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Abstract  
 

Multifunctional materials (MFMs) play a key role in technological applications due to their 
capacity to respond to different physical, chemical and/or biological stimuli. This characteristic allows 
them to be simultaneously implemented both as sensors and actuators, in a wide range of systems, and 
therefore, higher levels of performance may be attained - smaller, lighter and smarter devices can be 
fabricated. Within MFMs, polymers are particularly attractive as in general they are inexpensive and 
amenable to high throughput. Additionally, their properties can be easily tailored by introducing 
modifications at their synthesis. A notable feature which is being gradually incorporated in this kind of 
MFMs is the shape memory effect (SME) [1], for example for the development of self-healing devices. 
The so-called shape memory polymers (SMPs) present the ability to switch from a temporary to a 
permanent shape, generally in response to heat. In later years, SMP properties such as strength, 
elasticity or thermal-conductivity have been extensively explored [2]. Importantly, the phenomenon of 
SME in polymers has been also demonstrated at the micro- and nanoscale [3]. Therefore it is feasible to 
control the topology of the SMP surface and take advantage of its reprogrammable character. 

In this work, a material system consisting of a two-dimensional pattern imprinted in the surface 
of a SMP is reported. It integrates several interesting features such as thermoresponsivity, elasticity, 
shape memory and read/write capability. As revealed by atomic force microscopy (Figure 1), the pattern 
was composed by a hexagonal array of nanobowls. A colloidal crystal was used as a template and the 
pattern was transferred to the SMP using a soft lithography-based procedure [4]. The polymer selected 
belonged to the family of polydiolcitrates which have been recently identified as thermoresponsive 
elastomers presenting SME [5]. Additionally, they are biocompatible and biodegradable and present 
drug delivering capabilities, all features which clearly underline their multifunctional nature. From the 
structural point of view, the surfaces were characterized with atomic force and scanning electron 
microscopies. From the optical point of view, the characterization of the first order Bragg diffraction 
angle was carried out. 

By heating the sample above the melting transition of the SMP and applying mechanical stress, 
it was possible to set a new temporary surface topology which, on its turn, was fixed after cooling. Re-
heating the sample allowed the recovery of the initial pattern. In this way, a proof of concept was 
introduced to demonstrate the direct impact of SME on the topology of the sample. It corresponded to a 
systematic study of the diffraction angle of the radiation impinging the structure as a function of the 
programmed elongation. This analysis was performed by monitoring the projected spots in a far field 
positioned screen. Examples for the sample at the initial state and after 15% of deformation are shown 
in Figure 2 (left and right images, respectively). Up to thirty five heat-stretch-cool-relax followed by heat-
relax cycles were achieved. 

Previous works introduced analogue systems based on SMPs as switching membranes with 
programmable color [6] or as time-temperature integrators [7]. The proposed system might find 
application in areas such as food packaging or biomedicine. Active research is being carried out for 
exploring the possibility of fabricating disposable, self-healing and low-cost photonic devices. 
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Figure 1. Contour plot representing the topology of the SMP surface after imprinting the pattern, as 
measured by atomic force microscopy. 
 
 

 
 

Figure 2. Diffraction patterns projected in a far field screen for the initial state of the pattern (left) and 
after 15 % of deformation of the sample (right). 

 


