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Hydrogels, which consist of water and
a polymer network, are a useful mate-
rial in the medical and bio-science fields.
We have recently developed a new ther-
moresponsive hydrogel whose swelling be-
havior could be controlled via tempera-
ture. This hydrogel was prepared by end-
linking of two prepolymer units; four-
armed poly(ethylene glycol) (Tetra-PEG)
and four-armed poly(ethyl glycidyl ether-
co-methyl glycidyl ether) (Tetra-PEMGE).
PEG was a hydrophilic polymer while
PEMGE was a thermoresponsive polymer
that was hydrophilic at lower tempera-
ture but hydrophobic at higher tempera-
ture. The hydrogel with the mole fraction of
Tetra-PEMGE units, r PEMGE, of 40% did
neither absorb nor expell water at phys-
iological temperature, i.e., it was practi-
cally a nonswellable hydrogel. We found
by SANS measurements that more than 10
prepolymer units aggregated to form a sin-
gle spherical domain, leading to significant
deformation of the network. In this study,
we investigated the domain structure of
the hydrogels with different r PEMGE by
means of SANS to gain insight into the ag-
gregation of thermoresponsive prepolymer
units in the nonswellable hydrogel.
The hydrogel samples used in this study
were prepared by mixing Tetra-PEG and
Tetra-PEMGE solutions in D2O phosphate
buffer. Four samples with different mole
fraction of Tetra-PEMGE units, r PEMGE,
of 1, 2, 5, and 10% were prepared.
SANS measurements were performed us-
ing QUOKKA at the OPAL reactor in
ANSTO, Australia. The wavelength was 5
A and two configurations with the sample-
to-detector distance of 1.3 and 8 m were
used. The temperature of the samples was
controlled by a 20-position temperature-
variable sample changer.

Fig. 1 shows the SANS profiles for Gel01,
Gel02, Gel05, and Gel10 at temperatures
ranging from 14°C to 60°C. At tempera-
tures lower than ˜ 20°C, all the samples ex-
hibit simple scattering profiles with a slight
upturn in the low-q region and a shoul-
der followed by a power-law decay in the
high-q region. The upturn in the low-q re-
gion should be attributed to the clustering
of the end-groups of Tetra-PEG and Tetra-
PEMGE, which can also be observed for
PEG solutions. The shoulder and a power-
law decay in the high-q region are simi-
lar to the Ornstein-Zernike function for ho-
mogeneous semidilute solutions and gels.
These facts indicate that the network in all
four samples is homogeneous in this tem-
perature range, aside from the clustering
due to end-groups. The profiles for Gel02,
Gel05, and Gel10 at temperatures higher
than 20 °C contain a peak in the low-q re-
gion and a shoulder in the higher-q side.
We found similar scattering profiles for
the hydrogel with r PEMGE = 40% in the
previous study, where we cocluded from
model fitting analyses that multiple Tetra-
PEG and Tetra-PEMGE units aggregated to
form spherical domains. Given the qualita-
tive similarity of the profiles between the
present and previous studies, we believe
that spherical domains are formed also in
Gel02, Gel05, and Gel10. Note that Gel01
does not exhibit distinct peak in all temper-
atures, indicating that Tetra-PEMGE units
cannot aggregate into domains if the num-
ber density of Tetra-PEMGE units is too
low. For Gel02, Gel05, and Gel10, the peak
and shoulder can be attributed to the inter-
domain (structure factor) and intra-domain
(form factor) correlations, respectively. The
peak position shifts to the lower-q side
with decreasing r PEMGE, indicating that
the number density of the domains de-
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creases and distance between two neigh-
boring domains increases. This also affects
the width of the peak; as the neighbor-
ing domains become more separated to
each other, correlation of the domain po-
sition is gradually lost, leading to broad-
ening of the peak. The shoulder becomes
less discernible with decreasing r PEMGE,
indicating that either the interfacial thick-
ness and/or polydispersity of the radius
of spherical domains becomes larger as the
number density of Tetra-PEMGE units de-
creases.
In summary. we performed a series of
SANS measurements on the thermore-
sponsive hydrogels with different mole
fractions of thermoresponsive prepolymer
units r PEMGE and found that the domain
structure formed by aggregation of ther-
moresponsive prepolymer units depended
significantly on r PEMGE. Further detailed
analyses on the obtained SANS profiles are
now in progress, which will provide a com-
prehensive picture of the structure forma-
tion in thermoresponsive hydrogels.

Fig. 1. Fig. 1. SANS profiles of Gel01 (a), Gel02 (b),
Gel05 (c), and Gel10 (d) at different temperatures
ranging from 14 to 60 °C.


