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SUMMARY 
Poly(itaconic acid)(PIA)was obtained indirectly, by the hydrolysis of PIA 
esters and directly by the polymerization of itaconic acid in water 
or methanol at 30~ The first method was not satisfactory but the second 
gave better results. The elemental composition of the synthetized samples 
deviated very little from the calculated values. Several crude polymers 
were fractionated in methanol/isopropanol and the fractions characterized 
by viscosity and light scattering. The statistically calculated LVN/M 
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relation,valid for the undlssoclated polymer, was treated accordlng to 
the method of Stockmayer and Kurata, to calculate the unperturbed 
dimensions and to compare them with those of other polymers. 

INTRODUCTION 
Poly(itaconic acid) (PIA) derived from itaconic acid (IA), i?e. methyl$- 
nesuccinic acid, was for the first time describned by Sheperd- and Tate-' 
who reported the possibility to polymerize IA with free radical 
initiators, in spite of its I,i' disubstituted ethylenic structure. 
The product, however, differed slightly in elemental composition from 
the calculated values,indicating a deficiency of C and O, due to side 
reactions during the polymerization. The unusual cours~ of the reaction 
was als~ observed by Nagai~, Braun and E1 Sayed , Gaffurov- and 
Nakamoto v, when performing the reaction either in aqueous K-persulphate 
solutions or in orAganic solvent with peroxide initiators at 50-70~ 
Brown and E1 Sayed-- proposed a mechanism involving the elimination of 
C09, due to partial macroradical decomposition in the propagation step. 
Th~ mechanism was supported by CO 9 evolution and the detection of lactone 
and acetal structures in the IF spectra of PIA. The carboxyl content 
amounted to 45-50% of the expected value and the structural formula 
was close, to. (C'H604)4 x instead. . of (C5H604) Y. 
The znconslstent composltlon, observe~ arso by other investigators, is 
the reason why characterizations of PIA in dilute solution have so far 
been inadequately described in the literature. The aim of this work was 
to summarize our vattempts to prepare PIA, to synthetize the polymer 
at low temperature--and to characterize it in dilute solution. 

EXPERIMENTAL 
The first group of experiments were attempts to hydrolyze poly(monomethyl 
itaconate)(PmMI),poly(diethylitaconate)(PDEI),poly(di-isopropylitaconate) 
(PDiPI) and poly(di-sec.butyl itaconate) into PIA by hydrolyzing the 
polymers by boiling with dilute KOH for several hours. Promising results 
were obtained with PmMI and PDiPI, i.e. the conversions were above 50 
%.However completeconversions could not be attained, even with PDEI 
in acompletely homogeneous system , using water/methanol as solvent. 
The second group of experiments was to prepare poly(di-tert butyl 
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itaconate), but these experiments failed due to the low thermal 
stability of the monomer. The third group of experimets involved the 
preparation of disilylitaconate by reacting trichlorosilane and IA in 
benzene in the presence of triethylamine at 45~ excluding any moisture 
from the system. The diester was separated by vac. distillation at IIO~ 
and 0.05 mm Hg and polymerized in bulk in vac.sealed ampules with 0.05 
mol % of AIBN at 45~ for several days.The polymer was purified by 
repeated precipitation with ethanol from an acetone solution. After 
exposing the polymer to the influence of the atmosphere for 24 hours 
its solubility changed : the original solubility in acetone, chloroform 
and acetone was lost and it became soluble only in methanol and water, 
due to the spontaneous hydrolysis with air moisture. IR spectra recorded 
after i, 2 ~nd 24 hours exposure I revealed the disappearance of the 
-CH~(2980 cm-~),(CH3)3Si (1220 cm -~) and Si-0-Si groups and indicated 

J 
the gradual transformation of the silyl ester polymer into PIA(Sample 
PIA-I). The results were confirmed by converting the PIA into poly 
(dimethyl itaconate) (PDMI), by reaction with diazomethane. 

PIA was finally preparted by a method proposed by Grespos et alo 7, by 
polymerizing IA in an acidified aqueous KgSg0~/KoS~O ~ initiator/activator 
solution at 30~ for a period of seve~aX ~dafs7 The system contained 
i00 g of IA and 5 g of each of the salts per I000 ml of 0.I molar HCI. 
(Sample PIA-2). A second sample was obtained by attempting to polymerize 
30 g of IA in 150 ml of methanol with 0.05 mol/l AIBN for 30 days at 
ambient temperature(PIA-3). In both cases the polymers were precipitated 
from the system with petroleum ether and thoroughly dried in vac. at 
room temperature before characterization.The yield of PIA was close 
to 70 %. 

Limiting viscosity numbers (LVN)(ecm/g) were determined in a dilution 
type viscometer at 25,0 ! O.IOC in water or methanol. PIA-3 was 
fractionated by precipitation in methanol/isopropanol at 25~ Refractive 
index increments were determined on a Brice-Phoenix differential 
refractometer at 20~ and light scattering measurements on a Brice 
Phoenix 2000 instrument in a C~I01 cylindrical cell. M was determined 
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according to the method of Zlmm .The Kuhn-Mark-Houwlnk-~akurada relatlon 
was determined by the least squares method from M and LVN values 

. . . .  W 
ofthe fractlons, while the unperturbed dlmeslons were c~iculated 
according to the experimental procedure of Stockmayer and Kurata ~, repre- 
sented by the following equation : 

[n ]2/3MI/3 = K 2/3 + 0.363 B ~ g (~)Mw2/3 /[n ]1/3 
e 

where ~ is the universal viscosity constant, and B a thermodynamic 
interaction parameter, incorporating a correction factor, applied itera- 
tively to obtain a more precise K intercept. From K the steric factor 
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and the characteristic ratio Coo ,descrlblng the unperturbed dimensions 

were obtained ( c f . l i t l 3 ' 1 4 )  " 

RESULTS AND DISCUSSION 
Al l  t h e  samples  o b t a i n e d  were w h i t e  h y g r o s c o p i c  powders,  e a s i l y  s o l u b l e  
i n  wa te rand  methanol  but  i n s o l u b l e  i n  o t h e r  s o l v e n t s  The IR s p e c t r a  
were p r a c t i c a l l y  i d e n t i c a l  f o r  a l l  t h r e ~  samples ,  e x c e p t  f o r  a smal l  
s h o u l d e r  i n  PIA-1 a t  1760 and 1820 cm- , i n d i c a t i n g  a smal l  c o n t e n t  
o f  l a c t o n e  s t r u c t u r e s .  The r e s u l t s  of  e l e m e n t a l  a n a l y s e s  , i n c l u d i n g  
s e v e r a l  p r e v i o u s l y  quoted r e s u l t s  from the  l i t e r a t u r e ,  a r e  p r e s e n t e d  
i n  Table  1.The l a s t  row r e f e r s  to  PDNI, o b t a i n e d  a f t e r  t h e  e s t e r i f i e a t i o n  
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_~s~x~ .......................... ~_~___~_~ .... ~_~ .... ~___ 

PIA, calculated for (C5H60~x 46.15 4.61 49.24 
PIA - 1 46.42 5.46 48.12 
PIA - 2 46.00 5.09 48.91 
PIA - 3 45.51 5.17 49.32 
PIA 41.89 5.32 52.79 ref.l 
PIA 43.50 5.70 50.80 ref.2 
PDMI calc.for (C~H~O,) , 53.16 6.33 40.51 

' IU @ X . 
PDMl,.from PIA-I,6y methylatlon 52.85 6.31 40.84 

of PIA-3 with diazomethane, to confirm indirectly the composition of PIA. 
The results in the table indicate good agreement for the PIA samples 
i, 2 and 3, while those of other authors are deficient in oxygen. The 
composition of PDMI, obtained after the methylation of PIA-I, indirectly 
confirms the correct composition of the starting PIA. 

PIA is a typical weak polyelectrolyte acid, due to the possibility of the 
dissociation of the carboxyl groups, in aqueous media. Leaving the 
problem of polyelectrolyte behaviour for a future investigation, the 
viscosity measurements were rerstricted to methanol or slightly acidified 
aqueous solutions. LVN were calculated according to the Fouss equation , 

[ ~] /c = A /( 1 + B.c I/2) 
sp. 

where A is the limiting viscosity number LVN and B a constant, reflecting 
the polymer/solvent interaction.The following LVN (ecm/g) results at 25~ 
were obtained : water, PIA-I 123.4 , PIA-3 21.8 ; methanol, PIA-I 119.0, 
PIA-2 44.5, PIA-3 19.1). 

The results of fractionation are shown in Table 2. For the calculation of 
M the following dn/dc values were determined : 0.160 (water) and 0.115 
(~ethanol). The light scattering was performed only in methanol. 

Fraction mass(g) LVN,(ccm/g) M 
w 

i. 0.313 22.0 108.600 
2. 0.238 20.7 97.200 
3. 0.251 20.1 80.500 
4. 0.339 15.4 59.400 
5. 0.310 11.6 49.500 
6. 0.264 9.3 47.000 
7. 0.295 8.7 31.700 
8. 0.315 8.2 30.000 

The KMHS equation was obtained from the above values by the least squars 
method : 

[~ ] = 1,51 . 10 -3 M 0.82 
w 

The very high exponent indicates that methanol is a very good solvent 
for PIA, probably as the result of strong solvation between the solvent 
and polymer by H-bonding, supporting coil expansion. T~s is in contrast 
to the relation published for poly(methacrylic acid) ~ in methanol at 
25~ with an exponent of only 0.50 but a much higher coefficient K. 

The PIA unperturbed dimensions were calculated according to the Stockma- 

yer Kurata procedure, outlined previously 9'13'14. The first extrapolation 
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for K gave a result of 15,4.]0(exp-3) (ccm/g) and the second a corrected 
K = ~8,4.10(exp-3) (ccm/g). the great difference between two extrapola- 
tions is a consequence of the high exponent a = 0.82. A third 
extrapolation proved to be insignificant. From the final K the steric 
factor ~ , reflecting the short range interaction, and the cHaracterlstlc 

ratio 12 Cc~ were obtained : 

o = 1.51 and C~= 4.63 

The results of o and Co, for un- 
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Figure I : The plots of the steric fac- 
tor~ (o) and the characteristic ratio 
Coo(~) of poly(di-n-alkyl itaconates ) 
vs. the molar mass M of the repeating 
unit ; (e) represent~ new results 
obtained for PIA (M ~ = 130). 
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dissociated PIA are in very 
good agreement with those pub- 
lished previously for the po- 
lymer homologous series 9~P9~ 
ly(di-n-alkyl itaconates "~'~ 
Fig 1 is~an extension of Fig 4 

" 14 
from ref ,showingo and C~ for 
poly(itaconates), substituted 
with n-alcanols [ C-2 is e. g. 
PDEI and C-10 poly(di n-decyl 
itaconate)].The two curves re- 
present the increase of the 
two parameters with increasing 
substituent size,i.e.with the 
increase of the molar mass of 
the repeat units, plotted on 
the abscissa.The values obtai- 
ned for PIA(M =130)are presen- 
ted with full~ PIA 
values fit both curves very 

well.PIA can therefore be con- 
sidered to represent the first 
member of this series with the 
substituent R = H,of relative- 

ly small volume,which does not affect significantly the free rotation 
of the two substituents present in each monomer residue of the chain. 
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