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COMPLE~(,ilTION REACTIOX OF 1lETAL IOXS WITH PEPTIDE 
SYSTEMS. PART III. STABILITY CONSTANTS _4YD THER\IOD1-N:\~IIC 
FUNCTIONS OF COPPER( II). NICKEL(H) AND COB:\LT( II) 
COMPLESES WITH .t--BEi\iZO~-L-r,-PI-fE~~-L~~L~~~INE 

IXTRODUCTIOS 

:V-Prot.wtccl amino acids and peptides have hecn 
herbicides, analgesics. it~flammatiot~ inhi\)itors and 
data on stabi1it.y constants and thern~oclytixnic 

used as food sL1pplCI7lellt. 

atitipyretics [ 1 ). _-I lot of 
parameters of ttxnsition 

metal ions lvith amino acids is available in the literature [ 2.31. ‘I’hc present 
study reveals t.he formation of some metal compleses of I>ivalent ions like 
Cu(I1). Xi(TI) :~ntl Co( II) \vith lig;ancl _~~-t~enzo~l-L-l~henylalal~~~~i~~~~ in SO’? v/v 

cliosane-uxtcr mccliutn at 35.0. 35.0 and -15.0” C and at 0.1 11 ionic: strength 
( TiNOj). The parameters have ken calcwlatcd t>>- the Cal~~iIl--~T~_irt?-Ltnl titra- 
tion technique [4,5] as modified by Irvin g and R.ossotti [ 61. The thcrmo- 
dynamic parameters have also been evaluated. 

_~r-Fcti~o~l-L-l~l~en~lalnninc was prepared hy the method clcscrilwcl in the 
literakire [ 7 1. Diosane was purified by reflusing on sodium wire for.24 h 
ancl was freshly distilled over soclium before use. The ligand solu:ion \vas 
prepared in 50 7 v,/v cliosane-water medium. _-\I1 rhc> nicatal ion solutions 
were prepared from B.D.H. analnr samples of corrt~sponcling nitrates in 
cloul>ly-dist.illecl CO,-free water and were st.aticlarclizc~d I>y cotivcntional 
volumetric methods. The metal-to-ligancl rat.io was kept at 1 : .5. 

The pH measurements were carried out in 50“; v!v cliosane-water 
medium using Toshniwal pH met.er CL 46, having a sensitivity of i 0.01 units 
at. const,ant temperat.ures (25.0 k O.l”C. 35.0 t O.l’C and 45.0 -? O.Ol’C) 
and ionic strength 0.1 31 (KNO;). 

Three solutions containing (a) acid (2.5 ml of 1.0 ‘r: 10-t 11 I-ISO,): (t,) 

ligand (“a” + 5 ml 2.5 X lo-’ hl ligand); and (c) comples (mixture ‘-1,” + 2.5 
ml of 1.0 X lo-’ h1 mct,al solution) were taken, and tot.4 volume raised to 50 
nil. The three solutions (a). (1,) and (c) were t.it.rattlcl separately against stantl- 
arc1 0.05 11 KOH prepared in 50% v/v cliosane-water medium. The resulting 
t.hree curves from the plots of p1-1 vs. volume of alkali added were referrecl to 



392 

as (i) acid, (ii) ligand, and (iii) complex 
shapes of the curves were as usual. 

RESULTS AND DISCUSSION 

titration curves, respectively. The 

The respective metal ions in the presence of the ligand were titrated 
against alkali. From the shift in the pH titration curves, values of En, E and 
PL were calculated by the Iwing and Rossotti [S] method. The position of 
the ligand curve does not shift to the left of the acid titration curve, in con- 
trast to the observation in deprotected amino acid titrations. This indicates 
that the benzoyl group which protected the amino group partially removed 
the possibility of zwitterion formation in N-benzoyl-L-phenylalanine. Thus 
only one protonction constant (log P,,H) was obtained by various computa- 
tional methods [ 531, which is due to the carboxylic group present in this 
ligand. 

The metal-ligand stability constants have been obtained by analysis of 
formation curves obtained by plotting E vs. P,. These plots indicate that the 
value of ii obtained is less than 1 for all the metal ions under study, indicat- 
ing the formation of only 1 : 1 complexes. The absence of 1 : 2 chelates may 
be due to the steric hindrance offered by the coordinated ligand in the 1 : 1 
complex to the incoming second ligand molecules. The Bjerrum half integral 
method [ 51, interpolation at various H values’, and graphical method [S] 
were used to calculate the log K, values. The mean values of protonation 
constants and stability constants are summarized in Table 1:The order of 
stability is Cu(I1) > Co(D) > Ni(I1). This order differs from the common 
order of Irking and Williams [ 91. The reversal of the order in the case of 
Co(I1) and X(11) may be attributed to the additional stabilization due to 
Jahn-Teller distortion present in the case of Co(I1) similar to Cu( II), and to 
favourable entropy effect, while partial oxidation of the Co(I1) complexes is 

_ not absolutely ruled out. Data showed a decrease in the values of protona- 
tion constants and stability constants with increase of temperature. The cal- 
culated error in stability constants is +O.Ol log K,. 

TABLE 1 

Values of protonation conittants. stability constants and thermodynamic 
three temperatures :1nt1 D = 0 ( 1 11) 

functions at 

m-!till Constant Temp. (“C) -AGo (kcal mole-‘) ti a?+ fcnl 
ion (kcal mole-’ . 

‘2 5 :35 -15 2’.5OC 35Oc 15Oc ;n;;;L) deaI’o) 
nt 3n c 

14+ log I&II * 5.15 .i.O3 -1.H3 
Cu(II) lop K, 3.1 1 2.9s 2.89 4.2-l 4.20 4.20 -4-i-l -1.i5 
Ni( II) IOR K, “.HO 3.ii 3.70 3.H3 3.90 3.93 --c) _._ 00 +5.52 
Co(H) log Kl 2.90 2.86 2.7’; 3.95 4.03 -1.03 -2.83 +3.s3 

* tirboxylic fu:lctional group. 
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Table 1 also shows the values of changes in free energy (AG”), enthalpy 
(A#‘), and entropy (AP) which have been determined using tempera- 
ture coefficients and the Gibbs-Helmholtz equation [lo]. The precision of 
AGo, AW and fl values are 20.08 kcal mole-‘, 20.1 kcal mole-’ and to.3 
cal deg-’ mole-‘, respectively. AG” values for Ni(I1) and Co(H) are more 
negative with increase of temperature, showing that comples formation is a 
spontaneous process; whereas for Cu(I1) no such regular trend is observed. 
The enthalpy change (AH’) being negative in all cases is favourable for the 
formation of these compleses; the enthalpy change (AS”) being positive in 
the case of Ni(II) and Co(H) complexes is favourable, but for Cu(II) com- 
plexes, AS0 being negative does not favour the formation of this comples. 

ACKNOWLEDGEMEXT 

Thanks are dlle to the Council of Scientific and Industrial Research! New 
Delhi, India, for the award of a Fellowship to one of the authors (R-K.). 

REFERENCES 

1 
2 

3 

-I 
s 

6 
i 
8 
9 

10 

H. Komowski. R. Oberlin, A. Jondct and B. Roques. Ger. OfTen., 2, 6Oi, 62i IlSiti). 
L.G. Sillan and A.E. Martell, Stability Constants of Metal Ion Complexes, The Chemi- 
cal Society, London, Special Publication No. 17, 1964. 
L.G. Sillen and A.E. Martell, Stability Constants of Metal Ion Complexes, The Chemi- 
CRI Society, London, Special Publication No. 36, 197 1. 
M. Calvin and K.W. Wilson, J. Am. Chem. Sot., 67 (1945) 3003. 
J. Bjerrum. Metal-Amine Formation in Aqueous Solution, P. Haste and Son. Copcn- 
hagen, 1941. 
H. Irving and H.S. Rossotti, J. Chem. Sot.. (I 954) 2904. 
R-E. Steiger. J. Org. Chem., 9 (1944) 396. 
H. Irving and H.S. Rossotti. J. Chem. Sot., (1953) 3395. 
H. Irving and R.J.P. Williams, Nature (London), 162 (1948) i16. 
K.B. Yatsimirskii and V.P. Vasil’s Ev, Instability Constants of Complex Compounds, 
Van Nostrand, New York, 1960, p. 63. 


