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Fig. S1 SEM images of (a, b) NF washed by rare hydrochloric acid and (¢, d) product obtained by the same synthesis

process just without urea participation.
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Fig. S2 Anodic LSV curves on CoONW/NF at different electrolyte without HMF presence.
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Fig. S3 Anodic LSV curves on CoONW/NF with the presence of different concentration of HMF.
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Fig. S4 Effect of concentration of HMF on electrocatalytic performance for NF.
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Fig. SS Cyclic voltammograms recorded on NF and CoNW/NF in the potential range of 0.969 to 1.069 V vs RHE.
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Fig. S6 Mathematical ratio of current densities of EOH and OER from Fig. 5a.

160 min

Fig. S7 Two-electrode integration electrolyser powered by a commercial AA battery. On account of only H, bubbles
released continuously at the cathode, whereas no gas bubbles generated at the anode, we employed a water-gas displacing
method to collect H,.
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Fig. S8 (a) Representative HPLC chromatograms of integration reaction; (b) Time-course of HMF oxidation and

passing charge over CONW/NF in integration system.



Fig. S9 SEM, TEM and HRTEM images of the used CoNW/NF after five successive chronoamperometries.



Table S1. Comparison of OER performance of CONW/NF with references.

Catalyst Electrolyte Po/t\e]n‘t,isa.llR(I(_)IgR) Reference
1.067 (1 mA/cm?)
1.502 (5 mA/cm?)
CoNW/NF 1.0 M KOH 1519 (the x-intercept of a This work
tangent to the LSV curve)
1.563 (10 mA/cm?)
Ni@PIM-CF 0.1 M KOH 1.621 (10 mA/cm?) !
Nano-Cu foam 0.1 M KOH ~1.600 (onset) 2
1.550 (onset)
Co-O@Co-Se/Cu 1.0 M KOH 3
1.570 (10 mA/cm?)
NCO/CT 1.0 M KOH 1.610 (10 mA/cm?) )
NCO@MO/CT 1.0 M KOH 1.567 (10 mA/cm?)
NiCo,04/NF 0.1 M KOH 1.550 (10 mA/cm?) 5
Ni,B 1.0 M KOH 1.610 (10 mA/cm?) 6
Cop55Se/NC 1.0 M KOH 1.590 (10 mA/cm?) 7
hp-Ni 1.0 M KOH ~1.510 (onset) 8
Au-MnOy 1.0 M KOH 1.630 (10 mA/cm?) 0
CoCr,04-700 1.0 M KOH 1.652 (10 mA/cm?) 10
Ni3S,/NF 1.0 M KOH ~1.500 (onset) 1
Co(OH), 1.0 M KOH 1.590 (10 mA/cm?) 12
ngs‘i‘z/"é’;dc 1.0 M KOH 1586 (10 mA/cm?) 3
NiCo LDH 1.0 M KOH 1.597 (10 mA/cm?) 14
Co-P film 1.0 M KOH 1.575 (10 mA/cm?) 15
Ni@NC 0.1 M KOH 1.620 (10 mA/cm?) 16
Ni-Co,-O HNSs 0.1 M KOH 1.592 (10 mA/cm?) 17
Co-Mn LDH 1.0 M KOH 1.555 (10 mA/cm?) 18




Table S2. Comparison of anodic potentials for HMF electrooxidation.

Potential for HMF electrooxidation /V vs. RHE

Catalyst Electrolyte Reference
@1 mA cm? @5 mA cm? @10 mA cm?
CoNW/NF 1.0 M KOH 0.886 1.191 1.311 This work
NiCo,04 1.0 M KOH ~1.30 ~1.43 ~1.47 19
Cu;P/CFC 1.0 M KOH ~1.27 ~1.37 1.43
20
Ni,P/CFC 1.0 M KOH ~1.20 ~1.28 ~1.34
NiOOH 0.1 M KOH ~1.46 — —
21
CoOOH 0.1 M KOH ~1.60 — —
NiFe LDH 1.0 M KOH 1.25 ~1.29 ~1.32 2
s 0.1 M NaOH + ”
Ni/NiOOH 0.3 M NaClO, ~1.40 ~1.50 —
Nano-Cu foam 0.1 M KOH ~1.45 ~1.79 — 2
MnO, 0.5 M H,SO, ~1.50 ~1.89 — 2
CoB 1.0 M KOH ~1.20 ~1.33 ~1.36 25
Ni,B/NF 1.0 M KOH ~1.35 ~1.37 ~1.39 26
NiCo0,04/NF 0.1 M KOH ~1.14 ~1.28 ~1.37 5
Ni,P/Ni/NF 1.0 M KOH ~1.33 — ~1.34 2
hp-Ni 1.0 M KOH ~1.35 ~1.36 ~1.37 8
Ni,P NPA/NF 1.0 M KOH ~1.20 — ~1.36 28
Ni;S,/NF 1.0 M KOH ~1.30 ~1.32 ~1.36 1
Co-P/CF 1.0 M KOH ~1.25 ~1.34 ~1.37 29
NiO(OH) 1.0 M NaOH 0.6 V vs SCE (~1.66 V vs RHE) to reach 16 mA cm™ 30
Pt/Fe;0,/rGO 0.1 M K,SO ~0.42 — — 31
S ’ 2o (vs. Ag/AgCl)
Au 0.5 M borate buffer ~1.27 _ _
solution+ 32
Carbon-felt 7.5mM TEMPO ~1.10 — —
Pd/C ~0.66 — —
Pd,Au,/C 0.1 MKOH ~0.57 ~0.76 — .
Pd1Au2/C (CV method) ~0.52 ~0.80 _
Au/C ~0.45 — —




Table S3. EIS fitted parameters of NF and CoNW/NF.

Rs CPE, Yo CPE, n Rct
ohm S-sec” ohm
NF 1.625 0.008685 0.8 13.24

CoNW/NF 1.721 0.04258 0.8234 5.01




Table S4. Comparison of catalytic performance of HMF oxidation into FDCA with references.

T HMF t P Conv.  Yield Reaction rate
Cat:l lysts solvent oxidant mmol g-1 cat h! Ref.
(Wt%) °C  mmol/L h Mpa % %
HMF FDCA
0.92 72.51  36.25 8.404 4.202
1.83 87.86  59.26  5.120 3.453
CoNW/NF . 2.89 93.97 78.65  3.467  2.902 .
ectrooxidation 25 100 1 mol/L KOH in H,O 401 NA NA 0588 9011 2550 2396 This work
4.95 98.64 9454  2.125 2.037
5.73 100.00  96.82 1.861 1.802
1 2985 598 7.013 1.405
2 69.14 1536  8.121 1.804
3 8743  26.13 6.846 2.046
>0 4 95.18  40.01 5.590 2.349
5 99.49  66.16  4.674 3.108
6 9996  83.15 3914 3.255
4.18% Pd/HPGS - 200 1 equiv. NaOH in H,0O (0)} 0.1 34
20 3.39 0.12 19.121 0.648
30 5.19 0.18  29.242 0988
40 1 8.79 046 49519  2.565
50 11.99 086  67.572 4842
60 23.37 1.95  131.651 11.006
1.6% Au/TiO, 90 166.7 1 equiv. hydrotalcite in H,O 20 0, 0.34 100.00 99.00  0.609 0.603 3
1 16.86  3.16 16.708  3.137
2 36.64  5.69 18.156  2.820
3 5432  8.86 17.945  2.925
Pt nanoparticles 80 11.6 H,O 4 (0]} 0.1 6254 13.69 15.495 3.393 36
6 73.07 1896  12.069  3.132
8 82.11 3244 10.171 4.019
12 9391  58.13 7.756 4.800




14 10043 7727  7.109  5.470
25 2860 1190 0724 0301
50 4 60.10 3660 1522 0927
% 0.5 equiv. K,CO; in H,O 86.50 7690 2191  1.947
6 98.40 86.69  1.661  1.464
100 100.00 83.60 2532  2.117
3.85% Pd/C@Fe;04 0.5 equiv. K,CO; in Toluene 0, 0.1 590 000  0.149  0.000 37
0.5 equiv. K,COj; in Acetonitrile 9.70 0.00 0.246 0.000
% 0.5 equiv. K,CO; in DMSO 4 1550  0.00 0393  0.000
0.5 equiv. K,COj in Ethanol 19.10 16.10 0484  0.408
0.5 equiv. K,CO; in H,O 86.50 7690 2191  1.947
H,0 2060 1190 0522 0.301
0.96%
A PdET CAupat 100.00  91.00 0527  0.480
0.96%
Au-PUCNF CAuPiel) 12 59.00 885 0311  0.047
0.96%
Au_P/CNT CAuPdal) 100.00 9400 0527  0.496
0.96%
Au-PA/CNT CAuPdal) 18 100.00  91.00 0352  0.320
0.97%
Au-PAGO (AnPiel) o, o 9700 3298 0517 0176
0.48%
Au-Pd/CNT (Au:Pd=0.99 98.00 6076 0454 0281
) 100 H,0 38
0.67%
Au—Pd/CNT (Au:Pd=0.99 100.00  92.00 0463  0.426
)
0.96% 12
Au-Pd/CNT (Au:Pd=0.99 100.00 9400 0463 0435
)
0.96%
Au—Pd/CNT (Au:Pd=0.99 air 1 10000 96.00 0463  0.444
)
0.98% Au/CNT 78.00  1.09 0323  0.005
0 0 0.5
0.97% ? 75.00 3825 0339  0.173

Au—Pd/CNT (Au:Pd=4:1




)

0.96%

Au-Pd/CNT (Au:Pd=7:3 90.00 4770 0425  0.225
)
OA'iif’d/CNT CAwPdl) 100.00 9400 0527  0.496
0.97%
Au-Pd/CNT (Au:Pd=3:7 100.00  90.00  0.605  0.545
)
0.97%
Au-Pd/CNT (Au:Pd=1:4 7600 3192 0493 0207
)
0.99% Pd/CNT 63.00 693 0488  0.054
0.39% Pd/ZrO,/La,0; 99.00 90.00 0454  0.412
0.6% Pd/KF/ALO, , , 99.00 91.00  0.698  0.641
90 20 5 equiv. NaOH in H,O 8 0O, 0.1 39
0.45% Pd/ALO; 99.00 78.00 0523  0.412
0.5% Pd/TiO, 99.00 5200 0581  0.305
110 2 100.00 13.90 2.643 0367
90 4 100.00 930 1322 0.123
- 4 4320 220 0571 0.029
2% y-Fe,0;@HAP-Ru 70 1133 4-chlorotoluene 12 0, 01 9750 680 0429  0.030 40
- 14 100.00 970 0378  0.037
50 12 4150 370 0183 0016
25 12 1140 040 0050  0.002
3.04% PU/C 100.00  79.00  3.896  3.078
2.9% Pd/C 100.00 71.00 6813  4.837
0.8% Au/C (WGC) 150 2 equiv. NaOH in H,0 0.96 10000 800  1.015  0.081
0.77% Au/C (sol) 6 100.00  7.00 0977  0.068
1.6% Au/TiO, 2 0, 100.00 800  2.031  0.162 41
0.77% Au/C (sol) 100.00 31.00 0814 0252
1.6% AWTiIO, . , 100.00 32.00 1.692  0.542
100 20 equiv. NaOH in H,O E— 2
0.77% Au/C (sol) ’ 100.00 7200 0222  0.160
1.6% AWTIO, 100.00 80.00 0462  0.369
3.3% PYZ10, 100 100 5 equiv. NaHCO in H,0 12 air 4 10000 8200 1410 1156 42




2.7% PUZr0»-Y105 10000 63.00 1153  0.727
3.1% Pt/ZrO»-LayOs 10000 5600 1324  0.742
3.3% PYZrO, 10000 9500 1410 1339
2.7% PUZrO»Y 05 10000 7800 1153  0.900
3.1% P/ZrO»-LayOs 10000 7500 1324  0.993
Ethanol 1040 640  0.173  0.107
DMSO 1420 720 0237  0.120
H,0 o, 2120 1320 0353 0.220
“ 1 equiv. K>CO in Ho0 6 10000 5160 1667  0.860
2.5% y-Fe,0s@HAP-PA(0) 100 0.5 equiv. K;CO; in HyO 0.1 9700 9290 1617 1548 43
0.25 equiv. K,COs in H,O 6380 6050 1063  1.008
0.5 equiv. K-CO in H0 , 4560 4210 0760  0.702
0.5 equiv. K,CO; in Hy0 " 83.00 7420 0692 0618
100 0.25 equiv. K,COs in H,0 6 O 6240 5660 2080 1887
4.17% Ru imp/AC 10000 93.00 0860  0.799
3.75% Ru imp/AC NaOCI 10000 90.00 0773  0.69
1.85% Ru imp/AC EDA 10000 5400 0381 0206
é’é‘i’ Ru imp/AC HNO- 10000 2400 0433  0.104
4.93% Ruimp/CMK-3(1) 100 52.86 4 equiv. NaHCO; in H,0 48 air 4 10000 8400 1016 0854 44
é‘&lgff“ imp/pyrrole- 100.00  78.00  0.579  0.452
1.30% Ru@CMK-3(2) 10000 5800 0268  0.155
3.19% Ru@CMK-3 Ru>* 10000 7650  0.658  0.503
4.36% Ru@CMK-3 Ru 10000 73.00 0899  0.656
4.9% PYCNT 10000 9800 1.794  1.758
4.9% AWCNT 2300 010 0409  0.002
4.9% PA/CNT 1300 020 0428  0.006
4.9% RWCNT 4700 089 1628 0031
95 25 H,0 14 0, 05 4s
4.9% It/CNT 2500 010 0455  0.002
4.9% PUSIO, 7400 070 1328  0.013
4.9% PYALO, 0400 2444 1686 0438
4.9% PYZrO, 81.00 664 1453  0.119




4.9% PYHT 100.00 97.00 1794  1.740
4.9% PYGO 100.00  95.00 1794  1.704
4.9% PUAC 91.00 33.67 1633  0.604
4.9% PY/CNF 88.00 2992 1.579  0.537
0.49% PYCNT 7200 439 1353 0.083
0.95% PYCNT 7700 670 1447  0.126
2.4% PYCNT 100.00 7400  1.880 1391
3.2% PY/CNT 100.00 85.00  1.880  1.598
100.00 98.00  1.880  1.842
4.9% PYCNT
16 air I 10000 9600 1.645  1.579
6 nm Pd nanoparticles 8.75 equiv. NaOH in H,O 7 99.00 61.00 132.897 81.886
. 7.5 equiv. NaOH in H,0 6 99.00 49.00 124.037 61.392
2 nm Pd nanoparticles 90 20 0, 0.1 46
| .75 equiv. NaOH in 110 , 99.00 81.00 132.897 108.734
1.8 nm Pd nanoparticles 99.00  90.00 132.897 120.815
0.5 equiv. K>CO; in Toluene 920 200 0234  0.051
80 0.5 equiv. K,CO; in MIBK 2190 1620 0557 0412
0.5 equiv. K,COs in DMSO 5060 000 1288  0.000
100 0.5 equiv. K,CO; in DMSO 5270 4580 1341  1.166
- 0.5 equiv. K,COs in Ethanol 6120 5040  1.558  1.283
0.5 equiv. K,CO;, in H20 8720 8230 2219  2.094
H,0 1210 1110 0308 0282
80 1 equiv. KoCOs in H,0 9870 87.60  2.512  2.229
1.95% C—Fe;0,-Pd 50 1.5 equiv. K,CO5 in H,O 0, 0.1 10000 6270 2545  1.59 41
0.25 equiv. KoCO; in H,0 4540 4010 1155  1.021
0.125 equiv. K,COs in H,0 2380 2190  0.606  0.557
- 4130 3830 1051 0975
23 12 9540 87.90  0.809  0.746
60 , ' 7760 7110 1975  1.809
—_— 0.5 equiv. K,CO; in H,O
100 97.10 8050 2471  2.049
- ! 5780 5290 2942 2.693
80 9820 91.80  1.666  1.558




. 4770 4390 1214 1117
o 9440 8570 2402  2.181

graphene oxide-Fe;0, 12 0, 13.00 0.00 0.074 0.000
1% Pt/CeosBio 202 150 0.50 100.00 98.00 205.044 200.943

23 4 equiv. NaOH in H,0 017 0, 1 9800 69.00 60283 42444 48
0.1% Pt/CeosBi020s5 15

0.08 81.80 3500 100.636 43.059

1.02% Au/CeO, 10000 39.00 7768  3.029
1.04% Auw/CeqosBio0s0as 100.00 4600 7920  3.643
1.05% Aw/Ceo6:Bio 0055 10000 73.00 7996  5.837
1.11% Aw/CeqsBio; O 100.00 7400 8453 6255

65 150 4 equiv. NaOH in H,0 01 49
1.07% Auw/Ceo75Bio 125025 10000 7500 8148  6.111
1.09% Au/Ceo 5sBio 1:02.5 10000 77.00 8301 6392
1.1% Au/CesBig>0ns 10000 7400 8377  6.199
1.1% Au/Ceq sBiosOns 99.00 400 8293 0335
1.5% Au/Mg(OH), 99.00 7600 1382 1.6
1.5% AWTiO, 99.00 8500 1382  1.187
1.5% Au/CeO, 99.00 73.00 1382  1.019
1.5% Auw/H-MOR 96.00 1500 1340  0.209
1.5% Au/Na-ZSM-5-38 87.00 000 1215  0.000

60 5435 4 equiv. NaOH in H,0 6 0, 03 50
1.5% Au/Na-ZSM-5-25 9200 1.00 1284 0014
1.5% AwHY 99.00 99.00 1382 1382
1.5% AwHY-200 99.00 81.00 1382 1131
1.5% Aw/HY-400 99.00 37.00 1382 0517
1.5% Au/NaY 99.00 1500 1382  0.209
90-Fe;0,@C@Pt 10 10000 87.10 0966  0.841
100-Fe;0,@C@Pt 90 0.119mmol  1.67equiv.Na&;COsinH,0 7 O, 0.1 10000 10000 1.116  1.116 51
110-Fe;0,@C@Pt 4 100.00 10000 2268 2268




1%Pd/HT-5 7 99.00 91.30 0.566 0.522
2%Pd/HT-5 100 40 H,0 3 0, 0.1 99.40 9240 1.325 1.232 32
2%Pd/HT-6 8 99.90  99.90 0.500 0.500
0, 1 100.00  93.20 0.050 0.047
2% Au-Pd(1:1)/IRA-743
100 2 1 equiv. Na,CO; in H,O 4 air 4 100.00  82.90 0.050 0.041 53
1% Au/IRA-743 +1% Pd/
IRA-743 0, 1 100.00  52.00 0.050 0.026
1%Auw/HT-AC (HT:AC=2) 100.00  99.00 0.212 0.209
1%Au/HT-AC (HT:AC=1) 100.00  85.00 0.212 0.180
1%AwWHT-AC (AC:HT=2) 100 25 H,O 24 0, 0.5 100.00 71.00 0.212 0.150 54
1%Au/HT-AC (AC:HT=3) 93.00  59.00 0.197 0.125
1%Au/HT-AC (AC:HT=4) 93.00 14.00 0.197 0.030
Au/ZrO,-dp 100.00  75.00 2.041 1.531
Ag/ZrO,-dp 100.00  5.00 3.704 0.185
Au/TiO,-dp 100.00  1.00 2.041 0.020
Ag/TiO,-dp 100.00  3.00 3.704 0.111
100 100 4 equiv. NaOH in H,0 5 air 1 55
Au/CeO,-dp 100.00  46.00 2.041 0.939
Ag/CeO,-dp 100.00  3.00 3.704 0.111
Au/MgO-dp 100.00  2.00 2.041 0.041
Ag/MgO-dp 100.00  1.00 3.704 0.037
79.2 99.90  91.00 0.527 0.480
0.2 equiv. Na,COj; in H,O
Au/CeO, 140 792 15 0, 0.5 9990 28.00 0.527 0.148 36
792 2 equiv. Na,COj; in H,O 99.90  28.00 0.527 0.148
Pt/AC-15ALD 94.70  14.50 1.877 0.287
Pt-Ni/AC-5ALD 50.90 0.20 1.009 0.004
100 39.65 H,O 6 0, 0.4 57
Pt-Ni/AC-15ALD 98.10  25.10 1.945 0.498
Pt-Ni/AC-50ALD 100.00 43.10 1.982 0.854




8 100.00  55.55 5.204 2.891

Pt/rGO
16 100.00  99.00 2.602 2.576
95 25 H,O 0, 0.5 31
6 100.00 47.23 6.938 3.277
Pt/Fe3O4/rGO
9 100.00  99.00 4.626 4.579
Pd-Auw/HT(Pd:Au=2) 89.00  10.00 4.705 0.529
Pd-Auw/HT(Au:Pd=2) 100.00  43.00 5.286 2.273
60 31.7 2 equiv. NaOH in H,O 6 0, NA 58
100.00  81.00 5.286 4.282
Pd-Aw/HT(Au:Pd=4)
100.00  90.00 2.643 2.379
2 equiv. NaOH in H,O 100.00  70.00 2.083 1.458
1.64%Au/AlO4 70 80 4 (0J3 1 59
4 equiv. NaOH in H,0O 100.00  99.00 2.083 2.062

T: reaction temperature; t: reaction time; P: reaction pressure; conv.: conversion of HMF; equiv.: equivalent; NA: not available. The reaction rates over CONW/NF were calculated

on the weight of anode immersed in electrolyte (including active CONW and NF substrate, i.e., 46.89 mg in total).
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