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Abstract:  We observed a novel phenomenon where single-wall carbon nanotube flocculations 

can be photo-actuated in liquids by either sunlight or laser irradiation. The light-actuation 

phenomenon is found highly repeatable. 

OCIS codes: (160.5335) Photosensitive materials; (160.4236) Nanomaterials 

1. Introduction 

Light has been an ideal and ubiquitous energy source for a variety of physical systems. Over the past decade, as 

driven by the emerging field of photomechanical research, it becomes increasingly desirable to develop materials or 

structures that can directly convert light stimulus into mechanical work. For example, a bulk graphene sponge has 

been observed to be propelled effectively by light illumination in vacuum [1]. Single-wall carbon nanotube (SWNT), 

a hollow cylinder that is formed by a rolled-up graphene, features strong light-matter interactions and shows promise 

for photoactuation applications [2, 3]. Photo-induced charge build-up at the interfaces has been identified as the 

main underlying mechanism [4]. However, the photothermal effect of SWNTs in an aqueous environment has not 

been investigated thus far. In particular, SWNTs with photo-actuation capabilities in aqueous environment are 

envisioned to bring about novel biomedical applications in drug delivery, cancer diagnosis and phototherapy [5].  

Here, we uncovered for the first time an intriguing photothermal property of SWNTs that when dispersed in 

liquids in the form of flocculations, SWNTs are capable of converting light energy directly into mechanical 

movements. We further confirm that the phenomenon can be triggered by both sunlight and laser sources. Such a 

novel photo-actuation capability of SWNTs opens up the possibility for many practical applications, including 

underwater decontamination, optical valve in aqueous environments and safe handling of dangerous liquid samples.  

2. Experimental 

As shown in Fig.1, SWNTs soot (purity: > 90%, Carbon solutions Inc.) were added to alcohol in a glass vial at a 

concentration of 0.01 wt.%. Then the mixture was tip-sonicated for ~30 minutes. With such a treatment, the resulting 

SWNTs were found evenly suspended in alcohol. After settling for 12 hours, the SWNTs aggregated to SWNT 

flocculations. For the light-actuation experiments, the phials filled with SWNT flocculations were illuminated under 

ambient condition. 

Figure 1. Fabrication process for SWNT flocculations in alcohol. 

The intriguing response of the SWNT flocculations in alcohol under sunlight was shown in Fig. 2(a). At the 

beginning, we placed the phial in a shadowed place, the SWNT flocculations remained stationary at the bottom of 

the phial. When exposed to sunlight irradiation, the SWNT flocculations were observed to float upwards within a 

few seconds until it reached the surface of the solution. Interestingly, once moved back to a shadowed place, the 

SWNT flocculations began to fall back towards the bottom of the container. The photo-actuation response to 

sunlight was found highly reproducible. We further used multiple lasers including the wavelength of 405, 532, 650, 

1550 and 2000 nm. Fig. 2(b) shows the visible light actuation process under 532 nm irradiation. The SWNTs can be 
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lifted up although the motion is slightly slower compared with the case of sunlight irradiation. This is somehow 

expected as the SWNT bundles used can absorb efficiently across UV to the near-IR range [6]. In addition, it is 

worth noting that different power densities can influence the photoresponse, e.g., when we increased the output 

power of the laser, the SWNT flocculations were lifted faster than the lower power.  

Figure 2. Optical images of the actuation process of the SWNTs in alcohol at different time. (a) Under sunlight. The intensity 

of the stimulated sunlight is estimated ~40 mW cm-2 by a thermal power meter (Scale bar: 1 cm). (b) Under 532 nm laser 

illumination. The laser is incident from the left, with the intensity of ~80 mW cm-2 (Scale bar: 1 cm). 

As a further demonstration of the light-actuation, other liquids (including water and N-methyl-2-pyrrolidone) 

had been used to disperse SWNTs by the procedure described above. SWNT flocculations in these liquids showed 

similar photo-actuation behavior. The speeds of the upward movement are slightly different, which was probably 

attributed to the different density and kinematic viscosity coefficients of different liquids. To verify light absorption 

of SWNTs plays the key role in the observed effect, we placed the container in an oven at 80℃. No floating of 

SWNTs was observed. We attribute local heating induced by SWNTs light absorption to be the main underlying 

mechanism. This is supported by the fact that only upright movement is observed regardless of the actual direction 

of incident excitation light. Other effects, such as laser induced diameter expansion in SWNTs, might also play a 

role [7, 8].  

3. Conclusion 

We observed an interesting phenomenon where SWNT flocculations can be effectively photo-actuated in the liquid. 

Such a photothermal effect is power and wavelength-dependent and can potentially lead to wide-ranging 

applications in environmental and medical research. 
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