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To produce micrometer scale chemical patterns, a new
method is developed. In this method, silica beads are used as a
mask of an underneath substrate. We produced the patterns with
CH3- and COOH-terminated regions and compared them with
similar patterns prepared by the microcontact printing (�CP)
method. The advantage of this technique over �CP is that
monolayers with higher chemical purity can be patterned: thus
it provides ideal and well-defined standard samples for surface
chemical imaging such as chemical force microscopy.

Mapping of surface forces such as friction force1 and adhe-
sive force using scanning probe microscopy (SPM) has been
used for imaging lateral distribution of outermost surface chemi-
cal properties. Chemical imaging by SPM with molecularly
modified probe tips2 is called chemical force microscopy
(CFM).3 In order to understand the chemical contrast of CFM,
extensive studies have been conducted on surface chemical
interaction at molecular level using SPM.4–9 In such studies,
chemically patterned surfaces have been frequently used to
avoid fluctuation caused by experimental factors such as shape
and coating of the tip apex.10,11 One of the representative pat-
terning techniques is microcontact printing (�CP).12 However,
the chemical patterns prepared by �CP have some limitation,
i.e., the monolayers printed by �CP are not chemically pure be-
cause of insufficient ink transfer.13,14 Therefore, careful attention
should be paid to the defects in the monolayer patterned by�CP.

In this letter, we describe a new method where silica beads
are used to make patterns. Two constituent parts of the patterns
are both formed in solution, and hence defects must be few. The
patterned surfaces prepared by the present method are
compared with those by �CP using atomic force microscopy
(AFM) and friction force microscopy (FFM).

Figure 1 shows a schematic diagram of the fabrication proc-
ess of chemically patterned surfaces using silica beads. Gold
films were deposited on cleaned cover glass plates with a Hitachi
E-1030 ion sputter coater using argon plasma at ca. 6 Pa and
15mA with a deposition rate of about 11 nmmin�1 for 90 s.
First, the substrate was reacted with a 1mM CH3(CH2)19SH
ethanol solution for 15min (Figure 1a). Second, a drop of the
dilute ethanol suspension of silica beads (0.1wt%) was placed
on the gold surface. The beads were purchased from Lancaster
and the nominal diameter was 0.5mm. However, the diameter
was determined to be 0.45mm from AFM images (not shown
here). The substrate was allowed to stand until all of the ethanol
was evaporated (Figure 1b). After this, gold was again sputter-
coated on the bead-covered plate for 20 s with the same deposi-
tion rate (Figure 1c). The substrate was then further reacted
with a 1mM HOOC(CH2)10SH ethanol solution for 15min
(Figure 1d). Finally, the silica beads were removed in ethanol

by ultrasonication (Figure 1e). The process was repeated in
reverse order, beginning with deposition of HOOC(CH2)10SH.

A patterned surface by �CP was prepared using the wet-
inking method as described previously.11 The 1mM ethanol
solution of CH3(CH2)19SH was used as the inking solution and
the time of contact was 15 s. The patterned surface was further
reacted with a 1mM HOOC(CH2)10SH ethanol solution for
15min.

All AFM and FFM measurements were performed using a
commercial AFM (a SEIKO Instruments SPA400 AFM unit
with an SPI3800N AFM controller) and a rectangular cantilever
with a Si3N4 pyramidal tip (Olympus RC800PSA-1 with a spring
constant of 0.12Nm�1). In addition to the topographic images
(AFM images), the frictional images (FFM images) in both trace
and retrace directions were captured. The scan rate for AFM and
FFM was 1Hz, and the cantilever bending force15 for AFM and
FFM was ca. 10 nN. Frictional data were recorded as photodiode
output in volts. Then, the subtraction of friction data at each
point of the trace and retrace frictional images, which is referred
to as friction force signals, was calculated and the histogram
of the friction force signals was created. All the measurements
were performed under ambient condition.

Figures 2a and 2b show a topographic and a friction force
image, respectively, of surface prepared by the process shown
in Figure 1. In Figure 2a, the darker parts correspond to lower
heights. The circular shape of craters was obviously formed by
removal of beads. The size of the craters is slightly smaller than
the size of beads because gold particles spread a little under
beads owing to the presence of gold sputtered with the incident
angles other than the normal incidence. However, we conclude
its effect is not significant because the images show well-defined
contrast both in a topographic and a friction force image. The
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Figure 1. A preparation procedure of patterned samples using
silica beads.
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height differences between the two regions are ca. 4 nm
(Figure 2c), which well agree to the thickness of sputter-coated
gold for 20 s shown in Figure 1c. In Figure 2b, the brighter parts
correspond to higher friction force regions. The COOH-termi-
nated regions outside the circle show higher friction than the
CH3-terminated regions inside the circle. This is because the
COOH-terminated regions have the higher coefficient of friction
due to the higher adhesion of the polar surface to the Si3N4

tip.15,16 Figure 2d shows a histogram of the friction force signals
from data in Figure 2b and its retrace friction force image (not
shown in Figure 2). In this histogram, averaged friction force
signals on the CH3- and COOH-terminated regions were found
to be 25.8 and 98.7mV, respectively. These two peaks are broad-
ened because of the roughness of the sputtered gold.17 The
COOH-terminated regions showed 3.83 times higher friction
than the CH3-terminated regions.

Figures 3a and 3b show a topographic and a friction force
image, respectively, of a sample, in which the CH3- and
COOH-terminated regions are reversed from Figure 2 (i.e., the
inside of the circle is the COOH-terminated, and the surrounding
is the CH3-terminated regions). Compared with Figures 2a and
2b, the topographic image shows a similar contrast, while the
friction force image shows the reversed contrast. From the histo-
gram (not shown) of friction force from data in Figure 3b and its
retrace image, averaged friction force signals on the CH3- and
COOH-terminated regions were found to be 34.7 and 134.1
mV, respectively. The COOH-terminated regions showed 3.86
times higher friction than the CH3-terminated regions. It should
be noted that the friction force signals observed in Figures 2 and
3 cannot be compared directly because the sensitivity of the
friction force signals to actual friction force was changed when
the optical axis was retuned after the sample exchange.

Little difference (only 1%) was observed in the frictional
ratios between the two samples, indicating that the effect of
difference in the gold thickness (i.e., difference in the surface

roughness) seems to be little compared with the effect of differ-
ence in the terminal groups. Therefore, the contrast in friction
reflects the chemical composition of the monolayers.

In addition, a histogram was also created from friction force
data captured on a �CP sample, and averaged friction force
signals on the CH3- and COOH-terminated regions were found
to be 26.1 and 61.7mV, respectively (not shown). The COOH-
terminated regions showed 2.36 times higher friction than the
CH3-terminated regions. We supposed that mixed monolayers
were formed over the printed area through further chemisorption
of HOOC(CH2)10SH during the second reaction in its ethanol
solution because of the high defect concentration in the printed
area.13,14 As a result, the printed CH3-terminated area became
more polar and the contrast became lower.

In conclusion, the observed contrast in friction on chemical
patterns prepared by the silica beads method was much higher
than that by �CP, i.e., the monolayers prepared by the present
method had higher chemical purity than those by �CP, indicat-
ing that the new method provides ideal standard samples for
surface chemical imaging such as CFM.
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Figure 2. (a) A 2� 2mm2 topographic (range from 0.98 to
6.68 nm) and (b) a friction force image of the pattern prepared
by the silica beads method illustrated in Figure 1. (c) Cross sec-
tion of the topographic image along a solid line in Figure 2a.
Steps of ca. 4 nm indicated by white arrows correspond to the
difference in height between the CH3- and COOH-terminated re-
gions. (d) A friction force histogram from data in Figure 2b and
its retrace image (not shown here).

CH3(CH2)19SH 

HOOC(CH2)10SH

(b) (a) 

Figure 3. (a) A 2� 2mm2 topographic (range from 0 to
29.5 nm) and (b) a friction force image of a pattern prepared in
the reverse order. The FFM contrast of Figure 3b between
CH3- and COOH-terminated regions is reversed from that in
Figure 2b.
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