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ABSTRACT: The stability constants of species present in the systems Ni(II)-pyridoxamine(pym)(A) 

and Ni(II)-pyridoxamine(pym)(A)-imidazole containing ligands(B) [B = imidazole(him),  

benzimidazole(bim), histamine(hist) and L-histidine(his)] have been determined pH-metrically using 

the MINIQUAD computer program. The existence of the species NiAH, NiA and NiA2 was proven 

for the Ni(II)-pym(A) system, whereas for the Ni(II)-pym(A)-B systems NiABH2, NiABH, NiAB and 

NiAB2 species were identified. The pym ligand(A) binds the metal ion via its phenolic oxygen and 

amino methyl nitrogen atoms in the NiAB and NiAB2 species, and the binding of ligand B in these 

complexes is similar to their binding in the respective binary species. The site of protonation in 

NiABH and NiABH2 species is explained. A more positive ∆ log K values for NiAB compared to 

NiAB2 species is discussed. The computer simulated distribution of the complexes in solution has 

been evaluated. The mixed ligand pyridoxamine complex of Ni(II) with L-histidine was prepared 

and characterized by conventional methods. 
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INTRODUCTION 

For a long time it has been shown that metal ions  

play an important role in biological systems, as 

exemplified by many instances in which enzymes  

are known to be activated by metal ions [1]. Vitamin B-6 

exists in the forms pyridoxal, pyridoxine and 

pyridoxamine. The coenzyme pyridoxamine 5'-phospate 

plays a vital role in the function of a number of enzymes  

 

 

 

that catalyze essential chemical reactions in the human 

body. About 70-80% of the vitamin B-6 in the body  

is located in muscle, bound to glycogen phosphorylase, 

an enzyme involved in releasing glucose from  

glycogen. Vitamin B-6 is one of the most versatile 

enzyme cofactors involved in breaking more types of 

chemical bonds and also in so many aspects of  
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metabolism [2]. Hence mode of coordination of 

pyridoxamine with nickel(II) in presence of other  

ligands becomes important.  Imidazole nitrogen donor 

atoms of histidyl residues are the most common  

binding sites in various metaloenzymes [3]. Therefore 

ligands containing imidazole rings can potentially  

mimic the binding sites and catalytic activities of the 

enzymes. 

In order to understand fully the mixed ligand 

complexes involving enzymes and proteins, our 

laboratories have been investigating the mixed ligand 

complexes of amino acids, peptides and antibiotics for 

some time [4 -8]. In the present investigation we have 

made a detailed study with regard to the mode of binding 

of the pyridoxamine(A) with Ni(II), and with Ni(II)  

in the presence of imidazole containing ligands, 

imidazole(him), benzimidazole(bim), histamine(hist) and 

L-histidine(his)  in aqueous solution at 37 oC and I = 0.15 

mol dm-3(NaClO4), using pH metric method. 

 

EXPERIMENTAL 

All the ligands used in this work were obtained  

from Fluka AG, Buchs, Switzerland. The hist ligand  

used was in the diprotonated form. Nickel perchlorate  

and other solutions were prepared as described earlier 

[5-7]. The pH titrations were carried out at 37 oC and  

I = 0.15 mol dm-3 under nitrogen with a digital pH  

meter (accuracy of ± 0.01 pH unit) as described earlier  

[4 -8]. All solutions were prepared with double distilled 

water using grade A glassware. The stability constants  

for the ternary complex systems were refined by 

MINIQUAD 75 computer program [9] on a HCL 

Magnum II 68030 twin processor minicomputer fixing 

the binary stability constants (Table 1) as non-refinable 

parameters. 

 

Synthesis of Ni(II)-pym(A)-his(B) mixed ligand complex 

The green powder of [Ni(pym)(his).H2O)] was 

separated from its very concentrated solution.  

This solution was obtained by mixing 20 cm3 aqueous 

solution of Ni(CH3COO)2. 4H2O (0.498g, 2 mmol)  

and 20 cm3 aqueous solution of pym  (0.336g,  2 mmol), 

then 20 cm3 aqueous solution of his (0.31g, 2 mmol)  

was slowly added. The pH of the resultant solution  

was adjusted with NaOH to 7.5. The resulting  

solution was constantly stirred for 12 hours. The  

complex was isolated after 2 weeks standing at room 

temperature. The nickel content was estimated 

gravimetrically by the dimethylglyoxamime method. 

(Found: Ni, 14.56; C, 42.06; H, 5.84; N, 17.45, 

Ni(C14H21N5O4).H2O requires Ni, 14.67;  C, 42.03; H, 

5.79;  N, 17.51). 

 

RESULTS AND DISCUSSION 

Ni(II)-pym(A) systems 

In the Ni(II)-pym(A) system NiAH, NiA and NiA2 

species were identified.  The compounds of vitamin B-6 

can act either as unidentate ligand and bind the metal ion 

through the heterocyclic nitrogen or as a bidentate ligand 

and chelate the metal ion through the phenolic  

oxygen and the nitrogen or oxygen at one of the adjacent 

group in the 4 - position [10,11]. The log ßNiA 
 value  

of 6.58 in Ni(II)-pym(A) demonstrates pym binds  

the metal in a bidentate manner. As the aminomethyl  

in pym is more basic than hydroxymethyl group, pym 

binds the metal via its phenolic oxygen and amino  

methyl nitrogen atoms forming a 6 - membered chelate 

ring. This type of coordination is considered 

 in Cu(II)/Zn(II)/Cd(II)-pym(A) and dimethyl tin-pym(A) 

complex systems [11,12]. The log NiA

NiA2

K  value of 4.73 

in Ni(II)-pym(A) indicates the bidentate binding of  

both  pym(A) in NiA2 species(Struct.1). The log ßNiAH  

value of 7.37 in the Ni(II)-pym(A) complex follows  

the trend of pK a 
value for the amino group of  free  

pym. This indicates that the amino group of pym is 

protonated, and binds the metal ion via phenolic OH in 

the NiAH species. 

 

Ni(II)-pym(A)-him, bim, hist and his (B) systems 

In the Ni(II)-pym(A)-bim(B) system, NiAB and 

NiAB2 species have been identified, while in the Ni(II)-

pym(A)-him(B) system, NiABH in addition to the above 

species were identified. The NiABH2, NiABH and NiAB 

species have been detected in Ni(II)-pym(A)-hist and 

his(B) systems.  

 

Stability and structure of NiAB and NiAB2 species 

 The ligand pym(A) binds  Ni(II)  in a bidentate 

manner via its phenolic oxygen and aminomethyl 

nitrogen.   The NiB
NiABK log  / 2

2

NiB

NiAB
K log   values obtained 
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Table 1: Stability constants for the proton and parent binary complexes of Ni(II) with pym(A), him, bim, hist, 

and his(B) at 37 oC and I = 0.15 mol dm –3 (NaClO4). 

Parameter                                                   Ligand B 

 Pym hima bimb hista hisa 

log HBß  10.48(1) 6.55(2) 5.68(1) 9.39(8) 8.96(3) 

log BH2
ß  18.52(5) ---- ----- 15.34(1) 14.96(5) 

log BH3
ß  22.01(9) ----- ----- ----- 17.37(9) 

log NiBHß  13.95(6) ----- ----- 11.85(3) 13.08(5) 

log NiBß  6.58(4) 3.37(5) 2.37(4) 6.36(2) 8.84(7) 

log HNiB2
ß  ----- ----- ----- 17.86(4) 21.04(7) 

log 
2NiBß  11.31(8) 5.70(9) 4.11(9) 11.22(2) 15.94(4) 

log 
3NiBß  ----- 7.90(9) ----- ----- ----- 

log 
4NiBß  ----- 9.57(11) ---- ----- ---- 

H
NiBH

pK  7.37 ---- ----- 5.49 4.24 

H
HNiB2

pK  ----- ---- ----- 6.64 5.10 

log NiB
NiB2

K  4.73 2.13 1.74 4.86 7.10 

log 2

3

NiB

NiB
K  ----- 2.20 ----- ----- ------ 

log 3

4

NiB

NiB
K  ----- 1.67 ----- ------ ------ 

log NiBH
HNiB2

K  ----- ---- ----- 6.01 7.96 

log P ----- ----- ---- 2.46 4.12 

Ref: a5; b6      

 

in these systems (Table 2) bear favorable comparison 

with  log K1 value obtained in Ni(II)-pyms(A) system 

(Table 1). Similarly, NiA
NiABK log  values obtained in  

Ni (II) - pym (A) - him / bim (B) systems (Table 2) are 

comparable to log K1 values obtained (Table 1) in Ni(II)-

B binary systems. This demonstrates that primary and 

secondary ligands bind the metal ion in a similar manner 

as their binding in their respective binary species. Thus, 

in the NiAB species in Ni(II)-pym(A)-him and bim(B) 

systems, pym primary ligand would bind nickel through 

its phenolic oxygen and aminomethyl nitrogen and third 

coordination site will be occupied by imidazole nitrogen 

of  him/bim secondary ligands. The fourth position in this 

species would be occupied by solvent water molecule. 

In  NiAB2  species  in  these  two  systems  the  imidazole 

nitrogen of the second him / bim ligand will occupy the 

fourth position. The higher log ß values obtained in NiAB 

and NiAB2 species in  Ni(II)-pym(A)-him(B) system 

compared to that values in the corresponding bim(B) 

system can be explained by considering the higher 

basicity of him compared to that of bim ligand. The  ∆ 

log K values computed for NiAB and NiAB2  species in 

Ni(II)-pym(A)-him/bim(B) systems (Table 2) are more 

positive compared to the statistically expected values [13] 

indicating marked stabilization of these mixed ligand 

complexes. The same trends have also been reflected in 

species distribution profiles (Fig.1). The  ∆ log K values 

of NiAB  species  in Ni(II)-pym(A)-him / bim(B) systems 

are more positive compared to those values for  

the respective NiAB2 species.  The  relative  stabilities  of 
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Table 2: Stability constants for the Ni(II)-pym(A)-him, bim, hist and his(B) ternary complex systems at 37 oC 

and I = 0.15 mol dm –3 (NaClO4). 

Parameter Ligand B 

 Him bim hist his 

log 
2NiABHß  ---- ----- 25.85(3) 27.12(3) 

log NiABHß  16.65(2) ---- 21.47(2) 23.56(2) 

log ßNiAB 9.98(4) 7.83(8) 13.67(4) 15.47(6) 

log 
2NiABß  12.01(6) 10.04(9) ---- ---- 

H
NiABH2

pK  ----- ----- 4.38 3.56 

H
NiABH

pK  6.67 ----- 7.80 8.09 

log NiA
NiAB

K  3.40 2.25 7.09 8.89 

log NiB
NiAB

K  6.61 6.47 7.31 6.63 

log
NiBH
NiABH

K  2.70 ---- 7.52 9.61 

log 2

2

NiB

NiAB
K  6.31 5.93 ---- ---- 

∆ log
2NiABHK  ---- ---- 0.05 0.09 

∆ log NiABHK  -0.67 ---- 1.16 0.77 

∆ log NiABK  0.03 -0.11 0.73 0.05 

∆ log
2NiABK  -0.27 -0.65 --- ---- 

 

the NiAB and NiAB2 species depend on the size of  

the chelate ring formed by the primary ligand(A). Also 

the higher values for  NiAB species is due to (i) the loss 

of π-bonding in going from an in plane coordinated 

imidazole to two out of plane cis coordinated imidazole 

as observed in the cis-bis(imidazole) complexes and (ii) 

the statistical effect resulting from the reduction in 

available binding sites for the coordination of the second 

him / bim ligand. 

In Ni(II)-pym(A)-hist(B) system,  the NiB
NiABK log  and 

NiA
NiABK log  values obtained (Table 2) bear favorable 

comparison to the respective log K1 values in Ni(II)-

pym(A) and  Ni(II)-hist(B) binary systems (Table 1). This 

demonstrates the bidentate binding of primary ligand 

pym(A) and secondary ligand hist(B) in NiAB species 

exactly similar to their binding in the respective binary 

species. The 
2NiAB�log  value in Ni(II)-pym(A)-hist(B) 

system is higher(�1.6 log units) than the  value obtained 

in Ni(II)-pym(A)-him(B) system, though in both these 

complexes the metal ion has a coordination number of 4. 

The enhanced stability observed in the hist(B) system 

may be due to the fact that the hist binds Ni(II) forming a 

6-membered ring, while the binding of him with Ni(II) in 

NiAB2 species does not involves chelate formation. The 

log ß value of 15.47 for NiAB species in his(B) ligand 

system is higher compared to 13.67 obtained in the hist 

(B) secondary ligand system which suggests that his(B) 

binds the metal ion in a tridentate manner in its NiAB 

species(Struct.2). The ∆ log KNiAB values obtained 

indicates higher stability for the NiAB complexes.  

 

Stability and structure of NiABH and NiABH2 complexes 

NiABH species has been identified in Ni(II)-pym(A)-

him, hist and his(B) systems  and  its  formation has  been 

found to  be more  favored above  pH 4.  In Ni(II)-him(B) 



Iran. J. Chem. & Chem. Eng Studies on Nickel (II)- … Vol. 23, No. 1, 2004 
 

 101

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.1: Distribution diagram for the Ni(II)-pym(A)-hist(B) 

ternary complex system, CM = 0.003; CA = CB = 0.006 mol dm-3. 

Curves for  NiB2H and NiB2 could not be drawn due to their 

low  concentrations. 

 

binary system no protonated binary species has been 

detected (Table 1), while the monoprotonated binary 

species NiAH species has been detected in Ni(II)-pym(A) 

system. The H
NiABHpK value of 6.67 obtained in Ni(II)- 

pym(A)-him(B) system bears favorable  comparison  with 

H
NiAHKp  value of  7.37 obtained in Ni(II)-pym(A) binary 

system, where the proton is attached with the 

aminomethyl group of the ligand. Thus the NiABH 

species in Ni(II)-pym(A)-him (B) system it can be 

concluded that the extra proton resides with the pym(A). 

However, the H
NiABHKp values obtained in Ni(II)-pym (A) 

- hist / his (B) systems (Table 2) follow the trends of log 

ßNiBH values in Ni(II)-hist/his(B) systems (Table 1).  

Hence, it can be expected that the extra proton in NiABH 

species in Ni(II)-pym(A)-hist and his (B) systems can 

resides with the hist/his(B)(Struct.3). At lower pH values 

NiABH2 species has been found to be favored in Ni(II)-

pym(A)-hist and his(B) systems.  With regard to the site 

of the protonation in these NiABH2 complexes, it may be 

inferred that one proton is attached with pym(A) and the 

other resides with hist / his(B) (Struct.4). 

 

 

 

 

 

 

 

 
 

Structure 1 ( NiA2 ) 

 

 

 

 

 

 

 

 

 

 

Structure 2 (NiAB) 

 

 

 

 

 

 

 

 

 

 

Structure 3 (NiABH) 

 

 

 

 

 

 

 

 
 

 

Structure 4 (NiABH2 ) 

 

Fig. 2: The Structural representation of NiA2 in the Ni (II)-

pyridoxamine (A) and NiAB, NiABH and NiABH2 species in 

the Ni (II)-pyridoxamine (A)-histidine (B) systems. 
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Characterization of  Ni(II)-pym(A)-his(B) mixed ligand 

complex 

The results of chemical analysis of the mixed ligand 

complex agree with the formula of  [Ni(II)(pym)(his) 

H2O]. The IR spectra  shows a broad band in the range of 

3460 – 3355 cm-1, which can be ascribed to the stretching 

vibration of water molecule. The group of bands 

appearing in the region of 3330–3020 cm-1 in the spectra 

of the complex can be attributed to the stretching 

vibrations of the coordinated NH2 group. The distinct 

band appearing in the region 1655-1600 cm-1 is typical of 

coordinated carboxylate stretching [14]. Accordingly, the 

absence of any band in the region of 1750-1700 cm-1 in 

the IR spectra of isolated ternary complex suggests the 

coordination of the COO- group of his to the Ni(II). Thus, 

in this complex pym is bidentate and his is tridenate with 

Ni(II). The band in the region 1396 -1367 cm  can likely 

be ascribed to the symmetric stretching vibrations of the 

coordinated carboxylate.  
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