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Abstract: We demonstrate that dynamic speckle can be used to detect the photomechanical
response of composites, based on PDMS and carbon nanoparticles, under IR irradiation.
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1. Introduction

In recent years, it has been demonstrated that nanoparticles can provide changes in physical properties of polymers
such as magnetic, thermal, electrical or even in optical responses [1]. Carbon nanotubes (CNT), carbon nanopowder
(CNP) or graphene nanoparticles (GNP) have recently been blended with polydimethylsiloxane (PDMS) to obtain
new composites with optically triggered responses [2]. These have been used in several applications taking advantage
of photothermal effect displayed by these composites under infrared irradiation (IR) [3–6]. The photothermal effect
produces a macromechanical response affecting the dimensions of the PDMS+CNP slabs in a light-controlled fash-
ion. These composites could have potential applications for optical and mechanical actuators in microfluidics, drug
delivery systems or even for photohermal therapies against cancer; all of them triggered by an external and minimally-
invasive light beam. Although there are several reports about these composites; no study has addressed to evaluate the
photomechanical response of PDMS+CNP under IR irradiation using dynamic speckle; furthermore, the aim of this
work is to provide a methodology to evaluate the photomechanical response of PDMS+CNP under IR using dynamic
speckle measurements.

2. Experimental setup

A dog-bone sample of the composite (PDMS+CNP) was placed between the grips of a mechanical tester and a instan-
taneous load was applied in order to align the polymeric chains [2]. Then, a continuos wave (CW) fiber-coupled diode
laser (Thorlabs, 980nm, 800mW maximum output power) was used to irradiate the sample (spot size 125 microns).
On the other side of the sample, a CCD camera with proper optical filters was coupled to the optical microscope to
register the speckle pattern generated by the illumination of the expanded beam of a He-Ne laser (633nm) (See Fig.
1a).

To analyze and quantify the evolution of dynamic speckle, the time history speckle pattern (THSP) was used. Hence,
the speckle activity dure to photomechanical actuation was registered by THSP. Data were evaluated by means of a
cross-correlation function using the gray scale intensities of adjacent columns (i and i+ 1) of the THSP image. The
normalized correlation index between pairs of columns of the THSP image was calculated using a cross-correlation
function and then an average of the correlation index is obtained ( Fig. 1b). The photomechanical response can be
further linked to the macromechanical response of the composite by means of a load cell, which allows to obtain a
stress vs. time curve showing the effects of laser irradiation on the composite. These were registered as peaks on stress
vs. time curve evidencing an increase on the registered stress. The variations were associated to the photomechanical
response of composite when IR laser was turned on and turned off; hence the stress optically induced was estimated
as follows: ∆σlight = σLaserO f f −σLaserOn.
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Fig. 1. Evaluation of the photomechanical response of PDMS+CNP composites under IR irradiation
using dynamic speckle. a) Experimental setup for photomechanical experiments b) Time history
speckle pattern (THSP) constructed image and its corresponding correlation index for one single
column.

3. Results

Figure 2a) and b) show the experimental results of stress as function of time for both samples PDMS+CNP and
PDMS+CNP+HCl3, respectively. These curves illustrate the behavior of the composites; first an instantaneous load
is applied getting a stress value ranged between 3.643 and 3.867 MPa. As time passes (350 s), the relaxation of the
composites occurred and a decrease of stress (around 1%) was registered for both samples. After this time, the IR laser
was turned on (during 20 s) and a well defined peak appeared indicating an increment of stress at this point and we
waited 80 seconds before the next IR pulse . This sequence was applied five times and then the average of ∆σlight for
each sample was obtained. The ∆σlight were 25.5 ±0.9 kPa and 22.4 ±0.5 kPa.

The optical system was able to focus on the region of interest, registering the changes of the speckle pattern gen-
erated by the illumination of He-Ne laser, on the surface of the PDMS+CNP composite during the test; as a result,
a sequence of images was obtained. The sequence was analyzed by reconstructing THSP for each column; then a
normalized cross-correlation function was used in order to compare the subsequent columns through all the THSP
image. This means that similar columns will show an index of correlation close to one and in the opposite case, when
the columns look very different from each other the index of correlation will tend to zero. The index of correlation as
a function of time was calculated for all the columns of the reconstructed image (THSP); these curves were averaged
and the average of the index of correlation was obtained for each sample (see Figs. 2c) and d), respectively). The
index of correlation for both samples began close to 0.9, then when the instantaneous load was applied, the index of
correlation decreased to 0.45 and 0.5 for PDMS+CNP and PDMS+CNP+HCl3 samples, respectively. Then during
the next 350 seconds, the THSP registered small changes due to the relaxation of the polymer ranging between 0.85
and 0.75. Subsequently, when the IR laser pulse irradiated the composites the index of correlation for both samples
decreased from 0.85 to 0.5 approximately. These changes on the index of correlation indicate that dynamic speckle
can detect the photomechanical response of PDMS+CNP and PDMS+CNP+HCl3 composites.

Conclusions

The expanded He-Ne laser beam was useful to generate an adequate speckle pattern on composite surface. It was
found a good agreement between stress relaxation and index of correlation results; furthermore, it was demonstrated
that dynamic speckle can be used to evaluate the photomechanical response of optically driven actuators based on
PDMS and carbon nanoparticles.
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Fig. 2. Photomechanical response of PDMS+CNP under IR Irradiation. a) Stress relaxation curve
of PDMS+CNP under IR laser pulses b) Stress relaxation curve of PDMS+CNP+HCl3 under IR
laser pulses c) Average of the index of correlation obtained from THSP analysis for PDMS+CNP
sample d) Average of the index of correlation obtained from THSP analysis for PDMS+CNP+
HCl3 sample
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