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Preparation of Silica-Gold Composite particles
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Abstrac
The effect of precursor and solvent on the preparation of silica-gold particles was investigated. When spherical

Silica-gold composite particles were prepared by wet chemical route including impregnation method.

silica particles and PVP and hydrogentetrachloroaurate(1l) hydrate aqueous solution were used as support
material and precursor solution, silica-gold composite particles with light pink color successfully obtained.

Obtained composite particles were characterized using FE-SEM, FE-TEM and XRD
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1. Introduction

Recently, a great deal of attention has been devoted to
design and preparation of composite particles with
metallic layer because of their applications in various
field such as surface-enhanced raman scattering (SERS)
[1], photonic crystals [2, 3], catalysis [4] and biochemistry
for potential uses as chemical sensors [5], and so on.

In addition, these hybrid materials have outstanding
characteristics that distinguish them from conventional
bulk and nanophase materials. One of the important
problems in most applications of nanoparticles is the
aggregation of individual nanoparticles. In powder state,
nanoparticles form micron-sized secondary particles
adhering to each other during preparation, storage and

application. If this occurs, the properties of the materials

may be determined by the size of the secondary particles,
not by the individual particles. In colloid state, individual
nanoparticles can be maintained well-dispersed state by
steric hindrance effect or electrostatic repulsion via
precise control of the chemical composition and physical
of the

colloidal nanoparticles also can easily lose their stability

properties solution. However, well-dispersed
by unexpected variation of solution state during storage
and application. These problems can be greatly improved
by immobilization of nanoparticles onto the support
materials. Moreover, these nanoparticles are easily retrieved
owing to the relatively large size of supports. As a result,
they make it easy to handle metal nanoparticles, which
can decrease the cost of process and prevent the potential
environmental pollution caused by undesired spread of the

metal nanoparticles.
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Gold is famous for its anti-aging effect due to their
promotion of blood circulation. In this reason, many
cosmetic companies have tried to apply gold as an active
ingredient for cosmetics. However, the high cost and is a
serious limitation of enlargement of gold incorporated
cosmetics. Silica-gold composite material can be a strong
candidate to overcome these limitations due to their
unique characteristic.

Recently, novel preparation routes for composite
materials have been proposed to simplify the conventional
complex reaction process or to obtain dense and uniform
metal layers: sono-chemical deposition [6], electroless
plating [7], electrostatic attraction [8] techniques and so
on. However these preparation routes have a quite
complex process and resulting materials are too expensive
to use as a cosmetic raw materials

In this study, we investigated simple and economic
preparation route based on impregnation method to make
silica-gold composite particles with high yield and
economical price. The obtained Silica-gold composite
particles were characterized through FE-SEM, FE-TEM
and XRD

2. Experimental

2.1 Materials

Hydrogentetrachloroaurate(Ill) hydrate(HAuCls ® nH,O,n
(PVP,
K-15, Mw10,000, Junsei Chemical Company ,Japan),

=3.7,Kojima Chemicals), polyvinylpyrrolidone
Ethanol (Duksan chemicals company) and gold colloid
(Quick&Safe.) were purchased and used. Silica particles
was suggested and provided by Quick&Safe. All materials
were used as received.

The water used in this study was deionized by Milli-Q
Plus system(Millipore, France), having18.2MQ electrical

resistivity.

2.2 Experimental Procedure

In typical process, support materials, silica particles,
were added into reactants solutions. And then resulting
silica particles were centrifuged or dried. Finally, dried
silica particles were calcinated in furnace at 500°C -

700°C in 2hours. Experimental conditions are listed in

table 1.

[Table 1] Experimental conditions

Silica Solvent Precursor
No 1. S type
No 2. B type Water Gold ions
Gold ions,
No 3 B type Water PVP
No 4 B type Ethanol Gold ions
Gold ions,
No 5 B type Ethanol PVP
No 6 B type Water G(?ld
particles

2.3 Characterization

To investigate formation and morphological properties
of composite particles, transmission electron microscopy
(TEM, JEOL-model JEM-1000EX ) and field emission
scanning electron microscopy (FE-SEM, JEOL JSM-6700F)
were used. To verify the formation of gold, X-ray
diffractometry measurement was performed with a Rigaku
D/MAX-3C x-ray diffractometer. The incident wavelength
was Cu Kal = 1.789A, and the detector moved step by
step (420 = 0.05")between10® and 90° 20. The scan

speed was 2°/minute.

3. Results and discussion

The morphology of the two kind of silica particles
were investigated and compared using FE-SEM as shown

in fig.1.
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[Fig. 1] FE-SEM photographs: (A) S type silica particles
(X1,000 magnification), (B) S type (X50,000
magnification), (C) B type silica particles
(X1,000 magnification) and (D) B type silica
particles (X15,000 magnification)

S type silica particles showed very rough and sharp
edged shapes as shown in fig 1.(A) and (B). On the
contrary, B type silica consisted of almost perfect sphere
shaped individual particles. Average diameter of B type
silica particles is determined about 6um. B type particles
are better than S type particles with respect to cosmetic
applications because spherical particles with 6uym average
diameter scatter light on the surface of its particles, i. e.
which are transparent, but give natural coverage of skin
and silky feeling.

To prepare silica-gold composite particles using B type
silica particles, five experimental conditions were chosen
and tested as shown in table 1. No.2 - No.6.

To obtain homogeneous composite particles, the effect
of solvent on the formation of silica-gold particles was
investigated as shown in table 1.

As water was used as a solvent for impregnation
process, resulting composite particles showed homogeneous
light yellow color after drying. On the contrary, ethanol
solvent gave resulting particles with uneven color, mixed
color of light yellow and purple, which is attributed to the
fast reduction of gold ions during drying period by redox
reaction between ethanol and gold ions.

To investigate the effect of precursor on the formation
of silica-gold composite particles, three different precursor
conditions were examined: gold ions(No2 in table 1),
gold-PVP complexes(No3 in table 1) and gold colloidal
particles(No6 in table 1). The concentration of gold in
composite particles fixed to 1.0%. The particle size of
colloidal particles used in this experiments was below

20nm as shown in fig. 2.
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[Fig. 2] FE-TEM photographs of colloidal gold particles

Compare with hydrogentetrachloroaurate(Ill) hydrate
aqueous solution, PVP and hydrogentetrachloroaurate(IIl)
hydrate aqueous solution was used, obtained silica-gold
composite particles showed better color reproducibility.
Aqueous colloidal gold particles was used as a precursor
solution, very deep wine red and deep purple colored
silica-gold particles was obtained at calcination temperature
of 500°C and 700°C, respectively. It is thought that
silica-gold particles prepared using hydrogentetrachloroaurate
(I)  hydrate and PVP and

hydrogentetrachloroaurate(Ill) hydrate aqueous solution

aqueous  solution
were better than that prepared using aqueous colloidal
particles as a cosmetic raw material in the respect of the

color of the particles. Figure 3. show the silica-gold
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obtained using PVP and

hydrogentetrachloroaurate(Ill) hydrate aqueous solution as

composite  particles

a precursor.
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[Fig. 3] FE-SEM photographs of silica-gold particles (A)
X15,000 magnification and (B) X1,000 magnification

Despite of composite formation, silica particles maintained
the spherical shape.

To verify the formation of silica-gold composite
particles, resulting powders were examined using XRD as

shown in fig. 4.

Auft11)

400

300 -

Au(200)

Intensity [cps]

200

Au(220)
Augatn)

100

2Theta [degree]

(A)

400

300 o

200

Intensity [cps]

100 o

2Theta [deg.]

B)
[Fig. 4] XPD patterns of silica-gold particles loaded (A)
1% gold and (B) 0.5% gold

Fig. 4(A) verifies the amorphous silica-gold composite
particle formation. When the loading amount of gold
decrease from 1% to 0.5%, the characteristic peak of gold

also decreased.

4. Conclusions

Silica-gold composite particles were prepared by wet
chemical method including impregnation method. When
spherical silica particles and PVP and hydrogentetrachloroaurate
(IM) hydrate aqueous solution was used as support
material and precursor solution, silica-gold composite

particles with light pink color successfully obtained.

References

[1] A. Campion, P. Kambhampati, Chem. Soc. Rev. 27
(1998) 241

[2] Z. L. Wang, C. T. Chan, W. Y. Zhang, Z. Chen, N. B.
Ming, and P. Sheng, Phys. Rev. B 64 (2001) 113108

[3] (a) D. Wang, V. Salgueirifio-Maceira, L. M. Liz-Marzan,
and F. Caruso, Adv. Mater. 14 (2002) 908 (b) Z. Liang,
A. S. Susha, and F. Caruso, Adv. Mater. 14 (2002)
1160

[4] C. W. Chen, T. Serizawa, and M. Akashi, Chem. Mater.
11 (1999) 1381 (b) S. Phadtare, A. Kumar, V. P. Vinod,
C. Dash, D. V. Palaskar, M. Rao, P. G. Shukla, S.
Sivaram, and M. Sastry, Chem. Mater. 15 (2003) 1944
(c) Z. J. Jiang, C. Y. Liu, and L. W. Sun, J. Phys.

5368



Preparation of Silica-Gold Composite particles

Chem. B 109 (2005) 1730

[5] S. A. Kalele, S. S. Ashtaputre, N. Y. Hebalkar, S. W.
Gosavi, D. N. Deobagkar, D. D. Deobagkar, and S. K.
Kulkarni, Chem. Phys. Lett. 404 (2005) 136

[6] V.G.Pol, A. Gedanken, J. Calderon-Moreno, Chem.
Mater. 15 (2003) 1111.

[7]1 Y. Kobayashi, Y. Tadaki, D. Nagao, M. Konno, J.
colloid Interface Sci. 283 (2005) 601

[8] J. Zhang, J. Liu, S. Wang, P. Zhan, Z. Wang, M. Ming,
Adv. Funct. Mater. 14 (2004) 1089

Dae-wook Kim

[Regular member]

® Feb.
Eng.
® Feb.

2000 : Dept. of Chemical
Hanyang University(M.S)
2006 : Dept. of Chemical
Eng. Hanyang University(Ph.D)
® Mar. 2009 ~ current : Goodseed
Cosemtics General Manger

<Research Interests>
Cosmetics, Natural substance, NT, BT

Seung-bo Shim [Regular member]

® Feb. 2000 : Dept. of Chemistry
Soongsil Uni.versity(M.S)

® Feb. 2012 : Dept. of Chemical
Eng. Hanyang University(Ph.D)

® Mar. 2008 ~ current : Goodseed

Cosemtics President

<Research Interests>
Cosmetics, Natural substance, NT, BT

5369

Yong-Jin Chun [Life member]

® Feb. 1994 : Dept, of Chemical
Eng. Korea University(Ph.D)

® Jul. 1986 ~ Feb. 1994 : Dept.
Chemistry KIST, TBL Center
Researcher

® Mar. 1997 ~ current : Professor

in Dept. Cosmetic Science

<Research Interests>
Organic synthesis, Natural product, NT, Cosmetics




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


