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ABSTRACT
This study examined the extent of organic solvent and water retention in comonomer
blends with different hydrophilicity (Hoy’s solubility parameter for hydrogen
bonding, δh) after solvent evaporation, and the extent of tracer penetration in
polymerised films prepared from these resins. For each comonomer blend,
adhesive/solvent mixtures were prepared by addition of [1] 50wt% acetone; [2]
50wt% ethanol [3] 30wt% acetone and 20wt% water; and [4] 30wt% ethanol and
20wt% water. The mixtures were placed in glass wells and evaporated for 30-60 s for
acetone-based resins, and 60-120 s for ethanol-based resins. The weight of the
comonomer mixtures was measured before and after solvent evaporation. Resin films
were prepared for transmission electron microscopy (TEM) after immersion in
ammoniacal silver nitrate. The percentages of solvent and water retained in the
comonomer mixtures, and between the acetone and ethanol groups were measured
gravimetrically and were statistically compared. In comonomer-organic solvent
mixtures, the percentage of solvent retained in acetone and ethanol-based mixtures
significantly increased with hydrophilicity of the comonomer blends (P<0.05). In
resin-organic solvent-water mixtures, significantly more solvent and water were
retained in the ethanol-based mixtures (P<0.0001), when compared to acetone-based
mixtures after 60 s air-drying. TEM revealed residual water being trapped as droplets
in resin films containing acetone and water. Water-filled channels were seen along
the film periphery of all groups and throughout the entire resin films containing
ethanol and water. The addition of water to comonomer-ethanol mixtures results in
increased retention of both ethanol and water because both solvents can hydrogen
bond to the monomers.

INTRODUCTION
In contemporary dentine adhesives, hydrophilic resin monomers are often
dissolved in volatile solvents, such as acetone and ethanol. The inclusion of these
volatile solvents aids in the displacement of water from the dentine surface,
facilitating penetration of the resin monomers into the microporosities of the exposed,
acid-demineralised collagen network [1-2]. The inclusion of solvent in dentine
bonding has led to an increase in bond strength [3]. The presence of water is also
essential for both etch-and-rinse and self-etch adhesives. In etch-and-rinse adhesives,
water has a plasticising effect on the collagen fibrils and decreases the stiffness of the
collapsed fibrils [4], which is important for the expansion of the dried dentine
collagen [5-6]. In self-etch adhesives, it provides an ionisation medium to facilitate
self-etching activity to occur [7].
Ideally, all solvents and water should be completely eliminated from the
adhesive before light-curing, as they may have an adverse effect on polymerisation of
the adhesive resin monomers [8]. This is achieved by allowing an evaporation time
between application and curing of the adhesive resin. However, as water evaporates
from the adhesive, the monomer to water ratio increases and lowers the vapour
pressure of water, thus reducing the ability of water and solvents to evaporate from
the adhesive [9-11]. It is likely that residual water and solvent will be trapped within
the adhesive resin upon curing and this may compromise the overall bonding and the
mechanical properties of the cured resin [12]. Incomplete removal of acetone from
the adhesive layer of two-step total-etch adhesives resulted in poor polymerisation of
resin and crack formation in the adhesive layer leading to premature bond failure [1315]. These solvent effects may further be complicated by the use of moist bonding
technique and transudation of dentinal fluid under pulpal influence. With increased

concentration of hydrophilic and ionic resin monomers in the simplified total-etch and
self-etch adhesives, water may be incompletely removed and remain trapped as
“bound” and “free” water at the bonded interface [16]. Two different modes of
nanoleakage expressed as variable degrees of silver uptake have recently been
reported in these simplified adhesives [17-18]. Water trees are morphological
manifestation of “free” water trapped within the demineralised collagen matrices,
while isolated silver deposits in the hybrid and adhesive layers represent “bound”
water that is attached via hydrogen bonding to the hydrophilic monomers in the resin
composition [17, 19]. The retention of residual free water may produce localised area
of incomplete resin polymerisation within the hybrid and adhesive layers. Together
they represent porous regions within the bonded interface, which provide channels for
water sorption and leaching of uncured water-soluble monomers that initiate
hydrolytic degradation of resin-dentine bond. Consequently, removal of solvent and
water is of prime importance for the integrity and durability of resin-dentine bond.
However, the mode and duration of air-drying recommended varies with different
manufacturers and little information is available on the effectiveness of air-drying on
removing the solvent and water from the adhesives.
Thus, the objectives of this study were: (1) to compare the extent of organic
solvent and water retention after solvent evaporation in five versions of methacrylate
comonomer-organic solvent blends with increasing degree of hydrophilicity; (2) to
examine with transmission electron microscopy (TEM), the extent of silver tracer
penetration in polymerised resin films created from these comonomer blends after
solvent evaporation. The degree of hydrophilicity of these resin blends is based on a
calculation of their Hoy’s solubility parameters for dispersive forces, polarity and
hydrogen bonding. The null hypotheses tested were that comonomer hydrophilicity

has no effect on the extent of water and organic solvent retention after air-drying, and
that there is no difference in the pattern of tracer penetration in different comonomersolvent mixtures.

MATERIALS AND METHODS
Measurement of Solvent Retention
Five versions of comonomer blends with different degrees of hydrophilicity
were evaluated in this study. The compositions and the respective Hoy’s solubility
parameters of each comonomer blend are shown in Table 1. For each comonomer
blend, two experimental adhesive mixtures groups were prepared by addition of [1]
50 wt% 100% acetone (Riedel-de Haën, Seelze, Germany) and [2] 50 wt% 100%
ethanol (Merck, Darmstadt, Germany). In the second part of the study, two additional
groups were formed for comonomer blends 3 to 5 by addition of [3] 30 wt% 100%
acetone and 20 wt% water, and [4] 30 wt% 100% ethanol and 20 wt% water.
Comonomer blends 1 and 2 were excluded from this part of the study, as they could
not form a homogenous solution with water. The freshly prepared comonomersolvent adhesive mixtures were all ultra-sonicated for 2 min to ensure homogeneity.
These solvated comonomer blends were stored in light-blocking, amber bottles that
were further wrapped with tin foils until use.
All the weight measurements were carried out isothermally at 23oC and at a
relative humidity of 70%. In the first part of the study, 0.3 mg of each comonomersolvent mixture (50 wt% comonomer and 50 wt% solvent) was placed on a glass well
(15mm in diameter) using a calibrated pipette with disposable tips. The comonomersolvent mixtures were air-dried forcefully for either 30 s or 60 s for the acetone-based
adhesive mixtures, and for either 60 s or 120 s for the ethanol-based mixtures at a
distance of 10 cm from the glass well. The drying time was based on a pilot study,

which showed that a period of 30 s was required to completely evaporate 0.15 mg of
100% acetone and a period of 60 s for the evaporation of a similar mass of 100%
ethanol at 23oC and 70% relative humidity. A fixed amount of 0.15 mg of solvent was
included in each adhesive mixture to allow comparison among the five experimental
comonomer blends. The weight of the comonomer-solvent mixtures was measured
before and after solvent evaporation using an analytical balance (AD6, Perkin Elmer,
Shelton, CT) with a reproducibility of 0.01 mg. Ten specimens were measured for
each comonomer-solvent mixture.
In the second part of the study, 0.5 mg of comonomer-solvent-water (50 wt%
comonomer, 30 wt% solvent and 20 wt% water) mixtures, each containing 0.15 mg of
solvent, were prepared. The changes in weight before and after evaporation were
similarly recorded. The data were analysed using a statistical software package
(SigmaStat Version 2.03, SPSS, Chicago, IL, USA). Percentages of organic solvent
and water retained in the comonomer mixtures were compared within resin blends,
and between acetone and ethanol groups, using one-way ANOVA and StudentNewman-Keuls multiple comparison tests. Statistical significance were set at α =
0.05. The relationship between the percentages of retained solvent and the square root
of the cohesive energy density (i.e. Hildebrand’s solubility parameter; δt) of the five
resin blends were evaluated by means of regression analysis.

Ultrastructural Examination of Tracer Penetration into Resin Films
Three pieces of polymerised resin films were prepared from each of the
comonomer blends 3 to 5 solvated in organic solvent-water mixtures. The solvated
mixtures were air-dried for 60 s for acetone-based adhesive mixture and 120 s for the
ethanol-based mixtures at a distance of 10 cm from the glass well. Similar resin films

were also prepared from original neat comonomer blends 3 to 5 to serve as controls.
For the preparation of each resin film, two drops of either neat resin or evaporated
comonomer blend from each group were placed on top of a clean glass slab. These
drops were covered with a mylar sheet and a microscopic glass slide was then placed
on top to enable the resin mixture to spread on its own. Light-curing was performed
from the top of the glass slide for 40 s. The polymerised resin film was gently
removed from the mylar strip and immersed in 50 wt% ammoniacal silver nitrate
solution for 48 h according to the silver impregnation protocol reported by Tay et al
(2002) [13]. After reduction of the diamine silver ion complexes into metallic silver,
the silver-impregnated films were processed for TEM examination by sandwiching
each film between epoxy resins. 90 nm thick sections, each containing the entire cross
section of a piece of resin film, and epoxy resin from above and below were prepared.
They were examined unstained using a transmission electron microscope (Philips
EM208S, Philips, Eindhoven, The Netherlands) operating at 80 kV.

RESULTS
The mean percentages and standard deviations of retained solvent in solvated
comonomer blends 1 to 5 mixtures after evaporation are summarised in Table 2. The
percentages of acetone remaining in comonomer blends 1 to 5 after 30 s and 60 s of
evaporation ranged from 8% to 12%, and from 5% to 9% respectively. Conversely,
the percentages of ethanol remaining in comonomer blends 1 to 5 after 60 s and 120 s
of evaporation were 12-13% and 5-8% respectively. Significantly less solvent was
retained in all five groups of comonomer mixtures after the extended period (i.e. 60 s
for acetone-based mixtures and 120 s for ethanol-based mixtures) of evaporation
(P<0.001), although the solvents were never completely eliminated. Significantly
more ethanol was retained in solvated comonomer blends 1 and 2 after 60 s of air-

blast evaporation (P<0.01) when compared to 30 s of evaporation in acetone-solvated
comonomer mixtures. No significant difference in percentage of solvent retention was
observed after 60 s of evaporation in acetone-solvated comonomer mixtures and 120 s
of evaporation in ethanol-solvated comonomer mixtures. Comonomer blend 5
retained significantly more solvent than comonomer blend 1 after 30 s of evaporation
in acetone-based mixtures and 120s of evaporation in ethanol-based mixtures
(P<0.05). In general, the percentage of retained solvent increased with the
hydrophilicity of the comonomer blends. A highly significant positive correlation
(r=0.90; P<0.05) was observed among the percentage of acetone retained in the five
solvated comonomer mixtures and δt of the comonomer blend after 30s evaporation.
A highly significant positive correlation (r=0.91; P<0.05) was also observed among
the percentage of ethanol retained in the five solvated comonomer mixtures and δt of
the comonomer blend after 60s evaporation.
For the second part of the study, the mean percentages and standard deviations
of organic solvent and water retained in organic solvent-water solvated comonomer
mixtures 3 to 5 after evaporation are summarised in Table 3. The percentages of
acetone and water remaining in these three groups after 30 s and 60 s of evaporation
were approximately 34% and 26% respectively. Conversely, the percentages of
ethanol and water in these three groups after 60 s and 120 s of evaporation were
approximately 41% and 33% respectively. Additional air-drying significantly reduced
the percentages of retained solvents (P<0.001). Significantly more residual solvent
was retained in water-ethanol-based comonomer mixtures (P<0.0001) after 60 s of
evaporation when compared to water-acetone-based comonomer mixtures after 30 s
of evaporation.
TEM micrographs of silver penetration within resin films made from solvated

comonomer blends are shown in Fig. 1 for comonomer blend 3, Fig. 2 for
comonomer blend 4 and Fig. 3 for comonomer blend 5. All specimens were examined
along the junction between the epoxy resin and the resin film. TEM revealed electronlucent droplets in the polymerised resin films prepared from acetone-water-solvated
comonomer blend 3 mixtures (Fig. 1A). These droplets were either round or oval in
shape, with sizes ranging from 1-7 μm. These droplets broke off along the periphery
of the resin films to form scalloped borders with dense silver deposits (Fig. 1B). No
droplets were trapped in the polymerised resin films prepared from conomomer
blends 3, 4, and 5- organic solvent mixtures.
A 10 μm thick band of spotted silver grains could be identified along the
junction between the epoxy resin and the neat comonomer blend 4 (control; Fig. 2A).
Three types of silver deposition (water channels, a row of dense silver deposits and
fine isolated silver deposits) were identified in the ethanol-solvated comonomer blend
4 mixture (Fig. 2B). Interconnected silver-filled channels were occasionally observed
across the entire thickness of resin films prepared from the ethanol-water-solvated
comonomer blend 4 mixtures (Fig 2C). Less water droplets were observed in the
water-ethanol-solvated comonomer mixtures.
Similar silver tracer patterns (i.e. water channels, a dense row of isolated
silver deposits and fine isolated silver grains) were observed in resin films prepared
from the acetone-solvated comonomer blend 5 mixtures (Fig. 3A). The addition of
water to the acetone-solvated comonomer mixtures resulted in the formation of
several electron-lucent droplets in the polymerised resin films (Fig. 3B). Extremely
large, electron-lucent droplets (ca. 35μm), with silver deposition around their
peripheries, could occasionally be seen spanning the whole thickness of the resin
films (Fig. 3C). Branching tree-like silver deposits, propagating from the scalloped

borders (Fig. 3D), were connected with the electron-lucent droplets in the resin films.

DISCUSSION
Current dentine adhesives are generally formulated with hydrophilic and
hydrophobic resin monomers dissolved in solvents such as acetone, ethanol, and
water or in solvent combinations [20]. Numerous studies have been carried out to
examine the effects of solvent and moisture on the bond strengths to dentine [10, 2124] and nanoleakage expression [25]. However the effectiveness of air-drying on
removal of organic solvent and water from the adhesive resin prior to polymerization
has only been investigated recently in non-HEMA-containing, single-bottle type, onestep self-etch adhesives, in which phase separation of the water component in the
form of spherical droplets was demonstrated ultrastructurally [26]. The wide variation
in the composition and application procedures for commercial adhesive systems also
makes direct comparisons among different systems difficult. As a result, we prepared
experimental dentine adhesives formulations, by mixing neat comonomer blends of
different hydrophilicity, with fixed quantities of solvent and water to enable
comparison among groups.
The use of the Hoy’s triple solubility parameters provides a simple method for
estimating the relative contribution of dispersive (δd), polar (δp) and hydrogen
bonding (δh) forces to the total cohesive energy density (δt) of polar solvents [27-28].
Such a method has contributed substantially to our understanding of solvent-collagen
interaction to improve resin infiltration [29-30]. These parameters were used in this
study as a means to rank the relative hydrophilicity of the five resin blends. Our
results showed that the percentage of retained solvent increased with the
hydrophilicity of the resin blends. Comonomer blend 5 adhesive mixtures retained
significantly more solvent than comonomer 1 mixtures even after extended air-drying

(P<0.05). Additionally, the pattern of silver tracer penetration was different among
the adhesives mixtures. Thus, the results of the present study require rejection of the
null hypotheses that conomomer hydrophilicity has no effect on the extent of water
and organic solvent retention after air-drying and that there is no difference in the
pattern of tracer penetration in different comonomer-solvent mixtures.
The extent of solvent and water retention in polymer networks is related to
resin polarity. Resin polarity influences the number of hydrogen bonding sites and the
attraction between the polymer and solvent. Bis-GMA-E in comonomer blend 1 is
relatively hydrophobic as reflected by its lower δh and δt values. Bis-GMA in
comonomer blend 2 is comparatively more hydrophilic than Bis-GMA-E as it
contains two -OH groups. The replacement of the diluent monomer triethyleneglycol
dimethacrylate (TEGDMA) with HEMA in comonomer blends 3-5 provides an
additional -OH group for hydrogen bonding. Comonomer blends 4 (TCDM) and 5
(2MP) contain carboxyl and phosphate functional groups respectively, that allow the
solvent to form additional hydrogen bonding with those polar groups. No significant
difference in solvent retention was observed between acetone and ethanol following
prolonged evaporation. This is consistent with the recent finding that there was no
difference in loss of mass between acetone- and ethanol-based adhesives after 75 days
of storage [31].
It is more difficult to remove water from ethanol-based adhesives than
acetone-based adhesives prepared from comonomer blends 3 to 5 even after extended
air-drying. The addition of specific amounts of water to certain organic solvents such
as ethanol creates azeotrope [32], which is a mixture of two or more miscible liquids
that retains the same composition in the vapour state as in the liquid state when
distilled or partially evaporated under a certain pressure. As the concentration of the

ethanol used in the present comonomer mixtures was below the concentration
required to form an azeotrope with water (95.6% ethanol, 4.4% water) [32], the
ethanol would evaporate faster than water. This means the ethanol concentration can
never reach the azeotrope concentration where it could facilitate water evaporation.
Acetone, with a relatively high vapour pressure of 184 mmHg at 20oC, evaporates
much faster than ethanol or water with a vapour pressure of 43.9 mm Hg and 17.5
mmHg respectively [32-33]. Water and ethanol both hydrogen bond to monomers
capable of hydrogen bonding. This helps to explain why more water and ethanol were
retained in ethanol-based adhesives. An alternative explanation is that both water and
ethanol can hydrogen bond to each other and to BisGMA or HEMA or TCDM or
2MP. As the organic solvents evaporate the molar concentration of the comonomers
increases rapidly, that permits them to H-bond with more water and ethanol. Those
molecules that are H-bonding to the monomers cannot form free droplets. As a result,
less water droplets were observed in the resin films created from the resin-ethanolwater mixtures.
More water droplets were retained in the resin films from the resin-acetonewater mixtures. The solubility parameter for hydrogen bonding forces of acetone is 7
(J/cm3)1/2, compared to ethanol which is [20 (J/cm3)1/2][33]. That is, the affinity of the
carbonyl group of acetone to hydrogen bond with itself or water or any functional
group on monomers that are capable of hydrogen bond formation, is only about onethird that of ethanol. This is why acetone is so volatile. Acetone does not form an
azeotrope with water, so it does not promote water evaporation. This is why residual
water droplets were seen in the TEM images of the polymer.
TEM observation revealed the entrapment of droplets throughout the resin
films made from the addition of 20% water to 30% organic solvent solvated

comonomer blends 3 to 5. These droplets were formed following ethanol/acetone
evaporation that disturbed the solvent-monomer balance. This is in agreement with
previously reported data, which showed that macroscopic phase separation of a
BisGMA-based adhesive (70% BisGMA/30% HEMA) formulated with 45% ethanol
occurred at approximately 28 vol% water [34]. Without organic solvent, phase
separation in this formulation occurs at around 5 vol% water. Phase separation
occurred as a result of water separating from adhesive monomers [26]. Similar phase
separation has also been observed in the adhesive layer bonded with two-step etchand-rinse [35] and one-step self-etch adhesives [36]. These electron-lucent droplets
probably represented non-evaporated water that was trapped within the resin films, as
they were only sparsely filled with silver deposits. When the water droplets were
close to the surface, they broke off to form scalloped borders along the surface of the
resin films. It is through these surface defects that attract clusters of silver deposits to
interconnect and branch out to form additional water channels [19]. Similar water
channels have been shown to form within commercial, hydrophilic adhesives when
they are bonded to hydrated dentin [37-39]. Such channels provide avenues for
convective movement of bulk water from dentine and contribute to the degradation of
bonded interfaces over time [39].
Apart from the previously reported two major patterns of silver deposits: 1)
water channels that were predominantly oriented perpendicular to the periphery of the
resin film and 2) isolated silver grains that were randomly distributed in the
polymerised resin, a dense row of isolated silver deposits was observed that was
sandwiched between the water channels and isolated silver grains. This pattern of
silver deposits was only seen in resin films prepared from organic solvent-comonomer
mixtures and organic solvent-water-comonomer mixtures. They were not seen in resin

film created from neat comonomer resins. The presence of these deposits was
probably related to an increased concentration of retained solvent that were present on
the surface of the resin film following evaporation. The volatile solvent was blocked
from evaporating from the surface by the presence of the mylar strip. The retained
solvent probably lead to poor resin polymerisation [14] and increased permeability, as
reflected by the dense row of silver deposits in this region.
Retained organic solvent and water within the adhesive resin can severely
compromise the structural integrity of the hybrid layer [40]. Increasing the
concentration of acetone in single-bottle adhesives decreased their microtensile bond
strength, with morphologic manifestations of cracks and interfacial gaps along the
bonded interfaces [14]. The presence of remnant water may interfere with the
polymerisation of the resin system and leave residual unreacted monomers that are
more susceptible to leaching in these particular regions [41-43]. When 0.2 mL or
more water was added per mL of comonomer, the conversion of bonding resin was
decreased from 53.5% to 25% [8]. As little as the incorporation of 9% water in
adhesive formulations has been considered to be detrimental to their mechanical
properties [11]. Phase separation of water within adhesives can result in a very porous
hybrid layer that is characterised by hydrophobic BisGMA-rich particles distributed
in a hydrophilic HEMA-rich matrix [44]. Due to phase separation, the hydrophobic
Bis-GMA monomers failed to completely penetrate the demineralised dentine [4546], leaving unprotected collagen fibrils surrounded by a potentially unstable
polyHEMA hydrogel that is prone to hydrolytic [47] or enzymatic degradation [48]
by oral fluids. Water sorption by the HEMA-rich phase and hydrophilic resin
monomers may decrease the mechanical strength of the adhesive [49] and
compromise the long-term durability of resin-dentine bond [50-51]. Further studies

are required to investigate the effect of residual solvents on the long-term degradation
of resin-dentine bonds.

CONCLUSION
Within the limits of this study, we conclude that:
1.

The percentage of solvent retained in acetone-based and ethanol-based
adhesive mixtures increased significantly with increasing hydrophilicity of the
neat, non-solvated resin blends.

2.

More organic solvent and water were retained in the ethanol-based adhesive
mixtures when compared with acetone-based adhesive after evaporation.

3.

The addition of water to comonomer-solvent mixtures allows water to
hydrogen bond with comonomers, resulting in a large increase in retention of
water in these solvated adhesive mixtures.
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Table 1

Composition and Hoy’s solubility parameters of the five comonomer
blends used in the study

Comonomer
Blends
Blend 1

Blend 2

Blend 3

Blend 4

Blend 5

Composition

Wt%

Bis-GMA-E

70.00

TEGDMA

28.75

CQ

0.25

EDMAB

1.00

Bis-GMA

70.00

TEGDMA

28.75

CQ

0.25

EDMAB

1.00

Bis-GMA

70.00

HEMA

28.75

CQ

0.25

EDMAB

1.00

Bis-GMA

40.00

HEMA

28.75

TCDM

30.00

CQ

0.25

DMABA

1.00

Bis-GMA

40.00

HEMA

28.75

2MP

30

CQ

0.25

EDMAB

1.00

Hoy’s solubility parameters (J/cm3)1/2
δd
δp
δh
δt

14.8

9.8

6.9

19.1

13.9

12.0

10.3

20.9

13.9

12.6

12.2

22.3

13.6

12.6

11.3

21.9

13.9

12.9

12.9

23.0

Abbreviations:- 2MP: Bis[2-(methacryloyloxy)ethyl] phosphate; Bis-GMA: bisphenol A
diglycidyl ether dimethacrylate; Bis-GMA-E: ethoxylated bisphenol A diglycidyl ether
dimethacrylate; CQ: camphorquinone; EDMAB: ethyl N,N-dimethyl-4-aminobenzoate;
HEMA: 2-hydroxylethyl methacrylate; DMABA: dimethylaminobenzoic acid; TEGDMA:
triethylene-glycol dimethacrylate; TCDM: di(hydroxyethylmethacrylate) ester of 5-(2,5dioxotetrahydrofurfuryl)-3-methyl-3-cyclohexene-1,2-dicarboxylic anhydride; δd: dispersion
component; δp: polar component; δh: hydrogen bonding component; δt: total cohesive energy
density value

Table 2

Percentage of solvent retained in the five comonomer-organic solvent
mixtures after solvent evaporation
50% comonomers + 50% Acetone

Comonomer
Blends
δh
(J/cm3)1/2

50% comonomers + 50% Ethanol

30 s
evaporation

60 s
evaporation

60 s
evaporation

120 s
evaporation

Blend 1
6.9

8.21(2.55)a,A

4.98(1.63)c,B

11.98(3.13)e,C

5.17(1.46)f,B

Blend 2
10.3

8.97(2.07)a,b,A

6.57(1.28)c,d,B

12.98(3.07)e,C

6.20(1.44)f,g,B

Blend 3
12.2

10.45(3.67)a,b,A

7.15(2.22)c,d,B

12.99(4.01)e,A

6.60(1.86)f,g,B

Blend 4
11.3

11.75(3.37)a,b,A

9.14(2.89)d,B

13.15(3.30)e,A

7.72(1.19)g,B

Blend 5
12.9

12.21(2.39)b,A

9.06(2.75) d, B

13.17(3.28)e,A

7.14(1.66)g,B

Values are means (standard deviations). All percents are mass %. n=10.
Columns identified with the same ‘lowercase’ superscripts are not significantly
different (p > 0.05). Between groups identified with the same ‘uppercase’ superscripts
are not significantly different (p > 0.05).
δh: Hoy’s solubility parameters for hydrogen bonding

Table 3

Percentage of solvent and water retained in comonomer-organic
solvent-water mixtures after evaporation

50% comonomers + 30% Acetone
+ 20% water
Comonomers
Blends
30s evaporation
δh
(J/cm3)1/2

50% comonomers + 30% Ethanol
+ 20% water

60s evaporation

60s evaporation

120s evaporation

Blend 3
12.2

33.64(2.04) a,A

26.41(1.95) b,B

40.23(1.91) c,C

33.18(2.39) d,A

Blend 4
11.3

35.02(3.84) a,A

27.21(3.19) b,B

41.23(1.95) c,C

33.94(2.57) d,A

Blend5
12.9

34.87(1.73) a,A

26.70(1.73) b,B

41.64(1.80) c,C

32.84(2.25) d,A

Values are means (standard deviations). All percents are mass %. n=10.
Columns identified with the same ‘lowercase’ superscripts are not significantly
different (p > 0.05). Between groups identified with the same ‘uppercase’ superscripts
are not significantly different (p > 0.05).
δh: Hoy’s solubility parameters for hydrogen bonding

LEGENDS OF FIGURES
Fig.1 TEM micrographs of specimens from comonomer blend 3 (BisGMA +
HEMA) immersed in 50 wt% ammoniacal silver nitrate for 24 h. The resin films (R)
were sandwiched between two layers of epoxy resin (E) for support during
ultramicrotomy. A. Several round and oval-shaped electron-lucent droplets could be
identified in resin film prepared from acetone-water solvated comonomer blend 3. B.
Droplets that were close to the surface of the film broke off to form scalloped margins
(arrows) at the boundary between the epoxy resin (E) and polymerised solvated resin
(R). Clusters of silver grains (open arrowheads) condensed around these scalloped
margins to initiate penetration into the resin film. Some fine, isolated silver grains
could be found sparsely scattered within the resin.
Fig.2 TEM micrographs of specimens from comonomer blend 4 (Bis-GMA + HEMA
+ TCDM) immersed in 50 wt% ammoniacal silver nitrate for 24 h. A. At 24 h, a 10
µm thick band of silver grains could be identified in the resin film from neat
comonomer blend 4 (control). This represented the diffusion of silver ions into the
resin during which the dry polymerised resin film was immersed in ammoniacal silver
nitrate solution. B. A high magnification view from ethanol-solvated comonomer
blend 4 mixtures showing three distinct patterns of silver deposits extending from the
surface of resin film: (1) Interconnected silver-impregnated tree-like channels (open
arrow) oriented perpendicular to the surface of resin film, (2) a row of dense, isolated
silver deposits (arrows) and (3) very fine isolated silver grains (open arrowheads). C.
Through and through silver-filled channels (between open arrows) could be identified
across the entire thickness of the resin film from ethanol-water solvated comonomer
blend 4 mixtures.
Fig.3 TEM micrographs of specimen from comonomer blend 5 (Bis-GMA + HEMA

+ 2MP) immersed in 50 wt% ammoniacal silver nitrate for 24 h. A. Three patterns of
silver deposits were identified in the resin film prepared from acetone-solvated
comonomer blend 5 mixtures: (1) silver-impregnated water channels (open arrow),
(2) a dense row of isolated silver deposits (arrows) and (3) very, fine isolated silver
deposits (open arrowheads). B. Several round and oval-shaped electron-lucent
droplets were present in the resin film from acetone-water solvated comonomer blend
5 mixtures. Scalloped borders (arrows) with heavy silver deposits were found at the
periphery of the resin film. C. A very large droplet with occasional silver deposits at
its periphery, was observed spanning across the entire thickness of resin film from
acetone-water solvated comonomer blend 5 mixtures. D. The silver-filled droplets
(open arrowheads) were connected to the tree-like silver deposits (arrows) around the
periphery of the resin film from acetone-water solvated comonomer blend 5 mixtures.

