central metal ion
and the nature of the ligand itself. If the approaching
ligand has a weak electrostatic field, then the splitting of
the orbital degeneracy is small, and if the field is a
strong one then the splitting is large., ©So when a transition
metal igs introduced into the field of octahedral symmetry,
the electrons preferentially fill up the lower energy level
first, The ligand field theory has been found to be more
valuable for describing metal-ligand interaction and has
been very helpful particularly in explaining the magnetic
susceptibility and the visible absorption spectra of the X
metal complexes of the transition metals of the first long

period.

The importance of Metal Chelates

The application of metal chelates is manifold in
various chemical, biological and technological fields., Metals
which are essential for plant and animal nutrition are known
to form chelates with the materials present in the organism
(27). Thus chlorophyll, the green pigment of plants, contains
two closely related coloured substances, both of which are
magnesium chelates containing four pyrrole neuclei united
by methylene groups to form the porphyrin ring. Hemin the
red colouring matter of the blood is an iron chelate (22).

This compound also contains a porphyrin ring with feur pyrrole
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nuclei and is structurally quite similar to chlorophyll., It
is interesting that among the invertebrates especially in

crustaceans and mollusks, the central atom is copper in

place of iron.

Many engymes are active only if trace amounts of
metal ions are present. In many cases the active site of the
enzyme is at a coordination position of the metal (11).
Another important use of chelating agents is in water
softening, JIon exchange resins have been developed, based
on coordination phenomena, which remove both cations and
anions from aqueous solution and the resulting deionized
water may approach distilled water in purity. Prevention of
precipitate formation of trace metals in a variety of products
by the use of chelating agents of the EDTA type is an

accomplishment of recent developments.

The formation of metal lakes in mordanting is well
¥nown in the textile industry. In leather industry and in
smooth electrodeposition of metals coordination and
chelation play an important role. Another point of interest
is the use of metal ion buffers. The concentration of a
free metal lon in a system may be maintained at a fairly
constant level in a required range in the presence of a

suitable chelating agent.

Chelating agents which form water soluble chelates
are called sequestering agents and are used in aqueous solution
for the removal of objectionable metal ions., Chelating

agents such as ethylene diamine tetra-acetic-acid are used
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to speed up the elimination of harmful radio-active metal

from the body.

Chelates in Inorganic Analysig:

One of the important applications of chelating agenta
in inorganic analysis is the detection and determination of
inorganic iong. The formation of a coloured precipitate or
lake enables the detection of minute quantities of inorganic
ions and forms the basis of the so-called spot methods for
identification (8). Chelating agents, having specific
reactivity with several ions, leading to the formation of
sufficiently insoluble inner complex compounds, are used in
gravimetric procedures as precipitating agents. The formation
of coloured chelates by metals with various chelating agents
hag received considerable attention in recent years. It forms
the basis of colorimetric analysis by the measurements of the
intensity of colour of the solution (14). The procedure
invelving the measurement of intensity of the colour is termed
as a photometric method of determination. Almost all metals
can be determined colorimetrically with organic reagents and
sandell has estimated that for at least three-fourths of the

metals, organic reagents are superior to inorganic reagents

because of better selectivity or sensitivity.

The advent of excellent and relatively cheap
8pectrophotometers about thirty years ago has not only given
a great impetus to the methodology and technigue of
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photometric determinations but has also extended the scope of
colorimetric analysis by enabling the analyst to work in the

nonvisible range of the spectrum and to analyze mixed

colours.

Chelating agents which form very stable water soluble
metal complexese are suitable as titrants for metals, ZElither
the metal ion is titrated directly with the reagent solution
or an excess of the reagent is added and a back titration
made with an appropriate metal ion solution., The end poinis
are detected by the use of metal indicators. A metal
indicator is an organic reagent that undergoes a pronounnced
colour change, on reactlion with one or more metals to form
a complex. It is desirable that both the reagents and
complex be water soluble. The metal indicator complex must
be sufficlently weaker than the metal chelating agent complex
80 that a sharp end point is obtained by a shift in

equilibrium in favour of the EDTA complex (2, 25).

The formation of metal chelates involves the replace-
ment of hydrogen ions by a metal fon from the acid form of
a chelating agent (29). The conventional type of organio
acids, particularly those containing the carboxylic group,
have limited application in analytical chemistry. Of
greater interest are the organic acids or compounds containing
groups other than carboxyl and capable of realeasing
hydrogen ions in solution on subsequent replacement by
metallic ions, Some organic compounds, not ordinarily

congldered as acids, yield small amounts of hydrogen ions
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due to ketoenol isomerism when the equilibria are disturbed
by the introduction of certain metallic ions that are
capable of forming stable chelates or complexes. The most
common acidiec group in organic compounds is the hydroxyl
(-om) group. It does not ordinarily split off hydrogen ions,
but it does so, frequently, on interaction with a metal ion
to yield stable chelates or complexes through the coordination
0f phenolic oxygen (30). It is interesting to note that
generally ligands have considerably lower reactivities when
complexed than when in theilr free state (3). A number of
typical nonmetallic elements of group V, VI and VII are
nitrogen, phosphorous, sulphur, oxygen and fluorine which

also behave ag guitable electron donors in chelate or

complex formation.,

The value of a reagent for its use as a satisfactory
colorimetric reagent mainly lies in its speclificity and
8electivity. Such reagents are difficult to be found and
whatever conditionally specific ligands have been discovered,
they are mainly as a result of trial and error procedure rather
than of a systematic search from theoretical considerations,
The value of a reagent may be enhanced enormously by masking
and unmasking agents. Masking agents, may greatly increase
the selectivity of reagents. The use of organic compounds
as magking agents that have seen most development recently
are amino carboxylic acids, EDTA and other amino carboxylic
acids form stable water soluble complexes with the alkaline

earth elements and even to some extent with alkali metals,
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Because of high stability and water solubility of their
complexes, these reegents are excellent for masking metal ions,
Unmasking or demasking (12, 13) also may be used to improve
the selectivity of a reaction. TFeigl points out (7) that the
most otvious example of unmasking is precipitation by pH
adjustment., An interesting example to illustrate this
Phenomena is the demasking of zinc with formaldehyde from the

cyernide solution of zinc and nickel.

In general, a reagent may be considered to be useful
for spectrophotometric determination of the cations if the
following other major requirements are met (i) high sensitivity,
(11) water solubility, (1i1) reproducibility, and (iv) availabi-

lity of other reagentsa.

It is, therefore, desirable to investigate new
chromogenic reactions between metal ions and organic reagents
not only from the view point of specificity but also keeping

In view the criteria mentioned above.

:3:3+8-2+ 2222323
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CHAPTER II

METHODS OF DISCERNIRG CHELATE FORMATION IN SOLUTION



METHODS OF DISCERNING CHELATE FORMATION IN SOLUTION

In general, any property of a system which is
related to the concentration of one of the species involved
in the formation of the complex (hydrogen ion, metal ion,
ligand or the chelate) may be used to show the formation
0f a complex. Some techniques which have been used to
study complexation reactions are absorption by Ion exchange
(48, 49, 50), pH measurements (10), Polarography (15, 34),
Opticochemical methods (31, 46), Solubility (52), reaction
kinetics (58) and electrical conductance (33). Among the
numerous other methods oxldation reduction potentials,
electrophoresis, isotopic metal or ligand exchange, liquid liquid
partition, dielectric polarization measurements, magnetic
susceptibility, heats of mixing, volume changes, molar
refraction, ultrasonic absorption, ultracentrifugation,

dialysis and light scattering are useful in speclalised

situations,

Absorptiometric Measurements

In recent years, investigations on the absorption of
light have extensively been employed for the study of the
coloured complexes in solution. TFor the determination of the
concentration of a coloured substance in solution, two

fundamentally different techniques have been used. The



simplest method involves the duplication of the colour i.e,
the colour of a sample solution is matched with that of a
standard solution containing a known quantity of the
constituent being determined. This technique is known as
colorimetry. The second technique is more refined and
involves the measurement of absorption of light by a
solution and is often termed as absorptiometry. The more
common term used for this method is spectrophotometry,
since light consisting of a restricted band of wave length
is used with advantage.

In the spectrophotometric method, it is possible to
employ almost monochromatic light of a narrow band width
by the dispersion of light through a prism or a grating.
Thig fact is of great importance for precise measurements
of absorbance, gince the Beer's Lembert law, holds good

only with monochromatic radlations,

E = log(I,/I) = €cd —— (2-1)

2L S

Where E is the absorbance of the solutionj I, 1s intensity
of the incident monochromatic beamj; I is the intensity of
transmitted beam; ¢ is the concentration in moles/liter;

d is the depth of solution traversed by lightj and € is a
constant, extinetion coefficient, whose value for
Bpecialiéed units depend upon the solvent, the temperature

and the wave length.
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In the case of absorption; by a mixture of the
substances, not interacting between themselves, the total
absorbance is equal to the sum of the absorbance of the

constituentas in the same thickness of solution, thus

E = 1og(Io/I) = 21 E1l = £1 €1 ei1 di
= (8) ¢ + €5 c, + €i cl) 4 === (2-2)

Hence, 1t is possible to determine the concentration of a

coloured species in solution from absorbance studies.

Opticochemical Methods 1 6

Formation of complexes can profitably be studied by
the application of Beer-Lamberts law by the measurement of
absorption of light, A rection between a metal ion M and a

chelating agent EKe is given by:

mM +nKe = N Ke e (2-3)

and the instability (or the dissociation) constant, kd of

the chelate is given by

(] [xe] e T
[, Xe,]

kd =

and the formation (or the stability) constant is given by
X
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(M, Ke,]

m]™ [xe]” = V8

If a is the initial concentration of the metal ion,
b that of the chelating agent and x the concentration of

the chelate formed at equilibrium, then the formation

(stability) constant expression becomes

X

- (2-6)

(a-mx )m (b -mt)n

By determining x, the value of K can be calculated since

the walues of a and b are known.

Numerous procedures are known which employ absorption
measurements for the calculation of the composition of

complexes. A brief account of some of the better known

methods 1s given below:

Methods of Continuous Variations

Job's method of continuous variations of isomolar
golutions is often used for study of complexes in solution.
Solution properties which are linear functions of the
concentrations of the specles involved are analyzed in
applying the method. Some properties which have been
employed are refractive index (56), dielectric constant(59),
density (64), and light absorption (21, 61). A solution
propexrty adoptable to this method is ion exchange which
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has been used by many workers (12, 14, 53) for the study of

complexes in solution.

Since the work of Vosburgh and Copper (61), this
method has been widely used for the study of complex

forming systems in solution (4, 13, 35, 55). It may be
mentioned here that the principles of the method of continuous
variation were worked out by Ostromisslensky (42) in 1910

and by Denison (16) in 1912, But the credit of invention

of the method is generally ascribed to Job (26).

This method has been found very valuable for the
study of the stoichiometry of complexes using an additive
molecular property as a gulde., Mixtures of the solution of
M Of nolar concentration ¢ and ke of molar concentration c!
are prepared, The ratlo is ¢'/e = p. A volume of the second
solution ke is mixed with a volume (1-x) of the first, and
there is no contraction in volume. Then the composition of
the mixture has to be determined, where the amount of
complex formed, i.e. x 1is maximum, If ¢y, O, ¢, are the
respective molar concentrations of M, Ke and Mm Ken after

the equilibrium has been attained, the following equations

apply for any such mixture.

m n

¢, ¢, = Kd ¢, == (2-7)

where Kd is the dissocilatlon constant of the complex
¢, +mo; = o (1-x) ~—— {2-8)

G5 + MEy = Pe x ———= (2-9)
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The concentration c3 of the complex, then depends

only upon the composition x of the given mixture.

On differentiating 2-7, 2-8 and 2-9 we get

de- de,, 5 ( )
i ne,; —= = -——={2-10
Mm% G Tk ax

de
1 = =c s 2:11)
dx
de

2 = pe SO W 1))
dx

Putting the values of dol/dx and doz/dx in 2-10 we have
npo, ~mec, = 0 ——=(2-13)

Multiplying 2-8 by n and 2-9 by m, and on simplifying

N mpex - nc (l"X) __-__(2_14)
n(p-1)

Substituting the value of ¢y in 2-13 and on simplifying

equation 2-15 results

c. = P [mpcx - nec (l-x)] ———(2-15)

2 n(p-1)

Substitution of the value of ¢y in equation 2-8 gives

05 = nc(1l-x) (p-1) - mpcin'(:fl§1“x) e (9-16)
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Then substituting the value of Cyy 02 and 03 in equation

2-~T we have

-1 _-1 m+n =}
m+n n -1
c p rﬁ’m+n) X} = Kd [n-(m+n) X] (p—l)m-n —=(2-17)
mp—l np-l

where p = 1 (i.e. for equimolecular solutions), the right

hand side of the equation 2-17 becomes zero and therefore,

(m+n) x=n = O

or m/n = (1-x)/x - (2-18)

as ¢, py @ and m are finite constants, Hence from a knmowledge
0f the value of x where c3 1s maximum, the formula of the
complex can be determined from the ratio m/n using equation
2-18, taking the simplest values of m and n provided that

the two primary solutions used are of equimolecular
concentration, After determining the values of m and n, the
value of Kd can be determined by equation 2-17, using the
value of X for maximum 03 in the case of two primary solutions

which are not equimolecular (i.e. where p is not equal to 1).

The problem then obviously reduces to the determination
of the value of x for which the concentration Cx of the
complex ‘h Ken is maximum, using both equimolecular and
nonequimolecular primery solutions of M and Ke. This offers
no difficulty when Hﬁ Ken hag a property not possessed by M

and Ke, then the value of x, where the property is maximum
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gives the maximum value of concentration Oy of the complex.
Usually, however, such a property is difficult to be found.
In such cases, Job proposed to study as a function of x any
molecular property which obeys the mixture law in the

following way:

p mixture = apA + BpB + {pc 4 m———
where oy By | w———e are the number of moles of A, B and
C w———-- present in the solution and pA, pB, pC —-———--

are the respective molar values of the property p for

A’ B’ c DAYtk e e

Job showed that the difference Y, of the observed
value of the property p for any mixture of xml of a
solution of Ke and (1-x) ml of a solution of M from that
caleulated for the mixture by the additivity rule with the
agsumption that no reactlon takes place when plotted against
the different corresponding values of x, gives a curve, the

maximumm (or minimum) point of which represents the value of

X where 03 is maximum,

In his studies Job (26, 25) chose molecular extinction
coefficlent as the property to be studied and he determined
it spectrophotometrically for various solutions of pure
M and Ke and their mixtures in order to find out the
value of Y for different values of x, Job emphasised that

the method is applicable to such systems where only one
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complex is formed. Vosburgh and Cooper (61) modified Job's
method to study the composition in a few cases, where more
than one complex is formed in solution by conducting studies
at several wave lengths. A more general treatment applicable

in such cases is given by Eatzin and Gebret (29).

Most of the methods (3, 4, 7, 13, 18, 22, 25, 29, 45,
51, 55, 61) developed for the determination of stability
constants of complexes from data obtained from continuous
variation studies apply when only one complex is formed,
Recently Urszula Stolarczyk (57) has extended the method of
continuous variation for the determination of stability

constants of several complexes in a metal ion-ligand system.

More recently Klausen (29a) has described a method
for the determination of stability constant of complexes in
8olution based on the method of continuous wvariation and on
computer calculated values of the maximum complex concentration
for different total molar concentrations. Thus method can be

used to differentiate between monomeric and dimeric complexes

Am Bm with m = n.

The method of continuous variations, has been very
Popular for the studfes of the composition of complexes and
in gpite of the criticlsm of the method by a large number of
workers (1, 27, 28, 54, 62, 63). it is agreed that the
results are reliable when absorbance measurements are

carried out.
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Mole Ratio Method

Another convenient and popular method for the
investigation of coloured complexes in solution is the mole
ratio method worked out by Yoe and Jones (66). For this
method a geries of mixtures is prepared containing a
constant amount of the metal ion but with increasing ratios
of the concentration of the metal ilon to that of the
reagent or (vice versa). The curve of absorbance plotted
against the concentration ratios rises linearly from the
origin when both the reactants are colourless and breaks
8harply to a horizontal straight line at molar ratio of the
components in the complex. However, a complex that undergoes
appreciable dissociation in solution gives a continuous
curve, which only becomes approximately parallel to the molar
ratio axis when an excess of the variable component is added.
It ig often seen that such a curve breaks sharply at the
Correct molar ratio if the lonic strength of the solutions
18 adjusted to a suitable value by the addition of an
indifferent electrolyte. Thus in such cases it is possible
to get true composition of the complex. Mayer and Ayres (36)
have worked out the methemdtical treatment of the mole ratio
Wethod for deducing the composition of the several complexes

formed in a system under & given set of conditions.

Slope ratio Method

Harvey and Manning (23) proposed the slope ratio method.
In this method the stolichliometry is arrived at by comparing
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the slopes of the two straight line plots of the absorbance
of solutions obtained by varying the concentration of the
first one and then the other component in the presence of

a large excess of the second component.

If we conaider equation 2-3 where the concentration
of Ke is constant and in sufficlent excess to make
dissociation negligible, then the equilibrium constant will

be proportional to the analytiszl concentration of M added

in reaction, hence

[ Ken] = ¢ M¥/m - (2=19)

Where [ Ke | is equilibrium concentration and c =

Anglytical or total concentration, From Beer's law, we

have the relation,
E=€ [M Ken'] a ——- (2-20)

Where E = measured extinction

€ = molar extinction coefficient

d = thieckness of the cell in cm,

on substituting the value of My Ke in 2-20, expression

2~21 follows

E = €4 cWnr —— (2-21)
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E is plotted against different analytical concentrations of
¥, keeping the concentration of Ke constant and in excess
over the straight line portion of the curve, equation 2-22
is valid and thus stralght line will have a slope glven by

Slope 1 = €d/m -—= (2-22)

Similarly if M, the constant component is present in excess

and the concentration of Ke is varied,

[, xeﬁ] = ¢ Ke/n - (2-23)

and 1f E is plotted against ¢ EKe, the slope of the straight

line of the curve will be

Slope 2 = €d/n o (2-24)

The ratio of n te m in the complex may he determined by

taking the ratio of the two slopes

Slope 1/Slope 2 = n/m ———— {2-25)

Prank and Oswalt Method

The method described by Frank and Oswalt (20) is

effactive in identification of 1:1l complex.

In this method an attempt to discover the composition
is made with the solutlon with a given molar concentration of

metal at a given pH value, but with varying reagent concentra-
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tions, If only a 1:1 complex is formed under certain
conditions, and the gbsorbance of the solution, A, is

measured against a reagent blank, the following relationship

may be derived:-
ab/A = (a+b) (€c-(Ba)H) + 1/(k]) H(Ec-(C0)H -—- (2-26)

where a and b represent the total molar concentration of
metal and the reagent respectively; €¢ 1s the molar
extinction coefficient of the complex and (€o)H is the
apparent molar extinction coefficient and (ki)H is the

apparent formation constant of the complex at the given pH

value,

On plotting ab/A against (a+d) at a given wave
length and at a constant pH, a good linearity of the curves
supports the gsgumptions inherent in Equation 2-26 indicating
that only a 1 to 1 complex is formed under the conditions

investigated.

Other Methods

Numerous other methods based on absorptiometric
meggurements have been employed for the study of complexes
in solution. Some of them are the logarithmic method (6,17)
and the method of isobestic points (47). Molland (38) has
worked out a method whioch i1s applicable in cases involving
more than one central ion in the reaction., Methods applied

for the investigation of the formation of step wise
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complexes include those of Bjerrum (9), Newman and Hume (41),
Janssen (24) and of Yatsimirskii (65), Methods applied in
special cases include those of Klotz and Iohming (30) and
Lewls and Skoog (32). The method of proportioaal
absorbances developed by Budesinsk'y (11) in recent years,

is useful for establishing the existence of binuclear complex
formed in solution. The investigation of the nuclearity of
complexes is important from a theoretical point of view.

It may be mentioned here that in the application of the method
of proportional absorbances to the investigation of complexes
of relatively high stabillty, some difficulties are

encountered and a full elucidation of the situation is not

always possible.

Determination of stability constant

The evaluation of the stablility constant is useful
for the understanding of the characteristics of a chelate
(or a complex). The concept of stability constant is in
Principle simple but the determination of the thermodynamic
congtant 1s beset with many experimental difficulties in
obtaining precise, meaningful values. For the study of
the gtability constant of the chelate two procedures are
generally used. The firest procedure for evaluation of
thermodynamic constant involves the determination of the
equilibrium constant at different ionie strengths followed
by an extrapolation to zero ionic strength (infinite dilution).

The second procedure has been involved by Biledermenn and
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Sillen (8). It is based on the fact that the activity
coefficient can be controlled by keeping the ionic strength
constant, In view of the many practical difficulties
involved in the determination of true thermodynamic stability
constants, Rossotti and Rossotti (43) concluded "It 1s
better to obtain reliable values of the stoichiometric
constants than less. certain values of the thermodynamic

constants, which are useful for practical purposes® .

In the present work, the values of stoichiometric
constants have been determined at a constant ionic strength
wherever poasible by swamping the system with an indifferent
electrolyte, The values thus obtained have been termed asB

stability constants in this presentation.

Several methods based on absorptiometric meagurements
are available for the determination of the stability comstants.
In the following account, the various methads used in this

work for calculating the stability constant are described.

1, Method of Dey and coworkers

A convenient method has been described by Anderson

and Coworkers (19, 60) which 18 based on the comparison of
the composition of the mixtures having identity of colour
i.e, the same absorbance velues., The method, however,
suffers from a limitation that both the interacting

solutions forming the complex must be colourless. Dey and
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Coworkers (5, %9, 40) modified the method so as to enable it
to be applicable to systems where the chelating agent was

coloured, The method is discussed below.

The method of continuous variation is adopted and
the absorbance of mixtures of varying compositions, at a
fixed wavelength is measured. In a graph, the observed
absorbance is plotted against [M]/[] + [Ke] where [M] is
the concentration of the metal ion and [Ke] that of the

chelating agent. In fig. 2-~1 such a graph is shown.

In the system studied during the course of this
work, Ke is coloured and M 1s colourless at the concentrations
employed, Hence, with progressive increesse of E@], [Ké]
decreases and it may reasonably be assumed that in the
degecending portions of the curves, where M ions are in
large excess, most of the chelating agents are bound up in
the complex., Therefore, in this portion of the curve the
absorbance due to the free chelating agent does not
contribute substantially to the sbsorbance of the system.
The observed absorbance, therefore, is due to the colour
of the complex. We may, therefore, assume that in curves
A, B and C in fig. 2-1 where the optical densities are the

same (eg 0.3) the respective amounts of the complex formed

in each case are identical,

In a complex forming reaction of the type

mM + n Ke 2 l.len
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Thus knowing x, K can be evaluated in this case also from

equation 2-29 by substitution.

Anderson and Coworkers (19, 60) have concluded as a
result of comparative study of the varlous methods of
determination of the formation constants, that the method
involving comparison of solutions of equal optical density
yields more reproducible results, Many workers (2, 37) have
also used the spectrophotometric method for the determination

of the composition and stability of the coloured chelates.

2. Method of Continuous Variations

For the calculation of Kd by this method equation
2-17 was used. The symols have their usuel significance.

S

3. Mole Ratio Method

It is algo possible to calculate the stability
from the mole ratio method also, through a calculation of
the degree of dissociation, as proposed by Harvey and
Manning. The stability constant K is given by the equation.

K = (1-a)/a’0 wovermem: (B F1)

Where ¢ 1s the concentration of the complex and « is the
degree of dissociation. The degree of digsociation is

given by equation.

« = (BEm-Es)/Em ~-— (2-32)
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where m = n = 1, the formation constant is given by

K = x i =
(a-x) (b-x) (2-21)

where ¥ = the concentration of the complex at equilibrium

and a and b are the initial concentrations of the metal ion

and the chelating agent respectively.

Taking two concentrations a; and a, and b, and by
of the reactants glving the same absorbance of mixture i.e.
the pame value of X, we have,

X = X
(al.x) (bl—x) (az-x) (ba-x)

8y by = 2P
(81+b1) - (32+b2)

or X =
- (2-28)

knowing the value of x from equation 2-28 the value of K

can be found out by substitution in equation 2-27.

If the ratio of the reactants in the chelate is

1t2 j.e. if the reaction is of the type:

M + 2Ke » HKe,
the formation constent K is given by

= X O e
(a-x) (b--2x)2 S
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Thus knowing x, K can be evaluated in this case also from

equation 2-29 by subastitution.

Anderson and Coworkers (19, 60) have concluded as a
result of comparative study of the varlous methods of
determination of the formation constants, that the method
involving comparison of sclutions of equal optical density

yields more reproducible results. Many workers (2, 37) have
also used the spectrophotomeiric method for the determination

of the composition and stability of the coloured chelates.

2. Method of Continuous Vaxriations

For the calculation of Kd by this method eguation
2+17 wae used. The symols have their usual significance,

B

3. Mole Ratio Method

It is also possible to calculate the stability
from the mole ratio method also, through a calculation of
the degree of dissociation, as proposed by Harvey and
Manning. The stability constant K ig given by the egquation.

K = (1-a)/a’o — (2-31)

Where ¢ is the concentration of the complex and ¢ is the
degree of dissociation. The degree of dissociation is

g8iven by equation.

o« = (En-EB)/Em i i ( 2.3 2)
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4., By the Measurement of Molecular Extinction Coefficient

Molecular extinction coefficlent is defined as

specific extinction coefficient for a concentration of one

gram mole per liter and a path length of one cm.

t

€ = Dle = (2-33)

= D/c when t = 1 cm,

where t = length of gbsorption cell

¢ = concentration in gram moles/liter

D absorbance

The concentration of the complex may be calculated

by the equation 2-34

¢ complex = D/t.€ = D/e ~—— (2-34)

where o© complex = Concentration of complex
t = Absorption cell length
€ = Molecular extinction coefficient

Where from K can be calculated from equation 2-27 or 2-29,

5. Frank and Oswalt Method

A convenient method for identification of 1:1 complex
18 that of Frank and Oswalt. The stability constant (k) H
is defined as

(E{)H = X vt (B
i (a=x) (b-x) (2-35)
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Experimental Details

In order to avoid duplication a brief review will be
made here of the experimental details adopted in these

investigations which are common to all the system studied,

Instruments

Spectrophotometer

All gbsorbance measurements were made with a Hilger

Uvispek spectrophotometer, using 1 cm matched glass cells,

PH meter

PH values were determined with a Beckman HapH meter,

With a glass calomel electrode system.

Ihermostat

The individual solutions and all the mixtures were
kept in a Townson and Mercer precision thermostatic bath
maintaining a constant temperature for at least 30 minutes

to attain equilibrium

lon Exchange Abgorption Columng

Columns of anionic exchange resin Amberlite IR 45
(0H) and Cationic exchange resin Amberlite IR 120 (H), both
BDH AnalaR grade were prepared to find out the nature of the
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charge on the chelates.

Materials

A1l chemicals used through out this work were of
reagent grade purity. Double distilled water was used for
making the solutions. The working solutions were prepared

by appropriate dilution of the stock solution.

Optimum Conditions of Study

All gtudies were made under optimum conditions so
as to get reproducible results eg. measurements were made gt

& fixed pH in order to avoid any error due to pH variations.

Behaviour of reacents as_colloidal electrolyte

The organic dyes used in this thesis were found to

behave as colloidal electrolytes; hence extremely dilute
Bolutions of the order of 10-4 or 10-5 M were employed for
the physicochemical measurements. When the solutions are
very dilute, it behaves as a true solution and true

composition of the complex becomes evident.

Effect of Time on the Colour of the Chelates

The colour formation was found to be instantaneous
in most cases and the absorbance attained constancy within
a few minutes. However, in same cases it was noted that

the colour formation ls greatly accelerated by heating; the
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maximum colour development is attained within only a few
minutes when the mixture is heated in a boiling water bath.
It was also found that even upto 24 hours, there was no

significant change in absorbance values.

Effect of Temperature

The temperature effect was studled and it was observed
that in some cases the colour intensity of the chelate

shows marked change within a temperature range of 30 - 903.

The Order of the Addition of Reagents

Varying the order in which the reagents were added

hed no significant effect on the results.

Effect of Remagent Concentration

The effect of reagent concentration was studied with
8o0lutions containing a given amount of metal and varying
amounts of a solution of ligand., The pH values of the
Bolutions were kept constent and the absorbance measurements
were carried out at A max. It was found that a constant

absorbance 1s obtained when many fold excess of reagent

80lution is used,

Nunber of Complex Species Formed

The method of Vosburgh and Cooper (61) was used to

agcertain that only one complex is formed in each case
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under the specified conditions. Several mixtures containing
metal ion and ligand in ratio of 1:0.5, 1l:1, 1:2, 1:3 and
1:4 were prepared and then absorbances were measured between
a range of wavelength from 400 to 650 nm at 10 and 20 nm
intervals as necessary. By the number of shifts in the
region of maximum absorbance of mixtures from the A max of

the reagent itself, the number of complexes formed was

agcertained,

Composition of the Chelate

The mole ratio of metal to reagent in the complexes

was determined by the following methods using absorbance

Meagurements,

(1) Continuous Varlatlons Methodj

(2) Mole Ratio Method;
(3) Slope Ratio Method; and
(4) Frank and Oswalt Method (in a few cases).

It wag considered desirable to use several independent
Methods for establishing the composition because often
migleading results have been reported by workers who used
only one method., It has been found that all different
methods reported in this thesis give results which are in
800d agreement with each other. In case of continuous
variation method the results are valild only when equimolecular

80lution of the interactants are used,

Variation of the stability of the chelate with pH

The organic reagents used in this thesis, change
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their colour with the variation in hydrogen ion concentration,
The metal chelates of these dyes also show changes in colour
with change in pH. Several mixtures containing the metal

to ligand in proper ratlio were prepared and pH was adjusted
to different values. The absorbances were measured from

400 to 650 nm. The pH range within which the A max of the
chelate holds good is taken to be the range of pH in which
the chelate is stable.

Evaluation of Stability Constant

The apparent stability constants were determined by

the methods already outlined, viz.

(1) Method of Dey et al
(11) Method of continuous variation

{i11) Mole ratio method and in some cases

(iv) By measurements of molecular extinction coeffieint.

In g few cagses the method of Frank and Oswalt was used

for evaluation of the stablility constant.

The values obtained from various methods are in good
agreement., The free energy change of formation has also been

caloulated from the expression,

o
AG® = -RT 1nk where AG® is the free energy of
formation; R the gas constanty T the absolute temperature

and K the formation constant.



-t (43 ) :-

Beer's law and effective photometric range

The range of concentration for adherence to Beer's
law in ppm and alse the range for the most effective

Photometric determination of some metals have been determined.

Sensitivity

The gensitivities of the colour reactiones has been
2
determined ag defined by Sandell (44) in ng/cm” based on

an gbsorbance of 0,001 Unit.

Molecular Extinction Coefficient

The molecular extinction coefficient was calculated

for each of the systems investigated,

Effeect of Diverse Iong

The effeot of diverse lons was examined with a
Bolution containing a kmown amount of metal ion and diverse
lon, The pH was adjusted to the required value. The
tolerance limit was calculated in each case, The tolerance
limit is defined as the concentration of the foreign ion
Which affects the absorbance of the system by less than + 3
Percent, Wherever possible an attempt was made to make use

0f magking agents for elimination of the interference of

foreign ions.

Aim of the present work

In this theeis, five metal chelates involving
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quinalizarin (1, 2, 5, 8 Tetrahydroxy anthraquinone) and six
involving Methylthymol blue Penta sodium salt (3, 3' - bis
[N, §-bi (carboxymethyl) aminomethyl] thymosulphophthalein)

as chelating agents have been studied.

G ¢
QUINALIZARIN
Na0OC M, C o HEN CH;C00Na
N.COC 2_% CH‘\C‘(‘CN-\
o \m/ cHy M2 ‘/ o
Hyc N l W / CH;
CH c CH
//// ‘ \\\\
M,6 CH,
7 ‘
x
S‘C‘,Nc\

METHYLTHYMOL BLUE PENTA SODIUM SALT
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The study has been confined to the coloured chelates
only, since these reagents have found application in the
colorimetric determination of metals on a micro scale. The
reagents investigated are chromogenic reagents and are well
known for their applicatione in colorimetric analysis and
have been uged successfully for the determination of a few
metals., Inspite of the enormous amount of work on record,
regarding their use as analytical reagents, not much
information is available on the nature, composition and
8tabilities of the coloured chelates formed as products in
these chromogenic reactions. Hence, the aim of the present
work has been to investigate systematically the composition,
8tability and other characteristics of the metal chelates
formed in solution, while working with low concentrations,
Attempts have algo been made to find further applications of
the reagents in photometric determination of metals and some

Obgervations have been reported in this thesis,

The chelates which have been studied in detail are

degeribed in Chapters3 to 6.

1. Quinalizarin chelates of lead (II), lanthanum(III),
iron (III) and zirconium (IV).
2, Quinalizarin chelate of hexavalent tungsten and

its photometric determination.

3. Methylthymol Blue - Chelates of hexavalent uranium
pentavalent vanadium and bivalent iron.

4, Methylthymol blue - chelate formation with
bivalent beryllium, lead, and palladium and
their photometric determination.

RO KRR R
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CHAPTER ITTI

CHELATES OF SOME METAL IONS WITH QUINALIZARIN
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Dyes of the hydroxy anthraquinone group are well
known for their interesting property of forming coloured
products with inorganic ions, and this property has been
profitably used in the field of inorganic analysis. The
chromogenic reaction between a metal ion and the dye is
essentially due to the formation of coloured metal chelate
or lake which may be soluble or insoluble, depending upon
the concentrations, as well as on the nature of the metal
ion. The colour reaction is often sensitive enough to

permit micro detection and determination of ions.,

Considerable work has been done on the use of the
hydroxy anthraquinone group of dyes and their use as spot
reagents and as colorimetric reagents for the detection

and determination of various inorganic ions at micro level

concentrations.

The chief among the hydroxy anthraquinone dyes are

alizarin, purpurin and quinalizarin. They are represented

by the following structures.
v on o O on

0 OH
_ N OH Z L A oH ’)\ )\/DH
§§b//\\1 NS 5y \\1
0 OH oM 0
0
Aligarin Purpurin Quinalizarin
1~2-Dihydroxy 1-2-4~-Trihydroxy 1-2-5-8 Tetrahydroxy

anthraquinone anthragquinone anthraquinone
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Quinalizarin (colour index Mordant Violet 265 58500)
is two or three times more sensitive than alizarin as a
chromophoric reagent, although it shows large deviations
from Beer's law., The deviation may be attributed to the
scattering of light by the dye particles, which are relatively

large in this case.

Quinalizarin (QZR) may be expected to be more suited
for chelation due to the presence of a hydroxyl group to the
Presence of g hydroxyl group in each of the 1, 2, 5 and 8
positions., Hahn, Wolf and Jﬁger (32) suggested the use of

qQuinalizarin for the detection of magnesium and since that

time it has been used for the detection and determination

0f many other substances.

An alkaline solution of quinalizarin changes in colour
from reddish violet to 2 cormflower blue in the presence of
as little as 0,001 mg of magnesium lon in one ml of solution.
large quantities of megnesium quantitatively yield a blue
Precipitate. The behaviour of the dye in the presence of
Magnesium has been made the basis of methods for the detection
and determination of emall quantities of magnesium (32, 31, 41,
22, 42). Cervinka (19) detected magnesium by adding 2 ml of
aleoholic solution of quinalizarin to 2 ml of the solution to
be tested and then by adding dropwise 1 ml of 2N sodium
hydroxide, In the presence of magnesium the violet red
solution turns blue. Hahn (33) detected 0.001 ug of magnesium

in a miero drop by a refined technique.

Flood and Smedsaas (28) and Venturello (8l1) have used
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quinalizarin as a developer for the chromatographic detection
of magnesium, For the developer, Venturello recommends the
use of a 0,5 per cent solution of gquinalizarin in 0.2 N sodium
hydroxide. After washing out the column with distilled water,
and doing a preliminary treatment with 0.2N sodium hydroxide,
the developing solution 1s added to the adsorption tube.

Cauer and Cauer (18) have used quinalizarin for the
deteetion of magnesium in fog particles. The reagent has
algo been used for the microchemical detection of magnesium
a8 an impurity in ammonium molybdate (57). Hahn and Meyer(34)
have used quinalizarin for determination of either phosphate
Or magnesium. Thiel and Von Hengel (80) have proposed the
use of quinalizarin magnesium colour reaction as the basis
for a colorimetric method for determining magnesium. Quinali-
Zarin has also been used for the determination of magnesium

in aluminium alloys (33)s copper zinc alloy (69) and in plant

materials (14).

Pavelka and Setta (58) have used quinalizarin for the
microchemical detection of calcium as an impurity in ammonium
molybdate. Fischer (24) developed a method for detecting
beryllium using quinalizarin and suggested that quinalizarin
reaction may be used as a spot test for beryllium. It has
been reported that quinalizarin also gives sensitive reactions
with neodymium, praseodymium, cerium, lanthanum, zirconium
and thorium (22). Consequently the test for beryllium can not
be puccessfully employed in the presence of these metals,

The quinalizarin test 1s very satisfactory when applied %o
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solutions of a beryllium salt that has been purified either
by extraction with ethyl ether or by sublimation (10).

A microchemical method which will detect 0.14 ug of
beryllium is described by Dubsky and Krametz (21). Quinalizarin
has also been used in the qudlitative analysis of the arsenic
and iron groups (30, 11). Rienacker (64) has used Fischer's
method to detect beryllium in minerals. A number of methods
(25, 43) have been devised for determining beryllium by means
0f the colour which it yields with quinalizarin,

In 2 weakly acid solution, quinalizarin reacts with
aluminium to give a violet purple lake which flocculates on
long gtnding, Magnesium and beryllium may also give coloured
lakeg with quinalizarin, but in the presence of sodium hydroxide,
a8 lake is obtained only with magnesium, while the beryllium
and gluminium remain in solution. Beryllium may, however,
8ive a precipitate in the presence of considerable ammonium
8alts, Aluminium, on the other hand, is determined in a
faintly acid solution, without interference from either
beryllium or magnesium. The aluminium quinalizarin reaction
hag been used for the detection and determination of aluminium
(44, %5)., Thanheiser (79) has developed a test for aluminium
in steel by using a drop of the solution obtained when 1-2
drops of a mineral acid 18 applied to the freshly cleaned
surface of a plece of steel. Schame (68) has used quinalizarin
for the determination of aluminium in plants, Burriel and

Bolle Tacheo (16) studied aluminium quinalizarin complex by
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the method of continuous variation and reported that the

complex has got the composition Alz(QZR)3.

Quinalizarin reacts with solutions of gallium salts
to give a pink to amethyst colour depending on the pH of the
solution and its gollium content. Gallium may be determined
colorimetrically by means of the colour reaction with
quinalizarin (88). The best concentration for colour comparison
in nessler tubes lie between 0.02 and 0.2 mg gallium per litre.
Tin, antimony, indtum, platinum and germanium also form lakes
with the reagent. Vanadium and molybdenum must be absent
and not more than 10 mg of aluminium may be present while
determining gallium, Because of many common interferences various
Procedures must be used for detecting gallium in the presence
of gifferent ions. Morin gives the most sensitive test for
gallium but quinalizarin 1s almost equally good for the detection
of this metol (86)., Akhmedli and Glushchenko (1) studied the
suitability of sixteen organic reagents for the spectrophotometric
determination of gallium.in aqueous and nonagueous medla and

found that diphenyl carbazone, magneaon and morin are more

suitable than guinalizarin.

Pietsch and Roman (60) reported that gquinalizarin forms
8 violet lake with indium and this reaction is useful for the
detection and determination of the latter. Von Stein (82)
Proposed a method for the detection of indium in flue dust.
Babko and Kish (3) made a comparative study of photometric

reagents for indium and found that pyrocatechol violet and
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4-(2-pyridyl azo) resorcinol are more sensitive than quinali-
zarin, In a further communication (4) they examined the
spectrophotometric characteristics of xylenol orange, methyl-
thymol blue, eriochrome cyanine, quirnalizarin and 12 other
reagents that form coloured compounds with indium and
reported that xylenol orange, methylthymol blue and eriochrome

cyanine were the most satisfactory ones.

Bevillard (12) reported that the salts of gallium
and indium combine with O-diphenols to give complex acids in
which the metal is hexacoordinated. The combination of indium
with dyes such as aligarin and quinalizarin results in colour
changes from yellow to red and yellow to violet., He further
reported that O-diphenols of the anthraquinone series can be

used to determine the so@bility coefficient of the complex

formed,

Thallium yields 2 lake with quinalizarin, but the

tesgt 18 not sufficiently sensitive (60).

The blue coloration or precipitate which Scandium gives
with quinalizarin may be used for the detection of the metal,
Thig reaction ig analogous to that with magnesium and
beryliium (9), Shu-Wel Peng and Coworkers (71) studied
chromatographic geparation, detection and determination of
Scandium, Ianthanum gives a reaction similar to that of

magnesium and may be detected in the same way as magnesium,

Quinalizarin ylelds a violet colour when dissolved in

concentrated sulphuric acid and this colour changes to blue
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when a 1little boric acid is added (23). Smith (72) suggests
the use of a solution of quinalizarin in 93 per cent sulphuric
acid., About 0.002 Ug of boron can be detected by this reaction,
The colour of the boric ester is also used for determining
boron, This method may be used for the determination)as

8mall an amount as 0.005 - 0. 0250 mg of boric acid. The

colour can be satisfactorily measured by Lovibond tintometer.

Rudolph and Flickinger (66, 67) and other (87, 54a,27)
have proposed the use of quinalizarin for the colorimetric
estimation of boron in steel., Dickinson (20) has proposed
a method for determining boron colorimetrically by comparing
the colour formed with alizarin - sulfonic acid with a series
of gtandards prepared with methyl orange. Kelly (40),

Shrafan (70) used quinalizarin for the colorimetric determination

of boron. Iubomir and Kurzova (51) determined boron in steels.

Germanic azcid gives with quinalizarin a reaction
Bimilar to that of boric aclid. This reagent is more satisfactory
than p-nitrobenzene azo chromotropic acid (61) which is
commonly used for the detectlon of germanium., EKorenman and
Coworkers (46) studied the suitability of a number of hydroxy
anthraquinoues for the detection of germanium. Nair and

Dag Gupta (55) used quinalizarin acetate for the colorimetric

estimation of germanium,

Bakko and Nazarchuk (5) studied the reaction between
tin and quinalizarin and reported that the complex has a

composition 1l:3.
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Wakamastu (84) used quinalizarin for the spectrophotometric
determination of tin in iron and steel. Babke and Karnaukhova
(6) made a comparative study of the reagents for the photometric
determination of tin (IV) and found that hematoxylene, phenyl
fluorone, p-nitro phenyl fluorone, guercetin and pyrocatechol

violet were the most satisfactory ones.

Nemirovskaye (56) used quinalizarin for the detection
and determination fo lead. ILeibhafsky and Winslow (49) have
reported that by means of a photoelectric recording spectro-
meter, it is passible to determine zirconium and hafnium by
means of the coloured lake which they form with quinalizarin.
Other cations may be present in small guantities, but it is
impossible to differentiate between hafnium and zirconium.

Some attempts are on record to elucidate the composition of
the coloured lakes and among them may be mentioned the detailed
work on zirconium and hafnium lakes by Leibhafsky and

Winslow (50).

The combining ratio of metal to alizarin was found
t0 be non stoichiometric bY many workers including Leibhafsky
and Coworkers (50, 26). Iarsen and Hirozawa (48) suggested
that the apparent deviation from stoichiomeiry was due to
hydrolysis of the metal lon which masked the true composition
of the complex formed. The determination of zirconium in

steel using quinalizarin has been studied by Wakamatsu(85).

Purushottam (62) has used quinalizarin for the

estimation of thorium. Burkhard and Teresa (15) have suggested



-2 (59 ) i

the use of butyl celluloge or any other glycol monoether
as stabilising solvent in the photometric determination of

thorium quinalizarin lake.

Kallistratos and Coworkers (39) studied the colour

reactions and paper chromatographic separation of ytirium

and zirconium.

Babko and Shtokalo (7) made a comparative study of
sixteen reagents for the colorimetric determination of
tantalum and reported that pyrocatechol viclet and hemato-

xylene are more suitable than quinalizarin and other reagnets.

Kasey and Maddock (17) observed that proteoactinium
gives colour reaction with pyrogallol, catechol, gallic acid,

tannic acid and quinalizarin.

Ishidat and Yamane (37) reported that uranium (VI)
forms coloured chelates with B diketones which have a
Btructural similarity with quinalizarin and suggested the use
of uranyl ion for the detection of B diketones.

Ramirezde Verger and Pino Perez (63) used quinalizarin
for colorimetric determination of uranium. Pavlorskya (59)
made a spectrophotometric study of the reaction of uranyl
lon with quinalizarin and determined the composition and the
8tability constants of the complex formed. The reaction

between quinalizarin and plutonium has been investigated

by Wolter (89).

Quinalizarin gives a gensitive test with neodynium,
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praesodymium and cerium (45), EKorenmann and Coworkers (47)
used quinalizarin for the determination of rare earths.
Recently the reaction between quinaligarin and praesodymium
(78) has been investigated and the use of quinalizarin has
been recommended for the photometric determination of this
element., The formation of a 2:1 complex with an absorbance
maximum at 658 nm at pH 8 to 10 has been reported. Akhmedli
and Coworkers (2) have reported that quinalizarin forms
coloured compounds with some rare elements such as gadolinium,

neodymium and ytterbium in a slightly acid medium,

Bodoy (13) reported that quinalizarin was pamlarographi-
cally reducible at pH values above 5 and its half wave
potential wag . 0.6 V in C.1 M NH#OH NH,Cl and - 0.9 V in

4
0.1 M NaOH, He further states that in strongly alkaline
solution A3 iong did not interfere, but cat? and‘zn+2 ion

deereased the diffusion current in proportion of the

concentration of the metal ionm,

Smith ang Ducher (73) state that quinalizarin appears
to have certain advantages over alizarin when used for the
determination of fluorine. It is more sensitive to small
changes in fluoride concentration and the change of colour
is eagier to distinguish. TFreis and Lauckner (29) have used
quinalizarin as an indicator in the titration of fluoride

by mesne 67 thorium nitrate,

Mukherji and Dey (53) have reported that quinalizarin

is very sensitive to vranium (VI), iron (III) and calcium(II)

as well., These authors recommend that guinalizarin could
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possibly be used as a colorimetric reagent for these

metals.,

In recent communications from this laboratory the
results of a detailed search for new colorimetric reagents
in inorganic analysis have been reported. Srivastava and
Banerji tried some substituted benzoic acids (74), some
substituted 8-hydroxy quinolines (75), methylthymol blue(76)
and quinalizarin (77) and suggested further applications of
these reagents in colorimetric analysis. It is interesting
t0 note from the enormous literature published on the use of
quinalizarin in colorimetric analysis, that no systematic
work has been done on the compogition and stability of the
ecoloured chelates, In this chapter chelates of bivalent lead,
trivalent lanthanum, trivalent iron and of tetravalent

Zirconium have been revorted.

Quinaliggrin changes its colour with the variation in
hydrogen ion concentration and the study of the absorption
Apectra shows that the region of maximum absorption Ap 4 of
the dye shifts with the change in pH of the media. 1In this
chapter we have also reported the influence of the variation
of the hydrogen ion concentration on the colour of the dye
and also qualitative ebservations on the colour formation of
& number of metallic ilons with quinalizarin. We have found
that certaln ions respond sensitively to the reagent. Ouy
observation further suggests the use of this reagent in the

colorimetric estimation of these lons under proper conditions.



- (62 ) 3=

EXPERIMENTAL

Yariation of the colour of quinalizarin with hydrogen ion

concentration of the mediums

Standard solution of quinalizarin (BDH organic reagent)
was prepared in redistilled ethyl alecohol. To measured
amounts of the solution acid or alkali was added and the total
volume raised to 25 ml. The pH of the solutions were measured
by the Beckman H2 pH meter., The absorption spectra were
studied with a Hilger Uvispek spectrophotometer using glass
cells of 1 em thickness supplied with the instrument. The
experiments were conducted at 2000. The results obtained

have been repregented in fig. 3.1 and summarised in table 3.1.

Iable 3.1

Shift of hm x With change in pH of quinalizarin

Region of mwaximum absorption,

pH nm
2.0 - 6.5 450
6.6 - 6.8 500
7.0 - 7.8 500
8.0 - 10.0 520

11.0 - 12.0 540




Amax (nm)

n
)
5

)|

n

Lo

=
i )

i.»\

nH

Fig.— 31 Variation of Amax with pH of Quinalizarin <=2 "x
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Colour formation with inorganic cations

For studying colour reactions with metal lons a
0.001 ¥ solution of quinalizarin was prepared in redistilled
ethyl alcohol. Solutions of metal salts of concentration
0.01M were prepared in double distilled water and acid was

added in some cases to prevent hydrolysis.

In several test tubes, 1 ml of the solutions were
taken and 1 ml of the reagent solution was added to each
and the colour was compared with an equal amount of the
reagent diluted to the same extent. Table 3.2 records the

colour reactions produced with various metallic salts,

Table 3.2

Colour reactions of metal ions with quinalizarin

|

g1 1 X X

No-i Salt solution g Colour % Remarks

1. Reagent Orange red - -

2, AgNOB Yellow - > s

1 Pb(CH_C00) Violet blue Most sensitive

2 2 with dilute
solutions,

4, chlz Light yellow R

5 cacl, Pin"kish - &

6. B0l Yellow -
oy

i cuso Pinkish violet Sensitive with
4 dilute solutions.

contd,
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2.2 contd.,

¥

|
;1'8 Salt solution Colour { Remarks
0.
8. H3A303 Violet Sensitive
9. S'b01; Yellow T
10, Shclg Yellow .
11. 1AlcCh Violet Sensitive with
3 dilute solutions.
12, TFeCl Greenish Yellow Sensgitive with
3 dilute Solutions.
13, TFeSO (NH,).SO Light blue Sensitive with
4777472774 dilute solutions.
14, ZnSO4 Violet No change
15, Mnso4 Pinkish violet No change
16, Niso Light violet Not sensitive enough
4 to be used for
17, COSo4 Yellowish pink colorimetric analysis
18, Bacl2 Violet Not sensitive
19, Sr012 Violet Not sensitive
20, CalCl Violet Sensitive with
2 dilute solutions.
21, Mgso Violet Sensitive with
4 dilute solutions
22, NH,VO Light pink Sensitive with
4 3 dilute solutions.
23, (NH,) . .MOO Pinkish violet Sensitive with
4727774 dilute solutions.
24, TQNOB Pinkish violet No change
25, v0.(NO )2 Blue Most sensitive with
2'773 dilute solutions.
26, BeSO4 Violet Sensitive with

dilute solutions,

contd.
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Table 3.2 contd.

i
gi'g Salt solution Colour Remarks
27. Zr(Ko.) Violet Most sensitive
3°4 with dilute
solutions.
28, KZTeo3 Violet Most sensitive
29, Nazwo4 Pink Most sensitive
¥ Light pink Sensitive
30 K2T10(0204)2 ght p
3da La(CH3000) Violet Most sensitive
e 3

*Acid added to prevent hydrolysis.

The reagent has been found to be sensitive to
vanadium, molybdenum, titanium, tellurium, tungsten,
lanthanum, iron(TI), and copper besides thorium, gallium,
magnesium, zireonium, beryllium, aluminium, boron, lead,

iron(III), calcium, uranium and rare earths already reported.

Behaviour of the reagent as colloldal electrolyte

e =

The study of the nature of the 50 per cent agueous
ethanolic solution of quinalizarin is useful, before
establishing the composition and stability of quinalizarin
metal complexes. Thils was considered essential, because
deviations in the composition of the chelate from true
stoichiometry were observed to occur in some cases. Electrical
conductance studies were,therefore, performed with 50 per cent

aqueous ethanolic solutions of quinalizarin., The results
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established the behaviour of the reagent as a colloidal
electrolyte. The curve between square root of concentration
and equivalent conductance is not linear and resembles that
of a colloidal electrolyte (52). The temperature of zero
conducténce lies at -28.500 and the temperature coefficient
per degree centigrade per 100 of conductance at 35°G has
been found to be below 2.0. This confirms the colloidal
nature of the reagent and hence extremely dilute solutions

of the order of 10'4M and 10_5M have been employed.

LEAD-QUINALIZARIN SYSTEM

1, 2, 5, 8 tetra hydroxy anthraquinone (trivial name
quinalizarin sbbreviated as QZR) forms coloured complexes
with many metal ions 2nd has been widely used as a reagent

in analytical chemistry for the detection and photometrie

determination of various metals.

The main work done with this reagent has hither
to been confined to meking & detailed study of the applications
of this reagent in colorimetric analysis. No systematic
work seems to have been done on the metal chelates of
quinalizarin with regard to composition and stability. The
reagent possesses pronounced chelating tendencies due to the
Presence of quinoid oxygen atoms, together with a hydroxyl
group in each of the 1, 2, 5 and 8 positions. In this work
detajled studies have been made on the composition and

stability of lead quinalizarin chelate. The beautiful blue-
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violet complex of lead(II) with quinalizarin has been studiled

in S50 per cent ethanolic medium,

EXPERIMENTAL

Standard solutions were prepared by dissolving lead
acetate (BDH AnalaR) in double distilled water. A purified
sample of quinaligarin (BDH reagent grade) was used for the
preparation of a 0.001 M stock solution in redistilled ethyl
aleohol., Suitable standard golutions were prepared from this
solution by dilution with ethanol. In all cases freshly

prepared solutions were used.

Conditions of stud

ALl experiments were performed at 30° +01°¢. The
total volume jin all the mixtures prepared for measurements
was kept at 25 ml, The individual solutions and the mixtures
were kept in g Townsonl and Mercer precision thermostat
maintained at 30° + 0.0100. The mixtures were allowed to
stand for 30 minutes in the thermostat to attain equilibrium,
The pH of all the mixtures was adjusted to 6.3 ¥ 0.1 by the
addition of suitable amounts of sodium hydroxide or

hydrochloric acid.

Quinalizarin, 1ike most of the chromophoric dyes,

was found to behave as & colloidal electrolyte; hence extremely

4 p

dilute solutions of the order of 10 T or 10 “M were employed

for the physicobhemical measursments.
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Effect of time on the colour of the chelatse

Colour formation was found to be instantaneous and
even upto 48 hours there was no change in the absorbance
values at room temperature. The order of addition of the

reagents was not found to be of any significance.

Nature of the complexes formed

The method of Vosburgh and Copper (83) was employed
to determine the nature of the complexes formed in solution.
Mixtures containing varying proportions of lead acetate:
quinalizarin (0:1, 2¢1, 1:1, 132 etc.) were prepared,
keeping the volume of ethanol 12,5 ml in each case, and the
optical densities of the solutions at different wave lengths

in each case were measured.

Table 3.3

Ratilo
Lead acetate ¢ Quinalizarin

Mixture

G, R 2]

g o @ >
R =)
O S S
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Table 3.4
Initial concentration of lead acetate = 2,0 x 10 4M
Initial concentration of quinalizarin - 2.0 x 10 M
Total volume = 25m|
Wavelength } Optical density
nm ] A B C D
400 0.405 0.310 0.325 0.375
410 0.450 0.318 0.330 0.392
420 0.492 0.330 0.342 0.425
430 0.540 0.340 0.360 0.450
440 0.572 0.350 0.385 0.470
450 0.580 0.368 0,405 0.484
460 0.575. 0.395 0.438 0.496
470 0.565 0.445 0.472 0.500
480 0.552 0,485 0.500 0.496
490 0.545 0.530 0.545 0.492
500 0.535 0,545 0.570 0,498
510 0.504 0.555 0,590 0.505
520 0.476 0.575 0.605 0.510
530 0.455 0.572 0.602 0,480
540 0.425% 0.568 0.592 0.455
550 0.3%95 0.545 0,568 0.435
560 0,356 0.518 0.53%6 0.400
570 0,318 0.490 0.495 0.360
580 0.280 0.460 0.464 0.320
590 0.244 0.420 0.425 0,285
600 0,200 0.395 0.3%98 0.245

The observations have been plotted in figure 3.2.

It is evident from curve A that the region of maximum

absorbance of the reagent lies at 450 nm,

and D the wavelength of maximum absorbance shifts to 520 nm,

This shows that only one complex is formed in solution.

Stoichiometry of the components

In curves B, C

Job's method of continuous variation (38) was adopted

for the determination of the composition of the coloured

complex,

The total volume in each case kept at 25 ml,

The
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pH of the solutions was kept at 6.3 £ 0,1. The absorption
spectra of lead chelating agent and mixtures were measured in
50 per cent ethanolic medium at 600 nm. The resulis are

given in tables 3.5 to 3.9 and represented graphically in

figures 3.3 to 3.4.

Table 3,5
Concentration of lead acetate (o) = 5.0 x 10-4M
Concentration of quinalizar%gzé?') = 5,0x 10-4M
pH = 6.3 : 0.1
A = 600 nm, p=c¢'fe = 1

peak at 1:1 (Fig. 3.3 curve A)

?olume of Voliume of % Optical ! Optical I Difference
lead { quinali- density of{ density of [ in optical
acetate . zarin mixture % QZR | eEsity
-l ml (2) (1) ] (a-b)
0.0 25,0 0.575 0.575 0.000
25 22.5 0.61C 0.550 0,060
5.0 20.0 " 0.835 0.520 0.115
7.5 17.5 0.655 0.460 0.195
10.0 15.0 0.675 0.410 0.265
12,5 12.5 0.680 0.340 0.340
15,0 10.0 0.540 0.260 0,280
17.5 Te5 0.412 0.202 0.210
20.0 5.0 0.305 0.140 0.165

225 2.5 0.165 0,080 0.085
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Table 3.6

Concentration of lead acetate (e) = 2,56 x 10-4M

4

Concentration of quinalizarin(QZR) (c¢')= 2.5 x 10 "M

peak at 1:1 (fig. 3.3, curve B)

Volume I Volume of } 1
0f lead § quinaliza-ﬁ Optical iensity of _§ Difference
acetate in ture yA
~nl i ml E_m a i _29? l (a-b)
0.0 . 5.0 0.3%92 0.392 0,000
2.5 22.5 0.410 0.375 0,035
5.0 . 20,0 0.425 C.3%60 0,065
7.5 17.5 0.440 0.345 0.095
10.0 15,0 0.455 0.320 0.135
12.5 12.5 0.465 0.300 0.165
15,0 10.0 0.360 0.220 0,140
17.5 7.5 0.256 0.156 0.100
20,0 . 5.0 0.160 0.100 0.060
22,5 2.5 0.085 0.050 0,035
Table 3,7
Concentration of lead acetate (c) =2 2,0 X 10-411
Concentration of quinalizarin (e¢') = 2.0 x 10™%m
pH =6.,3+0.1, A = 600mm, p=c'/ec = 1

peak at 131 (Fig. 3,3 curve C)

0,0 25.0 0.300 0.300 0.000
2.5 22.5 0.310 0.280 0,030
5.0 20.0 0.320 0,260 0.060
T.5 17.5 0.3%25 0.240 0.085
10.0 15,0 0.340 0.220 0.120
12.5 12.5 0.350 0.210 0.180
15,0 10.0 0.300 0.180 0.120
17.5 T:D 0.190 0.115 0.075
20.0 5.0 0.120 0,070 0.050
22,5 2.5 0.060 0,035 0.025
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Table 3.8

Concentration of lead acetate (e) =5,0x 10 M
Concentration of quinalizarin(QZR)(ct')= 2.5 x 10~4u

pH = 6,3+ 0,1, A=600nm, p=c'f/c=0,5

peak at 111 (Fig. 3.4 curve A)

Volume I Volume of 1§ |
of lead a quinali- { Optical densiﬁz of § Difference
acetate zarin | mixture § ZR }

ml { ml t  (a) i (b) | _(a-b)
5.0 20,0 0.560 0, %60 0,200
Tad 17.5 0.525 0.345 0.180

10,0 15.0 0.485 0.3%20 0.165

12.5 12.5 0.445 0.300 0.145

15.0 10,0 0.340 0.220 0.120

1745 7.5 0.256 0.156 0.100

20,0 5,0 0.185 0.100 0,085

22,5 2,5 0.095 0.050 0.045

Table 3.9
Concentration of lead acetate (c) = 4,0 x 10 4M

Concentration of quinalizarin(QzR)(e')= 2.0 x 10 %m
pH = 6,3 % 0.1, A=0600mm, p=oc'/c=0.5

peak at 1:1 (Fig. 3.4 curve B)

0.0 25.0 0.300 0.300 0.000
2,5 22.5 0.365 0.280 0,085
5.0 20.0 0.430 0,260 0.170
10.0 15.0 0.360 0,220 0.140
12,5 12.5 0.330 0.210 0,120
15,0 10,0 0.275 0.180 0.095
1745 Te5 0.190 0.115 0.075
20.0 5.0 0.125 0.070 0,055
22.5 2.5 0.070 0,035 0.035
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Mole ratio method (90)

A geries of solutions was prepared from 5.0 x 10~%m
and 4,0 x 10’4M of lead acetate and quinalizarin at pH 6.3,
maintaining a 50 per cent ethanolic medium and varying the
amount of equimolecular golutions of lead acetate which were
added so that the mole ratio of gquinalizarin to lead varied
from 130,25 to 1:8. Some of the typical results are recorded

in table 3,10 and 3.11 and represented in figure 3,5.

Table 3,10

Concentration of lead acetate 5,0 x 10~%y

Concentration of quinalizarin (QZR) = 5.0 x 10™4u
pH = 6,3 £ 0,1, Total volume made up = 25 ml

Break at 1:1 (Fig. 3.5 curve 4)

i i ¥ | ] g 5
QZII:?:.::(I 51:0.2551 0.5031 0.755 1:1 i 1:2 i 1:3 a 1: 4 g 115
3232§%§ 0,082 0. 155§ 0-250i 0.340 o.400i0.460%0.496% 0.520
at 600 nm
Isble 3.11
Concentration of lead acetate = 4,0 x 10”4

Concentration of quinalizarin (QZR) = 4.0 x 10 *m
pH = 6.3 £ 0.1, Total volume made up = 25 ml

Break at 1:1 (Fig. 3.5 curve B)

X

! %
Ratio . 3 T'e
QZR: Tead §1;Q25 ll.Q50i1:0.75 glzl 112 | 133 %}A4 il.s

Optical 1}

density'a? 0.068! 0.144 0.210 5 o.270io.32030.370§0.4oo 0.420
600 nm |
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Slope ratio method (36)

The concentration of the variable component was
2.0 x 10-4M. The volume of the variable component was varied
from 1 to 12.5 ml in the presence of 12.5 ml of excess

concentration of 5.0 x 10~4

M of the constant component. The
total volume in each case was kept at 25 ml and volume of
ethanol at 12.5 ml., The pH of the solution was maintained

at 6.3. The abgorbance was noted at 600 and 610 nm. Figure
3.6 shows the measured absorbance at 600 and 610 nm plotted
against the volume of the variable component. The slopes of
the two straight lines in each case gave the lead:quinalizarin
ratio as 1:1. Some of the typlcal results are given in

table 3,12 and 3,13,

Table 3%.12

Concentration of constant component (lead acetate)= 5.0 x 10"4M

Volume of constant component (lead acetate) = 12.5 ml
Concentration of variable component (quinalizarin)= 2.0 x 10-4M
pH of mixtures = 6.3 2 0.1, Total volume = 25 ml
VTolume of variable P Optical density at
component QZR (ml) l 600 nm » 610 nm
1.0 0.028 0.025
2.0 0.040 0.035
3.0 0.051 0,042
4,0 0.065 0.050
5.0 0.071 0.056
6.0 0.082 0.064
7.0 0.095% 0.074
8.0 0.105 0.086
9.0 0.115 0.090
10.0 0.125 0. 098
11.0 0.136 0.111
12.5 0.155 0,125
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Table 3,13

Concentration of constant component (QZR) = 5.0 x 10-4M

Volume of constant component (QZR) = 12,5 ml
Concentration of variable component = 2.0 x 10 4M
(lead acetate)
Volume of variable X Optical density at
component lead acetate
(1) 600 nm I 610 nm
1.0 0.270 0.210
2.0 0.280 0.220
3.0 0.288 0.228
4.0 0.300 0.238
5.0 0.308 0.245
6.0 0.318 0.255
7.0 0.325 0.260
9. 0 0.340 0. 2.75
10.0 0.350 0.284
12,0 0.370 0.298
12,5 0.375 0.300

The influence of pH on the stability of the chelate

Figure 3.7 represents the variation in the region of
maximum absorption of the complex solution containing lead
acetate and quinalizarin 1n the stoichiometric ratio i.e. 1:1
(each 2.0 x 10~4M) at different pH values. It was thought
that 1t would be of interest to compare the influence of pH
on the Anax of the complex with that of the dye. The change
0f Apax ©F quinalizarin with pH is represented in table 3.1,
fig. 3,1, It is found that the chelate is stable between 5.5
and 6,5,
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Calculation of the stability constant

The stability constants were calculated by three
different methods, namely, (a) the method of Dey and Coworkers
(54, 8) (b) the method of continuous variation using non
equimolecular solutions and (¢) the method of mole ratio. The
values of change in free energy of formation were also

calculated,

For the calculation of K by method (a) concentrations
of metal fons used are shown in fig, 3.8. For method (b) the
concentrations and the volume of the metal ion used at the
pPeak are shown in fig. 3.4. For calculation of K by method

(0), the concentrations Em, Es and ¢ are shown in table 314

(figure 3,5),

Table 3.14
- 0 I 4 ] ; ]
Fig. E curve 510 c(nr) g Em g Eg 5 @
3.5 A 5.0 0.52 0.34 0.346
B 4‘.0 004’2 0.27 0'357

Sugeestions on the structure of the chelate

From the experimental results it is not possible to
obtain definite information regarding the position of the
chelate ring, but tentative suggestions about the structure

of the chelate can be made. There are two alternative positions
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where the chelation might occur. ZEither the chelation takes

place between the phenolic oxygens or between gquinoid oxygen

and adjacent phenolic oxygen, yielding an anionic complex.

In the present case, adsorption studies by ion exchange resin
Amberlite IR 45 (0H) (B.D.H. AnalaP) have indicated that the

complex is anionic.

Discussion

The variation of Ag., With the change in pH of the
reagent in solution has been shown in table 3.1 and the results
graphically represented in fig. 3.1, It has been deserved
there from that with the change in hydrogen ion concentration

Am shifts. These changes are due to the exitence of the
ax L]

reagent in different forms.

A study of the variation of equivalent conductivity
with concentration revealed that the curve between square
root of concentration and equivalent conductance is not linear
and resembles that of & colloldal electrolyte. It may further
be noted that the temperature of zero conductance lies at
- 28.5°0 and the temperature coefficient per degree centigrade
per 100 of conductance at 35°C has been found to be below 2.0.
Phis confirms the colloidal nature of the reagent. Hence

4

dilute solutions of the order of 10 "M or 10'5M were employed

during these studies.
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The composition of lead quinalizarin chelate as
determined by the method of (1) continuous variation (table
3.5 to 3.9, figure 3.3 to 3.4) (2) mole ratio method (table
3,10 and 3.11, figure 3.5) and (3) slope ratio method (table
3.12 to 3.13, figure 3.6) indicate that only one lead
quinalizarin chelate is formed and that the mole ratio of

guinalizarin to lead in this chelate is 1l:1,

The values of log K at pH 6.3 X 0.1 and at 30° nave

been calculated using the method of (a) Dey and Coworkers
(b) continuous variation method and (c) Mole ratio method.
The results have been shown in table 3.15., The free energy

change of formation has also been calculated with the help of

o
the expression A G = ~RI énk

Table 3.15
T I Q !A 0 0
G* at 30
pH log K
B Method { } g { (% salg)
(a) Dey and 6’3 i 0.1l 403 1 0.1 - 509 i- 0.1
Coworkers
(b) Continuous 6.3 £ 0.1 4.2 ¥ 0.1 -5,8%0.1
variation
(o) Mole ratio 6.3 0.1 4,1 * 0.1 - 5.7+ 0.1

Pable 3,16 records the regions of maximum absorption of

quinalizarin and the complex at various pH values.

Table 3,16
pif Region of maximum absorption, nm
QZR | Complex
2. 0 - 5,0 450 0
5¢5 450 ggo
6.0 450 520

contd.
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Table 3,16 contd.

Region of maximum absorption, nm

L, a® al

pH

QZR i Complex
6.5 450 520
8.0 520 520

From the above table it may be seen that between pH
range 5.5 - 6.5 the reglon of maximum absorption of the complex
18 520 nm which is different from that of quinalizarin at the
same pH ranges, At the other pH values the regions of
maximum absorption are more or less identical in two solutlons.

This is because the complex is stable only in the pH range
5.5 to 605.
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LANTHANUM - QUINALIZARIN SYSTEM

Quinalizarin forms coloured complexes in solution
with many metal ions and has widely been used in analytical
chemistry, Tt has been observed that quinalizarin also

forms coloured chelate with lanthanum,

In the present work the formation of lanthanum
qQuinalizarin chelate is reported for the firet time along
with the composition, nature and stability of the chelate.
The beautifyl violet coloured chelate of lanthanum (IIT)

With quinalizarin has been studied in 50 per cent ethanolie
medium by the spectrophotometric method. Suitable conditions

for the micro determination have been worked out, and

described,

EXPERIMENTATL

Johnson and Matthey sample of lanthanum acetate was
ugsed for making the solutions. Quinalizarin (B.D.H. reagent
grade) was the same ag used previously, Other chemicals

employed were of the reagent grade,

Absorbance studies were made on a Hilger Uvispeck
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spectrophotometer and pH measurements were taken on a

Beckman Hy model pH meter.

Conditionsg of Study

All experiments were performed at 30 % o.1°c. The
total volume of all the mixtures prepared for the measurements
was 25 ml, and the pH adjusted to 6.8 by the addition of
2,5 ml 0f 1 ¥ ammonium acetate. The ionic strength of the

system was maintained at 0.1 M with sodium perchlorate.

As quinalizarin behaves as a colloidal electrolyte,

very dilute solutions of the order of 10741 were used during

these studies.

Effect of pH on chelate

The chelate is stable between pH 6.6 and 7.8, as

shown by the constancy of Apax Within this range. However,
a8 the absorbance is constant only between pH 6.7 and 7.5,

studies have been made in this pH range.

Effect of reagzent concentration

The absorbance values of different mixtures of
1anthanum acetate solutions with varying ratios of the excess
of quinalizarin at pH 6.8 and at 530 nm shows that the
maximum colour formation ie attained when mixtures contained

five fold excess of the reagent with respect to the metal



solutions.

Stability of the colour intengity at room temperature: The

absorbance of the solutions does not change on standing for

at least three hours at room temperature which is sufficient

for the purpose of absorbance measurements.

The order of the addition of the reagents: Varying the order

in which the reagents were added had no significant effect on
the results, In all cases the colour was fully developed

Within two minutes.

Beer'g law and optimum range

Beer's law is obeyed over the concentration range
from 1,26 to 6.32 ppm of lanthanum. The optimum concentration
range for the determination of lanthanum was determined by

the method described by Ringbom (65) and was found to be 1.4

to 3,5 ppm.

Nature of the complexes forme

For the determination of the nature of complexes
formed in solution, the method of Vosburgh and Cooper (83)
was followed, Mixtures contalning varying proportions of
lanthenum acetate: quinalizarin (0:1, 2:1, 131, 1:2, 1:3 and
1:4) were prepared keeping the volume of ethanol at 12.5 ml

and total volume 25 ml at pH 6,8 * 0,1. The absorbance of
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the solutions were measured at suitable wave length

interval,

Table

3-11

Mixture

)

Ianthanum acetate : Quinalizarin

Ratio

o O Y O a ' o>

*®

H M M H O
&~ W = o M

Table 3.18
-4
Initial concentration of lanthanum acetate = 2.0 x 10 M
Initial concentration of quinalizarin = 2,0 X 10”4
Total volume = 25 m|
- | Optical density
Wavelength I T i I
400 0.355 0.135 0,290 0,550 0,745 1.500
420 0.428 0.142 0.300 0.560 0.775 1.750
430 0.460 0.148 0.305 0,585 0.825 1,800
440 0.490 0.162 0.320 0.610 0.920 1.820
450 0.505 0.185 0.350 0,665 1.040 1.840
460 0,510 0.206 0.400 0.755 1.220 1.860
470 0.528 0.236 0.455 0.850 1.400 1,880

contd,
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Table 3,18 contd.

1 tical densit
Wavelength | S I_ens y

nn { A % B i c { o

E } F

SR

480 0,536 0.268 0,515 0.970 1.640 1,960
490 0.545 0.304 0.575 1.260 1.830 2,100
500 0.560 0.352 0.640 1,375 2.020 2.210
510 0.555 0.355 0.695 1.490 2,120 2,330
520 0.550 0.370 0,735 1,565 2,250 2.370
530 0.526 0,375 0.765 1,590 2,260 2.380
540 0.500 0.368 0,760 1,565 2.220 2,310
550 0.480 0.358 0,755 1,55% 2.160 2.250
560 0.440 0.335 0.740 1,535 2,050 2,120
570 0.365 0,305 0.700 1,380 1.920 2,010
580 0.305 0.272 0,650 1.285 1.740 1,830
590 0.252 0,235 0.625 1.205 1.560 1,580
600 0.210 0,206 0.530 1.050 1.310 1.320
610 0.150 0.165 0.485 0.955 1.100 1.205
620 0.126 0.135 0.410 0.815 0.910 0.920
640 0,055 0.070 0.285 0.535 0,555 0.570
650 0,030 0.050 0.205 0.405 0.43%0 0.460
660 0,000 0.000 0,190 0.3%30 0.350 0.360
670 0.155 0.260 0.280 0,290
680 0.145 0.230 0.250 0,255
690 0.110 0.220 0.240 0.250

Fig., 3.9 shows thal the reagent has its Ap,, at 500 nm,
whereas in all the mixtures the region of maximum absorption
shifts to 530 nm, indicating the formation of only one

chelate having A_ at 530 nm under the conditions of study.

Stoichiometry of tha_components

In order to determine the composition of the coloured

complex Job's method of continuous variation (38) wae adopted,

The absorbance of the mixture and chelating agent were

measured at 530 nm using both equimolecular and nonequimolecular
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Absorption spectra of mixtures of Lanthanum acetate and Quinalizarin
at pH 5801, LiO-TNaClO,
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solutions, adjusting the pH at 6.8 ionic strength 0.1 M

in 50 per cent ethanolic medium, keeping the volume constant
at 25 ml, The results are given in tables 3.19 to 3.23 and
represented graphically in figures 3.10 and 3.11.

Table 3,19
Concentration of lanthanum acetate (c) = 2.0 x 10-4M
Concentration of quinalizarin(QZr) (6')= 2.0 x 10-4M

pH =6,8+0.1, p=c'/c=1, A =53 mm 4= 0.1 NaCl0,

peak at 132 (Fig. 3.10 curve A)

ggigﬁgngi % Volume of% Optical density of Difference
acfgife % giii__ i mi%;?re i ?§§ (a-b)
0.0 25,0 0.968 0.968 0.000
2.5 22.5 0,980 0.910 0.070
5.0 20,0 1.000 0.850 0.150
7.5 17.5 1.010 0.780 0.230
10.0 15.0 0,900 0.660 0.240
12.5 12.5 0.725 0.520 0.205
15.0 10.0 0.615 0.440 0.175
17.5 745 0.422 0.280 0.142
20.0 5.0 0.300 0.200 0.100

22.5 2.5 0,210 0.150 0.060
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Table 3.20

Concentration of lanthanum acetate (e¢)

Concentration of quinalizarin (e')

pPE=6,8% 0.1, p = ¢'/e = 1, A = 530 nm,

1.25 x 10

1.25 X 10.4M

4= 0.1 Na0104

peak at 112 (Fig. 3.10 Curve B)

pH=6.8% 0.1, p=¢'/e =1, A =53 nm g = 0.1 NaCl0

peak at 1:2 (Fig. 3,10 curve C)

Volume of | |
Yahthanun | Volume 6f | prical density of | Difference
acetate QZR mixture \ ?ng i (a=b)
ml ml {a) X B
0.0 25,0 0.590 0.590 0.000
2.5 22,5 0,615 0.570 0.045
7.5 17.5 0.635 0.495 0.140
10,0 15.0 0.545 0.410 0,135
12,5 12,5 0.442 0.325 0,117
15,0 10,0 G.370 0.270 0.100
17,5 7.5 0.248 0.170 0.078
20,0 5.0 0.175 0.115 0,060
22,5 2.5 0.115 0,080 0.035
Table 3,21
Concentration of lanthanum acetate (¢) = 1.0 x 10-4M
Concentration of quinalizarin (c') - 1.0 x 10~%u

4

25.0
22.9
20.0
17.5
15.0
12,5
10.0

L ] L ] L ] L ] ® ®
VIOUVIOJIOMMOWNO

NP
RO O =-1U N O

0.490
0.500
0.505
0.510
0.450
0.360
0.300
0,200
0.140
0.095

0.490
0.460
0.425
0. 395
0.330
0.260
0.215
0.135
0.095
0.065

0.000
0.040
0.080
0.115
0.120
0.100
0.085
0.065
0.045
0.030




030 A,c=20x10"M
B,c= 125 x 10°M

C,e= 110 x 104M
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£ @ " \i
05 = Y
6/ é‘. ‘\"
/'/ f-‘
' ‘ e 9
00 02 O'fo '}6 n.a 1-0)

[Lu'”] //[L-th M Quinalizar:r |
Fig.— 3-10 Continuous variation method at 530 nm;

p=1; pH: 6-:8£0-1; u:01NaClO,
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Table 3,22
Concentration of lanthanum acetate (¢} = 2.0 x 10"4M
Concentration of quinalisarin (c') = 3.3 X 10-4M

pH = 6,8 % 0.1, p = 1.5, A =53 nm, ¢ = 0,1 Na0104

peak at 112 (Fig. 3.11 curve 4)

Volume of | 1 i
1anthanum l Volume of { Optical density of ! Difference
acetate QZR ixt X 7 o
{ ml mityre § @ _J (a-b)
0.0 25.0 1.445 1.445 0,000
2.5 32-5 104’50 1.365 0.085
5.0 20.0 1.455 o .275 0,180
7.5 17.5 . 1,460 1.220 0.240
10.4 14.6 1,245 0,980 0.265
12.5 12.5 1.025 0,780 0.245
15.0 10.0 0.870 0.660 0,210
22,5 2.5 0.300 0,220 0,080
Table 3.23

Concentration of lanthanum acetate (e) = 1.0 x 10 %M
Concentration of quinalizarin (c') = 2,0 x 10‘4M
pH = 6.8 * 0,1, p = 2.0, A = 530 mm, 4 = 0.1 NaCl0,

peak at 1:2 (Fig. 3.11 curve B)

0.0 25.0 0.968 0.968 0.000
2.5 22.5 0.970 0.910 0,060
5,0 20.0 0.975 0.850 0.125
7.5 17.5 0.930 0.780 0.150
10.0 15.0 0.830 0.660 0.170
11,75 13.25 0.755 0.575 0.180
12.5 12,5 0.690 0.520 0.170
15.9 19.9 0.585 0.440 0,145
17.5 1.5 0.375 0.280 0.095
20.0 5.0 0.265 0.200 0.065




Ac=20x10°M; p=15
—4
030 B’C‘:‘OX‘O M; p= 2-0
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j . 3-11 Continuous variation method at 530 nm;

pH: 6:8+0-1; p: 01 NaCiOy,
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Mole ratio method

A series of solutions were prepared from 2.0 x 104w

of the lanthanum acetate and quinalizarin at pH 6.8 and lonic
strength 0,1, maintaining a 50 per cent ethanolic medium and
varying amounts of equimolecular solutione of the metal were
added such that the mole ratio of the reagent to metal was
from 1:0.2 to 1:3. The results recorded in table 3,24 and
plotted in fig. 3,12, show a break at a ratio of one mole

of the reagent to 0.5 mole of the metal indicating that a
1:2 (Metal : Chelating agent) complex is formed.

Table 3,24

concentration of lanthanum acetate = 2,0 x 10_4M

concentration of guinalizarin (QZR) = 2.0 x 10™4m
pE = 6.8 + 0.1, Total volume made up = 25 ml

Break at 1:0.5 (Fig. 3.12 curve A,B)

: I
Quinalfzziim I.anthamma Og-zigg(])' g:inaity J Ochg]S-Odgzaity
1 ¢ 0.1 0.635 0.615
1 : 0.2 0.660 0.635
13 0.3 0.675 0.655
1 0.4 0.700 0.675
1: 0.5 0.715 -
1: 0.6 0.720 0.695
1: 1.0 0.720 0.695
1 2.0 0.720 .
1 : 3.0 _0.72% -




£} 8
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Fig_ 2 'z Mute rotio method al pH 6:8%0-1; u. 0-1NaClO4 ; conc
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Slope ratio method

The concentration of the variable component was
1.0 x 10~%M. The volume of the variable component was
varied from 1 to 12.5 ml in the presence of 12,5 ml of excess
concentration of 2.5 X 10~%M of the constant component.,
The total volume was 25 ml and the volume of ethanol in each
cage was 12.5 ml, The pH of the solution was maintained at
6.8 and ionic strength at 0.1. Fig. 3.13 shows the absorbance
at 530, 550 and 580 nm plotted against the volume of the
variable component. The glopes of the two straight line in
each cage gave 1anthanum quinalizarin ratio as 1l:2. Some

of the typical results are given in table 3.25 and 3.26.

Table 3,25
Concentration of constant component (QZR) = 2.5 x 10™4m
Volume of the constant component (QZR) = 12,5 ml
Concentration of the variable component = 1.0 x 10-4M
(lanthanum acetate)
pH of mixtures = 6.8
motal volume = 25 ml
Yolume of the variablel Optical density at
0.505 0.450 0.32
.0 * 5
e 0.540 0,480 0.360
4.0 0.610 0,550 0.420
6.0 0.670 0.620 0.495
10.0 0,800 0.750 0.625
12,0 0.870 0.820 0.685
12,5 0.872 0.840 0,710

|
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Table 3,26
Concentration of constant component = 2,b x 10-4M
(lanthanum acetate
Yolume of constant component = 12.5 ml
(lanthanum acetate)
Concentration of variable component = 1,0 x 10-4M
(QZR)
PH of mixtures = 6,8 F 0,1
Total volume = 25 ml
Volume of 2
varisble Optical density at
°°mP°?££§ Q2R 530 am i 550 nm % 580 nm
1.0 0.035 0.030 0,025
5.0 0.120 0.100 0.090
8.0 0.170 0.160 0.140
12.0 0,250 0.235 0.205
12,5 0.260 0.250 0.215

Calculation of the stability constant

The stability constants were calculated from absorbance
data by the three methods, vigz,

(a) method of Dey and Coworkers (fig. 3.14)

(b) method of continuous variation using non

equimolecular solutions,

(¢c) mole ratio method.

mhe values of change in free energy of formation



Ac=20«x 15‘M

Ky -4
' B,c=125x10 M

C.c=10 x10 M

Absorbance

Fig. 3-14 Determination of the stability constan from

absorbance data at 530 nm, p=1,pH:6-8+01

M0 1T NaClOg4



-t (91 ) :=-

were also calculated (table 3.27).

Nature of charge on the chelate

Ion exchange studies have been made and it has been

found that the chelate formed is an_ionic,

Procedure for the determination of lanthanum

Into a 25 ml volumetric flask an aliquot of the
golution containing upto 85 g of lanthanum was pipitted
after which 5 ml of ammonium acetate buffer solution of pH
6,8 and 5 ml of 1 X IO-SM quinalizarin solution were added.
The volume of ethanol was kept at 12,5 ml, total volume
25 ml, After mixing, the solution was allowed to stand for
The absorbance of the solution was measured at

30 minutes.
530 nm sgainst a reagent blank treated in a similar manney.

Discussion

The formation of a violet colour produced by the
interaction of quinalizerin and lanthenum has been studied
to determine the composition, stability and other characterig-
ticas of the chelate formed. The absorbance curves of the
complex show maxima2 aat 530 nm indicates that only one

complex is formed, The composition of the chelate has been

determined by the method of
(1) continuous variation (tables 3.19 to 3.23,
figures 3.10 to 3.11).
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(2) mole ratio method (table 3.14, figure 3,12)
and (3) slope ratio method (table 3.25 and 3.26,

figure 3-13) .

The results indicate that the molar ratio of the
metal to chelating agent is 112, The chelate is soluble in
aqueous ethanol and 1is stable between pH 6.5 - 7.8,

The maximum colour formation is attained at pH 6,8,
when the mixture contains greater than five fold excess of
the reagent with respect to the metal solution and the colour

intensity remains unaltered even after keeping the mixture

for three hours at room temperature,

The values of log K at pH 6.8 % 0,1 and at 30°
calculated using the three different methods, referred o

earlier, are shown in table 3,27,

The free energy change of formation has also been

caleulated and is tabulated in the same table,

Table 3.27
1 1 ] ~ 0 )
Method { pH } log K {AG (;;ai?
(a) Dey and 6.8 X 0.1 10.1%0.1 - 14,0 £ 0,1
Coworkers

(b) Continuous 6.8 0.1 10.1%0.1 - 14.0 £ 0.1

variation
(¢) Mole ratio 6.8 +0.1 10.2%20.1 -u,1%9.
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The close adherence of these values indicate the

excellent agreement of the results obtained.

The range of concentration for adherence to Beer's
law and value of optimum concentration range are 1.26 to
6.32 ppm and 1.4 to 3.5 ppm. Studies have also been made to
establish optimum conditions for the spectrophotometric

determination of lanthanum,

IRON (III) QUINALIZARIN SYSTEM

CE——

In analyticel chemistry quinalizarin has been used

ag a reagent for the detection and photometric determination

o f various metals. However,very few metal complexes with

quinalizarin have been studled with regard to composition

and stability. The present work describes the studies on
the composition and stability of the iron (III) quinalizarin
chelate in 50 per_cent ethanolic medium.

EXPERIMENTAT,

Spectrographically standardized iron sponge

(Jonnson, Metthey and Co., Ltd.) was used for the preparation
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of iron solution. The sample was standardized by usual

methods., Quinalizarin was the same as used previously.

Potassium chloride employed was of reagent grade.

Conditions of study

All experiments were performed at 20 I 0.1°¢.
The total volume of all the mixtures prepared for measurement
was kept at 25 ml. The individual solutions and mixtures
were kept in a thermostat maintaining a temperature of
20° + 0.01°C for about 30 minutes to attain equilibrium.
The pH of solutions and mixtures was adjusted to 3.0 + 0.1
by addition of sultable amounts of hydrochloric acid or
gsodium hydroxide, Ionic strength of the system was kept
constant by maintaining a concentration of 0.1M potassium
ochloride. Quinalizarin behaves as a colloidal electrolytes,
ilute solutions of the order of 10~4 or 10™°M were

hence d
employed for the physico chemical measurements,

Effect _of pH on +he chelate

Solutions containing the same concentration of
ferric chloride and the reagent were prepared at different
pH and the absorbance at various wavelengths were noted.

Phe complex showed Apay 8% 560 nm in the pH range 2 ~ 4.5 and
it gave a constant optical density in pH range 2.8 - 3.8

hence a pH 3.0 was selected for subsequent studies.
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of 2,5 ml of 1.0 M potassium chloride. The pH was adjusted

by usual methods.

The composition of the solutions prepared is given

in table 3,28.

The absorbance of the solutions was measured

at suitable wavelength interval (table 3.29).

Table 3,28

A survey of solutions prepared for measurement
of absorption curves

X 3 X -3 2 ! Absorption
M1 added of | 107°M { 107°M Mole ratio] curves
1,0M KC1 iron(III) } QZR { of iron reproduced
Solution i solution solution (III)to Q21 in fig.3.15
2.5 5 5 1.3 A
2.5 2.5 10 1 4
2,5 10 2.5 43 c
Table 3%.29
Wavelength Optical density
nm A i B _jL g
80 0.15K e 0.226
190 0.275 - 0.290
500 0.370 0.048 0.370
510 0.450 0.134 0.450
520 0.725 0.266 0.515
530 0.820 0.512 0.560
550 0.920 0.642 0.625
560 0.950 0.652 0.635

contd.




- (97 ) -

Table 3.29 contd.

K e

Wavelength Optical density
am § A B 1 c
570 0.870 0.648 0.610
580 0.855 0.640 0.570
590 0.815 0.625 0.540
600 0.780 0.605 0.505
610 0.725 0,580 0.460
620 0,690 0.565 0.400
630 0.640 0.520 0.365
640 0.600 0.505 0.330
650 0.560 0.470 0.280
660 0.520 0.445 0.240
670 0.490 0.410 0.215
680 0,455 0.400 0.200
690 0.400 0.360 0.180
700 0.320 0.340 0.160
710 0.240 0.300 0.120
720 0.185 0.280 0.080

Fig. 3.15 shows that the complex has an absorption

maximum at 560 nm against a reagent blank.

stoichiometry of the components

The composition of the complex was determined
at 560 nm by Job's method of continuous variation using
both equimolecular and nonequimolecular solutions. The

results are given in tables 3.30 to 3.25 and represented

graphically in figures 3.16 t0 3,17,
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Fig.— 3-15 Absorption curves of Ferric chloride and Quinalizarin Vs areagent

blank at pH 3-0X01.( For details see table 3-28)
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Table 3%,3%0

Concentration of ferrie chloride (¢) = 4.0 x 10~%m
Concentration of quinalizarin (c¢') = 4,0 x 10'4M
pH = 3.0+ 0.1, p=c'/e=1, A =560 nm, 4 = 0.1 KC1

peak at 1:1 (Fig. 3.16 curve A)

“Volume of I X ]
ferric i Volumg of L Opiical diRSitx_Of ! Difference
chloride Q2 : mixture ZR
ml m _f (&  § (a-b)
0.0 25.0 0.095 0,095 0.000
2.5 22.5 0.320 0.080 0.240
5.0 20.0 0.550 0.065 0.485
8.33% 16.67 0.855 0.055 0.800
10.0 15.0 . 0.930 0.050 0.880
12,5 12.5 0.970 0.045 0.925
15.0 10.0 0.940 0.040 0.900
16.67 8.3%3 0.805 0.03%5 0.770
20,0 5.0 0.445 0.030 0.415
22,5 2.5 0,235 0.020 0.215
Table 3.3l
Concentration of ferric chloride (e) = 2.5 x 10'4M
Concentration of quinalizarin (c*) = 2.5 x 10'4M

pH = 3.0 £ 0.1, p = ¢'/e = 1, A = 560 nm, 4 = 0.1 KC1

8.33 16.67 0.480 0.040 0,440
12.5 12.5 0.597 0.032 0.565
faed 10.0 0.510 0.030  0.480
16. 67 8.33 0.445 0.025 0.420
S5D 5.0 0, 255 0,020 0.235
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Table 3,32

Concentration of ferric chloride (¢) =

Concentration of quinalizarin (c') =

pE=3.02X0.1, p=¢c'/fc=1.

2,0 x 10'4M
2.0 x 10™4

peak at 1:1 (Fig. 3.16 curve ¢)

“Volume of | ] 1
ferric i Volume of § Optical density of ] Difference

chloride QZR mixture | QZR {
ml ml () ¥ (b) (a-b)
0.0 25.0 0,050 0.050 0.000
2.5 22.5 0.140 0.045 0.095
5.0 20.0 0,237 0.042 0.135
8.33 16.67 0.360 0.040 0.320
10,0 15.0 0.400 0.035 0.365
12.5 12,5 0.435 0.030 0.405
15.0 10.0 0.368 0.028 0.340
16,67 8.33 0.340 0.022 0.318
20.0 5.0 0. 220 0.020 0. 200
22.5 2.5 0.105 0.015 0.090

Iable 3,33

Concentration of ferric chloride (c) = 4.0 x 10~y
Concentration of quinalizarin (c*) = 2.0 x 104y
pH = 3,0 1' 0.1, P = C'/O = 005. A= 560 mm, 4 = 0,1 KC1

peak at 1:1 (Fig. 3.17 curve 4)

2.5 22.5 0.285 0.045 0.240
5.0 20.0 0.467 0,042 0.425
o 17.5 0.635 0.040 0.595
10.0 15.0 0.615 0,035 0.580
12.5 12.5 0.560 0.030 0.530
20.0 5.0 0.260 0.020 0.240
22.5 2.5 0.125 0.015 0.110




A,c= &0x10 M

o B,c= 2:6x10 *M

Cyc=2:0x 10 *M

10

0-8

0-6

0-4

02

| R .
"o 02 04 0'6 08 10
[Fc“]/[ra”]+[qzn]

ig.— 316 Continuous variation method at 560 nm;

pH:3 0+ 01, u: 01 KCl
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Table 3.34

Concentration of ferric chloride (c)

Concentration of quinaligarin (c')

= 5.0
- 2.5

pH = 3.0% 0.1, p = ¢'/c = 0.5, A = 560 nm, Y

peak at 1:1 (Pig. 3.17 curve B)

x 10~ %y

x 10" M

= 0.1 KC1

Volume of } 1 |
ferric Volume of Optical density ! Difference
chloride QZR mixture ZR a~b
ml ml (a) b)
0.0 25,0 0.060 0.060 0.000
2.5 22.5 0,355 0,050 0.305
5.0 20.0 0.545 0.045 0.500
T:5 17.5 0.758 0,038 0.720
10,0 15,0 0.715 0.035 0.680
12.5 12.5 0.622 0.032 0,590
15.0 10.0 0.510 0,030 0.480
20.0 5.0 0,280 0.020 0,260
22.5 2,5 0,140 0.015 0,125
Table 3.35
Concentration of ferric chloride (¢) = 2.5 x 10™4y
Concentration of quinalizarin (c¢*) = 5,0 x 10'4M

pH = 3.0 0.1, p = ¢'/e = 2,0, A = 560 nm, 4 = 0.1 KCL

peak at 111 (Fig. 3.17 curve )

0,0 25.0 0.110 0,110 0.000
5.0 20.0 0.450 0,080 0.370
7.5 17.5 0.575 0,070 0.505
10,0 15.0 0.675 0,065 0,610
12.5 12.5 0.755 0.060 0.695
17.0 8.0 0.805% 0.045 0.760
20.0 5.0 0,515 0.035 0.480
22,5 2.5 0.290 0,020 0.270




Ayc=40x10°M; p=05S

[
o

B,c= 50x10°M; p=05

‘ ﬁ L= N.mxa»!. p=2-0
\C
_ _._ ‘., \
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[
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_ --17 Continuous variation method at 560 nm; pH:3-0x0-1; u: 0« KC L
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Mole ratioc method

-4

A series of solutions was prepared from 2.5 x 10 M
and 2.0 x 10_4M of ferric chloride and quinalizarin at pH
3.0 and ifonic strength 0.1, maintaining a 50 per cent
ethanolic medium and varying amounts of equimolecular solutions
of the metal were added such that the mole ratio of the
reagent to metal was from 1:0.2 to 1:6., The results are
recorded in table 3.36 - 3.37 and plotted in fig. 3.18,
show 2 break at a ratio of 1 mole of quinalizarin to 1 mole

of iron,

Table 3.36
Concentration of ferric chloride = 2.5 x 10'4M
Concentration nf quinalizarin = 2,9 x 10-4M

pH = 3.0%0.1, H=0.1EKCl
Potal volume made up = 25 ml
Breat at 131 (Fig. 3.18 curve 4)

S e s e N 00 - OOIOOOISE T = =n00G SO0 ISRUCRENID0
QZR R?tigron 1 Optical density at 560 nm

1l O.f g.%gg
1 3 O, .

1 : 0.6 0.400
1: 0.8 0.495
18 1.9 0,640
1: 2.0 0,670
18 2.5 0,700
1 3.0 0.720
18 305 00730
1l 4.0 0.740

OO O ™ D X o DA . =~ e

l
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Iable 3,37

Concentration of ferric chloride = 2,0 x 10-4M
Concentration of quinalizarin = 2.0 x 10" %
pE = 3,02% 0.1, 4 = 0,1 KC1
Total volume made up = 25 ml
Break at 1:1 (Fig. 3.18 curve B)
]
Ratio
QZR : Iron l Optical density at 560 nm

1% 0.2 0,122

13 0,4 0.213

l1: 0.6 0.300

l: 0.8 0.375

1: 1.0 0.450

1: 1.5 0.495

1l: 2,0 0.520

13 2.5 0.545

l1: 3.0 0.570

1 % 3.5 0.575

l: 4,0 0.580

13 5.0 0.590

1: 6,0 0.590

Slope ratio method

W
The concentration of the variable component{l.0 x 10-4m,

The yolume of the variable component was varied from 1 to
12.5 ml in the presence of 12,5 ml of excess  Concentration
of 4.0 x 10-4M of the constant component. The total volume
in each case was kept at 25 ml and volume of ethanol at

12.5 ml, The pH of the solution was maintained at 3.0 and
ionic strength at 0.1. TFlgure 3.19 shows the measured
abgorbanoe at 560 nm plotted against the volume of the
variable component. The slopes of the two straight lines in
each cape gave iron: quinalizarin ratio as 1:1. Some of the

typical results are given in tables 3.38 and 3.39,



o

0-8
el ]
\O\P\Q\\\\o\\.‘\?
O m. m .1\.\|\l’|\’| -
S
ol -
" = b
< Ac=25x10'M
m.n“ 20 K-O"!
g-2 1_,\0
£
\.‘
/!
.l , . l _
0 10 2:0 3-0 &0 50 6:0
Moles of Fecly per mole QZR
Fig..318

Mole ratio method at 560 nm; pH:-30x01; u: 01 KCl



- (103 ) :=

Table 3.38
Concentration of constant component (QZR) = 4.0 x 10'4m
Yolume of the constant component (QZR) = 12,5 ml
Concentration of the variable component = 1.0 x 10-4M
(ferric chloride)
pH = 3.0, Total volume = 25 ml
Volume of variabie 1
component ferric } Optical density at 560 nm
chloride (ml)
1.0 0.058
2.0 0.075
3.0 0.100
4,0 0.120
5.0 0.140
6.0 0.165
7.0 0.186
8.0 0.205
9.0 0.230
10.0 0.252
11.0 0.276
12,0 0.295
12,5 0.310
Table 3,39
entration of constant component = 4,0 X 10_ M
Cone (ferric chloride)
of constant component =12.5 ml
Yolume (gerric chloride)
Concentration of variable component = 1,0 x 10-4M
(QzR)
pH = 3.0, Total volume = 25 ml
Yolume of wariable
component QZR (ml) |  Optical density at 560 nm
1.0 0.048
2.0 0.065
3.0 0.085
4,0 0.102
5.0 0.122

contd.
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Table 3.39 contd.

VYolume of variable X
component QZR (ml) { Optical density at 560 nm

0.140
0.160
0.180
0.200
0.220
0.240
0.255
0.265

» a2 o o o &

VIOOQOOO0OOO0

NNOMOWD-IN

b | o

Evaluation of the gtability constant

The stability constants were calculated from absorbance

data by four methods, viz,

(2) method of Dey and Coworkers (fig.3.20)

(b) method of continuous variation using non
equimolecular solutions,

(¢) mole ratio method and

() by the measurements of molecular extinction

coefficients.

The values of change in free energy of formation were

algo calculated.

Suggestions on the gtructure of the chelats

’ It is not possible to derive a definite information,
on the basls of the experimental results mentioned in the
present work regarding the structure of the chelate excepting
that the iron exchange adsorption studies show that the

chelate of iron 18 anioniec.



l

; A = Ferric chloride yarying (560 nm)
‘0 8 = Quinalizarin varying (560 nm)

o
Ll
|
0 o [ l _j__ i e -—-" 3 L 80 . _ i
variable ¢0mP (ml)

~319 Slope ratio methods pH: 30201, u:0-1KCL; 4°0x10 M

.5 m[)+1'

=4
0x10 M variabl ;
excess comp. (17 able comp.(x ml)

e_xml)
+ethanot or water (1292



A, c=40x E "M
5,0=25x10 M

Cic=20x 16‘."’1

1:0 —

Absorbance

Fig._ 3-20 Determination of the stability constant from
absorbance data at 560 nm; p=1. pH:3:0+0
01 KCL o
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Digcussion

A spectrophotometric study of the complex formed
between iren (III) and quinalizarin has been made. The

composition of the complex as established by three different
methods 1s 1:1.

The chelate is soluble in aqueous ethanol, stable
in pH range 2.0 - 4.0 and has an absorption maximum at
560 nm against a reagent blank,

The values of log K along with the value of 16° as
determined by various methods are given in table 3.40.

(pH = 3.0 £ 0.15 K = 0.1 M KC1)

!

Table 3,40
X 1 o 0
AG at 20
log K
Method 4{ g I (KCa1)
1. Dey and 5.0 X 0.1 - 6.7 % 0.1
Coworkers
2. Continuous 5.2 * 0.1 - 7.0 % 0.1
variation
3, Mple ratio 5.3 X 0.15 -7.1%0,2
4. Molecular extinction 5.0 * 0,0 - 6.7 % 0.0
coefficient
The optimum pH range between which the complex is

stable, ronge of concentration for adherence to Beer's law,

the value of moleculdT extinction coefficient and sensitivity
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have been given in table 3.41.

Table 3.41

Optimum conditions for the photometric determination
of iron (III) with quinaligarin®

] § Molecular §
Wavelength | Optimum Range of extinction jSensitivit
nm | pH range gghﬂgen e coefficie-~} Sandell
14T nt 8q. om,
560 | 2.8 - 3.8 J 0.45 - 4.5 6350 0.011

* pH = 3.03% temperature 20°

The results as discussed above indicate that the logk
values show a close correlation. The values of AG obtained

for the four different methods have also been found to be of

the spame order.

The optimum conditions of photometric determination
indicate good potentialitiea for estimation of iron by this

method.
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7IRCONIUM (IV) QUINALIZARIN SYSTEM

Ingpite of the large amount of work done on the
chromogenic properties of this reagent, the composition and
stability of metal chelates involving quinalizarin, have not
received sufficient attention and no work has been done on

zirconium (IV) chelate. It was therefore thought fit that

this system may be investigated.

EXPERIMENTATL

Zirconium Nitrate (B.D.H.) was dissolved in double

distilled water and standardised. Quinalizarin (B.D,H.

reagent grade) was the same as used previously. All other

chemicals employed were of reagent grade.

Conditione of study

All experiments were performed at 20 X 0“10'3. The

volume of ethanol was kept at 12,5 ml, and total volume

25 ml. The

puffer solutlon.

pH was adjusted to 6.0 with ammonium acetate

Quinalizarin, like most of the chromophoric dyes,

behaves a8 & colloidal electrolyte, hence dilute solutions

- -5
of the order of 10 4 or 107°M were used in these investigations.

e absorbance of the chelate - The colour

Effect of time on th
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formation was observed to be immediate and the absorbance

values remained constant at least upto 72 hours,

The order of the addition of reagents

Studies were made of the addition of the chelating
agent to the metal solution and vice versa, It was found
that there was no change, whether the metal was added to
the reagent or vice versa, To maintain uniformity, however,

the chelating agent was added to the metal solution,

Nature of the complex formed

The method of Vosburgh and Cooper (83) was followed.,
Mixtures containing zirconivm nitrate and quinalizarin in
different stoichiometric ratios (0:1, 1:0.5, 111, 132, 1:3,
1:4) wepe prepared keeping the volume of ethanol at 12,5

and total volume at 25 ml. in each case and absorbances

were measured.

Table 3.42

Ratio
Zirconium nitrate : Quinaligarin

PE e y|

Mixture

031
1l1: 0.5

1
1:
1
1

raqwuous:..
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Table 3.43%
Initial concentration of zirconium nitrate = 2,0 x 10-4M
Initial concentration of quinalizarin = 2.0 x 104
Total volume = 25 ml.
| { | 1
Wave%gngth! A { B { c L D L E i F
400 0,400 0.165 0.275 0.680 0,990 1.400
410 0.440 0.175 0,302 0.750 1,100 1.530
420 0.490 0.190 0.330 0.815 1,160 1,675
430 0.530 0.205 0.360 0.875 1,260 1.785
440 0.570 0.225 0.385 0,915 1,330 1.865
450 0.580 0.240 0,415 0.935 1,370 1.890
460 0.565 0,260 0.445  0.955 1.410  1.915
470 0535 0.280 0.470 0.965 1.455 1.940
480 0,490 0.295 0,495 0.970 1.485 1.950
490 0.440 0.310 0.515 0.975 1,520 1.955
500 0.410 0.3%20 0.530 0,990 1,580 1.998
510 0,375 0.315 0.522 0,975 1l.560 1.985
520 0.325 0.310 0.506 0.915 1.495 1.885
530 0.295  0.295  0.478  0.865 1.430  1.780
540 0.270 0.280 0.445 0.812 1,345 1.705
550 0.240  0.260  0.395  0.735 1.190  1.555
560 0.200 0.235 0.345 0.615 0,980 1.280
570 0.165 0.200 0.295 0.510 0,800 1.050
580 0.140 0.168 0.240 0.410 0.650 0.83%0
590 0.110 0-140 0.190 0a340 Oo 500 0.635
600 o.oee  0.110 0,140 0,255 0.375  0.475
610 o070  0.085 0,105  0.195 0.275  0.330
620 0056 0.065 0,075 0,140 0.195  0.235
630 0.046 0.050 0.060 0.110 0.145 0.175
640 o.035  0.045 0,050 0,075 0,110  0.120
650 0.030  0.030 0,045  0.050 0,090  0.095
The observations have been plotted in fig. 3.21. It
{g evident from curve A that the region of maximum absorbance
ot quinalizerin 1iee at 450 nm at pH 6.0. In curves B, C, D,
£ and F the wavelength of maximum absorbance shifts to 500 nm,

Thig shows tha
he conditione of study.

formed under €

£ only one chelate having Ap., at 500 nm is



A,c’=2'0x 10°™m
' - &
i B.c=40 x10 M, p=0'5%

C,c20.x10'Ms “p=10

| D,¢c. = 10 x IG‘M; p=2-0
~ &

E,c =05 x10 M; p=30

- F.c =025 x 10%M; p =40

20 f— -
F v o
g
£ _& ’f :
o "2 == » :
v
C ’
g o '
o
(7]
0
-4 08 |—
& A &) |
04
|
0 ik 500 550 §00 650

Wavelength, nm
Fig._13:2} Absorption spectra of mixtures of Zirconium.
itrate and Quinalizarin at pH 6:0+0-1
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STOICHIOMETRY OF THE COMPONENTS

Pwo dlfferent methods, viz, Job's method (38) of
continuous variation and the mole ratio method were adopted
for determining the stoichiometry of the components. In
the Job's method of continuous variation the total volume
{n each case was kept at 25 ml. The pH of the solutions was
kxept at 6.0 * 0,1. The absorption spectra of zirconium
chelating agent and nixtures were measured in 50 per cent
ethanolic medium at 540 nm. The results have been given in

tables 3.44 to 3.48 and represented graphically in figures

3,22 to 3.23.

Table 3%.44
concentration of Zirconium Nitrate (c) = 2.5 x 107N
Concentration of Quinalizarin (e') = 2,9 X 10-4M
pH = 6.0 % 0.1, A=540mm, p=(c'/ec) =1
peak at 131 (Fig. 3.22 curve A)
s of 1 ! optical 1
giiggnium Volume of plicnl Tonalhy of Diiterence
B th Q3R | mixture i» ZR (a-b)
7-5 17.5 00 10 0.470 0.140
10.0 15,0 0.620 0.430 0.190
1205 12.5 0.570 00340 0.230
15.0 10.0 0.480 0.280 0.200
22:5 2.5 0.160 0,100 0,060
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Table 3.45

Concentration of Zirconium Nitrate (e¢) =

Concentration of Quinalizarin (c!)

pH =6,02% 0.1,

= 540 nm,

P =

2.0 x 10~4y
2.0 x 10~4y
e'/o =1

peak at 1:1 (Fig. 3.22 curve B)

Volume of [ 1 .
Zirconium Volume of } Optical density of Difference
Nitrate ZR _} mixture -i ? (a-b)
(ml) ml) . b)
0.0 25,0 0.470 0.470 0.000
2.5 22.5 0.480 0.450 0.030
5,0 20.0 0.490 0.425 0.065
7.5 17.5 0.500 0.390 0.110
10.0 15.0 0.505 0.355 0.150
17:5 T D 0.285 0.160 0,125
20.0 5.0 0.195 0.100 0.095
22.5 2.5 0.110 0.070 0.040
Table 3.46
Concentration of Zirconium Nitrate (¢) = 1.0 x 10~ 4u
1.0 x 10~

Concentration of Quinalizarin (c')

pE = 6.0 X 0.1, =540 mm, p=c'fe = 1
peak at 1:1 (Pig. 3.22 curve @)
3:2 5.5 0.250 0.230 . 0.020
17.5 7.5 0.145 0.085 0.060
17.5 5.0 0.110 0.060 0.050




[ 4

fa Absorba nc

04 0-6 0~8
[zr4*]/[Z0**]+[QzR]

Fig. _ 3:22 Continuous variation methgd at 540nm,-p:7

PH:6-0*+01
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Table 3.47

Concentration of Zirconium Nitrate (e) = 4,0 x 10" *m

4

Concentration of Quinalizarin (c') =2,0x 10 'M

pH = 6.0 % 0.2, = o'/c = 0.5, = 540 nm
peak at 1:1 (Fig. 3.23 Curve A)
i
ggiggﬁi;§_>i Volume of }_Optical density of Difference
Nitrate QZR mixture X ZR (a-b)
m) 1 (m) (8 §_ ()
2.5 22,5 0.505 0.450 0.055
5.0 20.0 0.545 0.425 0.120
6.0 19.0 0.550 0.410 0.140
7.5 17.5 0.525 0.390 0.135
10.0 15.0 0.490 0.355 0.135
12.5 12.5 0.390 0,270 0.120
"0 10,0 0,325 0.220 0,105
15 7.5 0.245 0.160 0.085
17'3 5.0 0,165 0,100 0.065
32'5 2.5 0,110 0.070 0.040
Table 3.48

concentration of Zirconium Nitrate (¢) = 2.0 x 10”4
concentration of Quinalizarin (e') - 1.0 x 1074y

pH = 6,0 % 0.1 p=c'/c =05  A=540 nm

peak at 1:1 (Pig. 3.23 curve B)

0.250 0.250
0.260 0.230
0,282 0.220
0.285 0.210
0.273 0.200
0.253 0.185
0.212 0.150
0.170 0.115
0.090 0.060
0.060 0.040

0.000
0.030
0,062
0.075
0.073
0,068
0.062
0.055
0.045
0,030
0.020

25.0

0.0 22.5

205 20.0

5.0 19.0

6.0 17.5

705 15.0

10.0 12:5
12-5 10‘0
15.0 7.5
17.5 5,0
20.0 2.5
22.5 f




A.c:L'Oxld‘M; pP=05

015 B.-f;:?-OxlO.‘M; p= 05
0

'_?:-a
Absorbancc

a-

0 b 20 25

- g “Ute (‘ ()
{ ZgrLLlh!LNll rit, ite n
Volume »

Fig 3:23 Continuous variation metho d at 540 nin;

PH: 6-:0+01
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Mole ratio method

A series of solutions were prepared from 2.0 x 10~ 4y
of zirconium nitrate and quinalizarin at pH 6,0 maintaining
a 50 per cent ethanolic medium and varying amounts of
equimolecular solutions of the metal were added such that
the mole ratio of the reagent to metal was varied from 1:0,2
to 1:3.5. The results are recorded in table 3.49 and plotted
in fig. 3.24 show a break at a ratio of one mole of the

reagent to one mole of the metal,

Table 3,49

Concentration of Zirconium Nitrate = 2.0 x 10_4M-
Concentration of Quinalizarin = 2,0 x 10-4M
pH = 6.0 + 0,1, Total volume made up = 25 ml

Break at 1:1 (Pig. 3.24 curve A,B)

b Optical density against blank

Ratio X
QZR : Zirconium { 500 nm i 540 nm
) 0.030 0.040
% : 8:f 0.055 0,075
L2 Dok 0.080 0.110
2 1 gad 0.110 0.140
2§ - 0,130 0.175
L2 Qs 0.155 0.200
2% 2 0.165 0.210
14 22 0.165 0.220
L1 3 0.165 0.220




nance
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Effect of hydrogen ion concentration on the stability of the

chelate

The absorbance of various mixtures containing
zirconium nitrate and quinalizarin in the ratio of 1:1 at
different pH were measured at various wavelengths and it was
found that the hmax of the chelate is 500 nm in the pH range
5,0 - 6.5 indicating that the chelate is stable in this pH
The maximum colour intansity of the chelate at its

range.
A remains constant between pH 5,5 and 6,5. Studies were

therefore made at pH 6.0 I 0.1,

Calculation of the stability constant

The stability constants were calculated from absorbance
data by the method of Dey and Coworkers (figure 3.25), continuous
variation method and further corroborated by the mole ratio

method.

Discussion

The composition and stability of the violet chelate
formed between Zirconium(IV) and gquinalizarin have been
investigated using spectrophotometric method. The chelate
is soluble in aqueous ethanol and has kmaz at 500 nm, The
composition as determined by different methods is 1:1.

The chelate is stabke between pH 5.0 and 6,5.

The values of 10g K at pH 6.0 * 0,1 and at 20°¢
calculated using different methods are given in table 3.50,



Absorbance

Fa K38 ey & ) = 5 i
.“...~.+L., S _:,Dn(..d
= /

Fig._ 3-25 Determination of stability “onstant from

absorbance data at 540 Am;p=1,pH:6 0+0-1



b.o = me ~Q0I
07 B.c= 20410

C,e= u.ox~@.01

i
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The free energy change of formation has also been calculated.

Table 3.50
| 1 1 o °
Method pH log K AG" at 20
(KCal)
(a) Dey and 6,0 * 0.1 4.8%0.2 -6.52%0.2
Coworkers
(p) Continuous 6.0 X 0.1 4.7 Xo0.2 - 6.4 % 0,2
variation
(¢) Mole ratio 6.0 * 0.1 5.0 0.2 -6.7%0.,2

It may be seen that the results of log K and A G°
obtained by both +he methods are in close conformity with

each other.

£1-3:3-2:3-2-2.2-4
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CHAPTER IV

PHOTOMETRIC DETERMINATION OF TUNGSTEN (VI) WITH

QUINALIZARIN AS A CHROMOGENIC REAGENT
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The unique physical and chemical properties of tungsten
have extended greatly the industrial applications of this
element during the past decade. The major portion of the
production of this element is used in ferrous metallurgy, in
cemented carbides and for refractory metals. From the rapidly
expanding fields of electronics, aerospace and catalysts have
emerged new and diverse uses for this metal, Consequently
there has been a universal recognition of the need for

highly sensitive and accurate analytic methods for determination

of tungsten in diverse typea of sample materials during recent
years, Some effort has also been made towards:ﬁévelopment of
analytical chemistry of tungsten in the past few years,

Among the large variety of methods studied, chemical procedures

based on chelate formation have been devised in an attempt

to estimate small amounts of tungsten.

Since chemical an2lysis proper involves aqueous solutions
to a great extent, it will be useful to discuss some general
aspects of the behaviour of tungsten in this medium before
congsidering its chelate formation. This discussion is
1imited to hexavalent tungsten ¢which is the common oxidation
state in aqueous solution) because only its chelates are of
importance in analytical chemistry. Monotungstate very
easily undergoes polymerization especially in acidic
golutions leading to the formation of hydrated tungsten

trioxide. In accordance with the present day views on

coordination in aqueous solution, the tungstate ion ig explaineqd
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here as the hydroxo complex of a cationic tungstenyl(VI) ion,
which may be present also in its dimeric form. These
postulates enable the formation of chelates between tungsten

and anionic chelating agenis, to be clearly understood.

Various chelating agents have been suggested for the
photometric determination and probably toluene 3, 4 dithiol
(3, 5, 12, 16, 17, 22, 26, 30, 33, 36, 42, 44, 46, 47) is
the most selective reagent reported so far. The reagent,
however, has the disadvahitage of being sensitive to oxidation
and is destroyed by strong oxidants (7). Another selective

reagent is benzoin anti-oxime (31, 48, 39). It precipitates
tungsten in acidic wmedia. It is reported that 1:1 chelate
which is formed is only slightly soluble in chloroform (18).
A recent study, however, reveals that a chelate containing
two moles of the reagent per tungsten atom is extracted
#£rom 0.5F hydrochloric acid by a solution of the reagent in
chloroform (32). After precipitation or extraction tungsten
has been determined photometrically with thiocyanate (32),
hydroquinone (45) or toluene 3-4 dithiol (22).

Various other reagents including 8-quinoline selenol(37),
8 quinolinol (10, 19, 35, 11, 13, 29, 27, 14, 9, 1, 2, 43, 8,
34), thioglycolic acid (2, 5, 6), pyrocatechol (28, 40) and
Stilbagogall I (21) have also been recommended,

Halmekoski (15) studied the application of protocate-
chualdehyde in the spectrophotometrie determination of

tungsten, He noted that the colour is developed at room



+ emperature at pH 7.0, and measured the absorption at 340 nm,
Iron (III), molybdenum (VI), titanium (IV), urapium (VI) and

vanadiun (V) interfere.

Horak and Okac (20) observed that 3, 4, 5 - trihydroxy
benzene-sulfonic acid yields a red coloured complex in
strongly acidic medila and employed the spectrophotometric
method for working out details of the use of this reagent in

the determination of tungsten in steel and alloys.

Kiboku and Yoshimura elaborated & photometric method
for determining tungsten using tannic acid as chromogenic

reagent (23) and joterminated 18 to 56 yg of tungsten at
390 nm in solutions of pH 6.8. A photometric procedure for

tungsten with stilbazo a8 chromogenic reagent has also been

elaborated (24).

Dey and Coworkers (4, 38) have utilized Alizarin Red S

for the photometric determlnation of tungsten. The colour is

best developed at pH 3.5 to 6.0 and is stable for at least

48 hours., Maximal ?psorbance occurs at 470 nm. 25 to 650 ug

geten has been determined in a total volume of 50 ml.

of tun

Many other metal 1on8 give similar reaction with Alizarin

Red s. -

A olose inspection of the chelating agents for tungsten

so far studied reveals that only a few elements serve as

donor atoms, namelYs sulphur, oxygen, nitrogen and selenium,

At least two donor atoms must be present in a ligand molecule

in order to yield & chelate ring. Of all the combinations
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possible the following five systems with tungsten as the

central atom in a chelate ring have actually been encountered

so far.

- S-W-2S -0 -W-21X
-0 -W-2S5 - Se= W =~ N
-0 -W-0

The tungsten chelates with sulfur and nitrogen or

two nitrogen as donors have not been reported.

A comparison of the strength of these five known ring

arrangements has not been published although it is of great

practical significance. It seems evident that the bonding

of tungsten to oxygen is stronger than that of sulfur or

selenium. Nitrogen is bonded more weakly,

A large varlety of chelating agents can be devised,

at leasBt theoretically by attaching either two or more

{dentical donor atoms or different donor atoms oxr groups in

appropriate positions to a basile structure. Although many

of the arrangements have been realized in the existing

chelating 8gents, the possibllities are not exhausted and

so further studies will reveal new and valuable compounds.,

Phe presence of oxygen atoms in a reagent renders the

tungsten echelate more stable, thereby increasing the

gelectivity for this metael., It may be added that these not

only influence th€ gtability of chelates but may also affect

other analytically important properties, including colour angd
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solubility and hence quinalizarin may prove valuable for the

determination of tungsten.

grivastava and Banerji (41) have recently reported
that quinalizarin is very sensitive to vanadium (V),
Titanium (IV), Molybdenum (VI) and Tungsten (VI) and in
this work they have examined the possibillity of using this

reagent for the first time for the spectrophotometric

determination of Tungsten on a miecro scale,

Experimental

Standard solutions were prepared by dissolving sodium

tungstate BDH (AnalaR) in double distilled water., A purified

gample of quinalizarin (BDH reagent grade) was used for the

preparation of a 0.001 M stock solution in redistilled ethyl

alcohol.

The first set of experiments were performed to record

absorption curves 1.¢e to determine the spectral region of

the maximum absorptlion of the complex. In another set of

experiments, the jnfluence of pH, the effect of reagent

concentration, temperature and stability of the colour was

atudied,

To 1nvestigate the validity of Beer's law a fixed
quantity of the reagent solution was taken and varying
quantities of the metallic salt solution added. The mixtures
were raiged to 2 constant velume and kept for 30 minutes to
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attain equilibrium, The intensity of the colour was measured
with a Hilger Uvispek. Spectrophotometer (with 1 cm. glass
cell). The experiments were conducted at room temperature,

The interference of variovs cations and anions were also

noted.

Absorption curves

When an aqueous solution of Tungsten (VI) is mixed
with a solution of quinalizarin, a wine red complex is
immediately formed. Fig. 4.1 shows the absorption curves of
quinalizarin and its tungsten complex. The absorption curves
of tungsten compleX obtained with a reagent blank as reference
has an absorption maximum at 530 nm. Some of the typical

results are given velow in Table. 4.1,

Table 4.1

concentration of sodium tungstate = 2.0 x ].0.5 M.
concentration of Quinalizarin(QZR)= 1.0 x 1074 u.
6.0

pH of golutions

I X 1
Optical denslty Optical densityinifference in

Waveizngth of ?zzi?ex orgg?R O%Zi§?1=dgnsity
400 0.390 0.405 -
410 0.430 0.450 -
420 0.460 0.492 -
430 0.500 0.540 =

contd.
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Pable 4.1 contd.

1 ] T
Joptical densityfOptical density]Difference in

Wayelaugih of complex of QZR optical densit
nm i (A (B) i_ (aB) = ¢
440 0.525 0.572 -
450 0.540 0.580 =
460 0.560 0.575 -
AT0 0.570 0.565 0.005
480 0.590 0.552 0.038
490 0.605 0.545 0,060
500 0.620 0.535 0.085
510 0.610 0.515 0.095
520 0.600 0.480 0.120
530 0.595 0.450 0.145
540 0.555 0.425 0.130
550 0.505 0.395 0.110
560 0.436 0.356 0.080
570 0.368 0.318 0.050
580 0.320 0.280 0.040
590 0.260 0.244 0.016
600 0.200 0.200 0.000
610 0.120 0.120 0.000
620 0,050 0.050 0.000

The effect of pH

Phe effect of pPH on the absorbance of the solutions was

examined by measuring the absorbances of the mixtures containing



A=W-QZR+QZR Vs Water
B=QZR Vs Water
C=W-QZR+QZR Vs a reagent blank

p-
-5
@
(Of
‘0 @] | - l
o ' s 50 650
400 450 500 5

wavelength: 0

Fig._ 41 Absorptiof
plax at pH 6 o;

Gumahzar‘m com
W:2-0x10 Wy Q2R 10x10 "M
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0.5 ml. of 1 x 10 °M tungsten solution and 2.5 ml. of a
1 x 10-°M solution of quinalizarin. From Fig. 4.2 and
t=ble 4.2 1t 18 apparant that the maximum absorbance 1is

obtained in the pH range 6.0 and 6.3 when measured at 530 nm

againet the reagent blank,

Table 4.2

Concentration of Sodium Tungstate = 2.0 x 10"5M

Concentration of Quinalizarin = 1.0 x 10~4u
- | ! ¥ | A
pH { 5.0 | 5.5 § 5.8 6.0 [ 6.3 6.8

>
e

Optical density )
pgr om 530 nm, § 0.100 1»0-130 0.140 | 0.148 } 0.150 | 0.120

mrhe effect of the emount of Quinaliszarin

A study of the effect of the reagent concentration at

n indicated that there should be b
a pH 6.0 and 530 n& _fi,fug——

givefold molar excess of Quinallzarin over Tungsten (VI)

(Fig. 4+3)-

concentration-

ne stapility of colo

14 was observed that the order of addition of
peactants had 10 appreciable effect on the absorbance. The
colour formatiorl is instantaneous and the intensity of the
coloul remained constant for more than forty eight hours,
A study OFf the effect of temperature indicated that the



;rtmnce

'\']"

rlg

BH

42 Effect of



Reiference o reagent blank

0 ' | o ! l !

g3
@

0 2 “
-3
1x10M QZR, mi

Fig 4 3 Effect of amount of Quinalizarin

at pH: 6:0; W: 40 x 10 M
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absorbance remained constant when the temperature was

o
varied from 30 - 60 C.

Beer's law range

Phe concentration range over which colour system obeys
Beer's law was obtained by adopting the conventional method
in which the concentration of tungsten is plotted against

absorbance, The range of adherence 1o Beer's law was

found to be 0.74 to 5.88 ppm of tungsten (VI) at 530 nm and

pH 6.0.

The effective range of photometric determination

found out by Ringbornm plot was 1.47 to 5.15 ppm of tungsten.
Phe relative errors invelved for different values of percentage

[
t ransmittance from the Rinborm plot were computed using Ayres

equation (3a) and it was found that the relative error is

gmittance is 32. The molar extinction

e et SRR

minimum when the tran

coefficient determined at 530 nm was 7875.

Sensitivity of colour reaction

The sensitivity of colour reaction as defined by

2
gandell was 0.0261 ug/em” at 530 nm, The practical

gensitity corresponding to an absorbance change of 0,01

2
units was 0.261 ug/om .

The effect of Diverse Tons

The effect of diverse ions was examined with a solution
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containing 55.2 g of tungsten and diverse ions. The pH of
the solution was adjusted %o 6.0 + 0.1, Of the 25 cations
tested lead (II), alumnium (III), yttrium (III), lanthanum
(III), iron (III), thorium (IV), zirconium (IV), titanium(IV),
vapnadium (V), uranium (VvI), and molybdenum (VI) interfere

with the tungsten determination while common divalent cations

did not interfere.

Anions such as chloride, nitrate and sulphate do

not interfere. Large amounts of fluoride, tartrate and

citrate reduce the absorbance considerably, Oxalate, NTA

and EDTA inhibit the formation of complex when added in

large amounts.

Discussion

Reagents like toluene 3, 4 dithiol (3, 5, 12, 16,

17, 22, 26, 30, 33 36, 42, 44, 46, 47) and benzoin anti-

oxime (31, 48, 39) 8T€ nighly selective for tungsten. Other
ch have been uged for determination of tungsten

gelenol (37), 8 quinolinel (10, 19, 35, 11,
1, 2, 43, B, %4), thioglycolic acid(25, 6)

reagents whi

are 8 quinoline
13, 29, 27 14, 9,
pyrocatechol (28, 40). stilbazogall I (21) protocatechual-

dehyde (15)s 3 4, 5 trihydroxy benzene sulphonic acid (20),

rannic acid (23) s stilbazo (24) and Alizarin red S (4, 38).
0f these reagent® g quinolinol, thioglycolic acid, protocate-
gannic acid and stilbazo are found to be the

chualdehyde,
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most sensitive to tungsten. The present method using
Quinalizarin is very sensitive; it is comparable in sensitivity
with the method using & quinelinol or the thioglycolic acigd

Procedure

The use of Quinalizarin as a reagent for the
photometric determination of tungsten when present alone in
minute quantities may be recommended, The solution should
be suitably diluted or concentrated so as to contain 1.5 to
5.0 ppm of tungsten. Introduce a five fold excess of freshly
prepared ethanolic solution of Quinalizarin. Allow the
golution to stand for 5 minutes and adjust the pH to 6.0.
Read the absorbance at 530 nm. and calculate the weight of

tungsten present from a previously prepared calibration

curve,

Comgosition and Stablility

The compositlon of the chelate was established by
(I) the method of continuous variations and (II) mole ratio

method, A large number of observations made and some of the

typical results are plotted in the figures 4.4 - 4.6,
Pable 4.3 summarises the results on the composition
as arrived at from the examination of figures 4.4 and 4.5,

when the method of continuous variation was employed, using

absorbances measurements. In the figures, c represents the
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concentration of tungsten and p, the ratio c'/e, ¢' being

the concentration of Quinalizarin,

Table 4.3
I | | IVolume of | Composition
Wave- W(VI) at of the
FigureRCurve cXx 161 P 1 length i f ! chelate
| | (m) ¥(VI):0zR
4.4 A 4.0 1.0 530 8.33 1:2
B 2.5 1.0 530 8-33 132
5.5 i 2.5 2.0 530 11,5 1: 2

It is clear from the above table that the ratio of
tungsten to Quinalizarin in the chelate ig 132 and hence, 1t
may be represented as W(QZR)z- Results obtained by the mole

ratio method (Fig. 4.6) ¢°rr9b°r§ﬁe the same composition of

the chelate.
Log K (K =equilibrium constant at pH 6.0) wag determined
by the method of ontinuous variation, using nonequimolecular

solutions as well a8 by the mole ratio method, and the values

were found to be 9.0 and 9.1 respectively,

+ions on_the gtructure of the chelate
ngges
1+ is not possible to derive definite information on
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the basgis of the experimental results mentloned above
regarding the structure of the chelate except that the ion

exchange studies show that the chelate of tungsten is anioniec.
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CHAPTER ¥

SELATES OF SOME METAL IONS WITH MFEHYLTRYNOL BLUE.
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After the development of the indicator kmown variously

as phthalein complexone, phthalein purple or metalphthalein(8)
L]

geveral extremely useful metallochromic indicators, such as

xylenol orange (39) were synthesised by similar processes
methylthymol blue (3, 3'-bis [N, N-bis

In this series
( carboxy methyl) amino methyl] thymolsulfonphthalein appears(40)

to have useful properties. It is usually supplied as penta

um salt and 18 represented by the following structure.

sodl
Na OOCH,C CH.,LOONa
\\
N CH;, HyCN
>4
<
J¥a 00CH;C ‘ CH,C 00Na

Methylthymol blue penta sodium salt
As an {paicator in complexometric titration it
B8
sk xylen"l orange (411 42, 43, 4-4)- The ratio of
behaves
e toy ¢ the metal complexes of methylthymol blue to
1

the stabl



-3 (141 ) 3=

that of the corresponding complexes with EDTA is favourable
L 4

the colour changes involved are sharp and an excellent

visual indication 18 gecured.

Methylthymol blue has a structural relation to metal

indicator of the type of pyrocatecholviolet (54) and may be

obtained by the
with methylene nitr

replacement of the 3 and 3' phenolic groups
ilodiacetate group. It may be used eilther

s acid or in alkaline medium. Thus In 1 M HNO, bismuth may
lectively titrated with EDTA, the end point being marked

m blue to yellow.
and scandium in a pyridine-HN03 buffer

medium treated with an excess of

be e
Thorium may be titrated

by a change fro

gimilarly at pH 3,

(pH 5.0). In an acid

hexamine,

cadmium, cobalt-II, lanthanum, lead,

d zinc yield good end points; in alkaline

mepcury(II) an
media the end point
o8B (ar faint &

4p marked by a change from blue to
rey) in the titration of cadmium,

colourl
menganese II and zine at pH 10.0 in

magnesiu®r

cobalt, leads
pium chloride buffer and of barium,

an ammonia - ammo

nd prontium at pH 12.0 in a sodium hydroxide
um

calcl
r i8 of value for calcium at pH 12,0

medium, The {ndicato
a nexamine-buffered medium, The

n aqueous solution, but this is

TRL pest used as & dispersion in KNOs.

table and
ol not t0 1et the pH exceed 12.5. Above this
e

cator itse

very uns

b
care must 1£ is blue.

e +he i-ndi

valu
rted that this indicator is

) has repo

(trace) amounts of copper, cobalt and
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nickel etc. but it may be protected by the addition of O~

phenanthroline.

Sobéslavsky, Dudak and Tepla (69) have recommended it
chiefly as a chelatometric indicator for the determination
of calcium and magnesium in serum, The indicator has been
used for the selective determination of zine (37) in slightly
acid medium, ferrous iron (48) at pH 4.5 - 6.0 and calcium in

modified cast iron (20) at pH 11,5,

Gattow and Schoff (29) report that by using pyrocatechol
violet as reference indicator in the titration of bismth
with EDTA, methylthymol blue gives acceptable results, A
comparison of a number of indicators including methylthymol
blue for the direct chelatometric micro determination of rare
earths have been studied (35) and it has been found that
xylenol orange and 4-(2 thiazolyl-azo) resorcinol are best
for chelatometric micro determination of rare earths as they
can be used over a wider titratable range. A study of 14
indicators for complexometric determination of manganese

reveales that methylthymol blue (64) is one of the best

indicators if large amounts of manganese are determined with

complexone III.
Methylthymol blue hag also been suggested as g
netallochromic indicator in EDTA titrations for Aluminium(30),

Chromium (33), gallium and Indium (34) and Zirconium (81),

Pozsgay-Kovacs (62) has differentiated between the two

compounds marketed under the same name "methylthymol blue™,
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on the bagis of circular chromatograms of the two substances
giving quite different pictures and allowing easy identification
by comparison with authentic sample. He has pointed out that

q mixture of methyl * red and thymol blue (sold by Edward

Gurr Ltd., Iondon) should not be confused with the chromogenic
agent, methylthymol blue.

It may be noted that methylthymol blue gives a batho-

chromic shift on combination with the ions of about sixty-

five elements, but this behaviour is of practical importance

for only about forty-five elements. The shift is of advantage

in the application of the compound as metal Iindicator but

anfavourable for use &8 selective chromogenic agent. Methyl-

thymol blue 4g used in agueous and homogeneous water organic

solvent media. 1¢g reaction with many metal ions under

conditions of highest photometric sensitivity proceeds at a

10w rate, owing to gppreciable hydrolysis of the metal lon.

The commercial products are usually contaminated
with the starting material for the synthesis and with
{ntermediates (60, 67). The purest products can be secured
as the free acids. The preparation of methylthymol blue

yes the MannichcO
nphthalein) with iminodiacetic acid and formaldehyde

4 ol ndensation of thymol blue {(that is

thymol sulfo

(451 46)‘ The
with cellulose€ and

$1tuted produc

blue (86) may also be separated. The purity of the sodium
pymol blue may also be evaluated by chromatography

products D&y be purified chromatographically
jon exchange resin columns, The

monosubs t of the reaction, semimethylthymol

salt of methylt
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The best product shows Rf value about zero (cf. semi methyl-

thymol blue 0.16 - 0.60).

To obtain the free acid, dissolve 1 gram of the sodium
salt in 25 ml of distilled water, and pass the solution
through a column filled with an appropriate, strongly acidie
cation exchange resin (such as Dowex 50 w or Amberlite I R-120)

placed in the hydrogen form. ZEvaporate the effluent in vacuo

0
to dryness, and dry at 100°C for 5 hours.

The variocus acid dissociation steps of methylthymol
blue are of great importance for its application as photometrio

reagent. The acid dissociation constants are given in

Table 5.1.

Table 5s1

Pka, n values of acid dissociation constants of

Methylthymol blue (47,65,22,71,1)#

Pka, n

Reagenta

_1.76 -1.11 0.78 1.13 2.60 3.24 7.2 11,1 13.4

#ionic strength = 0.2 M sodium nitrate

ga, n = [Hg = 22 [El/[H) - a4 21]

pKa, B = = log Ka, n
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Phe constants Ka, 9 and Ka, 8 express the dissociation
of the two phenolic groups. Their values are relatively small,
becauge the phenolic protons form hydrogen bridge bonds with
the nitrogen of the tertiary amino groups. The constants Ka,

7 to Ka, 4 correspond to the dissoclation of the carboxyl

groups, The dissociation related to Ka, 7 is mainly responsible

for the colour changesoccuring in alkaline medium. The colour

change is from yellow to blue. The constants Ka, 3 and Ka, 2

express the dissociation of the protonated tertiary amino

groups. The equilibrium corresponding to constant Ka, 2 is

mainly responsgible for the colour change from violet to yellow

in acidic medium. The last constant Ka, 1 express the

deprotonisation of the sulfonate group,

Methylthymol blue has also been employed as a

chromogenic agent in +he photometric determination of some

metal ions in the 1ast few years, The photometric determina-

+ions can be done in pH range 0.0 to 6.0 because of the coluur
e ffects due %o protonization or deprotonization of the

Methylthymol blue also shows a well developed

reagent.

chromic minimum t
r the photometric determination of certain metal

bkt o 2llow the pH range 11l.5 to 12,5 %o

be used fo

cium, gtrontium and barium., Some metal lons

jons such as cal
of tne first and gecond group react also with methylthymol

12.5 but it has been observed that the

blue at pH 12.5 ¥
g are 100 small for application to photometriec

colour effect

determinations.

rpe reaction of methylthymol blue with zirconium hag
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been studied extinsively by a number of workers (53, 9, 10
] H

11, 12, 24, T8, T35+ 13). Its high sensitivity makes it

interesting for apalytical purposes.
c agents for zirconium xylenol orange

In a comparative study

of sixteen chromogeni
and methylthymol blue were found to be the best (11).

Methylthymol blue foIms 1:1 and 2:1 (metal-ligand) complex

with zirconium (13, 24).
of zirconium-alloys (53), zirconium in

The determination with MTB has been

used for the analysis

glicates (10).

Cheng (24) has reported that & 2:1 complex is formed in
the reaction of nafnium with MIB at pH 3.0 and MTB is more

jve for the determl
otometric procedure for hafnium with this reagent

- nation of hafnium than xylenol

A ph
A straight calibration curve is

3 which, howevers TV not pass through the origin (due

cq CI) girconium, thorium, niobium (V),

anadium (IV), titanium (IV), citrate,
NTA and EDTA, Iron (III) may

obtaine

to side comp

1ron (ITI):

oxalate,
corbio

(24) -

Interfering ilons include bismuth,

fluoride;

phosphates
aeid. Zirconium and molybdenum(VI) by

be masked PY ae

hydrogen peroxid®
jon between methylthymol blue and thorium

The interac®
vasilenko and Shanya (83), At pH

jmum sbsorbance at 580 nm is

has b ing max
5.0 a blue compl€¥ i
. metal 1ig3nd ratio in the complex is 1:2, A
The
formed. e method has been developed for the
hotom
apectroP . porium (83) in the presence of 5000 fold



-+ { 147 ) :-

amounts of uranium (VI). A molar absorptivity of 5.5 x 104
liters/mole cm has been computed at 580 nm, More recently an

extraction photometric procedure has been elaborated by

O0tomo(61)., The complex 18 extracted at pH 2.5 - 3.0 with

butyl alcohol from a solution containing 1, 3 diphenyl

he absorbance is measured at 590 nm. The

g 6.6 X 10% liters/mole - cm. The

guanidine and t

molar absorptivity 1
gensitivity is given as 0.0036 ug/cm2 for ebsorbance = 0.001

This demonstrates the unusually high sensitivity of this

reagent to thorium.

0.3 - 3.0 ug/ml thoriuz.

Beer's law is followed in the range

Methylthymol blue forms 1:1 complex with titanium(IV)

(27). The colour changes observed with titanium (III) are

feeble. The gengltivity of the titanium (IV) reaction is

increased considerably in the presence of hydrogen peroxide,

o the formation of a strongly absorbing ternary

owing t
) -~ peroxo = MTB complex (50) from which a molar

£ itanium (IV
composition of 1l:l:l was established.

A large numbel of communications describe the reaction
ymol blue with yttrium and the lanthanides and

of met hyl‘bh
plioations (59. 66, 72, 2, 3, 14, 4, 55,

their analytical &P

15, 16).

he reagent forms 1:1 complex with yttrium (59) and
3, 7)., All complexes obey Beer's law. In

lanthanides (66,
o 6.0 the principal absorbance maximum is

the pH range 5.5

at 605 to 610 nm. 1n the determination of Fttrium and
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lanth
anides, bivalent and polyvalent metal ions interf
erfere,

Interfering anions include fluoride, phosphate 1
, Oxalate,

carbonate, tartrate cit
) rate, NTA and EDTA
. A preliminar
Yy

gseparation of yttrium and lanthanides from other el
elements is

necessary by paper chromatography or ilon exchange Th
. e
formation constant of compl.exe
g of rare earth el
ements with

MTB has been given bY Mal'Kova and Fateeva (55). 4

arative study involving sixteen photometric reagent
nts for

comp
g shown that Arsenazo ITI, Xylenol orange, Stilba
Z0

ytterbium ha
and methylthymol blue &re the best (15, 16)

mikhonov (74) bas used methylthymol blue for th
e

termination of aluminium at pH 3.0 to 4.0 with
. . w

photometric de
ments at 590 nm. The chelate has a metal

absorbance measure
o molar absorptivity of 1.9 x 10% liters/
8

1igand ratio 1:1 and
Beer's law 18 obey
the interference of varlous metals such

ed upto 0.4 m gm of aluminium in

mole cCI.

100 ml of solution.

as titaniums

4 peryllium 087 be eleminated by the addition of

copper an

complexon (I11).
4 has been applied for determining alumini
um

The metho
g O F titani

compleX. In the determi
4 with complex0n (I11), The interference of

um jndustry. Fluoride ilon destroys the

nation manganese, zinc, copper
?

padium and zirconium can be removed by

j ['0]1'
[ e

titaniuly

extracting thell
det®

gensitivity of
5.3 POr cent (75)

cupfe

rmination is 0.002 per cent and the relati
ve

error 18
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Tonosaki and Sakal (79) have established the formation
of a 131 complex between methylthymol blue and gallium with

an absorbance maximum at 565 nm at pH 1.5 o 1.8 and the

formation of a 1:2 complex with an absorbance maximum at

515 nm at pH 4.5 to 545
f sixteen organic reagents for the

Akhmedli and Glushchenko have made

a comparative study ©
photometric determination of gallium in agueous and nonaqueous

media and found that in aqueous medium the most suitable are

pyrocatechol violet, Xxylenol orange and methylthymol blue (5).

A method of determining trace amounts of gallium has been
devised (79). Diverse anions and complexing agents such as
NTA and EDTA interfere seriously (79) in determination

oxalate,
of gallium ™

Methylthymol blue gives with indium 1:1 complex(17,18),
Babko and Kish (17) gtudied the suitability of twenty reagents

for the photometric getermination of indium and found that

methylthymol blue,
nol, 4 - (2-pyrid

xylenol orange, 1 - (2-pyridylazo)

ylazo) resorcinol and quercetin were

2 napht
In 8 further communication they have

igfactorye-

the most salb
rophotometric characteristics of sixteen

examined the spect

+s that form coloured compounds with indium and report
nts

reage
that xyle

eyanine gave ¥

nol orangés methylthymol blue and eriochrome

ne best results (18).

i thylthym°1 gives coloured complexes with thallium
e

nromic effect with thallium (I) is very
with metal to ligand ratios of 2:1
amalle.

(619 nm) s
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At pH 5,0 complexes with the composition 1:2 and 1:4 are
found to exist in addition to 2:1 and 1:1 (6). The Beer's
law for the 1:1 complex solutions is obeyed at thallium(IIT)

concentrations of 1.6 to 10 ug/ml (7).

Tikhonov and coworkers have reported (76) that
vanadium reacts with methylthymol blue at PH 3.5 in the molar

ratio 1:1. The molar absorptivity of the complex is 1.6 x 104

at 590 nm,
vanadium in titanium slags has been developed (76).

A photometric procedure for determination of

Lagssner and Coworkers have employed methylthymol

blue for the detection of niobium (V) as a mixed complex
with hydrogen peroxide (51, 50, 52). The reaction is highly

gelective and sensitive. Becently methylthymol blue has

been proposed as a chromogenlc agent for the determination
of niobium in the presence of oxalate, tartrate and fluoride
at pH 1-2 with ebsorbance measurements at 560 nm. 4 1:1
complex is formed. The colour remains stable in niobium
oxalate ratio 1:30 and slightly decreases up to ratio 1:80.
The molar absorptivity at 30 fold excess of ammonium oxalate
>, Beer's law is obeyed in the range 5 to 50 ugjﬁi

15133:10.

niobium. This method has been applied to the determination

of niobium in uranium, tungsten and uranium alloys (28),

Babko and Shtokalo (19) reported that methylthymol
blue gives with tantalum (V) a coloured complex at pH 2.0
to 4.0 but the reaction has not yet been applied %o

photometric determination,
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Magnesium forms 1:1 complex with methylthymol blue,
The reaction with methylthymol blue has been thoroughly
investigated by Metcalfe (57). A photometric procedure of
determining magnesium with methylthymol blue has been

devised (57). The complex is formed in an alcohol water

medium buffered to pH 10.8 with ammonia - ammonium chloride

solution. The molar abgorptivity is 1.5 x 104 liters/mole

cm. Up to 1000 ug of iron (III) (reduced with ascorbic acid),

5000 ug of nickel, 1000 ug of Cobalt (II), 1000 ug of Cadmium,

1000 ug of Zinc and 5000 4g of Copper (II) do not interfere

(57).
Iritani and Miyahara have developed a method for the

determination of mercury (II) with methylthymol blue (36) but
it is of little practical importance because of its low

sensitivity. Recently Tikhonov (77) has studied the complexes

of some divalent metals such as magnesium, calcium, iron (II),

manganese, ginc, nickel,lead with methylthymol blue spectro-

photometrically and reports that all of them form 131 complex

with methylthymol blue.

According to Cheng (25) chromium (III) gives coloured

somplexes with xylenol OTangs and methylthymol blue in the
pH range 3 0 5, The reactlon of xylenol orange is more
sensitive than methylthymol blue {(25). The interaction

between methyltpymol bplue and iron (III) has been investigated

In the range 0.07 to 1 M HC1l0, a 1:1

by Tonosaki (80) . "
complex is formed with its absorption meximum at 580 nm and
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in the pH range 4.5 t0 5.5 a complex with a metal reagent
ratio 112 is formed with an absdrption maximum at 520 nm,

The molar absorptivity of the two complexes is 1.5 x 104

and 1.4 x 10* liters/mole cm. respectively. In both
complexes Beer's law is obeyed over the range 5 to 50 ug of
iron (III) in 25 ml (80). Borislav and Coworkers (21) have
concluded from recent studies that iron (III) and MTB form
two complexes with metal ligand ratio 1:1 and 1:2. The
absorption maxima are at 610 nm (1:1) and 515 nm for (1:2),
the molar absorptivity being 1.73 x 10% and 3.21 x 103 liters/
mole cm. respectively. The molar absorptivities for the
complexes of iron (III) reported by these workers (80, 21)
show a marked difference. The differences geems to be related
to varying purity and to the commers#ial source of the reagents
used. It may be stated here that some workers express the
sensitivity in terms of absolute molar absorptivity of the
complex formed, which 1is usually of little significance for
the spectrophotometric sensitivity of a given determination,
pecause its value is generally considerably higher than that
of net molar absorptivity a8t a given total concentration of

the metal ion, derived from an absorbance measureme:t versus

s blank containing the same concentration of the reagent.

The thorium complexes with methylthymol blue (32, 82)
nave been applied to the indirect determination of fluoride,
Recently Wilson and Cooke have used methylthymol blue for the

detection of trace amounts of fluoride ion (84). The

chromogenic reactions of methylthymol blue with many metal
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ions have been reported by Bﬁdesinsﬁ& (23).

A systematic study of the coloured chelates of
methylthymol blue and their analytical applications in the
photometric determination of cations has been undertaken by
us in these laboratories. Srivastava and Banerji have
observed that methylthymol blue also produces colour with
various other metallic ions and in a recent communication (70)
they have reported the new colour reactions, effect of pH on
the reagent and the conditions for the reaction of some metal
ions with the reagewmb. It is interesting to note that
inspite of the enormous amount of work done on the use of the
reagent in photometric analysis, no systematic study of the
composition stability and other characteristics of the
coloured chelates appears to have been made so far. The
present study was, therefore, undertaken to establish the
composition, gtability and optimm conditions for the

photometric determination of hexavalent uranium, pentavalent

vanadium and bivalent iron with methylthymol blue as a

chromogenic reagent.

EXPERIMENTAL

Variation of the colour of methylthymel blue with hydrogen

jon concentration of the medium

A standard solutlon of methylthymol blue was prepared
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by dissolving purified Pastman reagent (penta sodium salt) in
distilled water. To measured amounts of the solution acid or
alkali was added and the total volume raised to 25 ml. The
pH of the solutions was meagured with Beckman H2 pH meter.

The absorption spectta were studied with a Hilger Uvispek
spectrophotometer and glass cells of 1 cm thickness. The
experiments were conducted at 25° at a constant ilonic strength
of 0.1 M NaClO4. The varlous absorption maxima shown by the
reagent at different pH are presented in figure 5.1 and

gummarised in Table 5.2

Table 5.2

Shift of Mpax with change in pH of Methylthymol blue

pH i Region of maximum absorption,
: nm
1.0 - 7.0 436
7.1 - 7.5 436
9,0 -10.0 580
11.0 -13.0 605

h inorganic cationg

Colour formation wit

gtudying colour reactions with metallic ions a

For

. o 153 y solution of methylthymol blue was prepared in

R of various metallic salts, using

analytical grads reagents, were prepared of 0.0l M concentration
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in distilled water, acid being added in several cases to

prevent hydrolysis.

In several test tubes 1 ml of the solutions were taken
and 1 ml of the reagent solution and 2 ml of the buffer

golution were added to each and the colour was noted visually,

The colour was compared with a blank prepared in the same

manner. Table 5.3 records the conditions for the reaction of

various metal ilons with methylthymol blue.

Table %

Reactions of metal lons with Nethylthymol Blue

' X [ Ket molar

Metal lonfiColoration pH E Buffer lxﬂﬁ? § igggigjégizy

J cm,

copper II Blue 5.8  HMI-HNO 600 32,000
Berylliux Red 5.0 HMT~H0104 500 13,250
Magnesgiwn Blue 10.8 NH#°1‘NH40H 610 15, 200
calcium plue  11.4 KoH 610 20,300
gtrontium  Blue 11.5 KoH 610 11,500
Barium glue  11.6 KoH 610 4,000
Zinc Blue 6.0  HNT-HNOy 600 12,500
Mercury(I1) BLue .0 EMI-HNO, 630 10,100
Aluminium Pink 3,0 ACOH-ACONa 590 19, 000
Scandium :gﬁple 3.0  ACOH-ACONa 570 9,300
contd.

/
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Table 5.3 contd,

1 1 1 x Net molar
Metal ion{Colorationg pH Buffer g ax [ absorptivity
i T <

Gallium Pink 1.5 HNo3 570 12,800 -
Indium Blue 3.4  ACOH-ACONa 600 18,000
Yttrium Blue 5,8 HMT—HNO3 610 18, 500
Lanthanum Blue 5.8 HMT—HNO3 610 17,800
Cerium Blue 6.5 HMT-HNO3 600 21,000
Thulium Blue 6.0 ACOH-ACONa 608 21,000
.Ytterbium Blue 5.8 HMT—HN03 570 21,000
Lutetium Blue 6.0 ACOH-ACONa 606 23,000
Titanium(IV) Blue 3.0  ACOH-ACONa 600 11,000
Zirconium  Blue e DOIG, 580 21,700
Hafnium Blue 1.5 HClo, 570 18,700
Thorium Blue 5.0  ACONH, 580 55,000
Lead(IT) Blue 5.8  HNI-HNO, 600 19,500
Vanadium(V) Blue 4.5 HMI-HCl0, 590 17,125
Niobium(V)  Brown 2.0 G4H0.-HCOOH 560 13,000
Chromium(III)Yellow 3.0  ACOH-ACONa 490 11,500
Uranium(VI) Red 6.7 HMT‘HN°3 510 10,625
Iron (III) Blue 2.0  HClo, 580 15,000
Iron (II)  Red 0.8 HMI-HCl0, 510 12,000
Cobalt(II) Blue 5.8  HMT-HNO, 600 9,100
Nickel Blue 5.8  HMP-HNO, 600 11,000
Palladium(II)Red 2.0 Helo, 530 21, 250
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HMT = Hexamethylene tetramine
ACOH = Acetic acid

ACORa = Sodium acetate

C4H606 = Tartric acid.

Methylthymol blue yields coloured chelates with copper,
beryllium, calciuwm, strontium, lead, vanadium (V), uranium(VI),

iron (II) and palladium(II) besides those already reported in

the literature.

Behaviour of the reagent as colloidal electrolyte:

Before performing experiments on composition and
gtability of the metal chelatea involving methylthymol blue,
it was thought necessary %o investigate the behaviow of
aqueous solutions of the reagent, This was essential, because
deviations in the composition of the chelate from true
stoichiometry were observed in many cases. Hence, electrical
conductance studies were performed with aqueous solutions of
methylthymol blue. The results established the behaviour of
the reagent as colloidal electrolyte. The curve between the
square root of concentration and equivalent conductance is
not linear and regsembles that of colloidal electrolyte
recorded by McBain (56). The temperature of mero conductance
of methylthymol blue lies at -16.5°C and the temperature
coefficient per degree centigrade per 100 of conductance at

35°c provides values between 1.35 and 1.95, fThese observations

are in close conformity with those of Mushran and Prakash (58)
?
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who, during their work on a number of colloidal systems,

found that, in general, the temperature of zero conductance

of true electrolytes lies at sbout -4000, whereas in the
case of colloidal systems this temperature ranges between
_15°c and -3500. Similar observations were reported by
Shivapuri and Prakash (68) who sought to establish the colloidal
nature of some acidlic and basic dyes. According to Mushran
and Prakash the temperature coefficient per degree centigrade
per 100 of conductance at 35°C, in colloidal systems and
colloidal electrolytes is mostly found to be around 2.0.

On the basis of the above results, it was concluded
that aqueous solution of methylthymol blue behaves as a
collo;dal electrolyte and due to this, deviations in the
composition of the chelates from true stoichiometry are
encountered. Many workers have ignored this aspect while
explaining +he Behaviour of such reagents, and attributed the
non-stoichiometric ratio of the composition of the chelates
to be due to the hydrolysis of the metal ions (49). Our work
guggests that the colloidal characteristics of the chelating
agent also play a significant role while determining the
composition of the metal chelates, and because of this often
non-stoichiometric ratios are arrived at. For physicochemical
measurements in solutlon, therefore, it is advisible to work
with extremely dilute solutlons, because only then the
chelating agent would behave as a true electrolyte (26).
Consequently, during the present studies, solutions of

concentration of the order of 10‘4M and 10™°M have been
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employed, and at this dilution, the reagent behaves as a true

electrolyte and the compositions determined are therefore the

true stoichiometrie ratios.

Uranium (VI) — Methylthymol Blue System

The penta sodium salt of 3, 3t _ Bis{-[n, N - bis
(carboxy mathyl) amino] methyl} - thymol sulpﬁon phthalein
(trivial name methylthymol blue, abbreviated as MTB) forms
coloured chelates with & number of metal jons in acidie
gsolution and has received extensive attention as a metal
indicator for chelatometric titrations, 1In the last few
years 1t has also been employed as a chromogenic agent in
the photometric determination of various metals. No systematic
work seems to have been done on the metal chelates of
methylthymol blue with regard to composition and stability.

The reagent possesses pronounced chelating tendencies due to
the presence of chromogenic phthalein group with two iminodia-
cetate groups. The 2 nltrogen donors and 4 acetate groups

in the molecule may greatly effect the order of stability of
metal chelates. Detailed studies have, therefore, been magde
regarding the composition, stability and analytical applicationg
of the chelates of methylthymol blue, Thig study deals with
the investigation of the chelate of uranium(VI) fon. The

results of the continuous variation method the mole ratio
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method and the slope ratio method show & complex consisting

of one molecule of methylthymol blue to one uranium (VvI)

ion.

EXPERIMENTAL

Standard solutions of uranyl acetate(BDH AnalaR)and

purified sample of Egstman methylthymol blue (penta sodium

galt) were prepared in double distllled water, in view of

the strong complexing nature of carbonate with uranyl ions,

care being taken to exclude carbondioxide.

A hexamine - nitric acid buffer and sodium perchlorate

(B. Merck) was used to maintain a constant ionic strength,

Conditions of study

411 experiments were performed at 30°C X 0,1°c. The

pH of all the mixtures prepared for the measurements was kept

at 6.7 * 0.1 by addition of hexamine - nitric acid buffer.

The ionic strength of the system was maintained at 0.1 M with

godium perchlorate.

Absorption curves

When & puffered, agueous solution of uranium is mixed

with & methylthym°1 blue solution, a red complex is immediately
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formed. Fig. 5.2 shows the absorption curves of methylthymol
blue and its uranium complex. The absorption curve of the
uranium complex obtained with a reagent blank as reference

has an absorption maximum at 510 nm. Some of the typical

results are given in Table.5.4.

Table 5.4

Concentration of uranyl acetate = 2,0 x 10'5m

Concentration of Methylthymol blue = 2.0 x 10%4M

pH of solutions = 6.7

IOptical density}Optical density g Difference in

Wavelength of complex of MTB optical densit

nm (A) (B) A-B=¢ ¥
00 0,920 1.180 -
110 1,050 1,280 -
420 1.250 1.420 -
430 1.350 1,570 -
450 1.500 1.500 -
460 1.450 1.450 -
470 1.330 L3530 -
480 1.250 1.200 0,050
490 1.200 1.080 0. 120
520 0,820 0,640 0.180
530 0.740 0.580 0.160
540 0.680 0.550 0.130
550 0,660 0.560 0.100
560 0.670 0.590 0.080
580 0.670 0,640 0.030
590 0.620 0.600 0.020
600 0.590 0.580 0,010
610 0.440 0.435 9.005
620 0.540 0.330 -
630 0.240 0. 230 -

640 0.160 0.150
6;0 0.080 0.070
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Effect of pH: The effect of pH on the absorbance of the

solution was examined by measuring at 510 nm, the absorbance
of solution containing 94 ug of uranium and 4 ml of a 1 x 10™°N
solution of methylthymol blue. From table 5.5 and figure 5,3
it was found that the maximumn absorbance is obtained in the

pH range 6.6 to 6.8.

Table 5.5

Concentration of uranyl acetate = 1.6 %x 10 ° M

Concentration of MIB = 1,6 X ZI.O'4 M

pH 6.2 6.3 6.4 6.6 6.7 6.8 6.9 7.0

Optical 0.105 0.125 0.135 0.165 0.165 0,165 0.164 0.140

dengity
er cm
510 nm)

Effect of Methylthymol Blue: The effect of the reagent

concentration was studied with solutions containing a given
amount of uranium and varying amounts of a 1 x 10'3 M solution
o? methylthymol blue. The pH values of the solution was kept
constant at 6,7 and the absorbance measurements were carried
out at 510 nm, It was found that a constant absorbance is

obtained when tenfold molar excess of the reegent solution igs

uged,

Phe Stability of the Colour

The colour of the chelate did not depend on reaction
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figures indicate the difference between the absorbance of

the mixture and that which would be shown by the metal and

the che

difference is plot

mixtures.

Table 5.6

Concentration of uranyl acetate (c)

Concentration of MIB (e!)

pH
A
p=c'/e

lating agent, if no chelation took place. The
ted against the composition of the

= 4.0x 1074 &
4.0 x 10"4 M

6.7 i 0.1

= 510 nm

peak at 131 (Fig. 5.5 curve 4)

s I —] Optical [ Optical ] Difference
Volume of § Volume of i density ofl density of] in optical
cetate ml nl (a=h)
0 25 1.420 1.420 0.000
2.5 22.5 1.425 1.300 0.125
5.0 20.0 1.395 1,150 0.245
7.5 17,5 1,360 1.000 0.360
10.0 15.0 1.340 0.850 0.490
12.5 12.5 1.265 0.725 0.540
15.0 10.0 1.055 0.570 0.485
17.5 T2 %122 0.400 0.395
20.0 5.0 0.565 0.305 0. 260
- 2.5 0.255 0.125 0.130

B
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Table 5.7

Concentration of uranyl acetate (¢) = 3.33 x 1074 u
Concentration of MIB (e!) - 3.3% x 10~4 M
pH = 6.7 40,1, A=510mm p=c/e=1

peak at 1:1 (Fig. 5.5 curve B)

Volume of 1 ¥ Optical { Optical | Difference
uranyl Volume of density of | density in optical
acetate MTB mixture of MTB density
ml ml | (a) (b) (a=b)
0 25 1.120 1,120 0.000
2.5 22,5 1.130 1,025 0,105
5.0 20.0 1,090 0.885 0.205
7.5 17.5 1,030 0.730 0.300
10.0 15.0 1.010 0.620 0.390
12.5 12.5 0.985 0.550 0.435
15.0 10.0 0.835 0.450 0.385
17.5 Te5 0.620 0.320 0.300
22.5 2.5 0.210 0.115 0.095
Table 5.8
Concentration of uranyl acetate (c) = 2.0 x 10~* ¥
Concentration of MTB (c') = 2.0 x 1074 M
A=510m, p==cl/ec = 1

pH = 6.7 t 0.1,

ot 1:1 (Fig. 5.5 curve 0)

peak

0.720 0.720 0,000

0 22.5 0.726 0.666 0.860
2.2 20.0 0.705 0.575 0.130
5.0 17.5 0.695 0.500 0.195
10.0 12.5 0,640 0.360 0. 280
12.5 30.0 0.530 0.280 0. 250
15.0 1.5 0.402 0.196 0. 206
17.5 5.0 0.280 0.150 0.130
gg-g 2.5 0.130 0.065 0.065

/_
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Table 5.9
Concentration of uranyl acetate (¢) = 1.60 x 10-4 M
Concentration of MTB (e') = 1.60 x 10'4 M
pH = 6.7 i 0.1, A = 510 nm, P = c’/c = 1

peak at 131 (Pig. 5.6 curve A)

[ Optical [ Optical [ Difference

Tolume of 1}
Volume of density ofg density { in optical

uranyl 7B mixtar
acetate e of MTB d
ek 1 (a).. G R
0 25 0.545 0.545 0.00
2.5 22.5 0.55C 0.50C 0.058
5.0 20,0 0,540 0.435 0.105
7.5 17.5 0,520 0.360 0.160
10.0 15.0 0.505 0,310 .  0+195
12'5 12.5 0.490 0.265 0.225
15.0 10.0 0.420 0.220 0.200
L 5.0 0.220 0.115 0.105
22.5 2.5  0® 0.055  0.050
Table 5.10

,¢ uranyl acetate (c) = 1.25 x 1074 o

COncentration
concentration of MIB (c*) = 1.25 x 1074 ¥
pH = 6.7 2 0.1, M =50m p= ot/e = 1
peak ot 1:1 (Fig. 5.6 curve B)
/
0.390 0.390
25 0.000
Y 22.5 e 0.355 0.040
2.5 20.0 0.385 0.305 0.085
520 175 B 0.255 0.130
7.5 15.0 S 0.225 0.150
10.0 12.5 0‘315 0.185 0_175
12.5 10.0 Dadil 0.160 0.155
15.0 7.5 0-Le2 0.120 0.125
17.5 5.0 e 0.080 0,085
Zg-g 2.5 i s 0.045 0.035
22.
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Table 5.11

Concentration of uranyl acetate (c) = 4.0 x 1074 M
Concentration of MTB (ct) = 4,0 x 10"4 M
pH = 6,7 £0.1, A =53%0m, p=c'/e =1

peak at 1:1 (Fig. 5.7 curve A)

] Optical [ Optical { Difference

Volume of 3
of density of§ density in optical
uragg%e ! v‘”ﬁg g mixture gof MTB i density
acefafe: § T ) (b) (a-b)
5 o5 1,165 1,165 0.000
5.0 ° 20,0 1,098 0.900 0.198
o2 17.5 1.060 0.780 0.280
102 15.0 1.030 0.680 0.350
10. 12.5 0.980 0.575 0.405
12.5 10.0 0.800 0.445 0.355
15.0 7.5 0.600 0.310 0.290
17.2 5.0 0.425 0. 205 0.220
gg-g 5 0.240 0.11C 0.130
Iable 5.12

concentration of uranyl acetate (¢) = 3.35x 1074 M
concentration of MIB (c') = 3335% 104 M

pH. = 6.7 L 0.1y A=550mm, p=c'/e =1

peak at 131 (Fig. 5.7 curve B)

o5 0.970 0.970 0.000
0 22.5 0.980 0.895 0.085
2.5 20.0 0.910 0.750 0.160
10.0 12.5 0.795 0.480 0.315
12.5 10.0 0.640 0.370 0.270
15.0 1.5 0.480 0.260 0,220
17.5 5.0 0.330 0.170 0.160
200, 2.5 0.200 0,105 0.095
22.
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Table 5,13

Concentration of uranyl acetate (e) = 2.0 x 10~4 u
2.0 x 1074 u
e'/e =1

Concentration of MTB (e")

pH = 6.7 £ 0.1, A = 530 nm, P

peak at 1:1 (Fig. 5.7 curve C)

Yolume of 1} Y Optical { Optical Diffe
uranyl I Volume of | denaity of§ density Q in opifﬁgi
acetate i_ MTB nixture of MTB g density
ml _ ml (a) (b) (a-b)
0 25 0.570 0.570 0.000
2.5 22,5 0.580 - 0.530 0.050
5.0 20.0 0.555 04445 0.110
10.0 15.0 0.5%5 0.335 0.200
12.5 12.5 0.505 0.285 0.220
15.0 10.0 0.410 0.220 0.190
17.5 i 0.320 0.150 . 0.170
20,0 5.0 0.210 0.100 0.110
22.5 2.5 0.105 0,055 0.050
Iable 5.14

concentration of uranyl acetate (¢) = 4.0 x 10-% M
concentration of MTB (c') - 1.0 x 104 u

o = 6.7 0.1, A=2l0mm p= e'/o = 0.25

peak at 131 (Fig. 5.8 curve Ay

25 0.355 0.355 0,000

20 22.0 0.540 0,315 0.225
4°0 21.0 8.550 0.295 0.255
7”5 175 +485 0.245 0.240
i“'s 12.5 0.365 0,175 0.190
162 10.0 8-3g0 0,142 0.158
1;-5 7.5 0-540 0.095 0.115
22.5 s - 0-035 0.035

L ] /_
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Table 5.15

Concentration of uranyl acetate (¢) = 2,0 x 10"‘4 M
Concentration of MTB (c') =1l.0x 10"4 M
pH = 6.7 + 0.1, A = 510 nm, P = C'/C = 0.5

peak aat (Fig. 5.8 curve B)

§ Optical R Optical X Difference

Yolume of |
uranyl I Volume of density of | density g in optical
acetate 1 MTB mixture of MTB density
m1 X ml (a) (b) I (a-b)
0 25 0.355 0.355 0.000
2.5 22.5 0.420 0.330 0.090
5.0 20.0 0.440 0.275 0.165
7.0 18.0 0.445 0.250 0.195
9,0 16.0 0.415 0.220 0,19%
10.0 15.0 0.398 0.210 0.188
15.0 10.0 0.272 0,142 0.130
17.5 75 0.190 0.095 0.095
20.0 5.0 0.140 0.075 0.065
22,5 2.5 0.070 0.035 0.035
Pable 5.16

Concentration of uranyl acetate (¢) = 1,66 x 10“4 M
Concentration of MTB (e') = 2.50 x 1074 y
pH = 6.7+ 0.1, A=510mm, p=c'/o=1.5

peak at 1:1 (Fig. 5.8 curve U)

25 0.860 0.860 0. 000

%.5 22.5 0.880 0,800 0,080

5o 20.0 0.835 0.690 0.145

25 17.5 0,825 0.630  0.195

10.0 15.0 0.735 0.505 0,230
1575 10.0 0.603 0.335 0.268
175 7.5 0.485 0.240 0.245
i 5,0 0.350 0,180 0.170
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Table 5.17

Concentration of uranyl acetate (¢) = 4.0 x 10~4 M

Concentration of MIB (e") = 1.0 x 1074 M
pH =6.7%0.1, A=530m, p-= c'/e =0.25
peak at 1:1 (Fig. 5.9 curve A)
—vsTame o7 1 [ Optical | Optical | Difference
uranyl Volume of | demsity o density | in optical
acetate MTB mixture of MTB | densit
< = (a) (b) (a-b)
0 25 0,280 0.280 0.000
2.5 22.5 0.415 0.260 0.155
3.0 22,0 0.440 0.255 0.185
4.0 21.0 0,466 0.240 0.226
5.0 20.0 0.450 0.225 0.225
7.5 17.5 0.405 0.190 0.215
10,0 15.0 0.355 0.165 0.190
12.5 12.5 0.300 0.140 0.160
17.5 7.5 0.170 0.075 0.095
20,0 5.0 0.120 0.055 0,065
22‘5 2.5 00058 0.030 0.028
Table 5,18
Concentration of uranyl acetate (c) = 2.0 x 1074 u
Concentration of MrB (c') = 1.0 x 1074 ¥
oH = 6.7 %01, A=530mm p= 6'/o = 0.5
peak at 1:1 (Fig., 5.9 curve B)

25 0.280 0.280 0.000
9.5 22.5 0.340 0.260 0.080
9.o 16.0 0.333 0.178 0.155
10.0 15.0 0.310 0.165 0.145
e 12.5 0,265 0,140 0.125
.5 20.0 0.210 0.110 0.100
%?‘5 7:9 0.153 0.075 0.078
20.0 2.5 0.055 0.030 0.025
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Table 5.19

1.66 x 10~4 y

Il

Concentration of uranyl acetate (¢)

2,50 x 10~4 u

Concentration of MTB (c')

pH of mixtures = 6,7%0.1
A = 530 nm
P = c'/c = 105
peak at 1:1 (Fig. 5.9 curve ()
Volume of | I Optical ]| Optical Difr
uranyl J Volume of I density off density ! in °§§f§§f
acetate { MTB { mixture of MTB 5 density
ml ml { (a) (b) (a-b)
0 25 0.710 0.710 0.00
2.5 22.5 0.725 0.660 o.gsg
5.0 20,0 0.675 0.550 0.120
7.5 17.5 0.640 0.480 0.160
10.0 15.0 0,615 0.420 0.195
12.5 12.5 0.575 0.355 0.220
14.0 11.0 0.535 0.305 0.23%0
14.5 10,5 0.525 0.290 0.235
16,0 9.0 0.480 0.255 0,225
17.5 7.5 0.395 0.190 0.205
20.0 5.0 0.273 0.125 0.148
22,5 2.5 0.132 0.065 0.067

o ratio method

The mole ratio of uranium to reagent was confirmeq

by the mole ratio method (85) at pH 6.7 * 0.1, .In this

each solution Was 1x107% ¥ 1n the total concentration

work
of methylthymol plue. The results are shown in table 5.20,

fig. 5.10 which indicates that 1:1 complex ig formed between

uranium and the reagent.
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Table 5.20

° u

Concentration of uranyl acetate = 1.0 x 10
1.0 x 100 M
6-7 t 0.1

= 25 ml

Concentration of MTB
pH

Total volume made up

x at 1:1 (Fig. 5,10 curve A and B)

Brea
Volume of} I I 5
uranyl Volume of Ratio Ptigaitdegsity
acetate MTB .
ml ml U : MIB 510 om - {530 mm
0.25 2.50 0.1 ¥ 1.0 0.375
0.75 2.50 0.3 3 1.0 0.440 8:2?8
1-25 2.50 0053 1.0 0.500 0.450
A 12 o,50 913 a0 0.552 0.490
2.00 2-50 0'8 ' 100 0.580 0.505
2925 2'50 0'9 : 110 0.625 0.525
2.50 2.50 100 : 1.0 0.650 0'54‘0
3.00 2'50 1‘2 f 1.0 0.665 0.560
3075 2.50 105 . 1.0 0.690 0.580
5,00 2.50 2.0 t 1.0 0. 720 2o
6.25 2-50 2'5’. 100 0.740 0.620
7.50 2.50 3.0 ¢ 1.0 0.760 o %0
10.00 2.50 4'0 : 1.0 0.770 0.640
12,50 2.28 bt T 0.770 0.650
15,00 2,50 .03 1.0 0,770 0.650
glope ratio method (31)
The concentration of the variable component was

-4 y, The volume of the variable component was from

resence of 12,5 ml of excess concentration

natant component. The total volume in each
L

5 ml. mhe pH of the solution was maintained at

was kept 8t 2
5 absorbance was noted at 510 and 530 nm. Figure

6.7 £ 0.1
5,11 shows the peasured absorbance at 510 and 530 nm plotted
the volu?® of the variable component. The slopes of

against
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the two straight lines in each case gave the uranium

methylthymol blue ratio as 1l:l, Some typical-results are

given in table 5.21 and 5.22,

Table 5.21
Concentration of excess component (MTB) = 2.0 % 10~4 M
Volume of excess component (MIB) = 12,5 ml
Concentration of variable component = 5.0 x 10~° M
(uranyl acetate)
pH of mixtures = 6.7 % 0.1
Total volume = 25 ml
Volume of variable component% Optical density at
(uranyl acetate) 510 nm ; 530- nm
1.0 0.305 0.222
5.0 0.310 0.230
3.0 0.320 0.235
4.0 0.328 0.238
5.0 0.334 0.248
6.0 0.340 0.255
7.0 0.350 0.260
5.0 0.352 0.265
9.0 0.362 0.272
10.0 0.370 0250
11.0 0,378 0.285
4510 0.385 0.290
0.390 0.290

12,5




A=

MT8 Varying (510nm)
0-50,
| B = MTB Varying (530nm) |
C = Uranyl acetale Varying ( 510 nm)
D=
040} -

Urany! acetate Yarymg (530 nm)

e ® *®
@
c - *
| ,rF\O

\hsorbance

_ | u |
N ’

b 6 8 10 12 14
Variable comp.(ml)

= -
component (125ml)+5-0x 10 M variable component (x ml)

+water ({12-5-x] ml)

—h
Fi1g3..5-11 The slop ratioemethod; pH: 67+ 0:1; p: 01 NaClO4; 2-0x10 M excess



- (174 ) 13-

Table 5.22

2.0 x 1074 u

Concentration of excess ‘ompon
(uranyl acetate) R
Volume of excess component = ;
(uranyl acetate) R2pp il

Concentration of variable component = 5.0 x 10"5 M

6'7 i. ool

p3 of mixtures

Total volume = 25 ml

Optical density at

Yolume of v?ria?le component
MTB
510 nm % 530 nm
1-0 0.062
2.0 0.068 b
3-0 0-075 0.065
4.0 0.080 0.070
5.0 0.0380 0.075
6.0 0.092 0.076
7.0 0.100 0,088
8.0 0.106 0.088
9.0 0.115 0.100
10.0 0.130 0.105
11.0 0.130 0.110
12.0 0.138 ' 0.120
12.5 0.140 . 0.125

galeulation of the Stabilxgz uoggtant

onal stability conatanta:wer
method of Dey and

The conditi e calculated
ods namely (a) the

by three different meth
f continuous variation using non-

rkers (b) the method o

Cowo
r solutions and () t

he method of mole ratio.

equimolecula
nod (a) concentrations

1culation of K by met
p=1), Fig. 5.12

For the ca
are shown in table 5.25 (

of the metal ions uged
of the metal

For method (v) the concentrations and tre volume
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ion used at the peak are shown in table 5,24 (Fig. 5,8)

Table 5. 23
1 | 4 i 1

Pig. l Curve { cx 10'M P ’ K
5.12 A 2.0 4.70 x 10°
1.6 4.5 x 10°
. 1.25 2,25 x 10°

Table 5.2

Fig. { Curve | © 10K P igﬁ?dn?“:i i
o 4.0 0.25 4.0 5.12 x 10°
2.0 0.50 7.5 4.0 x 10°
1.66 1.50 14.5 1.92 x 10°

For calculatio?

in
Em, Es and a are showt

Table

5.25

table 5.25 (Fig. 5.10).

of K by method (e¢), the concentration,

EOmpr St

f=Omms Yo

g
Es o K
Fig. uNMJ— g —_—
0.760 0.650 0.144 4.2 x 1¢9°
5.10 A 0.630 0.540 0.142 4.2 x 105

1.0

B/
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Suggestions on the Structure of the Chelate:

It is not possible to derive a definite 1nfbrmation,
on the basis of the experimental Trasults mentioneg above,
regarding the structure of the chelate €Xcepting that the
ion exchange adsorption studies show that the chelate oFf

uranium is neutral.

ANALYTICAL APPLICATIONS

The effect of anions and complexin enta:

The results of examination of the influence of various
anions and some complexing agents have been representeq ¥ig
table 5.26 Chloride, nitrate, and sulphate fons do not
interfere, even at high concentration. Phosphate, fluoride,
tartrate and citrate glve negative errors at higher
concentrations, Oxalaté, NTA and EDTA interfere with the

colour reaction because they form more stable complexes with

lue,
uranium than methylthymol blue

Pable 5,26
Ef!QQE—Of Anions and Oomglexgg‘ Azents

Uranium taken = %4 ug

complexil& found. Deviation
agent &
Z 200 2% + 0.0
cl 500 9405 + 0.5

contq,
_/- \
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Table 5.26 contd.

Anion or complexing Uranium Deviation
agent added, M4 mol found g
r- 1 92.6 — 1.4
no; 100 94 + 0,0
200 94.5 + 0.5
302- 100 94'5 + 005
) 250 9 + 0.0
20 85 - 9.0
8" 5 91 - 300
C4H,%% . e
10 .
poz' >
3- 0.2 92-5 - 1.5
%"5°7 1.0 88.5 - 5.5
O 5 9305 - 005
NIA 2.5 84 -10.0
BoSA 0,05 59 ~35.0
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The Effect of Cations:-— Methylthymol blue isgéelective

r.agent for certain cations when it is ugsed in a relatively

strong medium. However, in a slightly acid or neutral medium

i+ reacts with many metal cations to give red or reddish

violet complexes, indicating that a suitable masking agent

must be used to increase€ the selectivity.

0f the 25 cations tested, Aluminium(III), Bismuth{III)
9

per(IT), Iron(IIT), Palladium(II),Thorium(IV)
’

chromium(III), Cop
(V), Zirconium(IV), Gallium(III),

mitanium(IV), Vanadium

vttriam(III), Lanthenum(III) d
g bivalent cations can be effectively masked by

jaturb the estimation, The

interferin
ference of Iron(III) can be eleminated by the

EDTA., The inter
addition of reducing egent such as ascorbic acid.

£ the standard uranium gsolution was

An aliquot ©
2.5 ml of a pH 6.7

volumetric flask.
-3y methylthymol blue solution and
ion of distilled

introduced into a 25 ml

omLofalX 10
justed to 25 ml by addit

da to stand for about 30 m

e absorbance of the solution was

ank at 510 nm.

puffer, 1

the volume was ad
inutes to

water and was allowe

quilibrium. Th

attaln €
inst & reagent bl

measured agé

p1scUSSION

ample of methylthymol blue

For obtaining & purified 8
¢ mono gubatituted

guitable for photometric analyeis, th
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product of the reaction, semimethylthymol blue was s
eparated

using cellulose and ion exchange columns, The Rf val
. ue of

the penta sodium galt of methylthymol blue was found to b
o be
The molar asbsorptlvity of the purified sampl
e

0. 05 ey 0015‘
o be 1.88 + 0.02 x 104 at pH 5.0

at Apax? 436 nm was found t

The reagent 18 2 dye consisting of Na' ions as

cations and an anion of high molecular weight. Such dyes d
. es do

not behave as true electrolytes. Hence a study of the aqu
eous

solution of the reagent was undert
1 blue (penta sodium salt) behaves as & colloidal

aken and 1t was found that

methylthymo

electrolyte. Th
_16.5° and the tempe

o temperature of zero conductance lies at
rature coefficlent per degree centigrade

per hundred of +he conductance at 35°0 provides values between
hence extremely dilute solutions of the ordex

1.35 and 1.95%
~4y were employed in these investigations,

of 10

jnary studies 1t was noted in table 5.%

During preli®
rms a red complex in agqueous solution

that methylthymol plue fo

with uranium(VI).
gent {nvestigation the composition,

In the Pre
stability and optiow® conditions for the photometric determina-
un(VE) with methylthymol blue as a chromogenic

$ion of ureni
gtudied in detall using spectrophotomeiric

agent have been

method.
on of the uranium methylthymol blue

The compositi

ermined py the methods of (1) continuous
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variation (tables 5.6 to 5.19, fizures 5.5 to 5.9) (2) mole
ratio method (table 5.20, figure 5.10) ang (3) slope ratio
method (table 5.21 to 5.22, figure 5.11) indicate that only
one uranium methylthymol blue complex is formed ang that the
mole ratio of methylthymol blue to uranium in thig complex

ig 1:1,
The stability constants have been calculated using

the method of (a) Dey and Coworkers (b) continuous variation
method and (c) mole ratio method. The results are shown in

table 5.27. The free energy change of formation has alge
been calculated with the help of the expression.

0
AG -RTink
Pable 5.27
! jonie 46° at 30°
Method pH [ strength log X (K cal)
+0.1 0.1M 5.6 + 0,1 ST.T #
Dey and 6.7 = i = 1201
(&) Gogﬁrkers (Na°104)
+ 0,1 0.1 M 5.5 0,2 ~7.6 %
Continuous 6.7 = - 0= 0.2
(v) O on (Nacl04)
0.1 0.1 M 8.7 £ 0.2 ~7.9 * 0.2

+
6.7 = (Naclo4)

(¢) Mole ratlo

1 blue has been proposed for the

Methylthymo
trophotometric determination of uranium (70al. A red

spectr

e net molar absorptivity is 10,625 at 510 nm is

complex, who®
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formed. Beer's law is obeyed within the limits of 0.4 and

3.76 ppm. The effects of pH, reagent concentration and

interfering ions are described.

SEREEG O TR TSR ST
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vANADIUM (V) - METHYLTHYMOL BLUE SYSTEM

Methylthymol blue (MTB) has been used as a

metallochromic indicator and a reagent for the photometric

determination of various metals, but the composition and
stabllity of its coloured chelates have not yet been reported
rms very gtable coloured chelates in solution

upon. It fo
r of metal ions under appropriate conditions,

with a lerge numbe
with the composition and stability

This investigatior deals

nadium-methylthym01
g of analytical applications.

- blue chelates and indicates the
o]

possibilitie

EXPERIMENTAT

Reagents

(V) so‘l&ﬂ_g_j}_: A 0,001M solution was prepared by
jum

vanad ;
.__——j:—: g coquisite amounts of ammoitium vanadate (Merck)
diaso ving
diatilled water. The strength of the solution was
double
in _ation 4th a standard iron (II) solution.

An aqueous 0,001 M solution was

tion:
Mo thylthymol BL82 SoXY
ified Eagtman methylthymol blue (penta sodiwnm

od from PUWF

repaTl

T

galt).
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Ionic Strength:-
ength: A1l investigations were carried t
out at
constant lonic strength of 0.1 M, maintained by add )
addition of

tlle requirEd 4.
amoun f; (0] l
I M Ne 010 BO 1ut 10no

a8

prepared by dissolving 4 gm of hexamine in wate d
r and by
adding a perchloric acid solution in order to bri
ng the pH

to a desired value and making up the solutionto 100
ml,

nt as_a colloidal electrolyte

Methylthymol blué (penta sodium salt) was found
und to

Behaviour of the reagé

loidal clectrolyte; hence extremely dilut
e

behave 88 a col
~4
der of 107" M were employed in these

golutions of the or
mpositions determined under these

investigatlons, and c0
the true stoichiometric ratios

conditions adhering to

Absorption Curvee

wnen aqueous %0

1 plue solution a blue complex 1s formed at pH
P

¢ metal jons while a red complex is formed
e

jution of vanadium(V) is mixed with

methylthymo

4.0 with excess ©

g 6.0 with excess of MTB, Figure 5.13 and 5.14 show

um U

rption curve

absorptio
aximum at 590 a
e nd 520 nm, reapectively.

the abso
a curves obtained with a regent blank

n absorPtio
ne typic#

has &
1 results are given in table 5,28 and

gome of t

5.29.
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Table 5.28

Concentration of

Concentration of Methylthymol blue

pH of solutions

4.5

Ammonium Vanadate = 8.0 x 10-5 M
4.0 x 1072 M

Optical density of

! Difference

Wavelength
nm € g complexX (A) 4 MTB (B) A-B=2C
2%8 0.276 0.360 -
430 0.254 0.390 -
440 Ose 2:350 5
460 0.224 0.258 -
470 0.2%6 0,212 0.024
480 0,246 0.166 0.080
499 0.265 0.135 0.130
510 0.33%0 0,080 0.250
520 0,365 0,065 0.300
530 0.410 0.060 0.350
550 0.930 0.050 0.480
560 0.635 0.045 0.590
570 0.745 0.040 0.705
250 01780 0:0%0 0:150
ol - -

600 8.675 0.025 0.650
610 0.505 0.020 0.485
620 0.310 0.010 0.300
630 0.200 97600 o: 505
64 0.1 > *
650 0.055 0.000 0.050

Table 5.2"
- jon of Ammonium Vanadate = 4.0 x 10'5 M
Concen
= 6,
g of golutions g
p
400 2,160 2.360 .
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Table 5.29 contd.

Wavelength i Optical density of Difference
nm Complex (A) MTB (B) A-B= G
420 2.300 2,520 -
430 2,380 2.620 -
440 2.460 2.600 =
450 2.390 2.420 -
460 2.300 2,100 0.200
470 2,200 1.900 0.300
480 2,080 1.680 0.400
510 1,680 1,080 0.600
520 1.520 0.900 0.620
530 1.400 0.800 0.600
550 1.220 0.780 0.440
560 1.135 0.800 0.33%5
580 1,000 0.870 0.130
590 0.900 0.820 0.080
600 0.780 0.760 0.020
610 0.600 0.600 0.000

0.400 0. 400 0.000

620 L e

Effect of PH

ferent pH values indicate that the

Measurements at aif
gbsorbance in pH range 4.0 - 4.7

4 the red comple® petween 6.0 and 6.5y Apax, Temaining
an

jthin these ranges of pH. The results are given
ant W

const
5,30 to 5

31 and represented in figures 5,15 to 5.16,

in table
Pable 5.30

 ration OF Ammonium Vanadate = 8.0 x 107 M
concentT o Methylthymol blue = 4,0 x 10~5 M

// 3.5 400 405 407 500
0.765 0.765 0.765 0.644

pH 0.650

t
optical densi
W
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A=V-MTB Vs Water

B=MTB Vs Water

_y-MTB Vs areagent blank

RN

Absorbance

03[

02—

o /
" S il 77 T e N
; 550 600 650 7

O i
%50 quclcngfh. nm
curves of Methylthymol blue and its

n
. . bSOrr o
Fig 51864 dium © Ple" g pH T i 01NQClO"'
vand _8.0x10 "M MTB: 40 X107




/
/ p ‘ A=V~-MTB+MTB Vs water
2:¢

B=MTB Vs water

C=V-MTB+MTB vs ¢ reagent biank

550

1.
- &
ot B

‘0n 450 500 h
w’a\'clcr’gz !

g'\5-14 Absorption curves R blue 4ny
Vanadium complex at pri S8 A O | HaCl0g
anadiu MTB: 32 x10°M

mm

M
Vanadium: 40X 2

its
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Table 5.31

Concentration of Ammonium Vanadate = 4.0 x 10~ M

Concentration of Methylthymol Blue = 3,2 x 10~4
] é M

:595 5.9 600 6.3 6 5
i0.520 0.590 0.620 0.620 0.620

pH 5.2

Optical density 0.490
per cm(590 nm)

Effect of T ent con tio

g of mixtures of metal colutions

The absorbance value

with varying ratios »f MTB at pH 6.0 and at 520 nm showed

that maximum colouY formation was attained only when the

mixtures contained greater than eightfold excess of the reagent
en

espect to the metal solutlons.

with T

gEffect of time on h lour of the chelate

Colour formation Wae instantaneous and the intensity
onstant for &t least four hours. However, all

remained C
e lcep‘b for one

hour to attain equilibrium

of X€ ent

4 change was observed when the order of

No significd?
g wasg alternated.

s on_the colour stabllity of the chelat
: 2

¢ the effect of temperature indicates that
a



'lJ

]
|
|
' /
t
|
\
3\ \
%
| | | | |
"'\-‘. 35 40 a5 510
pH

Fxg 515 Etfect ot pH

= -5
V:8:0 x10°M: MTB: 40x10 M




55 60 65 7:0
bH

Fig: 516 - Effect of pH
-S o
Vi 4-0x1G°M, MTB:32x10°"M
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the absorbance of the blue complex decreases when t
en the

temperature is varied from 30° 0
to 60 C and when the absorbance

remaing constant in the case of th
e red
complex up to 6000,

cOMPOSITION OF THE CHELATES

(1) Complex with apsorption maxima at 590 nm

uous v a n

Job's method of con

In order to determine the compesition of the coloured
4 of continuocus varlation was adopted.

n case was kept 25 ml, The pH of the
xtures containing both the

The optical densities were noted

compleXs Job's metho

volume in eac

phe total
e case °f i

golutions in th

graphically in figures 5,17 %o 5.18
. y
1 complex is formed between vanadium
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Table 5.32
Concentration of Ammonium Vanadate(e) = 8.0 x 10™° M
Concentration of MTB (c') = 8.0 x .10'5 M

pH = 4.5 + 0,1, A= 590 nm, p = c¢'/e

x et 1:1 (Fig. 5.17 curve A)

= 1

pea
Yolume of Op‘tica.l Optical
Ammonium Yolume of density of} density of : fifgeiince
Vanadate MTB mixture MTB dens?* P
ml ml (a) _(b) (a-b
0 25 0.075 0,075 0
3 2.5 0.240 0.070 01170
10.0 15,0 0.620 0.050 0.570
1775 7.5 0.425 0.025 0.460
20.0 5.0 0.360 0,020 0.340
J5 5 2.5 0.200 0.010 0.190
— /
Table .

onium Vanadate(e) = 5.0 x 10~2 u

concent
concentration of MTB (c*) = 5.0 x 107 ¥
o = kel T 0 A =590 om p=c'/e = 1
p Lok 8t 1:1 (Fig. 5.17 curve B)
M
0.050 0.050 0i{000
0 2.5 et 0:080 e
2,5 20.0 0. 280 0'840 D210
5.0 17.5 0.350 0.030 Seche
34 7.2 0.350 0.030 0.320
10.0 12.5 2 0:035 qed12
12.5 5.0 0.345 .015 0.3%0
10. 0.272 0.012
15.0 7.9 0.195 0.01 gread
17.5 5.0 : £005 6 160
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Table 5.34

Concentration of Ammonium Vanadate (¢) = 4.0 5
= . X 10- M

Concentration of MIB (e*) 4.0 5
= 4,0 x 107" M

PH 4.5 i 0.1’ h = 590 nm, p = cl/c = 1

peak at 1:1 (Fig. 5.17 curve c)

“Volume ofl ¥ Optical
{0
#mmonium Vvolume of { density of agﬁéfil ¥ Difference
anadate MTB l miXture of MTBy in Optical
(ml) (ml) (b) de?sit
a=b
0 25 0.035
10.0 15.0 0.285 0.015 0.210
220 20 ) e
5 0.000 0.075
Table 5.35
concentration of Ammonium Vanadate (¢) = 2.0 x 104 u
= 1,0 x 10"'4 M

on of urs (c')

Goncentrati
pH = 4.5 % 0.1 A = 590 nm, P = c'/e = 0.5
peak &b 151 (Pig. 5.18 cuxve )
/
0.095 0.
0 23 5 0.465 o.ggg 0. 000
2.9 20.0 0,790 0.080 0.380
500 19 5 0.858 0.078 0.710
7.0 16:5 0.810 0,070 0.760
8.5 15.0 0.745 0.060 0.740
17.0 5.0 0. 260 0.025 i
20.0 132 0. ’

228 —
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A Absotrbance

st

x iz A r .' 1
O 0 P, ":l\/srlf.

v

Fig __ 517 Continu®Y
o 429 >
p=1, P

A,c=80x10 M
-5
B,c=50x10 M

-
C,e=40x10 M
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Table 5.36

jum Vanadate (¢) = 1.0 x 10'4 M

Concentration of Ammon
=20x10% ¥

Concentration of MIB (')
pH = 4.5 % 0.1, A =53 nm, p=o'/e =20

peak at 1:1 (Fig. 5.18 cuxve B)

TA;E&E?ZE—[ volume OF i ggﬁéi:; o.f! ggﬁ:g%; y ﬁ%ﬁiﬁgi
e | E LR S

3 25 0.185 0.185 0.000
2.5 22,5 0.290 0.170 0.120
5.0 20:0 0.400 0.160 0.240
-5 17.5 0.495 0.145 0.350
10.0 15.0 0.575 0,115 0.460
15,5 12.5 0.675 0.095 0.580
15.0 10.0 0.750 0.080 0.670
15.5 9.5 Bul2d 0-075 0-660
o 9.0 0.710 0.070 . 0.640
oy 7.5 0.620 0.060 0.560
oo 5.0 0.425 0.045 0.380
oo ‘__EEEL__, 0.225 0.025 0.200

yole ratio metno

nole rati0 of
mol® ratio me
on WS 4.0 x ‘.I.O"'5 M in the total concentration

Vanadium to the reagent was

The
thod at pH 4.5 % 0.1. In this

songirmed by *h°

ach solutl
The results are shown in table 5.3%7
9 ]

works e
bluso

of methylthymol
which 17

aicate that 1t1 complex is formed between

fig. 5.19



A  Absorbance

0-8
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0-4
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-4
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<4
Bc=10x10 M,p=20

onium m Yanadate in ml
e of AmM

Volum varldt'on method at
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vanadium and the reagent.

Table 5.37

Vanadate = 1.0 x 107> M

Concentration of Ammonium

Concentration of MTB = 1,0 x 10~ M

pH of mixtures = 4,5 ¥ 0.1

Yolume made Uup = 25 ml

Break at 1:1 (Fig. 5,19 curve A and B)
Optical density of

Tolume of |

%ﬁggég Volm of i Ratio mictuve gualusl blanit _
(ml) ) 1Y 1P 590 nm ;610 mm
0.50 1.00 0.5 ¢+ 1.0 0.340 0,240
0.80 1.00 0.8 1 1.0 0.540 0.400
1.00 1.00 1.0 ¢+ 1.0 0.600 0.500
1.20 1.00 1.2 ¢ 1.0 0.675 0.560
1.50 1.00 1,5 # 140 0.735 0.605
1.80 1.00 1.8 : 1.0 0.760 0.640
2,00 1,00 2.0 ¢+ 1.0 0.775 0.660
2.50 b.00 23+ 10 0.780 0.680
3,00 yo0 (30F He 0780 0.680
5.50 1.00 ‘3.5 3 1.0 0.780 —
4.00 1.00 4.0 3 1.0 Q760 0.680
4.50 1.00 4.5 1 1.0 B=180 0.680

1.00 5.0 8 1.0 0.785 0.685

5400 .00 5,5 1.0 0.785 0.685
5,50 1:00 6.0 + 1.0 0.785 o it

_-_6—‘—(2//
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(11) The complex with an absorption meximum at 520 nm

The composition was established by (I) the method of
o

continuous variation and (II) the mole ratic method

The method of cont inuous variation

The composition of vanadium - methylthymol blue compl
ex

at pH 6.0 by the continuous variation method was found to

be l:2. The resgults are given in tables 5.38 to 5.42 and

represented graphically in figures 5.20 and 5.21,

Table . 8

Concentration of Ammonium Vanadate (e) = 2.5 x 1074 u

tion of ¥IB (c') =2.5x 1074 u

Concentra
A= 520 nm, pno'/cgl

pH = 6.0 £ 0.1y
peak at 12 (Fig. 5.20 curve 4)
ptical § Optical
Tolume of 1 ] Difference
oo ] volume of { ofyturd off LU b
E - densit
vana date ML } (b) 1 (a-h

(m1)
0.800 0.800
0 gg 5 1,005 0.740 8‘223
2.5 e 1,025 0. 630 0.
. 5.0 17. 1.050 0.570 0'223
7.5 16.67 1010 0.520 0.490
12.5 N 0.570 0.275 0.295
15.0 533 0.485 0.225 0. 260
16.67 250 0.405 0.180 0,22
Zg.g 2.5 0.135 00055 0.080

|
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Table 5,39

Concentration of Ammonium Vanadate (e) = 2.0 x 1074 ¥

concentration of MIB (c') = 2.0 x 104 N

- 6.0+ 0,1, A=2520mm p= ¢'/ec = 1,

pH
peak at 1:2 (Fig. 5.20 curve B)
ToTome of 1 [ Optical ] Optical ] Diffe:
A;monium Volume of density of density of | in ogifﬁﬁf
Vanadate MTB mixture MTB density
(m1) (m1) (8) (b) {a~Db)
0 05 0.660 0.660 0,000
2.5 52.5 0.800 0.585 0.215
5.0 20,0 0,810 0.490 0.320
2% 17.5 0.825 0.440 0.385
12.5 12.5 0.585 0,300 0.285
12.3 T 0.465 0.230 0.235
i 7.5 0.330 0.150 0.180
R R R B
. . 3 0.065
22.5 S —
Table 5.40
Concentration of Ammonium Vanadate (¢) = 1.0 x 1074 ¥
' = lo -4
concentration of MIP (c*) 0x 107N
= 520 nm =c'/e = 1
pH = 6.032 0% » r pnl
peak at 1:2 (Fig. 5.20 ourve C)
/
0.325 0.%25 0.000
0 25 5 0.395 0.290 0.105
5.5 22-0 0. 400 0.240 0.160
5‘0 200 0.410 0.220 0.190
7's 17-27 0.400 0.205 0.195
2 15 0.290 0.150 0.140
10. 12.9 0.230 0.115 0.115
12.5 10.0, 0.190 0.090 0.100
15.0 8.7 0.160 0.075 0,085
16.67 7.9 0.110 0.055 0.055
17.3 Z.g 0.050 0.020 0.030

NN
N O
L)
\n
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Table 41

Concentration of Ammonium Vanadate (¢) = 1.25 x 10-4 M

Concentration of MIB (c') =25 x107%x

pH = 6.0 £ 0.1, = 520 nom, p=-c'/e = 2.0

peak at 1:2 (Fig. 5.21 curve A)

YoTume of Optical Optical Difference
Ammonium Volume of density of | density in opti ai
Vanadate NMTB mixture of MTB densgtyc
 (m) (ml) ) (a=b)
0 25 0.800 0.800 0.
5.0 20 .0 0.930 - 0.630 0.300
2% 17.5 0.950 . 0.570 0.380
10.0 15.0 0.970 0.440 0.530
12.O 1%.0 0.980 - 0.390 0.590
15‘0 10.0 0.755 . 0.275 0.480
15:0, 5 33 0.615 . 0.225 0.390
: .5 7.5 0.530 . 0.180 0.350
23-0 5,0 0.365 . 0.125 0.240
22:5 Agﬂi———- 0.165 0.055 0.110
Table 5.42
concentration of Ammonium Vanadate (¢) = 1.0 x 1074 u
Concentratio? of MTB (c') = 2.0 x 107 i
pH=so+ol, A = 520 am, p=c'/c =2.0
= 2
peak at 112 (Fig. 5.21 cuxve B)
/
0.660 0.660 0.00
o 25 5 0.705 0.585 0.128
2.5 22, 0.720 0.490 0.230
7.5 1'%-67 0.765 0.415 0.350
8.33 1 0 0.775 0.370 0.405
0-0 15. 0 0.785 0.350 0.435
1 -2 14, 5 0.790 0.325 0.465
11. 13 0.755 0,300 0.455
12.0 12. 5 0.550 0.230 0,320
12.5 10.0 0.415 0.180 0.235
15,0 8.3 0.370 0.150 0.220

0.265 0.125
0. 050 s

o))
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Mole Ratio Method: The mole ratio of vanadium to th
e

reagent was confirmed by the mole ratio method at pH 6.0 %
» - 0-1.

In 3
this work, each gsolution was 1.6 x 10 4 M in the total

concentration of methylthymol blue. The resulis are sho
wn

in table 5.43, fig. 5.22, which indicate that 1:2 complex

ig formed between vanadium and the reagent.

Table 5.43

centration of pnmonium Vanadate = 1.0 X 107 m

Con
Concentration of MIB =1.0x 1070 M
pH = 6,0 X 0.1

= 25 ml

Volume made up

.» (Fig. 5.22 curve A and B)

Break st 1f
~FoTume | —_ { Optical densit
nium %1:;; of Ratio l of mizture
¥e . against blank
.o 9-25 : 1.0 0-
1.0 4 0 0.40 ¢ 1.0 0 225
6 4. ® 75
1. 4.0 0.50 s 1.0 1,020
2.0 4.0 0.625: 1,0 1.100
2-5 4.0 0.75 ¢ 1.0 1,150
3.0 4.0 0.875: 1.0 1.160
3,5 4.0 1.0 : 1.0 1.160
4.0 4.0 1.125: 1.0 1.160
4.5 4.0 1.25 ¢ 1.0 1.160
5.0 4.0 1,375¢ 1.0 1.160
505 4.0 1.50 H 140 1.160
6.0 4.0 1-625’ 1.0 ' 1.165
6.5 4.0 .75+ 1.0 1182
7.0 4:0 1.875% 1.0 1.165
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different methods, namely,

(a) the method of Dey ang Coworkers,
(b) the method of continuous variation using
nonequirolecular Bolutions, ang

(¢) the method of mole ratio,

The method of calculation has been the game as

explained earlier in Chapter 2,

ANALYTICAL APPLICATIONS
2ol vl APPLICALAUNG

Experiuwents were performed to test tpe sultability o¢
the chelate for phetometric determination of vanadium, Beep'g
law is obeyed in the range of 35.7 to 56 PPl in the cage of
blue chelate and in the range 3.1 %o 56 ppm in e case

of

red chelate, The reaction 1is sensitive, the molar absorptivities

being 17125 and 15000 for 1:1 and 132 complex respectively,

Copper, aluminium, iron(III), yttrium, lanthanum,
uranium(vI), thorium, zirconium, oxalate and Eppy interfere
in the determination. The reducing substanges such ag

iron(II) should not be present, because they redyce S

(V) to vanadium(IV).

Discussion

epent investigation deals with ihe study of
The pr

sion of vanadium(¥V) with methylthymol blye (MTB) .
te forma

chela _abliched that, depending on the PH of the

It has been e
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solution, vanadium(V) reacts with methylthymol blue to form

two complexes, with metal-ligand ratios of 1 to 1 and 1 to

2, Table. 5.44 summarises the results on the composition

of the chelates arrived at from the examination of figures
5.17 to 5.18 and 5.20 and 5.21 when the method of continuous
variation was employed using absorbance measurements. In

the legends, ¢ yepresents the concentration of Ammonium
vanadate and p the ratio of/e (c' being the concentration of

MTB) .
Table 5.44
1 [vol., of 1 Compositi
Figurs OurveI o 10 cl P ave- Ammoniun of the o
g () le ‘gnﬂ chelate
i 1_MTB
4.5 + 0.1 0.4 1 590 12,5 p 1 T |
5. v
4 & + 0.1 1.0 2.0 590 1500 1 : 1
oS -
6B % 0.1 2,5 1.0 520 8.33 13 2
Bsa0 o101 20 10 520 8,33 1: 2
4.0 4 8.3 1.25 2.0 520 12,0 13 2
5.21 A 6’0 s skl 1.0 2.0 520 12.0 1: 2
_————ﬁ—’/
Fiofl that at pH 4.5 @ 131 complex is formeqd



0 a 112 complex is formeq between Vanadium(v)
and the reagent. Results obtained by the mole ratio p thod
etho

(Fig. 5.19 and 5.22) corroborate the Composition of the

chelate.
The stability constants have been calculated by typ
ee
different methods and the results are showp in table 5,45
The values of the change in free energy of formation (2 go)

have also been calculated).

Table 5.45

Apparent stability constants of the chelateg

g ! {Tonie log K sg® o
% Method pH g at 307
Chelate { { lqstreml (30°) (K Calg)
T — 4.5 % 0,1 1?‘1 Y 4.2%0,15 .5+ 0.2
(V) MTB  Coworkers aC10, .
Continuous +
oD - Ol 0.1 +
variation #ei Naclg; 446 2 0.1 _g,4 # 0,z
4.5 0.1 0.1 M 4.4 + 0. -
Mole Ratio Naclo, - o “61%os
6.0 £ 0.1 0.1 M 10,2%
Vanadium Dey and NaC10 e T 0.2
(V) MTB Coworkers 4
+
Continuous e gééig[ 10.42 0.2 ~l4.4 % 0,3
variation ¥
6.0 2 0.1 0.1 M 10,4% ¢, "
Mole ratio NaC10, ¢ -z 0.3
—

i em—
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The optimum pH range between which the chelate ig
gtable, range of concentration for adherence to Beer'sg law,
the value of molecular extinction coefficient have been given

in the table 5.46.

Table 5,46

Optimum conditions for the photometric determination
of Vanadium(V) by MTB

i { Range for |
! ggﬁggaﬁgg gﬁf?ctigei Molecular
] i | faeers | Bieimmetnie | extinction
r cien
maximum 3 (ppm)
nm
590 4.0 - 4.7 35.7 - 56.0 40.8 -~ 51.0 17125
- 56.0 15.3 - 40.8 15000
- 6.5 5.1 -5
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IRON (IT) - METHYLTHYMOL BLUE SYSTEM

Methylthymol blue has found use asg complexometrie

indicator and asg reagent for the spectrophotometric determy
na-

It forms stable, coloured chelates
with a large number of metal iong,

tion of finorganic ions.

It has been found that,

depending on the pH value of the solution, iron (ir) reacts

with methylthymol blue to form two complexes, with metal
ligand ratios of 1:1 and 1:2 and that thege reactions are
applicable to the spectrophotometrie determination upto

40 ug of iron (II) in 25 ml,

Experimental

Reagents: - Ferrous ammonium sulphate, analaR grade, BDY

was used for the preparation of iron (II) solutions. Purifieq
Eastman methylthymol blue (penta-Na-Salt) was dissolved in
double distilled water.

A hexemethylene tetramine perchloric acid mixture

was used for the adjustment of pH values.

Solutions of diverse lons were prepared by dissolving
th pective compounds (all reagent grade chemicals) in
e res

distilled water in appropriate concentrations.

when & buffered, aqueous solution of

g of methylthymol blue solution

Absorption curves:-
iron(II) is mixed with exces
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at pH 5.8, a red complex is formed while a beautiful green

complex is formed at pH 2.5 with excess of metal ions.

Figures 5.23 and 5,24 show the absorption curves of methylihymol

blue and its iron(II) complex. The absorption curves obtained

with a reagent blank havean absorption maximum at 510 and

600 nm respectively gome of the typical results are given

in Table 5.47 and 5.48.

Table 5.47

Goncentration of Ferrous ammonium sulphate = 4.0 x 10=7y

= 3,2 x 1074
Concentration of MIB s ¥
= 508
pH
1
e — optical density of Di fference
Wavelength f———""5cy l ﬂ A-B = C
Co B
il g
2. 200 -
20 .
400 3:%00 2,355 -
430 5. 540 2457 0.080
440 '500 2.420 .
460 2" 060 1.900 oI 240
470 2+ 920 1,680 0:520
480 1.680 1,288 5368
ggg ]_,ggg 0.850 0.4-(6)0
510 27045 0.880 01325
520 "865 0.340 o 560
530 " 700 0.420 0. 240
30 0. 620 0.260 0.188
250 o528 0,340 0.140
560 016 g-;gg 0.100
570 0.409 0. 270 8‘822
290 0. %54 Or2tl 0.036
600 0. 501 0.189 0.030
610 0160 0. 0,028
ggg g.gls 0.050 _ 0,025

640
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Table 65.48
C
oncentration of Ferrous ammonium sulphate = 4.0 x 1072
Concentration of MIB 4.0 5 °
= . X l - -
pH 2 .
= .5
Wavelength I Optical density of i
‘ leference
- complex X MTB ] '
"(a) I (®) { 4-B - ¢
400 0.302 0.320
410 0.340 0.?60 -
420 0,355 0.380 -
430 0.360 0.390 N
i;g g.ggg 0.380 5
. 0.350 -
g$g g.ggz 0.306 -
. 0.258
480 0.242 0.212 8:8%8
490 0.222 0.170 0.052
500 0.200 0.135 0.065
518 0.%23 0.105 0.080
52 0. 0.080
530 0.175 0.065 8,‘%{’8
540 0.180 0.060 0.120
550 0.195 0.055 0.140
60 0.205 0.050 0.155
70 0.222 0.042 0.180
590 .0'260 0.025 0,235
610 0.255 0.015 0.240
620 0.210 0.010 0.200
630 0.170 0.005 0.165
oo 0.115 0.000 0.115
Ees 0.050 0.000 0.050
660 0.010 0,000 0.010

Effect of pH:~

utions was examined by measuring,
+he absorbance of solution ¢

sol

510 and 6
of 1 x 10

phe eff

00 nm,

=3y of iron solution (28 ug of irom) and 4 ml

cct of pH on the absorbance of the

at two wavelengths,

ontaeining 0.5 ml

(for



3:2

———

A=Fe(l) MTB+MTRB Vs Water

.8 B=MTB Vs Water

C=Fe(N)MTB+MTB Vs g reagent blank

2:0 |-

PR & N
- ® (] . B
l é @ Sl
f 3 3 ? e @ ‘\?\_70\
A al  ® 66 5 "R — X
e = 520 560 600 640 660

Waveliength, nm
-

9. 5-23 Absorption curves of Methylthymol blue and its Iron
¢ <‘M
(1) complex at pH:5-8,MTB. 3-2x10 M;Fe(ll).4 Cx10 M
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A=Fe(ll)MTB Vs Water
. B=MTB Vs Water
0 4
.
F 2 e C=Fell) MT8 Vs o reagent blank
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o
»
03
2}
b
| :
01| |
_ |
| |
| |
_‘ _
o~_r S 3 _
L00 L0 480 520 560 600 640 680 720
Wavelgngth, nm
S 24 Absor

ption Unq:o of e_ﬁjﬁ:éao_ blue and its Iron (1) complex at pH: 2-5,
MTB. 4 0x10 M; Fe(IN: 40 x10 M



-3 (203 ) ;-

red complex) or 0.5 ml (for green complex) of a 1 ¢
solution of methylthymol blue. PFrom Fig. 5.25 ang tables

2+49 and 5.50 it is apparent that the maximum absorbanee is

1077

obtained in the pH range 5.5 to 5,8 when Measured at 510 nm
and from 2.2 to 2.5 when measured at 600 nm againgt the
Teagent blank,

Table 5.49
Concentration of Ferrous ammonium sulphate = 2,0 x 10~y
Concentration of MIB = 1.6 x 10™%y
pH 5.2 5.5 5.8 6.0 - 6.4
Optical densit 0.202 0.212 0.212 0,210 0. 200

per cm (510 nm

——

Table 5.50
= ~5
Concentration of Ferrous ammonium sulphate = 2,0 x 19 SM
Concentration of MTB
2 2.5 2'8 301 4.4 5.0
2.
pH
. 0 o | .

Op'bif:l »  0.120 0.120 0.112 0,11 0.106 0.100
density pe . N
em (600 nm)

Effect of Reagent

+he effect of the reagent concentratioy at

of %

A gtudy (ndicated that there should be gn eight-
nm

a pH 5.8 and 510 R iron(II) concentration,

g ©

fold molar exces



Apsarbancs

>
I

Fe(N20x10 M, MTB:1:6 x 10 “M, 510 nm
A B = Fe(n) 220X 16°M; MTB:2-0 %10 °M; 500 nm
. Reference. a reagent blank
_ A
0 S,_ P T ke S
h\o/!|mll|f6lo
010 r
|
ol | _ _ | L _ | ! |
20 3.0 40 5.0 55 60 65
bH

FiQ.—- 5-25 Effect of pH
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The Stabllity of Colour:- It was found that the order of
0

adding the reagents has no significant effect upon the
The development of colour is almost instantan
eous

absorbance,
in both cases and the absorbance remained constant for
more

than 10 hours, either at pE 5.8 or at 2.5. A study of th
e

effect of temperature indicates that the absorbance of red
complex remain constant when the temperature was increased

o
to 60 C while decrease in absorbance was noticed in the cas
e

of the green complex on increasing the temperature to 60°

THE COMPOSITION OF THE CHELATES

The mole ratio of iron(II) to the

Mole ratio method:-
firmed by the mole ratio method at pH 5.8

rk at pH 5.8 each solution was 1 x 1074 u

on of methylthymol blue while at
4.0 x 1072 M. The

reagent was <on

and 2.5. In this w0

in the total concentrati

pH 2.5 the total concentration was
hown in tables 5.51 and 5.52, figs. 5,26 and

results are 8
5427 indicating th
at pH 2.5 a 1:1 complex 1s formed between iron (II) and the

at at pH 5.8 a 1: 2 complex is formed while

reagents.
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Table 5.51

phate = 1.0 x 10~y

1.0 x 10™°H

Concentration of Ferrous ammonium sul

§

Concentration of MIB
5.8, Volume made up = 25 ml,

pH =
Break at 1:2 (Fig. 5.26)
Volume of ! 1 I
Ferrous Optical
ammoniun VYolume of ! Ratio og mixtuggnsity
sulphate MTB ! against blank
) Fe(II) s MIB ot 510 nm
0.25 205 0'1 : 1‘0 0-070
0.50 2.5 0.2 ¢ 1.0 0.145
0.7% 2.5 0.3 ¢+ 1.0 0.210
1.00 2.5 0.4 ¢ 1.0 0.285
1.25 2.5 0.5 ¢+ 1.0 0.355
1.50 2.5 0.6 ¢ 1.0 0.360
1 75 2'5 0'7 : 1'0 00362
Table 5.52
concgntration of Ferrous ammmnium sulphate = 1.0 X 10-3M
- 1.0 x 10™°M

concentration of MIB

pH = 2.5, Volume made up = 25 ml.
Break at 131 (Fig. 5.27)
0.05
;1 1.0 »

o 1'8 8Z§ : 1.0 0.125
0.5 1. 0.8 s 1.0 chgg
0.8 108 1.0 ¢ 1.0 8027
1.0 loo 1.3 s 1.0 0'288
1-3 loo 1.5 H 1.0 0.280
1.5 %.O 1.2 gt 0.280
2 1.0 2.0 ¢ 1.0 0.282
v 7.0 2.5 ¢ 1.0 9202
=2 1.0 3.0 ¢ 1.0 0.288
76 1.0 3.0 ¢ 1.0 0.290
;'8 1.0 5.0 ¢ 1.0
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Evaluation of the Stability Constants

The conditional stabilit
y constants were
calculated

from the absorbance data by the mole ratio method
oG, The

soflogKareBG-Oland56-t +
e ¢ . 0.1 for the 1
t2 and

value
The corresponding values of

1:1 complex respectively.

o]

ANALYTICAL APPLICATIONS

galibration curves:=

conditions for determining iron
ne calibration curve was as follows. An ali
) quot

From the foregoing results, two optimum

(I1) were found. The procedure

for preparing ¥
(I1) was pipetted into a 25 ml volumetri
C

of the atandard iron
justed to 5.8 or 2.5 as the case may be

¢lask, The pH was &d
1 ml of a 1 x 107°M methylthymol blue

7o the solution 8 ml or

and the resulting sclutions were made up

After about 30 minutes the
r 600 nm against

gsolution was added,

to 25 ml with aistilled water.
lution was measured at 510 o

absorbance of the 80

the reagent plank.
gure 5,28 indicate that Beer's

v golutions containing upto atleast 40 Mg

ar absorptivity of th
510 and 6550 at 600 nm.

law 18 followed P
e two complexes

The net mol

of iron.
12,000 &t

was found to be
te and sulphate

Chloride, nitra

zﬁﬁ_ﬁifect of forel iongl=
g upto atleast 100 4 mol, tartrate and cltrate

do not interfer
apto 25 4 mol,fluorHie \nd phosphate upto 10 H mol: RxALBDCS
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A=MTB:3-2x10°M; pH:58; 510 nm
-s . »
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urves

Fig. —

£.28 Calibratiod C



- (207 ) 2=

NTA and EDTA interfere with the colour reaction, even whep

only trace amounts are present,

Of the 25 cations tested aluminium, gallium, indfum
’
thallium, bismuth, iron(III), thorium, vanadium ang zirconiunm
’
gave a positive error, while some of the common divalent

cations did not interfere.

Discussion

The reaction between iron(II) and methylthymol blue
has been studied spectrophotometrically in an attempt to
egtablish the optimum conditions for determining small amountg
of iron. Depending on the PH value of a solution, iron (II)
reacts with methylthymol blue to form two complexes, with

metal ligand ratios Of 1 to 1 and 1 to 2. Table 5.53 summarises

the results of the composition and stability.

Table &

1 A oo at 0 Dk
i osition log K i 30
Complex , pH Goxp i__ (K Cal)

l1: 2 906:001 -13.210.2

620.1 - 7620 2
2.5 111 3 ‘
Fe(II) - MIB -

Fe(II) = MIB 5.8

timum pH range petween which the complex is

ongentration for adnerence to Beer's law,

The op

stable, range of ©
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the value of molecular extinction coefficient have been given

in table 5.54.

Table 5.54
Optimum conditions for the photometric determination
of irén (II) with MTB
I T Tange for [Range for 3
adheren?e
th Optimumn to Beer's Molecular
gz;iiggg p% range law extinction
~ (ppm) cefficient
600 2_2 - 2.5 5-6 o] 40.0 11.2 - 28.0 6’550
510 5.5 = 5.8 5,6 = 40.0 11.2 - 33.6 12,000
/_
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METHYLTHYMOL BLUE AS A REAGENT FOR THE PHOTOMEIRIC
prERuTHATION OF TRACES of SOR
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| Since methylthymol blue was first prepared by Korbl
and Pribil (17) as a metallochromic indicator, this re
agent

has widely been used by a number of investigators in

However, 1in the last few years

complexometric titrations.
{t hag also been employed by a few workers as a chromogeni
c

agent in the photometric determination of metals such as
2) yttrium (24, 38), lanthanum {24) mercury(13)
’

zirconium (18,
gallium (40), magnesium (21), iron (41)

thorium (25, 44),
and aluminium (39).

a recent cormunication from this laboratory,

31 (37) bave reported the formation of
rious metals with this reagent and

profitable to try this
In the

In
srivastava and Banerl

coloured chelates of V&

have suggested that it would be

her photometric estimations as well,

reagent for ot
+ valuate the

present investiga®

applicability of methy
for various metal ca

hotometrio method fo
and palladium is

{on they have attempted to e

1thymol blue as 2 spectrophotomeiric

tions. From the results obtained,

reagent
r the determination of

a new spectrop
proposed.

beryllium, lead,

erimen

tallic salts of analytiocal grade a

Solutions of me



~: (217 ) :a

of East y r
man methylthymol blue (penta sodium salt) ea
gent
were prepared in double distilled water and standa d
rdizeqd

b
Y the usual methods, The first set of experiments
were

performed to record absorption curves i.e, to determi
aCoe mne

the spectral region of the maximum absorption of th
e

complex. In another set of experiments, the influence of
o

PH, effect of reagent concentration, temperature and
stability of the colour was studied,

To investigate the validity of Beer's law, in the
P
systems a fixed quantity of the reagent solutions was tax
en
and varying quantities of the metallic salt solutions added

The mixtures were ralsed to a coustant volume and kept for

30 minutes to attain equilibrium, The intensity of the

colour was measured with a Hilger Uvispek spectrophotometer

The experiments were conducted gt

(with 1 cm glass cell).
mhe interference of various cations ang

room temperaturs.
In the next set of experiments the

anions was also noted.
gtability of the complexes formed was

composition and the

determined.

Be;xllium—Methglthzgol Blue System

Methylthymol blue reacts with many metal ions in g

weakly or a slightly acld mediun to form red or reddish

violet complexes, and 1t also reacts wi
The reaction 18 applied to the

give a red coloration.

th beryllium ions to

apectrophotcmetric determination of trace amounts of
s study is to find optimum

beryllium. The purpose of thi
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conditions under which upto 9 yg of beryllium can be

determined, to ascertaln the effect of diverse ions on th
q_,"L e

determination, and to determine the compositioanﬂe stabilit
y

constant of the complex formed.

Absorption Curves

When[buffered, aqueous solution of beryllium is
hylthymol blue solution, a red complex is

mixed with a met
Pig, 6.1 shows the absorption curves of

immediately formed.
methylthymol plue and its

e beryllium complex ©
ge has an absorption maximum at 500 nnm.

beryllium complex. The absorption
curves of th btained with a reagent

ylank as referen
some of the typical results are given below in table 6.1

Table 6.1

1ium perchlorate = 4.0 x 1077

Beryl
Methylthymol blue = 4.0 X 10~4u
pH of the golutions = 5.0
HE - OptigaMTBensi erence in
Sl ° optical d
ke o °t _(B) (4-B) = censuy
2.30 2.48 .

4 o 2,60 2,78 e

10 2,84 2.84 0.00

i 2.80 2,76 0.04

20 2.70 2.58 0.12

470 2. 60 2.40 0.20

250 1.62 1.10 0.52

2% 1.28 0.80 0.48

510 . ot

/
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Table 6.1 contd.

l ————
5ptIcaI density 1 O tical 4 ~PIT
Wavelength { of complex P of mBensityl o;tigzince in
nnm (A) ) (A-B) - gensity

520 0.96 0.56

530 0.65 0.57 Oe

540 0.50 0.28 0 92

560 0.28 0.16 0.12

570 0.22 0.14 0.08

580 0.16 0.12 0.04

590 0.11 0.10 0.0l

600 0.08 0.09 =

610 0.05 0.06 -

620 0.04 0.05 -

——

ffect _of H and oice of Buffe

important pecause the T

The B

mhe pH 18 very eagent functions
ge indicator.

+he compl 86X W

The affect of pH on the colour

as investigated by measuring the
ning 9 HE (1.0 4 mol) of
e reagent at different pH

ag an acid-ba

development of

ed in table 6.2, figo 6.2,

e seen that the optimum pH range for

from which it can b
analytical purposes 1ies betweel 5,0 and 5.5
ple 6.3
perylliv® perchlorate - /0 X 10™°M
_ 4.0 x 1074

PH 3-6 4"0
%I;:ﬁg; 5,510 0.400 0-46° 0.515 0.530 0:5% 0.525 0.475



3.2.

A= Be—~-MTB +MTB vs Water

B=MTB Vs water

CZBQ"MT-B'f‘MTB Vs o

blank. Reegent
"
o
s
S e, |
c L ;s gV . 0g T3 |
400 450 500 550 600 650

& Wavelength, nm
9. 6:1 Absorption curves of Methylthymol blue and

its beryllium complex at pH.50, Be: 9 ug;
-4
MTB: 40 x10 M
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In
itially an acetate buffer was used to
maintain th
e

pH within
this optimal range, but the observed ab
— sorban
lways found to be lower than that obtained wit -
with the

hexamethylene tetramine perchloric acid buffer. T
» his ma

dune to the fact that. acetate forms a complex with b ¥ be

eryllium

’

rendering it ionicall
y unavallable The b
, uffer system
4

hexamethylene tetramine perchloric acid was employed
yed, whi

has a great buffering capacity in the pH range from 4 =

m 4 to 7.

The Effect of the Rasaent concentration

A study of the effect of the reagent concentrati
on

at pH 5.0 and 500 nm indicated that there should be t
en fold

molar excess of me

The Colo Stabilit

ntensity af the colo

ghylthymol blue OVEr beryllium concentrati
on,

The 1 ur increases with rise in
the

maximum colour development is attained within

t emperature,
in a water

nutes when the nixture is heated to 80°C

20 mi
bath. ains constant for at least 8 hours

after this

The absorbance rem
at pH 5,0, The oF
f no gignificance.

der of addition of the reagent

was found to be ©

galib;atgon Qurve
g1ality of the procedure was

1ytioal poten
Lambert Beer law

c;libration ourve sho

The ana
performance of the colour

cked against the
wed 1inearlty in the

che
system (Pig.613)-



A I)Gorbant ¢
PN B

. /// ﬂTﬁ*ﬁ\\\\\
& /}”
% L &5 59 %5
bH
;@_

52 Eftect of pH;MTB. 4-0 x\ﬁ" M,
Be S pug



O'E(

<
>N

‘D‘orbanc‘

1¢
Be, ug in 25 mi

Fig.- 6-:3 Calibration curve at 500 nm;
MTB: 4-0 x‘l('.)‘M; pH: 50
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range 0.9 to 9 ug of beryllium with net molar absorpti
vity
€ 500 nm = 13.250. The sensitivity of the reaction
ap

expressed by Sandell's notation (31) 1is 0.00066 ug of
. o

beryllium per cmz. An examination of the data presented
ed in
+able 6.2a shows that MIB 1s considerably more sensiti
ve
than some conventional colorimetric reagents.

Table 6.2a

¢ reagents for beryllium

Sensitivity of colorimetri

Maximal | Sensitivi
Reagent absgﬁptin‘ fo inder Reference
Methylthymol blue 500 0.00066
Acetylacetone 295 0.001 30
Chrome Azurol S 515 0.0004 35
Eriochrome cyanine R 512 0.004 19
Fast Sulfon Black F 630 0.001 4
Alkannin and naphthasarin - 0.005 43
- 4
- henoxiquiniﬁarin o
gigulfbnic acid 550 0.01 28
1 aso X»
So dium chloropben? 6
3
495 0.0006 26

ng end Comple i en

e Bffect of anio
wag studied

ons and complexing agents

phe effect of ani
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as usual and the tolerance limits were determined. The latt
. er

denotes the maximum permissible concentration of the foreilgn

ion in the golution under investigation, which would affect

the optical density by less than X 3 per cent. The results

are given in table 6.3

Table 6.3
mrhe effect of anions and complexing agents
Beryllium taken 9 UE
Anion or complexing Relative error fi:::anoa
agent added, K mol per cent i
ol” 100 + 0.0
250 + 1.1 large excess
r" 2 - 3.3 1.8
5 - 8.8
5O 100 X 0.0 large excess
2- » 2.2
80‘ 100
200 + 4.0 150
- - 505
CZOi 5
20 "'1403 2'7
2‘- i 0.0
¢,H,0 10
48 - 1.1 68
25 contd.
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Table 6,3 contd.

|
Relative error i Tolerance lim
it

Anjon or complexing
agent added, 4 mol { per cent
- 4 mol
2.3
10 =121
C 02~ 2
-28.6
NTA 1 + 0.0
’3‘ i 2.2 6 8
EDTA 0.5 . + 0.0
25 i D2 3.4

The effect of cationt
1 blue is & gelecti

in a8 relatively atron
medium it reacts with many metal

Methylthymo ve reagent for certain
n it is used

g1ightly acid
red or red

g acld medium.

catione whe

HoweveTs in a
1ues dish violet complexes,

itable masking
pisodium gal

cations to give b
g that 2 su agent must be used to
e selectivity.

The commo

t of EDIA was chosen

s can be masked by

increase th
n biValent ion

The following ©

table 6.4.
not b€ mesked: aluminium,bis

ationic

muth,

for this reason.
EDTA a8 ghown in

+horium and zirconium.
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Table

) 1=

6.4

Masking effect of EDTA

Beryllium taken : 9.0 yg

Cations added

¢ each 2.0 y mol

EDTA added ¢ 2.5 4 mpl
Caty 3 Relative error Tolerance 1
ons f per cent & mol Imiy
2+ o
m = 2'2 2-7
P - 1.1 5.4
2+
cd *o.0 Large excegg
H32+ - 1.1 504
P'b2+ - 3.3 1.8
- 0. 12,
2+ -, 2.2 2.7
Pd
24 1 0.0 Large excegg
Co
+ 1.1 5'4
F33+
34 + 6,6 0.8
Bi
+ 3.3 1.6
Ls3* —
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Discussion

Some gensitive reagents, including Morin (32, 33, 34)
1, 4 Dihydroxy anthragquinone (18), 8-Hydroxy quinaldine o '
Acetylacetone (30), Chrome Azurol S (35, 36), Eriochrome ’
Cyanine R (12), Fast Sulfon Black F (4), Alkannin ang

naphthazarin (43), 2 phenoxyquinizarin 3, 4 disulfonic
acid (28), Quinizarin - 2-sulphonic acid (6), Sodium chilore.

phenol azo 1, 8 dihydroxy naphthalene 3, 6 disulfonate (42)

and Xylenol Orange (26) have been used for the determination

of beryllium. Out of these reagents, morin, 1, 4 dihydroxy

anthraquinone and 8 hydroxy quinaldine have been used as
Of the reagents which

fluorometric reagents for beryllium.
react with beryllium to form water soluble complexes,

chrome azurel S, Sodium chlorophenol. azo, 1, 8 dihydroxy

naphthalene, 3, 6 disulfonate and xylenol orange are found
The present method

to be the most sensitive to beryllium.
using methylthymol blue is very sensitive and is comparable

with the sodium chlorophenol azo, 1, 8 dihydroxy
3,6 disulfonate or the xylenol orange method in sensitivity,

naphthalene

Procedure

An aliquot of the standard beryllium solution was
introduced in a 25 ml volumetric flask, 5 ml of a pH 5.0

buffer, 10 ml of a 1 X 10"'3M methylthymol blue solution and

g added to make the golution

then a small amount of water wa
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ab
out 20 ml. The solution was heated in a water bat
ath at

0
80°c for 20 minutes, cooled wiith running water, dilut
’ uted

with water and made up. The resulting solution was k
ept

for about 30 minutes in a th
ermostat at 30 % 0.5°C. The

abgorbance of the golution was measured against a re
agent

blank at 500 nm.

Composition and Stability of the CompleX

omposition of the beryllium methylthymol blue

The C
ined by two methods, the method of

complex was determ
(15), and the mole ratio method (45)

continuous variation!
in Figs. 6.4 and 6.5 from which it

The results are presented
t peryllium forms
jtional gtability constant of the complex

a 1:1 complex with MIB at

is evident tha

pH 5.0, The cond

obtained by calculat
o be 7.7 x 10°

ions pased on the mole ratio data was
0
el at 30 £ 0.5 0 and pH 5.0,

Lead-Mthx}tgxggl Blue System
d for the determination

A new, speotrophotometric netho
It is based upon the

e oI 1ead has
o blue lead (11

gised bY Korbl
nt for the deb

been developed.
) compleX of methylthymol blue,

of a trac
et al and which has recently

formation of

which was gynthe
ermination of some

been used as a Teage

ipnorganic ions.

O n [=]
When solutions containing 1ead (II) and methylthymol



Fig._ 6.4 Continy®

A Absorbance
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Mele ratio, (Be |/ [MTH]

Fig..65 Mole ratio method at 500 nm; pH: 5:0;
MTB z x10™"M

M
}
| ,
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.f 267 0
__ \b\a
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blue in e
quimolecular amounts are mixed, a bl
’ ue colour

appears immedi
ately at pH 5.8. Flg. 6.6 shows th
e absorptio
n

curv
es of methylthymol blue and its lead compl
P ex, The

abeorptl
rption curve of lead complex obtained with a
reagent

blank as reference
has an absorption m
aximum at 600
nm,

some of the typlcal res
ults are given be
low in tabl
e 6.5,

Pable 6.5
Lead Aceta
te = 4-0 X 10-5M
Methylth
Y ymol blue - 4.0 x 10_5M

BH = 5.8

mnngth of complex ’l P o;‘%u'gm gifference i
- (A “(B) ptical density

400 0.240
410 0.206 8:;23 -
450 0.146 0.3%48 -
460 0.157 0.308 iy
470 0.190 0.266 -
490 0.258 0.180 0.078
500 0,300 0.150 0.150
520 0.396 0.102 0.294
540 0.520 0.078 0.442
560 0,670 0.068 0.602
580 0,802 0.056 0.746
590 0.810 0.050 0.760
600 0.825 0.042 0.783
610 0.756 0.036 0.720
620 0.480 0.020 0,460
630 0.310 0.010 0,300
640 0.174 0.000 0.165
650 0.098 0.000 0,090
660 0.058 0,000 0,055
670 0.045 0,000 0.040
680 0.040 0.000 0,030
690 0.020 0.000 0,016
700 0. % 0.000 e 0.010




i = i il 2
4 Fo—-MT8 Vs Water

B=MT38 Vs Water
_ C=Pb-MTB Vs arcagen! blank _
|
08
|
» : .. r
W )
n |
o
< |
o
h
8 |
i _ _
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Absorption curves of Methylthymol blue and its Lead complex at
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The Effect of pH

Th
e effect of pH of the colour development of
0 the

complex wag investi
gated by measuri
ng the absorban
ce of the

mixtures containing 100
g of lead and
0.5 ml of -
alzx?lo 3M

solution of methylthymol blue at different pH val
uesj the
re
sults are shown in fig. 6.7, table 6.6 from which it
can
be seen that the optimum pH range for analytical purpo
ses

l1ies between 5.8 and 6.0,

Jable 6.6

Concentration of lead acetate
2.0 x 10“5u

Concentration of MTB

5-6 5.8 6.0 6.25 6 4

pH 5.2 5¢5
Optical s .
density per 0.22 .34 0.3 0.39 0.39 0.
cm (600 mm) 38 0.37
Hexamethylene tetramine-nitric acid dbuffer was used

gor obtaining pH 5.8

concentration

of the 8% en

rhe effect
x is formed on miming

gerved that the comple

one and maximal absorbance values are

1t was 0D
1uti

fold excess of the metal ilon.

equimolecular 80
obtained with 3
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The colour stability

The colour of Lhe com
ps immadiately
at

room temperature and the absorbance remaing congt
nstant for

@t least 12 hours after Preparation at pH 5,g A
eOy Study of

decreases on increasing the temperature to 6000

Calibration Curves

The calibration curves for the leagq determination
were prepared with solutions containing no fluoride or
40 4 mol of fluoride. In both the curves shown ip fig, 6.8

linear relationships between absorbance ang concentration ’
are found to hold upto 200 ug (8 ppm) of lead at PH 5,8,

The optimum concentration range was then determineg by
Ringbom (29) procedure and was found to lie between 20 to
100 ug (0.8 to 4.0 ppm) of lead. At the measured wavelength

the net molar absorptivity of the complex was found to pe

19,500,

The Effect nf Diverse Ions

The effect of diverse ions on the determination of

jead was then examined at pH 5.8 and the tolerance limit

was calculated in each case.
e concentration of the foreign

The tolerance limit was

tentatively defined as th
jon which affects the absorbance of the system by less

than I 3 per cent. The regults are summarised in table 6.7



S 0_._,..7‘: o

0.4

g
o .
v G2
O
2 .3 Pb: 160ug; MTB:7-0510°
= L }‘ . ’ 7" ’w M
0/ ! 1 | : i
50 55 50 §-5 7.0
o

Fig..6-7 Effect of pH

e

A = In the absence of Fluoride; pH5 8, 600 nm

8 = In the presence of 408 mol of Fluoride, pH 5 8, 500 npm

‘s
A
Pb, pg in 25 ml

Fig...6-8 Calibration curves
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from which it may be seen that Bismuth (III), Iron (TEIy,
Thorium (IV), Zirconium (IV), NTA and EDTA interfere in
even the smallest concentrations examined, but that some
interfering cations including Aluminium (III), Thorium(ry)

and Zirconium (IV), are partly masked by adding 40 y mol of

The interference of iron (III),

potassium fluoride.
palladium (II) and thallium (III), can be eleminated by the

addition of such 8 reducing agent as ascorbic acid,

Effect of Diverse Tons

pb taken = 100 ug

sl | Relative error ! Polerance limit
{ percentage K mol

piverse ion

umol _—
+ 5.8 0.50
41(I11) I'Z* - 1.2 2,50
1.

1.0 +20.6 0.16
B1(III) = DB Large excess
¢d (11) I + 0.4 Large excess
ce(III) Bt + 0.0 large excess
co (II) ek - 0.2 large excesg

or(I11) B + 1.8 1.6

cg (IT) il +30.6 0+3
Fo (1I11) 1':. - 0.5 large excess
1. gontd,

-
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Table

6.7 contd.

Diverse ion

1

Relative error

Tolerance limit

{4 mol { percentage X mol
+ 007 4°2
Ga(III) 1.0
- 0,2 Iarge excess
o + 0.0 Large excess
1, -
Mn(II) - 0.4 Large eXcess
N1(II) <0
1 o "0 3.1 1.0
Pd(II) ’ 0.5 Large excess
1.0 # -
) 1.0 +37.6 0
Iv’ .
Th( 1.0% +18.3 9
) <+ 1.3 2.4
) 1.0
1 (V 0.2 Iarge excess
*
71 (III) 1.00 + 0.4 Large excess
g(vI) 1.0 0.5 large excess
(V) 1.0 + 0.0 Large excess
zn (I1) 1.0 :11 " 0.2
1.0 ,
Zr(ﬂ) O* ¥ 5.6 0 6
1.
i Pel
- 0 10
7 . - 5.7
2 -19.3
100 0,18 Large excess
- excess
- 500 s Large
0.0
@ 100 = laTge ©Xcess
NO% + 0.0
? 200 200
- 7.2
2= 500
B0 0.5
4 _12.9 _contd,
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Pable 6.7 contd.
D
1ve;-,;o ion Relative error Toler
percentage 7} z:;e e
-
043406 25 - 1.8 45
c 0"
68507 10 - 0.4 75
NTA 0.2 -27.6 o
% 40 g mol of T added.
ent ascorblc acld added

x% 40 M mol of ¥ and 2,0 mi of 3 per ¢

Discusgion

with a net moler absorptiv
favourably with tho

technique compares
etric determinatio

pectrophotom
ghat MTB is

onal color

for the 8
been found

gome conventi

jmetrioc reagents

selectivity.
ZEZQQQBE!

jon containin

volumetric {fla

acid puffer, &

considerably mor

ity of 19,500, the

se at present in use

n of lead, It has

e sensitive than

although it lacks

g iead in 8 25 ml

ne tetramine nitrioc
1 blue golution



1 wag then measureq

lead wag foung
: 8

at the glven wavelength and the amoynt of

from the ¢alibration curve Prepared earljie

Composition and Stability Constamt

Attempte were made to establigh tye nature o 4
e
complex in solution and to determine the Composition gng

formation constant of the complex,

J..-_-___Continuous Variation Method

The ratio between ligand and metal 1op in the leag

(11)
methylthymol bluo COmPLEXES Was determined by the meyy,y ..
continuous variations ia equimolecular solutiong, The ratji,

1t1 was found (fig- 6.9).

2. Mole ratio method

wis pole ratio of lead to the reagent was oonnm“
e

- pethod &t pH 5.8. 1In this work eacp
by the mole -5 the total concent

4.0 x 107 ¥ in Htration of
solution was 4»

The absorbance measurementg were mgq
blue. o
methylthymol



Iu\l_v\l'.l ” { |
ﬁo%d\wvc: j+(MTB]]

:on method at 600 nm;

69 no::acocm variat

D“_wvxuw.m

Fig.—
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Fig _ 610 Mole ratio method, MTB: 4-0 x10 M
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at 600
and 620 nm, The results are showvn 1n Fig. 6.1
+» 6,10, which

indicates the formati
on of 131 complex bet
ween the lead (
II)

and the reagent.

Phe stability constant was calculated from th
€ curves

.10 based on the method described by Ha
rvey

shown in fig.
5
5 x 10" at 30°¢ and pH 5.8

and Manning. It was found to be

PALLADIUM ME.THYTJTHYMOL BLUE_SYSTEM

e reacts with many metal ions in a

Methylthymot blu

nly acid pedium tO form blue, pink or reddish

weakly or 2 5118
jow selectivity of methyl-

cessary for the
mask interfering ions

violet
practical determinations

4t s 1€

thymol blues
media either 10

in s1ightly acidlc
w1t an appropTi® pasking agent oF preliminary to separate
— 4ne object 1% In a acidic solution of
iperchloric acid: nowevers this reagent reacts almost
selectively with Palladous jons, even in the presence of many
ther cationsSy to 837° a vright red complex with an absorption
30 noe

tigation presents spectrophotometric study

This inves
. between palladous jon and methylthymol wine
eal
a
at pH 2.0 0 01088 yo 8180 peen determined.
constant of th°
Ab 8O tiol cure®® £ th luti
e © e solutlons containin
gion © g
absoﬂ
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palladium (II) and
are shown in Figs.
Thege curves were obtzain

the coloured solutions against

the same amount of methylthymol blue.

At pH
jdentical absorption curves,

the

530 nm, Above pH 5

+towards shorter wavele
5,2 and 7.8 %

Between pH
{mum at 500 nm.

with an absorptiod max

cluded that, 1P presence 0

con
gormed petween

methylthymol blue at different pH values
6.11 and 6.12 and in Table 6.8 and 6.9
ed by measuring the absorbance of

a reagent blank which contained

1.6 to 2,0 the solutions give essentially

with one absorption maximum at
position of maximum absorption shifts
ngths with an increase in pH value.

ne solutions give absorption curves
Therefore, 1t may be

£ an excess of methylthymol blue,
palladtum (II) and the reagent

two complexes are
rable 6.8
tration of palladium Chloride = 2.0 X 10-5M
concen
cpation °F yethyltuymol blue = 2.5 X 10~
Concen
pH of solﬂfionsg
A * 4
=100
p = 14 i
optical density
- c | D
Favelenstt 2 B ;2
am 0,10 0.085  0.075  0.04
= 0.080 0.30  0.180 0.1 o
8 0. 360 0:5% .42 0.260  0.150
500 0.%29 0.395 0-305 0.310 0.185
510 0.310 0,48 0:iio D2 i
S (R B
525 0,328 o392 %° 310 0.178
530 0,359 - contd,
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Table 6.8 contd.

Wavelengtli Optical density 7
nm A B C D :l E

0 0.315 0-340 00328 0.270 0.1
220 0. 250 0.280 0. 260 0.210 0.133
570 0.178 0,135 0,190 0,145 0.060
580 0.118  0.140 0.130 0,095 0.040
590 0.072 0.082 O s 0.058 0.025
Table 6.9
cOncentration of Palladium Chloride = 2.0 x 10'5"

0l B = -4
concentratio? of Metnylthymol Blue Fonk B kiUl IR
pH of solutions:

A = 502 B = 6‘5
c = 70’ D = 7’8
/ 0 tical dﬂnalty
¢ D

0,080 0,065

.00 0.120 0.156 0.130

460 0,04 0.165 0,212 0.175

470 0.08 0. 230 0.258 0.218

480 0.130 0.266 0.295 0.254

490 0.172 0,260 0.289 0,245

500 0,179 0,215 0.245 0.188

510 0.159 0,197 © 04205 0.146

520 0.140 0.172 0,163 0.100

530 0.12% 0.141 0.120 0.075

550 0.106 0,090 0.040 0.020

560 0.092 0.065 0.005 0,000

570 0. 089 0.050 0.000 0,000
560 0.068 0.050
590 0,059 0.020
025 0.000

600 0. '
=

The Bffeot of ; o on the absorbance of the solution was
oot ©



=

pH Value :

500 525 550

600
Wavelength, nm
F.

~—

~

»
o (<4 1K famk

Absorption curves of Methylthymol blue and its Palladium complex
Hoaium woxﬁu‘KAE.medmbK

A-E Palladium complex Vs a



)

A—D Palladium complex Vs a reagent blank

pH Value: A = 5§-2 d
B=6S
C= gl _
7 ~
. D =78 M
S _
@ n *® |
A ®
s ﬂ.u ....
& Q ,/l 8 _
5 e |
p . \\Ab\! /NNI( / .
0 \. At/°lfr./
O .O #//
/ , |
‘.‘ .—
4 *
L7% 500 £25 550 575 600 8258 650

Wavetength, nm

sorption curves of Methylthymol btue and its Palladium complex;Palladiur
ug: MTB.12x16 “M
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examined by measuring, at two wavelengths 530 and 500 nm
y
the absorbance of a solution containing 50 yg of palladium ang
an

a 12 fold excess of PH 2,0 or 6 fold excess at pH 7.3 of
Prom the curve shown in fig. 6.13 and

methylthymol blue.

6.14 it was found that the maximum absorbance is obtained in

0 when measured at 530 nm, and in

the pH range frol 1.6 to 2.
ange from 6.8 to 7.3 when measured at 500 nm. The

the pH T

results are showh 4n teble 6,10 and 6.11.

Table 6,10
palladium Chloride = 2.0 x IO-SM
Methylthymol blue = 2.5 x 10-4M
/
1.0 10‘ 1.6 2.0 2.1
pH
al densit{ 0.205  0-340 0.410  0.425  0.388
optic
pgr om (530 o®
rable 6,11
Palladium Chlor = .0 x M
= le2 X 10‘4M

// 6‘5 7.5 7.8
5.2
0.295 0.254




-~

-2 V& 16 '8 : 0 N.N
?I
ect of pH at 530 nm, MTB: 2 ux_o.azrvozoam..:j.. mofm



03}
.f.l \/
\
._ L,
0 02\
g _
IS
m _
% < ...q
._
|
9 H_ ” i _.
50 5% 60 65 70 75
b

30
i :
Fig._ 614 Effect of pH at 500 nm; MTB. 1:2 x10 M; Palladium. mof@
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absorbance of the complex at 530 nm ang 500 nm ig iney
eased

with an increased concentration of the reagent, 12 m ¢
. o

t2 be

-3M) of palladium a4

pH 2.0 while at pH 7.3 only 6 ml of 1 x 10_3M of‘methylthym i
0

-7
1 x 10 “M solution of methylthymol blue was foung
sufficient for 100 ug (1 ml of 1 x 10

blue was sufficient for 100 uUg of palladium,

The effect of heating time and the colour stabilit

The maximum colour development wag Treached when the

olution had been kept at 80°C for about 20 to 30 Sl
The 20 ml of the solution contained 0.5 ml of 1 i H'ClO4
and 6,25 ml of 1x 10- M solution of‘methylthymol blue
along with 50 ug of palladium. After heating the solution

wag cooled, trangferred to a 25 ml volumetric flask ang made

up with distilled water.
to allow equilibrium to be attained, The

The absorbance wasg measured after

30 minutes, d soluti
t and solution remained practicall
the resul ¥
absorbance of

4 hours.

t
econstant foT at leas

Calibration curve

wown A2 fig. 6.15, with either complex, Beer'g
s is 8
A she concentration wange from 10 HE to 80 yg

obeyed oveT

law 18 ot palladium. The optimum concentration

pm) ,
determinati
ped B ringbom(29) and was found to 1ie

(0.4 to 3.2 P on of palladium was determineg by

range for the

(0.8 to 2.4 ppm). The molar absorpt1v1ty



Yo MTB a.oxqo....z.. pH:2:0,530nm
By ='M 1
08

B 12x10 °M; pM 73, 500 nm

A
7
... o .
4 8 *
\ L J
o
o
A .
2
o
| \\. -
ik _
20 %0 60 80 100 120
Palladium. ug in 25 ml

Fig.— 6-15 Calibration curves.

140
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was 21,250 at 530 nm and 14,750 at 500 nm, The sensiti
vities

o the methods are 0,005 ug of palladium per em? at 530
nm

and 0.0073 ug of palladium per on® et 50D ‘fi

Ions

The effect of Diverse
The effect of 38 diverse ions was investigated §
using

50 wg/25 ml of palladivm (2.0 ppm) at pH 2.0, 50 yu mol of th
e

anions such as

chloride’ sulphate, tartrate, oxalate and

¢ the cations such as arsenic (IIT1)
]

citrate and 5 4 mol ©
ryllium, calcium, cadmium, cerium (III), chromium

barium, be

(III) oobalt (IT)»

d, magnesiully manganese (11),
uranium(VI) and zinc caused no

copper (II), iron (II), iron (III),lanthanum
]
meroury (II), nickel, platinum

lea
(IV) rhodium(III), gtrontium,
{nterference: rhe ion® causing interference are listed in
table [ - Ther permissible T ——
not exceediné (3 p& cent) i.e. two times the estimate of the
relative gtan ard geviation.

Table 6.12

erse ions on palladium determination

prfect of 41¥
palladium taken: 50 ug

percentage relative Permissible amount
error
4 mol
/ = 1.1
PO, 30 - 2.9 25
25 5.7
50 contd.
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Table 6,12 contd,

! ]
Diverse ion Percentage relative y Permissible am
0
y mol L error ! i mal unt
P~ 5.0 - 2.8 ;
NTA 005 - 109
l.o - 3.5 0.8
EDTA 0.2 -12.4
1.0 -41,2 0
gi(III) 0.5 + 0.7 2.1
1.8
Ga(III) 005 " 0.8
0.4
In(III) 0.5 * 3.7
8.8
pp(IV) 0.3 ¥ 0.18
0.5% 02 7.5
+ ‘06 0.3
+11.0 ool
) 05
o 0.5* + 5.6 0.25
. + 0.5 3.0
Ru(III) 0¢2
jde solution added.
1 ¥ 1T
s 1 md of 0
precisiol
erieﬂ of sixX determinations on solutions
g B
0 ]
containing 5 o,4l with respect to MIB, a relative standard
rendefed 2.9 At cent was obtained.
P
jon O 1.
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Discugsion

Several Ire
e 8
g n have been used fbr the g t
t eC rophot
a P ometric

determinat
ion of palladium., The most sensiti
Ve Treagent
8 have

been foun
d to be p - nitrosodiphenylamine (45)
m : -
ethyladiline (47), thioglycolic acid (16) t- P-nitrosogi..
Potasgium
iOdide

(fe]

ethylenediamine tetra acetic acid (19) and nit
ril
acid (7) have been used for the colorimetric g My
et
palladium, MNore recently some workers (23, 5 ermination of
» 9y 20, 14
’

have suggested other reagents, ety 3)

The methods using the above
WeVer, in

many cases required the extraction of the pallag
adium com
plexes

jc solvent as chloroform or 403
uene,

into such an organ
A

method which can be carried out in an a
queous medium
and

which is rapid, gensitive, selective and relative)
eLy free fro
m

{nterference ig more desirable,

Wethyl thymol Dlue has some advantages as col
orimetrie

palladivie
gium methylt
palla ylthymol blue complex ig wat
er

reagent foT Bo. xixmakion of B Bompliex 1
S

required since

le, the PH 1o
¢ many cations 1interfere

e maximum
solub y 2 colour development can easi
sily

be adjusted! no
anﬂitiVity with the g-nitr o
s 080-a¢ naphthol

comparable in

methad (5).
Procedure

1e solution (10
of the gaip =~ 50 ug or
Pd) is

1 ml.
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taken and diluted to about 14 ml, to which 0,5 ml (1 M)
HC10 and 6,25 ml (1 x 10‘3M) MTB is added in a flask ang

0
heated to 80 C for about 30 minutes. This is cooled and

made up in a 25 ml, flask.
nm and the weight of palladium is reag

The absorbance of this solution

is determined at 530

£ from the calibration curve prepared earlier under

of
gimilar conditions.

The com osition and atabhilit constants of the complexes:

the two complexes were determined

The compositions o
two methods.
y Furman and Garner (1ll) was employed

py the following The method developed by Frank

and Oswalt (9) and D
mposition of the complex with an

for determining the ¢©
{mum 8% 530 nm,

14ning that wit

and the mole ratio method was

abgorption mak
h an absorption maximum

employed for 7%

at 500 ni
;Etion maximum at 530 nm

bhso
The comple® with 425
£ %0 aiscover the composition was made with

an atbt emp

R given molar roncentration of palladium at

on with
golutl oid concentration, but varying methylthymol

erchlorio
P ply a 1 to 1 complex is formed

a giveﬂ 1f ©
centration"
gitions an

n con
tne following relationship may be

4 the absorbance D, is measured

+, (Ec-€NTB) -~ (6.1)
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where a and b represents the total molar concentratio
palladium and methylthymol blue Téspectively €yrB andKELOf
the molar extinction coefficients of methylthymol biye |
and the complex respectively Ki is defineq ag

¢ -x) (b=-x)
. LA - (6.2)

where x represents the equilibrium molar concentration of

the complex at a given acidity.

In Fig. 6.16 ab/D is plotted againgt (a+b) at five
wave lengths between 500 and 540 nm, 1In thege solutions,

the concentration of palladium was 1.0 x 10'5M'wh11e the

concentration of methylthymol blue was varied from

e
1.25 x 10"4M to 8.0 X 10 'M; the pH was adjusteq at 2.0.

The good linearity of the curves in Fig. 6.16 supports the

ot I8 gormed under the conditionsg investigateq

: calculated to be 1.18 x 10
The value of K #8%

o]
t 209C 2¢° = <

N quation 6.1,
asgump

1 to 1 Compl

4

(log k = 4,07)
5.46 kilo calories,
and a

bgorption maximum at 500 nm
The compleX &

he molé ratio of palladium to the reagent wag
The m

y . 8 In thig work
: % 10'4M in the total concentration o

e ratio method at pH 7.3,
b
confirmed

cach solution wr

Ca
jcates 8

rthe results are shown in Fig. 6,17

to 2 complex is formed between Palladiyg
d
which 1in

e .
and the I'Bag

nte«
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The formation constant, as calculated by the mole ratio method

was found to be 6.25 x 10° (log K = 9.79) and 26° at 20%¢ -

13.1% kilo calories.

Nature of the complex:

Ion exchange studies have been made and thege indicate

that the complex formed is uncharged or neutral in character,
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This thesis concerne itgelf with the study of se
veral

metal chelates, involving quinalizarin and methylthymol bl
ue

ag chelating agents. The study has been confined to the

coloured chelatee only, since these reagents have found

application in the colorimetric determination of metal
5 on a

micro scale. The reagents jnvestigated here are chromogeni
¢

for their applications in coloxrimetric

reagents., They are known

w metals. It is interesting to note from

analysis of a fe
gshed on their use as analytical reagents
?

the literature publi
{lable on the composition and

much 1nformation is ava
g formed, Hence, the prima

{ the coloured chelate

not

gtability o
aim of the presen

+ work has been tO jnvestigate systematically
|

gtabllity of the metal chelates formed in

the composition and

while working wi Incidentally,

th low concentrations.

golution,
{nd further application of the

algo been made to T

attempts have
tal ions, and some of

o) determination of me

reagents for micr
thesis,

the results have been reported jn this
een divided into six chapters;

regent work has D

The p
ntal results. Chapter I

ocribe the experime

the last four des
n chemistry with

gives @ brief 1ntroduction of coordinatio
he chemistry of metal chelates. In

eference to t
g chelate formation in

particular T
of discernin

methods
on spectrophoto-

Chapter II,

solution are outlined. with special emphasis

metric method with which the present work 1B concerned. For
1 chelates in

mpogltion of meta

tion of the cO
urements the followin

golution using apsorbance meas

the determina
g methods
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have been employed:

(1) The methog of Continuous Variation;
(2) The mole ratio method;

(3) The slope ratio method;
(4) Frank and Oswalt method (in a few cases)

The present studies have shown that the resuit

5
obtained by these different methods are in go0d agreement
ent,

and show the utility of these methods for such studies

The stability constant ig ugeful for the understandi
ng
of the characteristics of a chelate (or a complex) but th
e

determination of the thermodynamic constants is beset with

difficulties and it 1s often convenient ang valuable 4o

determine the stoichiometric constants, which describe the

Under a given set of experimental

stability of species,
Several methods based on absorptiometric

conditions,
measurements have been described for the determination of

In recent years Dey and Banerji have

stability constant.
worked out a method based on the comparison of the composition

of the constituents in a system, having identity of colour,
modification of the procedure deseribed by

o
(=]

This method is
Anderson et al and has an advantage that it can also be

applied to such systems where one of the interactants ig
In the present work stability constants have been

coloured.
calculated by the aforesaid method, by the continuous

variations and by the mole ratio method. In a few cases

stability constants have also been calculated with the help
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o f the measurements of molecular extinction coefficients.
The values obtained by these methods have been found to be in
good agreement with each other. From the values of the

stability vonstants the free energy changes of formation have

also been calculated.

A detajiled investigation of the metal chelates of
Pb(II), Ia(III), Fe(III) and Zn{IV) with quinalizarin
(abbreviated as QZR) has been described in Chapter III. It
also records the influence of the variation of the hydrogen

ion concentratlion on the colour of the dye and the ecolour

forming reactions of metal ions with quinalizarin. The

e characteristics and the composition of the metal

regults on th
chelates are gummarised in the following table,

Table I

mposition of Quinalizarin Chelates

Co
|
Composition 1 pH range of
Chelate : { stability
B ° 6-5 o 7 8
o l o 2 ®
La(III)-QZR 55 g 20 - b5
560 . 2V o= &y
Fe(III)-QZR .
500 131 5.0 = 6.5

zr (IV)-QZR
ity ~onstants have been calculated and the

The stabil
le IIO
results are shown in tab
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Table II

Stability constants of Quinalizarin Chelates

M k. 1 ” Iog K by the method of w
Ionic Tempe- ¥olec \ g0
Chelate pH strength {rature | Dey Continuous Mole extine- | (ggals)
nos et al \variation| ratio tion
- Coeff,
PL(II) - QZR 6.3 X 0.1 - 30 4.330.1 4.280.1  4.1%0.1 - - 5.7%.1
La(TIII)- QZR 6.8 X 0.1 0.1 ¥ 30 10.110.1 10.1%f0.1 10.2%0.1 - -14.0%0.1
(RaCl0 )
§
Fe(III)- QZR 3.0 £ 0,1 0,1 M 20 5.0%0.1 5.2%0,1  5.3%0.15 5.0%0.0 - 6.,930.2
(K01)
zr(IV) - QZR 6.0 £ 0.1

, 20 4.8%0.1 4.7#0.1  5.0%0.2 - _ g5t ,
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In some cases it was not possible to swamp the systems

with an excess of an electrolyte to obtain a medium of constant

ionic strength, the lake

in these cases.

s having a tendency to precipitate out

hange gtudies were made to determine the nature

nelates and it has been found that the
{ron(III) and zirconium(IV)

Ion exc

of the charge on the ¢

chelates of lead(II), 1anthanum(III).

are anionic,
regents a prief review of the various

Chapter IV P
a the results of

r tungsten and contain

chelating reagents .fo0
zarin for the determination of tungsten.

the application of quinali
gsition of 1:2 of the components.

The coloured chelate nas ComP°
in which the chelate 1is stable,

PH range With
gor adperence t

range of concentration
alue of molecular

o Beer's law (ppm), effective

extinction coefficient

The optimum

h the V
photometric range, gen given in the

f the gystem investigated have 2

and sensitivity o
following table.

i eOf i s
) Rangentraw 3 tive [Molecular i Sensiti-
onc EBffec
notometrie extinction } vity
: p"range }coefficient (Sandgll)
. ug/om®
7875 ! 0,0261
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Ion exchange studies on tungsten quinalizarin chelate

indicated that the chelate iB anionic in character,

The work done on the study of uranium, vanadium and
iron(II) chelates of methylthymol blue has been described in
udy has been the same as with

Chapter V. The plan of 8%
171). In addition to the

quinalizarin chelates (Chapter
analytical applications have been

composition and gtability,

ults on the characteristic and composition

worked out. The re8
1lowing table.

of the metal chelates 28r° cumrarised in the fo

rable IV
thymol blue chelates

Compositiol of Methyl
““—Er-) ition pH range of
nm Compo 8
Chelat A“‘a’fngt re o;[p. Ke stability
e age .
¢t bl
n__.—f:l;'" 131 6.2 = 7.0
U(VI) - MI'B
1 ¢ 1 3.5 - 5.0
v - e % 1% 2 5,2 = 6.5
VAT w3 29 1 : 2 5.2 = 6.4
Tl MR -l 1% 31 2.2 - 5.0
constants have beed calculated by
The stability _paults are shown 1n talle V.
a the

different methods 2"
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Table V

Stability const-nts of MI'B chelates

! 1 I ” log K by the method of JM
ionic Tempe- L g0
Chelate pH streng-} raturel pay ot Continuous
ﬂ th ) Vet al 4y riation | Mole ratioy (KCala)
T(VL) - wB 6.7¥0.1 0.1 % 20 5.6X0,1 5.5%0,.2 5.7X0.2 ~7.7%0.2
Qmﬂob
V() - ¥rp A.530.1 0.1 M 30 A.220.15 4.6%0.1 4.4%0.2 -6,1%0,3
nzNOHOpV
V(7) - utB 6.,080.1 0.1 M 30 10,2t0,1 10.4*0.2 10.280.2 ~14,1%0.3
»mwQHOpq
Fe(II) - WEB 5.8%0.1 = 30 - - 9.6%0.1  <13,2%0.2
Fe(II) - uTB 2.5%0.1 - 30 - = 5.610.1 ~7.620.2
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The optimum pH range within which the chelate is

concentration for adherence £
alue of net

at:
table, range of o Beer's law

(ppm), effective photometric range and the ¥V
ems investigated have been

molar absorptivity of the syst
recorded in the following table.

rable VI

MethylthYNOI Blue

n of Metals bY

Determination =
i
5 Net molar
Mi:zl %Optimum absorptivity
H 1 a2 A
pH range€ i Beer' Bm]:_a' (ppm)
0.6=3.5 10,625
u(vI) 6.6-6.8 0.4 = 376 ’
56.0 40.8v51.0 17,125
LT T
’ ’ 0 15.3-40.8 15,000
V(V) 6 6 5-1 ’56'
e 11.2-33.6 12,000
Fe(II) 6-40-0
5.5-5.8 11.2-28.0 6,500
plue as &
Ch vI eals with metwlthymd peryllium, 1 d
apter " bery , lea
phot P . in the determination of . .
o
metric reage” nditions for P per atilizatlon © e
and palladium ioB®° _ocedures by which
and he P
tajped
reagent n ae g trically have heen
gent, have be® detarﬂliﬂe photome
traces of metal® can be i ed VY the presence of a
g e
recommended., Th€ terfer6n° Lated and the tolerance
' peen
large number of ion® have Jon8 ave beer determined.
ign
g fore



