GOLD NANOPARTICLE FORMATION BY OAT AND WHEAT
BIOMASSES

V. Armendariz, 2J.L. Gardea-Torresdey, ‘M. Jose-Yacaman, 1J.Gonzalez, 2. Herrera, and
1J.G Parsons

!Department of Environmental Science and Engineering, 500 W. University Ave., Uni-
versity of Texas at El Paso, El Paso, TX 79968; Phone: (915)747-5359; Fax: (915)747-
5748.

2Department of Chemistry, 500 W. University Ave, University of Texas at El Paso, El Paso, TX
79968; Phone: (915)747-5359; Fax: (915)747-5748.

ABSTRACT

Inthisstudy, the bio-reduction of Au(l11) to Au(0) by wheat biomass and the subsequent production
of gold nanoparticlesof various shapesand sizesispresented. Thedry biomasswasground and sieved to
100 meshin order to assure auniform particle size and having more area of biomass exposed to the
gold. Wheat biomass was exposed to a0.3mM potassium tetrachloroaurate solution at pH values of 2,
3,4, 5, and 6 for 3.5 hours at room temperature. After that time, the biomass pelletswere analyzed
using a high resolution JOEL -4000 Fx microscopein order to characterize the gold nanoparticles.
Results showed that wheat biomass produced nanostructures of the following morphologies: Fcc
tetrahedral, Fcc hexagonal platelets, irregular shaped, rod shaped, decahedral multiple-twined, and
icosahedral multiple-twined. However, the highest percent of the nanoparticlesformed had aparticle
sizeranging from 10-30 nm in diameter.
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INTRODUCTION

Use of gold nanoparticles dates back to the 16™ century when they were used for both medical
purposesand for the staining of glassand silverware. However, in recent times, nanoparticleshavedrawn
the attention of scientistsand engineersbecause of their extensive gpplication in the devel opment of new
technol ogies such asthe chemica industry, eectronics, catalys's, and biotechnology at the nanoscale
(Tanaka, 1999). Gold nanoparticles have been widdy studied becausetheir specia propertiesalow their
potential utilization in nanoe ectronics and semiconductors (Brust et a ., 1998; McConnell et d., 2000;
Thomson and Callins, 1992; Dawson and Kamant, 2001). Gold nanoparticles have a so been studied for
their potential application inanaytical methods such as col orimetric techniques, which areused for the
determination of heavy metal ionsin aqueoussolutions(Youngjinetd., 2001). Inbiology, gold
nanoparticlesare used for the development of biosensorsand DNA labeling (Kohler et al., 2001; Schatz and
Lazarides, 2000). However, all of these appli cations demand nanoparticleswith awell-defined szeand

shape, which requires specia QA/QC production conditions.
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Current techniques utilized in the production of gold nanoparticleswith awell-defined szeand

shapeare often divided into wet and dry methods. Wet methods usually involvethe chemical oxidation of
saltsviahazardous substances such as sodium borohydride, hydroxylamine,

tetrakishydroxymethyl phosphonium chloride (THPC), and poly vinylpyrrolidone (PV P) (Vorobyovaet al .,
2001; Kodl et al., 2001; Esumi et al., 2001; Halaset a., 1998; Han et a., 1999). Dry methodsinclude
ultraviolet irradiation, aerosol technology, and lithography (Chenet a., 1999; Magnusson et a., 1999;
Tolles, 1996). Although these methods may successfully produce pure, well-defined gold nanoparticles, they
remain quite expensive and are potentially dangerousto the environment. Intensve effortsare constantly
being madein the devel opment of cost effective and environmentally safe methodsregarding thebio-
reduction of gold and subsequent formation of gold nanoparticles. Insuch efforts, materials such assugar-
persubstituted, poly (amidoamine) dendriomers(Esumi et a., 2000), and Medicago sativa (dfalfa) biomass
(Gardea-Torresdey et al., 1999) have been studied. The studieshave shown that afafabiomassreacted

with gold in aqueous sol utionsfrom gold nanoparticleswith similar shapesto those obtained by physical
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methods (Gardea- Torresdey et d., 1999). Thus, we hypothesized that other biological materialsmay aso
provide the chemical stability needed for the formation of gold nanoparticles.

The present paper reportsthe use of Triticum aestivum (wheat, Delicias variety) biomassasacost-
effectiveand environmentaly friendly dternativein the bio-production of gold nanoparticles.
PROCEDURE

Whest by-product (consisting of shootsand leaves) was collected from the Juarez Va ley, Chihua-
hua, Mexico, after the harvest of thegrain. The biomasswas carefully washed with deionized water and
ovendried at 95°C for oneweek. Thedry biomasswas ground and sieved to 100 meshin order to have
particlesof uniform size and more area of biomass exposed to thegold. Prior to the execution of the
experiment, the sieved biomass waswashed twicewith HCI 0.01M and twice with deionized water in order
toremoveany material that might interferewith the binding of Au(l11) and theformation of the nanoparticles.

The washed biomasswas separated in several samplesof 10 mg. Each samplewasexposedto 2 ml

of a0.03mM Au(l 1) solution (prepared from potassium tetrachloroaurate salt). ThepH valuesof the
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solutions containing the biomasswere adjusted to 2, 3, 4, 5, and 6, using different low concentrations of HC

and NaOH asneeded. After the adjustment of the pH, the sampleswererocked for 3.5 hoursand then
andyzed using ahigh resol ution JOEL -4000 Fx microscope, following the same procedure previoudy de-
scribed for theandysis of gold nanoparticlesformation by dfafabiomass(Gardea-Torresdey et d., 1999).
RESULTSAND DISCUSSION

Thewheat biomass solutions exposed to the Au(l11) changed in color asthetime of expositionwas
augmented. After one hour of exposition, the color of the solutionsadjusted at pH valuesof 5, 3, and 4
changed from transparent to pink-viol et. Solutions adjusted at pH 2 and pH 6 changed from clear to dark
purple color after two hoursof exposure. Such changesin color usually occur when ameta changesits
oxidation state. Inthiscase, presumably different functional groups present in the cell wallsof thewhest
biomassreduced Au(l11) to Au(0).

Themicroscopy analysis of samplesof thewhesat biomassreacted with gold solutions at the pH vaues

described above showed the presence of gold nanoparticlesvarying in shapesand size. The observed
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shapes of these nanoparticles over therange of pH studied were thefollowing: Fcc tetrahedral, Fcc hexago-

nal platelets, irregular-shape nanoparticles, decahedral multiple-twined, truncated icosahedral, and rod-
shape nanoparticles. Itisimportant to notethat the truncated icosahedral nanoparticle had been observed
only through thereaction of dfafabiomasswiththe Au(l1) solution (Gardea-Torresdey et d., 1999;
Ascencioet d., 2000). Therod-shaped nanoparticles have been produced mainly by electrodeposition
(Vander Zadeet al., 2000; Van der Zar et a., 1997) and had incidentally not been reported in previous
literature asaproduct of reaction of gold solution with an agricultural by-product. However, the number of
rod nanoparticles observed using wheat biomass was minima when compared with the number of other
shapesobserved in thefigures described.

Figure 1 showsthat wheat biomass-Au(l11) solution adjusted at pH 2 mostly produced
nanoparticlesof irregular shape. Figure 2 showsthe size distribution of gold nanoparticlesformed at pH 2.
Frequency of each sizewasdetermined by measuring the diameter of the nanoparticles. After classification,

they werereported as a percentage of thetotal amount of nanoparticlespresent inthe micrograph. The
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size-distribution graph showsthat most of the nanoparticles had sizes between 30 and 40 nmin diameter.
However, at thispH, some of the nanoparticles observed were of 100 nmor moreinsize. These
nanoparticlesare very smilar to the gold nanoparticlesformed by afalfabiomassasreported by Gardea
Torresdey et a. (1999).

The nanoparticles produced by wheat biomass-Au(l11) solution adjusted at pH 3 areshownin
Figure 3. Thisfigure showsthat these nanoparticlesare smaller than those produced by the wheat biomass-
Au(l1l) solution adjusted at pH 2, whichisconfirmed by the size-distribution graph shown in Figure4. This
figure showsthat the mgority of the nanoparticlesformed at pH 3 had adiameter ranging between 10 and
20 nm; thisindicatesthat whiletherewasareduction in sizeat thispH, therewas an increasein the unifor-
mity of the nanoparticles produced. Inaddition, at pH 3 the number of rod-shape nanoparticlesincreased.

Figure 5 showsthe gold nanoparticles produced by the wheat biomass-Au(l11) solution adjusted at
pH 4, and thefrequency of the nanoparticles sizesispresentedin Figure 6. Figure 5 showsthat the shapes

of the nanoparticlesfound at pH 4 were similar to thoseformed at pH 2 and 3. On the other hand, this

20 + |

10

0 l . . E == =
] 0 1% A 25 W R

40 45 45«

Freguency (%)

Size (nm)

2002 Proceedings—Waste Resear ch Technology



figure showsthat most of these nanoparticles had an average size of 10 nmin diameter. Most of the
particleswere decahedral multiple-twined, icosahedral multiple-twined, and irregular shaped. Thesmall
differencein size of the nanoparticlesformed at this pH showsthat this method might provide an alterna-
tivefor the controlled production of the size of gold nanoparticlesby wheat biomass, whichisessential
for their usein nanotechnol ogy.

When the pH wasraised to 5, shapes of the observed nanoparticleswerevery similar to those
observed at the previous pH values (Figure 7). However, from thisfigure, one can seethat the rod-shaped
nanoparticleswerenot formed at pH 7. Asobserved in Figure 8, most of the nanoparticlesfound at pH5
were gpproximately 15 nmin diameter.

The nanoparticles produced by the wheat biomass-Au(l11) solution adjusted at pH 6 are shownin
Figure9. Thisfigure showsthat at pH 6, the Fcc tetrahedral, the rod-shaped, and the Fcc hexagonal
plateletswere not formed. Additionaly, Figure 10 showsthat the mgority of the nanoparticlesformed at
pH 6 had aparticle sizeranging between 15 and 25 nmin diameter. According to Chow and Sukoski
(1994), when using gold sol formation methods, thefirst gold nanoparticlesformed arethelargest ones,
whichfall apart in duetime, giving shapeto smaler nanoparticles. Thisisperhapsthe reason why most of
the nanoparti cles encountered in these experiments had diameters between 10 and 30 nm, depending onthe
pH of thereaction.

CONCLUSIONS

Thepdlletsof wheat biomass-Au(l11) solution, adjusted at different pH valuesand observed with
high-resolution transmission e ectron microscopy (TEM), demonstrated that wheat biomassisableto
produce gold nanoparticlesranging from 5to 100 nmin diameter. However, most of the particleshad a
particlesizeintherangeof 10to 30 nm. Many forms of gold nanoparticleswere observed inthisstudy;
however, the rod-shaped nanoparticlesformed by the whesat biomass had never before been observed from
thereaction of Auwith an agricultural by-product. Severa studies, such astimeand temperature depen-
dence, ionic strength effect, and ultraviolet irradiation, will be performed inthefuturein order to improve our
understanding of the mechanism of formation and the control of the shape of the gold nanoparticlespro-

duced by wheat biomass.
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