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ABSTRACT 

A commercially available dental Glass Ionomer Ce- 
ment (GIC) was studied after setting at room tem- 
perature (300 K) to understand its DC electrical con- 
ductivity, dielectric and thermal properties. The den- 
tal GIC’s are supposed to have free mobile charge 
carriers like F- ions. Interestingly this material loses 
its conductivity above 80˚C and behaves like a non- 
polar substance. The frequency dependent dielectric 
studies also indicate the loss of mobile charge carriers 
in the samples annealed at 80˚C. The DSC and TGA 
studies indicate that the material loses H2O exother- 
mically at 100˚C. This is attributed to the onset of a 
secondary setting reaction.  
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1. INTRODUCTION 

Glass Ionomer Cements (GICs) are formed by the acid 
base reaction of an aqueous polymeric acid with an alu- 
mino silicate glass powder [1]. These glass ionomer ce- 
ments find extensive use as dental restoratives for their 
biocompatibility, favorable mechanical properties and 
also because of sustained fluoride ion release which is 
suitable for antibacterial activity of these materials [2]. 
Many studies were carried out to study the relationship 
between stoichiometry and fluorine ion release of these 
GIC materials [3] which indicate prolonged fluorine ion 
release in vitro or in vivo. Several studies using SEM [4], 
IR [5] and Raman spectroscopies [6] as well as solid 
state high resolution NMR studies [7] are reported on 
these materials to study the relationship between struc- 
ture, composition, setting reaction and the release of 
fluorine and other ions like Al3+. But so far no report has 
been found for the temperature dependent ionic conduc- 

tivity of these materials in the solid state. The measure- 
ment of dielectric constant and resistivity of these mate- 
rials has been used to monitor their setting characteristics 
[8,9]. 

We studied the temperature dependent DC electrical 
conductivity of a glass ionomer cement after allowing it 
to set for nearly 48 hours. Its dielectric and thermal 
properties were also studied. The results obtained were 
found to be interesting and are reported here.  

2. EXPERIMENTAL 

A commercially available Glass Ionomer Cement (Shang- 
hai Medical Instruments Co. Ltd) has been chosen for the 
present investigations. The glass powder and the poly-
meric liquid are mixed according to the manufacturer’s 
instructions. The thoroughly mixed paste has been trans-
ferred to a stainless steel die with 9-mm diameter holes 
and pressed into pellets of 2-mm or 3-mm diameter. The 
cement was allowed to set for more than 48 hours at 
room temperature (300 K) in a dry atmosphere under 
mild pressure. The pellets used for the study of electrical 
properties were coated with a thin layer of silver elec- 
troding on either sides of the pellet. 

These pellets are ground into a fine powder for X-ray, 
DSC and TGA studies. 

X-ray diffractograms were recorded using a Seifert 
X-ray diffractometer. A Perkin Elmer DSC-7 instrument 
was used for recording DSC and TGA thermograms. The 
conductivity of the sample was calculated by measuring 
the resistivity of the sample using a Keithley (model 614) 
digital electrometer. The capacitance and loss factor 
were measured using a Hioki 3532-50 LCR meter. All 
samples were stored in a dessicator containing silica gel.  

3. RESULTS AND DISCUSSION 

The X-ray diffractograms of the as prepared GIC pellet 
and the starting glass powder are presented in Figures 
1(a)-(b). The X-ray diffractograms of the glass powders 
are featureless and are indicative of highly disordered  *Corresponding author. 
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Figure 1. X-ray diffractograms of (a) glass powder, (b) glass ionomer cement after setting for 
48 hours. 

 
amorphous materials. The X-ray diffractograms of the 
powdered GIC pellets are indicative of an amorphous 
structure with pronounced radial distribution which re- 
sults probably due to the complex form of the polymeric 
carboxylic acid with the glass powder.  

Figure 2 shows the DC electrical conductivity of the 
sample. It can be seen from the figure that the electrical 
conductivity decreases as the temperature increases from 
300 K to 353 K (i.e. 80˚C) and there after remains con- 
stant. The conductivity remains almost the same when 
the sample is subjected to further thermal cycling.  

The dielectric constant and loss factor as a function of 
frequency are shown in Figure 3. The sample exhibits 
high dielectric constant at lower frequencies when com- 
pared to samples thermally annealed at 80˚C for ten 

minutes. This difference can be attributed to the space 
charge polarization caused by mobile charge carriers 
which are present in the prepared samples but are absent 
in the samples annealed at 80˚C. Similarly the prepared 
sample has a characteristic loss peak below 0.1 MHz 
which is absent in the sample annealed at 353 K. 

The DSC and TGA thermograms are shown in Figure 
4. The DSC thermogram shows an exothermic peak at 
100˚C while the TGA thermogram indicates a simulta- 
neous weight loss at the same temperature. Generally the 
loss of waters of hydration must be accompanied by an 
endothermic peak. But interestingly there is an exother- 
mic peak at 100˚C which can be attributed to loss of wa- 
ters of hydration accompanied by a secondary setting 
reaction in which the heat evolved is greater than the  
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Figure 2. Electrical conductivity of (a) as prepared sample, (b) 
the sample annealed at 353 K. 
 

 
(A) 

 
(B) 

Figure 3. Frequency dependent (A) dielectric constant (ε’) and 
(B) loss factor, (Tan δ) of GIC pellets. (a) After setting for 48 
hours, (b) after thermally annealing at 80˚C for 10 min. 

heat absorbed by the waters of hydration escaping from 
the cement matrix. Besides this DSC thermograms show 
endothermic peaks between 425˚C to 600˚C with simul- 
taneous weight loss as can be seen in the TGA curves. 
These endothermic peaks can be attributed to the de- 
composing of carboxylic acid groups in the cement ma-
trix. The GICs contain a hydrated polycarboxylate metal 
matrix with in which the alumino-silicate glass particles 
are bound [3]. Once the glass powder is mixed with 
aqueous polycarboxylic acid a reaction between the alka-
line glass powder and the unsaturated acid gives the for-
mation of a salt gel. The acid base reaction proceeding in 
the salt gel leads to the formation of bonding matrix in 
which water serves as a reaction medium and also as an 
essential component of the salt gel containing metal car- 
boxylate complexes formed in the reaction. This can be 
considered as a primary reaction [10].  

One of the reaction mechanisms is fluoride release. 
Systematic study of fluoride release has indicated that 
irrespective of the make all GIC materials released 
maximum fluoride ion in the first 24 hours, followed by 
a drop and stabilization with gradual release [11]. This 
gives rise to great ionic movement like the fluoride ion 
[12].  

DC resistivity and dielectric measurements of GIC 
were reported earlier [8]. These studies indicate that re- 
sistivity vs. temperature increases and dielectric constant 
vs. frequency decreases gradually with increase in setting 
time. The trend seems to be the same irrespective of the 
make and the powder to liquid ratio. These studies indi- 
cate that the cements are highly ionic and polar and more 
conductive than other cements. 

The X-ray diffractograms of some commercial GICs 
were reported by De Mayer et al. [12]. The broad peaks 
which are characteristic of amorphous material also show 
some super-imposed sharp peaks which can be attributed 
to the presence of Fe3O4 and CaF2. The present GIC also 
shows similar X-ray diffractogram but without any su- 
perimposed sharp peaks. DSC studies were reported for 
six commercial GICs keeping the samples at a constant 
temperature of 37˚C and measuring the heat flow as a 
function of temperature [13]. Their DSC results show 
that all materials undergo an exothermic setting process 
and after the setting is over no more exothermic or en- 
dothermic peaks as a function of time were found [14, 
15]. DSC thermograms were also reported for resin 
modified glass ionomers (RMGIC) under isothermal 
dynamic condition using visible light for curing the 
RMGICs [15]. We have not found in literature DSC/ 
DTA studies of GICs which indicate the exothermic peak 
at 100˚C. Even though we have not attempted to calcu- 
late the enthalpies, a systematic study by DSC/TGA of 
different commercial dental GICs will give interesting 
information about the enthalp es of the secondary setting  i   
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Figure 4. DSC and TGA thermograms for glass ionomer cement after setting for 48 hours. 
 
reactions in these materials. 

4. CONCLUSION 

 OPEN ACCESS 

The X-ray studies indicate that the prepared samples of 
GIC are of highly disordered amorphous materials. The 
prepared sample exhibits high dielectric constant at 
lower frequencies when compared to thermally annealed 
samples. This can be attributed to the existence of space 
charge polarization in the prepared samples. But inter- 
estingly there is an exothermic peak at 100˚C which can 
be attributed to loss of waters of hydration accompanied 
by a secondary setting reaction. DC electrical conductiv- 
ity studies indicate that resistivity and dielectric constant 
increases with increase of setting time. This study also 
indicates that these GIC are ionic, polar and more con- 
ductive than other ones. 
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