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Colloidal crystals

Colloidal crystals made of polymer or inorganic microspheres
represent a new class of advanced materials that have many potential
applications in fields such as photoniceptics? and sensing.A
large number of methods have been developed to introduce some
specific microstructures into the colloidal crystals for their promising
device applicatiort-” Although some of these methods are efficient
in controlling the size, structure, and crystalline orientation of
colloidal crystals, challenges in this field still exist. For example,

techniques for patterning colloidal crystals on nonplanar surfaces lc'l"‘“‘ with substrate

and creating heterogeneous colloidal crystal microstructures have .

not been well developed. [ foMS ] Thinpolymerayer
Soft lithography encompasses a set of flexible methods for

patterning materials. Among them, micromolding in capillaries Heat above Tg for 1.5 h and then

(MIMIC) has been directly applied to pattern colloidal crystals. l carcfully peel the stamp away

Based on different interactions between “ink” and substrate such _
as covalent bon# electrostatic interactioH,or physical adhesiof?, Dubstrate

another robust technique, microcontact printipgr), has been Figure 1. illustration of the procedure for the transfer of obtained colloidal
successfully applied to pattern many materials (e.g., organic ¢TYStals by using the modifiedcp.

molecules, polymers, proteins, nanopatrticles, colloids, and metals).pms

Although ucp has also been used to modify solid surfaces with
different properties such as charged natarel wettability to direct
colloidal microspheres to deposit on specific regions of surfaces,
to our knowledge it has not been directly applied to pattern colloidal
crystals. Recently, we developed a lift-up soft lithography to
fabricate ordered colloidal crystals on a solid surféca.layer of ;
ordered arrayed microspheres is also formed on the protruding
surface of PDMS stamp at the same time. In this communication, b]
we report that the microspheres on PDMS stamp surface can servess
as “ink” and be transferred onto the polymer-coated solid substrates
by a modifieducp technique. Taking advantage of the flexibility
of ucp, this method is versatile for patterning colloidal crystals on
the nonplanar surface and creating ordered heterogeneous colloida
crystal microstructures.

Figure 1 outlines the procedure for the transfer of colloidal
crystals using the modifiedcp. Monodisperse silica or polystyrene
(PS) microspheres were assembled into colloidal crystals on the
silicon wafer by the evaporation of suspenstéBy using the lift-
up soft lithography we reported, a single layer of close-packed
microspheres was transferred to the protruding surface of the PDMS
stamp. A thin film of 50 nm polymer (poly(vinyl alcohol) (PVA)
is typically used in our method) was spin coated on a planar
substrate or dip coated Qn the su_rface pf a nonplanar SUb.Strate' Th%igure 2. SEM images of parallel lines of the 2D colloidal crystalline
PDMS sFamp coated with two-dlnjen5|onal.(2D) crystal film was arrays made of 230 nm silica microspheres (a) on a planar substrate, (b) on
brought into conformal contact with PVA film under 02 10° the surface of a glass tube with 3.7 mm radius of curvature, (c) a high
Pa. After the sample was heated at X@for 1.5 h, the PDMS magnified view, (d) 2D AFM image, and (e) the corresponding cross-section
stamp was carefully peeled away, leaving the 2D colloidal crystal analysis of a line of colloidal crystal. Lines are about btb in width and
on the substrate. separated by 4.0m.

Figure 2a shows the scanning electron microscopy (SEM) image
of the patterned 2D colloidal crystal on a polymer-coated surface ¢y icated using our method. It shows a large area of well-defined

parallel lines of 2D colloidal crystals patterned on a planar substrate.
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microspheres, and the other is made of 200 nm PS microspheres
(see Supporting Information). A gap exists between the two lines
of crystal film possibly because some regions of PDMS stamp could
not conformably contact with the polymer film during the second
printing process due to the thickness of the primary patterned crystal
film. From Figure 3b, we could also observe that no silica
microspheres appeared on the primary patterned crystal film made
of PS microspheres after the second printing process, which suggests
Figure 3. (a) Optical photograph of the surface of heterogeneous colloidal that the interaction between PS and silica microspheres is smaller
crystalline arrays composed by the G lines of silica crystal film than that between silica microspheres and PDMS, whereas they

separated by 4.0m and the 9.um lines of PS crystal film separated by 16 poth smaller than the interaction between microspheres and the
18.0 um. (b) High-magnification SEM image of the crossover in the polymer film

heterogeneous colloidal crystal. The above line of colloidal crystals was ' ) ]

made of 200 nm PS microspheres and the other was made of 230 nm silica In conclusion, on the basis of the use of polymer film as glue to

microspheres. provide an efficient interaction between the microsphere “ink” and

substrate, we have developed a simple modified technique to

for patterning the nonplanar surface. In Figure 2b, an ordered arrayd'reC“y_ patterr_1 2D colloidal crystals on solid substrates. The
versatility of this method has been demonstrated by the patterning

of parallel lines of crystal film could be observed on the surface of f colloidal tal | bstrat d het |
a glass tube (3.7 mm radius of curvature) over a wide area. Theseotrcgt Orlec? cCorI)I/;c?alocnr a tr;??fn?n\?\;esu s r: f tir;t th'e er;%%ﬁggohu; y
lines have the same dimensions as those in Figure 2a. Both crystaP uctu ' ystal fim. sugges IS S

films patterned on planar and nonplanar surfaces have a high IeveIf[jheemtcr){::;tsrfaet:a ((j)famnaet\évri;rlltse?r(]:élovciIF?}‘(’::ES t;]r;kuggdogu%?trt?wtees o

of edge resolution. A high-magnification SEM image of the line fabrication of colloidal crvstal-based devices H

of colloidal crystalline arrays reveals that silica microspheres were y :

highly ordered in the hexagonal-packed arrays (Figure 2c). This  Acknowledgment. This work is supported by the National
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microscopy (AFM) image of a line of close-packed silica micro-

spheres on a polymer film. The diameter of silica microspheres is ~ SuPPOrting Information Available:  AFM image of the crossover

about 230 nm, and the height of microspheres above the PVA film ina hete_rogeneous colloidal crystal. This material is available free of

is about 205 nm (Figure 2e). It clearly indicates that the colloidal Charge via the Internet at http://pubs.acs.org.

crystalline arrays sank into the polymer film 25 nm during tice

process due to the softening of polymer film above its glass

transition temperature (thg, of PVA is about 85°C). Softening (1) (a) John, SPhys. Re. Lett. 1987, 58 2486-2489. (b) Yablonovitch, E.
) ; . Phys. Re. Lett. 1987, 58, 2059-2062.
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stronger adhesion between microspheres and the polymer film. The (b) Park, S. H.; Xia, Y Langmuir1999 15, 266-273.
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