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Microwave-assisted Preparation of Silver Nanoparticles
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We succeeded in preparing silver (Ag) nanoparticles by al-
cohol reduction of fatty acid silver salts under microwave irradi-
ation (2.45 GHz) for 1-5 min at 413-430 K. The average sizes of
Ag nanoparticles were controlled in the range from 4.9 to 7.4 nm
only by changing length of the alkyl chains in the fatty acids.

Silver (Ag) nanoparticles have attracted a great deal of inter-
est in recent years because these are a good candidate of a ma-
terial applied for optics,1 electronics,” and catalysis.3 Until
now, silver nanoparticles have been prepared by various meth-
ods, such as chemical reduction using NaBHy4 or N2H4,4a’b etha-
nol,* polyol medium® and N,N-dimethyformamide (DMF),*
aerosol technique,5 thermal decomposition,6 electrochemical
deposition,7 photochemical reduction,® sonochemical deposi-
tion,9 and laser irradiation technique.lo One of the best methods
for chemical preparation of size-controlled Ag nanoparticles re-
ported so far is a chemical reduction using NaBH, resulting in
the dodecanethiol-capped 1.8-3.5nm diameter Ag nanoparti-
cles. However, this method requires a technique of size-selective
precipitation.4b

In recent years, microwave (MW) dielectric heating is fast
emerging as a widely accepted new processing technology for
variety of inorganic and organic syntheses. "' The most common-
ly used frequency is 2.45 GHz. In the microwave frequencies
range, polar molecules try to orientate with the electric field.
Next, when dipolar molecules try to re-orientate with respect
to an alternating electric field, it loses energy in the form of heat,
by molecular friction.''® The dissipation of microwave energy to
thermal energy depends on dielectric loss factor, €M In the
MW-assisted syntheses of inorganic nanoparticles, size of nano-
particles can be effectively controlled in narrower distribution
than the conventional heating due to a homogeneous and fast nu-
cleation induced by MW heating.“d’12

As a simple method for rapid preparation of Ag nanoparti-
cles at low temperatures without the technique of size-selective
precipitation, we propose here a novel microwave-assisted alco-
hol reduction of fatty acid silver salts, “microwave-alcohol re-
duction” (Scheme 1). As the precursors of silver nanoparticles,
we selected fatty acid silver salts CH3(CH,),COOAg (n =6
(Cs-Ag), n =8 (Cio-Ag), n = 10 (Ci»-Ag), n = 12 (C4-Ag),
n =14 (Ci4-Ag), and n = 16 (C3-Ag)), oleic acid silver salt
CH3(CH;);CH=CH(CH,);COOAg (C;s:1-Ag) and linoleic
acid silver salt CH3(CH,)sCH=CHCH,CH=CH(CH,);COOAg
(C13:2-Ag), because long-chain counter anions of silver salts
should prevent the agglomeration of Ag nanoparticles. We se-
lected 1-pentanol, 1-hexanol, 1-heptanol, or 1-octanol as a sol-
vent, instead of methanol, ethanol, 1-propanol, or 1-butanol, us-
ing the microwave-alcohol reduction because these alcohols
have (a) low water solubilities, (b) appropriate dielectric loss

factors at 2.45 GHz, (c) high boiling points (411-468 K), and
(d) weak reducing power.
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Scheme 1. Microwave-alcohol reduction of fatty acid silver
salts for silver nanoparticles.

MW irradiation experiments were performed using a multi-
mode MW apparatus (Micro Denshi MMG-213VP, 2.45 GHz).
A fiber optic sensor (Anritsu SP-SM5176FL) was inserted into
the reaction solution and the reaction temperature was controlled
by the repeated on—off MW irradiation. A three-stub tuner was
used to achieve optimal MW power absorption with a forward
and reverse power monitor. The reaction was carried out using
a three-neck quartz flask equipped with a water-cooled condens-
er outside the MW cavity and the reaction solution was stirred by
a Teflon magnetic stirrer. In a typical experiment, an aqueous so-
lution (10 mL) of silver nitrate (5 mmol) was added to an aque-
ous solution (20 mL) of lauric acid sodium salt (5 mmol), stirred
by Teflon magnetic stirrer. The resulting water-insoluble precip-
itate was filtered and was washed by ethanol and was finally
dried under vacuum to produce a white lauric acid silver salt
(3.8 mmol). Lauric acid silver salt (1 mmol) was added to 1-hex-
anol (25 mL) in a 100 mL three-neck quartz flask. Fatty acid sil-
ver salt was not dissolved totally, giving a suspended solution.
The solution stirred by a Teflon magnetic stirrer was heated up
to 413 K under MW (150 W) irradiation within 2 min under ni-
trogen atmosphere. The color of the solution changed to dark-
brown within 2 min. This rapid heating rate could not be achiev-
ed by conventional heating. The solution was maintained for
5Smin at 413 K under the repeated on—off MW (150 W) irradia-
tion. After the MW irradiation, the suspension was cooled down
immediately by an air blower. For characterization of the silver
nanoparticles, transmission electron microscopic (TEM) analy-
ses were performed with Hitachi H-9000 operating at 300kV.
The n-hexane solution dispersing silver nanoparticles (5 drops
of 10 uL) was dried slowly on an amorphous carbon film sup-
ported on a copper mesh TEM grid by self-assembly tech-
niques.s"3

TEM images show that 2-D structure of silver nanoparticles
were formed on a carbon film (Figure 1). Four diffraction rings
((111), (200), (220), and (311)) indicated that the products were
face-centered cubic (fcc) metal silver. The image reveals that sil-
ver nanoparticles were formed by 1-hexanol reduction of the fat-
ty acid silver salts under microwave irradiation. It is remarkable
that the average diameter of silver nanoparticles was controlled
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from 4.9 to 7.4 nm only by varying alkyl chain of fatty acid silver
salts; 4.9 nm (0.4 nm)(Cjp-Ag), 5.2 nm (0.7 nm)(Cj-Ag), 5.5 nm
(0.6nm)(C4-Ag), 6.0nm (1.1 nm)(Ci6-Ag), 5.8 nm
(0.9nm)(Cig-Ag), 7.4nm (0.9nm)(Cg:1-Ag), and 6.1nm
(1.0nm)(C;g:2-Ag), where the values in parenthesis are the
standard deviation, compared with 5nm silver nanoparticles
synthesized by a thermal decomposition of fatty acid silver salts
at 523 K.** From UV-vis spectrum of Ag nanoparticle prepared
from Ci6-Ag in hexane solution, an absorption maximum peak
was observed at 418 nm due to the surface plasmon absorption,la
in good agreement with the reported values.®

At low temperature (383 K), the size of Ag nanoparticles
prepared for 40 min was similar to those obtained at 413 K for
5 min. At high temperature (430 K), Ag nanoparticles prepared
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Figure 1. TEM images of Ag nanoparticles prepared in 1-hex-
anol under microwave irradiation at 413 K for 5 min from silver
salts; (a) Co-Ag, (b) Ci2-Ag, (c) Ci4-Ag, (d) Cz:1-Ag, and (e)
Cj3:2-Ag. Scale bar is 25 nm. The size distributions were deter-
mined for the randomly selected 200-300 particles from the 2-D
structures of TEM images observed mainly in the samples.
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for only 1 min were similar to those obtained at 413K for
5 min under MW irradiation. As alkyl chains of alcohols became
longer, average diameter of Ag nanoparticles, which were pre-
pared from Cj6-Ag at 413 K for 5 min under MW irradiation, de-
creased slightly: 6.4 nm (0.9 nm)(1-pentanol), 6.0 nm (1.1 nm)-
(1-hexanol), 5.4 nm (0.9 nm)(1-heptanol), and 5.3 nm (0.7 nm)-
(1-octanol). The intense peak was observed at 1395cm~! in
the FT-IR spectrum of the Ag nanoparticles prepared using
Ci»-Ag, which should be assigned to the symmetric stretching
vibration of a carboxylate group vs(COO™). This suggests
strongly that silver nanoparticles are capped by fatty acids as
Lee et al. suggested based on the observation of the peak at
1396 cm~! in the literature.®®

In our MW-synthesis, silver ion was reduced by alcohol and
converted into silver nanoparticles under the precise size-con-
trol, which were stabilized by surface modification with fatty
acid.
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