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FIG. 1. The droplet-induced director patterns, which result in a uniaxial d dipole (green cone) and a y dipole (yellow banana),
depend on the director tilt ¢ [(a), (c), and (e)] and lead to different structures [(b), (d), and (f)]; two opposite d dipoles (g) result in
quadrupolar chains with Kkinks (h). The lattice anisotropy increases with ¢, which is larger for a larger ratio D=h:
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As NLCs contact the acid, copious droplets are gen-
erated. Some droplets move down to the bottom interface
and enter the acid bulk, while others are trapped at the
NLC-air interface. Then droplets grow through coalescence
for minutes. As the droplets’ diameter attains some stabi-
lizing size D, the tangential anchoring at their surfaces
induces director distortions sufficient to prevent further
coalescence. Several factors determine droplet size. Among
them the acid diffusion rate into NLCs is very important. It
depends on the temperature gradient across the film, but it
is difficult to control. Nevertheless, we have discovered that
by decreasing h in a certain proportion, one is able to
produce samples with roughly the same droplet size.
Furthermore, droplet size and uniformity are also affected
by the coalescence induced by NLC flowing, which should
be prevented. This was achieved by making the surface of
the sample flat (by reducing the contact angle of the acid
solution on the glass) and spreading the NLC films all over
the acid layer. The effective director tilt ¢ at the droplet
center is determined by D and director tilt at the air surface,
which is set by the thickness h: the tilt is larger for larger
diameter D and smaller h. The values of h were chosen in
such a way that the tilt was progressively larger as h
decreased in a certain range.

A droplet with the tangential anchoring trapped at the
interface produces one point defect, boojum, near its lower
pole or, for sufficiently large tilt ¢, also boojum near the
upper pole, Fig. 1. In the first case, the droplet induces an
elastic dipole, and the higher the boojum is shifted from the
lower pole of the droplet, the greater the director tilt { at the
droplet center. For small tilt (boojum close to the lower
pole) droplets form large clusters that, at inner scale, are an
anisotropic lattice close to hexagonal, Figs. 1(a)-1(d):
distances between droplets in the two principal directions
are only slightly different: 4.12 and 4.08 pym [Fig. 1(b)],

10;0.9 um), (d) (3, 0.6 um), (e) (2, 0.7 pm), (h) (5, 3.9 pm).

151 and 1.65 pm [Fig. 1(d)], and thermal motion is
considerable. As the tilt increases, the anisotropy gets
stronger until the lattice transforms into a system of parallel
chains, Figs. 1(e) and 1(f), and then the second boojum
appears, Fig. 1(g), and the chains have kinks, Fig. 1(h).
The further chains” SA also depends on . For smaller
¢ 30° (h 09, D 0.3 pm), chains form loose large
clusters where they are separated by p  1.64 um, which is
three times center-to-center distancea  0.55 pm along the
chain, Fig. 2. A mutual attraction of a few such chains has
not been observed. For larger ¢ 50°-60° (h 1.5 pm,
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FIG. 2. (a) Dark field microscopic image of the droplet clusters
forh 09 pm and D 0.3 ym. (b) Polarizing optical micro-
scopic image of the same clusters with a phase retardation plate
(530 nm A-plate). (c) Zoomed-in image of one single cluster,
which assumes circular form. (d) Polarizing optical microscopic
image of the same cluster with a phase retardation plate (530 nm
A-plate). (e) Bright field image of the inner loose chain structure.
P and A indicate the polarization directions of the polarizer and
the analyzer; y indicates the slow axis of the A-plate.
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D 0.7 ym), chains attract one another first forming dense
coherent bands, Fig. 3(a), where chains are shifted relative
to their neighbors by half of the period a and the droplets
are almost touching, inset in Fig. 3(a). While two such
chains exhibit side-to-side attraction only at very short
distances a, band islands tend to form larger aggregates



diameters, whereas at larger distances chains repel droplets,
inset of Fig. 4(c).

The chain-chain interaction U._. is obtained by summa-
tion of the above U4_. over different shifts. The side-to-side
interaction of two chains (small center-to-center shift 8, high
chains’ overlapping) with N = 41 and N’ = 51 droplets is
minimum for half-integer o; for ¢ .. = 50°, attraction is
only for half-integer 4, and for = 55°, attraction is forany &



dimensions makes this easier. Recent developments in the
study of colloidal particles at a NLC-air interface have
pointed out that tilting the trapped elastic dipoles is a possible
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