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Abstract Free radical polymerization of n-dodecyl

methacrylate (DDMA) in bulk has been investigated by

differential scanning calorimetry (DSC). Autoacceleration

of reaction was observed at the temperatures 70, 80, and

90 �C, with 0.25, 0.5, and 1 wt% of initiator, and was

absent at 100 �C. DSC curves obtained at the temperatures

below 100 �C were characterized by two maxima. Two-

peak deconvolution was used to separate DSC curve into

two constitutive unimodal curves, i.e., to calculate the

contribution of polydodecyl methacrylate formed before

(first maximum) and after (second maximum) the onset of

autoacceleration. The share of second maximum decreases

as the polymerization temperature and initiator concentra-

tion are increased. As the organization of monomer is

known to decrease with increasing temperature, it can be

expected that the fraction of polymerized disordered phase

of monomer (first maximum in DSC curve) is the highest at

90 �C. Our results confirm this prediction and are in good

agreement with those observed from conversion versus

time curves of DDMA polymerization.
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Introduction

Autoacceleration in the rate of the polymerization is the

phenomenon that often occurs during the free radical

polymerization of vinyl monomers in bulk at intermediate

or high degrees of conversion [1–3]. Autoacceleration in

the polymerization of some alkyl methacrylates, especially

that of methyl methacrylate, has been observed by many

investigators [4–7], and many models have been developed

with a view to explain the onset of that phenomenon. The

conversion at the onset of autoacceleration increases with

increasing the length of the alkyl group in the ester [8, 9].

Interest in the polymerization of dodecyl methacrylate

(DDMA) results primarily from the significant commercial

importance of polydodecyl methacrylate as the additive for

improvement of lubricating oils properties [10] and, from a

more fundamental viewpoint, the fact that autoacceleration

phenomenon is observed in the bulk polymerization of

DDMA [9, 11].

The kinetics of free radical polymerization of DDMA

was studied at 60 and 80 �C in bulk and in benzene solu-

tion [12]. The analysis of the data showed the kinetic

results deviated from classical behavior and that this

deviation could be explained by the chain length depen-

dence on the diffusion controlled termination rate constant

[12]. It was found that the free radical polymerizations of

some higher n-alkyl mathacrylates (dodecyl, quatrodecyl,

and hexadecyl methacrylates) are characterized by non-

intensive autoacceleration at temperatures below 90 �C [9].

The intensity of autoacceleration decreases as the alkyl

group length in the esters increases [9]. Bulk polymeriza-

tion of DDMA initiated by 2,2-azobisizobutyronitrile

(AIBN) proceeds with low autoacceleration and formation

of a cross-linked polymer in the temperature region from

60 to 90 �C [11]. The polymerization conversion, at which

an insoluble polymer fraction begins to form, decreases

with decreasing polymerization temperature and initiator

concentration [11]. The free radical bulk polymerization of

DDMA in the presence of AIBN has been studied by
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differential scanning calorimetry (DSC) and it was found

that the measured heat of reaction increased with the

concentration of the initiator [13]. In the article of Kale

et al. [14], the free radical polymerization of DDMA has

been studied using a combination of rheological and kinetic

methods. Simultaneous measurements provided the data

for correlating changes in the kinetics with changes in the

rheology of the polymerizing system. Controlled poly-

merization of higher alkyl methacrylates, e.g. DDMA and

stearyl methacrylate, has been successfully achieved by

atom transfer radical polymerization (ATRP) at ambient

temperature [15]. Dinitroalkyl acrylates and methacrylates

were synthesized and the kinetics of their free radical

polymerizations in the presence of AIBN was investigated

by DSC in the non-isothermal mode [16]. DDMA star-like

polymers were synthesized by ATRP, and the influence of

the experimental parameters on the structures of synthe-

sized polymers was studied [17].

The intention of this article was to study the course of

DDMA free radical isothermal polymerization in bulk by

DSC method. The contribution of polydodecyl methacry-

late formed before and after the onset of autoacceleration

was calculated by two-peak deconvolution of experimental

curves.

Experimental

Chemicals

– Dodecyl methacrylate (DDMA), CH2=C(CH3)COO

(CH2)11CH3, Merck, was freed of inhibitor before use.

It was washed with 10% aqueous NaOH solution, dried

over anhydrous CaCl2, and then vacuum distilled [9, 11].

– Initiator: 2,2,-azobisizobutyronitrile (AIBN), p.a.,

Merck, was recrystallized from methanol.

Method

The bulk polymerization of DDMA was carried out in DSC

with a TA Model Q20 instrument. The temperature and

heat flow scales were calibrated using the melting of high-

purity indium. About 5–10 mg of monomer was put into

hermetic aluminum DSC pan and sealed with an aluminum

lid. Nitrogen was used as purge gas with flow rate of

50 mL min-1. The polymerizations of DDMA were per-

formed under isothermal conditions (at 70, 80, 90, and

100 �C). Concentration of the initiator (AIBN) was varied

from 0.25 to 1 wt% at 90 �C. The declination on ordinate

(h in mm; Figs. 1, 2) is proportional to the increase of

enthalpy with time, h = dH/ds [9]. The amount of poly-

merized monomer (proportional to the heat evolved in the

reaction) was calculated from the area between the DSC

curve and the baseline (Figs. 1A, 2A) using method

described in literature [8, 9, 18, 19]. The amount of unre-

acted monomer was determined by prolonging the poly-

merization in the dynamic thermal range, from the

temperature of isothermal polymerization to 220 �C [8, 9]

at heating rate 10 �C min-1. The total reaction enthalpy of

DDMA polymerization is proportional to the sum of areas

A (under isothermal DSC curves; Figs. 1A, 2A) and B

(under dynamic DSC curves; Figs. 1B, 2B). The area under

the dynamic DSC curve (Figs. 1B, 2B) presents the amount

of unreacted monomer [8, 9].

Results and discussion

DSC curves of DDMA isothermal polymerization with

0.5 wt% AIBN are given in Fig. 1A. There are two max-

ima in polymerization curves at 70, 80, and 90 �C. With

the increase of polymerization temperature, the share of the

first maximum (at lower time) increases while the share of

the second maximum (at higher time) decreases. DSC

curve of DDMA polymerization at 100 �C has only one

maximum (Fig. 1A).
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Fig. 1 Isothermal (A) and dynamic (B) DSC curves of DDMA

polymerization. Effect of polymerization temperature (0.5 wt%

AIBN)
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Fig. 2 Isothermal (A) and dynamic (B) DSC curves of DDMA

polymerization. Effect of initiator concentration (T = 90 �C)
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With increase of the initiator concentration from 0.25 to

1 wt%, at 90 �C (Fig. 2A), the share of the first maximum

in DSC curve of DDMA polymerization increases.

On the basis of presented DSC curves (Figs. 1A, 2A),

we can assume that the free radical polymerization of

DDMA at temperatures below 100 �C is separated into two

stages: before and after the onset of autoacceleration. A

two-peak deconvolution method [20, 21] used in this study

enables deconvolution of bimodal DSC curves by means of

two characteristic unimodal curves. The first peak (maxi-

mum), located at low time (conversion), characterizes the

polymer formed during the first part of the polymerization

(up to the onset of autoacceleration); the second peak

(maximum), at higher time (conversion), represents the

contribution of the polymer fraction which has been

formed after autoacceleration (Figs. 1A, 2A). In order to

give an estimate of the ratio of both fractions in the final

curve, it is necessary to analyze these two peaks separately.

Because of overlapping, this is not possible. Deconvolution

is a mathematical process of extracting constitutive peaks

from the cumulative curve. In this study, Origin 8.0 was

used to extract constitutive peaks from DSC curves

(Figs. 1A, 2A). When the peaks were identified, numerical

integration was applied, resulting in a value for the area

under each maximum and under the cumulative curve.

Now, simply dividing the area under each peak by the area

under cumulative DSC curve gives the percentage of

monomer conversion before and after the onset of

autoacceleration (Table 1).

The share of second peak which represents the contri-

bution of polymerized DDMA after autoacceleration

decreases as the polymerization temperature is increased

from 70 to 90 �C. The same happens as initiator concen-

tration is increased from 0.25 to 1 wt% (Table 1). The

theory of the polymerization of organized monomers [22]

suggests that up to onset of autoacceleration, monomer

from the disordered phase is polymerized and, after that

moment monomer from the ordered phase is polymerized.

As the organization of monomer is known to decrease with

increasing temperature [22], it can be expected that the

fraction of polymerized disordered phase of monomer (first

maximum in DSC curve) is the highest at 90 �C. Our

results (Table 1) are in accordance with this prediction.

There is some literature data which confirm that DDMA is

partially organized monomer [23].

We propose that by two-peak deconvolution of experi-

mental DSC curve, it is possible to separate the contribu-

tion of polydodecyl methacrylate obtained before and after

onset of autoacceleration. Calculated percentage of area

under the first peak (contribution of polymerized monomer

up to the onset of autoacceleration; Table 1) is in good

agreement with conversion at the transition point from

linear to ‘‘S’’ shape, defined as the onset of autoaccelera-

tion [7, 8, 24] in experimental conversion versus time

curves of DDMA polymerization (obtained from DSC

curves; Figs. 3, 4).

The conversion versus time curves of DDMA poly-

merization at 70, 80, and 90 �C have ‘‘S’’ shape, that is

characteristic for autoacceleration of the polymerization

(Fig. 3). The transition from linear to ‘‘S’’ shape of curve,

i.e., the onset of autoacceleration is observed after about

4 wt% of monomer conversion at 70 �C, after 9 wt% of

monomer conversion at 80 �C, and after about 13.5 wt% of

monomer conversion at 90 �C (Fig. 3). Values of monomer

Table 1 Results obtained by two-peak deconvolution of DSC curves

Concentration

of AIBN/wt%

Polymerization

temperature/�C

Share of the

first peak/%

Share of the

second peak/%

0.25 90 6.6 93.4

0.5 70 6.0 94.0

0.5 80 10.3 89.7

0.5 90 13.9 86.1

1 90 37.9 62.1
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Fig. 3 Conversion versus time curves of DDMA polymerization.

Effect of polymerization temperature (0.5 wt% AIBN)
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Fig. 4 Conversion versus time curves of DDMA polymerization.

Effect of initiator concentration (T = 90 �C)
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conversions up to the onset of autoacceleration determined

from Fig. 3 are similar with data obtained by two-peak

deconvolution of DSC curves, presented in Table 1 (share

of the first peak). Conversion versus time curve of DDMA

polymerization at 100 �C is continuous, and autoaccelera-

tion is not observed on it (Fig. 3). This observation is in

accordance with obtained DSC curve of DDMA polymer-

ization at 100 �C which has only one maximum (Fig. 1).

Conversion at the onset of autoacceleration increases

with increase of initiator concentration (Fig. 4). The onset

of autoacceleration at 90 �C is observed after about 5 wt%

of DDMA conversion with 0.25 wt% AIBN, after

13.5 wt% of DDMA conversion with 0.5 wt% AIBN, and

after about 36.5 wt% of DDMA conversion with 1 wt%

AIBN (Fig. 4). These results are in accordance with values

of DDMA conversions calculated by two-peak deconvo-

lution (share of the first peak; Table 1).

Good agreement of data calculated by two-peak

deconvolution presented in Table 1 and results determined

from Figs. 3 and 4 show that simply two-peak deconvo-

lution method can be useful for analysis of DSC curve of

isothermal DDMA polymerization at temperatures below

100 �C, respectively, for the study of the effects of poly-

merization conditions on the onset of autoacceleration in

reaction.

Conclusions

Free radical polymerization of DDMA in bulk is charac-

terized by autoacceleration at the temperatures 70, 80, and

90 �C with used concentrations of AIBN. DSC curves of

DDMA isothermal polymerization at temperatures below

100 �C have two maxima. The first maximum corresponds

to monomer that was polymerized up to the onset of au-

toacceleration. The second maximum represents the con-

tribution of the monomer which was polymerized after

autoacceleration. Two-peak deconvolution was used to

separate DSC curve into two constitutive unimodal curves

and calculate the contribution of polydodecyl methacrylate

formed before and after autoacceleration. The share of

second maximum decreases as the polymerization tem-

perature and initiator concentration are increased. As the

organization of monomer is known to decrease with

increasing temperature, it can be expected that the fraction

of polymerized disordered phase of monomer (first maxi-

mum in DSC curve) is the highest at 90 �C. Our results

confirm this prediction and are in good agreement with

those observed from experimental conversion versus time

curves of DDMA polymerization. The data presented in

this article show that DSC curve of DDMA polymerization

with two maxima can be analyzed by two-peak deconvo-

lution method.
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based on semi-drying oils with melamine resin. J Therm Anal

Calorim. 2008;94:143–50.

1062 V. Jašo et al.
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