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Abstract:    A method for fabricating arrays of microcapsules covalently immobilized onto chemically patterned substrates was 
developed. The core-shell microparticles with poly(allylamine hydrochloride) (PAH) as the outermost layer were obtained by 
layer-by-layer (LbL) assembly, which were further treated with glutaraldehyde to endow the particles with abundant aldehyde 
groups on their surfaces. The particles were then covalently coupled to the chemically patterned regions with amino groups created 
by microcontact printing (μCP). After dissolution of the core particles, arrays of the hollow microcapsules with unchanged 
structures were obtained. These arrays could stand rigorous environmental conditions of higher ionic strength, and lower and 
higher pH values. Thus, the technique could be possibly applied to exploiting chips of microcontainers or microreactors in sensing 
technology. 
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INTRODUCTION 
 

Microcontact printing (µCP) is one of the soft 
lithography (Xia and Whitesides, 1998) techniques. 
Since it was proposed in 1990s (Kumar and White-
sides, 1993; 1994), the microfabrication has been 
developed rapidly in the fields of biology, chemistry, 
and material science. The process of µCP is simple, 
fast and convenient. In brief, after an elastomeric 
stamp covered with an ink material is brought into 
contact with a substrate and then peeled off, a pattern 
of the ink would be left on the surface of the substrate 
in the contact regions. This method has been diversely 
used to construct patterns of a variety of chemical 
compounds, such as thiols (Kumar et al., 1994; Xia 
and Whitesides, 1995), polyelectrolytes (Jiang et al., 

2002; Park and Hammond, 2004), nanoparticles 
(Hidber et al., 1996), biomolecules (Yang and 
Chilkoti, 2000; Bernard et al., 2000), and so forth on, 
various surfaces of solid materials including Au, Ag, 
SiO2, polyelectrolyte multilayers, polymer films, etc. 
Recently, a combination of the μCP with colloid sci-
ence is attractive due to its ability to obtain mi-
cropatterned arrays of colloidal particles, e.g., mi-
crospheres (Chen et al., 2000; Zheng et al., 2002; Lee 
et al., 2002; Karakurt et al., 2006), metal nanoparti-
cles (Jung et al., 2006; Cong et al., 2006), vesicles 
(Stamou et al., 2003; Shim et al., 2004; Kalyankar et 
al., 2006), and microcapsules (Nolte and Fery, 2004a; 
2004b; Feng et al., 2004; Wang et al., 2006), with 
various functions such as template materials, protein 
carriers, chromatically responsive reporters, and re-
action vessels. It is of great significance in physics, 
nanoscience and biotechnology for their promising 
applications in developing optoelectronic devices 
(Tessier et al., 2001; Ahn et al., 2005; Li et al., 2007), 
protein chips (Walter et al., 2000; Kodadek, 2001; 
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Fang et al., 2002), sensors (Goodey et al., 2001; 
McCauley et al., 2003), microanalyses (Okumus et al., 
2004; Tresset and Takeuchi, 2005), and microreactors 
(Antipov et al., 2003; Bolinger et al., 2004). 

Polymeric microcapsules are a special type of 
colloids. They have a particular structure that a bigger 
cavity space is isolated from outside environment by a 
relatively thin membrane wall, which allows a large 
amount of substances to be encapsulated. Various 
techniques have been exploited to fabricate the 
microcapsules, including the newly developed 
layer-by-layer (LbL) technique (Sukhorukov et al., 
1998; 2005; Peyratout and Dähne, 2004). In this 
technique, building blocks, typically the oppositely 
charged polyelectrolytes, are consecutively assem-
bled onto removable cores to form multilayer thin 
films (usually tens of nanometers in thickness), which 
give hollow microcapsules after core removal. Be-
sides the numerous features in terms of fabrication 
and structure control, their permeation is readily ad-
justable by wall structure and compositions, assembly 
conditions (salt concentration, pH value, etc.), as well 
as post treatments (annealing for example). Thus the 
microcapsules are allowed to selectively encapsulate 
desired substances. Consequently, integration of such 
elements into a chip would have potential applications 
in developing sensing systems for detection, diagnosis 
and analysis of chemical species.  

Significant progress has been made on fabricat-
ing microcapsule arrays by interactions between the 
microcapsules and the substrates, including electro-
static force (Nolte and Fery, 2004a; 2004b; Feng et al., 
2004), biological affinity (Wang et al., 2006) and 
wetting/dewetting behavior (Troitsky et al., 2004). 
The capsule arrays formed by the hydrophilic/ 
hydrophobic interaction are suffered from the poor 
stability due to the weak physisorption between the 
capsules and the substrates. Through electrostatic 
interaction, the capsules are orientated well to the 
oppositely charged regions, but the coverage per-
centage on the pattern regions is lower and the pat-
terned microcapsules can be detached by high ionic 
strength and extreme pH. Based on the specific rec-
ognition of avidin-biotin pair, the capsules can be 
immobilized firmly on the pattern area. However, the 
manipulating process is rather complicated, and 
nonspecific adsorption of the capsules on the unde-
sired area is not easy to avoid. For future utilization of 

the capsule arrays as containers or reactors, the arrays 
should not only have ordered structures but also good 
stability against rigorous conditions. Therefore, the 
spatial control and stable fixation of the microcap-
sules are important.  

It is known that the covalent binding is much 
stable and less sensitive to the environmental stimuli 
(Berzina et al., 2003). It can be easily applied to cre-
ating the microcapsule patterns by proper design of 
the surface properties of substrates and microcapsules. 
For this context, glutaraldehyde coupling is adopted 
in this work to obtain covalently bonded microcapsule 
arrays. To our best knowledge, covalent patterning of 
microcapsules onto a substrate has not been reported 
previously. We shall show further that the as-prepared 
microcapsule arrays have well-defined structure and 
good stability against salt, high and low pH treatments.  

 
 

EXPERIMENT 
 

Materials 
Poly(styrene sulfonate) sodium salt (PSS, Mw 70 

kDa) and poly(allylamine hydrochloride) (PAH, Mw 
70 kDa) were purchased from Sigma-Aldrich. Fluo-
rescein isothiocyanate-labeled PAH (FITC-PAH) was 
synthesized according to (Ibarz et al., 2001). 
Poly(dimethylsiloxane) (PDMS) pre-polymer (Syl-
gard 184) and the curing agent were obtained from 
Dow Corning. Other reagents (purchased from Si-
nopharm Chemical Reagent Co., Ltd, Shanghai) were 
of analytical grade and were used as received. Water 
used in this experiment was triple-distilled. 

 
Fabrication of chemically patterned surfaces 

Glass slides were treated with H2SO4:H2O2 (7:3, 
v/v) for 10~15 min at 80~100 °C, rinsed thoroughly 
with water and dried in a stream of nitrogen. PDMS 
stamp with periodic pillars (50 µm in both diameter 
and space, 4.5 µm in height) was hydrophilized by 
air-plasma for 10 min, immersed into 1 mg/ml 
FITC-PAH aqueous solution (containing 0.5 mol/L 
NaCl) for 15 min, rinsed slightly with water and 
blown dried in a gentle stream of nitrogen. The 
FITC-PAH containing stamp was printed onto a glass 
slide. 5 min later, the stamp was peeled off. The pat-
terned slide was rinsed with water carefully and 
blown dried with nitrogen stream. 
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Preparation of core-shell microparticles  
PSS-doped porous CaCO3 microspheres (4~6 

µm in diameter, prepared according to (Tong et al., 
2005a)) were coated by alternate deposition of PAH 
and PSS (concentration 2 mg/ml, containing 0.5 
mol/L NaCl) with PAH as the outermost layer. One 
layer of FITC-PAH was assembled instead of PAH for 
the ease of characterization. The core-shell particles 
were then treated with extremely excessive 0.1 mol/L 
glutaraldehyde (GA) for 2 h. After five washings in 
water and centrifugation, the particles were finally 
dispersed in water for further use. 
 
Fabrication of microcapsule arrays  

A drop of the slurry of core-shell microparticles 
was put on the patterned slide surface. After sedi-
mentation of the particles for 5 min, the slide (together 
with the particles) was dried at 50 °C. Then the slide 
was rinsed with water extensively and then incubated 
in 0.1 mol/L NaBH4 solution for 2 h. The CaCO3 
templates were removed by immersing the slide into 
0.1 mol/L ethylenediamine tetraacetic acid disodium 
salt (EDTA-2Na) solution for 1 h under shaking. To 
determine the stability of the obtained capsule arrays, 
the as-prepared chip was sequentially incubated in 2 
mol/L NaCl, pH=1 HCl and pH=13 NaOH solutions, 
each for 10 h under shaking with thorough rinsing 
with water after each incubation. 
 
Characterization 

Fluorescence microscopy, confocal laser scan-
ning microscopy (CLSM), atomic force microscopy 
(AFM) and scanning electron microscopy (SEM) 
measurements were conducted on a Zeiss Axiovert 
200 microscope (Germany), confocal laser scanning 
microscope (Zeiss LSM 510, Germany), atomic force 
microscope (SPI3800N, Seiko Instruments Inc., Japan) 
and scanning electron microscope (Cambridge 
Stereoscan 260, UK), respectively. 

 
 

RESULTS AND DISCUSSION 
 

By employing µCP, a conformal contact of the 
inked PDMS stamp on a glass slide results in the 
patterned surface with dot arrays (50 µm in diameter) 
of FITC-PAH molecules (Fig.1). The FITC-PAH 
molecules are adsorbed on the glass surface firmly 

due to the combination of electrostatic force, hydro-
gen bonding and van der Waals attraction, which 
could not be removed even at rigorous conditions 
such as ultrasonication. This feature ensures the good 
stability of the successive capsule arrays. Note that a 
few defects in the patterns as indicated by the arrows 
in Fig.1 could also be observed occasionally, although 
their sizes are rather small. This is a common phe-
nomenon for the soft lithography techniques, which 
may be caused by the non-flattened top surface of the 
stamp or the incomplete contact of the stamp with the 
substrate during the µCP process.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The PSS/PAH coated CaCO3 particles with the 

outermost layer of PAH were treated with GA, 
yielding aldehyde groups on the particle surface in 
parallel with crosslinking of the PAH component 
(Tong et al., 2005b). Removal of the CaCO3 particles 
by EDTA-2Na produced hollow microcapsules with 
good shell completeness as shown in Fig.2. Since the 
hollow microcapsules have a wall thickness of around 
90 nm (This relatively “thick” wall comparing with 
the traditional capsules is attributed to the entrapped 
PSS and the crosslinked capsules. For details, see 
(Tong et al., 2005a; 2005b)) and a relatively large size 
in the order of micrometers, they easily collapsed in a 
dry state or deformed under a rigorous disturbance. 
The collapsed or deformed microcapsules cannot be 
restored to their original round shape anymore. 
Therefore, to obtain the capsule arrays, instead of the 
pre-formed microcapsules, the GA treated core-shell 
particles were brought into contact with the patterned 
slide directly. During this process, the existing  

Fig.1  Fluorescence microscopy image of the
FITC-PAH patterns on a glass slide (which were
created by μCP). The arrows indicate a few defects of
the pattern 
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aldehyde groups on the particles reacted with the PAH 
patterns having amino groups to form Schiff base 
linkages. Since the contacting area between the rigid 
spherical particles and the rigid flat substrate is very 
small, a heating at 50 °C was performed to accelerate 
the conjugation of the adsorbing molecules on both 
surfaces. Due to the limited contacting area and the 
lack of strong interaction between the aldehyde en-
riched particles and the glass slide, the particles re-
sided on the PAH uncovered regions were washed off 
easily. Further treatment of the particle arrays with 
NaBH4 then reduced the Schiff bases into stable co-
valent linkages of -CH2-NH- between the microcap-
sules and the PAH patterns, finally yielding the co-
valently linked particle arrays (Fig.3a). 

Fig.3a shows that all the particles located exactly 
in the circular patterns of PAH. That no particles were 
found outside the PAH patterns illustrates the good 

selection of the particles and the success of the present 
protocol. A brief estimation gives that the coverage 
ratio of the particles on the PAH pattern (with a di-
ameter of 50 μm) reaches around 70%. This is a quite 
high value considering the very large PAH patterns, 
the large particle size (with a diameter of 4~6 μm) and 
the rigid nature of the particles and the substrate. 
However, unlike those particle arrays obtained with 
smaller particles and pattern size, the arrangement of 
our core-shell particles in each circular region was not 
hexagonal close-packed. Several reasons may cause 
this result. First, due to the difficulty to obtain ho-
mogeneously distributed CaCO3 particles, the parti-
cles used here have a rather wide range of size (4~6 
μm), which is not favorable of the ordered arrange-
ment in geometry; Second, the chemically inhomo-
geneous surface, with relatively hydrophobic circle 
regions surrounded by extremely hydrophilic area, 
might cause the flowing tendency of the colloidal 
suspension from the center of each circle to the 
boundary (Troitsky et al., 2004), resulting in the in-
compact aggregations of the core-shell particles; 
Third, the electrostatic repulsion of the particles with 
the same charge leads to the formation of gaps among  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3  (a) SEM image of the core-shell microparticle array
(the inset shows a magnified SEM image of individual
circle area); (b) Fluorescence microscopy image of the
hollow microcapsule array (the inset shows a magnified
CLSM image of individual circle area) 

(a) 

(b) 

Fig.2  (a) AFM image of a dried (PAH/PSS)5PAH hol-
low microcapsule which was initially assembled on a
PSS-doped CaCO3 particle and treated with GA. The
scales represent the real size in horizontal direction.
The color bar above the image indicates the total height
in vertical direction; (b) The line profile recorded from
the position shown in (a). The height difference be-
tween the two arrow-marked places (b and c) is 192.65
nm, indicating that the wall thickness is about 96 nm
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them. Of course some of the larger gaps may also be 
caused by the initially existing defects in the PAH 
patterns. 

To exclude the suspicion that it is other interac-
tions such as hydrogen bonding and hydrophobic 
force dominating the formation of the particle arrays, 
PSS/PAH coated particles (PAH as the outmost layer) 
without GA treatment were put onto the PAH pat-
terned glass slide and treated following the same 
procedures as mentioned above. Very occasionally 
few particles could be observed in the PAH regions. It 
is obvious that the charge repulsion between the par-
ticles and the PAH patterned area rejects the adhesion 
of the particles. Thus, the particle arrays obtained here 
are surely driven by the covalent linking, and other 
contributions are rather minor and can be neglected.  

After dissolving the CaCO3 cores, an array of 
hollow microcapsules was obtained as displayed in 
Fig.3b. It reveals clearly that neither colloid detached 
from the substrate in the process of core removal, nor 
capsules were found on the bare glass slide. This fact 
confirmed to some extent the good stability of the 
capsule array. Further investigation showed that the 
microcapsule array could survive from rigorous en-
vironmental conditions such as high ionic strength 
and extreme pH value. As shown in Fig.4, after suc-
cessive treatments with salt, acid and alkali of high 
concentration, no microscopically detectable change 
of the array was found. This confirms the conclusion 
that the microcapsules are linked to the substrate by 
covalent bonding. It is known that the hydrogen 
bonding and the electrostatic interaction are easily 
destroyed by pH variation, for example at pH 12 for 
the PSS/PAH combination (Tong et al., 2005b). The 
survival of the microcapsules at high pH is apparently 
attributed to the GA treatment, resulting in a 
crosslinked shell structure. 

The good stability of the microcapsule arrays 
fabricated by the present strategy is beneficial to their 
future applications as chips of microcontainers and 
microreactors. The architecture of the array including 
the array shape, the approximate number of the 
microcapsules in one cluster and the space between 
two clusters can be facilely mediated by changing the 
stamp with surface features of different circle area and 
distance. Also other types of capsule arrays can be 
obtained similarly. Functionalization of the micro-
capsule array is under way. 

 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

ACKNOWLEDGEMENT 
 

We thank Prof. J.C. Shen, Department of Poly-
mer Science and Engineering, Zhejiang University, 
for his continuous support and stimulating discussion.  
 
References 
Ahn, J.S., Hammond, P.T., Rubner, M.F., Lee, I., 2005. 

Self-assembled particle monolayers on polyelectrolyte 
multilayers: particle size effects on formation, structure, 
and optical properties. Colloids and Surfaces A: Phys-
icochemical and Engineering Aspects, 259(1-3):45-53.  

Fig.4  Fluorescence microscopy images of the arrays
of hollow microcapsules (a) After treated with 2 mol/L
NaCl solution for 10 h; (b) After further treated with
pH=1 HCl solution for 10 h; (c) After further treated
with pH=13 NaOH solution for 10 h. Each inset is the
magnification of one arbitrary cluster in the corre-
sponding image 

 

 

(a) 

(b) 

(c) 



Yang et al. / J Zhejiang Univ Sci A  2009 10(1):114-120 119

[doi:10.1016/j.colsurfa.2005.02.008] 
Antipov, A., Shchukin, D., Fedutik, Y., Zanaveskina, I., 

Klechkovskaya, V., Sukhorukov, G., Möhwald, H., 2003. 
Urease-catalyzed carbonate precipitation inside the re-
stricted volume of polyelectrolyte capsules. Macromo-
lecular Rapid Communications, 24(3):274-277.  [doi:10. 
1002/marc.200390041] 

Bernard, A., Renault, J.P., Michel, B., Bosshard, H.R., Dela-
marche, E., 2000. Microcontact printing of proteins. Ad-
vanced Materials, 12(14):1067-1070.  [doi:10.1002/1521- 
4095(200007)12:14<1067::AID-ADMA1067>3.3.CO;2-D] 

Berzina, T., Erokhina, S., Shchukin, D., Sukhorukov, G., 
Erokhin, V., 2003. Deposition and patterning of polymeric 
capsule layers. Macromolecules, 36(17):6493-6496.  
[doi:10.1021/ma0346557] 

Bolinger, P.Y., Stamou, D., Vogel, H., 2004. Integrated nano-
reactor systems: triggering the release and mixing of 
compounds inside single vesicles. Journal of the Ameri-
can Chemical Society, 126(28):8594-8595.  [doi:10.1021/ 
ja049023u] 

Chen, K.M., Jiang, X., Kimerling, L.C., Hammond, P.T., 2000. 
Selective self-organization of colloids on patterned 
polyelectrolyte templates. Langmuir, 16(20):7825-7834.  
[doi:10.1021/la000277c] 

Cong, Y., Fu, J., Zhang, Z., Cheng, Z., Xing, R., Li, J., Han, Y., 
2006. Fabrication of arrays of silver nanoparticle aggre-
gates by microcontact printing and block copolymer 
nanoreactors. Journal of Applied Polymer Science, 
100(4):2737-2743.  [doi:10.1002/app.23063] 

Fang, Y., Frutos, A.G., Lahiri, J., 2002. Membrane protein 
microarrays. Journal of the American Chemical Society, 
124(11):2394-2395.  [doi:10.1021/ja017346+] 

Feng, J., Wang, B., Gao, C., Shen, J., 2004. Selective adsorp-
tion of microcapsules on patterned polyelectrolyte multi-
layers. Advanced Materials, 16(21):1940-1944.  
[doi:10.1002/adma.200400573] 

Goodey, A., Lavigne, J.J., Savoy, S.M., Rodriguez, M.D., 
Curey, T., Tsao, A., Simmons, G., Wright, J., Yoo, S.J., 
Sohn, Y., 2001. Development of multianalyte sensor ar-
rays composed of chemically derivatized polymeric mi-
crospheres localized in micromachined cavities. Journal 
of the American Chemical Society, 123(11):2559-2570.  
[doi:10.1021/ja003341l] 

Hidber, P.C., Helbig, W., Kim, E., Whitesides, G.M., 1996. 
Microcontact printing of palladium colloids: micron-scale 
patterning by electroless deposition of copper. Langmuir, 
12(5):1375-1380.  [doi:10.1021/la9507500] 

Ibarz, G., Dähne, L., Donath, E., Möhwald, H., 2001. Smart 
micro- and nanocontainers for storage, transport, and re-
lease. Advanced Materials, 13(17):1324-1327.  [doi:10. 
1002/1521-4095(200109)13:17<1324::AID-ADMA1324>3.
0.CO;2-L] 

Jiang, X., Zheng, H., Gourdin, S., Hammond, P.T., 2002. 
Polymer-on-polymer stamping: universal approaches to 
chemically patterned surfaces. Langmuir, 18(7):2607- 
2615.  [doi:10.1021/la011098d] 

Jung, J., Kim, K.W., Na, K., Kaholek, M., Zauscher, S., Hyun, 

J., 2006. Fabrication of micropatterned gold nanoparticle 
arrays as a template for surface-initiated polymerization 
of stimuli-responsive polymers. Macromolecular Rapid 
Communications, 27(10):776-780.  [doi:10.1002/marc. 
200600069] 

Kalyankar, N.D., Sharma, M.K., Vaidya, S.V., Calhoun, D., 
Maldarelli, C., Couzis, A., Gilchrist, L., 2006. Arraying of 
intact liposomes into chemically functionalized mi-
crowells. Langmuir, 22(12):5403-5411.  [doi:10.1021/ 
la0602719] 

Karakurt, I., Leiderer, P., Boneberg, J., 2006. Size-dependent 
self-organization of colloidal particles on chemically 
patterned surfaces. Langmuir, 22(6):2415-2417.  [doi:10. 
1021/la052205x] 

Kodadek, T., 2001. Protein microarrays: prospects and prob-
lems. Chemistry & Biology, 8(2):105-115.  [doi:10.1016/ 
S1074-5521(00)90067-X] 

Kumar, A., Whitesides, G.M., 1993. Features of gold having 
micrometer to centimeter dimensions can be formed 
through a combination of stamping with an elastomeric 
stamp and an alkanethiol “ink” followed by chemical 
etching. Applied Physics Letters, 63(14):2002-2004.  
[doi:10.1063/1.110628] 

Kumar, A., Whitesides, G.M., 1994. Patterned condensation 
figures as optical diffraction gratings. Science, 
263(5143):60-62.  [doi:10.1126/science.263.5143.60] 

Kumar, A., Biebuyck, H.A., Whitesides, G.M., 1994. Pattern-
ing self-assembled monolayers: applications in materials 
science. Langmuir, 10(5):1498-1511.  [doi:10.1021/ 
la00017a030] 

Lee, I., Zheng, H., Rubner, M.F., Hammond, P.T., 2002. Con-
trolled cluster size in patterned particle arrays via directed 
adsorption on confined surfaces. Advanced Materials, 
14(8):572-577.  [doi:10.1002/1521-4095(20020418)14:8< 
572::AID-ADMA572>3.0.CO;2-B] 

Li, Y., Li, C., Cho, S.O., Duan, G., Cai, W., 2007. Silver hier-
archical bowl-like array: synthesis, superhydrophobicity, 
and optical properties. Langmuir, 23(19):9802-9807.  
[doi:10.1021/la700847c] 

McCauley, T.G., Hamaguchi, N., Stanton, M., 2003. 
Aptamer-based biosensor arrays for detection and quan-
tification of biological macromolecules. Analytical Bio-
chemistry, 319(2):244-250.  [doi:10.1016/S0003-2697(03) 
00297-5] 

Nolte, M., Fery, A., 2004a. Coupling of individual polyelec-
trolyte capsules onto patterned substrates. Langmuir, 
20(8):2995-2998.  [doi:10.1021/la036144j] 

Nolte, M., Fery, A., 2004b. Microstructuring of polyelectrolyte 
coated surfaces for directing capsule adhesion. IEEE 
Transactions on NanoBioscience, 3(1):22-26.  [doi:10. 
1109/TNB.2004.824256] 

Okumus, B., Wilson, T.J., Lilley, D.M.J., Ha, T., 2004. Vesicle 
encapsulation studies reveal that single molecule ri-
bozyme heterogeneities are intrinsic. Biophysical Journal, 
87(4):2798-2806.  [doi:10.1529/biophysj.104.045971] 

Park, J., Hammond, P.T., 2004. Multilayer transfer printing for 
polyelectrolyte multilayer patterning: direct transfer of 



Yang et al. / J Zhejiang Univ Sci A  2009 10(1):114-120 120

layer-by-layer assembled micropatterned thin films. Ad-
vanced Materials, 16(6):520-525.  [doi:10.1002/adma. 
200306181] 

Peyratout, C.S., Dähne, L., 2004. Tailor-made polyelectrolyte 
microcapsules: from multilayers to smart containers. 
Angewandte Chemie International Edition, 43(29):3762- 
3783.  [doi:10.1002/anie.200300568] 

Shim, H.Y., Lee, S.H., Ahn, D.J., Ahn, K.D., Kim, J.M., 2004. 
Micropatterning of diacetylenic liposomes on glass sur-
faces. Materials Science and Engineering: C, 
24(1-2):157-161.  [doi:10.1016/j.msec.2003.09.067] 

Stamou, D., Duschl, C., Delamarche, E., Vogel, H., 2003. 
Self-assembled microarrays of attoliter molecular vessels. 
Angewandte Chemie International Edition, 42(45):5580- 
5583.  [doi:10.1002/anie.200351866] 

Sukhorukov, G.B., Donath, E., Lichtenfeld, H., Knippel, E., 
Knippel, M., Budde, A., Möhwald, H., 1998. 
Layer-by-layer self assembly of polyelectrolytes on col-
loidal particles. Colloids and Surfaces A: Physicochemi-
cal and Engineering Aspects, 137(1-3):253-266.  
[doi:10.1016/S0927-7757(98)00213-1] 

Sukhorukov, G.B., Fery, A., Möhwald, H., 2005. Intelligent 
micro- and nanocapsules. Progress in Polymer Science, 
30(8-9):885-897.  [doi:10.1016/j.progpolymsci.2005.06. 
008] 

Tessier, P.M., Velev, O.D., Kalambur, A.T., Lenhoff, A.M., 
Rabolt, J.F., Kaler, E.W., 2001. Structured metallic films 
for optical and spectroscopic applications via colloidal 
crystal templating. Advanced Materials, 13(6):396-400.  
[doi:10.1002/1521-4095(200103)13:6<396::AID-ADMA396
>3.0.CO;2-T] 

Tong, W., Dong, W., Gao, C., Möhwald, H., 2005a. 
Charge-controlled permeability of polyelectrolyte 
microcapsules. The Journal of Physical Chemistry B, 
109(27):13159-13165.  [doi:10.1021/jp0511092]  

Tong, W., Gao, C., Möhwald, H., 2005b. Manipulating the 
properties of polyelectrolyte microcapsules by glutaral-
dehyde cross-linking. Chemistry of Materials, 17(18):  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4610-4616.  [doi:10.1021/cm0507516] 
Tresset, G., Takeuchi, S., 2005. Utilization of cell-sized lipid 

containers for nanostructure and macromolecule handling 
in microfabricated devices. Analytical Chemistry, 
77(9):2795-2801.  [doi:10.1021/ac048207o] 

Troitsky, V., Berzina, T., Shchukin, D., Sukhorukov, G., 
Erokhin, V., Fontana, M.P., 2004. Simple method of 
hydrophilic/hydrophobic patterning of solid surfaces and 
its application to self-assembling of nanoengineered 
polymeric capsules. Colloids and Surfaces A: Physico-
chemical and Engineering Aspects, 245(1-3):163-168.  
[doi:10. 1016/j.colsurfa.2004.06.034] 

Walter, G., Büssow, K., Cahill, D., Lueking, A., Lehrach, H., 
2000. Protein arrays for gene expression and molecular 
interaction screening. Current Opinion in Microbiology, 
3(3):298-302.  [doi:10.1016/S1369-5274(00)00093-X] 

Wang, B., Zhao, Q., Wang, F., Gao, C., 2006. Biologically 
driven assembly of polyelectrolyte microcapsule patterns 
to fabricate microreactor arrays. Angewandte Chemie In-
ternational Edition, 45(10):1560-1563.  [doi:10.1002/anie 
200502822] 

Xia, Y., Whitesides, G.M., 1995. Use of controlled reactive 
spreading of liquid alkanethiol on the surface of gold to 
modify the size of features produced by microcontact 
printing. Journal of the American Chemical Society, 
117(11):3274-3275.  [doi:10.1021/ja00116a033] 

Xia, Y., Whitesides, G.M., 1998. Soft lithography. Angewandte 
Chemie International Edition, 37(5):550-575.  
[doi:10.1002/(SICI)1521-3773(19980316)37:5<550::AID-A
NIE550>3.3.CO;2-7] 

Yang, Z., Chilkoti, A., 2000. Microstamping of a biological 
ligand onto an activated polymer surface. Advanced Ma-
terials, 12(6):413-417.  [doi:10.1002/(SICI)1521-4095 
(200003)12:6<413::AID-ADMA413>3.3.CO;2-R] 

Zheng, H., Rubner, M.F., Hammond, P.T., 2002. Particle as-
sembly on patterned “plus/minus” polyelectrolyte sur-
faces via polymer-on-polymer stamping. Langmuir, 
18(11):4505-4510.  [doi:10.1021/la020044g] 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


