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Monoethylphenyl itaconate was synthesized and polymerized. Polymer fractions were characterized by 
viscometry and light scattering. Thermodynamic and dimensional parameters were determined and 
calculated. The results are compared with those of poly(benzyl itaconate)s previously reported. 
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INTRODUCTION 

Poly(itaconic acid) derivatives have been studied widely 
from both a fundamental and a practical point of 
view. The first systematically described, aromatically 
substituted poly(itaconate) was poly(diphenyl itaconate) 
(PDPhI) 1. Velickovi6 and Filipovi62 have investigated 
the unperturbed dimensions of the homologous series 
of poly[bis(phenyl-n-alkyl) itaconate]s by introducing 
methylene groups between the phenyl and ester functions 
in the substituents. But no information has been reported 
about poly(monoalkylphenyl ester)s. The phenomena 
occurring in dilute solutions of poly(monoester)s derived 
from itaconic acid have stimulated our interest to study 
these phenomena in other poly(monoitaconate)s 3 6. 
In this particular case, several poly(monoethylphenyl 
itaconate) (PMEPhI) fractions have been used in order 
to analyse and calculate some thermodynamic and 
conformational parameters. The solution properties of 
PMEPhI have been studied in two media: THF (a good 
solvent) and cyclohexane/methanol (1/2) (a theta binary 
solvent). 

EXPERIMENTAL 

Monomer and polymer preparation 
Monoethylphenyl itaconate (MEPhI) was prepared by 

esterification of itaconic acid (1 mol) with the phenethyl 
alcohol (3-4 mol) using acetyl chloride as catalyst. The 
pure monomer was obtained by recrystallization from 
benzene (melting point 347 348 K, yield 40%); the purity 
was confirmed by 1H n.m.r, and i.r. spectroscopy. 
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Radical polymerization of MEPhI was carried out in 
bulk under N 2 using azobisisobutyronitrile (AIBN) 
(0.1 mol%) as initiator. The solubility of PMEPhI in 
several organic solvents was tested at room temperature; 
as a result, THF was chosen as solvent and petroleum 
ether as non-solvent for fractionations of PMEPhI. Six 
fractions were obtained. 

Polymer characterization 
Viscosity and molecular weight determinations. 

Viscosities of PMEPhI fractions were measured using a 
Desreux-Bischoff 7 dilution viscometer with THF and a 
binary mixture of cyclohexane/methanol (1/2, v/v) at 
298 K. Kinetic energy corrections were not necessary. 
The light-scattering measurements for the fractions 
were carried out at 298K using a Malvern PCS 
System 4700 particle analyser equipped with an He-Ar 
laser (638 nm) as the light source. The corresponding 
refractive indices of the solutions were measured in 
a Brice-Phoenix BP-2000V differential refractometer 
previously calibrated with KC1 standard solutions. 
Weight average molecular weights/~t w and second virial 
coefficients A 2 w e r e  determined by means of the classical 
Zimm extrapolation plot. The polydispersity indices of 
the samples chosen for this study were determined by size 
exclusion chromatography (SEC). Detailed procedures 
have been reported earlier 3. 

Differential scanning calorimetry (d.s.c.) 
The thermal behaviour of PMEPhI in the temperature 

range 300-500 K was examined using a Mettler TA 3000 
differential scanning calorimeter equipped with a TCA-10 
processor. Heating rates of up to 10 K min- 1 were used. 
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RESULTS AND DISCUSSION 

Intrinsic viscosities [q] were calculated for six fractions 
of PMEPhI  in two media: THF and a binary solvent 
cyclohexane/methanol (CH/MeOH, 1/2, v/v). The results 
are summarized in Table 1. Light-scattering data were 
evaluated from common Zimm plots. From this type of 
plot the weight average molecular weight Mw and 
the second virial coefficient A 2 for each fraction 
were obtained. The corresponding polydispersity indices 
M w / M  . are summarized in Table 1, together with 
light-scattering data in THF. 

Mark-Houwink-Kuhn-Sakurada  (MHKS) relation- 
ships for PEMPhI in THF and CH/MeOH (1/2) 

-5 --0 70 were established: [q]=4.75x 10 M w in THF and 
[q]=37.0x10-s_M~w/2 in CH/MeOH (1/2) at 298K. 
Figure 1 shows the linearity found for PEMPhI. It can 
be seen that THF is a good solvent and CH/MeOH (1/2) 
is a theta binary solvent for PMEPhI. 

The variation of A 2 with ]~w at 298 K was established 
by the empirical relationship A2=6.51 x 10-2]~ff f  - ° i s  

This dependence can provide information concerning the 
heat of mixing, according to Wolf and Adam 8. The second 
virial coefficient A 2 decreases with increasing molecular 
weight, and this behaviour indicates an endothermic 
system. 

In order to investigate the effect of the side-chain 
structure on the rigidity of the side chain in PMEPhI  we 

determined the conformational parameter Ko, related to 
the unperturbed dimensions of the polymer chain, from 
data in a good solvent. The Stockmaye~Fixman 
treatment 9 was used in order to obtain Ko. According 
to this method, the conformational parameters can be 
obtained through the equation 

D ] / # U  = K o + 0.5 l S o B # U  (1) 

where B is the long-range interaction parameter dealing 
with the excluded volume theory, and qSo is the universal 
Flory constant where the best experimental value is 
2.51 x1021dlmol lg-1 .  Therefore, K o and B can be 
obtained respectively from the intercept and the slope of 
the plot of [t/]/)~ 1/2 versus ~1/2 .  Figure 2 shows such 
plots for PMEPhI in THF (a good solvent) and 
CH/MeOH (1/2) (a theta binary solvent). The B value is 
in good agreement with the viscometric exponent a in 
the sense that a high value of a (0.70) and a positive value 
of B (3.8 x 10 -28) are obtained in the best solvent and 
a=0.50 and B = 0  in the theta binary solvent. The K o 
value is 3.7 x 10 -4. 

From the K o value we have calculated the unperturbed 
dimension <r2>~/2 using the classical equation 1° 

K 0 = ~)o(<r2>o/M) 3/2 (2) 

Table 2 gives the unperturbed dimensions for PMEPhI. 
In the same table the rigidity factor ~ ( = <r2>l/Z/<r2>~ 2) 
is listed. This is obtained from the experimental <r2> 1/2 
and the theoretical value for a freely rotating polymer 
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Figure 1 Double logarithmic plots of intrinsic viscosity [7] versus 
weight average molecular weight ~'w for PMEPhI  in (O) THF and 
(@) CH/MeOH (1/2, v/v) at 298 K 
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Figure 2 Stockmayer Fixman plots for PMEPhl  in (C)) THF and 
(@) CH/MeOH (1/2, v/v) at 298 K 

Table 1 Some parameters for the PMEPhI  fractions 

Fraction 

[r/] Huggins [q] 104A2 
(THF) constant (CH/MeOH) (THF) 
(dig 1) k. ( d l g - l l  10 sA4"w" (cm3molg 2) Mw/Mh 

1 0.330 0.40 0.210 2.65 1.26 

2 0.305 0.36 0.191 2.49 0.96 1.24 

3 0.280 0.30 0.175 2.37 1.05 1.25 

4 0.240 0.40 0.168 1.77 1.93 1.24 

5 0.180 0.36 0.125 1.13 3.29 1.25 

6 0.135 0.46 0.101 0.73 3.30 1.24 

"From light-scattering measurements in THF at 298 K 
b From size exclusion chromatography 
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Table 2 Molecular parameters for PMEPhI, PMBzI and PDBzI 

PMBzI" PMEPhl PDBzI 

102 Ko (cm 3 g-  3/2 mola/2) 72.0 37.0 23.0 
((r2)o/M) 1/2 (A) 0.660 0.529 0.434 
((r2)of/M) 1/2 (A) 0.207 0.201 0.175 
a 3.18 2.63 2.51 
C~ 20.4 14.0 12.7 
Tg (K) 356 342 301 
Vs p (cm 3 g- 1) 0.7497 b 0.7751 b 0.7940 c 

"Values taken from ref. 4 
bCalculated by addition of group contributions from Van Krevelen 12 
c From density measurements 13 

which contains two aromatic rings in the side group, 
exhibit nearly the same rigidity in THF solutions. 

The values of the specific volumes V~D of the 
poly(itaconate)s indicate a difference in chain-packing 
efficiency. The densities decrease with increasing 
monomer molecular mass, as can be seen in Table 2. 
There is also an effect on the magnitude of Tg owing to 
the introduction of an additional methylene group into 
the middle of the substituent, in between the ester function 
and the ring (Table 2). 

It is difficult to draw a general conclusion, but the 
thermodynamic and conformational parameters are 
consistent with the structures of these polymers. 

chain by taking as a model a hypothetical polymethylene 
chain whose unperturbed end-to-end chain dimension is 
represented by (? .2)~2.  

The characteristic ratio Coo as defined by Flory is 
expressed by 

Coo = lim ((r2)o/nl 2) (3) 
n---b OO 

where n is the number of main-chain bonds of mean 
square length 1. This parameter has been calculated from 
experimental values of ( ( r 2 ) o / M )  1/2. We have compared 
the conformational parameters obtained for this polymer 
with those of poly(benzyl itaconate)s (PMBzI) and 
poly(dibenzyl itaconate) (PDBzI) 4, see Table 2. 

Table 2 also summarizes the glass transition temperatures 
Tg of these polymers. The results summarized in Table 2 
show that the introduction of another methylene group 
in the side chain leads to an enhancement of the flexibility 
of the polymer chain. C~, a and Tg decrease from PMBzI 
to PMEPhI. The information shown in Table 2 indicates 
that the esterification of poly(itaconic acid) with one or 
two benzyl groups is accompanied by a change in the 
flexibility of the main chain, the rigidity of PMBzI being 
higher than that of PDBz111. Therefore, PDBzI shows a 
rigidity factor very similar to that of PMEPhI. We have 
tried to compare the a values for the three polymers 
studied under the same conditions. It is observed that 
poly(monoethylphenyl itaconate), in which the aromatic 
ring of the side group is separated from the chain by a 
dimethylene spacer group, and poly(dibenzyl itaconate), 
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