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Synthesis of Pyramidal Copper Nanopatrticles on
Gold Substrate
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. Figure 1. Cyclic voltammograms of Cu/DBSA solution at scan rate of
Shape-controlled nanostructures of metal nanoparticleso.os v s Arrows indicate the Cu(ll)/Cu(l) and Cu(1)/Cu(0) reduction

(NPs) can offer remarkable electronic, magnetic, and optical potentials in the course of reduction scans.

properties, giving great opportunities for the development ) ) ) o

of feature nanotechnology including photography, catalysis, €xtensively studied In this communication, we present a
biological labeling, photonics, and surface-enhanced RamanSOPhisticated single-step electrodeposition approach  for
scattering (SERS):# Various shapes of metal NPs, from Preparation of surface-.confmed Qu NPs supported on a Au
prismP~8 and cubié—1to tetrapodd3**particularly those of ~ Substrate. Free-standing pyramidal Cu NPs have been
silver, gold, and platium, have been prepared by using a Synthesized in Iarge quantltlgs (over 70%) on Au surface
variety of methodologies. Particle shape control in wet through systematically exploring electrodeposition param-
chemical synthesis can be achieved, but it often requires€ters. .

elaborate, time-consuming, and multi-step procedures to Pyramidal Cu NPs were synthesized on a cleaned Au
fabricate onto the surface of metal substrates. Hence, theSubstrate (99.999%; % 0.5 cm) by immersing it in copper
synthesis of NPs with well-defined structures and in large 10N containing solution. The solution was prepared from
quantities on the metal surface remains challenging tasks.0-029 g of copper(ll) tetrafluorobrorate hydrate (Cu{Bf
The face-centered Cucg) copper with a fulld-band is xH,0, Aldrich, MW 237.15) and 0.087 g of dodecylbenzene
regarded as an ideal alternative material for prototypically Sulfonic acid sodium salt (DBSA, Fluka, MW 348.48) used

nonmagnetic materials and metallic conductors. Anisotropic @ Precursor and capping reagent, respectively. Electrical

because its stability of the synthesized shapes is not€lectrochemical system with a three-electrode system at room
guaranteed® To the best of our knowledge, the Cu NPs with temperature. It consiste_d of a bare Au substrate as the
anisotropic structures are particularly rare even though the Working electrode, a platinum wire as the counter electrode,
Cu deposition on Au single-crystal electrodes has been and Ag/AgCl as the reference electrode. The deposition
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potential was accordingly controlled in the range-@f.6 to
—0.8 V at a scan rate of 0.05 V5 and the deposition time
was 200 s. After deposition, the electrodes were rinsed with
copious amounts of Milli-Q water (18 MR resistivity;
Millipore System) to remove the residual capping reagent.

Cyclic voltammetry was employed to screen the elec-
trodeposition parameters for electro-crystallization of metallic
Cu pyramids. Figure 1 explores the cyclic voltammogram
of DBSA/Cu(BF), solution exhibiting two peaks at0.20
and—0.55 V versus Ag/AgCl in the course of reduction scan,
attributed to the reduction process of Cu(ll)/Cu(l) and Cu-
()/Cu(0), respectively! and the peak at 0.25 V is caused
by the reduction of DBSA. Thus, the deposition potential
was accordingly controlled in the range 0.6 to —0.8 V
at a scan rate of 0.05 V'%

The morphology of Cu NPs depends on the ratio of the
concentration of surfactant/precusor and deposition time in
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Figure 3. HRTEM of (a) morphology of one of as-electrodeposited
pyramidal Cu NPs; (b) lattice image of the (111) diffraction plane; (c)
selected area electron diffraction patterns of pyramidal Cu NPs.
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Figure 2. (a) FESEM images of Cu pyramids on gold substrates. The
electrodeposition potential was controlled betweeh6 and—0.8 V vs
Ag/AgCI at scan rate of 0.05 V4. (b) Size distribution of Cu pyramids.
(c) FESEM image of one of the developed particles.

our experimental method. We monitored the weight ratio of ~ F(R)
DBSA/CW* from 1 to 5 and the deposition time from 200
to 800 s to investigate the influence on pyramidal architec-
tures. With a weight ratio of 3 and a depostion time of 200
S, we can obtain the optimal condition to synthesize free-
standing pyramidal Cu NPs. The as-deposited Cu NPs were
characterized by FESEM (TOPCON ABT-1150S); 70% of 350 200 450 500
the particles are pyramidal shape (the corresponding SEM Wavelength (nm)
image is shown in Figure 2a). The size distribution histo- Figure 4. UV—Vis diffuse reflectance spectra of the yield of (a) 20%
grams of Cu pyramids (Figure 2b) show that the edge sizes(deposition time= 800 s), (b) 40% (400 s), (c) 70% (200 s) of Cu pyramids
of the pyramids are in the range of 16800 nm, with a on gold substrate. The relative reflectance of a filf(R), is given by the

. o . . L ) Kubelka—Munk equation F(R = (1 — R2R, Wh_ereR is the ratio of the
;na;!or glstrlbuthg Tt CZ:ZO(T:m In Vlzevglll’lg an individual, E,)\Ile” ¢ reflected intensities of the sample and a gold film standard].

efine ramidal Cu (Figure 2c), we were capable o

observingpysmall NPs Witl‘gl] with nearly fully de\?eloped selectgd area ellectron.diffrac.:tion (ED) pattern. Its corre-
pyramidal shape bearing on th&11} faces of pyramids of sponding Iatt|ce_|mag_e is deplcted_ in Figure 3b. The_ space
copper. This implies that the pyramidal Cu NPs should be Petween the diffraction planes is .c@.23 nm, which
crystalline, which offers a great opportinity for further growth COTTesponds to the space between (111) plahes< 0.21)
of these smaller pyramids. Furthermore, energy-dispersive!n face-center cubicf¢c) Cu (a = 3.615 A, JCPDS No.

X-ray (EDX) analysis shows that carbon and oxygen atoms 3-2838). Figure 3c is a typical selected-area electron dif-
fraction (SAED) pattern of the pyramid. The ED pattern

are absent in as-deposited products, only the signal of Cu is . : !
b P 4 g taken along the [011] zone axis shows two fringes with plane

obtained. This implies that the pyramid Cu NPs do not 7 L . .
; : distances of 2.035 and 1.881 A, which is consistent with
possess DBSA capping agent, and they may be metallic Cuthe foc metal Cu (111) and (200), respectivélyThe ED

rather than metal oxides on the gold surface. Details of the A . ;
structure can be observed in high-resolution transition pattern also confirms that the pyramids are single-crystal
metallic Cu.

electron microscopy (HRTEM, JEOL JEM-2010) images. : .
. It is commonly accepted that the interplay between the
The produced pyramidal Cu NPs were transferred from Au : .
faceting tendency of the capping agent and the growth

substrate to Milli-Q water by sonicating for 12 h and then kinetics could affect the formation of various shafE8We

are spotted by placing a drop of the solution onto a carbon suggest that DBSA molecures appeal to bind more strongly
film covered with a copper grid and evaporating the drop in

air. Figure 3 shows the image of an individual pyramidal (18) Liu, C. M.; Guo, L.; Xu, H. B.. Wu, Z. Y.; Weber, Microelectron.
Cu NP with edge length of 180 nm and its corresponding Eng. 2003 66, 107.




Communications Chem. Mater., Vol. 18, No. 26, 206699

to the{10G} than the{111} planes. Therefore, pyramidal can be produced through the micelle electrodeposition
Cu NPs covered with th€111} family of planes could be  method. Our current method provides a versatile and facile
obtained. pathway to fabricate anisotropic nanomaterials with novel
The study of optical properties of copper pyramidal architectures. Controlling the shape of copper particles could
nanostructures is very interesting because of their uniqueopen up tremendous possibilities for exploiting the highly
shape. The optical absorption properties for these pyramidssensitive, real-time electrode-based sensor for chemical and
on gold surface were conducted by means of-ts diffuse biological species as well as catalytic conversion of hydro-
reflectance spectroscopy (DRS). Figure 4 shows that the DRScarbons and alcohols for fuel cells. Besides, the copper

spectra of copper pyramids displayed two plasmon Bands pyramidal tips may be useful for scanning probe applica-
at 384 and 477 nm, entirely different from the typical optical tjgns?21.22

density at 575 nm of spherical NFsIn addition, it was
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