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Abstract

In this paper, we presented a detailed discussion about the influence of the substrate wet-
tability on the colloidal assembly and the resultant functionality of the films. It covers the 
basic assembly principle for colloidal crystals, the basic understanding of the substrate 
wettability on colloidal assembly, and the detailed explanation of the influence by give 
a full examples of various assembly from the substrate with distinct wettability, such as 
superhydrophilic, hydrophilic, hydrophobic, superhydrophobic and hydrophilic-hydro-
phobic pattern substrate.
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1. Introduction

Colloidal crystals [1–4] has aroused wide research attention owing to its fascinating light 
manipulation properties and important application in sensing [5–18], detecting [19–22], cata-

lytic [23, 24] and some special optic devices [25–32]. Colloidal crystals are generally fabricated 
from the well-ordered assembly of the monodispersed latex particles or infiltrating the func-

tional materials into the template and subsequent template removal (the typical fabrication 
process for the inverse opals). Accordingly, colloidal assembly plays an important role on the 
resultant functional, unique properties and the resulted potential applications. In this paper, 
we presented a detailed discussion about the influence of the substrate wettability on the col-
loidal assembly and the resultant functionality of the films. It covers the basic assembly prin-

ciple for colloidal crystals, the basic understanding of the substrate wettability on colloidal 
assembly, and the detailed explanation of the influence by giving a full examples of various 
assembly from the substrate with distinct wettability, such as superhydrophilic, hydrophilic, 
hydrophobic, superhydrophobic and hydrophilic-hydrophobic pattern substrate.

© 2018 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



2. Basic assembly principle for colloidal crystals

Colloidal assembly has become a well-known process since more than 5 decades’ investi-
gation of the colloidal assembly [33]. As shown in Figure 1, the colloidal assembly process 

includes the crystal nucleus by capillary force among latex particles, when the liquid front 
covers the half of the particles and crystal growth driven by the convective force owing to 
solvent evaporation and solvent reflux. A common mode for colloidal assembly includes ver-

tical deposition approach. Where, the substrate is vertically placed in a colloidal solution, 
then a film of colloidal particles is formed at the interface between the substrate and the liquid 
surface with the solvent evaporation and the liquid surface drops. The formation of colloidal 
assembly is mainly originated from the driven force of capillary force between the drying col-
loidal particles at the meniscus of the solvent [34].

It is well known that the colloidal assembly is mainly depended on the assembly tempera-

ture, assembly humidity, and plenty of researches literatures took a careful investigation of 
the influence of various influencing factors on assembly behavior, assembly structure, and 
resultant property of colloidal crystals. Meantime, many assembly approach, such as spin 
coating, spray coating, inkjet printing, has been developed to improve the duplicated, assem-

bly rate, controllable assembly, scalable assembly and high-quality assembly. Where, the ver-

tical deposition approach has become a common method owing to its economic and easily 
duplicated in most laboratory (Figure 1C). In this following part, we would like to discuss the 

influence of the substrate wettability on colloidal assembly.

Figure 1. Mechanism of colloidal PCs assembly. (A) Colloidal particles assembly forced by the liquid flow as evaporation 
of the solvent; (B) acting on a colloid trapped at an air water substrate interface; (C) schematic illustration of the 
convective self-assembly technique in vertical deposition way [33, 34].
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3. Basic understanding of the substrate’s wettability on colloidal 
assembly

To understand the basic influence of the wettability on colloidal assembly, we present a basic 
concept of the substrate wettability and depict a detailed analysis about the effect of substrate 
wettability on the assembly process, assembly force and etc.

3.1. Basic concept of substrate wettability and the basic understanding of the 
wettability on the colloidal assembly

Wettability is a basic property of liquid on solid surface, it is determined by surface chemical com-

position and surface roughness, as shown in Figure 2. Generally, the wettability is evaluated by the 
water contact angle (CA), i.e., static CA. It is defined by integrated angle for the three-phase contact 
line of liquid, gas and solid after a droplet spread on the substrate (Figure 2A). Based on different 
statistic CA, distinct substrate is determined. The hydrophilic substrate with CA < 65°, indicat-
ing a strong attraction of liquid on solid surface, which results in droplet spreading. Especially 
superhydrophilic substrate is obtained when CA is around 0° (Figure 2C). Hydrophobic substrate 
with CA > 90°, meaning a limited attraction between solid and liquid surface, a less spread is 
observed for droplet on the substrate. Recently, the diving line is set as 65°, a new dividing line 

Figure 2. Wettability of interfaces. (A) Statistic contact angle, (B) sliding angle with different substrate adhesive, (C) schematic 
illustration of different wettability state [35].
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Figure 3. Formation of colloidal PCs as substrate is hydrophilic. (A) Illustration of coffee stain formation and a 
microscope image of a coffee stain formed by fluorescently labeled 5-μm particles; (B) on a hydrophilic substrate, the 
competition of Marangoni flow (red arrows) and the evaporation-driven capillary flow (black arrows) resulted the ring-
shape or the disk shape. (C) Schematic depiction of the aggregation of monodisperse spheres on hydrophilic PMMA and 
hydrophobic FAS-coated glass substrates [36].

between hydrophilic and hydrophobic, is defined by Prof. Lei Jiang. Superhydrophobic substrate 
with water CA > 150°, is a special substrate, it is difficult for the droplet to spread upon it. Such as 
the lotus surface. Besides statistic CA, sliding angle is also a judgment of wettability of substrate. 
As shown in Figure 2B, when a droplet and three phase contact line (TCL) can stay steadily on a 
solid substrate it indicates high-adhesive, in the contrast, droplet and TCL can easily move on a 
low-adhesive substrate. Both static CA and the sliding angle plays an important role on the col-
loidal assembly. The substrate with different water CA showed various potential applications.

3.2. Basic understanding of the influence of the substrate wettability on colloidal 
assembly from static and dynamic wettability

Here, we understand the influence of the substrate’s wettability on colloidal assembly by 
qualitatively analyzing the relationship between the substrate wettability on the evaporation 
time/rate and the evaporation force when a droplet spreading on the substrate. As shown in 
Figure 3, for the hydrophilic substrate with lower CA, having a large spreading area. In this 

Theoretical Foundations and Application of Photonic Crystals100



case, the droplet keeps constant contact area and decreased water CA during evaporation 
process, as a result, a short time or fast evaporation rate is observed for the droplet evapora-

tion. In contrast, when droplet is on the hydrophobic substrate, the droplet keeps constant 
CA but a decreased contact area during evaporation process. As a result, a longer evapora-

tion time and slower evaporation rate occurs in the evaporation system. Accordingly, there 
would be a short assembly time on hydrophilic substrate, and a longer assembly time on 
hydrophobic substrate. On the other hand, substrate wettability will affects the pinning or 
sliding or TCL on the substrate, the sliding TCL will produce an addition driven force for the 
latex assembly, will contributing to distinct assembly structure and colloidal property as well.

As regarding of the research progress related to the influence of the wettability on colloidal 
assembly, there is an obvious increased paper published after Year 2004, as shown in Figure 4. 
Which presented the research papers number (related to colloidal assembly & wettability) 
ranging from 1991 to 2014, the data is searched from database of Web of Science. Clearly, less 
papers is related to the colloidal assembly &wettability prior to 2004, there are only 1–2 papers 
published in 1991. In comparison, a rapid growth of the paper numbers related to colloidal 
assembly/wettability occurred after the period. More than 100 papers published related to the 
topic in Year 2014. In the following part, we will list a full example to understand what the 
influence of the substrate’s wettability on the colloidal assembly.

4. Full examples for the understanding of the influence of wettability 
on colloidal assembly

Wettability of substrate plays an important effect on the colloidal assembly by affecting its 
assembly time, assembly rate and assembly process. In this section, we summarized various 

Figure 4. Number of science articles that searching result of “assembly” + “wettability”.
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examples to give a full description of the influence of the wettability on the colloidal assem-

bly process and its resultant assembly structure. Wherein, the substrate with wettability, 
such as superhydrophilic, hydrophilic, hydrophobic, superhydrophobic, pattern-substrate is 
considered.

4.1. Superhydrophilic substrate

Superhydrophilic substrate with water CA of 0o, shows excellent spreading behavior for 
the colloidal suspension. In this case, the resultant colloidal assembly structure showed an 
uniform distribution. Therefore, superhydrophilic substrate is generally thought to be opti-
mal substrate for the colloidal assembly at the earlier assembly literature. How to achieve a 
superhydrophilic substrate has ever to be an important technical issue for the well-ordered 
colloidal assembly [37]. Accordingly, many early assembled literatures are carried out on 

superhydrophilic substrate. Many outstanding and impressing assembly work is done on 
superhydrophilic substrate. Typically, many colloidal crystals are assembled on superhydro-

philic substrate by vertical deposition, spin coating, spray coating.

4.2. Hydrophilic substrate

Hydrophilic substrate with water CA <65o have a special “coffee-ring” effect on colloidal 
assembly. Coffee ring is aroused owing to the faster evaporation rate in the exterior region 
of the droplet comparing that interior region, thus more latex transfer from the interior 
toward the exterior region, which resulted in the more deposit and assembly of the latex 
particles at the brim of the droplet, leaving less latex at the center of the droplet, forming 
a ring-shaped structure (left part of Figure 3B and C). Much work is developed to remove 
coffee ring effect by introducing temperature filed, surfactant. Of course, some research-

ers fabricated some interesting pattern by taking advantage of the coffee-ring effect. For 
example, Gu et al. [36] displayed different assemble modes of PC in hydrophilic and hydro-

phobic substrate in Figure 3. They used different concentration suspension dripple onto 
polymethyl methacrylate (PMMA) substrate and FAS-treated glass substrate in the hydro-

philic substrate, ring and crater structure can be obtained, while on hydrophobic substrate, 
hemisphere structure also appear for the liquid shrink to a dot. The assembly process of col-
loidal particles on different wettability substrate can be described as follows. Furthermore, 
Gu et al. developed a ring-shape colloidal crystal by taking advantage of coffee-ring phe-

nomenon for artificial eye-pupil structure.

4.3. Hydrophobic substrate

Hydrophobic substrate with water CA of higher than 65o, showed special evaporation behav-

ior than that on the hydrophilic substrate. Particularly, TCL recedes owing to the lower adhe-

sive force of particles on the substrate when droplet evaporating on hydrophobic substrate. 
Just because the receding TCL, the coffee ring effect can be effectively removed on hydropho-

bic substrate (right part in Figure 3B and C). In this case, a sphere-rich phase near the sol-
vent/air interface was caused by evaporation of the solvent (first stage); the crystallization of 
spheres at the rim of drop occurred when the concentration exceeded a critical value (second 
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stage); receding TCL aggregate the latex toward the center of the droplet (third stage). As a 
result, a final compact assembly structure can be obtained “similar to dome”. The application 
of the hydrophobic substrate may produce some novel and functional assembly structure.

Liu et al. [38] fabricated controllable inkjet printing lines by adjusting the ink droplets’ dynamic 
wettability on hydrophobic substrate (Figure 5A and B). Mixing the ink with water and ethyl-
ene glycol to adjust the ink droplet’s surface tension and the nanoparticle concentration. Distinct 
dynamic wettability of ink droplets on the hydrophobic substrate could be achieved owing to 
the different surface tension and nanoparticle concentration. In the first case, the surface ten-

sion of droplet 1 and 2 were similar, the TCL of droplet was hardly pinned owing to no particle 
assembly at TCL. A spherical cap was obtained after coalescing and drying of ink, as shown in 
Figure 5A

1
. In contrast, if the surface tension of droplet 1 was smaller than droplet 2, the TCL 

of droplet was pinned and a straight line could be obtained after coalescing and drying owing 
to nanoparticles assembled at the TCL of the droplet 1. Furthermore, a stronger pinning TCL 
and dumbbell shape was formed with more nanoparticles assembling at the TCL, as shown in 
Figure 5A

2
 and A

3
. As a result, different line shapes of wave, straight footprint and wave with 

straight footprint were obtained, as shown in Figure 5B. Hydrophobic substrate was used for 
the removal of the coffee ring. Typically, Cui et al. [40] made a research about a drop of a col-
loidal suspension of latex spheres dropped onto a hydrophobic-silica pillar array (HSPA) with 
high contact hysteresis to remove coffee ring effect. In details, a drop of colloidal suspension 
with latex spheres presents a Wenzel state with high CA hysteresis on the surface of HSPA, 
which leads to the pinning of contact line (CL) during the solvent evaporation. Then more latex 
spheres will be deposited on the periphery of the drop to accelerate growth of the porous gel foot 
(means the aggregation of latex spheres at the edge of the droplet). Subsequently, the  capillary 

Figure 5. (A) Three typical coalescing cases of the neighboring ink droplets induced by different dynamic wettability 
of ink droplets on the substrates. (B) Optical microscope images of the as-printed PC lines with wave and straight 
footprints. Three typical straight PC lines (red, green, and blue) demonstrating good optical properties and the insets 
are the corresponding SEM images [38]. (C, D) fabrication of photonic crystal dome on hydrophobic substrate by inkjet 
printing [39].
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flow formed based on a growing gel foot. Finally, a uniform colloidal deposition without a 
coffee ring structure is obtained owing to the existence of gel foot and capillary flow. Finally, 
“coffee ring” diminished as well as closed-packing PC structure can be obtained. Due to the fast 
shrinking of the TPCL. Furthermore, hydrophobic substrate was used for the fabricated of the 
PC dome array by inkjet printing by Kuang et al. [39] in Figure 5C–D. They inkjet printed latex 
suspension on the hydrophobic substrate, obtained dome-like PC sphere, which can effectively 
avoid the angle-dependent property of the stopband of PC, providing an important insight for 
the wide-view display applications of PCs. That is, the hydrophobic substrate provides an effec-

tive approach for the fabrication of colloidal crystals with excellent wide-angle property [41–46].

4.4. Superhydrophobic substrate

Superhydrophobic substrate is a special substrate with water CA > 150o, the rolling angle less 
than 5°, as well as low adhesive surface. The large water CA makes it possible for the spherical 
colloidal assembly. While the low-adhesive property of substrate contributed to the formation 
of crack-free colloidal assembly.

The application of superhydrophobic substrate is helpful for the fabrication of spherical 
PCs and crack-free colloidal PCs. For example, Velev et al. [47] reported an approach for 
colloidal assembly in droplets on superhydrophobic substrates (Figure 6A), which yields 

Figure 6. (A) Schematics of the process for making spherical colloidal assemblies on superhydrophobic. The inset 
displays the hexagonal close-packed structure of latex spheres inside an opal ball of 540 nm latex [47]. (B) Schematic 
of supra-particle formation by evaporating a droplet containing suspension of silica and gold nanoparticles. Top and 
angled view of “golden doughnut” supra-particles on the right-down inset. The inset on the left-down shows an overlay 
of experimental images for the side-view profile of a drying droplet with silica particles over time fabricated from a 
droplet containing 330-nm-diameter silica [48]. (C) Schematic illustrations of the microshape fabrication of PC particles 
on superhydrophobic substrates based on different dynamic behaviors of the TCL, (i) continuous receding, (ii) receding 
and then pinning, and (iii) asymmetric receding of the TCL [49].

Theoretical Foundations and Application of Photonic Crystals104



better control over the final shape and creates supra-particles that are easily detached and 
ready to use. The resultant colloidal assembly is near-spherical and spheroidal supraballs. 
The process of sample are as follows: the droplet of colloidal latex or mixed with gold 
nanoparticles showed superhydrophobic and high CA hysteresis owing to the small pin-

ning areas formed between low-density polyethylene and substrate. Thus the colloidal 
spheres were inclined to form a close-packed microsphere crystals with the evaporation of 
solvents due to the decrease of free volume between latex particles. As a result, the spherical 
colloidal PC with colored ringlike diffraction patterns was formed. Later, they developed 
this method and obtained shape-anisotropic (“doughnut”) and composition-anisotropic 
(“patchy magnetic”) supra-particles [48] in Figure 6B. At the initial stage, near-spherical 
shape was obtained due to a high contact angle. During the process of solvent evapora-

tion, silica suspension droplets undergo shape transitions (concaving) leading the structure 
of the final assemblies to doughnut supra-particles. Furthermore, composition anisotropy 
is achieved by drying a droplet containing a mixed suspension of latex and magnetic 
nanoparticles among a magnetic field gradients. The magnetic nanoparticles assembled 
into single, bilateral, or trilateral, patched spherical supra-particles. Additionally, the shape 
of the microsphere can be tuned by Zhou et al. from microbeads to microwells to micro-
ellipsoids via adjusting the dynamic behaviors of the three-phase contact line (TCL) during 
the evaporating process on superhydrophobic substrates [49] (Figure 6C). The assembly of 
PC structure is prepared by dispensing aqueous colloidal latex spheres droplet (acting as 
self-assembly template) onto superhydrophobic substrate and evaporates naturally. The 
high CA (≈151°) of colloidal latex droplet on the superhydrophobic substrate contributed 
to the formation of self-assemblies templates. Microbead PC assemblies was obtained by 
continuous homogeneous receding of the TCL of the aqueous colloidal droplet evaporating 
on superhydrophobic substrate (scheme C

i
). But for dimpled microbead or microwell PC 

assemblies (scheme C
ii
), the reason for its formation maybe the change in the moving direc-

tions of the colloidal spheres caused by pinning of the TCL during aqueous colloidal droplet 
evaporation. Furthermore, asymmetric receding of TCL benefits the interesting anisotropic 
PC assemblies (scheme C

iii
). It worth to be noted that high-quality crack-free colloidal PC 

can be fabricated from superhydrophobic substrate. For instance, Huang et al. [50] fabri-
cated a centimeter scale PCs on low-adhesive super-hydrophobic substrates (Figure 7). It 
shows the schematic illustration of colloidal PCs assembled on high F

ad
 substrate and low 

F
ad

 superhydrophobic substrate. The red dashed lines indicate the changing trend of the 
TCL during different drying conditions. The latex particles at first assemble on the surface 
of the suspension, and then shrink with further solvent evaporation. When the latex par-

ticles dry on a substrate with high F
ad

, the pinned TCL and latex shrinkage causes tensile 
stress and crack formation. In contrast, large-scale crack-free colloidal PCs are achieved 
on a superhydrophobic substrate with low F

ad
 due to the timely release of tensile stress as 

the TCL recedes. The sample showed high quality and crack-free property, it is especially 
important, the sample showed an evident narrow stopband with full-width-at-half-maxima 
of the stopbands of just 12 nm due to the receding TCL during evaporation process, which 
releases the tensile stress induced by latex shrinkage. The work is of great significance for 
the creation of novel and high-quality PC optic devices.

Influence of Substrate Wettability on Colloidal Assembly
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4.5. Pattern colloidal crystals from the combination of the hydrophilic/hydrophobic 
substrate

Wettability also can be used for design patterned PCs [51]. Colloidal crystals with different 
patterns in various colors may be obtained through tuning the wettability of assemble sub-

strate, and different particles, Also, asymmetric or dissymmetric pattern can also be created 
in wettability gradient surface.

Figure 8A exhibited a detailed description about the fabrication of the substrate with modi-
fied wettability. For example, Young et al. demonstrated the structure of the PS colloidal 
crystals which were fabricated on the hydrophilic/hydrophobic Si wafers by a spin-coating 
technique (Figure 8A). PS spheres organized as ordered close-packed face-centered cubic 
structure on the hydrophilic surface while they gathered without the crystal structure on 
the hydrophobic surface. Lee et al. [52] made site-selective assembly available and designed 
a surface with alternating wetting region and dewetting region in Figure 8B, then the par-

ticles only confined and assembled in the wet region. Therefore, wettability induced PC pat-
tern can be obtained. The basic concept of site-selective assembly of colloidal particles on a 
wettability-patterned surface are shown in Figure 8B. The relative fraction of the wet region 
W to the dewet region D and droplet volume decided the wetting layer morphology includ-

ing the CA. First, a generate patterned wettability was obtained by liquid crystal (LC) align-

ment layer irradiated via UV light through a photomask. Then a periodic array of circular W 
regions surrounded by intact D regions was obtained. When dropping an LC/prepolymer 
solution with colloidal particles on the as-prepared wettability patterned substrate, it could 

Figure 7. (A) Schematic illustration for the fabrication of crack-free PC on low-adhesive superhydrophobic substrate. (B, 
C) SEM images of the as-prepared colloidal PCs with diameter of 224 nm assembled on low-adhesive superhydrophobic 
substrate. The images demonstrate perfectly ordered latex arrangement and close-packed assembly structures of the 
PCs [50].
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be confined to the W regions. A highly close-packed structure of colloidal particles located 
in the W region was formed. Trough different value of H, two assembly cases of colloidal 
particles that in central or boundary regions could be formed.

Wu et al. [53] presented a strategy to fabricate controllable 3D structures and morpholo-

gies from one single droplet via inkjet printing (Figure 9A and B). The 3D morphology of 
microcolloidal crystal pattern was controlled by hydrophilic pattern induced asymmet-
ric dewetting. First, using a hydrophobic silicon wafer with patterned hydrophilic pin-

ning spots (green shading) as substrate. Then nanoparticles contained precisely designed 
droplets array was prepared by inkjet printing. Arrayed 3D microcolloidal crystals with 
controllable morphology were achieved owing to the hydrophilic pattern induced asym-

metric dewetting. Many morphologies of quadrilateral, pentagon, hexagon and etc. could 
be obtained through different hydrophilic patterns. Wang et al. [54] fabricated a micro-
ring PC made of colloidal particles by taking advantage of a superhydrophilic flat transfer 
substrate and a superhydrophobic groove–structured silicon template (Figure 9C). The 
process of “sandwich assembly” was mainly used by a superhydrophobic groove struc-

tured template and a flat superhydrophilic transfer substrate. The as-prepared microrings 
showed homogeneous bring–green color owing to the fluorescent signal and favorable 
waveguide property. Yoo et al. [55] reported a flexible superhydrophobic PDMS cage 
formed by superhydrophobic patterns encompassing the unmodified region for aqueous 

Figure 8. (A) a detailed description about the fabrication of the substrate with modified wettability. (B) schematic 
diagrams showing underlying concept of site-selective assembly of colloidal particles: Liquid crystal (LC)/prepolymer 
solution containing colloidal particles on wettability-patterned surface with wet regions (W) and dewet regions (D) and 
wettability-patterning process using UV exposure on LC alignment layer (top) and array of LC/prepolymer droplets 
produced only in wet regions where the colloidal particles are confined (bottom) [52].
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droplet  positioning and trapping in Figure 9D. A PTFE film with nano-sized bumpy struc-
tures could be fabricated by femtosecond laser ablation under ambient conditions. Then a 
superhydrophobic PDMS surface was easily replicated from the superhydrophobic PTFE 
mold owing to the tribological properties of PTFE. As a result, a superhydrophobic cage 
structure on a PDMS replica surface was prepared by laser enabled direct writing. The opti-
cal image of one superhydrophobic cage structure was shown in Figure 9D. Subsequently, 
dropping a liquid with colloidal particles on the surface of superhydrophobic PDMS, col-
loidal particles self-assembly in this superhydrophobic cage during evaporation process, 
forming a self-assembled PC.

Choi et al. [44] employed a fast, high-through method to fabricate size-tunable micro/nanopar-
ticle clusters via evaporative assembly in picoliter-scale droplets of particle suspension on 
hydrophobic substrate. Various morphologies that particle clusters with accurate positioning 

Figure 9. (A) Manipulating 3D morphology of microcolloidal crystal pattern through hydrophilic pattern induced 
asymmetric dewetting. (B) SEM images of various assembly units through designed hydrophilic pinning pattern [53]. (C) 
Fluorescence optical and SEM images of micro-ring PC and its waveguide property [54]. (D) Schematics of superhydrophobic 
surface production by FS laser direct writing. Photographs of superhydrophobic polytetrafluoroethylene (PTFE) film and 
superhydrophobic polydimethylsiloxane (PDMS) replica. (E) PDMS superhydrophobic cage. (F) Microscopic pictures of 
self-assembled structures on a superhydrophobic cage. The scale bars are 1 mm. Magnified reflection and transmission 
microscopic pictures of self-assembled structures consisting of 280 nm PS particles from colloidal droplets. Scale bars 
are 500 μm [55].
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and alignment are demonstrated (shown in Figure 10A and B). the whole fabrication process 
includes: (i) Particle suspension menisci are extruded to the upfront end of the membrane 
by gravity. (ii) Contact of the head with the substrate is achieved. (iii) Surface tension of the 
substrate attracts a fraction of the suspension fluid. (iv) Picoliter-scale droplets are transferred 
to the substrate via pinch-off processes. (v) Rapid evaporative self-assembly of the particles 
forms 3-D clusters. In this case, the printing head was fabricated by the method of apply-

ing traditional microfabrication technology to SOI (Silicon-On-Insulator) substrates while a 
micro/nanoparticle suspension container was achieved by being wet-etched of backside. A 
microporous membrane with a 200 nm thickness was released on the head after the above 
whole process. After the suspension was loaded into the head, the meniscus of the droplet 
was completely extruded to the front of the head. Then, multiple picoliter-scale (2 − 20pL) 
droplet of particle suspension was transferred from the bulk suspension to the substrate by 
direct contact of the head with the substrate. This whole process could be achieved less than 
5 s. The evaporative self-assembly process is controlled by gravity force and surface tension 
force of a contacting surface and controlled sizes and spacing of particle clusters.

Kim et al. [56] reported a novel and controllable patterning technique for 3D or 2D colloidal 
arrays of polymeric domes using photocurable emulsion droplets as templates (Figure 10C–E). 
The oil-in-water emulsion droplets will adhere selectively on the surface with a high interfacial 
affinity. The preparation process includes the following parts: first, a patterned glass substrate 
was prepared by microcontact printing with a hydrophobic ink of octadecyltrichlorosilane (OST). 
The OTS molecules binded covalently on the clean glass which from a poly(dimethylsiloxane) 
(PDMS) stamp. PDMS stamps had cylindrical posts of patterned arrays or characters by soft-
lithography. Then, dropping oil-in-water emulsion in the surface of prepatterned glass substrate. 

Figure 10. Schematics of printing procedure. (A) Serial processes for the fabrication of the PC sphere on hydrophobic 
substrate. (B) SEM views of zinc oxide nanoparticle (diameter ≈ 30 nm) clusters [44]. (C) Schematic of mounting and 
solidifying of droplets on a substrate pre-patterned with a hydrophobic moiety. (D) Optical microscopy images of 
patterned photonic domes of a 260-mm diameter with a 500-mm interval. They are composed of 170-nm silica particles 
(33 vol%) in an ETPTA matrix. (E) SEM image of the dome pattern; the inset shows the surface morphology of the dome. 
Scale bars, 500 μm [56].
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Figure 11. (A) Photography of the bio-inspired PC microchip with hydrophilic PC dots on hydrophobic substrate. The 
inset shows the magnified picture corresponding to PC dots of different stopbands. The scale bar is 200 mm. The CA of 
PDMS substrate is 115.0 ± 3.1° while CA of the PC dot was 46.4 ± 3.4°.(B) schematic representation of the cocaine detection 
mechanism and the fluorescence intensities at different cocaine concentrations. The inset shows a linear relationship 
between fluorescence intensity and the logarithm of the cocaine concentration (1 × 10−10 to 1 × 10−16 mol L−1) [20].

The oil phase was ethoxylated trimethylolpropane triacrylate (ETPTA), which could be photocur-

abled. In water, a high CA of 158.4°for ETPTA on the bare glass was showed but it was inclined 
to spread over the OTS-coated glass with a low CA of 8°. As a result, the ETPTA drops could be 
selectively adsorbed on the patterned OTS dots. Finally, a pattern of hemispherical colloidal PC 
was prepared by using ETPTA droplets with SiO

2
 particles. The as-prepared colloidal PC dome 

presented hexagonal arrangement of colloidal silica particles on its surface, which corresponded 
to the (111) plane of the FCC lattice.

Ultratrace detection is of enormous interest in early diagnosis, drugs testing, explosives detec-

tion, and ecopollution determination [57–60]. Fog collecting structure on Stenocara beetle’s 
back gives a good example to fabricate a PC microchip with hydrophilic–hydrophobic micropa-

ttern by inkjet printing. It makes high-sensitive ultratrace detection of fluorescence analytes 
and fluorophore-based assays possible. For example, Hou et al. [20] prepared a PC micro-

chip which was printed by the hydrophilic monodispersed poly(styrene-methylmethacrylate-
acrylic acid) (poly(St-MMA-AA)) spheres on a hydrophobic polydimethylsiloxane (PDMS) 
substrate. All PC dots (Figure 11A) were about 200 mm in diameter. They were assembled 
from the monodispersed colloidal spheres with diameters of 180, 215, and 240 nm, named as 
PC180, PC

215
, and PC240, respectively. The wettability between a PC dot and a PDMS substrate 
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is quite different. Because of hydrophilic-hydrophobic micropattern, the analyte in the highly 
diluted solution droplet can be concentrated onto the PC dot. This phenomenon is mainly 
due to the wettability difference between the hydrophilic PC dot and the hydrophobic PDMS 
substrate. The solution dewetted from the hydrophobic substrate and was concentrated to the 
hydrophilic PC dot with the water evaporation. In Figure 11B, the PC dot was functionalized 
with capture DNA. By enriching the cocaine molecules and the R6G-labeled target DNA from 
solution onto the PC dot, it was possible to detect cocaine. After enriching cocaine on the PC 
dot and specifically capturing by a DNA-functionalized PC dot and R6G-labeled target DNA, 
the high-efficient fluorescence detection could be realized (Figure 11C and D).

5. Conclusions

In conclusion, we presented a summarization about the influence of the substrate wettability 
on colloidal assembly. It is clear that the substrate with different wettability produces a distinct 
influence on the colloidal assembly process, the resultant assembly structure and the resulting 
functionality, it will bring about new insight for the creation of novel-type PC optic devices.
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