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ABSTRACT 
 

Polymers with special properties have been increasingly applied in the 
development of technological devices. For example, polymeric materials with 
special electric properties, such as Sulfonated Poly-{Styrene-Acrylic Acid} – 
PSAA-S, are of great interest for showing different conductivities depending on the 
environment where they are applied. The special properties of PSAA are obtained 
only after sulfonation step in acidic media. The present work aimed to evaluate the 
effect of time and temperature exposition in the crystallinity degree of PSAA-S, 
through a statistical experimental factorial planning. The samples of PSAA-S were 
submitted to FT-IR and DRX tests. The results showed that the temperature and 
the time of exposition are significant factors in the crystallinity degree of PSAA-S, 
considering that the crystal lattices created during the polymerization are damaged 
by the action of time and temperature at which the polymer is exposed. 
 
KEYWORDS: conductive polymer, acrylic acid, sulfonated polystyrene, 
crystallinity 

 
INTRODUCTION  

 
 Sensors or indicators are a necessary tool for detecting and controlling the 

different processes used in everyday life in general.  

Humidity and pH sensors have recently gained great importance. The 

measurement and control of humidity are important in many areas, including 

industry (paper, food, electronic), domestic environment (air conditioner), medical 

(respiratory equipment), etc. Polymer, polymer composites and modified polymers 

with hydrophilic properties have been used in humidity sensor devices. On the 

other hand, pH has a significant effect on chemical reactions; the measurement 
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and control of pH is very important in chemistry, biochemistry, clinical chemistry 

and environmental science.  

The polyelectrolytes containing hydrophilic groups as –SO3H, for example, 

are excellent humidity sensors, however they can’t operate in high humidity due to 

their high water solubility, what depends of its crystalline degree. Chemical 

modification of hydrophobic polymers can also be used to generate ionic groups 

and to obtain a pH and humidity sensitive material; sulfonation is one of these 

modifications (2-4). 

The sensitivity, stability, reactivity and electrical properties of humidity and pH 

sensors are factors directly dependent on the material chemical structure (7), so 

crystallinity changes can provide difference on the sensor properties. This is 

mainly due to the work of the many possible transfer mechanisms of water into the 

material, which directly affect the electrical properties of it (6). Sulfonated Poly-

{Styrene-Acrylic Acid} – PSAA-S thus is a polymer which special properties arouse 

great scientific technologic interests. Its physical-chemical properties offer good 

chemical stability and sensitive properties of RH (relative humidity) and pH (5). 

PSAA-S has a linear and reversible answer when submitted to different 

percentages of RH, and its application is usually from 10 to 100% RH. When 

talking about pH, its color is altered when the polymer is submitted to solutions 

with different pHs, changing from green, when the solution is acid, to pink, when 

its basic (5). 

This work aims to study the effect of time and temperature in the crystallinity 

degree of PSAA-S. 

 
EXPERIMENTAL  
 

The monomers styrene and acrylic acid and the initiator, benzoyl peroxide, 

were purchased from Vetec Química Fina-Brasil and used without previous 

purification. Solvents were purchased from different providers. 

Poly-{styrene–acrylic acid} copolymer was synthesized under inert 

atmosphere of argon. Benzoyl peroxide was added to the monomer and system 

was maintained under vigorous stirring at 100 °C, for about 2 h. Then, the polymer 

obtained was dissolved in tetrahydrofuran and precipitated in methanol. The solid 

product was collected dissolved to the second time and dried at room temperature.  
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For the sulfonation of poly-{styrene–acrylic acid}, the copolymer was 

dissolved in dichloromethane. Then, 15 ml of sulfuric acid 96% was added slowly 

to the system containing 3 g of the copolymer already dissolved. The reaction was 

maintained under vigorous stirring for 60 min, at 40ºC in inert atmosphere. After 

one hour, water was added to the system to stop the reaction. Figure 1 shows the 

schematic synthesis reactions. The product was collected by precipitation and its 

color was yellow. The precipitated was washed with distilled water until its pH 

become neutral. The solid obtained was dried at vacuum (5). 

The experiment was performed following a statistical experimental factorial 

planning in which the polymer was submitted to different temperature (30ºC, 45ºC 

and 60ºC) and time (4 days, 10 days, 16 days).  

All the samples were submitted to FT-IR and DRX analysis before and after 

treatment.  

 

 
Fig. 1 - Schematic synthesis reactions. (a) Synthesis reactions for Poly-{styrene-

acrylic acid} (PSAA) and (b) Sulfonation reaction for Poly-{styrene-acrylic acid 
sulfonated (PSAA-S) (6) 

 
RESULTS AND DISCUSSION  

 
Sulfonated Poly-{Styrene-Acrylic Acid) was exposed to different temperature 

and time and subsequently submitted to DRX and FT-IR analysis.  

When exposed to different time in constant temperature the PSSA-S showed 

significant modification in crystallographic phases with 2θ = 62o and 2θ = 77,5o. 

The intensity of these signals increased with the increase of time exposition for a 

constant temperature.  

Figure 2 shows the typical DRX results for a PSSA-S sample exposed during 

4 days and 16 days at temperature of 45oC. The diffractions peaks with 2θ = 62o 

and 2θ = 77,5o present a significant increase on its area’s with the increase of the 

time exposition. The temperature is associated with the thermal energy magnitude 
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and the time exposition with the kinetics of crystallization of the PSSA-S. So, with 

the increase of the time exposition at 45oC the thermal energy absorbed by 

polymer matrix is higher and the grade crystalline of these crystallographic phases 

in PSSA-S polymer increased. 

Figure 3 shows that temperatures above 45oC promote a decrease of the 

area’s peak with 2θ = 62o and 2θ = 77,5o. The increase of the temperature can 

promote a thermal degradation of the PSSA-S and decrease the amount of these 

crystallographic phases or can also contribute to form, preferentiality, other 

crystallography phases in the polymer matrix.      

 

 
Figure 2 – DRX difractogram of PSAA-S under time action with constant 

temperature of 45ºC. (a) 4 days and (b) 16 days. 
 

 
Figure 3 – DRX difractogram of PSAA-S under temperature action in 

constant time of 16 days. (a) 30º C and (b) 60º C. 
 
The exposition of the PSSA-S with different time at temperature of 60oC 

resulted to a new crystalline phase in PSSA-S polymeric matrix. Figure 4 show 

that an exposition of 10 days at 60oC promoted a new phase with 2θ = 26,7o, 

defined here by β crystallographic phase.  So, high temperature values and long 

time exposition contributed to energy and kinetic crystallization conditions for the 
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formation of new crystalline phases (β phase) in the PSSA-S and also to decrease 

the amount of phases presented in 2θ = 62o and 2θ = 77,5o.  

DRX results demonstrated that the exposition of PSSA-S by largest time 

increase the amount of the β crystallographic phases in the polymeric matrix. But, 

the results also demonstrated that higher temperature contribute to formation of 

the β crystallographic phases with higher distance between PSSA-S molecules. 

Figure 5 shows the effect of the temperature with 10 days exposition time on β 

crystallographic phases and Table 1 the 2θ values with the respectively 

temperature conditions.      

       

 
Figure 4 – DRX difractogram for PSSA-S exposed to different time at 60 oC. (a) 4 

days (b) 10 days. 
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Figure 5 – Percentage of crystalline phases as a function of time and temperature 

 
Table 1 – Dependences of the 2θ values for β crystallographic phases for different 

temperatures with time exposition of 10 days.  
 Time Exposition (day) Temperature (oC) 2θ (grade) 

Sample 1 10 30,0 27,3 
Sample 2 10 45,0 26,9 
Sample 3 10 60,0 26,7 
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The increase in the amount of β crystalline phase can be explained with the 

DRX in Figure 5, where its observed that for 60ºC the signals related to crystalline 

peaks in the fourth day are also observed in the tenth day, although there was the 

creation of a new crystal lattice, as is shown in the DRX image detail. This lattice 

was obtained with significance for temperatures higher then 45ºC and 10 days of 

exposition.  

By the FT-IR analysis, it can also be observed that there was a marked 

degradation of sulfone group in PSSA-S. Figure 6 and 7 show the characteristic 

FT-IR peaks for the PSAA-S after 16 and 10 days at different temperature 

conditions. The peaks 1384 cm-1 and 1410 cm-1, from chemical bond type RSO3, 

decrease its magnitude with the increase of the temperature by thermo-

degradation reaction. The FT-IR peaks presented in the Figure 7(a) indicate a 

decrease of the chemicals bond type –R-S and -SO3H in the PSSA-S molecules. 

The peaks 1070 cm-1, 1178 cm-1 and 1286 cm-1 decrease its magnitude due 

thermo-degradation reactions induced by increase of the temperature of the 

PSSA-S. 

Figure 7(b) shows FT-IR peaks from the aromatic structure present in the 

PSSA-S molecules. The FT-IR results indicate the decrease of the peak 

magnitude due to the increase of the temperature that induces thermo-

degradations reactions of the polystyrene molecules (aromatic structures) and 

contributes to degradation phenomenon in the PSSA-S molecules.   

The exposition time and temperature are significant factors on the 

crystalline structure of the PSSA-S. The higher temperature conditions associated 

with the long exposition time contribute to thermo-degradation reactions of  

aromatic structure present in the polystyrene molecules and favor the formation of 

new crystalline phases in the PSSA-S, defined here by β crystalline phase.  

The crystalline phases in the PSSA-S at lower temperature are affected 

negatively with the increase of the temperature. The thermo-degradation reactions 

are induced in PSSA-S and amount of the sulfone groups bonded decrease on its 

aromatic structures. So, the amount of these crystalline phases decreases with the 

increase temperature and exposition time.   
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Figure 6 – FT-IR spectrum of PSAA-S with different temperatures during 16 

days of exposition time. 
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Figure 7 – FT-IR spectrum of PSAA-S after exposition time 10 days. (a) 30º C, (b) 
45º C and (c) 60º C. 

 
CONCLUSION 
 

Time and temperature have a great influence in PSAA-S crystallinity. When it 

is submitted to these factors there is a thermo-degradation of the PSSA-S 

molecules and simultaneously creation of new phase, the β crystalline phases.  

The β crystalline phases are created after ten days of exposition at 

temperatures above 35oC. While the crystalline phases in the PSSA-S at lower 

temperature decrease with the increase of the temperature and exposition time the 

amount of β crystalline phases increase. 
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