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Histidine, IMDA, NTA and EDTA are known to form
complexes with a large number of metal ions‘}'8 They are
Stable and do not dissociate at’higher pH?, Histidine .
exhibits bi or tridentate character}o coordina;iﬁ; taking
place from C00~ and from nitrogen of the 1midazoie or two
nitrogens from both imidazole and amino groups, IMDA

11

behaves as a tridentate ligand,” coordinatio® tsking place

from the nitrogen and two carboxylate oxygens—2
NTA behaves as a tril3 or quadridentatelh"ligand,
coordination taking place from nitrogen atom and two or
three CBO.'groups,Nrespectively. EDTA mostly exhibits
quadridentate charaqter}s coordination taking place from
two nitrogen atoms and two COO, The 1:1 complexes of these
multidentate ligands are stable at highcr pH, remaining
coordination positions around the metal lons being occupied
by water molecules, 4 secondary ligand can replace the
water molecules to form mixed ligand complex MAL , where
A = Histidine, IMDA, NTA or EDTA, The reaction can be

represented as follows :
pu] + L Pu]
. _lu]
s ™ Fdre]

Mixed ligand complexes containing such charged

primary ligand ions have been studied by earlier wcrkerss’16’17

, as detailed in chapter I,

"No work has been done on mixed ligand complexes. of

M-Histidine, MsIMDA, M-NT4 and M-EDTA with polyphenols.
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4 study of such systems EMAﬂ] has been carried out in the
present investigation., 1In the [MAL] systems studied,

M = Cu(II) or Ni(II) and A = Histidine, IMDA, KTA or EDTA
and L = catechol, pyrogallol, 2,3-dihydroxynaphthglene,

" protocatechuic aecid,

1.
2,
3.

Essentigl conditions required for the formation of

the above type of complexes is that [MA] should be formed

at low pH and must be stable at higher pH where the combination

of the secondary ligand takes place, The conditions are

obeyed by the systems undertaken for the study, -

Determination of mixed ligand constants

The reagents and instruments used were same as
detailed in previous chapters. For studying the ternary

systems following solutions were prepared :
For Histidine :

0.02M HC10y , 0,002M Histidine, 0.178M NaClO,, '

0.02M HC1Oy , 0.002M HC1Oy, 0,178M NaClOy.

0.02M HC1Oy ,,0.002M Histidine, 0,002M metal perchlorate,
0.176M NaClOy,

0.02M HC10y , 0.002M HClOy, 0.002M secondary ligand, 0.176M
NaClOy . - ;
0.02M HC10y , 0,002M Histidine, 0.002M metal perchlorate,
0.002M secondary ligand, 0.174M NaClOy. ‘

For IMDA

0.02M HC1lOy, 0,002M IMDA, 0.178M NaClO,.

0.02M HC10y, 0.004M HC1O0,, 0.176M NaClOy,

0,02} HC10y, 0.002M IMDA, 0.002M metal perchlorate, 0.176M
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NaCloOy,
0.02M HC10,, 0.00%M HC1Oy, 0,002M secondary ligand, 0.174M
HaTl0y.
0.02¥ HClOw, 0.002Y IMDA, 0,002M metal perchlorate, 0,002H
secondary ligand, 0,174M NaClOy.

For NTA

0.02M HC10y, 0.002M NTA, 0.178M NaClO,.

0.02% HC10y, 0.006M HC10y, 0.174M EaClOy,.

0.02M HC1l0y, 0.002M NTA, 0.,002M metal perchlorate, 0.176M
NaCloy .

0.02M HC1Oy, 0.006M HC10y, 0,002 secondary ligsnd, 0.172M
WaClOy .

0.02M HC10;,, 0.002M NTi, 0.002¥ metal perchlorate, 0.002M
secondary ligand, 0.174M NaCl0,.

For EDTi

0.02M HC10y, 0.002¥ BEDTA, 0,178M WaClOy.

0.02¥ HC10y, 0.00%M HC1Oy, 0.,176M NaClOy.

0.02¥ HC10y, 0.002M EIDTA, 0.002M metal perchlorate, 0,176
NaClOy.

0.02M HC10,, 0.004M HCLOy, 0.002M, secondary ligand, 0,174
Mall0y .

0.02M HC10,, 0.002M BEDTA, 0,002M metal perchlorate, 0.002M

secondary ligand, 0.174M HaCl0,.

Total volume was made upto 50,0 ml, and ionie
strength y was maintained 0,2¥. Bach of the above saﬁples
was titrated against 0,2M NaOH, The plo£ of pH against
volume of alkali have been presented in figs, V1 to V 3,

V7 to V1, V23 to V30, and V 39 to V 44,
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The horizontal distance between the curves (1) and
(3) in the above figures is maintained almost constant at
high pH showing that [ﬁ - 4] 121 complex does not dissociate
at higher pH, {yz* + & + g}curve (5) is not below the
[ - A} curve (3) in the lower pH range, This is an evidence
that in this range where M>* and A™™ 1:1 complexation
takes place, the polyphencls do not combine with metal ion,
In case of protocatechuic acid (MAL) . curve shows separation
from (MA) curve at lower pH due to the self dissociation
of carboxylic group, even though the ligand coordinatés:
with the metal at higher pH, After pH ~ 6.5 curve (5) goes
below curve (4) ( secondary ligand + extra acid corresponding
to COOH group present in the primary ligand), This confirms
that in this range polyphenois and phenolic acid coordinate
with MA resulting in the liberation of extra u* ions.

In case of \M-IMDA] system coordination of
secondary ligand starts slightly before the complexation
of 1:1 M-IMDA complex, However, above pH ~— 6.5 formation
of 1:1 M-IMDA complex‘is complete and the horizontal
distance between curve (4) and (%) is due tﬁ\the liberation
of extra hydrogen as a result of coordination of secondary

ligand with M-IMDA ,

The additional hydrogen lons liberated due to
coordination of secondary ligand can be determined from
the horizontal distance between curve (5) and the secondary

ligand curve (4), because in the secondary ligand samples,
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equivalent amount of extra perchloric acid corresponding

to the number of COOH groups in the primary ligand, have
been added to compensate for the hydrogen ions 1iberéted

by the combination of M?+ with primary ligand in the

Eﬁ@ﬂ solution curve (5), The horizontal distance

between curve (%) and (5) is used for calculation of 1n ,
where T is the average number of secondary ligand éolecules

associated with one [MA] . The equation applicable for

the calculation of T will be same as in binary system.

(Vreaym [N + Bo 4+ Tf. (Y - EH):]

1y o
(Ve + V7 )nH TM

o]
I

T = concentration of (Ma] , whicn is equivalent to the
concentration of metal salt used, 1In the above egquation
V" and V"t are the volumes of alkali gdded to reach the

same pH in the secondary ligand curve and in mixed ligand
curve, resvectively, pl values were calculated using
equation given in chapter II; Formation constant values were
obtained by plotting plL against log (I-A)/n using linear

plot method, The values have been presented in tables

V5t V7 V13 to V20, V26 to V 33, and V 39 to V 4,

In case of [Cu,Hist, L] and [Ni.Hist,Protocatechuic
acid] and [Gﬁppev(xr)..,EDTA Protocatechuic acid] systems the
method could not be applied because the coordination of
secondary ligand starts before the formation of [Ma] 1:1
complex is complete, .In the system [ﬁi.BDT&,Pyrogallol] y
calculations could not be possible because the separation

between curve (4) and curve (5) is very smgll.
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It 1s observed that in all the four cases
(Histidine, TMDA, NT4, and EDTA) in the ternary systems
studied, phé order of formation constants corresponding to
the association of polyphenols and phenolic geids with [M@]‘

is same as in the binary metal and pyrogallol, catechol,

2,3-dihydroxynaphthalene or protocatechuic acid systems}8‘20

This can be explained as in the earlier chapter II, Observation
of the values reported in the table V 45 and V 46, show

that the K correspondim to the association of the secondary

MAL
ligand with Ni, Histidine is less by 0.81 than the first

formatlon constants K corresponding to the association

MLy ?
of the polyhyﬁroky phenolic ligand with metal lon, In case

of the coéplexes of Cu, or Ni, and IMDA with polyphenols

the X values are lesg than KML, by 2,0-%,0 log units,

MAT

In cagse of Cu NTA and Wi, NTA chelates the K values

MAL
‘are less by 1.9 - 6.0 log units than the first formation

constant KML’.

values agre zlrc less than X

InuCu ,ERTA-add Ni,EDTA chelates, KMAL

MLy yégggs by 3.0 - 7.0 log

units, K, values are even less than Ky, ,the second

MAT, A

formation constants. This may be explained to be due to
the coulombic repulsion between the charged primary ligands,
[Bistiaing)™®, (o], [mrd™3 or @;ng‘” and  the
incoming secondary ligand L"2. This repulsion is greater
than the repulsion bétween the first polyphenolic ion and
the second bolyphenolic ion during the.formationiof MLo

in the binary system, KX is, therefore, even less than

MAL
KMLg .

. that
An observation of table V 45 .shows, the order is

A
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2+

s mi This is in agreement with the Trving-williams

2 .
order.l The order of the mixed ligand formation constant

KMAL is

Kymist.n > Sworwar ¥ Fuwrar > Fuledraln

This csn be explained in terms of electrostatic repulsion
and steric hinderence, As the charge on the primary ligand

goes on increasing the repulsion Gn the incoming secondary

MA

ligand dis much and hence the value of YQEL

goes down,

It is, however, observed that though formation

constants of copper complexes differ from the formation

E

constants of nickel complexes by 5.1 log units in the above

Kep.an ~ Bwiat

less where A = NTa or EDTA, This observation can be

binary systems, but the difference is
explained in terms of Jahn-Tellor distoz?tion%2 Cu(II)
complexes (d9 case) are more stable than Ni(II) chelates

(a8 case), because Jahn-Tellor distortion brings in
additional stability in copper complexes, Ligands along

7Z axis are at a greater distance than those in the equitorial
plane, It can naturally be expecfed that in this elongation
distortion, the incoming lizand which has to occupy the
position along Z axis, will be losely held by the metal

ion, The formation constants corresponding to the association

of that lizand will have a lower wvalue,

NTA acts as a tril3 or tetradentatel#, EDTA is

tetradentate%5 As such NTA must-be occupying three

4th~ee
positions and EDTA four positions around Cu(II) ion, in
n
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Xy plane, The secondary ligand has to occupy the remaining
positions, one necessarily along Z axis., In the absence of
Jahn-Tellor effect, in case of Ni(II) complexes)ligands
along the 7 axis arelheld at the same distaﬁpe as those
along the xy plang,whereas in distorted Cu(II) complex the
secondary ligand has to span more, This is the: meason why
Kou.a.z CuiJL T
less than in compounds of binary systems,

Kors . is
Ni.A.L

is less agnd the difference K
In case of ternary complexss where histidine or
IMDA are the primary ligands, théycoccupy two positions
in the equitorial plane, Thus two positions in the
equitorial plane are avallable for the secondary ligand,
It has not to occupy positions along the axial direction,

Thus KCu AL is not lowered down,
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Table V
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. N
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30°c,

t
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30°C,
@ = 0.002M

t
0.002M T

0.2M

naphthalene

Vol,of
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(in m,)

Thist

7]
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e
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Table V 5

B, Ny N, log(1-n)/n, pL and pL-log(1-n)/n data of Ni.Hist,
catechol system -~ 30°C,

B EH A vmo ym.y" 7 log(l-n)/n  pL pL-log(l-n)/n
7090 1-936 5.50 5-61 0.11 00112 00890 ’70399 -
8,00 1,92, 5.50 5.63 0,13 0,264 043¢  7.234 6.802
8,10 1,905 5.50 5.67 0.17 0.353 0.265 7,12, €.85q
2,20 1,88 5.50 5.71 .  0.21 0.4, 0.104 6.91, 6.81y
8.30 1.86g 5.50 5.76 0.26 0.55>  1.904  6.73 6.824
840 1.4 5.52 6,82 0.30 0.63, 1.75s% 6,584 6,83,
8.50 1.79> 5.53 5.86 0.33 0.72a 1.57 6,405 6.835
logKy,, = 6.82 +0.03
Table V 6

B, HH, n, log(1l-n)/n, plL and plL-log(l-n)/n data of Ni,Hist,
pyrogallol system - 30°C,

B HH A ym  ym_y" 7.  1log(l-n)/n pL pl-log(l-n)/m

2,10 1.80p 5.56 5.85 0.29 0.31g  0.33y 6,04, 5.712

2,20 1,78, 5.58 5.90 0.32 o.as; 0.254 5.96> 5.702

8.30 1.75 5.59 95.97 0.38 0.42¢ 0.12, 5.82y 5.69%

s.k%0 1,71, 5,60 €,00 o0,%0 o0.465 0.06g 5.708 5.642

8-50 10680 5062 6'08 O.)+6 O.535 _1-'93() 5-526 5058?

8.60 1.61¢ 5.65 6,12 0,47 0.57, 1.875 541, 5¢938
logKy, = 5.66 + 0,08
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Table V

vz

B, Ny, 0, log(l-n)/n, pL and pL-log(1l-n)/n data of Ni,Hist,

2,3-dihydroxynaphthalene system - 30°C,

pL-log(1l-n)/n
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n
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1=

log(1l-n)/n
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30°C,
Ni . IMDA
Vol,of
alkall
in ml,)

t
B

Cu,IMDA

0.2M
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[
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Table V 8

Ve = 50 ml,
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30°C.
Ni,IMDA,Catechol

t
Vol,of
alkali
(in ml,)

0.2M
= 0 =
TEMDA 0.002M TM 0.002M
B

K
Cu,IMDA,Catechol

(in ml1,)

Table V
Vol.of
alkali

Ve = 50 ml,

B
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*
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[
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30°C,
Ni.,IMDA,.Pyrogallol

Vol,of
alkali
(in ml,)

t

0.2M

TfMDA = 0.002M Tﬁ = 0,002M
B

V1o
M

Cu,IMDA,Pyrogallol
(in ml,)

Vol,of
alkali

Table
Ve = 50 ml,
B
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0.02M *E° = 0,02u4M
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Pyrogallol
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L
*
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30°cC,
ﬁ = 0,002M
naphthalene
(in ml,)

t

N 0.2M
4 =
TIMDA 0,002M T
B Vol,of
alkalil

s )

naphthalene

Vol ,of
alkalil
(in m1,)

Table V 11
Cu,IMDA.2,3-Dihydroxy- Ni,IMDA.2,3-Dihydroxy-

Ve = 50 ml,
E° = 0.,024M

*
B

0.02M
0.002M

0.2M
3-Dihydroxy-

b4

naphthalene

o =
L
,*2

N

Ee =

T
Vol,of
alkall
(in ml,)
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30°C.
B

Ni ,IMDA,Proto-

t

catechuic acid
(in ml,)

Vol,.of
alkali

0.2M

B

- Q0 =
TfMDA = 0,002M TM 0.002M

u

S

catechuic acid

Table V 12
Cu ,IMDA,.Proto- -
Vol,of
alkali
(in ml,)

Ve = 50 ml,

0.2M
0.002M
acid

E® = 0.02M “E° = 0,024M

. Protocatechuic-

N
L
*
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et e o

B, Ny, B, log(l-n)/n, plL and pL-log(l-f)/n data of Cu,I™Da,
catechol system - 30°C,

t

B By v" O ¥y™m yM_y" §  log(l-A)/A . pL pl-log(l-R)/A
6,40 2,00, 6,00 6,13 0.13 0,12 0.86 10.30 9
6.50 2.003 6,00 6,17 0,17 0.15; 0.722 10.22: 9.%93
6.60 2,00, 6,00 5,20 0,20 0,184 0.64%y 10.035 9.3%
€.70 2.00, 6,00 €.,25 0,25 0,23 0.514 9.962 9 e,
€.80 1.98, €,00 6.30 o.&o 0.28, 0.141, 9.793 9.383
6,90 1,98, €.,00 6,50 o0,%0 0.40, 0.17, 9.57;3 9.403
7.00 1,98 6,00 6,50 0,50 0.504  1.99: 2.400 9.405

logKy, = 9.42 + 0,07

Table V 1%

B, Ty, 0, log(1-n)/n, pL and pl-log(l-n)/n data of Cu,IMDA.
pyrogallol system - 30°C,

B BH A VMo ymoy" n log(l-n)/mn pL pL-log(l-n)/n
€.20 2,00, 6.00 6,12 0,12 0,11, 0.894 92.71a 8.82,
6.30 2,00, £€.00 €,18 0,18 0.16, 0.69, 9.5%s 8.85,

6, %0 2,00, 6.00 6,20 0.20 0,18¢ 0.6%, 9.455 8.81,
6.50 2,00, 6.00 €¢,28 0,28 0,26, 0.45, 2.30% 8.84,
€.,60 2,00, 6,00 6.40 0,40 0.373 0,225 9,07, 8.8%¢
6.70 2,00, 6,00 €45 o045 o0.k2, 0.1%5 2.90g 8.76g
6.80 2,00, €.,00 6,52 0.52 0,48 0.02¢ 8.80¢ .78
6-90 2.000 6.00 6.55 0-55 o-)+9)+ 0-010 80700 8'690

logk = 8,81 + 0,09
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Table V 15

By Dy, N, log(l-n)/n, pL and pL-log(l-n)/m data of Cu,IMDA,
243-dihydroxynaphthalene systaen - 30°C,

-—. >

R EH AL vmo yMm.y" n log(l-n)/n  pL pL-log(l-n)/n
6.00 2,00, €.,00 6.13 0.13 0.13, 0.82 11,74, 10.91
.10 2,00, €,00 6,16 0,16 0,16, 0.723 11.55, 10.83,
£€,20 2,00, .00 6.25 0,25 0.25, 0.47, 11.%04 10.93,
6.30 2,000 €.,00 4,30 0,30 0.30¢ 0.36a 11,23, 10.87,
€50 2,00, €.00 6.&5 o.as o.aso 0.26p 11,07, 10.205
.50 2,000 %.,00 6,hc o0,k0 o0.%0, 0.17¢ 10,90p 10.83;
€.60 2,00, £.00 €.,5% 0.5% 0.5%,  1.9%, 10.81, 10.864
6.70 2,00, 6,02 6,58 0,56 0,560 1.895 10.730  10.8%,

logK = 10,86 + 0,07

Table ¥ 18

By Ny 0, log(l-n)/n, plL and pL-log(l-n)/n data of Cu.T¥Da,
protocatechuic acid system - 30°C,

B BH VAl ym o ym_y" 7 log(l-n)/n pL plL-log(l-n)/n
€40 2,000 6.50 6.5 0.15 0.1k 0.760 11,02, 10.26,
6,50 2,000 €.50 6.70 0.20 0.194 0,60, 10,84, 10.2%,
6.60 2,00, €.50 6€.77 0,27 0.25, 0,43, 10,68, 10,24,
6.70 2,00, 6.50 6.,°% 0.&5 0.3%¢ 0.27¢ 10.,%6 10,26,
€.80 2,00, 6.50 6,90 0,40 0.396 0.18, 10.364 10.18¢
6.50 2,00, 6.50 6.96 0,46 0,455  0.07, 10.2%  10.16,
7.00 2,00, €.,50 7.06 0.96 0,555 1.90y 10,104 10.19,
7.10 2,00, €.50 7.14% 0,64 0,.€3; 1,76, 9.932 10,17,

logKy,r = 10,22 + 0,06
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Table V_ 17

g a )

By Dy, 0, log(l-n)/n, pl and pl-log(l-n)/n data of Ni.T™Da,
catechol system - 30°C,

B n, A ym o ym_y" 7 log(l-n)/n pL pL-log(l-n)/n
8.40 1.84, 6.1% 6.27 0.13 0.1% 0.78 6,49 5.70¢
8.50 1.81y £.15 ¢.33 018 0.19n  0.40,  6.33: 5.7
8,60 1,79» €,18 6,50 0.22 0,244 0.485 6.19 5.702
8.70 1.7%, 6.20 6.46 0.26 0.29a  0.372 6,0%s 5.67,
8.80 1,714 6,23 6,52 0.29 0.337 0.29, 5.902 5.604q
2,90 1,67, 6,25 6,59 0.34+ 0,004 0.16; 5.784 5.625
9.00 1,56, 6.28 6.65 0,37 0,47,  0.044 5.682 5.635

logKy,, = 5.66 + 0,06
Table V18
B, Ny, N, log(l-n)/n, plL and pL-log(l-n)/n data of Ni.IMDA,
pyrogallol system - 30°C,

B EH " ym  ym_y" 7§ log(l-n)/n pL pl-log(l-n)/n
8,00 1.84, ¢€,15 6,26 0,11 0.11, 0.87x 6,10, 5.22,
8.10 1.80, 6.17 €.29 0.12 0,13, 0.81, 6.030 5.21¢
8.20 1.78, 6.19 6.35 0,16 0,17, 0.€5, 5.875 5.22,
8.30 1.75» 6.21 6.39 0.12 0,204 0.58¢ 5e75n 5.16¢
g.ko 1.71, 6,22 6,k5 0,23 0,265 0.434 5.584 5.15,
R.50 1,68, 6€.25 6,56 0,31 o.aéq 0.23, 5.40, 517,
.60 1.61¢ 6.27 6.62 0.35 0.43; 0.12, 5.28, 5.164

logKy,y = 5.18 + 0.0%
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Table V 19

B, ﬁﬁ, n, log(l-n)/n, plL and pL-log(l-n)/i data of Ni,IMDA,
2,3-dihydroxynaphthalene system - 30°C,

. B ng v ymo o ym.y" n log(l-n)/n  pL pL-log(l-n)/n
8,00 1,77 6:18 6,40 0,22 0,24 0.48, 7.88, 7.40¢
8,10 1,713 6,20 6.M45 0.25 0.29y ' 0.38¢ 7774 7.388
8020 10673 6u22 6.50 0.28 0033ui 0-29q 7¢707 70 98
8.30 1,633 6,25 6.55  0.30 0.367 0.23s 7.6, 7.384
8.%0 1,55 6,28 6,60 0.32 0,H1, 0.15, - 7.474 7.32y
8,50 1.51, 6.30 6.65 0,35 046,  0.06¢ 7.4k, 74379
8.60 1.43, 6.33 6,70 " 0.37 0.5l 1.972 - 7.315 7.3%,
8.70 1.39 6.35 6,74 0,39 0.55 1.89,  7.24; 7 .33
lchMAL ha 7-38 i‘ 0.09

Table V 20

"B, iy, 0, log(l-n)/n, pL and pL-log(1-n) /0 data of Ni.IDa,
protocatechuic gcid system - 30°C,

bd

B ‘EH A vm o ymoy" @ log(l-n)/m plL pl-log(l-n)/n
8,10 1,8+, 6,60 6,70 0,10 0,10, 0.924 7.674 6.75¢
8.20 1,800 €.63 6.77 0,1k 0,15, 0,743 7.5l 6.773
8,30 1,76, 6.65 6,82 0,17 0,19 0.62% 7.35¢ 6.730
8.0 1.72, 6.67 6,90 0,23 0,26, 0.4y  7.22, 6.775
8.50 1.680 6.68 6'95 0027 0.318 0-33, 7-080 6-749
8,60 1.600 6.70 7.00 0.30 0“370 o.2ag 6.95, 6.722
8.70‘ 1.560 6073 7-06 Oc33 Oe 1? 001 5 6.822 6067?
8.80 1.525 6.75 7.13 0,38 o0,kg, 0.015 - 6.732 6.722

[
o}
g
.éﬂ

6,74 + 0.07



®\

a\

CD

01

00

19

30°C.

1Cc

*C

CD

w» r.naph.system -

rH 8 O
CM M CO

.
ho n”

=

fou0

ESC

'*5. |

o
-C =
1 <
VJ (o]
<n P
-2 g
P
<«
CM %
cM H
M
- M
tm w

t—!

0 04700

48 2%

a_

00

<«

fp

cp

VS



125

Y i ey

Table V 21

3o0°C.,

t

0,24 Ve = 50ml. g = 0.2M

N

B

Ni,.NTA

(in ml,)

0.002M
Vol,of
alkali

°
M

B.

(@)
~

= 0,002M T
Cu,NTA

Vol,of

alkali

(in m1.,)

-]
Ty

B

0,026M
NTA
Vol.of
alkali
(in m,)

*mo =

B

50&000500500 CoOOoOMINOOWNININOO QO
k5 NO\HeAH T WNNON 720 913%#567890
® o & 9 & @& o o o ¢ ° 0 0 L ® ® o o & & ¢ o = O
11111222223333#9990000000001
et~ A A

0.02M
Perchloric
acld

(in ml,)

Vol,of
alkali

E° =
*

ooMmQooQoomownmnooonod o ofoloXo
NNV RO HTFT N0 ONSF N0 O IN D

Qo
o
e 5 5 5 5 9 0 0 0686 6 06 5 5 5 0 0 5 0 0.9 0 5 @
o
(!

HretHHANNANN N YNNGt 0 OOV

[oXe N OO OoOWNoNnNoN

>0 0 oWnN OOoOWMOOOWVMQOWMOO

® 6 5 © 06 0 5 5 0 0 0 % 5 0 & 8 5 5 9 0 0 5 P s s @

000000500 8050500500006
65505 0Wn 0123%5% .&ﬁﬂﬂﬁ£900123%51
[ ] [ ]

L J LJ L d L [ ] *Te
O~ 3\45566666666666666666 [ s s o o o L

(o] NN OOOOoOOoOWN 05555000000 N\ o (o) 2 Yo XoXe]
5&6703891 79380357912%5791%55790
® & ®» e & o6 & ¢ ©° > o S ¢ & * o » ® 8 & & o & o S o ¢ 9 o o
111122223333&7888889999990000001

A e
COQOOOOOOOOONOINONY OO 0&0050006
00ﬂ00056789900011223 N0 NOOONO =
e o [ ] ..0......-
0123%555555566666666666666666777

[cYoXsYoRaNSRTo 012 67788990011
® o & o & * . LJ . ® o o o *» @ & * 9 © o
O\ 35566666666666666666 [0l SN




126
30°C,
0.002M

0 =
M

t
Ni NTA,Catechol

0.2M

= 0,002M T
Vol,.of
alkalil
(in ml,)

Table V 22
K
TNTA
Cu,NTA,Catechol
B
(in ml,)

Vol,of
alkali

Ve = 50 ml,

E° = 0,02M TE°® = 0.026M

T

B

0.2M
i = 0,002M
%
Catechol

N
Vol.of
alkali
(in ml1,)
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30°C.
0.002M

-
-

o
M

Table V 23
Ve = 50 ml, T 0.2M t
TﬁTA = 0,002M T
Cu ,NTA,Pyrogallol Ni.NTA.Pyrogallol
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0.002M

*Pyrogallol

o
L
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N
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Table V 24

30°C,

t
= 0 =
TﬁTA 0.002M TM 0.002M

0.2M

Ve = 50 ml, H

0,2M

N

0.02M 'E° = 0.026M

E° =

o =
TL 0,002M

naphthalene naphthalene

Cu,NTA,2,3-Dihydroxy- Ni,NTA,2}3=Dihydroxy-

- *2,3-Dihydroxy-
naphthalene

Vol,.of .

B

Vol.of

Vol,of

alkali

alkali

alkali

(in m1,) (in ml.,)"

(in ml,)
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Table V 25

30°C,

t
TﬁTA = 0,002M Tﬁ = 0,002M

0.2M

Ve = 50 ml, 7]

0.2M

N

E° = 0,02M “E° = 0.026M

0.002M

9 =

.Ni NTA,Proto- .
catechuic acid

catechuic acid

.Cu ,NTA,Proto~ .

*Protocatechuic~
acid

B

(in m,)

Vol.,of
alkali

B

B

(in ml.)

Vol,.of
alkall
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pL-log(1-n)/n
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pL

log(1l-n)/n o

n

Table V 26
V"' V"| _V"

v"

By

B, N, 0, log(1l-n)/n, pL and pL-log(1l-n)/n data of Cu.NTA.

catechol system - 30°C,

—\O OV + O
NONCOCWO ONO -

[ ]
NONONONONO O

OO0 O~AN
(VSN TENFaR TSN FaN Vol

pL-log(1l-n)/n

7,71 + 0,06

pL

1°gKMAL =

loz(1-n)/n

n

Table V_27

n, log(l-n)/n, pL and plL-log(l-n)/n data of Cu,NTai,
v" V"| V!l' _V"

pyrogallol system - 30°C,

Ty

B, Ny,

B

NN ENNONO O
3 0o O 2
oL~ NI O
O 4 N © OV
L . L L ] L] ® L
O C O O O

oM ONO ' On
AN QN et

OCOOOCOOO

OO+ oy OO0
ONONCO ONO O -

* o o o o o @
NONONOND NI

7.70 1.904
7.80 1.88,
86,

7-90 1.

6,91 + 0,06

logKMAL =




Table V 28

By Ny, N, log(l-n)/n, pL and plL-log(l-n)/n data of Cu.NT4,
2,3-dihydroxynaphthalene system - 30°C,

R BH A ymo ym_y" 1 log(l-n)/n pL pL-log(l-ﬁ)/#

\
6:70 1-97R 6-50 6.66 0.16 00157 00720 10-37? 9- 'S
€.80 1,972 6.50 6.71 0.21 0.20, 0.58; 10.18, 9.60¢
6.90 1.96g 6,50 6.7¢ 0.26 0,25, 0.+6y 10.10, 9.64,
7.00 1.96, 6.50 6.33 o.ag 0.32,  0.31, 9.92¢ 9.613
7,10 1,94, 6,50 6.90 0. 0.39%, 0.175 9.7%4 9.572
7.20 1.93¢ 6.50 6,96 046 0.46,  0.06  9.644 9.58,4
7.30 1.93» 6.51 7.08 0.57 0.574  1.87 9.43, 9.564
logKy,; = 9.60 % 0.08

Table V 29

B, EH, n, log(l-n)/n, pL and pL-log(l-n)/n data of Cu,NT4.
protocatechuic acid system - 30°C,

B

T - A ol W e att

7.10
7.20
7.30
7. .40
7.50
7 .50
7.70

nH .

2,000
2,000
2,000
2,000
2,000
1.9%,
1.934

————— . - - ———

- - -

..

e -

yn v ymoy" 7 log(l-n)/n plL pL-log(l-n)/n
6.88 7.1% 0,26 0,25,  0.47y 9,52, 9.0%4,
6.89 7.23 o.au 0.324 0.31, 9.3, 9.03%
6.90 7.31 0.41 0.39¢ 0,18 9.264 9.083
€.20 7.37 0,47 0,45,  0.08 9.08¢ 9.00%
6.91 7.43 0.52 0.502 1.99¢ 9.00, 9.00g
€.22 7.47 0,55 0.53, 1.9%¢ 8.91, 8.96%
6.9% 7.52 0,58 0.55  1.89, - -

1ozK 9.01 + 0.07
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Table V 30

B, Ny, N, log(l-n)/n, pL and pL-log(1l-n)/A data of Ni,NTA,
catechol system - 30°C,

B EH v yMm  ym.y" n  1log(l-n)/n plL pl-log(l-n)/n
9.20 1,48, 6.81 €.,93 0.12 0.15¢ 0.73 5,27 4,5,
9.30 144 6.8k 7003 019 0.2k, 0.4y 5i02f .5k
9.,4¢ 1.37, 6.88 7.09 0.21 0,29, 0.380 4,900 4.520
9.50 1.29, 6,90 7.13 0.23 0.3% 0,28, 4,78, 4.ho,
9.60 1,2€¢ 6,95 7.20 0,25 0.38. 0,21  4.764 4.55¢q
9.70 1.224 7,00 7.28 0.28 0.%4,  0.10, 4,56, 4 L€,
9.80 1,15, 7.0% 7,35 0.31 0,51, 1,97, l4.4é; 4. k9

logKy, = %.51 + 0.05
- Iable V 31
B, BH, n, log(l-n)/n, pL and pL-log(l-n)/n data of Ni,NTA,
pyrogallol system - 30°C,

B EH Al ymo ym_.y" 7 1log(l-n)/n plL pL-log(l-n)/n
.40 1,22, 6,86 7,01 0,15 0,23, 0,50, 4,10, 3.600
9.50 1.16, 6,90 7.07 0,17 0,28, 0.4cy, k.02, 3.€2,
2.60 1,100 6,94+ 7.13 0,19 0,333 0.30, 3.75a 3455
9,70 1.09, 6,07 7.17 0.20 0.35; 0,26, 3.65, 3.385
9.80 1,033 6.99 7.22 0,23 0,42, 0.12; 3.553 3.43,
9.90 0.99; 7,02 7,27 0,25 0,485  0.02¢ 3.40, 3.35,

10,00 0,562 7.05 7.32 0.27 0,54 1,924 3.22, 3.304
]‘OgKMAL = 3-L|'5 _'f 0.09
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Table V 32

-

By ngy n, log(l-n)/n, pL and pL-log(l-n)/n data of Ni ,NTA,

2,3-dihydroxynaphthalene system - 30°C,

-

plL-log(1-n)/n

pL

log(l-n)/n

Al v _yn '1'-1

V"

-0 D N
ATaNTaW. J 11/0
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€,95 + 0,04

logKMAL =

Table V 33
(1-n)/n, pl and plL-log{l-n)/n data of Ni NTa,

protocatechuic acid system - 30°C,

B. ny, n, log

— g

- s 8 s e o ot

Vm

pL-log(1-n)/n

pL

log{1l-n)/n

n

V"' _Vll

un
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logKy =
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"

Table V

—

30°C.,

t

0.2M

0.2 Ve = 50 ml. u
0.02M *E° = 0.024M

N

B

Ni EDTA

0.002M
alkalil
(in ml,)

Vol,of

)
¢

0.002M Tg
Cu.EDTA
B

(in ml,)

TEpTA
Vol,of
alkali

B

EDTA

(in ml,)

Vol,of
alkali

B

Perchloric
acid
Vol,of
alkali
(in ml1,)

B =
*
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V.35

Table

t 30°C,

0.2M
= o =
TﬁDTA 0.002M TM | 0.002M

H

u

Ve = 50 ml.
E° = 0,024M

0.2M

N

*

0.02M
o =
TL 0.002M

E° =

Cu . ,EDTA,.Catechol Ni.EDTA,Catechol

*Catechol

Vol,of
alkali
(in ml,)

B

(in ml.,)

Vol,of
alkali

B

Vol,of
alkali
(in ml.,)
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V.36

Table
50 ml,
0.024M

t 30°C,

0.2M

K

0.,2M V°

N

o =
Mo 0.002M

0.,002M T

Tepra

0.02M *Be

E° =

0.002M

o =
T

Cu EDTA,Pyrogallol

*Pyrogallol

alkali
(in ml,)

Vol.of

B

(in ml,)

Vol,of
alkali
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30°C,
° = 0,002M
naphthalene

t
M

(in ml,)

0.2M

0.,002M T
Vol.of
alkali

K

thalene

7
TEpTa
3-Dihydroxy- Ni,EDTA,2,3-Dihydroxy

Table V_
naph

Ve = 50 ml.
Cu,EDTA,2,

0.02M *E° = 0,024m

0,002M

0.2M
3)

Vol ,.of

2,3-Dihydroxy-

naphthalene

in ml

alkalil

¢

N
EO
° =
L
*

OooWNMIN OV OWNNINOININOINO O OO OO ONMNOWNO OND
¥556789011380381570358025781%69

o
QY
* o o 8 s & o 0 8 0 0 0 0 s 0 » * o o 0 9 o o s o s 0 @
o
(=)

111111122222333.&.\46 777 O NONONON

000000 OOOOOROOONO FONVONOONOODOOOOWNO
0050505050 6789900011223##5 789001
[ ] [ ]

011223 h5555555666666666666666777

/wsgooosoosﬁ/ooo0000055&50000050000
OO NONON N Mt INDNON IO 7702\.... 80258238260/
000
e

(N e W N [ VR a VN QU o VL QU Q Vg U 333&\46 777778888 OO

oOoOOoOWMOFONY O VOWNOOOO
& 78990001123%% 890123%
5

. L L4 L [ ) L]
555666666666666 77777

INOoOWNOoONOOOoOWNO O &000000000 OV QOO0OOWMO OO
A4\ \0 N0 Q/Q/O N FODON 366892\4 oot O
o © o & ¢ * 0 o ® & 5 & o & o & O . o o o o o  » © ¢ 0 0 o O

VOFTDVONMMOONINOOOOO
12223 55678901
L [ ] L] L [ [

5555666666666666666666 77




7-0

6-5

<50

VOL.



10



138
30°C,
0.002M

t
acid

0,2M

" Ni.EDTA.Protocatechuic

TﬁDTA = 0,002¥ T&

H

Table V 38
Ve = 50 ml,

acid

0.02M *E° = 0,024M
*Protocatechuic’

0.2M
0,002M

N
E° =
T
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/n

-—

pL-log(l-n)

plL-log(1l-n)/n

7.02 + Q.06

138
pL
pL

lo&_:K_MAL

e

/n data of Cu,2DTa,
log{1-n)/n

log(l-n)/n

\
/

-1

33
n
n

able V

and pL-log(l
Table V 40

V"' _VH

V"'—V"

T

~
e

T

%

V"'
€.27
6.53

V"'

O = N0 O O W\ v
QO CO O MM\ O
AN et

O N0 N\ N\
2~jaﬁ4u64c;

5 OO OO0

/ﬁv P

\
/

o Noax oot N0

6.00 6.19

6,00 6,21

V"

6.01

6,04 €,
6,06 €,48
6.08

V"

6.02 6
n, Jog(l-n)/n, pl. and pL-log(l-n)/n data of Cu,EDTA,

- n, log(l-n

n
By N,

catechol system - 30°C,
.90 1.93¢

1,00 1,92y

2,10 1.90¢

.20 1,88,

.30 1.86,

3y
ol

R

pyrogallol system - 30°

7
7
7
Q

0001111

/O/C/O/O/C/C/O

56
0

7.70 1,904
2,00 1.%4
2,10 1.P0,
8,20 1.7%
8.30 1.752

7.20 1.9%,
7.20 1.8

6,13 + 0,07

TogKyyy,

—— ey

R A S L —

—— b — ., P S B



Table V 41

B, Ny, 7, log(1-n)/n, pL and plL-log(l-n)/n data of Cu,EDTa,
2,3-dihydroxynaphthalene system - 3C°C,

e oty S b o ey B 7 A Bl R s g B W Pamg s TP e M. ® T T A R s L,

B Ty 'l ym  ym_y" ®  log(l-n)/m pL pL-log(l-n)/n
7.70 1.85, 6,06 6,22 0,16 0.164 0.69, o147, 7.7%8
7.80 1,82, 6.08 £.28 0.20 0.214 0.56, 2,32, 7.762
7.90 1.792 6.10 6.32 0.22 0,24, 0.50¢ £.19, 7.694
.00 1,77y €2 €L2 0,30 0.33, 0.30% 8,0k 7.733
8,10 1.71; 6.1% 6,49 0,35 0.40, 0.17¢ 7.92¢ 7.7
2,20 1.67, 6.16 6.5% (0,38 o044, 0.09,  7.%25 7.72x
Q030 1-631 6020 6058 0038 0')+57 000714 7-632 -

logKy,r = 7.73 + 0.05
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Table V 42

By DNy, 4, Jog(1-n)/n, pI and pl-log(l-n)/n data of Ni,EDT4,
catechol system = 30°C,

R Ty yroym  ym.y"  § 1og(l-n)/n  pL  plL-log(l-n)/n
2.30 1.W4, €.,39 6,55 0.20 0.26 0.43 %.92 b kg
9.30 1.37, 6.&8 €.58  0.20 0.20. 0405 h.89§ h.49;
9,50 1,29, 6,%c €.60 0,20 0,30; 0.36q 4 78, 4,417
2,60 1.2€¢ £.44 6,65 0,21 0,32, 0.32, 4, 7k 4 .42,
9,70 1.224 €.47 €.69 0.22 0.3%, 2.27 4,68, .41,
2,80 1,15, &.50 6,72 0,22 0.37, 0.22, 4. 5%, %.32,
2.90 1.08; 6.5% 6,77 0.23 0,41, 0,152 b ks 4.295

logKy,; = UY.4% + 0,05
Table V 43
B, Ny, N, log(l-n)/n, pL and pL-log(1l-n)/n data of Ni.EDTa.
2,3-dihydroxynaphthalene system - 30°C,

B BH 'A VMo y™-y" n log(l-n)/mn pL  pL-log(l-n)/nm
9,50 1.08, 6.58 6,73 0.15 0.26; 0.43¢ 5.89¢ 5.460
9.60 1,065 6.62 6,78 0.16 0,29, 0.38, 5.794 541,
9.70 1.06, 6.65 6.82 0,17 0.300  0.3% 5 727 5.38s
9.80 1.04%s 6.67 6,85 0,18 0.33, 0.29, 5.66, 5.362
9.90 1.045 6,70 6,89 0.19 0.35 0.265 5.602 5.337

10.00 1,025 6,73 6.9% 0.21 0.397 0.28, D922 5.2y
10,10 1.00, 6.75 6,99 0.24% 0.46¢ 0,053 RN 542,
LogKyuy, 5.38 + 0,08
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B, HH, n, log(l-n)/n, pL and pL-log(l-n)/n data of Ni,EDTA,
protocatechuic acid system - 30°C,

-~

oy - -

. -

B ny A ym ym_y" 7 log(l-n)/n pL pL-log(l-n)/7
9.30 1,313 6,83 7,05 04,32 0,32 0.31 572 R
Mo 11350 6158 508 o132 ot ol by ine
9.50 1,264 6,88 7.11 0,23 0.36¢ C.23g 5.584 5.351
9.60 1,23, 6,91 7,17 0.26 o0.4%0, 0.16, 5.8, 5.32¢
9.70 1.20, 6,93 7.19 0.26 0,41, L 5455 5.304
9.80 1.18; 6,95 7.23 0,28 0.46, 0,0€q - -

2.90 1.11, €.98 7.26 0.28 0.48,  0.0l, - -
logK = 5.35 + 0,05



*/(u-9bo! J1U-0bo]

um. > OI._H x_

G-

0,08 - WasAs |0yda1ed v.1az(ININ
67 N 014 gy A b1

u/(ga-0 6oy o\@->oooo_

S ay- b

~d
98

0,08 - WaIsAs
proe a1nydaedolold v1a3 (1IN '9,06 - WasAs [oydsled v.La3 (1Mo

0s A B4 Gy A B



143

!

0%0 T 466

g0°0 + #E"9
40*0 +-T0%6
LO°0 ¥ w9

90*0 + 2g*0T

-

g80°0 *
60°0 *

0O ¥

90°0 *

60°0 ¥

00 ¥

60°0 +

8e" s -

YA £0*0 ¥ €19
66°9 60°0.F SK'€
096 90°0 + T6°9
ge"4 H0°0 + 81°§
$8°0T 60°0 T 18°8

L5°8 800 + 99°6

5070 * 4w’ h

+1
(o]
[
o~

900
G0*0 + TGk
90%0 + T4
90°0 + 99°4
400 + 2H°6

€0°0 + 28°9

A¢Hama.
Vi PO

T VLAH" Wy -
*yrqanpio0 b

T VI T,
‘YIN® ﬁzhmOH
TYIN D
“YIN'TD
TYGI® Thyge
e T
T YOI W
YOI Ot

.1.pmHmHZmo
"ISTH" TN

PECEN

pLoO®
D TNYD 93 80010Id

‘mumrmcvsmmm
tbxogcmnﬁnzm. ToTTRS0I4g

(1) puesti

_Tou0e3 8D

poy

-

*9,0¢ « *sexeduiod @gmmﬂﬁt+mw|¢amﬂ pue sexeTdwoo PuUBSTI- xthaz ¢ sexoTdmoo
@nmmﬂﬁ|+mvt<m$H ¢ sexeTdwood ccmmaﬁx Mxmnﬂcﬁpmﬂm Axeugeq JO S3UE,SUO0D %pﬁﬂﬂpapm JO suyyTJae307]

o

Sh A

R



144

eh € #E % - 9€° € a.w%mm TausoT mmMWOH

: wo  ses HENwor- Tigwer
E'z Ltz "€ 62" € L. Mmm.wz sor = T Mygor
91°6 28" L6°5 92*6 TN 80t T owgot
€o'z wE'z 68° 1 K12 Lo Hlysor L Hygor
g€ 95"+ L0% 4 gg€ Ty G irnguget - Tdusor

- st ™'T 86°0 1 wmmm Thisot Q.MW‘MOH
proe mmmﬁmgpsgmﬁ ) B fl

oaﬁﬁompmoouomm ihxo JPAUTa-E¢e To1TR304448 Honompmn

("I) puestl

oi

H

“Aetqer



145

References .

maﬂw«amma

£

1, Gunther,weitzel, Werner,S, Chaef and Friedheln Schneider,
' Ann', 632 124 (1960),
2, Chakraverty and Cotton,F.4., J.Phy,Chen., 68, 2878 (1963).
3. Israeli,Y,J,, Nature, 201, 389 (1964),
%, Kopanica,M,, Tran Chuing Huyen, J.,Electronal Chenm,,
Interfacial Electrochem, 20, 457 (1969),
5, Intorre,B.J,, and Martell,4.E,, J,Amer,Chem,Soc., 83,
3618 (1961), ,
6, Carey,G,H,, Baguckl,R,F,, and Martell,i.E,, Inorg,Chem,,
3, 1288 (1964), |
7, Thompson,L,C,, and Loraas,L.A.,-Inorg,Chem,, 2, 89 (1963).
8. Sharma,G., and Tondon,J,P,, Talanta, 18, 1163 (1971),
9. Hopgood,D,, and Angelici,R,.J,, J.,Amer,Chem.,Soc., 90,
2508 (1968), | '
10, Teuvo Nortia, Suomen Kemistillehti, 33B, 161 (1960).
11, Smith,B,B,, Sawyer, Donald,T,, Inorg,Chem., 7(8),
1526 (1968) . | |
12, Martell,AE,, and Calvin,M,, "Chemistry of the Metal
Chelate Compounds™, Prentice Hall Inc,, 3rd Ed., p.1¥6
(1956),
13, Nakamoto,K,, Paul,J,, and McCarthy,S.J,, "Spectroscopy
and Structure of Metal Chelate Compounds", John Wiley
and Sons Inc,, New York, p.110 (1968),
1%, Jorgenson,C.,K., Acta,Chem,Scand,, 10, 887 (1956) .
15, Bausch,D.H,, and Bailar,J.C.Jr., J.Amer,Chem,Soc., 78,
716 (1956),



16,

17,

18,

19,

20,

21,
22,

146

Kodama,M,, and Saski,C,, Bull,Chem,Soc,, Japan, 41(1),

"127 (1968),

Pilbra,J,, Carr,S.G,, and Smith,D.,D,, J.Chem.,Soc,,

723 (1970).

Patel,D,C., and Bhattacharya,P.K., Ind.J,Chem,, 8,
835 (1970).
Patel,D,C,, and Bhattacharya,P.X., J.Inorg.Nucl,Chenm,,

Patel,D,C,, and Ehattacharya,P.K., Ind,J,Chenm., .9,

1% (1971). |

Irving,H., and Willlams,R.J7,, Nature, 162, 746 (1948),
Jahn,H,A,, and Tellor,E., Proc,Roy.Soc., 1614, 220 (1937).



