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ABSTRACT

In this work, we report synthesis of silver nanoplates by a simple reduction process of silver
nitrate in the presence of polyvinyl alcohol (PVA) and N,N-dimethyl formamide (DMF).
The Characterization of the samples were carried out using X-ray diffraction (XRD),
Transmission-electron microscopy (TEM) and UV-vis spectroscopy. Absorption spectra of the
nanoplates in comparison with that of the silver spherical silver NPs proved a quite different
feature due to the silver nanoparticle anisotropic shape. It may be due to the specific interaction
between OH groups and Ag* ions, which affect the selective growth of various planes of silver

nanocrystals.

Keyword: Silver nanoplate; Reduction process; Anisotropic shape feature; Shape controlling

nanoparticles.

1. INTRODUCTION

In recent years, controlling the shape as well as size
of the metallic NPs has been focus of attention in
the chemical and material research fields because it
provides an effective strategy for tuning the
physical and chemical properties of a metal [1]. In
the nanometric material domain, it has been
demonstrated that physical properties are usually
closely related to the NP shape, independent of the
size. In the past decade, synthesis of one- or two-
dimensional (1D or 2D) nanostructures of gold and
silver have been attracted much more attention for
their important potential applications in catalysis

(*) Corresponding Author - e-mail: b_sadeghi@toniau.ac.ir

[2], sensing [3], recording media [4], optics [5], and
so on. However, the control of the particle shape
through a general method of synthesis has met
limited success although a number of very specific
solution chemistry procedures have been reported
for preparing rods [6,7] cubes [8], disks [9], belts
[10,11] and wires [12] and other special mor-
phologies have been widely fabricated[13-23].

For the synthesis of Ag nanoplates and
nanoprisms, an external energy supplied by thermal
or photoinduced processes is often required to drive
the Ostwald ripening of spherical NPs into the
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desired shapes. We recently developed a reduction
method for converting Ag nanospheres into the
nanorods [24] and nanocomposites [25]. Herein we
report an improved synthesis procedure of
hexagonal Ag nanoplates that involves a number of
steps: (1) formation of Ag nanospheres through
reduction of AgNO3 by DMF in the presence of
PVA at 80°C, (2) self assembling of the Ag
nanospheres into silver nanoplates [24], and (3)
formation of Ag nanorods from Ag nanorplates.
This method offers great ease of control and a high
yield of hexagonal particles. More importantly, this
process is driven by a fairly generic mechanism
which may be tuned to produce Ag NPs with other
shapes (rods, wires, cubes, etc.), thereby paves the way
to the shape-control synthesis of Ag nanomaterials.

2. EXPERIMENTAL

2.1. Materials and methods

Materials containing a large fraction of silver
nanoplates were synthesized by reduction of silver
nitrate in the presence of PVA. The procedure is
briefly described as follows: Firstly, 5 ml DMF was
refluxed in a three-necked round-bottom flask at
80°C for 2h, then 5 ml DMF solution of 0.02 M
silver nitrate and 5 ml DMF solution of 0.05 mM
PVA were simultaneously injected dropwise. When
the first drops of silver nitrate and PVA/DMF
solutions were added, the mixture turned yellow
immediately. Continuing the injection, the solution
became opaque gradually. By finishing the
injection, the solution turned turbid with a grey
color in about 15 min indicating the appearance of
Ag NPs. The reaction was contining at 80°C for
24 h. After finishing the reaction and the removal of
the supernatant, a pink precipitate remained.

2.2. Characterization process

The Powder X-ray diffraction (XRD) pattern was
recorded on a Seisert Argon 3003 PTC using nick-
el-filtered XD-30. Cu Ka radiations (A =1.5418 A).
Absorbance mode was recorded on a Hitachi
spectrophotometer model U-2101 PC. The soluble
form of the sample was prepared by suspending a

small amount of powder in ethanol. TEM was
performed on a Philips EM208 and microscope
operated at 100 kV. Sample was prepared by
dispersing the powder in ethanol. Imaging was
enabled by depositing a few drops of suspension on
a carbon coated 400 mesh Cu grid. The solvent was
allowed to evaporate before imaging.

3. RESULTS AND DISCUSSION

A typical X-ray diffraction (XRD) pattern of the
products is shown in Figure 1, and the peaks were
assigned to the diffraction of (111) and (200) planes
of fcc silver respectively, with the cell parameter
calculated to be 4.084 A in agreement with
the literature report (PCPDF NO. 04-0783), and
other peaks corresponding to (220), (331), and
(222) diffraction were not observed. Compared
with the two diffraction peaks, one notes that
the intensity of the (200) peak is much
stronger than that of the (111) peak, indicating that
the formed Ag nanoplates are abounding in
(100) facets, and that the (100) planes are
preferentially oriented parallel to the substrate. The
(111) diffraction peak probably originated from the
existence of Ag nanorods, NPs, as well as possible
(111) facets on the truncated corners of the Ag
nanoplates.

It is worth noting that the ratio between the
intensity of the (200) and (111) peaks was about
3.5, which was higher than previous reports [26, 27,
28]. The face-centered cubic (fcc) structure of silver
metal confers its tendency to nucleate and into NPs
with their surfaces bounded by the lowest energy
(111) facets, with the most of the previous methods,
in particular the chemical synthesis, being mainly
confined to those of the preparation of nanowires,
rods, or spheres [29].

Figure 2(A,B) shows the TEM images of the
individual hexagonal silver nanoplate. They show
that the nanoplates have very sharp edges with average
width of 60 nm, and their thickness is about 5 nm.

The absorption spectrum of the nanocrystals
dispersed in solution shows three peaks centered at
2.2 €V, 2.85 ¢V, and 3.6 eV with a shoulder around
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Figure 1: XRD of Ag/PVA nanoplates, generated by DMF.

3.3 eV (Figure 3). This agrees with the red-pink
color of the solution obtained at the end of the
synthesis. The peaks are related to surface plasmon
(SP) bands characteristic of noble metal nanocrys-
tals such as silver [30]. The absorption spectrum in
Figure 3 is that of a collection of silver nanocrystals
differing by their shape (spheres and disks). It is
now well known that the SP band positions

(b)

Figure 2: TEM images of the silver nanoplates
prepared by DMF.
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Figure 3: Absorption spectrum of the solution obtained at
the synthesis and containing spheres and nanoplates.

strongly depend on the nanocrystals shape. For a
sphere a single SP band is expected [30]. This is
well illustrated by the absorption spectrum of 5 nm
spherical silver nanocrystals, which shows a single
peak centered at 3.1 eV [31]. Such an absorbance
might contribute to the overall spectrum obtained
experimentally, in the same energy range. In that
case, four SP modes are expected and their position
depends on the particle size, shape, and aspect ratio.
Hence the following are expected: 1) a high energy
peak of low intensity around 3.5 eV, 2) a complex
structure made of several resonances between 2.5
and 3 eV, 3) and a peak at lower energy that will
strongly depend on the nanodisk size and aspect ratio.

The catalytic mechanism of hydrogen gene-
ration on these colloidal silver nanocrystals with
different shape is still under investigation.

It is hoped that these new results would also
provide data for theoreticians to develop simula-
tions concerning nanodisks.

4. CONCLUSIONS

"In conclusion, a new approach to the synthesis of
silver nanodisks with highly anisotropic optical
properties is described in this work. The control of
the aspect ratio will provide an interesting way to
tune the absorption spectrum because of the main
low energy absorption peak would be shifted in a
large energy range. In any case, it seems reasonable
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to conclude that the change in the absorption
spectrum of silver nanocrystals is clearly due to the
shape anisotropy feature with the appearance of
various absorption peaks.

"The unusual intensity of the (200) diffraction
peak is a result of the strong tendency of the Ag NPs
to assemble into 2D arrays on the solid surface [32].

ACKNOWLEDGMENT

This work was financially supported by the Islamic
Azad University, branch of Tonekabon research
ministry and also a fund from Executive Director of
Iran-Nanotechnology Organization (Govt. of Iran).

REFERENCES

1. (a) Wang Z.L., J. Phys. Chem. B., B.104m
(2000), 1153-1175. (b) El-Sayed M.A., Acc.
Chem. Res., 34(2001), 257-264. (c) Murphy
C.J., Jana N.R., Adv. Mater., 14(2002), 80-82.
(d) Wiley B., Sun Y., Mayers B., Xia Y., Chem.
Eur. J., 11(2005), 454-463.

2. Moreno-Manas M., Pleixats R., Acc. Chem.
Res., 36(2003), 638-643.

3. Spadavecchia J., Prete P, Lovergine N., Tapfer L.,
RellaL.,J. Phys. Chem. B, 109(2005), 17347-17349.

4. Sun S.H., Murray C.B., Weller D., Folks L.,
Moser A., Science, 287(2000), 1989-1992.

5. Kamat P.V., J. Phys. Chem. B, 106(2002), 7729-
7744.

6. Zijlstra P., Bullen C., Chon J.W.M., Gu M., J.
Phys. Chem. B, 110(2006), 19315-19318.

7. Wu H.Y., Huang W.L., Huang M.H., Cryst.
Growth. Des., 7(2007), 831-835.

8. SunY.G, Xia Y.N., Science, 298(2002),2176-2179.

9. Millstone J.E., Park S., Shuford K.L., Qin L.,
Schatz G.C., Mirkin C.A., J. Am. Chem. Soc.,
127(2005), 5312-5313.

10. Sun Y., Mayers B., Xia Y., Nano Letter,
3(2003), 675-679.

11. Wang L.Y., Chen X., Chai Y.C., Hao J.C.,
Colloid. Surf- 4, 293(2007), 95-100.

12. Vasilev K., Zhu T., Wilms M., Gillies G,
Lieberwirth I., Mittler S., Knoll W., Kreiter M.,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

Langmuir, 21(2005), 12399-12403.

Yamamoto M., Kashiwagi Y., Sakata T., Mori
H., Nakamoto M., Chem. Mater., 17(2005),
5391-5393.

Sanchez-Iglesias A., Pastoriza-Santos 1., Perez-
Juste J., Rodriguez-Gonzalez B., Garcia de
Abajo F.J, Liz-Marzan L.M., Adv Mater.,
18(2006), 2529-2534.

Kwon K., Lee K.Y., Lee Y.W.,, Kim M., Heo J., Ahn
S.J.,Han W.,J. Phys. Chem. C, 111(2006), 1161-1165.
Qu Y, Porter R., Shan F., Carter J.D., Guo T.,
Langmuir, 22(2006), 6367-6374.

Gao J., Bender C.M., Murphy C.J., Langmuir,
19(2003), 9065-9070.

Zhou M., Chen S.H., Zhao S.Y., J. Phys. Chem.
B, 110(2006), 4510-4513.

Kim F., Song J.H., Yang P., J. Am. Chem. Soc.,
124(2002), 14316-14317.

McGilvray K.L., Decan M.R., Wang D., Scaiano
J.C.,J. Am. Chem. Soc., 128(2006), 15980-15981.
Filali M, Meier M.A.R., Schubert U.S., Gohy
J.E., Langmuir, 21(2005), 7995-8000.

Singh N., Lyon L.A., Chem Mater., 19(2007), 719-726.
Gole A., Murphy C.J., Chem Mater., 16(2004),
3633-3640.

Sadjadi M.A.S., Sadeghi B., Meskinfam M., Zare
K., Azizian, J. Physica E, 40(2008), 3183-3186.
Sadeghi B., Pourahmad A., Advanced Powder
Technology, 22(2011), 669-673.

Yu D., Yam V.W., J. Am. Chem. Soc., 126
(2004), 13200-13201.

Sun Y., Xia Y., Science, 298(2002), 2176-2179.
Lee Y.T., Im S.H., Wiley B., Xia Y., Chem.
Phys. Lett., 411(2005), 479-483.

(a) Sun Y., Mayers B., Herricks T., Xia Y., Nano
Lett., 3(2003), 955-960. (b) Yin Y., Li Z.Y.,
Zhong Z., Gates B., Xia Y., Venkateswaran S.,
J. Mater. Chem., 12(2002), 522-527.

U. Kreibig, M. Vollmer, 1993. Optical proper-
ties of metal clusters, Springer (Berlin).

Taleb A., Petit C., Pileni M.P., J. Phys. Chem. B,
102(1998), 2214-2220.

J.V. Gilfrich, I.C. Noyan, R. Jenkins, T.C.
Huang, R. Synder, D. Smith, M.A. Zaitz,P.K.
Predecki, 1997. Advances in X-Ray Analysis,
Plenum Press (New York and London).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


