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Abstract 

A new class of Halato-Telechelic Polymers (HTP) has been prepared. Prelerninary SAXS results on 
a, w - carboxy poly (tert. butyl acrylate)~ end-neutralized with Ba, Mg and Na alkoxides show that the 
"ionic peak" usually observed in ionomers goes undetected. In contrast, a series of peaks appear at very 
low angles corresponding to Bragg spacings from 70 to 14 nm. The successive peak positions are 
consistent with a hexagonal structure. In order to confirm this new experimental evidence, the effects of 
several parameters on the SAXS patterns have been investigated. Samples of various counterions and 
molecular weigths have been prepared under different conditions. Morphological changes have also been 
analyzed in the presence of a non-polar solvent (toluene). 

Introduction 

Ionomers are generally defined as polymers bearing a few ionic groups randomly distributed along a 
hydrophobic backbone. The ionic groups are strongly associated and form physical cross-links responsible 
for the unusual properties of ionomers. SAXS profiles exhibit a well defined peak (the "ionic peak),  
considered as an evidence of microphase separation. This peak corresponds to Bragg spacings of the order 
of a few nanometers. An important upturn of intensity in the low scattering angle range is another 
characteristic of the SAXS patterns. 

A new class of model ionomers has been developed in Liege: the Halato-Telechelic Polymers. 
HTP's are linear polymers bearing ionic groups only at both ends of the chains. These polymers of a well- 
defined molecular architecture show the same characteristic SAXS profile as the previously investigated 
ionomers. 

a,w carboxylato poly(tert. butyl acrylate)'~ have recently been prepared and investigated by SAXS. 
No clear evidence of an "ionic peak" has been found in a first set of experiments. A series of peaks 
however appears at very low angles corresponding to large Bragg spacings ranging from 70 to 14 nm. The 
position of the peaks are consistent with a hexagonal structure (1). The large cross-sectional area of the 
tert.buty1 side group of these polymers is supposed to modify the aggregation behaviour of the end-groups 
and to be responsible for the hyperstructure. 

The aim of the present work is to confirm the hyperstructure in other poly(tert.buty1 acrylate)'~ and 
to study the influence of various parameters on this unusual morphology. 
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Experimental 

Polymers were prepared by living anionic polymerization followed by the quantitative neutralization 
of the a,o-carboxy PtBA with metal alkoxides. SAXS measurements were performed with a Kratky 
compact camera proceeding by step scanning with a proportionnal counter. Slit-smearing effect was 
corrected using both Vonk (2) standard method and the method reported by Sobry et al. (3). The 
experiments dealing with solutions were performed on the lines D22 and D24 of the LURE-DCI 
synchrotron source at Orsay (France). 

Results and discussion 

All the experiments performed until now confirm the multi-peak structure of the new HTP's at low 
angles. A typical example of the SAXS curves is shown in Figure 1. The peak positions are the s values of 
the maxima of the scattering curves obtained after substraction of a fitted basis line from the observed 
scattered intensity. The distance d corresponding to the observed peak position results from the Bragg 
relation s = l/d.As discussed hereafter, the position of the peaks are in good agreement with an hexagonal 
hyperstructure. The theoretical ratio for a hexagonal structure are: 1; 1,73; 2,00; 2,65; 3,00; 3,46; 3,61; 
4,OO; 4,36; 4,58; 5,OO; 5,20. Some theoretical peak positions are not reported in tables 1 to 4. This results 
on one hand from the overlapping of successive peaks and on the other hand from the weak intensity of 
some peaks. Previous experiments have shown that similar samples with Na as counterion only exhibit a 
few peaks [ 11. 
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Figure 1. SAXS profile for Ba neutralized PtBA of 
molecular weight 23.000 ( 23-Ba ) 

Table 1 

Increasing molding times are shown to shift the peak positions towards lowers values (table 1). 
Altough a structure of higher dimensions is formed under these conditions, the relative position of the 
peaks is essentialy independent of the molding conditions. The basic reason for this behaviour is still 
unclear but for comparison to be reliable all the samples must be molded under the same conditions. 

The molecular weight of the prepolymer is another important parameter. An increase in the 
molecular weight of HTP's is well known to displace the ionic peak to lower s values. The position of the 
ionic peak depends on the mean distance between ionic domains, and thus on the molecular weight of the 
polymer: smax is generally function of Mn-I/* (4). However the molecular weight of the polymer has only 
a very small influence on the hyperstructure of PtBA based HTP's (table 2): the s value of the first peak 
increases only slightly with molecular weight and the hexagonal structure is maintained. There is actually 
no evident relation between hyperstructure and molecular weight. Interestingly, structures of "very high" 
dimensions appear to exist even for low molecular weight PtBA (05-Ba: Mn = 5.000). 



Table 2 Table 3 

Distances corresponding to observed peak 
positions (nm) 

If the influence of molecular weight is rather small, the polydispersity of the polymer surprisingly 
appears to be an important parameter. Polymers of a low polydispersity (1,2 for Mn = 22.000 and 1,3 for 
Mn = 23.000) are shown in table 3 to present peaks at larger Bragg spacings than the more polydisperse 
systems (1,6 for Mn = 21.000). The same behaviour is observed for sodium neutralized polymers. 
Nevertheless the hexagonal structure is maintained in all the investigated samples. In conclusion, polymers 
of a narrower molecular weight distribution form structures of higher dimensions. 

05-Ba 
59,38 
32,47 
28,05 
22,50 
20,20 

14.77 

Nature of the cation has only little influence on the SAXS curves (5 )  of usual telechelic polymers 
(PBD's, polyisoprenes, ...). Preliminary measurements on PtBA model ionomers show that the structure 
observed in the low s range is independent of the counterion. These results have been confirmed by 
investigating various alkaline-earth cations (Mg, Ca, Sr and Ba in table 4). Although a higher Bragg 
spacing is observed for Ba, no clear trend emerges within the series. As a rule, Na leads to the biggest 
structures (table 3). The only effect of the metal cation has to be found in scattering peaks of a higher 
intensity when cations of a higher atomic mass are used (Barium). 

27 g/dl 

v solid 

21-Ba 
55,56 
33,30 

23.53 
18,69 

14,18 
11,52 

Experimental ratio 

Distances corresponding to 
observed peak positions (nm) 

Figure 2 SAXS profiles for Ba neutralized PtBA 
(Mn : 23 000) in solid state and in toluene solution 

22-Ba 
67,2 
45,2 
34,2 
25,6 
21,l 
18,6 
16,O 
14,O 

23-Ba 
63,99 
3953 
30,30 
23,64 
20,12 

16,OO 

l,oo 
1,83 
2,12 
2.64 
2,94 

4,02 

23Mg 
5.556 
31,25 
23.98 
21,lO 
16,95 

Table 4 

31-Ba 
61,92 
35,70 
29,38 
23,80 
19,24 

64-Ba 
70.50 
41,49 
35,09 
26,39 
20,58 
19,16 
17,24 

l,oo 
1,67 

2,36 
2,97 

3,92 
4,82 

23Ba 
63,99 
3933 
30,30 
23,64 
20,12 
16,00 

23Ca 
56,50 
31,65 
25,64 
21,79 

Experimental ratio 

1.00 
1.49 
1,96 
2,63 
3,18 
3,61 
4,20 
4,80 

23Sr 
55,25 
36,63 
28.61 
23,36 
18,60 
13,50 

l,oo 
1,78 
2,32 
2,63 
3,28 

1,oo 
1,70 
2.01 
2,67 
3,43 
3,68 
4,09 

1,oo 
1,62 
2,11 
2,71 
3,18 

4,OO 

l,oo 
1,73 
2.1 1 
2,60 
3.22 

l,oo 
1.79 
2,20 
2,59 

1,oo 
1,51 
1,93 
2,37 
2,97 
4,09 

1,oo 
1,62 
2,11 
2,71 
3,18 
4,00 
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No clear evidence of an ionic peak in PtBA samples has been reported in the first experiments. 
However more recent investigations have shown that this peak is present in carboxylato poly(tert.buty1 
acrylate)'~. The peak is easily observed only when Ba is used as a counterion, probably because of the 
good contrast provided by this cation. The intensity of this peak remains weaker than for the previously 
investigated HTP's (Polystyrenes, PBD's, polyisoprenes, ...) suggesting that the level of aggregation is 
lower in PtBA. This low level of aggregation is probably related to the important steric hindrance of the 
tert.buty1 side groups limiting the ion pair aggregation. 

The ionic peak is better defined in the presence of a non polar solvent (toluene in figure 2). As 
reported for polystyrene based HTP's, elsewhere in this issue, position of the ionic peak is shifted towards 
lowers values by swelling the polymer with increasing amounts of a solvent of a low polarity. 

Conclusions 

A hyperstructure in carboxylato-telechelic poly(tert.buty1 acrylate)'~ has been confirmed : a 
hexagonal structure has been observed in all the samples with a Bragg spacing ranging from 55 to 85 nm 
for the first observed peak. The bulkiness of the tert.buty1 side group is probably responsible for the 
differences between the previously studied HTP's and PtBA's. Various parameters such as molding 
conditions, molecular weight, polydispersity and counterion have been investigated. Some modifications in 
the dimensions of the hyperstructure have been observed but the hexagonal structure is maintained. An 
ionic peak of low intensity has been observed in PtBA telechelics when Ba is the counterion. 

At present time, there is no basic explanation for a hyperstructure in a, o metal carboxylato PtBA's 
in sharp contrast to all the other investigated carboxylato telechelics. Calculation of the multiplet size and the 
interfacial sharpness from the tail end of the curve is actually in progress. Furthermore, phase morphology 
of other HTP's bearing large side groups (like poly(tert.buty1  styrene)'^) is under current investigation. 
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