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The complexes, in which the metal ion: has tws or more
types of 1igénds in its coordination sphere, are termed mixed
ligand complexes, The ligands may be unidentate or polydentate,
In the latter case the complex is known as heterochelate, ‘

The mixed complexes of the typé#[bO(Nﬂg)XClé] were known
sincg fhettime of Werner, and there exists enormous possibilities
of their formation in the sclution, Even an apparently binary
complex may have'solvent molecule coordinated to the metal and
may be &dcternary complex, The mixed ligand complexes hava a
predominant role to play as reaction iptermediatei in catalysis
and also in enzymatic reactions in biochemical systems, |

In the systems containing one metal and two ligands,
with significant differeﬁce in complexing tendencies, simple
complex is formed between the more ‘complexing ligand and the
metal ion, whereas, the other ligand remains unbound in solution,
However, if the complexing tendencies do not differ very much,
following types of reactions take. place, leading to the formation
of mixed ligand complexes%

(1) Coordination of the metal ion with both ligands simultaneously
to form a mixed ligand chelate in a single steép or two overlapping
steps, reflecting slight difference in the affinities of the
ligandsfor the metal ion,

M+ A+ LT— M4

M+ L + Ae——=ML + L=—= MAL
(II) Formation of a mixed ligand chglate in two distinctly separated
steps, reflecting a large difference in the affinities of the
ligand for the metal ion,



M+ A—Ma / 2

MA + L—= MiL

-

In the reaction of the first type the solutioﬁ consists.
of the species MA, ML, MAL, Mi; and MLa, formation of each being
governed by a formation constant. The following reactions can
lead to the formation of the mixed ligand complex MAL and four

different formation constamts have to be considered,

Ma + LML Ky = ) / [a] [L]

ML+ A=>MAL . Kp = [an] / ] [A]
M+ & + Lo ML Ky = [ML] / [y] [a] [L] ~
Mip + Mp===2ML . Ky = [mL]?/ EMBEA

The study of such systems ha$~ been carried out by

‘Watders and cowonkers%“h

‘where M = Cu(II), Ni(II), Zn(II) and Cd(II)j A = ethylenediamine

They have worked out on systems MAL

and L = oxalic acid, using potentiometric and spectrophotometric
techniques, The equilibrium constants of the formation of Hg(II)
. Salts éontaining one halider and another pseudchalide have beep
determined5 and the method has been extended to the case of

mixed ligand complex, Hg(II) eyanide-halide by Beck and Gaizer®

7

Newman and coworkers’ have used spectrophotometric method for the

mizxed halide complexes of Bi(III), Nasanen and coworker38’9 and

Perrin and Sharma10‘12

have also extensively worked out'such ter- -
nary complexes, Mixed ligand complexes eontaining two optical
isomers of the same ligand coordinating to the metal ion have
also been studied:d

In the second type of reaction the species presenf in
the solution can be MA and Mil., There is only one mixed ligand

formation constant which characterises the reaction MA + L=—= MAL



Kﬁ%L = _[?“é]/-t?é] [] 3

The necessary condition for such a system is that the
two ligands nmust combine with the metal ion in the different pH
ranges, the Bormation of [ﬂg] complex tshould take place at a

lower pH and it should be stable upto higher pH%h

In 1:1 complex

' E%g, the remaining coordination positions of the metal ion are
occupied by water molecules, On the addition of a secondary
ligand L, water molecules are displaced resulting in the formation
of the mixed ligand complex [@K@J

| Several systems of the above types have'been studied,

Punger and coﬁorkersls‘employed the high frequency titrimetry )

to study the complexes of Ni(II) with dimethylglyoxime and

dipyridyl, Potentiometric and spectrophotometric titrations of

dicyano—bis(dipf) iron(II) and dicyano-bis(1,10-phen) iron(II)

in acetic acidwere carried out%6 The formation constants of

Fe(II) complexes of dipyridyl and its 4,4'-disubstituted derivati-

ves in glacial acetic acid were determined by spectrophotometric

methodt! Schilltld

2.Hz0 (Ferrocy.phen) and dicyano~bis(2,2'~dipy)Fe(II).3H20 (Ferrocy.

used the complex, dicyano-bis(1l,10-phen)Fe(II),

dipy), as indicator in redox determination of aqueous solution
of p-CsHu(OH)é and primary aromatic amines, Atkinson and
cowoekersl9 studied the chelate effept by carrying colorimetric,
potentiometric and electron spin -rescnance spectral studies of
miked ligand complexes of dipy and pyridinewith many fbrst row
transifional metals. The mixed ligand complexeé[§9(III)(d1py)Y,C;;]§
where Y is a bidentate amino acid were examined yolarographically%o

The solution stabilities of mixed ligand complexes of the type
[;u(dipy)(Lil where L is . polyhydroxyphenols and acids have been
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reported by Martell and coworkeré%;“ Potentiometric titration
technique has been used in the étudy’of4binuclear diolated
Cu(II) complexes of;[buz(OH)gLé]2+ ion, where L)= dipy. or

225 have investigated

o-phen or histamine%a‘ Sigel)and coworker32
ternary transition metal complexes with dipyrddyl as the primary
ligand and many monodentate or bidentate secondary ligands
coordinating through two oxygen atoms, two nitrogen atoms or

one oxygen and one anltrogen atom, Lal and Agarwalaé determined
the formation constants and synthesised the heterochelates »
containing oxo,vanadium(IV) o-phenanthroline and eighteen dihydric
phenolic compounds, The ternary complex in solution, where |
dipyridyl is used as the primary ligand and aliphatic and aromatie
acids are the seconda{y ligands,have been repprted%7 -An emf method
was used to study the interaction of tris(2,2'-dipyridyl)Co(III)
with halide, carbonate, sulphate and selenite ions at 25°C and
stability consﬁants 6f the complexes formed wefe determined?;8
Sigel and coworker529 reported the stability constant- of
2,2'~dipyridy1.Cu(IIipyrecatechol complex, The ternary‘transition
metal complexes with dipyrddyl have Eeen reported by Griesser

and Sigeléo They3l have alsc determined the rate constant for
the formation and dissociation of the mixed ligand complex
[%P(dipy)(gly§]2+ using tempefature.jump\technique. The stability
constants of mixed komplexes of Cu(TI) with 2,2'-dipyridyl and
picolinic or 6-methyl picoliniec acids were determiged3> Stability
of silver aﬁd cadmium complexes with 2,2!-dipyridy1 in aqueous-
organic solwtions were determined%-” The mixed ligand complex
studies in solution, where dipyridyl or o-phenanthroline is the
primary ligand and the amino acids polyhydroxy phenols, thioacids,

are the secondary ligands have been reported from our 1aboratory§h"hl
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The systems Cu(II) bis(carboxymethyl)dithiocarbamate-o~phen

(or dipy) were studied spectrophotometrically and the stabllity
constants were determined graphicallyl."2
The experimental methods for the determination of the

mixed ligand complex formation constarits have been discubsed by
Becku3 Sigel used pH metric method for the calculation of
formation constants in the reactlon of the second type30 He
caleulated Kﬁ%r considering the reaction to be strictly of the
type MA + L——= MAL and also by considering it to be of the
first type i.e, involving species M. and the step M. + A—= Mal,
The values worked out to be almosﬁ same, We have suggested an
extension of. Irving-Rossotti titpgtion technique for the study of
such systems34 Hh ,
It has been observed by Watters and coworkers ’3 that in
the mixed ligand system MAL where A = ethylenediamine and L =

oxalate ion, KﬁﬁL 1s lower than Kﬁh;. This is a statistical

]

requi{%ent. The ethylenediamine molecule haé 8 greater & =bonding
tendency than water molecule, and thus increases the concentration
of electrons around the metal ;on'and hence the tendency of the
oxalaté ion to get bound with [ﬁ(eni]2+ is less than the tendency
to get bound with aquated m?tal ion,

It haz been observed that mixed ligand formation constant
KxiL is significantly larger than would be expeqted from statistical
considerations., K%L has mech higher value than Kﬁz. This
has been explained3u"hlin_terms of charge, The ternary system
[?u.en.oxalate is neutral whereas bils oxalate Cu(II) complex ion

has two negative charges, There 1s no coulombic repulsion

between neutral ethylenediamine molecule and the oxalate ion during



the formation of [&.en.oxalaté] and hence the enthalpy change
is more, Since the molecule is neutral,thare is no solvation
and the entropy change is positive, Thus both the entiopy and
enthalpy factors favour the formation of [ﬁ en, oxalaté] and

hence Kﬁ%L has higher value than Kﬁ% .

Dipyridyl and oephenahthrqline are neutral molecules and
should behave 1like ethylenediamine, It is, however, interesting
to note that the formation constant KﬁﬁL, where A = dipyridyl
or o-phenanthroline is only slightly lower than Kig  and is
mach higher than Kﬁ% o This can be attributed to the special
behaviour of dipyridyl and o-phenanthroline moleculesa7 29,45 ,46 ‘
They are bound to the metal ion by € ~bond as in case of
ethylenediamine, Beside, that, there is also wbbond}formation
by the back donation of electrons from the metal dm-orbitals to
the delocalised m-orbitals over the ligand, The d7-pw interaction
does not allow the concentration 68 'electrons oh the metal lon
to inecrease significantly. In other words, the positive charge
on the metal ion in [@.dip§]2+ is almost same as in [élaq§]2+
complexes, " The enthalpy change in the coordination of 12" with
[%(ag:]z or [}Kdipy:] can be expected to be same, Since the
species [@@] and [@AE] are both neutral, the entropy change will

" also be same in both the cases, This explains why KﬁZL'“” K%ﬁ .
It has been observed by Sigel and coworke;*s22 -25 and also by

31 tha kL - KM 55 teast when

Bhattacharya and coworkers
L is a ligand with two oxygen as coordinating atoms, The
difference increases when coordination is from one oxygen and one
nitrogen,

Sige130 has put forth two expl@nations. The 7 system
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of the oxygen containing ligand may have some effect, There f
may be an interaction between therg:uorbital, m orbital over
dipyridyl molecule and delocalised 7 electron cloud over the
catgcholate lon, Ligands with oxygen and nitrogen as coordi-
nating atoms or two nitrogen atoms do not have delocalised
electron clouds, This is, however, not very convincing because
the metal having donated 7 electron to dipyridyl molecule should
have less tendency to undergo w Interaction with catecholate
ion, This effect, if possible, should decrease rather than
increase the value of K%ﬁ;- ,gnother explanation is in terms of
Pearson's "hard and soft ru1e¥u7 As a result of back donation
of elect?ons from the metal d orbitals to dipyridyl, the metal
ion becomes a harder acid, This favours coordination with
oxygen than with nitrogen ligand,

In the present investigation systems M,dipy.L, where

L = diamines with two coordinating nitrogen atoms, have been

studied,
Mixed ligand complexes contaiﬁiq; charged ligand ions as
primary ligand have also been studied earlier%g*sl Mixed

coordination of metallic ions with compounds of biological
interest, for example the system containing Zn(II),histidine,CN™,
was studied potentiometrically by Martin and coworkers?2 They
also studied the system Cu,histidine,threonine both potentiometri-
cally and by X-ray crystallographic analysis?3 Various mixed
ligand complexes with iminodiacetic acid as the primary ligand
have been studied?k’55 The mixed ligand complexes of the type
Ni,IMDA,L where L = pyridine, ammonia or water have been studied

56

by Fridman and coworkerssy Potentiométric studies on stepwise
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. mixed ligand complex formation involving IMDA as the primary
ligand were carried out by Sharma and Tondon?7’58 They have
also reported”? the mixed.ligand formation constants of the |
ternary system [ M.IMDA,L]| where M = Cu(II), Ni(II), 2a(II) or
Ca(II) and L = glycine, a-alanine, dl-aspartic acid, 1,2-propy-
lenediamine, salicylic acid, sulphosalicylic acid, chromotropic
acid or tiron, The formation constants of the complexes of the
type[éu.ﬁé]where A =1IMA, and L = pyridjne or n-butylamine were
studied by potentiometric methodf’0 Israel:i61 sﬁudied the
formation constants of mixed ligand complexes of Cu(II) and
Ni(II) with NTA, and glycine and other mixed ligand systems.
62

Kirson and coworkers reported the triple complexes E%l.en.NT%J
and determined its instability constant, A4 pH metric method
has been employed to measurevtheksolution stabilities of the’
ﬁernary systems of Be(II) containing NTA and Tiron?3 Daytlova
and coworkerséh studied. the behaviour of gqueous solution of
Be(II) in the presence of amino polycarboxylic acid, Martell

and coworkers1

have determined the stability of the ternary
complexes containing .U(VI) NTA and hydroxyquinoline sulphonie.
acid, using their own method based on the consideration that
U(VI)'NTA complex formed at lower pH combines with the secondary
ligand at higher pH, Vehava and cowquers65 reported the Cr(III)
complexes with NTA gs a tridentate or tetradentate ligand,
Solution equilibrium between Eriochrome Black T and ZQ(II) NTA
has been studied spectrophptometricéllyé6 Equilibrium and
stereochemical studies of the interactions of amino acids and
their esters with bivalent metal nitrilotriacetic acid complex

have been carried out§7 A pH metric study of the ternary systems

)
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M,NTA,glycine where M =-Cu(II), Ni(II), Zn(II) has been reported%h

Israelil and coworkers68"7l

studied the mixed ligand complexes of
Cu(II) and Ni(II) with NTA and amino acid by using spectrophoto-
mgtric.method. Potentiometric studies of stepwide formation of
complexes containing Cu(II), Ni(II), NTA and hydroxy acid were
also reported by Tondon and coworkers?2 The system (M;STA.L)
where L = picoline, oxime, serine, arginine and ammonia have
also been studied?3’7h The potentiemetric titrations of Ca(1I)
with NTA, with a copper wire as indicator electrode were carried
out?s Freeberg76 employed thermometric titrations to study
nitrilotriacetate complexatién reaction with bivalent metal ions,
Complexes of the type M,NT4A,L where M = Cu(II), Ni(II), Zn(II),
Ca(II) and L = amino‘aQids, polyhydroxy phenol and mercapto |
acids héﬁe been reported from.our 1aboratoryz7“81 Other systems,
* where dye382 and Sghiffbase383 are primary ligands and amino
acids or hydroxy acids are the secondary ligand have also been
studied, \

In all the above 1:1 complexes of the multidentate amino
‘polycarboxylate ions the remaining cocordination positions of
the metal ions are occupied by water molecules. On the addition
of a secondary ligand the water molecules are displaced resultiﬁg
in the formation of the mixedkligand compl ex [QKL D= The ‘
method for the determination of the formation constants in such
systems have been discussed in the monograph by Beck&3 An
extension of Irving-Rossotti titration technique has a%so:been
used for the study of such complexesz7'81

In the cases of above complexes, where primary ligand is

a charged ion, Kﬁ%L values are significantly lower than the values
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of Kir. This can be explained to be due to repulsion between
the already existing charged ion Hist.(-1), IMDA (-2), NTa (-3),
EDTA (=4%) and the secondary 1igané 1", Thus the tendency of the
secondary ligand to combine with Mﬁ.wil%fiess than to combine
with [M(F0) [** and tmis results in the lowering of the values
of KﬁiL. If the repulsion between A" and 12" is more than
between L™ and the incoming 1, KﬁﬁL may be even less than
Kﬁ%z. The difference Kﬁi' - KS&L is more with the increasing
charge of 1%7, The mixed ligand formation constants are also
dependant on -the nature of A", For the complexes [ﬂﬁ@]x' with

different Ap', the following order holds goods;

M, Hist, M,IMDA’ M,NTA M,EDTA
Ky Hist L -~ KM TMDA.L KMNTs.L > ¥MEDTA,L

This can be explained by considering that the electrosta-
tic repulsion between the,primary ligand and secondary ligand
goes on increasing,with the increase in the charge on the primary
ligand, The values of -the formation constants of the complexes
[1.5157,1] ana [M.1M04.L] are very close though Histidine has
one negative charge and IMDA has two negative chafges, This may
be because histidine is a bigger molecule and causges more steric
hindrance to the incoming secondary ligand ion, Steric factor

is also operative in EDTA complexes. It is observed that the

. Cd C4 ,EDTA . ' Zn Zn JBEDTA
difference KCd.L - KCd,EDTA,L is less than KanL ~ KZp.EDTA.L'

This is because cadmium ion with bigger size has greater space’
and hence steric hindrance due to EDTA is less, It is also
worthwhile to study the ternary compléxes where 4 is a charged
ion as above and L is a neutral diamine, Such studies have been

carried out in the present investigation,



11

The systems studied in the presgnt thesis are ML and
MAL where M = Cu(II), Ni(II), A = dipyridyl, ofphenanthyoline,
hi$tidine, IMDA and NTA and L = ethylenediamine, propylenediamine,
1,3~diaminopropane, N-methyl eri, N-ethyl en, N-N'-~dimethyl en,
N~-N-dimethyl en and N-N-diethyl en, The compounds with ethylene-

diamine and propylenediamine have been isolated, and characterised,

1
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