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SECTION A

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

Punger and coworkers1

employed the high frequency
titrimetry to study the complexes. of Ni(II) with dipyridyl

and dlmethyl glyoxime, Schillt® carried out the potentiometric
and spectrophotometric titrations of dicyano~bis(bipy) iron(II)’
and dicyano-bis(l,l0-phenanthroline) iron(iI) in acefic acid,

He also reported mixed ligand complex of Fe(III) with CN- and
bipyridyl or o-phenanthroline and characterised the compounds%
The prepargtion and resolution of bis (oxalato) 2,2t ~bipy-chromate
(III) and bis (oxalato) 1,10~phengchroﬁate(i11) ions have been
reported& Grignard's method was utilized 'in the preparation

of benzene’bis(bipyridY1) Cr(III) iodide and diphenyl bis
(bipyridyl) Cr(III) iodide aﬁd diphenyl bis(bipyridyl) Cf(III)
1odide by Tsutsu? Coates and coworkers6 studled the formatioﬁ
of coloured complex gf Be«dialkyl.and_dia:yl derivatives with
2,2'-bipyridyi, 'thillt7 used the complexes; dicyano-bis
(1,10-phen) Fe(II),.2Hp0 (F@rrocy.phen) and dicyano bis(2,2f-bipy)
Fe(II).3H20 (Ferrocy,bipy), as indicator in redox determination
of aqueous solution of p—CsHu(Ong and primary sromatic amines,
Chelate compounds of organo tin halides were prepared with

2,21 -bipyridyl and 1,10-phenanthroline by Alleston and coworkerso
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Spectrophotometric éeﬁermination of titanium through thel J’f'
formation of mixed cémpléx’with bipyridyl and salicylate is
known? Octahedral Co(III) complexes containing bipyriéyl and
amino acids have been synthesised and characterised by Murakami

and cownrkers}o Atkinson and coworkersll

studied the chelate
effect éf mixed liggnd complexes of bipyridine and pyridine with
Mn(II), Ni(II), Cu(II) and Zn(II) by carrying out colorimetric,
potentiometric and electron spin resonance spectral studies,
Chelates of the type M6(C0)3(bipy)L where L = PﬁaP, Phgg‘and

pyridine ére kzrmwn:’.'2 The preparation of heterochelates of the

type Cbip&ﬁz) [(VUz)z(SOu)z(Czou)CO(NHé)é] has been reported
by Markov and coworkers%3‘ The complex of chromium(II) &cetate
with 2,21-bipyridine ;.é; [ Cr(bipy)2(0AC)2] was also reportedt”
Bis(bipy) dicyano Rh(II) complex wag synthesised by Sen and
cowcrkers%5
diacetato 2,2¢~bipyridyl Cu(II) complex, The mixed 1ligand

complexes [Co(III)(bipy)YCls]X where Y = bidentate amino acids

Herzog and eowbrker516 reported the formation of

were examined polarographically%7 UC13.0ET.bi§Yz ;nd
UCl,,0ET,phen, were isolated by Gans and coworkersi® Dutta
and coworker319 observed thgt_cis~diamine Co(II) sulphate reacts
readily with ethylenédiamine, o—phenanthroliné or‘bipfridyl
iiberating 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
oxypeétienéeo The fluorescent; properties of #ariﬁﬁ%*?ﬁ(lij
chelates of dibenzoylmethane, benzoylacetonate, acetylacetone,
‘g-naphthylaeetonéte were observed to be enhanced on coordination

with bipy or o—phen.%1 Yamamoto and coworker322 synthesised
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diethyl bis(bipy) iron and ethyl (bipy) nickel, The new seleno
cyanato complexes of PA(II) or Pt(II) with bipyridyl have been
worked out>3 The compounds di(phthalimide) 2,21=bipy.Co(IT)
and di(phthai&mide) 1,10-phen,Co(II) have been characterised
by infra-red spectral stud 24 Mixed complexes containing
Co(III), paludrine gnd bipyridyl and o-phenaﬂthroline have been
deseribed by Gheorghiu and eoworkersgs The solution stabi;ities
of mixed ligand complexes of the type /{Cu(bipy)(Ll] where
, L 1s polyhydroxy phenols, and acids have been reported by Martell
and cewvrkers%é Potentiometric‘titration technique has been ‘
used in the study of binuclear diolated Cu(II) complexes of

:quz(OH)zLé]2+ ion, where L = bipy, or o-phen,or histamine%7

Dutta and coworker528

reported the synthesis of a variety of -
oxo,vanadium (IV) heterochelates containing bipy, and o~phen,,
The precipltation and characterisation of the mixed ligand
complex Cu(II) phthalimide with bipy., or o—phen was reported
by Narain, 29 Electrode potentials for a variety of mixed ligand
complexes of 0s(III) .and Os(II) have been measured in aqueous
solution%o Bipyridyl derivatives of nitrato pentacarbonyl

Mn(I) is known%1 Mixed T1(III) complexes of bipyridyl involving
coordinated perchlorate and nitrate ions have been ;isted by
Faruer and Nord%2 Ripan and Saceban33 reported the synthesis

of ternary complexes of U02(II) with bipys} .1410-phen, and o-,
m- and p-amino benzoie¢ aclds, Cemplexes of Tc(IV) with PhyP
and Ph3As and bipyridyl have been synthesised%u Paramggnefic
adducts of Ni(II) chelate of mono thio g-diketones have been
obtained with bipy, and o-phen%g. A detailed study of synthesis
and spectra of cyanomethylene complexes of Fe(III) with
bipyridyl and o-phenanthroline has been reported%6 The formation
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of compounds MoCls{pyridine)(o-phen), MoCls(pyridine)(bipy)

38 studied the introduction of

has also been reported§7 Palade
o-phen, into the internal sphere of ammonium disulphato

tetramine cobaltatg. Lal and<Agarwél3? determined the formation
constants and synthesised the heterochelates containing
oxo.vanadium(IV) ,o-phen, Qnd eighteen dihydric phenolic compounds,
The synthesis of heterochelates of the type [V0(C204)(bipy)] has
been‘reéorted by Dutta and coworkers&o ‘Dutta and cbworkershl
also suggested a new synthetic procedure for the preparation
of a series of vanadyl heterochelatés of the type VO(AA)XYX
and VO(AB)XYX where AA is bipyridyl or acetyiacef:orie and AB
i$ glycine or phenolic acid or 38-hydroxyquinoline and X¥X is
a tridentate ligand e,g. pyridime 2,6-carboxylic acid, The
binuclear complex of Fe(IE%[:(phen)zFe(OH)g-Fe(phen)gl {504)2.7H20
containing the hydroxo bridgeé has been isolated&e' Dutta and \
cowork:ersl*'3 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

) . .
45 +8.-have‘ Investigated

known to be formed%h Sigel and coworkers
ternarytransition metal complexes with bipyridyl as the primary
ligand and many monodentate or bidentate secondary ligands,”
coordinating through two oxygén atoms, two nitrogen atoms or

one oiygen and\one nitrogen atom, Octahedral compléxes of
Co(TI) bis-ethylacetoacetate with aromatic heterocyclic amines'
as bipy. or o-phen, have been synthesised]:9 Konomenko and

50

coworkers”™ prepared and characterised the ternary complex of
4 U, lhmtrd flu0r 0-1-( 2~ thienyl)~1,3~butadiene and 1,10-phen, or
bipy. 'with VO(II) ion, Crystalline mixed ligand chelates of

Cr(III) with bipy,., or ‘o-phen, halides, acetylacetone have been

1
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preparedy, Broomhead amd‘cow'c:.'rlr;ers52

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

synthesised and resolved

bipy., o-phen,, and oxalate ion, Synthesis of octahedral
complexes [Co(4)Lz]Cl, where A = bipy,, o-phen,, acetylacetoney
L = halides have been described?3 Heterochelates of Cu(II)
and'2,2'—bipyridyl and o-~phenanthroline with biguanide have

o 55

been prepared and characterised. Syamal”” reported the ‘
formation of (Ni L L;)Clzvin/good‘yield where L = picolyl amine
and 1! = bipyridyl, The ternary complexes in sglﬁtion where
bipyridyl is used as the primary ligand and aliphatic and
aromatic acids are the secondary ligands, have been reﬁorted§6
Reactions of trimethyl (gp=~dioxo) Pr(1V) complexes with bipy.
and o-phen, resulted in the formation -of heterochelates?7
Dutta and coworkers S isolated and characterised several Cu(II)
complexes of empirical composition Cu(aa)(X)sz where (44) =
2,21 -dipyridyl/o-phenanthroline/5-nitro-o-phenanthroline and

X = NCS, NO» or N3, They also synthesised a number of mixed
chelates of Cu(II) containing glycine or g-(DL)=-alanine and
aya'~dipyridyl, o—phenanthroline or 5-nitro-o-phenanthroline
of the type [Cu(AA)(XY)] Z.XH>0 where Z = C1, Br, I?g
Preparation %nd properties of malanato bis(bipy) Co(IiI) salts
have been described?0 [Vo(bipy) 3(NCSe)7] , [Vo(phen) 3(NCSe) 2]
have also been reported?l

-stability constant of 2,2'-bipyridyl=-Cu(II)~pyrocatechol

Sigel and cbworkers62 reported the

complex, The ternary system phenyl bis(bipy)Ni(II)chloride is
known§3 Yashuhiro and coworkers64 described the formation of

mixed .copper complexes of some B-diketones with bipyridyl..
65

Sigel and coworkers also determined the rate constant for the
camptex ' o4

formation and dissociation of the mixed 1igan%‘[0u(bipy)(g1yX]
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mixed Co(III) and Co(II) chloro compounds with 1,10-phenanthroline

and 2,2t.bipyridyl have been investigatedf’6 The ternary

using temperature jump technique, . Structural varieties in

transition metal complexes . with bipyridyl have been reported
by Griesser gnd Sige1§7 Systems MAL where M = Cu(II), Ni(II),
A = dipyridyl or o-phenanthroline and L = various amino acids

have been studied in solution by Chidambaram and Bhattacharyaf?S '

However, the study of mixed ligand systems using
dipyridyl as primary ligand and the polyhydroxy phenols as the
secondary ligands ié not m.uch‘%é’é2 An étfemptiasltherefore,
been made in the present ihvestigation to study the formation

constants of the system MAL, where M = Zn2+ or Cd2+

y A=
dipyridyl and L = catechol, pyrogallol, 2,3-dihydroxynaphthalene
and protocatechuic acid using g modified form of Irving-Rossotti
titration technique?g’eg The regétion for the mixed ligand

complex formation can be represented as follows :

Vel + bipy = [M(bipy)] 2+

- [(M(bipy)]
Y [ [bies]
-1

K

M(bipy)z* + L7 == [M(bipy)1] 1+

_ [M(bipy)L]
MAL  Tm(bipy)] <t [r)~t

X

The above reaction is baéeé Qﬁ the consideraﬁion ﬁhatﬁfhe
formatién of 1:1 metal bipyridy; complex is complete at low
pH. ‘Tge 1:1 complex forms [M(bipy)(OH)2] at higher pH,
However, in the presence of a secondary ligand fofmation of

hydroxy complex does not take place and instead ternary complex
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[n(bipy)ﬁ]1+ results, The above required conditions do not

2

hold gobd in the complexes of T1+, Mg * and Uog+ and so the

ternary systems could not be“investigated‘in these cases,

For the Zn(II) and CA(II) comblexes, solutions were

prepared as follows : -_

1; Perchloric acid (0.2M, 5,0 ml,) + sééium perchlorate fl.OMz
9.0 ml,) + conductivity water (36,0 ml,)s total volume =
50,0 ml., g = 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,)3 total volume = 50,0 ml,, p = 0.2M,

3. Perchloric aéid (0.2M, 5.0 ml,) + secondary ligand (0,02M,
5,0 mi,) + sodium perchlorate (1;0M,*§;9 ml,) + conducfivity
water (31,1 ml,); total volume = 50,0 ml,, g = 0,2M, '

%, Perchloric acid (0.2M, 5.0 ml,) + bipyridyl (0.02M, 5.0 ml.) +
metal perchlorate (0,02M, 5.0 ml.) + sodium'ﬁerchlorate
(1,0M, 8,8 ml,) + conductivity water (26,2 ml,); total

vl volumdC® 50,0,ml.y £.57042M,

5. Perchlorie acid (0.2M, 5.0 mli} + bipyridyl (0.02M, 5,0 ml,) +
secondary 1igand'(0.o2M, 5.0 ml.) + metal perchlorate (0.02¥,
5.0 ml,) + sodium perchlorate (i.OM, 8.7 m1,) + conductivity
water (21,3 ml,) 3 total volume = 50,0 ml,, g+ = 0.2M,

The ionlc strength of each solution was thus initially
raised to 0,24, Each of fhe above samples was titrated against
0.2M sodium hydroxidé 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 §olume of alkall have been presented
in figs, IVA 1 to IV A 5,

-
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An observation of mixed ligand system curves (figs,

IVA1l to IV A 9) shows that metal bipyridyl curve kh)
diverges from the Lipyridyl curve (2) at low pH, Thé calculation
of T shows that it continuesz 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)(0H)2,.
After pH ~'9 5 the complex decomposes forming metal hydroxide
which precipitates out indicating that metal bipyridyl complex
1:1 formed at low pH is stable upto high pH, Metzal bipyridyl
phenolic ligand curve (5) gngl mé~ta1 bipyridyl curve (4) overlap
each other at 1pw pH, This indicates that in the range where
bipyridyl combines withﬂmetal, combingtion of phenolic ligand
doés not take place, Since the dissociatiop of the ligands
catechol and pyrogallol at low pH is neg;igible, the curves (&)
and (5) overlap, In éase of protocatechuic,acid the metal
bipyridyl protocatechuic acid curvé (5) separates from metal
bipyridyl curve (%) due to self dissoéiétion of earboxylic
group. In cases of all the ligands, however, curve (5)

2+

diverges from the ligand curve (3) after pH ~ 6,5 in Zn~" and

Cd2+

systems, In this range combination of secondary ligand
with metal bipyridyl starts, The reaction can be represented

as follows : o ,
e a4 == [mwl®
[ﬁ (1% + 18, = [mar] + 2n*
Since the dissociation of Mébipyfidyl does not take place in
the range of the associatioﬁ of the secondary ligand, it can

be considered that the secondary ligand combines with
(M@bipyridyl)a* Just as it does with‘(M.aq)z+ in the simple



" system, In the ternary systems the secondary ligands add ]5.82
the same pH range where M(bipyridyl)(OH)2 formation takes place,
It has been presumed that in-the presence of highly complexing
-secondary ligand, formation of EKbipyridyl)(OH)z is suppressed,
Similar consideration has ﬁeen made by earlier workers56 in

the stuay of the formation constant of the mi;ed ligand ;ygtem
(Zn.bipyridyl.glycollic acid) where glycollic acid combines

at higher pH, The horizontal distance between curve (3) and
curve (5) can be measured and used for the caleulation of m,
where 1 iS'tﬁe average number of phenolic ligands assoclated
with one (M.bipyridy1)2+. The equation for the calculation

will be the same as in the original paper§9 :

(Vv [N+ B+ Tp (Y - B))]

A= -
m o
(V° + VM n, TM‘

Here T2 is the concentration of (M,bipyridyl)>* which is

o
equal tz concentration of M?*. n and pL were calculated at
different pH values, and have been presented in fables IV 4 2,1b
to IV:A 2,3¢, pLath = 0,5 gives’fhe Valuéé of log KMAL'

This, however, will mean using only one point ahd the value
will be erroﬁgous . More precise values were obtained by

using the method of linear plot/® The values have been

presented in the table IV 4 3.0.

The titratéon cou;d not be done in mixed ligand systems
with 2,3~-dihydroxynaphthalene, because the heterochelates get:s
precipitated, In case of Cd,bipy.pyrogallol system also n does
not go beyond 0,15 and hence'KMAL could not be ecalculated,

It is interesting to observe the values of mixed 1igand
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formafion cons tants KMAL‘ The order is-Same'i.e. Zn(II)'> Cd(II)
as in the case of binary systems, The relative tendencies of
the secondary-ligands to combine with (M.bipyridy1)2+ isvin'
accordance with the basicities of the ligands,

It has been observed that in cases where A = ethylene-
diamine, log KMAL71 is significantly lower than log KML,’
This is because of the fact that the tendency of L to get bound to
aqﬁaﬁed metal ion is more than to the metal ion bound with
ethylenediamine, thylenediamine molecule has a greater "
q-bonding tendency than the wafer‘golecules and thus inéreases
the concentration of electrons around the metal ion and hence
the tendency of [ M(en)] 2+ 4o get bound with L will be less.
Bipyridyl should behave in the same way as it is a neutral

_ 2+ 2+
But it is observed that Kypar, = KML. (where M = zZn~" or Cd ™,
A = bipyridyl and L = catechol, pyrogallol or protocatechuic
acid), This can be attributed to the special behaviour of

bipyridyl,

‘ Bipyr;dyl is bound to a metal by ao bond as in case
of ethylenediamine, Besides that it~canvalso form a.w bgnd by
the back donation of the electrqns from the dn orbitals of
metal to the nitrogen pm orbitals on the ligand molecules,
The dm-pT interaction has been ébserved in metal bipyridyl
complexes by earlier workers§6’62’72’73 using Qifferent
methods of investigation, Thé dnr-pr interactiog does not allow
the concentration of electrons on the metal ion‘to‘incréase

significantly, 'In other words positive charge on the metél ion

in [M(bipyridyi)]z+ is almost same as in [M(aq):]'?'+ complexes.,
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As sucﬁ the tendency of metal bipyridyl to combine with the
ligands is almost same as the tendency of ligand to get bound X
with [M(aq)ja*‘systems. _Tﬁié explains‘why KMAL'ﬁs’KML,' In
case of chelating ligand molecules containing two 0-0 donor
atoms like catechol (and also pyrogallol and protocatechuilc
acid), the resulting miie@ ligand system is neutral as in the

structural formula ¢

As a result of formation of neutral molecules, the solvent
molecules are no longer bound with the mixed ligand éomplex'and
hénce the freedom of movement of the‘solvent molecuie is more

i,e, entropy change is positive, Thus the entropy and enthaipy

M. MA

factors add up and hance KML, - Ky

is still less,

Similar observation of Kyar, =2 KML, has been made by
“earlier workers7“ in the system‘whefe M = Ni(II) or Cu(II);

A = bipyridyl and 1L = 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 CA(II) complexes are in agreement with previous
cases, it can be argued that the econsideration that the hydroxy
complex formation is suppressed in presence of strongly

complexing secondary ligand, is valid,
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Table IVA 1.0
N =02 V° = 50 ml, [ = 0.2M t = 30°C,
E° £ 0,02M Tgipy = 0,002M T = 0.002M
Eei:éh.}gric Dipyridyl Zn Dipyridyl Cd Dipyridyl
- ae o
Vol,of B Vol,of B Vol,of B Vol,of B
alkali’ alkalil alkali alkali ’
(inml,) (in m1.) e S_in ml,) (in m1.,) -
0.00 1,60 0.00 1,60 . 0,00 1.0 - 0,00 1.60
1,00 1.70 1,00 1.70 1.00 1,70 1,00 1,70
2,00 1.80 2,00 1,80 2,00 1.80 2,00 1.80
.00 2,00 3,00 2,30 3,00 2,05 3.00 2,05
.00 2,35 3.50 2,70 3.50 2,20 +50 2,20
4,50 2,60 .00 3.30 L 00 2,40 .00 2.40
4,60 2,70 4,50  3.70 4,50 2,70 k.50 2,70
070 2.88 7“'.55 3.85 )4'055 2‘075 )"'.55 2075
«80 3.10 4 60 02 4 60 2,80 4,60 2,80
«90 3,50 4,65 4,20 - 4,65 2,88 4,65 2,90
koo 3370 4,70 4,40 4,70 3.00 4,70 3,02
!*098 3'95 L*075 ‘+.52 !*.80 . 3‘25 1*'80 3.30
5.00 8.75 4,80  4.65 4,85 3,55 4,85  3.50
.02 9,20 4,85 4,82 4,90 «90 4,90 .75
5,04 945 4,90 5,02 %.95 30 4,95 .00
5.06 9075 1"-95 5-25 ’+o98 '5’0 1*098 L"o 0
5.08 9.85 4,98 5.45 5.00 6.70 5.00 755
5.10 10,00 5.00 9,10 5.05 6.95 5.05 7.90
5,20 10,38 5.03 9.50 5.10 7.15 . 5,10 8.25
5.30 10. 5.06 9,80  5.20 7.% 5.15 8,42
5. 10.78 5.10 10.10 5.33 7,68 5,20 8.65
5.50 311,00 5.20 10.50 e _7.90 5.25  8.80
5.30 10,65 5.45 ~ 8,10 5,30 .8.90
5. 10.78 5.50 8,40 5.ag 9.05
5.50 11.00 5:55 8.70 5' 4 9.25
5 .60 9.10 (ppts)
5,70 9.60
5.80 9.90

i

4
i
4
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Table IVA 2,1

N = o0.,2M Ve = 50 ml,. g = 0.,2M t = 30°C,
E 0.02M TDipy 0.002M 7 e 0.002M Ty = 0,002
Catechol Zn  Dipy.Catechol Cd Dipy.Catechol
Vol,of B . Vol,of B Vol.of B
alkall alkali ’ alkali
(in ml,) (in ml,) (in m1,)
. 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.
3000 ' 2.00 N .00 2.05 - .00 2.05‘
K ’00 . 2Q 5 .00 2."’0 . .00 20"}0
4,50 2,60 %, 50 2,70 . k.50 2,70
I O - B T
«70 . «70 <0 ) 3.02.
4,80 3.10 %,80 3,25 . 4,80 3.30
4,90 3.50 4,90 320 - 4,90 3.751
4, 9% 3.70 4,95 30 . 4,95 .00.
4,98 3.95 - 4,98 4,50 - 4,98 %.30
5.00 7.60 5.00 6,60 . 5,00 7.15.
5.02 7.70 . 5.02 6,70 . 5,02 7.25.
5,04 7.82 . 5,0 6.80 T 5.04 7.45. -
5.08 B0 . 5.08 6.98 - 5,08 . 7,65
5.10 8.52 5.12 7.15 5.12 7490
5.2 8,60 . 5.15 7.&8 . 5.15 8,00.
5.1% 8.65 5.20 7 . 5,20 . 8,08
5.18 8.72 5.25 7.50 . 5425 8.15.
5.20 8.80 . 5. 0' 7.58 . 50&3 8020
5.25 9.00 . 5. 7.70 5 8.a5
5.30 9.38 .. 5.50 7.82 . 5,50 8.45
5. 0 9055 = 5060 7095 5:60 8-60=
5.50 9,80 . 5.70 8.12 570 8.72
5.0 10,08 5.80 8,48 . 5.75 8.80
5.70 10. 5.90 8.95 . 5,80 8.90
5,80 10,60 6,00 9,40 . 5490 9,20
- 5.90 10.70 6,10 . 9.75 6,00 9.50
6,00 10.75 . . 6,20 _ 10,00 6.10 . 9,65
6.10 10,82 6.30 10.1% {ppt.)
6.20 10,90 6, 10.30
6,80 10.80

~3
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Table IVA 2

K = 0.,2M Ve = 50 ml. g = 0,2 t =30°

BE° = 0,02M 'Tﬁipy = 0,002M o= 0.002M Tg = 0,002
Protocatechuic acid " ZnJDipy,.Proto- ¢d,Dipy.Proto-
catechuic acid catechuie aeid
Vol,of B Vol,.of B Vol.,of B
alkali alkali alkali ~ -
(in ml,) (in ml1,) , (in ml1,) i
0.00 1.60 0.00 1.60 0.00 1,60
1.00 1.70 1.00 1.70 1.00 1.70
2,60 1.80 2,00 1.80 2,00 1.80
a.gg g.ag .00 g.eg a.gg g‘ﬁ%

» - : .GO o ] ] .0
4.50 2,%@ & .50 2,20 4,50 2,60
4,60 2,74 k4,60 2,74 4,60 2,74
4,70 2,86 4,70 2,86 4,70 2,86
4 80 3,10 L. 80 3,10 4,80 3,10
4,85 3.3@ 4,90 3,45 4,90 3.45
+,90 3,45 5.00 3.80 5.00 3.80
!"-95 3.&6@ 5-85 3‘95 5.05 a-‘?s :
5.00 3.80 5,10 .20 5.10 4,20
5.05 3.95 5.15 4,32 5.15 4,32
510 +,20 5.20 4,50 5.20 4,50
5.15 4,32 5.25 4,75 5.25 4,75
5.20 4. 50 5,30 5.00 5.30 5,00
S
2:3% 9% 2k 3:25 2% 3:25
5.&2 5.90 5 L+l 6.50 5Pt 6.75
5 ok 6.25 5,48 6,72 5.48 7.05
5.42 6.65 5.52 6,90 5.52 7.25
5t 7.00 5+ 60 7.15 5.60 7.60
5,46 7.30 5.65 7.2% 5.65 7.78
5,50 7.70 5.70 7.30 570 7.88
5,54 8,00 5.75 7.33‘ 5.75 7.95
5.58 8.25 5.80 7 5.80 8,00
5.62 8,45 590 7.55 5.90 8,15
5.66 8,60 6.00 7.70 6,00 8.33
5.70 8,70 6.10 7.80 6,10 8.
509G 9.60 6’20 8010 6¢20 8;55
6,00 10.00 6.33 8,60 6.32 8,75
6,10 10,25 6,k 9,10 6. 9,10
6.20 10.50 6.50 9,60 6.50 9,40
6.2_8 10,70 6,60 2.90 6,60 9.75
6,k 10,90 6.80 10.%0 6,80 10.30
6.50 11,00 7.00 10,65 7.00 10.80

7.20 10,90 7 .20 11,00
7.30 11.05
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Table IV4 2,.1b
B,'ﬁﬂg‘ﬁ, log(1-E)/n, pL and pL-log(1-B)/R data of Zn,dipyridyl.
ecatechol system - 30°C,

B Ty vtoooy™ ¥™Mov" R log(l-m)/A  pL pL-log( 1~‘ii)t i

7.30 1.972 5.00 5.15  0.15 0.15 0,74 8.62 7&? o

7‘50,'1c960 .00 5.2? 9.2? 00275 eth 4 ‘1 §1293- ' 7i8?§

7.60 1.952 5.00 S.Eb e.a*r ,o.gka 0,272, 8,14 7,87

7.70 1,94 5,01 5.%2 o,m1 o.k2y 0.13p  7.99s  7.86¢

7.80 1.9 5,02 5,50 0,48 0,49, 0,122 7.85 ?'.ggs

‘759@ 10935 5002 5‘56 ensh 60557 .Itgﬁﬁ ?-?25 ;7§”f§

8.10 1.905 5.0% 5,69 0.65 0,68, 'I. 3 7.48,  7.81,
logk,, =7.8% + 0,03

Tgble IVA 2,2b

B, Ty, 0, log(l-n)/m, pL and pL-log(l-n)/n data of 2Zn,dipyridyl,
pyrogallol system - 30°C,

B v* ym ymoy" R log(l-R)/A  pL pL—log(l—-'ﬁ)/a:
7000 1.96 503 515 01 0.1k 0.783 8:13)  7.35¢
7.10 1.96, 5.0% 5.2% 0,20 0,204 G.E% 7.972  7.378
7.20 1-969 S-Gh 5&31 0.27 00275 0.%2 1 7' 17 743%¢
rRe 1. 202 2wy 038 0357 Sdm T T
750 192y 5:08 550 o5 o ook 236y 7i30

logKy,; = 7.3% + 0.05



Table IVA 2.3b o
11

f;B,fﬁﬁ,‘ﬁ; log(1-f)/R, pL and pL-log(1-T)/R data of zn,dipyridyl,
 protocatechulc acid system - 30°C, -

Rl

B By V" V™ ym.y" § 1log(1-E)/A pL  pl-l

7.20 2,000

7&%2“;2;053 k
?d‘g' 25600
7i5¢f323@9a
?5”5“3‘9%§

0.10 0.09,
0.17 0.1
0.24 0.234
2,3% 3'337
otk 02352
IR
0.62 0.65;

8.76
8. 7ikg
8.75¢
5
B
7

.
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Table IVA 2,1¢

catechol system - 30°C, "

i

B By V" ¥™ vmoy" R 1ogQ-R)/A L ggxaxgg(z;ﬁ)xaﬂ
.80 1.9 5.02 5,12 0.10 0,10 0.5% 741 :‘~’z;” -
%.ee 1.93: 03 5,17  0,1% e.lki 0.776 7.23§;} 6,
8.10 1.905 5.0% 5.22 0,18 0.18; 0.735 7.07% 6.
%vag %'ggg gteg 2‘33 g-iz goggb ®o3a§ g.g%?' s 6 
- - . 'G . . okk G¢' 'k ! o' '
8.60 1.792 5.12 5.60 048 0.530 I.9%, 6.392 6
SR L 2k 2R SE Sl I on ¢
Bio0 1.67) 523 S.h0 0.57 o.6h) Tié:  6los

Table IVA 2,3¢

B, fig, N, log(1-n)/m, pL and pL-log(l-B)/m data of Cd.dipyridyl,
protocatechuic acid system - 30°C,

B Bn ) A ym  ym.y" 7§ log(l-n)/2 pL pl-log(l-n)/n
7.80 1.;3, 5.591 5.66 0,15 0.15, 8.25¢  7.513
8.59 1;88@ 5v53 5?80 6027 0.289 7.95¥ 7-563
8,10 1.84%, 5.55 5.33 0.32 o.as, 7.80, 7.54%,
8.20 1.804 5.Sg 5.9 0.37 0.4y 7.670 7.524
CRTIES B R AR

. . . » * . & /e »
8.50 1.680 5.62 6.15 0.53 0.&3, 7:355  7.59,
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SECTION B , - 117

Since 1925, various scientists have carried out work
on binary or ternary systems}"B in solution with galicylio acid’ ‘
or thiosalicylic acid as the primary or secondary ligand ,
The isoclation of the solids involving salicylic or thiosalicylic
4,5

acid as the coordinating 11gands have also been reportedy

Bhattacharya and coworker36 studied the salicylic and
thiosalicylic acid complexes with class A and class B type
of metal ions and hgve interpreted the relative tendeneies!of
M-0 and M-S bonds, The greater stability of M-S bond compared
to that of N;O bond has been indicated in_Various<comp1oxes?‘
The stability constants of metal coﬁplexes with seveéal sulphur
containiog ligands have been measured and results have been
explained in terms of M~S 7 interaction, ’The étability constants
of the metél complexes of thioglycollic and g-mercaptopropionic
acid, 2-aminoethane dithiol, cysteine and mercapto succinic acid

have been determined§

It is noteworthy that eysteine forms

quite stable complexes with Hg(II) and Fe(III). Stabilitiesfof
uranyl chelates of hydroxy, mercapto and amino derivatives of
acetie, propionic and sallcylio acids fall in the order

NH, > OH > SHg. Uranyl lon forms a stronger oomplex with
gl&collate ion than with thfoglycolléte ion, This indicatesr
class A behaviour of uranyl 1on. The formation constants of
Ni(II), Mn(II) and T1(I) complexes with thioglycollic, thlolactic;
thiomalic and thiosalicylic acids and with their correspondlng
hydroxy acids have been studied by Reddy and Bhattacharyaé’lo“la

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



!

" character of Mn(II) and elasé A character of TI1(I). Thislﬁgg
been explained in terms of M<S 7 interaction, ILi and Manning13
observed the greater stabllity of cysteine complexes of Zn(II)
and attributed this to the coordination from sulphur to Zn(II),
1.e. class B character of zn(II). Schwarzenbachlk has also
observed the greater chelating tendency of g-mercapto ethyl
amino diacetic acid than nitrilotriacetic acid, ‘Recently
Gerlach and Holmig ha?eicarried out NMR studies of B-aminethione
and the ccrresponaing oxygen pontaining compound and indicated
7 intersction in the Ni-& bond, ESB_stud13516 of the Cu(II)
dtethyl dithiocarbamate complex also indicated the presence of
Cu-~S 7 bond, Possibility of M-8 7 interaction has also been
discussed in a.recent review article by Pgttit%7 Rickards and
Johnson18 have slso shown the possiﬁility of M-S 7 interactioﬁ
19

on the basis of Mossbauer studies, ‘Bonamico and Deésy carried
out X-ray studies of complexes involving M-S and M-3Se bonds and
have confirmed the back donation of electrons from metal
orbitals to vacant 7 orbitals of sulphur and selenium ligand
atoms, However, the nature of M-8§ bond is still not resolved,
According to Pauling M-S dm-pm interaction stabilizes the bond,

20 and Klopman%} however, believe that M-8 bond

Jorgenson
stability is due to greater o— interaction in M-S béﬁd and
cdntribution due to M-S 7 interaction is not very significant,
Pettit22’23 has also arrived at similar conclusion, Recently
Bhattacharya and coworkerszu'have determined the stabilities of
N12+ and Zn2+

and L = thioglycollic, thiomalic and thioiactic acids and have

complexes in the system [MAL] where A = dipyridyl

shown that M-S 7 interaction has not much contribution, However,

the study of the system [MAL] where I = salicylic or thiosalicylic



acid has not been attempted, So in the present study, an.119
investigation of the tefnary complex [ MAL] where M = Zn2+ or
ca®*y A = aipyridyl; L = salicylic or thiosalicylic acid has
been carried out, The comparison of the formation constants
of mixed ligand complexes with the formation constants of
1:1 complexes i,e, metal seeonéary'ligand, has alsoc been

made in the present inveétigation;

The formation consténts of binary and mixed ligand
complexes have been determined by using the exténsionuof
IrvingcRoésotti titration technique as used in tﬂe chapter'Ilﬁlvﬂ.
The reaction for the mixed ligand formation can ée represented

1
i

as follows 3 .

K

[ Midipyy] 2 41 “@[Mf;dipyn:.]

Mdipy, - ~ [M.aipy.L]
[ ] l - y oy
Y [M.aipy)* [1)°

The use of the above method is based on ﬁhe

K

consideration of the fact that M,dipy 2+, (wherel M = Zn2+ or

Cd2+) 1:1 complex is formed at low pH and it is stable at
higher pH, The salicylic acid or thiosalicylic acid (L)
combines at higher pH resulﬁing in the formation pf mixed

i

ligand complex [ M.dipy.L]. ‘ i

Following titrations were carried out to hetermine
the formation constants of the binary and ternaryicomplexes 3
1, Perchloric acid (0,2M, 5.0 ml,) + 'sodium perchlorate (1.0M,
9,0 mi1,) + ethyl alcohol (25,0 ml,) + cgnductﬁvity water
(11,0 ml.), totel volume = 50,0 ml., g = 0.2M,
2, Perchloric acid (0.2M, 5.0 ml,) + dipyridyl in ethyl

|
|
|



x 120

alcohol (0,02M, 5,0 ml,) + sodium perchlorateg(l.OM,
8.9 m1,) + ethyl alcohol (20,0 ml,) + conductivity water
(11.1 ml.), ‘total volume = 50,0 ml., & = 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 m1,), total volume = 50,0 ml,, y = 0.2M,

4, Perchlorie acid (0,2M, 5.0 ml,) + dipyridyl in éthyl
alcohol (0.02M, 5.0 ml,) + metal perchlorate (0.02M, 5.0
ml,) + sodium perchlorate (1.0M, 8.8 m1,) + ethyl alcohol
(20.0 ml.) + conductivity water (11.2 ml.), total volume =
50,0 ml,, u = 0,2M, ‘

5. Perchlorie acid (0.2M, 5.0 ml,) + dipyridyl in ethyl
aleohol (0,02M, 5.0 ml,) + seqon@ary ligand in ethyl

1

~

alcohol (0.02M, 5.0 ml,) + metal perchlorate (0.02M,
| 5.0 mi,) + sodium perchlorate (I:OM, 8.7 ml,) + ethyl
alcohol (15,0 ml,) + conductivity water (6.3 ml,), total
.volume = 50,0 ml,, y = 0,2M,
€, Perchloric acid (0;2M, 5,0 ml,) '+ secondary ligand ’in
+* vethyl aleohol (0,02M, 5,0 ml,) + metal perchlorate (0,02N,
5,0 ml1,) + sodium'perchlorate (1.0M, 8,8 ﬁl.) + ethyl
aleohol (20,0 ml.).+ conductivity water (11,2 ml,), total

volume = 50,0 ml., u = 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 sod&um hydroxide so}ution at 17°C, in 50 %halcoholic
solution, 17°C, was the lowest tempefgture attainable and
at this temperature evaporation of a;q§hol is negligible, The

titration data have been reported in tables IV B 1.0 to IV B 5,0,

>
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The plots of pH'agéinst volume of alkali have been presented  :
in figs. IV B1 to IV B 3. '

Observation of the titration graphs provides the

following informations s

As detailed in last. chapter, [zn.dipy]°" and [Cd.dipy]®*

1:1 complexes are formed at loﬁ ﬁH and remaip stable at higher

pH where secondary ligands (L) get bound with them, M.dipy.SA
curve (5)'éiverges from the salicylic acid curve (3) after pH~
5.0 and Zn.dip&.TSA curve (5) diverges from the thiésalicyiic
acid curve (3) after pH ~ 3.2 indicating that beyond this pH‘/
range the coordination of salicylic or thiosalicylic acid with
[ﬂ.dipy]2+ takes place.

The M,SA (i:l)'curve (6) diverges from the salicylic '
acid curve (3) after the pH’ﬁ'H.S in the zZn(II) casé and after
pH ~ 5.5 in CA(II) case, while Zn T84 (1:1) curve (6) diverges
from the thiosalicylic acid curve (3) after pH ~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,

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 :

: R
¥ 4+ aipyridyl -———‘_._——_—}_[M.dipyndylj *

[M.dipyridy;]2+'+ L2' E;:::ﬁé[ﬂ.dipyridyl.L]
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The value of Ti were determined by substituting the
horizontal‘distance (Vi) betweeh tﬁe curve (5) and curvé
'(3) in the mixediligand system, and between the curve (6) and
curve (3) in the 1:1 complex formation system, in the

following equation :

(V™ -7 [N + E° 4+ Tﬁ (Y - EH)]

. (ve + V")jEH.Tﬁ
where Tﬁ is the concentration of [M.dipyridyi]2+ ion which
id equal to the concentration of metal perchlorate used,
The pL were calculated by using equation given in the chapter
II (page %9 ), The values of Ty obtalned were same as
reported in the earlier thesis%s The values of proton 1igapd
stability constants of salicylic acid and thiosalicylic acid
were calculated and have been recorded in table IV B 6.0,
Values of T and pL for the mixed ligand and 1:1 complex
systems have been presented in table IV B 7.0 to Iﬁ f 12,0,

Precise values of 1ogK§ﬁL and 1ogKﬁt‘ were obtained by
the method of linear plot26 and have been presented in table

IV B 13.0,

It is interesting to observe from the tables that

M.dipy M
the value of KM.dipy.L is nearly equa} to KML, where

M =202t or cd°t, I = salicylic acid, The reason for

this can be sought in the speeial behaviour of diﬁ&ridyl
molecule as explained in the previous chapter, In case of
Zn(II) complexes, behaviours of both salicylic'and thiosalicylic
acids aé secondary ligands are alike, 1In case of thiosalieylic

acid complexes also the formation constant in the ternary
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system, KﬁﬁL is not suf?iciently 1owg? than Kﬁi; . Howevef,
it is expected that the metal ion having already donated
7 electrons to dipyridyl should have less tendency to donate

m electrons to the secondary ligand, Hence there should

have been significant difference in the values of Kﬁ:‘ and
M.dipy -
KM,dipy.L in case M ~—>»S 7 interagction is signigicant,
Zn ) Y Zn  dipy
The fact that .KZn.TSA is « mearly equal to KZn.dipy.TSA

shows that the stability of M-S bond in binary system is
due to greater g~ interaction and contribution due to M-S

7 interaction is not very significant,
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Table IVB 1,0

~N = 0,2M Ve = 50 ml, n = 0.,2M t = 17°C,
Be = 0,02M Tﬁipy = 0,002M ] Ty = 0.002M
Perchloric acid’ ' Dipyridyl ° zn.Dipyridyl’
Vol.of B Vol.of B Vol,of B
alkall alkalil : alkali
(in ml,) (in ml,) "(in ml,)
0,00 1.60 0.00 1,60 0.00 1.60
1,00 1,70 1.00 1.80 1.00 1,70
2,00 .1.80 2,00 2,00 2,00 1.80
3.00 2,00 2,50 2,10 .00 2,00
L4 .00 2,30 | 3.00 2,20 .00 2,30
.10 2.35 3.50 2,40, 4,20 2,42
4,20 2. k2 .00 2,65 h.&g 2,52
.30 2,52 4,20 2,80 e, 2,55
L0 2,55 .30 2,95 . %50 2,70
4,50 2,70 440 3,12 4,60 2,90
l"'-éo 2¢85 l*'.50 30&5 ,"'070 3010
4 .70 3.00 4,95 3. 4,75 3,25
4,75 3,12 4,60 3,55 4,80 3.40
. 4,80 3.30 4,65 3.70 4,85 3.65
4. 85 3.52 4,70 .82 4,90 &.95
4,90 3.80 4,75 .00 4,93 .10
,+09 000 L"o80 14'020 1"096 )4'035
4.9 4 25 M,SZ 4 Lo 4,99 4. 55
4,99 4,55 4.8 4,60 5.00 5.50
5.00 8.70 4,89 4,90 5.0 5.88
5,02 9.10 L 90 5,00 5.08 6.05
5.0l 9.50 4,93 5,30 5,12 6.20
5,06 9.95 4.96 5.65 5.16 6.32
5.08 10.25 4,99 5.95 5.20 6,45
5.10 10,50 5.00 9.79 5.25 6.55
5.12 10,75 5,02 10,12 5.30 6,68
5.15 11,00 5 Ol 10,50 5.&5 6.80
5.06 10.75 5.40 6.92
5,09 11,00 ?'?5 ;.%o
- 0 ) 0
5055 . 720
5,60 7.62
5,64 7.85
5.68 8.15
5.72 8.5
5.76 8.72
5.78 8.85
5.80 9.00

(ppt.)
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-t = 17°C,

Table IVB 2,0

Ve = 50 ml,

0.2M
o =
TL 0.002M

L]

M

0.2M

N

0.002M

o —-—

[~}
H TM
Zn Dipy.Salicylic acid

Vol,of

0,02M
Salieyllec acid

E® =

7h,.Salicylic acld

Vol,of

B

\ll
OnUOnibnﬁ?ﬁ{%<$79g0x10n35nuAﬁ?ﬁ(&éﬁ?ﬁﬁDAVOOaO~9K¢9 .
&7813578.91.368025813 802\4579136481%?03&.5

e e AL OO NN en ot o o o INININIONO N0 N\ONONOND DN DN D0 O 0 ONONON
e

COOOOOOOOQOONOWVNOFON QINONCINNOWNOINO WO 4 0N
COQOMDNONO N N 3&%#5&6 NGO ONONQ O -0 Y O N

o o » @ ® & 5 & o & ¥ & & O ° s ¢ N

] o ¢ ® # ® 5 9 5 0
LT TN oY - - 5 - R TaN Vol Ta FaNTaNToN TR TR TaRToRTaNTaN TaR 7ol FaNToR FoR TaRNegte RteRelte oLt e Rt o RN oRNe/

(in mi,)

alkali

0000555%502050050255820600550 2%5
.&78135&8913580135?9012%5802#7802%&80@

L2 B I R I I I I BN N D D NS TR NS N NS RN IR N T TN JEE N DN I N IR I R BN N I R B

= e O0 QY O OV O8O enenen et b g o IO IOININNO OO0 D DN D B D00
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* o 8 5 8
NN INIAINICIAINIIN N IIAIA NI ININND YO O IO \O\O\D

(in ml,)
00
g0
00
Q0
00

0

alkali
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Pable IVB 3,0 126

N = 0.2M Ve = 50 ml, o= 0.2M t = 17”{},
LS g o = & = ! O e PN
Thiocsalicylie Zn,Thiosalicylie  2n. Dipy.Thiosalicylic
acid ; acid acida
Yol,of B Vol,of B Yol ,.of B
alkali alkali alkali
(in ml,) G (in ml,) : (in ml,)
0.00 1,60 0.00 1.60 0.00 1,60
1,00 1,65 1,00 1,65 1,00 1,65
2,00 1.80 2,00 1.80 2,00 1,80
.00 2,00 .00 2,00 .00 2,00
“.ge g%g L‘*.ge g%g L}.(ég ; g%g
.50 .5 .50 .52 4, b 2,52
L €0 2,62 L 60 2,62 ) 2,62
4,70 2,76 4,70 2.76 4,70 2,76
4,80 2.95 4,80 2.95 4,80 2,95
4,90 3.20 4,90 3.20 4,90 3.20
5.00 3.48 5.00 3.35 5.00 3.35
5.05 3,62 5.10 3.55 5.10 3.5%
5.10 3.80 5420 3.70 5 .20 3.70
515 3.9& 5.30 3.85 5.29 3.85
5.20 A5 5 40 3.98, 540 3.98
5.25 4,32 5.50 .10 5.50 4,10
5.30 4,50 5.60 4,25 5.55 4,20
s.ag }4‘0?5 5.70 }*"as Stm l"’te‘g
So 008 5.75 )+l 8 “5'65 l"o
545 5.30 5.80 4,60 5.70 4,50
5.7 5.55 5.85 4,75 5.73 4,65
5,49 6.05 5.90 5.05 (ppt.)
5.50 €.50 5.95 5435
5.52 7.05 6.00 5.65
5 .54 7.45 6,05 5.85
EorE i
5066 ) 8-13 6¢20 6-""‘0
5,64 8.5 6.25 6,50
5.72 9,00 6.30 6.0
5.80 9 .45 6,k 6,90
5.90 9.85 6.45 7420
6.00 10.20 6.50 7.55
6.10 10,40 (ppt.)
en
6.30 10.90
6.50 11,00

|
1
y
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Table IVB 4.0

N = 0,2M Ve = 50 ml, M = 0,2M t=17°C,
E° = 0,02M Tgipy = 0,002M Ty = 0.002M
Perchloric aecid ~ Dipyridyl ¢cd . Dipyridyl
Vol.of B Vol,of B Vol,of B
alkali alkali alkali -
(in ml,) (in ml,) ; (inm,)
0,00 1,60 0.00 1.60 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 .00 2.00
.00 2,30 3.00 2,20 00 a.ag
4,10 2.35 «50 2,40 4,20 2 1
4. 20 2. k2 .00 2,65 4.&3 2,52
h».ég 2,52 L4.20 2.80 4 ho 2,62
4,50 2,70 b, 3.12 4,60 2,95
4,70 3,00 4,55 3.45 4,75 3.30
4,75 3.12 4,60 3,55 4,80 3.50
4,80 3.30 4,65 a.70 4,85 3.76
4,85 3,52 4,75 00 4,90 .00
4,90 3,80 % 80 4. 20 4,93 4.20
h..93 »GG 1"083 }*le h’dgé k"*l"s
4,99 k.55 4,89 4,90 5.00 5.90
5.00 8.70 4.90 5,00 5,04 6.35
5.02 9.10 h.9% 5.%6 5.08 6,60
5,6*"‘ 9.5ﬁ L"u? 5- 5 5&12 6:-8@
5.06 9.95 4,99 5.95 5.20 7.15
5.08 10.29 5.00 9475 529 7.23
5.10 10.50 5.02 10,12 5.30 7
5.12 10.75 5.04 10.50 5.&3 7.80
5.15 11,00 5,06 10.75 5.t 8,02
5-09 lltc’a 5056 8.“0
5.60 8,75
5,64 8.85%
g
5.76 9.35
5.80 9.

(ppt.)




Table IVB 5,0

N = 0,24 Ve = 50 ml, g = 024  t =1
f0 = g = O 10w e
E 0.02M Tﬁipy 0.002M 7 0.002M Tg = 0,00
Salieylic acid Cd,Salieylic acid Cd,Dipy.Salieylice
Vol,of B Vol,.of B Vol,of B
alkall alkali alkali .
(in ml,) (in ml,) (inml,)
1,00 1,70 1,00 1,70 1,00 1.70
2,00 1.80 2,00 1.80 2.00 1,80
.00 2,10 .00 2,10 .00 2,10
4,25 2, 4,50 2,55 .50 2,55
4,50 2.55 4,70 2,70 .70 2,70
.70 .70 4,90 9 9 95
.80 2.85 5.00 3.13 5.00 341§~
4,90 3.93 5.05 3.25 5.05 3.25
5.06 3.1 5010 3135 51.10 3035
5.05 3.25 5.15 3.50 15 3.50
5.10 3.35 5420 3.65 5,20 3.65
5.15 3.50 5.25 3,82 5.25 3.82
5.20 3.65 5.30 .00 5.30 +,00
5.25 }’082 50%3 h’u 0 S.Rg h‘, 0
333 wise 2y s -
5.3€ 4,30 5.#2 5,00 5.4 5.00
50 3 k".75’ 5050 507 5 5&5‘} 5095
546 5.00 5.52 5.85 '5-5% 6.40
5 49 5.30 5.5 6.15 5.5 6.70
5.50 9.50 5.59 6,42 5.59 6.95
5 .54 10.15 5.65 6.85 5.65 7.32
5.56 19,1.[3*3 5.68 7.00 5,68 750
5.58 10,k 5.75 7.25 5.7 7.80
5.60 10,55 5.80 7.23 5.80 8.10
5.6% 10.70 5,90 7. 5.90 8.45
5.6 10.85 .00 7.78 6,00 8.75
5.70 11,00 6.10 7.98 (ppt,)
6U26 8’15 V
6.30 8.30
6.40 8.62
6.50 9.10
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Table IVB 7,0

B, T, T, log(1-A)/A, pL and pL-log(1l-n)/R data of zn,.Salic
- acid (1:1) system - 17°C,

B [ y* ym ym.y" 7 log(l-n)/n  pL  pL-log(l-n),
5.&0 1t028 50“’9 5063 001)“' 00272
50' 1062h- 5.50 5-66 0016 6'312
505 10020 5.50 5‘68 0.18 80352
5" 1-016 5156 } 5‘70 0'20 0. 93
5.80 1,01¢ 5.50 5.7%  0.24% 0.,47;
5"9 10612 5050 5&76 0026 0&513
6,00 1,00 5,50 5,78 0.28 0.55%
6,10 1.00g 5.50 5.8 0.32 0,63,

Table IVB 8,0

B, EH’ n, log(l-n)/n, pL and pL-log(1l-n )/n data of Zn,dipyridyl,
salicylic acid system - 17°C,

B R; V" y™  ym.y" R log(l-n)/A plL  pl-log(1l-n)/n
5,70 1.01¢ 5.50 5.€2 2 023 0.51p 7.91, 7.0,
580 1.01¢ 5.50 5.6+ 0.1k 0.27, 0.2y  7.83¢ 7Mly
.90 1.0l 5,50 5.66 0,16 0.3l 0.335 7.762 7.2,
6,00 1,005 5,50 5,68 0,18 0.35, 0.255 7.68s  7.43;
6,10 1,005 5.50 5.70 0,20 0,396 0.183 7.6l 7'“33‘ -
2,20 i.@eu g.ge g.g% o.g% O.Qgg g,gg3 g.ggz g.# .

. 0 .G{) ™ () e o" 0' » : » T e
680 1i00s 5.50 .77 0127 0.53; Liody  uay ey

logKy,; = 7.43 + 0.06
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Table IVB 9.0 | }fl

B, Ty, 0, log(1-A)/A, pL and pl-log(1-A)/A data of 2Zn,Thiosal
acid (1:1) system - 17°C,

B Ty V" ym  ym_oy" R log(l-R)/A pL  pl-log(1-R)/A

3.60 1.83y 5.0+ 5.11  0.07 0.07¢  1.08, 10.63, -
3.70 1,799 5.07 5.16 0,09 0.10p 0.95  10,45g -
3.80 1.783 5.10 5,25 0.15 0'168 0.69, 10.31, 9.61¢
a:ge 1.7'3 5013 5- 2 Gol? 60217 Qtsgv 10»156 ~9o599_f
000 10711 5-16 5‘ 0.2& 00289 yu O 1&.618  9.608‘
}‘"'10 0655 5019 : 53"'8 0-29 00356 06268 9-891 3 903 i
hizg 1. ‘3 5022 5,5h, 0-32 00&93 0¢158 95755 : 9&56? f
v2 bmim o8 fB ol gal o R
. . . . . . T LN v/l e O
4,50 1,46, 5,30 5.76  0.46 .éeé %.?72 9.49, -

IDgKg = 9.61 3 9.06

Table IVB 1040

B, Ty, 0, log(1l-n)/n, pL and pL-log(l-n)/n data of Zb,.dipyridyl,
thiosalicylic acid system - 17°C,

B EH vn VM ymMay" n log(l-n)/a  pL pL-log(léﬁafﬁl
3.60 1.81, 5.0% 5,11 0,07 0.07¢ 1.08, 10.63 9.5%
3.70 1.79; 5.07 5.16  0.09 0.10s  0.95 10.%53  9.50,
3»80 10783 5019 5.25 9015 00168 6;593 16'310 -
3096 1-7“3 SOI% 5: 2 G'lg 9021? 9' 57 1Q.156 had
00 1,71y 5,16 5.4 0.2% 0,28, 0.4y 10,0lg -
4,10 1,655 5.19 5,48  0.29 0.35¢ 0.26, 9,89 -
“.23 1'623 5‘22 5-5“ Qc32 00&93 O¢183 90755 9&567
Gl B 2 TR of oy Oy iE
w50 156 3:30 570 oo oishl .o ol dlsse

108Km = 9-52 ;!' 6.66
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Table IVB 11,0

B, By, B, log(1-A)/A, pL and pL-log(1-R)/R data of Cd,Salieyll
acid (1:1) system - 17°C,

B Ny A A VAL yhmoy" n
6,20 1,004 5.50 5.56 0,06 0,11¢ 0.88,
6.32 1,00, 5.50 5.57 0.07 0,13, 0.792
6,%0 1,00, 5.50 5.58 0.08 0.15, 0.72,
6.50 1.000 5.50 5,60 0.10 0.204 0.602
6060 1'000 5-5@ 5061 0011 0,22@ 005%9
6,70 1,00, 5.50 65,62 0.12 0.,2%, 0.500
6.80 1,000 5.50 5.64 0.1+ 0,28, 0.41,
6.90 1,000 5.50 5.66 0,16 0.32, 0.32,
7;06 1;000 5-5O 5»67 G.I? 0»3%0 01288
7.10 1,00 5.50 5,69 0.19 0.38¢ 0.21,
7.20 1,000 5.50 5,72 0,22 0,4, 0,104
logK,

Table IVB 12,0

B, fig, B, log(l-n)/m, pL and pL-log(1l-n)/n data of Cd.dipyridyl,
salicylic acid system - 17°C, '

B By V" V™ yM.y" T log(1-R)/A pL  pLl-log(1-B)/A
607@ 10000 5050 5'56 G.Qé thgﬂ 0186‘ 60850 5-98
6:80 1.000 5.50 5.57 0.07 0.14o  0.785  6.760  5.97
6,90 1,000 5.50 5.58 0,08 0.160 0,72  6.67 -
7030 1o090 5.5G 5.60 O.IQ 0.200 0.602 60592 50990
7.10 1.000 5.50 5.61 0,11 0,22, 0. 54 6,504 5+95u
7.20 1,006 5.50 5.63  0.13 0,26, 045,  6.42¢  5.97,
?c3ﬂ 1-000 5050 5:65 0015 0-300 00363 6-%50 -
7:“0 ltGGO 5-59 5«67 0017 Go3%0 0.288 60 76 -
7.50 1.000 5.50 5.68 0,18 o.ago 0,24, 6,18,  5.9%
7166 1.@00 5-50 5070 Ougﬂ 0& [¢] Oul?é 6t1l7 5'9“'
7.70 1.000 5.50 5.72  0.22 0,4,  0.104 6.0k, 5,94,
7.86 0.992 5-56 5'7k 0,2@ 0-h83 Q:Gas §v983 —
7190 0&992 5-50 5;75 0-25 OQSOM 10993 5;900 5&907
8.00 60992 5-58 5:78 0.28 0- Ii923 50837 5090“

108 Ky,y = 5.96 + 0.06
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SECTION C 136 |

" The study of the formation of mixed ligand complexes
in solution prompted the scientists to aftempt their isolation
in solid stafe, Various studies have been mentioned in the -
beginning of thé section 4 of this chapter, Narainl reported
the preparation and characterisation of the mixed ligand complex
Cu(II) phthalamide with dipyridyl or o-phen;a.nthroline.
Condorelli and coworkgrsaysynthesi;ed the cyanomethylene
complexes of Fe(II) with dipyridyl and o-phenanthroline and
charactgrised-theﬁ by spectral studies, Chidambaram and
Bhattacharya3 isolated some of the heterochelates of Cu(II)
dipyridyl with amino acids, However, the mixed ligand complexes
of Zn.dipyridyl or Cd,dipyridyl with polyhydroxy aromatic
ligands have not been prepared, So an attempt has been made
in the présent investigation to isolate these compounds and

to study their properties,

_yethod of preparation :

1. To'25 ml. of ZhCls solution was added an equimolar
solution of "dipyridyl (25 ml,) "dissolved in 50 % ethyl alcﬁhol.
No precipitafion was observed, It was followed by the addition
of equivalent catechol solution, The mixture was refluxed for
five minutes, VYellowish grey coloured solid separated out, It
was cooled and washed with water and‘thén with 50 % etﬁyl alcohol.
to remove excess of dipyridyl, It was dried and analysed fcé

the metal and nitrogen contents,

]
i

[zn.dipy.cat] J4H0 requires zZn = 16,203 N

16,503 N

6090 %,
6.47 %.

]
i

found 7n



137°
2. To the 1:1 mixture of ZnCl, and dipyridyl solutions was
added an equivalent quantity of pyrogallol solution, The
mixture was refluxed for five minutes, VYellowlish 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,

[ zZn.dipy.pyro] requires zn = 18,733 N = 8,06 %,
found in = 18-1”5; N = 8005 %.
3. To the 1:1 mixtureé of chig and dipyridyl solutions was

added an equivalent quantity of 2,3-dihydroxynaphshalene 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 andlysed for metal and nitrogen coﬁtents.

7.50 %,

14,503 N = 7,63 %,

[Zn.dipy.2,3-dionaph] requires Zn = 14 403 N

found Zn

L To 25 ml, of CdCl, solution was added an eguimolar
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 aleoﬁol. It was dried and analysed for the metal
and nitrogen contents, y ﬁ%‘
;é?.oo; N
27,503 N

i

6076 %$ ‘
6.77 %.

[ca.aipy.cat] .2H,0 requires Cd

]
]

found Cd

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

Conductance measurements

Solids a&e'only pa%tially soluble in alcohol and
insoluble in water and other organic solvents, The conductivity
of the alcoholic solutions were measured using Toshniwal
Conductivity Bridge of the type CLO1/0Oli, They were found to

be non conducting,

Infrared spectral studies :

The infrared spectra of the complexes have been obtalned
in the range 4000 em™L to %00 om T by KBr pellet technique.

The bands obtained in differmnt complexes have been shown below :

Complex Characteristic bands
. em
1.[zn.dipy,cat], 480 353600fwy, Sav3100(w),1 " ~1590(m),
’ ~ 1490(s), ~ 1450(w), ~1400(m),
~ 1320(w), ~1255(s), ~1190(m),
~1105(m), ~1030(m), ~ 850(m),
~ 790(m), e~ 770(m), ~ 74H0(W),
~ 600(w), ~ Llo(w),
2, [zn.dipy.pyro) ~ 3600(w), m~3100(w), o 2100(w),
~ 1950(w), ~1750(w), ~1650(s),
~1590(w), ~1510(s), ~ 1500(s),
~1450(s), ~1390(s), ~ 1310(s),
~1290(w), ~1250(w), ~124%0(s),
\ ~ 1170(s), ~1120(s), ~ 1080(w),
~ 1070(s), ~1040(s), «~ 900(s),
~ 780(m), r 7H0(s), o €00{(m),
~ Wlo(w).,
3. [zn.dipy.2,3~-di-naph] ~3600(W), ~3100(m), ~ 2100(w),
- ’ ~ 1750(w), r1600(s), ~1580(m),



4, [cd,dipy.cat].2H20

Discussion s

i

L = catechol, pyrogallol or 2,3-dihydroxynaphthalene),

- ~1500(s),

~ 1400(w) ,
~ 1280(w),
~ 1100(m),
~  900(m),
~ 7%0(s),

~ 3600(w) ,
~ 1570(m),
~ 1390(m),
~ 1190(m),
o~ 1070(m),
~ 880(s),
~ Ho(W),
~ 600(m),

~ 1480(s),
~1390(s),
~1250(s),
~1070(m),
~ 880(w),
~ 600(m),

~ 3070(w),
~ 1490(s),
~1320(w),
~1170(m) ,
~ 1050(m),
~ 790(s),
~ 650(m),
~ 470(w),

The analytical data clearly indicate that the

have the composition [M.dipy.L].xH,0 (where M = 7n2t

or Cd

139

~1%50(s) s
~1300(s),
~1180(m},
w 1040(m) ,
~ 780(m),
~ 410(w).

~1590(m),
~1440(s),
~1270(s),
~1110(m),
~1020(m),
~ 770(s),
~ 630(w),
~ 4io(w),

compounds
24
2

This

formula indicates that they are mixed ligand complexes. This

can naturally be expected because dipyridyl combines with metal

ions at low pH and (M.dipy)2+ complex does not dissoeciate in

the pH range of the combination of above polyhydroxy aromatic

ligands, The water molecules are lost on heating the compounds

upto 110°C, indicating that they are water of crystallisation.

The conductance meagsurement shows that they are non-

conducting in nature,

electrolyte iye, neutral mixed:ligand complexes,

This indicates that they are non

The IR, spectral studies of the complexes exhibit the

bands corresponding to dipyridyl, catechol, pyrogallol or

2,3-dihydroxynaphthalene,

’

The IR, spectra of zZn(II) and CA(II)
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compounds show band at av 3120-3000 <3nr.{"1 corresponding to C-H

stretching frequency, The C=C and C=N stretching\vibrations

_of the dipyridyl ring occurs in the range of ~s1600-1300 cmy>

Bands at ~ 1590 cm—}‘, ~ 1490 cm"l, ~ 1450 cm"l, ~ 1320 em™t

correspond to the ring stretchirig modés. The bands at ~v

1

1400 em™* and ~ 1250 cm'l,correspond to wagging and deformation

of -CHa group, The C-C stretching band also occurs in the
region ~ 1190 cm':1 The band at s 1170 emt may be due to ring
-CH in plane deformation, The band at s 1070 cm"]j corresponds
to C-N stretching frequency, The band at~s 880 om L is due

to ~CH out of plane deformation, M-N bond bétween ;netal

and dipyridyl is expected to have partially double bond
character due to 7 interaction and hence the band corresponding
to M-N stretching is expected to have higher wvalue than

500 cm L, Nakamotob' has shown that M-N stretching frequenc;y
undergoes coupling with other stretching vibrations resulting

1l 1

in number of bands., The bands at~ 770 cm ~,~ 740 cm —,

1

~ 600 em ~ may correspond to M~N vibration, The bands in -

1

the region~ W10 cm - may be corresponding to M-0 stretching.
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