






  

splay, and twist being K33 = 25pN, K11 = 17.5pN, and K22 = 8.5pN, respectively [19]. For 

FCPM imaging, our samples were doped with a tiny amount (0.01 wt. %) of a fluorescent dye 

n,n’-bis(2,5-di-tert-butylphenyl)-3,4,9,10-perylenedicarboximide (BTBP, Aldrich) that yields 

a strong fluorescence signal without affecting LC properties [20]. LC cells are fabricated with 

two glass substrates sandwiched together by the use of UV curable glue (Norland optical 

adhesive NOA-63). Silica spheres mixed with glue set a cell gap ranging from 10 µm to 60 

µm. Spin-coated thin films of polyvinyl alcohol (PVA) are used as surface alignment layers; 

PVA coatings on the opposite inner surfaces of confining glass plates are rubbed in the anti-

parallel fashion before cell assembly to provide unidirectional planar surface anchoring. The 

nanowire solution is mixed into an LC sample via solvent exchange, after which the solvent is 

evaporated. This nanowire-LC dispersion is then infused into the cell in its nematic phase by 

means of capillary forces. Finally, the cell is sealed with fast curing epoxy. 

4. Optical manipulation of nanowires in nematic liquid crystals 

In a planar-aligned NLC, nanowires tend to align themselves parallel to the uniform far-field 

director N0 to minimize elastic energy, Figs. 2(c)-2(e). Due to a director pre-tilt induced by 

anti-parallel surface rubbing of the PVA alignment layer, nanowires commonly tilt out of the 

(x-y) plane at an angle < 8 degrees. POM images indicate that the nanowires weakly distort 

the director field, with areas of the strongest distortions occurring at their ends, Fig. 2(c). 

Heating of the surrounding LC during optical manipulation of nanowires is negligible because 



  

images, analogous to that used in electrostatics [23]. Interactions between elastic monopoles 

induced by rotated nanowires with their image monopoles on the opposite sides of the LC-

substrate interfaces are repulsive [23] and are expected to slowly decay with distance d from 

the substrate as ∝1/d
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Fig. 3. Manipulation of a GaN nanowire in an NLC using high-power laser traps. (a) Nanowire 

manipulated by a single trap positioned at its left end (Media 1): at elapsed time t1 = 5.0 s, the 

trap starts moving with a constant velocity. The inset shows a frame from the movie; N
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of the ends of a nanowire allows for robust manipulation of the nanowire in 3D. For 

controlled displacement of a nanowire within the (x,y)-plane, at least two focused laser beams 

are moved while the orientation of their center-to-center separation vector is kept fixed. For 

movement along the z-direction, one or two traps are positioned at each end of the nanowire 

and used to rotate the nanowire, resulting in a screw-like translation along the helical axis; it 

is somewhat easier to translate the nanowire along the direction of optical scattering force 

(away from the microscope objective) rather than opposed to it. This rotation-translation 

coupling allows for precise measurement of the local cholesteric pitch p, as shown in Fig. 

4(g). Best fit of the experimental data of vertical z-position vs. the in-plane orientation angle, 

measured using a previously described method [15,16], yields cholesteric pitch of p = 40.4 ± 

0.25 µm [15,16], which is consistent with the equilibrium pitch of the CLC used in our study. 

 

Fig. 4. Manipulation of GaN nanowires in a CLC. (a) Schematic of an equilibrium director 

structure in a CLC cell with pitch p. (b)–(e) Frames from Media 3, in which a single focused 

optical beam, initially positioned on the center of a nanowire, forces the nanowire to rotate 

away from the microscope objective. The optical beam is then blocked, refocused, and 

unblocked at elapsed times of unblocking 4.5 s and 35.0 s. (f) Nanowire in-plane angle βnw and 

z-position znw vs. time as extracted from Media 3; Frames shown in (b)–(e) correspond to 

elapsed times indicated with red circles in (f). (g) Measured nanowire position znw as a function 

of the in-plane rotation angle βnw. The cell gap is 60 µm. A laser beam power of 50 mW at the 

sample plane was used in these experiments. 

6. Trapping-assisted characterization of 3D defect morphology 

There is a great interest in measuring and characterizing anisotropic properties and structure 
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