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Chelating tendencies of several biologically important compounds viz. 
glyeoeyamine (GCN: N amidino-aminoethanoie acid) taurine (TRN: 2- 
aminoethanesulphonic acid) and pyridoxal [PDL; 3-hydroxy-5-(hydroxymethyl)- 
-2-methyl-1)yridine-4 carbaldehyde] have been examined by pH-metric ti- 
tration technique in their binary complex formation with copper(II) and 
uranyl(V1) ions. The work has further been extended to investigating the 
ternary complex formation involving 2,2'-bipyridine, 1,10-phenanthroline or 
nitrilotriacetic acid as a primary and TR~Y and PDL as secondary ligands. All 
the experiments were carried out at 25~ and at an ionic strength of 0.1M 
(NaCI04) in aqueous or 50 ~o (v/v) aqueous-ethanol medium according to the 
suitability of the experimental conditions, Stabilities of ternary complexes as 
compared to those of the corresponding binary complexes of the secondary 
ligands have also been discussed. 

Bindre Kupfer(II) ~ d  Uranyl(VI)-Komplexe roy Glycocyamin, Taurin wr~d 
Py~'idoxal: Erweiter~ng zu ter~firen Sy.~.temen mit 2,2'-Bipy~idin, J,JO-Phenan- 

throlin wnd Nit~'ilotrie~'sig,viiu,re 

Das Komptexierungsverm6gen einiger biologisch wichtiger Verbindungen 
[Glyeocyamin (GCN: N-Amidino-aminoethanss Taurin (TRN; 2-Amino- 
ethansulfons~ure und Pyridoxal (PDL; 3-Hydroxy-5-(hydroxymethyl)-2- 
methyl-pyridin-4-earbaldehyd)] gegeniiber Kupfer(II)- undUranyl(VI)-Ionen 
wurde untersucht. F/ir TRN und PDL wurde das System auf ternfire 
Komplexe erweitert (2,2'-Bipyridin, 1,10-Phenanthrolin und Nitrilotriessig- 
sfiure als PrimSMigand). Die Messungen wurden bei 25 ~ und be] ]onenst/ir- 
ken yon 0,1M(NaCIQ) in Wasser oder 5 0 ~  Wasser--Ethanol dnrehgeftihrt. 
Die Stabilit/it der ternKren Komplexe im Vergleich zu den entsprechenden 
binfiren wird diskutiert. 
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Introduction 

The importance of' transition metal ions in tile biological systems 
.and the phenomenon of chelation is well recognized1, 2. However,  
an accurate elucidation of the chelation process, is apparent ly  
complicated in metabolic reactions where a var ie ty  of equilibria 
involving a number  of metal  ions and donor molecules coexist. Yet  
studies on complexation reactions between biologically impor tan t  
metal ions and donor molecules in vitro is desirable, as one of the steps 
to all understanding of the subject, and work in this direction is already 
in progress :~,4. The advantages  of investigations involving two or more 
different ligands are also evident, as eomplexation equilibria in such 
systems would be much closer to those existing in metabolic reactions. 

Results of" studies on the chelating tendencies of copper(II)  and 
uranyl(VI) ions with glycocyamine (N-amidino-aminoethanoic acid; 
GCN), taurine (2-aminoethanesulphonic acid; T R N )  and pyridoxal [3- 
hydroxy-5-(hydroxymethyl)-2-methyl-pyridine-4 carbaldehyde ; PDL] 
are being reported here. The work has further been extended to 
examining the ternary  complexing systems involving 2,2'-bipyridine 
(BIP  Y), 1,10-phenanthroline (PHEN)  and nitrilotriacetic acid (NTA)  
as pr imary  (A) and T R N  and P D L  as secondary (L) ligands where a few 
eopper(II)  complexes could be studied. I t  may  be mentioned tha t  
various ]igands viz. GCN, T R N ,  PDL,  B I P  Y, P H E N ,  and N T A  are all 
of biological importance a-11. 

Format ion  constants corresponding to various complexation equi- 
libria in the binal'y M - - L  systems have been investigated by the I~'ving 
and Ro~'sotti pH-t i t ra t ion  technique 12, while those occurring in the 
ternary complexing systems by  the same technique as modified by 
Chida~)~haram and Bhattacharya la. All the experiments  were carried out 
at 25~ and at  an ionic strength of 0.1M maintained by sodium 
perchlorate in aqueous or 50 ~o (v/v) aqueous-ethanol medium according 
to the suitabil i ty of the experimental  conditions. 

Experimental 

Solv, tion~s and Mate~'ial8 

All the solutions were prepared in doubly distilled C02- free water and the 
reagents used were of analytical grade. 

Stock solutions of cupric perchtorate (0.1M in 0.2M perchloric acid), uranyl 
perehlorate (0.1M in 0.2M perchloric acid) and sodium perchlorate (1.0M) were 
prepared and standardized. Perehloric acid (0.2M) and sodimn hydroxide 
(OHM) were prepared and used after standardization. Stock solutions (0.01M) 
of the chelating ligands viz. GUN, TRN, PDL, BIP Y, PHEN, and NTA were 
prepared by direct weighing and dissolving them separately in water. 

BCPW sample of absolute alcohol was used whenever necessary, after 
distilling it. 
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Proce&~?'e 

All the measurements were carried out at 25 %) using a Leeds and Northrup 
pHq~qeter with a glass-calorael electrode assembly : 

For pH metric t i tration of binary and ternary eomplexing systems 
(involving BIP  Y as a primary ligand) the following mixtures were prepared: 
(d) 5.0ml perchloric acid (0 .02M)+5 .0ml  sodium perchlorate (1.0M) 
+40 .0ml  water, (B) 5.0ml perchloric acid (0 .02M)+5 .0ml  sodium per- 
chlorate (1 .0M)+ 5.0ml ligand (0.01M of GCJV, T I f u  or P D L ) +  35.0ml 
water, (C) 4.0ml perchloric acid (0.02M) + 1.0ml metal perehlorate (0.01M in 
0.023/ perchloric a c id )+  5.0m] sodium perchlorate (1.0M) + 5.0ml ligand 
(0.01M of GCN. T R N  or P D L ) +  35.0ml water, (O) 5.0ml perchloric acid 
(0.02M) + 5.0 ml sodium perehlorate (1.0M) + 5.0 ml B1P Y (0.01M) + 35.0 m] 
water. (E) 5.0 ml metal perchlorate (0.01M in 0.02M perchloric acid) + 5.0 ml 
sodium perchlorate (1.0M) + 5.0ml B I P Y  (0.01M) + 35.0ml water: (F) 5.0ml 
metal perchlorate (0.01?J in O.02M perchloric a c id )+  5.0ml sodium per- 
chlorate (I.0M) + 5.0ml B I P Y  (0.01M) + 5.0ml secondary ligand (0.01M of 
T R N  or P D L ) +  30.0ml water; total  volume in each case 50.0ml. These 
mixtures were individually t i t ra ted against s tandard alkali, whereby six 
t i trat ion curves viz. A, B, C, D, E. and F were obtained in each case (Figs. 
omitted). 

In M-PHE2V-L systems investigations in 50~o aqueous-ethanol (v/v) 
medium became imperative as M - P H E N  complexes could not be examined in 
aqueous medium due to occurrence of opacity, turbidity,  precipitation etc. 
Titration mixtures were thus prepared similarly as above but the volume in each 
case was raised to 50.0 ml by suitable addition of water and/or alcohol in such a 
way that  50 ~o aqueous-ethanol (v/v) medium was maintained in each case. 

With  N T A  as a pr imary ligand, the studies were again carried out in 
aqueous medium and mixtures were prepared similarly. N T A  is not a neutrM 
Iigand like B I P  Y or P H E N  and contains dissoeiable protons for which an 
allowance was made in the calculations. 

Also, as PDL salnple was available only in tbrm of its hydrochloride, an 
allowance was given in calculations for the excess acidity in all the systems 
investigated. 

I?aleulations 

B i n a r y  M - L  Complexing Sys tems 

F r o m  the  t i t r a t i o n  curves  t be  ave rage  n u m b e r  of  p ro tons  b o u n d  per  
free l igand  ion (~A), ave rage  n u m b e r  of l igands  a t t a c h e d  per  m e t a l  ion 
(~) a n d  free l igand  e x p o n e n t  (pL) were ca lcu la ted ,  w h e r e b y  the  
f o r m a t i o n  curves  co r r e spond ing  to  p r o t o n q i g a n d  (Fig. 1) and  meta l -  
l igand (Fig. 2) sy s t ems  were ob ta ined .  A p p r o x i m a t e  va lues  of the  
f o r m a t i o n  cons t an t s  were  evMuat.ed b y  i n t e r p o l a t i o n  a t  ha l f  7'~ A, ~-value  
m e t h o d  and  more  precise  va lues  ~were d e t e r m i n e d  by  the  ave rage  va lue  
me thod .  

Ternary  M - A - L  Complexinq System~ 

The  co r r e spond ing  curve  d e p a r t s  f rom the  s e c o n d a r y  l igand  
t i t r a t i o n  curve  on ly  a f te r  the  comple t e  fo rma t ion  of  1 1 ( M : A )  species 
and  before  the  h y d r o x o  complex  fo rma t ion  of ( M . B I P Y )  2+ or 
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Fig.  1. F o r m a t i o n  c u r v e s :  P r o t o n a t i o n  S y s t e m s  of  G C N ,  T R N ,  a n d  P D L  
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Fig.  2. F o r m a t i o n  c u r v e s :  [M-L]  
e - |  U O 2 ( V I ) - - G C N ,  -| - o -  C u ( I I ) - - G C N ,  - o  - o -  Cu ( I I )  T R N ,  ~ -  o -  

U O s ( V I ) - - T R X ,  -| - |  C u ( I I ) ~ - P D L ,  | - | U O s ( V I ) - - P D L  
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( M ' P H E N )  ~+ species; ( M ' N T A ) -  species not undergoing any hy- 
droxo complex formation even at  higher pH values. Thus, the average 
number of secondary ligand molecules at tached per ( M ' B I P Y )  ~+, 
( M . P H E N ) ~ *  or ( M N T A ) - i o n s ,  ~mi~," were calculated in analogy 
t o  14 

From the values obtained for nmix~ the free ligand exponents pLmix 
were calculated 14. 
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0.2 ~ 

0.0 
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PLmix 

Fig. 3. Formation curves: [M-A-L] 
- ~ - ~ -  Cu(II) PHEzV TRS', -e-@- Cu(II) PHEN PDL, 

-| e-  Cu(I I ) - -BIPY PDL, - o - o -  Cu(II)--NTA TRN 

The parameters nmix and p L m i  x w e r e  t reated similarly as in the 
binary systems in order to get the formation curves (Fig. 3) and the 
values of the formation constants. 

Results and Discussion 

Proton Ligand Systems of GCN, T R N  and P D L  

Amongst the ligands chosen in the present investigation GC5 ~ is an 
amino acid, and T R N  also behaves like an amino acid 

/ NH2 CH 2 - -  CH 2 ~ SO3H 
NH = C \  and I 

NH'CH2"COOH NH2 

(GCN) ( TRN ) 

possessing the following zwitterionie structures: 

NH2 CH 2 - c H  2 _  SO 5- 
NH = C ~ N H z .  CH2. CO0 and +INH 3 

(+GC N-) ( + T R N - )  



958 R.K.  Mittal et al. : 

In the initial stage of t i tration the following species will be formed by 
protonation : 

/ N H 2  CH2~ CH 2-S03H 
N H ~ C .  + and +INH 3 NH2,CH 2- COOH 

(+GCN) (+TRN) 

Though in the case of GCN the value of protonation constants 
corresponding to the cationic imino group, ~H.), and the carboxylic 
acid group, COOH, could be obtained, T R N  provided only one value 
of protonation constant under the experimental conditions (Table 1). 

In case of P D L  the basic nitrogen of the pyridine ring is protonated 
during the initial stage of the titration. Values of protonation 
constants, corresponding to the cationic ter t iary nitrogen and the 
phenolic group are recorded in Table 1. 

c #  ~ 
\H c//O"'H HO - - ~ C  H20H 

H 0 -~- CH~_OH H sC --%.i~/) 
H3 C .-.~, N/~,.J / 

(PDL) (*PDL) 

Binary Metal Co'mlolexes of GCN, T R N  and P D L  

In M - P D L  systems the initially colourless reaction mixture 
gradually acquired a greenish tinge and subsequently changed to dark 
green during the addition of alkali. However, the exact pH of colour 
changes could not be detected under experimental conditions. In cases 
of M-GCN and M - T R N  systems no eolour changes were observed. I t  
was noted that  UQ(VI )  forms complexes with GCN, T R N  and P D L  in 
two steps. With Cu(II) both the steps could be studied only with GCN, 
while with T R N  and P D L  the second step formation constant K2 could 
not be studied due to occurrence of opacity, turbidity,  precipitation etc. 
Values of step formation constants corresponding to various equilibria 
are recorded in Table 1. 

The absence of protonated and polynuclear species was confirmed 
by using several concentrations of the reactants ; the results obtained 
were identical. ]n a majority of M - L  systems, precipitation occurred 
soon after the M : L (1 : 1) stage of complexation was complete, and no 
studies beyond this stage were possible. Hence, ML2 and the hydroxo 
species likely to be *brined after this stage could not be considered. 
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T e r n a r y  M e t a l  C o m p l e x e s  q f  T R N  a n d  P D L  

A m o n g s t  va r ious  t e r n a r y  eomplex ing  sys t ems  u n d e r t a k e n  in t he  
p re sen t  i nves t i ga t i on  on ly  a few e o p p e r ( l l )  complexes  could be s tudied .  
Others  could  no t  be pu r sued  a n y  fu r the r  e i ther  due to  occurrence  of 

Table 1. Stabil i ty  coms-ta'nt~ of binary and ter~m~'y chelates 

R, eactions 
log (Equil. Const.) 

Method ,a Met.hod b 

L = GCN 
L - + H + = L H  
L H  + H~ ~ L H f  
C u ~ : + L  ~-CuL* 
CuL + L  ~ C u L  2 
UO~ + + L  ~ U O 2 L  + 
UQL ~ +L-~UO~L2 

L = T R N  
L- + H ~ = L H  
Cu ~'~ + L = C u L  + 
�9 . 24-  l~Oj + L -  ~UO~L~ 
COeL~ + L -=- UQL.2 
(Cu " P H E N )  ~+ + L -  = ( C u ' P H E N L )  ~ 
(Cu 'NTA)  + L -  ~ - ( C u N T A L )  2- 

L = P D L  
L- + H+~LH 
LH + H + ~ LH~ 
Cu 2+ + L ~-CuL + 

l_;()~ + +L ~- UO~L+ 
UO~L ~ + L- ~- UOzL~ 
(Cu'BIPY)~+ + L ~ ( C u ' B I P Y  L) § 
(Cu ' P H E N )  ~ + L -  ~- ( C u ' P H E N  L)+ 

a Interpolation o,t half ~ value method. 
b Average value method. 
~' In 5(/~ aqueous-ethanol. 

10.75 10.85 
2.59 

7.20 7.22 
6.65 6.53 
9 . 4 5  9 . 5 0  

8.75 8.68 

8,90 8.82 (8.88) (~ 
- -  4.67 (5.90) ~ 
7.50 7.68 
6.70 6.92 

5.24 e 
- -  3.08 

8.60 8.44(852) e 
3.95 3.93 (4.14) ~ 
5.00 4.93 (5.22) e 
7.10 7.14 
6.25 6.20 
5.05 4.90 
5.55 5.60 c 

opaeit .y,  t u r b i d i t y ,  p r e c i p i t a t i o n  ere , or  the  cond i t ions  r equ i r ed  for  the  
t echn ique  to  be applica.ble could  n o t  be fulfilled. 

In  the  eomplex ing  sys t ems  which  could be s tud ied ,  i t  is i n t e r e s t i ng  
to  no te  t h a t  in case of B I P  Y as a p r i m a r y  l igand  t h e  va lues  of log 
K c~''Bn')" I K c U B I P Y  = s t o i e h i o m e t r i e  mixed  l igand  f o r m a t i o n  

( ! u ' B I P Y ' L  \ C u ' B I P Y ' L  

cons tan t )  are  not  much lower t h a n  the  co r re spond ing  log K1 (K1 = first. 
s t ep  f b r m a t i o n  c o n s t a n t  of  the  s e c o n d a r y  l igand  b i n a r y  complexes)  
(Table  I). Howeve r ,  f rom st, a t i sde~ l  cons idera t ions ,  the  va lue  of  log 

62 M o n a t s h e f t e  ff i r  C h e m i e ,  VoL 109 /4  
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K cu~3H'r should be appreciably lower than log K1 as the con- Cu �9 BIP Y. L 
centration of electrons around the metal ion in (Cu �9 B I P  Y)~-§ would be 
more than in [Cu .(H20)~] 2+ owing to the bipyridine molecule being 
more strongly coordinating than water. The reason for the 
(Cu" B I P  Y)~+ species is, that  the M - N  bond is influenced not only by 
L ~ M ~-interaction, but there also occurs to some extent M ~ L 
(d=~p=) - in te rac t ion  which does not permit the concentration of 
electrons on the metal ion to increase significantly. 

Mixed ligand complexes involving 1,10-phenanthroline as a primary 
ligand (Table 1) exhibit similar behaviour as those in the ternary 
complexing systems of bipyridine, perhaps due to the structural 
similarities of P H E N  with B I P  Y.  

I t  can be seen from Table 1 that  the mixed ligand tbrmation 
�9 C~.~,'TA corresponding to the association of the constant log KCu.NTA .L 

secondary ligand (L) with (Cu " N T A )  ions is much less than logK1. 
This may be expected on the basis that  there occurs a Coulomb 

repulsion between the secondary ligand anions and the N T A  anions, 
during the mixed ligand complex formation tending to lower the 
stability of the mixed ligand chelates, whereas no such repulsion is 
encountered during the process of formation of M : L  (1 :l) species. 
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