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Fig. S1 Role of DEHA in the synthesis of Au nanoshurikens. Under the aerobic condition, DEA
can be oxidized into DEHA, which serves as a reducing agent (a type of hydroxylamine) for
the Au salt (top, a schematic reaction). When the typical reaction system was degassed by N,
the reaction cannot be initiated (bottom, showing the color of HAuCls instead of Au
nanocrystals), which confirms the role of DEHA as a reducing agent in this synthesis system.
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Fig. S2 TEM images of the Au nanoshurikens with blunt tips. The synthesis was conducted at
150 °C, and the reaction lengths of time were 10 min (a) and 20 min (b). It implies that with
prolonged reaction time, the nanotips became much blunter due to the Ostwald Ripening.
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Fig. S3 Simulated UV-vis-NIR spectra of Au nanoshurikens with nanotips of different

sharpness.
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Fig. S4 Optical properties of the Au and Ag nanoshurikens simulated by FDTD. (a—d)
Distributions of the electromagnetic field intensity in the proximity of the nanoshurikens,
irradiated at their respective resonance wavelengths. The color bars represent the amplitude
ratio of |E|/|Ey|, where E and E) are the local and incident electromagnetic fields, respectively.
(e) LSPR profile of the Au nanoshurikens in comparison with that of the Ag nanoshurikens.
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Fig. S5 HRTEM image of the individual Au nanoshurikens with different tip sharpness
(corresponding to Fig. 1 a—d). It is clear that the growth of the sharp tips occurred preferentially
in the [110] direction.
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Fig. S6 TEM images of the products obtained (a) without PVP or (b—c) by using H,O in place
of DMF in a typical synthesis as described in the Experimental Section. (d) Corresponding
HRTEM images of the region marked with the box in (c).
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Scheme S1. Chemical Reactions during the amalgamation of Hg and Au.'
HgCly(aq) + 2NaBHy(aq) + 6H,O — Hg(/) +7Ha(g) +2B(OH)s(ag) + 2NaCl(aq)
3Au(s) + Hg(/) — AusHg(s) (Low Hg/Au ratio)

Au(s) + 2Hg(/) — AuHgy(/) (High Hg/Au ratio)
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Fig. S7 UV-vis-NIR extinction spectra of the Au nanoshurikens after reaction with 5x10° M

HgCl, in the presence of NaBH, at different reaction time. The extinction intensity became

stable after 10 min. Thus, in all sensing experiments, the solutions were kept for 10 min before
measuring the UV-vis-NIR spectrum.
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Fig. S8 Plots of the real (&) and imaginary (&;) components of the dielectric function (¢) of Au,
Hg, and AusHg (by calculation) as a function of the wavelength. The complex refractive indices
(n*) of pure Au and Hg, with real and imaginary parts n and k, were adopted from the literature.”
3 & and & of pure Au and Hg can be calculated by & = n’~k* and & = 2nk. The dielectric constant
of the alloy can be treated as a combination of e, and ey in the form of & (o) = (1-0) £au + O xg,
where o = 1/4 for AusHg.* The plots suggest that surface modification of the Au nanoshurikens
with Hg leads to a significant change in the dielectric function, which imposes strong influence
on the optical property of the nanoshurikens. These values were employed for simulations of
the optical property of the surface-alloyed Au nanoshurikens with Hg (Fig. 6c¢).
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Fig. S9 (a) TEM image of the Au nanoshurikens. (b—d) TEM images of the Au nanoshurikens
in the presence of HgCl, with different concentrations: (d)Hg2+ > (c)Hg2+ > (b)Hg2+. (e)
Corresponding UV-vis-NIR spectra of the products.
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Fig. S10 Reproducibility of the LSPR-based sensing system for Hg(Il) of ultralow
concentrations (a, 10" M; b, 10" M; ¢, 107" M) by using Au nanoshurikens. For each
concentration, 5 parallel analyses were conducted. It is inferred that the UV-vis-NIR spectra
overlap for each concentration with very close A/A¢ values at 937 nm, with the standard
deviations being only ~0.003, 0.004 and 0.005, respectively. Therefore, the sensing system can

04f

— Blank Ao

—1 A/A0=0.972
—2 A/A0=0.979
— 3 A/A0=0.969
— 4 A/A0=0.973
— 5 A/Ao=0.970

Average: 0.973
Standard deviation: 0.003

10-“M

500

750 1000

Wavelength/nm

—Blank Ao

—1 A/A0=0.948
— 2 A/Ao=0.956
— 3 A/A0=0.949
—4 A/Ao=0.956
— 5 A/Ao=0.948

Average: 0.951
Standard deviation: 0.004

102 M

500

750 1000

Wavelength/nm

—Blank Ao
—1 A/A0=0.924
—2 A/A0=0.932
— 3 A/A0o=0.930
— 4 A/A0=0.928
—5 A/Ao=0.918

10-°M

i Average: 0.926
Standard deviation: 0.005
500 750 1000

Wavelength/nm

detect Hg(II) of ultralow concentrations in a very reproducible manner.
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Fig. S11 The LSPR response of the sensing system toward other metal ions, Cu** (a) and Fe’*
(b) respectively, in comparison with Hg(I[) of the same concentrations (Fig. S10). No
significant change of the LSPR intensity can be detected in the presence of Cu®" and Fe’",
confirming the high selectivity of the sensing system toward Hg(II) with high reliability at
ultralow concentrations.
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Fig. S12 LSPR-based sensing of Hg(II) with Au nanorods. The Au nanorods were synthesized

according to the literature.” (a) TEM image of the Au nanorods. (b) UV-vis-NIR spectra of the

Au nanorods in the presence of HgCl, of different concentrations (10'*~10° M). The

procedures of the sensing application were the same as those with Au nanoshurikens described
in the Experimental Section.

Discussion on Fig. S12: When Au nanorods were used in LSPR-based sensing of Hg(II), no
notable change in the intensity or band position or the LSPR can be detected in the presence of
Hg(II) of low concentrations (10*~10"® M). Significant changes in the LSPR property could
be only observable with Hg(II) of high concentrations (> 10~* M). It indicates that the sensing
activity of the Au nanorods was lower than that of the Au nanoshurikens, which can be largely
attributed to the greater bluntness (tip size: ~15 nm) of the Au nanorods than that of the Au
nanoshurikens (tip size: ~11 nm, Fig. 1c), and therefore higher sensitivity of the LSPR in
response to the change at the nanotips.

It is worth noting that other sensing systems can be found in the literature with Au nanorods,
which can detect Hg(II) at a low concentration of 1.6x10™'" M by measuring the band shift of
the LSPR. With linear assemblies of the Au nanorods, Hg(II) of an even low concentration of
10" M can be detected, which takes the advantage of significant changes in the coupling of
the LSPR induced by slight variation of the Au nanorods. Compared with these results, the
sensing system with the Au nanoshurikens was still superior, which can detect Hg(II) of ~10~"*
M.
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