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ABSTRACT

Many papers have been written on the synthesis of gold nanoparticles but very few included pictures of the process,
and none of them used video to show the whole process of synthesis. This paper records the process of synthesis of gold
nanoparticles using video clips. Every process from cleaning of glassware, an important step in the synthesis of metallic
nanoparticles, to the dialysis process is shown. It also includes the preparation of aqua regia and the actual synthesis of
gold nanoparticles. In some papers, the dialysis process was omitted, but in this paper, it is included to complete the
whole process as it is being used for purification. © 2010 Biomedical Imaging and Intervention Journal. All rights

reserved.
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INTRODUCTION

There were many reports in journal articles on the
synthesis of gold nanoparticles (AuNPs) [1-26].
However, very few images were shown and none of
them showed any video clips detailing the whole process
of making AuNPs.

There were variations in the process of synthesising
AuNPs. Chloroauric acid (HAuCly) is typically used as
the reactant containing gold atoms [1-26], and most of
them reported to use trisodium citrate [1-4, 8, 17, 19, 23,
25] or sodium borohydride (NaBH,) [5, 7, 9-16], as the
reducing agent. In this experiment, NaBH, was used as
the reducing agent.

This paper attempts to illustrate the process of
synthesis of AuNPs with video clips. As a picture speaks
a thousand words, so a video speaks ten-thousand words.

* Corresponding author. Present address: RMIT University, School of
Medical Sciences, Medical Radiations, PO Box 71, Bundoora 3083,
Victoria, Australia. E-mail: albert.low@rmit.edu.au (Albert Low).

METHODS AND MATERIALS

The process

500 mL Milli-Q H,O + 1 mL of 10-1 M HAuCl, +
0.05 g NaBH,==> 0.2 mM AuNPs

The laboratory

The laboratory consists of glassware, fume cupboard,
deionised water, Milli-Q water, balance, hot plate with
magnetic stirrer, pipette, etc (video 1).

The preparation of aqua regia solution

Aqua regia was prepared by mixing 3 parts
hydrochloric acid (HCI) to 1 part nitric acid (HNO;) by
volume [1-6, 24, 25] in a beaker (figure 1, video 2). Both
items were obtained from Merck Pty Limited. Aqua regia
should be prepared just before its use as it will lose its
effectiveness quickly. Aqua regia is corrosive and highly
oxidising. It should be prepared in a well-ventilated fume
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cupboard with protective clothing, goggles and gloves. It
is used for cleaning glassware as it can dissolve any
residual metallic particles, which may interfere with the
synthesis.

The cleaning process

The cleaning of glassware and experiment utensils is
a laborious process before AuNPs can be synthesised.
Detergent and aqua regia were used to clean all the
glassware, rinsing was done with deionised water and
final washing in Milli-Q water (video 3, video 4).

The synthesis process

HAuCl; and NaBH, were purchased from Aldrich
(America). Milli-Q water was used for the preparation of
the solution for this experiment. Milli-Q water is
deionised water, which has been further purified by
Milli-Q purification system [6-8]. However, quite a few
reported just using deionised water instead of Milli-Q
water [9-11].

Then, 0.05 g of NaBH, is added to 10 mL of Milli-Q
water. The centrifuge tube was weighed first followed by
NaBH, In the process of getting the correct amount of
NaBHy,, 0.06 g of it was weighed instead. In order to get
the same concentration, 12 mL of water was added to
obtain the same concentration level. The solution in the
tube was shaken to ensure that all the NaBH, was
dissolved (video 5).

In order to obtain 500 mL of 0.2 mM amount of
naked gold nanoparticles, 500 mL of Milli-Q water is
poured into a flask. Using a pipette, 1 mL amount of 0.1
M HAuCl, aqueous solution, yellow in colour, was
transferred to the flask. It was then shaken to mix the
solution well (video 6).

NaBH, was added as a reductant [7, 9-16] to obtain
naked gold nanoparticles. Using a pipette, 10 mL of
NaBH, solution was transferred dropwise to the flask. It
was added slowly initially to prevent aggregation and,
subsequently, could be added more quickly. It was
shaken well in the flask for each aliquot of reducing
agent added. The solution in the flask should change
from yellowish to ruby red in colour. The ruby red colour
indicates the formation of gold nanoparticles [17] (figure
2, video 7).

The dialysis process

The dialysis is the last process. Dialysis tubing
cellulose membrane from Sigma Aldrich was used in this
dialysis process. In short, the dialysis tubing cellulose
membrane is called the dialysis bag (figure 3).

The outside and inside of the dialysis bag was
washed with 20 mL of deionised water and then put in a

beaker with a magnetic stirrer to boil for about 5 minutes.

The water was poured out and the step repeated with
another 20 mL of deionised water (video 8).

The boiled water was poured away and the dialysis
bag was washed with Milli-Q water (video 9).

The dialysis bag was pressed between the fingers to
remove as much water in the tubing as possible. One end
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Figure 1 Aqua regia solution.

Figure2 AuNPs.

Figure 3 Dialysis tubing cellulose membrane.
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was folded and clipped with a peg. A funnel, which was
cleaned with aqua regia solution, was used to pour
AuNPs into it. The bag was tested for leakage before
further AuNPs suspension was poured into it. Once all
the liquid was transferred, the other end of the tubing
was also folded and clipped. The dialysis bag was then
placed in a large beaker (video 10).

The beaker with the dialysis membrane was filled
with Milli-Q water. The more water is filled, the quicker
it would be for the purification of AuNPs (video 11).

It was boiled for 6-hourly and the water was
changed three times. It will yield 0.2 mM concentration
of gold nanoparticles (video 12).

DISCUSSION

There were variations in the types of water being
used in the synthesis of AuNPs. Some used deionised
water throughout the experiments [8-11], others used
doubly distilled water [4, 20, 22], nanopure water [1-3],
ultrapure water [25], and Milli-Q water [5-7, 15, 19, 21,
23]. In this experiment, deionised water and Milli-Q
water were used.

Dialysis is to purify the resultant solution [10] and
to remove the extra free small molecules [4, 9]. However,
many synthesis AuNPs without going through the
dialysis process [1-3, 5-8, 11-25]. Experiments of
synthesising AuNPs were conducted with and without
the dialysis process, and both AuNPs solutions looked
visibly the same after 3 months of synthesising.

The size of the AuNPs could be analysed by
transmission electron microscope [1, 2, 6-9, 15, 17, 21,
22]. However, different sizes of AuNPs were prepared
by altering the ratio of HAuCl, and the reducing agent
[26].

CONCLUSION

This paper visually describes each stages of AuNPs
synthesis from the preparation of aqua regia solution to
the dialysis of the final suspension. The purpose of the
last process, i.e., the dialysis, was to demonstrate the
complete process of synthesis even though some of the
authors do not find this process necessary.
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Video 1 Laboratory facilities. Video 2 Aqua regia.
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Video3 Wash with detergent. Video 4 Wash with aqua regia and deionised water.

Video 5 Get NaBH, concentration. Video 6  Prepare HAuCl, solution.
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Video7 To obtain AuNPs. Video 8 Dialysis bag wash and boil.

Video 11 Submerged dialysis bag with Milli-Q. Video 12 Boil for 6-hourly.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


