PMMA with Cycloaliphatic Monomer

high dimensional accuracy, and improved strength have been
developed. Unlike polymeric modifications, there are only a
few researches available pertaining to monomer modi cations.
Monomers such as fluoromonomers, phosphate monomers,
methacrylic acid monomer, itaconate monomers, nitro-monomers,
and other nonspeci ¢ monomers have been substituted with MMA
and the physico-mechanical properties of HC denture base resins
were studied.®® Monomer modi cations were done by a volume
replacement of MMA at various concentrations. Except methacrylic
acid monomer, copolymerization or chemical characterization
of all the above monomers has not been documented in the
dental literature. The formation of new copolymers has a positive
correlation with respect to material s properties.’®

TCDDMDA is a novel dual reactive, cyclo-aliphatic, colorless,
and odorless acrylic monomer, capable of further reaction by
incorporating new functionality, grafting new polymeric chains,
attaching drugs or biomolecules. This monomer has easily
polymerizable carbon carbon (C=C) double bonds. Yet, it also
contains a secondary reactive group that can be manipulated in
a multitude of ways. The tricyclodecane three-ring central group
prevents monomers fromaligning, and, thus, 0 sets polymerization
shrinkage X The steric hindrance e ect of this cyclic ring structure
slows the polymerization rate and facilitates adjacent polymeric
chains to slip among themselves for stress relaxation before
reaching the point of solidi cation.

Tricyclodecane-based or cycloaliphatic monomer has been
used in the eld of dentistry as a bulky, space- Illing monomer in
resin matrices of resin-veneered metal restorations and proven
to have superior physical properties to those of conventional
resins.1® Tricyclodecane monomers also possess excellent hydrolytic
stability, good abrasion resistance, and toughness and, hence, used
in various industrial applications such as coatings on automotive,
metal, glass, and plastic.

However, the chemical characterization of TCDDMDA
substitutedinMMA anditse ecton the properties of HC-PMMA has
notbeen documented so farinthe dental literature. Hence, the study
aims to identify and characterize any newly formed copolymeric
structures by modifying MMA by substituting TCDDMDA at
concentrations of 10% and 20% using FTIR spectroscopy.

MATERIALS AND METHODS

This study was conducted at the Department of Chemistry
(Organic), Annamalai University, Chidambaram, Tamil Nadu.
Heat-cure acrylic resin (DPI, Mumbai Burmah Trading Corp Ltd,
Mumbai, India) and TCDDMDA monomer (Sigma-Aldrich Co. St.
Louis, USA; Product no. 496669) were used in this study. Control
group: CO comprises 10 specimens made without substituting
TCDDMDA in MMA (100% MMA). Experimental groups: C10 and
C20 have 10 specimens each prepared by substituting TCDDMDA
in MMA at 10% and 20% (v/v) concentration, respectively. The
substituted monomers were stored in three separate identical
dark glass bottles and labeled with appropriate concentrations.
Blinding the author was accomplished by concealing the labels
with opaque stickers and randomly numbering them from one to
three (Bottles 1, 2, and 3) to avoid expectation bias. For each group,
10 test specimens were prepared with standardized disc shape
(25 mm diameter: Fig. 1A; 3 mm thickness: Fig. 1B)Y" to evaluate
copolymerization of TCDDMDA with MMA by using FTIR. Steel
dies were impressed in the putty impression (Photosil Soft putty;
DPI; The Mumbai Burmah Trading Corp. Ltd, Mumbai, India) in the
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dental ask to obtain mold space. According to manufacturer s
instruction, the polymer and the monomer were proportionated
at 3:1 ratio in a porcelain jar and kept closed until the mix reached
the dough stage. The dough forming time was 8 minutes for the
control group and 15 minutes for experimental groups. The mold
spaces were then packed with the dough at a packing pressure of
3,500 psiin mechanical press (Sirio Dental Srl, Meldola FC, Italy) for
10 minutes and then heat cured at 74 C for 9 hours in an acrylizer
(Unident Instruments India Pvt. Ltd). After curing, the asks were
bench cooled to room temperature. Conventional trimmers and
graded emery sheets were used for nishing and polishing.28 All
the polymeric specimens were prepared by single investigator. The
specimens were then stored in a container with distilled water for
48 hours with the same random number found on the monomer
bottle. Hence, the monomer s concentration in the polymerized
specimen was blinded. Then, the specimens were removed and
dried in air for 24 hours to remove the water from the specimens.

The transmittance spectrawere obtained inaFTIR spectrometer
(ThermoScienti ¢ Nicolet iS 5;iD1 Transmission, Waltham, MA;
USA) (Fig. 2) using a spectral resolution of 4 cm~t with awavelength
precision of 0.01 cm~! at 2000 cm~%. The dried specimens were
scraped by using a sharp sterile wax knife'® to form 2 mg of small
pieces and mixed with 100 mg of dry potassium bromide (KBr)
powder® The mixture was pressed into a disk of 0.5-mm thickness
using special mold and hydraulic pellet press (Kimaya Engineers;
Thane, Maharashtra, India) (Fig. 3). The operator was blinded from
the composition of the specimens while preparing the disk pellets
and interpreting the transmittance graph on the computer. The disk
pellets were vertically placed on a specimen holder compartment
(Fig. 4). Infra-red beam was transmitted through the surface of
the sample. The beam passed to deuterated tri-glyceride sulfate
(dTGS) detector fora nal quantitative measurement. The detector
measured the special interferogram signal and fed to the computer
in digitized (OMNIC software) form for interpretation.t” All
transmitted spectra were obtained from 10 scans and averaged at
4 cm~* spectral resolution.?°

REsuLTS

For both control and experimental groups, infrared spectra analysis
displayed several peaks of PMMA specimens. The transmission
spectrawere recorded in the range 0f 4000 600 cm~*and serve as
adirect means for the diagnosis of the function group of the given
specimen. The FTIR spectrum of the control group: CO specimens
are shown in Figure 5.

The spectrum depicts a weak to moderate, a peak at 3436.38
cm~1, which is attributed to the presence of CH, stretching
vibrations. Peaks at 2995.60 cm™~! and 2951.53 cm™ were owing
toO Hand methylene C H stretching vibrations. A strong peak at
1731.79 cm~ is due to ester carbonyl C=0 stretching vibrations.
The appearance of a weak peak at 1637.34 cm™ is attributed to
alkenyl C=C stretch. Peaks at 1271.44 cm~! and 1147.82 cm~! were
due to the presence of C O ester band and C O C asymmetric
stretch vibrations, respectively. Peaks at 989.74 cm™, 963.76 cm™,
and 841.50 cm~* were attributed to the C Hout of plane bend. The
peak at 750.92 cm~t is due to cis-C H out of plane bend.

Figures 6 and 7 show the FTIR spectra of experimental groups.
There are three signi cant spectral di erences between control
and experimental groups. First is the disappearance of weak
peak at 1637.34 cm~* (alkenyl C=C stretch) in both experimental
groups. Second, the appearance of new moderate broad peak
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Figs 1A and B: (A) Steel die diameter; (B) Steel die thickness

Fig. 2: FTIR spectrometer

between 1500 cm~tand 1400 cm~* (exclusively at 1482.25 cm~tand
1449.56 cm™) in both experimental groups which are attributed to
the ring CH, asymmetric bending (C H deformation) vibrations.
Thethirddi erenceisthe appearance of another new weak peak at
1386.57 cm~tin both experimental groups. This new peak con rms
the formation of a new structure of copolymer. The remaining
stretching vibrations were similar to the control group CO. Figure 8
highlights the spectral di erences of the three groups. There were
no significant spectral differences between the experimental
groups. Table 1 describes the chemical characterizations of the
groups. Thereisnosigni cantdi erence between the transmitted
spectra of experimental groups.

DiscussioN

Three principal spectral di erences appeared among the groups.
First is the disappearance of the peak at 1637.34 cm™~! in both
experimental groups (C10 and C20). The presence of peak at
this particular wavenumber in the control group ascertains the
presence of unsaturated unpolymerized carbon carbon double
bond (C=C). Apart from the formation of a three-dimensional
network, the degree of conversion (DC) of the comonomers into
copolymers is important in dentistry. The DC has in uence on

942

The Journal of Contemporary Dental Practice, Volume 20 Issue 8 (August 2019)

Fig. 3: Pellet forming hydraulic press

the material s properties and biocompatibility. Lower the DC,
higher the amount of uncured (C=C) monomers and additives.?
The presence of uncured C=C double bond in the control group
C0 may be ascribed to the fact that the polymerization never

a1

Fig. 4: Pellet holder inside FTIR spectrometer
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Fig. 5: FTIR spectrum of group: CO (control)

Fig. 6: FTIR spectrum of group: C10

reaches 100% DC. However, the nal DC in specimens depends
on the chemical composition of monomer, curing temperature,
curing time, and operating room atmosphere.r’ The DC of C=C
double bond generally falls in the range of 55 65%.2 However,
this does not mean that 35 45% of the monomers are uncured.
On the contrary, it means that 35 45% of the C=C double bonds
areuncured. Itis possible that TCDDMDA bearing two C=C double
bonds may react with one of their C=C double bonds with the other
remaining unreacted.

Though the DC is never being complete, the absence of peak
at 1637.34 cm~! in both experimental groups may be ascribed
to near-total conversion of monomers into polymers. The DC in
diacrylates may be improved by increasing the distance between
the reactive terminal groups and increasing molecular weight '8
The tricyclodecane three-ring central group o erssteric hindrance
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e ect that slows the rate of polymerization and facilitates the
monomeric conversion to polymer thereby reducing the residual
unpolymerized monomer (C=C double bond) content in the nal
polymerized specimens® Al-Ali and Kassab-Bashi'® studied the
FTIR spectroscopy of new copolymers of acrylic denture base
materials by substituting methacrylic acid, butyl methacrylate, and
ethylacrylatein MMAatdi erent concentrations. Addition of these
monomersin MMA led to the disappearance of the C=C bond, and,
thus, corroborating the result of present study.

Thesecond di erence isthe appearance of two new moderate
peaks at 1482.25 cm™! and 1449.56 cm™! in both experimental
groups. This is attributed to the ring CH, asymmetric bending
(C Hdeformation) vibrations. TCDDMDA contains arigid, thermally
stable cycloaliphatic molecule bearing bridged, fused-rings (tri-
cyclic rings) with a three-dimensional structure that contributes
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Fig. 7: FTIR spectrum of group: C20
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Fig. 8: Spectral di erences between groups

to high glass-transition temperature (7,) values and improved
properties.?® Hence, from this present study, it is ascertained that
the cycloaliphatic-fused rings of TCDDMDA is responsible for the
appearance of peculiar peaks in the FTIR spectra of experimental
groups. Nonappearance of these characteristic peaks in the control
group CO indicates the absence of cycloaliphatic ring structure in
MMA. There is no signi cant di erence between the transmitted
spectra of both experimental groups.

The appearance of another new peak at 1386.57 cm *con rms
the formation of a new structure of copolymer. A copolymer is two
or more chemically di erent monomers, each with some desirable
property combined toyield speci cphysical properties ofapolymer.
The two chemically different monomers used were MMA and
TCDDMDA. In acopolymer, the relative number and the position of
thedi erenttypes of repeating units may vary among the individual
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macromolecules.?* The cured polymer,in mostinstances, contains a
mixture of homopolymers and copolymers, with varying degrees of
polymerization or copolymerization. Copolymerization also inhibits
the aligning ability of polymeric chains to each other. Copolymers
can vary in the molecular sequence and arrangement among the
repeating random block and graft units. Copolymerization can have
avery strongin uence on the physical and mechanical properties
of the resulting resin, changing them considerably from those of
the respective homopolymers.

MMA, acrylic esters, and methacrylic esters all copolymerize
readily, with little inhibition between monomer pairs. Grafting
of various polymer segments onto a linear chain provides
an important mechanism for modifying or tailor-making
macromolecules to obtain required properties for speci c uses.
Block and graft copolymers often show improved impact strength.

/
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TCDDMDA with MMA and its e ect on the physico-mechanical
properties and biocompatibility. Di erencesin the dough forming
time between the groups were not considered.

CONCLUSION

Within the limitations of this study, the following conclusions were
deduced:

TCDDMDA copolymerizes with MMA when substituted at
concentrations of 10% and 20%.

Maximum of 20% concentration of TCDDMDA can be substituted
with MMA.

Addition of TCDDMDA in MMA decreased the uncured residual
monomer.

TCDDMDA may be used as cross-linking agent in the monomers
of denture base resins to improve the physico-mechanical
properties.

CLINICAL SIGNIFICANCE

Copolymerization of TCDDMDA with MMA would lead to the
development of new monomeric composition for the fabrication
of dentures possessing better mechanical properties and
biocompatibility.
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