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INTRODUCTION

It is now more than twenty years
since the introduction of the glass
ionomer into clinical dentistry [1].
Since then numerous steps in their
development have taken place.

Conventional glass ionomer
cements are supplied as an ion leach-

able glass powder to be mixed with
an aqueous mixture of some poly-
meric materials such as polyacrylic
acid or copolymer of acrylic/ itacon-
ic acids. The manufacturer can also
add a small amount of tartaric acid to
provide a sharper, better defined set-
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Aphotocurable dental ionomer liquid has been prepared via the reaction of
acrylic/itaconic acids copolymer (2:1) with acryloyl chloride as the coupling com-
pound. It is then treated with proper amounts of H2O and 2-hydroxyethyl methacry-

late (HEMA) as the co-solvent followed by camphorquinone as the initiator and trisodium
hydrogen phosphate as the modifying agent, which resulted in the formation of a pho-
tocurable ionomer liquid. The working time as well as compressive and diametral tensile
strengths of the setting cement, after treating the liquid with the reactive powder, were
measured and compared with those of a conventional liner brand cement. It was found
that for setting time of 20 s, the working time and diametral tensile strength were higher
than those for the conventional cement, but the compressive strength was almost the
same.
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ting reaction. The chief advantages of glass ionomers
are counted as the release of fluoride, biocompatibility
and adhesion to tooth structure.

In spite of these advantages, conventional glass
ionomers suffer from the disadvantages such as: short
working times and rather long setting times[2]. In
recent years, the so called light-curing resin-modified
glass ionomer systems (dual cure) have been developed
by adding some polymerizable functional groups with
a photo-initiator to the formulation [2-4]. The pho-
tocurable ionomers provide the opportunity to achieve
long working times as well as short setting times, the
two aspects lacking in the conventional dental cements.

The photocurable ionomer dental cements usually
comprise the following components:

- A photocurable ionomer is the product of the reac-
tion of a polyalkenoic acid or the copolymer with a so
called coupling compound . The reaction should be
performed in presence of proper inhibitor, antioxidant,
stabilizer, etc. These coupling compounds should have
polymerizable ethylenically unsaturated groups which
could be polymerized by means of a free radical mech-
anism and also proper groups which react with carboxy
groups of the polyalkenoic acid. Examples of such cou-
pling compounds are acryloyl chloride, methacryloyl
chloride, vinyl azalactone, allyl isocyanate, 2-hydroxy
ethyl methacrylate, 2-aminoethylmethacrylate, and 2-
isocyanatoethyl methacrylate which contain elec-
trophilic or nucleophilic groups with moieties of : -OH,
-NH2, -NCO, -COCl, etc.

- A fluride-containing reactive powder such as an
ion-leachable glass that is capable of reacting with the
above ionomer to form a hydrogel in the patient s,
tooth.

- Water, as well as a co-solvent such as HEMA in
order to delay the acid-base reaction and also to dis-
solve the ionomer in aqueous media and thereby pro-
viding the ability to achieve a longer working time and
shorter setting time.

- A modifying agent such as alkanolamines, sodium
hydrogen phosphates, etc., in order to provide pro-
longed working time.

- An ultraviolet or visible light induced polymer-
ization initiator that inhibits a desired combination of
such properties as stability and efficiency of free radi-
cal production and polymerization initiation.

A few of these ionomers, such as the products of
the reactions of polyacrylic acid or acrylic/itaconic
acids copolymer with HEMA, allyl isocyanate and iso-

cyanatoethyl methacrylate, etc. have been worked out
and the properties of the final cements were found to be
quite superior compared to those of the conventional
cements [2,5-9].

Glass ionomer cements have been valuable subjects
for extensive research at this center in recent years [10-
12]. As a continuation of these studies, the present
study was undertaken by the authors to assess the prop-
erties of the dental cement resulting from the reaction
of acrylic/itaconic acids (2:1) copolymer and acryloyl
chloride as the coupling compound, and then to com-
pare the properties of the dental cement with those of a
conventional typical liner cement. 

EXPERIMENTAL

Materials
All the monomers, initiators, inhibitor, antioxidant, sta-
bilizer, acryloyl chloride, HEMA were purchased from
Merck Chemical Company. All the components of the
reactive powder and the modifying agents were pur-
chased from Aldrich Chemical Company.

Acryloyl chloride was dried over CaH2 and it was
distilled prior to the experiment (760 mm Hg, 76 C).
Acrylic acid was distilled under reduced pressure
(5mm Hg, 30 C) and freshly used in the reaction.

The reactive powder was prepared exactly the same
as described before [10]. Also acrylic/itaconic acids
copolymer (2:1) was synthesized according to the pro-
cedure described in the same reference. Gel permeation
chromatography (GPC) of a small sample of this
copolymer showed the average molecular weight (Mw)
to be 15,700. The final solution obtained from this
copolymerization was used directly in the next step.

Instruments
FTIR Data were obtained using a Brucker IFS 48
instrument. Gel permeation chromatography (GPC)
experiments were performed by Waters 150C, using
THF as the solvent.

Setting time and working time were measured in
accordance with methods offered in ISO 7489 [13].

Comperessive and diametral tensile strengths were
measured in accordance with the methods of ISO 9917
[14].

Viscosity of the liquids was determined by Brook-
field DV-III instrument.

Visilux 2 dentist curing light was used for curing
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the polymer. Commercial Fuji II LC (F2) lining glass
ionomer cement (GC Corporation, Tokyo, Japan) was
used for comparison of the mechanical properties and
working time.

Reaction of Acrylic/Itaconic Acids Copolymer (2:1)
with Acryloyl Chloride
To the reaction mixture (250 mL) obtained from the
copolymerization of acrylic acid and itaconic acid (45
mL and 45 g, respectively) [10], were added, sequen-
tially, 30 mL dry THF, 0.3 g butylated hydroxytoluene
(BHT), 0.3 g triphenylstilbin (TPS) and 1.6 g dibutyltin
dilaurate (DBTDL), while stirring at room temperature.
The temperature was then increased very slowly to
about 35 C and followed by dropwise addition of a
solution of 10 mL of acryloyl chloride in 50 mL dry
THF for duration of 6 h (the rate of addition should be
controlled in a manner that the temperature of the reac-
tion mixture does not exceed 40 C). It was then cooled
to room temperature and stirred for further 4 h. The
resulting homogeneous solution was concentrated to a
syrupy consistency. The concentrated solution was then
precipitated into five times its volume of dry acetone.
The precipitate was filtered, washed with dry acetone
and dried in vacuo. The polymer yield was about 92%.
Gel permeation chromatography showed the Mw of the
photocurable ionomer to be 26,150 with a polydispersi-
ty of 3.0. This polymer was dissolved in a mixture of
30 mL deionized water and 20 g HEMA to yield a
homogeneous solution having a viscosity of 258
cstokes.

Preparation of Light- cure Dental Ionomer Solution
To the solution obtained as such was added 0.15 g of
camphorquinone as the visible light-induced polymer-
ization initiator and 5.0 g of tri-sodium hydrogenphos-
phate as the modifying agent. The mixture was then
blended at about 4 C for ‰ h and poured into a sealed
bottle; covered with aluminium foil and placed in a
refrigerator.

RESULTS AND DISCUSSION

Copolymerization reaction of acrylic/itaconic acids
(2:1) in THF [10] gave a solution which was directly
used in the next step (reaction with the coupling com-
pound). IR Analysis of an aliquot of this solution, after
evaporation of the organic solvent, showed that the eth-
ylenically-unsaturated groups of the monomers had vir-
tually disappeared and that the copolymerization reac-
tion was complete [10]. Resulted copolymer had  Mw =
15,700, which met the molecular weight requirement
for dental application [15]. The carboxyl groups of this
copolymer are capable to react with those coupling
compounds which include the groups having the moi-
eties discussed in the introduction. Acryloyl chloride
with the moiety of -COCl could react with the caboxyl
groups pending from the backbone of the coplymer to
yield anhydride and HCl. Therefore, addition of the
coupling compound should be carriedout very slowly
while watching the temperature of the reaction not to
exceed 40 C. Ceasing the evolution of the acid gas is a
good sign for the completion of the reaction. The reac-

Figure 2. Infra-red spectrum of the photocurable ionomer.
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tion was carried out in presence of BHT as the inhibitor
to save the double bonds, TPS as an antioxidant and
DBTDL as a stabilizer. The molecular weight of the
photocurable ionomer should be between 5,000 to
about 100,000. GPC Results indicated that the average
molecular weight of the obtained curable polymer was
26,150 which stands in the range of the molecular
weight requirement (Figure 1). 

Figure 2 shows the FTIR spectrum of the photocur-
able ionomer. As it can be seen in this spectrum, the
stretching vibration of the carbonyl (C=O) of the acid
chloride at 1758 cm-1 is absent and the new copolymer
has IR characteristic bands at 3059-2603 (carboxylic
acids), 1656 (C=O of acids), 1637 (C=C, alkenic).

The photocurable ionomer in turn could go through
4 different setting steps, shown in Figure 3. For sim-
plicity, it is assumed that the polymeric backbones have
straight line structure. 

Addition of trisodium hydrogen phosphate as the
modifying agent to the liquid is preferred over the tra-
ditionally modifying agents like tartaric acid used in
conventional glass ionomer cements, because it was
found that modifying agents like tartaric acid do not
provide longer working times when they are used in the
light-curable ionomers [2]. In the presence of the ini-
tiator and the modifying agent, the acid-base reaction
takes place when the liquid is mixed with the reactive
powder (available-COOH groups) and at the same time
the polymer is cured in the double bond positions when
exposed to the light and also the photochemical poly-
merization of HEMA to poly-HEMA takes place. This
would cause additional bond strength of the glass
ionomer to the dentin structure.

Determination of Properties of the Setting Cement
The light-cured ionomer liquid, which contained the
initiator (camphorquinone), the modifying agent (tri-
sodium hydrogen phosphate), deionized water/HEMA,
was mixed with the reactive powder (1:1.4). It was then
cured by exposing to a dentist visible curing light for 20
s and then working time and the mechanical properties

of the setting cement were measured and compared to
those of the conventional Fuji-II liner brand.

The results tabulated in Table 1 indicate that the
light-cured cement presented in this work exhibited
higher working time and diametral strength than the
conventional Fuji-II liner brand, but the compressive
strength for both is more or less the same. 

CONCLUSION

Acryloyl chloride as a coupling compound was suc-
cessfully reacted with acrylic /itaconic acids copolymer
to form a light-curable polymer with a polydispersity of
3.0. The photocurable ionomer was mixed with proper
amount of water/HEMA mixture, followed by addition
of camphorquinone as the visible light-induced poly-
merization initiator and trisodium hydrogen phosphate
as the modifying agent to form the liquid of the
ionomer system. 

The liquid was treated with the reactive powder and
exposed to the proper source of visible light to form the
setting cement in 20 s.

The working time of the resulting cement was
increased almost twice as much, the diametral tensile
strength was also 1.75 times, but the increase in the
compressive strength compared to the conventional lin-
ing cement was not considerbly higher.
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Properties
Prepared

cement

Fuji-III

liner

Working time (min: s)

Compressive strength (MPa)

Diametral tensile strength (MPa)

2:42

60.7

9.8

1:30

59.0

5.6

Table 1. Properties of the setting cement compared to Fuji II liner.
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