


beads, the greater the supporting force, and hence amore curvedwater surface is induced,which leads
to larger areas in which the beads can interact with other beads. When a bead is caught in Brownian
motion, the curvature captures nearby beads and forms a small cluster to balance the horizontal
component of the surface tension (Fig.10b, c). The clusters in turn capturemore beads, and the process
repeats itself to form a uniform, close-packed monolayer in hexagonal symmetry. This process can be
analogously understood by imagining throwing a volleyball on a large flat sheet of fabric. The bending
of the sheet caused by theweight of one volleyball draws other volleyball nearby. This process repeats
itself as long as there are new beads join the monolayer domain. Introducing the surfactant is not
necessary. It is worth mentioning that the process is strongly influenced by the size of the droplets as
well as the angle at which the assisting glass slide is placed, both of which control the initial speed of
the droplet as it engages thewater/air interface. Figs.11 and 12 show the angle and droplet size effects.
The larger the droplets or slope, the faster the engaging speed, leading to an increase in turbidity and a
more scattered crystal domain (Figs. 11 [47_TD$DIFF]b, 12 b). Even though the scattered domains may join into
larger domain eventually, the domain boundary density increases, introducing more defects to the
film. When using smaller droplets (�1mL) and inserting them at shallow angles, the beads are much
more likely to form a crystallinemonolayer immediately after engaging thewater/air surface (Figs. 11 [48_TD$DIFF]

A, 12 a). Continuously adding the beads in this manner will only increase the area of the monolayer. It
is good practice to produce high quality film by pipetting the smallest droplet on a slide that is at a
shallow angle (e.g. around 24�).

If the bead weight is too small, the induced surface tension may not be able to bend the water
surface enough to draw in the nearby beads (Fig. 10e, f). The beads remain in Brownian motion until
the surface tension is modified by other processes (e.g. by introducing a surfactant to the interface). At
the same temperature, smaller particles additionally tend to move faster and are less easily captured
by other beads or bead clusters. Consequently, voids and vacancies are found more often in 500nm
bead samples without SDS. During film transfer, it is also found that for 500nm Group A samples, the

[(Fig._9)TD$FIG]

Fig. 9. 1000nm (a,b) and 500nm (c,d) nanosphere monolayer via interface coating with (a,c) and without (b,d) the assistant of
2wt% SDS.
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monolayer is fragile and breaks apart when trying to transfer it onto a substrate. This is due to the
weaker attractions between the smaller beads, which makes it more difficult for them to hold their
positions during transfer. The Group B samples shows stronger mechanical strength, and the film is
easily lifted up from the interface with no broken parts found. For the 1000nm beads samples, both
groups display similar mechanical strength and both are easily lifted up, proving that a strong

[(Fig._10)TD$FIG]

Fig. 10. (a) An individual bead is balanced by the surface force. (b) When another beads is approaching, the balance of the
horizontal component of the surface force is broken andmutual attraction of the twobeads is demanded to re-balance the force.
(c) The two beads stick to each other and the force is rebalanced. (e–f) Unlike larger beads, smaller beads need less surface force
to balance its weight and therefore less likely to attract free nearby beads. They undergo Brownian motion until there is less
room left and the interaction with surrounding beads increases. This process occurs when the whole surface reaches full
coverage.

[(Fig._11)TD$FIG]

Fig.11. Digital images show result of colloidal filmmade frompipetting (a) 5 droplets of beads suspension, each contains�1mL
suspension and (b) 1 droplet of 5mL suspension.
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interaction exists among larger beads even without the aid of a surfactant. It can therefore be
concluded that for smaller beads, using a surfactant is required in order to achieve high HCP coverage.

Bilayers, voids, and non-HCP structures are considered defects and are not added to HCP
percentage, which are summarized in Table 1. This selection of method and optimization depending
on nanosphere size will help facilitate the process and production of contamination-free samples for
fabrication and research.

Conclusions

In this study, novel approaches have been demonstrated to fabricating large colloidal HCP
structures using polystyrene beads. Spin coating was found to be the more favorable way of
implement coating for smaller (500nm) beads, while for larger beads there is insufficient water flux
compensation during spin coating such that beads stick, preventing large scale monolayer formation.
The opposite is true for interface coating; larger beads can be used to attain a monolayer more easily
(evenwithout the help of surfactant) than smaller beads, which are fragile at the boundaries and have
a reduced HCP yield. This difference can be attributed to the surface forces that arise from surface
curvature, drawing in nearby beads as the amount of beads increases. Spin coating the 500nm beads,
and interface coating the 1000nm beads without SDS each reach 90% coverage or greater.
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[(Fig._12)TD$FIG]

Fig. 12. Colloidal film made from pipetting �2mL 1000nm nanospehre suspension at (a) 24� and (b) 66� angled glass slides.

Table 1
Comparison of monolayer coverage by fabrication methods and bead size.

500nm spin
coating

1000nm
spin coating

500nm interface
coating (SDS)

1000nm interface
coating (SDS)

500nm interface
coating (no SDS)

1000nm interface
coating (no SDS)

HCP
%

98 72 90 91 54 89
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