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Abstract p-Nitrobenzyl acrylate was polymerized under
microwave irradiation initiated by benzoyl peroxide. The
effect of the reaction conditions on the conversion, average
molecular weights and the polydispersity index (Mw/Mn)
were investigated. The polymers were characterized by IR,
1H and 13C-NMR spectroscopies and molecular weights
were analyzed with size exclusion chromatography (SEC).
Optical properties in seven solvents were studied. The most
outstanding characteristics of this monomer were slow
kinetics of polymerization and low average molecular
weight (Mw ~ 3000) as result of the chain transfer reaction
to monomer, as it was demonstrated by experimental test
and theoretical calculations. Solvatochromic effect of
polymer solutions by changing the solvent polarity was
quantitatively expressed by means of the linear solvation
energy relationship using the empirical Kamlet-Taft sol-
vents parameters set. The analyses demonstrated that the
solute-solvent dipolar interactions were mainly responsible
of the observed shift of νmax and attributed to the para-
nitrobenzyl group of the monomer, which enhanced the
optical properties of the polymer.

Keywords p-nitrobenzyl acrylate . Microwave
polymerization . Computational calculation .
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Introduction

The use of the microwave energy as a new methodology for
to carry out more safety, clean and efficient chemical
reactions was known for a long time [1–3] and has spread
rapidly to the field of polymer [4–6]. The mechanism of
energy transfer using a microwave field is considerably
different from the well-established modes (radiation, con-
duction, and convention) of heat transfer. The use of
microwave energy is a very original procedure for heating
materials. Its main advantage derives from the almost
instantaneous heating of them, homogeneously and selec-
tively, especially in those with poor driving properties and
in which local overheating is a major inconvenience.
Another important aspect related to the environmental
impact is the reduction in energy consumption compared
to the usual means of heating and the absence of solvent in
the reaction.

As the free radical polymerization is the most important
industrial polymerization technique, the effect of the
microwave energy onto the behavior of polymerization of
styrene, methacrylates and fumarates, among others, was
studied [7–10]. However, few of these studies have been
conducted systematically in order to understand the effect
of the experimental variables (power and time) on the
kinetics of polymerization as well as on the molecular
weight and the molecular weight distribution [9, 10]. These
studies provided relevant information about the monomer
structure-reactivity relationship under the above conditions,
as it was demonstrated for the case of fumaric esters [11].
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Polymers with functional groups are very important
because of their specific end applications [12, 13]. Among
them, acrylic and methacrylic esters with aromatic sub-
stituents which present high thermal stability and good
optical properties were used as a nonlinear optical polymer
as well as photobase generators in photo-induced polymer-
ization, depolymerization, and crosslinking [14–16].

The aim of the present study was to analyze the effect
of the different experimental variables (power, time,
solvent and initiator concentrations) on the polymeriza-
tion behavior and the macromolecular characteristic of
poly(p-nitrobenzyl acrylate) obtained under microwave
conditions. In addition, we investigated the optical properties
of this polymer in different solvents in relationship to their
structural characteristics.

Experimental part

Materials and instruments

Acrylic acid (Diransa) and p-nitrobenzyl alcohol (Aldrich
99%) were used as received. Benzoyl peroxide (BP) and
2,2′-azobisisobutyronitrile (AIBN) were recrystallized from
methanol. Other solvents were purchased from Merck and
Sintorgan (PA).

A Shimadzu IR-435 spectrometer was used to record the
infrared spectra of the monomer as a capillary film onto a
sodium chloride (NaCl) window.

1H-NMR and 13C-NMR spectra of monomer and
polymers were recorded on a Variam-200 MHz (Mercury
200) at 35 °C in CDCl3.

UV-visible absorption spectra were obtained with a
double-bean Cary 3 (Varian, Australia) spectrophotometer
with 1 cm optical path cell using spectroquality solvents.
The following solvents were used: 1,4-dioxane (DX),
chloroform (CL), ethyl acetate (EA), tetrahydrofuran
(THF), N-methyl-2-pyrrolydone (NMP), N,N-dimethylace-
tamide (DMA) and acetonitrile (ACN). The polymer
concentration was ca. 10−4–10−5 mole l−1 (moles of
polymer repeat unit per liter).

The molecular weight distribution and the average
molecular weights were determined by size exclusion
chromatography (SEC) with a LKB-2249 instrument at
25 °C and UV-Visible detector (SPD-10A Shimadzu). A
series of four μ-Styragel columns, ranging in pore size 105,
104, 103, 100 Å were used with chloroform as eluent. The
sample concentration was 4–5 mg ml−1 and the flow rate
was 0.5 ml min−1. The calibration was done with
polystyrene standards supplied by Polymer Laboratories
and Polysciences, Inc.

A microwave oven (Zenith, ZVP-2819), which produced
microwaves at a frequency of 2,450 MHz and a maximal

power of 700 W, was used to carry out the polymerization
reaction.

Monomer synthesis

p-Nitrobenzyl acrylate (pNBA) was synthesized by esteri-
fication starting from acrylic acid and p-nitrobenzyl alcohol
together with a catalytic amount of sulfuric acid [17].
Acrylic acid and p-nitrobenzyl alcohol were added to
benzene in the ratio 1:2:1. Sulfuric acid was used as
catalyst and the mixture was refluxed for 22 hs while
nitrogen was bubbled. The product was purified by column
chromatography using chloroform as eluent. The yield was
60 % (mp: 50–51 °C). Monomer characterization and
identification were carried out by spectroscopic methods.
IR (ν, cm−1): 1730 (C = O), 1635 (H2C = CHR), 1600
(C = C Aromatic), 1280 and 1140 (acyl-O-R), 740 (C-H
Aromatic), 830 (C-NO2).

1H-NMR (δΗ, ppm): 5.30 (−CH2

−benzyl), 5.85 (−CH2−), 6.25 (>CH−), 6.60 (−CH2−),
7.50–8.50 (aromatic). 13C (δc, ppm): 168.83 (C = O),
143.35 (C-NO2), 132.17 (CAr, α-CH2), 128.57 (C = C),
127.93 and 124.04 (Ar), 65.01 (O-CH2-Ar), confirming
the corresponding structure.

Polymerization

The general procedure to produce the polymerization under
microwave conditions was described [9]. Briefly, the
reaction was carried out in bulk in a conical Pyrex flask
of 25 cm3 closed by a septum. Two grams of monomer
were added to a previously weighted amount of the initiator
(BP). The initiator concentration was changed from 0.1% to
0.98% w/w. The flask was purged with N2 during 30 min
and then was placed in the centre of turntable of the
microwave equipment and irradiated at different power (70,
140, 210 W) and time (between 4 and 30 min).

Alternatively, the reaction was carried out under thermal
heating conditions using a thermostatized bath at 70 °C to
compare both heating methods.

After reaching room temperature, the polymer was
isolated and purified by chloroform solubilization and
precipitation on methanol, dried at constant weight and
the conversion determined gravimetrically. The polymer
was identified by nuclear magnetic resonance spectroscopy
and its weight average molecular weight and polydispersity
index were determined by SEC. In some cases the reaction
was carried out in a vacuum sealed tube, in order to
evaluate the effect of each atmosphere.

Computational method

In order to understand the behavior of pNBA polymeriza-
tion, thermodynamic calculations were performed on
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monomers and polymers in comparison to benzyl acrylate
(BA) polymerization, previously studied [9].

The conformational space of the species studied was
investigated using genetic algorithm as implemented in
Balloon software [18]. The conformers obtained were
optimized using the semiempirical PM6 method with
MOPAC2009 software [19]. The lowest-energy conformer
of each species was further optimized using tools from the
density functional theory as implemented in the Gaussian
03 package [20]. The optimizations were accomplished
using the Becke’s three parameters hybrid density func-
tional with the gradient-corrected correlation functional due
to Lee, Yang, and Parr, a combination that gives rise to the
well known B3LYP method [21]. The 6−31 + G* basis set
was used. A vibrational analysis at same level of theory was
performed for all the optimized geometries to verify their
local minima on the potential energy surface of the
molecules and obtain thermodynamic information.

Results and discussion

Structural analysis

Figure 1 shows the 1H-NMR spectrum of the poly(p-
nitrobenzyl acrylate) and its structure. The following are the
corresponding H assignations (δΗ, ppm): 8.10 and 7.41
(H-Ar), 5.10 (H2C-Ar), 2.73 (>CH–C = O), 2.35, 1.97 and
1.52 (–CH2–). The spectrum shows the splitting due to the
signals of hydrogen –CH2– of the main chain resonances
between 2.35 and 1.52 ppm. These signals correspond to the
different configurational possibility of the polymers. The
analysis, by means of the signals integrations, allowed us to
obtain the following percent of tacticity: 13.5% of syndiotactic
and 86.5% of isotactic configuration of the polymer [22]. This

result seems to indicate certain stereospecificity of the
polymerization reaction under microwave conditions, similar
to the results observed for other acrylates [9].

From the 13C-NMR spectrum (not shown), the following
C assignations were obtained (δC, ppm): 173.94 (C = O),
148.08 (C-NO2), 143.17 (CAr, α-CH2), 128.53 and 129.99
(Ar), 65.41 (O-CH2-Ar), 41.57 (–CH2–), confirming the
corresponding structure.

Microwave and thermal polymerization

The conditions of reaction employed and the characteristics
of polymers obtained are shown in Table 1. The effect of
the initiator nature was evaluated starting from two
different compounds, AIBN and BP. Higher conversion
was reached using BP under the same experimental
conditions (run 1 and 2), while the Mw were comparable
in both cases. For this reason, the other polymerization
reactions were performed using BP. Similar results were
formerly found and explained by other monomers studied
[11].

It is noteworthy that the kinetics of polymerization is
very slow (run 2 to 6) compared to poly(benzyl acrylate)
(PBA) and poly(methyl acrylate), previously studied under
similar conditions [9, 23]. On the other hand, the Mw was
much lower than the Mw of PBA obtained under similar
conditions. These results seem to indicate some impediment
to the growth of macroradical chain.

In order to clarify this behavior, additional experimental
and computational tests were undertaken. The effect of
different experimental variables was examined. The tests
realized at the lowest power irradiation (70 W) during
different times (4–30 min) showed no reaction under these
conditions. When the reaction was carried out using
dioxane as solvent, a decrease on the conversion but the
same Mw were observed (run 5 and 7). This result can be
attributed to a dilution effect. The reaction realized in
vacuum-sealed tubes (in dioxane) produced a small increase
in the reaction conversion and almost double increment in
the molecular weight (run 8). While the increase in
conversion could be due to increased reaction time (4 to
7 min), the effect is most noticeable on the molecular
weight. The atmosphere obtained in vacuum conditions
favors the growth macroradical because of the more
efficient evacuation of oxygen. The increase of the power
irradiation did not produce a significant improvement on
the conversion or on the Mw (run 8 and 9). In order to see
whether this effect was specific of the microwave energy, a
reaction using conventional thermal heating (run 2 and 10)
was performed. The temperature was selected according to
preliminary examination under the same microwave con-
ditions (data no shown). There was an important decrease
of the conversion rate: 0.19% conversion/minute (run 10)Fig. 1 1H-NMR spectra of poly(p-nitrobenzyl acrylate)
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respect to 3.03% (run 2) under microwave conditions.
Other thermal reactions tested at different times and
initiator concentrations showed no significant improvement
on the Mw.

Transfer constant evaluation

Since under all experimental variables, low weight average
molecular weights were always obtained it, is possible that
some type of chain transfer reaction could be competitive
with the chain propagation reaction. To test this hypothesis
the variation in the degree of polymerization with monomer
concentration was analyzed, considering that the transfer to
monomer would be the most probable chain transfer

reaction. The analysis was carried out according to the
following equation [24]:

1

DPn
¼ ktRp

k2p

1

M½ �2 þ CM ð1Þ

where DPn is the number average degree of polymerization,
kt and kp are the termination and propagation constants
respectively, Rp is the polymerization rate, [M] is the
monomer concentration and CM is the monomer chain
transfer constant.

Scheme 1 shows both chain propagation and monomer
benzyl hydrogen chain transfer reactions. In order to
estimate the CM value, different polymers were synthesized

Table 1 Experimental polymerization conditions and characterization of PpNBA. Initiated by BP under microwave and thermal condition

Run P (W) Time (min) Atmosphere Solvent (%w/w) [I] (%w/w) %C Mw Mw /Mn

1 140 7 N2 – 0.98(a) 4.0 3,300 1.1

2 140 7 N2 – 0.98 21.2 2,300 2.1

3 140 6 N2 – 0.98 17.4 2,700 1.7

4 140 5 N2 – 0.98 14.0 3,300 1.6

5 140 4 N2 – 0.98 14.3 2,500 1.7

6 140 3 N2 – 0.98 11.0 3,200 1.7

7 140 4 N2 Dioxane (42) 0.98 5.4 2,400 1.2

8 140 7 Vacuum Dioxane (42) 0.70 8.8 5,600 1.7

9 210 7 Vacuum Dioxane (42) 0.70 4.3 3,100 1.2

10 70 °C(b) 7 Vacuum – 0.98 1.3 4,200 1.1

a Azobisisobutyronitrile
b Thermal conditions

Scheme 1 Propagation step and
chain transfer reaction of
pNBA monomer
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changing the initial monomer concentration and keeping
the conversion <10%. Figure 2 shows the data obtained
from which CM was determined as: 0.070±0.003 (r=0.96,
n=5, p=0.009). This value is several orders of magnitude
higher than other CM previously reported in the literature:
0.955×10−4 and 0.332×10−4 for benzyl and ethyl acrylate,
respectively [25], indicating the relevance of the chain
transfer reaction as a termination mechanism of macro-
radical growth. In order to clarify the observed differences
during the polymerization of pNBA and BA, homopolyme-
rization and chain transfer enthalpy of reaction were
calculated for both monomers, as follows:

ΔHHOMOP: ¼ H P
�
nþ1ð Þ � H P

�
nð Þ � H Mð Þ ð2Þ

ΔHTRANSF ¼ H Pnð Þ þ H M
�Þ � H P

�
nð Þ � H Mð Þð ð3Þ

where H P�

nþ1

� �
, H P�

n

� �
, H(M), H(Pn) and H(M•) are

enthalpies for macroradical with n+1 units, macroradical
with n units, monomer, polymer with n units and radical
monomer obtained by chain transfer, respectively (see
Scheme 1).

In these calculations, the P�

n macroradical was estimated
as consisting of a one repeating unit with a methyl group
instead of a methylene group [26]. This approach does not
significantly alter the results and it is necessary due to
computational cost of applying the theory of density
functional to large systems. Results of the calculated
enthalpy (Table 2) put in evidence that the chain transfer
reaction is favored with respect to the propagation reaction
in the case of pNBA. This means that the products of the
first reaction are thermodynamically more stable. An
inverse result was found in the case of BA, where the

lower enthalpy corresponds to the propagation reaction of
macroradical, according to the observed experimental
results.

Optical properties

Figure 3 shows the UV spectra of PBA and PpNBA
polymers in chloroform solution. A small batochromic
shift of the peak was observed from 256 to 264 nm,
respectively, attributed to the larger conjugation of
pNBA structural unit containing a nitro group and
which characterizes the chromophore present in the
macromolecule. A difference of two orders of magnitude
higher in concentration of PBA respect to PpNBA, was
necessary to measure the same absorbance intensity on
the UV spectra which highlights the optical properties
of PpNBA.

The absorption spectra of PpNBA in seven solvents
were measured at 298 K. A shift of the peak maximum
at a longer wavelength was observed with the increase
of the solvent polarity (see Fig. 4 and Table 3). This
batochromic effect occurs when the dipolar moment of the
solute in the ground state is smaller than in the excited
state [27].
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Fig. 2 Evaluation of chain transfer constant to monomer (CM)
according to Eq. 1. Experimental conditions; P=140 W; t=10 min;
[BP]=0.1% w/w

Table 2 Propagation and chain transfer reaction enthalpies for benzyl
acrylate BA and p-nitrobenzyl acrylate pNBA calculated with
B3LYP/6-31 + G*

ΔH (kcal mol−1) BA pNBA

Propagation −9.67 −14.06
Chain transfer −7.91 −18.32

240 260 280 300 320 340

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

A
b

so
rb

an
ce

 (
a.

u
.)

Wavenumber (nm)

 PpNBA
 PBA

Fig. 3 UV absorption spectra of PBA and PpNBA polymers in
chloroform solution
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To evaluate the local interactions between the solute and
the solvent, the simplified form of the Kamlet-Taft linear
solvation energy relationship was used [28]:

XYZ ¼ XYZ0 þ sðp»þ ddÞ þ aa þ bb ð4Þ
where XYZ is the property to be correlated, in our case the
wave numbers of the absorption maxima (νmax), XYZ0 is
the property related to a standard process, π* is the
dipolarity/polarizability term, δ represents a polarizability
correction term, α is the hydrogen-bond donating (HBD)
capacity and β is the hydrogen-bond accepting (HBA)
capacity. The coefficient of δ (the d term) is zero for all
electronic spectra that are shifted bathochromically with the
increasing solvent dipolarity, as in this case [28].

The solvatochromic parameters π*, α and β for the square
multiple correlation analysis were taken from references 28
and 29 as shown in Table 3. The results show that the solvent
effect on the wave numbers of the absorption maxima may
be well correlated by the following expression:

nmax 103cm�1ð Þ ¼ 39:711� 2:293p»� 0:983b � 1:153a
n ¼ 7 r ¼ 0:988 SD ¼ 0:115 F ¼ 0:007

ð5Þ

where n is the number of tested solvents, r the
correlation coefficient, SD the standard deviation and F
the significance.

The influence of the π* on the bathochromic shift of
νmax of PpNBA is more important than the other two terms
(α and β), indicating that the solute-solvent dipole-dipole
interactions occur preferably in the excited-state of the
PpNBA.

Besides, comparing the absolute value, “b” coefficient is
smaller than “a” coefficient for the calculated relationship.
This result demonstrates that the ability of the solute to
donate hydrogen bonds is weaker than its ability to accept
hydrogen bonds through the heteroatoms and so a slighter
influence of “b” term on the bathochromic shift of νmax is
observed.

Conclusions

The polymerization behavior of pNBA initiated by BP
under microwave energy was systematically studied, and
showed significant enhancement of the rate of reaction
respect to the thermal conditions. The most outstanding
characteristic of this monomer is slow kinetics of polymer-
ization and low average molecular weight, in comparison to
BA. Both experimental results and theoretical calculations
demonstrated that this behavior is a consequence of the
chain transfer reaction to monomer, suggesting that the
nitro group plays an important role in the stabilization of
free radical monomer.

The optical properties of PpNBA were studied in
different solvents showing a solvatochromic effect,
which can be quantitatively expressed by means of the
linear solvation energy relationship using the empirical
Kamlet-Taft solvents parameters set. The analyses
demonstrated that the solute-solvent dipolar interactions
are mainly responsible of the observed shift of νmax.
These results imply that the substitution of the nitro
chromophoric group on the aromatic ring of the monomer
unit enhances optical properties of the polymer and so its
future applications.

Solvent λmax (nm) νmax (10
3 cm−1) π* α β

1,4-Dioxane 262 38.17 0.55 0.00 0.37

Chloroform 264 37.88 0.58 0.44 0.00

Ethyl acetate 264 37.88 0.55 0.00 0.45

THF 264 37.88 0.58 0.00 0.55

NMP 272 36.76 0.92 0.00 0.77

DMA 270 37.04 0.88 0.00 0.76

Acetonitrile 267 37.45 0.75 0.19 0.31

Table 3 UV absorption maxima
for PpNBA in different
solvents and their
solvatochromic parameters

Solvatochromic parameters α, β
and π* were taken from refs.
[28, 29]
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Fig. 4 UV absorption spectra of PpNBA in different solvents
(acronyms in the “Experimental part”)

1298 T.G. Oberti et al.



Acknowledgment The authors wish to tank Mrs. Silvia Moya for
language improvement of this manuscript. This work was supported by
Universidad Nacional de La Plata (Projects 11/X515), Argentina.

References

1. Lidström P, Tierney J, Wathey B, Westman J (2001) Microwave
assisted organic synthesis—a review. Tetrahedron 57:9225–9283

2. Stadler A, Yousefi BH, Dallinger D, Walla P, Van der Eycken E,
Kaval N, Kappe CO (2003) Scalability of microwave-assisted
organic synthesis. From single-mode to multimode parallel batch
reactors. Org Process Res Dev 7:707–716

3. Polshettiwar V, Varma RS (2008) Microwave-assisted organic
synthesis and transformations using benign reaction media. Acc
Chem Res 41:629–639

4. Bogdal D, Penczek P, Pielichowski J, Prociak A (2003)
Microwave assisted synthesis, crosslinking and processing of
polymeric materials. Adv Polym Sci 163:194–263

5. Hoogenboom R, Schubert US (2007) Microwave-assisted poly-
mer synthesis: recent developments in a rapidly expanding field of
research. Macromol Rapid Commun 28:368–386

6. Sinnwell S, Ritter H (2007) Recent advances in microwave-
assisted polymer synthesis. Aust J Chem 60:729–743

7. Chia L, Jacob J, Boey YC (1996) The microwave radiation effect
on the polymerization of styrene. J Polym Sci A Polym Chem
34:2087–2094

8. Chias L, Jacob J, Boey YC (1995) Comparative study of methyl
methacrylate cure by microwave radiation versus thermal energy.
Polym Test 14:343–354

9. Oberti TG, Schiavoni MM, Cortizo MS (2008) Structure and
proporties of poly(benzyl acrylate) synthesized under microwave
energy. Radiat Phys Chem 77:597–604

10. Cortizo MS (2007) Polymerization of diisopropyl fumarate under
microwave irradiation. J Appl Polym Sci 103:3785–3791

11. Cortizo MS, Laurella S, Alessandrini JL (2007) Microwave-
assisted radical polymerization of dialkyl fumarates. Radiat Phys
Chem 76:1140–1146

12. Gurtekin M, Kayaman-Apohan N, Kahraman MV, Menceloglu Y,
Gungor A (2009) UV curable sulfonated hybrid materials and
their performance as proton exchange membranes. React Funct
Polym 69:698–704

13. Sun F, Shi J, Du H, Nie J (2009) Synthesis and characterization of
hyperbranched photosensitive polysiloxane urethane acrylate.
Prog Org Coat 66:412–419

14. Vijayanand PS, Kato S, Satokawa S, Kishimoto M, Kojima T
(2009) Synthesis, characterization and thermal properties of homo
and copolymers of 3, 5-dimethoxyphenyl methacrylate with
glycidyl methacrylate: determination of monomer reactivity ratios.
React Funct Polym 69:333–340

15. Li Z, Wang L, Xiong B, Ye Ch, Qin J, Li Z (2010) Novel, side-on,
PVK-based nonlinear optical polymers: synthesis and NLO. Dyes
Pigm 84:134–139

16. Suyama K, Shirai M (2009) Photobase generators: recent progress
and application trend in polymer systems. Prog Polym Sci
34:194–209

17. Vogel A (1978) Textbook of practical organic chemistry, 4th edn.
Longman Group Limited, London

18. Vainio MJ, Johnson MS (2007) Generating conformer ensembles
using a multiobjective genetic algorithm. J Chem Inf Model
47:2462–2474

19. Molecular Orbital Package (MOPAC2009) (2008) Stewart JJP,
Stewart computational chemistry. http://openmopac.net/

20. Gaussian03 (2004) Gaussian Inc. http://www.gaussian.com
21. Stephens P, Devlin F, Chabalowski C, Frisch M (1994) Ab initio

calculation of vibrational absorption and circular dichroism
spectra using density functional force fields. J Phys Chem
98:11623–11627

22. Porter NA, Allen TR, Breyer RA (1992) Chiral auxiliary control
of tacticity in free radical polymerization. J Am Chem Soc
114:7676–7683

23. Jacob J, Chia LHL, Boey FYC (1997) Microwave polymerization
of poly(methylacrylate): conversion studies at variable power. J
Appl Polym Sci 63:787–796

24. Odian G (1970) Principles of polymerization, 1st edn. McGraw-Hill,
New York

25. Brandrup J, Immergut EH (1975) Polymer handbook, 2nd edn.
Wiley, New York

26. Bebe S (2008) Estimation of free radical polymerization rate
coefficients using computational chemistry, A thesis submitted to
the Department of Chemical Engineering Queen’s University
Kingston, Ontario, Canada

27. Reichardt C (1990) Solvents and solvent effects in organic
chemistry, 2nd edn. Weinheim, VCH

28. Kamlet MJ, Abboud JLM, Abraham MH, Taft RW (1983) Linear
solvation energy relationships. 23. A comprehensive collection of
the solvatochromic parameters, π*, α, and β, and some methods
for simplifying the generalized solvatochromic equation. J Org
Chem 48:2877–2887

29. Laurence C, Nicolet P, Dalati MT, Abboud JLM, Notario R (1994)
The empirical treatment of solvent-solute interactions: 15 years of
π*. J Phys Chem 98:5807–5816

Polymerization of p-nitrobenzyl acrylate 1299

http://openmopac.net/
http://www.gaussian.com

	Polymerization of p-nitrobenzyl acrylate under microwave irradiation and their optical properties
	Abstract
	Introduction
	Experimental part
	Materials and instruments
	Monomer synthesis
	Polymerization
	Computational method

	Results and discussion
	Structural analysis
	Microwave and thermal polymerization
	Transfer constant evaluation
	Optical properties

	Conclusions
	References


