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Shape-controlled synthesis of metal nanostructures has opened many new possibilities to design ideal
building blocks for future nanodevices. In this work, new types of monodisperse silver nanoplates with
complex shapes, namely, a disklike shape and flowerlike shapes, were controllably synthesized in high
yield by reducing [Ag(NH)2]* with ascorbic acid in the presence of silver seed at room temperature.
Unlike previous methods for synthesizing the silver nanoplates in the presence of cetyltrimethylammonium
bromide (CTAB) micelles, the use of the precursor [Ag@H", other than Agd, provides a flexible
strategy to control the procession of the reduction reaction in a mild way. These silver nanoplates with
shapes of disk and flower were shown to possess surface plasmon resonance (SPR) that directly relates
to their geometric shapes. As a result of their high anisotropy in shape, the flowerlike silver nanoplates
exhibit excellent surface-enhanced Raman scattering (SERS) enhancement ability relative to spherical
silver nanoparticles and the disklike silver nanoplates. We believe that with the efficient synthesis and
excellent SERS enhancement ability, these novel flowerlike silver nanoplates may find potential
applications for biological sensing and labeling systems.

mental observations and theoretical calculations also indicate
that anisotropic metal nanostructures exhibit shape-dependent
optical propertieg.A typical example is that triangular silver
nanoplates show three surface plasmon resonance (SPR)

. ; o : ) bands corresponding to dipole and quadrupole plasmon
and imagind}, catalysis’ information technology sensind resonance, and but only one SPR band is observed for

and surface-enhanced Raman scattering (SERY:. in- spherical silver nanoparticlés? High SERS intensity en-

stance, studies in nanoparticle catalysis have shown that thehancement is likewise observed for the metal nanostructures

SUb!C Ellat:cnun; rcljanostructurez bour_1d bllogl facel';s are with complex shapes? Importantly, shape control shows a
esirable for hydrogen gas adsorption, while carbon mon'greater versatility for tuning the properties of the metal

Oi('d_e molecules prefer tt)o ais%rb on ]Ehe t;gcl:zkybal'l-hke nanostrutures than can be achieved otherwise. Despite the
platinum nanostructures bounded {810 facets: Experi- importance in theoretical studies and practical applications,

the challenge to develop effective approaches for systematic

Introduction

Controlling the shape of metal nanostructures is a promis-
ing strategy to tailor their physical and chemical properties
for various applications in fields such as biological labeling
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manipulation of the shape of metal nanostructures has been Synthesis of Silver Nanoplates with Disk and Flower Shapes.
met with only limited success. The silver seed was prepared as folldWsAn aqueous solution
Constructing novel nanodevices by bottom-up technologies of silver nitrate (0.25 mM, 100 mL) was rapidly mixed with sodium
requires highly tunable building blocks whose properties may citrate (30 mM, 1 mL) A 3 mL ice-cooled aqueous solution of
be rationally designed. Accordingly, it is critical to seek Sodium tetrahydroborate (10 mM) was then added under vigorous
highly versatile synthesis methods for gaining control over stirring. After 30 s, the stirring was s_topped. The resultant silver
the shape of the metal nanostructures, particularly those Withseeds were used after 2 h. Transmission electron microscopy (TEM)

. examination showed that the single-crystal silver seeds were
unusual shapes. To date, some metals have been eﬁeCt'Vel¥pherical and had an average diameter of 4 nm

processed into the nanostructures with complex shapes, i . _

including cubegb® starst© rods!! plates’212wires!® and For the preparation of the [Ag(Njt]™ solution, an aqueous

branched multipod¥! In these cases, the nanoplates attract 5_0'”“0’? of S"Vef nitrate was first .pre.pared by dissolving 0.50 g of
. . . . . silver nitrate solid in 25 mL of deionized water. Subsequently, 5.5

particularly our attention due to their amazing ability to . .

. . . mL of an ammonia solution was slowly added to the aqueous
E)Zr:nro(;e?/petllgaiegrl%?esrtlr?tsﬁeéiltz?r?ugt]fr\]easifl?/\gr Srlt;?ltggII:tsessv\gteh solution of silver nitrate under vigorous stirring until a transparent
cubich*9trian3uIar7a'b’a)r/1d hexagognal shap&there g great SOluuo.n was obtained. ) . .
interést in designing silver nanoplates with other complex Typically, for the synthesis of flowerlike silver nanoplates

. ) (sample 1), to a 25 mL of aqueous solution was added 4.5 mL of
shapgs. Exploratlon of thesg previously uqknown nanoplateso_7 mM PVP, 1.5 mL of 30 mM trisodium citrate, 20 of 0.12
with _h|gh anisotropy ar_ld th_elr unusual pptlcal prppemes an \1 [Ag(NH3),]*, and 100uL of colloidal Ag solution at room
provide new perspectives into the rational design of novel gmperature. The pH value of the resulting solution is 8.6. After
nanomaterials for applications in new-generation nanode- sirring for 2 min, 900uL of 100 mM ascorbic acid was injected
vices, SERS, biodiagnosis, and multicolor labéls this into the above mixture. Within 1 h, the color of the mixed solution
article, we report for the first time high-yield, controlled changed from slightly yellow, to reddish (typically during 3 min),
synthesis of the silver nanoplates with shapes of disk andand then to blue.
flower in agueous solutions at room temperature, which can  For the synthesis of another type of silver nanoplates with flower
inspire synthesis of similar geometric shapes from other shape (sample 2), the amount of the silver seed was increased to
materials. We also investigate their SPR properties and200uL with other experimental conditions unchanged.
evaluate their performance as SERS substrates. Experimental gqr the synthesis of disklike silver nanoplates (sample 3), the
results clearly show that these silver nanoplates exhibit SPRamount of the silver seed and ascorbic acid was adjusted to 300
properties directly relating to their geometric shapes, and theand 80uL, respectively, while other experimental conditions were
flowerlike silver nanoplates show excellent SERS enhance- similar to those in the synthesis of sample 1.
ment ability relative to the disklike silver nanoplates and the A the above products were purified by centrifuging at 4500

spherical silver nanoparticles. rpm (1124y) for 8 min and then were stored at . The
. . concentrations of the silver nanoplates in all the above samples
Experimental Section are same ([Ag= 0.1 mM).
Materials. Silver nitrate, sodium citrata,-ascorbic acid, am- Characterization. Samples for SERS measurements were pre-

monia solution (?830%), potassium chloride, rhodamine 6(.3 pared by drying SuL of the aqueous sol on a glass substrate.

(RGG)'_ and adenm_e were purchased from Wako_ Pure Cljemlcal Samples for X-ray diffraction (XRD) characterization were prepared

Industries, Ltd. Sodium tetrahydroborat(_e and pon(w_nyIpyrroho!one) on glass substrates in a similar method. A total @fL5of 10 nM

(PVP, M,, ~ 29 000 g/mol) were ob_talned from Sigma-Aldrich, R6G with 10 mM KCI (¢ 6 M adenine with 10 mM KCI) was

Inc. All reagents were used as received. then dropped onto the sample on the glass substrate. After 30 min,
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Results and Discussion

The essence of our proposed synthesis method is th
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synthesis of the silver nanoplates, we will report the amount
of silver seed and ascorbic acid added. Figure 1la presents a

EM image of sample 1 synthesized by using 100 of
colloidal silver and 90@L of ascorbic acid, clearly indicating
that the product possesses a flowerlike shape. Further

reduction of a silver salt by ascorbic acid in the presence of

citrate ions and PVP through the following reactions:
@ investigation by scanning electron microscopy (SEM) shows
that this flowerlike shape is still well-preserved even after

To achieve controlled synthesis of the silver nanostructures ransferring the product onto the glass substrate (Supporting

with desired shapes, one must carefully control the reduction Information, Figure S1a). The plate shape is verified by
process of silver salts because highly anisotropic nanostruc-ilting the TEM sample from 0 to-60° to the beam axis,

tures only become favorable in a slow reduction proéess. revealing the three-dimensional structure of the flowerlike
For this purpose, we chose [Ag(NH|*, other than Ad, as silver nanoplates (Supporting Information, Figure S1b). The

a precursor in the present experiment as follows. “petals” can be clearly seen on the edge part of the silver
nanoplates (inset). A high-resolution TEM (HRTEM) image

of a conjuncting area between two “petals” reveals the well-
resolved lattice fringes with a fringe spacing of about 2.50
A, corresponding to the & {422 lattice spacing of a face-
centered cubic (fcc) metal silver which can be built by three
sets of 3x {422 spacing (Figure 1b#12The forbidden
{422 planes have been also observed in other ¢bld,
coppert’® and silvefa® nanostructures in the form of thin
plates or films. The continuous parallel lattice fringes show
that neighboring “petals” assume the same crystallographic
orientation. The corresponding fast Fourier transform (FFT)
of the HRTEM image indicates two sets of sixfold rotational
symmetry spots (Figure 1c), suggesting that the basal plane
of the flowerlike silver nanoplates is actually presented by
{117 crystal planes. The inner set consisting of the strongest

Handbook of Chemistyand is pH-dependent. Our initial ~ Six spots is due to thg22@ reflection of fcc silver (boxed
attempt of using NaBldas a reducing agent was less spot). The ratio between the distance of the diagonal spots
successful probably because of its strong reducing ability in the outer set and that in inner set is 1.730, which is in
(reduction potential-1.48 V). In the presence of stabilizing 900d agreement with the ratio between the lattice spacing
agents such as PVP or cetyltrimethylammonium bromide Of the {22G planes and that of thg422 planes (1.732).
(CTAB), direct reduction of Ag ions by ascorbic acid cannot ~ Furthermore, the angle between the neighboring inner and
occur in the acidic conditiorid®16In the previous studigé>16  outer spots is measured to be®3@ell consistent with the
a NaOH solution was normally added to adjust the reaction interplanar angle between t§@2G planes and th¢422
solution to a basic pH value because the reduction ability of Planes (see Supporting Information). Therefore, the outer set
ascorbic acid increases under the basic environment. Forcould be ascribed to the forbidd¢A22 reflection (circled
example, when the pH value of the reaction solution is spot). Interestingly, distinct flowerlike silver nanoplates
adjusted from 3.4 to 8.4, the change of the reduction potential (S28mple 2) could be obtained through increasing the amount
for the GHesO¢/CsOsHs Systems can be evaluated from the of colloidal silver to 200uL with the amount of ascorbic
Nernst equation, yielding a reduction potential about 0.3 v acid unchanged (Figure 2a). Compared with sample 1, the
lower than the one at pH 3.4. However, the disadvantage “Petals” in sample 2 are obviously smaller. When the amount
of this method is that the basic conditions can lead to the Of colloidal silver was increased to 3Q@L and that of
formation of AgO or AgOH precipitatiort}®>which is very ascorbic acid decreased to 8D, the monodisperse disklike
undesirable for the growth of the highly anisotropic nano- Silver nanoplates with average dimensions of 38 nm (thick-
structures. In our case, the use of the Agg\Hsolution ~ ness)and 90 nm (length) were produced in high yield (sample
can well-resolve this problem because the cations AgjNH 3, Figure 2b). These disklike silver nanoplates look like those
are stable in the basic environment, and the pH value of theSynthesized by a polystyrene sphere-templating mettfod.
resultant solution can be easily varied by controlling the HRTEM images of sample 2 and sample 3 show clear lattice
concentration of ammonia. planes similar to that of sample 1, implying that the basal
Structural Analysis of the Silver Nanoplates.In all the planes of sample 2 and sample 3 are also{ttkl} crystal
syntheses, the concentrations of the [AggsH, PVP, and  Planes (inset in Figure 2a,b).
sodium citrate are kept constant. The shapes of the products The XRD patterns of sample 1, sample 2, and sample 3,
can be controlled by simply changing the concentrations of shown in Figure 3, are nearly identical. Namely, an over-
ascorbic acid and colloidal silver. Therefore, for each whelmingly intensive diffraction line is observed afl 2-

CeHgOs + 2Ag" — CHsOs + 2Ag + 2H"

CeHgOg + 2Ag(NH,)," + 20H — CH.O, +
2Ag + 4HN, + 2H,0 (2)

The reduction potentiaEy? for the Ag'/Ag (aqueous)
systems ist+0.7996 V, but for the redox pairs Ag(N}/
Ag (aqueous), the reduction potenti&P is +0.373 V. The
fact that Eo° is greater thanE,° reveals that due to the
formation of the Ag(NH)"™ complexes with increasing
stability, the oxidation activity for the Ag(NyIt/Ag systems
becomes weaker than that for the #8g systems, thus
making it possible for the reduction reaction 2 to proceed in
a mild way. Furthermore, ascorbic acid is a weak reducing
agent. The reduction potenti&k? for the GHsOs/CsOsHs
system is+0.17 V (pH = 3.4) according toLange’s

(17) (a) Ah, C. S.;Yun, Y. J.; Park, H. J.; Kim, W. J.; Ha, D. H.; Yun, W.
S. Chem. Mater2005 17, 5558. (b) Kan, C. X.; Zhu, X. G.; Wang.
G. H.J. Phys. Chem. R006 110, 4651.

(15) Dean, J. ALangés Handbook of ChemistyMcGraw-Hill: New
York, 1985.
(16) Chen, S. H.; Carroll, D. LJ. Phys. Chem. B004 108 5500.
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(a) I . (b)

Figure 1. (a) TEM image of the flowerlike silver nanoplates (sample 1) and a corresponding higher-magnification image (inset), (b) HRTEM image of a
conjuncting area between two “nanopetals” of the silver nanoplates, and (c) a corresponding FFT analysis.

38.12 in all the XRD patterns. This diffraction line is  mental conditions fixed. U¥vis extinction spectra of sample
assigned to the (111) reflection for the fcc structure of metal 1 and sample 2, shown in Figure 4a,b, respectively, exhibit
silver with space groupm3m (JCPDS, card no. 04-0783). three SPR bands. A shoulder band at around 340 nm is
However, diffraction lines corresponding to other crystal attributed to the out-of-plane quadrupole plasmon resonance
faces are sufficiently weak that they are barely discernible of the silver nanoplatesThe second SPR band at the longest
in the XRD patterns. This result clearly reveals that sample wavelength side (680 nm for sample 1, 624 nm for sample
1, sample 2, and sample 3 exclusively comprise the nano-2) is due to the in-plane dipole plasmon resonanehjch
plates that were preferentially oriented with their (111) planes is very sensitive to the size and geometry of the products. It
parallel to the supporting substrate, thus giving a significantly is noted that the in-pane dipolar resonance blue shifts with
high (111) reflection intensity, which further evidences our the increased concentration of silver seed. The third weak
HRTEM observations. band located at 368 nm is probably due to the existence of
Optical Properties of the Silver Nanoplates.The high a very small amount of spherical silver nanoparticles that
anisotropy in shape of these nanoplates should substantiallyare observed in TEM images. Similarly, the BVis
influence the resulting optical properties such as SPR andextinction spectrum of sample 3 also shows the SPR bands
SERS, because the polarized moment is very much aniso-at 340 and 585 nm, corresponding to out-of-plane quadrupole
tropic.”® Figure 4 shows UVvis extinction spectra taken and in-plane dipole plasmon resonance of the silver nano-
from the small silver seed and the products synthesized byplates, respectively (Supporting Information, Figure S2c).
changing the concentration of silver seed with other experi- Also, Figure 4c,d shows similar spectral characters, but an
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@ (b)

Figure 2. (a) TEM image of the flowerlike silver nanoplates (sample 2) and a corresponding HRTEM image (inset); (b) TEM image of the disklike silver
nanoplates (sample 3) and a corresponding HRTEM image (inset).
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Figure 3. XRD patterns of three types of the silver nanoplates. Wavelength (nm)

Figure 4. UV-—vis extinction spectra of (ad) the silver nanoplates
. . . . synthesized in the presence of different amounts of the silver seed and 0.9
obvious blue-shift is observed relative to Figure 4a,b. The mL of 100 mM ascorbic acid: (a) 0.1 mL; (b) 0.2 mL; (c) 0.3 mL; (d) 1

corresponding TEM images (Supporting Information, Figure mL, and (e) the silver seed. The inset shows the corresponding photographs
S3) reveal their plate shapes and relatively smaller dimension.(fom right to left).
However, as indicated in Figure 4e, only one SPR band is
observed at around 396 nm for the small silver seed. The nanoparticles, respectively. A SERS spectrum characteristic
inset in Figure 4 presents the photographs corresponding toof R6G is observed in each case, but clearly, two types of
Figure 4a-e, respectively (from right to left). It is evident  the flowerlike silver nanoplates exhibit the highest enhance-
that the color of the products varies from orange, to red, to ment efficiency with the 514-nm excitation. Their SERS
purple, to blue, depending on the concentration of the silver jntensities of the peak at 1648 cinare about 1 order of
seed. magnitude stronger than those from the spherical silver
We evaluated the performance of the three above- nanoparticles, while only about two-times intensity enhance-
mentioned kinds of silver nanoplates for SERS application ment is observed for the disklike silver nanoplates. As stated
using R6G as a target molecule. For a comparison, sphericain the Experimental Section, the above samples for SERS
silver nanoparticles with an average diameter of 73 nm were examination were prepared by drying the colloidal solutions
prepared as a reference samyl€igure 5a(+4) compare on the glass substrates. This drying procedure can induce
the SERS spectra of the 10 nM R6G molecule obtained from an aggregation of the silver nanostructures, which are highly
sample 1, sample 2, and sample 3 and the spherical silverdesirable for surface Raman enhancement. Therefore, it is
necessary to make it clear whether the high SERS ability of
(18) Lee, P. C.; Meisel, DJ. Phys. Chem1982 86, 3391. sample 1 and sample 2 depends on their special shapes. For
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Figure 5. a: SERS spectra of 10 nM R6G molecules obtained from (1)
sample 1, (2) sample 2, (3) sample 3, and (4) the 73-nm silver nanoparticles.
The intensities of the spectra in (3) and (4) are multiplied by a factor of 3
for comparison purposes. b: SERS spectra of 50 nM R6G molecules
collected from the colloidal solution of (1) sample 1, (2) sample 2, (3) the
73-nm silver nanoparticles, and (4) sample 3. c: SERS spectrautM 1
adenine molecules on the surface of (1) sample 1 and (2) sample 2.
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this purpose, we also investigate the SERS performance of
the colloidal solutions of the above samples. The resulting
SERS spectra of 50 nM R6G collected from the colloidal
solutions of sample 1, sample 2, spherical silver nanopar-
ticles, and sample 3 are shown in Figure 5b4}, respec-
tively. As observed in Figure 5b, the colloidal solutions of
the flowerlike silver nanoplates are also efficient for surface
Raman enhancement, and the SERS signal intensity at 1648
cm ! is about 5 times higher than that obtained from the
colloidal solutions of the disklike silver nanoplates and the
spherical silver nanoparticles. It is worth noting that the
SERS signal intensities from the colloidal solution of the
disklike silver nanoplates is weaker than that collected from
the colloidal solution of silver nanospheres. These experi-
mental results clearly reveal that the flowerlike nanostructures
are a dominant contribution to large SERS signal enhance-
ment of sample 1 and sample 2.

To explore the capability of the flowerlike silver nano-
plates to detect nucleotide-based molecules, a DNA base
adenine is also chosen as the target molecule. The SERS
spectra of 1uM adenine on sample 1 and sample 2, shown
in Figure 5¢(+2), have two prominent Raman bands at 730
and 1325 cm!, corresponding to the purine ring breathing
mode and the CN stretching mode, respectiV&yhe SERS
intensity of the peak at 730 crhfrom sample 1 is about
1.6 times stronger than that from sample 2. The direct
detection of nucleotide-based molecules including adenine
is very important for rapid DNA sequencing where one
method is based on spectroscopic detection and identification
of single nucleotide&?

The possible reasons for the larger Raman intensity
enhancement on the flowerlike silver nanoplates can be
considered as follows. SERS is a very local phenomenon
occurring at crevices or in pores of the rough surf&ééin
our case, the flowerlike silver nanoplates, as seen in Figure
la, mainly consist of many interconnecting “nanopetals”.
Such structural features lead to the formation of many small
crevices between the neighboring “nanopetals”. Excited by
the incident radiation, a collective surface plasmon is trapped
between the neighboring “nanopetals”, creating a huge local
electric field at these crevices. For example, Xu et al. reported
that an electric field enhancement off46ould be achieved
between two nanoparticles with 1-nm spacifidiccording
to Pendry’ calculations, these local resonant plasmon modes
are able to produce the enhancement of as large as10
the Raman intensity of the target molecules adsorbed at these
particular creviced! Therefore, it is not surprising to observe
that the flowerlike silver nanoplates exhibit higher Raman
intensity enhancement than the disklike silver nanoplates and
the spherical silver nanoparticles in our present experiment.
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(b,1)

0.2 um
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Figure 6. a: TEM image of the silver nanoplates synthesized with the PVP/Ag{NHnolar ratio of 0.4. b: TEM images of (1) the silver nanoplates
prepared with 8L of 100 mM ascorbic acid and in the absence of silver seed and (2) the silver nanoplates prepared«iti 800 mM ascorbic acid
and 300uL of silver seed.

Possible Formation MechanismTo gain control of the It is generally accepted that the shape of fcc metal nano-
synthesis, it is necessary to understand the mechanism bystructures is mainly determined by the growth rate along the
which the silver nanoplates with special shapes are formed.[1000versus thel111orientation® In our case, both the
Like most fcc metals, metal silver has a cuboctahedral flowerlike and the disklike silver nanoplates possess one large
equilibrium shape dominated by t§d11} faces and the {111} basal face. Accordingly, it is reasonable to conclude
{100 faces because these faces have the lowest enétgies. that the as-prepared silver nanoplates must be nonequilibrium
A general order of the surface energies for different faces ones and their shapes must be mediated by a process that
of the fcc metals may holdi11y < {100 < Y{110.2% That prevents addition of silver atoms to thel1} faces as rapidly
is, more energy is released by adding a silver atom to the as to other faces. This can occur either by slowing the growth
{100 faces or thg 110 faces other than thgl1ll} faces rate along théll1orientation or by increasing the growth
during crystal growth. As a result, crystal growth can be rate, such as along tH&00Jand the[11QJorientation.
accelerated by biasing accretion ontpl®G face, a{ 110} As stated above, the success of the proposed method
face, or others, thus increasing the area of{thkl} faces?* strongly relies on the proper choice of the precursors
including Ag(NHs)* and ascorbic acid, through which the
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(23) Wang, Z. L.J. Phys. Chem. BR00Q 104, 1153. Alloys Chapman and Hall: London, 1992.
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reduction process of silver salts proceeded in a mild way. with special shapes. Their three-dimensional shapes were also
Furthermore, we investigated the effect of PVP, the silver verified by tilting the sample plane (Supporting Information,
seed, ascorbic acid, and sodium citrate concentration on theFigure S4). On the basis of the evidence discussed so far,
formation of these silver nanoplates with special shapes. Inwe suggest the silver nanoplates with shapes of disk and
the synthesis of sample 1, the molar ratio between PVP andflower are formed as follows. In the presence of the single-
Ag(NHs)" is about 1.2. When we decreased this molar ratio crystal silver seed, which was preformed or obtained by
to 0.42, while keeping other experimental conditions fixed, direct reduction, selective adsorption of citrate ions on the
the flowerlike silver nanoplates were also observed, but an{111} faces of the silver seed resulted in the preferential
obvious aggregation occurred for them (Figure 6a), suggest-addition of silver atoms to the other crystal faces such as
ing that the primary role of PVP in this process is to stabilize the {110 faces. Accordingly, such selective interaction
the silver nanoplates with good monodispersity. However, slowed the growth rate along th&11direction and thus

if the reduction reaction of Ag(NEI™ by ascorbic acid was  promoted a highly anisotropic growth in other directions such
performed in the absence of sodium citrate, the sphericalas the [1000 and 1100 directions, extending into large
silver nanoparticles were the dominant products. This result nanoplates with th¢111} basal faces and ultimately leading
shows that sodium citrate plays an important role in the shapeto selective growth of the silver nanoplates with different
control of the silver nanoplates. Other groups also reported shape$223 Furthermore, because the adsorption of citrate
that citrate ions were critical for the formation of highly ions on other faces was weak, oriented growth could be
anisotropic metal nanostructurés,12¢.2526As mentioned controlled through changing the concentration of silver seed
above, the shape of the as-prepared silver nanoplates isind ascorbic acid, which is the reason the concentrations of
dependent upon the concentrations of silver seed and ascorbisilver seed and ascorbic acid have important effects on the
acid. The presence of small silver seed as nucleation sitesshape control of the silver nanoplatés.

can catalyze the reduction processes of Ag{Niy ascorbic In summary, we have demonstrated a new strategy for the
acid due to particle-mediated electron transfer from ascorbic high-yield, controlled synthesis of the silver nanoplates with
acid to the Ag(NH)" ions. As inferred from the color change shapes of disk and flower. The shape control of the silver
of the reaction solution, the fewer the initial nucleation sites, nanoplates provides an interesting way to tune their optical
the slower the reduction rate of the Ag(B)H. Both the properties. Thanks to their high anisotropy in shape, the novel
disklike and the flowerlike silver nanoplates were found to flowerlike silver nanoplates exhibit excellent SERS enhance-
form only at the low concentration of silver seed. This ment ability relative to the spherical silver nanoparticles and
dependence implies that the slow reduction rate is favorablethe disklike silver nanoplates, which are expected to have
for the formation of highly anisotropic silver nanoplates. wide applications in biosensors and other related fields.
Interestingly, it was noted that, in the absence of silver seed, Further modification of our methods can create many other
the silver nanoplates with shapes of disk and flower could types of the metal nanostructures with unusual shapes.
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