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Histidine, IMDA, NTA and EDTA are known to form

complexes with a large number of metal ions^"® They are
stable and do not dissociate at higher pH^. Histidine
exhibits bi or tridentate character^0 coordination taking

place from COO*" and from nitrogen of the imidazole or two
nitrogens from both imidazole and amino groups*. IMDA
behaves as a tridentate ligand^ coordination taking place

12from the nitrogen and two carboxylate oxygens.
11 i4NTA behaves as a tri J or quadridentate ligand, 

coordination taking place from nitrogen atom and two or 
three COO-” groups, respectively. EDTA mostly exhibits

15quadridentate character,' coordination taking place from 
two nitrogen atoms and two COOl The 1*1 complexes of these 
multidentate ligands are stable at highc r pH, remaining 
coordination positions around the metal ions being occupied 
by water molecules. A secondary ligand can replace the 
water molecules to form mixed ligand complex M£L , where 
A = Histidine, IMDA, NTA or EDTA, The reaction can be 
represented as follows j

[KA] + t [MALj
Cm]

" MPQ
Mixed ligand complexes containing such charged

5 i6 3 7primary ligand ions have been studied by earlier workers'* * 
as detailed in chapter I.

No work has been done on mixed ligand complexes, of 
M-Histldine, M,IMDA, M-NTA and M-EDTA with polyphenols.
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A study of such systems [MAh] has been carried out in the 

present investigation. In the [MAlfJ systems studied,

M = Cu(II) or Ni(II) and A = Histidine, IMDA, NTA or ED'TA 

and L = catechol, pyrogallol, 2,3-dihydroxynaphthalene, 

protocatechuic acid.

Essential conditions required for the formation of 

the above type of complexes is that Qja] 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 :

1. 0.02M HClOt*. , 0.002M Histidine, 0.1?8M NaClO*. '

2. 0.02M HCIO4. , 0.002M HC10*, 0.178M NaCIO*.

3. 0.02M HCIO* ,,0.002M Histidine, 0.002M metal perchlorate,

0.176M NaClOu..

b, 0.02M HClOi* , 0.002M HC10»m 0.002M secondary ligand, O.I76M 

HaClOu..

5. 0.02M HOIOji. , 0.002M Histidine, 0.002M metal perchlorate,

0.002M secondary ligand, 0.17^ NaClOu..

For IMDA :

1. 0.02M HClOt^, 0.002M IMDA, 0.178M NaClOu.. '

2. 0.02M HClOij., O.OO^M HCIO4, 0.176M NaClOu.,

3. 0.02M HClOu.,' 0.002M IMDA, 0.002M metal perchlorate, 0.176M
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NaClOi*.

4. 0.02M HCIOu., 0.004m HCIO4, 0.002M secondary ligand, 0.174M 

N a 010 4.

5. 0.02M HClOu., 0.002M IMDA, 0.002M metal perchlorate, 0.002M 

secondary ligand, 0.174m NaClO*.

For NTA :

1. 0.02M HCIO4, 0.002M NTA, 0.178M NaCIO*.

2. 0.02M HCIO4, 0.006M HCIQ4, 0.174M NsCIO*.

3. 0.02M HCIO*, 0.002M NTA, 0.002M metal perchlorate, 0.176M 

NaCIO*.

4. 0.02M HCIO4, 0.006M HCIOim 0.002M secondary ligand, 0.172M 

NaCIO*.

5. 0.02M HC10i+, 0.002M NTA, 0.002M metal perchlorate, 0.002M 

secondary ligand, 0.174m NaOlOu..

For EDTA ;

1. 0.02M HCIO4, 0.002M EDTA, 0.178M NaCIO*.

2. 0.02M HCIO4, 0.004M HCIO4, 0.176M NaCIO*.

3. 0.02M HCIO14., 0.002M SDTA, 0.002M metal perchlorate, O.I76M 

NaClO*.
4. 0.02m HCIO4, 0.004m HCIO4, 0.002M, secondary ligand, 0.174’! 

NaClOi*.

5. 0.02M HCIO4, 0.002M EDTA, 0.002M metal perchlorate, 0.002M 

secondarj?- ligand, 0.174m. KaC10i+.

Total volume was made upto ?0.0 ml. and ionic 

strength ^ was maintained 0.2M. Each of the above samples 

was titrated against 0.2M NaOH. The plot of pH against 

volume of alkali have been presented in figs. ¥ 1 to ¥ 3,

¥ 7 to V 14, V 23 to ¥ 30, and ¥ 39 to ¥ 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 - iQ Isl complex does not dissociate 
at higher pH. + A + L]curve (5) is not below the 
[M - Aj curve (3) in the lower pH range. This is an evidence 
that in this range where M^+ and A”n lil complexation 

takes place, the polyphenols 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 coordinates) 
with the metal at higher pH. After pH ~ 6.5 curve (55 goes 
below curve (4) ( secondary ligand + extra acid corresponding 
to COOH group present in the primary ligand). This confirms 
that in this range polyphenols and phenolic acid coordinate 
with MA resulting in the liberation of extra H+ ions.

In case of \M-IMDAj system coordination of 
secondary ligand starts slightly before the complexation 
of lsl 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 (5) is due to the liberation 
of extra hydrogen as a result of coordination of secondary 
ligand with M-IMDA ,

35he additional hydrogen ions 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 C00H groups in the primary ligand, have 
been added to compensate for the hydrogen ions liberated 
by the combination of M2* with primary ligand in the 
[mAL] solution curve (5). The horizontal distance 
between curve (4) and (5) is used for calculation of n , 
where h is the average number of secondary ligand molecules 

associated with one [maJ . The equation applicable for 
the calculation of n will be same as in binary system.

(V^-Y") jjf + E° + T£ (Y - i^fj 
(V° + V")nH T°

T£. = concentration of [MA] , which is equivalent to the 
concentration of metal salt used. In the above equation 
V" and Y"* are the volumes of alkali added to reach the 
same pH in the secondary ligand curve and in mixed ligand 
curve, respectively. pL values were calculated using 
equation given in chapter II. Formation constant values wet*, 
obtained by plotting pL against log (l’-5)/n using linear 
plot method. The values have been presented in tables 
V 5 to Y 7, V 13 to Y 20, Y 26 to Y 33, and Y 39 to v 44.

In case of {Cu.Hist. L] and pi.Hist.Protocatechuic 
acid] and poppet (itf) .EDTA Protocatechnic acid] systems the 
method could not be applied because the coordination of 
secondary ligand starts before the formation of £MA] Itl 
complex is complete. In the system pi.EDTA,Pyrogallol] , 
calculations could not be possible because the separation 
between curve (4) and curve (5) is very small.
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It is observed that in all the four cases

(Histidine, IMDA, NTA, and EDTA) in the ternary systems
studied, the order of formation constants corresponding to
the association of polyphenols and phenolic acids with £MifJ
is same as in the binary metal and pyrogallol, catechol,
2,3-dihydroxynaphthalene or protocatechuic acid systems^*"20

This can be explained as in the earlier chapter II. Observeti
of the values reported in the table 7 4-5 and 7 46, show
that the correspond;^ to the association of the secondary
ligand with Ni.Histidine is less by 0.81 than the first
formation constants , corresponding to the association
of the polyhydroxy phenolic ligand with metal ion. In case
of the complexes of Cu, or Ni. and IMDA with polyphenols
the values are less than Kj^ by 2.0-4.0 log units.

In case of Cu.NTA and Ni.NTA chelates the KMAL values
are less by 1.9 - 6.0 log units than the first formation

constant K,- . IhuCu.EDTAaarid Ni .EDTA chelates, K flT Hij} MAL
values are also less than values by 3.0 - 7.0 log
units, values are even less than }the second
formation constants. This may be explained to be due to
the coulombic repulsion between the charged primary ligands,
jjastidineJ"1, ^IMDAp2, [NTA]'"^ or |J!DTaJ~4 and the

—2incoming secondary ligand L . This repulsion is greater 
than the repulsion between the first polyphenolic ion and 
the second polyphenolic ion during the formation of ML2 
in the binary system^ is; therefore, even less than
K-ML;

+KoutAn observation of table 7 45 . shows^the order is
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2+ 2+Cu > Ni This is in agreement with the Irving-Williams 

21order. The order of the mixed ligand formation constant

-MAL is

KM.Hist.L > KM.HOA.L > KM.NTA.L > KM.EDTA.L

This can be explained in terms of electrostatic repulsion 

and steric hinderence. As the charge on the primary ligand 

goes on increasing the repulsion dm the incoming secondary
ligand is much and hence the value of ICyMAMAL goes down.

It is, however, observed that though formation 

constants of copper complexes differ from the formation 

constants of nickel complexes by 5.1 log units in the above 

binary systems, but the difference A T - A L is

less where A = NTA or EDTA. This observation can be 

explained in terms"of -Jahn-Tellor distortion. Cu(II) 

complexes (d9 case) are more stable than Ffi(II) chelates 

(d8 case), because -Jahn-Tellor distortion brings in 

additional stability in copper complexes. Ligands along 

Z axis are at a greater distance than those in the equitorial 
plane. It can naturally be expected that in this elongation 

distortion, the incoming ligand 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 ligand will have a lower value.
NTA acts as a tri^ or tetradentate^*, EDTA is 

15tetradentate. As such ITA must-be occupying three
•Ihitt

positions and EDTA four positions around Cu(II) ion, in
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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 Z axis are:'held at the same distance as those 
along the xy plane whereas In distorted Cu(II) complex the
secondary ligand has to span more. This is thea.reason why

»

K~ . , is less and the difference K~ , T - K.,. , T is Cu.A.L . Cu.A.L Wi.a.L
less than in compounds of binary systems.

In case of ternary complexes where histidine or 
IMDA are the primary ligands, theyrpccupy two positions 
in the equitorial plane. Thus two positions in the 
equitorial plane ape available for the secondary ligand.
It has not to occupy positions along the axial direction. 
Thus KCu.A.L is not lowered down
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Table V 1

N = 0.2M T° * 50 ml./
E° * 0.02M *E° * 0.022M

* *
perchloric acid Histidine Hi .Histidine <
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U * 0.2M t * 30°G.

THist = °-oo2M tm = °-002M
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Table V 2

N » 0.2M V° a 50 ml. 
S° a 0.02M *E° * 0.022m 

T£ * 0.002M

*Catechol

H = 0.2M t * 30°C.

THist “ °*002M tm * °-oo2m

Ni .His t. Catechol

Vol.of B ISkloit B
alkali 
(in ml.) -

alkalii 
(in ml.)

0.00 1.50 0.00 1.55
1.00 1.55 1.00 1.60
1.50 1.60 1.50 1.70
2,00 1.65 2.00 1,80
2.50 1.70 2.50 1.90
3.00 1.80 3.00 2.10
3.50 1.90 5.00

5.50
2.65

5.00 2.10 3.55
5.50 2.50 5.80 3.70
5.oo 2.60 5.00 5.00 

5.2 55.20 2.90 5.09
5.30 3.15 5.16 5.50
5.50 3.5o 5.2^ 5.75
5.52 3.60 5.30 5.00
5.55 3.75 5.36 5.25
5.50 5.20 5.5o 5.50
5.52 8.5o 5.55 -5.75
5.55 8.55 5.5? 6.00
5.58 8.75 5.5o 6.25
5.63 9.00 5.51 7.00 '
5.66 9.10 5.55 7.55
5.69 9.25 5.28 . 7.75
5.75 9.50 5.63 ,8.00
5.85 9.75 5.85 8.50
5.95 10.00 6.00 8.75 •
6.02 10.25 6.l5 9.00
6.08 10.35 6.25 9.25
6.15 10.50 6.33 9.50
6.20 10.60 6.5o 9.75
6.30 10.75 6.59 10.00
6.55 11.00 6.70 10.50
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Table V ^

N = 

E° =

To =

0.2M V° = 50 ml. 
0.02M *E° = 0.022M 
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u = 0.2M t =
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THlst= °-002M. TM

Ni.His t.Pyrogallol
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N = 0.2M V° = 50 ml.
E° = 0.02M *E° = 0.022M

T£ = 0.002M

*2,3-Dihydroxy- 
naphthalene

Vol.of B
alkali
(in ml.)

w = 0.2M t = 30°C.

THist = °-oo2M Tm = °-002M
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naphthalene
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logKMAL = 6-82 - °-°3

Table V 6

B, nH, n, log(l-n)/n, pL and pL-log(l-n)/n data of Ni.Hist. 
pyrogallol system - 30°C.

B nR V" V"» V"»-V" n log(l-n)/n pL pL-log(l-n)/a

Table V 5

B, nR, n, log(l-n)/n, pi and pL-log(l-n)/n data of Ni.Hist. 
catechol system - 30°G.

B nR V" V"' n log(l-n)/n pL pL-log(l-n)/n
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Table V 7

B, nR, n, log(l-n)/n, pL and pL-log(l-n)/n data of Ni.Hist. 
2,3-dihydroxynaphthalene system - 30°C.

B nH V" V"« V'-V" n log(l-n)/n pL pL-log(l-n)/n
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Table V 8

N » 0.2M V° = 50 ml. H = 0.2M t = 30°c.

E° = 0.02M E° = 0.024m t!mda “ °-002K tm = 0.002M

*Perchloric 
acid

IMDA Cu.IMDA
«.

Ni.IMDA

Vol.of B
alkali

Vol.of
alkali

B Vol.of
alkali

B Vol.of
alkali

^in mlt) ____ (In ml.) i (In mlt) __ _ _ (in ml.)
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Table V 9

N = 0.2M V° = 50 ml. u = 0.2M t = 30°C.
E° = 0.02M *E° = 0.024m timdA = °*002M Tm = °«oo2M

T£ = 0.002M

*Catechol Cu.IMDA.Catechol Nl.IMDA.Catechol
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Table V 10

N = 0.2M V° = 50 ml.
E° = 0.02M *E° = 0.024m

U - 0.2M t = 30°C.

TIMDA = °*002M Tm = °«002M

T£ = 0.002M

*Pyrogallol Cu.IMDA.Pyrogallol Ni.IMDA.Pyrogallol

Vol.of 
alkali 
(in ml.)

B Vol.of 
alkali 
(in ml.)

B Vol.of 
alkali 
(in ml.)
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Table 7 11

N = 0.2M V° = 50 ml. H = 0.2M t = 30°C.
E° = 0.02M *E° = 0.024M TIMDA = °*002M Tm * 0.002M

T£ = 0.002M

*2,3-Dihydroxy- Cu.IMDA.2,3-Dihydroxy- Ni.IMDA.2t3-Dihydroxy-
naphthalene naphthalene naphthalene

Vol.of B Vol.of B Vol.of B
alkali alkali alkali
(in ml.) (in ml.) (in ml.)

0.00 i.5o 0.00 1.45 0.00 1.45
1.00 1.6o 1.00 1.65 1.00 1.50
1.50 1.65 2.00 1.75 2.00 1.65
2.00 1.70 3.00 1.95 3.00 1.90
2.50 1.80 4.00 2.05 4.00 2.15
3.00 1.85 5.00 2.45 5.00 2.60
3.5o 1.90 5.Ho 2.70 5.io 2.70
4.00 2.00 5.65 3.00 5.30 2.90
4.50 2.10 5.77 3.25 5.40 3.05
5.oo 2.30 5.85 3.50 5.50 3.25
5.5o 2.65 5.90 3.70 5.6o 3.55
5.70 2.90 5.95 4.00 5.65 3.90
5.80 3.10 6.oo 5.00 5.70 4.15
5.90 3.35 6.03 5.50 5.73 4.30
6.00 6.10 6.07 5.75 5.76 4.50
6.02 6.75 6.13 6.00 5.80 4.80
6.o5 7.00 6.20 6.25 5.83 5.00
6.o8 7.25 6.4o 6.50 5.86 5.20
6.10 7.50 6.65 6.75 6.00 6.25
6;i5 7.75 6.72 7.00 6.05 6.50
6.18 8.00 6.78 7.25 6.09 6.75
6.23 8.25 6.82 7.50 6.13 7.00
6.30 8.50 6.85 7.75 6.20 7.30
6.36 8.75 6.89 8.00 6.25 7.50
6.42 9.00 6.91 8.25 6.32 7.75
6.48 9.25 6.94 8.50 6.40 8.00
6.52 9.50 6.96 8.75 6.52 8.25
6.58 9.75 6.98 9.00 6.65 8.50
6.62 10.00 7.02 9.25 6.75 8.75
6.70 10.25 7.06 9.50 6.82 9.00
6.77 io.5o 7.10 9.75 6.88 9.25

7.16 10.00 6.93 9.50
7.23 10.25 6.98 9.75
7.30 io.5o 7.03 10.00

7.11 10.25
7.17 io.5o
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Table V 12

N = 0.2M V° = 50 ml. u - 0.2M t = 30°G.
E° = 0.02M *E° = 0.024M Timda ~ 0.002M T« = 0.002M

T£ = 0.002M

*Protocatechuic Cu.IMDA.Proto- • Ni.IMDA.Proto
acid catechuic acid catechuic acid
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l°gKMAL = 9>2 + 0.07

Table V lb

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

B nR V" V'" V"»-V" n log(l-n)/n pL pL-log(l-n)/n

Table JLU
B, nj log(l-n)/n, pL and pL-log(l-n)/n data of Cu.IMDA. 
catechol system - 30°C.

__________________________________________ ________ ___
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Table V 15

B, nR, n, log(l-n) /ii, pL and pL-log(l-n)/n data of Cu.TMDA. 

2,3-dihydroxynaphthalene system - 30°C.

B nH V" V"' V"i -V" n log(l-n)/n pL pL-log(l-n)/n

logKMAL = 10-86 1 °*°7

Table V 16

B, n^, n, log(l-n)/n, pL and pL-log(l-n)/n data of Cu.TMDA. 

protocatechuic acid system - 30°C.

B nR V" V'" V"‘-V" n log(l-n)/n pL pL-log(l-n)/n
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Table V 17

B, rip, n, log(l-n)/ii, pL and pL-log(l-n)/n data of Ni.IMDA. 
catechol system - 30°G.

B nH V" V"’ V'"-V" n log(l-n)/n pL pL-log(l-n)/n

logKw., = 5.66 + o.o6

Table V 18

B, n^, n, log(l-n)/n, pL and pL-log(l-n)/n data of Ni.IMDA. 
pyrogallol system - 30°C.
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Table 7 20
B, Eg, n, log(l-n)/n, pL and pL-log(i-n)/n data of Ni.IMDA. 

protocatechuie a'cid system - 30°C,

B nH V" 7"’ ?»•-¥» n log(l-n)/n pL pL~log(l-n)/n

Table V 19

B, n^, ii, log(l-n)/n, pL and pL-log(l-n)/n data of Ni.IMDA. 
2,3-dihydroxynaphthalene system - 30°C.
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Table V 21

N = 0.2M V° =
E° = 0.02M *E° =

*Perchloric 
acid

50 ml. = 0.2M t = 30°C.

0.026M T®ta = 0.002M T« = 0.002M

NTA Cu.NTA Ni.NTA

Vol.of 
alkali 
(in ml.)

B Vol.of 
alkali 
(in ml.)

B Vol.of 
alkali 
(in ml.)

B Vol.of 
alkali 
(in ml.)
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Table V 22

N = 0,2M V° = 50 ml. w = 0.2M t = 30°C.
E° = 0.02M *E# = 0.026M T®ta = 0.002M T® = 0.002M
T£ * 0.002M

*Catechol Cu.NTA.Catechol Ni.NTA.Catechol
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Table V
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Table V 24

N * 0,2M V° = 50 ml. w * 0.2M t = 30°C.
E° = 0.02M *E° * 0.026M T«Ta = 0.002M T« = 0.002M

T£ = 0.002M

*2, 3-Dihydroxy- Cu.NTA. 2,3-Dihydroxy- Ni. NT A. 2 i3-»Di hydroxy-
naphthalene naphthalene naphthalene

Vol.of 
alkali 
(in ml.)

B Vol.of 
alkali 
(in ml.)

B Vol.of 
alkali 
(in ml.)

B

0.00 1.45 0.00 1.45 0.00 1.50
1.00 1.50 1.00 1.50 1.00 1.6o
2.00 1.6o 2.00 1.6o 2.00 1.65
3.00 1.70 3.00 1.70 3.00 1.80
4.00 1.90 4.00 1.90 4.00 1.90
5.00 2.10 5.00 2.10 5.00 2.00
5.50 2.15 5.5o 2.15 5.5o 2.15
6.00 2.4© 6.00 2.60 6.00 2.4o
6.10 2.50 6.10 2.75 6.o5 2.55
6.20 2.75 6.20 ' 2.95 6.10 2.65
6.30 3.00 6.30 3.20 6.20 3.00
6.35 3.20 6.35 3.40 6.25 3.20
6.4o 3.40 6.40 3.60 6.30 3.45
6.45 3.70 6.50 4.60 6.40 3.95
6.50 4.20 6.55 6.30 6.45 4.30
6.54 7.50 6.6o 6.50 6.50 4.6o
6.58 7.75 6.70 6.80 6.54 7.10
6.6o 7.90 6.80 7.00 6.58 7.35
6.65 8.15 7.00 7.25 6.6o 7.45
6.70 8.4o 7.20 7.50 6.65 7.70
6.75 8.6o 7.30 7.75 6.70 7.90
6.80 8.70 7.39 8.00 6.75 8.10
6.85 8.85 7.50 8.50 6.80 8.30
6.90 9.00 7.60 9.00 6.85 8.40
6.95 9.15 7.64 9.25 6.90 8.50
7.00 9.35 7.66 9.50 7.10 8.70
7.05 9.50 7.73 9.75 7.30 9.00
7.10 9.75 7.77 10.00 7.50 9.50
7.20 10.10 7.82 10.25 7.60 9.70
7.30 10.35 7.88 io.5o 7.70 10.00
7.40 10.65 7.95 10.75 7.80 10.40
7.60 10.90 8.00 10.95 8.00 10.65



\O
ir OF

 ALKA
LI

 IN m
l

He)

2,
3-

di
hy

dr
ox

yn
ap

ht
ha

le
ne



5-
5

86

10

n

H
d

60
 

<b-
5 

70
 

7-
5 

80



129

Table V 25

N = 0.2M V° = 50 ml. H = 0.2M t = 30°C.

E° = 0.02M *E° * 0.026M rnoXNTA = 0.002M T° = 0.002M

To = 0.002M

*Protocatechuic- Cu.NTA.Proto- Ni.NTA.Proto-
acid catechuic acid catechuic acid

Vol.of B Vol.of B Vol.of B
alkali 
(in ml.)

alkali 
(in ml.)

alkali 
(in ml.)

0.00 1.4-5 0.00 i.*5 0.00 1.4-5
1.00 i.5o 1.00 i.5o 1.00 1.50
2.00 1.6o 2.00 1.6o 2.00 1.6o
3.00 1.70 3.00 1.70 3.00 1.70£.00 1.90 M-.00 1.90 4-.00 1.90
5.00 2.10 5.50 2.15 5.00 2.10
5.50 2.15 6.00 2.40 5.?o 2.15
6.00 2.40 6.20 2.70 6.eo 2.40
6.10 2.50 6.30 3.00 6.10 2.50
6.20 2.70 6.50 3.*5 6.20 2.70
6.30 3.00 6.6o 3.75 6.30 3.006.£o 3.25 6.68 4-.00 6.*0 3.25
6.5o 3 >5 6.78 4-. 50 6.50 3 >5
6.6o 3.70 6.83 4-.75 6.6o 3.70
6.70 £.10 6.86 5.00 6.70 4-. 10
6.80 4-.70 6.88 5.25 6.80 4-.70
6.85 6.00 6.90 5.50 6.85 5.00
6.88 6.95 6.92 5.75 6.90 5.4-0
6.90 7.40 6.93 6.00 6.95 6.20
6.95 7.75 7.00 6.5o 7.00 7.30
7.00 8.10 7.05 6.75 7.05 7.60
7.05 8.30 7.10 7.00 7.10 7.85
7.10 8.50 7.26 7.25 7.15 8.00
7.15 8.75 7.4-3 7.50 7.20 !-?°
7.20 8.90 7.5 3 7.75 7.25 8.4-0
7.30 9.30 7.63 8.00 7.30

7.*0
8.55

7.£o 9.70 7.7* 8.25 8.70
7.4-5 9.85 7.82 8.50 7.50 8.85
7.50 10.05 7.89 8.75 7.60 9.10
7.55 10.20 7.95 9.00 7.70 9.50
7.60 10.35 8.13 9.25 7.80 9.80
7.65 10.50 8.20 9.50 7.90 10.05
7.75 10.65 8.30 9.75 8.00 10.30
7.85 10.80 8.4-0 10.00 8.10 10.40
7.90 10.95 8.50 10.25 8.15 10.55
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Table V 27
B, n^, n, log(l-n)/n, pL and pL-log(l-n)/n data of Cu.NTA. 

pyrogallol system - 30°C.

B Djj V" 7"» V"»-V" n log(l-n)/n pL pL-log(l-n) /n

Table V 26

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

catechol system - 30°C.

B "rv V" V"» V'"-V" n log(l-n)/n* pL pL-log(l-n)/n
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l0gKMAL = 9.60+0.08

Table V 29

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

protocatechuic acid system - 30°0.

B njj. V" V"' V"«-V" n log(l-n)/n pL pL-log(l-n)/ii

Table V 28

R, nH, n, log(l-n)/n, pL and pL-log(l-n)/n data of Cu.NTA.
2,3-dihydroxynaphthalene system - 30°C.
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logKMAL = 1 0.05

Table V 31

B, nH, n, log(l-n)/n, pL and pL-log(l-n)/n data of Ni.NTA. 

pyrogallol system - 30°G.

B nR V" V'" V"'-V" n log(l-n)/n pL pL-log(l-n)/n

B, nH, n, log(l-n)/n, pL and pL-log(l-n)/n data of Ni.NTA. 
catechol system - 30°C.

B V” V"' V'-V" n log(l-n)/n pL pL-log(l-n)/n
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Table V 11

B. n, log(l-n)/n, pi and pL-log(l-n)/n data of Ni.NTA. 
protocatechuic acid system - 30°C.

B nH V V"» V'"-V" n log(l-n)/n pL pL-log(l-n)/n

B, nR, n, log(l-n)/n, pi and pL-log(l-n)/n data of Ni.NTA, 
2,3-dihydroxynaphthalene system - 30°C.

nH V'1 V"« V'-V" n log(l-n)/n pL pL-log(l-n)/n
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Table V 3M-

N = 0.2M V°
E° = 0.02M *E°

Perchloric
acid

50 ml.

0.02^

EDTA

U = 0.2M t =

T° =0 002M T° XEDTA U,UU ” *M

Gu.EDTA

30°C.

0.002M

Ni .EDTA
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alkali 
(in ml.)

B Vol.of 
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Table V 35

N = 0.2M V° = 50 ml. u = 0.2M t = 30°G.

E° = 0.02M *E° = 0.024M TEDTA= °*002M Tm = 0.002M

T£ = 0.002M •

*Gatechol Cu.EDTA.Catechol Ni.EDTA.Catechol
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-O

O
 C

O
C

O
C

O
C

O
O

'O
'O

O
O

H
H

 H
 H

 H

O
H

S
 

• 
tlJ

H
^tC

 
O H

 *H 
ITS

ooooooooooooo
 om

cocvi^oo Q
O

O
O

O
O

O
O

U
-\0

O
 0»nO

^O
^O

U
N

O
C

\lJU
N

O
 O

O
H

H
N

 C
O

J U
\v£> C

'-C
O O

N
H

 H
C

M
 

O
 H

 H
 C

M C
M cornj-J- \TN

\f\U
M

fw
O

 vO
 v£)sO

 \0
 vO

vO
vO

 v£>v£>\0 v£>\O
vO IN

C
^C

"-

PQ

O
O

'A
Q

'r'O
O

O
'f'O

O
O

O
O

 olrslr\o oV
r\\r\\r\o O

 
o

U
M

rw
O

'sO C
'-CO O

'O
O

 C
O

'S O
C

M Q
O

,± N
rli C

^O
 H

 m
U

N
C

O O
 C

*TJ" 'O
 00

H
H

H
H

riH
H

H
H

C
M

C
M

C
M

C
M

 C
O

rO
C

'-IS-C
O

 C
D

 00 0O O
^O

'O
'O

'O
O

O
O

O
H

 H
 H

 H
 H

V
h «H 

r—
1

O
H

S
 

• rt
O H

 H
 

K
* 

C
tf V

>

>0
 O

O
^O

O
O

vO
O

^O
O

vO
'O

sO
O

C
JN

O
M

nM
JW

A
vn

V
A

 -f
-F

U
JU

J i
o

iu
h

h
o

O
 \Q

 00
-N

3 C
Tv

M
JT

. -
fC

jU
J (

O
 W

H
H

O
O

O
vO

 O
O

-v
J \

-T
\0

 m
\0

m
\0

m
\0

M
\0

0 
O

O
O

O
O

O
O

^O
m

iO
m

iH
M

 •p
'o

 O
O

O
O

O
O

O
O

O
O

O
O

O
O



7-
5

7-
0

H
d

50
 

5.
5 

e.
0 

0.
^

VO
L.

 OF
 ALK

A
LI

 IN m
l



V
O

L.
 OF

 ALK
A

LI
 IN m

l



136

N = 

E° =

To =

Table V 36

0.2M V° = 50 ml. u = 0.2M t =
0.02M *E° = 0.024m 

0.002M 

*

tedta= 0-002m tm =
3o°c.
0.002m

Pyrogallol Cu.EDTA.Pyrogallol
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Table V 37

N = 0.2M V° = 50 ml. « = 0.2M t = 30°C.
E° = 0.02M *E° = 0.024M TEDTA = °*002M TM = °«°°2M

Tt° = 0.002M

*2,3-Dihydroxy- 
naphthalene

Cu.EDTA.2,3-Dihydroxy- Ni.EDTA.2,3-Dihydroxy 
naphthalene naphthalene

Vol.of B Vol.of B Vol.of B
alkali 
(in ml,)

alkali 
(^in ml,)

alkali 
(in ml.)

__
0.00 1.45 0.00 1.50 0.00 1.4o
1.00 i.5o 1.00 1.6o 1.00 1.50
1.50 1.55 1.50 1.65 1.50 1.55
2.00 1.6o 2.00 1.75 2.00 1.65
2.50 1.65 2.50 1.90 2.50 1.70
3.00 1.70 3.00 2.00 3.00 1.85
3.50 1.80 3.50 2.20 3.50 1.95
4.00 1.90 4.00 2.25 4.oo 2.05
4.5o 1.95 4.50 2.30 4.50 2.10
5.oo 2.00 5.00 2.40 5.oo 2.15
5.5o 2.30 5.20 2.55 5.30 2.35
5.70 2.60 5.40 2.75 5.6o 2.80
5.8o 2.90 5.6o 3.00 5.70 3.05
5.90 3.20 5.70 3.20 5.80 3.35
6.oo 3.80 5.80 3.50 5.90 3.80
6.02 7.40 5.90 3.90 5.95 4.15
6.o4 7.60 5.95 4.20 6.00 4.50
6.08 7.80 6.00 4.70 6.o4 6.70
6.12 8.00 6.o4 6.70 6.08 7.00
6.16 8.20 6.08 7.00 6.12 7.30
6.20 8.30 6.12 7.25 6.16 7.55
6.24 8.45 6.l6 7.45 6.20 7.80
6.28 8.6o 6.20 7.60 6.25 8.00
6.30 8.65 6.30 7.85 6.3° 8.20
6.35 8.80 6.40 8.00 6.40 8.55
6.4o 8.90 6.54 8.20 6.45 8.70
6.50 9.20 6.68 8.50 6.50 8.85
6.55 9>0 6.80 8.80 6.6o 9.10
6.65 9.75 6.9 5 9.20 6.70 9.40
6.70 9.90 7.00 9.35 6.80 9.65
6.80 10.20 7.10 9.80 6.90 9.90
6.90 10.45 7.20 10.20 7.00 10.20
7.00 10.70 7.30

7.40
10.60 7.05 10.45

7.10 10.95 10.90 7.10 10.60
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Table V 38

N = 

E° =

T£ =

0.2M V° = 50 ml. w = 0.2M t = 30°G.
0.02M *E° = 0.02»+M T|dta = 0.002M T® = 0.002M 

0.002M

Protocatechulc
acid

Ni.EDTA.Protocatechulc 
acid

Vol.of 
alkali 
(in ml.)

B Vol.of 
alkali 
(in ml.)
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logKFAL = 6‘13 + 0.07

logKMAL = 7.02 + 0.06

Table V ^0

B, rip, n, 3og(l-n)/n, pi and pL-log(l-n)/n data of Cu.EDTA. 

pyrogallol system - 30°C.

R nR V" Vf" V"'-V” n log(l-n)/n pL pL-log(l-n)/n

Table V 39

B, rip, n, ]og(l-n)/n, pi and pL-log(l-n)/n data of Cu.EDTA. 

catechol system - 30°C.

B np. V" V"' V'-V” n log(l-n)/n pL pL-log( 1-n)/n
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Table V H-l

B, n^, n, log(l-n)/n, pL and pL-log(l-n)/n data of Cu.EDTa. 
2,3-dihydroxynaphthalene system - 3C°C.

logK = 7,73 -i °’°5
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logKMAL =

Table V 43

B, n, log(l-n)/n, pi and pL-log(l-n)/n data of NI.EDTa. 
2,3-dihydroxynaphthalene system - 30°C.

B °H V" V"' V"'-V" n log(l-n)/n pL pL-log(l-n)/n

Table_V 4-2

B, n^, n, log(l-n)/n, pi and pl-log(l-n)/n data of Ni.EDTA. 
catechol system - 30°C.

B n^ V" V"« V'"-V" n log(l-n)/n pL pL-log(l-n) /n
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Table V 44

B, nH, n, log(l-n)/n, pL and pL-log(l-n)/n data of Ni.EDTA. 
protocatechuic acid system - 30°C.
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