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(57) ABSTRACT 

A photopolymerizable and photocleavable (P&P) resin 
monomer is derived from a reactive photoresponsible moi 
ety via various linkages to form photopolymerizable mono 
mers and/or oligomers. 
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PHOTOPOLYMERIZABLE AND 
PHOTOCLEAVABLE RESINS AND LOW SHRINK 
AND LOW STRESS COMPOSITE COMPOSITIONS 

FIELD OF THE INVENTION 

0001. This invention relates to photopolymerizable and 
photocleavable resin monomers and resin composite com 
positions, which feature by its unique balanced overall 
performance including very low polymerization shrinkage 
and very low shrinkage stress as well. The photoreactive 
moiety incorporated into Such new resins main frame 
enable to make the resin and/or the cured resin networks that 
are based upon Such resin photocleavable. Thus the poly 
merization rate of free radical reaction for (meth) acrylate 
based resin systems should be substantially reduced since it 
alters the network formation process and consequently 
allows the shrinkage stress to get relief significantly. In 
addition, it is expected that radically polymerizable resin 
systems containing Such P&P resin would find wide range 
application in microelectronic, special coating and restor 
ative dentistry where the dimensional stability and contrac 
tion stress within cured materials are critical to the total 
performance. 

BACKGROUND OF THE INVENTION 

0002 Highly cross-linked polymers have been studied 
widely as matrices for composites, foamed structures, struc 
tural adhesives, insulators for electronic packaging, etc. The 
densely cross-linked structures are the basis of Superior 
mechanical properties such as high modulus, high fracture 
strength, and solvent resistance. However, these materials 
are irreversibly damaged by high stress due to the formation 
and propagation of cracks. Polymerization stress is origi 
nated from polymerization shrinkage in combination with 
the limited chain mobility. Which eventually leads to con 
traction stress concentration and gradually such a trapped 
stress would be released and cause microscopic damage in 
the certain weak Zone like interfacial areas. Macroscopically 
it was reflected as debonding, cracking, et al. Similarly, the 
origin of contraction stress in current adhesive restorations 
is also attributed to the restrained shrinkage while a resin 
composite is curing, which is also highly dependent on the 
configuration of the restoration. Furthermore, non-homoge 
neous deformations during functional loading can damage 
the interface as well as the coherence of the material. Various 
approaches have been explored by limiting the overall stress 
generation either from the restorative materials, or by mini 
mizing a direct stress concentration at the restored interface. 
It included, for example, new resin, new resin chemistry, 
new filler, new curing process, new bonding agent, and even 
new procedure. 

0003. There has been tremendous attention paid to new 
resin matrix development that could offer low polymeriza 
tion shrinkage and shrinkage stress. For example, various 
structure and geometry derivatives of (meth) acrylate-based 
resin systems; non-(meth) acrylates resin Systems, non 
radical-based resin System. In addition, for light curable, low 
shrink dental composites, not only new resin Systems and 
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new photinitiators, new filler and filter's surface modifica 
tion have also been extensively explored, such as filler with 
various particle size and size distribution, from nanometer to 
micrometer, different shape, irregular as milled or spherical 
as-made. It can also be different in composition like inor 
ganic, organic, hybrid. Although an incremental improve 
ment has been achieved with each approach and/or their 
mutual contribution, polymerization stress is still the biggest 
challenge in cured network systems. 

0004. This invention is related to a new kind of resin 
composition. However, unlike conventional resin system, a 
new concept is involved in designing Such a new resin 
composition, which would render the polymerization stress 
in post-gel stage to a Subsequent, selective network cleavage 
in order to have the stress partially released. As mentioned 
above, all of previous arts towards low shrink and low stress 
are based on the limitation on the shrink and stress formation 
in general. However, the shrinkage and stress development 
in cured network system should have two different stages: a 
pre-gel phase and a post-gel phase. Actually, most efforts of 
current arts are focused on the pre-gel stage and some of 
them were proved to be effective. Unfortunately, these 
approaches become ineffective in terms to control the stress 
development in post-gel stage, where the shrinkage is not as 
much as in the pre-gel stage but the stress turns to much 
more sensitive to any polymerization extend. It is the 
immobility nature of the increasing cross-link density within 
the curing system that leads to the increasing stress concen 
tration within the curing system, period. Even worse, the 
problem does not stop here and the trapped stress would 
eventually get relief from slow relaxation, which can create 
additional damage on a restored system. Therefore, our 
approach is based on Such a concept that in the post-gel stage 
if some of “closed net of any cross-linked system can be 
selectively broken to promote an extended stress relief 
period, the total stress concentration would be substantially 
reduced. To fulfill such a task, a photopolymerizable and 
photocleavable resin is proposed and a general molecular 
constitution is designed. It was expected that such a resin 
monomer can be polymerized like any other resin monomer 
can be polymerized like any other resin monomer but its 
mainframe is able to be triggered to break upon additional 
light source such as near UW is blended. This is a typical 
photocleavable process, but it is its capability to be photo 
polymerized and embedded into a cross-linked system that 
makes it unique. In addition, it also makes possible to avoid 
regenerating any leachable species through Such secondary 
breakage. 

0005 Photocleavage is nothing new in solid synthesis of 
peptides, from which new peptides was directed on certain 
template in designed sequence, then it was cleaved from its 
template via a Subsequent light exposure. There is no 
chemical contamination with Such a process. On the other 
hand, photoacid and photobase could be viewed as extended 
applications for photocleavage. Acidic or basic component 
is temporally latent to avoid any unwanted interaction with 
others in the system and they can be released on demand 
Such as light exposure to trigger the regeneration of the acid 
or base, which then act as normal acidic or basic catalyst for 
next step reactions. Recently, thermally removable or photo 
chemically reversible materials are developed in order to 
make polymer or polymeric network depolymerizable or 
degradable for applications such as easily removing of fill-in 
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polymer in MEMS, thermally labile adhesives, thermaspray there is no prior art involved photocleavable segment in 
coatings and removable encapsulation et al. Most recently, cured network for contract stress control. However, all of 
photocleavable dentrimers are explored in order to improve those related arts could be used as a practical base to justify 
the efficiency for drug delivery. Based on our knowledge, this investigation. 
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-continued 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0006 Theoretically speaking, if any kind of environmen 
tally sensitive moiety. Such as a thermally cleavable or 
photo-labile linkage were incorporated into polymerizable 
resin monomers, such resin or its resulting polymeric mate 
rial would become command-responsible, more specifically 
enable them thermo-cleavable or photo-cleavable. The 
chemistry of Some classical photo-initiators could be 
adopted as the base for designing Such photopolymerizable 
and photocleavable resin monomers, because Such an ini 
tiator was explored as polymerizable photoinitiator or mac 
rolinitiator. However, none of them were really incorporated 
into polymer chain or polymeric network to make the 
polymeric chain or network breakable one way or another. 
0007. It is another objective of this investigation to 
develop a new resin System for next generation low shrink 
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to disperse the stress from postpolymerization and further 
more to result in a self stress-relief, ultimately to minimize 
the overall stress concentration. 

0008. In order to make a polymerized network cleavable 
on-command by light or photocleavable, a light responsible 
moiety should be stable towards standard light exposure 
process Such as visible light curing until additional exposure 
to specific light with distinguished energy level. In particu 
lar, such energy source can be anything other than the 
standard visible blue light. Near UV light would be on of 
typical examples among the many possible choices. Fur 
thermore, it was expected that compounds derived from 
ortho-nitrobenzyl segment or from a-hydroxyalkylphenone 
should ideal candidates for this new class resin monomers 
that be photopolymerized by visible light and be triggered to 
be breakable by extra UV light if needed. 

Scheme 1: Typical Polymerizable and Photocleavable Resin Monomer based on C-hydroxyalkylphenone 

) {\ \ky () () 
and low stress restorative materials by incorporating a 
photocleavable or thermally liable moiety as part of a 
photopolymerizable resin monomer. It was expected with 
Such an unusual approach it would enable a conventional 
polymerized network should be selectively cleavaged, thus 

0009. Its feasibility of this approach allows a rapid explo 
ration on its versatility for a new class of resin. Accordingly, 
a variety of such polymerizable and photocleavable resin 
monomers were successfully prepared with wide range of 
viscosity as illustrated in Scheme II. 
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Scheme II: General Reaction Pathway towards P&G Resin Monomers 

0010 Furthermore, such new resin monomer was formu 
lated with other conventional resin monomers like BisGMA, 
TEGDMA, UDMA or experimental resin monomer like 
macrocyclic resin in a variety ratio in order to have overall 
performance got balanced for the resulting composites. As 
showed in the following examples, remarkable low shrink 
age, low stress and excellent mechanical property plus the 
good handling characteristics were demonstrated by those 
composites based on Such new class P & Presin monomers. 

TABLE I 

Polymerization Shrinkage and Stress for Various Activated Resin Mix 

Shrinkage (%) by 
Helium Pycnometer 

Stress (MPa) 
by Tensometer 

Denfortex Resin 10.2 4.1 
TPH Resin.999446 6.8 4.5 
TPH Resin.999447 7.3 4.3 
Harpoon Resin x5-12 5.5 3.1 
Harpoon Resin x5-26 5.8 3.2 
LBS-158-1 5.2 1.4 
LBS-158-2 5.7 2.0 
LBS-167-2 6.5 1.9 
LBS-167-3 6.2 1.5 
LB5-167-4 6.9 1.5 

0011 

TABLE II 

Polymerization Shrinkage, Stress and 
Microstrain for Vaarious Composites 

Shrinkage (%) by 
Helium Pycnometer 

Microstrain (ue) 
by Strain Gage 

Stress (MPa) 
by Tensometer 

TPHSA2 3.10 1600 2.9 
EsthetXA2 2.92 1995 2.5 
SureFiA 2.09 1840 2.7 
Supreme/A2B 2.65 1720 NA 
Supreme/YT 2.39 2005 NA 
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TABLE II-continued 

Polymerization Shrinkage, Stress and 
Microstrain for Vaarious Composites 

Shrinkage (%) by 
Helium Pycnometer 

Microstrain (ue) 
by Strain Gage 

Stress (MPa) 
by Tensometer 

Harpoon/A2 1.34 1OOO 1.7 
Harpoon/A3.5 1.70 NA 1.8 
Harpoon/B1 1.31 NA 1.5 
Harpoon/B2 1.61 NA 1.9 
Harpoon/CE 1.70 NA 1.9 
LBS-156 O.87 NA 1.5 
LBS-153 O.93 NA 1.4 
LBS-160 O.36 NA 1.4 

0012. According to the present invention there is pro 
vided a composition of matter that can be polymerized via 
an energy source, containing portions within the new com 
position of matter that are reactive to a second energy 
Source. The invention also provides a composition of matter 
that can by polymerized via an energy source, containing 
portions within the new composition of matter that are 
reactive to a second energy source and that upon activation 
of the second source of energy, de-polymerize and/or 
degrade. A composition of matter is also provided that can 
be polymerized via a first energy source, containing portions 
within the new composition of matter that are reactive to a 
second energy source and that upon activation of the second 
Source of energy, de-polymerize and/or degrade without 
substantially effecting the structural properties of the mate 
rial polymerized by the first energy source. A further com 
position of matter is provided that can be polymerized via a 
first energy source, containing portions within the new 
composition of matter that are reactive to a second energy 
Source and that upon activation of the second source of 
energy, de-polymerize and/or degrade to elevate stress cre 
ated during the polymerization of the composition of matter 
created via the first energy source without substantially 
effecting the structural properties of the material polymer 
ized by the first energy source. According to another aspect 
of the invention, a composition of matter is provided that 
comprises monomers, prepolymers and/or polymers that can 
by polymerized via an energy source (thermal, photochemi 
cal, chemical, ultrasonic, microwave, etc.), containing por 
tions within the new composition of matter that are reactive 
to a second energy source (thermal, photochemical, chemi 
cal, ultrasonic, microwave, etc.). 
0013 Thus, certain limitations of the heretofore known 
art have been overcome. Polymer networks with cross 
linking are desired for strength properties, but lead to higher 
degree of shrinkage and stress. This invention allows for 
mation of cross-linking, while at the same time, providing a 
mechanism (the second form of energy application) that 
relieves the stress created while maintaining the structural 
integrity of the polymer network created. Relief of stress 
during polymerization has been desired and typically 
approached through attempts to relieve stress during the 
“pre-gel state of polymerization, prior to the “post-gel 
state, wherein the polymer network has now been estab 
lished, cross-linked set up and, due to the more rigid state, 
stress is created. The invention substantially eliminates the 
stress during this "post-gel state. There are prior known 
systems for materials that are reversible—that is, once 
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polymerized. Some form of post-polymerization energy is 
applied to fully decompose or degrade the polymer network 
to a state that renders the material unusable. In the present 
invention, there is provided only partially, in a controllable 
manner, degrading or decomposing a portion of the polymer 
network and maintaining the integrity of the polymer net 
work. 

What is claimed is: 
1) A photopolymerizable and photocleavable (P&P) resin 

monomer is derived from a reactive photoresponsible moi 
ety via various linkages to form photopolymerizable mono 
mers and/or oligomers. 

2) AS claimed in 1. Such reactive and photoresponsive 
moiety more preferably can be C-hydroxyalkylphenone 
(HP) or any other functional photoresponsive moiety. 

3) As claimed in 1, such P&P resin monomer can be 
constructed via any linkages such as ester, carbonate, urea, 
urethane, ether et al. 

4) As claimed in 1, such P&P resin monomer have to bear 
at least two photopolymerizable groups. 

5) AS claimed in 2, the photopolymerizable group can by 
vinyl, vinylether, acrylate, methacrylate, or their combina 
tion. 
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6) As claimed in 1. Such photopolymerizable and photo 
cleavable (P&P) resin monomer can be liquid and/or semi 
crystalline solid. 

7) As claimed in 6, the photopolymerizable and photo 
cleavable (P&P) resin monomer can be used with any other 
conventional resins including BisGMA, TEGDMA, 
UDMA, et al. 

8) As claimed in 7, the content of such photopolymeriz 
able and photocleavable (P&P) resin monomer in other resin 
mix range from 1% to 99%, preferably 20-70%, more 
preferably 30-50%, wit/wt/. 

9) AS claimed in 3, various coupling agents such as 
primary diols, diamine, diacid, diuSocynate, et al can be 
used. 

10) As claimed in 9, the coupling agent could aliphatic or 
aromatic or both 

11) As claimed in 10, the different coupling agent could 
be used. 

12) As claimed in 11, different amounts of agents could be 
used to control viscosity of the resulting P&P resin mono 
CS. 

13) As claimed in 12, inert polymerizable resin could be 
introduced to control viscosity. 
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