Supporting Information
Conformal Shell Amorphization of Nanoporous Ag-

Bi for Efficient Formate Generation

Xiangji Zhou," Xianglong Lu," Tianshui Yu," Hailing Wang," Lihua Qian," Pengxiang Lei,*
Yao Yu,* Lin Liu,* Shengguo Xia' and Jiakun Fang'

T School of Physics, Huazhong University of Science and Technology, Wuhan 430074, China.

I School of Chemistry and Chemical Engineering, Hubei University of Technology, Wuhan
430068, China.

§ School of Materials Science and Engineering, Huazhong University of Science and Technology,
Wubhan, 430074, China.

| State Key Lab of Advanced Electromagnetic Engineering and Technology, School of Electrical
and Electronic Engineering, Huazhong University of Science and Technology, Wuhan 430074,
China.

Corresponding Author
*L. Qian. E-mail: lhgian@hust.edu.cn

Contents of supporting information:
Figure S1. Microstructural characterizations of the NPSB.
Figure S2. CV tests of fresh a-NPSB and nanoporous Ag.
Figure S3. Statistical distribution on the thickness of the amorphous layer.
Figure S4. Microstructural characterizations of the Bi-NPs.
Figure S5. EDS and XRD on the NPSB, the a-NPSB and the c-NPSB.
Figure S6. SEM and STEM characterizations of the c-NPSB.
Figure S7. CV tests for electric double-layer capacitance of the catalysts.
Figure S8. XRD and XPS on fresh a-NPSB and used a-NPSB.
Table S1. The Bi concentration estimated by ICP-OES analysis.

Table S2. The performance of Bi derived catalysts in previous investigations.


mailto:lhqian@hust.edu.cn

(a) (b)
Ag ——NPSB
—— NPSB
g & J L
) s
= Ag S| e
= =
8 2
= —
= Bi e Bi
e A
. ; A 1 % 2
1] p " e
2.0 2.5 3.0 3.5 4.0 30 40 50 60 70 80
Energy (keV) 20 (degree)

Figure S1. (a) The EDS pattern of the NPSB indicates atomic concentration of Bi element as
2.27 atom %. (b) The XRD pattern of the NPSB shows four sharp diffraction peaks
corresponding to Ag polycrystal. No signal can be detected from Bi crystal, implying the

formation of Ag-Bi solid solution.
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Figure S2. The CV curves of the a-NPSB and nanoporous Ag. The electrochemical
measurement is conducted in CO; saturated 0.1 M KHCO;3 electrolyte with scan rate of 5 mV/s.
The redox peaks of the a-NPSB correspond to the dissolution of amorphous BixO3 and Bi

deposition on the a-NPSB. The redox of Ag atoms does not get involved in this potential range.
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Figure S3. (a) TEM and HRTEM images of the a-NPSB. (b) Statistical distribution on the

thickness of amorphous Bi2O3 layer based on the morphology.
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Figure S4. (a) XRD pattern, (b) TEM image, (c) STEM image and (d-f) element mapping

images of the Bi-NPs with tens of nm.
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Figure S5. (a) The EDS and (b) XRD patterns of the NPSB, the c-NPSB and the c-NPSB. Bi
signal is weak, and Ag signals from different samples show the nearly identical profile. XRD
patterns of nanoporous Ag and the a-NPSB show one isolate Ag phase, implying that Bi
elements are diluted into Ag lattice. The diffraction peak at 43° is the low level of residual AgrAl

that cannot be dissolved by chemical dealloying.



Figure S6. The morphology and element distribution of the ligaments in the c-NPSB. (a-b) SEM
and STEM images of the c-NPSB exhibit the similar morphology with the a-NPSB. But no
amorphous shell on the c-NPSB is observed on the surface of most ligaments. (c-f) Element
mapping of Ag, Bi, O verifies that most of amorphous Bi2Os3 shells are dissolved when the a-
NPSB is subjected to multiple CV stripping. Thus, some Bi elements are detected from the

electrolytes after CV stripping by means of the ICP-OES.
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Figure S7. Cyclic voltammograms of (a) a-NPSB, (b) NPSB and (c) Bi-NPs with different scan

rates.
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Figure S8. (a) XRD patterns of the used a-NPSB, fresh a-NPSB and nanoporous Ag. XPS
patterns of (b) Bi and (c) Al elements on fresh a-NPSB and the a-NPSB after 18 hours
electrochemical catalytic reaction. The Al signal is absent in the high resolution XPS, implying
that the residual AgrAl locates at the inner skeletons rather than ligament surface. (d) XPS

surveyed spectrum of the a-NPSB.



Table S1 The ICP-OES analysis shows the Bi concentration in the NPSB, and the real

concentration of NPSB detected by ICP-OES approaches to the expected concentration. The

content of Bi in NPSB calculated based on the real concentration is 2.18%.

The real

concentration of Bi element in electrolyte is close to the expected concentration, demonstrating

the dissolution of the amorphous Bi,O3 shell.

Electrode or electrolyte

Expected concentration (ppm)

Real concentration (ppm)

NPSB

7.663

6.9035

Electrolyte

0.0223

0.0294
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Table S2 CO:ER catalytic properties of various Bi derived catalysts.

Electrocatalyst Electrolyte  Potential (cjlg:s'ftr; t St%:i):iity Reference

Na“OPI;’irz o Ag@ Ié)ﬁlcl\ég Y 212 884%  18h Thiswork
Bi20sNSs@MCCM Ié)ﬁlcl\ég fofH\E’ m&zn_z 90%  12h I
struc:itlzrfersag:'a];i203 Igﬁlcl\(i V_sl.?{l\{]E mA2 3m‘2 87% 6h 2
cobaneed B KHCO, e RHE mAem? 1% M0
Bi nanoparticles/ 0.5M -0.86 V 10 ~90% 24 h 5

Bi203 nanosheet NaHCOs vs. RHE  mA cm™
BiOX/C Na}zézogand 1v7s5 Y mi6c}1n-2 934%  3h 6
Naclo, ~ AgAgd

Bi nanosheet N(z)l.PSI(ljv(I% V-slggE m Algm'z ~95% 10 h 7
Defect-rich Bi Ngﬁ %3 ;2:7121};3 m A5 fm_z 84% 24 h 8
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