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PART I

GENERAL INTRODUCTION




GENERAL INTRODUCTION

1 Ionization Constant

The term ionization constants means those constants which
are used to measure the strength of acids and bases. They reveal
the proportions of the different ionic species into which a subs-
tance is divided at any chosen pH. This kind of information is
useful in many ways, For example, different ionic species have
different ultra-violet spectra and significant Sspectrophotometry
can be done only when this is kept in mind. The ionic species of
a given substance differ in other physical properties also and
in chemical and blological properties as well‘. Ionization cons-
tants, by defining the pH range in which a substance is least
ionized, lndicate the conditlons under which it can be isolated
in maximal yield and this has great value in preparative chemistry.
They are often used to help diagnose the structure of a newly
igsolated substance and can help to confirm the identity of two

substances which have no melting point.

The determination of ionization constants by conductometry
is the oldest method. It takes somewhat longer time than by
potentiometry and is a less versatile method but it is specially
useful for very weak acids. Most of the lonization constants
determined before 1930 were found by Conductometry, but many of

these old values are inaccurate. Nevertheless the method is



capable of giving highly accurate values if sufficient care is

taken.,

The most convenient method for the determination of ioni-
zation constants is potentiometric titration. However, spectro-
photometry is particularly suitable for sparingly soluble subs-
tances, and also for work at very high and very low pH values
which are beyond the range of the glass electrode. It can be used
only for substances which absorb ultra-violet or visible light
and the relevant ionic species must show absorption maxima at
different wavelengths. Spectrophotometry is related to potentio-
metry in that the spectra are determined in buffers whose pH
values are determined by potentiometry. Whereas potentiometric
determination of an ionization constant measures the hydrogen
jons not bound by the unknown, the spectrophotometric method
measures the spectral shift produced when the unknown binds
hydrogen ions. Raman spectra and nuclear magnetic resonance
permit the determination of the ionization constants of such

2
strong aclds as nitric and trifluorcacetic acids.

Another method is determination of the increase in aqueous
solubility of unknown at various pH valuesB. This is not so
accurate a method as conductometry, potentiometry and spectro-
photometry but it is useful in those cases where a substance (i)
is too inscluble in water for potentiometry and conductonmetry
and (ii) has no useful ultra-violet spectra. The catalysis of
hydrolysis of an ester, disaccharide or glucoside, as a measure

of ionization constants, has only historical interest.



Of many weak electrolytes which have been studied by
spectrophotometry, the early work of von Halban and Kortﬁmh
on 2:4 dinitrophenol is a classical example. Thelr method
conslisted of measuring the absorptions of the indicator in
excess alkali and in excess acid, and to compare with these
absorptions obtained in water and in salt solutions. The
jonization constants of phenols have been attempted by many

8 have determined the

9-11

workers-~/. Thus Bordwell and Cooper
jonization constant of cresol. Biggs and coworkers have
done a considerable work on the ionizatlion constants of nitro-
phenols. The halogenated substituted phenols have been stu-
died spectrophotometrically12'13. The ionization congtants of
cyano, formyl, methoxy carbonyl, methoxy and phenyl phenols
have been investigated by various authors’h"s. Ernst and
Herring19 have measured the thermodynamic lonization constants
of m- and p-acetyl phenols without the explicit use of activity
coefficients for the charged species spectrophotometrically.
Bale and Monk20 have obtained dissociation constants of chloro-
acetic and propionic acids in 20% ethanol using 2:4 dinitro-

phenol as a colour reference.

A new method has been derived for spectrophotometric
determination of ionizatlon constants of diprotic acids by
Ernst and Menash121'22. Thamer23 has given two methods for
determining lonization constants of dibasic acids applicsble
for an{mngree of overlé?ing of the lonization constants. A

minimumﬂof data is required in either method. Irving and

coworkerszh have determined ionization constants of dibasic



acids. The studies on acid-base equilibria in acetonitrile
by spectrophotometry and conductometry have been made by Kolthoff,

€5 showing complete dissociation of

Bruckenstein and Chantooni
perchloric acid. The spectra of p~lodobenzoic acid has been
studied by Robinson and Ang26 in which acid curve 1s only slightly
displaced to longer wavelengths, but the accuracy of determination
of ionization constant is lower than that for other acids inves~

tigated by spectrophotometric method.

Dav1327-28 et al.obtained ionization constants of some

derivatives of picric acid on the assumption that the effects

of substituents on the ionization constant of phenol are addi-
tive. Spectrophotometric measurements of several concentrations
of 4L-chloro-4'-aminodiphenyl sulphone at various known pH were
made from which the value of ionization constant was determinedzg.

They30 also studied the ionlization constants of L-aminobenzo-

phenone at several temperatures.

Bates and Hetzer- ' have calculated the thermodynamic
functiong for the ionization process of protonated acid form
of 2-amino-2-{hydroxymethyl)-1-3-propanediol [tris—(hydroxy-
methyl)—aminomethane]. Derivatives of barbituric acigd have
been studled by many worker332'33. The ionization constant of
triethanolammonium ion has been determined by Bates and AllenSY.

Muhumma et al.have obtained the ionizatlon constants of

hydrogen peroxlde and hydrogen sulphide.

Substitution groups can change the electron density on an

acldic group by polar interaction. Many authors have attempted
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to divide polar interactions into inductive effects, displace-
ment of electrons along the molecular chain or ring and direct
or electrostatic field effects which occur, at least in part,
through the solventj?-hz. The distinction is a fruitless one
because there is no way to estimate one type of interaction
independently of the other. It has often been assumed that

the Kirkwood-Westheimer theory can be ussed to calculate the
direct effect, but thls view cannot be maintained®3. Commonly,
these changes in acid strength are treated by considering them
as arising from the polar effect, the resonance effect, hydrogen
bonding, and steric hindrance. Often more than one of these
considerations plays a significant role in determining the acid
strength of a molecule, and it ls difficult to find examples
which illustrate just one of them. Therefore, it is necessary

to select the principal effect, even though other factors

contribute to the change in acid strength.

The effects of substituents can also be treated by a
"ILinear Free Energy" relationship. The most generally used

special form of this expression is the modified Hammett equation -

APk, = © o where the substitution constant ‘e” measures

the ability of the substituent to either withdraw electrons from
the ring or donate them to it by induction and resonance. It
depends primarily on the nature of substituent group and second-
arily on the position of the substitution becauss resonance is
more important at the para position than at the meta position.

It 1s assumed to be independent of temperature and solvent.
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b

'Pp'1s the reaction constant which is the same for all substi-
tuents but depends on the solvent, temperature and nature of

of the acid group.

The Hammett equation is a landmark in the development of
physical organic chemistry. With it one can store and correlate
a large quantity of equilibrium and rate data. The sign and
magnitude of '®’' have proved useful in characterizing the nature

of reactions and in speculating on their mechanisms.

A change in temperature causes a shift in the equilibrium
point which is of both theoretical and practical interest. The
change in enthalpy, entropy and heat capacity associated with
an acid-base reaction can be found from the variation from its
equilibrium constant with temperature. These thermodynamic
properties afford interesting insights into acid-base behaviowr,
particularly with regard to solution effects. Acid-base equili-
bria are also disturbed by addition or removal of species foreign
to the equilibria. The nature of the solvent, for example, is
changed when methanol is added to an aqueous solution of a weak
acide The medium can also be changed by addition of a foreign

solute, such as sodium chloride.

2 Complex

The study of complexes has been one of the major areas
of research in inorganic chemistry for many years. Amongst
other methods, spectrophotometry is of tremendous importance in

the study of complexes. Two problems have received considerable



attention; the determination of equilibrium constants, and the
determination of the stoichiometry of the complexes. The spec-
trophotometric method is particularly powerful, since it does
not require that the complex be capable of separate existence.
Evidence for the formation of quite unstable complexes can be
obtained, and their stoichiometry, their free energies, and
even their enthalpies and entropies of formation can be deter-

mined.

The empirical method of determining complex stoichiometry
is widely used in investigating molecular complexes, where 1:1
ratios are by far the most common. In the field of ionic com-
plexes, however, much higher ratios are usually encountered, and
more systematic methods of determination of complex stoichlometry
have been developed. The best known of these is Job's method of
continuous Variationhb. This method has largely been designed
for convenience in use and accordingly is based on spectrophoto-
metric analysis of mixtwres in the ratio of xi(1-x) volumes of
equimolar solutions of concentration M of the two components
A and B of the complex. Although Job stated that the method was
applicable only when a single complex was formed between A and
B, a method has been proposed which is applicable if a series
of complexes is formedh5. This method, however, has not proved
very rellable and has not found wilde application. The method
can alsc be used for stability constant determination for certain
limited systems containing one complex speciesk®. A ¢ritical
study of the application of this method was published recently

by Asmush7"h8.

~2



The molar-ratio methodhg is very similar to the method of
continuous variation. The difference lies in the fact that the
total analytical concentration of metel or ligand is held cons-
tant rather than the sum of the metal and ligand concentration.
This method can also be used for finding out stability constant
of the complex provided instability coanstant of the complex is
not too large. The slope-ratio methodso is most valuable for
weak complexes, since the absorbance measurements used with this
method involve only solutions containing a large excess of the
metal and solutions containing a large excess of ligand, However,
the method is applicable only when one complex species is formed

and Beer's law is followed.

If one or more coloured complexes are formed in a system,
then the optical density of the solution changes with g change
in the addend concentration. It ia impossible to find the
equilibrium concentrations of complexes directly by measursment
of optical density of the solution, since it is necessary to
know the molecular extinction coefficlents of each complex formed
in the system. If only one coloured compound igs formed in solu-
tion, the calculation of equilibrium constants is comparatively

hh.h9v51, However, considerable difficulties arise when

simple
several complexes are formed in the system. The ¢calculation of
stablility constants with stepwise complex formation from a study
of physico-chemical properties of solutions {(including optical

-
density) was examined by Yatsimirskii)z and Bjerrum53.

Lot of work has been done on the complexes between various

ligands and metal ions. 2:4 Dihydroxybenzoic; 2-hydroxy-3-
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naphthoic and 3:5 dinitrosalicylic acids are colorimetric
reagents used for the estimation of cations. Tanagbe and
Hata5b studied the colour reactions of various acids with
cobalt and copper in presence of 2-3 drops of 28% ammonia.
2:L Dihydroxybenzoic acid also glves colour reaction with
chlorine and o-toluidine55. The complexes of this acid with
calcium, iron, aluminium have been studied gravimetrically

59-60 studied com-

by various author356'58. Srivastava et ale.
plexes of titanium and tungston with 3:5 dinitrosalicylic acid
which is used 1n analysis of sugar, gravimetrially. The studies
on stability of complexes of trivalent metal iong with 3:5
dinitrosalicylic acid have also been made by Kuznetsov and

Basargincow61 potentiometrically.

3 Complexes between surface-active substances

The polarographic method first described by Heyrovsky in
1922 consists in recording current vs. voltage curve using a
dropping mercury electrode. Alternating current polarography
refers to the technique in which a small alternating potentiagl
or sinusoidal form is superposed on to the direct potential,
under polarographic conditions, and the resulting alternating
current is measured. The term "a.c. polarography" is used in
connection with study of electron transfer reactions. The same
experimental technique can also be uged to study the behaviour
of surface-active substances which produce capacity changes at
the lnterface even in absence of elactron transfer. The study

of surfactants by this method has been termed "Tensammetry".
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Very little data are available in literature on electrode
procasses in presence of adsorbed film, studied by a.c. polar-
ography. Breyer and Hacobian62 observed that when a mixture
of two surface-active substances was present in a solution of
an indifferent supporting electrolyte, only tensammetric wave

was obtained, corresponding to that substance whose peak poten-

63

tlal, 'Eg', occurred at more negative potential. They also found
that certain depolarizers freely penetrate surface films and
yield good a.c. waves even after addition of surface-active subs-
tance such as p-nitrophenocl in presence of octyl alcohol. Gupta
and Sharmaéu also investigated the influence of tensamuetrilc
waves on one another by a.c. polarography and found that in most
of the cases studied, the influence of more cathodic¢ tensammetric
peak on less cathodic peak is due to greater adsorbility of the
surface-active substance corresponding to more cathodic peak and
consequently forming a unimolecular film on the electrode sur-
face. In some Cases the influence is due to some interaction
between two surface-active substances to form a complex which

18 more surface-active than the indlvidual surfactants.

The author successfully applied tensammetry for the study
of the complexes between surfacte-active substances. He has glso
confirmed such complexes by electrical conductivity and infra-red

spectrophotometry.

L, Proposed work by the candidate

The present work deals with the detailed and systematic

studlies of determining thermodynamic ionization constants of
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2-hydroxy-3-naphthoic acid, 2:4 dihydroxy bensoic acid, 3:5
dinitrosalicylic acid and 3:5 dinitrobenzoic acid spectropho-
tometrically on which no data are available 1n literature.

The ionization constants of these acids have been determined

at various temperatures and the thermodynamic functions 1like
change of free energy, enthalpy, entropy and heat capaclity

for ionization process are calculated and equatlons relating
these thermodynamic functions with absolute temperature given.
The ionization constants of these acids have also been cbtalned

in different methanol-water mixtures.

Thermodynamic ionization constants of ortho, meta and para
toluic acids and p-fluorobenzoic acid along with their thermodyna-
mic functions at various temperatures have been determined with
special reference to their structural influence on ionization

constant.

The water soluble coloured and colourless complexes formed
by the interactions of 2-hydroxy-3-naphthoic acid, 23k dihydroxy-
benzoic acid, and 3:5 dinitrosalicylic acid with some di and tri-
valent metal ions,on which no data are available in literature,
have been studied spectrophotometrically. The composition of the
complexes thus formed are established using Job's method of con-
tinuous variation, slope-ratio method and molar-ratioc method and
confirmed conductometrically. The instability constants of the
complexes at various ionic strength and at different temperatures
have been obtained and the values of AF,AH andAS calculated.

The probable structure of these complexes has also been proposed.



Attempts have also been made to study complexes between
surface-active substances, viz., complexes of pyridine with
o=-cresol and n-amylalcohol in aqueous medium, by a.c. polaro-

graphy and their confirmation by conductometry and infra-red

spectrophotometry.
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TECBNIQUE AND RESULTS



TECHNIQUE AND RESULTS

Technigue

The absorbance measurements were made by manually operated
Hilger Uvispeck spectrophotometer (lodel H700-308 of Hilger &
Watts. Ltde., London} using 1 cm. matched silica cells. The cell
compartment was equipped with a jacket through which water could
be circulated from a tbermostat (Townson & Mercer). The ther-
mostat was maintained at the desired temperature between 10 to
60°C. It was seen that the temperature of flowing water re-

mained constant with an accuracy of = 0.1°C,

A direct reading pH meter (Philips PR 9400) was used for
pli measurements which could read with an accuracy of » 0.01.
Conductivity meter (type LRB, Wissenschaftlich - Tacknische
Werkstatten, Germany) with a titration cell (LTI), whick had a
thermostatic jacket for temperature stabllity, was used for

conductance measurements.

There are many metbods available for the determination of
the electrical double layer capacity. The bridge method! adopted
by Grahame is undoubtedly the most precise but it is very labo-

rious. On the other band, the a.c. polarographic tecknique deve-

2

loped by Breyer and Gutman® and modified by Doss and
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Kalyanasundaram3 as well as by Uoss and Gupta® is shown to be
very convenient for such investigation. This technique essen-
tially consists in applying to a d.m.e., an a.c. riprle of low
amplitude over the d.c. potentials and measuring the a.c.
component of the pulsating current by measuring the a.c. voltage
drop across the resister put in series with the d.m.e. This is
done by feeding the voltage to an amplifier (Bruel and Kjaer,
vacuun tube voltmeter, type 2407, Copenhagen (least count 0.2 mV
and maximum amplification 60 db) and applying the amplified and
rectified current into a galvanometer. The voltage drop resis-
ter consists of a resistance box, the magnitude of resistance
necessary for producing a particular voltage drop being measured
for calculating the current passing. This has rendered the

measuring the system independent of the frequency of the ripple3.

The infra-red spectra in the O-# stretching region were
studied by employing Carl-Zelss UR 10 spectrometer with lithium
filuoride optics and in the overtone region with s Cary-14R

spectroptotometer with variable temperature cells,

Results

Spectrophotometric determination of the thermodynamic ionization

constants of some organic acids in agueous medium and related

thermodynamic functions.

This work deals with the spectrophotometric determination
of the thermodynamic ionization constants of 2-hydroxy~-3-naphthoic
acid, 2:4 dihydroxybenzoic acid and 3:5 dinitrosalicylic acid and
their confirmation with potentiometric method. The thermodynamic
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ionization constants of 3:5 dinitrobenzoic acid, ortho, meta,
para toluic acids and p-fluorobenzoic acid kave also been deter-
mined in aqueous medium spectropbotometrically and results are
shown as a function of absolute temperature by the equation

Pk, = A/T + B + CT. In case of 2-bhydroxy-3-naphthoic acid, ortho,
meta, para tolulc acids p-fluorobenzoic acid and 3:5 dinltro-
benzlic acid, the ionization constants decrease with increase of
temperature sbowing that lonization process in each case is
exothermic and have large negative heats of lonization. The
ionization processes of 2:4 dihydroxybenzoic acid and 3:5
dinitrosalicylic acid are endothermic and hrave large positive
beats of ionlzation. The thermodynamic functions like change
in free energy, enthalpy, entropy and heat capacity for all the
acids have been calculated from the temperature coefficients

and equations relating these thermodynamic functions with abso-
lute temperature given. All the thermodynamic functions excCept
AS for 2:4 dihydroxybenzoic acid and 3:5 dinitrosalicylic acig
show increase in magnitude (with sign) with increase in tempera-
ture. Their limits of deviation between observed and calculated

values are glven.

The pK, values for all the acids increase with increase
of lonic strength and can be related by equation PK, = 4 + BI
up to an ionic strength of 0.1. The ionization constant of each
acld bag been obtained in various methanol-water mixtures. It
was found that the values of ionization constants for all acids
decrease ug rapidly up to a concentration of 40% methanol in

the mixture but concentrations greater than this produce slow



decrease in the value of ionization constant. The decrease
of ionization constant with increase of methanol composition
in the mixture is related to the dielectric constant of the
medium whick decreases with the increase of methanol percen-
tage. The decrease in the extent of solvation of the lonic
species by increasing concentration of methanol may also have
some influence in decreasing ionization constant. The medium
effect bas been expressed by Born's equation. Assuming ions
to be rigid spheres and the radius of hydronium ion which is
associated with the ions of the acid to be approximated by
that of the water molecules, the estimated radius of each acid

ion has been calculated.

The change in acid strength with the change of molecular
structure has been explained on the basis of I and T effects.
The observation that the substituent group fluoro has little
effect is due to the fact that -I and +T properties oppose each
other and -I effect predominates over +T effect whereas the
large effect of methyl group is due to the fact that +I and 4T
effects are in the same direction. In the para position the I
effect should be smaller than in meta position because of the
increased distance. Thus the strength of benzoic acid is de-
creased by a methyl group in the para position even more than
in the meta position. In almost every set of isomers the ortheo
is the strongest acid, and even when a substituent has both +I

and +T properties, the resultant acid is stronger than benzoic

acid.

The effect of substituents bas been treated by modified
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Hammett equation. The plot of pK, of substituted benzoic acids
against substitution constants gives a straight line and from
the slope of this stralght line, the value of reaction constant

has been calculated to be 1.01 which agrees well with the lite-

rature value of 1.0.

Spectrophotometric and conductometric studies of the complexes

of 2-hydroxy-3-naphthoic acid in ayueous medium.

This work deals with detailed and systematic studies of
the interactions of 2-hydroxy-3-napbthoic acid with uranyl, iron

aluminium and beryllium ions in aqgueous medium.

The following are tke main results obtained as a result

of these investigations:-

1. The orange-coloured water soluble complex formed by
the interaction of wuranyl ion and 2-bydroxy-3-naphthoic acid
has been studied spectrophotometrically in aqueous medium. It
has an absorption maximum at 450 ma and a flat region thereafter.
The optimum pH range is L+5 to 4.8 and it is stable towards time.
The formula of the complex, established spectrophotometrically
and conductometrically is UO,R. The molecular extinction co-
efficient is L4.16 x 102. The instability constant of the complex
hag been determined for different ionic strengths and temperatures.
The value of M and AS are found to be =5.104 k.cal/mole and
37.2 * 0.2 esu. respectively. The probable structure of the

complex is also suggestad.

2. Ferric ion forms a blue, water soluble 1:1 complex with

F 4
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The ph range of constant maximum absorbance is 2.3 to 3.1. The
molecular extinction coefficient of the complex is 2.30 x 107.
The dissociation constant of the complex has been obtained for
various ionic strengths and temperatures, and the values of

An and AS have been calculated.

3. The colourless complex formed by 2-hydroxy-3-naphthoic
acid with aluminium has been studied in aqueous solutions of
different ionic strengths and at different temperatures spec-
trophotometrically. The molecular composition bas been deter-
mined by Job's method of continued variation and is found to
be AIR. The values of Ai and AS are found to (-9.45%0.15)k.
cal/mole and (52.2 * 1.5) e.u. The probable structure of the

complex is also suggested.

L. Spectrophotometric method bas been employed to study the
colourless complex formed by beryllium with 2-hydroxy-3-naphthoic
acid in aqueous solutions of different ionic strengths and at
various temperatures. The molecular composition has been deter-
mined by Job's method of continued variation and is found to be
BeR. The probable structure of the complex is also suggested

conductometrically.

Spectrophotometric and conductometric studies of complexes of

2:4 dihydroxybenzoic acid in aqueous medium

This work deals with the detailed and systematic studies
on coloured complexes of 2:4 diltydroxybenzoic acid with cupric
ions in acldic medium and in presence of ammonia. The colour-

less complexes of this acid with Al*3 and Be*? ions have been
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studied spectrophotometrically. Polarographic method has also
been applied to confirm the complexes of 2:4 dibydroxybenzoic

3

acid with Fe'~ and Cu'? ions. The following are the results

obtained in this investigation.

1. The reddish violet complex formed by 2:4 dilydroxy-
benzoic acld with cupric ions in presence of ammonia has been
studied in aqueous solutions of different ionic strengths and
at different temperatures. It has an absorption maximum at
490 mp. The optimum pH range is 10.0 to 11.0. The molecular
comp;sition of the complex has been determined by Job's method
of continued variation, slope-ratio method and molar-ratio
method and is found to be 1:1. The molecular extinction coeffi-
cient of the complex is 1.53 x 103. The values of AH andAS
are found to be -2.30 k.cal/mole and 28.L e.u. respectively. The

probable structure of the complex is suggested.

2. Cupric ion forms a green, water soluble complex with
2:l, dibydroxybenzoic acid with maximum absorption at 390 U in
acidic medium. The complex is stable to wide temperature va-
riation and at the pH range of 5.0 to 6.0, The molecular ex-
tinction coefficient is 0.54 x 10°. The formula of the complex,
established spectroptotometrically and conductometrically, is
CuR. The instability constant of the complex has been determined
at varilous ionic strengths and at different temperatures and

the values of AH andAS given. The probable structure of the

complex is also suggested.

3« The colourless complex formed by 2:4 dihydroxybenzoic

acid with aluminium bas been studied in aqueous studies of
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different ionic strengtbs and at different temperatures spec-

trophotometrically. The molecular composition bas been deter-
mined by Job's method of continued variatlon and is found to be
AlR. The quantities AH andAS %*ave been calculated from the
temperature coefficient of the instability constant. The pro-

bable structure of the complex is also suggested.

L. The colourless complex formed by the interaction of
beryllium with 2:4 dihydroxybenzoic acid has been studied
spectrophotometrically in aqueous solutions of different ionic
strengths and at different temperatures. TFe molecular compo-
sition of the complex bas been determined by Job's method of
continued variation and molar-ratio method and is found to be
1:1. The values of AH and AS are calculated to be-(1.4,920.2)

k.cal/mole and (24.7 * 1.5) e.u. The probable structure of the

complex is also suggested.

5, Complexes of cupric and ferric ions with 2: dihydroxym
benzoic acid in aqueous medium have been studied succassfully
by a«C. polarography. The resuits obtained are in good agree-
ment with the values obtained by spectrophotometric method except
for the dissociation constant for the complex between ferric ion

and the acid.

Spectropbotometric studies on the composition and stability

constant of the complex between 3:5 dinitrosalicylic acid and

ferric ions in aqueous mediunm

The composition of orange coloured water soluble complex
formed by 3:5 dinitrosalicylic acid with ferric ions hag been

studies by dJob's method of continuad variation, slope~-ratio
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method and molar-ratio method spectrophotometrically. It *as
an absorption maximum at 450 mu. The optimum pH range 1is
2.7 to 3+2. The molecular extinction coefficlent of the com-

plex is 2.10 x 103. The values of AH andAS are found to be

~-7.38 kecal and 49.2 e.u. respectively.

Studies on the complexes of pyridine with o-cresol and n-amyl

alcohol in aqueous medium by Tensammetry and Infra-red

spectrophotometry .

1. By tensammetry, the ratios of o-cresol to pyridine and
n-amyl alcobol to pyridine in the complex are found to be 1:1
and 1:3 respectively, the same ratios of the surfactants in the
complexes found sonductometrically. It bas been shown that
n-amyl alcohol forms micelles in agquecus solution at concentra-
tions greater than 0.25 per cent. It is concluded that tensam-

metry can be successfully applied for the investigation of the

composition of the complexes between surface-active substances,

2. Infra-red measurements show the strong interactions
between o-Cresol and n-amyl alcobol with pyridine. The average
1:1 equilibrium con?tant for o-Cresol and pyridine complex at
259C i3 about 211m” | The Avygn 18 about 500 cm'1. The 1:1
equilibrium constant for n-amyl alcolol and pyridine complex
is approximately 1 liter per mole and the frequency shift of
the O-H stretching bond is about 420 cm—1. Apparently the
enthalpy of formation of the hydrogen bond is of the order of

L} kocal/m()le .
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SPECTROPHOTQMETRIC DETERMINATION OF THE THERMODYNAMIC IONIZATION
CONSTANT OF 2-HYDROXY-3- NAPHTHOIC ACID IN WATER FROM 10 TO 50°

AND RELATED THERMODYNAMIC QUANTITIES




SPECTROPHOTCMETRIC DETERMINATION OF THE THERMODYNAMIC IONIZATION

CONSTANT OF 2-HYDROXY-3-NAPHTHOIC ACID IX WATER FROM 10 TO 50°
AND RELATED THERMODYNAMIC GUANTITIES

The thermodynamic ionization constant (K,) of 2-hydroxy-
3-naphthoic acid in aqueous solution from 10 to 50° is derived
from the measurements of the absorption spectrum of the acid in
different buffer solutions. Thre results are given as a function
of temperature (T) in °K by an equation pK, = 154,8.611/T-8.68660 »
0.0243121 T« The thermodynamic quantities like changes of free
energy ( AF), entbalpy (AH) entropy (DS), and veat capacity
(Acp) for the dissociation process are calculated from the tem-
perature coefficient of the dissociation constant. The equations
relating threse thermodynamic functions with absolute temperature
are alsoc given. The "pKa" of the acid increases linearly with
increase in ionic strength and can be expressed by the equation
pK, = 346990 + 3.3733 I up to an ionic strength (I) of 0.10. Twe

values of "K," have also been obtained for various methanol-water

mixtures.

2-liydroxy-3-naphtholc acid forms coloured complexes with

+2 .
Fe*? and U0, ilons in aqueous solution', Tris communication



of
reports the determination thermodynamic lonization constant of

the above acid inagueous solution spectrophotometrically and

1ts confirmation by potentiometric method. These studies have
also been extended to the determination of "Ka" at different
temperatures and the related thermodynamic quantities like change
in free energy, entropy, etc., on whick no data are available in
literature. The effect of ilonic strength has been studied and
the values of K_ have also been determined in varlous methanol-

water mixtures.

EXPERIMENTAL

2-Hydroxy=-3-naphtholic acid was ".U.l., L.«R. quality and
was recrvstallised before use. Sodium perchlorate (E.Merck) was
used for maintaining ionic strength. OSodium acetate, potassium
hydroxide, acetic acid (B.D.H., AsRel and formic acid (May &
3aker) were used for preparing buffer solutions. Methanol was
of B.D.He, A.Re quality and was redistilled in an all glass
fractionating system and the middle one-third of the distillate
was used for experiments. All the solutions were prepared in

conductivity water. The technique and details have been des-

cribed earliere.

RESULTS AND DISCUSSION

Fig. 1 gives the absorption spectrum of 2.0 x 10™% K of
2-hydroxy-3-naphthoic acld in aqueous medium. Curve 1, refers

to the acid standard and curve 2 to the base standard. The
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Fig. 1:

Figo 2.4

Fig. 3:
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Absorption spectrum of 2-hydroxy-3-naphtholc zcid in

aqueous medium (C = 2.0 x 107" mole/l).

Curve 1: Acid standard (0.1 M HC1)
Curve 2: Base standard (0.1 M NaOH)

Thermodynamic ionization constant of the acid in various

methanocl-water mixtures.

Thermodynamic ionization constant of the acid by

potentiometric method.



measurements have been made at wavelength of 340 m, at which
different ionic forms of the acid have maximum absorption diff-
erence. Two sets of buffer solution (i) sodium acetate and
acetic acid (ii) formic acid and potassium hydroxide, were used.
The ionization constant K, is given by the equation -

pK, = pH + log L — (1)

e~-a

where pH 1is that of the buffer solution of the acid having
absorption "e" and "a" and "b" are the absorbances of the same
concentration of the acid in (0.1 M) acid and (0.1 M) base
respectively. Further, the value of the thermodynamic ionization
constant (K,} may be calculated by the equation2 -

1/2
% il 5 L (11)
p" = { et ettt L A
’ ‘ ) 11/2

where "I" 1is the lonic strength of the buffer solution.

Table I gives the calculated values of Pk, using two diff-
erent sets of buffer solutions. It is seen that in both the
cases the pK, values were found to be constant within the limits
of + 0,04 unit of pK,. Turther, the values of Pk, at various
ionic strengths of the buffer solution were determined and it
can be seen from Table II that "pK," increases with increase in
lonic strength. Thig increase in pKa with lonic strength is

linear up to a lonic strength of 0.1 and could be expressed by

the equation -

pKa = 3.6990 b 4 3'37330 I LI (iii]



Table 1

Ionization constant of 2-btydroxy-3-naphthoic acid in aqueous
medium.

Concn. of acld = 2.0 x 10™%M; A= 340 mu; Temp. = 30 .
15! (in 0.1 M NaOH) = 0.535; 'a' (in O.1 M HC1) = 0.319

"4

Sl.

No. Buffer pH e. P PE,
1, Formic acid and 3.25 0.378 3.68 3.78
Potassium hydroxide
il 3.45 0,401 3 .66 375
3.50 0.407 3.66 3.76
3.55 0.408 3.69 379
2. Sodium acetate and 3.25 0.379 3.66 .72
acetic acid 3.30 0.384 3.65 372
3.‘}0 00392 3'68 3'75

Average value of pKa = 375

Table II

Effect of ionic strength on the lonization of 2-hydroxy-3-
naphthoic acid in aqueous medium

Ionic strength pK_(Obs.) pKa(Calc.)*
0.01 3475 3¢74
0.03 3.80 3480
0.06 3.91 3.90
0.09 4«00 L .00
0.11 Lo10 .07
0.21 L.19 L 40

* pK, = 36990 + 3.3733 I



where 1 has the usual significance. The calculated values of
pK, by the equation are shown in the third column of Table 13
stowlng good agreement with ths observed values. Thre increase
in pKa with increase of ionic strength is due to the lowering
of activity coefficient of the ionic spacles with increase of

ionic strength.

Table 1II records the values of pKa at different tempe-
ratures. The results in this table show that pK, increases with

increase in temperature and corrasponding values could be expres-

sed by the equation -

K, = A/T~B+CT cee  (4v)
where A, B and C are constants with followlng values -

A= 1548.611; B = 8.68660 and C = 2.43121 x 1072

The calculated values of pK, from the above equation are
recorded in the third colurm which agree with the observed values,
(second solumn) in Table IXI. The fact that the enthalpy change
(Ah) is negative (vide Table IV) indicates that the dissociation
of the acid in aqueous solution is exothermic process. The value
of K,, therefore decreases with increase of temperature. The
decresase of K, wlth increase of temperature may also be related
to the dielectric constant of the medium which decreases with

increase of temperatureB.

From Eq.(iv) are obtained the values of the change of free
energy (AF), heat content (AH), entropy (DS), and beat capacity
(fSCp) of the dissociation of 2-hydroxy-3-naphthoic acid. Thege
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are recorded in Table IV. A4ll the thermodynamic functions
shown in this table increase in magnitude (witk sign) linearly
with e? temperature. These relations can be expressed by the

equations:

AF = 294,33.0 - 164.67 T + 0.46250 ° j.mole_1 (v)

AH = -0.12396 T° j.mole . cee  vi)

A S = =30.368 - 0.,26475 T2 j.deg“'.::nov].e'1 .on (viid)
ACp = -0.26425 T j.deg™'.mole™'. oo (viii)

These equations are valid from T = 283.16 %K to 323.16 °K.
The 1limits of deviations between the observed and the calculated

values of these thermodynamic functlons are as follows:-

AF = +20.j.mole™";
AH= + 3.0 j-mole-1;
Ds =1+ 0.3 J.deg".mole“";

4

DCp = + 0,02 jodeg™ .mole .

Fig. 2 shows the nature of the curve obtained by plotting
"Ka" VS different compositions of the methanol-water mixture.
The value of K; decreases rapidly up to a concentration of 40%
methanol in the mixture but concentrations greater than this
produce slow decrease in value of K ,« This is related to the
decrease of the dielectric constant of the medium by increasing
the percentage of methanol in the mixture. The decrease in the

extent of solvation of ionic species by increasing the concen-



Table I1I

Determination of ionization constant of 2-hydroxy-3-naphthoic
acid in aqueous medium at different temperatures.

Temp . K PK_ (Obs. ) pK, (Calc.)*
283,16 3.67 3.67
293.16 3.73 3772
303.16 379 3.79
313.16 3.86 3.87
323.16 3.96 3.96

* pK, = 1548.611/T ~ 8,68660 + 0.0243121 T,

Table IV

Thermodynamic functions for the ionization of 2~hydroxy-3-
naphthoic acid in aqueous medium from 10 to 500,

Temps AF AH NS Acp

OKo (jomo.le-‘) (jom013'1) (j.deg-1 -mO].e-‘) (j.deg—1.mole-1)

283.16 19886 - 9938 - 105.3 - 7.8
293.16 20959  ~10652 - 107.8 - 775
303.16 22016  -11392 - 110,2 - 80.1
313.16 23161 -12155 - 112.8 - 82.7

323.16 24,517 -129.4

115'9 - 85-1..




tration of methanol in mixture may also have some influence in

decreasing the value of Ka.

Attempts have also been made to calculate thermodynamic
ionization constant of 2-hydroxy-3-naphthoic acid by titrating
L0 ml. of 10—3M acid with 10-2M alkali potentiometrically
(Fig. 3). The value of pK, was found to be 3.74 which agrees

wit» the value of 3.75 obtained spectrophotometrically.
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THERMODYNAMIC ITONIZATION CONSTANTS OF 2:4 DIHYDROXXBENZOIC

ACID AND RELATED THERMODYNAMIC FUNCTIONS IN AQUEQUS MEDI UM
FROM SPECTROPHOTOMETRIC MEASUREMENTS

The thermodynamic¢ lonization constants of 2:4 dihydroxy-
benzolc acid in gqueous solution are determined by spectropho-
tometric measurements. The results are shown as a function of

temperature (T) in degrees kelvin by equations -

pKy = -5.6987 x 10°/T + 8.246L - 0,010083 T and

o2
PR,

86.22L/T + 9.0440 - 0.0014476 T,

The thermodynamic gquantities like change of free energy ( AF),
enthalpy (8H), entropy (AS) and heat capacity (ACp) for both
the lonization processes are calculated. The equations relating
these thermodynamic quantities with absolute temperature are

given. The thermodynamic lonization constants in various methansl-
water mixtures have also been obtained and the radius of the acid

{on has been calculated.

2i4 Dihydroxyvenzolc gzcid 1is an analytical reagent for

the determination of various bivalent and trivalent metal lons.

1,2,3
Gupta et al. reported the complexes of 2:4 dihydroxybenzoic
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acid with Cufa, Fe+3 and A1+3, etc. The first ionization
constant of this acid has been determined by various authorsh’c'é.
As no data are available in literature about the ionization cons-
tant at various temperatures and in various methanol-water mix-
tures, the author has undertaken this study to calculate the

thermodynamic functions from spectrophotometric measurements.

EXPERIMENTAL

A recrystallised B.D.H., L.R. sample of 2:4 dihydroxy-
benzoic acid was used for preparing standard solution.
Chloroacetic acid, formic acid, potassium hydroxide, borax,
boric acid, potassium dihydrogen phosphate and disodium hydro-
gen phosphate wereof B.D.H., AnalaR quality, used for preparing
buffer solutions. Potassium chloride (B.L.H., A.R.) was used

for varying ionic strength.

Methanol was of B.D.H., AnalaR quality and was redis-
tilled in all glass fractionating system and the middle one-
third of the distillate was used for the experiments. All
the solutions were prepared in conductivity watere. The tech-

nique and other details have been described earlier.

RESULTS AND DISCUSSION

The absorption curves of 2:4 dihydroxybenzoic acid in
aqueous solutions are recorded in the region 230-310 M » The
results of these measurements are shown in Fige 1. The absorp-

tion curves of the solutions containing same concentration of
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2:L dihydroxybenzoic acid at different pH values were obtalned
and it was interesting to note that in the wavelength range

of 26C to 270 %p, absorption of the solutions were decreased
from pH 1.0 to 6.5 and there was sudden increase in the absorp-
tion after 6.5 pH. The analytical wavelengths have been sel-
ected such that the difference between the absorbances of
various species was as great as posslble and only a small
variation of absorbance occurred when the wavelength was Changed.
To meet this condition, wavelengths from 260 to 270 %p were in
good agreement for determining the lonization constants. Solu-
tions of 8.0 x 10'5M of 2:L dihydroxybenzoic acid were used in
this investigation, so that the optlical densities lay in the
most sensitive range of the instrument. The pKT values were

calculated in the same way as described earlier7.

Two sets of buffer solutions of constant lonic strength
(1) chloroacetic acid and potassium hydroxide and (ii) formic
acid and potassium hydroxide were used to calculate first
jonization constant of the acid. Boric acid and sodium borate
puffer was used for the determination of second ionization
constant. The measurements of optical density at different
wavelengths and at different pH values gave consistant values
of ionizatlon constants. These are recorded in the Tables, I

The ionization constants of 2:4 dihydroxybenzoic acid
were Calculated at various ionic strengths (vide table IV).
It was observed that pKT values increase with increase of

ionic strength and this was due to the lowering of the activity
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Table 1

First ionization constant of 2:4 dihydroxybenzoic acid in aqueous
medium.

Concn. of the acid = 8.0 x 10'5 0

M. Temps = 30

ﬂ%p = 258 260 262 265
"a = 0,896 0.827 0.735 04550
"BY = 0.285 0.215 0.168 0.137

Buffer system : Formic acid - potassium hydroxide

Absorbance "e" pK}

Molarity Molarity Wave-length -
acid base R i o

258 260 262 265 258 260 262 265

0.0413 0.0093 .602 .530 .461 .345 3433 3.33 3.33 3.29
0.0349 0.0094 565 498 426 4323 3,33 3.33 3.32 3.31
0.0303 0.0095 .534 .462 .399 .305 3.34 3.33 3.33 3.34
0.,0281 0.,0096 .509 .453 .379 .297 3.3 3.35 3.32 3.35
0.0214 0.0097 446 377 .321 ,238 3¢35 3435 3436 3.31
0.0186 C.0098 .433 .355 .307 .227 335 3.30 3.36 3.30

Average value = 3.33
Table II

Buffer system : Chloroacetic acid - potassium hydroxide

0.0162  0.0089 .664 607 4513 .398  3.31 3.33 3.29 3433
0.,0139  0.0093 .620 527 .450 .347  3.38 3.32 3429 3.31
0.,0125 0.0095 545 463 .398 .30% 3636 3433 3.34 3.33
0.0118  0.0095 510 450 .366 .28%,  3.36 3.30 3¢32 3430

Average value = 3.33
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Table IV

Effect of ionic strength on the lonization of 2:l dihydroxyben-
soic acid in aqueous medium

Temp. = 30°C
Ionic strength pK? ng
0.01 333 gl
0.02 335 B892
0.06 3.39 i
0.11 343 2400
0.16 346 9.02
0.21 348 7Rl
T&blﬂ Vo

Thermodynamic ionization constants of 2:4 dibydroxybenzolc acid
at different temperatures.

o pK} pK3

Temp. K (Obs. ) (Calcs)* (Obs. ) (Calec. )+
283.16 3,38 3438 8.9% 8494
293.16 3.35 3.35 8.91 8.91
303.16 3431 3431 8489 8.89
313.16 3.27 327 8.87 8.87
323.16 3422 3.22 8.8 8.84
333416 3.18 3,18 8.82 8.82

* PK; = -5.6087 x 10%/T + 8.246L - 0.010083 T.

+ pKy = 86.224/T + 9.0440 - 0.0014476 T.



coefficient of the ionic species with increase in ionlc
strength. The values of pK; and pKz can thus be computed
by extrapolation of the curves to zero ionic strength.

The values of the thermodynamic ionizatlon constants
were datermined at different temperatures. These are recorded
in Table V. The results show that both pKf and ng decrease
with increase of temperature and Corresponding values can be

expressed by the equations -
Pk = -5.6987 x 10°/T + 8.246L ~ 0.010083 T and

86.22L/T + 9.0440 - 0.0014476 T.

N =l
1

pK

The values of pK? and pKz calculated from above equations are

recorded in these tables which agree well with the observed
values. The fact that the enthalpy change ( AH) is positive
indicates that lonization of the acid in agueous medium is
endothermic process. Therefore, the ionization constants

increase with the increase of temperature.

The thermodynamic functions like change of free energy
(AF), enthalpy (AH), entorpy (AS) and heat capacity ( ACp)

are calculated for the ionization processes. These are recorded
in Tables VI and VII. Thermodynamic functions can be expressed

by these equations. (For the first ionization process.)
AF = -20182 + 216.79 T - 285.33 x 10~ 12
AH = 27.40 + 0.080505 T2

AS

-82,019 4+ 0.14194 T and ACp = 0.14194 T,
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Table VI

Thermodynamic functions for the first ionization of 2:4 dihydro-
xybenzoic acld at various temperatures in aqueous medium,

AP AR AS ACp

Temp.%K (jsmole™ ) (j.mole'1) (j-deg 1. mole™ ") (jo.deg mole 1)

283.16 18326 6482 - 1.8 0.2

293.16 18788 6948 - 4O.4 L1.6

303.16 19216 7431 - 38.9 43.0

313.16 19609 7929 - 37.3 IR

323.16 1991}, 8LL3 - 35.8 45.9

333.16 20273 8963 - 34.7 L7.3
Table VII

Thermodynami¢ functions for second lonlzation of 2:4 dirydroxyben-
zolc acid at varlous temperatures in aqueous medium.

AF AH AS ACp

Temp.oK (j.mole") (j.mole"1) (j.deg-1.mole'1J (J.deg-1.mole-1)

283.16 48478 3626 - 158.4 25.6
293.16 50026 3887 - 157.4 6.5
303.16 51666 4157 - 156.7 27 oy
313.16 53179 LL35 - 155.6 2843
323.16 54710 4723 - 154.7 29.2

333.16 56284 5019 - 153.9 29.8
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The limits of deviation between the obhserved and calculated

values are as follows:-

AF = % 56 j.mole_1;

b g -1

" : . -1
AS = I 0.28 j.deg .mole ;

- . -1 = |
ACp = = 0.02 jedeg .mole "«

The thermodynamic quantities for the second ionization

process can be expressed by following equations:i-

AF = -6.043 x 10° + 2.235 x 10°T - 0.010933 T°

2
AH = 0.04522 7T
2
AS = -1,8398 x 10 + 0.0004LO T
the limits of deviations are -

-1
56 je.mole

AF = =
+ -1
AH = - L J-m019 ’
AS ! 0 . "'1 "1.
= 4 jodeg .mole
A * s "'1 -1
Cp = = 0,02 jedeg .mole .

The lonization constants of 2:4 dihydroxybenzolc¢ acid
have also been calculated in varicus methanol-water mixtures.
Fig. 2 shows the nature of the curves obtained by plotting

T T
Ky and K2 against the compositions of methanol-water mixtures,
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It 1is seen that both K? and Kg decrease rapidly up to a con-

centration of about 40% methanol in the mixture but concen-
trations greater than this produce slow decrease in the values
of ionization constants. This 1s related to the deCrease of
dielectric constant of the medium by increasing the percentage

of methanol in the mixtures.

Further, if the ions of 2:4 dihydroxybenzoic acid are
regarded as rigid spheres having a mean radius r, the medium

effect can be expressed by Born's equation

KT
A T e ( 1 1,

KT rkT 1n10 €5 &,

Where sKT and wKT are thermodynamic¢ ionization constants of
the acid in mixture and water respectively, 'e' the proton
charge, 'k' the Boltzmann constant, 'é€.' and '€ ' are the
dielectric constants of the mixture and water respectively.
Curves 1 and 2 (Fig.3) show the dependence of the medium
effect on the reciprocal of the dielectric constant and curves
3 and L show its dependence on the mole fraction of methanol
in the mixtures. Thus we obtaln stralght lines and equations

for curves 1 and 2 are -~

T
K
-log Bl -2.876 + 219.0 and
T €
wK1 S
sxg 251,2
-log = =2e347 + 22,
T ¢
2 8

From the slopes of the straight lines, the mean radii of iong
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LEGEND OF FIGURES

Fige. 1: Absorption curves of aquaous solutions of 2:4 dibydro-
xybenzolc acid ( C = 8.0 x 10~ mole/1).
Curve 1: 4~5 M HC1
Curve 2: pH = 6.5

Curve 3: pH ~ 13

Fig. 2: Ionization constants of 2:4 dihydroxybenzoic acid in

farious methancl-water mixtures.

Fig. 3: Dependence of the medium effect on the reciprocal of

dielectric constant and on the mole fraction of methanol.

Fig. 4: Ionization constants of 2:4 dihydroxybenzoic acld by

potentiometaic method.
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are calculated. Further, the radius of the hydronium ion
o
may be approximated by that of water molecule, 1.4 A, the

o
radii of acid ions have been calculated to be 0.89 and 0.73 A.

T
The pK  values thus obtained spectrophotometrically are
further confirmed by Fig. 4 which gives the potentiometric
titration curve of 2:)4 dihydroxybenzoic acid with sodium hyd-

: ¥

roxide. From this curve the value of pKf and pK, are 3.31 and

8.92 at 30°C.
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SPECTROPHOTOMETRIC DETERMINATION OF THE THERMODYNANIC
IONIZATION CONSTANT OF 3:5 DINITROSALICYLIC
ACID IN AQUEOUS MEDIUM FROM 10° TO 60°

AND RELATED THERMODYNAMIC FUNCTIONS

The second ionization constant of 3:5 dinitrosaliclic
acid in aqueous medium has been determined by spectrophotomet-
ric method. Measurements have been made at several temperatures
and results are shown as a function of absolute temperature by

equation -

ng = = 841 .hh/T + 14,2414 - 0.,013675 T,

From these, the free energy, heat conZtent, entropy and heat
capacity changes accompanying the dissociation have been cal-
culated. The equations relating these thermodynamic functions
with absolute temperature are also given. The values of ng
increase linearly with increase in lonic strength and can be
expressed by the equation pKy = 7.3120 + 1.830 T wp to an
jonic strength (I} of O0.1. The values of pKZ have glso been
obtained for various methanol-water mixtures and mean radiug

of the ions has been calculated.

3:5 Dinitrosalicylic acid gives colour reactions with

various substances. The first ionization constant of this
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acid has been calculated conductometrically by Bray et al.1

This acid forms complexes wlth Titanium2 and TungstonB. Amino-
cobalt complexes of 3:5 dinitrosalicylic acid have been studied
by Giorgio@. Gupta and Soni5 have made extensive study on the
complex between Fe*? ions and 3:5 dinitrosallcylic acid. However,
the present investigation gives the results obtained in the
determination of the second thermodynamic ionization constant
and related thermodynamic functions spectrophotometrically on

which no data are avallable.

EXPERIMENTAL

3:5 Dinitrosalicylic acid (B.D.H., L.R.) was used for
preparing standard solution. Potassium hydrogen phosphate and
disodium hydrogen phosphate were of B.D.H. AnalaR quality and
used for buffer solutions. Sodium perchlorate (E. Merek) was

used for varying ionic strength.

Methanol was of B.D.H.; AnalaR quality and was redistilleg
in all glass fractionating system and the middle one-third of
the distillate was used for the experiments. All the solutions
were prepared in conductivity water. The technique and other

details have been described earlier.

RESULTS AND DISCUSSION

The absorption spectra of 3:5 dinitrosalicylic acid at
various stages of the dissociation at known hydrogen ion

concentrations are shown in Fig. 1. The spectra exhibit a
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sharp isobestic point at 344 mn in addition to two well defined
bands, one in the 250-340 ?P region and the other in 350-460 me
The intensity of long wave band increases with the increase of
pH until it reaches a maximum value at pH <~ 13 when the acid

is in the ionic form. It, therefore, indicates that in the
reglon of 400-430 Qp, the only light absorbing species is the
doubly ionized form of the acid. OSince the second ionization
constant of 3:5 dinitrosalicylic acid as calculated by pH
measurements was 7.30, the buffer consisting of potassium di-
hydrogen phosphate and disodlum hydrogen phosphate, was prepared
for various pH values according to Perrins. The amounts of each
specles of the partially dissociated 3:5 dinitrosalicylic acid
are proportional to their absorbance values. The ng values
were calculated in the same way as described in our earlier
paper7- The measurements of absorbance at different wave leng~
ths and at different pH values gave conslstant values of ioni-
zation constant. These are recorded in Table I. However, the

first ionization constant of 3:5 dinitrosalicylic acid is

difficult to be determined from spectrophotometric measurements.

The second ionization constant of 3:5 dinitrosalicylic
acid were calculated at various ionic strengths. It is seen
that ng increases with increase of ionic strength. This
increase in pKz with ionic strength is linear and could be

expressed by the equation -
X
pK, = 73120 + 1.830 I

up to an ionic strength of 0.1, where I has the usual signifi-
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LEGEND CF FIGURES

Absorption spectra of 3:5 dinitrosalicylic acid

in aqueous medium (Concn = 4.0 x 10~ mole/l1}.

Curve 1: 4-5 M HC1l
Curve 2: pH = 2
Curve 3 : pH = 7.1
Curve 4: pH = 8
Curve 5: pH= 12,

Ionization constant of 3:5 dinitrosalicylic acid

in various methanol-water mixtures.

Dependence of the medium effect on the reciprocal
of dielectric constant and on the mole fraction of

methanol.

Potentiometric titration of 3:5 dinitrosalicylic

acid against sodlum hydroxide.
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cance. The calculated values of pK: by the equation are shown
in the third column showing good agreement with the values of
pxg obtained in the second column of Table II. The increase

in pKZ with increase of ionic strength is due to the lowsring
of activity coefficlent of the ionic specles with increase of

ionic strength.

Table III gives the values of ng at different tempera-
tures. 1t 1s interesting to note that ng decreases with
increase of temperature and corresponding values can be expres-

sed by the equation -~

ng = =881.44/T + 14.2414 - 0,013675 T

T
2

recorded in the third column which agree well with the observed

The values of pK, calculated from above equation are
values ( second column) in Table III. The fact that the enthalpy
change is positive (Vide Table III) indicates that ionization
of the acid in agueocus medium is endothermic process. The

temperature coefficient of this process is -0,00523.

The thermodynamic¢ functions like change of free energy
(AF), enthalpy (AH), entropy ( AS) and heat capacity ( &Cp)
accompanying the ionization are calculated. These are recorded
in Table IV. The changes of these functions with temperature

can be expressed by the equations -

AF = - 37329 + k32,752 T - 4914752 x 102 T

AH = 0.10011 T%
AS -169.519 + 0.1984 T and

ACp = 0.1984 T



Table I

Second lonization constant of 3:5 dinitrosalicylic acid in aqueous

. medium.
Conctne = 4.0 x 10”5 Temps, = 30°,
Agy = 410 4,20 430
"a" = 0.031 0.013 0.0044
Hp" 0.420 0.356 0.266

Buffer system : Potassium dihydrogen phosphate - disodium hydrogen

phosphate.
Absorbance te! ng
Wave-length-mp
Molarity Molarity
KHoPO, Na,HPO, 410 420 430 410 420 130

0.002568 0.002478 0.186 0.147 0.108 7¢33  7.3h  7.33
0.001946  0.002685 0,214 C.173 0.125% 7435  7.35  7.36
0.001308 0.002897 0.260 0.211 0,15 734 7.36  7.37
0.000958 0,003013 0.292 0.238 0,180 7e3h  7.35 7,33

Average value = 7,34.



Table II

Effect of ionic strength on the second ionization constant
of 3:5 dinitrosalicylic acid in aqueous medium.

Temp. = 300 L]

Ionic strength ng(Obs.) ng(Calc.)*
0.01 732 733
0.03 737 737
C.06 743 7el2
0.09 748 . 748
0.10 Te49 749
0.15 7452 7.59
0.20 7456 7468

% pxg = 7.3120 + 1.830 I.

Table 111

Second lonlzatlon constant of 3:5 dinitrosalicylic acid in
aqueous medium at different temperatures.

Temp. ng(Obs.) ng(Calc.)*
283.16 °K 7440 7440
293.16 7+36 7.36
303.16 733 732
323,16 721 7,22

® pKo = ~8L1.4L/T + 14,2414 - 0,013675 T.

2
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Table 1V

Thermodynamic functions for second ionization of 3:5 dinitrosa-
licylic acid at various temperatures in aqueous medium

Temp. AF AH AS ACp
O ({.mole” ") (fomole™') (j.deg=!.mole™") (i.deg™ ' .mole™!)
283.16 L1023 8029 - 113.3 56.2
293.16 41328 8606 - 111.6 5842
303.16 42617 9204 - 1102 6041
313.16 L3626 0822 - 107.9 63 .0
323.16 44584 10458 - 105.6 6l o1

333,16 L5571 11114 103 .4 66 .1




o
-~

These equations are valid from T = 283,16°K to 333.16°K. The
limits of deviations between the observed and the calculated

values of these functions are as follows -

AF = ¢ 88 j.mole—1; AH =24 j.mole_1;

1

1 Cmole- L 3

As

t 0.8 j.deg'1.mole'1; and f&Cp =% 0,02 j.deg”

The ionization constants of the acid have also been
determined for various methanol-water mixtures. Fig. 2 shows

the nature of the curve obtained by plotting "KE"

agalnst
composition of the methanol-water mixtures. The value of
"Kg" decreases rapldly up to a concentrations of 407 methanol
in the mixture but concentrations greater than this produces
slow decreases in the value of Kg. This is related to the
decrease of dielectric constant of the medium by increasing

the percentage of methanol.

This result has been treated in terms of the Born equation-

sk

N

rkT 1n 10 €

~log

¥ S € v

E
N -3

where the symbols have usual significance. In order to measure

the acld strength with respect to water, a plot of -
kT
~log 2.2

T
WKz

against reciprocal of the dielesctric constant gave a straight

line having an equation -

T
-iog 82 . _2.968L + 2318
T €g

K
W 2



Curves 1 & 2, Fig. 3 indicate the dependence of the medium
effect on the reciprocal of dielectric constant and on the
mole fraction of methanol. From the above equation the radius

o
of 3:5 dinitrosalicylic acid ion is calculated to be 0.82 A.

Further, the value of ng has been confirmed by poten-
tiometric method. The titration of 3:5 dinitrosalicylic acid
against sodium hydroxide gave two inflexion points (Fig. &)

and the value of pKT has been calculated €o be 7.32 at 30°C.

8
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SPECTROPHOTOMETRIC DETERMINATICON OF THE THERMODYNAMIC
IONIZATION CONSTANTS OF SOME SUBSTITUTED BENZOIC ACIDS

WITH SPECIAL REFERENCE TO THEIR STRUCTURAL INFLUENCE

The thermodynamic ionizatlon constants of ortho, meta,
para methyl and para fluoro substituted benzoic acids from
10 to 60° have been determined in aqueous solution spectro-
photometrically in different buffer solutions. The results
are given as a function of temperature. The thermodynamic
functions like change of free energy (AF), enthalpy (AH),
entropy (A S) and heat capacity (A Cp) for each ionization
process are calculated from the temperature coefficient. The
{ionization constants for each acid have also been obtained
for various methanol-water mixtures. The structural effects

on the 4ionization constants of these acids have been

discussed.

1243

Dippy1 et al. have done a conslderable amount of
work on the lonization constants of mono-carboxylic acids.
They have determined the thermodynamic ionization constants

of substituted benzoic acids conductometricallyh. The present

work provides the thermodynamic ionization constants of ortho
H]

b
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meta, para methyl and para fluoro substituted benzoic acids
from spectrophotometric measurements on which no data are
available in literature. These studies have further been
extended for the determination of the ionization constants
at different temperatures and in various methanol-water

mixtures.

EXPERINMENTAL

Recrystallised samples of ortho, meta, para methyl and
para fluoro substituted benzoic acids (B.D.H., L.R.) were used
for preparing stock solutions. Succinic acid, formic acld and
potassium hydroxide were of B.D.H. AnalaR quality and used to
prepare Buffer solutions. Methanol (BsDeH., AR.)} distilled
in all glass fractionating system and the middle one-third of
the distillate was used for the experiments. The other chemi-
cals used for preparing acid and base standards were of B.D.H.,
AnalaR quality. All the solutions and subsequent dilutions
were made with conductivity water. The technique and other

details have been described earlier.

RESULTS AND DISCUSSION

The absorption curves of these acids were measured as a
function of pH over the range 220-280 %p. The spectra are
shown in Figures 1,2,3, & 4. The optimum concentration of each
acid has been choosen such that the highest concentration at
which an accurate measurement Can be made of the species with

the higher absorbance. It was observed that the spectra are
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Absorption curves of agueous solutionsof o-toluic acid
(C =« 8,0 x 10-3 mole/1)

Curves 1-3: Acid, buffer and base standards respectively.

Abgorption curves of aqueous solutions of m-toluic acid
(C = 1.6 x 10-h mole/1).

Curves 1-3: Acid, buffer and base standards respectively.

Absorption curves of aqueous solutions of p-toluic acid
(C = 8.0 x 1077 mole/1).

Curves 1-3: Acid, buffer and base standards respectively,

Absorption curves of aqueous solutions of p-fluorobenzoiec
acid (C = 1.20 x 107% mole/1).

Curvesg 1-3: Acid, buffer and base standards respectively,

Ionization constant of p-toluic acid in various methanol,

water mixtures.

Dependence of the medium effect on the reciprocal of

dielectric constant and on fraction of methanol.

Applicability of Hammett Equation.
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very much similar to each other. In view of the similarity

of the spectra of these aclds it is clear that the same
criteria of choice of wavelength and experimental procedure
hold. Wavelengths have been selected such that the difference
between optical densities of undissociated and ionized species

were large enough for the determination of the ionization

constants.

The thermodynamic ionizatlon constants have been calcu-
lated in a similar way as deacribed in earlier paperﬁ' Two
sets of buffer solutlons of constant ionic Strengtha, (1) for-
mic acid and potassium hydroxide (ii) succinic acid and potas-
sium hydroxide were prepared. lMeasurements of optical density
at various wavelengths and at different pH values gave consis-

tant values of pK,. These are recorded in Tables I,II,JIT & IV,

Further, the ionization constants have been obtained at
various ionic strengths. It was found that the ionization cong-
tants of these acids decrease with increase of ionic strength.
The decrease of ionization constant with ionic strength is
linear up to an jonic strength of 0.1 and can be expressed by
a general equation pK, = A + BI,where A and B are constants
and I is the ionic strength. The decrease of ionization
constant with increase of lonic strength i1s due to lowering
of activity coefficient of the ionic gpecies. Thus the values

of pKa can be computed by extrapolation of curves to zero

1onic strength. The results are given in Table V.

The values of thermodynamic ionization constants were



Table I

Ionization constant of o-toluic acid in aqueous medium

}‘l{uu
/

"a

4]

ﬂbﬂ'

Concn. of the acid = 8.0 x 10~

= 225 230
= 14,301 1.403

5

M Temp. = 20°C
235 240
1274 0.932
0.526 0.379

Buffer system: Formic acid - potassium hydroxide

63

Molarity Molarity

acid

base

Abgsorbance "em

PK,

Wave-length - mm

225 230 235

240

/

225 230

235

240

0.01805
0.01360
0.01180
0.01150
0.01120
0.01050

0.00982
0.00992
0.00995
0.00996
0.00999
0.00999

1.023 1,071 0,903
0.900 0,903 0.782
0.839 0.790 0.672
0.824 0.787 0.670
0.775 0.721 0.600
0.754 0.688 0.570

0.65
0.564
O.482
0.481
0.432
Cef13

4 .00
3.96
394
3.96
3.95
3.94

393
3.90
394
3.96
3.83
3436

3.91
396
3.93
397
3493
395

3.90
395
391
3.96
3.93
3.96

Buffer system: Succinic acid -

Average value = 3.95

potassium hydroxide

0.05497
0.02329
0.01643
0.01302
0.01012

0.00962
0.00965
0.00950
0.00925
0.00895

1.125 14177 1.055
0.951 0.975 0.845
0.880 0.866 0.742
0.836 0.790 0,684
0.785 0,740 0.620

0.870
0,614
0.536
0.498
046

3496
3492
3493
395
3.92

3497
3.98
3.96
e02
3496

3.98
3497
396
3.98
3496

3.98
3497
3495
397
3.88

Average value = 3,96



Table II
Ionization constant of m-toluic acig in aqueous mediunm,
Conen. of the actd = 1.6 x 107k Temp. = 30°¢

A Lu o= 235 238 240 24,2
"a" o 1.468 1332 1,180 C.081
e _ 0.842 0.648 C.500 0.365

Buffer system: Formic acid - Potagsiun bydroxide

Absorbance "gn pKa

Wave-lencth -
Molarity Molarity g T
acid base 235 238 240 242 235 238 24,0 iz

0.01722 0.00982 1,284 1.131 0,979 0.807 4.33 4,33 he33 4,35
0.01503 0.00989 1.237 1.068 0.924 0.752 be33 4,30 4.32 be33
0.01360 0.00992 1.184 1,009 0.857 0,690 be33 4.30 4.29 ke30
0.00994 1.114 0.932 0.777 0.625 4,33 Le30 4,27 be32
0.00995 1.086 0.921 0.764 0.609 4.37 he32 4.30 be30
0.00999 0,959 0.795 0.648 0,502 be36 K34 4,33 he3s

0.,01230
0.01205
0.01120

——

Average Value = a3t

Buff'er system: Succinic acid _ potassium bydroxide,

Q00000 WaB08 TR0k o035 0890 kez8 4,19 W32 gu30

0.00963 1.289 1.137 0.979 0,812 be29 4430 .28 Le33
0.00958 1.222 1,055 0,903 0s737 433 4.32 be31 4,33
0.00950 1.167 1.004 0.8)2 0.674 4,33 he33 4430 k30
G.00907 1.018 04836 0.684 0,530 be29 428 4.29 Le26

0404142
0.03184
0.02150 -
0.01750

0.01106
0.00918 0.00889 0.975 0.788 0.640 0,88 4433 430 431 420

Averagg value = he31



Table III

lonization constant of p~toluic acid in aqueous medium

Concne of the acid = 8.0 x 10-;M Temp. = 20°C
Ami o= 25 250 255
"a" = 1 0078 0.759 0-’#18
"b" = 0.529 0.283 0.155

Buffer system : Formic acid - Potassium hydroxide.

Absorbance "e" pKa

Wavelength my
Molarity Molarity gt /

acid base 245 250 255 25 250 255
0.01722 0.00982 0.913 0.616 0.334 he32 L4e32 4.38
0.01321 0.00993 0.812 0.530 0,293 he33 433 4.3
0.01230 0.00995 0.735 0.462 0.250 be33 L33 430
0.01175 0.00995 0.684 0.420 0.231 ko35 1430 4,31
C.CCECE 0,00998 0.557 0.304 0,169 be3h K25 4,35

Average value = Le33

Buffer system: Sucfinic acid - Potagsiyg hydroxide

0.03693 0.00962 0.959 0.658 0,361 he35 436 1.36
0.02712 0.00962 0.899 0.607 0.329 he32 433 429
0.00215 0.00958 0.854 0.561 0.310 ke32 4,31 .30
0.01373 0,00933 0.742 0.466 0,253 4e30 429 4,29
0.01106 0,00908 0.690 0.420 0,233 be32 4,30 .32
0.00918 0.00889 0.646 0.379 0,215 ke33  4.30 La37

Average value = 4.32



Conen. of the acid = 1,20 x 10~ly Temp. = 30°C

%3u = 230 235 240
= 1,382 1.238 0.857
"b" = 0.870 0.59!‘. 0.301

Buffer system: Formic acig - Potasgium bydroxide.

Absorbance "g" pKg

Yavelengt! mu

Bolarity Molarity /

acid

base 230 238 240 230 235 240

66

C.C258¢
0.01913
0.01722
0.01229
0.00390

0.00965 1,268 1.102 0,745 bellh  KLa17  h.20
0,00980 1.215 1.018 0,67, Lal6 K416 4,16
0.00982 1,200 1.000 0,654 ke21 K418 4,19
0.00995 1.04L1 0.810 0.486 bel5  L,15 bel5
0.00980  0.921 0.652 0.348 bel?  Kat5 4,19

Average valus = 4,16

Buffer system: Succinic geid - Potassium “ydroxide

0.04950
0.03439
0.02510
0.01861
0.01298
0.09106

0.00960  1.229 1.086 0.726 ;.45 , ba21
0.00963 1.190 1.027 0.636 be10 4,16 4403
Rieal  TeldR UeE0f Uslen pm g Let13
0.00951 1,089 0.883 0,548 bel2z 1,19 hels
0.00927 1,018 0.788 0.448 be28 418 410
0.,00901 0.975 0.726 Osl11 Le11 Le16 1,10

Aversgae Value = 4,13
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t
sperature and corresponding values Can be expressed b
8sed by an

equgtion:-
Pk, = A/T + B + CT,

where A, B and C are constants. The PK; values caleyl
ulatad
from respective equations are in good agreement with ¢h
the ob-

served values. These are given in Table VI. The Tfact th
the enthalpy change ( AH) is negative indicates that 1oniat
tion process in each case is exothermic. Therefore, th -
values of pK, increase with the increase of tempera;ure? Th
temperature ccefficients of ortho, meta, para methyl and ae
fluoro substituted benzoic acids are 0.0039, 0.00 447, 0_0;;::

and 0.00952 respectively which are very similapr ¢ th
o ose
carboxylic acids. "

The thermodynamic functions like Change of free enery
enthalpy, entropy and heat capacity associated with cach 1:?;
zation process are calculated. These apre recorded in Tabl M-
VII, VIII, IX & X, All the thermodynymic functions shown :S
these tables increase in magnitude (with sien} with inCreas:

of temperature. These relations coulg
be express
ed by gener
al

equations -

AF=A+BT+CT2
AH=A4+ BT2
AS = A + BT

ACp = AT.
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Table VII

Thermodynamic functions for the ionization of o-toluic acid in
aqueous medium from 10 to 60°C

AF AH As A ¢cp
Temp (j-mole-1) (j-mole~1) (j-deg™!.mole™") (j.deg'1.mole'1)
283.16%K 21302 -6021 ~9645 - 4243
293.16 22328 -64 54 - 98.2 - 45«0
303.16 23258 -6902 - 99.5 - 45.5
313.16 24,281 -7364 ~101.1 - 7.0
323416 25699 ~7642 ~103.8 - 4845
333.16 26315 -8335 -104.0 - 50.0
AF o 6h5eh + 49.730 T + 0,08200 T2 jumole™",

AH = 0.075086 T'? j.mole-1.

-5L.181 - 0,15012 T jedeg™!.mole” ",

it

AS

-0,15012 T j.deg".mole'1.



Table VIII

Thermodynamic functions for the ionization of m-toluic acid in
aquecus medium from 10 to 60°C.

71

AF AH AS Bep
Temp. (j-mole-1) (j-mole'1J (j-deg‘1,mole‘1) (j-deg-1.mole-1)
283.16°k 22898 6862 - 105.9 _ L8.5
293.16 23987 -7355 - 106.9 - 50,2
303.16 25116 -7866 - 108.8 - 5149
313.16 26192 -8393 - 11044 - 53.6
323.16 27313 -8938 - 112.2 - 55.3
333,16 28367 -9499 - 113.6 - 57.0

AF
AR
DS

A Cp

it

2
_12843.1 + 140.562 T - 0.05066 T  j.mole™’

-1.0 - 0.085570 T2 jemole™ .

1

56,623 ~ 0.17120 T j-deg"1.mole-1.

-1 -
-0.17120 T jodeg .mo:le °

1



Toble IX

Thermodynamic functlons for the ionization of o-~toluic acid in
aqueous medium from 10 to 60°¢

AF AH As Acp

Temp. °K (j-m019-1) (j.mole‘1J (jodeg™! .mole™") (j.deg".mole_1)

283.16 23253 -7043 - 107.0 - 49.8
293,16 24347 -7549 - 106.8 - 51.5
303.16 25399 -8073 - 110.4 ~ 5323
312.16 26475 -8615 - 112.0 - 55,40
323.16 2776k ~9147 - 1143 - 56.8
333,16 28822 -9750 - 115.8 - 5846

AF = L545.0 + 27.560 T + 0.1360 T° j.mole™"
2 -1

AH = -0,0878L47 T Jamole

AS = =57.210 - 0.17580 T j. deg~'.mole~}.

Acp = =0.17580 T j.deg™'.mole™,



Thermodynamic functions for the dissoclation of p-fluorobenzoic

Table X

acid in aqueous medium from 10 to 60°¢,

73

AF AH AS ACp
=4 - : - -1 p
Temp. K  {(jemole™') (J.mole ") (Gedeg™t imole™) (jvdeg” .mole )
283.16 21804 -14,604 - 125.0 - 125.7
293.16 22736 -15608 - 131.0 - 130.2
303.16 23940 -16746 - 13442 - 13446
313016 25386 -17368 - 138.1 - 13900
323.16 26666 -19028 - KT ahy 14345
33316 28689 -20222 - 14,6.8 - 14749
AF = 79683 - 49465 T + 1.0250 72 j.mole~!.
L -1
AH = =13.00 - 0.18231 T jemole ',
A'S = 0.670 - Oekbl0 T jedeg™ .mole” .

i

-O.bhho T Jidag-1-m01e- -

1
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These equations are valid from T = 283,16 to 333.16 °Kk. The

limits of deviations between the observed and calculated values

are summarised in Table XI.

Table XII records the ionization constants of these acids
in various methanol-water mixtures. It has been found that the
values of ionization constant for all acids decrease rapldly up
to a concentration of 40% methanol in the mixture but concen-
trations greater than this produce slow decrease in the value
of ionization constant. Fige. 5 gives the typical curve obtaineqd
by plotting ionization constant against compositions of methanol
water mixtures. The decrease of ionization constant with in-
crease of methanol composition in the mixtures is related to
the dlelectric constant of the medium which decreases with the
jncrease of methanol percentage. The decrease in the extent

of solvation of the ionic specles by increasing concentration

of methanol may also have some influence in deCreasing ioni-

zatlion constant?-

Again, if the lons are regarded as rigid spheres having

a mean radius r, the medium effect can he expressed by Born's

equation -
K 2
a 5 1
-log = = fi - e1 )
W«a rkT 1n10 °s W

Where
of acid in mixture and water respectively, "o" the proton change
3

X and K, are the thermodynamic ionization constants

. tant, "¢ "
k* the Boltzman constant, “¢.% angd "fw" are the dielectric

constants of mixture and water respectively, Curves 1 and 2



Table i

Deviation of thermodynamic functions of substitutegd benzolc acids.

AF AH AS &Cp
2 -1 L1 . =} -] -t 1
Acid Jemole Jemole Jetl@g «m0le " J.deg” .mole .
o-toluic acid + 52 + 2 + 0.5 + 0.2
m-toluic acid + 27 + 2 t 0.2 + 0,3
p-toluic acid t 35 t 2 t 0.3 * 0.3
p-fluorobenzoic + 85 +13 + 0.5 + 0,2
acid
Table XIIX

Ionization constants of substituted benzoic acids in methanol-water
mixtures.

Ionization constant x 106

xaqg?nol o-toluic acid m-toullc acid p-toluic acid

P=-fluoro-

10 8243
20 3602
ho 6.2

60 1.5

34.0

16.8
3.22
1.10

39.8

15.5
be11
C.56

benzoic acid

5640

3846
749
246
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Fig. 6 represent the typlcal curves relating the dependence
of the medium effect on the reciprocal of the dislectric cong-
tant and on the mole fraction of methanol respecitvely for
p~fluorobenzoic acid. Hence from the slopes of the straight
lines thus plotted for each acid, the mean radius of jong ig

calculated. The radius of the hydronium ion which {g associateg

with the ions of the acid may be approximated by that of the
o]
water molecule, 1.4 A, therefore, the estimated radii of ortho,

meta, para methyl and p-fluorc substituted benzoic acids gre

o
0.58, 0.88, 0.65 and 0.79 A respectively,

A change in the molecular structure which alters the st
rength of the bond between the acid hydrogen and the atom to
which it is bonded alters the strength of the acid. Commonly,
these changes in acid strength are treateq by Considering them
as arising from the polar effect, the resonance effect, hydrogen
bonding and steric hindrance. Often more than one of thege
considerations plays a significant role in determining the peqgq
Therefore, it ig nNecesgary to Selact

strength of a molecule.
the principal effect even though other factopg contribute gq

the change in acid strength.

Comparing the pK_ values of p-fluope and p-mathy)] benzod e
acids, we can examine the effect of substituent groups fluOro’
and methyl in the para position of the parent geyg4 (benzoic
acid). It can be seen that pK  value of P-fluorobenzoic acid
(4.10) is slightly less than that of bengzejc acid (4.18) whepe.
as the pKa value of p-methyl benzoic acig (4_35) {6 didpe than

that of benzoic acid. This can be explained on the basig of
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-I and +T properties of the substituent fluoro roup and +1
and +T eifects of methyl group. The Observation that the
substituent group fluoro has little effect is due to the fact
that -I and +T pProperties oppose aach other and -1 effeact
predominates over +T effact whereas the large effect of me-~

thyl group is due to the fact that +I ynd +T effects are in
the same direction.

In the para position the I effect should be smaller thap
in meta position because of the increased distance, HoweVer,
the para position is capable of falicitating tautomerism ang

hence almost every substituent placed inp this position is cap-

able of exterting T effect. If the sign of both I and T is the

same, the effect 1s increased. Thus methyl group hag +I and 47T
properties and hence the strength of benzoic acid ig deCreageq

by a methyl group in the para position gven More than in the

meta position.
The ortho position is the most complicated of alls In

almost every set of isomers the ortho ig t he strongest acid,

and even when a substituent has both +I ang +T Propertiss, the

resultant acld is stronger than benzoic acid as cgp be seen from

the pK_ values of ortho methyl benzoic acig (3.98) anqa benzoic
a

acid (4.18).

It can be seen from Tables VII,VIII,IX & X that althoush
the values of change in free energles are pot, much different
for methyl substituted benzoic acidg as that of para fluore
benzoic acid, whereas the heats of 1onizations (with negative

sign) are much bigher for p-fluorobenzoje acid as compareq g
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methyl substituted benzoic acids. This may be due to the
dependence of AH on proton affinity of the base conjugate to

the acid. HoweverAS and ACp do not depend on proten affinity

and it is g¢ifficult vo explain particularly large value of ACp

of p-fluorobenzoic acid as comparedto methyl subgtituted ben-

zole acidse

The effects of substituents can also be treated by a

nLinear Free Energy" relationship (Hammett equation}. The

most generally used equation for such studies is the modified

Hammett equation -

pk, = @«

Where the substituent constant ' ! measures the ability of

the substituent to either withdraw electrons from the ring or

donate them tO it by induction or resonance. Substituents

e more electron withdrawing power than hydrogen have

that hav

positive substituent constants, l.e., the substituted acid isg

gtronger than the unsubstituted and pKa is positive. Those

with less alectron withdrawing power than hydrogen have nega-

tive sigma values:
gecondarily on the position of the substitution

It depends primarily on the nature of the

substituent and

betause resonance is more lmportant at the para position that

meta position- It is assumed to be indpendent of tem-

jvent and the nature of the acld group. The reaction

at the

peratures 80

constant * P' oxpresses the sensitivity of the acidic group to
inductive and resonance effects and as the distance between

gubstituent and acid group increases the reaction constant
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decreases. When the acid can conjugate with the ring the

reaction constant is larger than whan conjugation ig impossible

It is the same for all substituents but depends on the solvent,

temperature and the acid group.

Figure 7 gives the straight line plot of PK, of substi-
tuted benzolc aclds against substituent ¢onstants, In plotting
curve we have taken literature values of thermodynamic

this
lonization comstants of substituted benzoic aclds except for

meta, para methyl and para fluoro benzoic aclds determineq by

us spectrophotometrically. This shows that they follow the

Hammett's rule. The slope of the straight line gives the Value
of e the reaction constant which comes out to be 1.01 in goog

agreement with the literature value of 1,0,
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SpeCtrOPhotometric Determination of the Thermodynamic
®Misation Constant of 3,5-Dinitrobenzoic Acid in Water from
10° to 50° and Related Thermodynamic Quantities

S. L. Gupta and R. N. Soni

The thormodynamic ionisation constant (K,) of 3,5-dinitrobenzoic acid in wator from 10° to 509 has

bef,-,. nvestigated spectrophotometrically, The results aro shown as a function of temporature (7} in °K by
4 "‘ﬂ‘=~1147.01’T +6.9381—0.933¢ 10—+ 7. The changes of freo onorgy (A ¥), onthalpy (A, entropy(AS),
" ‘U capacigy( Aop) for tho dissociation process have been cu]cula_.tod from the ch perature cocfliciont of
© dissocintion constant. The equations relating theso thermodynamic functions with absolute temperature
&ven, The'pX, of tho acid increases linearly with increase in ionic strength of thoe buffor solution and

LErH I

4re algg
© related by the equation i, = 2.0207 7 + 2.9255 up to an ionic strength(Z) of 0.1. The values of X,

can b
bav, alsy been found out for various methanol-water mixtures.

I a previous communication, Gupta ef al'. reported the determination at 303.45°K
“f the bhel'mOdynamic jonisation constant(Xy) of 3,5-dinitrobenzoicacid in water, which is
Muse g characterise the alecohols. These studies have now been extended to the determina-
lon of ¢ V2’ atdifferent temperaturesin the range of 283.16° t0 323.16° K and of the related
'hel‘modynamic quantities like change infree energy, entropy, cte. on which no data exist

in the literature. The effect of ionic strength has been studied and the value of X, has also

by : - mi
" determined in various methanol-water mixtures.

EXPERIMENTAL

A recrystallised B D H. sample of 3, 5-dinitrobenzoic acid was u.sed. Methanol was
LB H., A R quality and was redistilled in an g}.]l.glass fra.ctlo'nﬂ,tmg system and the
M), one-third of the distillate was used for experiments. Potassium chlo.rlde (B.D.H,,

) was used for maintaining different ionic strengths. The other chemicals used for

d ) :
Prepar,‘ng acid standard, base standard, and buffer solutions were of AnalaR quelity of
v mee ring solutions,

L Conductivity water was used for prepa
A Hilger Uvispee spectrophotometer, model H700.308, having 1 cm effective light
MU pag used for stud ying tho absorption spectra over a bemperature range of 10° to 50°,
Pl el compartment \:asgﬁbted with a jacket throughwhich water could be circulated
‘om g tl)ermgstat ((;[‘ownson and Mercer Ltd., Epgland}. A thermometer, inserted into the

“¢ll eom to temperature equilibrium, showed a variation of
a come o
Parément and allowed to much longer than those needed to make measurementg

o acid was determined in (e) 0 LA-HCL (b) a buffer
£ 0.1M) and acetic acid (23.75 mlof 0.13), and (c)
) was used for pH measurements.

“;SS th_a*“ 0.1° over periods of time
COnOP"Hc.a] density Alsorption of th
tzumng sodium acetate (1.25 mlo
M'N&OH. Beckman pH-meter (model H2

| Thig Journal, 1963, 40, 321.
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Comluctometric Studies of the
on and Q-Hydroxy-g-naphthoic
Mediam

SPPClrophotomctric and
Complex between Fe I 1
Acid in Aqucous

g. L. Gupta and R. N. Soni
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EXTENSION OF THE WORK

This study has further been extended for the determination

of instability constants at different ionic strengths and at

varicus temperatures. The instability constant of the complex
(Kin) have been calculated at various ionic strength 35 mentioneq

earlier and are reported in Table I.

The instability constants of the complex at 3 constant

ionic strength have also been obtained at different temperatures

are recorded in Table II. The logarithm of the

The results
s bave been plotted against 1/T (Fig, &)

jnstability constant
from the slope of the straight line thus obtained, Au hgg

and
been found t

over the range of eX

o be =409 k.calfmole. Assuming this to be constant
perimental temperatures, the value of AS hag

n calculated as 35.5 e.u. The probable structure of the cop.

plex may be assigned asi-
+

bee

.O_F'e

: -OH +3 i
+ Fe —— e &
_ + H
\/ P | &
1" 1
o) o]
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Table 1
Effect of ilonic strength on instabllity constant of the complex

= 43 4
between e ~ ion and 2-kydroxy-3-naphtholc acid in aqueous medium

A= 570 mu;  pH = 2.6; Temps = 30°C

Jonic strength Instability constant

0.02 1.04 x 107

0.05 1,08 x 1072

0.08 1.17 x 1072

0.10 1.36 x 1077

015 1,48 x 1077

0.20 1.67 x 107
Table Il

Instability constant of the complex at different temperatures

Ionic strength = 0.02; A= 570 m pl = 2.6

Instability constant

Tenmp
283.16°K 1443 x 1077
118 1.25 x 102
- 1.04 x 107°
313,16 845 x 107
-y 6.87 x 1076
5.61 x 107°

333.16
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D CONDUCTOMETRIC STUDIES OF THE COMPLEX

SPECTROPHOTOMETRIC AN
BETWEEN ALUMINIUM AND 2-HYDROXY-3-NAPHTHOIC

ACID IN AQUEOUS MEDIUM

The colourless complex formed by 2-hydroxy-3-naphthoic

th aluminium has bee
nic gtrengths and at different temperatures spectr
Q=

acld wi n studied in aqueous solutions of
dgifferent 10
photometriCally- The molecular composition has been determined

¢ method of continued variation and is found to be AlR

by Job!
of AV and A S are found to be

(R = Rearent ). The value:
+
(7k5 % 0.15) k.Cal/mole and (52.2 = 1.5) e.u. respectively.

obable gtructure of the complex is suggested.

The pr

ed water soluble complex formed by 2.

plue coloUF
cxeh 1.,9+3 ion has been investigated

hYdroxy-}-nap’"t‘noic acid
L It is S

-3-naphthoic acid in agueous medi
um,

cen that aluminium forms a coloy
r-

~hydroXy

less COWMP
therefore, gives the results obtai
ained

ion,

ex between aluminium and 2-hydroxy-3

The present

e study of the compl

c acid in aqueou® med
molecular composition of the complex has

in th
jum on which no data are availanp]
e

b's method of continued variation® ™
. e



instabllity ¢
y constant of the complex has been determi
ermined at

various i
onic strengths and at various temperat
atures.,

EXPERIMENTAL

Aluminium perchlor
ate was prepared
by heatin
g pure alu-

minfum ch
1oride (E. Merck) with concentrated perchl
loric acia

(Be N
erck) until the solution no longer gave a ¢t
’ est for chlo-

ride ion. It was dilu
ted to required v
olume and s
ufficient

perchlor
2y

content was astimated as oxlde

2-Hydroxy-3-naphthoic acid was B.D.H L.R
> L.R. sample and

ecrystallised before uses
o adjust the ionic gstren
gthe Hydrochl
oric acid
and

N Sodi
un perchlorate (E.Merck)

was used ©
sodium hydroxide uged were of AnalaR quality of B
OI).}Y £

Absorbante measuremnents were made by Hilger Uvi
vispecC s
pec-

er (Model H 700-308 of Hil
, ger Watts Ltd
«y london)

trophotomet

partment w
as

fitted with Jjacket

stat (Townson an
o the cell compartment and allowed to
come to t
em-

through which water could be circulat
ated from

a th
- d Mercer Ltd., England}. A therm
L olnetar

inserted int
rium showed a variation of less than 0.1°C
an
«1°C over

perature equillb
period of time MU

of optical density.

A
nt.

atric measurenents were made using cond
onductivi
Ly

Conductom

or {(LDR Of w1ssenschaftlich Technische Werkstat
a

ten, Germany).

met
rried out in a titration cell (¢
¥pe LTI)

The titrations were €3
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which had a thermostatic Jacket for temperature stability.
The pH measurements were made by Beckman pH meter (Model H2).

All the solutions and subsequent dilutions were made with

conductivisy water.

RESULTS AND DISCUSSION

2-Hydroxy-3-naphthoic acid (pH 4.0) absorbs strongly in
ultraviolet with an absorption maximum at 345 mu, whereas gly.
minium perchlorate is transparent round thig wavelength, The
addition of aluminium perchlorate shifts the absorption maximuyn
of 2-hydroxy-3-naphtholc acid from 345 au to 350 un indicating
complex formation between aluminium ang 2-hydroxy-3-naphthoic
acide This shift was found from pH 2.5 to 5,0, Investigation
above pH 5.C could not be carried out because of precipitation

of aluminium presumably as hydroxide. Hence the PH of 4.0 was

salected for subsequent studies.

Composition of the complex: Fige. 1 gives the moleculsr Compo-
sition of the complex at pH 4.0 using Job's method of continyeq
variation. The optical density measurements were made at 340,
355 and 360 ma keeping total molarity of 8,0 x 10'LH. The
quantity, D (the difference between the total opticsl densigy
of the solution and that which is shown by the acid solution
alone if no reaction occurs at the same pH), was plotseq against
EA1+%L/[A1+3]*[HOC10H6002H] - At 355 and 360 mu the complex
has a higher absorption than that of free Complexing agant and
at 340 mu tha complexing agent has higher absorption than that
of the complex. As such D at 355 and 360 mu passes throyy
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Figo 1:

Figo 22

Figo 3:

LEGEND OF FIGURES

Job's method of continued variation.
Total mOlarity = 8.0 x 10‘AM; pH = fels
Curves1-3: 360, 355 and 340 mu respectively.

Complex by conductivity method.
Curve 1: 40 ml. of 1.0 x 107X vs.
1.0 x 10'2M Al+3 solution

Curve 2: 40 ml. of 5.0 x 10741 va.
1.0 x 10-2M Al*3 solution

structure of the complex.
Curve 1: 1¢1, Curve 23 1:2.
Mixtures of metal and ligand, titrated with

0.01 M NaOH. 3
Curve 3: 25 ml. of 1,9 x 10 "M acid titrated with

1.0 x 10"2M A1+3 solution,

RS



caximum and that at 340 TH passes though a minimum, The maxi

mum at O.5 indicates the formation of 1:1 complex.

Molecular Extinction Coefficient: The molacul ar extinction

coefficient of the complex was calculated from the optical den-
sity of the solutions Containing aluminium ang 2-hydroxy-3_
naphthoic acid in which the metal ion was in excess so that
the concentration of the complex could be taken to be equal to
that of the ligand. The average value of extinction coefrsy.
cient of the complex at 340, 355 and 360 o is (1589 )

(2457 % 3) and (2580 % 3) respectively whereas for the 1iggng

it has been found to be (2132 = 5), (1855 a 2) and (1459 & 3)

at the above wavelengths respectively.

Instability constant: The instability constant of the complex
f[a3*3 -fc ' .
tln JTot:al Lcouplex]fi[actd) Total [“°mplex}f

—

K - =
in ( Complex]

has been calculated. The concentration of the complex g caley

lated from the optical density of the solution Containing el

minium and the ligand using expression.

Optical demsity = ¢p[Complex]1 » €4ffaciq] . (Complex]},

whereas ¢, and €4 are the molecular extinction Coefficients op

the complex and the ligand respectively and 1, the cell wiqey

At pH 4.0, the instabllity constant has been determineq o4

different ionic strengths (vide Table I). Further ghe instabilse,

etermined at different temperatureg, The resulgs

constant was d
. logarithm of th
are recorded in Table II. The loga ® instabiliyy
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Table 1

Effect of ionic strength on the instability constant of
the complex °

Mo 388 muy U= de®y Bellsildty = 1 Gmsy Tempe. i 20°

Tonic Strength Instabllity Constant

Kb (2.80 1 0.09) x 107

0.06 (Lo16 % 0.20) x 1072

0.09 (5.45 £ 0,15) x 1077

0.11 (6,72 2 0.04) x 10-5

0.16 (8,45 * 0.15) x 107>

0.21 (1.08 * 0.24) x 107
Table II

Instability constant of the complex at different temperature
Se.

Ionic strengthk = 0.02; A= 355 mu;  Pa = L0

Instability Constant

Temp.oﬂ
293.16 (2.80 * 0.09) x 10-5
303.16 (1.69 & 0.16) x 10-5
313.16 (1.26 % 0.23) x 5
323.16 (6.59 = 0.24) x 10-6
333.16 (3,79 * 0.37) x 1078

L e
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Constants have been plotted against 1/T which ig linear and from
the slope of the straight line, AH has been found to be -(9.45 ¢

0+15) k.cal/mole. Assuming this to be constant over the rance

of experimental temperatures,AS of the reaction has also beéon
calculated and is (52.2 ¥ 1.5) e.u.

Curves 1 and 2, Fig. 2 give the tit-

Conductometric studies:
3 . 2 -
il and 5.0 x 10~ acid witgh

ration curves of 40 ml. of 1 x 10~
a2 .
1 x 10°°Y solution of aluminium perchlorate respectively. Fron

these curves also the ratio of the reagent to aluminium ig

found to be 1:1 which confirms the composition of the Complex

as obtained spectropbotometrically.

Structure of the Complex: Curve 3, Fig. 3 shows that the pH

of 2-hydroxy-3-naphthoic acid (25 ml. of 1070 pH = 3.15) ig
gradually decreased by the addition of aluminium perchlorate

s inehon (10'2M pH = 3,50) and becomes constant at 2,90 when

one equivalent of al

This evidently shows an i
This is only possible when hydroxyl hydrogen of

uminium perchlorate (2.5 ml.) was added.

ncrease in the H* ion ¢oncentration ip

the mixtures

the 2-hydroxy-3-naphth°i° acid is replaced by aluminium. Thjg4

the view advanced by Owens and Yoel in

is in accordance with
quinizarin sulphate (1:1) complex,

the structure of Be~-phenoxy
ion of Sodium hydroxide solution: Tyo sets of

Effect of addit .3
od by mixing 10 "M aluminium perchlorate

solutions were prepar

with 1071 sodiun salt of
4 1:2 respectivelye The total volume in ogch

2-hydroxy~-3-paphtholc acid in the

ratio of 1:1 a
case being kept constant by the addition of conduetivity _——
allowed tO stand for “alf an hour for

angd the golutions were



)y M
g

attaining equilibrium. Varying amounts of 10721 sodium hydro-
xide solutions were added to both samples and conductance values

were noted down as usual. The observed data were plotted against

the ml. of alkali added. It was interesting to note that in both

the cases, conductance curves 1 and 2, Fig. 3 exbibited only one
break corresponding to one equivalent of alkali added. Since

the sodium salt of the acid was added, the only proton which

could be replaced as a result of chelation was the hydroxyl hyd.

The break at one equ
therefore, suggested that only 1:1 complex is formed

rogen. jvalent of sodium hydroxide in both

the cases,
On the basis of the above experimental observa-

in the systeils

tions the structure of the complex can be assigned as below:

o

-O-Al
\ -OH +13 :
+ Al — I + H
(._‘,-6 g \/ 'E_O
O
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SPECTROPHOTOMETRIC AND CONDUCTOMETRIC STUDIES ON THE
INTERACTION OF BERYLLIUM WITH 2-HYDROXY-3-NAPHTHOIC
ACID IN AQUEOUS MEDIUM

spectrophotometric method has been employed to study the

colourless complex formed by the interaction of beryllium with
z_hydroxy-3-naphthoic acid in aqueous solutions of different
jonic strengths and at various temperatures. The molecular
composition of the complex has been determined by Job's method

ol continued variation

obable gtructure of th

and is found to be BeR (R = Reagent).

— ¢ complex is also suggested.

Z-Hydroxy-3~naphthoic acid forms a number of complexes,

The coloured complexes formed by 2-hydroxy-3-naphthoic acid with
1

FeQB and U02+2 ! have been Studied. Recently Gupta and s°n13

In cowrse of our investigation it has beep

—— ss complex between 2-hydroxy-3-naphthoic

acid with aluminiume
found that it also forms & colourless complex with beryllium,
The present study therefore gives the molecular composition of

lox and instabillty constants at different ionic streng-

the comp

ths and at different temperatures.
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EXPERIMENTAL

2-Hydroxy-3-naphtholc acld was B.D.H.,L.R. sample and
was recrystallised before use. Beryllium perchlorate was
prepared by heating beryllium chloride (E. Merck) with con-

centrated perchloric acid until the solution no longer gave 3

test for chloride ion. It was diluted to required volume and

sufficient perchloric acid was added to prevent hydrolysisg.
The beryllium content was estimated gravimetrically. All

other chemicals used were of B.D.H. AnalaR quality.

Absorbance, conductance and pH measurements were made in

a similar manner as described in our earlier paper?. All the

solutions and subsequent dilution were made with conductivity

water.

RESULTS AND DISCUSSION

2_Hydroxy_3.naphthoic acid absorbs strongly ultra-violet
an absorption maximum at 345 eu whereaas beryllum

region with
parent round this wavelength. Addition of

perchlorate is trans
reagent shifts the absorption maximyg

beryllium perchlorate to
-naphthoi¢ acid from 345 to 360 eu, indicating e

of 2-hydroxy-3
e complexe The shift was found from pH 2.5 to

formation of th

5.5. Investigations
Hence pH L.5 was selected for subsequent

above 5.5+ pH could not be made bacauge

of precipitatione

studiess
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COMPOSITION OF THE COMPLEX

Job's Method - In this method various solutions were prepared

keeping total molarity of 8.0 x 10_LM. The quantity D - (the

difference between the total optical density of the solution

t which is shown by the acid solution alone if no reac

e game pH) was plotted agalnst [Be+2]/[13e*2]+
The ma}dmum at 005 in all the

and tha

tion occurs at th

[Acta] at 340, 355 and 360 mi-

cases indicates the formation of 1:1 complex.

on coefficients and instability constants

Molecular extinctl

The molecular extinction coefficlents of complex and acid
j1ity constants have been calculated in a similar way

and instab
The values of mclecular extinction co-

3
as described earlier -
x and that ©

d (1585 % 3) respectively.

officients of comple £ 4He Hetd @b 300 gn and at

4.5 pH are (2345 * 3
Table 1 records the instability constant of the complex
It was found that the instability

jonic strengthse

at various
the increase of ionic strength. The

ncreases vith

constant 1
e complex lons are denser in the ralt

res about P

screening affeC
ability constant h
(vide Table ITI). The decrease in the

ionic atmosphe
t reduces thelr rate of recon

solution and the
as been determined at

binationk. The inst

peratures

ant 18 due to the decrease of dielectric cong.

different ten

instability const
£ water with

jncrease of temperature, and the plot of

¢ the instability constant agalnst 1/T gave a stralght

e Slopo Of t

tant ©
logarithm ©
line. From th

he stralght line, the values of AN -
8
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LEGEND CF FIGURES

Fige. 1: Job's method of continued variation.
Total molarity = 8.0 x 10-hM; pH = L.5.
Curves 1-3: 360, 355 and 340 ?p respectively.

Fig. 2: Complex by conductivity method.

Curve 1: 40 ml. of 1.0 x 10"y vse 1,0 x 10-2M
Be*? solution.

Curve 2: 4G ml. of 5.0 x 1077 vs. 1.0 x 10"y
Be*? solution.

Flg. 3¢ Structwre of the complex.

Curve 1: 1:1,
1:2 mixtures of metal and ligand titrated

Curve 2:
with 0.01 M NaCH.

Curve 3: 20 ml. of
Be+2 solutione.

96

10-3M acid titrated with 1.0 x 10-2y



Table 1

Effect of ionic strength on the instabllity constant of the

Complex between Be'? and 2-hydroxy-3-naphthoic acid.

A= 360 mu; pH = 4.5; GCell width =1 cm., Temp.
/

= 30°%

Instability Constant

Ionic Strength
0.01 (3.01 ¥ 0.02) x 102
0.02 (4.10 ¥ 0.10) x 102
(5.70 * 0.30) x 10~°
0.08 _
0.10 (6.4,5 L 0,20} x 10 2
. (7031 + 0-30) X 10-5
o1 (8.15 * 0.10) x 10~
0 el e e
0.2

Table Il

s the complex at different temperatureg

Instability comstant 0%

pH

= o8

~%

Instability Constant

’ A= 360 4
Ionic strength = 0.01; m
i
O ————
o K

- (ho10 %
283.16 e
o (3.02 2
303.16 g
P (1.91 =
L (1.65 *

0.08) x 10~3

0.02)
0.02)
0.15)
0.08)
0.08)

X

X

X

X

X

107"
1077

4

10

10~°

107"




found to be -(3.67 + 0.5) k.cal/mole. Assuming this to be

constant over the range of experimental temperatures, the

value of AS has been calculated to be (32.8 £ 2.0) e.u

s - The molecular composition of the com-

Conductometric studie
y conductometric measurements.

plex has also been confirmed b
2 give conductometric titrations of 4O ml

Curves 1 and 2, Fige
=31 and 0.5 x 1O~3M of the reagent with 1 x 10 M

of 1.0 x 10

beryllium perchlorate solution which shows the formation of

1:1 complex.

omplex - Curve 3, Fige. 3, shows that the pH

qcid (20 mle of 10™°M; pH 3.2) is
on of beryllium perchlorate

3,10 when one equiva-

Structure of the €
_naphthoic

of 2-hydroxy-3
ased by the additl

gradually decre
and became constant at

-2
(10" “M; pH = 3.70)
This shows that there

lent of beryllium perchl
e of hydrogen io
roxyl hydrogen of
rylliume

orate was added.
n concentration. This is only

is an increas
the 2-hydroxy-3-naphthoic

possible when hyd

acid is replaced hy be
solutions were prepared by mixing

olc acid and beryllium per-

_pydroxy-3-naphth
o of 1:1 and 1:2 respectively. The total

constant by the addition of

sodium salt of 2

thlorate in the rati
volume in eacl case belll
These SOlu

g kept
tions were titrated with sodium

conductivity waters
It was observed that in both the cases

ution.
ves ! and 2 (Fig- 3) exhibited only one break
conductance CUTT
jvalent of sodium hyd
¢he only proto

hydroxide 894
roxide added. Since sodium salt

at one equ n which could be replaced

>
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as a result of chelation was hydroxyl hydrogen of 2-hydroxy-3

naphthoic acid, thus suggesting the formation of 1:1 complex

On the basis of the above experimental observations, the struc

ture of the complex can be assipgned as -

- OH -9 /\ B
+ Be —_— a
= + H
o (o}
- i
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EXTENSION OF THE WORK

This St\ldy hgs further been extended for vhs deterndnation

of instability constants at different jonic strengths and at
various temperatures. The instability constant of the complex

(Kin) have been calculated at various ionic strengths as men-

tioned earlier and are reported in Table I.

The instablility constants of the complex at a Constant
o been obtalned at different temperatures.

ionic strength have als
ts are recorded in Tabl
ants have been plotted against 1/T (Fig. 5) and

The resul e II. Tre logarithm of the

instability const

from tke slope of the st
e -145 x.cal/mole.

rimental temperature,

ralght line thus obtalned, &8 has been
found to b assuming this to be constant over

the range of expe

the value of AS has been

calculated as 17.7 Sslle



by

Table I

Effect of ionic gtrength on tke instability constanmt of tke

complex between cu*? ion and 2:4 dikydroxybenzoic acid in acidic

medium.
A= 390 o p = 55 Temp. = 30°C
Tonic Strength Instability COI;St,ant
1.88 x 107
0.01
— 2.05 x 107
- 2 46 x 107
e e |
2.31 x 10 ~
0.05
] 2,57 X 10~3
0.08 }
0,81 x 107
0.10 )
3,04 x 10 3
o1 _
0'204____ﬂ___,,.__.——~——-——f
Table i

Instabillt

Tonlic strengt’

Tomp »°K ___'—___'_,_—__——————f g
pe b ol % o 3

28216 1.88 x 107
293,16 (70 x 107
303,10 1.58 x 107
313.16 \ 47 x 1073
323.16 1036 % 107

333.16

DI



LOG Kk

(oS

36 X 10
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SPECTROPHCTCMETRIC STUDIES OF THE COMPLEX BETWEEN Cu*? AND
2:4 DIHYDROXYBENZOIC ACID IN PRESENCE OF AMMONIA

The reddish violet complex formed by 2:4 dihydroxybenzoic
acid with cupric ion in presence of ammonia has been studied 1
n

aqueous solutions of different ionic strengths and at different
en

temperatures spectrophotometrically. It has an absorption maxi

mum at O mu. The opti H .

L9 /p ptimum pH range is 10.0 to 11.0. The mole-
cular composition of the complex has been determined by Job's
method of continued variation, slope-ratio method, molar-ratio

method and is found to be CuR (R = Reagent). The molecular extinc

tion coefficient of the complex is 1.53 x 10°. The values of AH

and A S are found to be -2.30 kecal per mole and 28.4 es.u. res-

pectively.
studied the colour reaction of 2:4 dihydro

1
Tanabe and Hata

xybenzoic acid with cupric ion in p
They found that a green colour is first developed

resence of 1 to 2 drops of

28% ammonia.
dish violet after sometime. In a previous

which changes to red
studied green water soluble complex

communication Gupta et ale.
jc acid with cupric lons in acidie

formed by 2:4 dihydroxybenzo
The present communication

x formed (gpectrophotometr
3, slope-rabio methodh and molar-

The instability constant

gives the nature and composi-

mediume.
{cally) using Job'sg

tion of the comple

method of continued variation
ammonia.

ratio method5 in presence of
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of the complex has been determined at different ionic gtrengths

and at different temperatures.

EXPERINENT AL

A standard solution of copper was made from CuSO,.GH?O
8 4

(B.D.H., A.R.)e 2:4 Dihydroxybenzoic acid (R) was B.D.H., L.R
" eile

sample and was recrystallised before use. Ammonia solution was

of B.D.Hs; L.Re quality. Potassium chloride (B.D.H.,A.R.) was

used for adjusting ionic strengths. The technique and other

details have besn described earlier.

RESULTS AND DISCUSSION

Spectral studies - Equal volumes of copper sulphate solution
& -3

(M x 10 3] and the reagent (M x 10 7} were taken in 25 ml,

flask. Suitable quantity of 25% ammonia solution was added so

that the pH after dilution was 10e5. ?he development of the

colour was slow and takes about 24 hours for complete reaction,
The complex so formed showed maximum absorption at 490 mp.  The
absorption due to 2:k dihydroxybenzolc¢ acid and copper sulphate

is negligible at this wave-length.
subsequent worke.

The corresponding wave-length

of 490 mp was thus used for
g the same conCentration of

Effect of pH - Solutions containin
ared at different pH

ate and the reagent were prep

copper sulph
jon of ammonia and absorbance noted at 490 e

values by the addit
omplex was gstable between the pH range

It waa found that the ¢
pH of 10.5 was gelected for subsequent

10.0 to 11.0 and hence &

studies.



vomposition of the Complex

Job's Method - A series of solutions was Prepared from copper

sulphate and the reagent (M x 1072) 1n which the ratios of

Copper to reagent varied from 1:11 to 11:1. The PH was kept

at 10.5 by adding suitable quantity of ammonia. The absorbance

was made at A90 mm after 24 hours. Curves 1, 2 and 3, Fig. 1

were obtained using total molarity of 2.4 x 10-3’ 1.2 « 10.3

and 6.0 x 107°M respectively. The maximum at 6:6 indicages

the formation of complex containing copper and the reagent in

the ratio of 1:1.

Slope-ratic Method - The concentration of variable component
was varied from 4.0 x 1077 to 2.4 x 10-hM in presence of excess
concentration of 4.0 x 10-hM of the constant Component. The pH
of solutions was maintained at 10.5 and absorbance measurementg
were taken at 490 o after 24 hours. Fig. 2 shows the absorbance
plotted against the concentration of the variable component at

L90 U . The slopes of two straight lines provide the copper :

reagent ratio as 1:1.
Molar-ratio Method ~ A series of solutions was prepared from

2.0 x TO-I*M of acid and varylng amounts of copper sulphate 8611

tion were added such that mole ratio of reagent to copper was

from 1:02 to 1:7. Fig. 3 shows a break at a ratio of one mole

of r eagent to one mole of copper-

Molecular Extinction coefficient and instability constant

Using optical densities of solutions containing large
excess of 2:4 dihydroxybenzolc acld so that as a first approxi-
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LEGEND OF THE FIGURES

Job's method of continued variation.

Total Molarity 2.4 x 10~2M

Curve 1.
1.2 x 1073u

Curve 2. Total Molarity

Curve 3. Total Molarity 6.0 x 107™%y

Slope-ratio method.

Curve 1. Copper varying

Curve 2. Reagent varying

Molar-ratio method.

Variation of log K with 1/T.
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mation the concentration of the complex may be taken to be equal

to that of copper ions added, the molecular extinction coeffi-

cient of the complex is found to be 1.53 x 103, The instability

constant of the complex
+2 f :
Cu - uomplex Acid‘ ‘
{[ ]Total : /s I7otal " LComPlex )]

K =
in [Complex]

has been calculated where the concentration of the complex is

obtained from the extinction coefficient of the complex. The

instability constants of the complex at pH 10.5 have been deter-

mined at ionic strengths 0.01, 0.02, 0.05, 0.08, 0.10, 0415 ang

0.20 (vide Table I}.
The instability constant of the complex at g constant ionic

strength of 0.01 has also been determined at different temperatures,
The results are recorded in Table Il. Further, the logarithm of
the instability comstants have been plotted against 1/T (Fig. 4),
From the slope of the straight line, A H bas been found to pe
Assuming thlis to be constant over the

-2.3C k.cal per mole.
samperatures, & § of the reaction hag also

range of experimental

ulated and is 28,0, 2.l

been calc

lox
Propoged Structures of the Comp

complex with ammonia with a structure

forms a ©

C upri ¢ ion
gher pH, the carboxylic and phenolic groups

+2 hi
CU(NHB)A . Since at

drox¥b9n5°ic acid
oups of C“‘NHB’A are replaced with 2:4 dihydroxy.

g a neutral chelate as mentioned below, Thig

are largely disaOCIated6, therefore
of 2:L dihy

two ammonia ET
benzoic acid formin



Table I
Effect of ionic strength on the instability constant of the

complex
pH = 1005; % = l|.90 n}p; Tempo = 200.
Ionic Strength Instability Constant
3.06 x 10-5
0.01 .
.8
0.02 6457 x 10~
-}
1.01} X 10
0.05 "
0.08 149 x 10
1.81 x 1o'h
0.10 L
2.38 x 10
0.15 * —h
2.86 X 10
0.20
Table il

different temparat
Of the complex at
Inst.ability constam;

Iconic strength = 0.01; pH = 10455 A= 490 3”'

: Instability Constant
Temp« K O x 10—5
29517 2,90 x 1077
203:19 2.5 x 1077
pgals 2.18 x 10~

5

323.16 1.80 x 10

333.16

- - -



is in accord with the normal co-ordination number of four f
or

the copper.

1.

e

3.

o

S

o i —]
o —_—C— 8
” J » NHy
HO R Jiw o~
i - ~ NH,
= "
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SPECTROPHOTOMETRIC AND CONDUCTCME

TRIC STUDIES oF Thg

AND 2:4 DIHYLROXYBEN?
ACID IN AQUEOUS MEDIUM

COMPLE. BETWEEN ALUMINIUM

o1

The colourless complex formeq by 2:4 dihydroxybenz01c

acid with aluminium has been studied in aqueous solutiong of

different ionic¢ strengths and at different temperature

S spec-
trophotometrically.

The moleculgr Composition has bee

n deter.
mined by Job's method of continued Variation gng is fo

und to
be AIR (R = Reagent). The quantities A j and AS, have bsen
Calculated from the temperature coefficient of the 1nstab111ty
constant. The probable structure of the Complex 15 alge

suggested.

In course of our investigations on complexes formed by
2:4 dihydroxybenzolc acld with various bivalent gn4 trivalent
metal ilons, it has been found that aluminiunm formg o coloup.

I complex with 2:4 dihydroxybenzoic acid. 4q there apg no
ess

data avallable in literature about the stability Constang, and
ata a

he thermodynamic functions regarding this “omplex, the Present
the e

5 tigation, therefore, gives the resultg obtainegq in such
nves

studies spectrophotometriCally.



L1k

EXPERIMENTAL

2:4 Dihydroxybenzoic acid was B.D.H., L.R sample and
e an
was recrystallised before preparing the standard solution

Aluminium perchlorate was prepared by heating pure alumini
um

chloride (E. Merck) with concentrated perchloric acig

(E. Merck) until the solution no longer gave a test for

chloride ion. It was diluted to required volume and suffy
cient perchloric acid was added to prevent hydrolysis. Th
. &

aluminium content was estimated as oxide .

Ionic strength of solutions was adjusted by sodium-

perchlorate (E. Merck). Hydrochloric acid and sodium hydro.

ed were of AnalaR quality of B.D.H. The technique
2

xide us
ails have been described earlier”.

and other det

RESULTS AND DISCUSSION

Z:A Dihydrox}’bGRZOic acid (pH = h.S) absorbs strongly
with an absorption maximum at 290 B, whereas

in ultra-violet
is transparent round this wavelength

alumini um perchlorate
rddition of aluminium perchiorate to the 2:4 dihydroxybenzoic
acid solution causes the shift in the absorption maximum £

sugresting complex formation betwe
en

aluminium and 234 dih

Investigation above pH 5.0 could not pe

o 50

of precipitation gE
ne pH of .5 was selected for subsequent,

BH
fromKB-O v
aluminium Presumably sg

made because

hydroxide. Hence t

studiese



1. Composition of the Complex

The molecular composition of the complex at pH 4
p o5
was determined by Job's methodB. The optical densit
n3LTYy meaw-

suprements were made at the total molarity of 4.0 10=4
. X M

at the wavelengths 295 300 and
’ 305 s The quantity, D

(the difference between total optical density of th
e solu-

tion and that which is shown by the acid solution alo
ne if

no reaction occurs at the same pH) was plotted agalnst
s

[AIB*J/[AlB’] " [Acid] . Fig. 1 shows the maximum in all

the three curves at 0.5, indicating the formation of th
e

1:1 compleX.

r fxtinction Coafficient

2. Molecula

The molecular extinctlon coefficient of the complex
was calculated by the method outlined in our earlier commu
The average value of extinction coefficient of

nicationh'
g t 10) whereas for the ligang

the complex at
o BRlTIO1 & 52 BY DB deds

{t has been found

constant

3e Instability —=——"

ant of the complex

The instability const

-[eompres]}{ (et ~[Compren]]

= [Complex]

concentration of the complex 1is

K:ln

jculated: he

m the opvic?
11gand usth

¢ 2[Comple"] 1 + € 4§ [actd] - [Comprex]} 2

has beenl ca
calculated fro
Juminium and the

Optical density =

g expression

112

1 density of the solution containg
ng
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LEGEND OF FIGURES.

Fig. 1: Job's method of continued variation.

Fig. 2

Figc 14-

Total molarity 4.0 x 1074, pH - 4.5,
Curves 1-3. 295, 300 and 305 my respectively.
/

Variation of log K with 1/T,
Curve 1: 4O ml. of 1 x 10-3M VSe
-2
1.0 x 107 412 solution

Curve 2: 40 mi. of 5.0 x 10-4M V5.
-2
1.0 x 107% a*> solution.

Sgructure of the complex,

Curve 1: 1:1,

Curve 2: 1:2,
Curve 3: 1:3 mixtures of metal ang ligand,

-2
titrated with 10 M sodium hydroxide
3M acid

Curve L4: 25 mle. of 1.0 x 107
titrated with 1.0 x 107%u 41*3 solution,

|

=9



wh € ;
ereas € 5 and €4 are the moleculgr extinction Coafficy ong
. s

of the Complex and the ligand respectively
)

and 1, the ¢ 1
width. ’ .

The instability constant of the ¢
€ Complex 5t 305 ep has

been determined at different ionic strengths. fThe resulg
S

obtained are recorded in Table I. Further the instabilis
¥
Constant was determined at differen

t temperatureg (Vide
Table II,),

The logarithm of the instability Constantg have

been plotted against 1/T which is linear (Fig. 2) and froy

AH has been found to pe
~{3.3 # 0.50) k.cal/mole. Assuming this to pe constant pyep

the slope of the straight line,

the range of experimental temperatures, A S of th, Complex

has also been calculated, i.e., (33.0 * 2,0) Oells

4. Conductometric Studies

Curves 1 and 2, Fig. 3 give the titratiey Curves op

-3 -4
40 ml. of 1 x 10 M and 5.0 x 107" M acid wigh 1 y 492 M

From these
curves also the ratlio of the reagent to aluminiup 4 foung

solution of aluminium perchlorate respectively,

to be 1:1 which confirms the compesition of ghe Complex 54

obtained spectrophotometrically.

5, Structure of the complex

were preparasd -
Three sets of solutions prepared by mxing 103,

-3
aluminium perchlorate with 1077 sodlum salt of 234 dihygp

CXy-
atio of 1:1, 1

: e
benzoic acid in the T & and 13 Tespectively,
The total volume in each case being kept Constang by the sdat
g to e

tion of conductivity water and the solutions werg alloweg to



Table I

Effect of lonic strength on the instability constant

of the complex

A= 305 ?P‘ pH = 4.5; Cell width = 1 cm.;

Tempe.

30°

Tonic Strength

Instability Constant

0.01 (1.41 £ 0.05) x 10"
0.02 (1.56 * 0.03) x 1072
0.05 (1.81 * 0.01) x 107
0.08 (2,13 * 0.04) x 107
0.10 (2.47 * 0.08) x 1077
0.15 (2.93 % 0.15) x 10~
0.20 (3.51 * 0,20) x 107
Table IT

Instability ©

onstant of the complex at different

temperatures
Ionic strength = 0.01; A= 305 my; i = ke
Tempe Instabllity Constant
/—
293.16% (1.65 £ 0.06) x 10~
313.16 (1,16 * 0,03) x 10™2
32316 (9.71 £ 0.10) x 1070
333.16 (8.33 % 0,30) x 107°

e

115
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stand for half an hour for attaining equilibrium. Varyi
. rying

-2
amounts of 107°M sodium hydroxide solutions were added t
o

three samples and conductance values were noted down
as

usual. The observed data were plotted against the ml. of
s O

alkzli added. It was found that in all the cases, conduct
’ ance

curves 1, 2 and 3 Fige l,, exhibited only one break correspond
pond-
ing to one equivalent of alkall used. Since the sodium sal
salt

of the acid was used, the only proton which could be replaced
ace

asult of chelation

alent of sodium hydroxide in all the cases, the

] Ire-

as ar was the hydroxyl hydrogen. The break
a

at one equlv
only 1:1 complex in the system.

fore, susgestad

. shows that the pH of 2:4 dihydroxybenzoic

oH = 3,70) is gradually decreased by
olution (10"2M,pH=3.50]

curve 4 Fige

acid (25 ml. of 10'3K,
£ aluninium perchlorate s

the addition ©
nt at 3.43 when one equivalent of aluminium

and become?s consta
2,5 ml) was added.
( e This evidently shows

perchlorate solution
an increase i gt ion concentration in the mixture. This is
drogen of 2:L dihydroxybenzoic

o when hydroxyl hy

by alumini uln «
the structure of the complex can b
&

only pOSSibl
OCn the basis of the above

acig is replaced

mental obserVations,

experi
assigned as below:
- _+
_ §-6 +3 —E-O
P B = +H*
_oH i —o-M
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SPECTROPHOTOMETRIC AND CONDUCTOMETRIC STUDIES OF TH
S E

COMPLEX BETWEEN BERYLLIUM AND 2:4 DIHYDROXYBENZOIC
ACID IN AQUEQOUS MEDIUM

The colourless complex formed by the interaction of b
1lium with 2:4 dihydroxybenzoic acid o
: has been studie
d spectro
pho-

tometrically in aqueous solutions of vari
ous lonic stren
g&ths ang

The molecular composition of the

at different temperatures.
complex has been determined by Job's method of c

ontinued varg

ation

and Molar-ratio method and 1s found to be 1:1. The value
8 of AH
d to be -(1‘k‘9 : O¢2J k.Cal/mO]-e and (24 7.’.1 :
/215,

and A S are calculate
The probable structure of the complex i1 1
S adso

e.u. respectively.

suggested.

nzoic acid forms a number of complexes ywi
Swth

2:4 Dihydroxybe
Complexes of 2:4 dihydroxybenzoic acdd wit
wilth

various metal ionse
died by Gupta et a1.1,2'3 .
. n

+3  p1*? pave been stU

Cufz, Fe
nvestigation of its complexes it was found that
a

course of our i
4 colourless complex. This
s paper,therefore’

beryllium also form
he results obtad

{ned in this study in aqueous medium o
n

gives ¢
a in literature. The molecul
ar compogi -

which no datb

tion of the com
b gnd molar-

termined by Job's method of .
onti-

plex has been de
ratio me‘bhod5 .

nuad variation
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EXPERIMENTAL

Beryllium perchlorate was prepared by heating berylli
um

chloride (E. Merck) with concentrated perchloric acid (E.Merck)
.Merc

until the solution no longer gave a test for chloride ion. I
» It

was diluted to required volume and sufficient perchloric acig

The beryllium content was es-

was added to prevent hydrolysise.

timated gravimetriCally.

2:h Dihydroxybenzoic acid was B.D.Hs, L.R., sample and
pQCrystallisod before usee. Sodium perchlorate was used to mai
alll=

jc strength. Other chemicals were of AnalaR quallt
y

tain the ion
echnique and other details have been described

of BoDaHo The t

earliere.
RESULTS AND DISCUSSION

= 5.0) absorbs strongly in

Ltra-violet region with & absorption maximum at 290 m, whereas
is transparent round this wavelength. Addi

perChlorate

beryllium
rate to 2:4 dihydroxybenzoic acid soluti
on

gliium perchl
¢ in the abgor
snteraction b

tion of ber
ption maximum to higher wavelength

cauges the shif
etween beryllium and 2:4 dihydroxy

300 my suggesting
d from 3.0 to 5.5 pHe Investi-

rhip shift wWas foun

benzoic acide
d not be made because of precipitation of

gations above 565 coul
Hence the pH of 5.0 was selecteqd
e

beryllium pre

gumably as hydroxide.

for subsequen® gtudies:

Comgositigﬂ—gi‘gggdgggglgg
jutions was prepared from berylli
um

4 series of 89
The optical density measurements were mag
mage

Job'a Mevhod ~
cid.

parchlorat® and 2
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LEGEND OF FIGURES

Fig. 1: Job's method of continued variation.
Total molarity = 4.8 x 10-hM; PH = 5,0

Curves 1-3:- 295, 300 and 305 me respectively.

Fig. 2: Molar-ratio method.

Curves 1-2:~ 295 and 300 MM respectively.

Complex by conductivity method.

Figo 3:
Curve 1:- 40 ml. of 7.5 x 1074 Be*? vs.
1.0 x 10'2M acid solution.
Curve 2:= 40 ml. of 5.0 x 1O°AM Be+2 VS

1.0 x 10-2M acid solution.

Fig. 4: Structure of the complex.

Curve 1:- 1:1, Curve 2: 1:2, Curve 3: 1:3
mixtures of metal and ligand titrated with
1.0 x 10~°M NaOH.

20 ml. of 10-3M acid vs.

Curve Lt~
1.0 x 10~%4 Be*® solution.



Fla!

no

reacti
on occurs at the same pH was plotted against [Be*zj/wﬁe*?]+
[Acidl. Fig. 1 shows,the maximum in all the three curves at 0 5
LA |

formation of 1:1 complex.

Molar-ratio Method - A series of solutions was prepared from actd
in which varying amounts of beryllium were added such that the
molar-ratio of reagent to beryllium was varied from 1:0.2 to 137,
Curves at 295 and 300 mu (Fige. 2) show breaks at one mole of the
reagent to one mole of beryllium.

atant

Molecular extinction coefficient and instability con

The molecular extinctlion coefficients of the complex and

acid were calculated in the same way as described in our earlier

3
communication .« The average values of extinction coefficients of
complex and the acid at 300 mu and at pH 5.0 are (6950 ¥ 13) and

(2461 = 10) respectively.
The instability constants of the complex at pH 5.0 were

determined at various lonic strengths. These are recorded in
Table I. It was observed that the addition of a neutrszl salt
ociation of the complex. The ionic

increases the extent of diss

atmospheres about the complex ions are d
screen the {nteraction between the ions of the complex

The insgtability constant

enser in the salt solu-

tion. They

and reduce their rat
was determined at different temperaturas

e of recombination6.
(Vide Table II). The
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Table I
Effect of ionic strength on the instability constant of

the complex between Be*? and 2:4 dihydroxybenzoic acid.

A = 300 mpa; pH = 5.0; Cell width = 1 cm; Temp.30°,
Ionic Strength Instability constant
0.01 (Lo68 + 0.15) x 10~°
0.02 (5.21 % 0.20) x 10~5
0.05 (5.64 t 0.12) x 10™°
0.08 (5.94 t 0.05) x 10~
0.10 (6.33 * 0.20) x 1077
0.15 (6.94 * 0.15) x 1077
0.20 (7027 * 0.15) x 107

Table II

nt of the complex at different temperatures

Tnstability consta

Ionic strength = 0.01;
Instability constant

Temp. Ok
(5.26 £ 0.05) x 107"
283+16 (4.8 * 0.06) x 10~2
29316 (1.68 & 0.15) x 1077
303415 (4,.30 * 0.02) x 107
313.16 (3.88 * 0.02) x 107
32316 (3,56 % 0420) X 107"

333.16
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logarithm o the instability constants have been plotted

1/T which gives linear curve and from the slope of the tagaiHSt

line A H has been found to be -(1.49 % 0,2) k.Cal/mole.sA:a:i:t

this to be constant over the range of experimental tempera:ure:g
5

A S

Conductometric studies - Curves 1 and 2, Fig. 2 give th
F e conduc-

tometric titration (40 ml. of 7.5 x 10™% M and 5.0 x 1074 M
? bery-
11ium solution with 1.0 x 10~} solution of 2:4 dihydroxybenzoi
nzoic

acid respectively). From these curves also the ratio of berylli
Ty um

to acid is found to hbe 1:1.

Fig. 4 shows that the pH of

Structure of the complex- Curve 4,
-3
0 "M; pH = 3,40} is gradua-

2l dihydroxybenzoic acid (20 ml. of 1
y the addition of beryllium perchlorate (107 “M;
b 4

lly decreased b
e constant at 3.25 when one equivalent of

pH = 3.70) and becam
Thus there is an increase in

dded .

beryllium perchlorate Was a
This is only possible when

gen ion concentration.
nzoic acid is replaced by

the hydro
en of 2:4 dihydroxybe

hydroxyl hydrog

beryllium.
olutions were prepared by mlxing

Further three sets of 8
berylilium perchlorate and sodium galt of the gcld in the ratios
1:2 and 1:3 respectivelys
ant by the addition ©
od to stand for half

ons were citrated wi

The total volume in each case
£ conductivity water and the
an hour for attaining
th godium hydroxide
nat the volume

of 1:1,
being kept const

aolutions were allow

equilibrium. These soluti

and conductance values were plotted agal

in all the canes conductance

solution

of alkall added.

It was obaerved that
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curves 1, 2 and 3, Fig. 4 exhibited only one break at one equi -
valent of alkall added. Since sodium salt of the acld was used,

the only proton which could be replaced as a result of chelation

was the hydroxyl hydrogen. The break at one equivalent in all

the cases, therefore, sugpgested 1:1 complex found in the system.

On the basis of the above experimental observations, the structure

of the complex may be assigned as

o G
= W = - I
.—‘}//7\\' —-1;' -0 P >\\ C -0
j' J + Be" /= I— l P
HO ¥ - OH ,»o-\/—c’—ﬁe
: i
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SPECTROPHOTOMETRIC STUDIES ON THE COMPOSITION AND STABILITY

GF THE COMPLEX BETWEEN 3:5 DINITROSALICYLIC ACID AND
Fe*? TONS IN AQUEOUS MEDIUM

The composition of orange coloured water soluble complex
formed by 3:5 dinitrosalicylic acid with Fe*3 ion has been stu-~
died by Job'!s method of continued variation, slope-ratiop method
and molar-ratio method spectrophotometrically. The coloure pro-

duced is almost instantaneous and stable towards time. It has

an absorption maximum at 450 ma. The optimum pH range is 2.7

to 3.2. The molecular extinction coefficient of the complex ig
2.106 x 10°. The instability constants of the complex have been

given for different ionic strengths and at different tempera.

turess The values of AH and AS are found to be ~7.38 k.cal/
mole and 49.2 e-Ue. respectively.

Sutvastava of ks ' gtudied the reaction of titanium
sten with 3%5 dinitrosalicydic acid. We have seen that

and tung
act with this acid and form a water soluble

FG’B jons also re

e coloured compleX.
e composition and stability of Fe-3:5 dinitrogali.

As no data are availlable in literature
orang
regarding th



cyla ig i
ylate complex, this investlgation, therefore, gives the re-

sults obtained in such study.

EXPERIMENTAL

3:% Dinltrosalicylic acid was B.D.H., L.R. sample and

was recrystallised before use. A pure solution of ferric

chloride was prepared from ferrous ammonium sulphate (B.D.H
elle,

A.R.) and the iron content was estimated by oxlde method be

fore preparing the standard solution. Potassium chloride
A.R.) was used for ad
hydrochloric acld and sodium hydroxide used

(B.D.H., justing the ionic strength.

Sodium acetate,
n.H. AnalaR quality.

ribed earlier.

were of B.D The technique and other de-

tails have been desc

RESULTS AND DISCUSSION

1:6 Dinitrosalicylic acid (M x 10-3)

(1) Spectral studies - -

{c chloride soluti
syitable quantities of 1.0 M sodium ace

on (M x 1077} were taken in the ratio

and ferr

1:2 and 1:3°
1 solutions were added and absorptions were

ol 1:1,
e and 1-0 M HC

tat
recorded at different wavelengths. The complex showed the
maximum abs sorption at 450 ?P in all the cases, thus indicating
The absorbance due to 3:5 ginit
L3 l =

of the complexk-

the formation
nc ferric chloride is very small at thig

rosalicyiiC acid a
WaVelength. The corresponding wavelength of 450 9» w85 thae
quent worke

used for gubseé

Solutions containing the same concentraty
on

- .

(11) BEffect of P"



of 3:5 dinitrosalicylic acid and ferric chloride were prep d
are

at different pH values and ab .
sorbance noted at 450 %p. It was

found that the complex was stable between the pH range of 2
7

to 3.2 and hence a pH of 3.0 was selected for subsequent st
U=

dies.

(1ii) Effect of temperature - Mixtures were heated on water
path to 85°9C, cooled to room temperature and absorbance was
measured after making up the volume. There was no difference
in the absorbance of the sample and that prepared at room

The complex was stable over a wide range of

temperature-

temperature variationse.

COMPOSITION OF THE COMPLEX

od of contlnued variation - A series of solutions

(1) Job's meth g
prepared frow 10"
o of ferric 0
.0 by addition

Chloric aCidc
ratio [Fe+%]/[ﬁe+3]*[}cid]' Curves
3

¥ ferric chloride and the acid in which

4

was
acid varled from 1:9 to 9:1., The pH

the ratl
of suitable quantities of sodium

was kept ab 3
The difference of absorbance

acetate and hycro

4 against the
1 were obtained using total molarity 1x10™°M
’

-bM respectiVely. The maximum at 0.5 ip

5-0X10
all the cases jndicates the formation of the complex contgin-
ing ferric and the acid in the ratio 1:1.

tio method = The concentration of variable component
n

10”7

-3i of the constant component (curves 1
s

(11) Slope-T¥é ~by
5w to 1.5 x 107 M in presence of excess

ried from 2.5 X%

was va
x 10

conCentrat'ion of 1
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LEGEND COF FIGURES

Fig. 1: Job's method of continued variation.

Curve 1: Total molarity 1.0 x 10"3K.
Curve 2: Total molarity 5.0 x 1O-LF.

Curve 3: Total molarity 2.5 x 10'4M.

Fig. 2: Slope-ratio method.
Curves 1 & 3: Fe+3
Curves 2 & 4: Reagent varying.

varying.

Molar-ratio method.

Figa 3
Curve 1: 5.0 x T ika T
-4
Curve 2: 2.5 x 10 M concn,
Fig. 4 Variation of log K with 1/T.

Fig. 5: Conductivity method.
4O ml. of 1.0 x 107N acid vs.
1.0 x 1O-ZM ferric chloride solution.
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and 2 Fir. 2). The pH of solutions was maintained at 3.0.
The difference of absorbance at 450 s was plotted against
the concentration of variable component. The slopes of two
straight lines provide the ratio of the ferric and acid as
1:1., The same ratioc is also obtained by varying the concen-
tration of variable component from 1.25 x 10™°M to 7.5 x 10~5M

in presence of excess concentration of 0.5 x 10'3M of constant

component. (Curves 3 and 4 Fig. 2.)

(1ii) Molar-ratio method - A series of solutions was prepared
from 5.0 X 10-hM and 2.5 x 107%M of the acid at pH 3.0 as des-

cribed earlier and varying amounts of ferric solution were

added such that the mole ratio of acid to ferric was from 1:0.2

to 1:7. Curves 1 and 2 Fip. 3 show breaks at a ratlo of one

mole of acid to one mole of ferric ion.

Molecular extinction coefficient and instability constant

Using optical densities of solutions containing large
excess of acid so that as a first approximation the concentrag-
tion of the complex may be taken to be equal vo that of ferric
ions added, the molecular extinction coefficient of the com-
plex is found to be 2.106 x 103. The instability constant of
the complex {K; ) has been calculated where the concentration
of the complex is obtained from the extinction coefficient of
The instability constant of the complex at pH 3,0

the complex.

have been determined at various jonic strengths (vide Table I).

The instability constants of the complex at a constant



Table 1
Effect of ionic strength on the instability constant of the
complex between Fe*3 ion and 3:5 dinitrosalicylic acid in ag-

ueous medium.,
o

pH = 3.0; A= 450 Tn; Tempe = 30°C
Ionic strength (I) Instability constant
0.01 3.77 x 1070
0,02 5.76 x 107¢
0.05 8.49 x 10'6
0.08 1.13 x 1077
0.10 1.58 x 1077
0.15 2018 x 107
0.20 3.00 x 1077
Table II

Instability constant of the complex at different temperatures

Ionic strength = 0.01; pH = 3.0; A= 450 W”
Temp. % Instability constant
293.16 L8y x 1076
303.16 3.77 x 107
313.16 2,67 x 107°
323.16 1.87 x 1076

333,16 1,25 x 1070




1 L

ionic strength of 0.01, have also been determined at different
temperatures. The results are recorded in Table II. Further
the logarithm of the instability constants have been plotted
against 1/T (Fig. 4). From the slope of the straight lineAH
has been found to be -7.38 k.cal/mole. Assuming this to be
constant over the range of experimental temperatures,AS of the

reaction has also been calculated and is 49.2 e.u.
Attempt has also been made to calculate instability cons-
tant by molar ratio method. The dissociation of the complex

may be written as

C 0 0 Initial concentration
c(1 -d) deC dC Final concentration

where C 1is the concentration of the complex and o 1is the

degree of dissociation. The instabillty constant K, is givepn
by the equation :-

dc x d¢ g%

(1-d)C (1= d)

=

From curve 2, Fig,.3:~

d - Em - ES - 0.&.95 = O.l{,h1 - 0.110
B 0.495

m

where the terms have their usual significance. Since the concen-
tration of the complex is 2.5 x 10-AM, by substituting these

values in the above equation, the value of K at 30%C comes to

b.11 X 10-60



N_
O?

Conductometric studies - The composition of the complex is
also confirmed by conductometric measurements. Fig. 5 shows

-3
the titration curve of 40 ml. of 1 x 10 M of the reagent

against 1 x 107 °N solution of ferric chloride. The break
indicates the ratio of reagent to ferric lon as 1:1. The

probable structure of the chelate may be as follows:

- .
o o [

%&%\_2-5 QN - -C—0

e e
e ES

+ M

o= T ) o

PiOz N()2
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COMPLEXES BETWEEN SURFACE ACTIVE SUBSTANCES
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STUDIES ON THE COMPLEXES OF PYRIDINE WITH

0~CRESOL AND n-AMYL ALCCHOL IN AQUEOUS

MEDIUM BY TENSAMMETRY

(ElBCf;rOChim ACtaﬁy 1965’ J_O-, 5‘}9.)



PAPER No, 17

ES ON CQMPLEXES OF PYRIDINE

INFRA-RED STUDI
WwITH o-CRESOL AND n-AMYL ALCOHOL
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EXPERIMENTAL

All the compounds and solvents employed were commercially
avallable and were purified before use. The infra-red spectra
in the 0-H stretching region were studied by employing Carl-
Zeiss UR 10 spectrometer with lithium fluoride optics and in

the overtone region with a Cary-1L4R spectrophotometer.

The equilibrium constants were evaluated from the extinc-
tion of the free OH fundamental of the first U overtone (at
monomeric concentration of the acceptor) with varying concentra-
tions of donorse The expression employed for the evaluation

of the equilibrium constants were similar to tPat of Beckerh

K = (Dy - Dpa)/[Bpp(Op - Cppl]s

where D, is the optical denslty of the OH band due to the
acceptor (proton donor) at monomeric concentration (-~ 0.007M
and 0.02M for phbemol and alcobols respectively) Dpa the opti-
cal density of the OB band of a solution containing the donor
and acceptor, Cp tPe molar concentration of the donor {which

is always taken in excess) and Cp, the concentration of the
donor involved in the formation of the bydrogen bonded complex.
In practice, Cp, is ignored in view of the large Cp. Thyg
equation was employed for the determination of equilibrium cong-
tants of 1:1 complex formation. The uncertainty in ghe infra-
red frequency shifts Ay gH of the OH stretching band que -

hydrogen bonding was % 5'cm'1.
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RESULTS AND DISCUSSION

In FPig. 1 the effect of adding pyridine (0.27 M) on the
free OH stretching band of o-cresol (0.01 M) in carbon tetra-
chloride solution is illustrated. It can be seen that the in-
tensity of free Oh band increases appreciably on addition of
pyridine indicating that there is appreciable interaction.

The 1:1 equilibrium constant data for hydrogen bonded in-

taraction betwsen o-cresol and pyridine are given below:

Temp. 259G
Pyr. O.027 M Pyr. 0.13 M
o-Cresol 0.012 M o-Cresol 0.007 M
K = 20.5 lm"" X = 2.8 im0,

The average 1:1 equilibrium constant at 25°C is about
54 lm-1- The corresponding value of pyridine phenol system is
L2 1m"1. This is understable since o-cresol is a weak acid than
phenol . TheIAvOH in the o-cresol pyridine system 1s 500 cm‘1.
a value comparable to that found in phenol pyridine system.
Apparently the enthalpis of formation of hydrogen bonding complexes
are nearly the same (about 6.0 k.cal/mole) in these systems.
The large Ouv gy (and therefore p®/ clearly indicates that tﬁe

strong hydrogen bonds are formed Batween o-Cresol ang pyridine

The 1:1 equklibrium constant for the interaction of n-amyl
alcohol with the pyridine was found to be approximately 1 ypg~1
at about 25°C. This value is comparable with the equilibrium

constant for the propanol-amine system. The D» (i for tne
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interaction of n-amyl alcohol with pyridine is about 4,20 cm‘1.

The Apgy value in n-propanol-trieltrylamine is found to be

L,65 cm‘1, while the entbalpy of formation is about 4.5 k.cal/
mole. Considering the lower value of Avgp 4in the n-amyl al-
cohol pyridine system, it appears that the enthalpy is also

lower than the propanol-amine system. Furtber, the equilibrium
constant, AVOH and AH® for the hydrogen bonding interaction of
pyridine with n-amyl alcohol are apprecCiably smaller than the
corresponding values for the interaction with o-cresol or phenol,
This is t0 be expected since n-amyl alcohol is a much weaker

acid than phenol or o-cresol.

The studies reported in this paper clearly established the
formation of hydrogen bonded complexes in both o-cresol-pyridine
and an-amyl alcohol pyridine systems, while it would %ave been
good to have experimentally determined enthalpy values ags well.,
The Apgy Values are clearly indicative of the magnitude of the

hydrogen bonding interaction of these systems.
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