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We study elasticity-mediated alignment of anisotropic gold colloids in liquid crystals. Colloidal gold

particles of controlled shapes (spheres, rods, and polygonal platelets) and sizes are prepared using

well-established biosynthesis techniques with varying solvent conditions. When introduced into

liquid crystalline structured solvents, these gold particles impose tangential or vertical surface

boundary conditions for the liquid crystal molecules or building blocks such as chromonic molecular



2(c)] and side lengths up to 10 microns. These platelets

appear to be relatively rigid in solution since thermal fluctua-

tions of their shape (when dispersed in a solvent) are not

readily observable. Triangular platelets are formed when

there is one twinning plane parallel to the plane of the plate-

let resulting in one set of fast growing concave edges

denoted by “A” in Fig. 1(c), following the silver halide

model.17,23 Hexagonal platelets are the result of two twin-

ning planes yielding more highly symmetric growth17,23

[Fig. 2(e)]. The nonagons are likely the result of particle

growth with three twinning planes producing one doubly

concave edge and one singly concave edge [Fig. 2(f)]. In the

primary growth phase the doubly concave edge grows faster,

which results in an asymmetric hexagonal shape [Fig. 2(c)].

Upon filling the original concavities the doubly concave

edges become singly concave [Fig. 2(g)], which allows for a

secondary growth that produces the final nonagon shape

[Fig. 2(d)



drying and solvent exchange, the polygonal platelets are

introduced into the thermotropic nematic LC mixture, E31,

and the water-based lyotropic chromonic LC mixture.

To study gold nanoparticles in the LC bulk, the glass cells

are prepared using 1 mm-thick plates separated by spherical

spacers to set the cell gap within the range of 10–20 lm and

sealed using epoxy. The glass cells are then infiltrated with

LC dispersions using capillary action. For vertical (homeo-

tropic) surface alignment of the director of thermotropic LCs,

we treat confining substrates of the cells with [3-(trimethoxy-

silyl)propyl]octadecyl-dimethylammonium chloride (obtained



with respect to rotations around an axis parallel to the far field

director and orthogonal to the platelet’s large-area faces.

The alignment of similar gold platelets in a lyotropic

chromonic LC has qualitatively different features from that



conditions for the director at the large-area faces (Fig. 5).

This is a likely consequence of the platelets being “coated”

by glycerol (known to produce tangential surface anchoring2),

which may also explain the long-term-stability of these plate-

lets at the interface of polar glycerol and nonpolar LC. Colloi-

dal assembly and defect transformations around spherical



LC-nanoparticle composites. This is especially important

since the redispersion of these nanoparticles into LCs often

requires involving intermediate solvents. We observe that,

upon phase transfer, single nanoparticles can change their

shape and maintain their size or retain both shape and size

(Fig. 6). For example, the methanol synthesized microtrian-

gles are stable for several days in water, glycerol [Fig. 6(d)],

and chromonic LCs. The shapes of methanol-synthesized

gold platelets are also short-term stable (for about one day,

typically becoming somewhat rounded after several days and

eventually spherical) in the bulk of the thermotropic and

rather nonpolar E31 nematic mixture. However, transferring

300 nm by 3–8 nm equilateral triangular platelets18 [Figs.

1(a) and 1(b)] from water into ethanol results in the forma-

tion of 400–700 nm� 20 nm rods [Figs. 6(a) and 6(b)].

These rods have similar volumes to the starting nanotrian-

gles, which suggests individual particle-to-particle shape

transformations. The fact that the particles become rods of a

different size than the rods directly obtained via synthesis in

ethanol further supports the hypothesis that this is an individ-

ual particle transformation process.

Transferring particles from toluene to ethanol appears to

produce ribbons [see the inset of Fig. 6(c)]. We have used

scanning electron microscopy to obtain insights into the pro-

cess of the formation of these ribbons. Similarly to the pro-

cess described in the literature,37 we see that at the onset of

the ribbon formation, several spheres assemble in an aniso-

tropic fashion to eventually transform into the ribbon [Fig.

6(c)]. Although the apparent shape plasticity of some of the

used biosynthesized nanoparticle systems may be a limita-

tion from a device development standpoint (since well-
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