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Table S1. Experimental conditions for fabricating anisotropic Au nanoparticles shown in Fig. 2. 
  

781 mM 
CTAC 
 (mL) 

10 mM 
HAuCl4 
 (mL) 

Water 
(mL) 

10 mM 
NaBr 
(µL)  

40 mM 
AA 
(µL) 

Seed 
(µL) 

Shape 

1.28 0.25 8.400 10 60 25 Cuboctahedron 
(Figure 2a) 

1.28 0.25 8.385 10 75 25 Cuboctahedron 
(Figure 2b) 

1.28 0.25 8.380 10 80 25 Truncated cube 
(Figure 2c) 

1.28 0.25 8.370 10 90 25 Cube 
(Figure 2d) 

1.28 0.25 8.365 10 95 25 Concave cube 
(Figure 2e) 

1.28 0.25 8.360 10 100 25 Octapod 
(Figure 2f) 

1.28 0.25 8.350 10 110 25 Stellated 
octahedron 
(Figure 2g) 

1.28 0.25 8.310 10 150 25 Rhombic 
dodecahedron 

(Figure 2h) 
 
Molecular dynamic (MD) Simulation 

All MD simulations were performed using MD code, LAMMPS, developed by Sandia National 

Laboratories [S1]. A model of Au NP of octapod morphology (2343 atoms) was constructed using 

VMD tool. To study the stability of octapod Au NPs, MD calculations were performed by 

constructing a rectangular simulation box consisting of Au NP at the center of a box. We used the 

modified embedded-atom-method (EAM-FS) interaction potential developed by Finnis and Sinclair 

[S2] to describe the interatomic behavior. The energy of atom i is given by the following equation: 

                                               𝐸 𝑒𝑎𝑚 ∑ 𝛹 𝑟 ∑ 𝜙 𝑟                                   (1)                    

In this equation, eama is the embedding energy, which is calculated from the atomic electron density; 

ψab and φab are pair potentials, and a and b are element types for the interacting atoms i and j, separated 

by a distance of rij.  In Finnis and Sinclair model, ψ is a functional form that depends on the atomic 

types of atoms i and j, therefore contribution to the total electron density depends on the element type 

considered at an atomic site. The summation terms in the above-mentioned equation is for all the 

neighbours of atom i which are within a predefined cut-off distance. The parameters for this potential 



model for Au were obtained from the literatures [S2, S3]. Initially, the system was thermally 

equilibrated at 300 K for 20000 time steps (20 ps). Once the equilibrated structure of Au NP was 

attained, MD simulations were conducted to observe the stability of Au octapod NP in a simulation 

box for another 1000,075,100 time steps (1000 ns). A time step of 0.001 fs was used to integrate the 

equations of motion, and simulations were performed under constant energy conditions NVE.   

Temperature calculation 

In classical statistical mechanics theory governing MD simulations, equipartition theorem give a 

relation between the kinetic energy and the system temperature (T). Each degree of freedom 

contributes equally  to the kinetic energy, or in another word, the kinetic energy is equally shared 

by translational or rotational degrees of freedom. For a system of N atoms, with no constraints, the 

total kinetic energy of the system is related to temperature by the following equation:  

 

                                                 𝐸 ∑ ∑ 𝑚 𝑣 𝑘 𝑇                                          (2) 

where 𝐸 is the average translational kinetic energy per atom, kB is Boltzmann’s constant, N is the 

number of atoms, mi is the mass and 𝑣 is the j component of the peculiar velocity of the atom i, and 

3 is the degrees of freedom per atom. Therefore, the ensemble time average of the temperature can 

be expressed by: 

𝑇
1

3𝑁𝑘
𝑚 𝒗 ⋅ 𝒗  

 

 



 

Figure S1 SEM image of anisotropic Au NPs synthesized in the presence of low volume (60 µL) of 

40mM AA.  

 

Figure S2 SEM image of cuboctahedron Au NPs grown by adding 60 µL of 40mM AA to the growth 

solution.  

 



 

 

Figure S3 SEM image of truncated cubic Au NPs synthesized in the presence of 80 µL of 40mM 

AA. 

 

Figure S4 Low magnification SEM image of octapod Au NPs (40 mM AA = 100 µL). 



 

Figure S5 SEM image of stellated octahedron Au NPs (40 mM AA= 110 µL). 

 



 

Figure S6 TEM images of (a) CTAC capped Au seed particles (inset: the brown colour of Au seed 

particles), and (b) Au NPs collected from the first growth solution after 5s (inset: the light pink colour 

of Au NPs) before adding to second growth solution. (c) SEM image displayed the spherical Au NPs 

synthesized in the first growth solution after 15 min of the reaction (Inset: the red color solution of 

vial).  



 

Figure S7 Camera photos revealed the brown colour solution of CTAB (left) and CTAC (right) 

capped Au seed particles.  

 



 

Figure S8 Fitting of the kinetic plot of maximum absorbance (Abs)-time profiles by Eq. 1 for 

anisotropic Au NPs grown in the presence of varying amount of 40 mM AA in the growth solution, 

(a) 75 µL, (b) 80 µL, (c) 90 µL, (d) 100 µL, (e) 110 µL, and (f) 150 µL.  

 

 

 

 

 



 

Figure S9 The influence of reaction temperature on the morphology of Au NPs under a set of 

similar reaction conditions (at a fixed volumes of 40 mM AA, i.e., 95 µL and 110 µL).   

 

 

 



Table S1. XPS survey spectra show the presence of elements (atomic %) in various anisotropic Au 

NPs displayed in Fig. 2. 

 

 

 

Figure S10 Synthesis of anisotropic Au NPs in the absence of NaBr under similar growth condition 

to Fig. 2(g).  



 

Figure S11 High resolution spectra of N1s collected from stellated Au NPs (Fig. 2(f)). 

 



 

Figure S12 Synthesis of anisotropic Au NPs in the presence of CTAB and 10 mM NaCl in the 

presence of varying amount of 40 mM AA, (a) 75 µL, (b) 90 µL and (c) 110 µL. 

 



 

Figure S13 Different shape evolution of Au NPs (SEM images) by with increasing volume of 40 mM 

AA when the seed was aged for 24 hrs. (a) Truncated cube, AA= 75 µL; (b) cube, AA=90 µL; (c) 

octapod, AA=100 µL; (d) stellated octahedra, AA=90 µL; (e) rhombic dodecahedra, AA=150 µL. 

 

 

 



 

 

Figure S14 SEM images displaying different shape evolution of Au NPs by with increasing volume 

of 40 mM AA when the seed was aged for 96 hrs. (a) Cube, AA= 75 µL; (b) stellated octahedron, 

AA=90 µL; (c) stellated octahedron, AA=100 µL and (d) stellated octahedron, AA=110 µL.  

 



 

Figure S15 SEM images show morphological change of Au NPs as the volume of 10 mM NaCl 

increases in the growth solution, (a) 75µL; (b) 90 µL; (c) 100 µL; and (d) 110 µL at fixed 40 mM AA 

concentration (100 µL). 



 

Figure S16 The variation in the angle between adjacent arms of octapod Au NPs with increasing 

amount of 10 mM NaBr. 



SEM 

Figure 17 (a) SEM image of 2D self-assembled monolayer of stellated octahedron Au NPs in cubic 

symmetry. (b) Electric field enhancement map for a bi-layer arrangement of the stellated octahedron 

Au NPs. Inset shows the electric field for a single NP. The polarization direction of the excitation 

light is along the x-axis. 

 

 



 

Figure S18 Electric field enhancement map for a mono- (a) and tri-layer (3x3) (b) arrangement of 

the stellated octahedron Au NPs. 

 

 



 

Description Movie S1 

File extension: .MP4 

Caption: Timelapse snapshots of stellated Au nanoparticle showing its stability at different 
temperatures. 
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