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1. Surface area to volume ratio (SVR) estimation.
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Figure S1. Reduction curves of Au oxide from NPG-Free, NPG-1.05V Ele and NPG-1.15V Ele.

A three-electrode electrochemical cell was used for the electrochemical experiments.
Ag/AgCl(3.0M KCl) was used as reference electrode and Pt sheet was used as counter
electrode. A glassy carbon(GC) electrode (4 mm in diameter) was used as the substrate
electrode for located NPG films.The GC electrode was first polished with alumina pow-
der, and then sonication in deionized water. after dried in the air, 100 nm thick NPG films
was fixed on the surface with 0.2 pL Nafion solution (5%). The surface area was estimated
from cyclic voltammetry (CV) curve that obtained in 0.5M H250: aqueous solution (elec-
trolyte).

Figure S1 shows the reduction curves of Au oxide, and we considered single layer of
Au atoms was oxided and the reducted. We can calculated the total amount of the electron
with the formula:

Q=UI,

where Q is the transferred electron, I is the current at corresponding potential U.

Since, the electrical quantity(q) that required for single-atomic layer oxidation of gold
is around 370-390pc/cm?, the surface area of NPG thin film (A)can be estimated with A=Q/q.

The calculated surface area of NPG-free, NPG-1.05 V Ele and NPG-1.15 V Ele are
0.4651cm?, 0.5736cm? and 1.1cm?, respectively. According to the equation, the surface area
of NPG is proportional to the transferred electron which is calculated with the CV curve.
Also we can get the ratio of surface area between different NPG films directly from the
area enclosed with the reduction curve.

Additionally, the surface-to-volume ratio (SVR) was calculated by SVR = A/V, where
V is the volume of NPG film on the GC electrode. Since the density of the three samples
are identical, the volume of them are also the same. Thus, we can get the SVR of NPG-
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free: NPG-1.05 V Ele : NPG-1.15 V Ele is 1:2.4:1.2,which is as the same as the ratio of sur-
face area.

2. Surface O analysis
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Figure S2. (a) Gaussian fitting of O 1s spectra for the three selected samples, and (b) Elements con-
centration near the surface of the three selected samples.

As shown in Figure S2a, the peak at 531.2 is associated to oxygen ions in crystal lattice
(O-latt), and the peak at 532.5 eV is attributed to surface adsorbed oxygen (O2-ads). Com-
pare the relative intensity of O-latt with O2-ads, the O-latt of NPG-1.05V Ele is less than
that of NPG-Free and NPG-1.15 V Ele. Oppositely, Oz2-ads of NPG-1.05V Ele is more than
that of NPG-Free and NPG-1.15 V Ele. The surface content difference of O pieces indicate
that an applicable voltage can inhibit surface oxidation as well as increase surface area, all
of which lead to better SERS activity. Moreover, the applied voltage can remain more sil-
ver elements near the surface during the formation of nanopore structure. As shown in
Figure S2b, the surface silver content of NPG-1.05V Ele and NPG-1.15V Ele is around 25
at.%, while that of NPG-free is only 15 at.%, although the average silver concentration of
the three samples are basically identical.

3. SEM images and SERS spectra of NPG with 3 at.% residual silver.
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Figure S3. SEM images and SERS spectra of NPG with similar residual silver content (3 at.%) that
prepared at different conditions. SEM images of the three samples (a) free dealloyed NPG with the



ligament and pore size around 21+4 nm, (b) electrochemical dealloyed NPG at 1.05 V with the liga-
ment and pore size of 40+8 nm, and (c) electrochemical dealloyed NPG at 1.15 V with the ligament
and pore size of 28+5 nm, (d)SERS spectra of the three samples with 3 at.% residual silver shown in
(a), (b) and (c).

Figure 53 shows the SEM images and SERS spectra of NPG with 3 at.% residual silver
that prepared at different conditions. With similar silver concentration, NPG prepared
with 1.05 V Ele-dealloying appears much better SERS enhancement than the NPG prepare
with free daealloying and 1.15 V Ele-dealloying.

4. NPG prepared with AgsiAux alloy.
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Figure S4. NPG prepared with AgsiAu alloy and its properties.(a) Experimental cyclic voltamme-
try curve of AgsoAuzo in 2M HNO:s acid solution (scan rate: 100mVs?).(b) Strongest SERS spectra of
NPG prepared at different constant potential. (c¢) SEM image of NPG prepared by electrochemical
dealloying at 0.78V for 1000s, which exhibits the best-improved SERS enhancement. (d) Chemical
analysis of NPG (0.78V Ele) that shows in (c).

Figure S4a is the experimental cyclic voltammetry curve of AgsAux in 2M HNOs
acid solution, and the critical potential is around 0.75 V. Figure S4b shows the strongest
SERS spectra of NPG prepared at different constant potentials, and the one prepared with
the constant potential slightly higher than the critical potential (0.78V) exhibited the best
SERS enhancement. Figure S4c is the SEM image of the NPG prepared at 0.78V, and the
chemical analysis of selected region is shown in Figure S4d.



