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ABSTRACT

The article discusses the formation of complexes between transition metal jons and a copolymer
of crotonaldehyde with N-vinylpyrrolidone. Complexation of copolymers with metal jons n
solutions has been studied by methods of IR-UV spectroscopy, sedimentation, diffusion and
viscosimetry Coordmation of the metal with the copolymer occurs through the oxygen stom of
the cycloamide and aldehyde groups.

KEY WORDS:macroligand, polymer metallocomplexes, partial speaific volume, diffusion
constants. thermodynamic segment, lactam cycle.

INTRODUCTION

Polymermetallic complexes have physicochemical properties that differ significantly from
the mitial components [1-4]. Studies of high-molecular compounds are increasingly closely
aligned with the study of biopolymers and modeling of biclogical systems, where complexing
polymers as model systems are of particular interest [5-8]. Among the known metals,
microclements-metals of the transition series are especially important, participating in vanous
bioprocesses (photosynthesis, absorption and transport of oxygen, metalloenzymatic catalysis,
e1c.) [9-15]. Metal ions are able 1o bind with many high molecular weight compounds of a non-
Honic nature.

Unlike low-molecular metal complexes with vanous compounds (ammno acids, cyelic
amides, aromatic acid amides, eic.), which exhibit biological activity, polymer metal complexes
have a number of advantages:

-the toxicity of the metal jon is sharply reduced;

- the bologically active properties of the metal 1on are enhanced by increasing the stability
of the metal complex;

- there is a prolongation effect of the drug;

- biologically active properties of the polymer higand are enhanced.

The coordination of polymer ligands with metal sons (Me) enhances the biologically active
properties of both the metal and the polymer ligand, and the toxicity of the metal sharply
decreases.

EXPERIMENTAL PART

Coordination compounds of copolymers with 3d metal 1ons of the transition senes: cobalt
(2+), nickel (2+), copper (2+), manganese (2+) and zinc (2+) were obtamned by mixing one
percent solutions of copolymers in acetone mixtures: dioxane; acctone: ethanol. acetone:
dichloroethane; acetone: methylene chlonde in a 2:1 ratio (by volume ) with saturatedsolutions of
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metal chlondes in an appropriate solvent with vigorous stirmg. The formed flocculent

precipitate was filtered off and washed with a solvent until a negative reaction to metal won m the

washing hiquids. Synthesis The complexes were dried in vacuum at 10 mm. Hg af room

temperature toconstant weight. The metal content in the complexes was determined by the

procedures [9-10]. based on the use of the complexometric titration method in the presence of
macrohgands

RESULTS AND ITS DISCUSSION

Copolymers based on crotonic aldehyde-vinylpyrrolidone (CA-VP) were considered as
macrohgands contaiming functional groups capable of mteracting with metal sons. Prelimanary
studies by spectroscopy in the visible region showed that, upon mixing and incubation of &
solution of a metal salt and a copolymer solution, a shift of the absorption band maxmmum to the
long-wavelength region of the spectrum and a change in the shape of the spectrum are observed
(Fig. 1). This indicates a possible complexation in the CA-VP-Me system.

I

.
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2

Fig. 1: Absorption spectra of CA-VP copolymers (1) CoCl:(2) and PMC CA-VP-Co
3)

The course of the complexation process was also judged by the change mn the optical
densaty of the solutions. The results obtained are shown in Fig. 2, from which it can be scen that
with an increase in the polymer concentration, the optical density of solutions ncreases, and at
the ratio [copolymer): [metal] = 2: 1, a break appears, and at a higher concentration of the ligand,
the optical density does not change, this s indicates that under these conditions metal complexes
of the composiion 2:1 [copolymer]: [metal] are formed. Elemental analysis of the studied
complex compounds also allows us 0 assign them the gross formula: [MeCl: (L) 2] n (L-
monomer unsts of vinyl lactams). Those. each metal 1on is coordinatedly linked 10 two monomer
units of vinyl lactam copolymers. When low-molecular-weight lactams are complexed with
transition metal jons, complex compounds wre formed, where cach metal ion is coordinated with
four or six molecules of the low-molecular-weight ligand.

J o061
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Fig. 2.0ptical density versusratio Me: CA-VP, (- © ) CoCly (- @ -) and CuCly

The decrease in the number of coordinated lactam molecules during the transition from
low-molecular 1o high-molecular digand can be explamed by the polymer nature of the latter,
which s charactenzed by stenic hindrances, the chain effect, whach affects the complexing ability
of polyligands.

It s known that the properties of polymer compounds depend on the depth of polymer-
analogous transformations:; therefore, the properties of metal complexes should depend on the
degree of completion of the complexation reaction, .. on the metal content in the PMC.

In order to identify the conditions for the synthesis of metal complexes, a study of
complexation in organic solvents (acetone-cthanol, acetone-dichloroethane) was camed out.

The dependence of the metal content in the KA-VP metal complex and the yicld of the
complex on the mitial metal: copolymer ratio 15 shown in Figs. 3 and 4. It can be seen that the
proposed technique allows one to obtain PLA with a metal content of 0.3 to 11% However, with
a decrease in metal concentration, the yield of the target product sharply decreases, Therefore, the
most optimal [metal]: [copolymer] ratio is 1: 2, which makes it possible to obtain PC with a
farrly high yield from 70 o 100%.

Ca%q

104 0/.,-—-Q
O

L L]
0,5 1,0 1,5 2,0 Me : copolymer

Fig. Jinfluence of the initial ratio Me: CA-VF (molar) on the content of copper (- -),
cobalt (- -, - <) in the medium acctone-dioxane (- -, - <), acetonecthanol (- -)
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Fig. 4.InMuence of the initial Co: CA-VP ratio on the yield polymer complex in 2
solvent medinum scetone-dioxane (- © -) acetone-dichlorocthane

(- ® =), acetone ethanol (- -)

The degree of metal incorporation into PLA and the vield of reaction products depend both
on the nature of the metal (Fig. 3. curve 1.2) and on the nature of the solvent (Fig. 4. curve 2.3).
Upon complexation mn an acctone-dioxane medium, the copper content in the metal complex =
higher than that of cobalt. This is apparently due to the high affinity of copper compounds for
polymers contaming carbonyl groups. Replacing the solvent with an acetone-cthanol medium
leads 1o a decrease in the cobalt content in the metal complex. The use of a polar solvent
enhances the polymer-solvent miteraction, which leads to a decrease in the metal content in the
metal complex.

The selected synthesis conditions for metal complexes of CA-VP copolymers in an
acctone-dioxane, acctone-cthanol medium make it possible 1o obtain compounds with a
controlled metal content and quantitative yicld.

The distnbution of electron density in the pyrrolidone ring shows that the oxygen atom (-
0.415) has the haghest donor ability. It is he who, first of all, will take part in coordination with
the metal, as is the case in the mleraction of metals with low-molecular-weight
analogs. However, during the complexation of metals with copolymers, due to the long-cham
nature of the bgand, sterc effects appear, which impede the formation of complexes of 1: 4 and
1: 6 (metal: monomer unit).

Viscometric studies of dilute solutions of PLA showed that with an increase i the metal
content in the complex. [n] of solutions decreases (Fig. 5).

Complexation of the metal with polymers leads 1o the contraction of the macromolecule
coil due to the intramolecular coordination of functional groups, which causes a decrease in the
viscosity of solutions.it can be argued that the decrease in [n] m the case of copolymers m
solutions s due to the same factor.
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Fig. S.Influence of the metal content in the CA-VP-Me’ " metal complex on the
viscosity of solutions

This s evidenced by the results of measuring the diffusion coefficients of solutions and
complexes, which showed that with an increase n the content of metal jons, the value of the
diffusion coefficients correspondingly increases (Fig. 6, Table 1). The values of thermodynamic
slendemess of metal complexes contaiming 10% metal lons are estimated An increase in the
amount of metal m the complex leads to a shight increase in the rotation retardation in the chamn,

D-10 em */sek
10 — Cu
o-0 M
o
o 370“ Co
8 1 Q(O a 0/
o g * ) ®—7n
6 4 /
—®
44
2 " 6 8 10 Me>™.%
Fig. 6.InfMuence of the metal content in the CA-VP-Me® ' metal complex on the diffusion
constants

In this case, the thermodynamic segment increases 1o 23.3 A (compared to the 21 A
scgment), which s apparently explained by an increase in the effective volume of the sade group
during complexation

Table 1.
Hydrodyvnamic parameters of copolymer metal co es
I] n / \y
M 5010 r n . gl.!':?t& Se W'C::mm of
1 2 3 B -
CA-VP-Co
24,5 0,23 8.0 1.68 0
21,8 0,23 88 224 287
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203 0.23 8,5 202 3,00
19,0 0.16 9.0 2,00 6,35
213 0.16 9.0 234 7.10
216 0,16 9.0 228 10,7
CA-VP-Cu

24.5 0,23 8,0 1,68 0
21.3 0.22 8.1 .99 3.50
220 0.22 8.2 12,05 537
214 0,21 8.6 2,00 6,54
19.2 e 1 9.5 214 Qo7
18,0 0,20 10,0 1,97 9,07
CA-VP-Zn

40,0 0,33 5.0 238 0
35,0 0.26 5.0 2.50 0,80
240 025 68 221 250
33.0 0,23 6.5 224 &80
33,0 0.22 6.5 222 10,00
36,6 0,21 6,0 222 11,0
CA-VP-Ni

28,0 0.28 7.75 1,87 0
24,0 0,22 8.0 240 6,44
30,0 0.16 62 230 311
28,0 0,16 13 221 747
23,0 0.16 7.1 1,77 7.50
15,0 0,13 9,3 1,46 11,66

In order o obtain additional data on the conformational changes of CA-VP
macromolecules during complex formation, the pyenometnic method was used to determine the
partial speafic volumes (volume change upon addmg 1 g of a soluteto an mhiniely large volume
of solvent) for CA-VP and iis complexes ot different metal contents (Fig.TL

From the data in Fig. 7 it can be seen that with an increase m the metal content in the
complex, the partial specific volume decreases. The dependence on the metal content in the
complex can be explained by the change in the conformation of the macromolecules of the CA-
VP complexes by the compression of the macromolecular conl of the complexes. since the partial
specific volume in the first approXimation is equal to the reciprocal of the effective density of the
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Fig. 7 - Depeadence of the partial specific volume of CA-VP in water on the content of
metal jons in the complex

Conclusion,

The study of the peculianties of the processes of complexation of copolymers with
transition metals mdicates that the complexing ability of a polymer depends both on the
propertics of the macromolecule and metal, and on the nature and properties of the reaction
medium. PLA with a quantitative yicld can be obtained at the ratio [Me]: [copolymer] = |: 2 h
was revealed that PLA of the composition 2:1 [copolymer]: [Me] are formed and the metal
micracts at the oxygen atom of the lactam cycle and the aldehyde group. Viscometne studies,
diffusion and sedimentation measurements of dilute solutions of PLA showed that complexation
of a metal with polymers leads to compression of the macromolkecule coil due to intramolecular
coordimation of functional groups.
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