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Figure 1 (Color online) (a) The world's fuel shares; (b) schematic
diagram of a water electrolyzer [6,7].
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Figure 2 (Color online) Crystal structures of transition metal
phosphides [2].
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Figure 3 (Color online) The methods for synthesizing mesoporous
materials [44]. (a) Soft-templating method; (b) hard-templating method.
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Figure 4 (Color online) (a) Transmission electron microscopy (TEM) image and density functional theory (DFT) calculation of mesoporous FeS,
[52]; (b) schematics of preparation process and scanning electron microscopy (SEM) image of Fe—N/C [53]; (c) TEM images of mesoporous Co;0,

nanocast from KIT-6, SBA-15, and MCM-41 hard-template [57].
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Table 1 Mesoporous materials prepared by different synthesis methods

SO o 2 e pag i Ref.
IR Mesoporous FeS, TFRA1L 4.0~7.0 128 [52]

K Fe-N/C E+ Ttk 2.5~5.5 1285.9 [53]

WA R T A AR meso-ZnFe,0, Tl 27.0 70.53 [65]
PR ZEETE meso-Co;0, HF N FLKIT-6) 7.9 694 [57]

YK T & meso-Co;0, HFNFL(SBA-15) 7.9 727 [57]
PR FE G meso-Co;0, HFNFLMC-41) 2.0 1240 [57]
WA KT B R Meso-FeP BN 10.0 - [66]
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o g PR
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ShR e .
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(1539 25 % & (partial density of states, PDOS){H =T ¢
FLIICOP, M & LI ICoP A fE AL I FE R (i o
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Figure 5 (Color online) (a) TEM image, N, adsorption-desorption isotherms curves, and electrochemical characterization of meso-FeP [74].
(b) TEM image, X-ray photoelectron spectroscopy (XPS), and electrochemical characterization of OM-Ni,P [79]; (c) SEM image, N, adsorption-
desorption isotherms curves, and electrochemical characterization of HMFeP@C [80].
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Figure 6 (Color online) (a) TEM and contact angle images, (b) double-layer capacitances and current-voltage scan of for cu™ deposit,
(c) electrochemical characterization of meso-FeP/CC [81]; (d) the PDOS and electron density difference maps, (e) the free energies of hydrogen
adsorption diagram and TEM image, (f) electrochemical characterization of hole-rich CoP [82].
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Figure 7 (Color online) (a) XRD pattern, electrochemical characterization, and DFT calculation of Mn-FeP/CC [90]; (b) electrochemical

characterization and (c¢) DFT calculation of meso-Fe,;Co,,P/CC [91].
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Figure 8 (Color online) (a) Schematics of preparation process, (b) strucutral characterization, and (c) electrochemical characterization of

CoP@3DOM-FeP [75].
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Figure 10 (Color online) (a) SEM, XPS and X-ray absorption fine structure (XAFS) characterization, (b) DFT calculation, and (c) electrochemical

characterization of CoP/CoFeP [95].
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Figure 11 (Color online) (a) TEM and electrochemical characterization of Ni-P nanoplate [97]; (b) TEM, electrochemical characterization, and DFT

calculation of CoFeP-CS [98].
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Figure 12 (Color online) (a) Schematics of preparation process, (b) strucutral characterization, and (¢) DFT calculation and electrochemical

characterization of Fe-CoP HTPAs [99].
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Coy75Feg,sP [73]; (d) DFT calculation of mCo, sFe,sP/rGO [100].
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Figure 14 (Color online) (a) Strucutral characterization and (b) electrochemical characterization of CoP@Cu,P-Cu;P [101]; (c) strucutral

characterization and (d) DFT calculation of Co-Cu-P-NS [102].
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Table 2 Comparison of reported mesoporous phosphides towards the water electrolysis

, , i HLAL Tafelft
E | Z
T iz () (mV dec™) Ref.
-1
! YT - #1o = 114 (HER, 0.5 mol L' H,SO,) 96 (H,S0O,)
meso-FeP —HENTIA LA Mo = 136 (HER, 1.0 mol L™" KOH) 103 (KOH) [74]
OM-Ni,P YL FLEE 1o = 170 (HER, 0.5 mol L™' H,S0O,) 99 (HER) [79]
HMFeP@C P MYAE TN 1o = 56 (HER, 0.5 mol L™ H,S0O,) 115 (HER) [80]
-1
i - 1o = 57 (HER, 0.5 mol L' H,S0O,) 42 (H,S0,)
meso-FeP/CC AL i1o = 84 (HER, 1.0 mol L™ KOH) 60 (KOH) [91]
-1
AT IR #1o = 84 (HER, 0.5 mol L™' H,SO,) 61 (H,SO,)
CoP LA 710 = 94 (HER, 1.0 mol L™' KOH) 67 (KOH) [82]
Mo = 69 (HER, 0.5 mol L' H,S0,) 62 (H,S0,)
Mn-FeP ALGK A o = 157 (HER, 0.1 mol L™' PBS) 78 (PBS) [90]
Mo =173 (HER, 1.0 mol L™' KOH) 95 (KOH)
-1
] - 1o = 61 (HER, 1.0 mol L' H,S0O,) 42 (H,80,)
meso-Fey;Co, P AL 110 =67 (OER. 1.0 mol L' KOH) 44 (KOH) [91]
10 = 76.5 (HER, 0.5 mol L™' H,SO,) 77.5 (H,S0,)
CoP@3DOM-FeP A FLAER 1o = 71.1 (HER, 0.1 mol L™' PBS) 76.0 (PBS) [75]
1o = 67.2 (HER, 1.0 mol L™ KOH) 66.3 (KOH)
-1
i AT 1o = 28 (HER, 1.0 mol L™' H,SO,) 47.3 (H,S0,)
Mn-CoP IrdLaR b 1110 =90 (OER, 1.0 mol L™' KOH) 86.1 (KOH) (103]
o = 41 (HER, 0.5 mol L™ H,S0O,)
CoS|Ni[P ALGK 100 = 88 (HER, 0.1 mol L™ H,SO,) 45.2 (H,S0,) [104]
Moo = 150 (HER, 1.0 mol L™' H,S0,)

CosNi P THEANTNALER #1as = 420 (OER, 1.0 mol L™' KOH) 66.5 (OER) [92]
NiCoFeP, PNSs N ALGK f1o = 259 (OER, 1.0 mol L™' KOH) 50.47 (OER) [93]
MoCoFeP PNSs MFLGR A #10 = 250 (OER, 1.0 mol L™' KOH) 43.38 (OER) [94]

CoP/CoFeP SLITIR #1o = 266 (OER, 1.0 mol L™' KOH) 35.6 (OER) [95]
NiCoP/NCPHCs PR Mo =297 (OER, 1.0 mol L™' KOH) 51 (OER) [96]
Ni-P plates A ALGIK #10 = 300 (OER, 1.0 mol L™' KOH) 64 (OER) [97]
CoFeP-CS ST 1o = 225.6 (OER, 1.0 mol L™' KOH) 55.9 (OER) (98]
meso-CoP TYHENTT LG 7110 = 300 (OER, 1.0 mol L™' KOH) 81 (OER) [105]
Ni,P@FePO,H, A ALGIK N100o = 360 (OER, 1.0 mol L™' KOH) 43 (OER) [106]
Ce-CoP/Fe,P =YL TN ALEEH 10 = 250 (OER, 1.0 mol L™' KOH) 45 (OER) [107]
-1
) R #1o = 98 (HER, 1.0 mol L™' KOH) 69 (HER)
Fe-CoP HTPAs S AL=AMIEAR R /o = 230 (OER, 1.0 mol L™ KOH) 43 (OER) (991
-1
g T 4 #1o = 209 (HER, 1.0 mol L™' KOH) 55.5 (HER)
CogrsFeqasP ARSI 1o = 270 (OER, 1.0 mol L™' KOH) 48.2 (OER) [73]
-1
e r ] 4 #1o = 190 (HER, 1.0 mol L™' KOH) 53.8 (HER)
mCoqsFeqsP =HSLIT LA Mo = 250 (OER, 1.0 mol L™" KOH) 42.4 (OER) [100]
-1
) e T 4 # = 188 (HER, 1.0 mol L™' KOH) 89 (HER)
CoP@CuyP-Cu;P AL ALE i = 255 (OER, 1.0 mol L™' KOH) 72 (OER) (101]
-1
P AT bR 1o =99 (HER, 1.0 mol L™' KOH) 70.4 (HER)
Co-Cu-P-NS IraLAR S o = 272 (OER, 1.0 mol L™' KOH) 83.2 (OER) (102]
-1
i a) P #1o = 54 (HER, 1.0 mol L™' KOH) 51 (HER)
CoP-MNA I ALAKEE Mo = 272 (OER, 1.0 mol L™ KOH) 340 (OER) [108]
-1
) e T 4 1o = 93.7 (HER, 1.0 mol L™ KOH) 73.5 (HER)
meso-Coy sFeo P —HEANTIA AL Mo = 266.4 (OER, 1.0 mol L™' KOH) 80.6 (OER) [67]

a) MNA: /- LYK S
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Mesoporous phosphides electrocatalysts for water splitting
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Abstract: Electrolysis of water is a promising pathway to achieve clean and sustainable hydrogen production, but its
efficiency is highly dependent on the activity of catalysts. Precious metal-based materials are currently recognized as the
most active electrolytic water catalysts. However, the low reserves and high prices severely limit their large-scale
industrial applications. Therefore, researchers have focused on developing low-cost, resource rich, efficient, and stable
non precious metal catalysts nowadays. Among them, mesoporous transition metal phosphides (meso-TMPs) have
attracted much attention due to their structural advantages and electronic properties, such as high conductivity, high
active site density, and favorable mass transfer channels. Herein, we systematically review the representative research
progress of meso-TMPs electrolytic water catalysts, summarize the synthesis methods, focus on the structure-activity
relationship between the modulation of morphology, elemental composition, atomic coordination environment and
electronic structure and catalytic activity. Finally, this paper looks forward to the future development direction of meso-
TMPs electrocatalysts. Overall, this article aims to provide a new perspective on the development of non-precious metal
efficient catalysts in water electrolysis.

Keywords: water electrolysis, mesoporous structure, transition metal phosphides, high active density, electronic
structure
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