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CHAPTER
Binary systems containing metal ion

and polyhydroxy phenol or phenolic
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Solution Stability in Blnary Systems

Por the determination of proton-ligand formation
constants of the ligands and metal ligand formation constants
of U02*, zn®*, ca®*, Mg®* and T1* complexes with catechol,
pyrogallol, 2,3-dihydroxynaphthalene and protocatechuic acid,

Irving-Rossottl titration technique1

was employed, This
technique involves the measurement of pH which was carried
out using pH meter with glass electrodes, As all the metals
and ligands are soluble in water, water was used as a solvent

throughout,

A, Materials and Purifications :

(i) Water :

The double distilled conductivity water was used in
all experimental work, Distilled water was redistilled over
alkaline potassium permanganate, The resulting distillate was
boiled to expel the carbondioxlide and was cooled in well
stoppered pyrex flask, The pH of the water, thus obtained, was
found to be ~ 6,8, This water was used for preparing all the
solutions,

(11) Ligands and other chemicals :

The ligands used were 4,R, pure, They were obtalned
from different chemical companies, and their purities were
checked by noting the melting points, The chemicals used are
as follows

Pyrocatechol (E,Merck, Germany), Pyrogallol (BHDH,
England), Protocatechuic acid (Fluka, Switzerland), 2,3-Dihydroxy-
naphthalene (Fluka, Switzerland), Perchloric acid (Baker,analysed
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Sodium hydroxide (Chemapol, Czechoslovakia), Zinc carbonate

Reagent N,J,), Sodium perchlorate (Fluka, Switjerland),

(EQH;’Eﬁgiandj,—CadmiﬁmAcafbdnéteAffDH, England), Magnesium
carbonate (EDH, England), Thallium carbonate (EDH, England),
Uranyl nitrate (EDH, England), and Oalic acid (BDH,bEngland).

B, Preparation of solutions :

(1) Oxalic acid solution : ,

Standard A.R. oxalic acid of strength 0.5N was
prepared by dissolving the required amount of the sample in
double distilled water, - . b
(11) Sodium hydréxide H

L Sodium hydroxide solution free from carbonate was
prepared aééofdiﬁéwfé_éﬁeyﬁéiﬁpd of Allen and Low% 50,0 gms.
of sodium hydroxide were dissolved in 500 ml, of conductivity
water in a well corked flask‘énd kept for 48 hrs,, Thqxclear
supernetaitliquid was filtered rapidly through sintered bed |
Jena Glass crucible of porosity G, using vaccum pump, A
convenient volume of the filtrate was diluted to obtain an
. approximately 0,5M solution, It was preseﬁved out of contact
with carbondiqxide‘by connecting to a soda lime guard tube,
The stock solution was standardised against a standard oxalic
acid solution and 0.2M solution was prepared by suitable
dilution of the stock solution,

(111) Sodium perchlorate solution:

A weighed quantity of A.R. sodium perchlorate was

dissolved in conductivity water to get a solution of 1.0M

concentration and was stored in well stoppered pyrex flask,

IS
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(iv) Perchloric acid :

A definite volume of 80% acid was diluted with
conductivity water to obtain approximately 0.5M solution of
perchloric acid in 500 ml,, It was standardised by titration
against standard sodium hyéroxide solution, It was diluted
to get 0,1M concentration |
(v)_Méféiiééli éolutions: '

Zinc perchlorate solution, cadmium perchlorate solufion,
magnesium perchlorate solution, thallium perchlorate solution :

In order‘to avoid #he complexing tendencies of the
anions, metal perchlorates were prepared by refluxing the
respective metal carbonates with perchloric acid till an
excess of metal carbonate was léft. ,The’fiitrate was a neutral
solution of metal perchlorate. The amounts of meial pfesent
were estimated, By proper dilution 0.01M and 0.02M4 metal
perchlorate solutions uerakprepafed{from the abo&e estimgted
stock solution,

Uranyl nitrate :

» Due to non-availability of uranyl carbonate, uranyl
nitrate had to Ee used{ An exactly weighed quantity of uranyl
nitrate was dissolved in conductivity water to get a solution
of O;OIM concentration, The,concéntration was confirmed by
estimgting uranium éontent%j
(vi) Solutions of complexing agents 3

Since the ligands éatechol, pyrogallel and 2,3-dihydroxy=-
naphthalene Qere of AR, quality, their standard solutions were
prepared by dissolving the required quantity in double distilled

water, The solutions were diluted upto 0,05M eoncentratioh.
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Due to lesser solubility of 2;3-dihydroxynaphtha1ene in water,
requisite amount of the solid was directly added to the reaction
mixture.“In case of protocatechuic acid, the solubility is
less In cold water and hence requisite amount was dissolved in
hot water and dilutedto 100 ml, to get 0,05M concentration,
As the compounds have tendency to get oxidised in air, care was
taken to avold excess contaet with air during the preparation
and dilution of the ligand solutions. Fresh solutions were
prepared and used every time, To avoid aerial oxidation stock

solution was kept covered with toluene,

C. Apparata :

'~ A1l glasswares used were of b&rex glass, The micro-
burette was calibrated to 0.0l ml, by the method described by
Vogel% The other appafata such as micro-pipetﬁes, pipeftes,
measuring flasks of various capacities were calibrated with the
help of the standard burette, |

D, pH Meter and Accessories

For measuring the pH throughout the investigations, a
pH meter with the following specifications was used 3

Model Metrohm E 350 A

Number 16/1423 L

Mains voltage 220-240 volts, 40-60 e¢.p.s.

Range ' 0 - 14 pH '

Aecuracy _ + 0,05 pH

Scale graduation O.i pH

Temperature raﬁge 0° - 100°C,

Equipment - 1 EA 120X combined glass electrode

n Supplier Metrohm, Switzerland
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The instrument was operated through a voltage
stabilizer to avold the effect of voltage fluctuation, The
instrument required 1% minutes for heating and to be ready
for work, V

E, Calibration of the pH meter :

Before using the pH meter, it was calibrated with
different buffer solutions of pH %;0 and 7,0, The calibration
was checked again after completion of pH measurement for a set,

F, Bubbling of Nitrogen :

In the present investigation, the expériments were
carried out in an inert atmosphere, Thls was achieved by
bubbling'6xygen free! nitrogen through the solution in which
the electrode was dipping, The bubbling of nitrogen serves
two purposes : (a) prevention of oxidation due to atmospheriec

oxygen, (b) stirring of solution,

A

Detalls of Irving-Rossotti titration technique :

pyrex begker, fitted with perspex cover having four holes to
insert the electrode, gas inlet, glass stirrer and the burette
tip., The beakers were kept at a constant temp, 30°C, (+ 0.1°C,)
in a thermostatic bath, Three solution mixtures were prepared
as detailed below, The total volume of 50.0 ml. was maintained
by the addition of conductivity water and the initial ionic
strength of the solption was ralsed to 6.2M in all the cases by
the addition of the required amount of neutral salt i,e,
sodium perehlorate.\
(1) Acid titration :

Perchloric acid (0.05M, 10,0 ml.) + sodium perchlorate
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tl.OM, 9.5 ml,) + conductivity water (30,5 ml.) ; total
volume 50.0 ml., y = C,2M,
(11) Reagent titration :

Perchloric acid (0.05M, ib.o ml,) + sodium perchlorate
(1.04, 9,0 ml.} + reagent (0.05M, 10,0 ml.) + econductivity
water (21,0 ml,) 3 total volume 50,0 ml., g = 0.2M,
(11i) Metal titration : i

Perchloric aecid (0,05M, 10,0.m1,) + éodium perchlorate
(1.0M, 8,95 ml,)+ reagent (0.05M, 10.0 ml.) + metal sclution
(0.01M, 5,0 ml,) + conductivity water (16.05 ml.).; total
volume 50,0 ml,, y = 0.2M,

A1l the above solutions were titrated against 0.,2M
sodium hydroxide solution, After addition of each portion of
alkali, pH was noted, The highest reading which remained
steady was recorded in all cases, The volume of alkali added
and pH measured have been recorded in tables II 1,1 to IT 2.4
and the plots of pH against volume of alkali added have been.
presented in figures 11 1 to II 7, .

Calculation of ‘iiH and T

The values of'ﬁH, average number of hydrogen ions
bound per free ligand, and n, average number of ligands bound

per metal ion, were calculated by using followlng well known
equations% | |
(V=¥ (N + E°)

Ny = Y 4 =
g (ve +V').T;

ana  _ (vm-vn [N+ Bo + 72 (Y - iHl]_'

" - [«
_ﬂ(V° + v ),nH'TM
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where 'Y = replacable hydrogen ions, V° = total volume,
V. = volume of alkali required by acid, V" = volume of alkali
" required by ligand, V"' = volume of alkall required by metal +
ligand, N = the concentration of alkali, E° = total strength
of acid, TP = total concentration of ligand and TS = total
c§ncentrgtion of metal, . ‘

(The values of EH and N obtained have been reported in

table IT 4,l1a to II 4. e,

Caleulation of proton ligand formation constants

| Irving-Rossotti method has the advantage that the
simulfaneous determination of proton ligand stability constants
is possible from the valueg of‘ﬁH calculated, For this it is
necessary to ascertain the stages which lead to the formation
of the acid from 1ts conjugate base. The steps in cases of
catechol and 2 3—dihydroxynaphthalene which are dlbasic, can
be represented by the following equilibria :

12~ 4+ B — 1y

LE + B = LH

The equilibrium constants governing each step of
formation are known as proton ligand formation constants and
are represented as PK? and PKE - The third OH group in
case of pyrogallol, dissoclates at a much higher pH, and 1t
does not take part in the formation of the complex, because
three OH groups at 1, 2, 3 positions in the benéene ring can
not bend ta occupy three coordination positions around the
metal ion, As such, for the calculation of Ty, Y (number of

replacable hydrogen ions) has been considered to be 2, in case
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PH P H

of pyrogallol also, “Kj and Kz _calculated correspond to
the association of the two OH protons in case of catechol

and 2,3-dihydroxynaphthalene and to the association of second
and - third OH protons in case of pyrogalloel,

The two OH groups at ortho bosition in protocatechuic
acid are supposed to take part in coordination.’6 vGarboxylic
group dissociates in the region of complexation eventthough
it does not take part in:coordination, The proton ligand
stabllity constants corresponding teo thése groups are, therefore

éééénfiél:_ And hence Y has been considered to be three in

protocatechuic acid, Proton ligand formatlion constants RK% ’

PI{H and PKI;I calculated corre5pond to the association of
two OH groups and the carboxylic hydrogen In case of

protocatechuic acid,

For the determination of proton ligand stability
constants, formatién curves have been drawn by plotting‘ﬁﬁ
against pH, pH at EH = 0.5 and"r'iH = 1,5 correspond to
105,K§ and log Kg. However, to get pfecise values of K?Aand
KE the method of linear plot’ was applied. In case of acids
where K? and Kg differ significantly, the formation of the
specles LH 1s not overlapped by LH» and hence the formation
equations for the two stages are separate and get réduced to

“the following forms ¢
-*(nH-l) Y E)= o
and B+ (Bg-2) "k [H]%= 0

From these equations, it can be said that the plots of Zc.
log nH / (1 = nH) against pH should be straight line,
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These plots are important since they indicate the
validity of T and pH data, If values of log By / (1-B;) are

plotted against pH in the region where 3H> 0<L1 and
ny :
following relationship tends to hold good at all the points

in the straight line, -

>1L é, two separate straight lines are obtained, The

1og~Px§ = pH + log By / (1-By)

The average»valuéé-obtained from the points on a
straight line in the region Ty > 0<1 and Tgz> 1L 2
correspond to PK? and PK2H, respectively, In case of
catechol, pyrogallol and 2,3-dihydroxynaphthalene, since the
values of'ﬁH do not go very much below ocne even at high pH,
the number of points fér drawing the straight~line in the
region where‘ﬁH > 0«1 are few, The values of PKI;I have
therefore, been further varified by using the following
relationship :

log k¥ Fxll = 2pH (atdy;=1).

In cases of eatechol; pyrogallol, 2,3-dihydroxy=-
naphthalene and protocatechuic acid, even the dissociation
of second QH group is much less in the ﬁH region of the study,
Thus  the' consideration, that the third OH group in pyrogallel,
which does not take part in coordination, remains undissociated
finds experimental support, On;y the Valueg of proton ligand
stability constants for the different 1igands have been
presented in the table i; 3.0, The details of intermediate
stages of calculation and graph have not been given because

such data have been incorporated in the thesis submitted égrlier?
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i

Calculations had to be repeated to get log K° values under

experimental conditions,

It is observed from the proton ligand stability
constants that the basicities of the 1igands are in the order
pyrogallol £ catechol <L2,3-dih§droxynaphthalene. The poly-
hydroxy defiVatives of benzene are more acidic than the

alcohols,. This is because of the two factors,

( 1 ) Electron attracting nature of phenyl group,
(11 ) The existence of following resonating structures
of the phenolate ion,

D/' ’ ~ (o) \
N R TR

(1) - (2) (3)
) .
- The negative charge in case of alcohol remains

localized on the oxygen atom of the alkoxy ion, while the
negative charge in the stguctures (2) and (3) spreads over ‘
the whole benzene molecule, Therefore, proton can be replaced
more rapidly from a phenol, This acéounts for 1ts higher.

- aeldity, Further, introduction of hydroxy groups’with
negative inductive effect will increase the acidity, Thus
catechol is more acidic thgn phenol, Pyrogallol with third
OH group is more acidic than catechol and 2,3-dihydroxy-
naﬁhthalene is more basic than catechol due to the presence

of another benzene ring, !

The OH proton ligand stability constant values of
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protocatechuic acid are higher than that of catechol and
pyrogallol, This can be accounted foé?the fact that the
~CO0H group in the protocatechule acid dissociates first
and the resulting carboxylate ion has a positive rather

than negative rinductive effect,

galculation of metal 1ligand formstion constants :

It is necessary for the calculation of metal ligand
formation constants that metal should be present in solution |
as a free metal ion and/or in the form of complex ion with
different number of ligand molecules attached. The absence
of the species such as undissociated metal salt, polynuclear
complex, hydroxy complex or the hydroxide of the metal should
be ensured, The possibility of the presence of first two
species has been eliminated because (1) the metal perchlorates
have been used, (1i) the titrations have been carried out

using dilute solutions,

The smooth increase in the horizontal distance between
the metél curve énd the 1igand curve indicates the absence of
metal hydroxide or the hydroxyl complexes, The sudden change
in the distance between the two curves, on the addition of
more alkall, indicates the formation of hydroxide or hydroxyl
complex, The pH readings become unstable if the formation of
the insoluble hydroxide takes piace, No such effect has been

‘observed in the pH range of this study,

The calculations of metal ligand stability constants

in cases of U0§+, Zn2+, Cd?+, Mg2+

and T17 complexes with
catechol, pyrogallol, 2,3-dihydroxynaphthalene and protocatechuic
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acid were carried out upto pH ~ 9,4, The separation between
the two curves 1,e, ligand and metal +.1igand is vdry small in
Tl-pyrogallolate system and hence the calculation of n was not

possible,

Fér the pL calculation in cases of catechol, pyrogallol,
2,3~dihydroxynaphthalene the following equation was uséd}

2
P H 1 P.H P,H 1 )
+ .
(1 K1 (antilog B) Ko K2 (anfﬁog B Ve + ¥
&

pL=log ‘
l_ T“-‘-ﬁ.TMV y ye

As three proton ligand formation constants have been considered
in case of protocatechuic acid, the following equation was

used for pl calculation :

[ 1 3 e L 3 ‘
~ —_— P = '
pL=log L + P (amnioga) +Pt fiet (q_nmogg) Pl A A ege) L Yo"
- TLO,_";\,T:;\ \ \lo

In case of Zn>' and Uogf complexes of protocatechuic
acid complexation is at low pH where'ﬁH:>’2. Here self
dissociatién of ~COOH group is incomplete, Since TCOQH group
does not take part in coordination, the carboxylic -H will
remain bound even after cbmplex formation, Therefore, it
wlll be wrong to consider the number of replacable hydrogen
Y equal to 3. In casé of protocatechuic acid complex, therefore,
for calculation of W, Y has been considered to be equal to 2,
In other words N . has been calculated by using Calvin-Melchior
methodg. For the calculation of pL, however, Y has been ‘
considered to.be 3 in order to account for the extent of -COCH

group dissociation, - \
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The pL values at different.pH have been presented in
table II’h-.la to II 4.%e, pL at T = 0,5 and &' = 1,5 correspond
to log Ky and log K2, In case of Mgz"' and T1+ complexes of
catechol, 2,3-dihydroxynaphthalene and protocatechuic acid,
the I values do not go beyond h-= 1,0 and hence the calculation
of log Ko values was not possible, The same situation occurs
in Mgz'*'—pyrogallol, Zn2+~pyrogallol, Cdz'*-p};rrogallol and
Cd2+-protocatechuic aeid.syste\ms. Since in case of the
complexes studied, the spreading factor is high 1.,e., Ky/K2 >102‘5 ’
the values of formation consAtant obtained by interpolation |
at half 1nteg:f'a1 values of n can be cénsidered to be correct,
In this method, however, the formation constant values depend
on the accuracy of readings at a single point and hence, can

1

involve error,

As the values of log K,’and log Kp differ significantly
the possibllity of simultéﬁeous formation of the specles ML,
and ML does not exist, The method of least square caﬁnot,
therefore, be applied to caleulate the precise Value§ of the
formation constants, The formation functions in the two
regions of forﬁations of ML, and ML reduce to the following

forms in such cases,

+(n=-1)K [1] =0
+(B-2)K [CP=o

Bt B

In other words, log (1-n)/n has a linear relationship
with pL in the two regions where n > 0‘4 1 and nD>1< 2, -
The T values used in the calculation in each region were
“s\uch as obtainéd by deducting' the whole number from ‘the' values .

reported in tablesII 4,1a to II 4.,4e, The plots of log(l-n)/n
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against pL have been shown in figs, 11 8 to;ﬂI 35J Thg&,

values of log Ky and log .Kp can be caleulated at each point

on straight lines corresponding to the regions n j>0<<_1 and - 3
n >1<& 2 by using the relationship . \\\*“_‘“;’[‘f‘\ d

oo &
A o

T /1!

log K, = pL - log (1-8)/1

The average of all these values was obtalned and the
deviation of each individual value from the averagd value was
calculated and from that the mean diviation was also
calculated, The average values of 1log K, and log K» with
mean diviation have been présepted in table II 5,0.

It is observed that in U0s', za>', Cd°*, Mg®* and m*

complexes the order of stability is ,3—dihydroxynaphthaiene
complex %> catechol complex > pyrogallol complex, This is in
accordance with the basicitles of the ligands,

In case of pyrogallol there are three -OH groups at
1, 2 and 3 positions, It can be argued that the middle ~éH
i1s more hydrogen bénded than those at 1 'and 3 positions and -
hence the OH group remaining undissociated should be the
central one, As such the PK? and PKg Values caleulated
will not correspond to the association of the protons of two
ortho hydroxyl groups which take part in coordination, However,
as revealed by the later solid state studies, it is evident
that the behaviour of pyrogallol is similar. to that of. catechol,
Pyrogallol also contributes two negative charges indicating
that only the protons of the two coordinated -OH aré liberated
and the third ~0H group retgins its hydeogen, The reaction
in case of pyrogallol can be considered to be probably taking
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Place as follows :
OH

++

thus the cénsideration of PKE and PK§ in the calculation
of pL 1s wvalid,

' It is observed that protocatechnic acld complexes are
more stable than catechol and pyrogallol complexes. In view
of the fact that the overall acidity of protocatechuic acid

is more, Murakami and cowvrkerslo

explained the reversal in
the order of formation constant by considering that besides
L—>»Mo bond , there is a = overlap involving the metal dw
orbitals, lone pair orbitals of the oxygen atom and m orbitals
of the benzene ring, The M — L 7 interaction will be lesser,
1f the basicity of the ligand is high. As protocatechuic acid .
is more acidic than catechol and. pyrogallol, the 7 interaction
is more and hence forms more stable complexes than qatedhol
and pyrogallol, An alternative explanation can also be ,
extended, 1In protocatechuic aecid the hydrogen ions liberated
during coordination are from the -QH groups, Since the ”
complex is formed beyond the range of -~-COOH dissociation and

the resulting CO0™ produces a positive -inductive effect, ‘K.

and ng corresponding to -0H protons are more in
protocatechuate ion than in catecheol, Thus the -0H groups

in protocatechuate ion are more basic and hence it is more

\



od

complex forming, .

The values of formétion constants indicate that the

order of the stabllity constants is
UO§+ S Zn2+ > Cd2+ > Mg2+> Tl+.,

Tl+ and Mg2+ form less stable complexes because they being non
transition metal ions, possess no capture levels and have low
ionic potentisl, The tendency of these metal ions to accept
the electron pair from the ligand is less and M - L’bond is
less coéalent in character, $1+ with a still bigger size and
one positive charge forms least stable complexes, }
- It is observed that the stabilitiss of Zniﬁocomplexes
are higher than those of corresponding Niiﬁ)complexes,as
reported by Patel and B’hat&achary‘a%l’l2 This indicates that
Metal-Ligand interaction is electrostatic in nature with small
contribution due to CFSE, However, M-L bond in polyphenol
complexes is expected to be suffiéiently covalent in nature
with significant ligand field splitting, The greater stability
of Zn(II) complexes has been explained by Murakamilo to be due
to the fact that Zn(II) with 4'0 configuration contributes
more to M—>L = bond between metal dr orbifals and m orbitals
over the ligand, Cd(II) with bigger ionic radius has less
electronggativity with greater possibility of M—L w bonding,
However, there is decrease in L—>M o~ bonding and hence CA(II)
complexes are less stable than Zn(II) complexes,

6+ Sound to two oxldes, Further, as

Uranyl ion has U
revealed by the M0 diagram of U0§+, 0—>U 7 interaction is
less and hence electronegativity of uranium ion is high,

Consequently, Uog* forms the most stable complexes,



Table II 1,1
n= 0.2M t= 30000

Ve = 50 ml,

= 0,2M
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Table II 1.1 (contd,)

. ot\u\u\.s-mvé\oommgggéu\

\f\ho\(\ﬁo ooN N
O\Oﬁﬂﬂ‘)\f\t\o\m“)

O NN OC

RR252888828R

P50 5. SRR P PPN TN

OOQRWN DN QO OWNOIND
o Y BHNJ\SCOON\!\L\O
® 6 06 06 08 5 % o9 0 0 8
OV N OOCO O

et i ed

QoOOCOLOQO QON
,?\nooo.:r QON 8@01-1

Al MAF N0 F OO

QWO
OO O
o s s 8 8 8 o » . »
\O\D\OW\O\OK\WQCDGDO\O\O\O\

QO
i
98549288332838883%

nenonong nf‘vmmd' :.:l-,:t- u\uw\tr\mso\o

28828888988

«u-:t;r.ﬂ-;r h‘\\h\t\\r\\n

09



04

Jo0E - WalsAs jelaw-joyodsle)d
1 11 "By

oc¢



t = 30°C,
B

(in ml,)

Vol.of
alkalil

Magnesium(II)

?ﬁ = 0,001M
B

Cadmium(IT)
(in ml,)

= 0,2M
Vol.of
alkali

B

Zine(1I1)
(in ml,)

alkali

2‘ble 11 1.2
Vol.of

B

vo2*

Uranyl
Vol.,of

(in ml,)

alkall

V° = 50 mlg
T{ = 0,01M
B

Pyrogallol

(in ml,)

Vol.of
alkall

B

Perchloric acid

K = 0,2M
E° = 0,01M

Vol,of

~alkall
(in m1,)
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Table II 1,2 (contd,)
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t = 30°C,
B

Magnesium(IY)

(1n‘mi.)

Tﬁ = 0,001M
?ﬂi.ei

B = 0.2M
B

Zine(11)

(1nym1.)

Vol,of
alkali

Table II
vo2*
B

Vol,of -

Uranyl

(in ml.)

alkali

Ve = 50 ml,
Ti = 0,01IM
Protocatechuic
acid

B
(in ml,)

alkali

Vol.of

B

N = 0,2M

E° = 0,01M
Perchloriec acid
(in ml,)

Vol .of
alkali
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Table II 1M

t = 30°C,

= 0,001M

= 6.2K

50 ml.
= 0.,01M
2,3-dihydroxy

v

N = 0.,2M

E° =

Ty

Ty

0.01M

Perchloric acid

Magnesium(II)

Zine(II1)

phthalene

na
Vol.of

Yol.of

Uranyl
uo2

B

B

alkall

Vol,of
(in ml,)

B

Vol,of
alkali
(111 mlo)

B

alkall
(in m1.,)

B

Vol.of
alkali
(in ml1.)

(in ml.)
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Table II 1.+ (contd.)
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Table II 2,1 (contd.)
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t = 30°C,

Thallium(I)

Vol.of
(in m1.)

M= O;QM
Tﬁ = 0,001M
alkall

Cadmium(II)

Vol.of

alkali
(in m1,)

Table II 2
Protocatechuice acid

Vol.of

ve = 50 ml,

Tﬁ = 0,01M
alkali
(in ml,)

0.2M
E°® = 0.01M
Perchloric acid
Vol,of
(in ml1,)

N
alkall
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Table 11 2% (contd.)
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Table II 4,1a

B, Ty, A, 1og(1-8)/A, pL and pL-log(1-A)/A data of U0z* - catecholate
at 36*{""

R -—

A ym.y® 7 193(1;§)/3 PL j‘k

B n; \ A

3.50 2,00 2,43 2,47 0,04 0,08, 1,06 15,42,
3.60 22000 2.¥% 2,53 0,06 0,124 0.863 15,22¢
3'70 2*690 20“'8 205? 0.09 00180 00658 15;02,
3-8{) aneg’b 2!}*’9 20& Qpll“‘ 0¢280 0.""5& ' 1""«833
a.aa 2,000 2,50 2,70 0,20 0,400  0.17¢ 14,53,
+.00 2,000 2,50 2,74 0.2% 0,484 0,03,  14,3h,
6,60 1,992 2,52 3,16 0.6+ 1,285  0.39, 9.28¢
6¢89 1.98ii 205‘* 3028 0»7‘* 10 9' 00015 . 97
6090 1.98&. 2-5"" 3:30 0-79 105 2 Ib838 807{33

logKy = 14,35 + 0,05
logka = 8,86 + 0.05

Table II 4 .23
B, fy, B, log(l-n)/A, pL and pl-log(1l-B)/n data of vo2* - pyrogallolate
at 30°C,

B Ny y*  ym ym.y" R log(l-n)/n pL pl-log(l-n)/n
3.20 2,000 2.37 2,43 0.06 0,12, 0.865 14,94 14,08,
3.ag 2.00, 2.33 2,47  0.08 0.164 0.72§ 14.7&§ 14,024
3.50 2,000 2.41 2,58  0.17 0.3%, 0.28g 14%.35¢  14,06g
3.60 2,000 2,42 2,67 0.25 0.50¢ 0.000 14,06, 14,06,
3080 2'000 20 2-75 0031 o&ﬁ 10?8? 13o77” 13«98“
5.20 2.00p 2,50 3.07 0,57 1l.l4%  0.78s 10,99, . 10,20,
5.39 2,000 2,50 3.11  0.61 1,22, Ty 10,792 10,244
5.40 2.000 2.50 3,16 0,66 1,32 0.33, 10.60g 10.27,
5.50 2,00, 2.50 3,20 0.70 1.0, 0,17¢ 10.41,  10.23¢
5060 2¢QQQ 2.59 3¢25 0.?5 1.500 0.099 16.217 100217
5.70 2,000 2,50 3.31 0,81 1,62 1,78, 10.02, 10,23,

logKy = 14,05 + 0,04
IOgKg = 13'23 : 0102"'
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Table II 4.3a "']@

Ay, B n an - 2+ T T
B, ny, B, log(l-n)/n, pL and plL-log(1-n)/n data of U0z - protocatechuate
at 30°C, ,

—

Rved

B iy Ve v y™m.y® §n log(l-n)/n  pL pL-»log(l«-'ﬁ)/ﬁ

.90 2,00 3,10 3,15 0,05 0.10 0,995 15.790 14,79«
8100 2:000 3720 328 0.0 0.1€0  ot98l 15.535 14,805
L.10 2,00, 3.0 3.93 0,13 0.26, 0,45, 15,265 14,81,
4,20 2,000 3.60 3-8 0.20 0400  0.17¢ 15.014  14.84%;
4,30 2.000 a.so .08  0.28 0.5, 1.89y 14,77, 14,87,
Y ho 2,00, k.00 h,ea 0.33 0.66, I.71> 14,525  1%.81%
~6.ag‘,2.eeg L 7 5.&9 0.65 1.28,  0.36g 10.50s  10.13¢
6,50 2,00, 4.76 5,45 0.69 1.38¢  0.21, 10.313  10.10,
6-50 ZQOOQ !&¢76 5051 0*75 1-500 Q.OGQ 10.123 10;123
6.60 2-000 h’-78 5.59 0081 .620 10?87 90929 1{)011*2
6!70 2-@00 }"'078 5065 0087 1-7""0 1.5‘4’6 9’733 10,188

logKy = 14,82 + 0,03
10.13 + 0,05

ot
&
=
L
H

Table II Lt‘h-a

B, Ny, 0, log(l-n)/n, pL and pL-log(l-R)/n data of U02*~ 2,3-dihydroxy-

naphthalene at 30°C,

.

B . vt ym  ym.y" [ 1log(l-B)/A plL  pl-log(l-n)/n
3.30 2,00, 2.%2 2,49 0,07 0.1%, 0,783 16,37¢ 15,58
3'36 2,000 2.M4 2,53 0,09 0.18, 3.65§, 16,20g 15.553
3.50 2,000 24 z.gz 0.13 0.26, 0.45, 16,013 15,55,
3,60 2,00 2.46 2,6 0.1 o.aéc 0.2% 15.81, 15,56,
3076 2&@6(’ 2047 2'71 0,2 0. 8@ GQOBK 15.623 5.589
3.80 2.000 2,47 2,76 0.29 0,58, 1.85, 15.425 15,56,
5.50 2,00, 2,48 3,06 0.56 1,12, 0,865 12,05, 11.19:
5.70 2,000 2.50 3.11. 0.61 1.22, Sy 11,66 11,11,
5.80 2,00, 2.50 3.16 0.66 1.32, 0.32, 11,46, 11.1%,
5.90 2,000 2,50 3.22 0,72 1,4y 0,10, 11.275 11,17,
6,00 1.98¢ 2.51 3.28 0.77 1l.5%, 1,913 11,08, 11,16,
6.10 1.98; 2.51 3.32 0,81 1,63, 1.76; 10.88; 11,11,

logKy = 15,56 + 0,04
logk, = 11,1% + 0,03
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Table II 4.1b

B, fiy, B, log(1-%)/A, pL and pL-log(1-F)/A data of Zn - catecholate
_at 30°C,

—

B gy VAl yMm  ym.y® [ log(l-n)/n pL pL«lagc(lcﬁ}/ﬁ,

6.80 1,98, 2.%% 2,6+  0.10 0.20 0.59 8.83 -
7.00 1'982 20% 2, Gizﬁ 0, 3 9«‘176 8‘.‘ W 8¢27§»
7.10 1,98, 2.55 2,79  0.24% 0,48, 02, 8.24%, 8,22,
7.&2 1.972 2-57 2,92 0;35 0.7@9 ' féla 7.878 84:263
7; : 1-962 2'59 2097 0;38 0-773 Qhé? 7&668 Svgﬁﬁ
'Bibe 1092k 2.69 3638 6059 .223 905'9 '6t517 51988
8.10 1.90p 2.73 3.3& 0.6% 1.32¢  0.32, 6,325  6.002
Bi30 1.6 2.8y 35 ol 1My ek s &
. . . CRA . . o0 . .
8. 1.8“2 2.8% 3¢6G 20072 1o57; 10863 5078; - !

logky, = 8,24 + 0,04
logkz = 5,96 + 0.06

Table II %.,2b
B, Ty, 7, log(1-n)/m, pL and pL-log(1l-n)/n data of Zn -~ pyrogallolate
at 30°C, ‘

]

VA vm  ym.y" 7 log(l-n)/n pL pL-leg(l-—'ﬁ)/ﬁ

H
6.% 10976 205"' 2«.69 0.@6 00122 0»86‘0 80 ?068
6,50 1.97¢ 2,56 2,65 0.09 0.18 0,65 8.35; 7.705
6060 10976 2056 2v69 Oe13 00263 Gaw{"] 80157 7n71€!
6.70 1.97¢ 2.56 2;?% 0.17 e.gﬁu 0.28¢  7.962  7.682
6.80 1.972 2,57 2,7 0.21 o.%2, 0.13, 7.76g  7.63,

logky = 7.67 + 0.0%
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Table II %.3b
By By, W, log(1-n)/R, pL and pL-log(1-B)/n data of Zn-protocatechuate
at 30°C,

B Ty y* ym  ym.y" T log(l-m)/m pL  pl-log(l-n)/nm
6060 2-000 h‘78 hbah 6&@6 6;129 608 6 908k ¢’ 
6,70 2,000 4.78 4,89 0,11 0.22, G.SZ,, 9657 9,104
6.80 2100, kifg Wi96 0116 0132,  0.32) 9452 9013,
6;96' 2&369 hugg 5;03 0&21 0-‘20 tlhﬁ 91265 901'5
7QQ§VE2§§°0 hoaaw 5599' 0.26 00526 - 1965' 2087‘ 9»1p$'
7.10 2,00, 4.8 51% e.zg_ 0.58¢ .85  8.97¢ 9.11,
7.20 2,00 4.86 5.1¢ a.;k 0.6 1,75, 8.68¢ -
?ijaf 169 L] 5.16 5o71 Gyk 1.115 ,nggﬁ 7@5 2 60652
‘7;@@' 109 ¢ 5o2° 5076 0056 1v166 ‘90731 7-3 ] 6-6&?
8.20 1,800 5.50 6,1% 0.6+ 1.,k2; %.135 6.80% €70
80 0 1¢7 [+ 5060 6¢28 0;67 10522 096' 6a623 6¢6?2

. 10 [} 5:70 6.hﬂ 0070 1062? ‘107?‘ 60h‘? 6i693

logky = 9.11 + 0,02
logKs = 6,65 + 0.0%
Table II 4. 4b

B,'EK,'E, log(1-1) /R, pL and pL-log(1-R)/B data of Zn - 2,3-dihydroxy-
naphthalene at 30°C,

B hy A y™  ym.y" [ log(l-n)/n  pL  pl-log(l-R)/n

‘Q\TQ\¥Q\30WhGNbGNOWh¢\

.ag 1.983 2,51 2,63 0.12 o.zk? o.hgg 16.11-1% 9.915
. 10980 2053 2:?3 6017 Gﬁaga 0.282 100221 9*939
.59 1-986 2’5% 2'?5 8022 0. 00697‘ 190327 9&93@
060 10978 205 Zth 0427 0:5“5 .92! 908 L 3 90913
070 10973 2v56 268 6032 60626 '776 9. o | -

80 1,972 2.5@ 2,94 0,37 0475 Sly M, 9,93
.90 1,96 2,58 3,00 0.k2 0.85; 1,23y  9.,25¢ -

-ho 1.912 2,72 3'23 0055 1'156 00753 t32ﬁ 7(567
050 1'892 2077 30&7 6057; 1i2@h eiéa' 0113' 7-519
oée 0872 2082 30 2 9060 19292 0038‘ 69@8 7'5h3
070 0852 208’ 3.52 0.65 1.“&3 01170 767“& 7*57’
086 '82k 2' 3062 6'68 1;“ 0 0.61? 7-57! 70;2‘
.90 1,792 3.02 3.73 0.71 1,58, 1.852 +39% 7 5%

1
|

logKy = 9.92 + 0.01
logKe = 7.55 + 0.0M
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Table IT 4,lc

B, By, B, log(1-R)/f, pL and pL-log(1-f)/A data of Cd - eatecholate
at 30°C, E

- <

B ny v* o y™  ym.y® [ log(l-B)/n  pL  pl-log(l-fi)/n
7*50 «n?éa 2»6@ 2‘76 6019 Gagei oozzg 7&'*&% ""B
7.60 1-9 2 2062 2&?5 0013 00266 0.* o 7|2h‘7 61'3@?
79?@ , 10' rg 2,6‘? 2.89 0016 9-328 01315 70652‘ 6:7“'1
7.80 1.,9%, 2,65 2,86 0.21 0.%3. %118 6,86 6.7,
8.70 1.7% 3.20 3.69 o,k 1,120  0.85, 5.22¢ 4,37,
8v86 1071’ 3:3‘8 3-8@ 0;50 lclét 94717 5-96‘ 1’33}*“-

' 8:- k 1c672 3' .91 0-51 10217 OEE‘} kc%‘t !"33}“}
9.00 1.6% 3.50 H,02 0,52 1,265 0.3 B ,7h¢ 4. 30,
9.19 ) 60 3-76 }‘1‘.2‘4 005’4 1038‘ Gtzlg x"'&o l"o3 2]
9:30 .%9 .00 }"'.55 6055 1-51‘0» 11975 ’+032' hoBh"

4
i
4

logk, = 6,76 + 0.06
logKy = }4'035 : 0165

Table II 4.2¢
B, ng, B, log(1-n)/m, pL and pL-log(1l-n)/n data of Cd - pyrogallolate
at 30°C,

B Ty v* ym  ymM.y" §  1log(1l-B)/R plL pl-log(l-B)/n
7,10 1,96, 2,59 2,6+ 0,05 0,10 0.94 7.15 6.20
720 1.96; 2.60 2.67 0.07 0.1%  0.787  6.965  6.18,
7' 10 20&" 2078 0;1" 0.288 0.393 6.578 6.185
7.90 1.92s 2,68 2.8¢ 0.18 0.37, 0.2, 6.38, 6.1
7'60 19920 2070 2992 0.22 0. 58 0;@73 6:‘9@ 6.127

[
i
4
!
[
i
i
i

logk, = 6,15 s 0.06
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Table II %.3c 74

: B! aﬁg 3, log( 1-:5)/5, pL and pl-log( 1-:!3) /m data of Cd - Prﬂtﬁﬁatﬂmxﬁﬁ

- o

B Ry vt ym ymay" R log(l-n)/A  pL PL*lﬁgflgﬁ)/ﬁ:

e - -

7.10 2,00 4.8% 4,91  0.07 0.1% 0.78s 8.8,  B.06g

7.20 2,000 4,86 4,96 0.10 0.20, .60z 8.659 8‘5? :

7.30 2,000 4.88 5,03 0.15 0.30¢ 0.36g gub7 8004

7.%0 2,00, %.90 5,10 0.20 0,40, 0.17¢ 8.27, 8.09,

:7‘é@k 1'9h9 5.00 5.28 0,28 0'575 18 7 7d8§3 :  83@2§f
- 7.70 1.93% 5.06 5,38 0.32 0,66, 1'7‘98 7.685% b

logk, = 8.06 + 0.04

Table I1 %,&g

By‘aga n, log(l-n)/n, pL and pL-log(l-n)/n data of Cd - 2,3-dihydroxy-
naphthalene at 30°C, ,

B n, Ve VM ymoy" R log(l-n)/Ai  pL  pl-log(1-B)/A
6.80 1.972 2,57 2,63 0.06 0.12 0.86 9.41 8.55
l0 196 2036 2067 0l09 o8 0.6n  9.22)  8l37
7.00 1.96, 2,99 2,71  0.12 0.2%,  0.%9, g.GQe 853
7.10 1.94g 2‘6% 2,79 0.16 0.325  0.31, '2&7 8.527
7.20 1.93¢ 2.66 2,87 0,21 0.533 0.11, B8.6k¢  8.52,
7.30 1.93» 2,67 2.,9% 0.26 o0, gs 1,93, 8.45, 8.52%
8,40 1.55; 3.62 .0l 0.6 1,18, 0.652 6,545  5.89;
8.0 1.5L. 3.72 W19 oMy 124, oMy  Gho,  Foly
8.60 1. 3 a‘gz “'39 0.47 1.31e 303‘7 6.271 5.92y
807@ 1:39“ ‘62 }"“53 nga 1. ?6 Q,?_zﬂ "138 5’g18
8.80 1.35¢ 4.14 %.63 o0M9 1.B4; 009, 6.0l  5.91,
8.90 1.31, 4,25 .75 0,50 1.51, 1.97 5.88, 5.91,

logka = 5.91 + 0,01



vO.08 - WalsAs
auajeyrydeulxoapAyip-¢z-(11)po
8z Il ‘B4

wre,.u-13 6o

00|
'0,0€ - WolsAs
mcm_gz%ixo%é%-m_N.?J_oo
Le 11 b

u/0.-.0 6o
70 00

'0,0€ - WBa1SAS
p1oB 21ny9a1eanloid-(11)po

9z |1 'Bi



Table II 4,14
;.:{B, “H’ n, log(l-n)/ii, pL and plL-log(l-n)/n data of Mg - cateehelata

’;at 3o°c,

B By vroym ymoyr & log(1-1) /B pL pL«l@g(léﬁllﬁi
8.50 1,81 .96 3.00 0,05 0.11 0,90, 5.52 -

8.60 1.79; 3.08 3.1  0.06 0.13; 0,79  5.35, =
8.90 ;l.gzg 3.t 3.%; . 0.13 0.31, avgﬁ %.835 '%‘5 g;
U ES DR LB sE G S v i
9.20 108 300 28 03] 053, %,933; wies) 'H: 939

logKy = 4,48 : 0.954

Table II .24

B, By, #, log(1-B)/A, pL and pL-log(1-B)/f data of Mg - pyrogallolate

at 30°C,
B By V' ym ym_y" §®  log(1-R)/A pL pl-log(1-R)/A

8.30 1.75, 3.12 3.20 0,08 0,16 0.71 4,91, -

8.30 1.7, 3.22 3.31 0.09 0.21: 0.573 .37; k.16,

8.50 1.68, 3.39 3.%2  0.12 0,28 .39, h’zag %,18¢

8.70 1,56 3.60 3,76  0.16 0.k, 6.15 k.28y  k,12,

8.80 1.323 3.70 a.&g 0.19 0,49, ,Q.Q@u e W, 1%,

8.90 1.h1, &,00 4,20 0.20 0.56¢ 1,88, W,01, 4,12,

[
|
|

logK, = 4,15 + 0,05



73;
Table II %,3d
;B;”3ﬁ§7§,ylog(14ﬁ)/§, pL and pL-log(l-n)/n data of Mg - protocatech

B n, Vv ym ymye T log(l-n)/A pL pL-log(l-n)/n
80 0 10760 5:69 5;68 0:9& leat 00655 6156¥ ‘
8.0 1,72 5.70 5.80  0.10 oazgg 0,51, 6.%9:'
8,70 1.56, 6,10 6,28 0.18 0.46, 0.06, 5.90g
8380 1.52o 6,20 6,41 0,21 0.552 1.909 5.77,
8.90 1,48, 6.30 6.5%  0.2% 0,64 1,73 5.61,
9,00 1.k0, 6,50 6,76 0,26 0,74, 1,54, 5.47¢

logKy = 5.86 + 0.0k

Table IT 4. 44

B, fiy, 1, log(l-n)/m, pL and pL-log(1l-n)/A data of Mg - 2,3-dihydroxy-
naphthalene at 30°C,

B n, y*  ym . ym.y" [ log(l-n)/Aa pL pl-log(l-n)/mn

7.70 1.85, 2,87 2,9 0.06 0.12 0,82 7.684 6.85
7080 1-82h 259& 3503 0.08 0.173 0,663 7-502 6083§
7.90 1.792 3.02 3,13  0.11 0.2%5 0.8  7.32, -

8.00 1.77, 3.12 3,25  0.13 0.33z 0.292 7.15,  6.86,
8.10 1.713 3.22 3,41 0,19 0.%;  0.09, 6.9%  6.895
8,20 1.67; 3.3? 3.5% 0.22 0,925 1.95¢ @ 6.93, 6.87s
8.30 1.63; 3.B2 3,67 0.25 0.61, 1,80, 6,674 €.87,

i

logky = 6,86 + 0,03
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Table II 4.le

e

-n)/n data of Tl-catecholate

1

)/f, pL and pL-log(

-n

log(l

-

By B,

at 30°C,

pL

log(1-n)/n

yroooym ymoyr q

Ty

AN OO N O
O MINQ WO O
L AR S B TS BN I

enenencnenend

0O
2S2EsRs
LARRE SN RN SRR SR B

[aalanlantaslintastos

SESSLSeS
LSS0
® " % o % 9 ¥

i im s i

SOOO0OO0
[ R S T O

€0 000 €O NONON

4,38 + 0.05

-

logKy

&

Table IT k4

T

Ty 1,
at 30°C,

B,

log(1-n)/n, plL and pL-log(l-n)/n data of Tl-protocatechuate

pl-log(l-n)/n

pL

log(l-n)/n

y™M-y"

v!’ Vng

Ay

D CO OO UMD e
OCririedr-ity
s e s 08 @
LOoOOCOOCO

= 5.72 + 0.03

logKy



Table IT &

o

e

et

| -

. pL-log(1-R

16@(14§)/§

fﬁsfﬁﬁ,‘ﬁ, log(l-n)/n, pL and pL-log(1l-R)/n data of T1~2,3~dihy§r6xy%

‘npaphthalene at 30°C,

oL

" . kv‘m yHLyn n

By

7.80 1,82, 2,9% 3,00

66 + 0

i

00 1,77

8.
,‘8]  ;1”

+ 0,02

-
4

logKy
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