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SECTION A
94

Though the formation of mixed ligand complexes is 
known since the timer of Werner, study of mixed ligand chelates 
has invited special attention of chemists since 1959. A 
number of studies in solids and solutions have been reported 
for the ternary metallic complexes involving a neutral molecule 
i*e. dipyridyl as primary ligand and various secondary ligands.

Punger and coworkers'*' employed the high frequency

titfimetry to study ihe complexes, of Ni(II) with dipyridyl
2and dimethyl glyoxime. Schillt carried out the potent!ometrie

and spectrophotometrie titrations of dicyano-bis(bipy) iron(II)'
and dicyano-bis(1,10-phenanthroline) iron(II) in acetic acid.
He also reported mixed ligand complex of Fe(III) with CN- and
bipyridyl or o-phenanthroline and characterised the compounds^

The preparation and resolution of bis (oxalato) 2,2*-bipy-chromate
(III) and bis (oxalato) 1,10-phen-chromate(111) ions have been

kreported. Grignard* s method was utilized in the preparation 
of benzene bis(bipyridyl) Cr(III) iodide and diphenyl bis 
(bipyridyl) Cr(III) iodide and diphenyl bis(bipyridyl) Cr(III) 
iodide by Tsutsu. Coates and coworkersD studied the formation 
of coloured complex of Be~dialkyl and diaryl derivatives with 
2,2* —bipyridyl. Schillt^ used the complexes, dicyano-bis 

(1,10-phen) Fe(II),2l20 (Ferrocy.phen) and dicyano bis(2,2*-bipy) 
Fe(II).3H20 (Ferrocy.blpy), as indicator in redox determination 
of aqueous solution of p-CgH^(OH)a and primary aromatic amines. 
Chelate compounds of organo tin halides were prepared with

* 82,2*-bipyridyl and 1,10-phenanthroline by Alleston and coworkers.
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Spectrophotometric determination of titanium through the , ~

formation of mixed complex with bipyridyl and salicylate is
knownf Octahedral Co(III) complexes containing bipyridyl and

amino acids have been synthesised and characterised by Murakami
and coworkers*P Atkinson and coworkers^ studied the chelate

effect of mixed ligand complexes of bipyridine and pyridine with

Jfo(II), Ni(II), Cu(II) and 2n(II) by carrying out colorimetric,

potentiometric and electron spin resonance spectral studies.

Chelates of the type M5(C0)3(bipy)L where L = Ph3P, Ph2S> and
12pyridine are known, The preparation of heterochelates of the

type (bipyH2) kCVOa^CSO^CCzOOCOClIHjiOz]. has been reported
by Markov and cowork ers^ The complex of chromium(II) acetate
with 2,2*-bipyridine i.e, [Cr(bipy)2(0AC)22 was also reported^

Bis(bipy) dicyano Rh(II) complex was synthesised by Sen and
coworkers.5 Herzog and coworkersx reported the formation of

diacetato 2,2*-bipyridyl Cu(II) complex. The mixed ligand
complexes [Co(III)(bipy)Y(XL2]X where Y * bidentate amino acids

17were examined polarographically.' UC13.0ET.bipy2 and
18UCl3.0ET.phen2 were isolated by Gans and coworkers. Dutta 

and coworkers^ observed that cis-diamine Co(II) sulphate reacts 

readily with ethylenediamine, o-phenanthroline or bipyridyl 

liberating ammonia with the formation of mixed ligand complexes. 

The complexes of 2,3-dihydroxynaphthalene and bipyridyl and 

o-phenanthroline have been studied with a series of cation and 
oxyecations^0 The fluorescent* properties of various Eu(II) 

chelates of dibenzoylmethane, benzoylaeetonate, acetylacetone,

§-naphthylaee tonate were observed to be enhanced on coordination
2i 22with bipy or o-phen. Yamamoto and coworkers synthesised
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diethyl bis(bipy) iron and ethyl (bipy) nickel. The new seleno

cyanato complexes of Pd(ll) or Pt(II) with bipyridyl have been 
2"x

worked out.J The compounds di(phthalimide) 2,2'-bipy.Co(II)

and di(phthalimide) 1,10-phen.Co(II) have been characterised
' 24by infra-red spectral study. Mixed complexes containing

Co(III), paludrine and bipyridyl and o-phenanthroline have been
25described by Gheorghiu and coworkers.' The solution stabilities

of mixed ligand complexes of the type ,£cu(bipy)(L)J where

L is polyhydroxy phenols, and acids have been reported by Kartell 
261 and coworkers. Potentiometric titration technique has been

used in the study of blnuclear diolated Cu(II) complexes of
2^ 27^{pUzCOH)^!?] ion, where L = bipy. or o-phen.or histamine.

28Dutta and coworkers reported the synthesis of a variety of -

oxo.vanadium (IV) heterochelates containing bipy. and o-phen..

The precipitation and characterisation of the mixed ligand

complex Cu(II) phthalimide with bipy. or o-phen. was reported
by Narain^ Electrode potentials for a variety of mixed ligand

complexes of Os(III) and Os(II) have been measured in aqueous
solution^0 Bipyridyl derivatives of nitrato pentacarbonyl

Mn(I) is known^1 Mixed Tl(III) complexes of bipyridyl involving

coordinated perchlorate and nitrate ions have been listed by
Faruer and Nord-P Eipan and Saceban^ reported the synthesis

of ternary complexes of U02(II) with bipy»} ,1^10-phen. and o-,

m- and p-amino benzoic acids. Complexes of Tc(IV) with Ph3P
qtj.and Ph3As and bipyridyl have been synthesised-^ Paramagnetic 

adducts of Ni(II) chelate of mono thio p-diketones have been 
obtained with bipy. and o-phen^. A detailed study of synthesis 

and spectra of cyanomethylene complexes of Fe(III) with 
bipyridyl and o-phenanthroline has been reported^ The. formation
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of compounds MoC13( pyridine) (o-phen), MoCl3(pyridine)(bipy) 
has also been reported^ Palade^® studied the introduction of 

o-phen. into the internal sphere of ammonium disulpha to
3Q

tetramine cobaltate. Lai and Agarwal determined the formation
constants and synthesised the heterochelates containing
oxo.vanadium(I¥),o-phen. and eighteen dihydric phenolic compounds.
The synthesis of heterochelates of the type [VO(C2Ou.)(bipy)3 has

4n Hibeen reported by Dutta and coworkers. Dutta and coworkers
also suggested a new synthetic procedure for the preparation
of a series of vanadyl heterochelates of the type ¥0(AA)XYX
and V0(AB)XYX where AA is bipyridyl or acetylacetone and AB
is glycine or phenolic acid or )8-hydroxyquinoline and XYX is
a tridentats ligand e.g. pyridine 2,6-carboxylic acid. The
binuclear complex of PeCHt)^ £ (phen)2>Fe(0H)2-Pe(phen)2J[ -(804)2.7H20

42containing the hydroxo bridges has been isolated. Dutta and 
4i

eox/orkers J reported the synthesis of heterochelates of Co(II)
with bipy., o-phen. and biguanide. Mixed ligand chelates of
rare earth metals with propionylacetone and bipyridyl are also

44 HOfRknown to be formed. Sigel and coworkers J have investigated

ternary \transition metal complexes with bipyridyl as the primary
ligand and many monodentate or bidentate secondary ligands/
coordinating through*two oxygen atoms, two nitrogen atoms or

one oxygen and one nitrogen atom. Octahedral complexes of
Go(II)- bis-ethylacetoacetate with aromatic heterocyclic amines ,

4qas bipy. or o-phen. have been synthesised,7 Komomenko and
Socoworkersy prepared and characterised the ternary complex of 

H,H,H-trifluoro-l-(2-thienyl)-1,3-butadiene and 1,1o-phen. or 

bipy. with ¥0(11) ion. Crystalline mixed ligand chelates of 
Cr(III) with bipy. or o-phen. halides, acetylacetone have been



<1 <2 QOprepared^ Broomhead and coworkers synthesised and resolved

the heterochelates of Cr(III) and Co(III) with the ligands

bipy., o-phen., and oxalate ion. Synthesis of octahedral

complexes [Go(A)L2] Cl2 where A == bipy., o-phen., acetylacetone*
L = halides have been described^ Heterochelates of Cu(II)

and,2,2*-bipyridyl and o-phenanthroline with biguanide have

been prepared and characterised, Syamal x reported the
formation of (Hi 1 l4)Cl* in good yield where L = picolyl amine

and L' =,bipyridyl. The ternary complexes in solution where

bipyridyl is used as the primary ligand and aliphatic and
56aromatic acids are the secondary ligands, have been reported.

Reactions of trimethyl (p-dioxo) Pr(IV) complexes with bipy.
57and o-phen. resulted in the formation of heterochelates,

58Dutta and coworkers' isolated and characterised several Gu(II)

complexes of empirical composition Gu(AA)(X)2 where (AA) =

2,2*-dipyridyl/o-phenanthroline/5-nitro-o-phenanthroline and

X = NCS, H02 or N3. They also synthesised a number of mixed

chelates of Cu(II) containing glycine or a-(Dl)-alanine and

aja’-dipyridyl, o-phenanthroline or 5-nitro-o-phenanthroline
of the type '[Cu(AA)(XY)] Z.xH20 where Z = Cl, Br, I?

Preparation and properties of malanato bis(bipy) Co(III) salts 
»*have been described^0 (?0(bipy)3(NCS0)2] , [VO(phen)3(NCSe)J

have also been reported. Sigel and coworkers reported the

stability constant of 2,2*-bipyridyl-.Cu(II)-pyrocatechol

complex.. The ternary system phenyl bis(bipy)Hi(II)chloride is
68 64-known.-5 Yashuhiro and coworkers described the formation of

mixed copper complexes of some p-diketones with bipyridyl*
65Sigel and coworkers ' also determined the rate constant for the

oomnptest „
formation and dissociation of the mixed ligand [Cu(bipy)(gly)J



99using temperature jump technique. . Structural varieties in

mixed Co(III) and Co(II) chloro compounds with 1,10-phenanthroline
66and 2,2*-bipyridyl have been investigated. The ternary 

transition metal complexes - with bipyridyl. have been reported 
by Griesser and Sigel^ Systems MAL where M = Cu(II), Ni(II)$

& - dipyridyl or o-phenanthroline and L = various amino acids
68have been studied in solution by Chidambaram and Bhattacharya.

However, the study of mixed ligand systems using

dipyridyl as primary ligand and the polyhydroxy phenols as the
26 62secondary ligands is not mucht ’ An attempt |yas^ therefore,

been made in the present investigation to study the formation
2+ 2+constants of the system MAL, where M = Zn or Cd * A = 

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

and protocatechuic acid using a modified form of Irving-Rossotti 
titration technique^’®^ The reaction for the mixed ligand 

complex formation can be represented as follows j

M2+ + bipy [M(bipy)] 2+

- TMCbipy)] . .
. DO [hipyj

M(bipy)2* + IT1 ^=^[M(bipy)l]1+ -

[M(bipy)L]
Km .= DcbipjoP^W"1

The above reaction is based on the consideration that the 

formation of Isl metal bipyridyl complex is complete at low 
pH, .The Ijl complex forms [M(bipy)(OH)21 at higher pH,

However, in the presence of a secondary ligand formation of 

hydroxy complex does not take place and instead ternary complex
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[^(bipy)!!]^* results. The above required conditions do not 

hold good in the complexes of Tl+, Mg^+ and Uof+ and so the 

ternary systems could not be investigated in these cases.

For the Zn(IX) and Cd(II) complexes, solutions were 

prepared as follows j

1. Perchloric acid (0.2M, 5.0 ml.) + sodium perchlorate (1.0M,

9.0 ml.) + conductivity water (36,0 ml.)? total volume =

50.0 ml., u - 0.2M.

2. Perchloric acid (0.2M, 5.0 ml.) + bipyridyl (0.02M, 5.0 ml.) + 

sodium perchlorate (1.0M, 8.9 ml.) + conductivity water 

(31.1 ml,)? total volume » 50.0 ml., ^ * 0.2M.

3. Perchloric acid (0.2M, 5.0 ml.) + secondary ligand (0.02M,

5.0 ml.) + sodium perchlorate (1.0M, g\9 ml.) + conductivity 

water (31.1 ml,)? total volume * 50.0 ml,, ^ » o.2m.

4-. Perchloric acid (0.2M, 5.0 ml.) + bipyridyl (0.02M, 5.0 ml.) + 

metal perchlorate (0.02M, 5.0 ml.) + sodium perchlorate 

(1.0M, 8.8 ml.) + conductivity water (26.2 ml.)? total 

volumSc? 50;0,n£U~,: 0*2M.
5# Perchloric acid (0.2M, 5.0 mlv)J 4- bipyridyl (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., # * 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 solution. The volume of alkali added 

and pH measured have been recorded in tables IV A 1.0, to IV A 2.3. 

The plots of pH against volume of alkali have been presented 

in figs. IV A 1 to IV A 5.



101An observation of mixed ligand system curves (figs.
IV A 1 to IV A 5) shows that metal bipyridyl curve (4) 
diverges from the bipyridyl curve (2) at low pH. The calculation 
of n shows that it continuess to be one upto pH ^ 6.0 after 
which metal bipyridyl curve (4) diverges from the bipyridyl 
curve(2) showing formation of hydroxy complex M( bipy) (OH) 2.
After pH r- 9.5 the complex decomposes forming metal hydroxide 
which precipitates out indicating that metal bipyridyl complex 
lil formed at low pH is stable upto high pH. Metal,bipyridyl 
phenolic ligand curve (5) and metal bipyridyl curve (**) overlap 
each other at low pH. This indicates that in the range where 
bipyridyl combines with metal, combination of phenolic ligand 
does not take place. Since the dissociation of the ligands 
catechol and pyrogallol at low pH is negligible, the curves (*+) 
and (5) overlap. In case of protocatechuic acid the metal 
bipyridyl protocatechuic acid curve (5) separates from metal 
bipyridyl curve (*f) due to self dissociation of carboxylic
group. In cases of all the ligands, however, curve (5)

' 1 2+ diverges from the ligand curve (3) after pH ^ 6.5 in Zn and
2+Cd systems. In this range combination of secondary ligand 

with metal bipyridyl starts. The reaction can be represented 
as follows t

M2* f A ^ OGA)]2+
[M (a)]2* + LH* [MAL] + 2H+

Since the dissociation of M-bipyridyl does not take place In 
the range of the association of the secondary ligand, It can
be considered that the secondary ligand combines with

2+ 2+(M-bipyridyl) just as it does with (M.aq) in the simple



102system. In the ternary systems the secondary ligands add in
the same pH range where M(bipyridyl)(OH)^ formation takes place.
It has been presumed that in the presence of highly complexing
secondary ligand, formation of M(bipyridyl)(OH)2 is suppressed.
Similar consideration has been made by earlier workers56 in

the study of the formation constant of the mixed ligand system
(Zn.bipyridyl.glycollie acid) where glycollie acid combines
at higher pH. The horizontal distance between curve (3) and
curve (5) can be measured and used for the calculation of n,
where n is the average number of phenolic ligands associated

2+with one (M.bipyridyl) . The equation for the calculation
6<3will be the same as in the original paper.7

(V^-V") + B° + T£ (Y - ig)]

<¥* + V") njj Tg ' '
2+Here T® is the concentration of (M.bipyridyl) which is 

equal to concentration of M2+. n and pL were calculated at 

different pH values, and have been presented in tables IV A 2.1b 
to IV A 2.3c. pL at ii = 0.5 gives the values of log 
This, however, will mean using only one point and the value 
will be erroneous . More precise values were obtained by 
using the method of linear plot?0 The values have been 

presented in the table IV A 3.0.

The titration could not be done in mixed ligand systems 
with 2,3-dihydroxynaphthalene, because the heteroohelates get? 
precipitated. In case of Cd.bipy.pyrogallol system also n does 
not go beyond 0.15 and hence Kcould not be calculated.

It is interesting to observe the values of mixed ligand



formation constants KMj^: The order is same i.e. Zn(II) > Cd(II)
as in the case of binary systems. The relative tendencies of

2+the secondary ligands to combine with (M.bipyridyl) is in 
accordance with the basicities of the ligands.

103

It has been observed that in cases where A = ethylene-
diamine, log K, 71 is significantly lower than log 1L‘‘MAL —6“***™ML| *
This is because of the fact that the tendency of L to get bound to
aqua ted metal ion is more than to the metal ion bound with
ethylenediamine. Bthylenediamine molecule has a greater
«a- bonding tendency than the water molecules and thus increases ,
the concentration of electrons around the metal ion and hence
the tendency of fjM(en)]2+ to get bound with L will be less.

Bipyridyl should behave in the same way as it is'a neutral
compound and log KMAT< should have been much lower than * •

2+ *2+
But it is observed that Kj^ ^ ^ (where M = Zn or Gd ,
A = bipyridyl and L = catechol, pyrogallol or protocatechuie 
acid). This can be attributed to the special behaviour of 
bipyridyl.

Bipyridyl is bound to a metal by acr bond as in case
of ethylenediamine. Besides that it can also form a ir bond by
the back donation of the electrons from the dir orbitals of
metal to the nitrogen pir orbitals on the ligand molecules.
The dv-pv interaction has. been observed in metal bipyridyl

56 69 TP ’J'icomplexes by earlier workers. * using different
methods of investigation. The dir-pv interaction does not .allow 
the concentration of electrons on the metal ion to increase 
significantly. In other words positive charge on the metal ion 
in [M(bipyridyl)] is almost same as in [M(aq)] complexes.



As such the tendency of metal bipyridyl to combine with the 
ligands is almost same .as the tendency of ligand to get bound 
with [M(aq.)3^+ systems. This explains why KMAT . In

case of chelating ligand molecules containing two 0-0 donor 
atoms like catechol (and also pyrogallol and protocatechuie 
acid), the resulting mixed ligand system is neutral as in the 
structural formula t

104

As a result of formation of neutral molecules, the solvent
molecules are no longer bound with the mixed ligand complex and
hence the freedom of movement of the solvent molecule is more
i.e. entropy change is positive. Thus the entropy and enthalpy

M MAfactors add up and hance Kj^ - is less«

Similar observation of ^ KMLt ^as ^een made by 
earlier workers^* in the system where M = Ni(II-) or Cu(II)$

A = bipyridyl and L = amino acids or oxygen containing ligands, 
in these cases the secondary ligands combine at much lower pH 
than where MA(OH) formation starts. Since the values in,-case 
of Zn(II) and Cd(II) complexes are in agreement with previous 
cases, it can be argued that the consideration that the hydroxy 
complex formation is suppressed in presence'of strongly 
complexing secondary ligand, is valid.
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t * 30°c. 

0.002M

Cd.Dipyridyl

U 58 0.2M

Zn.Dipyridyl

Vol.of
alkali

B

(in ml.)
^ >|M

0.00 1.60
1.00 1.70
2.00 1.80
3.00 2.05
3.50 2,20
*.00 2.40
*.50 2.70
*.55 2.75
*.60 2,80
*.65 2,88
*.70 3.00
*.80 3.25
b.85 3.55
*.90 3.90
*.95 *.30
*.98 *.50
5.00 6.70
5.05 6.95
5.10 7.15
5.20 7.50
5.30 7.68
5.*o 7.90
5.*5 ' 8.10
5.5o 8,*0
5.55 8.70
5.6o 9.10
5.70 9.60

M*.
10

rnj
©

I
h

s
■sA

£o&C
M

S5

SC
MOooII►

»
p.

•H
O

fl
er

H*rl
feO

.
■rl
o

sC
Moo

»1 p- o a

ll

m
O O

O
O

O
O

O
lIN

N
 O

 O
C

M
 V

N
C

M C
V

lU
M

^qp O
 O

pV
N

O
O o

 
<3 C

"-C
O rO

O
-rO

tN
-C

O O
C

M
 jFtrw

O
cO

oC
M

j- H
U

>oO
H

*r\vO
tN

O
• •••••a *.••••»•*••••••••••

H
rlrlW

W
 

Jh
 J'^t-V

TN
M

M
fN

O
^O

sO
^O O

 O
 O

H
rlrlrlplH

vj
i's

nv
nv

Jw
nv

nv
nv

n-
r-

r-
r-

f'-
r-

T-
F-

r-
r^

r^
r^

ru
JU

M
U

H
O

 Ih^
m

o
«•

••
••

••
*•

••
••

••
••

••
••

••
• Ip 

ff
H

\4
X

tjj
 M

H
O

O
O

vO
M

Js
O

O
D

O
O

Sl
N

lC
N

O
vv

nM
lO

M
lO

O
'&

O
 1 

»*
o 

oo
00

 o
su

>o
 o

ov
no

\J
io

vj
|O

N
j»

ov
no

o 
o0

0o
 o

 B ho M

o*d
at•O «l
u<9 

■

o p-.̂
m

M
i

C
Q

'-'
So

 <s 
H

* S
—

* O
 

£5
 W

 H
 

39
 « 

3 M
O

p*
 p

» H
j

«.

j1 
1 

| * 
|4

H
O

 O
 O

 0\
0\

0s
0v

fl 
(3

0W
W

W
W

 M
W

M
M

M
H

H
H

 
• •

••
••

••
«•

••
'■

••
••

••
•*

••
•

0-
v3

 0
\U

>©
 00

->
a 

C
O

->
4 O

n
U

* O
 O

O
'sJ

 O
S

o 0
00

 o
oo

vu
vn

vn
ou

iM
io

oo
oo

oo
vn

oo
o 

©

O
O

O
O

O
O

Q
O

O
O

j-O
O

O
W

i-'O
C

O
O

O
O

O
p

 
O

O
O

O
 0

\r\<0 C
-̂C

O O
O

O
O

O
O

 O
O

H
W

 roJ-^
 

• ••*•.•••••»••••••• ... 
•

O
 H

 C
M PV

t'U
N

U
sIfN

lnU
M

A
lrvU

N
lhlfv

«

ts
 no

v
o
 a

>o
oo

oo
oo

o-
>a

>a
 ^

-P
u

iu
io

ju
m

v
j m

 ro
 iv

> i
v)

 m
 m

h
 h

 h
*6

...
 .«

*.
««

«.
 ..«

«»
•»

. «
..«

*.
d-

M
O

sO
Q

O
O

s^
lO

vO
 -P

U
t 0

-<
|v

nu
»0

\0
 O

O
'J

-v
) .

cr
ro

0 0
0^

3 O
N

« 
n

a
n

/io
 o

vn
ru

N
nO

vj
to

 o
m

io
 o

 m
o

o
m

io
 o

 o\
no

 o 
o

<*-t "H H

p* «J
n

vn
vj

iv
j\\

jr
iv

jtv
nv

nv
nv

n-
r-

r-
r>

r-
r-

r^
'-r

-r
-r

-r
ui

w
 m

h
o

• »
.»

*»
..•

••
••

*•
••

••
•«

•«
••

•
■r

w
ui

 w
 w

h
h

o
o

v
o

\o
\o

o
o

00
-s

3 o
sg

w
nv

no
vn

oo
o 

o 
ov

jio
vn

ov
no

vn
oc

x>
vj

io
vn

oo
\A

O
\n

o 0
00

00
0



Table I7A 2.1
106

N a 0.2M V® s 50 ml.- « a 0.2M t a 30*0.
1° a 0.02m moADipy = 0.002M T£ * 0.002M T® * 0 *002M

M
Catechol Zn.Dipy.Catechol Cd.Dipy.Catechol

7ol.©f
alkali

B Vol.of
alkali

B Vol.of
alkali

B
(in ml.)

n... m .. .
(in ml.)

- xM-m- jr-m ,

(in ml.)
__ rm

0.00 1.6o 0.00 1.6o 0.00 1.60
1.00 1.70 1.00 1.70 1.00 1.70-
2.00 1.80 2.00 1.80 2.00 1.80
3.00 2.00 3.00 2.05 3.00 2.05
4.00 2.35 4.00 2.46 4.00 2.4o

>.50 2.60 4.5° 2.70 . 4.50 - 2.70
4.60 2.70 4,6o 2.80 4.6o 2.80
[*.70 2.88 4.70 3.02 4.70 3.02[*.80 3.10 4.80 3.25 4.80 3.30S9P 3.50 4.90 3.90 4.90 3.75

3.70 [*.95 f.3°
**.50

4.95 4.00
4.98 3.?5 M8 4.98 4.30
5.00 7.6o 5.00 6.6o 5.00 7.15.
5.02 7.70 5.02 6.70 * 5.02 7.25
5.04 7.82 5.04 6.80 5.o4 7.**5
5.08 8.4o 5.08 6.98 5.08 - 7.65
5.10 8.52 5.12 7.15 5.12 7.90
5.12 8.6o - 5.15 7.30

7.40
5.15 8.00-

5.14 8.65 5.20 5.20 8.08,
5.18 8.72 5.25 7.50 - 5.25 . 8.15
5.20 8.80 . 5.30 7.58 . 5.30 8.20.
5.25 9.00 5.40 7.70 5.4o 8.35
5.30 9.38 5.50 7.82 5.5o 8.45
5.4o 9.55 - 5.6o 7.95 5.6o 8.6o.
5.50 9.80 5.70 8.12 5.70 8.72
5.6o 10.08 5.80 8.48 5.75 8.80
5.70 10.4o 5.90 8.95 5.80 8.90
5.80 10.6o 6.00 9.40 5.90 9.20
5.90 10.70 6.io - 9.75 6.00 9.50
6.00
6.10
6.2o
6.30

10.75 - 
10.82 
10.90 
11.00

6.2o

'&8'"
6.6o
6.80
7*00

10.00
10.14
10.30
10.60
10.80
11.00

6.io 9.65
(ppt.)
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a 0.2M v» • 5o mi. « ;* 0.2M

* 0.02M TDlpy = °-002M lit© a* 0.0021

Pyrogallol Zn.Dipy. Pyregallol
Vol.of 1 Vol.of B
alkali alkali ■
(In al,)

.
(In atl.) ____

0.00 1.60 0.00 1.6o
1.00 1.70 1.00 1.70
2.00 1.80 2,00 1,80
3,00 2.00 3.00 2,0 5
H-.00 2.35 H-.00 2.4o
H-.50 2. oO 4-.50 2.70
4.60 2.75 4-.60 2,80
^.?0 2.88 **.70 3.02
^.80 3.10 *t-.80 3.25
**.9p 3.55 S90 3.90
^.9^ 3.75 M5 f.30
^.98 4-.00 **>98 ^.50
5.00 6.75 5.©O' 6M
5.02 6.95

7.20
5.02 6.60

5.01* 5.o5 6.70
5.08 7.75 5.08 6.82
5.10 7.95 5.10 6.88
5.12 8,10 5.12 6.92
5.1^ 8.25 5,1** 6.98
5.20 •8.-60 5.16 7.02
5.25 8.80 5.18 7.05
5.305.^0 8,90

9.30
5.26
5.36

7.15
7.25

5.5o 9.65 5M 7.32
5.6o 9.90 5,Vf 7.7O
5.70 10.20 5M 7.^8
5.80 10.32 5.50 7.50
5.90 io.5o (ppt.)
6.00 10*68
6.10 10.82
6,2© 11,00
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Protocatechnic acid

Vol.of B
alkali 
(In al.)

?® * 50 al,

©.0021
«

•oLl
Zn,Blpy,Proto-' 
catechuic acid

Vol.of 
alkali 
(In al.)

108
o.2m t * 30"a.

0.0021 T® * 0.0021

eateehmii; «$£$,•,<
Vol.of
alkali .
(In al.*)
0.00 1.60
1.00 1.70
2.00 1.80
3.00 2.00
4.00 2 #35
4.50 2,§0
4.6o 2.74
4.70 2.86
4.80 3.10
4.90 3 >5
5.00 3.80
5.o5 3.95
5.10 4.20
5.15 Si2
5.20 4.50
5.25 K75
5.30 5.00
5.3^ 5.35
5.38
5.40

5.90
6.25

5M 6.75
5M 7.05
5.52 7.25
5.6o 7.60
5.65 7.78
5.70 7.88
5.75 7.95
5.80 8,00
5.90 8.15
6.00 8.30
6.10 8 Jm
6.15 8.45
6.2o 8.55
6.30 8.75
6.4o 9.10
6.50 f,4o
6.60 9.75
6.80 10.30
7.00 10.80
7.20 11.00|mI

 |m
I |

m
|

M
O

 O
 0

\Q
\Q

\0
 0

0 
00

"^
>3

'^'
^'>

3'
n
3'

n
3'

^''
3 

O
N

0,'O
*O

V
av

a''
a 4

r4
r 

M
W

W
fO

W
M

H
M

• * • *..*•••• o\o &>•¥"'& »\»vnfu»w •S,H'#->3vaM^s-ao>3^au»'i5JM>go^He®^lS4*,2 va
ov

iio
o©

oo
©

va
oo

vj
to

va
o 

#\
a©

 w
ov

ao
vn

ov
ao

 w
ov

no
vn

©
^f

ov
ao

oo
o

• O
 O O

V
Ts O

 O
O

O
Q

O
O

O
O

 
i#.O

rtrlM
 coir U

vBcO ©
C
M #0

»»••»•••.•*••*•*•••»•■•••*»••••»••**••*»••
O

i-
ic

m m
l

 J- Jt Jr
 Jr Jt X

r\U
N

liM
fM

iM
r\U

M
f\\r\X

r\irN
lrM

r\U
M

fM
rvljr\U

M
r\\O

v£)vO
vO

'O
vO

'N
O

vO
^£) C

vtN
C

v

|mI
 

|mI
m

o
 00

 o
 ©

s0
n
©

 a
oo

oc
oo

oo
o-

N
a-

N
j’N

i a
so

^v
nv

av
n 

#'
^4

r.p
ru

*w
u»

u>
u#

ui
 m

w
m

n
m

h
h

h
o^

va
w

o 
gv

M
'j 

gv
r̂w

©
*<

»u
>©

 0̂
iU

N
O

o*
©

'>
3v

a<
tfi

 
2?̂

3Ŝ
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fail# IVA 2.3 b

1, iH, 1, log(l-n)/n, pi and pL~log(l-l)/n data of Zn.dipyridyl. 
protocatechulc acid system - 30°C.

f« f»* y”i.?« I i®g<l-.t>/I pi pL-log(l-n)/n

■2.
5.%6
5.%7

5.63
7.1©
7.20 
7.30 7,%0 ' 2,
7.® 2,
7.6i 1,

:T*nr l.<'7.8© I.Vjj ___7.90 l.fij 9.52 6.1%

5.%9 
5.50 

,51
6.00

0.10 
0.17 0.2% 
0.31 
0 
0
o.5o
0.56
0,62

0.16§ 
0.23s 
0.3© 7 
0,37i 0.%55 
0.52, 
0.58* 
0.65,

0.
0,
0.!
0.3^3
0,22|0. 07s
1,
I,1

9.^35
9.30*
9.12,
8.96g
8.83;
|.69g

72, 8.%5s

f.7%|
8*75,6
8.3*
8.72*
8'92'•V • f & •

S 8'75> % °*°3



_m
 Jc~ ' 0 ko

 ~\

T-
G
> 

o-
o

Lo
g (

j-r
O

 /n
Fi

g.
 IV 

A
 8

Zn
(I

I)
.d

ip
y.

pr
ot

oc
at

ec
hu

ic
 ac

id
 

sy
st

em
 - 

30
°C

.

90

Fi
g.

 IV 
A

 6
Zn

(I
I)

*d
ip

y,
ca

te
ch

ol
 sy

st
em

 - 
30

°C
,

Lo
g C

l-f
f3
/™0.0

Fi
g.

 IV 
A

 7
Zn

(I
I)

.d
ip

y.
py

ro
ga

llo
l sy

st
em

 - 
30

°G
.



Table IYA 2.1e

», l©f(l-S)/i, pi and pl-l©g(l-S)/n data of Cd.dipyrid^ 
catechol system - 30°C#

B \ Y* f«» Y”*-?" n l©g(l-!)/i pi £l^lbgtl-S)^:

7.90 1.93# 5.02 5.12 0.10 O.lOj O.fS*, 7.SI5 '•8.00 1.92% 5.03 5.17 O.lS o.^| 0.77© 7.23i 6.S66
8.10 1.9©8 5.OS 5.22 0.18 0.18g 0.735 7.07% 6.S39
8.2© 1.88g 5,05 5.3© 0.25 0.26* o.ssj 6,921 ■ 6.S82
8.3© 1*1^8 5.06 5.37 0.31 0.33t 0,305 6.78*

.8 .SO 1.8Sp 5.08 5.%
0.37 O.So© 0.17# 6.635 6.S59

8.50 1.814 5.09 5.52 0.S3 O.S7t 0.05© 6.51s 6.J+6g ■
8.6© 1.79* 5.12 5.6o 0.S8 0.53© 6.39*
8.70 1.7S 5.16 5.68 0.52 0.595 1.833 6.28a 6.S5i
8.8© i.71, 5.20 5.75 0.55 0.63. 1.75? 6.165 6.S1.
8.90 1.67a 5.23 5.80 0.57 0.680 1.65s 6.05%

legKMAl * - ©•<*■

Table IYA 2.3e

B, lg, S, log(l-n)/n, pi and pl-log(l-n)/n data of Cd.dipyridyl. 
protocatechalc acid system - 30®C.
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Since 1925, various scientists have carried out work

on binary or ternary systems J in solution with salicylic acid

or thiosalicylic acid as the primary or secondary ligand .

The isolation of the solids involving salicylic or thiosalicylic
4. kacid as the coordinating ligands have also been reported**'

Bhattacharya and coworkers^ studied the salicylic- and 

thiosalicylic acid complexes with class A and class B type
/

of metal ions and have interpreted the relative tendencies of

M-Q and M-S bonds. The greater stability of M-S bond compared
7to that of M-0 bond has been indicated in various complexes;

The stability constants of metal complexes with several sulphur

containing ligands have been measured and results have been

explained in terms of M-S ir interaction. The stability constants

of the metal complexes of thioglyeollie and p-mereaptopropionic

acid, 2-aminoethane dithiol, cysteine and mereapto succinic acid
8have been determined. It is noteworthy that cysteine forms 

quite stable complexes with Hg(II) and Fe(III). Stabilitiesfof 

uranyl chelates of hydroxy, mereapto and amino derivatives of 

acetic, propionic and salicylic acids fall in the order 
NH2 > OH >• 8H^. Uranyl ion forms a stronger complex with 

glyeollate ion than with thloglyeollate ion. This indicates 

class A behaviour of uranyl ion. The formation constants of 

Ni(II), ffti(II) and T1(I) complexes with thioglyeollie, thiolactic, 

thiomalic and thiosalicylic acids and with their corresponding 
hydroxy acids have been studied by Reddy and Bhattacharya^’10-12 

The data exhibit class B character of Ni(II), border line



I

character of and class A character of T1(I), This^li?

been explained in terms of M-S ir interaction, Li and Manning J

observed the greater stability of cysteine complexes of Zn(II)
and attributed this to the coordination from sulphur to Zn(II),

1*+i,e. class B character of Zn(II). Schwarzenbach has also
\

observed the greater chelating tendency of §-mercapto ethyl
amino diacetic acid than nitrilotriacetic acid. Recently

15Gerlach and Holm ' haveicarried out HMR studies of p-aminethione
and the corresponding oxygen containing compound and indicated

16ir interaction in the Ni-S bond, ESR. studies of the Cu(II)
diethyl dithioearbamate complex also Indicated the presence of
Cu-S v bond. Possibility of M-S: ir interaction has also been

17discussed in a recent review article by Pettit, Rickards and 
18Johnson have also shown the possibility of M-S ir interaction

IQon the basis of Mossbauer studies, Bonamico and Dessy 7 carried
out X-ray studies of complexes involving M-S and M-Se bonds and

have confirmed the back donation of electrons from metal
orbitals to vacant ir orbitals of sulphur and selenium ligand
atoms. However, the nature of M-S: bond is still not resolved.
According to Pauling M-S: dir-pv interaction stabilizes the bond,

2o 21Jorgenson w and Klopman, however, believe that M-S bond
stability is due to greater a~ interaction in M-S bond and
contribution due to M-S v interaction is not very significant,

22 23Pettit * J has also arrived at similar conclusion. Recently
Oil,Bhattacharya and coworkers have determined the stabilities of

2-f- OxNi and Zn complexes in the system [Mtt] where A * dipyridyl

and L » thioglycollie, thiomalic and thiolactic acids and have
%

shown that M-S ir interaction has not much contribution. However, 
the study of the system [mal] where L = salicylic or thiosalicylie



acid has not been attempted. So in the present study, an 
investigation of the ternary complex where M = Zn^+ or

Cd | A = dipyridyl* L = salicylic or thiosalicylic acid has 

been carried out. The comparison of the formation constants 

of mixed ligand complexes with the formation constants of 

lil complexes i.e. metal t secondary ligand, has also been 

made in the present investigation.

119

The formation constants of binary and mixed ligand 

complexes have been determined by using the extensiduuof 

Irving-Rossotti titration technique as used in the chapter II^iVR
i i

The reaction for the mixed ligand formation can be represented 

as follows • |
[ M.dipyjJ 2+ + I2- 5=5: pf'dipyll,]

KM,dipy. . [M.dipy,Ll
M.dipy.L “ r -2+ r ~2*[M.dipy; [L]

The use of the above method is based on the
2+ 1 2+consideration of the fact that M.dipy , (where! M = Zn or 

2+Cd ) ljl complex is formed at low pH and it is stable at 

higher pH. The salicylic acid or thiosalicylic acid (L) 

combines at higher pH resulting in the formation of mixed 
ligand complex [M.dipy.L].

Following titrations were carried out to determine 

the formation constants of the binary and ternary, complexes s
i

1. Perchloric acid (0.2M, 5.0 ml.) + sodium perchlorate (1.0M, 

9.0 ml.) + ethyl alcohol (25.0 ml.) + conductivity water 

(11.0 ml.), total volume = 50.0 ml., « = 0.2m.

2. Perchloric acid (0.2M, 5.0 ml.) + dipyridyl i:i ethyl



120
alcohol (0.02M, 5.0 ml.) + sodium perchlorate1 (1.0M,

8.9 ml.) + ethyl alcohol (20.0 ml.) + conductivity water 
(11.1 ml.),'total volume = 50,0 ml., u = 0.2M.

3. Perchloric acid (0.2M, 5.0 ml.) + secondary ligand in 

ethyl alcohol (0.02M, 5.0 ml.) + sodium perchlorate (1.0M,
8.9 ml.) + ethyl alcohol (20,0 ml.) + conductivity water 
(11.1 ml.), total volume = 50.0 ml,, a = 0.2M.

4. Perchloric acid (0.2M, 5.0 ml.) + dipyridyl in ethyl 

alcohol (0.02M, 5.0 ml.) + metal perchlorate (0.02M, 5.0 
ml.) + sodium perchlorate (1.0M, 8.8 ml.) + ethyl alcohol 
(20.0 ml.) + conductivity water (11.2 ml.), total volume =
50.0 ml., h - 0.2M.

5. Perchloric acid (0.2M,' 5.0 ml.) + dipyridyl in ethyl
alcohol (0.02M, 5.0 ml.) + secondary ligand in ethyl
alcohol (0.02'M, 5.0 ml.) + metal perchlorate (0.02M,

’ \

5.0 ml.) + sodium perchlorate (1.0M, 8.7 ml.) + ethyl
alcohol (15.0 ml.) + conductivity water (6.3 ml.), total 

volume = 50.0 ml., « = 0.2M.

6. Perchloric acid (0.2M, 5.0 ml.) + secondary ligand (in
yethyl alcohol (0.02M, 5.0 ml.) + metal perchlorate (0.02M,

5.0 ml.) + sodium perchlorate (1.0M, 8.8 ml.) + ethyl 
alcohol (20.0 ml.) + conductivity water (11.2 ml,..), total 

volume = 50.0 ml., « = 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 solution at 17°G. in 56 alcoholic 
solution. „17°C. was the lowest temperature attainable and
at this temperature evaporation of alcohol is negligible. The

/

titration data have been reported in tables IY B 1.0 to IV B 5.0.



The plots of pH against volume of alkali have been presented , 

in figs. I? B 1 to IV B 3.
Observation of the titration graphs provides the 

following informations *

2*4- 2'4''As detailed in’ last, chapter, [Zn.dipyJ and jCd.dipy] 

1:1 complexes are formed at low pH and remain stable at higher 
pH where secondary ligands (L) get bound with them. M.dipy.SA 

curve (5) diverges from the salicylic acid curve (3) after pH--' 
5.0 and 2n.dipy.TSA curve (5) diverges from the thiosalicylic 

acid curve (3) after pH r-> 3,2 indicating that beyond this pH 
range the coordination of salicylic or thiosalicylic acid with 
[_M.dipy]2+ takes place.

The M.SLA (1*1) curve (6) diverges from the salicylic 

acid curve (3) after the pH r-'4,8 in the Zn(II) case and after 
pH ^5.5 in Cd(II) case, while Zn.TSA (1:1) curve (6) diverges 

from the thiosalicylic acid curve (3) after pH r-*3.2. The 
horizontal distance must be due to the liberation of hydroxyl 

protons. In the lower pH range, however, there exists the 
possibility of the formation of complexes with protonated 

ligands.
i

Study could not be possible in Cd.dipy.TSA system 
because precipitation occurs at low pH.

Successive steps for the reaction in the mixed ligand 
system, may be represented by the following equations *

M2* + dipyridyl ----- ^ [k.dipyridyl]2+

[M.dipyridyl]24" + L2~ ^[k.dipyridyl.L]
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The value of 1 were determined by substituting the 

horizontal distance (V’»-V1') between the curve (5) and curve 

(3) in the mixed ligand system, and between the curve (6) and 

curve (3) in the 1*1 complex formation system, in the 

following equation s

(V«*-VM) [N + E° + T£ (Y - Hg)] 
n = —-  ~~ —i--■«-~-

(V° +

where is the concentration of [M.dipyridyl]2* ion which

isL equal to the concentration of metal perchlorate used.

The pL were calculated by using equation given in the chapter

II (page 49 ). The values of n^ obtained were same as

reported in the earlier thesis,' The values of proton ligand

stability constants of salicylic acid and thiosalicylic acid

were calculated and have been recorded in table IV B 6.0.

Values of n and pL for the mixed ligand and 1*1 complex

systems have been presented in table IV B 7.0 to IV B 12.0.
Precise values of logK^T< and logKj^ were obtained by

26 ^
the method of linear plot and have been presented in table 

IV B 13.0.

It is interesting to observe from the tables that 

the value of ^ is nearly equal to where
P4. p-f

M = Zn or Cd , L = salicylic acid. The reason for 

this can be sought in the special behaviour of dipyridyl 

molecule as explained in the previous chapter. In case of , 

Zn(II) complexes, behaviours of both salicylic and thiosalicylic 

acids as secondary ligands are alike. In case of thiosalicylic 

acid complexes also the formation constant, in the ternary



MA Msystem, K™, is not sufficiently lower than K:
123

However,MAL “wv x ^ " ML |
it is expected that the metal ion having already donated
w electrons to dipyridyl should have less tendency to donate
ir electrons to the secondary ligand. Hence there should

/ Mhave been significant difference in the values of and
KM*dipy L *n Case Mv interaction is significant.
The fact that is . nearly equal to Kg;g^>TSA

shoxirs that the stability of M-S’ bond in binary system is
due to greater or interaction and contribution due to M-S
w interaction is not very significant.
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N = 0.2M V°

B° » 0.02M

Perchloric acid

Vol.of B 
alkali 
(in ml.)

mo
Dipy

Table IVB 1.0

50 ml. h

» 0.002M

' Dipyridyl

Vol.of B 
alkali 
(in ml.)

a 0.2M t = 17°G,

TfL T® * 0.002M 

Zn.Dipyridyl 

B

i

Yol.of 
alkali 
(in ml.)
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125Table IVB 2.0

* 0.2M ?° * 50 ml. U ~ 0.2M t = 17°C.

K-= 0,02M T&py * 0.002M rpo —

jj
0.002M T® - 0.002M

Salicylic acid Zd.Salicylic acid Zn .Dipy.Sali cyli c acid
Vol.of
alkali

' B Vol.of
alkali

B Vol.of
alkali

B

(in ml.) (in ml.) (in ml.)

0.00 1.60 0.00 1.60 ! 0.00 1,60
1.00 1.70 1.00 1.70 1.00 1.70
2.00 1.80 2.00 1.80 2.00 1.80
3.00 2*10 3.00 2.10 3.00 - 2.10
4.00 2.30 4.00 2.30 4.00

4.50
2.30

4.50 2.55 4.50 2.55 2.55
4.6o 2.62 4.60 2.62 4.70 2.70
4.70 2.70 4.80 2.85 4.80 2.85
4.80 2.85 4.90 2.95 4.90 2.95
4.90 2.95 5.00 3.14 5.00 3.14
5.oo 3.14 5.10 3.35 5.10 3.35
5.05 3.25 5.15 3.50 5.20 3.65
5.10 3.35 5.25 3.82 5.25 3.82
5.15 3.50 5.30 4.00

4.15
5.30 4.°g

5.20 3.65 5.33 fcg 4.25
5.25 3.82 5.36 4.30 4.50
5.30 4.00 5.4p 4.50 5.44 4.80
5.33 4.15 5.44 4.75 5M 5.15
5.36 4.3° 5>8 4,90 5.52 5.30

4.48 5.52 5.02 5.60 5.62
4.75 5.56 5.15 5.65 5.86
5.00 5.6o 5.25 5.70 6.05

5.49 5.30 5.65 5.40 5.75 6.2?
5.5o 9.50 5.70 5.58 5.80 6.42
5.52 9.88 5.74 5.82 5.85 6.56
5.54 10.15 - 5.78 6.00 5.90 6.75
5.56 10.30 5.86 6.26 5.95 6.95
5.58 10.42 5.90 6.4o 6.00 7.15
5.60 10.55 6.00 6.70 6.05 7.36
5.63 10.70 6.05 6.85 6.10 7.60
5.66 . 10.85 6.10 7.05 6.15 7.82
5.70 11.00 5.15

5.20
6.25
6.30

fcg

7.20
7.4o
7.62
7.82
8.04
8.45

(ppt.)

6.20
6.24
6.28
6.32
6.36
6.4o

8.10
8.4o
8.75
9.05
9.35
9.60

(PP*.)
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Table IVB 3,0

0.2M

0.002M
5o m. « ■ *
* 0.002M T£ *

Si • Thi os all eyli e 
acid

Yol.of 1
alkali
(in ml.)

S « 0.2M f# *

* 0.02M T|lpy

Thlosallcylie
acid

Vol.of
alkali 
(in Ml.)

B

0,00 1,60
1.00 1.65
2.00 1.80
3,00 2,00
4,00 2.30
4.50 2 *52
4.6o 2.62
4.70 2.76
4.80 2.954.90 3.20
5.00 3 >85.05 3.62,
5.lo 3.80
5.15 3,985.20 4.15
5.25 4.32
5.30 4.50
5.35 4.75
5.40 5.oo5.45 5.30
5>7 5.55
5.49 6,o5
5.50 6.5o
5.52 7.05
5.54 7.455.56 7,70
5.58 7.95
5.6o 8.10
5.64 8.45
5.72 9,005.76 9.209>55.805.90 9.856.00 10.206.10 10 .40
6.20 10.60
1:28 10.75

10.906.50 11.00

t *

s| «

Si JDipy, Thioaali cyi&ll 
acid-

126

Tol.cf 
alkali 
(in nl,.)

B

0.00
1.00 v 1.65
2.00 : i.8o
3.00 2.00,4.00 . '2,30:
4.50 .: s*!#
4.60 :2,62:
4.70 ■ 2.764.80 2:,95
4.90 3420'.5.00 3.35
5.10 3.55
5.20 3.70
5.30 3.85
5.4o 3.98
5.5o 4.105.55 4.20
5.60
5.65

4.304.40
5.70 4.50
5.73 4.65
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fail® ifi 4.o

N * 0.2M V® * 50 «1. U * 0.2M t * 17°0.

1° * c).02M ^oipy * 0.OO2M f| * 0.002m

Perchloric acid Dipyridyl Od.Mfyridyl '
Vol.of
alkali

1 fol.of
alkali

1 Vol.of
alkali/ *3 ■

(la ®1,,) (in Ml.) 4 (in Ml.) ■M-X-x-'z

0.00 1.6© 0.00 I.60 0.00 1,60'
1.00 1.70 1.00 1.80 1.00 1,70
2.00 1.80 2.00 2.00 2.00 1.80
3.00 2.00 2.50 2.10 3.00 2.00
4.00 2.30 3.00 2.20 4,oo 2,30
4.10 2.35 3.50 2.40 4.2© 2.42
4.20 2.42 4.00 2.65 4.30

4.4©
2.52:

y.3°4,4o
2.52 4.20 2.80 2.62
2.55 4.30

4.40
2.95 4.50 2.75

2.954.50 2.70 3.12 4.60
4.60 2.85 4.50 3.35 4.70

4.75
3.20

4.70 3.00 *<••55 3.45 3.30
4.75 3.12 4.60 3.55 4.80 3.5o
4.80 3.30 4.65 3.70 M-.85 3.70
4.85 3.52 4.75 4.00

4.20
4.90 4.0©

4.f0 3.80 4.80 4,93 4.2©'
4.93 4.00 4.83 4.4o 4,96 4.45
4.96 4.25 4.86 4.6o 4.99 4.85
4.99 4.55 4.89 4.90 5.00 5.90
5.00 8.70 4.90 5.00 5.04 5.35
5.02 9.10 4.93 5.30 5.08 6.60

6.805.04 9.50 4.96 5.65 5.12
5.06 9.95 4.99 5.95 5.20 7.15
5.08 10.25 5.00 9.75 5.25 7.35
5.10 10.50 5.02 10.12 5.30 7,60
5*12 10.75 5.04 10.50 5.35 7.80
5.15 11.00 5.06

5.09
10.75
11.00

5.40
5.50
5,6©
5.64
5.68
5.72
5.76
5.80

8,02
8.4©
8.75
0 «o5
9.00
9.15
9.35
9.60

(ppt.)



¥e * 50 ml.• I * 0.2M 

'S* * 0.02M T5,

Salicylic acid

Vol.of B
alkali
(in ml.)

0.00 1.6o
1.00 1.70
2.00 1.80
3.00 2.10
4.00
4.25

2.30
2.4o

4,50 2.55
4.6o 2.62
4.fo 2.70
4.80 2.85
4.90
5.00

2.9?
3.14

5.05 3.25
5.io 3.35
5.15 3.50
5.20 3.65
5.25 3.82
5.30 4.00
5.33 4.15
5.36 4.3S
5.39 4.48
5.43 4.75
5.46 5.00
5.49 5.30
5.50 9*50
5.52 9.88
5.54 10.15
5.56 10.30
5.58 10.44
5.6o 10.55
5.63 10.70
5.61 10,85
5.70 11.00

1TB 5.0 128
U * 0.2M t « 17°G.

* 0.002M t£ ■ 0.002M T| * 0.002M

CM .Salicylic acid • CM. Bipy, Salicylic. aeli^:

Tol.of
alkali

1 Tol.of
alkali

*5

(la ml.)
BJJ|

(ia ml:.):

0.00 I.60 0.00
■iM:

1.00 1.70 1.00 1.7©
2.00 1.80 2.00 ■ :ii!o-
3.00 2.10 3.00 2;.1S
4.00 2.30 4.00 ; 2*3©
4.50 2.55 4.50 2.55
4.70 2,70 4,70 2.70
4.80 2.85 4.10

4.90
5.00

2 *85-
4.90 2.95

3.14
2.95
3.145 *§5

3.25 5.05 3.25
3.355.10 3.35 5*10

5.15 3.50 5.15 3*f0
3.655.20 3.65 5.20

5*25 3.82 5.25 3.82
5.3 0 4.00 5.30 4.00
5.35 4.30 5.35 4.30
5.40 4.6© 5.40 4.10

4.75
5.00

4.75
5.00

5.49 5.30 5.4f 5.30
5.5o 5.55 5.5o 5.9 5
5.53 5.85 5.53 6.4q
5.56 6.15 5.56 6.70
5.59 6.42 5.59 6.95

'5.62 6.65 5.62 7.12
5.65 6.85 5.65 7.32

7*505.68 7.00 5.68
5.75 7.25 5.74 7.80

8.105.80 7.38 5.80
5.90 7.60 5.90 8.45
6.00 7.78 6.00 8.75
6.10
6.2q
6.30
6.4o
6.50

7.9|
8.15
8.30
8.62 
9.10

(ppt.)

(ppt..)
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/§,. Ig.,' 1, log(l-n)/E, pL and pl-log(l-n)/n data of 2a.Salicylic
aeld (1:1) system - 17«G,

B &jj y»* VKt-.y* n log(l-n)/n pL pL-log(l-n)/n

5.3° 1.02g 5 M 5.63 O.lH- 0.27a 0.^2- 8.333 7,904
5M 1,02% 5.50 5.66 0.16 0.31a 0.3^3 8.25g 7 *91 f
5.50 1.020 5.5o 5.68 0.18 0.35a O.265 8,184.. 7.9I95,6o 3L> • CJ3* 5.5© 5.70 0,20 0.393 0»l8g 8 .Ilf 7.927
5.70 1.016 5.5o 5.72 0.22 0.%3 0 0 3.3. *9 ■ 8-,q4* 7.925
5.80 1.016 5.5o 5.74 0.241 0>7i O.O^g 7.975 7.927
5.90 1.012 5.50 5.76 0.26 O.5I3 1.977 7.9I® 7.9336,00 l.OOg 5.5© 5.78 0.28 o.55j i.m 7.849 7.9S
6.10 1.008 5.50 5.82 0.32 0.63* 1.76t 7.83;

logs, ' a 7.9^ + o.o^
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B, Ijj, n, log(l-S)/S, pL and pL-log(l-n)/n data of Zn.TMosalicylic 
acid'(1,1) system - 17e0.

B “h v» n log(l-l)/S pi* pIi-log(l-S);/S

3.60 1.83, 5.04 5.11 0 .07 0.076 I.O89 IO.633
3.70 1.79, 5.07 5.16 0 09 0.10© 0.959 10.45g -
3.80 I.783 5.10 5.25 0 15 0,l6g 0.69% 10.31© 9.616
3.90 1.74, 5.13 5.32 0 1? 0.21- o.557 10.156 ■9.599:.-.
4.00 1.71, 5.16 5.4o 0 24 0.28© 0.4l© 10.Olg ■ :'9.60:g ;■
4,10 l.§55 5.19 5.48 0 29 0.35© o.26g 9.89,
4.20 1.623 5,22 5.5M- 0 32 0.393 0.l8g 9,75« 1.66© 9.|6y.::;
4.30 1.587 5.25 5.63 0 38 0.47g 0.03s4.40 i.5i> 5.28 5.71 0 42 0.555 1.909 9.579 ■9*67© :
4.5o 1.463 5.30 5.76 0 46 0.62g 1.77t 9.49, mm

logic f * 9*^1 + 0.06

fable IYB 10,0

B, ng, n, log<l-S)/S, pL and pl*-log(l-i)/n data of li.dipyridyl, 
thiosalicylic acid system - 17°C.

1 ®H V" Vw» ¥»*-?« I log(l-l)/i pL pL-log(l-n)/n

5.32

3.6© 1.813 5.04 5.11 
3.70 1.799 5.07 5.16 
3.80 1.783 5.1 
3.90 1.743 5.1
4.00 1.71, 5.1
4.10 1.655 5.19 - - 4.20 1.621 5.22 5.54 
4.30 1.58? 5.25 5.5? 
4.40 1.51, 5.28 5.64
4.50 1.463 5.30 5.70

0.07 0.07g
O.09 
0.15 
0.19 
0,24 
0.29 
0.32 
0.34 
0.36 
0.40

0.10|0.3
0.21-0.28©
0.35©
l-M\

0.475
0.544

1.08% 
0.95% 
0.699 
0 
0
0.265
O.lfg
O'.12 m

0. 04,1. nj

10.633
10.45g
10.31©
10.15s
lO.Olg

9*89i
9.75s
9.62©
9.5O3
9.475

9.*f
9.509

9.56
9.46©
9.553

1oSKMAL 9.52 + 0.06
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fable IfB 11,0

B, lg, I» log(l-n)/n, pL and pL-log(l-n)/n data of Cd.Salicylic 
acid (ltl) system - 17°C.

B
ii

V" f «i _y» n log(1-n)/n pi pL-log(l-n)/n

6.20 1.0Q* 5.50 5.56 0.06 0.116 O.882 7.3bg 6.44 :̂
630 1.00*. 5.5o 5.57 0.07 0.13a 0.79a 7.26© '■ 4.46ft'
6.% 1.00* 5.5o 5.58 0.08 0.15, 0,723 7.17© £L ■ 1* 1. '• .'b.i#©.
6,5© 1.00© 5.5o 5.6o 0.10 0.20© 0.6pa 7.09t 6.b9o
6.60 1.00© 5.5o 5.61 0.11 0.22* 0.5s 7.OO3. 6.45w
6,7© 1.00© 5.50 5.62 0.12 0 .2^ 0.50© 6.91s* 4.bi*.:;
6.80 1,00© 5.5o 5.64 0.1b- 0.28© o.4i© 6.83g "■ -f •b#;s/.

6.f0 1.00© 5.5o 5.66 0,16 0.32© 0,327 6.703 ■ &.b36
7.00 1.00© 5.5o 5.67 0.17 0.3b© 0.28g 6.67 s f»38g
7.10 1.00© 5.5o 5.69 0.19 0.38© 0.2l2 6*60, §.??,
7.20 1.00© 5.5o 5.72 0.22 0.44© 0.10* 6.5b7 6.bb3

logKf * 6,4b + 0.05

fable IYB 12,0

B, Ig, i, log(l-n)/n, pL and pL-log(l-n)/n data of Cd.dipyridyl. 
salicylic acid system - 17°C.
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SECTION C 136

The study of the formation of mixed ligand complexes

in solution prompted the scientists to attempt their isolation

in solid state. Various studies have been mentioned in the
beginning of the section A of this chapter, Narain^ reported

the preparation and characterisation of the mixed ligand complex

Cu(II) phthalamide with dipyridyl or o-phenanthroline.
2Condorelli and coworkers synthesised the cyanomethylene 

complexes of Fe(II) with dipyridyl and o-phenanthroline and 

characterised them by spectral studies. Chidambaram and 
Bhattacharya^ isolated some of the heterochelates of Cu(II) 

dipyridyl with amino acids. However, the mixed ligand complexes 

of Zn.dipyridyl or Cd.dipyridyi with polyhydroxy aromatic 

ligands have not been prepared. So an attempt has been made
i

in the present investigation to isolate these compounds and 

to study their properties.

Method of preparation : - <

1. To'25 ml. of ZhCl2 solution was added an equimolar

solution of*dipyridyl (25 ml.)“dissolved in 50 % ethyl alcohol.

No precipitation was observed. It was followed by the addition 

of equivalent catechol solution. The mixture was refluxed for 

five minutes. Yellowish grey coloured solid separated out. It 

was cooled and washed with water and then with 50 % ethyl alcohol 

to remove excess of dipyridyl. It was dried and analysed for 

the metal and nitrogen contents.

[zn,dipy.cat~|.4H20 requires Zn = l6.2o$ N = 6.90

found zn * 16.50? N = 6.47 %m



2. To the lil mixture of ZnCl2 and dipyridyl solutions was 

added an equivalent quantity of pyrogallol solution. The 

mixture was refluxed for five minutes. Yellowish white coloured 

solid separated out. It was cooled, washed with water and 50 % 
ethyl alcohol and then dried and analysed for the metal and 

nitrogen contents.
£zn.dipy.pyroJ requires Zn = 18.735 N = 8.06 $,

found zn = 18.45- w = 8.05 %.
3. To the lil mixture of ZnCl2 and dipyridyl solutions was

added an equivalent quantity of 2,3-dihydroxynapht halene dissolved
*

in 50 % ethyl alcohol. The white coloured solid got separated.

It was filtered and washed with water and 50 % ethyl alcohol to 
remove excess of dipyridyl and 2,3-dihydroxynaphthalene. It 

was dried and analysed for metal and nitrogen contents. 
[Zn.dipy.2,3-di-naphl requires Zn = l^.^O; N = 7*50 $,

found Zn = l*4-.50$ N = 7.63

4. To 25 ml. of CdCl2 solution was added an equimolar 

solution of dipyridyl (25 ml.) dissolved in 50 % ethyl alcohol.

No precipitation was observed. It was followed by the addition 

of equivalent quantity of catechol solution. The mixture was 

refluxed for five minutes. The yellowish grey coloured complex 

separated out. It was cooled, filtered and washed with water 

and 50 % ethyl aleohol. It was dried and analysed for the metal 

and nitrogen contents. /
[Cd.dipy.eatri .2H2O requires Gd = 27.00$ N = 6.76 $,

found Gd = 27.50$ N = 6.77

137 ‘

Compounds were obtained in other cases also, but the
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analysis did not correspond to any definite composition. 

Conductance measurements :

Solids are only partially soluble in alcohol and
t

insoluble in water and other organic solvents. The conductivity

of the alcoholic solutions were measured using Toshniwal
?

Conductivity Bridge of the type CL01/01A. They were found to 

be non conducting.

Infrared spectral studies s
hit" mm     * rn 'iimh ^nu« m   '■*1 —11 ■   ■m—

The infrared spectra of the complexes have been obtained 
in the range *+000 cm”1 to *+00 cm**1 by KBr pellet technique.

The bands obtained in different complexes have been shown below

Complex Characteristic bands 
cm"1

1. [Zn. dipy. ca t] .5+H2 0

2. [zn.dipy.pyro]

3. Qzn.dipy.2,3-di-naph]

^3600)1 w), ;^3100(w),l
r*> l*f90(s) , 
^ 1320(w), 
^ 1105(rn), 
^ 790(m), 
r' 600(w),

3600(w), 
^ 19?0(w),
r-l590(w),
^l^O(s), 
o> 1290(w), 
^ 1170(s), 

1070(3), 
^ 780(m), 

^10(w).

o' 3600(w) , 
~1750(w),

l^o Cw), 
r-* I255(s), 

1030 (m), 
^ 770(m), 

^lOCw) .

^ 310 0(w) , 
^ 1750<w) , 
^1510(3), 
h1390(s), 
rJl250(w), 
oH20(s), 
^loM-O(s), 
o' 7^0(s),

H3100(m), 
r-»l600(s),

>ul590(m), 
■^l4O0(m), 
«^1190(m), 

850(m), 
7^0 (w),

^ 2l00(w), 
r-J 1650(S) , 
f>j i5oo(s),
rJ 1310(S) , 
^I240(s), 
o' 1080(w), 
o' 900(s), 

600(m),

f^ 2100(w) ,
o' l580(m),
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4. |~Cd.dipy.eat3.2H*0

Discussion s

^I500(s), 
l400(w), 

rJ 3.280(w), 
1100(m),

rJ 900(m),
^ 7*K)(s),
rJ 3600(w) , 
r*> l^70(m), 
^ 1390(m), 
^ 1190(m), 
o' 1070(m), 
o' 880(s), 
o' 7^0 (w),
rJ 6oo(m),

r^l480(s), 
r-<1390(s), 
r^l250(s), 
^1070(0), 

880(w), 
rJ 600(m),
r-> 3070(w), 
rJl^90(s),
rvJ 1320(w) ,
r* 1170(m), 
r-» I050(m), 
r° 790(s), 
ro 65o(m), 

470(w),

pal^oCs), 
rJl300(s), 
rJ 1180(m),
104o(m) ,
780(ra), 

rJ 4l0(w).
rjl590(m),
Hl44o(s), 
^1270(s),
r-»1110(m), 
rv» l020(m),
^ 770(s), 
r* 630(w), 
r* 4l0(w).

4 The analytical data clearly indicate that the compounds
have the composition [_M.dipy.LJ.xH2O (where M = Zn or Cd 5

L = catechol, pyrogallol or 2,3-dihydroxynaphthalene). This
formula indicates that they are mixed ligand complexes. This
can naturally be expected because dipyridyl combines with metal

2+ions at low pH and (M.dipy) complex does not dissociate in 
the pH range of the combination of above polyhydroxy aromatic 
li-gands. The water molecules are lost on heating the compounds 
upto 110°G. indicating that they are water of crystallisation.

The conductance measurement shows that they are non­
conducting in nature. This indicates that they are non 
electrolyte i’*e. neutral mixed ligand complexes.

The I.R. spectral studies of the complexes exhibit the 
bands corresponding to dipyridyl, catechol, pyrogallol or 
2,3-dihydroxynaphthalene, The I.R. spectra of Zn(II) and Cd(Il)
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—1compounds show band at ru 3120-3000 cm corresponding to C-H 

stretching frequency. The C=C and 0=1 stretching vibrations 
sof the dipyridyl ring oeeum in the range of nJ 1600-1300 cm"1 

Bands at r** 1590 cm , /vi 1H90 cm , /x/ l45o cm , /J 1320 cm“A 

correspond to'the ring stretching modes. The bands at 
1400 cm”1 and r-» 1250 cm”1 correspond to wagging and deformation 

of -CH* group. The C-C stretching band also occurs in the 

region 1190 cm.^ The band at rsj 1170 cm may be due to ring 
-GH in plane deformation. The band at ^1070 cm”1 corresponds 

to C-N stretching frequency. The band at<x/ 880 cm”1 is due
I

to -CH out of plane deformation, MrN bond between metal

and dipyridyl is expected to have partially double bond

character due to ir interaction and hence the band corresponding

to M-N stretching is expected to have higher value than 
—1 if

500 cm , Nakamoto has shown that M-N stretching frequency 

undergoes coupling with other stretching vibrations resulting 

in number of bands. The bands at t*-* 770 cm , 7*4-0 cm ,
r*j 600 cm”1 may correspond to M-N vibration. The bands in ■

-•I "

the region rJ *fl0 cm” may be corresponding to M-0 stretching.
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