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Anisotropic nanocrsytals of gold and silver are promising candidates for sensing and therapeutic applications because of

their high extinction coefficient, increased NIR response and localization of hot spots at their tips. Herein, we report a
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viable room temperature synthetic strategy to prepare multi-branched gold nanocrystals of varying morphologies without

the aid of additional nanoseeds or shape directing agents. By systematically modulating the bifunctional ligand to Au** ion
molar ratio ([L-DOPA]/[HAuCI,] = 0.15 - 1), the plasmon absorption was tuned from visible (530 nm) to NIR (930 nm). The
corresponding microscopic studies showed a gradual transformation of the nanomaterial’s morphology from multiply

twinned spheres to branched stars and flowers. The detailed spectroscopic and microscopic studies have revealed that

evolution of these branched nanocrystals proceeds through aggregation and subsequent overgrowth of initially produced

spherical particles.

Introduction

Metal nanoparticles with multiple branches such as nanostars
are gaining recent attention mainly because of their potential
use in plasmonics and sensing platforms.l'3 Surface plasmons
and hence enhanced electric fields are localized at the tips of
such nanostructures.*® This results in more number of hot
spots per nanoparticle and they exhibit very high extinction
coefficients of the order of 10%-10° M™ cm™.*° Due to these,
single molecular sensitivity has been easily achieved with such
materials.**™*3 Furthermore, increased NIR response makes
them highly suitable for biomedical therapeutics such as
photothermal therapy and bioimaging.g’14 However, at
present, only a few synthetic routes are available to prepare
these promising classes of materials. The most common and
well exploited methodologies include reduction of Au* ions in
presence of nanoseeds, that are either citrate or NaBH,

reduced, and shape directing agents like
cetyltrimethylammonium bromide (CTAB),l‘r"16
polyvinylpyrrolidone (PVP)”'19 and others.?%? Usually these

surfactants form a capping layer around the nanoparticle
surface and its toxicity limits their application in bio-medicinal
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fields. Another efficient strategy is a seedless method, initially
reported by J. Xie et al., using Good’s buffer in which 2-[4-(2-
hydroxyethyl)-1-piperazinyl]lethanesulfonic acid (HEPES) acts
both as reductant and shape directing agent.zg"25 There have
been a few other literature reports on seedless approaches for
nanostar synthesis. These include those prepared using
stabilizers such as bis(p-sulfonatophenyl) phenylphosphine
dihydrate dipotassium (BSPP),26 polyethylene glycol (PEG),27
polyvinylpyrrolidone (PVP),”'28 lyotropic  liquid  crystal
template,22 hexadecylamine (HDA),29 and a combination of
AgNO; as shape directing agent and ascorbic acid as reducing
agent.*

Phenolic compounds having multiple hydroxyl groups (e.g.
hydroquinone, catechol etc.) are naturally occurring
antioxidants. The redox potential of these classes of molecules
usually appears below that of metal ions such as Au** and Ag’
and hence could serve as good alternative and biocompatible
reducing agents in the synthesis of metal nanoparticles. In one
of the first examples, R. Baron et al. used neurotransmitters
such as L-DOPA, dopamine etc. as the reductant, but in
presence of CTAC capping Iigand.31 Later K. G. Thomas and
coworkers demonstrated that another natural antioxidant,
namely gallic acid, can function as a bifunctional ligand
(reducing and stabilizing agent) in the synthesis of water
soluble metal nanoparticles.32 The Au and Ag nanoparticles
thus produced were highly efficient in selective and naked eye
detection of Pb®* ions from aqueous media. Following this,
several other groups investigated potentiality of many
different natural phenolic antioxidants in the preparation of
nanoparticles. The nanomaterials thus obtained are found to
be highly biocompatible and suitable for sensing33'35 and
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photothermal applications.36’37 However, most of these efforts

yielded spherical nanoparticles and preparation of more
promising anisotropic nanostructures still remain a challenge.
In a recent work, both the yield and tunability of Au nanorods
in the seed mediated approach have shown to enhance when
di/trihydroxybenzene or dopamine were employed as
reductant and additive.>** Similarly, there were also a few
attempts to synthesize branched nanocrystals using these
classes of molecules. Urchin like structures were obtained
when hydroquinone was used as a secondary reducing agent
along with citrate.® S. Yi et al. reported the formation of
snowflake like Au nanoparticles41 as a result of dopamine
oxidative polymerization into highly branched polydopamine
structures.”? However, these reactions were carried out either
in presence of nanoseeds or at boiling conditions. The resulting
nanocrystals have the size of a few micrometers. Therefore,
developing a simple room temperature synthetic methodology
for multi-branched nanocrystals having size < 100 nm is highly
desirable.

Herein, we illustrate, a simple one-pot procedure for the
preparation of multi-branched gold nanocrystals using a
bifunctional and bio-relevant molecule, namely L-3,4-
dihydroxyphenylalanine (L-DOPA). The approach presented
here is more environmentally benign as we are using one of
the naturally occurring antioxidants which functions both as
reducing and shape-directing agent. We also demonstrate
tuning the size and morphology of the resulting nanocrystals
from spherical to stars to flower by simple alteration of the
reductant concentration.

Experimental

Materials and methods

Chemicals such as hydrogen tetrachloroaurate trihydrate
(HAuCl4.3H,0) and L-3,4-dihydroxyphenylalanine (L-DOPA)
were purchased from Ms. Sigma Aldrich. Sodium hydroxide
was obtained from Ms. Sd fine Chem. Ltd. and were used as
received without further purification. All glass wares were
cleaned using aqua regia prior to use and the experiments
were performed in Millipore water (18.2 MQ).

UV-visible absorption spectra were obtained using a UV-
3101PC UV-VIS-NIR (Ms. Shimadzu Corporation, JAPAN) and
diode array UV-VIS 8453 (Ms. Agilent Technologies Inc. USA)
spectrophotometers. All measurements were performed in
quartz cuvette (1 cm).

For HRTEM studies, 10 uL of nanoparticle solution was
drop casted onto a carbon coated Cu grid and imaged on a
FElI's 300 kV high resolution (FEI-Tecnai G2-30 with EDAX)
transmission electron microscope.

Dynamic light scattering (DLS) was carried out using
Zetasizer nanoseries, (Zeta Nano—ZS, Ms. Malvern Instruments.
UK). A minimum of six measurements were taken for each
sample to ensure statistical significance. pH of the solution was
monitored using Elico LI 612 pH analyser.

Samples for XRD were prepared by repeated drop casting
of Au nanostar solutions onto a precleaned glass plate and
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data were acquired using a Panalytical PW 3040/60 X’Pert Pro
powder diffractometer and Cu Kal radiation.

Results and discussion

The branched Au nanocrystals were synthesized by room
temperature mixing of the bifunctional ligand L-DOPA with
Au** ions in the presence of NaOH. Our control experiments
revealed that the addition of NaOH is highly critical for the
facile generation of nanoparticles (Fig. S1, ESIt). In a typical
procedure, 0.13 mM L-DOPA and 0.1 mM NaOH were
sequentially but quickly mixed with a 15 mL aqueous solution
of HAuCl, (0.2 mM). The reaction mixture was shaken well and
kept undisturbed. In about 20 minutes, solution developed
wine red color indicating the formation of metal nanoparticles
(inset of Fig. 1A). Interestingly, upon keeping the solution for
further ~ 1 hour, its color gradually changed to purple. The
corresponding optical measurements showed only a single
absorption maximum centred around 530 nm in the initial
stages. While two peaks (~¥530 nm and ~710 nm) were clearly
evident after the colour change. In the case of the gold,
isotropic spherical nanoparticles usually exhibit only one
plasmon (centred around 520 nm) whereas anisotropic
nanostructures such as nanorods, nanostars display multiple
absorption maxima corresponding to different (transverse and
longitudinal) modes of plasmon oscillation.”**?**¥*7 |n order
to understand the origin of these absorption spectral profiles
and hence to characterize the produced nanoparticles,
transmission electron microscopic (TEM) studies were
performed. TEM images recorded from different areas of the
sample confirmed the occurrence of more than 95 % multiply
branched nanocrystals (Fig. 1B and Fig. S2, ESIT).
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(C) (111)
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Fig. 1 (A) Absorptionspectrum of Au nanoparticles in the initial stages (red) and after
one hour (violet) prepared by adding 200 uM L-DOPA, Inset shows the colour
photograph of the respective solutions (B) corresponding TEM images of the obtained
nanostars (C) XRD data illustrating the crystal planes and (D) HRTEM images of the arms
and inset shows the diffraction pattern obtained from one of the arms.
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Scheme 1. Representation of L-DOPA oxidation and Au’" reduction reactions resulting
in the formation of polymer and branched Au nanocrystals.

The nanomaterials thus produced have size in the range 30-50
nm with majority having dimension ~35 nm (Fig. S3, ESIT). The
no. of arms of the each nanocrystal varies from 3-7 and have a
length of around 10 nm. The absorption properties of gold
nanostars are known to arise from the combination plasmons
localized at their core and tips.48 In the present case, the
absorption peak at ~ 530 nm (Fig. 1A) is mainly assigned to the
transverse surface plasmon resonance (TSPR) of the core and
tips. In addition this may also have contribution from any
spherical particles present in the solution. While the lower
energy band centred at ~710 nm arises from longitudinal
surface plasmon resonance (LSPR) of the elongated branches.®
10294345 £rom the HRTEM images the d spacing values were
extracted as 0.235 nm and 0.201 nm (Fig. 1D). This
corresponds to (111) and (200) planes of gold atoms in the fcc
crystal lattice. Similar results were obtained from XRD
measurements (Fig. 1C) which inferred the predominant (111)
facets of nanocrystals.

Structurally, L-DOPA unit
zwitterionic amino acid part. Dihydroxy benzene unit of these
types of biomolecules are known to undergo oxidation

contains a catechol and

producing dopaquinone, dopachorme and other polymeric
structures (Scheme 1).42’49'51 The electrons released during this
process can be involved in the reduction of metal cations. In
the present case, the redox potential of L-DOPA is at least 0.3
V negative than Au(lll)/Au(0) system and hence the reduction
reaction is thermodynamically feasible.”> It is reported that,
the redox potentials of catechols shift to lower values with
increase in pH.53 Therefore, the rapid addition of NaOH raises
the local pH, causing a faster reduction rate. The oxidized
product thus produced may bind with nanoparticle surface and
establish a capping layer. The IR spectrum of L-DOPA displayed
numerous peaks corresponding to different modes of
stretching and bending vibrations (Fig. S4, ESIT). Most of these

This journal is © The Royal Society of Chemistry 20xx

peaks were absent in the IR spectrum of gold nanostars. For
example only a broad band in the region 3000-3600 cm™ was
obtained for Au nanostars whereas clear peaks corresponding
to OH, CH, and NH vibrations were present for L-DOPA. In
particular, the IR spectrum of the nanocrystals has quite
resemblance with that reported for melanin like
structures.’®***® This indicates the polymeric nature of surface
bound ligands. Hence, fostering of branched Au nanocrystals
may occur through the shape directing action of produced
polymeric structures. Such instances have been reported in
similar cases.** Further to understand the role of L-DOPA and
hence to gain insight on the nanoparticle growth mechanism,
we have performed detailed absorption and microscopic
studies and the results are detailed below.

Effect of L-DOPA concentration on tuning the morphology of
nanocrsytals

Since L-DOPA plays the role of both reducing and stabilizing
agent, modulation of its molar ratio could be a viable strategy
to tune the morphology of the nanocrystals. Fig. 2 shows the
colour photograph of the solution and corresponding
absorption spectra of nanoparticles prepared in presence of
varying amounts of L-DOPA while maintaining all other
conditions constant. In about ~ 2 minutes almost all the
solutions developed wine red colour, except that above 0.20
mM. As time progresses, there was drastic colour changes to
each of these solutions (Fig. 2A, 2B). At very low
concentrations (0.03 mM L-DOPA) solution developed red
colour that got intensified over a period of 15 minutes. Only a
single plasmon band with maximum around 540 nm appeared
in the equivalent absorption spectrum. Similar observation
was noticed when the amount of L-DOPA was raised to 0.05
mM. The solution initially attained wine red color which
deepened in about 15 minutes and the absorption maximum
got blue shifted to ~ 530 nm with narrowing of the band width
(Fig. S5, ESIT). Along with this, the optical density (OD)

A
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0.07mM 0.13mM  0.20mM  0.27mM
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] (D) ¥ s
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800
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400 600
Fig. 2 (A,B) Color photographs of nanoparticle solutions prepared in presence of
different L-DOPA concentrations ([L-DOPA] = 0.03-0.27) taken after (A) 2 minutes and
(B) 1 h of mixing the reagents, (C) absorption spectra of nanoparticle solutions
represented in photograph (B) and (D) plot showing variation of the absorption
wavelength maximum with respect to L-DOPA concentration.
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improved from 0.6 to 0.9 (Fig. 2C) supporting the reducing
action of L-DOPA. Wherein, the raise of reductant
concentration resulted in conversion of larger percentage of
AUt ions to Au(0) thus producing more number of Au
nanoparticles. The hypsochromic shift in absorption maximum
bestow to the evolution of nanoparticles having smaller sizes.
Whereas decrease in the full width at half maximum (FWHM)
of the band may imply the more uniform size distribution of
the nanocrystals (vide infra). However, with any further
increase in molar ratio, over a period of time, the initially
generated wine red color gradually changes to purple and
grey. The optical measurements recorded after 1 hour showed
a decrease in the OD at 530 nm and a new red shifted band
appeared (Fig. 2C). The position of this band underwent a
gradual and linear red-shift along with added reductant
volume (Fig. 2D). For example, the nanomaterials prepared in
the presence of 0.07 mM L-DOPA have major absorption peak
at ~ 530 nm and shoulder at ~620 nm. Bathochromically
shifted clear new peaks at 660, 710, 800 and 930 nm were
produced when the amount of reductant reaches 0.1, 0.13,
0.2, and 0.26 mM respectively. Any further increase in molar
ratio brought blue shift to the absorption maximum (A, = 900
nm for 0.33 mM). These spectral changes could be attributed
to the formation of anisotropic nanostructures having
different size and morphology which were further detailed
through microscopic studies.

Represented in Fig. 3 and Fig. S6-S21 (ESIT) are the examples
of TEM images of nanocrystals synthesized by varying the
amount of L-DOPA. Nanomaterials of average size ~ 40 nm
having spherical and multiply twinned structures were
obtained at very low molar percentages (0.03 mM). Whereas
raise in L-DOPA concentration to 0.05 mM materialized
particles with more uniform sizes and reduced dimensions (~
35 nm) (Fig. S10, ESIT). This is in consistent with our observed
blue shift in the absorption maximum and shrunken FWHM
value (vide supra) which corroborates with earlier literature
reports.56 Hence, this also substantiates the capping role of the
reductant. Thus, at smaller molar ratios the amount of
protecting ligand is insufficient to properly cover the
nanoparticle surface thus resulting in more polydispersity. In
addition, at this molar ratio, a minute percentage of (~ 5 %)
tiny particles (< 10 nm) also coexists. This may additionally
contributes to the obtained hypsochromic shift in the
absorption maximum. Interestingly, gradual evolution of
nanoparticles having other morphologies such as nanostars

0.2 mM

Fig. 3 Representative examples of TEM images of nanocrystals prepared by varying the
amount of L-DOPA.

4| J. Name., 2012, 00, 1-3

and nanoflowers were evident with more added volumes of L-
DOPA. For example, about 30 % of the particles formed have
multiple arms when the concentration reaches ~ 0.07 mM (Fig.
3B, G). The size of the spherical nanoparticles is determined as
30-35 nm from TEM images. On the other hand contemporary
nanostars are slightly bigger in dimensions (Fig. S11-S14, ESIT).
Furthermore, in this case the percentage of smaller particles
having dimensions < 10 nm has considerably increased when
compared to that at 0.05 mM. A further increase in fraction of
star shaped particles have (> 50 %) been observed when the
concentration reaches 0.1 mM. However, most of the
nanocrystals have < 4 number of branches and the protrusions
are mainly underdeveloped (Fig. S16, ESIT). Therefore it is not
surprising that this solution exhibit the lowest LSPR peak
position (Apn.x = 670 nm). More than 90 % of star shaped
particles (size ~ 35 nm) were obtained when the reductant was
further increased to 0.13 mM. Whereas, higher molar ratios
resulted in flower like morphologies with many number of
arms (petals). For example, along with star shaped materials,
flowers having, mainly two layers of petals were obtained in
presence of 0.2 mM L-DOPA (Fig. 3D, I). The size distribution
analysis gave dimensions of ~ 40 nm for these nanostructures
(Fig. S18, ESIt). A further increase in size (to ~ 50 nm) and the
number of petals was perceived when the concentration
reaches 0.27 mM. This is in consistent with redshift in the
absorption maximum from 800 to 930 nm. HRTEM images,
reveals the flower like morphologies are having arms with
mainly (111) planes (Fig. S19, ESIT). Further raise in reductant
concentration caused a decrease in the percentage of
nanoflowers and most of the nanostructures have star shaped
morphologies with size ~ 30 nm (Fig. S20, S21, ESIT). This is in
accordance with the observed blue shift in LSPR band.

Kinetics studies

To gain further insight on the mechanistic aspects of multiple
types of nanoparticles realization, absorption spectral changes
as a function of time were recorded for each of the solutions.
Upon mixing the three reagents, plasmon absorption above
530 nm was obvious in all the cases. For example, at 0.05 mM,
initially a broad band was appeared at around 540 nm. With
time this peak got intensified and blue shifted (to 530 nm)
along with peak width sharpening. These spectral changes
attained saturation stage in period of about 1 hour. This
implies that initially formed nanoparticles may be having wide
distribution. As the reaction progresses more
nanoparticles with uniform dimensions are evolved due to
continuous reduction of Au®* ions and the reorganization of
the initially formed nanoparticles (vide supra). Similar trend
has been perceived in other samples. However, at
concentrations higher than 0.13 mM, more red-shifted and
broad spectra were obtained for the beginning of the reaction
as well as at the first saturation period. The time required for
reaching the first saturation period got diminished to ~50, 20,
8 and 3 minutes respectively for 0.05, 0.1, 0.13 and 0.2 mM
concentrations (Fig. 4 and Fig. S22, ESIT). As a result of this fast
reduction rate, nanoparticles formed could be ill defined and
are more polydisperse.57 After the initial saturation period, the

size
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Fig. 4 (A-C) Time dependent absorption spectral changes of HAuCl, solution after the
addition of L-DOPA; ([L-DOPA] = 0.05 mM (A), 0.1 mM (B), 0.2 mM (C). (D-E) shows the
evolution of optical density at TSPR and LSPR bands of the respective solutions.

absorption profile of nanoparticles having 0.03 and 0.05 mM L-
DOPA did not undergo any considerable change. In contrast,
those containing L-DOPA concentrations above 0.07 mM,
exhibited a continuous drop of the peak intensity at 530 nm
and a new band was concomitantly emerged at lower
energies. The simultaneous occurrence of both these
processes initially formed
nanoparticles to anisotropic nanostructures.

indicates transformation of

Mechanism

Understanding the nanoparticle formation mechanism is highly
essential to materialize control over their size and morphology
and tailoring their properties to desired applications. 45,5759
However, the limitations posed by (i) the absence of a well-
defined externally added seed, (ii) relatively faster reaction
rate, (iii) the inability to trap the intermediate stages of growth
and (iv) and the possible solid state reactions/coalescence
occurred during solvent evaporation and drying on TEM grid
has restricted us in arriving at any concrete assumption on the
mechanism. From the microscopic studies it was evident that
spheroid nanostructures are produced at lower molar ratios
and multi-branched particles at higher ones. This may signifies
soft templating role of the capping ligand. In fact, the nature of
surface bound ligands is estimated from IR studies as
polymeric product of L-DOPA oxidation (vide supra). This is
also fortified by the detection of an organic shell around
nanoparticles in majority of the TEM images (Fig. S23, ESIT).
Formation of anisotropic nanostructures has been reported in
presence of such bio-polymeric materials.** In most of the well
established procedures, the synthesis of anisotropic
nanostructures were achieved by the over growth of small
nanoparticles (commonly termed as nanoseeds) with the aid
of soft templates like CTAB and AgN03.8’60’61 In such instances,
shape directing agents adsorbs on certain planes of the
nanoseeds thus blocking further growth along these sides.
Then the formation of anisotropic nanostructure occurs via
expansion of the exposed facets. This is accompanied by a
continuous and simultaneous progression of absorption in the

entire plasmon region. Because, the anisotropic
nanostructures have much higher extinction coefficient
10,62

compared to the spherical nanoparticles of the same size.
On the other hand, the approach described here, is devoid of

This journal is © The Royal Society of Chemistry 20xx
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the use of nanoseeds or any conventional shape directing
agents. Even if nanoseeds are produced in the initial stages of
the reaction, and the anisotropic nanostructures are generated
via their simple over growth, one would expect similar trend in
the absorption spectra. However in the present case, it is
noticed (i) first the evolution of a band around 530 nm,
indicating that the initially formed nanoparticles are spherical
in shape (ii) which then gradually decreases in intensity along
with the concomitant formation of a low energy absorption.
Earlier theoretical and experimental studies have given
evidence to the red-shifting of absorption maximum when two
nanoparticles come close to each other. The peak position of
this new band is highly dependent on the number of particles
and the distance between them.”®® The sigmoidal nature of
the LSPR absorption evolution indicates the multi-branched
nanostructure realization described here is autocatalytic in
nature.®® This, involves at least three stages (Fig. 5) (i) Booming
of smaller nanoparticles having size < 10 nm (ii) their
agglomeration and (iii) followed by their overgrowth to well
defined nanostructures. is reinforced by
several facts and are detailed as follows. (i) Large percentage
of smaller particles has been found both in the DLS and TEM
images at the first saturation period. (ii) Several distinct
agglomerates of small particles were observed in different
areas of TEM gird. The analysis of the kinetic data disclosed
minimum 2.5 times higher rate for increase in LSPR absorption
than the drop of optical density at 530 nm. This is because,
formation of one nanostar requires agglomeration of many

This proposition

number of particles. Hence the absorption spectral changes
due to decrease in the number of individualized small particles
overwhelms the effect caused by high extinction coefficient of
branched nanocrystals. (iii) A systematic examination of both
TEM images and DLS data illustrated a raise in overall size in
the LSPR growth stage along with time (Fig. S24, ESIt). Thus
according to this mechanism it could be assumed that the
morphology of final nanostructure is dictated by the initial
aggregation number. The kinetic studies expressed an increase
in reaction rate with raise in L-DOPA concentration. This
implies the number of particles present at a particular time in
a given volume will be proportional to the reductant
concentration. This in turn affects the initial aggregation
number which varies in the order 0.03 =0.5>0.1>0.13 > 0.16
> 0.2 >0.27 mM. After this initial aggregation process, growth
process occurs mainly at the exposed facets and the HRTEM
images revealed, the arms of the multibranched nanocrystals

Q o ?©
O O Oiswno

Q
O growth — growth
= % =
Q
o Q

'sf? md./ &5‘

Fig. 5 Schematic representation (up) and illustrative examples of TEM
images showing the evolution of branched nanocrystals via particle agglomeration
and growth process.
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are mainly (111) facets. It could also be pointed out that effect
of L-DOPA concentration on the size of nanocrystals may
appear self-contradictory. There was a reduction in the
average particle size from 40 nm to 35 nm when the L-DOPA
concentration was raised from 0.03 to 0.05 mM. There after
particle size got steadily increased to 40 and 50 nm for 0.2 and
0.27 mM reductant concentrations respectively (vide supra).
However it is to be noted that the particle morphology is
entirely different for these concentration regimes. Only
spheroid particles are observed at lower concentrations
whereas the nanocrystals formed have multiple arms that
above 0.1 mM. Moreover the kinetic studies presented here
(Figure 4 and Fig. S22, ESIT) demonstrate a clear difference in
their formation mechanism. Only continuous evolution
plasmon absorption at ~ 530 nm was observed for spheroid
particles. i.e. they are formed by the overgrowth of initially
formed nuclei. On the contrary, at concentration above 0.1
mM, the kinetic plot shows three distinct stages (i) fast raise in
absorbance at ~ 530 nm (ii) then an induction period (iii)
followed by evolution of low energy LSPR band by the
deprivation of the initially formed peak at 530 nm. Thus the
multi-branched nanocrystals are materialized through an
aggregative growth mechanism at the expense of the initially
formed spherical particles which serve as seeds.”®* Hence it
could be argued that the final size and morphology of these
nanocrystals is dictated by the aggregation number rather
than only capping ligand concentration (vide supra). The
average number of arms of the produced nanocrystals varies
as 0, 5, 12 and 18 for concentrations 0.03 (and 0.05), 0.13, 0.2
and 0.26 mM concentrations respectively and could be grown
from an equivalent no. of agglomerating particles. At larger
added volumes the diminishing of the particle size could be
due to the combined effects of decrease
nanoparticle concentration (arising from volume change) and
the capping ligand In the
nanoparticles synthesis it is generally known that large
percentage of the capping ligand reduces the particle size.

in effective

increase in concentrations.

Conclusions

In conclusion, the potentiality of L-DOPA for a versatile
seedless and surfactantless one pot room temperature
synthetic strategy for the preparation of multiple types of Au
nanocrystals has been developed. Tuning the shape and the
optical properties of the nanocrystals was accomplished by
simple variation of the reductant concentration. This together
with, FTIR studies and the observation of organic shell around
the nanomaterials confirm the bifunctional role of L-DOPA.
Analysis of the kinetic data and the microscopic images
revealed that formation of different types of nanocrystals
proceeds through spherical which then
aggregates and overgrows into nanoparticles of specific shape.
L-DOPA is an important biomolecule and is a precursor to
several neurotransmitters

nanoparticles

including dopamine. Since the
present methodology is devoid of any toxic surfactants and
being a biocompatible molecule is used for preparation, the
nanomaterials thus produced could be highly suitable for

6| J. Name., 2012, 00, 1-3

biomedical applications. Together with this, their tunable NIR
absorption, relatively smaller sizes (30-60 nm), presence of
multiple branches indicate their potential for sensing and
therapeutic applications. One of the main design strategy
adopted in the present work is the bifunctional role played by
L-DOPA. i.e. structurally it contains a stabilizing and reducing
parts and there are several other biomolecules in nature
incorporating these functions (eg. Caffaeic acid). Therefore we
believe that the methodology presented here opens up newer
possibilities of making biocompatible anisotropic
nanomaterials with similar biomolecules which may find
application in both sensing and bio-medicinal fields.
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