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LABORATORY PREPARATION OF THE PRECURSOR FOR SYNTHESISOF

GOLD NANOPARTICLES

ABSTRACT

The synthesis of gold nanoparticles was investthaia the laboratory preparation of the

precursor from the precipitated gold using sodiyanide (NaCN) and cyanide solution from

cassava. Characterization studies are carriedsiog TEM and XRD. The synthesis of gold

nanoparticles was carried out using citrate redacthethod as modified for the purpose of
this research. TEM images reveal that sphericglestiand well-dispersed gold nanoparticles
in the size range between 18 nm — 24 nm were peztisaccessfully. The XRD confirm the

crystallinity of the gold nanoparticles.

Keywords: gold, chemical synthesis, nanostructstreictural properties

INTRODUCTION

The last few decades have witnessed the emergém@notechnology as a promising field
since it deals with nanoparticles displaying unigquetical [1], electronic [2], chemical [3],
photoelectrochemical [4] or magnetic properties \Wjich render them to be applied for
diverse functions. The foundation of nanotechnol@gybased on the size and shape of
nanoparticles which play a significant role in tugnthese properties. Indeed, the similarity of
the size of nanoparticles to that of biological ewlles (like proteins and DNA) along with
bacteria and viruses has sprouted enormous intgrestploiting nanoparticles for various
biomedical applications [6]. Moreover, it has beamposed recently that the uptake of
nanoparticles by mammalian cells is size-depen@niThis makes the study of the size of

nanoparticles of utmost importance.
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Owing to the diverse properties exhibited by golmhaparticles (GNPs) [7], they bear
applications in various areas such as cosmetigsef@rtronics [9], therapeutics [10,11],
imaging [12,13], drug delivery [14,15] and pollutioremediation [16,17]. However,
applications in such diverse fields often requifdRS to be of a particular size and be in
large numbers or higher concentrations [18, 19]ndée it becomes relevant to study the
effect of changes in synthesis procedures on naticlpaproperties including size. The
synthesis of GNPs mediated by citrate reductiogodd chloride solution is well documented
[20-22]. Citrate molecules act as both reducing atabilizing agents, allowing for the
formation of the colloidal gold [22]. The initiahoice of precursor (HAuG) and trisodium
citrate concentrations determine the final GNP2e<sand size distribution obtained. It was
found that initial gold salt (HAuG) and trisodium citrate concentrations and mixiatgrare
very important variables in the colloid nanopa#isynthesis [23]It was reported that the
average diameter and the character of the distoibbuturve changed with preparative
conditions such as concentration and ratio of sedst Three different gold concentrations
gave different particle size distribution curvest][2In another study, the monodisperse
nanogold with different particle sizes were obtdir®y the same procedure with different
amounts of citrate [25].

In the majority of the published citrate reductimorks, it is interesting to note that the
precursor used in the synthesis of GNPs is mostlyced commercially. Information on the
laboratory preparation of the precursor is verynggcar inaccessible in the literature. Hence,
this work has presented some information on therktbry preparation of the precursor.

EXPERIMENTAL

Gold nanopatrticles [26] are usually synthesizeddguction reaction between analar grade
hydrogen tetrachloroaurate (HAuLland trisodium citrate (N&HsO;). The synthesis of

gold nanopatrticles was carried out using citratiiction method as modified for the purpose
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of this research. Aqua Regia solution was preparetithe mixture was stirred and heated
continuously for 30 minutes using the 78 HW-1 canstemperature magnetic stirrer. The
mixture turned yellowish and was allowed to coolwdo A known quantity of the
precipitated gold obtained using cyanide solutioomf cassava was dissolved in the aqua
regia in order to prepare hydrogen tetrachloroaufidAuCly) solution. 0.5 mM HAuClwas
prepared in some distilled water and standardigédnl of 0.5 mM HAuCJ was poured in a
beaker and heated to boil on a hot plate with m@gngtirrer. 0.5 g of trisodium
heptaoxocitrate (V) oxide (N@sHs0;) was dissolved in some distilled water and madéup
mark in order to prepare 38.8 mM {IgHsO;. To this boiling solution, 5 ml of N&sHsO7
was added in continuous mode quickly with simultarsestirring. After addition of sodium
citrate solution, stirring continued until solutiturned colourless, then it darkened and later
to brilliant purple colour. Finally, it turned toedp wine.Nanoparticle formations were
detected by transparency observations and red calloeired solutions.

The synthesis reaction is summarized as given below

AUt HNOgaqit 4HClaqy —>  HAUC](agt NOQg) + 2H,O(aq) (1)

This solution was stored at 4°C for further usee phocedure above was repeated using gold

precipitated from analar sodium cyanide.

RESULT AND DISCUSSION

The TEM images of synthesized gold nanoparticlesnfigold precipitated using sodium
cyanide analar grade and cyanide solution from as@ssare shown in Plate 1 and 2
respectively. The TEM images show that the goldbabis in monodispersional state, this is

because of negatively charged layer of citrate iatgch repel from each other. This



72 monodispersity accounts for the probe preparatiod generation of color signal in
73 chromatographic strip assay. Moreover, the TEM @saghow that most of the gold
74 nanospheres are round or spherical in shape. ITEM image shown in Plate 1, the size
75 range of the nanoparticles can be observed to beseba 21-29 nm. The size of gold
76 nanoparticles has been determined by measuringlidtmeter of whole particles on TEM
77 images. The average diameter of colloidal gold washe range of 24.2 nm with few
78  particles of higher size distribution. Also, it cha observed that the gold nanoparticles are

79  dark spherical shaped dots with smooth surface nobogy.
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82 Plate 1: TEM image of synthesized gold nanopasidrom gold precipitated using

83 sodium cyanide analar grade
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(b)
Plate 2: TEM image of synthesized gold nanopa&gidrom gold precipitated using
cyanide solution from cassava
In the TEM image shown in Plate 2, the size rarfgh@nanoparticles can be observed to be
between 13-24 nm. The size of gold nanoparticles been determined by measuring the
diameter of whole particles on TEM images. The agerdiameter of colloidal gold was in
the range of 18.2 nm with more particles of lowige slistribution. This work is in agreement

with the work of [26] who obtained 18 nm from syesis and characterization of gold
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nanoparticles from the tetrachloroauric acid precurby the citrate reduction method.
Clusters of shiny dark spherical dots represenGN®s in the TEM micrograph.

The structural characterization of the gold nantiglas was evaluated using the x-ray
diffraction (XRD). Figure 1 shows the X-Ray Difftéan (XRD) pattern of the gold
nanoparticles synthesized by chemical method. rit le& observed from the XRD that the
gold nanoparticles synthesized showed sharp arnthaigiffraction peaks to confirm its
crystallinity. The XRD pattern obtained corresponding to the gwdoparticles exhibits
Bragg reflections, which could be well manifestadthe basis of the face centered cubic
(fcc) gold nanostructures. The strongest diffracfi@ak at 38 degrees is considered to be of
{1 1 1} facet of the face centered cubic struct(Feyure 1), while the diffraction peaks of
other gold peaks at {2 0 0}, {2 2 0}, {3 1 1}, {2 2}, {4 0 0} and {3 1 1} are found to be
much weaker compared to standard GNPs. This igieement with the work of [26] that
reported the facile biosynthesis of gold nanopgiexploiting optimum pH and temperature
of fresh water alga€hlorella pyrenoidusa. The peak positions ab 2= 38°, 44.52°, 65°, 77°,
82°, 98° and 111° represent the presence of galdpaaticles which are in agreement with
the Bragg's reflection of 2and the values are consistent. The XRD pattemrarlgl show
that the gold nanoparticles are in crystalline @aune. The broadening of peaks in the XRD
patterns was attributed to particle size effectsisTis similar to the work of [27]. X-ray
diffraction measurements of the films and powdershie present studies were carried out
using Rigaku automated x-ray diffractometer. Thiéered copper K (A = 1.5418 °A)

radiation was used for recording the diffractiottean.
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Figure 1 X-ray dffraction (XRD) patterns othe gold mnoparticles synthesiz:

by chemical methc from precipitated gold using NaCN and cyar

solution from cassa'

CONCLUSION

The TEM images have confirmed thédgh quality spherical g/d nanopatrticles in the si.
range between 18 nm — 24 rrave been successfusynthesizedThe XRD shows that th
material of the gold nanopatrticles is gold and tafjige in structureNarrow size distributiol
and small monosize gold nancticles produced may proffexdvantages for seassembled
monolayer formation and enhanced surface
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