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Abstract—A method for enhancing surface uniformity was investigated during the formation of titaniafilm. A self-
assembling technique with ultrasonic applications was effectively used to fabricate titania nanoparticles on the solid
substrate after surface functionalization by APTES (3-amino-propyl-tri-ethoxy-silane). Morphologica changes asso-
ciated with structurd evolution were observed by usng AFM (atomic force microscopy). Results showed that ultrasonic
waves were very effective in both enhancing the surface uniformity and narrowing the particle size distribution of the

titania nanoparticles.
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INTRODUCTION

Nanogtructured titania materids are of interest due to their tech-
nical gpplications in photocatadyss and photodectric converson
[Aguado et d., 2002; Nakashima et d., 2002, Zakeeruddin et d.,
2002]. In particular, the fabrication technique of these nanoparti-
desisimportant in terms of their effective utilizations. A variety of
methods have been developed for fabricating titania nanoparticles
including asol-gd process, gas condensation technique and hydrol-
ydstechnique[Lin & d., 1997; Xianyu et d., 2001; Xieet d., 2002;
Xieoli et d., 2003]. Among the thin film formetion Srategies, salf-
assembled monolayer (SAM) is the most feasible and widely used
techniquefor producing materidsin the nanosize scale range [UIman,
1996; Burnsde et d., 1999; Chen & d., 2001]. SAM has the ad-
vantage thet it is possible to fabricate materids layer-by-layer. The
urface uniformity, however, becomes worse with the increase in
the number of deposited layers. In this sudy, we propose amethod
for enhancing surface uniformity during the self-assembly process
using ultrasonic waves.

EXPERIMENTAL

The film formation procedure condgdts of three geps The firg
dep isthe preparation of colloidd titania particles. Colloidal titania
particles were synthesized as described in the literature [Wang et
d., 1998]. Two ml of 0.2 mol I™* HCl was added to 88 ml ethanal
(A). Titanium-tetraisopropoxide, 0.5 ml, was dissolved in 9.5ml of
ethanal (B). Solution A was dowly added dropwise to solution B
with vigorous girring at 0°C. The resulting solution was peptized
by further irring for 3-5h to give a trangparent titania sol which
contained 1.8x107> mal | titania. Using this method, 2-3 nm size
colloidd titania particles were prepared.

The second step involves the sdlf-assembling of APTES on sub-
drate (Quartz). After the subdtrate was cleaned, it wasimmersed in
piranha solution (H,S0, : H,0,=7: 3vd%) a 110°C for 30 min
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to convert sloxane bonds to hydroxyl groups on the subgtrate. The
resulting quartz surface was consdered to have ca five hydroxyl
groups per nnY’ [Zhuravlev et d., 1987; Hu & d., 2001]. After the
number of hydroxyl groups was maximized, the substrate was dried
under a stream of nitrogen. The subgtrate was immersed in a4.0
mmol 1"t APTES solution (H,O concentration was less than 300
ppm) for dcohol condensation between the ethoxy-dlane groups
and the hydroxyl groupsfor 6 hr. Asareault, the silanol groups pro-
duced sloxane bonds and ethyl dcohal was formed as a by-prod-
uct.

The third gtep is the fabrication of the thin solid film of titania
nanoparticles on the substrate. At this stage, the substrate was im-
mersed into the titania sol for 1 hr with or without the ultrasonic
gpplication to the solution. As areault, titania partides were atached
onto the amine groups of APTES. Fg. 1 shows a schematic dia
gram of atitaniathin film formed by SAM on the solid subgrate.

RESULTSAND DISCUSSION
Results show that the titania absorption goectrum (dash-dot line
in Fg. 2) dearly appeared in the UV region dfter the titania par-
ticles were sdf-assembled onto the solid subdtrate. This titania ab-

orption spectrum did not appear when the second step described
in the experimenta section was omitted. This result provides evi-
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Fig. 1. Schematic diagram of titania thin film.
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Fig. 2. UV-Vis absorption spectra of atitaniathin film at each sep.

dence that the titania particles are attached on the subgtrate as de-
pictedin Fg. 1.

Morphological changes associated with structurd evolution were
observed by using an ARM with the tapping mode. Application of
ultrasonic waves to the solution was very effective in enhancing
surface uniformity of the thin film of titania nanopartides on the
solid subgtrate. Fig. 3 shows AFM images of the assembled titania
nanopartices and cross-sectiond views of the film. Without gppli-
cation of ultrasonic wave, titania partides with an average diameter
of ca 20 nm were fabricated on the subgtrate but the morphology

La)

was quite rough (Fig. 3(8)). However, the surface uniformity was
considerably increased after the gpplication of ultrasonic waves (fre-
quency=40 kHz, power=154 W), as ssenin Fig. 3(b).

The results show that the partides grew to a size of ca 20nm
on the subgtrate in both cases, while the uniformity was changed.
Two types of particle growth mechanisms are reported elsewhere
[Lu et d., 1999]. The firgt one is that primary patices are coa
lesced into one another. This type of particle growth occurs when
the codescence time is shorter than the collision time among pri-
mary patides. In caxe of the amdl particles, they have a grester
chance to coalesce because smdl particles have larger surface activ-
ity then large ones. The second possible growth mechaniam is thet
primary particles are aggregated with each other. Thistype of par-
ticle growth occurs when the codescence time is longer than the
callison time. When the partides are relaively large, they have a
grester chance to aggregate because large particles have continuous
callisons before complete codescence. These particle growth mech
anisms smultaneoudy occur during the fabrication of titania parti-
des Itiswdl known thet codescence is dominant & the beginning of
the process, while aggregation is effective during the partide growth.
Conseqguently, the particle sizes become non-uniform.

In this sudy, sonochemistry was successfully gpplied to prepare
titania thin films with uniform partide sze. During the fabrication
of titania nenopartides, the gpplication of ultrasonic waves has two
main advantages for increasing surface uniformity. The first oneis
that ultrasonic waves play arole in reducing the size of codesced
patides When titania partides are placed under the ultrasonic waves,
the callison time among the partides is reduced. As a result, the
sze of the primary partides is decreased. The second advantage is
that ultrasonic waves play a role in reducing the tendency of par-
ticle aggregation. Since the ultrasonic waves force the particles to
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Fig. 3. Atomic force microscopy images of sdf-assambled titania nanopartides and a cross-sectional views: (a) without ultrasonic wave (b)

with ultr asonic wave.
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Table 1. Summary of the atomic force microscopy data of sdf-as-
sembled titania nanoparticles

Temp. 5ec 30°c 60°C 90°C
Items
RMS roughness (nm) 089 091 126 139
Mean roughness (nm) 070 071 100 113

Averageparticlesize(nm) 181 189 233 288
Peak-Valley height (nm) 912 924 10.08 10.28

form relaively large shear gradient in the titania sol, the particles
do nat have the much chance to agglomerate to form a bunch of
patides Because of these advantages, the Sze digtribution of the
titania particles tends to be uniform as shown in Fg. 3(b).
Additiond experiments were performed to investigate the effect
of the temperature and power of ultrasonic waves on the particle
dze The average particles size was changed from 18 nm to 30 nm
by changing the reaction temperatures from 5°C to 90°C (Table 1).
When the reection temperature was increesed, the coagulation time
was decressed. As areault, the secondary partides szewasincressed.
Thisuggeststhet the average particle Sze can be contralled by chang-
ing the reaction temperature. In case of the power effect, the results
showed thet titania surface uniformity in teems of partide size digtri-
bution was gradudly increased with incressing ultra sonic power

from57 W to 154 W.

In concdusion, films of uniform titania nanoparticles were effec-
tively fabricated onto asolid subgtrate by using SAM under the ap-
plication of ultrasonic waves. During the fabrication process, ultra:
sonic waves play arole in preventing the irregular growth of the
secondary titania particles because of the large shear gradients. The
high sonic power resultsin anarrow particle sze digribution. Asa
result, surface uniformity was highly increased when ultrasonic waves
were gpplied. In addition, the Sze of the titania particles was con-
trollable from 18 nm to 30 nm by changing reaction temperature.
This study provides a method for the preparation of nanoparticles
with a better surface uniformity on a sdf-assembly, and layer-by-
layer film fabrication of nenopartideswith anarrow sze digribution.
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