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Figure S1. (a) The designed diagram of the multifunction electrocatalysis desalination device and (b) photo 

of electro-catalytic desalination setup.
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Figure S2.  (a) XRD diffraction pattern of bismuth nano-powder, and (b) its SEM image
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Figure S3. The LSV curves of Bi electrode in Argon and CO2 saturated electrolyte. The typical three-

electrode H-type cell is used with Pt counter and saturated calomel electrode (SCE) reference. The two 

reservoirs are separated by the cation exchanged membrane. Electrolyte: 0.5 M NaHCO3; scan rate: 5 mVs-

1.
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Figure S4.  (a) XRD diffraction pattern of Ir/C nano-powder, and (b) its SEM image.
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Figure S5. The LSV curve of Ir/C electrode in 0.5 M NaHCO3, scan rate: 5 mVs-1.
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Figure S6. (a) The current density and continuous electrochemical performance of multi-function 

electrocatalysis desalination device at the constant potential of -1.8V applied. (b) The zoom-in sections at 

the last period in Figure S4a.
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Figure S7. NMR spectra of the electrolyte in CO2RR chamber after electrocatalytic desalination process, 

indicating formate generation.
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Figure S8. pH values in the OER chamber during the electrocatalytic desalination.
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Figure S9. The relation between the potential and negative slope in Figure 2(a).
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Figure S10. Historical evolution of salt removal rate for capacitive deionization (CDI)1-17, membrane 

capacitive deionization (MCDI)10, 18-26, flow-electrode capacitive deionization (FCDI)27-37 and faradaic 

electrode desalination 38-47 as well as electrocatalytic desalination. 
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Table S1. The comparison of different desalination techniques: the electrode material, initial salt concentration, operation voltage/current, salt 

removal rate and energy consumption.

Desalination 
Technology

Electrode 
materials

Initial salt 
concentration

(ppm)

Operation 
voltage/current

Salt removal 
rate

(μg cm-2 min-1)

Energy 
Consumption#

(kJ mol-1)
Year Ref.

Carbon 
aerogel

~50

~500
1.2 V

~0.99

~2.05
- 1996 1

Ti(1.05)/AC
C ∼5844 1.0 V ~0.35 - 2003 2

MWCNTs ~3000 1.2 V ~0.45 - 2005 3

CNTs-CNFs ~110 1.2 V ~1.97 - 2006 4

Ordered 
mesoporous 

carbon
~25 1.2 V ~7.56 - 2008 5

Ordered 
mesoporous 

carbon
~50 0.8 V ~8.09 - 2009 6

Capacitive 
deionization 

(CDI)

Commercial 
Activated 
Carbon

~1169 1.2 V ~12.84 - 2010 7
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Phloroglucin
ol-based 

MC-coated 
graphite

35000 1.2 V ~ 54.54 - 2011 8

MSP-20 
(AC)

OM SiC-
CDC

~290 1.2 V
~29.79

~26.67
- 2013 9

AC-QPVP 

AC-HNO3 
500

1.0 V

1.2 V

~27.14

~28.57
- 2016 10

N-PHCS 500 1.2 V ~48 - 2016 11

PTS-doped 
PAC 600 1.4 V 39.6 ~0.24 2017 12

GR/NMC 300 1.4 V ~55.56 - 2018 13

S-AC || N-
AC

S-AC || AC

N-AC || AC

AC || AC

1000 1.4 V

~ 142.86

~38.96

~35.06

~6.49

- 2018 14

N, P, S co-
doped 
hollow 

500 1.2 V 80 - 2018 15
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carbon 
polyhedra

APTES 
groups onto 

activated 
carbon fabric

~1169

0.38 mA cm-2

0.5 mA cm-2

0.75 mA cm-2

~14.64

~18.73

~28.10

~18

~24

~32

2019 16

MOF/HG-2 800 1.4 V ~24.99 - 2020 17

activated 
carbon cloth 1000 1.2 V - ~63 2006 18

Porous 
carbon ~5260 1.4 V ~15.58 - 2010 19

Carbon 
nanotubes 52 1.2 V ~20.41 - 2011 20

Commercial 
activated 
carbon 

electrode

~292 1.2 V ~77.82 - 2011 21

Porous 
carbon ~1169 1.2 V ~ 16.57 ~110 2012 22

Membrane 
capacitive 

deionization 
(MCDI)

Porous 
carbon 

electrodes
~1169

0.3 A

0.5 A

0.8 A

~13.32

~21.52

~26.63

- 2013 23
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Pristine AC 
electrodes 500

1.0 V

1.2 V

~20

~28.57
- 2016 10

Activated 
carbon ~1414

0.30 mA cm-2

0.89 mA cm-2

~15.11

~39.70

~ 81.17

~ 166.98
2018 24

PCSs ~500 1.2 V ~156.25 - 2018 25

SiW12@PAN
I/EGC 500 1.2 V

345 (after 10 mins)

150 (after 40 mins)
- 2020 26

Carbon 
suspension

1100

5900

14200

32100

1.2 V

40 (~50% SREa)

190 (~40% SRE)

220 (~20% SRE)

340(~12% SRE)

- 2013 27

5% w/w 
dispersion of 

activated 
carbon 
powder

15000 1.2 V ~39.67 - 2014 28

YP-50F 
activated 
carbon

10000 3.0 mA cm-2 78.6 126.4 2015 29

Flow-electrode 
capacitive 

deionization
(FCDI)

TE-3 
activated 

carbon beads
1170

0.40 mA cm-2

0.60 mA cm-2

0.80 mA cm-2

16.2

19.8

177.0

345.6
2016 30
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23.4 456.0

Carbon 
suspension 35000 1.2 V ~39.85 - 2017 31

DARCO, and 
Noritactivate

d charcoal
2000

0.573 mA cm-2

1.719 mA cm-2

2.865 mA cm-2

3.438 mA cm-2

4.011 mA cm-2

18

54.6

76.2

90

106.8

97.3

187.0

289.9

329.5

362.7

2018 32

AC + CB || 
CuHCF + CB 10000 1.4 V 13 - 2019 33

TEMPO 5860 0.06 mA cm-2 1.986 78.2 2019 34

Activated 
carbon, 

carbon black, 
ferri-

/ferrocyanide

9000

0.47 mA cm-2

1.42 mA cm-2

2.38mA cm-2

3.33mA cm-2

4.28 mA cm-2

9.6

37.8

78.6

103.2

162

40.95

52.2

98.07

135.0

160.0

2020 35
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DARCO, and 
Noritactivate

d charcoal
1000

0.909 mA cm-2

1.11 mA cm-2

67.2

39.762

35.79

133.91
2020 36

Carbon 
Black 1000 1.2 V

27.47

44.41

~125

~122
2020 36

50 mM/50 
mM Ferri-

/ferrocyanide
3000

0.06 mA cm-2

1.11 mA cm-2

1.90

39.76

1.57

133.91
2020 37

NMO||Ag Seawater
(~18500 Cl-) 0.5 mA cm-2 - ~151.3

(removal 25% Cl-) 2012 38

NMO||AgCl ~35000 1 mA - ~0.04 kwh m-3 2014 39

BiOCl||NMO ~795 100 mA g-1 160.71 96.88 2017 40

 AgCl||Na0.44
MnO2

~ 891 100 mA g-1 168.37 - 2017 41

FePO4@RG
O||AC ~2500 100 mA g-1 ~145.45 ~75.11 2018 42

VCl3||NaI 19000 0.22 mA cm-2 ~ 44.44 10.27 2018 43

Faradaic electrode 
desalination

NVO@rGO||
Ag@rGO 250 1.2 V ~1.70 - 2019 44
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NTP/rGO || 
AgNPs/rGO 2500  100 mA g-1 ~79.72 ~26.89 2019 45

Zn||Pt/C 3000 0.25 mA cm-2 8.9 80.1(release) 2020 46

Zn-ZnCl2 2000

0.125 mA cm-2

1.0 mA cm-2

2.0 mA cm-2

5

34

64

19

81.3

191.4

2020 47

Bi||n-TEC 
powered by 

PV cell
10000 peak at ∼6 mA - ~77.68c

Bi||n-TEC 
powered by 

DC
10000 peak at ∼9.98 mA -

~388.40d

~116.52e

~73.20c

2019 48

15000
~ 3.6 mA cm-2 f

~ 6.5 mA cm-2 f

134.48

228.41
-

Electrocatalytic 
desalination

(ED)

Bi||Ir/C

12000

 -1.2 Vb

-1.4 V

-1.6 V

16.49

36.53

91.53

-

2021 This work

# Energy consumption only includes the desalination devices without the consideration of pumps/equipment consumption.

a SRE: salt removal efficiency, the change in NaCl concentration is divided by the initial NaCl concentration.
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b The voltage is relative to the saturated calomel electrode (SCE). 

c The device is equipped with 5 desalination cell (DS) and desalinate to 50%.

d The device is equipped with 1 desalination cell and desalinate to 50%.

e The device is equipped with 3 desalination cell (DS) and desalinate to 50%

f At applied voltage of -1.8V vs. SCE, the current density can be offered stably.
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