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We report an eco-friendly, one-pot, room-temperature method for the rapid synthesis of 
electrocatalytically active Au@Pt (50 nm) bimetallic nanoparticles via tryptophan (Trp) mediated 10 

supramolecular interface in aqueous environment. Our results demonstrate a simple universal approach 
for high shell-metal loading where a pre-stabilized tryptophan polymerized-Au core serves as a template 
to facilitate subsequent deposition of Pt. We observed that the amine-stabilized poly-Trp bi-layer to have 
an enhancing effect on the electrocatalytic potential of Au@Pt NPs by the virtue of amine stabilized 
interface, thereby enhancing the HER activity over glassy carbon electrodes.  Several characterization 15 

techniques were used to confirm the inherent core-shell morphology of the resulting Au@Pt NPs. This 
Trp mediated facile green synthesis strategy has the potential to synthesize an array of Au-core containing 
bimetallic nanoparticles with enhanced catalytic activity and stable structure integration. 

Introduction 

Bimetallic nanoparticles (NPs) have gained tremendous 20 

importance due to their composition-dependent optical, catalytic 
and magnetic properties, which are markedly different as 
compared to their monometallic counterparts.1, 2 Au@Pt core-
shell structures in particular, have garnered enormous interest for 
use in catalysis and fuel cell technology due to their unique 25 

hybrid structure that facilitates greater synergistic potential and 
stability.3, 4 Galvanic replacement5 is a commonly used technique 
for the synthesis of core-shell structures where one metal layer is 
electrochemically deposited over the surface of another via 
application of a potential difference, inherently making the 30 

process energy intensive with marked difficulty in achieving 
monolayer Pt deposition over the Au shell. To overcome this 
problem, the so-called Under Potential Deposition (UPD)6 
technique has been reported where a layer of copper is pre-
formed for subsequent deposition of the Pt shell. However, UPD 35 

is not feasible for the mass production of these particles as it is 
difficult to achieve the layer dynamics, and several techniques 
have thus evolved utilizing surface adsorbents and polymers to 
achieve core-shell morphology.7, 8   Although, these techniques 
do offer an alternative synthesis approach, most of them still 40 

require toxic solvents/chemicals, intensive process control and 
suffer from the formation of an unstable ‘bi-layer binder’ under 
electrocatalytic conditions. There is thus a mature need to 
produce these valuable core-shell structures in a more facile and 

eco-friendly manner without compromising their catalytic 45 

properties.  
Biogenic synthesis of nanomaterials promises to deliver a 
sustainable, environmentally-friendly method of producing 
advanced nanomaterials with novel properties via exploitation of 
naturally occurring compounds. 9, 10, 11 These green nanomaterials 50 

not only compete with current techniques in terms of mass-
production and reduction of costs, but can also result in enhanced 
loading of metal nanoparticles, a grand challenge that is of 
particular interest for fuel cells. 12, 13 Biogenic nanomaterials 
evolving from phytochemicals, microbes/cells as well as 55 

biomolecules including lipids, proteins and amino acids etc. have 
been harnessed to supply the ever-growing need for sustainable 
nanomaterials ranging from monometallic nanoparticles14, 15, 
surface-modified carbonaceous substrates16 and bimetallic 
nanoparticles17etc. 60 

Amino compounds including amino acids have shown promise 
for use as effective reducing agents for the preparation of 
monometallic nanoparticles.18, 19 Recently, we reported Au@Pd 
core-shell nanoparticle synthesis via a tryptophan (Trp) mediated 
supramolecular interface 20 where we observed that Trp plays an 65 

important role in core-shell structure formation via synthesis of 
monometallic nanoparticles (Au) through oxidation of the amino 
acid, which in turn forms a poly-Trp layer that caps and stabilizes 
the resulting shell-layer (Pd) resulting in Au@Pd nanoparticles21, 

22. Furthermore, we observed the inherent amide linkages not 70 

only resulted in stable core-shell structures but also enhanced the 
overall catalytic activity most likely due to anion distribution via 
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N-doping of amide linkages.23, 24 In the work reported here, we 
extend the application of this core-shell nanoparticle synthesis 
protocol to achieve room temperature synthesis of Au@Pt NPs 
and their subsequent application in the electro-oxidation of water.  
Gold seeds (Au NPs) were produced by incorporating tryptophan 5 

in the aqueous reaction mixture followed by successive reduction 
of Pt ions over the Au NP surface resulting in core-shell 
morphology. The resulting nanoparticles were characterized 
using UV-Vis spectroscopy, transmission electron microscopy 
(TEM), aberration-corrected high angle annular dark field 10 

scanning transmission electron microscopy (AC-HAADF-
STEM), energy dispersive X-Ray (EDX) elemental mapping and 
line scanning analysis, X-ray diffraction (XRD) and cyclic 
voltammetry (CV). Finally, the catalytic properties of the 
resulting Au, Pt and Au@Pt nanoparticles were demonstrated 15 

using hydrogen evolution from water as a model system. 
 
Experimental Section 
 

a) Synthesis of Au, Pt and Au@Pt nanoparticles 20 

Chloroauric acid (HAuCl4) and potassium tetrachloroplatinate 
(K2PtCl4) were obtained from Scharlau Chemie (Spain) and were 
used without any pre-treatment. L-Tryptophan was obtained from 
Naclalai tesque (Kyoto, Japan). Ultrapure water (18.2 MΩ•cm) 
produced with a Milli-Q RG system (Millipore Ibérica, Spain) 25 

was used in all experiments. 
Well-mixed gold cation stock solution at 0.5 mM (10 mL) and 
platinum cation stock solution (0.5 mM, 10mL) were prepared. 
Trp aqueous stock solution was prepared at a concentration of 1 
mM (20 mL). Cation solutions consisting of Au:Pt was used in 30 

the volumetric ratio of 1:1.  
Gold nanoparticles were then prepared by spontaneous reduction 
of 10 mL gold cation in the presence of 2 mL of Trp solution with 
vigorous stirring for 2 hours followed by intermittent sonication 
for 30 seconds every 15 min. It should be noted that the size of 35 

the resulting core-shell structure can be tuned by controlling the 
size of the Au NPs at the seeding stage. For Au@Pt core-shell 
NPs, platinum precursor solution (5 mL) was introduced into the 
gold NP seed solution (5 mL) along with 1 mL of Trp solution. 
Again, the resulting mixture was stirred for 2 hours followed by 40 

intermittent sonication for 10 seconds every 30 minutes. The Pt 
NP solution was prepared in the same way as mentioned above 
for Au NP seed synthesis. In this manner, three distinct types of 
nanoparticles were synthesized - namely Au NPs, Pt NPs and 
Au@Pt NPs. 45 

 
b) Characterization of Au, Pt and Au@Pt 

nanoparticles. 
 

UV-visible spectra were obtained using a CARY 100 Bio UV-Vis 50 

Spectrophotometer and were analyzed using Varian’s Cary Win 
UV Scan ver. 3.00 (182) software. Nanoparticle formation was 
monitored from 200-800 nm at a scan rate of 2000 nm/min. The 
focus of this study was to monitor localized surface plasmon 
resonance (LSPR) and associated progress of the reaction in the 55 

visible region of Au NPs at 540 nm. Morphology and grain size 
analysis of the resulting Au@Pt NPs was carried out using a 
JEOL 1011 transmission electron microscope operated at 80 keV 

with an ultrahigh-resolution pole piece providing a point 
resolution of 2 Å.  Individual Au@Pt nanoparticles were 60 

subsequently analyzed by AC-HAADF-STEM (JEOL 2100F, 200 
kV, ~0.1 nm point resolution) to observe the precise structure of 
the resulting core-shell morphology. One micro-liter was taken 
from the reaction mixtures, placed on carbon coated copper grids 
and dried at room temperature. The images were analyzed using 65 

ImageJ 1.43M software as well as by JED-2300T STEM-EDX to 
obtain the composition architecture.  
X-Ray Diffraction (XRD) measurements were made using a 
Siemens D5000 diffractometer (Bragg-Brentano parafocusing 
geometry and vertical θ-θ goniometer) fitted with a curved 70 

graphite diffracted-beam monochromator and diffracted-beam 
Soller slits, a 0.06º receiving slit and scintillation counter as a 
detector. The angular 2θ diffraction range was between 25 and 
100º. A drop of the sample (100 µl) was deposited on to a low 
background Si (510) sample holder. The data were collected with 75 

an angular step of 0.05º at 12s per step and sample rotation. Cukα 
radiation was obtained from a copper X-ray tube operated at 40 
kV and 30 mA. The chemical nature of metallic nanoparticles 
were analyzed with Diffracplus Evaluation software (Bruker 
2007), which compared the XRD diffractograms with the ICDD 80 

data base. 
 

c) Preparation of working electrodes 
 
Au NP, Pt NP, and Au@Pt NP mixture solutions were mixed and 85 

centrifuged twice with 2 mL acetone:H2O (1:1 v/v) followed by 
removal of  the supernatant in order to eliminate the excess of Trp 
and other organic moieties adhering to the shell surface. 25 µL of 
each sample was loaded on the surface of the glassy carbon 
electrode (GCE) by drop casting under a hot-air flow until 90 

completely dried. 
 

d) Electrochemical characterization of Au, Pt and 
Au@Pt nanoparticles 

 95 

All electrochemical measurements were performed with a 
potentiostat/galvanostat PGSTAT 12 Autolab controlled by the 
General Purpose Electrochemical Software (GPES). A three-
electrode setup was used with a GCE as working electrode (φ = 
0.126 cm2), a Pt wire as counter electrode and Ag/AgCl electrode 100 

with 3 M KCl internal solution (Dri-RefTM-L) as a reference 
electrode. Before the measurements, the electrochemical cell was 
purged with N2 gas for 10 minutes. The characterization of the 
core-shell NP morphology was realized by diluting the different 
NP pellets in 20 µL of 0.5 M H2SO4. This solution was 105 

electrochemically characterized by CV analysis in a potential 
window between -0.2 V and 1.6 V vs Ag/AgCl at a scan rate of 
0.1 V/s. Au NP, Pt NP, and Au@Pt NP mixture solutions were 
washed as described above. The electrocatalytic properties of 
Au@Pt NPs deposited on the surface of the GCE were examined 110 

for the HER (Hydrogen Evolution Reaction) in basic medium.24, 

25 The NP-modified GCE were characterized using CV in a 
potential window between 0 V and -2.0 V vs Ag/AgCl at a scan 
rate of 10 mV/s applying 25 consecutive cycles in 90 mM Tris-
HCl buffer, pH 8.0, until a steady state was reached in order to 115 

check the electrode stability, but only the first cathodic scan was 
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used for analysis. 
 
Results and Discussion 
 
The two general techniques used for the synthesis of core-shell 5 

nanoparticles include simultaneous reduction and successive 
reduction, where the former approach provides better shape 
control and atomic ratio as compared to the latter, particularly 
with respect to core-shell structures. To this end, we utilized the 
successive reduction approach to yield Au@Pt core-shell NPs. 10 

The synthesis strategy used has three steps as depicted in Figure 
1. Firstly, Au core nanoparticles were formed and stabilized via 
poly-Trp layer due to the indole group H-bonded supramolecular 
functionality.26, 27 Next, the shell metal ions (Pt) were introduced 
into the aqueous reaction mixture, associating with the core 15 

ligands via the Trp induced supramolecular interface and 
resulting in the sequestering of Pt (II) onto the surface of Au core 
via active carboxyl groups. Finally, the surface bound Pt (II) was 
reduced over the Au core, yielding characteristic core-shell 
structures. 20 

 
Figure 1. Schematic representation of Tryptophan mediated 
synthesis of Au@Pt core-shell structure. 
 
UV-vis absorbance spectra of Trp synthesized Au@Pt 25 

nanoparticles are depicted with reference to Au NP seed 
formation and subsequent Pt shell loading around the core. Au 
NP spectra showed an increasing LSPR centred at ca. 540 nm 
(Figure 2a), and a gradual increase in LSPR was observed to 
become stabilized over a time period of 120 minutes indicating 30 

completion of Au NP formation. These Au NPs then acted as the 
seed for subsequent Pt shell formation resulting in a marked 
decrease in absorbance at 540 nm over a period of time, as 
highlighted in Figure 2b. This also demonstrated that the Pt shell 
thickness can be controlled by the reaction time while keeping the 35 

other reaction parameters constant.  
Subsequently, the absorbance spectra of Au, Pt and Au@Pt NPs 
across the visible region following completion of the reaction 
were measured as shown in Figure 2c. It was observed that the 
absorbance band was drastically reduced in case of Au@Pt NPs 40 

and was completely absent in the case of Pt NPs reaction mixture 
following the completion of reaction.  

 

 

Figure 2. Growth characteristics in terms of LSPR in (a) 45 

formation of Au NPs; (b) deposition of Pt shell over Au NPs; (c) 
Difference in LSPR following completion of reaction (inset: 
showing visible color difference between all three nanoparticle 
reaction mixtures). 

The change in the dielectric that surrounds the gold combined 50 

with the large scattering by the Pt shell may be factors strongly 
contributing to the loss of SPR.28This spectral behaviour indicates 
the formation of core−shell structure as the surface electron 
density in the core (Au) increases at the expense of electrons 
from the outer Pt shell29 due to the fact that Pt has a higher work 55 

function (5.65 eV) than Au (5.10 eV), and the Pt shell coating 
onto the Au core resulted in gradual dampening of the plasmon of 
the Au core. Following completion of the reaction, Au NPs were 
of a pink color due to their characteristic SPR. However, upon Pt 
loading, the pink hue disappeared and a characteristic grey-black 60 

dispersion appeared, indicative of the formation of a thin Pt shell 
over the Au core. (Figure 2c).   
To confirm and characterize the formation of Au@Pt NPs in 
aqueous solution, TEM followed by high resolution STEM and 
scattered area electron diffraction (SAED) was carried out 65 

(Figure 3).  
 
 

 

 70 

 

 

 

 

 75 

 

 

 

Figure 3. TEM images showing (a) Au@Pt NP particles; (b) 
discrete Au@Pt NP particles with core size ~50 nm and shell ~5 80 

nm; (c) HAADF-STEM image of resulting Au@Pt NP showing 
crystalline Au (111) core and largely amorphous Pt shell. 
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TEM imaging confirmed Au@Pt core-shell nanoparticles of 
ca.50 nm (Figure 3a), with a truncated polygonal Au core of ca. 
50 nm and a spongelike-Pt shell of ca. 2-8 nm thickness (Figure 
3b). Aberration-corrected high-angle annular dark-field scanning 
TEM (AC-HAADF-STEM) was used to confirm the core-shell 5 

morphology of the observed Au@Pt NPs.  A highly discrete 
Au@Pt boundary layer was also observed where the Au core in 
the center showed a diffraction pattern (SAED) characteristic for 
a Au (111) crystal lattice (Figure 3c). Additionally, in the absence 
of any distinct diffraction pattern, the spongelike-Pt shell was 10 

rather amorphous in nature. The Au@Pt NPs observed in this 
study largely comprised of a crystalline Au core with an 
amorphous Pt shell, which was also confirmed by subsequent 
XRD analysis. (Figure 4) 

Figure 4. Showing XRD pattern of  Au NPs, Pt NPs and Au@Pt 15 

NPs 
 
As can be seen in Figure 4, the truncated octahedron Au NP seeds  
showed a very strong Bragg’s diffraction at (111) at 38.2° 
followed by a weak diffraction at 44.3° which can be assigned to 20 

the (200) crystal plane. In the case of Au@Pt NPs, a distinct peak 
was observed at 77.5° suggesting Au (311) crystal re-
arrangement normally observed in core-shell structures. Finally, 
no credible peaks can be assigned to Pt region as observed in the 
case of Pt NPs and Au@Pt NPs, thus confirming that the majority 25 

of reduced platinum was amorphous in nature. This can be 
attributed to the fact that the reductive reaction under the 
supramolecular effect of Trp is rather quick and therefore, 
resulting Pt atoms are produced rapidly at room temperature 
where Pt atoms adhere to particles without relaxation/surface 30 

tension to balance sites, thereby producing a disordered structure 
i.e. the amorphous state of platinum shell. 
Subsequent HAADF-STEM imaging of Au@Pt NPs displayed a 
brighter gold core due to its' heavier atomic weight whereas the 
platinum shell appeared comparatively less bright attributable to 35 

its low atomic weight (Figure 5a). 
EDX elemental mapping showed that Au atoms (red) and Pt 
atoms (green) were discretely distributed with a dense Au core at 
the centre and Pt at the boundary, giving rise to a characteristic 
core-shell structure (Figure 5b). 40 

 
 
 

 
Figure 5. Showing Au@Pt NPs as observed by (a) AC-HAADF-45 

STEM image; (b) STEM-EDX elemental mapping; (c) line scan 
EDX. 
 
EDX elemental line scanning (Figure 5c) on single particles 
confirmed that the Au@Pt NPs were composed of a distinct Au 50 

rich centre with an absence of any Pt peaks, which were rather at 
the boundary, typical of core-shell rather than an alloyed 
morphology.30 Following synthesis and characterization of the 
Au@Pt NPs, their electrocatalytic efficiency was tested. It should 
be noted that core-shell structures are capable of generating new 55 

electrocatalytic properties via interaction between the shell (Pt) 
and underlying core metal (Au) as well as geometrical structures 
of the Pt including monolayer, island and intermixing phase. 
Furthermore, contrary to the common belief that only monolayer 
crystalline structures can have a higher catalytic potential, thin 60 

amorphous platinum films are highly desirable end-products 
sought for   application in electrode preparation and electro-
oxidation reactions.31 Moreover, Pt based bimetallic systems for 
electrochemical reactions have been demonstrated to show that 
qualitative changes in the surface properties that take place 65 

during the deposition of a catalytically active component and the 
amorphous Pt shell may offer higher catalytic activity (synergistic 
effect) and selectivity for specific reactions.32 Amine-stabilized 
cetyltrimethylammonium chloride (CTAC) has been reported as 
both a reducing and stabilizing agent in the synthesis of Au@Pd 70 

core-shell nanoparticles.33 Similarly, in our study, Trp plays a key 
role in the reduction and subsequent stabilization of the core-shell 
structure via amine-carboxyl interphase (Supplementary 
Information). It can be postulated that the amine-stabilized poly-
Trp layer holding the core-shell structure together may also 75 

enhance the electrocatalytic potential of Au@Pt NPs, which is 
supported by previously reported studies that showed amine 
stabilized substrates to result in the formation of H2O/NH4

+, 
thereby enhancing HER. 34  
To explore the electrocatalytic potential of the formed core-shell 80 

nanoparticles, cyclic voltammetry was carried out to analyse the 
Au@Pt surface (Figure 6). The presence of gold (exposed surface 
in case of Au@Pt NP) can be electrochemically detected due to 
its' characteristic peaks (anodic at 0.965 V and cathodic at 0.175 
V) when the metal is oxidized or reduced over the boundaries of 85 

the electrode as in case of Au NPs coated over GCE. However, 
no such peaks were observed in the case of Au@Pt NPs and 
control mixtures (Pt NPs and GCE) thereby indicating that no 
exposed Au surface was present on the Au@Pt matrix deposited 
over the electrode surface, and furthermore demonstrates that the 90 

underlying polymeric-Trp-layer is stable under the applied 
electrochemical conditions. 
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Figure 6. CV characterization of Au, Pt, Au@Pt NPs and GCE 
(control) between 1.6 V and -0.2 V vs Ag/AgCl at a scan rate of 
0.5 V/s in H2SO4 0.5 M. 
 5 

Finally, the electrocatalytic activity of the resulting Au@Pt NPs 
was tested for the electrochemical oxidation of water (hydrolysis) 
via experimental determination of the potential range where the 
HER occurs. Three different control electrodes of Au NP coated 
GCE, Pt NP coated GCE and unfunctionalised GCE were also 10 

evaluated to compare to the deposited core-shell structure 
(Au@Pt). It is widely established that the hydrogen evolution 
reaction (HER) can be studied by constructing polarization curves 
on different cathode.35 Figure 7 show the polarization curves for 
the NPs and controls, where different HER potentials are 15 

determined by the extrapolation to the region where hydrogen 
evolution occurs. 

We observed that Au@Pt coated GCE significantly decreases the 
overpotential required to produce HER as compared to regular Pt 
NPs, also attaining the best performance in terms of current 20 

density. Au@Pt NPs facilitated evolution of hydrogen at a 
voltage as low as -0.86 V vs Ag/AgCl, reaching a maximum 
current density of -5.98 mA·cm-2 at -2 V vs Ag/AgCl, whereas 
Au and Pt NPs only showed electro-oxidation of water at applied 
voltages of -1.30 V and -1.08 V vs Ag/AgCl, respectively. 25 

Although, highest current densities were observed at −2 V, 
efficiency under these conditions in terms of current density per 
volt applied tends to decrease due to H2 generation and bubble 
formation over the electrode surface, thereby reducing the 
electrolysis area. These experimental results are consistent with 30 

the work of Desic et al.36 where 3D-platinum overlayers 
deposited on gold by acid CV increased the activity of HER as 
compared with pure gold, platinum or 2D-overlayers of gold 
deposited on platinum. It has also been reported that the effect of 
the Pt metallic thickness on gold plays an important role on the 35 

efficiency of the HER37, 38, and the use of Au@Pt with a Pt layer 
of ~5 nm as reported here is in agreement with this previously 
reported work. 

 
 40 

 
 
 

Figure 7. Polarization curves for the hydrogen evolution reaction 
on GCE, Au NPs, Pt NPs and Au@Pt NPs between 0 V and -2 V 45 

vs Ag/AgCl at a scan rate of 10 mV/s in 90 mM Tris-HCl buffer, 
pH 8.0. 

Electrocatalytic evaluation was carried out using Tafel analysis39, 
from which the logarithm of the charge transfer (current density) 
as a function of the applied potential can be used to determine the 50 

transfer coefficient (slope) and the exchange current density 
(intercept). Tafel plots show a linear correlation between the 
activation overpotential and the logarithmic value of current 
generated during operation in the region where the HER occurs, 
from which the determination of lower slopes along with higher 55 

exchange current densities signifies a lower charge transfer 
resistivity. In order to measure the relative cathodic 
electrochemical activity of the nanoparticles used in this study, 
the Tafel plot was represented for the HER (Figure 8), plotting 
the current densities (j) calculated from the polarization curves 60 

recorded at 10 mV/s (Figure 7) as a function of the applied 
potential. It should be noted that almost no change was observed 
with the CV behaviour of free Trp under given reaction 
conditions. 

Figure 8 shows the Tafel slope for each working electrode on the 65 

linear region and the intercept represents the exchange current 
density (j0), and depending on the fitting method, values of the 
Tafel slope between ca. 50 and 150 mV/decade can be obtained.40 

 

 70 

 

 

 

 

 75 

 

 

 

 

 80 

Figure 8. Tafel slopes for the hydrogen evolution reaction on Au 
NPs, Pt NPs and Au@Pt NPs. (inset: Table showing data 
extracted from Tafel plot) 
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Au@Pt NP coated GCE had a Tafel slope of -39 mV/dec, similar 
to the value of -35 mV/dec obtained with the Pt NP coated GCE, 
whilst the Au@Pt core-shell displayed a higher exchange current 
density of 2.3·10-3 A/cm2 as compared to the Pt NP coated GCE 5 

(2.7·10-4 A/cm2) or the Au NP coated GCE (2.9·10-4 A/cm2), 
resulting in a lower activation energy. Our results are comparable 
with other similar studies in terms of the Tafel slope values 
obtained (Pt), ranging from 75 to 125 mV/decade.41 However, the 
resulting exchange current density for our system is two decades 10 

lower as compared with other polycrystalline Pt catalyst in 
alkaline medium.42   

The improved HER of Au@Pt NPs compared with pure Pt 
catalyst can be attributed to the presence of gold that oxidizes the 
adsorbed species on the active sites of platinum nanoparticles, 15 

thereby improving the catalytic activity of Au@Pt NPs. In 
addition, these hybrid nanospheres have Pt sponge-like structure 
(porosity), which increases the efficient surface-to-volume ratios 
and utilization efficiency of Pt.   

On-going work is focused on a better understanding of the high 20 

electrocatalytic activity displayed by Trp mediated synthesis of 
Au@Pt NPs as several improved catalytically active 
nanostructures could be synthesized using this green chemistry 
approach. We found our Trp mediated core-shell nanoparticle 
technique to be highly flexible for the synthesis of a range of 25 

nanoparticles including Au@Pt, Au@Pd, Au@Ag, Au@Rh 
(Supplementary Information). These nanoparticles could be 
exploited in heterogeneous catalysis for clean energy, organic 
synthesis and water remediation amongst a plethora of further 
applications.  30 

 

Conclusion 

We have presented a facile one-pot green synthesis of Au@Pt 
bimetallic NPs with a core-shell structure. We observed 
octahedronal gold forming the core (~50 nm) with a Pt layer (~5 35 

nm) forming the shell. We elucidated that the thickness of the Pt 
layer is time dependent, keeping the other reaction parameters 
constant. The resulting Au@Pt NPs were characterized using 
TEM, AC-HAADF-STEM, STEM-EDX, XRD and CV to 
confirm and analyze the resulting composition of core-shell 40 

morphology. The work reported here demonstrates for the first 
time, the synthesis of stable Au@Pt bimetallic nanoparticles 
(core-shell type) by successive reduction in the presence of an 
amino acid (Trp), at room temperature. Finally, the catalytic 
activity of these nanoparticles was evaluated for HER by 45 

depositing them over a GCE and the Au@Pt NPs were observed 
to have the highest HER potential with the lowest required 
applied potential, demonstrating them to be ideal candidates as 
catalysts for the fabrication of HER oriented electrodes. Trp 
mediated synthesis promises to be a cost-effective bulk synthesis 50 

strategy for the production of a diverse range of multi-layered 
nanostructures including core-shell nanoparticles. 
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