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SUMMARY 

Poly(methyl methacrylate) having crown ether un i ts  was prepared by using 
polyazoamides as i n i t i a t o r s .  The complexing proper t ies of the obtained 
polymers towards metat:s were reported. The crown ether content of the 
polymer had i n f l u e n c e  upon the complexing c a p a b i l i t y .  

INTRODUCTION 

Crown ethers which have the ability to bind metal cations in their 
cavities are of increasing interest [i,~. The incorporation of crown ether 
units can induce complexing in the polymer. A number of studies on combining 
crown ether structures with poiymers have been reported [3-14. Reeentiy we 
have synthesized a macroazonitiator for the synthesis of polymers with crown 
ether units by solution [i5]and interfaciai [i~poiycondensation reaction. 
The latter provided complexation of the crown ether moiety before the poIymer 
was synthesized, and the crown ether complex probabIy acted aiso as a phase 
transfer catalyst between water and the organic phase. The resulting polyamide 
is a useful initiator For free radicai polymerization. More recently, we have 
prepared copoiyamides containing crown ether moities and the desired amount of 
thermoIabiIe azo groups[i7]. 

Here we wish to repor t  the u t i l i z a t i o n  of polyazoamides as f ree rad ica l  
i n i t i a t o r  by which poly(methyl  methacrylate) (Pk~)  having various segment 
length of  the crown ether moiety can be prepared. The ex t rac t ion  of some metal 
cat ions by the resu l tan t  Pb~v~was also examined. 

EXPERIMENTAL 

Mater ia ls  and Instruments 

The preparat ion of polyazoamldes was described in d e t a i l  previously[171. 
Methyl methacrylate (b~A) was washed with 5 % aqueous NaOH and water, dr ied 
over CaC12 and f i n a l l y  d i s t i l l e d  over CaH 2 under reduced pressure. 

1H-NMR spectra were recorded on a Brucker NMR (200 mHz) in CDCl~ wi th 
T~LS as i n t e rna l  standard. UV spectra were obtained wi th a Shimadzu ~UV 150-02 
instrument. GPC chromatograms were obtained from a Knauer M64 system wi th methyl 
e thy l  ketone as eluent and a f low rate of 1 ml/min. Molecular weights were 
ca lcu la ted according to polystyrene standard samples. 
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Polymerization of ~A4A 

Appropriate solutions of polyozomides and k~A in DMF were degassed 
and sealed in the usual manner. Af ter  heating at 70 ~ polymers were 
recovered by p rec ip i ta t ion  into methanol. They were pur i f ied  by reprec l ta t ion 
from methanol before used in the extract ion of metal ions, 

Extract ion of Metal Picrates 

Appropriate aqueous so l i t i ons  were prepared from given amount of metal 
hydroxide a n d p i c r i c  acid in water, The crown ether containing PMqA was 
dissolved in methylene chlor ide. Equal volumes of each solut ion were mixed 
and shaken at room temperature overnight. The concentration of picrate anion 
remaining in the aqueous phase was determined by UV measurement a~ 357 nm. 

RESULTS AND DISCUSSION 

Two types of polyazoamides having the fo l lowing structures were used 
as i n i t i a t o r s  containingcrown ether moieties for  the polymerization of k~v~, 
The resul ts  are shown in Table 1. 

i o  o o o ] II II ~{I I  )1 / I  

CH3 CHa 
! I 

Ph = -(- CH2)2--C--N=N--C -(-CH~-)~ 
I I 
CN CN 

1% = PAA-1; x/x+y =1 
0 0 PAA-2; x/x+y=0.6 
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Table 1 

Synthesis of Crown Ether(CE) Containing PMV~ by Using 
Polyazoamides (PAA) as I n i t i a t o r  at 70 ~ 

PAA k ~  Time Conv. -~ xlO-3)a Number. of CE 
(g / l )  (mol/1) (min) (%) n(g/1) per macromol. )b 

PAA-I(IO. 5) 7.0 60 8 54 22.6 
PAA-2(8.0) 4.7 120 25 48 31.2 

a 
b Calculated bYlGPC 

Calculated by H-NMR spectra 

The obtained Pk~A has crown ether moities and the number of crown ether units 
per macromolecular chain can be contra l led by the amaun~ of -N=N- uni• in the 
main chain of the i n i t i a l  polyazoamide. The ext ract ion of picrate sal~s by the  
obtained polymers was tested to invest igate the i r  cation binding properties.The 
f rac t ion of p icrate sal ts extracted by the polymers into a methylene choride 
phase is shown in Table 2. For a l l  a l k a l i  and a lka l ine earth metal cations the 
polymer with higher crown ether content, namely P~A-1, showed a higher ext ract ion 
capab i l i t y .  

Table 2 
Solvent ext ract ion of metal picrates by Pb~As a 

K + Na + Cs + Ca ~-k Ba ~-~ 

Pb~A-1 b 15.2 8.4 i0.0 10.I 16.0 
Pk~k4A-2 c 39.9 18.2 42.1 34.4 

b [Crown units]  = 2.1 x 10 -3 mol/1, [P ic r i c  acid]  = 7 x 10 -5 mol/1 

c [Crown units] = 10 -2 mol/1, [P i c r i c  acid ] = 2.3 x 10 -5 mol/1 
+ + 

For Pb~A-1, the order of a l k a l i  cation se l ec t i v i t y  was K+> Cs > Na . 
P~A-2, however showed cation se l ec t i v i t y  in the order of Cs~2 K§ Na+~ 
which is the order reported [18] for  polymers with 18-crown-6 pendant groups. 
I t  is known [18] that the e f fec t i ve  cation binding propert ies of polymers with 
crown ethers are due essent ia l ly  to a cooperative act ion of pendant groups in 
the polymer chain. I t  should be pointed out tha~ ~he cooperative action of crown 
ether units in the main chain of a polymer can only be probable by the entanglement 
of chains by which the cation is sandwiched between two c~own units sltua~ed on the 
same or d i f feren~ chaSns as depicted below. 

z CE 
+ + 

CE = Crown Ether 
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Notably, the importance of th is  behaviour depends on the crown ether 
content os the polymer as wasobserved for  PN~4A-2. In th is  respec t , i t  
is worth mentioning the work of Shah et al  [19] who reported the competetive 
formation of i n te r -  and intramolecular 2:1 crown-cation complexes.They showed 
that at low crown concentration, intramolecular complexes can form when crown 
ligands are separated by less than four repeating uni ts.  

Polymers, containing crown ether uni ts in the main chain, synthesized by 
m e a n s  of macroazoinlt iators may be useful for  polymer-metal complexation or 
metal-extract ion.  
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