
Micropatterning from drying micelle solution of diblock copolymers:

strap-structure, quadrate farmland-structure and

biomimetic structure

Yannie Chana, Xiaolin Lua, Er Qiang Chenb, Yongli Mia,*

aDepartment of Chemical Engineering, Hong Kong University of Science and Technology, Clear Water Bay, Kowloon, Hong Kong, China
bDepartment of Polymer Science and Engineering, College of Chemistry, Peking University, Beijing, China

Received 10 March 2003; received in revised form 17 September 2003; accepted 19 September 2003

Abstract

Micropatterns of strap and farmland structures of polystyrene-block-poly(acrylic acid) (PS-b-PAA) copolymer were obtained by drying

the micelle solutions. The drying process of the solution was monitored by dynamic optical microscopy (OM) with a digital video camera.

The surface structure of the micelle aggregations was studied by OM, scanning electron microscopy and Alpha-Step 200 profiler system. It is

believed that solvent evaporation and micelle migration account for the observed micelle micropatterns. The potential application of the

micropatterns is also addressed.

q 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

The self-assembly of amphiphilic block copolymers has

been widely investigated for years. Various morphologies

and phase structures with self-assembly, such as spherical,

cylindrical, bicontinuous and lamellar, have been observed

in different block polymers [1]. Microstructures of spheres,

rods, lamellae and vesicles have also been observed in

micelle solutions [2–5]. Microstructures of diblock copo-

lymer are related to their special characteristics and the

study of diblock copolymers is important to the research in

micropatterning [6 – 9], nanotechnology, lithography

[10–13], and bioengineering [14–19].

Different methods for the preparation of polymer

micelles have been reported [3,20–22]. In 1995, Zhang

and Eisenberg reported the observation of the needle-like

patterning of the diblock copolymer PS310-b-PAA52 [2].

However, the mechanism of the formation of such structure

has not been studied. Recently, we found that the needle-

like pattern, or more precisely, the strap structure, found by

Zhang and Eisenberg [2], is only an unstable intermediate

state when the micelle solution is dried. More regular

farmland structures can be developed as shown in Fig.

1(A)–(D). It is observed that when micelle solution was

dropped on the surface of a coverglass and was allowed to

evaporate, micron-sized strap patterns and farmland pat-

terns could be obtained. These structures appeared to be

regularly developed during the solvent evaporation process.

A method of microfabrication and micropatterning could be

developed by considering the mechanism of this drying

process. Fig. 1(A) shows the strap structure thus obtained.

The two arrows in Fig. 1(B) indicate the starting formation

of the farmland structure. Fig. 1(C) shows the nearly

complete farmland structure. Fig. 1(D) demonstrates the

farmland structure.

2. Experimental

The amphiphilic diblock copolymer used in this study

was polystyrene-block-polyacrylic acid (PS-b-PAA), which

was purchased from Polymer Source, Inc., Quebec,

Canada. This polymer has the block molecular weights of

MnðPSÞ ¼ 66; 500 and MnðPAAÞ ¼ 4500: The polymer was

dissolved in the common solvent THF at the concentrations
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of 1, 5, and 10 mg/ml. Deionized water was used as the

selective solvent for the PAA block and was added at a

volume ratio of 1:10 (water:THF) with mild stirring. After

overnight stirring, a stable micelle solution was obtained.

The micelle solution was dropped on the surface of a

coverglass and was observed under an optical microscope

(Leica DMLM, Germany). The dried patterns on the

coverglass were then coated with a gold layer for scanning

electron microscopy (SEM) (Jeol 6300) examination.

3. Results and discussion

After a droplet of micelle solution of low concentration

(1 mg/ml) was cast onto the coverglass and was left drying,

a ring-shaped stain of dried micelle aggregate was observed

under an optical microscope as shown in Fig. 2. The

mechanism of such ring-shaped pattern formation, which

has been discussed by Deegan et al. in a study of the

formation of ring-formed coffee stain, was attributed to the

capillary flow of the drying solution [23]. When a droplet

micelle solution of low concentration (1 mg/ml) was cast

onto the coverglass, the solvents flowed radially toward the

perimeter by capillary flow. Most of the micelle particles

were then brought towards the peripheral region of the

droplet by the radial flow and a ring was formed as shown in

Fig. 2. With reference to Fig. 2, the ring is observed with

fission gaps. This could be ascribed to the volume

contraction upon drying. For increased concentrations of

micelle solution (5 mg/ml), on the contrary, micelles will

be distributed throughout the drying surface. Then, the

primary cracks will be initiated from the drying edge and

further penetrate towards the center of the drying droplet

into unidirectional channel-like structure, as shown in Fig.

1(A).

When the concentration of the micelle solution increased

from 5 to 10 mg/ml, secondary cracks were nucleated at the

wall of the primary cracking. The secondary cracks, which

penetrated into the middle of the strap pattern, propagated in

Fig. 1. Optical microscopic images of strap structure (A), the starting phase of farmland structure (B), the nearly complete farmland structure (C), and the final

micropatterns of farmland structure (D). (The scale bar on the graphs is 50 mm.)

Fig. 2. The ring-form drying pattern of a droplet of PS-b-PAA micelle

solution of 1 mg/ml. (The scale bar on the graph is 500 mm.)
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a direction perpendicular to the primary crack, parallel to

the drying edge of the solution droplet. The secondary

cracking stopped as they met the next primary crack. The

combined primary and secondary cracks resulted in an

orderly aligned tiling pattern of quadrate block. The process

of primary and secondary crack development was recorded

by the digital video camera (Sony 3CCD color video

camera).

Fig. 3(A) and (B) shows the SEM micrographs of the

closely packed micelles aggregation upon drying. Fig. 3(C)

is the TEM micrograph of a single micelle with a diameter

of 30 nm. The observation was found corresponding to the

previous studies on the crack pattern formation of drying

films [24–28]. However, our experiment has revealed some

new phenomena. Crack patterns with higher degree of

regularity were achieved. Micropatterns with square and

rectangular structures were shown in Fig. 3(D)–(G). In

addition to the quadrate structures, a number of interesting

patterns have also been developed.

For the investigation of the crack pattern, we used an

Alpha-Step 200 profiloer system to study the surface

topology of the micropatterns. The system is able to

Fig. 3. The SEM micrographs of aggregated micelles (A) and (B). The TEM micrograph showing a single micelle with a diameter of 30 nm (C). The SEM

micrographs of the diblock copolymer micropatterns induced by evaporation (D) and (E). The OM image of the micropatterns (F). The cross-section SEM

micrograph of the crack blocks of the micropattern (G).
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investigate the vertical range of the depth from 1000 Å to

1000 kÅ with a resolution of 50 Å. The scan length is 3 mm.

This equipment measures surface profiles by scanning a

mechanical stylus across the sample. The scanning direc-

tions are indicated, in Fig. 4(A)–(C), as AB; CD; EF; GH;

and IJ; respectively. A series of results of the Alpha-Step

200 profiler system are shown in Fig. 5(A)–(D). The

abscissa is the scan length in mm and the ordinate is the

vertical depth in kÅ. It is observed from Fig. 5(A) that the

surface topology across the strap patterns along AB in Fig.

4(A) is periodically undulating. The topological period

shown in Fig. 5(A) corresponds to the width of the strap in

Fig. 4(A) in the direction AB: When scanning in the

direction of CD in Fig. 4(A), it is found that the surface is

relatively flat and the scanned result is shown in Fig. 5(B).

This flat surface supports the previous discussion that, when

the micelle concentration is low, strap pattern will be

formed and will leave a relatively flat surface in the radial

direction.

When scanning in the direction of GH in Fig. 4(B), the

result resembled the undulation as that shown in Fig. 5(A).

When the scan was in the direction of EF, however, in

contrast to the result attained in Fig. 5(B), we found the

surface is undulating periodically as shown in Fig. 5(C). A

better view of the surface topology of the farmland structure

is shown in Fig. 5(D), which is resulted from scanning in the

direction of IJ in Fig. 4(C). The dot positions of a; b; c; and d

in Fig. 4(C) correspond to the positions of a; b; c; and d as

indicated in Fig. 5(D). In Fig. 5(D), ab and cd represent

the gap. The discontinuity of the curves in Fig. 5(A), (C)

and (D) is due to the gaps that are too deep for the tip to

reach the bottom. The surface topology of the farmland

pattern is best represented by the curve bc in Fig. 5(D).

With reference to Figs. 1(D), 5(C) and (D), one can

easily notice that the farmland patterns share the

following characters in common: each block with an

area of about 1000 mm2 and the surface topology of each

pattern block is concave in the center. The concave depth

measured at the center of the pattern is about 1000–

2000 Å as shown in Fig. 5(C) and (D). These characters

offer some ideas in the possible applications of the

farmland structure.

In addition to the quadrate farmland structure of the

diblock copolymer micropatterns, a number of biologically

resembling structures were also achieved. Figs. 6(A)–(I)

show the versatile micropatterns with biomimetic structures

we have obtained with the PS–PAA diblock copolymer

micelles. Also in Fig. 6, we make a comparison between the

biomimetic structures of the diblock copolymer micelles

and several biological images. The small inserts at the lower

right corner of each picture, Figs. 6(a)–(i), are the raphides

in the cortex cells in Fig. 6(a), the cross-section of plant root

and its endodermis in Figs. 6(b) and (c), the tracheids in the

parenchyma in Figs. 6(d) and (e), the collenchyma in Fig.

6(f), the chloroplasts in Fig. 6(g), and the cells in telophase

and plasmolysis in Figs. 6(h) and (i). The result of Fig. 6

Fig. 4. The scanning direction for the Alpha-Step 200 profiler.
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Fig. 5. (A) The surface topology as scanned by the Alpha-Step 200 profiler along the direction AB in Fig. 4(A). (B) The surface topology as scanned by the

Alpha-Step 200 profiler along the direction CD in Fig. 4(A). (C) The surface topology as scanned by the Alpha-Step 200 profiler along the direction EF in Fig.

4(B). (D) The surface topology as scanned by the Alpha-Step 200 profiler along the direction IJ in Fig. 4(C). The samples studied by the Alpha-Step 200 profiler

were the micropatterns of PS-b-PDMS diblock copolymer.
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demonstrates a certain degree of analogy of the diblock

copolymer micropatterns to the nature biological patterns.

4. Significance of this work

We believe that the regular micropatterns can be

obtained in larger scale by controlling the evaporation

speed and evaporation condition, micelle solution concen-

tration, micelles morphology and the surface condition of

the substrate. Micropatterns with controllable regularity are

expected and will have potential applications in biosensors

and bio-analytics, biomedical engineering, micro-elec-

tronics, and micro-bioreactors.

To date, most of the substrate platform for bioanaly-

tical application is dominated by the moulding or

microfabrication technology. The molded plastics surface

for bioanalytics was claimed to be relatively less efficient

because of the large size of the sample wells. For the

advanced microfabrication technology, well-organized

tiny wells of milli- or micron-scale are achieved by

photo or chemical etching on silicon wafer surface under

a contaminant-free environment. Usually, this industrial

practice requires professional labor, huge investment on

the sophisticated equipment, and spacious laboratory. In

contrast, this research offers a rapid, inexpensive and

efficient alternative. The micropattern thus obtained is a

regularly ordered structural array whose scale is 100

times smaller than the micro titer plates which are

widely employed by the nowadays clinical laboratory.

Here, we report that the micropattern can be obtained by

a one-step evaporation process within minutes. The

fabrication of the analytical-chip can be simply per-

formed by a simple micromolding technique using the

micropattern as templates. In addition, we are currently

directing our research to immobilize antibodies and DNA

probes onto polystyrene microparticles and to embed the

PS microparticles on the micromolded high-density

micro-titer plate. We wish to design and establish a

fast analytical method by a microparticle-in-well system

Fig. 6. The versatile diblock copolymer micropatterns with different biomimetic structures (A)–(I), and the corresponding micrographs of animals and plants

tissue for comparison (a)–(i).
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that behaves as a multi-analytical immunoassay micro-

chip or DNA microarray for biochemistry tests.
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