Colloid Polym Sci (2005) 283: 583-586
DOI 10.1007/s00396-004-1222-0

SHORT COMMUNICATIONS

Hideo Sawada
Ayumu Sasaki
Kazuo Sasazawa
Tokuzo Kawase
Katsuya Ueno
Kazuo Hamazaki

Received: 11 June 2004

Accepted: 20 September 2004
Published online: 2 December 2004
© Springer-Verlag 2004

H. Sawada (X)) - A. Sasaki
Department of Materials Science and
Technology, Faculty of Science and
Technology, Hirosaki University,
Bunkyo-cho, Hirosaki 036-8561, Japan
E-mail: hideosaw@cc.hirosaki-u.ac.jp
Tel.: +81-172-393578

Dispersion of gold nanoparticles
above the poly(methyl methacrylate)
surface by the use of fluoroalkyl
end-capped oligomeric aggregates
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gold particles were prepared under
mild conditions by reducing the
corresponding metal precursor in the
presence of self-assembled molecular
aggregates formed by fluoroalkyl
end-capped N-(1,1-dimethyl-3-o0x-
obutyl)acrylamide oligomers. The
stable gold nanoparticles protected
by these fluorinated molecular
aggregates were applied to the
dispersion above the poly(methyl
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Hitherto, there has been a considerable interest in
colloidal transition metals such as gold and silver be-
cause they exhibit different colors of the colloidal
metal particles depending on particle size, shape, and
agglomeration [1]. Colloidal nanometer size-controlled
metal particles are also interesting from the viewpoints
of chemical and medical technologies [2-4]. Therefore,
it is of particular interest to develop novel colloidal
transition metals, which could exhibit surface active
properties imparted by fluorine. However, studies on
the preparation and the development of fluorinated
metal nanoparticles have been, hitherto, very limited
except for the report on the preparation of 1H, 1H,

methacrylate) film surface.

2H, and 2H-perfluorodecanethiol-stabilized silver
nanoparticles [5]. We have already reported that flu-
oroalkyl end-capped oligomers can form self-assem-
bled molecular aggregates with nanometer size levels
in aqueous and organic media [6, 7]. This finding
suggests that these fluorinated aggregates should pro-
vide a suitable host moiety to interact with transition
metals as guest molecules. In this communication,
we would like to report on the preparation and
applications of gold nanoparticles by the use of self-
assembled molecular aggregates formed by fluoroalkyl
end-capped oligomers, with a particular emphasis on a
new approach to the dispersion of gold nanoparticles
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above the common organic polymer surface such as
poly(methyl methacrylate) (PMMA).

A typical procedure for the preparation of gold
nanoparticles by the use of fluoroalkyl end-capped
oligomers is as follows: to a 1,2-dichloroethane solution
of fluoroalkyl end-capped N-(1,1-dimethyl-3-oxobu-
tyl)acrylamide oligomer [Rg-[CH,CHC(=O)NHC-
Mechzc( = O)Me]n-RF: RF-(DOBAA)n-RF, RF =
CF(CF;)OC;F;; Mn=3710 [8]), 4 g/dm® 20 ml] was
added 1,2-dichloroethane (5 ml) containing HAuCly
(2.4 mmol/dm?). The mixture was stirred with a mag-
netic stirring bar at room temperature for 1 h. A 1,2-
dichloroethane solution (12 ml) containing NaBH,
(200 mg) was mixed with this solution, and then the
mixture was stirred for 2 h at 45 °C. The 1,2-dichloro-
ethane solution thus obtained was centrifuged for 5 min,
and then filtered through a 0.45-um PTFE membrane to
obtain a transparent wine-red solution. As shown in
Fig. 1, UV-vis spectra of this solution displayed a plas-
mon absorption in the visible region (A,.,: ca. 540 nm).
Longer fluoroalkyl end-capped DOBAA oligomer [Rg
= CF(CF;)OCF,CF(CF3)OC;F-] also afforded a simi-
lar plasmon absorption; however, an extremely de-
creased plasmon absorption was observed in the
corresponding nonfluorinated DOBAA oligomer as in
Fig. 1. This finding suggests that fluorinated DOBAA
oligomers can form self-assembled fluorinated molecular
aggregates (Fig. 1) with the aggregations of the end-
capped fluoroalkyl segments in organic media to interact
with gold nanoparticles as guest molecules. Our present
fluorinated molecular aggregates lead to stabilization
and prevent further agglomeration of the gold nano-
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Fig. 1 UV-vis spectra of colloidal gold prepared by the use of
fluoroalkyl end-capped oligomers (2.1 g/dm?) in CH,CICH,CI.
a Rg-(DOBAA),-Rg[Rg = CF(CF;)OC3F;, Mn=3710]. b Rg-
(DOBAA),-Rg [Rg = CF(CF3)OCF,CF(CF;)OC;3F;, Mn=6770].
¢ -(DOBAA),-[Mn = 5820]

particles. In contrast, the interaction of the molecular
aggregates with gold particles would be extremely de-
creased in the case of nonfluorinated DOBAA oligomer,
because this oligomer is not likely to form self assemblies
in organic media. Transmission electron microscopy
(TEM) image of a freshly prepared sample by the use of
fluorinated DOBAA oligomer under similar conditions
is shown in Fig. 2. Gold nanoparticles protected by
fluorinated molecular (Fig. 2) aggregates are well dis-
persed and possess an average diameter of 7.1 nm (see
Fig. 3) (Fig. 3). In addition, we have measured the size
of fluorinated molecular aggregates in the presence of
gold nanoparticles, which were prepared under similar

100 nm

Fig. 2 Transmission electron microscopy image of freshly prepared
fluorinated molecular aggregates—stabilized Au nanoparticles. R-
(DOBAA),-Ry, Ri: = CF(CF3)OCF,CF(CF;)OC;F; [2.1 g/dm® in
CH,CICH,(C]]
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Fig. 3 Size distributions of gold particles in the presence of
Rp-(DOBAA),-Rr [Rg = CF(CF3)OCF,CF(CF3)OC;F;] in CH,
CICH,CI
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Fig. 4 Histogram of self-assembled molecular aggregates formed
by Rg-(DOBAA),-Rg [Rr = CF(CF3)OC;F5] in the absence (a)
and the presence (b) of gold nanoparticles in 1,2-dichloroethane
solutions by dynamic light-scattering measurments

conditions as in Fig. 1, by dynamic light-scattering
measurements (DLS-6000 HL: Otsuka Electronics Co.,
Ltd., Japan). The size of the fluorinated molecular
aggregates in the absence of gold nanoparticles was also
measured under similar conditions for comparison (see
Fig. 4). Figure 4 shows that the number-average diam-
eter of fluorinated molecular aggregates is 51.2+6.2 nm,
and the (Fig.4) size (number-average diameter)
of fluorinated aggregates—gold nanoparticle com-
plexes—was decreased from 51.2 to 12.1£2.5 nm. The
obtained number-average diameter (12.1 nm) demon-
strates the mean-diameter of gold particles. In addition,
nanometer size-controlled gold particles could interact
with fluorinated molecular aggregates to afford the sta-
ble gold nanoparticles in the molecular aggregate cores.

Previously, we reported that fluoroalkyl end-capped
oligomers containing cationic segments could be ar-
ranged regularly above the PMMA surface to exhibit
not only a strong oleophobicity imparted by fluorine but
also a good surface antibacterial activity related to the
cationic segments [9]. This suggests that gold nanopar-
ticles should be dispersed above the PMMA surface
through the interaction of self-assembled molecular
aggregates formed by fluorinated DOBAA oligomers
with gold nanoparticles. From the viewpoint of devel-
oping metal nanoparticles into the material sciences, it is
of considerable interest to apply these fluorinated
molecular aggregates into the dispersion of gold nano-
particles above the common polymeric materials such as
PMMA. In fact, the PMMA film (film thickness:
196 um) was prepared by casting the homogeneous 1,2-
dichloroethane PMMA (1.0 g) solutions (32 ml) con-
taining Rp-(DOBAA),-Rg oligomer [Rg CF(CF3)
OC5F7: 0.04 gl—gold nanoparticle complexes [HAuCl,
(5.9 umol); NaBH,4 (100 mg)l—on a glass plate. We
have measured the UV-vis spectra of the obtained film in
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Fig. 5 UV-vis spectra of gold nanoparticles—containig PMMA
film treated with fluoroalky end-capped DOBAA oligomer [Rg =
CF(CF;)0OC;F/]

which the surface color is wine-red, and the result is
shown in Fig. 5.

As shown in Fig. 5, the modified cast PMMA film
exhibited a similar plasmon absorption at around
540 nm, the same as for the 1,2-dichloroethane solution
system in Fig. 1. This finding suggests that gold nano-
particles should be well dispersed without the agglom-
eration between the metal particles in the cast film.
Furthermore, we have measured the contact angles for
dodecane and the conduct electricity of both the surface
and the reverse sides of this film at room temperature,
and the results are as follows:

Surface side Reverse side

19

Contact angle (°) 30
2.05x107"

Conduct electricity (S/cm) 1.02x1071°
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Fig. 6 Depth profiles of PMMA surface treated with Rg-(DO-
BAA),-Rg oligomer-protected gold nanoparticles measured by
XPS [RF = CF(CF3)OC3F7]

We have obtained higher values for the contact
angles and conduct electricity of the surface side of this
cast film compared to that of the reverse side. Contact
angle measurements show that fluoralkyl end-capped
DOBAA oligomer could exhibit a markedly strong
oleophobicity imparted by fluoroalkyl segments above
the surface. In addition, higher conduct electricity of
the surface side suggests that gold nanoparticles could

be well dispersed above the PMMA surface during the
cast film formation.

In order to clarify the dispersion of gold nanoparti-
cles on the PMMA surface, we have analyzed the
PMMA film (film thickness: 196 um) modified by fluo-
rinated DOBAA oligomeric aggregates [Rg = CF(CF3)
OC;F7] (gold nanoparticle complexes) by the use of the
X-ray photoelectron spectroscopy (XPS) technique, and
the amounts of gold (Auyp) and fluorine (Fis) at the
surface were also estimated. These results are shown in
Fig. 6.

Interestingly, as shown in Fig. 6, the relative peak
area of fluorine was found to decrease extremely with
the increase of etching time (etching rate is about 50 A/
min). A similar tendency was observed in the peaks of
Auyy, and the relative peak area of this peak decreased
with the increase of etching time. More interestingly, the
relative peak areas of Fis (7.33) and Auyr (0.36) of the
modified PMMA film surface side were demonstrated to
become extremely higher compared to those [Fis (3.07)
and Auye (0.06)] of the reverse side. Thus, it was verified
that gold nanoparticles should be well dispersed above
the polymer surface as well as fluorinated DOBAA
oligomers (Fig. 6).

In conclusion, fluoroalkyl end-capped DOBAA
oligomers are clarified to be a convenient tool for the
preparation of nanometer size-controlled gold parti-
cles, and in particular these oligomers are applicable
for the dispersion of gold nanoparticles above
the polymer surface. Further studies are actively in
progress.
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