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SECTION A

Since 1956, an extensive amount éf research work has
been done on the ternary systems involving the.eombination of
a secondary ligand with a metal ion already bound to a charged
ligand ion 3i.ef:nitrilotriacetic acid or ethylenediaﬁinen
tetraacetic acid, The mixed ligand complex formed by the
combingtion of a secondary ligand wifh a metal ion already
bound to a charéed'ligand ion was studied by Intorre and
coworkers% Mori and coworkeréasynthesised the nitrilotfiaeeto
ethylenedlamine cobalt (II) HoO complex, The mixed ligand
complexes of warious transition metal ions containing NTA
and several secondary ligands have been synthesised%’h
Various other systems have also been studied where dyes5 are
primary ligands and the amino acids or h&droxy acids are the
secondary ligands, The formation constants of mixed ligand
complexes of Cu(II) and Ni(II) with NTA and glyeine and other
mixed ligand Sjystems-wereustudied by Israelié Thomson and
7

coworkers’ studied the various mixed ligand complexes

involving nitrilotriacetic acid as the primary ligand, The

mixed complex of Cu(II) with picolinate and NTA ions have also

8 9

been reported, Kirson and coworkers” reported the triple

complex Cu-en-NTA and deterﬁiné¢~it§.instability constant,
Formation constants ;f some m;ied compiexes resulting from
the reaction‘of disodium ﬁifrilofriacefic*acid with versengtes
(EDTA) were studiedi® Mixed 1igand chelates of Th(IV) were

11

reported by Martell and coworkersy,~ A pH metric method has

been employed to measure the solution stabilities of the

ternary systems' of Be(II) containing NTA and tironi> The mixed
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1igand complexes of various transition metal ions with NT4
have been reported by Steinﬁaus and coworkers%3 Daytlova and
cowcrkersl1+ studied the behaviour of aqueous solution of Be(II)
in the presence of amino poly carboxylic geid, Martell and
coworkersls have determined the gtability of the ternary
complexes containing U(VI),NTA and hydroxy quinoline sulphoniec
acid, using their own method based on the consideration that
U(VI).NTA complex formed at lower pH combines with the

secondary ligand at higher pH, Vehava and coworker316 reported
the chromium(III) complexes with NTA as a tridentate or
tetradentate ligand,:@c¢Solutlioniequilibrium between Eriochrome
Black T and 2n(II),NTA has been studied spectrOphotometrically%7
The mixed ligand complexes of Cr(III) with NTA have also

been reportedls. Equilibrium and stereochemical studles of

the 1ntefactions of amino acids aﬁd their esters with
bivalent metal nitrilotrlacetic acid complex have

‘been carried outlg. Kodama and coworkerszo

reported the
kinetic and solution equilibrium of metal NTA complexes,
A pH metric study of the ternary systems M NTA,glycine where

M = Cu(II), Ni(II), Zn(II) has been reported%1

Israeli and
'eoworkersag studied the mixed complexes of metallie
nitrilotriacetates with glutamic acid and aspartic acid,
Mixed complexes of serine and arginine with Cu~NTA, Ni-NT4,
Co-NTA, Zn-NTA, Mn-NTA, Pb-NTA have also been reportedg3
Israelizh hasc also carried out the potentiometric study of
the reactions of glycine with metal NTA, Mixed complexes of
imidazole>? and histidine2® with various metal,NTA have also
been studied, Freeberg27 employed thermometric titrations

to study nitrilotriacetate complexation reaction with bivalent
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observed the interagction

28

metal ions, Malinina and'coworkers
of Ce(IV) with NTA, Staﬁility in solution of mixed compounds
of copper(II) with ammonia and compléxone was also reporﬁed%9\
Potentiometric studies on stepwise formation of complexes
containing Cu(II), Ni(II), Zn(II), NIA and hyd:oiy acid, were

‘ also reported by Tondon and coworkers%o Co(I1I) complexes with -
amino poly carboxylic acid and nitrite ion have been reported%l
Mixed complexes of neodymium with NTA and EDTA were studied

by Tananaeva and coworkers§2 Reaction of metal NTA with
proline:z was studied by Israeli and coworkers%3 Chidambaram

3k

and Bhattacharya” have carried out the pH metric study of -

2+ and I = various

ternary system [M.NTA.@]‘Where M= Cu
amino acids, Panchal and Bhattacharya35 recently reported
.the formation constants of the ternary system [M.NTA.i] where
M= Zn‘?+ and L = thio aeids. But no attempt has been made

to study the ternary system [y.NTA.i] vhere L = polyhydroxy
phenols or phenolic acid. In'thé‘prgsent‘investigation,'the
stﬁdy of the ternary system [M.NTA.i] where M = Zn2+ or Cd2+
and T = catechol, pyrogallol, 2,3-dihydroxynaphtﬁalene or
protocatechuic acid has been carried out, The reaction can

be represented as follows :
et + a3 = [.N7a] "
[M.NTA]™ + 12~ === [M.NTa,1) 3"
MONTA [.vea,1]3"
MNTAL Ty wadm [1)2-

For the determination of the mixed ligand formation constant

Kg'ggi L corresponding Yo the assoclation of the polyhydroxy
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, Phenols or phenolic acid with EM.NTA]“ , a modified form
of Irving-Rossotti titration technique , as suggested by

earlier workers36’3?, has been used,

It is necessary for such study that [M.NTA)™ complex,
formed ét low pH,~shou1d not undergo‘hydrolysis or dissociation
in the higher pH range, Secondary ligand (L) should combine

"in the higher pH range where the formation of [y}~ 1s

complete,

The following experiments were carried out in case
of M? NTA.polyhydroxy phenols or phenolic acid systems,
The reagents and the instrument used are same as detailed
in chapter II (p., 38-41).Nitrilotriacetic acid (4.R.) ﬁséd

was supplied by Eastman Chemical Company, Inc,New York,

For studying the ternary systems, following solutions

were prepared in 50.0 ml, volume for titration :

1., Perchloric acid (0,2M, 5.0 ml.,) + nitrilotriacetic acid
(19,1 mg,) + sodium perchlorate (1.0M, 8.9 ml.) +
conductiv1ty water (36 1 ml, ), total volume = 50,0 ml.,

g = 0.2M,

2, Perchloric acid (0,2M, 5.0 mi,) + perchloric acid (0.02M,

15,0 ml,) + sodium perchlorate (1.0M, 8.7 ml,) +
'eoﬁductiéity water (21,3 ml,) 3 total volume = 50.0 ml.,
g = 0.2M, ‘ |

3., ‘Perchloric acid (0,2M, 5.0 mlt) + ni?rilotriacetic acid
(19.1 mg.) + metal perchlorate (0,02M, 5.0 ml,) + sodium

~  perchlorate (1,0M, 8,8 ml,) + conductivity water (31.2 ml.);
total volume = 50,0 ml,, g = 0.2M,
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%+, perchloric acid (0,2M, 5,0 ml.) + perchloric acid (0,02M,
15,0 ml,) + secondary ligand (0,02M, 5,0 ml,) + sodium’
perchlorate (1.0M, 8.6 ml.) + conductivity water (16.% ml.)

" total volume = 50,0 ml,, g = 0,2M,

5. Perchloric acid (0.2M, S.O\ml.) + nitrilotriacetic acid
(19,1 mg.) + secondary ligand (0.02M, 5,0 ml,) + metal
perchlorate (0.0ZM,‘5.0 ﬁl.) +'sedium §erchlorate (1.0M,
8,7 ml,) + conductivity water (26,3 ml.); total volume =
50.0 ml., u = 0.2M, '

Tﬁe ionic strength of each solution was thus initially
raised to 0,2M, Each of the above samples was titrated
against 0.,2M sodium hydroxide solution, Nitrogen gas. was
passed throughput the titration to avoid oxidatlon of ligands,
The plots of pH against volume of alkali have been presented

in flgs. VA1 toVAS,

Observation of the titration graphs gives the
following informations,

Tt has been shown earlier that 1:1 complex of NTA
and Zn2+ or Cd2+ are formed at lower pH38’39 The horizontal
distance between the curves (1) and (3) in the figures is
malntained almost constant at high pH show1ng that M,NTA 1 s1
complex does not dissociate at higher pH M,NTA,secondary
ligand (i,e, L = Catechol, pyrogallol or 2 3-d1hydroxynaphtha1ene)
curve (5) is not below the M,NTA curve (3) in the lower pH
range, This is an evidence‘tﬁat in this range vhere M?+.NTA
1:1 compiexation takes‘place, the polyhydroxy‘phenels do not
combine with metal ion. In case of protocatechulc acid,

M NTA,L curve (5) shows separatlon from M,NTA curve (3) at
~
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lower pH due to the self dissocigtion of carboxylic group
even though ligand coordinates with metal at higher pH,

After pH 6,5 curve (5) goes below curve (4) .(secondary
ligand + 3 equivalents of Qitra acid), This confirms that
in this range coordination of polyhydroxy phenols and
phenolic acid with M_NTA takes place resulting in the
liberation of extra H+ ioné. The'reaction can be represented

as follows :

2+ wra 37 —— [mwTa)” + 38Y

—
[M.87a)" +[Ceu(0M)g] === [M.NTA.(C4H,02)] s 2"

In the polyhydroxy phenols and phenolic acid
(curve (4)), three equivalents of extra perchloric acid have
been added toc compensate for the hydrogen ions liberated by
‘the combination of M?+ with NTA in the metal + NTA + secondary

ligand solution, (curve (5)),

The additional hydrogen ions liberated as a result of
coordination of polyhydroxy phenols or phenolic acid with
[M.NT4]™ ion can be determined from the horizontal distance
(V" V") between curves (5) and (%), The distance can be
used for the calculation of % value , where T 1s the
‘average number of polyhydroxy phenols or phenolic acid
molecules associated with g single [M.NTA]' ion." The following
Irving-Rossotti equation is applicable in calculating T
values, '

(V'"—-V")LN + B° + Tf’ (Y - EH)] |

n =

(Ve + V").nH.Tﬁ

- -
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©
where TM

the concentration of metal perchlorate used, The pL vdlues

is the concentration of [M.NTA)™, which is equal to

were also calculated by using equation as in the previoué
chapter (p.49 ), The 1n and plL values calculated at different
" pH are reported in the tables V a4 3,1b to V A 3.%c., pL at

n = 0,5 gives the values of log Kﬁﬁz. This however, will

mean using only one point and the values may be erroneous,

More precise values were obtained by using the method of

linear plot%g The values have been presented in table V 4 4,0,

It is observed from tables that the order of_ﬂ
formation constants, corresponding to:the'association“of
polyhydroxy phenols and phenolic‘acid with M.,NTa ; is same
as in the binary metal and catechbl, pyrogallél, 2}3;dihydroxy~
naphthalene:or protocatechuic acid systems‘(chapterxll, Pe 7% ).
This can be eiplaihed in terms of the basicities of the
ligands, However, KgﬁL ééfresponding to the association

of the secondary ligand with M,NTA 1is much less (235 log to

M
MLy ?

corresponding to the association of the polyhydroxy secondary

33 log units) than the first formation constant X

ligands with metal ions, Kﬁﬁt is ‘even less than the second

3%2 . This can be explained %o be due
; 2

to the fact that NTAS™ (nitrilotriacetate aniom) and L°™

formation constant X

(ﬁolyhydroxy phenolate anion) are negatively charged iohs
and hence during the coordihaticn of polyhydroxy phenolic
ligand (L) with [M,NTA]™, there will be an electrostatic
repulsion due to already existing NTA®T, Thus the tendency
of polyhydroxy phenol Bf’phehdiic‘éciq to combine with
[M.NTA]” ion, will be less than its fendency to combine with
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[M(H20)532+ ion, This explains why the value of KﬁﬁL is
less than Kth . During the formation of [y&é]g" also,

the inéoming sz has to face the electrostatic repulsion

due to already existing L2". This will, however, be less

than the electrostatic repulsion between NTAB', and LZ' .

Fuarther NTA?'occupies more space around the metal ion and

hence imposes steric hinderence em the incoming Lz', AS a
ML
ML *
It is observed that Xgy = gC4.NTA

I~ Xeawma,n \
K%S'L - K§§:§£§.L. This is because cadmium fon with bigger

size has greater space and hence electrostatic repulsion and

result of it, KgﬁL is even less than K

Cd is less than

steric hinderence on the secondary ligand dque to NTA 1is less,
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Table VA 1l

340

-t

———

t 30°C,

0.2M

]

Ve = 50 ml, M

0,2M

N

Tﬁ = 0,002M

TﬁTA = 0,002M

0.02M
0.,02éM

*perchloric acid

E° =
*

Ee =

Cd,NTA

Vol.,of

n JNTA
Vol,of

+r
L

NTA

B B

B Vol,of B

Vol,of

alkali alkali

alkali

alkali

(in m1,) (in m1,) (in m1.)

(in m.,)
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Table VA 2,2

t = 30°C,

0.2M

H

ve = 50 ml,

T§TA = 0,002M Tf = 0,002M Tﬁ = 0,002M

N = 0.,2M

E° =

0.02M

0.026M
*pyrogallol

%ag
Vol ,of

¢4 NTa,Pyrogallol

Zn NTA Pyrogallol

Vol,of

B

alkali

alkali

(in m1,)

{in m1,)
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e e
acid

t

(in mi .3

alkalil

0.2M
1p = 0.002M
Vol.,of

B

H

70, NTA, Protocatechuic Cd.NTA,Protocatechuic

alkall

(in ml,)

Table Vi 2.3
Vol.of

Ve = 50 ml,
Toea = 0.002M

B

0.02M
0.026M
*Pratocateckuic
acid

N = 0,2M
E° =
%os
Vol.of
alkali

(in ml,)
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Table VA 2.4

N = 0.2M ve = 50 ml, g = 0.,2M t = 30°C,

o - ’ o = 3 o 5 z i s :
B 0.02M TRTa 0.002M T = e,eczx ?n ;ﬂa.egax“‘
E°® = 0,026M ;

,ymwwmp Zn NTA,2,3-Dihydroxy=- CQM&,%M”
naphthalene naphthalene naphthalene
Vol.of B Vol,.of B oo .® ¢ %1,[;*
alkall alkali e
(in ml,) (in m1,) L
0,00 1.59 0.00 1.59 0,00 1,55
1,00 1.58 1.00 1.60 1.0@ 1,60
.00 1.85 .00 2,00 .GG 2,00

5.00 2,10 5,00 2,25 5.00 2,30

5 Se 2,35 5090 2,50 5.50 2,60

5.8 2,50 5.80 2,70 .80 2,80

5.90 2,58 5.90 2,75 «90 2,88

6.00 2,68 6,00 2,90 6,00 3.05

6.10 2,85 6,10 3.05 6,10 3.25

6,20 3.10 6.20 3.40 6,20 3,52

6- 0 ac!"s 6¢25 3060 6025 3!79

e B S S+

.‘ .’ ; - L ] 0 * L 2

6.&% % .50 6.&0 4,60 6.30 4,60

6,48 4,70 6.% %,95 6, W+ Lk 90

6,54 7.95 6.50 7.30 6.50 7.50

6058 8.18 60% 7-55 605“' 7166

6,62 8.30 6.58 7.72 6.58 7.88

6066 8- 5 6162 7-82 6062 8095

6.70 .60 6,66 8,00 6,66 8,20

6.7% 8,76 6.70 8,08 6.70 8.30

6,78 8.90 6.80 8,22 6.80 8.65

6,82 9.15 6.85 8.30 6,85 8.85

6,86 9,30 6.90 8.36 6.90 9.10

6.90 9.50 6.95 8.45 6.95 9.30

6.95 9. 75 7. 00 8,55 7.00 9,42

7.10 10.30 7.2 0 9,00 7.20 9.90

7.20 10.50 7'33 9.50 ?.ag 10.15

70h0 13&75 - 9085 70 10- 2

7.60 10,95 7.50 10.20 7.50 10,45

7.6% 11,00 7.60 10,40 7.60 10.60

7.70 10.60 7.70 10.70
7.90 10,80 7.90 10,90
8.00 11,00 8,00 11.05
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Table Va 3,1b ’ V
B, By, T, log(1-A)/A, pL and pl-log(1-A)/R data of Zn.NTA,catechol
~ system - 30°C, -

B T, v* ym  ym.y® §  1log(l-n)/n pL  pl-log(l-n)/n
50 1,814 6,56 6,68 0,12 0,12 0.83 6.302 -

60 1.79; 6.57 6.73  0.16 0.16; 0.715 = 6.31g -

.80 1,71, 6.61 6,81 0,20 0,22¢ 0,53 5.8%2 5,304

«90 10672 606h 6¢91 0o27 0,31 9‘333 5-732 5?393

glg 1.56@ 6.7@ ?.01 0.31 O. é Qalég 5oh {3 5’319

.20 1,48, 6.7% 7.10 0.37 0.48¢ 0,02y 5.404 5.37¢

1&2 1.}“'{"9 607 7.15 0'9 0052\‘ 1'958 5'2 | 5'333

J0 1,37, 6.8 7.21 o.M 0.59, 1,8k 5,22, 5.382

.59 1'297 6¢83 7?25 .hz 0.630 1:768 50135 5-367

D00 DD O OV 0000 0O O

logKy,; = 5.36 + 0,06

Table VA _3,2b
B, Wy, 0, log(l-n)/A, pL. and pl-log(1l-n)/n data of Zn,NTA.pyrogallol
system - 30°C, ! 2

i)

B ?‘a " yMm  ym.y® @ log(l-n)/n- pL pL-log(l-n)/n
8,70 1.56p 6.7% 6,86 0.12 0,1% 0.75¢ 5.06 4.30
8.80 1.52§ 6.76 6.90  0.1% 0.173  0.66y 3.93: ‘*363
8,90 1.41» 6,78 6,9% 0,16 0.22 0,54, 4,85,  %.302
9.00 1.372 6,82 7,00 0.18 0,255  O.465 4,70, 4,234
9-10 1;292 6c8h 7u0h 0020 ﬁ6301 60365 0599 %‘2 W
9.20 1,22, 6.87 7.09 0,22 e.ag, 0.26¢ L.50% 4 24,
9-&3 1i166 6t91 7;15 0,2h 0: 2 00172 “.“22 uOESO
De 10130 6¢95 7121 0026 00“59 60071 h03n9 u-278
9.50 1,093 6.97 7.26  0.29 0.51¢ 1.97>  %.27; 4,30y

4

logKy,; = %.26 + 0.0%



Table V4 3,3b -
B, By, B, 1log(1-A)/A, pL and pL-log(1-A)/E data of 2n NTA.proto-
catechuic acid system - 30°C,

B By v"rooym ymoy" R leg(l-n)/m  pL ~108
8.20 1,80, 6.99 7.09 0,10 0,10 0.91 7495 6,578
8.40 1.72o 7.0 7.20 0,16 0,18, 0.655 7.17g 6,52,
8,50 1,68, 7.06 7,26 0.20 0,232 0.51, 7.03¢ 6.519
8.79 1056$ 7,11 ?'3,9 0.28 C. 50 0, 68 60?82 6,51&.
8'8{:} 11220 7-1t" 7. 6 Gn32 0. lo 00153 6;689 6‘522
8-90 1- 80 7016 7'52 eoag 0:""7‘& Gtﬁl"b‘ 6-5?1 6\' 2&
91@G 101"00 7.19 7059 Gv 0057' It875 6*502 - ‘

[

Table VA 3,4b

B, Ny, 1, log(1l-n)/m, pL and pl-log(1l-R)/m data of Zn. NTA, 2,3-
dihydroxynaphthalene system - 30°C, ‘ ‘ ‘

V™o ym.y" T log(l-n)/n pL  pl-log(l-B)/m

B n, A
8,00 1.773 6.55 6,66 0,11 0,125  0.865  7.92,  7.05,
8.10 1;713 6058 6073 0:15 00170 01688 7-782 7-893&
8.20 1.67; 6,60 6.79  0.19 0.22, 0.5%, 7.6n  7.09,
8.60 1,43, 6,70 7.02  0.32 0. gu 0.115  7.175  7.06;
8.80 1.35¢ 6.75 7.13 0.38 0.5%¢  1.91, 7.003 7.08

[

logKy,r = 7.07 + 0.03
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Table VA _3,l¢

By Ny, @, log(1-A) /A, pL and pL-log(1-A)/A data of C4.NTA,cate 10
~ system - 30°C,

B n, LANEENE AL

9.50 1.29; .83 6.9+  0.11 0.15; o.yez 4,77, %973

9.90 1.114 6.98 7.16 0.18 0.31, 0.334 %.38, Ot
10,00 1.083 7.00 7.20 0,20 0.35, 0.25; 4,300 4,09,
10,10 1.004 7.05 7.27 0,22 0.hg, 0.15¢ 4,22, 4,06,
10,20 1,00, 7.09 7.33 0,24 0,46, 0.05, L 16, 4,09,
10.30 0,99, 7.11 7.37 0.26 0.505 1.997  *.09¢  4.09,
10.%0 0.95¢ 7.I5 7.43  0.28 0,56 1,884 4,0l -

logKy,; = %.07 + 0.03

Table VA 3,2¢c

B, Ny, 0, log(1l-n)/m, pL and pl-log(l-n)/n data of Cd.NTA,pyrogallol
system - 30°C,

B 33 VAl yt ym.y" A log(l-n)/n  plL  plL-log(l-n)/n

9.50 1,093 6,97 7.07 0,10 0.17g 0.66, 4,05, 3.38

9.60 1.e3§ 7.00 7.11 0,11 0.20, 0,583 '3.99¢ 3.3?§

9,70 0,993 7.0+ 7.16 0,12 0,235 0.512 3.86;  3.3%

9.80 0.962 7.07 7.20 0.12 0.262  0,%%¢ 3,770  3.324
10.10 0.814 7.17 7'38 0.16 0.379 0,21y 3.223 3.314
10 '20 '0-8}-2 7:22 7& 0018 Gw' 36 0‘1‘23 3' 6 3’3}"&#
10,30 0.76, 7.30 7.49  0.19 0.482 0.03, 3.405  3.3%
10,40 0-7)4'2 7038 7.58 0¢20 Oo522 10961 30339 3‘3?8

logKy,; = 3.35 + 0.0%



Table Vi 3,3

B, fiyy A, log(1-f)/f, pL and pL-log(l-n)/f data of Cd.NTA,proto-
catechuic acid system - 30°C,

B Tig vroooym ym.y"™ [ log(l-n)/m  pL

9.30 1.313 7,26 7,38 0,12 0,17 0.66

9.30 1.29?7 7.29 7.43 0.1% 6.212 9.57;

9.50 1.26¢ 7.31 7.47 0,16 0,24¢ 0,48

9»6@ lp23¥ 703k 7:52 0.18 Oczak Gﬁ' : |

9n?ﬂ 1.203 7¢35 7355 0.20 0;32E 0&319

9#80 10183 7.37 7022 0,22 0;362 G;zks

9‘96 luléﬁ 70&9 70 0025 0. 18 Gglka
10,10 1.1254 7.45 7,73 0,28 o.M48, 0,02,
10,20 1,08¢ 7.48 7.78 0,30 0.53, 1,93s

logky, = 5.13 % 0.03
Table VA 3,t¢

B, ny, 0, log(1-7)/n, pL and pl-log(1l-H)/f data of Cd,NTA,2,3-
dihydroxynaphthalene system - 30°C,

——

B By vt ym  ym.y" R log(l-n)/A pL pLqug(liﬁ)fﬁf

7,

9.30 1.18, 6,86 6,95 0.10 0,16 0.70 6.15,4 5
9,40 1.1k3 6.88 6,99 0.11 0,18, 0.63; 6.0%, 5.40,
9.50 1.08, 6.90 7.03  0.13 0.233 0.51, 5.35, )
9.60 1.66¥ 6592 7&67 0015 0027k 0;%23 5& 7% 5¢h ﬁ
9.70 1.06s 6,9% 7,11 0,17 0.3, 0.34%, 5.79, Dl
9.80 looug 6'96 7‘15 0019 0635“ 0@26! .5i71% 51‘53
9.90 1.04y 6,98 7.19  o0.21 0,391  0.19% 5.63, G4y
10.00 1,025 7.00 7.23 0,23 o.‘%s 0.11g  5.56g  5.45,
10,10 1.004 7.02 7.28 0,25 0,48, 0,02, 5,505 5.47s
10,30 1,00 7.10 7.39  0.29 0,567 1,89, 5.372 5.7,

l

logk,, = 5.45 % 0.05
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SECTION B

Since 1958, various workers investigated the ternary
systems involving histidine or iminodiacetic acid or ethylene-
diaminetetraacetic acld as a primary ligand, Numerous solids

have also been isolated and characterised by different studies,

Histidine is known to form complexes with a large
number of metal :lcans].“"3 The metal histidine complexes in
deuterium oxide solution were studied by infra-red and proton
magnetic resonance study by Ronald and cowcrkers& X=ray
erystallographic analysis of a mixed amino acid complex of
L-histidinatv-I-threoninato Cu(II) hydrate, was carried out by
Nickolds and coworkérs? Martin and cowcrkers6 studied
potentiometrically the mixed coordination of metallic ions
with compounds of biological interest, Martin and coworkers7
also studied potentiometrically the equilibrium of the reactions
of Cu(II) ions with L or D-histidine and L-threonine in agueous
solution, Tridentate character of histidine was shown by '

Williamg David§

Iminodiacetic acid (IMDA) is known to form complexes
with number of metal ion;?“lz Thompson and coworkersl3
observed that 1:1 rare earth-N-hydroxy ethylenediaminetriacetic
acid (ILn(HEDTA)) forms mixed 1:1:1 chelates with glycine,
ethylenediaminediacetic acid (EDDA), iminodlacetic acid (IMDA)
and N-hydroxyethyl iminodiacetic acid (HIMDA), Isolation of
oxovanadium (IV) heterochelates of the type [VO(IMDA)(H»0)X]
where X = pyridine, g-plcoline or aniline have also been carried

cut%h Fridman and coworker515 reported the solution studies of



3

165

the type NiLX where L = IMDA or EDTA and X = pyridine, NH3 or
H20., Potentiometric studles on stepwise mixed 1ligand complex
formation involving IMDA as the primary ligand were carried

out by Sharma and Tondon%6?17 They have also reportedls the

’

mixed ligand formation constants of the ternary system
+ (o)L where M = cu®*, m3*, z®* or ca®*, and L = glyeine,
a~alanine qr'dl-aspartic acid, 1,2-propylenediamine, salicylic

acid, sulphosalicylic aclid, chromotropic acid or tiron,

EDTA mostly exhibits quadridentate character, coordination
.taking place from two nitrogen atoms and two COQ, 19 Epra forms
complexes with number of metal :I.cms‘?c""22 The triple complex of
nioblum and tantalum with catechol and EDTA was studled
spectrophotometrically by Babkoq I.\J.kau::h:l.na%3 Mixed ligand
derivatives of ITh.EDTA with monohydroxy monocarboxylic acid
were studied potentiometrically by Gupta and Agarwal%h
Spectrophotometric determinations of the stability constants of
mixed ligand complexes of Hg(II) ,EDTA with thiocyanate and
bromide were carried cu@ by Nomura Toshiaki%5 Shetty and
coworker326 studied potentiometrically the stabllity of some
mixed ligand complexes of thorium, involving EDTA as primary
ligand and tiron, catechol, chromotropic acid (CTA) or gallic
acid as sgcon&ary 11gand; The formation of mixed complexes
MYL2~, by the reaction of imidazole perchlorate (LE*) with
M EDTA (Mﬂa"), was studied by Israeli and cqworkers%?
Bogdanovich and coworkers28

neodymium and praseodymium with ethylenediaminetetraacetic

studied the mixed complexes of

acid and hydrogen peroxide by absorption spectral method , The

stabllity constants of mixed complexes of general stfuctures
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ZnL(NH;), or ZaL(NH3), X formed by a reaction of

ZnL (L = iminodiacetate, (hydroxyethylimino) diacetate,
nitrilotriacetate or EDTA anion) with X (X = pyridine, Ho0,
SCN~, thiourea, or 32032“) in aqueous solution, were reported
by Fridman and coworkersa9. Cerium(IV)~EDTAfhydrogen peroxide
ternary complex was studied by spectral absorption analysis by
Pilipenko and Loriyas® The formation constants of mixed '
complexes InAT>™ where Ln = rare earth ion, A = EDTA don, and
T = tartarate lon, were determined potentiometrically by l
Spitsyn%l But the ternary systems/ MAL, where A = ethylene-
. diaminetetraacetic acid, iminodiacetic acid or histidine and

L = polyhydroxy phenols or phenolic acid have not been studied,
In the present investigation an attempt has been made to study
the formation constants of such mixed ligand complexes, The

reactions can be represented as follows @

fa]" + 177 == [ur]'"
E]° + 12" =——>[um]?"

[} 2= 4 1% = [Mo1] =

where M =}Z‘n(II). or Cd(II); A = histidine, B = iminodiacetic
acid (IMDA), C = ethylenediaminétetraacetic acid (EDTA) and
1H, = catechol, pyrogallol, 2,3-dihydroxynaphthalene or
protocatechuic acid, ' . ‘ o

Histidine exhibits bi or tri-dentate gharacter%z

/
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coordination taking place from CO0  and from nitrogen of the
imidazole or two nitrogens from both imidazole and amino groups,
IMDA exhibits tri-dentate character33 coordination taking place
from the nitrogen and two carboxylate oxygens%h EDTA mostly
exhibits quadridentate characterl? coordination taking place
from twé nitrogen atoms and two C00, 1In case of 1:1 histidine,
IMDA or EDTA complexes of metal ions with high coordination
numbers, the vacant positions are occupied by water molecules

or hydroxyl ions, On addition to this of a bidentate ligand
coordinating with metal ion at higher pH, vacant positions
around the metal ion are occupied by the secondary ligand,
resulting in the formation of the mixed 1igand complexes of

the type M, Histidine,I. or M,IMDA,IL or M/EDTA,L, The

MA

reaction is characterised by the formation constant KMAL .

MA [ar]
MAL [a] [z

where A = histidine, IMDA or EDTA,

K

The charges have been avoided for the sake of
generalisation, The formation constants KﬁéL , corresponding
to the association of polyhydroxy phenols or phenolic acid with
M,Histidine or M,IMDA or M,EDTA, have been determined by using
the modified form of Irving-Rossotti titration technique as done

earlier in the study of M,NTA.L systenm,

The following experiments were carried out in case of
M,Histidine or IMDA or EDTA, ﬁolyh&droxy phenols or phenolic

acid systems,

3

The reagents and instrument used are same as detailed
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in chapter II (p.38-41), Histidine (Merck,Germany), IMDA
(EDH, England) and disodium salt of EDTA (EDH, England) were

‘used,

For studying the ternary systems following solutions

were prepared in 50,0 ml, volume,

For Histidine systems :

1, Perchloric acid (0.2M, 5.0 ml,) + histidine (0,02M, 5.0 ml, )+
sodium perchlorate (1,0M, 8,9 ml,) + conductivity water
(31.1 ml,) 3 total volume = 50.0 ml,, g = 0.2M,

2, Perchloric acid (0,2M, 5,0 ml,) + perchloric acid (0.02M,

5.0 ml,) + sodium perchlorate (1.0M, 8,9 ml,) + conductivity
water (31.1 ml,) 3 total volume = 50,0 ml,, g = 0.2V,

3. Perchloric gcid (0,2M, 5,0 ml,) + histidine (0,02M, 5.0 ml.)+
metal perchlorate (0,02M, 5.0 ml,) + sodium perchlorate
(1.0M, 8.8 ml,) + conductivity water (26,2 ml.,) s total
volume = 50,0 ml,, g = 0,2M,

%, Perchloric acid (0,2M, 5.0 ml,)+ perchloric acid (0.02M,

5.0 ml,) + secondary ligand (0,02M, 5,0 ml,) + sodium
perchlorate (1,0M, 8.8 mb,) + conductivity water (26,2 ml,)s
total volume = 50,0 ml., 4 = 0,2V,

5. Perchloric acid (0.2M, 5.0 ml,) + histidine (0.,02M, 5.0 mi,) +
secondary ligand (0,02M, 5.0 ml,) + metal perchlorate
(0.02M, 5,0 ml.) + sodium perchlorate (1,0M, 8.7 ml,) +
conductivity water (21.3 ml,) 3 total volume = 50,0 ml,,

u = 0.2M,
For IMDA systems -

1., Perchloric acid (0.2M, 5,0 ml,) + IMDA (0,02M, 5,0 ml.) +
sodium perchlorate (1.0M, 8,9 ml,) + conductivity water
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(31,1 ml,)3 total volume = 50,0 ml,, g = 0.2M,

Perchloric acid (0.2M, 5.0 ml,) + perchloric acid (0,02M,
10,0 ml.)’+ sodium perchlorate (1.0M, 8,8 ml,) + conductivity
water (26,2 ml,) 3 total volume = 50,0 ml,, g = 0.2M,
Perchloric/acid (o;am, 5.0 ml1,) + IMDA (0,02M, 5,0 ml.) +
metal perchlorate (0.62M, 5.0 ml,) + sodium perchlorate
(1.0M, 8.8 ml,) + conductivity wager (26,2 m1,) 3 total
volume = 50,0 ml., g = 0.2M,

Perchloric acid (0.2M, 5,0 ml,) + perchloric acid (0,02M,
10,0 ml.) + secondary ligand (0.02M,. 5,0 ml.) + sodium
perchlorate (1.0M, 8.7 ml,) + conductivity water (21.3 ml.),
total volume = 50,0 ml., i = 0.2M,

Perchloric acid (0,2M, 5,0 ml,) + IMDA (0,02M, 5.0 ml,) +
secondary ligand (0.02ﬁ,‘5.0 ml,) + metal perchlorate
(0.02M, 5.05m1.) + sodium perchlorate (1.0M, 8.7 ml.) +
conductivity water (21,3 ml,)s total volume = 50,0 ml,,

i =.0.2M,

For EDTA systems :

1,

3.

Perchloric acid(0,.2M, 5.0 ml,) -+ EDTA (0,02M, 5,0 ml.) +
sodium perchlorate (1,0M, 8.9 ml,) + conductivity water

(31,1 ml,)s; total volume = 50,0 ml., g = 0.2M,

Perchlorié acid (0.2M, 5.0 mls)‘+ perchloric acid (0,02M,
10,0 ml,) + sodium perchlorate (1.0, 8.8 ml,) + conductivity
water (26,2 ml,); total volume = 50.0 ml., gy = 0.2M,
Perchloric acid (0.,2M, 5,0 ml,) + EDTA (0.02M, 5,0 ml,) +
metal -perchlorate (0.02M, 5,0 ml,) + sodium perchlorate

(1,0M,.8,8 ml,) + conductivity water (26,2 md,) j; total

~

VOlume = 50.0 m}..,Tﬂ = 0-2M0 .
Perchloric aecid (0.2M, 5.0 ml,) + perchloric acid (0.02M,
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10,0 ml,) + secondary ligand (0.0ZM; 5.0 m1,) + sodium
perchlorate (1.,0M, 8,7 ml,) + conductivity water (21.3 ml,)j
total volume = 50,0 ml,, gy = 0.2M,

5. Perchloric acid (0;2M, 5.0 ml1,) + EDT4& (0.02M, 5.0 ml,) +
secondary ligand (0,02M, 5.0 ml.) + metal perchlorate
(0.02M, 5.0 ml,) + sodium perchlorate (1.0M, 8,7 ml,) +
conductivity water (21,3 ml,.); total volume = 50,0 ml,,

n = 0.,2M,

The ionic stfength of each solution was thus initially
raised to 0.2M, Each of the above samples was titrated against
O;ZM sodium hydroxide solution, Nitrogen gas was paésed
through the solution to avoid oxidation of the aromatlc ligands,
The plets of pH against volume of alkali have been presented
in figs, VB 1 to V B Y% in case of histidine, V B9 to V B 15
in case of IMDA and V B 23 to V B 28 in case of EDTA,

Observation of the titration graphs gives the following
infofmationﬁ :

It is evident from curve (1) and (3) that 1:1 complexes
of histidine, IMDA and EDTA with 0" and Ca%* are formed at
lower pH and are stable at higher pH, The separation between
" two curves starts at low pH and reaches maximum at pH ~ 6,5 in
histidine, at pH ~ 6.5 in IMDA and at pH ~ 4.2 in EDTA,

This shows that 1:1 complex formation is complete at lower pH.
At higher pH the curves converge showing absence of hydrolysis
or hydroxy complex formagtion, M.Histidine or EDTA,secondary
ligand (catechol, pyrogallol or 2,3—dihydroxynaghtha1ene)
curve (5) is not below M, Histidine or EDTA curve (3) in the

lower pH range,  This is an evidence that in this ‘yange where
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M°* and histidine or EDTA 1:1 complexation takes place, the
polyhydroxy phenols do not combine with metal ion. In the
polyhydroxy phenols (curve()) one and two equivalents of
extra perchloric, acid (where primary ligand is histidine or
IMDA, EDTA respectively) have been added to compensate for
hydrogen ions liberated by the combination of M?+ with
histidine, IMDA or EDTA, in the M, Histidine, IMDA or EDTA;
secondary ligand solution (curve(5)), Below pH ~ 6,8 in
histidine, pH ~ 6.5 in IMDA and pH ~ 4,2 in EDTA, the curve
(5) is not overlapping curve (4) but it is slightly above 1t,
This is due to the fact that in the lower pH range amino
acids take up hydrogen vion from the solution and exist as
a mixture of species CHZNH3+.COOH‘and CHzNH3+.COO". After
pH ~ 6,0 curve (5) goes below curve (%), This confirms that
in this range coordination of secondary ligand with
M. Histidine or M,EDTA takes place resulting in the liberation
of extra hydrogenlions. In case of M,IMDA.L system
combination of secondary ligand starts before the completion
of 1:1 M,IMDA complex, Hdwever, above pH~6,5 formation of
1:1 M.IMDA complex is complete and thg horizontal distance
between cur%es(%) and (5) is due to the liberation of extra
. hydrogen ions as_resu;t of coordination of secondary ligand
with M,IMDA.., Reactions can be represented as follows :°

2+ + [Histiding]” === [M.Hist]" + 5"

[M.Hist)* + [CeHy(0H)2] s=—=3 [M.Hist(CeHy02)]™ + 2H
In case of IMDA:
- [~ +
) w2t + DA = [M.ooal + 28 .
[M.oma] + [Cem(0H) 2] =——=> [M.IMDA(CH02)]"" + 2H

+

2

-+
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In case of EDTA (disodium salt) :

W* 4 [NapEDTA) == [M.EDTA]>" + 2Na * + 25"

[M.EDTAsz +.[Cety (0H) 2] ;;:::ﬁ:[M.EDTA(csﬂgoz)]““ + 2ut,

T values were calculated from the horizontal-distancg between
curves (%) and (5), and pL values were calculated using the
equations given in chapter II (p., 49 ), The values have been
presented in the tables V B'3,1b to V B 3.4e, V B 5,1b to

V B 5.Mc and V B 7,1b-to V B 7,ke, Precise values of mixed

T

ligand formation constants were determined by using the

method of linear plot%s The values .of 1ogK§§L have been

presented in table V B 8,0,

In case of Zn,Histidine,2,3-dihydroxynaphthalene,
Zn.Histidine.pfotocatéchuic acid and Cd;Histidine.protocate-
chuic aeid, the method could not be applied becausé the
coordinafion of secondary ligand starts before the formation
of M,Histidine 1:1 complex is complete, In the system
Cd;ﬁfatidine.pyrogallol, there is precipitation after pH ~ 6,0
onwards and hence calculation was not carried out, In the
system Cd,IMDA,pyrogallol also T does not go beyond 0,2

MA

and hence KﬁAL could not be calculated, In the system

M,EDTA,pyrogallol (where M =.Zn2+ or‘Cd2+) calculation could
not be.possible because the separation between curves (%)

and (5) is very small,

.It 1s observed that in ali cases Kgﬁt has lower
M M Hist,
values than KML,‘ The values of KM.Hist.L is less than
K%L‘ by about 1,0 to 1.2 log unit,- Ky'hynh o is less than
M LM EDTA
K by about 1,2 to 1,7 log unit and KM.EDTA.L is less

ML,
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than KﬁL' (where M = zn2* or Ca°*, L = polyhydroxy aromatic
_ligands) by about 3.5 to 4.7 log units, This can be explained
to be due to electrostatic repulsion between the incoming
llgand and already existing charged ion histidine or IMDA
or EDTA, The values are in the order K -IiSt. >Kg %%i&7

M Hist,L
M NTA M EDTA MA

M NTA L> KM EDTA.L * The values of 'KMAL are higher
where & = histidine, This is because histidine has one
negative charge and exerts lesser repulsion on the incoming
ligand than IMDA, NTA and EDTA with two, three and four
negative charges,respectively,

. M.Hist. M. IMDA
The difference in case of Ky'pyoy'y and Ky'nypo o

is less because histidine 1s a bigger molecule and hence

there may be some steric hinderence to the incoming ligand,

/



174

Table VB 1.0

30°C,

t
= 0,002M

0.2M

K

Ve = 50 ml,

0,2M

N

o

T

0.02M
0,022M

*Perchloric acid

E° =

Tﬁist. = 0,002M

-
-

*E°

Cd Histidine

Vol.of

Zn Histidine

Vol,of

/ Histidine

Vol,.of

B

alkali
(in ml.)

B

alkali
(in ml.,)

B

alkali
(in m1,)

B

Vol,of
alkali
{in mi.)
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Table VB 2

t 30°C,

0.2M -

M

0.2M

N

Ve = 50 ml,

Tﬁ = 0,002M

0.002M

"

Tﬁist. = 0,002M T£

0.02M

E° =

*Catechol

*E° -
Vol,of

Cd Hist,Catechol

Zn  Hist,Catechol

Vol,of

Vol,of

B

alkali
(in ml,)

alkali

alkali

(in m1,)

(in m1,)
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Table VB 2,2

Ve = 50 ml,

= 0.2M

N
BO =

Tgist.:: 0,002M TI‘" = G,QO2M TI?I = 0-0@2&{;;

0,024

0.,022M

*
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*

Vol.éf

Yol ,of

alkali

alkali

(in ml,)

(in ml,)
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Table VB 3,1b

By Ty B, 10g(1-A)/F, pL and pl-log(1-A)/A data of zn.nistidine,
catechol system - 30°C,

- e o

B Ty vt ym  ym.y" W log(l-n)/mn pL pL-log(l-n)/n
7:70 1.9% 5.50 5.69  0.19 0.19;  0.62, '7.85¢  7.235

o O 1¢9hh 5:50 5.75 0;25 G’2S£' qu67 ;?16 5 7;223
7.90 1.93¢ 5.51 5.83 O.ag 0.32, 0,314 7.0%s  7.23
8,00 1.92, 5.51 %5.91 0.5 o.,4>  0.15 7.1,  7.25,
8#10 1.903 5;;& 6.60 0-“7 6.383 GEOQO ?12 ? ‘,?92 7
8.20 _1.888 5. 6,06 0.52 0.5“5 Io?lg 71 3 7-2 B
8‘32 10868 5055 6Q1h 0.59 90626 10776 7QOAQ ‘??g
80‘ 1,8“8 5057 6v22 9065 t697 111638 6;9&7 -

1ogKy 1 = 7.24 + 0,02

Table VB 3,2b

‘B, By, 1, log(l-n)/n, plL and pl-log(l-n)/n data of Zn.nistidine,
pyrogallol system = 30°C,

B ny A v™  ymay" [ log(l-n)/n  pL  pl-log(l-n)/n
7.4 1.,9% 5,52 5,73 0.21 0.21, 0.56, 7.39 6.82¢
7t56 1.928 5-53 5;82 0:29 00297 Q-%?h 702h3 -
7.70 1,904 5.5% 5.95 041 0,424 0,12, 6.953 6.82,
7.80 1,88, 5,55 6,02 0.47 0,494 0.00g 6.82, 6,812
7.90 1.85¢ 5.55 6,09  0.5% 0.57¢ 1.86, 6,71, 6.8y
8.00 1,84, 5,56 6,16 0,60 0.6+, T.73¢ 6.604 6.86,
8,10 1.80, 5.57 6,23  0.6% 0,705 1.62, 6.502 6.88;
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Table VB 4,1

N = 0.2M Ve = 50 ml, Ho= 0.,2M t 83{;
E° = 0.024 T§yp, = 0,002 Tf = 0,0024 Ty = G;ﬂﬁzﬁ: ,f

*po = 0,024M
*catechol 2n.IMDA,Catechol Cd,IMDA,Catechol
Vol.of B Vol,of B Vol,of B
alkali alkali alkald
(in ml,) (in ml,) : (inm,)
0,00 1.50 0.00 1.55 0,00 1,55
1.00 1.60 1.00 1,70 1,00 1
1.50 1.65 2,00 1.80 2,00
2,00 1,70 .00 1,90 a.ae
2,50 1.80 4,00 2,20 +.,00
R A
- 0O 1390 D e 0 Sl . 0
teo 2:00 5&66 3128 055
4,50 2,10 5.70 4,75 5,60
5.00 2,30 5.80 5.25 5.70
5.50 2,70 5.90 5.75 .80
5,60 2,80 5.95 6.05 5+90
5.70 2,95 5.97 6.30 5.95
5.80 3.15 6.00 6.50 .00
5.90 3.5 6.02 6,62 6,02
5.9’* 3'65 6¢05 6.95 6'05
5.98 .00 . 6,08 7420 .08
6.00 7.25 6,10 7.30 6,10
6.05 7.75 6.20 7.72 6.20
6.10 8.15 6.32 7.95 6.33
6.15 8.50 6.k 8.07 6,
6.33 9.05 g 6060 8035 60&)
6, 9.0 " 6.70 8.50 6.70
6.50 9,65 6.80 8,62 6.80
6.60 9,80 7.00 9.20 6.90 :
6.70 10.05 7.20 9,80 7.00 )
6.80 10,30 740 10.30 7.20 10,10
7.00 10.50 7.60 10,55 740 10.55
7.20 10,65 7.80 10,85 7.60 10,95
740 10.85 8,00 11,00
7.60 11,00

|
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Table VB
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M

Ve = 50 ml,

33 ég‘ .
= 0.002M

L]

t

0.2M

TfMDA = 0,002M Ti = 0,002M

0.2M

N

0.02M

Be =

0.024M

*5o =

Cd,IMDA,Proto-

catechuic acid

Vol ,of

Zn IMDA, Proto-

*Protocatechuic
acid

catechuie:aeid:

Vol,of

B

B

Vol.,of

alkali

alkali

alkali

(in ml,}
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ml,)
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Table VB 5,1b

B,fﬁg, n, log(l-n)/n, pL and pL-log(l-n)/f data of Zn.TMDA, catechol
system - 30°C,

B ny A y™m o ym.y" 7 log(l-n)/n  plL.  pl-log(l-n)/n

7.80 1.9%, 6,06 6,19 0,13 0.13 0,81,  7.63 6.81

7.90 1,93¢ 6.07 6,26 0.19 0.192 0.61, 7‘473 ,64853
8,00 1,92, 6.08 6.33 0.25 0,25, 0.45% 7.323 6,86,
8,10 1,905 6.09 6,11 a.ag 0'33“ 0.294 ZJd%s 6,84
8,20 1.88 6,10 6.50 o,k 0.k, 0.1%; 7.035  6.89,
8,30 1,86 6,12 6,56 o4+ 0,47, 0.052 6,892  6.84y
8u% 1u8{§‘8 6o1’+ 6.6}*' 0.50 eo539 1»932 6-319 6;88?
8.50 1.81¢ 6.15 6,70 0.55 0.60y 1.8l 6,62¢ 6.81,
8.60 1.79, 6.18 6,78 0.60 0.66, 1,695  6.55,  6.85,

103Km = 6-81*: 6005 ’

Table VB 5,2b

B, fiyy B, log(l-n)/n, pL and pL-log(1l-n)/n data of Zn,IMDA.pyrogallol
system - 30°C,

i
i

B EH A y"m  ym.y" 7 log(l-n)/n pL pL~1og(14ﬁ)/ﬁ;
2.70 1.90s 6.10 6.30 0,20 0,20 0.57 6.80 6.22,

7:80 1.88¢ 6.11 6.36 0.25 0.28)  0.39, 6.680  6.283
7.90 1.85¢ 6.13 6,47 0.3: o.g&: 0.24% 6,53,  6.29,
8,00 1.84%, 6,15 6,55 0. 0.k 0.10¢ 6.41, -

8,10 1.80, 6,16 6,61 0.45 0,495  0.00; 6.28¢ 6,284
Sy 1% &30 Gsf 0B 0Ee IE Gnm ekl
8180 1.71; 622 675 o0.57 0.66, I.70¢ 5.915  6.213



B, fiyy B, log(1-A)/R, pL and pL-log(1-%)/h data of 2Zn,IMDA,prof

Table VB_5,3b

catechuic acid system - 30°C,

B Hy y* ym  ym.y" n log(l-n)/m pL pl-log(l-n)/n
7:66 1.9}‘ 6:52 6065 0.1 0.132 6081 8'63

7.70 1,93§ 6;;& 6,71 0.1% o.1gu e.ékz 8;47§f

2.80 1,935 6.5% 6,80 0.26 0,26 0.4, 8,324

7.90 1,g o 6.56 6,89 0.33 O.age 0.28g 8,183

8.00 1.88, 6.58 6,96 0.&8 0.%0, 0.17¢ 8.635;:

8.10 1.8%, 6,60 7.02 0.k2 o0.45, g‘.%s 7.884

8,20 1.80, 6.61 7.09 o0.48 0,52, 1.95; 7.76y

8.30 1,76, 6,63 7.81 0.55 0.61g 1,79 7.674

|
i

LogKy,; = 7.83 + 0.0%

Table VB F,4b

B, Ny, 1, log(l-n)/m, pL and pL-log(1l-R)/n data of 2Zn.IMDA.2,3-
dihydroxynaphthalene system - 30°C,

B 7 y* o ym  ym.y" [ log(l-n)/n  pL  pl-log(l-n)/m
7.30 1.932 6.06 6,20 0.,1% 0.,1%  0.774 9.2 8.43
7.30 1,91, 6,07 6,26 0.19 0.19g  0.60, 9',663 8.%5?7
7.50 1.89, 6.09 6.35 0.26 0,27, 0.H2;  8.91, a;.#g,
60 1.87, 6.1 6.%3  0.32 0.3%, 0.28¢ 8.,77>  8.48;
7.70 1,85, 6,12 6,49 ﬁ.a? e;.a% 0.17, 8.62¢ 8,44y
7.90 1,792 6,16 6,63 0,47 0,52, .géa 8.365 8,40
8.00 1,77 6,18 6,71 0,53 0.595 1,833 8.26; 8.3,

1

logKy,; = 8.W+ + 0.05
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Table VB 5,lc

B, Eﬁ,"ﬁ, log(1l-n)/m, pL and pL-log(l-N)/n data of Cd,IMDA,catechol

- system - 30°C,

———

log(l-n)/n
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logKy,; = 5. + 0,08

Table VB 5,3¢

B"ﬁg? n, log(l-n)/n, plL and pl-log(l-n)/n data of C4,IMDA,proto-

catechuic acid system - 30°C,

pL-log(1-R)/A

pL

log(l-n)/n
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LogKy,r = 6.3% + 0,05



B, By, §, 1og(1-8)/H, pL and pL-log(1-A)/R ﬁata of c, IMDA.2,

Table VB 5, k¢

;?f.éihyarexynaghthalene system - 30°C,

" v | vH _.yﬂ n 10%(1_3)/5 pL

B ‘ﬁa 7

7.80 1.82, 6,1% 6,24+ 0,10 0.10, 0,912  8.27y

7.90 1,792 6»16 6.30 0.1% 0,155 0.73¢ 8.115

8.10 1,713 6.20 6,41 o, 21 0.2, 0.49, 7.81?

8.20 1,673 6,22 6,46 0.25 0.29, 0.3%, 7.68¢

8.&2 1,633 6.25 6.55 0,30 0,365  0.2% 72 9
8.50 1.51, 6.30 6.68 0.38 0.45, 0, 00, 7.371 72.3%7

logK,, = 7.3% + 0.03
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Table VB 6,0
EDTA
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Table VE 6,4
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»
o

|

K

Ve = 50 ml,

N = 0.2M

E® =

1o = 'c.qaam  ,1

$§BTA = 0.002M Tﬁ = 0,002M

0.02M
0.024M
*2,3-Dihydroxy-

*oo =

naphthalene

Zn EDTA,2,3-Dihydroxy-
naphthalene
Vol,of

Vol ,of
- alkali

naphthalene =

Vol,of B

B

B

alkalil

o)

in ml

o)

in ml,

s

alkali

(in ml,)
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Table VB 7,1b

B, Ty 7, 10g(1-R)/A, pL and pL-log(1-A)/A data of Zn,EDTA,catechol
system - 30°C, -

-

B Ty " VM ym.y® 7 log(l-n)/n pL meleg(l..?a)

9.80 1.15 6,50 6,60 0,10 0,16, 0.69, b 4l, -
9'9ﬁ 10115 6-56 6168 ﬁ.lg v G‘zlo 6;275 ¥i3lg “3§7%&;
10,00 1,083 6,58 €.71 0.13 0,25, 047, 4,237 3.76,
10,10 1,043 6,61 6,76 0,15 0.28) 0,405 k11, 3.7y
110,20 1,007 6.65 6.81 0.16 0.31,  0.3%5  .0% 3,704
10.3¢ 0,99, 6.69 6,87 0,18 a.aga 0,263  3.970  3.70,
10, 956 6.75 6,95 0.20 0,50, 0,15, 3.90. 3,744
10.50 0.9%, 6.8 7,01 0,21 o0M43¢ 0,11y 3,86  3.75,

logk,,; = 3.73 £ 0.03

Table VB 7,.3b

B, EH’ N, log(l-n)/n, pL and pl-log{l-n)/n data of 2Zn,EDTA,proto-
ecatechuic acid system - 30°C,

B T A y™ ym.y" n  log(l-n)/n pl  plL-log(l-n)/m
9.70 1,20, 6,84+ 6,96 0,12 0,19¢ 0,61 5.36¢ 4,755
9.80 1,18, 6,86 7,00 0,1% 0,23, 0.513 5276 %.753
9.96 1.16u 6087 790 9'16 01273 3agat 5:191 %o76§k
10,00 1,145 6,88 7,06 0,18 0,30 0.3%  5.105 4,75
10.10 1.124 6.92 7.12  0.19  0.33, 0,305 5.0y 4,71,
10,20 1,08¢ 6,96 7.17 0,21 0.37s 0.215  L,9%2  W,72¢
10,30 1.04, 6,98 7,21 0,23 0,43, 0.124 4,87, 4,752

logK, ;. = .74 + 0.03
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Table VB

B,dﬁﬂ,iﬁ, log(}éﬁ)/ﬁ, pL and pl-log(l-n)/n data of Zn,EﬁTA;2i3~~

dihydroxynaphthalene system - 30°C,
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Table VB 7,1¢

B, B, 7, log(1-H)/h, pL and pL-log(1-B)/% data of CA.EDTA.ca
system - 30°C, -

3

=

1

bad

o
oy
s

ot

A

2]
et

B EK yn VAT VAL Al ‘ﬁ | log(l-?'ﬁ)/?l }ﬂg

10,00 1.08, 6.58 6.68 0.10 0.180  0.655 .19y  3.53;
10,10 1.0%; 6.61 &y 02 oad 5 wady 3Eh
10,20 1.00, 6,65 6.7 0.13 0.255 0.7l Wlol,  3.B4)
10,30 0,99, 6.69 6.83 0.1% 0,27, 0,423 3.9, 3.hg
10,k0 0.95¢ 6.75 €.91 0,16 0,32, 0,313  3.84 30530
10.50 0.9%, 6.80 6.98 0.18 0.37;  0.225  3.77¢  3.55y
‘IOQKMQL = 3,53 # 0,04
Table VB 7.3¢
catechuic acld system - 30°C,

B By  ¥Y" V™ ymay" R log(1-H)/A  pL  pl-log(1-R)/A

1.16, 6.87 €,99 0,12 0.202  0.59¢ S.11lg .52
10,00 1,145 6,88 92,02 o0.,1% 0,2% 0,50 5.06, .55
16010 1.125 609% 7‘(}8 6015 01262 0‘}“’}“*'9 }*'*97‘ “-522
10,20 1,08 6.96 7,13 0.17 0.30, 0.35; .89,  4.54
10,30 1,04, 6,98 7.17 0.19 0.35¢ ' 0,25, 4,82, 4,56,
10.50 1,005 7.08 7,30 0.22 o0,k3; 0,11, 4,67y 4,55




Table VB 7,kc

B, n g, n, log(l-n)/n, pl and pL-log(l-n)/n data of Cd, E}D‘Xf& 2
]dihyﬁroxynaphthalena system - 30°C,

B B, ¥" O ym ymoy" R log(l-n)/A  pL

9.80 1.045 6.47 6,56 0.03 0,165 0,69

9.50 1,045 6,49 6,60 0,11 0,20¢ 0,585
10.00 1.025 6,50 6.62 0.13  0.2%  0.47,
10,10 1,005 6,51 6,66 0,15 0.29; 0,38
10.20 1.003 6.52 6,69 0.17 0.332  0.30,
10.30 1.03 6.;& 6,72 0,19 0.37. 0.28,
10.k 1.90 6. 6,75 0,21 0,11, 0.15¢
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