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It is observed from the survey of the existing
literature (Chapter I), that the ternary systemsiCu.dipy,L
and Ni,dipy.L,where L = polyhydroxy aromatic ligands, have
not been investigated, A4An attempt h%&; therefore,been: made
in the present investigation to study the systems MAL, where

M

i

Cu(II), Ni{II)s; A = dipyridyl or orthophenanthroline and
L

catechol, pyrogallol and protocatechuic acid, WMixed

l1igand formation constants have been determined by using
modified form of Irving-Rossotti titration technique% The

study of the system Cu,dipy,catechol had been carried out
earlier% Mixed ligand formation constants could not be
determined in mixed ligand system where 2,3-dihydroXynaphthalene
is the secondary ligand, because the heterochelate gets

precipitated at very low pH,

The reaction steps are as follows :

¥+ dipyridyl ——> E&(dipy.il 2+
— [M.dipy]
M2 DMPT.Taipy

[mcatpy ]+ + 127 —[m.a1py.1]
OR

[aipyy]?* + 1 3" —>[m.aipy.0] "

where 12~ = protocatechuate: ton,

o _ _Unadipy.r] oR [M.aipy.n]¥

MAL tM.dipyﬂ 2* IR @i.dipy.] 2T1]3"

The same type of reaction is observed in|¥i-1,10 phenanthroline L]
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systems, In case of Cu(II), however, precipitation takes
place on mixing with 1,10 phenanthroline and the reaction

could not be studied further,

The above reaction is based on the consideration that
the formation of M + dipyridyl 1:1 complex is complete at
lower pH, before the combination of the secondary ligand
starts, 1:1 (metal -~ dipyridyl) complex is stable in the
higher pH range where combination of the secondary ligand
takes place, 0

Cu.dipyridyl (1:1) formation is complete before pH~l,
{Ttiks has been established by earlier workers% It is known
that Ni(II) ion also behaves as Cu(II) ion in forming 1:1
complex with dipyridyl in the lower pH rangeu’s and 1s stable
at higher pH,

In case of Be{II), &41(III) and Co(II), however,
dipyridyl and polyphenol combine:in the same pH range and
hence mixed ligand formation constant study could not be

possible,

For the Cu(II) and Ni(II) complexes solutions were
prepared as follows :
Perchloric acid (0.,2M, 5.0 ml.,) + sodium perchlorate (1M, 9.0
ml,) + double distilled water (36,0 ml,) , total‘volume =
50,0 ml,, g = 0,2M,
Perchloric acid (0.2M, 5.0 ml,) + dipyridyl (0.02M, 5.0 ml,) +
sodium perchlorate (1M, 8,9 ml,) + double distilled water
(31.1 m1.) ", total volume = 50,0 ml,, y = 0.2M,

3, Perchloric acid (0.2, 5.0 ml,) + dipyridyl (0,024, 5.0 ml,) +



5e

70

+ metal perchlorate (0.02M, 5,0 ml,) + sodium perchlorate

(1M, 8.8 ml,) + double distilled water (26,2 md.), total
volume = 50,0 ml,, g = 0.2M,

Perchloric aecid (0.2M, 5.0 ml,) + secondary ligand (O;OZM,

5.0 ml.,) % sodium perchlorate (1M, 8,9 ml,) + déuble distilled
water (31.1 ml,), total volume = 50.0 ml., g = 0.2M,
Perchloriec acid (0.2M, 5.0 ml.) + dipyridyl (0.02M, 5.0 ml,) +
secondary ligand (0.02M, 5.0 ml,) + metal perchlorate (0,02M,
5.0 ml,) + sodium perchlorate (1M, 8,7 ml,) + double distilled
water (21,3 ml,), total volume = 50,0 ml,, y = 0,2M,

The ionic strength of each solution was thus initially
raised to 0,2M, Each of the above samples was,titrated\
against 0,.2M sodium hydroxide, The plots of pH against volume
of alkali have been shown in figs, III 1 to III 6,

Since dipyridyl and o-phenanthroline are structurally
alike, o-phenanthroline should give same type of reactions,
The study in heterochelates’ systems [@(o—phen.)L:lo’,where
M = Ni(II) and T = polyphenolic ligands was possible, The

formation of ]ﬁ;(o-phen.i]z* at low pH has been shown earlier%’6"9

This is stable at higher pH where polfbhenols combine to form
ternary complex, The formation constanﬁs of'these ternary
sysféms [ﬁ;(o—phen.)ﬂjo, where L = catechol and prétocatechuic
acid have been determined by the same method as above, The
mixed iigand study of‘@i(o—phen.i] with pyrogalloi and 2,3-.
dihydroxynaphthalene'was not possible because the heterochelates
get precipitated,

Since o-phenanthroline is less soluble in water, dilute
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solutions were prepared as follows :

Perchloric acid (0.2M, 5.0 ml,) + sodium perchlorate (1M,

9.0 ml,) + double distilled water (36.0 ml,), total volume =
50,0 ml., g = 0.2M, | _

Perchloric acid (0.2M, 5.0 ml,) + o-phenanthroline (0.01M,

5.0 ml,) + sodium perchlorate (1M, 8,95 ml,) + double distilled
water (31,05 ml,, ), total volume = 50.0 ml,, y = 0.2M,
Perchloric aeid (0,2M, 5.0 ml,) + o-phenanthroline (0,01,

5.0 ml,) + nickel perchlorate (0,01M, 5.0 ml,} + sodium
perchlorate (1M, 8,85 ml,)4 doublevdistilled water (26,15 ml,),
total volume = 50,0 ml,, g = 0.2M,

Perchloric acid (0.2M, 5.0 ml,) + secondary ligand (0,01M,

5.0 ml,) + sodium perchlorate (1M, 8,95 ml,) + double distilled
water (31.65 ml.), total volume = 50,0 ml,, y = 0.2M,
Perchloric aecid (0.2M, 5.0 ml.) + o-phenanthroline (0,01M,

5.0 m1,) + secondary ligand (0,01M, 5.0 ml,) + nickel
perchlorate (0.01M, 5.0 ml,) + sodium perchlorate (1M, 8.9 ml,) +
double distilled water (21,1 ml,), total volume = 50,0 ml.,

= 0.2M, |

The above soclutions were titrated against 0.2M alkali.
The plot of volume of alkali versus pH 1is represented in
%igs. IIT 13 to III 1%, The observation of the curves in the
above figures shov}s that metal dipyridyl or o-phenanthroline
curve (3) diverges from the dipyridyl curve (2) at low pH
indicgting that metal dipyridyl or o-phenanthroline complex
formation takes place at low pH, The calculation of n shows
that it continwmess to be one upto pH ~ 6, after which metal

dipyridyl or o-phenanthroline curve diverges from the dipyridyl
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or o-phenanthroline curve showing formation of hydroxy complex
[ﬁ(dipy.)(OE)é}. After pH ~9,5 the complex decomposesl>
forming metal hydroxide which precipltates qut indicating
that the metal dipyridyl complex 1:1 formed at low pH, is
stable upto high pH, Metal dipyridyl polyphenolic ligand
curve (5).and metal dipyridyl curve (3) overlap each other
at low pH, This indicates that in the pH range where dipyridyl
combines with metal, combination of polyphenolic ligand does
not take place, Since the dissociation of the ligands catechol
and pyrogallol at low pH is negligible, the curve (3) and (5)
overlap, In case of protocatechuic acid, the metal + dipyridyl +
protocatechuic acid curve (5) separates from metal + dipyridyl
curve (3) at low. pH due to self dissociation of carboxylic
group, In cases of all the ligands, however, curve (5) diverges
from curve (%), after pH ~% 1in copper systems and at pH— 6.5
in nickel systems, In thls range coordination of polyphenols

starts, This is represented by the follewing reactions :

B+ 4 — Dt

[MA]2+ + LHp — [(uar)s 21"
Since [ﬁ.dipy{]2+ does not dissociate in the higher pH range,
it can be considered that the second ligand combines with the
species [M.dipyj2+ just as 1t does with EM(aqui]2+ in simple
system, 1In case of Cu2+ system the combination of secondary
ligand is completed before the pH where [Cu(dipy.)(OH)r]
formation takes place, In case of Ni2+ system secondary
ligand combines in the range of [Ni(dipy.)(OH)é] formation,

However, in the presence of strongly complexing secondary
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'1igand the formation of [@i(dipy.)(OH)gl ié'su§§essed.

&s such the horixontal distance bétwegn curves (4)
and (5) can be measured and used for calbﬁlatign.of n , the
average number of polyﬁhenolic ligands associated with one
{ﬁ(AX]2+. The equation used for the calculation of n will

be same as given in the original paper%

(v"-v") [N + E® + T2 (Y - EH)]
(Ve+¥") Ty Tg

-
-

Here Tﬁ = concentration of [M(Ai]2+ which 1ls equal to the
concentration of the metal used, In the above equation "

and V" are the volumes of alkali added to reach the same

pH in the sécondary ligand cu;ve‘and metal + dipyridyl +
secondary ligand curveJrespectively. ‘EH values gnd the
proton ligand stability wvalues of the secondary ligand, for

pL calculation, have been taken from earlier chapter, T and

pL values have been calculated at different pH values and

have been shown in tables III 5 to III 10 and IIT 1% to III 15,

ﬂL at n = 0,5, gives the value of log K More precise

MAL®
values were obtained by plotting plL at each point against
log (1-n)/n and obtaining a straight line, At each point

on the straight line log K, = pL - log (1-n)/n,

It is observed that the order of the mixed ligand
formation constants in metal dipyridyl polyphenoclic ligand is

protocatechuic acid 3 catechol Y pyrogallol as in the binary
system,
It is observed that the difference bétween KMAL and

KML, is much less, Dipyridyl molecule has a greater coordinating
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tendency with metallic ion and forms more stable 6~ bonds than
water and hence in E@(dipy.)(aqu.i}2+ the concentration of
electrons around‘M2+ ion should be more than in simple
[k(aqu.{]2+. Hence the constant corresponding to the reaction

‘ [M(A{]2+ + L2" should be less than the constants for M2+ + LS

the Formation constonts of
Thus the values of [M(dipy )(Li}are mach higher than

what 1s expected from statistical considerations, KMﬁL
much higher than KML2
This can be agttributed to the special behaviour of dipyridyl

and only slightly lower than K v

or o-phenanthroline,

Dipyridyl and o-phenanthroline molecules are bound
to the metal by s bonding as in the case of ethylenediamine,
Besides, that there is also 7 bond formation by the back
donation of electrons. from metal to the ligand, The dvaﬁw
interactions have been observed in metal-dlipyridyl complexes

10-13 using different methods of investigations,

by earlier workers
The dwm-pm interaction does not allow the concentration of
electrons on the metal lon to increase significantly., In
other words, positive charge on the metal ion in [M(dipy.i}2+

is almost same as in [M(aqu.i]2+ complexes,

Enthalpy changes in the coordination of L ~ with
[ﬁ(aqu.i] or (h(dipy.i]z can be expected to be same, Since the
Species [Mﬂ]orﬁmﬁa are both neutral,the entropy change will also’
be same in both the cases, Since the formation constant is
dependent on the free energy, which in turn is related to the
enthalpy and entropy changes, Kﬁﬁiﬁe:KM . KﬁﬁL is much
higher than K§%2 because dipyridyl is a neutral 1ligand and
~hence 12~ has not to face any repulsion while getting bound
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with MA, However, during the formation of MLz , the incoming

LZ‘ has to face a repulsion due to already exlsting charged

ion in LQ'. Purther MAL is a neutral species while [BL%]E_
has two negative charges, The former will not get solvated
and hence the solvent moleculesare free to move, The entropy
change: is thus more favourable in the formation of MAL ,

: MA ML
The favourable enthalpy and entropy changes make KMALT7 KML2 .

It is observed that in case of Cu(II) complexes
KM&L is higher than X . Such observation has been made in
case of [m(dipy,)(catﬂ earlier% This can be attributed to
dynanic Jahn-Tellor edistoftion. Dipyridyl being a neutral
ligand produces stronger electrical [ield arocund the Cu(II)
jon, during formation of [Cu(dipy.)(Hgo)az+. The distorted
octahedron [@u(Hzo)é]2+ will be somewhat more strongly
distorted towards the square planar coordinagtion by the

coofdination of g-qo'-dipyridyl, thus creating the right

geometry for the coordination of the secondary ligand and

14
M} .

resulting in the increasénin the value of Ky
In case of [Ni(dipy.i}secondary 1igand) systems, the

formation constants are higher than corresponding

iﬁi(o—phen,ﬁ}secondary ligand] system, This can be expected to be

due to the bigger size of o-phenanthroline molecule which

produces more steric hinderance, Besides this the metal to

ligand = interaction is less in {ﬂi(o—phen.i}2+ and henee

its tendency to combine with secondary ligand will be less

than that of E}J_i(dipy.):l2+.
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B
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30°C,
O )
TM 0,002M

t
Ni,Dipy.Catechol

alkali
(in ml1,)

Vol,of
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Table III 3

t 30°C,

0.2M
0 =
TL 0.002M

N
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o =
TDipy 0.002M
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O =
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B
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B
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Cu,Dipy

Table IIT 4
50 ml.
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Table III S

B, Ny, 0, log(l-n)/m, pL and pL-log(l-n)/n data of Cu.dipy,
catechol system - 30°C,

A ymooym_yn n  log(l-n)/n pL  pL-log(l-n)/mn

B EH
4,50 2,00 5.00 5.10 0.10 0.10 0.95 14,184 13,23
4,60 .oog 5.00 5.15 0,15 o.15§ 0.75: 14,01, 13.25§
4,70 2,000 5.00 5,20 0,20 0.20, 0.602 13,834 13.23¢
4+.80 2,000 5.00 5.26 0.26 0,264 045,  13.67, 13.21,
4,90 2,00, 5.00 5.&h o.ah o.&ho 0.28s 13.524 13,235
5-00 2-000 5.00 50 2 0. 2 Oo 20 001)+0 130380 1302 0
5.10 2,000 5.00 5.50 0.50 0.500 0.000 13,24 13,24,
5.20 2,000 5.00 5.57 0.57 0.570 1.97, 13,11, 13,13
16gKMAB = 13,22 + 0,09
Table III 6

B, BH, n, log(l-n)/n, pL and pL-log(l-n)/n data of Cu,dipy.

pyrogallol system - 30°C,

B BH A ymoymyn n  log(l-n)/n pL pL-log(l-n)/n
.10 2,00 5.00 5.12 0,12 0.12, 0.865 13.91¢ 13,05,
4,20 2,000 5.00 5.17 0,17 0.17¢ 0.68g 13,74 13.09,
h.ao 2,000 5.00 5.24 0.24% 0,24, 0,500 13.58,4 13.08,
.40 2,000 5.00 5.30 0,30 0.300 0.36g 13.41,  13.0%,
4.50 2,000 5.00 5.36 0,36 0.36, 0.24%, 13.25¢ 13,00,

logK,,; = 13.0% + 0,04
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Tabke III 7

B,‘EH, n, log(l-n)/n, pL and pL-log(l-n)/n data of Cu,.dipy.

protocatechulc acid system - 30°C,

B n VA& ym o ym_oyn 7 log(l-n)/n pL pl-log(l-n)/n

H

.90 2,000 5.10 5.20 0.10 0,09 0.95 16,42 15.46¢
.00 2.002 5.12 5,28 0.16 0.153 0.723 16,262 15,54,
010 2.000 5.15 5-36 0021 0.209 0-578 16.019 15. |
4L.20 2,000 5.18 5,50 o.aﬁ o.a;g 0.33, 15.782 15.45,
4.30 2,000 5.20 5.6% O, 0.3  0.10p 15.56, 15.45,
L.k 2,000 5.23 5.77 0.,5% 0,51, 1,970 15.%4 15.47,
1".50 20000 5.25 5-85 0960 00597 1.829 15.298 15,.)"'69
logk = 15,48 + 0,06

MAL
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Table TII 8

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

B Ty v* oYM ym_y" R 1log(1-R)/A pL pl-log(l-n)/A
7.30 1.972 5.00 5.1% 0.1% o0.14 0.78 84,57 7.78
7.30 1.96: 5.00 5.18 0,18 o.18: o.6h: 8.382 7.733
7-50 10960 5!01 5.2,"’ 0023 0023’4- 00515 80195 70680
7.60 1.955 5.0& 5.33 0.30 0.30, 0.35; 8.01, 7.664
7.70 1,94 5.0k 5.h2 0.38 0.384 0.19¢  7.83s 7.634
7.80 1.9% 5.05 5.51 o0.46 0.47, 0.0%4g 7.660 7.615
7.90 1.93¢ 5.06 5,60 0.5% 552 1.90, 7485 7.57¢
logKy,; = 7.66 + 0.09
Table III 9

B, Ty, 1, log(l-n)/n, pL and pL-log(l-n)/n data of Ni,dipy,

pyrogallol system - 30°C,

B n A ymoym_yn n  log(l-n)/n pL pL-log(l-n)/n
7,00 1,965 5.00 5.09 0,09 0,09, 0.95q 8.11, 7.15,
7.10 1,96, 5.00 5.12 0.12 0.12, 0.86, 7.88¢ 7.01,
7.20 1,960 5.00 5.16 0,16 0,16, 0.714 7.70, 6.99%,
7.40 1,9%, 5,00 5.35 0.35 0.36p 0.24%,  7.34, 7.100
7.50 1.92¢ 5,00 5.42 0,42 0,435y  0.114 7.16q 7.05¢
7.60 1,92 5.00 5.45 0.45 0.4€z 0.055 7.154 7.102

logk 7.01 + 0,09

3
=
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Table III 10

B,'EH, n, log(l-n)/n, pL and pL-log(l-n)/n data of Ni,dipy,
protocatechuic acid system - 30°C,

B Ty Al VAL AL L n  log(l-n)/mn plL pL-log(l-n)/mn
7.10 2,000 5.41 5,51 0,10 0.09¢  0.9% 9.56 8.605
7.20 2,000 5.42 5.57 0.15 0.llg 0.76¢ 9.374 8.61¢
7-&8 2-000 5-::& 5-65 0022 00219 0.55\& 90191 8.6gq
7. 2,000 5. 5.72 0,28 0,27, 0.41« 9,00 8.585
7.50 2,000 5.4+ 5,80 o.aﬁ 0.357 0.255 8.82,4 8.57u
7.60 1.9%, 5.45 5,89 o0, 0.%43+  0.11, 8,64 8.;&,
7.70 1.935 5.46 6,00 0.5% 0.535 1.93, 8.14+8, 8,54

logKy, = 8.58 + 0,05
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30°cC,

t
Nigo-Phenanthroline

0.2M
0.001M
B Vol.of
alkali
(in ml,)

0 =

4]
M

0.02M Tg—phen = 0,001M T

o-Phenanthroline
(in ml.,)

Vol,of
alkali

Table IIT 11
0.,2M Ve = 50 ml.

Perchloric acid
Vol,of

alkali

(in ml,)

N
E°
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Table III 12

Ve = 50 ml,

0.2M

N

Ti = 0,001 Tﬁ = 0,001M
B

Ni ,0-Phen,Catechol

(in ml.)

0.,001M
Vol.of
alkall

Tg-phen
Catechol

(in ml.,)

Vol,of
alkali

0.02M

E¢ =

&5000500005555005005500 NN O OO OO0 O
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Table III 13

30°C,

t
T

0.2M

K

Ve = 50 ml.

0.2M

N

0.001M

ox

0.001M

)

T

= 0,001M

0.02M T;¥phen

E°® =

Ni.,o-Phen,Proto-
catechuic acid

Protocatechuic
acid

(in ml.)

Vol,of
alkalil

(in ml.,)

Vol,of
alkali

000050550500550050050000
23592‘4&2&393579157903581%70/0

* &
M~ QA 33334%4556677778888999900001
A
000000 OOROONOONOFTONY OM 0 O0.F40 F+FOONNOO
00505050578890011 22333%% 6777889023
® & o o & o 5 » * S ® o & o ......'......
0112233####445555555555555555555555666

/w [eJoNoYoNeollaVoYoNeo Yoo\ a Vel 550000&5500 oMo oMM\ oONoO
VN0 ONHAN OO NOWND 97370\4 ~NO et ANOMF +N\ND0O
L ] L ] [ ] ® ° L] [ ] [ ] [ [ ] o o e 0 [ ] [ ] [ ] * & ® [ J L] ®* ® o 9 L ] e o » [ ] [ ]
1111112222333\45556 778888 NN ONONONODOOQOOOOC O
rfrl el e e
000000 0 o OO OoOWNOF VDO T ONY 60 (@] ONV OO
[ ] [ ] . . [ ] [ ] * o L ] * @ o [ ] L . * ® ® o » ® o o O
0112233“ uhh5555555555555555555555556




ju us 1™V 40 "710A

S-9 GG

"pi1oe 21nyosajeosojoad pue
aurjoayyueuayd-o “(11)IN 40 Ol1lea JeJOW T:IT:T °S

p1oe 21Nyda3ed0304dd ¥
autljoayjyueuayd-o “(11)IN JO Ol1leud JejOUW Il "€
aurjoaylueusayd-o -z

proy °T

“00€
€ - WalsAs proe 21nyoaleooload -uayd-o<(r1)IN

1 bid



87

Table III 14

B, HH’ n, log(l-n)/n, pL and pL-log(l-n)/n data of Ni.o-phen,
catechol system - 30°C,

B EH VAl v* o ym.oy® [ log(l-n)/n  pL  pL-log(l-n)/n
7090 10936 5'00 5.11 0011 0-227 0.537 7.1"'18 60886
8.00 1.921& 5.00 5.15 0.15 0-31| 00335 7-2)"'? 60912
8.10 1,90. 5,01 5.19 0,18 0,37,  0.21j 7.08y 6.86¢
8.20 1,88 5.02 5,23 0,21 O.%4+5  0.09s 6.954 6.856
8'&0 1o869 5.0& 5.27 0.2)+ 0.5’11 1097"7 6083“ 60857
8. 0 108)+R 5-0 5.32 0028 0-60'5 1081\& 60676 60862
8.50 1.81¢ 5.05 5.35 0.32 0,704  1.€2, 6.32, 6,70

logKy,; = 6.8% + 0,07

Table III 15

B, EH, 7, log(l-n)/n, pL and pL-log(l-n)/n data of Ni,o-phen,
protocatechuic acid system - 30°C,

B ﬁH VA ym ym_y" 7 log(l-n)/m pL pL-log(l-n)/n
7.60 1.9%, 5.21 5,3+ 0.13 0.265 O, 8,524 8.085
7.70 lu93’5 5.22 5. 9 0017 0. 50 0026P 8035? 80089
7.80 1.935 5.23 5.4& 0.20 0,41, 0.15¢ 8.17¢ 8.02¢
7.90 1.920 5-23 5. 0.21 0.""35 0-113 80096 70983
8.00 1,88, 5.24 547 0,23 0.48, 0.025 8.01, 7.990
8.10 1.8%, 5.29 5.49 0.2% 0.51, 1.96¢ 7.9 7.971
8,20 1,800 5.2€ 5.51 0.25 0.55,  1.90,4 7.892 7.984

logK,,r = 8.01 + 0,07
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