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Bi-sized and separable gold nanoparticles (AuNpih wmaller sizes were synthesized by treatmentysteine with
tetrachloroauric acid solution. These nanopartislese made stable with further reduction in sizereddding very small volume
of NaOH solution before controlled heating. In Na®@ehated solution the AuNps stopped precipitatisrc@mpared to untreated
solution. Various methods such as UV-Vis spectrpgcd ransmission Electron Microscopy (TEM), X-rayiffeactometry
(XRD), FTIR and Raman spectroscopy were used farattierization of surface properties and interachietween AuNps and
cysteine. The results showed good correlation Mitdgrature regarding the interaction but interegtidifferences in size
distribution as evident from high resolutions«TEMamtigraph. Zeta potential studies revealed thatetlpesticles are negatively
charged. Surprisingly, the Raman of the cysteirmesdé AuNps without NaOH showed tremendous enhaecgems compared to
pure cysteine and cysteine-derived ~AuNps treateth WlaOH. The NaOH treated Cyst-AuNps sol provedeasellent

homogeneous catalyst for reduction of methylene GWB).

Keywords:. Bi-sized gold nanoparticles; NaOH, StabilizatioBRS activity, Reduction of MB

INTRODUCTION

Since their discovery by Faraday [1] and investigaof
dramatically different properties than bulk me#sliNps have
been thoroughly studied for several purposes saatatalysis
[2] drug delivery [3] optics [4] sensor developm§sit (Dai et
al. 2004), architectural applications [6¥c. In most of
synthetic procedures employed so far, the choiceapping
agent plays very important role not only for attaemt to
AuNps but for their stabilization and further attement to
substrate. Among various types of AuNps reportethgahiol
derivatized particles are used by many researcherdo their

*Corresponding author. E-mail: drsiraj03@hotmaifrco

high stability by forming Au-S bonds and good cohiover
size distribution [7]. However, thiol capped AuNgspecially
those derived from alkanthiols have only one typestoong
negative side (Au-S-) which if interacted with g surface
looses the actual functionality due to AuNps-swfac
interaction. So it is highly demanded for a cappimgecule to
have some additional
attachment to specific substrate where AuNps atallyo
available for their functionality.

Cysteine is the molecule of choice for such tygfe o
strategic output of functionalized AuNps. Cystetapped
AuNps are not newer in literature but in most & tdases they
are not synthesized directly. A reducing agent lisiNaBH,
is first used for preparation of AuNps and theesth particles

positive and negative sides fo
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are interacted by treating with cysteine in solutior on
surface [8-14]. The direct synthesis of Cysteinaived
AuNps has been reported recently [15] however,
synthesized nanoparticles had the average siz&@fnm at
lower pH and even 36 nm under extremely high pHL®f
respectively.

The activation of mild reducing agent [16] likestgine
needs the addition of heat or base catalyst. M@edyeing a
biomolecule, cysteine has strong affinity for ag¢ion on
surfaces of different metals, like gold, copper aitder [17].
Using such properties cysteine can be activateddiscing as
well as capping agent to for AuNps by using fre€®©aH/
COQO, NH,/NH;" or -SH/S groups. However, optimization of
several parameters is required for the formationstable
cysteine derived gold nanoparticles. Availability several
groups on cysteine capped gold nanoparticles pesriseir
strong interaction to electrode or other surfadés promises
greater stability of AuNps at substrate and makesmt
suitable for application in catalysis and sensodisis.

EXPERIMENTAL

Cleaning of Glasswar e and Preparation of Solutions

Glassware was soaked in 3 M HN@vernight. It was then
washed with detergent solution followed. by tape evand
distilled water. Finally it was rinsed at leaste@rtimes with
Milli-Q water. All glassware was then dried in ovan110°C
for 2 h and cooled to room temperature before usdk.
solutions were prepared in.milli-Q water.

Chemicals and Solvents

Analytical grade ' tetrachlroauric acid (HAuLl and
methylene blue (MB) were purchased from Sigma-Aldlri
Chemicals,
chemicals such as alkali, acids and salts were @iiadtra-
pure quality and purchased from different
companies.

I nstrumentation

spectra of analytes were then observed betweerr@00un in
most cases. Zeta potential study of nanopartidégien was

thgerformed on a Zeta Plus, Zeta Potential Analyzér o

Brookhaven Instruments Corporation. TEM micrograplese
recorded using a Philips CM20 of Oxford InstrumeAt.
Spectrum RX1 of Perkin Elmer was used for FTIR #jgeof
the respective material in KBr discs. A Renishaw RBDO
having 782 nm diode laser with Raman arrangemestusad
for Raman spectral analysis. A Phillips 1729 X-ray
diffractrometer (XRD) with Cu KR radiation was uséar
Powder X-ray diffraction results.
Sample Preparation for IR and Raman
Spectroscopy

Dried samples of AuNps were preferred in each .case
According to procedure, fresh solutions containigNps
treated with and without NaOH were poured separatetwo
big petri dishes and covered from dust with a Vetgd cover.
These solutions were let to dry and washed setienak with
water to remove any unreacted cysteine and othner. iafter
several washings the finally dried material in eaelse was
scratched with a clean glass slide, made powdercalekcted
in small sample bottles before analysis.

XRD,

Preparation of Standard Gold Stock Solution

Gold solution of 770 ppm containing Au(lll) ionsaw/
prepared from its analytical grade salt by dissavi
appropriate quantity in 200 ml water in volumeftask.

Stock Solutions of Cysteine and Sodium Hydroxide
Solutions

0.5% Stock solution of cysteine was prepared faisn
analytical grade reagent in Milli-Q water. The Raontaining

while L-cysteine was from Merck. Othersolution thus prepared was put in a sonicator fdeast two

hours to ensure the complete dissolution of thegeet

chemicalAqueous sodium hydroxide solution of 0.1 M concatin

was prepared in milli-Q water by dissolving a éttbit more
than desired quantity. KHP standardization gaveakev of
0.124 M from which 0.1 M NaOH was prepared by dint

A Cary-Varian 5000 spectrophotometer was used foprocedure.

recording UV-Vis spectra. The instrument was firsiseline
corrected by putting blank (in 1 émguartz cell) in both
compartments. After this the blank from working qartment
was removed and working solution of AuNp put iaste The

Synthesis of Cysteine-Capped AuNps
NaOH untreated AuNps were synthesized by takira® O.
ml of standard gold solution followed by additiaf 3.34 ml
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of water and 0.4 ml stock solution of cysteine irsample
tube. The sample bottle containing this mixture Wweated on
a hot plate already set at a temperature of 17%i the

appearance of light red color in 2-3 min. The saripbttle
was then cooled under running tape water to biiegmixture
to room temperature. The same procedure was repfatthe
synthesis of NaOH treated AuNps. However in thisecahe
same amount of gold solution was treated with 3181of

water followed by 0.4 ml of stock solution of cyisie and
0.03 ml of 0.1 M NaOH.

Reduction of MB Dye

NaOH treated cyst-AuNps sol was used for reductibn
MB solution. According to procedure 2 solutions Idf uM
MB, one without and another in the presence of OM1

NaBH, per 4 ml were analyzed by UV-Vis in the range of

450-750 nm. The catalytic properties of AuNps wehecked
by comparing the above spectra with those obtaiakelr
adding 0.05 to 0.2 ml of NaOH treated cyst-AuNpsdtution
containing 10 uM MB and 0.01 M NaBHgolution. Water was
used as blank in each case.

RESULTSAND DISCUSSION

Optimization of Cysteine Concentration

Figure 1 describes the change in absorbancelggdof
synthesized AuNps after addition of 0.05, 0.1, A2, 0.3
and 0.4 ml of 0.5% cysteine solution represented pi, C,
D, E and F, respectively. Analyses of samples \peréormed
within 20-30 min after.cooling to.room temperaturaler tape
water as per procedure given-in Experimental sectiche
inset shows variation ‘in color for mentioned sano# from
light dark to bluish, violet and red.

It is seen that there is a continuous increasethim
absorbance of AuNps from sample A to E with an pbdiop
in case of sample F. However there is a continuobues shift
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Fig. 1. UV-Vis spectra showing effect of concentration of
cysteine on AuNps formation.

similar to the one obtained earlier [19]. HoweMeyt capped
AuNps with cysteine after reducing with NaBMhile direct
capping with cysteine was true in our case. Acegdo their
argument the red shift and broadening of the sarfdasmon
band are observed when amino acids are added tgatde
nanopatrticles, indicating some consequent aggmyato
surface modification of gold nanopatrticles. Durthg current
study, it was also observed that freshly prepactdtisn was
quite stable but the particles precipitated to asaterable
extent after 24 h.

Stabilization of AuNps in Solution with NaOH
Addition

Fresh solution F from the above treatment was exndsr
the effect of NaOH addition on the synthesis amatbiization
of cysteine-capped AuNps in order to see if theresome
effect on absorbance, shift ok..x and stability of
nanoparticles in solution. The spectra in the Vsitegion
were recorded and the results are shown in Fig. 2.

It is evident that there is a continuous bluetstfifs,,.x and

in Amax value of visible spectra by going from A to F with decrease in the absorbance with increase in themebf 0.1
increase in the amount of cysteine. The blue shift M NaOH. The color variation from solution 1 to stdm 5
wavelength describes the decrease in size as well gsee inset) is also in good agreement with the ioead

aggregation of AuNps. A similar effect of decreaseize of
AuNps with increasing ligand (citrate) has beencdbed

observations. It was noted that except a vergljitiecipitation
in solution 1 and 2 other solutions showed no pitation

elsewhere [18 However they used TEM to prove their results. after 24 h. It means that NaOH has stabilized tabps inside

The spectrum obtained for cysteine-capped p@suNs the
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Fig. 2. Effect of variation of 0.1 M NaOH (0.01-0.05 mki o
synthesis of AuNps.

CALNN-capped gold above pH, 4 [20]. This is alagetfor
solution 3 (pH, 4.3 + 0.1) which was stable for mm¢han 2
months despite its lower pH value. Moreover theutsoh 4
may be more stable than solution 3 and could coniery
small particles however we chose solution 3 fothfer study
due to its comparatively higher absorbance valueotider
reason for stability of AuNps in solution<in ourseamay be
the heating of solution at higher temperature (@b which
can reverse the aggregation as reported [21] regaridhe
synthesis of cysteine-capped silver nanoparticte80a°C. In
another report [22] (OciN* Br-protected gold nanoparticles
were decomposed at 80 °C after thermal treatmelatssfthan
3 h. But they also observed that thermal treatroé(®ct),N"
03SS-protected gold nanoparticles at the same tetuperr
more than 17 h produced no effect on the intenaity
wavelength of the gold surface plasmon band. Thisp a
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Fig. 3. UV-Vis spectra showing effect of time on formatioi
AUNps.

Effect of Time on Absorbance and A 0f AUNpPS
Figure 3 describes the effect of time on the aleueb and
shift in Ayax Value of synthesized gold nanoparticles in NaOH
treated solution 3.
A rapid increase followed by a slow decrease in
absorbance proves that the rate of AuNps formaim®n
dependant upon the number of available Au(lll) iasswell
as cysteine molecule. As one of these speaap Au) is
consumed with progress in time, hence a slowerafaf@INps
formation is inevitable at later stage. In additiarred shift of
6 nm (518-524 nm) for sample 3 as comparison tond0
(543-553 nm) for sample F (not shown) describesrg little
aggregation in the former case. The rate of AuNpmétion
in case of sample F is extremely fast and reachreaxamum
absorbance value in almost two hours along withth&ur
decrease after 24 h. This is why we observed ptatign of

showed that (OciN"O;SS-protected gold nanoparticles do AuNps in solution F. The different trends of AuNjpsmation

not decompose by the solid-state thermal treatraett0 °C
for up to 3 h. As in our case the heating at 175&S only for
2-3 min and no decomposition was observed so wesagn
that the nanoparticles were cysteine-capped andlienipted
by heat treatment. As the heating was constantfootAuNps

with and without NaOH added solution so we say tbfat
NaOH was the dominant factor responsible to stabiliuNps

in solution 3 and solution F prove the stability AfiNps in
former solution due to NaOH addition. The aggregatin
case of cysteine-derived nanoparticles occurs dusdrogen
bond formation [23]. Electrolyte induced aggregatiof
cysteine-capped gold AuNps synthesized by borobgdri
method has already been mentioned earlier [8] hewihey
have not mentioned the use of NaOH in their stutdyme

in aqueous solution. NaHG(has been used as stabilizing dependant study of cysteine capped nanoparticlesbiean

agent and modifier for size and size distributidnXeray
synthesized AuNps [3].

reported by other workers [24] and reflects variagpects of
the nanoparticles such as speed of reactamggregation,
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stability and rough idea about size.

TEM Characterization of AuUNps

Figure 4 shows the TEM micrographs of sample Fufég
4A represents the high resolution
synthesized by cysteine only because the smalleticles
could not be seen in low resolution image. FigiBeshows an
extended portion (red square) of Fig. 4A. Figur€sahd 4D
are the corresponding size distributions for Figs.and 4B,
respectively.

Two types of particle distribution are observedehdhe
number of bigger AuNps is lower than smaller oneghe
range of 23-50 nm with the most abundant partiplessess a
size of 34 nm. The estimated average size for bigge\ps is

26.5 nm. Smaller AuNps have a size in the rangg2.4f8.6
nm with 33 nm as most abundant AuNps. An averape Gi
5.6 nm was true for the whole range of smallerigag. The
overall average size of bigger and smaller AuNps ¥&.05

images of AuNpsym. The two types of AuNps with 2 distinct sizetdisitions

can be easily separated in case a nano filter wiesh size of
20 nm is employed.

TEM images of cysteine-derived AuNps for NaOthteel
sample 3 are shown in Fig. 5. Two different sizgridiutions
are also observed.in this case. However, here thépa with
larger size (Fig. 5A) have a range of 4.5-34.1 fiime most
abundant AuNps lie in the range of 9.1-8.2 nm. &kerage
size of AuNps for the whole range is 17.4 nm. Time of
smaller AuNps (Fig. 5B) ranges from 038-nm. The
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Fig. 4. TEM images and size distribution of cysteine capfaNps for sample F.
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