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Recently, we prepared successfully a new
type of polyrotaxane having hydrophobi-
cally modified α-cyclodextrin (CD). Methy-
lated polyrotaxanes, which are substituted
the hydroxyl groups on CD with methyl
groups, showed thermosensitive sol-gel
transition. In this experiment, we carried
out small-angle neutron scattering (SANS)
measurement in order to investigate the
structure change as a function of temper-
ature.

Polyrotaxane was prepared from
poly(ethylene glycol) (PEG) and CD. The
molecular weight of PEG was 3.5×104. The
filling ratio of CD was 27%. The hydroxyl
groups on CD molecules were substituted
by methyl groups using sodium hydrate
and methyl iodide. The degree of methy-
lation was 60% (M60). SANS experiments
were carried out at the SANS-U spectrom-
eter. The sample-to-detector distance was 2
and 8m. The temperature was varied from
20 to 80◦C. The methylated polyrotaxane
was dissolved in D2O.

Fig. 1 shows temperature dependence
of SANS intensity function, I(q), for M60.
I(q)s increase with increasing tempera-
ture. In particular, I(q) drastically up-
turns at 60◦C, which agreed well with the
macroscopic observation of sol-gel transi-
tion. The variation of these scattering pro-
files is similar to a sol-gel transition of
block copolymer solution by temperature-
induced microphase separation.

In low temperatures, I(q)s decrease
monotonically as a function of q. This
means that the polymer solution was ho-
mogeneous. We estimated the correlation
length, ξ, by using the Ornstein-Zernike
function for semi-dilute polymer solutions.
The obtained ξ was about 17Å. Above the
gelation temperatures, Tgel, I(q) shows not
only a rapid increase of intensity but also

a characteristic shoulder about 0.015Å−1.
The inset in Fig.1 shows the so-called
Kratky plot ( i.e., q2 I(q) vs q) for T > Tgel.
In the gel state, the Kratky plots show a sin-
gle peak. In order to elucidate the gel struc-
ture, we evaluated the characteristic size of
inhomogeneities in the gel sate using the
following equation,

I(q) = I(0) exp(−R2
Gq2) (1)

where RG is the radius of gyration, I(0)
is zero-scattering intensity. In this case,
RG means the size of the hydrophobic do-
mains. The obtained RG was about 160Å.

The following facts were disclosed. CD
molecules on PEG are dispersed homoge-
neously below Tgel. On the other hand,
with increasing temperature, CD molecules
are aggregated each other due to hy-
drophobic interaction of methyl groups on
CD. These aggregations play as a role of
physical cross-linking points[1, 2].
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Fig. 1. Temperature dependence of the scattering in-
tensity, I(q) for M60. The inset shows Kratky plots
at T > Tgel.


