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We would like to thank Huang et al.1 for their insightful
and helpful research on “Water-driven programable polyure-
thane shape memory polymer: Demonstration and mecha-
nism.” We agree that hydrogen bonding is identified as the
reason behind these features of polyurethane shape memory
polymer �SMP�: water-driven actuation and recovery in se-
quence �i.e., programable�. We also want to provide further
clarification about the mechanism. In addition to the water-
driven actuation of polyurethane SMP, this comment is fo-
cused on rules, which may be used to trigger other types of
SMP by their interactive solution.

There are two points essentially made by Huang et al.
which we address here. �1� Hydrogen bonding is identified as
the reason behind water-driven programable polyurethane
SMP. �2� The absorbed water is quantitatively separated into
two parts, namely, the free water and bound water.

At the beginning, we address the point which Behl and
Lendlein analyzed in their review: “indirect actuation of the
shape-memory effect has been realized to low transition tem-
perature by diffusion of low molecular weight molecules into
the polymer, which works as a plasticizer.”2 On the basis of
solution theory of polymer physics, the glass transition tem-
perature of polymers decreases when a liquid, such as an
organic solvent or water, is mixed with them. Liquids added
to polymers to make them softer and more flexible at ambi-
ent temperature are known as plasticizers. When polymer is
immersed in solution, the solution molecule has plasticizing
effect on the polymer first, followed by chemical or physical
interaction, resulting in transition temperature, being reduced
to the ambient temperature. However, the plasticizing effect
plays the more important role on transition temperature than
the chemical or physical interaction. At the same time, we
also want to point out the mechanism of hydrogen bonding,
which is identified as the reason for water-driven polyure-

thane SMP in the research of Huang et al., increases the
flexibility of macromolecular chains virtually. That is to say,
the hydrogen bonding just has an indirect effect on the tran-
sition temperature. In fact, only the flexibility can be used to
account for transition temperature decreasing, as shown in
Fig. 1. Sometimes, it can be increased by chemical interac-
tion or physical swelling effect.3 It had been demonstrated
that the swelling effect can be used to drive styrene-based
SMP in toluene solvent.4

Finally, we would like to address solution theory, free
volume theory, and Fujita’s diffusion theory5 to qualitatively
separate of the effects of free water and bound water on the
polyurethane SMP. The amount of free water is determined
by free volume which generally is chosen as a constant of
2.5%. In the research of Huang et al., the amount of free
water is appropriate to 3% from Fig. 5�a�. The different
amounts of water and moisture in polymer in Fig. 5 can be
explained by Fick’s law of diffusion: one belongs to liquid
diffusion process; the other belongs to gaseous diffusion pro-
cess. Thus, the role of bound water playing is determined by
diffusion law.

In summary, polyurethane SMP in response to water or,
to the extension, SMP in response to solution �namely, sol-
vent or mixture�, is due to the plasticizing effect of the solu-
tion molecule, on polymeric materials which then increases
the flexibility of macromolecule chains. These two effects
reduce the transition temperature of materials until shape re-
covery occurs. Our study is made in context and refers to the
many reported theories explaining the mechanism of water-
driven polyurethane SMP and enlarging its extension. We
conclude that the research of Huang et al. makes tremendous
process in the actuation of SMP. Many extension results and
achievements are based on their conclusion.
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FIG. 1. �Color online� Shape recovery of a 2.88 mm
diameter styrene-based SMP wire in dimethylforma-
mide. The wire was bent into “n” like shape.
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