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Summary.  
The formation of a liquid crystalline polymer called PM6R8 is reported. The polymers were obtained with 

different concentration of AIBN as initiator (0.25, 0.50, 1 and 2mg in 5ml solution) and time of reaction (24, 

36 and 48 hours). The compounds were characterized by 1H-NMR, differential thermal analysis (DTA), X-

ray diffractometer and pyroelectric measurements. For the polymer a smectic C2 phase occurs over broad 

temperature range, which is a possible explanation for the electric signal. The arrangement of the molecules 

within of the crystalline lattice is related with the kinetic of precipitation.     
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1. Introduction  

The electrets effect in solid-state physic has attracted a great deal of attention on account of 

its numeral practical applications as sensors, actuators and transducers [1]. The electret is a 

popular for device applications because of its small size and weight, and also due to its very 

long lifetime of surface charge. An electret is a solid dielectric piece polarized by the 

simultaneous application of an electric field and heat.  Electrets are usually prepared by 

cooling a heated dielectric in a strong electric field, following the technique of Mototaro 

Eguchi [2-5].  

When an electric field is applied to a melted substance, the molecules orient themselves 

with their axes in the direction of the electric field, and then the molecules will retain their 

orientation in the immobile state, causing a permanent electric polarization [2]. This 

concept is applied for the polymer material, as in our case. But the main difference between 

electrets and our materials arises in the mesomorphic state, at temperatures over the glass 

transition. In this region, our compounds developed hysteresis loop characteristic for 

antiferroelectric [6] or ferroelectric materials [7].       
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The liquid crystalline polymers combine both properties: polymers and liquid crystal. These 

new classes of material present a mesomorphic behavior, depending on the long flexible 

spacer, a low molecular weight, and regular alternation of rigid and flexible units along the 

main chains.  

The aim of this research was clarify the properties of liquid crystalline polymer changing 

the concentration of initiator in the polymerization of the monomer, and to study the 

arrangement of the atoms in the crystalline lattice. To achieve this, it is necessary to 

identify the thermal properties e.g. enthalpy at the phase transition, and correlate these 

observations with the concentration of initiator used for the formation of the polymer. With 

these results, the pyroelectric properties must be then correlated.         

The acronym used MnRm is in accordance with previous work [6-9], where Mn indicate the 

presence of a methacrylate group with 6 methylene units as spacer, and bonded to the 

aromatic phenylimine rigid core (R). This group possesses, in its para-position, an alkoxy 

flying tail (Rm), with 8 methylene units (see figure 1).  
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Figure 1. Structure of the monomer proposed as M6R8. 
 

2.  Experimental  

2.1. Apparatus used.  

The polymers synthesized were characterized by 1H-NMR spectroscopy using a 300 

MHz spectrometer (Bruker, WM 300). The weight, number, and z-average molecular 

weight wM , nM , zM , the polydispersity index (PDI) and Intrinsic Viscosity (η), for the 

polymers, were determined by GPC using a Waters 600 Controller microflow pump, with a 

Waters 410 Differential Refractometer as detector. A styragel HT4 (Waters) column, with 

tetrahydrofuran HPLC graded as eluent with a flow rate of 0.3 ml/ min was used. The 

material used for calibration was polymethylmethacrylate (PMMA) as primary standard of 

known molecular weight ranging from wM  5,050 to 280,000 (WAT 035707 and WAT 

035706).  

The phase transition temperatures for the investigated polymers were determined 

using a differential thermal analyzer (Mettler, FP90 DTA) with 0.1 K of accuracy. 
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X-ray measurements were carried out using CuKα radiation; the samples were 

contained in 0.8 mm glass capillaries (Lindemann) and held in a copper block. The precise 

data for aligned samples in the small angle region were performed by focusing horizontal 

two-circle X-ray diffractometer (STOE STADI 2) with a linear position-sensitive detector 

for data collection. The temperature was stabilized within the range of 30° C to 200° C at ± 

0.1 K during the measurements.  

For obtaining the pyroelectric signal (γ) of the polymers, the samples were confined 

in cell of 8μm thickness at the isotropic phase for capillarity. The cell were placed inside a 

temperature controlled thermal oven (Linkam THMSE 600) that allows a temperature 

speeds raining from 0.1º/min up to 20ºC/min. To achieve low temperatures, external 

cooling systems (temperature regulated cooler Linkam CI93 and Linkam LND) were used. 

The temperature variations pulses were applied to the samples using modulated light from a 

semiconductor laser (λ=685nm, P= 27mW, modulation capability from DC to 5 MHz) fed 

by a 5DC Volts power supply. The modulation frequency is provided from the Lock-in 

Amplifier at 70Hz. (EG&G Model T260 DSP) and an Oscilloscope (Hewlett Packard 

54600A, with 2 Channel 100MHz) was used to corroborate at real time the evolution of the 

pyroelectric signal. The pyroelectric response from poled samples was measured as a sine 

voltage with the Lock-In amplifier. To make the poling process, an external DC supply was 

used, constructed using standard 9 Volt batteries connected in series. The data from the 

sample were acquired with a computer connected to the Lock-In amplifier, and further 

processed by appropriate software. The hysteresis loop was obtained using the same 

technique by following the pyroelectric signal developed for a sample at a constant 

temperature. 

2.2. Polymerization process of monomers.  

The monomeric molecules were synthesized using already described methods [6]. 

The corresponding polymers were prepared using a typical methodology already described 

in [7, 10-11] that can be summarized as follows: the monomers (0.5g) were dissolved in dry 

toluene. The reaction mixture was introduced into a Pyrex glass vial under nitrogen 

atmosphere. Afterwards, 2, 2’-azobis-isobutyronitrile (AIBN) was added as radical initiator 

[12] in different concentration (0.25, 0.50, 1 and 2mg in 5ml of solvent).  The vial was 

degassed with nitrogen, sealed and the reaction mixture was heated for 24, 36 and 48 hours 

to 60 ºC. The concentrated reaction mixture was directly poured into an excess of acetone 

to eliminate the excess of non-reacting monomer. The polymer formed was filtered off and 



 

Anais do 10o Congresso Brasileiro de Polímeros – Foz do Iguaçu, PR – Outubro/2009 
 

cleaned successively by refluxing the solid in acetone and drying it overnight at 50 ºC 

under vacuum.  

2.3. Gel Permeation Chromatography 

Table 1 summarizes the molecular weight characterization of the studied samples. 

The number 1 corresponds to 24 hours; 2=36 hours and 3=48 hours of reaction. No traces 

of monomer or oligomer fractions in the samples were detected in the chromatograms. The 

molecular weight relationship between different molecular weights was as expected: zM  > 

wM  > nM .  

The molecular weights distribution ( wM ) of the polymers falls between 11,000 and 

126,000 D approximately. This fact together with a quite reasonable dispersion index (PDI 

= /w nM M ) ranging from 1.66 to 5.56, with a polymerization degree wn  in an interval from 

22 and 247.  
 

Table 1.  Molecular weight characterization of polymer liquid crystals used in this study to different concentrations of AIBN and time of 

reaction 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* mg AIBN / 5 ml solution.  

 

Polymers  nM  wM  zM  pI  

 

Wn  Yields % 

1a 0.25*  20,547 88,703 139,447 4.28 174 1-2 

2a 0.25*  5,292 12,123 53,392 2.30 24 8,20 

3a 0.25* 19,936 98,911 145,334 4.96 194 1-2 

       

1b 0.50* 5,460 11,377 40,789 2.08 22 8.80 

2b 0.50*  25,994 95,848 139,724 3.69 188 11.22 

3b 0.50* 11,062 61,540 127,832 5.56 121 12.36 

       

1c 1* 19,106 93,141 142,143 4.87 183 29.94 

2c 1* 75,730 126,020 149,001 1.66 247 1-2. 

3c 1* 26,014 96,095 139,828 3.69 189 63.40 

       

1d 2* 26,897 93,774 137,689 3.48 184 55.22 

2d 2* 13,808 63,391 122,796 4.59 124 21.56 

3d 2* 17,243 74,060 129,399 4.29 145 55.95 
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3.  Results and Discussion  

3.1. Thermodynamics results.  

The differential thermal analysis measurements are shown in figure 2. Two peaks are 

observed, were the peak with higher enthalpy corresponds to a crystalline melting 

temperature (Tm°) and the lower value represents the melting temperatures (Tm). In this 

temperature range the formation of macro-domains, due to intermolecular forces or 

hydrogen bridges within the lateral free OH groups and the azomethine C=N double bond 

are considered.  
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Figure 2. Polymer 1c: a) DTA and b) Cp. 

On the other hand, in figure 3 an enthalpy change related to the glass transition (Tg) and 

melting temperature (Tm) are possible to distinguish in the thermograms. When the 

temperature is increased, the polymer main chains acquire movement but are unable to turn 

or move within the layer. If the chains are very long, easily are intertwined exhibiting 

partial orders on regions called crystallites with a certain characteristic of semi-crystalline. 

Here, the Tm° is not observed, due to less polar domains.   
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Figure 3.  Polymer 3d: a) DTA and b) Cp. 
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3.2.  X-ray studies.  

The experimental interlayer spacing d, taken from x-ray measurements, is shown in figure 

4. From these values, the average distance and the ratio d/2L are calculated. These are 

included in table 2 and correspond to the given temperatures.  

The interlayer distance decreases slightly on decreasing the temperature (see figure 4), this 

result prove the existence of a smectic C phase. The decrease of the d-values on cooling is 

mainly due to the increase in the tilt angle β within the layer. Taking the interlayer distance 

and full molecular length (33.42Ǻ ) [7, 10-11], we can calculate the tilt angle β (β=arcos 

d/2L) to be 39-37° (see table 2). 

Table 2. Experimental interlayer distance d, average molecular distance in the layers D, calculated ratios d/2L and tilt angle θ in the 

smectic C phase at the indicated temperatures.   

 

Temp.[°C] d[Å] D[Å] d/2L[°] β[°] 

120 52,80 4,44 0,79 37,82 

60 51,76 4,31 0,77 39,25 

30 51,77 4,31 0,77 39,23 

In figure 4b, the diffuse wide angle halos is shown, it relates to the degree of disorder 

within the layer at different temperatures, that corresponds to the averaged molecular 

distance in the plane, and amounts 4.31 Ǻ, characteristic for calamitic liquid crystal.   
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Figure 4. X-ray diffraction patterns for polymer 1d: a) Temperature dependence on cooling of the layer spacing in the smectic phase and 

b) Diffuse wide angle halos. The solid correspond to the Lorentzian fit of the data.  
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3.3. Pyroelectric Measurements 
 
The temperature dependence of the spontaneous polarization (Ps) was registered by 

integrating the pyroelectric voltage, which is proportional to the pyroelectric coefficient (γ), 

according to the simple equation (T1 is the transition temperature to the isotropic phase): 

1

( ) ( )
T

T

Ps T T dTγ= ∫           (1) 

 The proper value of (γ) and therefore Ps was introduced by standardizing the 

pyroelectric response at a certain temperature with the measured value of a known 

ferroelectric liquid crystalline substance, which in our case was the FLC-397 [13].  

Both polymers 3c and 1c developed a pyroelectric signal from the glassy state inside 

the liquid crystalline phase. From figure 5a, the pyroelectric responses of these polymers 

decreases in the glassy state. Also the phase transitions are shifted to lower temperatures. 

This fact may be indicative of a decrease in the value of the sample viscosity. 
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Figure 5. a) Pyroelectric response and b) Hysteresis loop for the polymers 3c and 1c at 150°C (Ac Gain 40dB, Sen 1mV, dr 26, Tc 5s Osc 

70 Hz). 

 

 The difference between the values of pyroelectric coefficient (γ) and spontaneous 

polarization (Ps) with respect to the polymers 1c and 3c must be related with instrinsic 

characteristic of the material. Table 1 shows parameters obtained for GPC. The greater 

difference for both compounds is the polidispersity index whose values are 4.87 and 3.69 

respectively. High values of Ip indicates a wider distribution of average molecular weights, 

with a larger number of polymer chains with differnts lenghts. This characteristic would be 

realted with a lost of order within the system, also advertised in the pyroelectric curve of 

polymer 1c.     
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The polymers studied show hysteresis loops corresponding to three stable states: one 

with zero polarization in the absence of the field, and two states with the macroscopic 

polarization oriented along two possible directions of the external field, typical for 

antiferroelectric materials (see Figure 5b). The asymmetry of the curves must have to do 

with the energy required to reverse the dipole moment of the material in opposite direction. 

The strength of the field is not big enough to reorient the dipoles in the opposite direction, 

developing a larger area under the curve for positive voltage, due the existence of micro-

domains oriented.  

 

4.  Conclusion.  

The formation of a polymer with a polar ordering is related to the kinetics of precipitation, 

where the creation of polar domains allows obtaining antiferroelectric structures.    

High molecular weights are formed within a few second of beginning the polymerization, 

and the concentration of AIBN used in this report, does not affect the polidispersity index.  

Crystalline polymers are able to show electric response, when an electric field is applied for 

the polarization of the material. However, the same characteristic is not present for the 

semi-crystalline polymers 
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