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ABSTRACT 
The stepwise and the overall stability constants of the complexes formed by manganese (II) ion 
and twelve (12) amino acids have been determined. The dissociation constants, pKa, of the amino 
acids determined are; alanine (10.29), arginine (12.02), asparagine (9.39), glycine (9.87), histidine 
(7.01), lysine (9.28), methionine (9.68), phenyalanine (9.61), proline (10.54), threonine (10.31), 
tryptophan (9.77), and valine (9.99). The average number of amino acids coordinated to 
manganese (II) ion determined is 3. The Stepwise Stability Constants of manganese (II) amino 
acid  complexes determined were found to decrease in the order K1 > K2 > K3 for all the complexes. 
The values of the overall stability constants of the complexes obtained are relatively high indicating 
good stability for the complexes. 
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INTRODUCTION 
Acids – base titration involves the gradual addition or 
removal of protons for example using the deprotic 
form of glycine. The plot has two distinct stages 
corresponding to the deprotonation of the two 
different groups on glycine. Each of the stage 
resembles in shape the titration curve of a monoprotic 
acid. At very low pH, the predominant ionic species of 
glycine is H3N+CH2COOH, the fully protonated form. At 
the midpoint of the titration, the - COOH group loses 
its proton and the pH is equal to pKa of the 
protonated group being titrated. The pH at midpoint is 
2.34, thus its – COOH group has a pKa labeled pK1. 
The pKa is a measure of the tendency of a group to 
give up a proton (David and Michael, 2000). Amino 
acids are known to produce complexes with transition 
metals repeatedly in the literature (Meyer and 
Bauman, 1970; Sigel and Cormik, 1971; Tsangaris et 
al., 1969 and Takaji et al., 1965) All the naturally 
occurring α -amino acids bind in what is known as 
glycinato way which means that a five – membered 
ring is formed with metal, amine nitrogen and the 
carboxylic oxygen (Takaji et al., 1965).  This 
arrangement is always present for the natural human 
amino acids.   

The metal complexes of N – protected α -
amino acids are of great interest because they may be 
used as a basis for understanding metal – protein 
interaction.  Many proteins within the body need metal 
ions to work and also the proteins can be activated or 
deactivated by metal ions.  The metals that have been 
used in the complexation with amino acids include 
copper, silver, cadmium, palladium and zinc (Andreoli 
et al., 1980; Antolini et al., 1980; Battaglia et al., 
1981). Manganese appears to be essential in trace 
amount to virtually all forms of life (Cotton and 
Wilkinson, 1980). It is essential for the activities of 
various enzymes (Hill and Holman, 1980). The 

concentration in human plasma has been reported as 
9.37 – 11.36µg/g (Yalwa, 2002). It is an essential 
trace mineral in human nutrition. Manganese also is 
known to be an essential component in chlorophyll, 
which is a green pigment that assists in 
photosynthesis (Cotton and Wilkinson, 1980). 
Manganese is also the preferred metal co-factor in 
glycosyltransferases and deficiency in manganese 
result in Vitamin K deficiency which causes loss of 
body weight, changes in hair and beard (Ayodele and 
Madu, 2006), fatigue, lack of physical endurance, slow 
growth of finger nails and hair, impaired metabolism 
of bone and cartilage, weight loss, reduced fertility 
and change hair colour. The sources of manganese 
include whole grain, leafy vegetables, and nuts. 
This paper reports the determination of stability 
constants of manganese (II) amino acid complexes 
using potentiometer.  
 

MATERIAL AND METHOD 
The chemicals and solvents used in this work were of 
Analar grade. All the glass wares used were washed 
thoroughly with distilled water and dried in an oven. 
Weighing was carried out on electric metler balance, 
model AB 54. The pH measurements were carried out 
using Jenway pH meter model 3320. 
 

Determination of pKa of the Amino Acids  
The determination was carried by first measuring the 
pH of the reaction mixture prepared by adding into 
400cm3 beaker containing magnetic stirring bar 90cm3 
of distilled water, 100cm3 of 0.04moldm-3 potassium 
trioxonitrate (V) and 10cm3 of 0.08 mol/dm3 of glycine 
respectively. The electrodes of the standardized pH 
meter were then introduced into the reaction mixture 
and with stirring aliquots (0.5cm3) of standardized 0.1 
moldm-3 sodium hydroxide were added from a burette 
into the reaction mixture.  
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After each addition of the aliquot the corresponding 
stable pH reading was recorded. The same procedure 
was repeated for each of the remaining amino acids 
(Angelici, 1977). 
 
Determination of Stability Constants of 
Manganese (II) Amino Acids Complexes 
Into a 400cm3 beaker 100 cm3 of 0.04M, KNO3 10cm3 
of 0.02M HNO3, 90 cm3 of distilled water and 1 
millimole (0.001 mole) of manganese (II) chloride 
tetrahydrate were added respectively. 0.5 cm3 of 0.1M 
sodium glycinate was added and after each addition 
with stirring the corresponding pH reading was 
recorded. The addition of the sodium glycinate 
solution was continued until the full 10 cm3 was 
added. The sodium glycinate was prepared by exactly 
neutralizing a weighed solid glycine with a calculated 
amount of standardized 0.1mol dm-3 NaOH and 
diluting the solution with distilled water to a total 
volume of 20 cm3 out of which 10ml was put into a 
cleaned and rinsed burette. The same procedure was 
repeated for each of the remaining amino acids 
(Angelici, 1977). 
 
RESULTS AND DISCUSSION 
The dissociation constants, pKa, of the amino acids 
have been determined. The observed values are in 
agreement with the literature values indicated in Table 
1. Histidine has the least dissociation constant (7.01) 

while proline has the highest value (10.54). The 
histidine dissociates better, yielding more hydrogen 
ions compared to proline with limited liberated 
hydrogen ions. The stepwise and the overall stability 
constants for each manganese (II) amino acid 
complex compound have been determined 
potentiometrically. The mean number of amino acid 
anions per manganese (II) determined is 3 for all the 
complexes in this work. The stepwise stability 
constants of each manganese (II) amino acid complex 
compound determined are high and are observed to 
decrease in the order 321 KKK >> , which is in 

agreement with literature (Angelici, 1977; Cotton and 
Wilinson, 1980; Satya et al., 2006). However, Sovago 
et al (1993) and Berthon (1995), reported K1 and K2 
values for manganese (II) complex compounds with 
alanine, valine, threonine, asparagine and methionine, 
respectively, which are found to vary slightly. This 
slight variation in the values of stepwise stability 
constants could be attributed to the use of ion-
exchange and electrophoretic techniques by those 
workers instead of the more reliable potentiometry 
used in this work. The overall stability constants of the 
manganese (II) amino acid complex compounds are 
quite high and are comparable with literature (Cotton 
and Wilkinson, 1980; Satya et al., 2006). For the 
overall stability constants obtained, the stability of the 
complex ions follows the order; 

 

( )[ ] ( )[ ] ( )[ ] ( )[ ] [ ]
( )[ ] ( )[ ] ( )[ ] ( )[ ] ( )[ ] ( )[ ]−−−−−

−−−−−

>>>>>>

>>>>

333333

33333 )(Pr

HisMnAsnMnMetMnPheMnThrMnValrMn

GlyMnAlaMnLysMnoMnThrMn
 

Thus from Table 2, the stability constant value of ( )[ ]−3ThrMn complex ion is the highest, implying the most 

stable while ( )[ ]−3HisMn  is the least stable, as it has the least overall stability constant value.  

 
CONCLUSION 
The dissociation constants, pKa, of amino acids have 
been determined. The values obtained are in 
agreement with literature. The stepwise and overall 
stability constants of manganese (II) amino acid 

complex compounds have been determined. The 
stability constants values determined are very high, 
which revealed that the complex compounds studied 
are stable.  

 
Table 1: Dissociation constants (pKa) of  amino acids 
Amino acid Dissociation constant (pKa) Literature value Reference 
 Glycine 9.87 9.60 Sovago et al, 1993 
Arginine 12.02 12.48 Robert and Melvin, 1982-83 
Asparagine 9.39 9.30 Berthon, 1995 
Histidine 7.01 7.59 David and Michael, 2000 
Lysine 10.28 10.51 Robert and Melvin, 1982-83 
Methionine 9.68 9.69 Berthon, 1995 
Phenyalanine 9.61 9.24 David and Michael, 2000  
Threonine 10.31 10.43 David and Michael, 2000 
Tryptophan 9.77 9.40 David and Michael, 2000 
Valine 9.99 9.72 David and Michael, 2000 
Alanine 10.29 9.90 Robert and Melvin 1982-83 
Proline 10.54 10.60 David and Michael, 2000 
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Table 2: Stepwise and Overall Stability Constants of Manganese(II) Amino Acid Complexes 
 

Complexes      LogK1      LogK2   LogK3 Logß 
 

[Mn(Gly)3]   9.14   9.12   8.99 27.25 
[Mn(Ala)3 ] -  9.49                 9.47   9.32 28.28 
[Mn(Arg))3] -  10.72               10.58     10.20 31.50 
[Mn(Asn)3] -   8.57                8.56    8.32 25.45 
[Mn(His)3] -   7.11   7.12   7.04 21.27 
[Mn(Lys)3]-        9.66               9.64              9.60 28.90 
[Mn(Met)3]-        8.9                8.93             8.77            26.65 
[Mn(Phe)3] - 9.01 8.99   8.88 26.88 
[Mn(Pro)3] - 9.73                9.72   9.62 29.07 
[Mn(Thr)3]-   10.00    9.77   9.68 29.45 
[Mn(Try)3] - 9.07 9.05          8.85 26.97 
[Mn(Val)3 ] - 9.08 9.06          8.90  27.04 
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