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2 Figure S1. (a) Nitrogen sorption isotherms of NiCo MOF and NiCo MOF @BP. (b) BJH 

3 pore size distributions of NiCo MOF and NiCo MOF @BP.
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5

6 Figure S2.  SEM image of the Ag@rGO anode.
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2 Figure S3. Thermogravimetric analysis (TGA) of Ag@rGO showing the weight loss in 

3 percent.

4

5 Figure S4. (a) Powder X-ray diffraction patterns of the as-prepared NiCo MOF, NiCo MOF 

6 @BP and (b) Ag@rGO.
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2 Figure S5. (a) Raman spectra of NiCo MOF and NiCo MOF @BP cathode. (b) Raman 

3 spectra of Ag@3DG and GO.

4 Characteristic A1g, B2g and A2g modes belonging to BP were observed for NiCo MOF@BP 

5 1. 

6 The Raman spectra of GO and Ag@rGO were studied. Typical peaks at 1350 cm-1 and 1580 

7 cm-1 could be attributed to D and G bands of GO. After successful reduction, the value of 

8 ID/IG decreased from 1.01 to 0.99 which implied a higher degree of graphitization 2. 
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1 Figure S6. DOS of NiCo MOF. The Fermi level is set to 0. 

2 Lattice parameters calculated for NiCo MOF were 20.06 Å × 3.29 Å × 6.22 Å, which agreed 

3 well with previous experimental values 3. Spin up and down parts of the density of states 

4 (DOS) for NiCo MOF (Figure S6) were asymmetrical which suggested the existence of 

5 unpaired electrons. Based on these results, the total magnetic moment of NiCo MOF was 

6 calculated to be +6µB/ supercell where the main contributions from two Co (or Ni) atoms 

7 were +2.51/ +2.55 (or -1.50/ +1.59) µB/ supercell respectively. Additionally, an energy gap 

8 of 0.77 eV appeared in the spin up states whereas no energy gap was observed in the spin 

9 down states. The asymmetrical density of states illustrated the half-metallicity nature of NiCo 

10 MOF and the compromised electrical conductivity of NiCo MOF. As such, it was reasonable 

11 to incorporate a BP scaffold to enhance its electrical conductivity. 
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13 Figure S7. A typical galvanostatic charge/discharge curve of NiCo MOF@BP. Red region: 

14 charging process; green region: discharging process.
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2 The chemical reaction equations of the two-stage sodium insertion/extraction process are 

3 indicated below:

4 NixCo3-x(OH)2(C8H4O4)2(H2O)4 + Na+ + e- ↔ NaNixCo3-x O(OH) (C8H4O4)2(H2O)4    (1)

5 NaNixCo3-x O(OH) (C8H4O4)2(H2O)4 + Na+ + e- ↔ Na2NixCo3-x O2(C8H4O4)2(H2O)4   (2)

6

7

8 Figure S8. Nyquist spectra of NiCo MOF and NiCo MOF@BP after 20th cycle.

9 Both cathodes show good electrical conductivity as indicated by their Nyquist plots. 

10 Understandably, the presence of BP in NiCo MOF@BP composite results in a slightly 

11 smaller interfacial resistance (Rs) and charge transfer resistance (Rct).
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2 Figure S9. Galvanostatic intermittent titration technique (GITT) profiles of the NiCo MOF 

3 cathode in the desalination battery using a pulse current of 80 mA g-1 for 10min and intervals 

4 of 10 min in a stable cycle after 1-cycle activation process.

5

6 Figure S10. Log i-log v plots at two redox peaks of NiCo MOF and NiCo MOF @BP at 

7 various scan rates.
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2 Figure S11. (a, b) CV curves indicate the surface capacitive contribution of NiCo MOF and 

3 NiCo MOF @BP at 2 and 100 mV s−1.
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2 Figure S12. Photograph of the desalination cell configuration.

3

4

5 Figure S13. Specific capacity of the desalination battery with different mass ratio of 

6 Ag@rGO versus NiCo MOF@BP (red column: capacity calculated based on both side active 



1 materials; grey column: capacity calculated based on cathode side active material).

2 Table S1. The weight ratio of both electrodes

Weight

Weight ratio
Ag@rGO (mg) NiCo MOF@BP (mg)

0.5 2 4

1.0 4 4

1.4 14 10

2.0 20 10

3.5 14 4

3

4 Figure S14. Specific capacity of the desalination battery with different feed concentration.
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2 Figure S15. The concentration change profiles and the corresponding salt adsorption capacity 

3 for the desalination cycles.

4 To further explore the desalination performance of the full cell, this device is tested with a 

5 current density of 0.6 A g-1 and about 5000 ppm feed solution under real-time monitoring of 

6 the conductivity of the effluent. In a typical desalination cycle, the effluent concentration 

7 changes corresponding to the voltage variation. During the charging process, the sodium ions 

8 in influent migrate to the cathode materials, resulting in a conductivity decrease in the 

9 effluent, while chloride ions are removed by the Ag@rGO anode. The salt ions are released 

10 back into the electrolyte during the discharging process, causing the increase of the effluent 

11 concentration. As can be noticed, the effluent concentration varies inconsistently with the cell 

12 potential.



1

2 Figure S16. XRD patterns of NiCo MOF@BP electrode before and after long cycling in 2 M 

3 NaCl solution. The characteristic peaks for graphite paper substrate and NiCo MOF@BP 

4 nanosheets are marked by asterisk and diamond, respectively.

5 Table S1. Comparison of the desalination performance with different desalination system.

Electrode 

materials

Deionizatio

n system

Initial TDS

(mg L-1)

Salt 

removal 

capacity 

(mg g-1)

Applied 

voltage (V)

Time 

(min)

Energy 

consumption

(Wh g-1)

Energy 

recover

y (%)

Publis

h year

Activated 

carbon
FCDI 35000 - 1.2 300 - 25 20194

Nickel 

Hexacyanofer

rate

CID 1170 34 1.5 54 0.035 - 20165

Porous 

carbon
MCDI 1170 - 1.6 4 0.260 40 20126

Porous 

carbon
cdi 1170 13 0.3-1.2 40 0.236 30 20157

Porous 

carbon
MCDI 500 - 1.8 27 0.444 83 20138



Activated 

carbon
CDI 468 13 1.2 20 0.342 - 20199

Activated 

carbon

CDI 585 10.1 1.2 45 0.154 49.6 20191

0

CuFe@NiFe 

PBA

MCDI 2925 71.8 1.0 240 0.0376 - 20191

1

N, S-HTPC CDI 500 25.95 1.2 150 20191

1

Activated 

carbon

FCDI 5000 - 2.0 500 0.25 30 20191

2

3D printed N-

doped 

GO/CNT

MCDI 2500 75 1.4 100 0.331 27 20191

3

Activated 

carbon

MCDI 2000 - 1.3 4 0.533 40 20201

4

Ti3C2Tx 

MXene film

CDI 585 68 1.2 166 0.24 5.44 20201

5

Ferricyanide MC-RCDI 5850 67.8 1.2 2h 0.553 20191

6

Carbon

aerogel

CDI 5200 7.1 1.3 ~120 0.21 30 20081

7

NaI/VCl2 FCDI 19000 - 0.3-1.1 ~40 0.026 50 20181

8

Ag coated 

porous carbon

MCDI 3900 23.2 0.7 20 0.348 - 20171

9

CNT/graphen

e

CDI 780 26.42 2 ~60 1.026 20132

0

MOF derived 

porous carbon

polyhedra

CDI 500 13.86 1.2 80 20152

1

NMO HCDI 5850 31.2 1.2 30 20142

2



3D 

Graphene/Me

tal Oxide 

Nanoparticle

Hybrids

CDI 6000 24.2 1.2 ~3.8 20132

3

Exfoliated 

MoS2

CDI 23400 8.81 1.2 150 20172

4

NiAl-LDH CDI 585 81.2 1.2 ~100 20142

5

Sub-

micrometer 

carbon beads

CDI 29250 11.5 1.2 60 20172

6

K0.03Cu[Fe(C

N)6]0.65·0.43H

2O

CDI 500 23.2 1.2 100 

(Half 

cycle)

20182

7

N-doped 3D 

graphene

CDI 86 18.6 1.2 ~14 20172

8

N, P, S co-

doped hollow

carbon 

polyhedra

CDI 500 22.19 1.2 120 

(Half 

cycle)

20182

9

MnO2 HCDI 500 14.9 1.0 10 20183

0

MOF/polypyr

role hybrids

CDI 584 11.34 1.2 30

(Half 

cycle)

20193

1

Manganese 

Oxide-

Coated, 

Vertically 

Aligned 

CNTs

CDI 100 28.66 1.2 40 

(Half 

cycle)

20183

2

Hierarchical 

hole-

CDI 572 29.6 2 30 

(Half 

20183



enhanced 3D 

graphene

cycle) 3

3D

intercalated 

graphene 

sheet–sphere

nanocomposit

e

CDI 500 22.09 1.2 120 

(Half 

cycle)

20183

4

Tunnel 

structured 

manganese 

oxide 

nanowires

HCDI 1600 27.8 1.2 15 

(Half 

cycle)

20183

5

Porous Cryo-

Dried MXene

CDI 10000 45 1.2 7.5 

(Half 

cycle)

20183

6

Iodide 

confined in 

Carbon 

Nanopores

FDI 5850 69 1 1 

(Half 

cycle)

0.248 20183

7

Activated 

carbon

HCDI 60g - 1.2 - 0.44 36 20183

8

Na0.44MnO2 MCDI 890 57.4 1.5 90 20173

9

NMO MCDI 760 68.5 1.5 120 0.46 20174

0

Free-Standing 

Electrodes 

Derived from 

Metal–

Organic

Frameworks/ 

Nanofibers 

Hybrids

MCDI 1000 43.3 1.4 60 20184

1



MOF-

Derived 

TiO2@Porous 

Carbon

MCDI 1500 46.7 1.4 60 0.319 20194

2

Bimetallic 

MOF derived

porous carbon

MCDI 750 45.62 1.4 120 20172

FePO4/RGO MCDI 750 100 1.4 210 0.357 35 20183

6

Li4Ti5O12@C MCDI 2500 25 1.4 120 0.284 20194

3

Prussian blue MCDI 700 96 1.4 30 0.079 40 20174

4

Ar plasma 

modification 

of 2D MXene 

Ti3C2Tx

CDI 500 26.8 1.4 30 20184

5

NaTi2(PO4)3/r

GO

MCDI 1000 120 1.4 60 20174

6

NaTi2(PO4)3-

AgNPs

MCDI 2500 105 1.4 70 0.127 30 20184

7

3D graphene 

oxide and 

polyvinyl 

alcohol 

composites

CDI 250 36.1 1.2 60 20174

8

Freestanding 

PB/Graphene 

Aerogel

MCDI 2500 130 1.4 130 0.23 39 20194

9

Na3V2(PO4)3

@C

MCDI 1000 98 1.4 120 20185

0

Na3V2(PO4)3/

graphene 

aerogel

MCDI 1000 107.5 1.4 105 20195

1



NiCo 

MOF@P

CDI 1M 103.1 1.4 20 0.034 67.01 This 

work
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