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ABSTRACT

Equilibrium studies on mixed ligand complexes of some bivalent
metal ions, viz., Cu(Il), Zn(II), Cd(Il), Co(II), or Ni(IT) with 2,2'-
bipyridyl (Bpy) or 1,10-phenanthroline (Phen) as primary ligand
and N-methylaminothioformyl-N'-phenylhydroxylamine (MATPH)
as secondary ligand have been made using the Irving-Rossotti

pH titration method in 50% aqueous-dioxane medium at 35 + 0.5°C
and 0.1 M (NaClOs) ionic strength in an inert atmosphere. For-
mation constants, characteristic of mixed ligand complexes,

have been calculated in the system

M+A =—/—= MA; MA +L MAL

where M = Cu(II), Zn(II), Cd(II), Co(II), or Ni(II); A = 2,2'-bipyridyl
1509
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or 1,10-phenanthroline, L = N-methylaminothioformyl-N'-phenyl-
hydroxylamine, In all the systems, the 4 log KM values are

negative which is due to the discriminating qualities of the
heteroaromatic N-base. It is suggested that the S-ligand may
also have 7 -accepting qualities with a greater influence on the
stability of the complexes, Further results indicate that MATPH
and Bpy or Phen are incompatible ligands toward the metal ions
mentioned above and hence the mixed ligand complexes formed
have lower stability than binary complexes of MATPH,

INTRODUCTION

In mixed ligand complexes, two or more different ligands other
than solvent molecule bond with the central metal ion either simul-
taneously [ 1] or at a different pH range [ 2], where the first ligand
does not become dissociated even up to higher pH values, Mixed
ligand complexes of transition metal ions [ 3-6] with amines and
aminoacids are of biological importance and have been studied in
detail. The analytical suitability of the reagent (MATPH) has been
extensively studied in our laboratories [ 7-10]. MATPH possesses
a —N—OH group which is reported to be responsible for antimicrobial

—C=8
activity [ 11]. The biological activities of Bpy or Phen ligands have
long been recognized. For the present study these ligands have been
selected as the primary ligands because they form very stable com-
plexes (1:1) with Cu(II), Zn(II), Cd(II), Co(I), and Ni(II) at low pH,
whereas the attachment of MATPH takes place at considerably higher
pH values. Thus the possibility of the ligand exchange is negligible,
i.e., the reaction

M(Bpy/Phen) + MATPH =—==M(MATPH) + Bpy/Phen

does not occur.
The primary ligands, being neutral, also minimize electrostatic
repulsion toward the incoming secondary ligand (MATPH).

EXPERIMENTAL

Material and Measurements

All chemicals used were of analytical grade. Metal solutions were
prepared in double distilled water and estimated by standard methods.
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Solutions of sodium hydroxide (0.1 M), sodium perchlorate (1.0 M),
2,2'-bipyridyl, or 1,10-phenanthroline (in 50% dioxane) were prepared
as usual,

MATPH was synthesized following the method of Bhandari [ 12] and
its purity was established. A Cambridge bench-type pH meter was
used for all pH measurements. It was standardized with suitable
buffers, Nitrogen gas freed from carbon dioxide and oxygen was con-
tinuously passed over the solution to provide an inert atmosphere,

The titrations were carried out at 35 + 0.5°C in a 50% (v/v)
dioxane-water mixture at constant ionic strength (0.1 M, NaClO4).
The Irving-Rossotti pH titration technique [ 13] was employed for
evaluating the stability constants of all the systems.

The Acidity Constants of the Ligands and Stability
of Binary Systems

The diprotonated forms of Bpy and Phen exist only in strongly
acidic medium (cf. Table 1) and do not take part in complexation with
metal ions., Hence ngz A values for Bpy and Phen have not been used

in the calculations. For the evaluation of stability constants for the
binary systems of each metal ion with primary and secondary ligands
(in a 1:2 ratio), the titrations were performed under similar condi-
tions using the same technique. The values for the binary system
(1:2) have been computed by the least-squares method,

Stability Constants of the Ternary Systems

For mixed ligand systems, five titration mixtures were prepared
taking 1:1:1 as the metal primary ligand-secondary ligand ratio.
Stability constant values have been evaluated using the Irving-Rossotti
method.

In all systems the complexes are formed well before the hydrolyz-
ing pH of the corresponding metal ion is reached.

The plots of pH against volume of alkali in the binary and ternary
systems were obtained. n and pA values were obtained using the
Irving-Rossotti method, and the formation constants were evaluated
from the formation curves (n vs pA) corresponding ton = 0.5, More
precise values were obtained by plotting pA at each point against log
(1 - n)/n, which afforded a straight line. The average values thus
obtained are listed in Tables 2 and 3.

RESULTS AND DISCUSSION

Reproportionation Constant, Kg

The constant which correlates the relative stability of the mixed
ligand complexes with the parent complexes formed with the same
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TABLE 1. Negative Logarithms of the Stability Consta.nts of the
Ligands in 50% Dioxane (I = 0.1 M NaClOs; 35 + 0.5°C)

pK Bipy Phen MATPH
a

Pl | -0.50 -1.60 -

ngL 3.65 4.60 11.40

3W. A. E. McBryde, Can. J, Chem., 43, 2472 (1965),

ligand is termed the "'reproportionation constant,” It is obtained by
the relation

- i/mg,j/m .

ﬁij = dB B (m - 1 + J)

mo  om

This constant gives a measure of the compatibility of either ligand
in the inner sphere of the central metal ion. I the ligands are not
compatible, the mixed ligand complexes so formed will be less stable
than the parent complexes and the constant K q should be smaller
than 1,

The results obtained are presented in Table 4. The values for K q

in all systems suggest that the mixed ligand complexes are less stable

since the values of K 4 are less than 1.

Bond Strengths of M-Bpy/phen-MATPH Complexes

The strength of the individual M—A bonds in the complex MA L can

MA
be calculated from the values of B (1.e., log Ky pay

plex and the parent complexes MA1 and ML]. using the equation

) of the m1xed com-

8.
F,=—In B..—22 (1)

Similarly, the ML bond strengths in the same complex are given by

RT B
F =—In 2
g eyt e (2)
i
The strength of the metal-ligand bonds in the parent complexes MA
and ML can be obtained from



1513

MIXED LIGAND COMPLEXES

8¥°91 8L"9 0L°6 8L°11 82°G 08°9 LO°TT 20°S ¢0’9 (IDIN
18°G1 10°L 08°8 16°01 L% 08°G 09°6 84 ¢r'g  (I)od
g8°LY 0g°L gg°01 68°01 g6 06°G 06°8 g0'% g8’y (INuz
oF"61 09°6 98°6 LY°01 ¢8'p 29°¢g 69°L er'e ve'y (PO
19°61 ] 92°01 gz'el 02°9 c0°L L0°21 gv°g g9'9 (INnd
ey 807 801 B0y eS80 eS80y Bor exy8or 8o Y801 suot
TN

puedi st HALVIN

puedil se uayd

pueSiy se Adig

1102 Alenuer Sz S¥:L0

v pspeo jumog

_ (0,8°0 F g¢ - *O10¢EN
‘W T ‘0 = I) duex0Id %0G Ul SWoIsAg Areuld jo sjue}suo) umriqiymby ay; jo swyjrreSo] °z ATAVL



THAKUR, SHUKLA, AND MATHUR

1514

86°0+ 86°1- 29°%1 '8 Leot 6L°1- 96°¢T 167, (II)IN

86°0t G6°0- 69l ¢8°L  62°0+ 01°1- 68°Z1 oL’L  (Imoo

oy ot 0L°1- GG PT 9°8  11°0* LL°T- £v el 868 (INuz

12°0+ 1%°0- LO°ST ch'6  LIO* ¥L°0~ 99°¢1 21’6 (I)prd

09°0+ 86°0- eL°91 89°6  06°0+ 28°0- 60°91 ¥p'6 (IO

X 8o EM So1 ¢ qﬂzm Soy qﬁzm go1 x So7q EM So1y qﬂzM 8o Aﬂzum Sog SUo1
N VN n N 181N

puesdi] Axewnad se uayd

puedi] Axeunad se Adig

(0,80 ¥ q¢ POIDEN IN 1°0 = I) suexoiq
%0g Ul Bje( pejeIoy pue swajsAg Areusag, Jjo sjUBISUC) WMLIGITMbH 8Y) Jo swyraedoT ‘g ATAV.L

1102 Alenuer Gz S¥:/0 @IV Papeo |uwog



1515

MIXED LIGAND COMPLEXES

‘Uoyd UM wajshs oY) JOJ SanfeA

«Adg y3tA sweyshs ay) 10§ mmEd>M
6181~ q886¢ qL1¥%- q7ELT qtS1P 850
gPELT- 2ELOY L08S 200¥2- 210GT gl068 6870 (IDIN
q8¥L1- q828¢ q¥661- q60LT qf0LE 41970
0LST- 6668 TLGS 29961~ pLEHT vE8EE  H€9°0  (I1)°D
qb L9t~ q919% qf¥ee- qO8¥1 q8%88  89°0
20EET- ©896¥ 0629 21602~ 2801 29818 8970 (IDuz
q€€08- qve8¥ qes81- q9€81 q689¢  99°0
e69LT- 28808 LS89 RILET- 26881 20IL2  gPL°0  (I)PD
q89¢2- 424 688" 0822 q699%  09°0
AL A 2865¥ 0169 6612~ 2302 8G2F  l19°0 (IMD
Ad - Xd (POXTIAT) (yuexed) X -*a (poxT)  (3uoaEd) Py reselw
HALVIN-V-W, ;  HALVINW ; mmeééws 4-@
d A
soxoaidwo)

Axeuroy, pue Lxeurg oY) jo (Te2) syjduaais puog ‘xordwo) AIeuIa] Jo sjuejsuo) uoljeuorodordey °p ATIIVL

1102 Alenuer Sz S¥:L0

v pspeo jumog



07:45 25 January 2011

Downl oaded At:

1516 THAKUR, SHUKLA, AND MATHUR

RT RT
F,=—§j__; F ,=—In B (3)
x' 9m mo’ y om om

The difference in the free energies calculated from Egs. (1), (2), and
(3) provides the changes of the M—A and M-L bond energies which
occur in the mixed-ligand complex formation. The results of these
investigations are reported in Table 4,

Perusal of Table 4 shows that the free energy and strength of all
the metal-ligand bonds decreases. Thus a change in the geometry
and type of bond in the formation of mixed ligand complexes from
parent one does influence the stability of the mixed ligand complexes.

The stability of the mixed ligand complexes can also be character-
ized in two ways which are independent of basicity of Ligands A and L.
The mixed ligand complex can be formed according to the equilibrium

v [mal
M+A MA; Kyp =——— (4)
[Mm][A]
[MAz]
MA +A MA; ; sz — (5)
[MA][A]
M [ML]
M+L ML; Ky =——— 6)
[MA][L]
[ML:]
ML + L ML:; Kﬁiz — (1)
[ML][L]
[ MAL]
MA +L MAL; KmL S (8)
[MA][ L]
Th . MA M . .
e values of A log KM’ i.e., log KMAL - log KML’ give an idea about

the stability of the mixed ligand complex. Generally, the value of
ML
MLZ
This is due to the fact that more coordination sites are available for
bonding of the first ligand to a given metal ion than for the second
ligand,

In the present case, A log KM values in all the systems investi-

log K, is negative since it usually holds [ 14] that Kl\l\gL > K

gated are negative, especially so in the case of Zn(II), Ni(II), and Co(II).
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One expects to observe values for A log KM of about -1 to -2 log

units for bidentate ligands [ 15]; for monomdentate ligands about 0.5
to 0.8 log unit. The results presented in Table 3 are in agreement
with the above values except in the case of Cd(II). This may be due
to some discriminating qualities of Bpy or Phen. Thus the A log KM

values generally depend upon the coordination number of the metal ion
and the denticity of the ligands.

Another, probably more convenient and surely more objective
way to characterize the stability of the mixed ligand complexes is
according to

[ MAL]?
MA: + MLz ==== 2MAL; . QP (9)
[MA:z][ MB:]
log X = 2 log BI\B:IIAL - (log Bl\l\gAz + log B%Lz ) (10)

For purely statistical reasons, one expects that the value of X = 4,
i.e., log X = 0.6 [ 16, 17].

The values obtained for log X (cf. Table 3) are nearly of the same
magnitude (0.2 to 0,98), indicating the greater stability of the Cu(II),
Ni(II), and Co(II) complexes,

In general, it can be argued that in the presence of M-S 7 -interaction

[ 18-21], the values of KmL are significantly lower than Kll\\/IIIL’ which

may be due to the fact that the metal ions, having donated 7 -electrons
to the Bpy or Phen molecule, have a much smaller tendency to form
the M-S 7 -bond. Therefore, the M-S bonding, if present, should have
reduced significantly the [ M(Bpy)/(Phen)L]thus resulting in a lower

MA
value of KMAL‘
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