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Introduction: Shape memory polymers (SMPs) are attracting attention of
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temperature. The theoretical Tg of 100% tBA is 50°C. The wrinkles produced by
FGSMPs have not yet been applied to cell culture, where the cells behavior on the
wrinkle gradient can be studied.
Goal: To create and characterize an FGSMP with uniaxial Polyelectrolyte multi-layer
(PEM) wrinkles to later serve as a platform for cell culture experiments.

+
tert- Butyl
Acrylate
(tBA)

Tetraethylene Glycol
Dimethacrylate
(TEGDMA)

UV Light

COLD SIDE

Thermocouple

60

55

55

50

50

45

45

Tg (° C)

40

2,2-Dimethoxy-2Phenylacetophenone
(DMPA)
Figure 1. Final product of SMP before curing.
This shape memory polymer has been cured on a
cold and hot plate to create a large temperature
gradient throughout the entire polymer.
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Figure 6 and 7. 100% tBA Tg vs. 95:5 tBA BA Tg.
A solution of 100% tert-butyl acrylate (tBA) was used over a solution of 95% tBA
5% butyl-acrylate (BA) due to the larger gradient the 100% tBA solution produced.
Before FGSMP Recovery

Figure 8. Macroscopic Surface Changes.
Upon FGSMP recovery, the PEM bilayers
buckle to form wrinkles and a slightly
opaque surface. This sample was recovered
10°C above the highest Tg (64°C).
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Hypotheses:
29°C- lowest Tg of sample
• The lower Tg end will have more wrinkles on its surface than the high Tg end, but the
amplitude of these wrinkles will be the smallest overall.
54°C- highest Tg of sample
• The lower Tg end will have more wrinkles on its surface than the high Tg end, but the
amplitude of these wrinkles will be slightly larger than the 29°C overall.
64°C- 10°C above the highest Tg of the sample
• The lower Tg end will have more wrinkles on its surface than the high Tg end, but the
amplitude of these wrinkles will be the largest wrinkles overall.
The high Tg end will have very few wrinkles for each sample.
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• The low Tg end produced a medium amplitude
of wrinkles on its surface, but the high Tg end
only had wrinkles on part of its surface. The high
Tg end wrinkles became harder to observe.
54°C
• The low Tg end produced the largest amplitude
of wrinkles on its surface, but the high Tg end
only had wrinkles on a piece of its surface
smaller than that of the 29°C sample. The high
Tg end wrinkles became harder to observe.
64°C
• The sample was consistent in the amplitude of
the wrinkles produced. There is no major
difference between the low Tg end and the high
Tg end.
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Figure 2. FGSMP Setup. The SMP film is placed under a UV
light on a temperature gradient plate by applying heat at one
end and a cooling unit on the other.

Figure 3. Procedure to achieve the wrinkles. The functional graded structure (FGS).
The polyanion used is poly(sodium 4-styrene sulfonate) (PSS) and the polycation used is
poly(allylamine hydrochloride) (PAH).

After the FGSMP is cured, it is placed in a solution of 50:50
(v/v) methanol:water to extract excess monomers. Then, it is
placed in a vacuum to dry.

The functionally graded shape memory polymer formed wrinkles after being treated with
PEMs and heated in the isothermal oven, at 29°C, 54°C, or 64°C (10°C above the highest
temperature), to allow the shape memory polymer to regain it’s original shape.
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The FGSMP is then cut into 4mm by 20mm slices and strained
at a rate of 20% with the dynamic mechanical analyzer.
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Figure 4 (left). Tg of 100% tBA sample #1.
100% tBA #1 ranges from 31.48°C to 53.41°C.

Figure 5 (right). Tg of 100% tBA sample #2.
100% tBA #2 ranges from 27.90°C to
48.18°C.
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The FGSMPs created a gradient that was not completely linear, but did increase as it moved
across the area of the sample when cured with a temperature of 185°C and 0°C. For each
sample at its specific temperature:
29°C
• The lower Tg end had more wrinkles on its surface than the higher Tg end, but the
amplitude of these wrinkles were the medium sized wrinkles.
54°C
• The lower Tg end had more wrinkles on its surface than the higher Tg end, but the
amplitude of these wrinkles were the largest overall.
64°C
• The entire sample was consistent with the amount of wrinkles on its surface, but the
amplitude of these wrinkles were the smallest overall.
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Although our expectations on which samples would have the smallest, medium, and largest
sizes and amplitudes of the wrinkles were incorrect, we were correct in assuming that the
lowest Tg end would hold the most wrinkles, while the highest Tg end would have the fewest
wrinkles. The rigid coating form the PEM bilayers buckled to yield distinct wrinkling patterns
ranging from homogenous to hierarchical wrinkles, one-dimensional ripple pattern to twodimensional herringbone, and even more complex patterns.2
With these wrinkles, cells can be placed on these samples in order to observe their behavior in
the future.

Figure 9. Microscopic Surface Changes.
Microscopic changes in the Tg ranges are shown
from the effect of a 20% FGSMP strain and 10
bilayers of PEM spin coating. (Scale bar is at
200μm for all images).
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