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Abstract: The thermal behavior of polystyrene (PS) and of styrene copolymers with 2, 3 epoxypropyl methacrylate 

(GMA) synthesized in the presence of the magnetic field has been studied. The thermal behavior was investigated by 

thermogravimetry (TGA) and differential scanning calorimetry (DSC) techniques. The synthesized polymeric latexes 

were also characterized from the view point of the particle size distribution (70-200 nm) as well as of their stability by de-

termining the zeta potential values. The decrease of zeta potential absolute value with the increase of GMA content or 

growth of the temperature it was observed. At the same time, the increase of zeta potential absolute value corresponds to 

latexes prepared in the MF presence. The presence of the magnetic field during syntheses increases the swelling capaci-

ties, glass transition temperature and thermal stability of both homopolymers as well as of the synthesized copolymers. 

The behavior was attributed to a potential ordered structure induced by the magnetic field during syntheses upon macro-

molecular chains.  

INTRODUCTION  

 The emulsion polymerization of styrene photoinitiated by 
dibenzyl ketone or benzoin in the presence of a magnetic 
field (MF) evidenced the field effect upon the reaction kinet-
ics [1-3]. The authors ascribed the increasing of the polym-
erization rate to the shortness of the polymer particle nuclea-
tion under the magnetic field influence. Also, the application 
of a moderate magnetic field (MF) of 50–1000 G signifi-
cantly accelerated the polymerization process and resulted in 
an increase of the molecular weight of polystyrene formed in 
the emulsion polymerization [2-4]. These studies pointed out 
the importance of the radical pair mechanism as explanation 
for the magnetic field effects in reactions involving species 
having unpaired electrons [3-5]. Thus, the magnetic field 
influence becomes obvious when, in radical pairs from the 
system, the field will induce or prevent singlet – triplet tran-
sitions for example. The changes in the radical pairs’ multi-
plicity are followed by modifications in the ratio of cage 
radicals to escape radicals. Consequently, the initiation and 
the kinetics of the reactions are affected. Micellar aggregates 
ideally fulfill the basic requirements for radical pair mecha-
nism, namely easy separability of the geminate radical pairs 
followed by an extended period of diffusive reencounter. At 
the same time, the modification of the electronic spin align-
ment to the triplet state as a result of the magnetic field pres-
ence, determines the subsequent decrease of the radicals re-
combination process. This phenomenon of “micellar super-
cage effect” was evidenced and underlined by Turro [4].  

 In recent years, the copolymers based on 2, 3 - ep-
oxypropyl methacrylate (GMA) received increased attention  
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owing to their versatile applications such as scaffolds for 
guided bone adhesives, for dentin bonding, application in 

immobilization and separation of biologically active sub-

stances, for obtaining powder coatings with better toughness, 
gloss, durability, chemical resistance, and flexibility [6-10]. 

The copolymerization kinetic of GMA with styrene in solu-

tion was studied in detail by Sorokin and Kochnov [11] and 
the reactivity ratio of the comonomer pair was reported. Zul-

fiqar and al. [9] investigated the thermal degradation behav-

ior of GMA-styrene copolymer by employing various ther-
moanalytical techniques (thermal volatilization, thermogra-

vimetry and subambient thermal volatilization analysis). 

They concluded that copolymers have intermediate thermal 
stability between polystyrene (PS) and poly(2, 3 - epoxypro-

pyl methacrylate) (PGMA), a mechanism of thermal degra-

dation being also suggested by the authors [9 - 14].  

 In our previous papers it was investigated the polymeri-

zation of styrene with 2, 3 – epoxypropyl methacrylate in a 

magnetic field of 0.25 T, using different ratio between co-
monomers or concentrations of radical initiator, as well as 

various anionic surfactants in different reaction temperatures
 

[5, 15-17]. The registered magnetokinetic effects were com-
paratively evaluated with the kinetic parameters achieved 

during classic polymerization. It was established that mag-

netic field affects both kinetic parameters of the reactions as 
well as some characteristics of the synthesized compounds 

[17]. It was evidenced the increase of the process conversion 

and of the polymerization rate as a result of the magnetic 
field presence during syntheses. The present study is focused 

on the effect of the MF upon some properties of the synthe-

sized polymers based on styrene and 2, 3 – epoxypropyl 
methacrylate, especially on their thermal behavior. 
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EXPERIMENTAL PART  

Materials 

 The monomers – styrene and 2, 3 – epoxypropyl 
methacrylate both from Fluka – were freshly distilled before 
use.  

 The tensioactive agent – sodium lauryl sulfate 
(C12H25O4SNa) –(SLS) from Sigma (c > 95 wt %) – was 
used without further purification.  

 The initiator potassium persulphate (K2S2O8) – (KPS) 
was twice recrystallized from twice distilled water.  

 In all experiments it was used twice distilled water which 
contained no foreign ions.  

Polymerization Process 

 The emulsion polymerization technique performed clas-
sically (CW) and in the magnetic field presence (MF) was 
described in detail in previous papers [15-17].  

 Polymerization process of S and respectively between S 
and GMA, for both variants of synthesis with the MF pres-
ence or without the field presence (CW), took place accord-
ingly to the reaction conditions mentioned in Table 1.  

Table 1. Recipe for Latex Preparation 

Initial composition of the emulsion 

Tensioactive system, M 
Monomers, M Potassium persulphate, M Water, M 

Sodium lauryl sulfate 

Styrene = 288.05 x 10-3 1.387 x 10-3 4.16 3.24 x 10-3 

Styrene = 279.40 x 10-3 / 2, 3 epoxy propyl 

methacrylate = 6.33 x 10 -3 

(S/GMA = 97/3 wt%) 

1.387 x 10-3 4.16 3.24 x 10-3 

Styrene = 216.03 x 10-3 / 2, 3 epoxy propyl 

methacrylate = 52.76 x 10-3 

(S/GMA = 75/25 wt%) 

1.387 x 10-3 4.16 3.24 x 10-3 

Reaction conditions: - temperature: 70°C; – time: 7 hours. 

The initiator represents 0.8 wt % with respect to monomer amount. 

The tensioactive substance represents 3 wt % with respect to monomer amount. 

Table 2. Spectral Data of the PS and S-GMA Copolymers Synthesized by CW and in MF Presence 

2 Sample FTIR (cm-1) 

Band assignments 

1 H-NMR 

Chemical shift 

(  ppm) 
CW MF 

PS - CH2 group (at 1450 cm-1 and 

1460 cm-1) 

- benzene ring (700 cm-1, 750 

cm-1) 

- increased intensity in the MF 

presence 

- higher intensity of the band in 

the MF presence comparatively 

with CW; 

6.9, 7.4 (aromatic) 0 0 

P(S-co-

GMA)=97:3 

- CH2 group (at 1450 cm-1 and 

1460 cm-1) 

- benzene ring (700 cm-1, 750 

cm-1) 

- 1720 cm-1 (C=O) str; 

- 2800–3100 (–CH str) 

- increase in the MF presence 

- higher intensity of the band in 

the MF presence comparatively 

with CW; 

-similar 

-similar 

1.6 (CH3), 

3.6 (OCH3) 

3.6–3.7 { overlapped, 2CH2 

(epoxide)} 

6.9, 7.3 (aromatic) 

2,8 2,35 

P(S-co-

GMA)=75:25 

CH2 group (at 1450 cm-1 and 

1460 cm-1) 

- benzene ring (700 cm-1, 750 

cm-1) 

- 1720 cm-1 (C=O) stretching; 

- 2800–3100 (–CH stretching) 

- increased intensity of the 

band in the MF presence 

- higher intensity of the band in 

the MF presence comparatively 

with CW; 

- higher intensity of the band in 

the MF presence comparatively 

with CW; 

- higher intensity of the band in 

the MF presence comparatively 

with CW; 

2.0 (CH3), 

3.6 (OCH3) 

3.6–3.7 {overlapped, 

2 CH2 (epoxide)} 

26,05 26,22 

1 - Differences observed in spectra of compounds obtained in MF presence. 
2 - GMA in copolymer % determined from NMR spectra. 
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 The polymerization in MF was performed in a field of 
1500 G intensity and in the same conditions with classic 
variant: similar vessel shape and geometry, the same reaction 
parameters and type of stirring. 

 The polymers were precipitated in methanol, dried under 
vacuum at room temperature for 48 hours and stored in the 
desiccator.  

 The molecular structures via the bands’ identification 
from the FTIR spectra (recorded on a DIGILAB, Scimitar 
Series, USA, spectrophotometer, the resolution was 4 cm

-1
) 

have been used (concentration 3 mg sample in 500 mg KCl 
tablet). The composition of each copolymer was determined 
from 1H - NMR data.  

 Table 2 presents the characteristic bands in FT-IR and 
composition for the copolymers synthesized by classic way 
(CW) and in magnetic field (MF) way.  

 Spectroscopic characterization (Table 2) confirms the 
presence of both monomers in copolymers structure in 
amounts close to those employed in the reaction feed. As it is 
expected, the bands corresponding to GMA comonomer 
(1720 cm

-1 
and 2800–3100 cm

-1
) increase with its content. 

Some indications about structural differences in the copoly-
mers synthesized in MF presence in respect with those pre-
pared by CW are also evidently. Thus, several bands show 
higher intensities (700 cm

-1
, 750 cm

-1
, 1720 cm

-1
, and 2800-

3100 cm
-1

) probably because of much ordered structure. In 
the case of the copolymers with low percent of GMA the 
influence of the MF on the spectral band intensity is not so 
evidently. With the increase of GMA percent the intensity of 
the adsorption characteristic bands (1720 cm

-1
, and 2800-

3100 cm
-1

) became higher.  

 The higher intensities of the vibration oscillations absorp-
tion are attributed to the modification of the strength con-
stant introduced by the inductive and electromeric effects 
rising supplementary in the polymeric structure achieved in 
the conditions of the magnetic field. Thus, the modifications 
occurring in rotational spectra respectively the increase of 
the intensity of the vibration oscillations absorption, as well 
as shifting of peaks, are explained by the orientation of the 
nuclear spins, molecular structure and interactions between 
them (these aspects being depicted by IR spectra also by 
other authors [18]).  

Swelling behavior determination: The swelling of dried 
polymer particles was performed in chloroform vapors at 
20

0
C and 2 torr. The organic solvent absorbed was deter-

mined by weighing the samples, at various intervals of time, 
with a precision electronic balance (A&D Co. Ltd. HR 200).  

 DSC curves were recorded with a heat flow Mettler 
Toledo DSC-822 under inert atmosphere of nitrogen. The 
following procedure of heating/cooling was used:  
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 -1
st
 cooling: the samples were cooled from 25 to -70°C at 

20°C/min; kept at -70°C for 1min. 

 -1
st
 heating run: one sample was heated from -70 to 

150°C with a heating rate of 20
o
C/min; kept at 150°C for 

1min; this sample is labeled as sample (150/1’); the second 
sample was heated up to 180°C and kept for 1 min, labeled 
as sample (180/1’); the third sample was kept at 180°C for 5’ 
and labeled as sample (180/5’). 

 -2
nd

 heating run: after the I Run, the samples, were cooled 
at a cooling rate of 50°C/min to -70°C and kept for 1 min. 

 -II RUN: the samples were finally heated to 180°C at 
20°C/min. 

 Tg values are read at the inflection point on the ther-
moanalytical curves. 

 Thermo-gravimetric analysis was performed in nitro-
gen atmosphere in the temperature range from 30°C to 
700°C by means of TGA 851 Mettler. Two heating rates 
were used: 5 and 20 °C/min. Two recordings were performed 
for each experiment. 

 The  potential was determined on a Malvern Zetasizer 
Nano ZS instrument. The  potential was appreciated from 
the electrophoretic mobility (μ) using the Smoluchowski 
relationship,  

μ /= , where 1>>k   

where  – viscosity,  – dielectric constant of the medium, k 
and  are Debye-H ckel parameter and the particle radius, 
respectively. Each analysis was made for three times and the 
average value it is obtained.  

 The particles size distribution analysis was made by 
laser diffraction measurement on the Mastersizer Hydro 
2000S (Malvern Instrument UK) particles analyzer. The la-
ser obscuration was kept constantly in the range of 8-12%. 
Each analysis was made for five times and the average value 
it is presented.  

RESULTS AND DISCUSSION 

 In our previous papers [15-17] it was presented a com-
parative study regarding the magnetic field influence upon 
the copolymerization reaction of styrene with 2, 3 – ep-
oxypropyl methacrylate using radical emulsion polymeriza-
tion procedure. It was established that magnetic field affects 
both kinetic parameters of synthesis as well as some charac-
teristics of the synthesized compounds [17]. Thus it was evi-
denced the increase of the conversion and of the polymeriza-
tion rate as a result of the magnetic field presence during 
polymers’ synthesis. This study is focused on the effect of 
the MF upon the properties of the synthesized polymers, 
especially on their thermal behavior. 

The Swelling Study 

 A fundamental relationship exists between the swelling 
of a polymer in a solvent and the nature of polymer and sol-
vent. The percentage swelling ratio (%S) was calculated 
from the following equation:  

100% =

o

ot

M

MM
S            (1) 

 where Mt is the weight of the swollen polymer at time t 
and Mo being the weight of the dried polymer at time 0. The 
solvent uptake by the initially dried polymers was pursued 
approximately for 30 hours, until equilibrium. The swelling 
curves are plotted in Figs. (1a, b).  
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Fig. (1). Swelling degree of the samples obtained by CW (a) and in 

MF presence (b) polymerization.  

 

 It is evidently an increase in the swelling degree until 
500-600 min; relatively constant values were obtained after 
this time, when the swelling equilibrium was reached. 

 Although chloroform is a solvent for PS, the polymeric 
matrices obtained in the mentioned reaction conditions are 
not soluble in it. This fact was attributed to the crosslinking 
reactions performed between the macromolecular chains 
owing to the synthesis procedure (Scheme 1): five hours 
reaction time at 75°C (90 % conversion has been obtained 
just after two hours of reaction) and one hour heating treat-
ment at 85°C. The explanation is also supported by the fact 
that polymeric samples after 2 hours of reaction time are still 
soluble in chloroform but after 7 hours they became insolu-
ble. The intention of the study was to obtain polymeric net-
works designed to special applications: as matrices to entrap 
different active substances.  
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 The obtained profiles illustrate the diverse swelling ca-
pacities of the synthesized polymers in the solvent. The data 
allow the establishment of the optimum interval of time in 
order to achieve a polymeric network with maximum relaxed 
structure. By comparing the swelling curves in Fig. (1a and 
1b) it is evidently the polymeric matrices synthesized by CW 
present a reduced relaxation capacity with respect to the 
samples synthesized in MF. The polymeric matrices synthe-
sized in MF have the same shape of the swelling curves, but 
the swelling degree is higher than the corresponding one 
obtained by CW. Particularly, the swelling degree in MF 
increases with ~8.5 % for PS, ~ 8 % for the P(S-co-GMA) = 
97:3 copolymer and ~6.5 % for the P(S-co-GMA) = 75:25 
copolymer comparatively with the swelling degree of the 
same samples obtained by CW. The changes are attributed to 
a lower cross-linking degree of the samples synthesized in 
MF presence, which is evidenced by the higher swelling de-
gree of the samples polymerized in MF presence with re-
spect to those obtained by CW. Also, it is well known that 
the magnetic field influence can be conceived like a catalytic 
effect, producing the molecules’ distortions, the growth of 
distance interactions and the modifications of the angles be-
tween the bonds as well as inducing the modification of the 
strength constant introduced by the inductive and electro-
meric effects appearing supplementary in the polymeric 
structures obtained in the conditions of the magnetic field. 

 The comparison was made between the samples taken 
after 1 hour of the polymerization time. 

 From Table 3 it can be observed for MF samples, the 
swelling rate and max (the maximum degree of swelling) are 
higher than those of CW samples.  

The Thermal Behavior 

 DSC curves of the samples prepared by classical way 
(CW) and in the magnetic field (MF), are given in Fig. (2). 

 Fig. (2a) reports the second run curves after annealing 
the samples at 180°C for 5 min. The curves obtained with the 
other two annealing processes (not shown) are qualitatively 
similar to those exposed in Fig. (2), the differences appear-
ing in the value of the glass transition temperature, Tg. In 
fact, Tg’s found in 2

nd
 run curves depends on the performed 

annealing history, as it is reported in Table 4.  

 For the CW samples an increase of Tg when temperature 
raises from 150 to 180°C, it is detected. For PS - CW sample 
it is observed an increase of Tg value from 86 to 91-92°C, as 

the temperature is raised from 150 to 180°C. The two treat-
ment times at 180°C do not have any influence on Tg value. 
The annealing at 150°C for 1 min does not induce a change 
in Tg values of the copolymers synthesized by CW in respect 
to PS-CW. For P(S-co-GMA) = 97:3 CW copolymer, after 
the treatment at 180°C for 1 min, Tg value is 90°C and be-
came Tg = 93°C by heating for 5 min. The heating of the 
copolymers with 25% of GMA at 180°C for 1 min induces 
an increase of Tg at 96°C and 98°C for heating for 5 min. By 

Table 3. The Swelling Rate of the Copolymers (Swelling Rate x10 
-3 

% min
-1

) 

PS % min-1 P(S-co- GMA) =97:3 % min-1 P(S-co- GMA)=75:25 % min-1 Interval of time (min) 

CW MF CW MF CW MF 

0-90 116.67 150 100 133.33 66.67 66.67 

90-240 43.7 38.42 26.84 24.28 13.56 32.2 

240-360 9.17 25 8.33 25 10 8.33 

360 - 420 8.33 16.67 3.33 12.5 6.67 8.33 

420-1440 0.973 1.95 0.39 1.53 0.5 1.95 

 max 24.5 33 17.8 26 12.5 19 
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Fig. (2). DSC curves for PS and PS – co - GMA samples after the 

treatment at 180°C for 5 min: a) Samples synthesized in CW - 2
nd

 

run; b) Samples synthesized in MF - 2
nd

 run. 
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looking along the path from the left to the right (150°C/1’, 
180°C/1’ and 180°C/5’), Tg values increase with rising tem-
perature and time of annealing. Moreover, it is possible to 
conclude that Tg obtained on the II Run curves, for a fixed 
composition, depends on the thermal history: Tg increases 
with the temperature and the time of heating.  

 At the same time, Tg values of CW samples, at any fixed 
thermal history, increase with GMA content of the copoly-
mer. The only value - out of this trend - is for the copolymer 
with 3 wt% GMA - 180°C/1’ that shows Tg of 90°C, 
whereas the PS (180°C/1’) presents Tg at 92°C. 

 From Table 4, for the samples synthesized in MF it can 
be observed that Tg for PS significantly increases with tem-

perature and time, from 100°C (when the heating is per-
formed at 150°C for 1’), to 112°C (when the heating is done 
at 180°C for 1’) and to 124°C (when the heating is done at 
180°C for 5’).  

 The same trend is found for P(S-co-GMA)=75:25 - MF 
variant, where the sample treated already at 180°C for 1’ 
presents Tg at 121°C. A greater time of heating (5’) does not 
induce any further significant change in Tg, its value being 
kept at 122°C. 

 The trend for P(S-co-GMA) = 97:3-MF sample is differ-
ent. The increase is small, from 91°C (when the heating is 
performed at 150°C for 1’) to 94°C (when the heating is 
done at 180°C for 5’). It can also be observed when the sam-

Table 4. Tg Detected in 2
nd

 Run DSC Curves (±1°C) 

Sample After 150°C for 1’ After 180°C for 1’ After 180°C for 5’ 

PS- CW 86  92 91 

PS- MF 100 112 124 

P(S-co-GMA) = 97:3- CW 87 90 93 

P(S-co-GMA) = 97:3-MF 91 94 94 

P(S-co-GMA) = 75:25 -CW 88 96 98 

P(S-co-GMA) = 75:25-MF 100 121 122 
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Fig. (3). TGA curves for PS and copolymers of styrene with GMA polymerized by CW (a), in MF presence (b) and DTG curves of all the 

studied samples (dynamic atmosphere of nitrogen mL/min at a heating rate of 5 ° C/min). 
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ples are synthesized in MF, a lower amount of GMA in the 
copolymer determines a decrease of Tg value in respect to 
that of neat PS at every annealing. With the increase of 
GMA content, Tg value becomes higher. The observed in-
crease of Tg with temperature and time of annealing is usu-
ally attributed to an increase of the molecular weight, as a 
consequence of polymerization not completely occurred or to 
the appearance of new crosslinks. The measurements of the 
conversion reported in another paper [15] indicated a higher 
conversion (up to 90%), especially for the samples synthe-
sized in MF presence. So, it can be concluded for the sam-
ples with higher content of GMA, the increasing of tempera-
ture is due to the appearance of supplementary transversal 
bridges. At the same time, the increase of Tg temperature for 
the homopolymers could be explained by the ordering MF 
induces in the structure. The exception remains the sample 
with lower GMA content.  

 If the samples synthesized in CW are compared with the 
samples synthesized in MF, it can be resumed for all the an-
nealing pathways, MF samples have higher Tg values re-
gardless of the used annealing procedure. The highest in-
crease of Tg with 33 degrees is observed for PS samples. 

 In Figs. (3 and 4) the thermogravimetric curves recorded 

at 5°C/min and 20°C/min for the samples obtainment both in 

CW and MF, are reported. The main step of degradation is 
identical for all the polymers.  

 It can be observed the degradation of CW synthesized 

samples starts at lower temperatures in respect to that of 

samples synthesized in MF. The difference is more pro-

nounced for the curves obtained at the heating rate of 
5°C/min.  

 To underline the higher thermal stability of MF samples 

comparatively with CW samples, there were reported in  

Table 5 the onset temperature (Ti), the temperature corre-

sponding to the maximum rate of the mass loss (TMAX), and 
the weight loss ( w). 

 Tmax and Ti temperatures for the samples obtained in MF 

are higher than those of the samples obtained by CW, while 
the mass losses are lower. 

 An increase of the overall activation energy (Coats – 

Redfern [19]) of PS decomposition for the samples obtained 

by CW and in MF presence respectively, was found of about 

10 – 15 KJ/mol (from 80 KJ/mol to 95 KJ/mol) for sample 

obtained in MF presence, while for copolymers the increase 

is smaller of 5 – 7 KJ/mol for samples obtained by CW and 
in MF presence respectively (from 45 KJ/mol to 50 KJ/mol). 
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Fig. (4). TGA curves for PS and styrene with GMA copolymers polymerized by CW (a), in MF presence (b) and DTG curves of all studied 

samples (dynamic atmosphere of nitrogen mL/min at a heating rate of 20 ° C/min). 
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 The influence of MF on the thermal behavior could be 
explained by the pre-ordered - structure of the copolymers as 
a result of the magnetic field presence during the synthesis 
[18, 20].  

 Structural and morphological studies are in progress to 
confirm this hypothesis.  

The Particles Size Distribution 

 An analysis of the polymeric latex is given in Fig. (5): 
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Fig. (5). The particle size distribution of the samples synthesized by 

classical way (a) and in MF presence (b). 

 

 The particle size distribution analyses indicated a rela-
tively narrow distribution between 70nm-200nm (Fig. 5). 
The median diameter value - MMD (which indicated the 

point at which 50% of distribution is both above and below) 
is given in Table 6. 

The Zeta Potential Measurement 

 The stability of particle dispersion depends on the bal-
ance of the repulsive and attractive forces that exists between 
the particles, as they approach one another. If the particles 
have a mutual repulsion then the particles will remain dis-
persed. However, if the particles have little or no repulsive 
force, they flocculate, aggregate or coalescence. The magni-
tude of the zeta potential of the particles is a measure of this 
interaction. When the zeta potential is greater than 30mV 
there is sufficient charge presented to keep away the particles 
from interaction and the dispersion, and therefore the size of 
the sample, remains stable. This is the case of our synthe-
sized latex. The potential value range between -30 mV and -
51.9 mV (see Table 6), emphasizing the obtainment of the 
stable latex.  

 Nanoparticles with higher negative value of potential 
would be advantageous, especially in drug delivery to the 
lymphatic system, since the negatively charged hydrophobic 
particles undergo increased uptake by the lymphatic capillar-
ies [21]. Owing to their hydrophobicity, these particles un-
dergo opsonization and uptake by macrophages after intra-
venous administration, and may further result in increased 
lymphatic concentration [22]. 

 The higher negative value of potential is attributed to the 
potassium persuphate presence [23] and to the anionic sur-
factant used, too.  

 The data presented in Table 6 show a decrease of zeta 
potential absolute value with the increase of GMA percent 
and of the temperature. At the same time an increase of the 
potential absolute value in MF presence is appeared. This 
behavior is attributed to the negative charge at the particles 
surface which is more ordered in the MF presence.  

 The fact the absolute potential value doesn’t decrease 
below to 30 mV demonstrates the good stability of the syn-
thesized latex, even at the increased temperature of 37oC and 
higher GMA content (25%). 

 The latex conductivity (see Table 6) illustrates a higher 
value with temperature and with GMA content. At the same 
time MF presence determined a lower conductivity. These 
changes in the properties of the polymers synthesized in the 
magnetic field are attributed to the catalytic effect of the 
field on the molecules that can be re-shaped through growing 

Table 5. Characteristic Temperature of Decomposition and Mass Losses of the Samples Synthesized in CW and in MF Presence 

HR 5°C/min (OC)  HR 20°C/min (OC) 

Ti˚C Tmax˚C Ti˚C Tmax˚C 

W% Sample 

CW MF CW MF CW MF CW MF C CM 

PS 352 368 399 400 370 380 427 420 83 81 

P(S-co-GMA) 

97 :3 

370 375 402 404 390 392 430 435 89.5 86.7 

P(S-co-GMA) 

75 : 25 

375 375 408 402 396 394 430 430 84 70 



Polymerization in Magnetic Field. XX The Open Macromolecules Journal, 2009, Volume 3    35 

of distance interactions and reducing thus the mobility and 
also the modification of angles between bonds as well as 
inducing a preordered structure [24].  

CONCLUSIONS 

 PS as well as styrene copolymers with a monomer bear-
ing functional groups – GMA, have been obtained by classi-
cal way and in MF presence emulsion polymerization. The 
polymeric latex is obtained with narrow distribution (70-200 
nm) as characterized from potential zeta point of view. A 
decrease of zeta potential absolute value with the increase of 
GMA percent and of the temperature it was observed. At the 
same time, an increase of the potential absolute value in MF 
presence is appeared. 

 It has been established that the presence of the magnetic 
field during emulsion polymerization of styrene and of sty-
rene copolymerization with GMA allows obtaining polymers 
with higher swelling capacities, glass transition temperatures 
and thermal stabilities. The influence of MF on thermal be-
havior was attributed to the pre-ordering-structure of the 
macromolecular chains as a result of the magnetic field pres-
ence during the synthesis. 

 The study was supported by the Project ID_995 entitled 
“Researches in the field of polymeric matrices design for 
sensitive structures” through IDEI PROGRAM 
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