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Till' formation con\tant .. (log KZ::.) of mixed ligand complcxe., of the type (MALl (where M =('on, Nin, (' 11 11 

or Zn 11 ; A = 2,2' -bipyridine; L = a-alanine (a-ala), valine (val), leucine (leu), i .. o-leucine (i"J·leu) or nor­

valim• (nor-val) have been determined by SCOGS computer programme at 25, 35 and 45" and at 1 = 0.2 mol 
dm·3 (KN03). 

The thermodynamic parameter.. (A H and 11.\) of binary ML and ternary MAL complt•xe' havt• het•n 

found to be favourable. The stability quantifyi~ parameter A log K become., t"ually le"' negatiVl' at higlu·r 

tl•mperature., and the actual value., of log KMAL incrca<;c with temperature. The ternary t·omJJiexe\ arr 

extra\tahili.,ed in \olution. The cxtra~tabili~ation incrca'c' (i) in the order val< nor-val < leu :... i\o-leu, which 

i' \ignincantly the 'equencc of incrca1oing length of non-coordinating hydrocarbon \ide-chain of llu· amino 

acid' and (ii) al,o, in general, wilh temperature. Its extent depend~ on the nature of the metal ion and the 

geometry of the complex. 

Mixed ligand complexes of the type M(ll).bipy/phen. 
dmino c~cid, where M(rl) =bivalent metal ions, bipy = 
2,2'-bipyridinc. phen = 1, 10-phcnanthroline, have been 
considered as simple models for ternary systems like 
(metal ion.cn/yme.ATP/inhibitor) c~nd hence they arc 
biochemically important l.:!. Such ternary complexes 
t.ontc~ining ctmino acids with sufficiently long non-co­
ordinating side-chains may be extrastabili~ed in solu­
tion due to intramolecular inter-ligand interaction 2- 5 

or enhanced hydrophobicity in the vicinity of metal 
ion6. Simultaneous structural modifications occurring 
due to folding ot amino acid molecules arc also bio­
chemically important2. 

The present work was unde1taken with a view to 
determine thermodynamic parameters iJH and iJS and 
to investigate the i nt1uencc of temperature on the sta­
bility quantifying parameter jj log K and the extra­
stabilisation parameter jjjj log K for the mixed ligand 
complexes of the type [M(ll).bipy.L], where M(ll) = 
Con, Nin, cun or Zn 11 and L =a-alanine (a-ala), va­
line (v<tl), leucine (leu), iso-leucine (iso-leu) or nor­
valine (nor-val). 

Rc1-1ults and l}iscussion 

The SCOGS refined values of formation constants 
JICS-1 

for binary (log K~L) and ternary (log K~~) wm­
plcxes are recorded in Table I. The log K :vtL values 
follow the expected sequence of ligand b,t~icity, in 

general with respect to the amino a~.:id-. ,md the lrv­

i ng-Williams order with respect to the metal ton-.. 8! 1th 

log K~L as well a1. log K~~L value~ incrcc~-.c. in gen­
eral, with the rise in temperature indicc1ting the en­

dothermic nature of the complexation reaction~. M + 
L ~ ML and MA + L ~ MAL (chc~rge1. omitted). 

The temperature range cho-.en tor the present -.tudy 

lies in the vicinity of body temperature (17.5"). Our 

results are suggestive of the fact that the hiosy-.tcm~ 

like (metal ion.enzyme.inhihitor) may he ~tclbili-.cd to 

a greater extent at a higher temperature in this r,mgc. 

Evaluation ofthennodynamic parameters nt MAL 

complexes may be done keeping in view that in thc-.c 

heterosystems two different sets of metal-ligand bond-. 

M-A and M-L arc involved and one would -.ut.cccd in 

knowing the resultant effect only. The value-. nt en­

thalpy (iJH) and entropy (iJS) factor-. tor ML c~nd MAL 

complexes arc recorded in Table:!. The vc~lidity ot the 

temperature coefficient method used in the prc-:cnt 

work has been ascertained by mean~ ot line,n plot-. 
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TABII- 1-FORM,\TION CONSTANT VALUES FOR [M(UJ.AMINO 
M MA 

Al"ID) (LOG KMI) AND [M(UJ.81PY.AMINO AC'ID] (LOG KMALJ 

COMPI.EXE.<; AT OU'FERENT TEMPERA1Uil.ES 

I= 0.2 mol dm 3 (KN0 1) 

Patametcr 

a-c\IH 

lu~ KM 
- MI 

l<l" Ki'vl'\ 
" MAl 

M 
log KML 

J\.L'\ 
log KMAL 

log KM 
- MI 

MA 
log KMAI 

val· 

log KM 
ML 

lll_l! KMA 
MAl 

log /\M 
!\11 

lng KMA 
J\.1'\L 

lo11 Kl\1 
- Ml 

l\1A 
log KMAI 

leu . 

lu!! KM 
- Ml 

log KI\1A 
MAL 

log KM 
Ml 

I K MA 
ug 111AI 

1 FM 
og n. 1\11 

log KMA 
- MAl 

t'o-lcu : 
M 

log K 1\ll 

Ju~ KMA 
- J\.L'\1 

log KM 
- Ml 

I\1A 
log KMAI 

log K~ 
I ,.M'\ 
llg "MAL 

lltH-Val : 

lug A:l\1 
T\iL 

log KI\IA 
MAl. 

log KM 
- Ml 

log KMA 
M.'\1 

log Kl\ 1 
- Ml 

I "MA 
og "MAL 

Temp. 

·c 

35 

45 

15 

45 

25 

35 

45 

25 

35 

45 

35 

45 

Coli 

4.69 

4.31 

4.71 

4.35 

4.82 

4.36 

4.24 

1.54 

4.74 

4.00 

4.82 

4.15 

5.11 

4.60 

5.28 

4.98 

5.21 

4.83 

4.51 

4.16 

4.o3 

4.28 

4.72 

4.3 I 

4.44 

4.11 

5.05 

4.75 

5.14 

4.74 

5.38 

5.00 

5.40 

4.95 

5.51 

5.05 

4.74 

1.24 

4.86 

1.50 

4.93 

3.81 

536 

4.81 

5.41 

5.01 

5.55 

5.12 

5.31 

4.70 

5.40 

4.79 

4.72 

4.12 

5.45 

5.15 

5.55 

5.25 

5.54 

5.25 

Cull 

8.10 

7.70 

8.15 

7.75 

8.22 

7.85 

7.50 

6.95 

7.50 

6.98 

7.30 

7.20 

7.22 

6.42 

7.32 

6.50 

7.41 

6.69 

7.90 

7.58 

7.86 

7.63 

7.98 

7.72 

8.10 

7.80 

8.05 

7.75 

8.17 

7.82 

Znll 

5.19 

4.85 

5.22 

4.95 

5.11 

5.05 

5.31 

5J)6 

5.54 

4.80 

5.69 

4.89 

5.09 

4.52 

5.17 

4.69 

5.23 

4.70 

5.20 

5.12 

5.11 

5.16 

5.45 

5.36 

4.50 

4.25 

4.59 

4.34 

5.22 

4.95 

TABU·. 2-THERMODYNAMH PAil.AMLTI.R~ LJH (kcalmo! 11 

AND LJS (calK 1 mol 1) ~OR BINARY (:VIL) AND VIL\LIJ 

LIOANJJ (MAL) COMI'I D.Es 

System 

[M(II). a-ala] 

Parameter Temp. Co 11 

·c 
Ni 11 Cu 11 Zn 11 

LJ H 25-35 -2.5 -<U\ -2.1 -I .1 

iJ S 0.8 (J.li ~.1 I l 

[YI(l!).hipy.a-alaj Ll H 25-35 -1.7 -2.1 -2.1 -4.2 

L1 s 14.4 29.4 21-.2 lJ.!l 

lM(ll).val] L1 H 25-35 -21.0 -5.0 -lUi -5.~ 

L1 S 51.1 -Ui 14.' 5.2 

[M(n).bipy.val] LJ H 25-35 -19.3 -10.9 -1.1 11.0 

L15 48.f. 21.K 27.'J !>.5 

[M( II ).leu J ..1 H 25-35 -7 .I -2.1 --+.:2 1 4 

[M(II ).bipy.leu I 

[M(II).i!>o-leu[ 

LIS 0.6 llUl I X.lJ 12.X 

.1H ::!5-15 -ln.O -ll.-1. -'.4 -7.1 

.:IS 1:2.1 h.2 llJ .I! ' ' '-
Ll H 25-35 -5.0 - •.s -1.7 -4.h 

LJ S 1.7 ll.h 41.X 8.1 

[M(n).bipy.iso-leu] LJ H 25-35 -2.1 -8JI -2.1 -1.7 

L15 2.1 8.8 27.7 17.8 

lM( l!).nor-val] L1H 25-35 -25.6 --4.2 -2.1 -4.2 

Ll 5 65.7 IO.X -i:-1.1 7.lJ 

[M(ll).bipy.nor-vall LJ H 25-35 -2n.9 --L2 -:.1 - "i.K 

L1 5 71 .5 5. I 42.X h l-> 

between log K vs r-1• where K is the formation ~:on­

stant of ML or MAL ~:omplex and T the temperature 

(K). Also the values of the correlation coefticient have 

been found to lie around 0.99 indi~:ating eHellcnt lin­

earity. The unce1tainty in log K value~ is very small 

(standard deviation, ± 0.0 I to 0.0~ J in view of their 

refinement hy SCOGS software, which further 

minimises uncertainties in the enthalpy factor. For both 

ML and MAL complexes the enthalpy and entropy 

factors arc found to he favourahle. The enth,dpy 

changes arc generally large in hi nary ~:omplexatit 111 than 

in the formation of the ternary complexes, hut the en­

tropy factors arc numerically higher and mnre 

favourable for the ternary ~:omplcxcs pcrhap~ because 

2,2'-hipyridine is a neutral ligand allll con~iderahlc 

desolvation occurs in the t:nmhination MA + L due to 

the charged nature of combining specie~. 

The numerical values of the stability quantifying 
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MA I KM . p.~rameter A log K (= log K MAL- og ML) are, m 
general, found to be somewhat greater at higher tem­

peratures due to nominal differences in the rate of 

ch,mge of log K ~L and log K ~L with temperature 
(plot!> of log K vs T not shown). Further analysis of 

the formation constant daLa has been done to examine 

the extrastabilisation of the mixed ligand complexes 

in solution and also to study the intluence of tempera­

ture on their extrastabilisation. The ba!>ic approach 

tollo~ed is the same as published earlier4·5 • In the 
present work, a-ala possesses a negligibly small side­

chdin (-CH 1) attached to its aminocMboxylate end 

which is invariably involved in complexation in each 

Ca!>e. The non-COl ruinating side-chains in the rest of 

the c1miqo acid:- are : val, (CH1):!CH-; leu. (CH1) 2-

CHCH::!-; nor-val, CH1CH2CH 2-; iso-leu, CH1CH 2-

CH(CH1)-. 

Increase in the length or bulk of non-coordinating 

side-chain is expected to lower the stability of the re­

..,ulting mixed ligand complex, but preliminary exami­

nation shows that the A log K values generally be­
come less negative in these cases indicating greater 

<.tabilisc1tion of the ternary complexes. The extent of 

this extrastabilisation may be assessed quantitatively 

in terms of a parameter L1..1Iog K defined as 

AA log K = A logK1 - A log K, (I) 

where A log K1 stands for the observed value of A log 
K with a 'large-sized' ligand (vi.1. val, leu, iso-leu, 
nor-val) and A log Ks for the experimental value of 
A log K with the 'small-si;red' ligand (here, a-ala) 

which may be used as a reference 2 for comparison. 

The l.alculated values of ALl log K arc presented in 
Table 3. Positive and significant values of M log K 
obtained in several cases indicate cxtrastabilisation. 

The non-coordinating hydroptobic ends cause fold­
ing of the amphiphile amino acid molecule, the extent 
ot which depends on the hydrophobicity 7 (a-ala, 
-500; v,tl, -1500, leu, -1800 cal mol- 1) of the side­

chain. The folded end of the amino acid may undergo 
intramolecular inter-ligand interaction with the bonded 
prim<rry ligand (bipy) due to it<> proximity with the 

lc1tter. The interaction becomes more probable and sig­

nificant if the side-chain is sufficiently Long and ca-

TABII 1-CALCULAII>D VAIUI.~ 01 EJo..IRA~IAIIIII\A.IION 

PARAI'v!FTI:R (LILIIOG K).EQIIIIIBRilJM CON\IANI IA 1J, 

P[RC INTAGL Of EXIRA~rAIIIll~l D IORJ\1 ("kot \!ALL, AI 

DIJFtRLNfTI.IIiPtRAIURJ\ lOR IM(II)HII'Y \1\IINO \!Ill[ 

M JXFD LIGANIJ COMI'l LXI~ 

Pm<unctcr Temp. 

·c 
[M( II ).b1py. val] : 

LILI lug K 25 

K, 

(%J MALes 

LILIIog K 35 

K, 
(%JMAL., 

LILilog K 45 

K, 
(%) MALee•) 

[M(II).bipy.leu] · 

LILI Lug K 25 

K, 
(%)MALes 

LILI log K 35 

K, 
(%)MAL., 

LILilog K 45 

K, 
(%)MAL"' 

[M( n).lnpy.i~o-leu I : 

LILI log K 25 

K, 

(%)MAL.,. 

LILI Log K 35 

K, 
(%)MAL.,. 

LILIIog K 45 

K, 

(%)MALes 

[M( 11 ).b1py.nor-val] : 

LILilog K 25 

K, 

(%)MALes 

LILI log K 

K, 
(%J MALes 

LILIIog K 

K, 
(%)MALe& 

35 

45 

Co" 

-0.32 

-038 

-0.21 

-0.11 

+0.Cl6 

0.14 

12.89 

+0.08 

o.:w 
16.81 

+0.01 

0.07 

6.6::?. 

+0.0 I 

0.02 

::?..:!4 

+0JJ6 

0.14 

12.89 

+0.05 

0.12 

10.87 

+0JJ6 

0.14 

12.90 

+0.06 

0.14 

1::!.90 

Ni 11 

-I. I::?. 

-0.91 

-0 66 

-0.17 

+fl.05 

0.12 

10.87 

+111)1 

0.07 

n.62 

-0.21 

-0.16 

-0 19 

+0.08 

0.20 

16.80 

+0 15 

OAI 

29.16 

+0.17 

o .. n 
12 l8 

Cu 11 

-0.15 

-0.12 

+11.04 

IJ.IJ7 

8.75 

-0.40 

-0.4::! 

_() 15 

+0.08 

-0 20 

lh 8() 

+0.17 

0.-17 

12.18 

+0 II 

0.28 

22.16 

+0.0~ 

Zn 11 

+!J 08 

11.202 

I h.XIJ 

-0.47 

-1154 

-o.:n 

-0.25 

-11 27 

+11.2h 

() 81 

45.111 

+0.12 

0.1 I 

2-1 11 

+0.17 

0-17 

12.18 

+0 Ill) 

0.::?.02 0.2' 

16.80 1!\.71 

+0. I 0 +0.02 

0.25 lUl-l 

20.0() -1.50 

+0.04 +I 1.0 I 

0 07 0.02 

8.75 2.24 

3::!1 
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pablc of extending itself beyond the axial region of 

metal ion. Details of mechanistic and structural as­

pects have been discussed earlier2•5•6 . 

In view of the tetrahedral network of water mol­

ecules all the molecules of the ternary complex may 

not he folded. The hydrophobic ends are believed8 to 

be housed in the polyhedral cavities in the network of 

water molecules. There may thus exist an equilibrium 

between the ·extrastahiliscd' (interacted) form MALes 

and the "open· or uninteracted form MAL0 P of the ter­

nary complex as shown below. 

MAL 0 P "¢ MALe., (2) 

The equilibrium constant, K1 of this equilibrium in­

volving two isomeric forms of the ternary complex is 

a dimensionless quantity given by the expression, 

K1 may he expressed in terms of LlLilog K as1.4 

KJ = I 10 A-1 logK - l I (4) 

The percentage of extrastahilised form , (%) MALe, 

may he expressed in terms of K1 as 

(5) 

The calculated values (only in those cases where 

LILllog K has been found to be significant and posi­

tive) of K1 and(%) MALe~ have been recorded in Table 

"·The data indicate that extrastabilisation ofthe mixed 

ligand complexes occurs in the general sequence, val 

<leu< iso-leu <nor-val . lt appears that the length of 

side-chain rather than its bulk (volume) is more im­

portant, because in comparable cases straight side­

ch.tin amino acids are associated with greater 

cxtrastabilisation than their branched chain isomers. 

Variations observed with the metal ions also indicate 

th.tt the geometry ami stereochemistry of the complexes 

also matter. The data further reveal that extrastabi­

lisation i~ generally more at higher temperature in the 
~22 

temperature range under study. 

Experimental 

Chemicals of standard purity (AnalaR; Merck. 

G.R.; Loba, A.R.; Sigma) were used. The ~olution<; 

were prepared in douhlc-distillcd water. The metal ion 

solutions were standardised by complexometril: titra­

tions9. The formation constants of the binary ,md ter­

nary complexes were determined initially hy poten­

tiometric pH-titrations using the lrving-Rn~..,otti <Ip­

proach10·11 at 25, 35 and 45o and at I= 0.2 mol dm-1 

(KN03). The final met<ll and ligand concentration was 

maintained at [Ml = IAI =ILl= 2.0 X I0-1 mol Jm-1. 

The titrations were performed on an Eli~.:o Ll-120 pH 

meter. A 2.0 mol dm-1 carhonatc-frcc NaOH 

solution was used for the titrations. Refined value~ ot 

formation constants considering protonated spc~:ic~ 

were evaluated by using the SC'OGS ~omputer 

programme 12- 14· 
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