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ABSTRACT: Solution copolymerizations of 2-hydroxyethyl methacrylate (HEMA), a polar monomer having
a hydroxyl group, with 5 mol % (corresponding to 35.7 wt %) heneicosapropylene glycol dimethacrylate
(PPGDMA-21), a nonpolar monomer having a poly(oxypropylene) unit, were carried out in MeOH at a
dilution of 2/3 in the presence of different amounts of lauryl mercaptan as a chain transfer agent, providing
novel amphiphilic vinyl-type network polymers consisting of polar, short primary polymer chains and
nonpolar, long cross-link units. The vinyl-type network polymers formed via highly branched prepolymers
have abundant dangling chains as their characteristic feature, especially when the primary polymer chain
length is short, because both terminal parts of primary polymer chain would be dangling chains. The
amphiphilicity of the resulting gels was checked by measuring their swelling ratios in the mixed solvents
consisting of nonpolar tert-butylbenzene (t-BB) and polar MeOH; thus, with an increase in the MeOH
volume percent, the gels shrank to the smallest swelling ratio at the start point (i.e., in pure t-BB), swelled
gradually and then rather sharply beyond 20 vol %, reached the maximum swelling at about 70 vol %,
and then shrank gradually up to a rather high swelling ratio at the terminal (i.e., in pure MeOH). The
profiles of the solvent component dependencies of the swelling ratios are characteristic of novel amphiphilic
gels. The conversion dependency of the characteristic swelling behavior suggests that the response of
the gel obtained at an earlier stage of gelation was sharper than that of the gel obtained at a late stage
of gelation. The influence of H,O on the characteristic swelling behavior of resulting amphiphilic gels
was examined by measuring their swelling ratios in the mixed solvents consisting of MeOH/H,O or acetone/
H.0 in order to collect information about the role of cross-link units on the swelling behavior of amphiphilic

gel.

Introduction

We have been concerned with network formation in
the free-radical cross-linking polymerization and copo-
lymerization of multivinyl compounds, especially those
including diallyl esters and dimethacrylates, by focusing
our attention on the mechanistic discussion of the
deviation from Flory—Stockmayer (FS) gelation theory.!
First, the reasons for the greatly delayed gelation in
diallyl polymerizations were discussed mechanistically
in detail, and then the discussion was satisfactorily
extended to a detailed understanding of network forma-
tion in common multivinyl polymerizations. Thus, the
striking feature of diallyl polymerization was the fact
that no microgelation was observed until the gel point
conversion in the bulk polymerization of diallyl phtha-
late,? as completely opposed to the cases where numer-
ous reports on microgel formation were published in the
homopolymerizations of multivinyl compounds and their
copolymerizations with monovinyl monomers.3~8 In this
connection, the most significant difference between allyl
and vinyl polymerizations is in the length of the primary
polymer chain which has a predominant influence on
gelation. In diallyl polymerization only the oligomeric
primary polymer chain is formed because an occurrence
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of monomer chain transfer, i.e., a well-known degrada-
tive chain transfer® as an allylic hydrogen abstraction
reaction of growing polymer radical from monomer to
give a resonance-stabilized allyl radical, is quite re-
markable. Therefore, the oligomerization of neopentyl
glycol dimethacrylate, a sparingly cyclopolymerizable
divinyl monomer, was conducted in the presence of
lauryl mercaptan (LM) as a chain transfer agent in
order to reduce the primary polymer chain length to a
comparable order in diallyl polymerization.1° The gela-
tion behavior was compared with diallyl terephthalate
(DAT) polymerization as a typical example of multiallyl
polymerizations. No Trommsdorff effect!! or gel effect
was observed, even beyond the gel point conversion,
despite the polymerization of divinyl monomer, as were
the cases of the bulk polymerizations of multiallyl
compounds.*? The variation of molecular weight distri-
bution curves with conversion was quite similar to DAT
polymerization. The deviation of actual gel point from
FS theory!® was also similar. Moreover, the swelling
ratio of the gel obtained just beyond the gel point was
very high. Thus, no substantial difference was observed
between allyl and vinyl polymerizations in the case
where the primary polymer chain lengths were adjusted
to be comparable. In addition, no microgelation occurred
up to the gel point.

As is evident from the above discussion, network
formation through multiallyl polymerization or multi-
vinyl oligomerization in the presence of a chain transfer
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agent apparently seems to be quite different from the
ordinary multivinyl polymerizations3~8 in the absence
of a chain transfer agent, since in the latter case
microgelation easily occurred up to the gel point.
Thereafter, we have pursued the generalization through
both multiallyl and multivinyl polymerizations: many
homopolymerizations and copolymerizations of multi-
vinyl compounds were carried out to explore in detail
the delay of actual gelation from FS theory.14=23 Thus,
we reached the conclusion that, in the free-radical cross-
linking polymerizations of both multiallyl and multivi-
nyl compounds, the deviation of the actual gel point
from the theoretical one becomes greater with an
increase in the primary polymer chain length, an
increase in the content of pendant vinyl groups of the
primary polymer chain, and a decrease in the monomer
concentration. Its range became quite wide to almost
103. The enhancement of the significance of thermody-
namic excluded volume effect, the occurrence of in-
tramolecular cross-linking, and the reduced reactivity
of prepolymer should lead to greater deviation from
theory.! As our discussion so far has been based on a
classical FS theory,’® the validity of FS theory was
confirmed by conducting the free-radical cross-linking
monovinyl/divinyl copolymerizations24-27 under the po-
lymerization conditions in which the significance of the
thermodynamic excluded volume effect and intramo-
lecular cross-linking, the respective primary and sec-
ondary factors for the greatly delayed gelation, was
removed. Thus, there are two extreme cross-linked
polymers as an ideal network polymer governed by FS
theory and a microgel greatly deviated from the theory,
although the structures of the actual cross-linked
polymers would be between the two extreme cases.
Certainly, the cross-linked polymer should change from
a homogeneous network structure biased toward the
ideal network polymer to an inhomogeneous one biased
toward the microgel, the formation of which depends
on the polymerization conditions.?

Thereafter, we extended the above mechanistic
discussion based on multiallyl polymerization to the
preparation of novel amphiphilic polymers?® as the
precursors of the homogeneous cross-linked polymers
biased toward the ideal network polymer in the free-
radical cross-linking monovinyl/divinyl copolymeriza-
tion by introducing an oligomeric, long cross-linker such
as tricosaethylene glycol dimethacrylate [CH,=
C(CH3)CO(OCH2CH3)230COC(CH3)=CH,, PEGDMA-
23] and concurrently, forming oligomeric, short primary
polymer chains in the presence of LM as a chain transfer
agent, in which both lengths of primary polymer chain
and cross-link unit are in a comparable order. Here
benzyl methacrylate (BzMA) was used as a monovinyl
monomer because BzMA forms rather rigid, nonpolar
primary polymer chains and PEGDMA-23 as a cross-
linker contains a flexible, polar poly(oxyethylene) unit
leading to novel amphiphilic polymers as vinyl-type
network-polymer precursors. Thus, BzMA was copoly-
merized radically with 5 mol % (corresponding to 27.5
wt %) PEGDMA-23 in the presence of different amounts
of LM. The resulting amphiphilic prepolymers were
characterized mainly by viscometry using tert-butyl-
benzene (t-BB) and a t-BB/MeOH (80/20) mixture as
solvents. The viscosities in the t-BB/MeOH (80/20)
mixture were quite high compared with those in t-BB,
and completely reversed concentration dependencies
were observed in the solvents. These have been dis-
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Figure 1. Schematic picture of amphiphilic vinyl-type net-
work polymer consisting of (bold lines) short primary polymer
chains and (regular lines) long cross-link units with opposite
polarities.

cussed by considering the difference in conformation and
the shrinkage of polar, flexible poly(oxyethylene) units
or the entanglement of nonpolar, rigid primary polymer
chains.

In choosing the above solvents, the amphiphilicity of
the resulting gels was checked by measuring their
swelling ratios in mixed solvents consisting of nonpolar
t-BB and polar MeOH. The solvent component depend-
encies of the swelling ratios were characteristic of novel
amphiphilic gels. In this connection, the present article
deals with the novel amphiphilic network polymers
consisting of polar, short primary polymer chains and
nonpolar, long cross-link units as the opposite case of
the previous work.?® Thus, 2-hydroxyethyl methacrylate
(HEMA), a polar monomer having a hydroxyl group, was
copolymerized radically with 5 mol % heneicosapropyl-
ene glycol dimethacrylate [CH,=C(CH3)CO(OCH-
(CH3)CH2)210COC(CH3)=CH2, PPGDMA-21], a nonpo-
lar monomer having a poly(oxypropylene) unit, in the
presence of LM. The resulting amphiphilic gels, sche-
matically depicted in Figure 1, were characterized by
measuring their swelling ratios in various types of
mixed solvents.

Experimental Section

HEMA (Kyoeisha Chemical Co., Ltd.) as a monomer, 2,2'-
azobisisobutyronitrile (AIBN; Wako Pure Chemical Industries,
Ltd.) as an initiator, and MeOH (Wako Pure Chemical
Industries, Ltd.) as a solvent were purified by conventional
methods. PPGDMA-21 (Kyoeisha Chemical Co., Ltd.) as a
monomer and LM (Wako Pure Chemical Industries, Ltd.; extra
pure reagent commercially available) as a chain transfer agent
were used without further purification.

Polymerization was carried out in a glass ampule containing
the required amounts of monomers, AIBN, MeOH, and LM.
The ampule was degassed three times by the usual freezing
and thawing technique under vacuum, flushed with nitrogen,
and then sealed off. It was then placed in a thermostat
regulated at 50 £+ 0.1 °C. After a predetermined reaction time,
the polymer was precipitated by pouring the reaction mixture
into a large excess of hexane/2-propanol (6/1 v/v) mixture
containing a small amount of 4-tert-butylpyrocatechol as an
inhibitor. The purification of the polymer was done by repre-
cipitation from a tetrahydrofuran (THF) precipitant system.
The gel fraction of the polymer at conversions beyond the gel
point was separated by extracting the sol fraction with THF.

The weight-average molecular weights (My’'s) of the result-
ing polymers were measured by light scattering (LS). The LS
measurements were carried out in MeOH at 30 °C with an
Otsuka Electronics DLS-7000 dynamic light scattering spec-
trophotometer over the angular range between 30° and 150°,
using unpolarized light of wavelength 632.8 nm.
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Figure 2. Conversion—time curves for solution copolymeri-
zation of HEMA with 5 mol % PPGDMA-21 in MeOH at a
dilution of 2/3 using 0.04 mol/L AIBN at 50 °C in the presence
of different amounts of LM ([LM]/[total monomer] = (O, ®)
1/20, (a, A) 1/50, and (O, m) 1/100). Open and filled symbols
correspond to total and gel polymers, respectively. The arrows
denote the gel points.

The swelling ratio was estimated as the ratio of the weight
of the swollen gel in the solvent for 48 h to that of the original
gel.

Results and Discussion

Preparation of Homogeneous Vinyl-Type Net-
work Polymer. Figure 2 shows the conversion—time
curves for the solution copolymerizations of HEMA with
5 mol % (corresponding to 35.7 wt %) PPGDMA-21 in
MeOH at a dilution of 2/3 using 0.04 mol/L AIBN at 50
°C in the presence of different amounts of LM ([LM]/
[total monomer] = 1/100, 1/50, and 1/20). The percentage
of gel polymer obtained by the sol—gel separation is also
plotted against time in Figure 2. The actual gel points
were determined by extrapolating the gel formation
curves to 0%. Thus, the conversions at which the gel
started to form (i.e., the gel points) were estimated to
be 25.1, 34.3, and 63.2% at [LM]/[total monomer] =
1/100, 1/50, and 1/20, respectively. The gel point became
higher with increasing added amount of LM as a
reflection of reduced primary polymer chain length.t In
addition, no gel effect was observed, although the
polymerization was accompanied by gelation.

Figure 3 shows the dependence of weight-average
molecular weights of resulting precopolymers on conver-
sion; the primary polymer chain length (Py,0) was cal-
culated from the My value determined by the ex-
trapolation of each curve to zero conversion. The Py
value thus obtained was then employed to calculate
the theoretical gel point according to Stockmayer’s
equation:13

o = (Up)(Pyo = 1)

where p is the fraction of all double bonds residing on
the divinyl units in the initial system.

Table 1 summarizes the results obtained as a com-
parison of actual gel points with theoretical ones for the
copolymerizations of HEMA with 5 mol % PPGDMA-
21 in the presence of different amounts of LM. The
actual gel point was quite delayed from the theoretical
one for each polymerization system and the deviation
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Figure 3. Dependence of My on conversion (see Figure 2).
Table 1. Comparison of Actual and Theoretical Gel

Points in the Polymerizations of HEMA with 5 mol%
PPGDMA-21 in the Presence of Different Amounts of

LM2
[LM)/ ~ gel point (%) actual gel point¢/
[total monomer] Pyo® theor® actuald theor gel point®
1/100 416 2.5 25.1 (18.5)¢ 7.3
1/50 257 4.1 34.3 (25.3)¢ 6.2
1/20 113 9.4  63.2(46.6) 5.0

aln MeOH, dilution 2/3, [AIBN] = 0.04 mol/L, 50 °C. P Esti-
mated by LS measurement. ¢ Theoretical gel point: o¢ = (1/p)(Pw.0
— 1)1, d Obtained on monomer basis. ¢ Obtained as the vinyl
group conversion calculated by assuming equal reactivity of HEMA
and PPGDMA-21 vinyl groups.

(i.e., the ratio of the actual gel point to the theoretical
one) became smaller, from 7.3 to 5.0, with a decrease
in the primary polymer chain length. The latter de-
creased deviation is in line with our previous results.>10
Here it should be noted that the formation of a polar
growing polymer radical by the incorporation of HEMA
unit having a hydroxyl group into the polymer backbone
would reduce the occurrence of intermolecular cross-
linking reaction with unreacted methacrylic double
bonds present at the terminal of a nonpolar poly-
(oxypropylene) chain as a reflection of reduced inter-
penetration of growing poly(HEMA) chain and cross-
link poly(oxypropylene) chain with opposite polarities.
Therefore, despite the delayed gelation from FS theory,
the homogeneous network formation was expected. This
is also supported by the data of the swelling ratios of
the resulting gels: the swelling ratios of the gels
obtained just beyond the gel points were extrapolated
to be quite high as is shown below (see Figure 4),
although the gel should not swell well if it is the
agglomerate of microgels leading to an inhomogeneous
network polymer opposite the present one.
Conversion Dependency of Swellability of Re-
sulting Gel and Influence of Dangling Chain on
Its Swelling Behavior. Figure 4 shows the variation
of the swelling ratios of resulting gels with the progress
of polymerization beyond the gel point for the solution
copolymerizations of HEMA with 5 mol % PPGDMA-
21 in MeOH at a dilution of 2/3 in the presence of
different amounts of LM ([LM]/[total monomer] = 1/100
and 1/20). Although the swelling ratios were reduced
as gelation progressed, the swelling ratios of the gels
obtained just beyond the gel points were extrapolated
to be quite high as a reflection of the formation of
homogeneous network polymers. Also, the swelling ratio
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Figure 4. Decrease in swelling ratios of resulting gels in THF
with the progress of polymerization beyond the gel point in
the presence of LM ([LM]/[total monomer] = (@) 1/20 and (M)
1/100) (see Figure 2). The dotted line denotes the curve of the
gels obtained in the absence of LM. The conversion in the
abscissa is corrected such that the corresponding gel point is
0% conversion.

became higher with an increase in the amount of LM
as a reflection of shorter primary polymer chain length.
It is noteworthy here that the vinyl-type network
polymers formed via highly branched prepolymers have
abundant dangling chains as their characteristic fea-
ture, especially when the primary polymer chain length
is short, because both terminal parts of primary polymer
chain would be dangling chains. These dangling chains
inherent in vinyl-type network polymers could influence
as an increase in their swelling ratios and, moreover,
the characteristic swelling behavior of the resulting gels.
In this connection, the solution copolymerizations of
HEMA with 5 mol % PPGDMA-21 to produce the
network polymer with much longer primary polymer
chains was carried out in the absence of LM, although
the other polymerization conditions were same as the
above cases of the polymerizations in the presence of
LM. The swelling ratios of resulting gels were plotted
against the corrected conversion in Figure 4; the dotted
line was sited below in line with the above discussion.

Then, we attempted to check the amphiphilicity of the
resulting gels by measuring their swelling ratios in the
mixed solvents consisting of nonpolar t-BB and polar
MeOH, although in this work we deal with the am-
phiphilic network polymers consisting of polar primary
polymer chains and nonpolar cross-link units as the
opposite case of the previous work.22 MeOH has an
affinity to primary polymer chains consisting of polar
poly(HEMA) chains, although it acts as a nonsolvent
for nonpolar poly(oxypropylene) cross-link units. The
situation of t-BB is vice versa. Figure 5 shows the
correlations of the swelling ratios of the resulting gels
with the content of MeOH in the mixed solvents, in
which the gels were obtained at conversions just beyond
the gel points for the copolymerizations of HEMA with
PPGDMA-21 in the presence of different amounts of LM
([LM]/[total monomer] = 1/100, 1/50, and 1/20). Thus,
with an increase in volume percent MeOH, the gels
shrank to the smallest swelling ratio at the start point
(i.e., in pure t-BB), swelled gradually and then rather
sharply beyond 20 vol %, reached the maximum swelling
at about 70 vol %, and then shrank gradually up to a
rather high swelling ratio at the terminal (i.e., in pure
MeOH). The profiles of the solvent component depend-
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Figure 5. Correlations of swelling ratios of resulting gels with
MeOH content in mixed solvents consisting of nonpolar t-BB
and polar MeOH (see Figure 2; [LM]/[total monomer] = (@)
1/20, (a) 1/50, and (m) 1/100).
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Figure 6. Correlations of the swelling ratios of resulting gels
with MeOH content in mixed solvents for (®) poly(HEMA-co-
PPGDMA-21) and (a) poly(BzMA-co-PEGDMA-23) gels (see
Figure 5; [LM]/[total monomer] = 1/20).

encies of the swelling ratios are characteristic of novel
amphiphilic gels. They became somewhat sharp with
shorter primary polymer chain length as a reflection of
the significance of an increased number of dangling
chains.

For comparison, it should be noteworthy to recall that
the highest swelling ratio was observed at 20 vol %
MeOH for poly(BzMA-co-PEGDMA-23) gel consisting of
nonpolar primary poly(BzMA) chains and polar poly-
(oxyethylene) cross-link units as the opposite case of the
present work (see Figure 6).28 These reversed results
suggest that the difference in their primary polymer
chains would influence strongly the swelling behavior
of resulting gels more than that in their cross-link units,
by considering that MeOH has an affinity to primary
poly(HEMA) chains and t-BB to primary poly(BzMA)
chains.

Figure 7 shows the conversion dependencies of the
characteristic swelling behavior of the resulting am-
phiphilic gels with the shortest primary polymer chains
for the copolymerization of HEMA with PPGDMA-21
in the presence of the largest amount of LM ([LM]/[total
monomer] = 1/20). The profiles of the solvent component
dependencies of the swelling ratios changed from a
sharp response to a gradual one with the progress of
gelation or with an increase in the cross-link density.
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Figure 7. Conversion dependencies of characteristic swelling
behavior for poly(HEMA-co-PPGDMA-21) gels obtained at
corrected conversions = (@) 1.7, (a) 11.9, and (W) 27.3% (see
Figure 2; [LM]/[total monomer] = 1/20).

That is, the response of the gel obtained at an earlier
stage of gelation was sharper than that of the gel at a
late stage of gelation, although the gel was commonly
obtained as the cross-linking polymerization proceeded
completely.

Influence of H,O on Characteristic Swelling
Behavior of Amphiphilic Gel. As is shown in Figure
5, the swelling ratios were rather high even at the
terminal (i.e., in pure MeOH); this may be ascribed to
the fact that the strong affinity of MeOH to primary
poly(HEMA) chains leading to a swollen gel played a
more significant role than the nonsolvent power of
MeOH to poly(oxypropylene) cross-link units leading to
a shrunken gel. Therefore, our interest was focused on
the influence of H,O on the characteristic swelling
behavior of our novel amphiphilic gels by measuring
their swelling ratios in the mixed solvents consisting of
MeOH/H,0 or acetone/H,O because MeOH and acetone
have an affinity to primary poly(HEMA) chains and H,O
acts as a stronger nonsolvent to poly(oxypropylene)
cross-link units than MeOH. Now, we can collect useful
information about the role of cross-link units in the
swelling behavior of amphiphilic gel, although the
significant role of primary polymer chains or dangling
chains was clarified above.

Figure 8 shows the correlations of the swelling ratios
of the resulting gels with volume percent H,O, in which
the gel was obtained at the conversion just beyond the
gel point for the copolymerization of HEMA with
PPGDMA-21 in the presence of LM ([LM]/[total mono-
mer] = 1/20). Notably, with an increase in volume
percent H,O, the gels obviously swelled to the largest
swelling ratio up to 20 vol % and then shrank sharply
toward 50—60 vol % H,0. The former may be ascribed
to the collapse of intermolecular hydrogen bond between
primary poly(HEMA) chains forming a weak agglomer-
ate by the addition of H,O. The latter decreasing profile
of swelling ratio with an increase in H,O became
sharper in the MeOH/H,0 solvent mixtures as a reflec-
tion of cooperative nonsolvency of both MeOH and H,O
to poly(oxypropylene) cross-link units. Thus, the role of
cross-link units in the swelling behavior of novel am-
phiphilic gel was significant as well as that of dangling
chains. The significance of both dangling chains and
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Figure 8. Correlations of swelling ratios of resulting gels with
H2O content in mixed solvents consisting of (®) MeOH/H,O
and (a) acetone/H,0 for poly(HEMA-co-PPGDMA-21) gel (see
Figure 2; [LM]/[total monomer] = 1/20).

Figure 9. Three typical conformations of network segments
of amphiphilic gel consisting of short primary polymer chains
and long cross-link units with opposite polarities: (A) shrink-
age of short primary polymer chains, (B) random conformation,
and (C) shrinkage of long cross-link units.

cross-link units on the characteristic swelling behavior
of novel amphiphilic gel would depend on the different
combinations of primary polymer chains and cross-link
units and the different solvent mixtures with different
interactive powers. On the whole, three conformations
of the network segments of novel amphiphilic gels
consisting of short primary polymer chains and long
cross-link units with opposite polarities are typically
depicted in Figure 9.

Conclusion

Novel amphiphilic vinyl-type network polymers con-
sisting of polar, short primary polymer chains and
nonpolar, long cross-link units were prepared by solu-
tion copolymerizations of HEMA with 5 mol % PPGDMA-
21 in MeOH at a dilution of 2/3 in the presence of
different amounts of LM as a chain transfer agent. The
homogeneity of the resulting network polymers was
discussed by the comparison of actual gel points with
theoretical ones calculated according to FS theory. Thus,
despite the delayed gelation from FS theory, the homo-
geneous network formation was expected because the
formation of a polar growing polymer radical by the
incorporation of HEMA unit having a hydroxyl group
into the polymer backbone would reduce the occurrence
of intermolecular cross-linking reaction with unreacted
methacrylic double bonds present at the terminal of the
poly(oxypropylene) chain with an opposite polarity of
the growing poly(HEMA) chain. In addition, the swell-
ing ratios of the gels obtained just beyond the gel points
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were extrapolated to be quite high. Notably, the vinyl-
type network polymers formed via highly branched
prepolymers have abundant dangling chains as their
characteristic feature, especially when the primary
polymer chain length is short, because both terminal
parts of the primary polymer chain would be dangling
chains. These dangling chains inherent in vinyl-type
network polymers could influence as an increase in their
swelling ratios and, moreover, the characteristic swell-
ing behavior of the resulting gels. The amphiphilicity
of the resulting gels was checked by measuring their
swelling ratios in mixed solvents consisting of nonpolar
t-BB and polar MeOH; MeOH has an affinity to primary
polymer chains consisting of polar poly(HEMA) chains,
although it acts as a nonsolvent for nonpolar poly-
(oxypropylene) cross-link units. The situation of t-BB
is vice versa. The profiles of the solvent component
dependencies of the swelling ratios are characteristic
of novel amphiphilic gels; they became somewhat sharp
with shorter primary polymer chain length as a reflec-
tion of the significance of an increased number of
dangling chains. The conversion dependency of the
characteristic swelling behavior suggests that the re-
sponse of the gel obtained at an earlier stage of gelation
was sharper than that of the gel obtained at a late stage
of gelation. Because MeOH and acetone have an affinity
to primary poly(HEMA) chains and H,O acts as a
stronger nonsolvent to poly(oxypropylene) cross-link
units than MeOH, the influence of H,O on the charac-
teristic swelling behavior of resulting amphiphilic gels
was examined by measuring their swelling ratios in the
mixed solvents consisting of MeOH/H,0 or acetone/H,0.
Conclusively, the role of cross-link units in the swelling
behavior of novel amphiphilic gel was significant as well
as that of dangling chains.
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