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ABSTRACT: A thermoplastic poly(glycerol sebacate) elas-
tomer (TMPGS), prepared by a two-step method for the first
time, is characterized in the present work. First, non-cross-
linked poly(glycerol sebacate) (PGS) prepolymers at the 1 : 1
molar ratio of glycerol to sebacic acid were synthesized
through a condensation reaction. Second, TMPGSs were
achieved through prepolymers that continued to react after
the addition of more sebacic acid at a total molar ratio of
2 : 2.5 (glycerol/sebacic acid). The swelling experiments
demonstrated that its crosslinking density was low and that
it was composed of sol and gel. Compared with our previ-
ous results, the content of sol decreased but still reached
>60%. Differential scanning calorimetry (DSC) studies

demonstrated that TMPGS was crystallizable and had a
glass transition temperature below �208C, but at close to
378C, its state altered and became almost amorphous. It was
explained that both the semi-interpenetrated polymer net-
works composed of sol and gel and the crystal regions
imparted thermoplasticity to the elastomer. Finally, the in
vitro degradation tests illuminated the degradation charac-
teristic of TMPGS in 378C phosphate buffered saline solu-
tion (pH ¼ 7.4). � 2006 Wiley Periodicals, Inc. J Appl Polym Sci
103: 1412–1419, 2007
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INTRODUCTION

Biodegradable polymers1–3 have broad application in
biomedical fields, such as surgical sutures,4,5 matrices
for drug delivery, and scaffolds in tissue engineering.
They play a very significant role as biomaterials.6–10

To gain the elasticity possessed by many tissues and
organs,11–13 biodegradable elastomers, one branch of
biodegradable polymers, have recently been of special
interest to many investigators.14

Biodegradable elastomers are generally of two
types: thermoplastic elastomers and thermoset elasto-
mers. Thermoplastic elastomers are usually phase-
separated block copolymers,15–17 while thermoset
elastomers are the products sometimes formed after
crosslinking of the star-shaped prepolymers.18–22

Thermoplastic elastomers are easily fabricated by
melting processing; however, the crystallized hard
regions possessed by these materials slow their

biodegradation, and the remaining dimension is poor.
In contrast, thermoset elastomers cannot be shaped by
melting processing, but the speed of biodegradation is
more uniform, and the remaining dimension is better.
Biodegradable thermoplastic and thermoset elasto-
mers both have their respective advantages.23–25

The biodegradable poly(glycerol sebacate) (PGS)
elastomers were shown to have good flexibility, bio-
compatibility, and biodegradation in work carried out
by Wang and colleagues,24,26 PGS elastomers were
also reported to be a thermoset product. Inspired by
the success of Wang’s group, and in an effort to
explore the thermoplastic property of the elastomer,
which would be very beneficial to processing of the
material, we have also conducted studies of the prepa-
ration of the PGS elastomers based on glycerol and se-
bacic acid.28 We have found that the product has a cer-
tain thermal-moldable ability that can be achieved at a
different molar ratio, but the overall properties of
the elastomer still need improvement. In the present
work, a two-step preparation method is put forward
as shown in Figure 1; the thermoplastic elastomer
(TMPGS) is obtained in a similar manner. As a result,
the gel content of TMPGS increases, strength and elon-
gation become greater, and the in vitro degradation
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rate is slower, as compared with the results obtained
at the same molar ratio of reactants in our previous
study.28 Research on TMPGS elastomers prepared by
the two-step method may greatly extend the develop-
ment of PGS elastomers in the biomaterial fields.

EXPERIMENTAL

Materials

Glycerol (analytical grade, weight content >99.0%)
was obtained from the Beijing Chemical Plant. Se-
bacic acid (analytical grade, weight content >99.0%)
was obtained from the Guangfu Fine Chemical Insti-
tute of Tianjin. Tetrahydrofuran (analytical grade)
was obtained from the Beijing Century Red-Star
Chemical Limited Corporation. All reagents were
used directly.

Preparation of TMPGS elastomer
by two-step method

Figure 1 shows the method of preparation for TMPGS.
Glycerol and sebacic acid were mixed in flask at a
molar ratio of 1 : 1 and were then heated until the
monomers melted completely within � 1 h at a pres-
sure of 2 kPa. After controlling the condition of 1308C
and 1 kPa and maintaining the reaction for some time,
the prepolymers were attained. Adding a specific se-
bacic acid into the flask and allowing the total molar
ratio to reach 2 : 2.5 (glycerol/sebacic acid), while again
continuing the reaction at 1308C and 1 kPa, the desired
products were achieved. Nitrogen ran slowly into the
flask continuously throughout the process. The above
products were taken out of the flask and hot-pressed
at 1308C and 15 MPa in a window mold and were
then transferred into another cold-press machine and
molded at room temperature for 20 min.

Characterization of prepolymers

To investigate the structure of the prepolymer, a
Bruker AV600 nuclear magnetic resonance (NMR)
spectrometer (Zurich, Switzerland) was employed to

determine the 1H NMR spectrum, which worked at
600.13 MHz for a proton in chloroform-d6, with tet-
ramethylsilane as the standard. The number average
molecular weight (Mn), weight average molecular
weight (Mw), and polymer distribution index (PDI)
of the prepolymer were reported by gel permeation
chromatography (GPC) measurements on a Waters
instrument equipped with three columns (Styragel
HT3, HT5, and HT6E), using tetrahydrofuran as the
eluent and a Waters 2410 refractive index detector.
The polystyrene standard was used for calibration.

Characterization of TMPGS

The infrared (IR) spectra of the elastomer was
recorded on a Nicolet-210 spectrophotometer (Mad-
ison, WI), using KBr salt flake pressed together with
the fragments of elastomer film.

The sol content of the elastomer and swelling
degree of the corresponding gel were measured
through the following swelling tests25: a small disc
sample (1-mm thickness and 10-mm diameter, � 0.09-g
weight) weighing W1 was dipped into tetrahydrofu-
ran (20 mL) for 24 h and was then taken out. The disc
was recorded with the weight of W2 after the solvent
on its surface was absorbed by filter papers; the disc
was then dried to a constant weight W3 in a vacuum
oven. Sol content: Q ¼ (W1�W3)/W1 � 100%, and the
swelling degree of corresponding gel was reported
as follows: R ¼ (W2�W3)/W3 � 100%. Two samples
were applied in each experiment, and the average
value was adopted. To obtain the sol composition,
especially the sebacic content in elastomers and the
molecular weight, the sol solution in tetrahydrofuran
that remained after the swelled gel was taken out and
analyzed with the GPC instrument.

The thermal properties of the elastomer (composed
of gel and sol) and their corresponding gel parts
(obtained by dipping the elastomer in tetrahydrofu-
ran for 24 h and then drying them to a constant
weight) were evaluated with a differential scanning
calorimeter (DSC; Perkin-Elmer, Norwalk, CT) test at a
heating and cooling rate of 108C/min. The sample (17–
20 mg) placed in an aluminum pan was first heated
from 408C to 1508C and held there for 5 min; the
cooling scan was then recorded from 1508C to
�1008C; subsequently, a second heating scan was
conducted from �1008C to 1508C.

The specimens for mechanical testing were cut
from the 1-mm-thick samples according to ISO/DIS
37–1990 type 3 specifications (dumbbell-shaped speci-
mens, width ¼ 2 mm). Tensile tests were performed
in a universal tensile testing machine equipped with
a 50N load cell and operated at a cross-head speed of
50 mm/min. The elongation of the specimen was
derived from an extensometer separation of 15 mm.

Figure 1 Method of two-step preparation of TMPGS elas-
tomer.
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The Young’s modulus was determined from the
initial slope of the stress–strain curve (1–5% strain
range of stress–strain curve). Three samples were
tested at 238C.

The equilibrium water uptake in deionized water
was defined as the fraction of gained weight of a
small disc sample. Water uptake: U1 ¼ (M2�M1)/M1

� 100%, U2 ¼ (M2�M3)/M2 � 100%, where M1 was
the initial weight of the specimen, M2 was the
weight after the specimen was dipped in deionized
water for 24 h, and M3 was the weight of the speci-
men first dipped in deionized water for 24 h and
then dried to a constant weight in a vacuum oven.
Three samples were tested, and the average value
was then obtained.

The hydrophilicity of the elastomer was character-
ized by measuring the water-in-air contact angle of
smooth surfaces of 1-mm-thick samples with the
Germany Dataphysics OCA20 water contact angle
measurement instrument. The sessile drop method was
adopted and the result was the average of 5 values.

The small disc samples (10-mm diameter and 1-mm
thickness, � 0.09-g weight) were used for in vitro
degradation study. The authors mainly considered
hydrolysis degradation. The sample weighed G1 was
placed in a taper bottle and immersed in phosphate-
buffered saline (PBS, pH ¼ 7.4) at 378C in a oven. The
PBS was replaced every 2 days to ensure a constant
pH value of 7.4. The samples were removed after a
planned time (1d, 4d, 6d, 13d, 20d, 27d), washed
three times with deionized water, and then dried to a
constant weight of G2 in vacuum oven. The mass loss
was calculated as follows: mass loss ¼ (G1�G2)/G1

� 100%. Three specimens were tested to achieve the
average value. To analyze further the degradation of
the elastomer, the residue elastomers experienced dif-
ferent degradation time were characterized again
through DSC measurement, swelling tests and GPC
measurements.

RESULTS AND DISCUSSION

GPC and 1H NMR analysis of prepolymers

The Mn, Mw, and PDI of PGS prepolymers were
1681, 2696, and 1.60, respectively. Figure 2 shows the
1H NMR spectrum of the prepolymers. The hydro-
gen proton peaks were classified as follows.29–31

Some of the hydrogen proton peaks appear to be
dispersive in Figure 2. For example, the chemical
shift representing d hydrogen proton was within the
range of 3.577–3.927 ppm. The phenomenon may be
caused by the collective effect of a different molecu-
lar structure environment and hydrogen action
strength in the distributive prepolymers. The hydro-
gen proton peak of hydroxyl groups was wide and
could be distinguished with D2O.

The area of different proton peaks was measured.
The actual molar ratio of the reactants, the degree of
esterification of different hydroxyls in glycerol, and
the percentage of residue hydroxyl groups in the
prepolymers were calculated according to the fol-
lowing formulas:

Actual molar ratio (glycerol/sebacic acid): F ¼
16Sd-d,e,f/ 5Sd-a,b,c

Esterification degree of ��CH2��OH (1M glycerol):
E1 ¼ 5Sd-e/6Sd-d,e,f

Esterification degree of ��CH��OH (1M glycerol):
E2 ¼ 5Sd-f/3Sd-d,e,f

Percentage of residual hydroxyl (1M glycerol): N
¼ 1�5Sd-e/6Sd-d,e,f -5Sd-f/3Sd-d,e,f

S ¼ the area of peaks; d ¼ chemical shift (ppm);
a,b,c,d,e,f ¼ category of hydrogen protons

The actual molar ratio of the reactants was 0.97 : 1;
the esterification degree of ��CH2��OH and
��CH��OH were 53.48% and 11.33% in turn; and the
percentage of residual hydroxyl was 35.19%. In theory
(1H NMR analysis), the maximum esterification
degree of ��CH��OH is 33.33% (1/3) and the maxi-
mum esterification degree of ��CH2��OH is 66.67%

Figure 2 1H NMR spectrum of the prepolymer (chloro-
form-d6 as solvent and tetramethylsilane as standard).
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(2/3). But the actual results are lower, which proves
that many hydroxyl groups still exist in the prepoly-
mer as the percentage of residual hydroxyl shown.
Furthermore, most residual hydroxyl groups belong
to ��CH��OH, which indicates that the branching
degree of prepolymer is low. The presence of many
hydroxyl groups provided the chance for a reaction
for the prepolymers at the next step reaction.

Characterization of TMPGS elastomer

Figure 3 showed FTIR spectra of the elastomer. The
absorption at 2686 cm�1 belonged to the hydroxyl
groups in carboxyl, which proved the existence of

carboxyl groups in the elastomer. The absorption
at 1747 cm�1 belonged to the ester carbonyl, which
displayed the formation of ester in reactions.
The absorption at 3461 cm�1 was demonstrated by
the hydroxyl groups that were not in the carboxyl
group, at lower wavenumbers compared with that of
the free hydroxyl groups. This finding demonstrated
the stronger action of hydrogen bonding in the elas-
tomer. The carboxyl and hydroxyl groups may pro-
vide the elastomer with good surface property, good
biocompatibility, and functional points when the elas-
tomer requires chemical modification.

Figure 4 shows the GPC curves of sol in the elasto-
mer and pure sebacic acid. The GPC curve of sol dis-
played two distinct peaks (P1, P2), indicating that the
sol was composed mainly of two components with
different molecular weights. It appears that the small
P2 peak would grow up on the wide P1 peak. A slight
side step occurred on the leftmost position of P2 peak,
perhaps the result of the large transformation of mo-
lecular weight and branch degree of the sol. Compari-
son of the GPC curve of sol with that of sebacic acid
indicates that the P2 peaks of sol might correspond to
sebacic acid, and P1 might be related to the sol. Subse-
quently, the sebacic content of the sol could be deter-
mined to be 13.56% by GPC measurement. Some se-
bacic acid in the elastomer will act as a plasticizer to

Figure 3 IR spectrum of the elastomer (KBr salt flake pressed with the fragments of elastomer film).

Figure 4 GPC curves of TMPGS elastomer sol. The sol so-
lution originates from the solution remaining after the
swelling experiment of the sample in 20 mL tetrahydrofu-
ran, and � 0.09 g in the weight of initial disc sample.
Curve a, sol; curve b, pure sebacic acid.

TABLE I
DSC Results of the Elastomer
(Sol and Gel) and Gel Parts

Elastomer
Tg

(8C)
Tm

(8C)
Tc

(8C)
�DH
(J/g)

Sol and gel �22.5 5.6 �14.3 23.4 61.35
Gel parts �26.4 2.0 �18.5 — 28.37
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contribute to the thermoplasticity of material. The Mn

and Mw of sol were simultaneously reported as 3335
and 15,715, respectively. It could be concluded that
the elastomer was a low crosslinking degree material
with the swelling degree of 2112%, consisting mainly
of sol with a sol content of 61.87%. However, both the
sol content and swelling degree of the elastomer pre-
pared by the two-step method became lower than at
the same molar ratio of the reactants in the previous
work. Thus, not only did the gel content of elastomer
improve, but the crosslinking density of the corre-
sponding gel increased as well.

Table I summarizes the glass transition temperature
(Tg), melting temperature (Tm), crystallization temper-
ature (Tc), and absolute crystallization enthalpy
(�DH) of the elastomer and the corresponding gel
parts. From the data of Table I, Tg, Tm, and �DH of
the elastomer were higher than the corresponding gel.
Tc of the elastomer displayed two, while Tc of the cor-
responding gel showed only one. The DSC melting
and crystallizing curves were investigated and are
shown in Figures 5 and 6. It can be seen that the elas-
tomer had two crystallization temperatures of <08C
and near room temperature, but the gel parts only
had one crystallization temperature that was lower
than the elastomer at a similar position. As a result,
the elastomer is crystallizable, and the crystallization
at <08C originates mainly from the gel parts, while
the crystallization near room temperature comes from
the sol parts. The existence of sol parts will influence
the crystallization of gel parts to a some extent. The
glass transition behavior could be observed in the
melting curves of both the elastomer and gel parts.

As a result of DSC measurement, the elastomer is
crystallizable, and crystal regions and amorphous
regions results in microphase separation structure at
room temperature. The amorphous regions will impart

elasticity and network structure to the elastomer, while
the crystal regions will provide strength, stiffness, and
thermoplasticity. Furthermore, at near 378C, the elasto-
mer will bring about an altered state, which makes the
elastomer almost fully amorphous. The microphase
separation structure at room temperature and the
altered state at near 378C will be worth concerning to
find its certain application in the biomedical fields.

The tensile strength, Young’s modulus, and elonga-
tion at a break of the elastomer were 0.61 6 0.06 MPa,
0.55 6 0.23 MPa, and 236.62 6 31.44%. The stress–
strain curve is displayed in Figure 7. The mechanical
properties of elastin change within a certain range:
Young’s modulus, 0.3–0.6 MPa, tensile strength, 0.36–
4.4 Mpa; and elongation at break, 100–220%.31 The
elastomer that was prepared had mechanical proper-
ties similar to those of elastin, which might provide a
mechanical base in the biomedical application.

Figure 6 DSC melting curve (heating from �1008C to
1508C at rate of 108C/min). Curve c, elastomer; curve d,
gel part of elastomer.

Figure 7 Stress–strain curve of the elastomer (dumbbell-
shaped specimens, thickness ¼ 1 mm, width ¼ 2 mm; 50N
load cell and cross-head speed of 50 mm/min).

Figure 5 DSC crystallization curve (cooling from 1508C to
�1008C at rate of 108C/min). Curve a, elastomer; curve b,
gel part of elastomer.
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The elastomer could absorb some water to extent,
which would be advantageous to its biodegradabil-
ity. The value of U1 was 8.24%, and U2 was 11.67%.
The difference between U1 and U2 showed the elas-
tomer had been degraded partly in the course of the
water-absorbing testing. So, combining the results of
U1 and U2 will provide a good description of the
water-uptake property of the elastomer.

The hydrophilicity of a material is a property that
controls protein deposition, cell affinity, and degra-
dation rate. The water-in-air contact angle of the
elastomer was 37.88 that demonstrated it had the
good hydrophilicity.

Figure 8 shows the mass loss-time curve of the
elastomer in 378C PBS, at pH 7.4, at different degra-
dation periods (1, 4, 6, 13, 20, and 27 days), which
characterized the in vitro degradation. The mass loss
of the elastomer was � 15% after 1-day degradation;
the mass loss rate then decreased at other periods.
Here, it can be speculated that sol in the elastomers
will degrade out in preference to gel because of the
crosslinked network structure of the gel, and the
possibility of the sol degrading out of the elastomer
will relate to its molecular weight and hydrogen
bonding with other molecules.

To carry out an in-depth investigation of the struc-
ture and composition change of the elastomer during
degradation, they were characterized by DSC, swel-
ling tests, and GPC test, respectively, at different
degradation periods.

Table II summarizes the results of DSC measure-
ment on the elastomer undergoing degradation at the
different periods (0, 1, 6, and 20 days). The data pre-
sented in Table II, Tg, Tm, and �DH of the elastomer
show a tendency to decrease with increased degrada-
tion time. Clearly, Tg, Tm, Tc, and �DH of the elasto-
mer all altered primarily after 1-day degradation. For

example, the elastomer exhibited only one crystalliza-
tion temperature after 1-day degradation, which was
different from that (two temperatures) before degra-
dation and close to that of the elastomer at lower tem-
perature crystallization, corresponding to the gel
structure. But at the latter periods, all the data were
close.

To explain this phenomenon, Figure 9 shows the
GPC curve of the residual elastomer of the sol after
1-day degradation. The curve in Figure 9 displays only
one wide peak. Compared with the GPC curve of se-
bacic acid, the small peak represents the disappear-
ance of sebacic acid. It was clearly found that sebacic
acid in the elastomer hardly existed after only 1-day
degradation. Here, combining the results of Figure 8,
Table II, and Figure 9, it can be inferred that the mass-
loss (� 15%) of the elastomers during day 1 of degra-
dation is attributable mainly to the dissolving out of
all the sebacic acid (� 10%) and the degradation of
some of the sol (� 5%) in the elastomers. In the latter
period, the slow degradation of the elastomer is
caused by common degradation of gel part and sol
part; however, the sol part preferentially degrades out.

Figure 10 displays the swelling degree and sol con-
tent of the residue elastomer after different time deg-
radations. The sol content of the elastomer first
increased slightly during day 1 degradation and then
decreased distinctly from day 1 to the day 6, and then

Figure 8 Mass loss-time curve of the elastomer (disc sam-
ples of 10-mm-diameter and 1-mm thickness, phosphate-
buffered saline solution, pH ¼ 7.4, replacing solution every
2 days).

TABLE II
DSC Results of the Elastomer Undergoing Different

Time Degradation

Day Tg (8C) Tm (8C) Tc (8C) �DH (J/g)

0 �22.5 5.6 �14.3 23.4 61.35
1 �25.1 3.6 �17.9 — 25.85
6 �25.9 3.7 �18.4 — 24.88

20 �26.1 2.8 �18.5 — 24.48

Figure 9 GPC curves of sol of the elastomer after 1-day
degradation (solvent: 20 mL tetrahydrofuran). Curve a, sol;
curve b, sebacic acid.
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increased slightly from day 6 to day 13, finally
increasing dramatically from day 13 to day 20. Com-
bining the mass-loss time curves shown in Figure 8,
this can be explained as follows: during the first day,
only the low-molecular-weight sol and sebacic acid
are dissolved out or degraded out of the elastomer,
but the new sol part produced by gel during day 1
degradation compensates for the loss, leading to a
slight increase of sol in the elastomer. After day 1,
since the degradation rate of sol is higher than that of
gel, in the latter period, the sol quickly degrades to
the lower molecular weight and is then dissolved out
of the elastomer, which exceeds the generation rate of
sol from gel and leads to a decreased sol content in
the elastomer. During day 6–13, the leak rate of sol
from the elastomer and the generation rate of the new
sol from gel approach a balance. After day 13, more
and more crosslinking bonds are broken and more
and more gel turns into sol molecules, resulting in a
rapid increase in the sol content.

The crosslinking density of gel first decreased dur-
ing the day 1 of degradation and reached the mini-
mum on day 4, then increasing from day 4 to day 6
and reaching the maximum on day 6. The crosslink-
ing density decreased only slightly from day 6 to day
13 and finally decreased dramatically from day 13 to
day 20. It is hard to understand why the crosslinking
density of elastomer increases after 6 days of degra-
dation. The gels appear to be composed of networks
with different crosslinking density. The gels with the
low crosslinking density degrade to the lower cross-
linking density and cause the whole crosslinking den-
sity of gel to decrease from day 0 to day 4. The gels
with the lower crosslinking density then degrade to
the sols and are dissolved out of the elastomer. As a
result, the gels with high crosslinking density remain,
demonstrating a rise in the crosslinking density of gel
on day 6. After 6-day degradation, the gel appears to

possess high, homogeneous crosslinking density and
degrades much more slowly, which causes the cross-
linking density to decrease slightly from day 6 to day
13. After day 13, with the breakup of the crosslinking
bonds, the network becomes looser and looser, mak-
ing the degradation quicker and quicker.

Figure 11 shows the Mw and PDI of sol in the resi-
due elastomer after different time degradations. The
two curves illustrate a similar trend, with Mw and
PDI of sol first decreasing and then increasing dur-
ing the degradation. This transition can be explained
as follows. Because the sol degrades at a higher rate
than the gel, at the beginning the degradation of the
original sol part is mainly responsible for the
decrease in the average Mw of sol in the elastomer.
However, in the latter period, the gel degradation
begins and breaks into new sol parts of high molecu-
lar weight, leading correspondingly to an increase of
sol Mw in the elastomer. Moreover, with the degra-
dation, the molecular weight of new sol from gel is
larger and larger. As for the PDI, as the high-molec-
ular-weight sol tends to turn into molecules of lower
and lower molecular weight, the molecules of lower
molecular weight tend to degrade at a relatively
slow rate, because of the lower amount of degrad-
able ester bonds in molecule chains; the result is
both an decrease in average molecular weight and a
decrease in PDI at the early degradation stage. In
the latter period, due to the production of molecules
with much higher molecular weight from degrada-
tion of gel, the molecule weight distribution of sol
becomes wider and wider.

Furthermore, considering that the mass loss of the
elastomer is only � 35% after 27-day degradation, it
can be speculated that the interaction between the
sols, and between sol and gel mainly through hydro-
gen bonding, was so strong that it was difficult for
the sol to degrade quickly out of the elastomer in

Figure 11 Mw and PDI of sol in the residue elastomer af-
ter different time degradation (the sol solution originates
from the solution remaining after the swelling experiment
of the samples in 20 mL tetrahydrofuran).

Figure 10 Swelling degree and sol content of the residue
elastomer after different time degradation (to gain swelling
degree and sol content, samples were dipped in 20 mL tet-
rahydrofuran for 24 h).
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378C PBS, at pH ¼ 7.4. The degradation characteris-
tic of the elastomer may be potentially significant in
the controllable drug delivery field.

CONCLUSIONS

A TMPGS elastomer composed of sol and gel was
prepared by a two-step method. It is found that the
right high sol, low crosslinking density of semi-inter-
penetrated polymer networks and crystallization
composition impart thermoplasticity to the elastomer.
The overall properties of the elastomer by the two-
step method are better than those previously reported
by the same investigators. Some sebacic acid remains
in the elastomer, possibly contributing to the initial
mechanical property and processing ability of the
elastomer; moreover, the sebacic acid will be
degraded out of the elastomers after 1-day degrada-
tion. The elastomers exhibit their own degradation
characteristic in 378C PBS, at pH ¼ 7.4. Thus, sol in
the elastomers will be degraded out in preference to
gel; the loss of elastomers of the low-weight sol
relates partly to the interaction among molecules,
such as hydrogen bonding.
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