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Experimental Section

Materials

All solutions were prepared using deionized water (resistivity > 18 MQ-cm). Hydrogen
tetrachloroaurate (III) tetrahydrate (HAuCly-4H,0, 49% metal basis, Alfa-Aesar),
cetyltrimethylammonium bromide (CTAB, 99% Sigma-Aldrich), sodium borohydride
(NaBHy4, 99%, Sigma-Aldrich), trisodium citrate dihydrate (CA, 99%, Alfa-Aesar), L-
ascorbic acid (99%, Sigma-Aldrich), and L-cysteine (99%, Energy), 3-
mercaptobenzoic acid (95%, Sigma-Aldrich), N-acetyl-L-cysteine (99%, Sigma-
Aldrich), glycine (Sinopharm Chemical Reagent Co., Ltd.), serine (99%, Alfa-Aesar)

and L-glutathione (98%, Sigma-Aldrich) was used as received.
Synthesis

Synthesis of concave Triangular Au nanoplate seeds. Triangular Au nanoplate seeds
were synthesized according to a previously proposed protocol!. The as-synthesized
nanoplates were directly used in the following synthesis. For the syntheses of 400 nm

and 700 nm nanoplates, the seed solution added was decreased to 20 uL and 10 ul
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respectively.

Synthesis of the hexagonal hollow particles. The whole process was performed in a
60°C oven. A 5.0 mL growth solution containing 10 mM of CTAB, 0.15 mM of HAuCl,
and 0.33 mM of L-ascorbic acid was first prepared and heated to 60 °C, followed by
addition of 40 uL of 0.01 mM L-cysteine. Next, 80 pL of triangular gold nanoplates
solution was quickly added under vigorous vortexing. The reaction mixture was
incubated at 60°C for 30 min, and then air-cooled to room temperature. Further
prolonging the incubation to 2 h would not change the morphology of the concave
structures (Fig. S9). The product was purified with centrifugation and subjected to

characterizations.
Characterization

TEM images were collected from a Talos L120C model operated at 120 kV. Field
emission scanning electron microscopy (SEM) image were collected on a FEI Quanta
250 FEG model. High resolution TEM image and 3D tomography data were taken from
a FEI Talos F200X Transmission Electron Microscope operated at 200 kV. The XRD
analysis was carried out on a SmartLab TM X-ray diffractometer with Cu Ka radiation.
SEM images of focused ion beam (FIB)-cut slices were collected by a TESCAN LYRA
3 XMU model.

First-Principles Calculations

Ab initio density functional theory (DFT) calculations are performed using the
Quantum-ESPRESSO package.? The generalized gradient approximation (GGA)
exchange-correlation functional proposed by Perdew, Burke and Ernzerhof (PBE) is
employed. The wave functions and charge density are expanded with kinetic cutoffs of
60 and 600 Ry, respectively. Electron-ion interactions are described using ultrasoft
pseudopotentials and relativistic effect is taken into consideration. The total energy is
converged to within 1 x 10* Ry, and the geometry is optimized until the atomic force
becomes less than 1 x 103 Ry-Bohr!. The long-range van der Waals (vdW) forces are

explicitly included in the calculations by adding to the PBE functional the Grimme’s



semiempirical correction term (DFT-D3).? Periodic boundary conditions are employed
to model Au surfaces for three low-Miller-index planes, (100), (110) and (111). The
lengths of the supercells are 8.16 A x 8.16 A, 8.16 A x 11.54 A, 5.77 A x 9.99 A for
(100), (110) and (111) as shown in Fig S12. In all cases, model with four layers is
adopted and the bottom two layers are kept fixed to mimic the bulk while the upper two
layers are fully relaxed. A 15 A vacuum layer is used along the z direction to avoid
periodic interactions and a dipole correction is employed.* The isoelectric point of
cysteine is 5.05 while the pH in experiment is range from 6 to 7, we investigate cysteine
with COO- and NH,. Taking the well-known affinity between thiolate groups and gold’
into consideration, we focus on cysteine with S- as shown in Fig. S12.

All the adsorption energies (E,;) are calculated using the following energy difference,

-E -E

absorbate substrate
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complex

where E_,,,,x represents the total energies of the system, Egsorpare and Egypgirare rEpresent
the energies of adsorbate and substrate, respectively.

Different adsorption configurations of L-cysteine on the Au surface are calculated (Fig.
S10). The configuration with L-cysteine parallel to the surface of Au has the lowest
adsorption energy on all three facets, and the -4.73 eV adsorption energy of L-cysteine
on Au(110) is distinctly larger than those on the other surfaces, consistent with the facet
specificity.® The detailed adsorption configurations were also surveyed, and the
calculated Au-S and Au-O distances of L-cysteine on Au(110) are 2.36 A and 2.24 A,
while on Au(100) the distances are 2.36 A and 2.32 A, and on Au(111) are 2.45 A and
2.53 A. Thus, the ligand is closer and more tightly bound to the Au(110). The apparent
differences in adsorption energies might be attributed to the loose lattice structure of
Au(110) (Fig. S11), which can better align with L-cysteine ligand, while the tight lattice
structure of Au(111) has the opposite effect and thus the lowest adsorption energy for

L-cysteine.



Fig. S1 SEM image of the triangular Au nanoplates.

Fig. S2 SEM images of the octahedral Au seeds and rhombic dodecahedron particles

when octahedral Au nanoparticles as seeds.

Fig. S3 SEM images of the particles cut by the focused-ion beam across the centers

(with the red line indicated the cutting line) and the TEM images of respective slices.



Fig. S4 The adding SAED pattern data of the opening part of the hexagonal bowls.

Fig. S5 SEM image of the concaved hexagonal bowls with different orientations. The

side-view of the particles revealed two different types of the particles.
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Fig. S6 TEM image (a) of a FIB-cut slice in a particle with one twining plane; HRTEM

images and corresponding FFT patterns of its top (b) and bottom (c) blocks.

Fig. S7 TEM image (a) of a FIB-cut slice in a particle with two twining planes; HRTEM

images and corresponding FFT patterns of its top (b) and bottom (c) blocks.
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Fig. S8 The ultraviolet data of the time-dependent evolution of the hexagonal bowls at

0 min, 1 min, 5 min, and 30 min reaction time.

Fig. S9 The large view SEMINAR images and corresponding yields of the time-
dependent evolution of the hexagonal bowls at a) Imin (yield=86%), b) Smin
(yield=93%), c¢) 30min (yield=95%) and 2 hours (yield=95%). Most of the impurities

are nanoparticles formed by homogeneous nucleation.



Fig. S10 SEM images of the nanostructures formed a) without L-cysteine, and with b)

0.02 uM, ¢) 0.10 uM and d) 0.24 uM L-cysteine.
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Fig. S11 The adsorption energies of L-cysteine on Au(100), Au(110) and Au(111) with

different configurations.
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Fig. S12 (a)-(c) different lattice planes of Au, yellow = the first layer, white = the
second layer, blue = the third layer. (d) Optimized structure of L-cysteine, yellow = C,

wathet blue = H, red = O, blue = N and pale yellow = S.

Fig. S13 SEM images of the nanostructures formed with a) 0.025 mM, b) 0.050 mM,
and ¢) 0.25 mM HAuCl,.

Fig. S14 SEM images of the concaved bowls formed with a) ImM, b) 4mM and ¢)10

mM L-ascorbic acid.



Fig. S15 SEM images of the nanostructures formed with a) 2.0 mM, b) 5.0 mM, c) 15

mM d) 100 mM, and e¢) 200 mM CTAB.
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Fig. S16 CD spectra of the corresponding samples formed with different concentration

of L-cysteine.

Fig. S17 SEM images of the nanostructures formed by replacing the L-cysteine with

(a) D-cysteine and (b) DL-cysteine.



Fig. S18 SEM image of the concaved bowls using pre-formed concaved bowls as the

seeds for another round of growth.

Table S1 Comparison of the ligand and precursor concentrations with chiral growths

employing the CTAB/L-cysteine ligand system.

Nam Group’ Wu Group? Wong Group?® This Work
CTAB/CTAC (mM) 14.6 10 28.2 10
HAUCI, (mM) 0.365 0.1 0.19 0.15
L-cysteine (uM) 9.12x102 20 4x102 8x102
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