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Optical trapping of soft nanomaterials based on a plasmon-enhanced optical force will potentially
develop bio-science and nanoscience. We demonstrated such plasmonic optical trapping (POT) of
soft nanomaterials such as an artificial polymerf!l and DNA?. The soft nanomaterials showed unique
trapping behaviors. For instance, poly(N-isopropylacrylamide) (PNIPAM) during POT in water
formed a micro-ring at the outside of a plasmon excitation area™. In order to clarify the trapping
mechanisms, here we singled out nano/micro-particles of thermoresponsive PNIPAM gels. The gel
particles swell in water below a volume phase transition temperature (ca. 32 °C) and collapsed with
dehydration above the temperature (volume phase transition). On the other hand, plasmonic excitation
frequently leads to local temperature elevation. Therefore, for such gel particles, interesting POT
behavior may possibly appear on the basis of cooperative coupling of an enhanced optical force and
local heating. In the present study, we examined the POT behavior of gel particles below and above
the temperature and discussed the trapping mechanisms.

As atrapping target, PNIPAM microgels labeled with rhodamine B were synthesized by emulsion
polymerization. Aqueous solutions of the microgel (3.0 wt%) were used for POT. The volume phase
transition temperature (Tc) was 32 °C. The averaged diameter of swelled microgels was 360 nm
below Tc, while it collapsed to 140 nm above Tc. We used visible laser light (A= 473 nm) or mercury
lamp to excite the fluorescence probes under an optical microscope. As a plasmonic substrate, gold
nanopyramidal dimer arrays were fabricated on a glass substrate by means of angular-resolved
nanosphere lithography. We focused a cw near-infrared laser beam (A= 808 nm) at 18 kwW/cm? to
excite gap-mode localized surface plasmon. Two laser beams were introduced into a confocal
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Figure 1. Microscopic images of POT of the microgels below Tc (20°C) ((a)-(e); in the bright field observations, (A)-

(E); in the fluorescence observations)
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fluorescence microscope. The solution temperature was controlled in a range of 13~40 °C using a
temperature control stage attached to the microscope.

In POT at 20 °C (below Tc), a micro-ring of the microgels appeared at the outside of the plasmon
excitation area (Fig. 1(b)). Just upon the stop of plasmon excitation, the mosaic micro-ring
disappeared immediately (Fig. 1(e)). The fluorescence images well agreed with the bright-field
observation (Fig. 1(A)-(F)). This indicates that the micro-ring consists of PNIPAM microgels.

The trapping behaviors were dramatically changed by the control of solution temperature. In POT
at 40 °C (above Tc), instead of a micro-ring, sub-micro-meter-sized particles appeared and assembled
in the excitation area (Fig. 2(b)). The size of assembly was about 4.5 um, that well agreed with the
diameter of the excitation area. During plasmon excitation, a micro-ring was slightly formed at the
outside of the excitation area (Fig. 2(c)). Turning off plasmon excitation, the assembly were
immediately dissolved in solution, while the micro-ring permanently remained (Fig. 2(e)). The
microstructures emitted fluorescence whose intensity gradually increased with plasmon excitation

(Fig. 2(A)-(F)).
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Figure 2. Microscopic images of POT of the microgels above Tc (40 °C) ((a)-(e); in the bright field observations, (A)-
(E); in the fluorescence observations)

In this way, we showed that the microgels exhibited such interesting trapping behaviors in
response to the solution temperature. Such fascinating phenomena would be caused by an enhanced
optical force, a photothermal effect, and in particular the volume phase transition of the microgels.
We found that plasmon excitation locally increased temperature about 20 K in the excitation area.
Below Tc, the local temperature elevation in the excitation area induced the volume phase transition
of the microgels. The collapsed microgels would form a micro-ring by the enhanced optical force and
the photothermal effect. Above Tc, all of the microgels in solution were in the collapsed state. Such
collapsed microgels hardly aggregates with each other due to mutual electrostatic repulsion by
negative surface charges of the microgels. This suggests that an enhanced optical force can overcomes
the electric repulsion, resulting in the assembly formation. Thus we demonstrated that the control of
solution temperature induced the dramatic change of the microgels trapping behaviors.
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