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The formation of mixed ligand complexes of the t i t le 
metal  ions with 1,10-phenanthroline (Phen) or 2,2 '-bipyridyl 
(Bipy) in presence of histidine (His) has been studied p i t -  
metrically. The stepwise formation of 1 : 1 : 1  mixed ligand 
complexes has been inferred from the potentiometric t i t ra-  
tion curves. Ini t ial ly,  a 1 : 1 metal--Phen or --Bipy complex 
is formed in the lower buffer region and then the addit ion 
of His takes place resulting in 1 : 1 : 1 ternary  complex forma- 
tion. The formation constants (KMAL) of the resulting mixed 
ligand complexes have been calculated at  30 • 1 ~ (~ = 
0.I KNOa) and the values have been found to be higher than the 
foi~nation constants of 1:2 and lower than those of I:I 
metal--His complexes. The order of stability in terms of metal 
ions follows the order, l~i(II) ~ Zn(II) > Cd(II). 

From the  view poin t  of the  role of me ta l  complexes  i a  biological  
systems,  the  in format ion  abou t  the  concent ra t ion  of different  species 
of a me ta l  complex  in equi l ibr ium mix tures  is of considerable  impor t ance  
and can be p red ica t ed  on the  basis of the i r  fo rma t ion  constants .  1,10- 
Phenan th ro l ine  (Phen) and  2 ,2 ' -b ipyr idy l  (Bipy) are well known  chelat-  
ing agents  and  the i r  meta l  chelates  hav ing  biological  a c t i v i t y  towards  
va r ied  microorganisms,  have  been s tud ied  qui te  extensively .  The 
bae te r ios ta t i e  effects of Phen and  Bipy ei ther  alone or in presence of 
me ta l  ions have  been d e m o n s t r a t e d  on rumen  bacter ia ,  ac id  fas t  bac te r ia  
and  a n u m b e r  of g ram-pos i t ive  micro-organisms.  Recent ly ,  mixed  
l igand complexes of these l igands  wi th  var ious  me ta l  ions x-7 have  
also been repor ted .  
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The present paper describes the pK-metrie studies on the inter- 
action of Ni(II), Zn(II) or Cd(II) with Phen or Bipy in presence of an 
equimolar concentration of His. The formation constant data of the 
resulting 1 : 1 : 1  mixed ligand complexes may be found to be quite 
useful in studying the role of these complexes in biological systems 
as well as in analytical chemistry. 

70 

/ 
jl__ 
0 / 2 Y 

/72 

q Y 8 

of ternary systems, Ni(II) or Fig.  1. P o t e n t i o m e t r i c  t i t r a t i o n  cu rves  
Z n ( I I ) - - P A e n  or - B i p y - - H i s .  Curve  0, His;  i .  1 : 1 N i ( I I ) - - P h e n ;  2. 1 : 1 
N i ( I I ) - - B i p y ;  3. 1 : 1  Z n ( I I ) - - P h e n ;  4. l :  1 g n ( I I ) - - B i p y ;  5. 1:  1 : 1  
N i ( I I ) ~ P h e n - - H i s ;  6. i : 1 : 1 N i ( I I ) - - - B @ y - - H i s ;  7. 1 : 1 : 1 Z n ( I I ) - -  
~ P h e n - - H i s ;  8. 1 : 1 : 1 Z n ( I I ) ~ B i p y - - H i s .  m = Moles of base  a d d e d  

per mole  of m e t a l  ion 

Experimental 
Stock  so lu t ions  of t he  m e t a l  n i t r a t e s  ( A n a l a R  B D H )  were p r e p a r e d  in 

d o u b l y  dist i l led wa t e r  a n d  s t a n d a r d i z e d  w i t h  a s t a n d a r d  so lu t ion  of di- 
s o d i u m  sa l t  of E D T A  us ing  Murex ide  [Ni(II)]  a n d  E r i o e h r o m e  b lack  T 
[Zn(II)  a n d  Cd(II)]  as indica tors .  A q u e o u s  so lu t ions  of hyd roeh lo r ides  
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of Phen,  B i p y  a n d  H i s  were  p r e p a r e d  b y  d i rec t  we igh ing  a n d  the i r  s t r e n g t h s  
were checked  b y  p o t e n t i o m e t r i c  t i t r a t i o n  aga in s t  s t a n d a r d  KOI~I (E. 
Merck) solut ion.  
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Fig.  2. P o t e n t i o m e r i c  t i t r a t i o n  curves  of t e r n a r y  sys tems ,  C d ( I I ) - - P h e n  
or - B i p y - - H i s .  Curve  0, H~s; 1. 1 : i C d ( I I ) - - P h e n ;  2. 1 : i C d ( I I ) - - B / p y ;  
3. 1 : 1 : 1 C d ( I I ) - - P h e n  H i s ;  4. 1 : 1 : 1 C d ( I I ) l B i p y - - H i s .  m : Moles 

of base  a d d e d  pe r  mole  of m e t a l  ion 

Systronics pI-I-meter standardized with a 0.05~I solution of potassium 
hydrogen phthalate (Analal~ BDI~) was used for all the pH measurements. 
The titrations were carried out at 30 i I ~ using a constant temperature 
bath. In the systems involving Ni(II) and Zn(II), the solutions were pre- 
pared in 50 rnl and the titrations of the following systems were carried out : 

I. O.O05]/l-Phen or -Bipy § 0.12V[-KN03. 

2. O.O05~f-His ~- 0.1M-KNO3. 

3. O.O05M-Phen or -Bijoy ~- 0.005M-metal nitrate ~- 0.1M-KNO3. 

4. O.O05M-Phen or -Bipy ~- O.O05M-His -~ 0.005M-metal nitrate ~- 
O.1M-KN03.  

I n  t h e  sys t ems  invo lv ing  Cd(II) ,  t h e  co r r e spond ing  so lu t ions  were 
p r e p a r e d  in 50 ml  us ing  0 .0025M each  of Phen  or B i p y ,  H i s  a n d  t h e  m e t a l  
n i t r a t e  because  of t he  low so lub i l i ty  of c a d m i u m  complexes  in c o n c e n t r a t e d  
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solutions. The ionic strength of each solution was thus maintained ap- 
proximately constant (~ = 0.1 KNO3) and each of the above solutions 
was titrated against 0.1M-KOI~ solution. 

R e s u l t s  a n d  D i s c u s s i o n  

Curve 0, Figs. 1 and 2, represents the potentiometric t i t rat ion of 
histidine hydrochloride with potassium hydroxide.  I t s  acid dissocia- 
t ion constants (pkl ---- 6.05 and pk2 = 9.17) were taken from the 
li terature s. 

The potentiometrie t i t ra t ion curves of solutions containing Ni(II) ,  
Zn(II)  or Cd(II)  and Phen (Curves 1 and 3, Fig. 1 and Curve 1, Fig. 2) 
resp. or Bipy (Curves 2 and 4, Fig. 1 and Curve 2, Fig, 2) resp. in equi- 
molar proport ions exhibit  a sharp inflection at m = 1 (where m re- 
presents the moles of base added per mole of the metal  ion) indicating 
the formation of 1 : 1  binary complexes in the lower buffer region. 

When  equimolar systems, Ni(II)--Phen His, Ni(II)---Bipy--His, 
Zn(I I ) - -Phen--His ,  Zn ( I I ) - -B ipy - -Hi s  (Curves 5-8, Fig. 1), 
Cd(II)--Phen His and Cd(Ii)--Bipy--His (Curves 3 and 4, Fig. 2) 
are t i trated,  two inflections at  m = 1 and m = 3 are observed. I n  the 
initial stage, all these curves run slightly above the corresponding 
1 : 1 M(II)--Phen or --Bipy t i t rat ion curves and superimposition starts 
at  m ~ 1. This m a y  be due to the presence of free ter t iary  and secondary 
amino groups in the histidine hydrochloride which raise the p H  of 
the solution. This indicates t ha t  initially a M(II)--Phen or---Bipy (1 : 1) 
complex is formed in the above systems and the lowering from the 
M(II)--Phen or --Bipy curve starts after m = 1. An  inflection at 
m = 3 may  be due to the  neutral izat ion of the two protons a t tached 
to His and these are given out  during the mixed ]igand chelate formation.  

On comparing these curves with the corresponding composite 
curve (which can be drawn by  adding the horizontal  distance of the 
secondary ligand curve to the horizontal distance of the M(I I )  Phen 
or ---Bipy curve at the same pH) between m = 1 and m = 3 it can be 
inferred tha t  the formation of 1 : 1 : 1 mixed ligand chelate, M A L  is 
the only possibility in the te rnary  systems studied during the course 
of the present investigations. Thus the format ion of mixed ligand 
complexes occurs stepwise and the addit ion of His takes place only 
after the complete addit ion of Phen or Bipy. Further ,  it gets support  
by  the analysis of the potentiometric data  given below. 

The equilibria involved in the formation of 1 : 1 : 1 mixed ligand 
complexes between m = 1 and m = 3, in the above systems, may  
be represented as: 

MA 2+ ~- L-  11 M A L  + 

where M 2+ stands for metal ion, A for Phen or Bipy and L -  for the 
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secondary ligand anion. The formation constant, KMAL of the ternary 
chelate may be given by the relation 

[MAL+] 
K M A L -  [MA2+j[L_] (1) 

and can be determined by the expression: 

T M -  [L-] X 
K M A L  - -  (2) 

[L-] 2 X 

as derived from the material balance and electroneutrality relations 
for these systems. In  this expression T M represents the total con- 
centration of all the metal species, 

and 

X - [H+]2 § [H+] + 1 
kI]~2 kl 

(3--m) TM --  [H +] § [OH-] 
[L-] = 2[H+] 2 [I-I+] 

klk2 § kl 

where kl and k2 are the first and second dissociation constants resp. of 
the secondary ligand. 

Table 1. Formation Constants o] Chelates 

System log KMAL System log KML log KML2 

~qi(II)--Phen--His 7.96 ~ 0.20 Ni(II)--His 8.621~ - -  
Ni(II)~Bipy--His 8.03 • 0.22 
Zn(II)--Phen--His 5.93 • 0.09 Zn(II)--His 6.67 s 5.11 s 
Zn(II)--Bipy--His 6.13 :~ 0.10 
Cd(II)--Phen--His 5.02 • 0 .11  Cd(II)--His 5.65 ~ 4.14 g 
Cd(II)--Bipy--His 5.41 • 0.13 

The calculated values of the formation constants of the ternary 
complexes are presented in Table 1 and it can be seen that  the order 
of stability in terms of metal ions is Ni(II) H Zn(II) H Cd(II). Further, 
ternary complexes with Bipy as primary ligand and His as secondary 
ligand are found to be more stable than the corresponding complexes 
involving Phen as primary ligand. Since the availability of 7:-electrons 
in 1,10-phenanthroline is more than in 2,2'-bipyridyl, o the bond 
formation with the metal of former is stronger than the latter. There- 
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fore the secondary ligand will form weaker bond in m e t a l - - P h e n  system 
and somewhat stronger in metal---Bipy one. A comparison of the 
formation constants also reveals that  the observed values are higher 
than the formation constants of 1 : 2  and lower than those of 1 : 1  
m e t a l - - H i s  complexes. 
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