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SYNOPSIS 

Various homopolymers and copolymers of methyl acrylate, ethyl acrylate, butyl acrylate, 
and acrylonitrile in different feed ratios were synthesized. These were characterized by IR, 
13C-NMR, DSC, DTA, and TGA. Spectroscopic characterization helped in differentiating 
copolymers of different mol ratios. Thermal analysis revealed different degradation patterns 
for homopolymers and copolymers. The temperature and energy changes associated with 
various phase transitions were dependent on the chemical composition of homo- and co- 
polymers, as expected. 0 1993 John Wiley & Sons, Inc. 

INTRODUCTION 

Adsorption of polymers at the solid-liquid interface 
is very important in coatings, adhesives, laminates, 
etc.'s2 To understand the, adsorption of polymers a t  
the interface, one needs to have well-characterized 
polymers. Hence, in continuation of our interest in 
polymer adsorption, we synthesized various ho- 
mopolymers and copolymers of acrylonitrile and 
methyl, ethyl, and butyl acrylates. These were then 
characterized and their adsorption at  the solid/liq- 
uid interface was studied. The characterization was 
done by elemental analysis, IR, 13C-NMR, DSC, 
DTA, and TGA as was done earlier? The results 
are presented and discussed here. 

EXPERIMENTAL 

The monomers acrylonitrile, methyl acrylate 
(Fluka) , and ethyl acrylate and butyl acrylate ( Na- 
tional Chemicals, Baroda, India) were purified as 
described in an earlier paper.5 The solution poly- 
merization technique was used for synthesizing the 
copolymers and homopolymers. To synthesize co- 
polymers of various compositions, the acrylonitrile- 
acrylate feed ratios were varied. They were 1 : 1, 
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1 : 2, and 1 : 3 (w/w),  symbolized as ANXAll, 
ANXA12, and ANXA13, respectively, where XA 
stands for acrylates, in which X may be methyl ( M )  , 
ethyl (E )  , or butyl (B)  and AN is for acrylonitrile. 
The copolymers were synthesized and purified as 
reported earlier.5 The corresponding homopolymers 
were also synthesized and purified under similar ex- 
perimental conditions. Nitrogen estimation was 
done by the Dumas' method. 

Infrared spectra ( IR)  were recorded on a Shi- 
madzu IR 408 spectrophotometer. The films were 
prepared by dissolving the polymers in acetone and 
pouring the solutions over a pool of mercury. The 
films were obtained by vacuum evaporation of the 
solvent. In case of PAN, a transparent pellet of KBr 
with the polymer sample was prepared for the IR. 

13C-NMR spectra of the polymers were recorded 
on a Varian XL-300 NMR spectrometer at the 
Regional Sophisticated Instrumentation Centre 
(RSIC) , IIT, Bombay, India. The spectra of acrylate 
homopolymers were recorded using CDC13 as the 
solvent. For PAN and copolymers, DMSO was used. 
The internal standard used was TMS. 

DSC was recorded on a DuPont 2000 thermal an- 
alyzer, in a nitrogen atmosphere at  a heating rate 
of 10"C/min, at the Department of Colour Chem- 
istry, Leeds University, Leeds, U.K., and on a Mett- 
ler TA 4000 system at the Applied Chemistry De- 
partment, M.S. University, Baroda, India. 

TGA and DTA were recorded on a Shimadzu 
thermal analyzer DT-30B. The heating rate main- 
tained was 10°C/min in presence of air. 
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Table I Some Experimentally Determined Parameters for the Homopolymers and Copolymers 

Viscosity Average 
Mol. Wt. Tg 

A N : =  (M; x 10-3) ( " 0  

ANMAlp 8.05 1 : 1.40 13.2 53 
ANMA,, 5.65 1 : 2.27 12.6 37 
ANEA,, 12.63 1 : 0.58 22.6 57 

ANEA13 7.41 1 : 1.36 21.0 - 
ANBA11 11.71 1 : 0.52 15.8 55 
ANBAlz 8.51 1 : 0.82 15.3 - 
ANBA13 7.95 1 : 0.96 13.8 - 

Percentage Nitrogen Expt Mol Ratio 
Polymer Content (N W )  

ANMA,, 11.49 1 : 0.86 15.7 58 

ANEA,, 9.25 1 : 0.98 18.8 48 

- 20.5 - 
- 21.0 - 
- 22.1 - 

PMA - 

P E A  - 
PBA - 

PAN 25.2b - 52.0 - 

a K and (Y values were taken from Ref. 29. 
Theoretical value 26.4. 

RESULTS AND DISCUSSION 

(a)  Elemental Analysis 

From the results obtained by nitrogen estimation, 
the experimental mol ratios were calculated. The 
results are compiled in Table I. These results show 
that the amount of acrylate moiety is less in the 
copolymer samples than is expected from the feed 
ratios. Viscosity-average molecular weights are also 
given in Table I. 

(b)  Infrared Spectra 

A representative copolymer spectrum is shown in 
Figure 1. The spectrum shows characteristic bands 
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Figure 1 IR spectrum of ANMA,,. Peak height ratio 
(acrylonitrile/acrylate) for ANMAll = 0.23; ANMAlz 
= 0.17, and ANMA13 = 0.15. This qualitative trend was 
also observed for other series of copolymers. 

a t  2241 and 1741 cm-' for -CN and -COOR 
groups, respectively. A comparison of various spectra 
(not shown) indicates a qualitative trend when the 
peak heights corresponding to acrylonitrile and ac- 
rylate are compared to the experimental mol ratios 
of the copolymers as mentioned in Figure 1. 

(c) 13C-NMR Spectra 

Homopolymers 

The 13C-NMR spectra of PAN, poly (methyl acry- 
late) (PMA),  poly( ethyl acrylate) (PEA),  and 
poly (butyl acrylate) (PBA) were obtained. The as- 
signments of various resonance peaks due to differ- 
ent carbon atoms were made by comparison with 
the reported spectra of analogous groups from the 
l i t e r a t ~ r e . ~ ~  The spectrum of PAN (Fig. 2)  matches 
well with that reported in the l i t e ra t~re .~  The rel- 

Figure 2 13C-NMR spectra of PAN. 
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Figure 3 13C-NMR spectra of (a )  ANMAll, (b )  ANMAlz, and ( c )  ANMAIS. 
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Figure 4 13C-NMR spectra of ANEAll. 

ative intensities observed for the triads of nitrile 
carbon resonance are about 3 : 4 : 2.5 and are con- 

Copolymers 

sistent with increased stereoregularity, the atactic 
fraction being dominant. The three lines have been 
assigned to iso-, hetero-, and syndiotactic triads in 
order of increasing field from left to right. The spec- 
tra of PMA, PEA, and PBA are in agreement with 
those in the literature6*' and, hence, are not dis- 
cussed here. However, it should be emphasized that 
in these polyacrylates, unlike carbonyl carbons, 
peaks due to methylene carbons show splitting be- 
cause of configurational effects. 

The 13C-NMR spectra of various copolymers were 
obtained. A few representative spectra are shown in 
Figures 3-5. Unlike homopolymers, the peaks due 
to carbonyl carbons of these copolymers show split- 
ting. Various splitting patterns were observed in 
resonance of backbone methylene, nitrile, and qua- 
ternary carbons. This splitting is influenced by the 
composition, configurational, and sequence distri- 
bution effects. Quantitative determination could not 
be done due to unavailability of a standard. It can 

1180 1160 IhO 120 I00 8'0 60 

Figure 5 13C-NMR spectra of ANBA,,. 
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Figure 6 
and ( c )  ANBA,,. 

DSC curves of ( a )  ANMAll, (b) ANEAll, 

be observed [Fig. 3 ( a )  - (c )  J that with increasing 
content of MA (acrylate fraction) in the copolymers 
there was greater tendency toward ordered arrange- 
ment, with the isotactic fraction predominant. The 
intensities of the carbonyl resonance peaks also in- 
crease. This diminishes the intensity and resolution 
of nitrile carbons. However, the tendency for a more 
ordered arrangement is relatively less in ANBA co- 
polymers with increasing content of BA (though 
spectra are not shown). Similar phenomena were 
observed in the copolymers of glycidyl methacrylate- 
alkyl acrylate, where the resolution of the carbonyl 
carbon diminished with increasing alkyl acrylate 
content.'j 

Thus, these results indicate that with the incor- 
poration of lower alkyl acrylates, as in ANMA and 
ANEA, the tendency for ordered arrangement is 
relatively more where the isotactic fractions pre- 
dominate. The tendency is less when higher alkyl 
acrylates are used, as in ANBA copolymers. 

(d)  Thermal Analyses 

Differential Scanning Calorimetry (DSC) 

Representative DSC thermograms of copolymers of 
the acrylate-acrylonitrile series ( 1 : 1 ) are shown in 
Figure 6. The heating rate was maintained at  10°C/ 
min. The observed glass transition values are given 
in Table I. The Tg values were found to decrease 
with increasing acrylate content. A similar effect was 
observed for higher homologs of acrylates. The Tg 
values of PAN and polyacrylates have been reported 
by many  worker^.'^'^ The values of copolymers were 
found to be in between those of the corresponding 
homopolymers. The DSC thermograms of PAN in 
N2 atmosphere (Fig. 7)  showed a sharp exothermic 
peak, centered at 265.6"C, followed by decomposi- 
tion at  higher temperatures. This was also observed 

The exothermic peaks were prominent 
only in the ANXA,, copolymer samples (Fig. 6 ) .  At 
higher acrylate concentration, the exotherms were 
deemed to have been masked by the endothermic 
degradation process, though that is somewhat sur- 
prising. However, similar observations have been 
reported earlier 14,16 for the copolymers of acryloni- 
trile and methyl methacrylate, where the increasing 
concentration of methyl methacrylate masked the 
exothermic reaction. This could be attributed to the 
effect of the bulkier comonomer acrylates, dimin- 
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Figure 7 DSC curve of PAN. 
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DTA thermograms of (a ) PAN, (b)  PBA, ( C )  ANBAll, and (d)  ANMA11 . Figure 8 

ishing the crystallization considerably by restricting 
the chain length that allows cocrystallization.16 The 
decomposition endotherm sets in a t  a lower tem- 
perature with higher alkyl acrylate concentration. 
Moreover, as the molecular weights of the copoly- 
mers were not high (Table I ) ,  the large number of 
chain ends do not permit close packing, conferring 
more flexibility by occupying a large free volume. 

Differential Thermal Analysis (DTA) 

Representative DTA thermograms are shown in 
Figure 8. Pronounced heat changes were observed 
in the degradation reactions of the polymers. The 

exotherm started at  a higher temperature (above 
400OC) in all systems, indicating that the oxidative 
resistance of the polymers was high. This was also 
earlier found to be true for PAN.I7 As the thermal 
characteristics depend on the conditions under 
which the polymers were tested, care was taken to 
maintain identical experimental conditions for all 
the samples. The thermograms obtained show broad 
shoulders. This was because the runs were performed 
in air. A prominent exothermic peak (very sharp) 
at the higher temperature region was observed for 
all the copolymers and homopolymers of acrylates. 
This was due to the cross-linking reactions taking 
place in the acrylate chains at higher temperatures. 
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Figure 9 TGA curves of ( 1 ) PAN, ( 2 )  PBA, and ( 3  ) 
ANEAll. 

Thermogravimetric Analysis (TGA) 

Representative thermograms for the homopolymers 
and copolymers are shown in Figures 9 and 10. A 
different degradation mechanism for the copolymers 
was evident from the two-stage thermograms ob- 
tained. For homopolymers, the thermograms show 

TEMPERATURE ( ' C  ) 

Figure 10 TGA curves of (a)  ANBAll, (b )  ANBAlz, 
and ( c )  ANBA13. 

Table I1 
Homopolymers and Copolymers by 
Thermogravimetric Analysis 

Activation Energy of Decomposition for 

Decomposition Weight 

Polymer Range (kJ mol-') 
Temp ("C)  Loss E, 

ANMAll 360-500 51 82.8 
510-800 97 29.7 

ANMAlz 360-500 62 102.0 
540-750 98 41.8 

ANMA13 420-620 70 150.5 
7 0 0 - 8 5 0 94 41.4 

ANEA,, 440-570 58 120.4 
680-920 99 54.8 

ANEAIZ 375-530 64 132.1 
560-810 93 28.8 

ANEA13 450-580 54 160.1 
630-815 83 38.9 

ANBAll 380-520 44 120.8 
570-760 82 53.9 

ANBA,, 410-520 51 143.8 
610-770 82 35.1 

ANBA13 390-510 60 130.4 
560-665 93 47.2 

PMA 320-500 89 92.0 
PEA 380-510 87 136.3 

PBA 360-530 90 141.3 

PAN 550-790 79 71.5 

a single-step degradation pattern. In this study, the 
Broido method" was used to calculate the activation 
energy of degradation for all systems. The linearity 
of the Broido plots was good with correlation coef- 
ficients greater than .99. The slopes of those lines 
were related to activation energy of degradation. The 
temperature range used is indicated in Table 11. 

The calculated activation energies of decompo- 
sition ( E , )  are compiled in Table 11. It can be seen 
that there is no clear correlation between EA and 
the size of the acrylate moiety as well as the con- 
centration of the acrylates in the copolymers. The 
range in activation energy indicates that major de- 
composition occurs in the first step. 

DiEdwardo '' reported four main categories of 
degradation reaction, namely, chain scission, cross- 
linking, hydrogenation, and cyclization in PAN and 
the main degradation products have been identified 
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as ammonia and hydrogen cyanide." The PAN 
thermogram shows extensive weight loss (Fig. 9 ) .  
This indicates that chain scission reactions are also 
evident, though the predominant reaction is for- 
mation of fused heterocyclic rings." The E, value 
of PAN in the presence of air is much less (71.1 kJ 
mol-') than the reported value of 129.6 kJ mol-' in 
N2." This was calculated for the 550-790°C decom- 
position range. The lower temperature range was 
neglected. In the case of PMA, a similar decrease 
was also observed, the reported value being 154.7 kJ 
mol-' in Nz." This is also because the decomposition 
reactions were faster in the presence of air than in 
nitrogen. The sample characteristics also contribute 
to this effect. Moreover, the Broido method yielded 
lower valuesz3 when compared to the methods of 
Flynn and Wallz4 and Anderson and Freeman.25 

A recent studyz6 on the thermal characteristics 
of the polyacrylates showed that PMA exhibited 
lower thermal stability than did PEA, whereas other 
polymers beginning from PBA exhibited higher and 
approximately the same thermal stability at a heat- 
ing rate of 2'Clmin. The same polyacrylates con- 
sidered in the present study also followed a similar 
pattern (Table 11). It was suggested that, at higher 
heating rates, cross-links cannot be formed as the 
temperature range in which cross-linking was pos- 
sible is limited. In other words, though the cross- 
linking process at the initial stage of thermal deg- 
radation in PMA was thermodynamically favorable, 
it did not occur at a high heating rate due to kinetic 
reasons. Hence, the observed E, values were lower.26 
The decomposition process was sharp, indicating 
that the process was essentially a chain rea~tion. '~ 
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