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Figure S1. TGA curve for carbide of ZIF-67 in N».
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Figure S2. Analysis of morphologies. Low-resolution SEM images of (a) CNTs@ZIF-
67, (b) CNTs@Co, and (c) CNTs@Co/CoP3gom,, respectively.

Figure S3. SEM images of CNTs@Co/CoP (a) 100, (b) 300, (¢) 500 and (d) 1000 mg.
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Figure S4. XRD patterns of CNTs@Co and CNTs@Co/CoP (100, 300, 500 and 1000

mg) in the 20 range of 42 ~ 46°.
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Figure S5. XRD pattern of CNTs@Co/CoP ,, in the 20 range of 5 ~ 90°.
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Figure S6. TEM images of ZIF-67 pyrolysis in different Ar/H, atmosphere. (a) Low-
resolution and (d) high resolution TEM images of ZIF-67 pyrolysis in Ar/H, = 100:0
sccm. (b) Low-resolution and (e) high resolution TEM images of ZIF-67 pyrolysis in
Ar/H; = 98:2 sccm. (c) Low-resolution and (f) high resolution TEM images of ZIF-67

pyrolysis in Ar/H, = 95:5 sccm.




Figure S7. TEM images of CNTs@Co in different pyrolysis temperatures. (a) Low-
resolution and (e) high resolution TEM images of 650 °C. (b) Low-resolution and (f)
high resolution TEM images of 700 °C. (c) Low-resolution and (g) high resolution TEM
images of 750 °C. (d) Low-resolution and (h) high resolution TEM images of 800 °C.
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Figure S8. Pore size analysis. (a) Nitrogen adsorption-desorption isotherm, and (b) the

corresponding pore size distribution of CNTs@Co/CoP,, (T = 650 °C, 700 °C, 750 °C
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Figure S9. Characterization of material species and defect degree. (a) XRD patterns of
CNTs@Co/CoPr (1 g) (T = 650 °C, 700 °C, 750 °C and 800 °C) (b) Raman spectra of
CNTs@Co/CoPr (1 g) (T =650 °C, 700 °C, 750 °C and 800 °C).
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Figure S10. HER and OER measurements of CNTs@Co/CoPr (1 g) (T = 650 °C, 700

°C, 750 °C and 800 °C) in 1.0 M KOH. (a, c) Polarization curves. All curves are

recorded in N,-saturated solution at a scan rate of 5 mV s!. (b, d) Corresponding Tafel

curves.
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Figure S11. Cdl, ECSA, RF and R analysis of CNTs@Co/CoPr (1 g) (T = 650 °C,

700 °C, 750 °C and 800 °C). (a) Plots of Aj/2 vs. scan rates, (b) ECSA and RF for

different catalysts and (c, d) Nyquist plots were measured at 169 mV and 323 mV in

1.0 m KOH electrolyte for HER and OER.
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Figure S12. CV curves of CNTs@Co/CoPr (1 g) at (a) 650 °C, (b) 700 °C, (c) 750 °C
and (d) 800 °C, respectively.

0
a . b
201 1971 98, mV & 0.31 189 mY dec’!
'E "'.__ E\O mg (Co), ; e mV oo 72 mV (lec'-l...
3} i —100 mg T (.24 [T
-4()4 . -
é B 300mg ] il e -
< ol — 500 mg 2 -
= ] g - 0.11 70 mV dec”’
03 -02 -0.1 00 0.1 02 04 06 08 1.0 1.2
" E (V vs. RHE) d Log [j (mA cm™)|
200

o~ El Overpotential < 2004

2300 mm Tafel slope é

:200 150, T 150+

"E £ < 100

@ QL - UV P 0000

2 100 -

2100 e~

3 =N s0{f

Q) L RSO
50%%%%%-50;5 N A .
Q«\\QQ Qb@ o 200 %QQ«\ 0 100 2'00 300 400
Samples Z' (ohm)

Figure S13. HER measurements of CNTs@Co and CNTs@Co/CoP (100 mg, 300 mg,
500 mg and 1 g). (a) Polarization curves. All curves are recorded in Nj-saturated 1 M
KOH solution at a scan rate of 5 mV s°!, (b) Corresponding Tafel curves, (¢) Summary
of overpotential at current density of 10 mA c¢cm™ and Tafel slopes, (d) Nyquist plots

measured at -151 mV.
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Figure S14. OER measurements of CNTs@Co and CNTs@Co/CoP (100 mg, 300 mg,
500 mg and 1 g). (a) Polarization curves. All curves are recorded in O,-saturated 1 M
KOH solution at a scan rate of 5 mV s°!, (b) Corresponding Tafel curves, (¢) Summary
of overpotential at current density of 10 mA c¢cm™ and Tafel slopes, (d) Nyquist plots

measured at 314 mV.
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Figure S15. Nyquist plots with and without glucose of (a) HER and (b) OER.
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Figure S16. HPLC chromatograms for the electrolyte after GOR and standard solution

(potassium D-gluconate).
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Figure S17. Schematic illustration of the possible pathway for the electrochemical

oxidation of glucose to Gluconic acid (GNA) and Glucaric acid (GRA).
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Figure S18. LSV curves of water electrolysis of

CNTs@Co0/CoP3p0mg|| CNTs@Co/CoP3ome in 1M KOH solution without and with 0.5
M NacCl.
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Figure S19. Polarization curves of OER measurements for CNTs@Co/CoP3pomg 1n 1

M KOH solution without and with (a) 0.5 M urea and (b) 100 mM ethanol.
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Figure S20. Cdl, ECSA and RF analysis of CNTs, Co/CoP, CNTs+Co/CoP,yy,
CNTs@Co/CoP30ome. (@) Plots of Aj/2 vs. scan rates, (b) ECSA and RF.
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Figure S21. CV curves of (a) CNTs, (b) Co/CoP, (c) CNTs+Co/CoPyx, (d)

CNTs@Co/CoP3gomg, respectively.
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Figure S22. CV curves of (a) CNTs@Co, (b) CNTs@Co/CoPgomg (€)

CNTs@Co/CoPsgomg, (d) CNTs@Co/CoP,, repectively.
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Figure S23. LSV curves of (a) CNTs, (b) Co/CoP30pmg, (¢) CNTs+Co/CoP3pomg, and (d)
CNTs@Co/CoP3pomg in the electrolyte of 1 M KOH+0.5 M glucose at the temperature
of 15°C, 20°C, 25°C, 30°C, 35°C, 40°C, and 45°C, respectively.
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Figure S24. Log of the exchange current versus the inverse temperature for CNTs,

Co/CoP3ppmg, CNTs+Co/CoP3ppmg, and CNTs@Co/CoP3pomg.



Figure S25. The crystal structure of (a) Co, (b) Co/CoP and (c) CoP.

Table S1. The average bader charge of Co in CoP and the average bader charge of Co

layer.
Atom bader charge transfer (e)
Co (CoP) 0.258
Co (Co) -0.089

P 0.169




Table S2. Comparison of HER and OER performances of reported electrocatalyst in 1.0 M KOH for water splitting.

Catalysts Eletrolyte  Loading J n Tafel Overall Ref
(KOH) mass (mA (mV vs Slope voltage
(mg cm?)  cm?) RHE) (mV/dec) (V)@10m
A cm?

CoP/NCNHP HER M 2 -10 115 66 1.64 [1]
OER 10 310 70

Hollow Mo-CoP nanoarrays ~ HER 1M 2.5 -10 40 65 1.56 [2]
OER 10 305 56

Carbon tubes/ HER 1M 0.32 -10 190 131 1.743 [3]
cobalt-sulfide OER 10 306 72

CoP/GO-400 HER M 0.28 -10 150 38 1.7 [4]
OER 10 340 66

CoP/PNC HER M 0.57 -10 165 70 1.68 [5]
OER 10 300 77

CoP@NPMG HER 1M 2.5 -10 150 75 1.58 [6]
OER 10 276 54

Mn-CoP HER M - -10 195 69 - [7]
nanosheets OER 10 290 76

CoP/Co,P HER M 0.36 -10 103 61.2 1.65 [8]
OER 10 317 58.9

NC-CNT/CoP HER 1M 1.5 -10 120 73 1.63 [9]
OER 10 240 76

Co/CoP HER IM 0.22 -10 253 73.8 1.8 [10]
OER 10 340 79.5

P-Co;04 HER 1M 0.4 -10 120 52 1.76(Ms0) [11]
OER 10 280 69.8

NisPy HER 1M - -10 150 53 1.7 [12]
OER 10 290 40

NiCoN-1H/CC HER M - -10 145 105.2 1.8(n13) [13]
OER 10 360 46.9

CoSe; NS@CP HER 1M 0.16 -10 - - 1.75 [14]
OER 10 350 34.5

Fe;04-CoPy HER M - -10 177 65 1.75 [15]
OER 10 331 122

Co0 g5Se@NC HER 1M 0.4 -10 230 125 1.76 [16]
OER 10 32 75

CNTs@CoP HER 1M 0.35 -10 169 70 1.74 This work

OER 10 321 58

SSUC0-900 HER 1M 0.45 -10 247 86 1.88 [17]

OER 10 337 -




Table S3. Representative electrocatalytic hydrogen evolution coupled with organic oxidation reactions in aqueous media.

Catalyst Electrolyte Organic Nuer(V) Noer (V) NoERorganic(V Overall Overall voltage Ref
(KOH) substrate @10mA @10mA ) voltage (V) organic (V)
cm? cm? @I0mA cmm @10mA cm @10mA cm?
2 2
S-MnO,/NF IM 0.5 M urea - - 1.33 - 1.41 [18]
Ni,P/NF IM 0.5M -0.29(n200) - 0.018(n200) 1.6(n20) 1.0(m500) [19]
Hydrazine
Ni,P NPA/NF 1M 10 mM -0.15 1.5(onset) 1.35(onset) 1.65 1.44 [20]
HMF
Fe,P/SSM 10 M 0.5M - 1.43(onset)  1.33(onset) 1.52 1.22 [21]
glucose
CoP NWs/CC 1M 40 mg L! -0.069 1.59 1.54 1.68 1.63 [22]
Triclosan
Fel1.1%-Ni;S,/NF IM 0.33 M urea -0.126 1.482(n50) - 1.60 1.46 [23]
hp-Ni IM 10 mM -0.219 1.51 1.35 1.69 1.50 [24]
Benzyl Mm50)
alcohol
NizN NA/CC IM 0.33 M urea -0.136 1.57 1.35 1.56 1.44 [25]
CoS, NA/Ti IM 0.3 M urea -0.14 - 1.4-1.5 1.63 1.59 [26]
NC@CuCo,N,/CF 1M 15 mM -0.105 1.46 1.25 - 1.41 [27]
Benzyl
alcoho
NiFeCo LDH/NF IM 0.33 M urea -0.108 1.44 - 1.57 1.49 [28]
FQD/CoNi- 1M 0.5 M urea -0.15 1.57(m50) 1.36 1.59 1.45 [29]
LDH/NF
MoS,/Ni;S,/NiFe- IM 0.5 M urea - 1.544(n100) 1.396(m100)  1.559(n50) 1.343(n50) [30]
LDH 0.261(n100)
Ni-CoySs/CC 1M 0.33 M urea - 1.43 1.28 1.81 1.52 [31]
0.295(n100)
Cox-Ni(OH), IM 0.5 M urea -0.106 1.56(m100) 1.3 1.73 1.37 [32]
NPs/CF
CoMn/CoMn,0y4 1M 0.5 M urea -0.069 1.61(n100)  1.36(n100) 1.64 1.51 [33]
CNTs@Co/CoP30om 1M 0.5M -0.169 1.55 1.22 1.74 1.42 This
glucose work
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