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CHAPTER - I 

INTRODUCTION.

Life and its appearences are connected with specific and
distinct madroscopic structures. It has been preyed beyond doubt
that these structures are the result of a molecular order and the

information stored in molecules. Obviously then the reactions
occuring on the molecular level must be highly specific. This
specificity is partly due to qualities of enzymes-the biological
catalysts. Approximately 50/5 of them contain either fixed metal

1 2ion or need metal ions to be catalytically active. ’ Mixed 
chelation occurs commonly in biological fluids as millions of 
potential ligands are likely to compete for metal ions found 
invivo i.e. sodium', potassium, magnesium, calcium, manganese, iron, 
cobalt, copper, zinc and molybedenum. Such complexes^, where metal 
ion is bound to two or more different kinds of ligands^are called 

mixed-ligand complexes. Mixed-ligand complex formation occurs
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during the transition state of metal ion catalyzed reactions^

They can be regarded as models for metalloenzyme substrate 
5 6complexes. * The metal ions help to bring the tuo ligands 

closer in the mixed ligand complexes. The extent to which the 
formation of the mixed ligand complex is probable, will depend

I

upon the formation constant of the mixed ligand complex in 

question.

In a system containing one metal ion (flnr) and two bidentate 

ligands ft•,& LH^, with significant difference in complexing 
tendencies, .simple complex (Mft) is formed by the combination of 
the more conjplexing ligand (A\) and the metal ion. The other ligand 

remains unbound in solution. However, if the complexing tendencies 
of the two ligands are similar, the formation of the mixed ligand

7complex could be shown as :

‘ N + A + Lt==i UAL (1)

The charges on the ligands have been omitted for convenience. 
The coordination number of the metal ion has been presumed to be 
four. However, the above framed equation is an over simplification 
of the equilibrium which may proceed in two ways:

; m + m\ m\ + mi (2 & 3)
; M + ML ML + ft * MLft (4 & 5)

8 9It was suggested by watters and later by kiaa that the 
tendency of mixed legand complex formation is determined by the 
reproportionation constant and from statistical consideration
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it should have a value 4. Under purely statistical consideration' 
when there is no interaction between flftL, & ML2, there is
possibility of 50% formation of I’-'lftH, while binary complexes &
flL^ are formed 25% each.

Kreprop. = "CtiAi2) (nl2 )
( -1 )2

_i_2_.i__ _ 4(*) (i)
log K^ reprop. 0.6

This equation has been further rearranged by Bonnett and Paris 

to show that '

log Kreprop. = 2 log mi
= (log

lo9 ( + lo9 KFiL2^
n n [v] ,log K^) + (log KnflL - log K^j

Thus,in a mixed system the probability of formation of mixed- 
ligand complex is more than the binary complexes. Aiccording to Schaap

A Aand Plcmasters from statistical considerations, formation of mixed- 
ligand complex flAiL, should be preferred over simple complexes &
flL2i whenever the concentrations of the ligands involved aAe such that 
the products of the formation constants for the simple complexes and 

the concentrations of the ligands raised to the appropriate power 

are approximately equal i.e.

C2 W2 - C2 W2
Sharma and Schubert have given a general treatment of 

statistical factors in the formation and stability of ternary complexes 
and have pointed that these favour the formation of mixed complexes 

rather than complexes containing one type of ligand.

>
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However, the values of formation constants for mixed ligand
complexes are observed to be higher or lower than expected from

13statistical considerations. As proposed by Bjeerum, in case of 

binary complexes this may be because of electrostatic effect or 
reset effect, the latter constituting all contribution to the for­
mation constant which cannot be explained either statistically or 

electrostatistically.

Another way of showing that the formation of

complexes is favoured, is to compare the differen
moi m mai Mlconstants & K|y)L and also K[V]^L & K^. . Lilith

. . ^ Mfrom nonstatistical factors log (K-j) = log -
and log (K2) = log - log is more.

mixed ligand 
ce in the formation
greater contribution

, M .log is less

It can be seen that out of the two ways the consideration of
log K 'has statistical basis, while log K'calculation implies,reprop, i 7 ^
that the corresponding binary (1 :1) complexes contribute to the 

formation of MLA i.e. Mh- L*—— MAL & - MLA.

In the cases of systems containing same or lesser amounts of
ligands than the metal ions, consideration of log K may be preferred.
However, in the systems containing excess of L and ft log K/ reprop•
should be preferably used.

It was observed by Uatters and coworkers ’ that the value
of loq K is more than the expected value of ;',4.0<The format-3 reprop. r
Ion of the mixed ligand complex is,thus, dependent on the factors
other than the statistical. They observed that in the mixed ligand
complex fWL^uhere A = ethylenediamine (en) and L = Oxalate ion, 

mis lower than K^. This is expected because en molecule has greater



bonding tendency than uater molecule and thus increases the 

concentration of electrons around the metal ions and hence the

/ \ 2 “i*tendency of the oxalate ion to get bound with (Men) is less

1than its tendency to get bound with aquated metal ion.

It was, however, observed that the mixed ligand formation 

F1Aconstant is significantly larged, than would be expected

(vjenfrom stastical considerations alone. K„, has much higher
men.ox.

Plo X
value than . This can be explained by consideration of

electrostatic factor, uhich affects the enthalpy change and also 

the entropy factor. In the formation of (Cu.en.ox) there is no

Icoulombic repulsion between the neutral en molecule and the

oxalate ion. However, in the formation of (Cu.ox2) “ from (Cu.ox),

2- 2-the incoming second ox ion is repelled by existing ox . In other

words (Cu.en) has more attraction for ax , than that of neutral 

(Cu.ox).

The enthalpy change in the formation of (Cu.en.ox) is more
2-negative, than in the formation of Cu.(ox)2 ‘i'”. Further, since

the molecule (Cu.en.ox) is neutral, there is no solvation of the

molecule and thus the solvation entropy is more positive,than in

2—"
the formation of negatively charged (Cu.ox2) 7 Thus both the entropy 

'and enthalpy changes favour the formation of (Cu.en.ox), resulting 

in higher value of K*

Cu.ox

,Cu.en -T-, . , , , „Cu. en \. This explains why Kr >Cu.en.ox ^ Cu.en.ox /

K Cu.ox2*

11Schaap and Remaster also observed that the tendency of the 

neutral en molecule to combine as second ligand with Cu.(ox) and 

..Cu. (en) . The values observed for Kgu#0>uen and KCu.en were 9.7
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and 9.5 in agreement with the prediction based on statistical 
factor alone. This is because there is no additional electro­
static repulsion or charge neutralization effect involved in the 
formation of (Cu.ox.en) or (Cu.en2).

They, however, observed the value of the constants for 
disproportionation reaction to be - 1.3, much less than expected 
from statistical considerations. Thus, they argued that the mixed 
ligand complex does not undergo significant disproportionation.
The reason could be explained by considering that the contribut­
ion from enthalpy and entropy factors make neutral (Cu.en.ox) 

less susce 
^Cu. (ox)^

[\loji and Kidani studied the complexes CuLen, where L = dibasic

acids. They .found the order to be the same as in binary complexes.
'17

Fridman and couorkers used the solubility method for the deter­
mination of the formation constants of FI. en. ox. complexes. They 
observed the mixed ligand complexes to be more' stable in solution 
than the simple complexes. The order of increasing values in the 

mixed complexes is

ptible to disproportionation than
2-

^Cu. (en) 2^j and

NiC^CM.en ^ Cu C204.en ^ CdC2G4.en ^AgC204.en

Tl^ey observed a greater similarity between the formation 
constants of. the complexes of the type (4(0204) en and M(glycine) 

probably because of the fact that the five membered rings are 
formed in both with equal numbers of amine and carboxylic groups
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attached to the metal ion. the slight difference in the values 

of, ^|’/]'c’04.en anc* ^|Y](9ly)o can because of the asymmetry in the 

force field in the mixed ligand complex due to unlike ligands.

Steric factors also affact the formation of the mixed ligand 

complexes. In the system Cu.(en)N-N ethylenediamine (et2en), it 

has been observed that in the formation of the binary complex 

Cu.iet^en)^ >, the steric hindrance is more than in the formation 

of the mixed ligand complex Cu.(en) et^en and hence the value of

K Cu. en ,Cu. et„enr,, j. is much higher than “2 ,Cu.en.et0en a 0u.entetoen
18

Steric effect has also been observed in the formation of
19 2021Cu.en. iminodiacetate . Sigel and couorkers 1 observed that 

sizesof chelate rings also affect the formation of the mixed ligand 

complex. They have formulated a tentative rule that the order of 

mixed ligand formation constants in ternary complexes containing 

two chelate rings is, one five membered ring and one six membered 
ring ^ two six membered rings ^ two five membered rings.

22Sorago and couorkers showed that in Cu.diamine-diamine or

Cu.diamine-glycine complexes, the stability constants are higher
23than the statistically expected values. Lim has studied the 

complexes Pd.en.L where L = asp'argine or glutamine. Chung and 
Huang‘S have 'carried out interesting study of the coordination of 

monodentale ligand with Cu.macrosyclict-tetra-amine complexes.

25kartell and coworkers studied the ternary complexes 

employing, a iseries of primary ligands like 2,2’ -bipyridyl,



1-10 phenanthrolins, N-OH.ethylenediamine (HEN) and N-N-N’-Nf 

tetramethylenediamine (TPIEN). The series .of secondary ligands 

used were hydroxy derivatives of benzene and naphthalene. They
i

observed that HEN and TPIEN that form more stable 1 :1 metal 
chelates, are secondary ligands to combine with the metal ion 

in the mixed ligand complex, while the aromatic amines that 
form less stable chelates are primary ligands to combine first 

in mixed ligand complexes. They explained the reversal in terms 
of lower basicities of aromatic amines,which result in higher 
concentration of aromatic amine in solution than the aliphatic 
amine. They also observed that,when the primary ligand attached

m A |V|to the metal ion is a neutral aliphatic amine (A), \ ^[vjl anc^
the relative order of affinities of the secondary ligands (t),

is same as in binary complexes. However, when the primary ligand
is an aromatic tertiary diamine (A), the affinity of the secondary

TO flligand L for PI A does not decrease i.e. K^. In fact there
PlA PIwas a slight increase in the value of than as observed

in the case of Cu.dipy.catechol system.

26The explanation extended by Sone and coworkers was that the 
positive value of log K^;°^cat> - log K^;cat (A log K) may be 

because of steric factor. However, it is not possible to explain
2 +why the coordination of pyro-catecholate-dianion to the hydrated Cu. 

ion should be sterically more hindered, than the coordination of the 
same ligand to Cu.dipy. 1:1 complex. If at all any steric effect 
should be operative, it should be more in the ternary complex.
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27 28
Sigel and couorkers 1 observed in the systems M.dipy.L

uhere PI = Co"j* i\Ii^+, Cu.2+ and Zn^+ and L = Y picoline, methyl

g^picolyl sulphonate and 2 acetyl hydroxy thiophene, the ternary

complexes are more stable than expected from statistical reason.

They also studied the systems Cu.dipy.L. where L = en, glycine,

malonic acid and pyrocatechol. It uas observed that the formation 
ma

constant K^.. where ft = dipy.or o-phen is only slightly lower thanTOIL
pi |»|Land is much higher than KpML, Km±

was even higher than K PI
PiL

uhere L Catechol, as observed by Martell and couorkers.43

Perrin atnd couorkers tried to interpret the various values
29 30of the mixed iligand formation constants studied by them, * in 

terms of static, electrostatic, steric and electronic effects.

But they have not been able to explain higher values of ^pq"dipy L 

in M.dipy.L domplexes.

28ftn explanation uas extended by Sigel and couorkers and

3 1Bhattacharya (and couorkers, almost simultaneously,attributing 

lo'uer negative or positive values ofAlog K to the special behaviour 

of dipyridyl ‘or O-phenanthroline molecules. These ligands are

bound to metal ion by N----->M <f bond as in case of primary

diamines. Houever, besides that, there is also PI----- > N Tr bond

formation by the back donation of electrons_from the metal d*n 

orbitals to the vacant delocalized TT orbitals over the ligand.

The dn - p-fj interaction does not allow the concentration of 

electrons on 'the metal ions to increase significantly. In other 

words, the positive charge on the metal ion or its electronegativity 

in fPl(dipy)l2+ is almost same as in (flag)2-4* complexes.
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or

The enthalpy change in the coordination of l3+ with Jj^l(aq)j2 +

fCdipyQ2* is almost same. Since both the species (Pl.aq.L.)

and (M.dipy.L«) are neutral, the entropy change in the formation

Nof both shoulid be equal. This explains uhy ^{vj* d±py* L ^ KNL'
Kn*dipy*L has 3 much higher value than ,as will be expected 

from difference in IT bonding, electrostatic repulsion and charge 

neutralization, in the formation of Fl.dipy.L. and ML^.

3 2—36It has been observed by Sigel and couorkers
3 ? 42Bhattacharya and couorkers^

and also by
that the difference K™. - k|3! * ^ ^

nl_ n.oipy.L
is more negative,when in the secondary ligand coordination is from

two nitrogen atoms (aliphatic diamines). The difference is less 

negative,uhen the secondary ligand atoms are one oxygen and one
r

nitrogen (aminoacids) and is least negative uhen the secondary 

ligand has tuo oxygen atoms (catechol, oxalic acid, salicylic acid).

28Sigel has put forth tuo explanations for the higher values

of log , in PI. dipy. Catecholate system. The **rj system ofl l*Qipy* LHt«
the oxygen containing secondary ligand may have some effect on 

Plflincreasing value. Thefte-may be an interaction between dnorbitals,

T? orbitals over dipyridyl molecule and delocalized 17 electron cloud 

over the catecholate ion, resulting in high value of The aliphatic

diamines (N,l\!, donars) and amino acids (N,0 donars) do not have T),
i

electron clouds and hence "0 delocalization in the complex molecule 
is restricted. This does not allou the value of to go up and

log K is more negative.

Another .explanation extended by them is in terms of Pearson’s 

‘“hhrd and soft'* acid and base rules. As a result of back donation 

of electrons from metal d orbitals to dipyridyl the metal ion
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becomes a harder acid. This favours coordination uith oxygen 

rather than uith nitrogen containing ligands.

To explain the positive value of log K in Cu.dipy.catecholate

2 8complex, Sigel considered 3ahn-Teller effect as an additional 

factor. According to him the distorted octahedron Cu.(H20)6 is 

somewhat more strongly distorted touarsds a square planar structure 

by the coordination of strongly binding 2,2' bipyridyl molecules. 

This creates the right geometry for the coordination of the 

secondary ligand. This associated uith d~n delocalization effect

makes K Cu.dipy. \ KCu.
Cu.dipy.Cat. / uu.Cat

Thus the above mixed ligand complex studies point to the

possibility of FI------- >L ~T\ interaction in transition-metal complexes

of oxygen containing aromatic ligands, ft similar M------»L*n intraction

can be envisaged in transition metal complexes of ortho-hydroxy 

aromatic- aldehydes and ketones. The experimental work in the next 

chapter supports this point.



12

REFERENCES

1. , ' M.Dixori and E.C.U'ebb, Enzymes, Longmans, Green and Co.,

London, 1964.
2. B.L.Uallee and U.E.C.Uacker, in "The Protein Composition, 

Structure and Function", (Ed. H.'Neurath), Uol.5, Academic 

Press, Neuyork, 1966.

3. D.R.U'illiams, in "The Metals of Life", Uan-l\lostrand 

Reinhold, London, 1971.
4. S.P.Collman and D.A.Buckinghan, 3.Am.Chem.Soc., 85, 3039(1963)

D. A*Buckingham, S.P.Collman, D.A.R.Happer and L.G.Marzilli, 
ibid, 89, 1082 (1967).

5. , 'A.Goudot, "Mecanique Ondulatoire et Biologie Moleculaire" ed.

• L.DeBrogile, Revue Do'fjtique teorique et Instrumentale, Paris,
p.45 (1961).

6. A.S.HiIdvan and M.Cohn, 3.Biol.Chem.241, 1178 (1966),

E. 3.Peck 3r. and U.3.Ray, ibid, 244, 3754 (1969).

7. G.H.Carey and A.E.kartell, 3.Am.Chem.Soc.89, 2859 (1967).

8. R.Deuitt dhd3.1.Hatters, 3.Am.Chem.Soc.76, 3810 (1954).

9. S.Kida, Bull.Chem.poc.jpn, 29, 805 (1956).

10. M.Bunnett and R.k.Paris, Bull.Soc.Chim, France 747 (1966).

11. H.B.Schaap and D. L. McMasters, 3. Am. Chem. Soc. 83 , 4699 (1961).
12. V.S.Sharma GMb .Schubert, 3.Chem.Ed.46, 506 (1969).

13. 3.Bjerrum, "Metal ammine formation in acquous Solution",
P.Masse and Sons, Copenhagen, (1941), Ch.IU.

14. 3iI.Hatters, 3.Am.Chem.Soc.81, 1560 (1959).

15. 3.I.Hatters and R,Dewitt, 3.Am.Chem.Soc.82, 1333 (i960).



13

16. M.Moji, Y.Kidani, Nippon Kagaku Kaishi (l), 30-4 (1977).

17. Y.D, Fridman, R. Ik, Uerasova, N. U. Dolgashora and
R.I.Sorochou, Russ,, 3,Inorg.Cham.8, 344 (1963).

18. R.B.Martin and R. Prados, 3. Inorg.Nucl, Chem.,36, 1665 (1974).

19. W.E.Bennett, 3.Am.Chem.Soc.79, 1290 (1957).

20. H.Sigel, R.Caraco and B'.Prijs, Inorg. Chem. 13, 462 (1972).

21. H.Sigel, P.R.Hueber and R.F.Pasternack, Inorg.Chem.10,

2226, (1971).
22. I.Sorago A.Gergely and Mogy Kenfoly 82 (6), 290 (1976).

23. M.C.Lim, 3.C.S.Dalton 1398 (1977).
24. C.Chung and S.Huang, 3.Chim.Chem.Soc., 23, 139 (1976).

25. G.F.Condike and A.E.Mar tell, 3. Inorg.Nucl.Chem.31 (8),

2455 (1969).
26. K.Sone, 'S.Utsona and T.Oguru, 3. Inorg.Nucl.Chem.31 , 1 17 (1969).

27. H.Sigal, Chimia21, 489, (1967).

28. H.Sigel, Inorg.Chem.9(5), 1238, (1970).
29. D.D.Parrin, I.G.Sayce and U.S.Sharma, 3.Chem.Soc.A, 1775(1967)

30. D.D.Parrin, and V.S.Sharma, 3.Chem.Soc.A, 2060 (1969).

31. M'. t/,-.Chidambaram, and.'P’.’K.Bha ttacharya,. 3. Inorg. Nucl. Chem.

32 (10), 3271 (1970).

32. R.Greisser, B.Prijis and H.Sigel, Inorg.Nucl.Chem.Lett.,

4, 443 (1968).

33. H.Sigel, P.R.Huber, R.Greisser, B.Prijis, Inorg.Chem.12,

1198 (1973).
34. B.i.FischerOfljH.Sigel, 2.Naturforsch, 298, 654 (1974).

35. B.Prijis and H.Sigel, Chimia, 29, 134 (1975).



14

36. F.ft.Ualker, H.Sigel and D.B.McCormick, Inorg.Chem.Uol.il,

2756 (1972).
i37. I«l.U. Chidambaram and P. K. Bhattacharya, Inst, of Chemists,

44, 144 (1972).

38. PI. U. Chidambaram and P . K.Bhattacharya, Indian 3. Chem. 10,758 

(1972).

39. I.P.Plavani, C.R.Oejurkar and P.K.Bhattacharya, 3.Indian.

Chem,Soc.49, 469(1972).

40. D.D.Joshi, C.R.Oejurkar and P.K.Bhattacharya, Indian 3.Chem. 

11, 946 (1973).

41. O.D.Ooshi, I.P.PIavani and P.K.Bhattacharya, Indian 3.Chem.

11, 820 (1973).

42. PI. U. Chidambaram and P . K. Bhattacharya , Indian 3.Chem.9, 1294 

- (1971 ).
43. G,ft.L.Beureux and ft. E. Flar tell. 3 . Inorg. Nucl. Chem. 28,481 (1 966 ).


