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Nanoparticles of Ag, Au, Pd, and Cu have been prepared by the reduction of their
salts by ethyl alcohol under refluxing conditions in the presence of polyvinylpyrrolidone
(PVP). In the case of Au and Cu, it was necessary to use magnesium metal as a
catalyst during the reduction. The nanoparticles are in the 5-35 nm range in the case
of Ag, Au, and Pd, but there is considerable agglomeration in the case of Cu even

in the presence of PVP.

I. INTRODUCTION we report the successful preparation of silver, gold,

Fine metal particles of uniform size and shape andP@lladium, and copper nanoparticles using ethanol as the

of high purity are of technological importance in the reducing agent. In preparing these nanoparticles, we have

electronics industry and are used in conducting inks€MPloyed polyvinylpyrrolidone (PVP) as the protective

paints, and adhesivé€ Monodispersed metal particles agent to control the formation of the metal colloids an_d
of near micron dimensions have been successfully prd® Stabilize them. PVP has been used as a protective
pared by the polyol procedsin the polyol process, a agent by (_)ther workers in the_: pgeparatlon of colloidal
metal salt is reduced by a liquid polyol such as ethy-Metal particles of controlled siZe’

lene glycol under refluxing conditions. By this method,
monodispersed microparticles of silver, gold, copper,
and cobalt have been preparedThere has been some Il. EXPERIMENTAL

effort recently to prepare nanometric metal particles. For  In preparing the nanoparticles of Ag, Au, Pd, and
example, Puvvadat al* have used the bicontinuous Cu, the general procedure followed was as follows. A
cubic phase of glycerol mono-oleate for synthesizingknown quantity of the metal salt was taken to 100 ml
Pd nanoparticles of-4 nm diameter. Gold nanoparticles Of dry ethanol containing a predetermined quantity of
have been prepared by the reduction of HAu®y  polyvinylpyrrolidone (PVP), the salts being generally
tetrakis (hydroxymethyl) phosphonium chloride by Duff soluble in the alcohol. The weight ratio of the metal
et al® Nanoparticles of Ag—Pd and Cu—Pd alloys with Salt to PVP was generally 1:5 or 1:10. The ethanolic
diameters in the 5—40 nm range have been preparegplution containing the metal salt and PVP was refluxed
over the entire range of compositions by employing(~360 K) under stirring for a period of 12 h. This
the heterogeneous reaction between dry methanol dirocedure was successful in yielding metal nanoparticles
ethanol with intimate mixtures of AgNO+ PdQ, and in the case of Ag and Pd, but it was necessary to add one
CuQ, + PdQ, respectively>. We considered it fruitful ~€quivalent of magnesium metal powder (relative to the
to explore whether a simple alcohol such as ethanohetal salt) in the case of Au and Cu in order to facilitate
can be used effectively as a reducing agent to prepar@e reduction. Here, the Mg metal acts as the reducing

nanometric particles of various metals. In this paperagent’ Ethanol itself gets oxidized into acetaldehyde
and other products in the reaction. At the end of the

reaction period, a drop of the solution was placed on a
@Author to whom correspondence should be addressed. holey carbon grid. After the evaporation of the alcohol,
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transmission electron microscope (TEM) images werenicrographs we have provided the histograms showing
recorded using a JEOL (200 kV) microscope. X-raythe particle size distributions. With a AQNOPVP ratio
diffraction patterns of the particles were recorded with aof 1:10, we see that the particles are small with a narrow
JEOL diffractometer in the case of Pd, Au, and Cu wheresize distribution, the mean diameter beir® nm. With
we could gather a sufficient quantity of the particles ofa AgNG;: PVP ratio of 1:5, we obtain Au particles
relatively large size. These particles settle down aftewith a mean diameter of 13—15 nm. The particle size
the reaction. distribution is clearly sensitive to the concentration of
In order to prepare the Ag nanoparticles, we startedPVP. It may be noted that refluxing AgNGn ethanol
with 0.1 g of AgNG in 100 ml of ethanol and em- alone in the absence of PVP does not yield Ag nanopar-
ployed AgNQG: PVP weight ratios of 1:5 and 1:10. ticles. We could not record the XRD patterns of Ag
The starting materials in the case of Au, Pd, and Cparticles because the nanoparticles were finely dispersed
were chloroauric acid, palladium nitrate, and copperin colloid form in the solution. Electron diffraction
acetate, respectively. Refluxing was carried out in air fopatterns, however, show the fcc structure of Ag. The
all the preparations except for Cu where we used higlabsorption band of the colloidal solutions was found to
purity nitrogen gas to avoid formation of the oxides.be around 415 nm. This band is characteristic of the
The amount of the starting material was 0.1 g in theplasmon band of Ag colloid%’
preparation of Au, Pd, and Cu particles as well. In the  On refluxing HAuUC}, in ethanol in the presence of
case of Pd, we employed palladium nitrate : PVP weighPVP, we could not obtain Au nanoparticles. However,
ratios of 1:1 and 1:2 besides 1:10. on refluxing HAuC} with ethanol/PVP in the presence
of magnesium (one equivalent with respect to HA)CI
we could obtain fine Au nanoparticles. We show a
lIl. RESULTS AND DISCUSSION TEM image of the Au nanoparticles (obtained with a
Reduction of AgNQ by ethanol in the presence of HAuCl,:PVP weight ratio of 1:10) in Fig. 2 along
PVP gave nice colloidal solutions of very small particleswith the histogram giving the particle size distribution.
in the nanometric range. In Fig. 1, we show the TEMThe mean particle size is 5 nm. The TEM image of the
images of silver nanoparticles obtained by employingparticles obtained with a HAug! PVP weight ratio of
AgNOs: PVP ratios of 1:5 and 1:10. Next to the 1:5 gave a mean particle size of 12 nm. The particle size
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FIG. 1. TEM images of silver nanoparticles along with the histograms showing particle size distributions: (a) 1:4 sample, and (b) 1: 10 sample.
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FIG. 2. TEM image of gold nanoparticles along with the histogram showing the particle size distribution (1:10 sample).

distribution of the Au nanoparticles is sensitive to theamounts of PVP. In Fig. 4 we show the TEM images of
PVP concentration, just as in the case of Ag particles. W&d nanoparticles obtained with metal salt: PVP weight
could record the x-ray diffraction (XRD) patterns of the ratios of 1:1 and 1:10. The TEM images suggest
Au nanopatrticles [Fig. 3(a)]. The XRD pattern clearly clustering of nanoparticles. In spite of the clustering,
indicates crystallinity of the particles. The particle sizehowever, the particle sizes are still in the nanometric
found from the x-ray line broadening is 18 nm. regime with an average diameter ef25 nm in the

In order to prepare Pd nanoparticles, palladium ni-
trate was refluxed with ethanol in the presence of variou:(a)
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FIG. 3. XRD patterns of the nanoparticles of (a) gold (1:5), FIG. 4. TEM images of palladium nanopatrticles: (a) 1: 1 sample, and
(b) palladium (1:1), and (c) copper (1:10). (b) 1:10 sample.
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case of the 1:10 sample and35 nm in the case of V. CONCLUSIONS
the 1:1 _sample. The individual particles in the cluster  \va have been able to successfully prepare nanopar-
are considerably smaller{10 nm). The XRD pattern of |

. ) . ) ; es of Ag, Au, and Pd by using ethyl alcohol as the
the Pd particles obtained with a palladium nltrate:PVPredUCirlg agent in a medium containing PVP (Table I).
weight ratio of 1: 1 is shown in Fig. 3(b). From the x-ray

A X ; ! In the case of Cu, the nanoparticles were not as good
line broadening, we estimate the particle to be 9 nm.

X ! y 'se an appropriate proportion of PVP in order to obtain
However, on adding one equivalent of magnesium met

. . ) , narrow size distribution of the metal particles.
to the reaction mixture (as in the case of preparation o
Au nanoparticles), we could obtain metallic Cu particles.
These preparations were carried out in a pure nitrogen afABLE I. Sizes of the metal nanoparticles.
mosphere to minimize oxide formation. The TEM image
of Cu patrticles obtained with a copper acetate : PVP rati
of 1:10is shown in Fig. 5. We do not see well-separate

not successful. The reaction always gave copper oxidea?

Metal salt: PVP Mean particle diameterParticle diameter
etal (weight ratio) (nm) from TEM (nm) from XRD

Cu nanoparticles extensively. There are some isolate 1?;’0 12

nanoparticles of 5-10 diameter, but most of the metal, , 15 12 18
particles are loosely clustered, giving rise to particles 1:10 5

in the 20—100 nm range. The XRD pattern of theserd 1:1 33 9
particles is shown in Fig. 3(c). The refelction due to 1:10 25
copper (1) oxide impurity is marked with an asterisk. TheCu 1:10 5-100 21
particle diameter estimated from x-ray line broadening.;, ... appear to be agglomerates of smaller particles 1 nm

is 21 nm. diam.

bAgglomerates of 20—100 nm diam. are found with a few isolated
particles of 5—10 nm diam.
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