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Summary 

The complex formation between copper and a number of polyelectrolytes 

derived from amino-acids was studied by viscosimetry. It was concluded that the 

complexes involving two side chains of the polymer form between two neigh- 

bouring side chains of the same polymeric chain. The effect of copper on the 

viscosity of the polymer solutions was thus accounted for mainly by changes in 

the net charge of the polymer and changes in the electrostatic interactions. 

Introduction 

In previous papers (1-5) was reported the potentiometric and spectroscopic 

study of the complexation of copper (11) with some polyelectrolytes derived from 

natural amino-acids. The polyelectrolytes under study were poly(N methacryloyl- 

L-alanine) (PNMA) (1,2), poly(N-methacryloyI-L-aspart ic acid) (PNMAS) (3), 

pol y(N-methacr yloyI-L-glutamic acid) (PNMG) (3), poly(N-methacryloyI-L- 

asparagine) (PNMAsn) (4) and poly(N-methacryloyI-L-lysine) (PNML) (5). 
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In all cases, complexes involving two side chains of the polymer were eviden- 

ced, especially at high pH. With PNMA, PNMG, PNMAS and PNMAsn, these 

complexes are formed by deprotonation of the amide nitrogens of two side 

* To whom offprint requests should be sent 



120 

chains (1-4). With PNML, the 2:1 complex is g lyc ine- l ike i.e. involves only the 

terminal  C~ amino and carboxyl groups (5). 

As spectroscopic methods do not give any informat ion on the conformat ion of 

the po lye lec t ro ly te -meta l  complexes, we have undertaken a viscosimetric study in 

order to distinguish between intra and intermolecular  complex format ion.  

Experimental  

Samples_ PNMA, PNMG, PNMAS, PNMAsn and PNML were synthesized 

according to methods described elsewhere (5,6). Copper perchlorate Cu(CIO4)2, 

6H20 (Fluka) was used as the metal ion source. Copper solutions were standar- 

dized by ion exchange on a I.R. 120 Amber l i te  resin, fo l lowed by an acid-base 

t i t ra t ion  of the resulting HCIO 4 solution. 

Solutions wi th molar rat io R ( [ l i gand ] / [meta l ] )  ranging from 1.7 to 15 were 

investigated. 

Viscosity measurements were carried out with a Fica "V iscomat ic "  apparatus 

equipped with an Ubbelhode type viscosimeter, at 25 + 0.01~ 

The concentrat ion of the ligand was 3-5 10 -3 moleJ -1. 

Results and discussion 

The complex format ion between a potyelectro ly te and the metal ion has many 

effects. Complex format ion decreases the net charge of the polymer. Thus, the 

e lect rostat ic  repulsions are reduced and the viscosity decreases. Intramolecular  

~sp/C 
(mlol 

Figure 1 loo 

Reduced viscosity of PNMA- 
Cu solutions as a funct ion 
of pH, in 0.1 M NaCIO 4. O0 

( �9 ) no copper ; ( [] ) 
R=5 ; ( I I  ) R=3.8 ; ( / x )  
R=2.8 ; ( & )  R=1.7 ; ( � 9  eo 
R=4 with Ca ++ . 
[PNMA] = 4.3 10 -~ mole.1-1 40 
( - - - )  : precip i tat ion 

A 

4 6 8 10 12 pH 



121 

complexat ion collapses the macromolecules and decreases the viscosity whereas 

intrarnolecular complexat ion increases the apparent molecular  weight and 

increases the viscosity. In most cases, the hydrodynamic behaviour is the result 

of all these contr ibut ions. In our case, the concentrat ion range used is lower 

than the cr i t ica l  concentrat ion c" beyond which the macromolecules can in ter -  

penetrate. Thus the in termolecular  complexat ion is not l ikely to occur (7) and 

complex format ion is expected to induced a decrease of the viscosity. 

Figure 1 shows the reduced viscosity of PNMA-Cu mixtures as a funct ion of pH 

at d i f fe rent  R values. In the absence of copper, the viscosimetric behaviour of 

PNMA is typical  of that of a po lye lect ro ly te despite the presence of a ionic 

background. Even at low pH, the reduced viscosity is rather high due to auto- 

ionization. It increases strongly from pH 3 to 7 when the carboxyl groups ionize. 

Beyond pH 7, the viscosity decreases sl ight ly when excess of t i t ran t  is added. 

For all R values, the addit ion of copper drast ical ly reduces the viscosity 

especial ly at high copper concentrat ion (low R values) and even at low pH. In 

some cases (ex: R=1.7 pH 5-7) the net charge is very low and the polymeric 

complex precipi tates. Such results were reported for other polyelectro ly tes as 

poly(acry l ic  acid) (8), poly(vinylamine) (9), par t ia l ly  quaternized poly(v inyl -  

pyr idine) (10) or poly(glutamic acid) (11). At  R=5 and 3.8, the viscosity 

increases during the ionization of the carboxyl groups, but less than wi thout  

copper because the format ion of a complex between copper and two carboxylate 

groups reduces the overall charge. (The net charge for two repeat units is zero 

instead of -2). The plateau at pH 5-8 can be explained by the format ion of the 

second complex involving one peptide nitrogen (net charge zero) (1,2). At  higher 
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pH a third complex is formed between one copper and two peptide nitrogens of 

two side chains, and the copper-carboxylate bonds are broken thus increasing the 

e lect rostat ic  interact ions and the viscosity. 

The fact that the reduced viscosity at high pH is nearly the same than in 

absence of copper suggests that two neighbouring side chains are involved in 

complex format ion in agreement with a previous work (12). At  lower R values, 

the format ion of the second complex is more important and the viscosity 

strongly decreases around pH 7, at which the format ion of this complex is 

maximum (1,2). 
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With calcium, only the f i rst  complex is formed. The deprotonat ion of the 

peptide nitrogen (second complex) cannot occur and the viscosity decrease is 

much less. 

Results obtained with the PNMAsn-Cu system (f igure 2) are very s imi lar  and 

may be explained in the same way. 

The case of PNMG and PNMAs is d i f ferent .  These two polymers contain two 

carboxyl groups in each side chain and the f i rst  complex mentioned above 

between one copper and two carboxylates may also form inside one side chain, 

Figure 3 

Reduced viscosity of PNMG-Cu 
solutions as a funct ion of pH in 
O.1 M NaCIO 4. 
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wi th  fo rmat ion  of a eight or seven membered chelate,  respect ively.  This chelate 

competes w i th  the in t ramolecu la r  complex which may also fo rm,  as for  PNMA 

or PNMAsn. With PNMG (f igure 3), the viscosity at low pH decreases in the 

presence of copper as for  PNMA and PNMAsn indicat ing a complex between two 

side chains. This is not surprising since eight membered rings are not very 

stable. In the in te rmed ia te  pH range, the fo rmat ion  of the second complex does 

not result in a strong drop of the viscosity since in that  case, th is complex is 

charged. Beyond pH 8, the viscosity increases again up to values obtained in the 

absence of copper, indicat ing the complete  l iberat ion of the carboxy la te  groups 

as for  PNMA aP.d PNMAsn. 

The v iscos imetr ic  behaviour of PNMAs is d i f fe ren t .  A t  low pH, the addi t ion of 

copper does not change the viscosity except at very low R values. In the high 

pH range, the viscosity is much lower than in the absence of copper. This 

c lear ly  indicates that  some carboxylates groups remain involved in a complex 

which is a seven membered stable chelate (3). 

I t  may thus be concluded tha t  for  the above po lye lec t ro ly tes ,  the fo rma t ion  of 

the complexes occurs between two neighbouring side chains. A t  high pH all the 

carboxy la te  groups are released f rom the complex,  except  for  PNMAs where the 

seven membered chelate fo rmed wi th  two  carboxylates groups of the same side 
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chain is stable enough, thus decreasing the overall charge of the complex, even 

at high pH. 

PNML is a polyampholyte wi th a net charge of zero per residue between pH 4 

and 9. Above pH 9 the deprotonat ion of the NH3+ group creates a net charge of 

-1 per residue and the viscosity increases strongly even in the presence of 0.1 M 

NaCIO 4 (f igure 5). On addit ion of Copper, a 2:1 PNML-Cu complex involving two 

side chains is formed with a net charge of zero (5). The variat ion of the charge 

is suf f ic ient  to explain the viscosity drop. The complex probably forms between 

two neighbouring side chains because collapsing of the polymer would result in a 

more drastic viscosity drop. 
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Thus it is concluded that,  for all the polymer under study, neighbouring side 

chains are involved in complex format ion.  This is in agreement with the results 

of previous works which have shown that the tac t i c i t y  of the polymer is of 

importance in the process of complex format ion (12-14). 
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