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Figure S1. EDS spectra of CPs built from acid 1 (black), 2 (red) and 3 (green).  
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Figure S2. XRD patterns of phosphides derived from CPs based on acids a) 7, b) physical mixture of 

Mo and Co CPs based on 7, c) 6, d) 5, and e) 4 with doubled molar amount of metals.  Vertical bars 

represent reference patterns: CoMoP violet (ICDD No. 071-0478), brown MoP (ICDD No. 065-6487) 

and CoMoP2 grey (ICDD No. 033-0428).   
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Figure S3. XRD patterns of the products synthesized at different temperatures, from CPs based on 

acids a) 3 and b) 4. 

 

 

 
Figure S4. Comparison between the XPS P 2p spectra of the CoMoP (green) and CoMoP2 (red) 

materials. 
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Table S1. Stoichiometry of Co, Mo and P at the samples surface, determined by XPS. 

Sample Co Mo P 

CoMoP 0.9 1 1.1 

CoMoP after catalysis 0.6 1.1 1.3 

CoMoP2 1 1.2 1.8 

CoMoP2 after catalysis 0.5 1.1 2.4 

 

 

Table S2. Relative percentage of Co, Mo, and P in the phosphide and in oxidized species at the 

surface of the CoMoP and CoMoP2 nanomaterials, before and after electrocatalysis. 

Sample Co(phosphide) 

(%) 

Co(oxidized) 

(%) 

Mo(phosphide) 

(%) 

Mo(oxidized) 

(%) 

P(phosphide) 

(%) 

P(oxidized) 

(%) 

CoMoP 65 35 42 58 62 38 

CoMoP after catalysis 100 0 29 69 65 35 

CoMoP2 65 35 60 40 46 54 

CoMoP2 after catalysis 100 0 45 55 46 54 
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Figure S5. LSVs of the samples derived from a) Co,Mo-3 and b) Co,Mo-4 at different synthesis 

temperatures; c) LSVs of the samples synthesized at 750 °C, from precursors based on different acid 

molecules.  

 

 

 
Figure S6. Tafel plots with exchange current density of the CoMoP and CoMoP2 nanomaterials, with 

and without carbon. 
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Table S3. Comparison between the electrocatalytic performance of the CoMoPx HER catalysts studied 

in this work and literature data (all values reported in 0.5 M H2SO4). 

 

Catalyst Tafel slope 

(mV dec-1) 

Overpotential at -

10 mA cm-2 (mV) 

Mass loading 

( µg cm-2) 

TOF s-1 Ref. 

MoP@PC 59.3 258 140 ------ 1 

MoP@PC@rGO 53.6 243.6 140 0.019 2 

MoP@C@rGO 79 168.9 714 ----- 3 

CoP/NCNHP 53 140 ------ ----- 4 

Co2P nanorods 71 134 1000 0.725 5 

WP 75 161 500 ------ 6 

MoWP 62 230 215 ------ 7 

CoMoP-2 50 215 66 ------ 8 

CoMoP-0.05 50 215 71 0.28 9 

CoMoP-600 136 220 199 ----- 10 

CoMoP2 60.5 175 400 ----- 11 

CoMoP@C 49.73 41 354 ----- 12 

Co-Mo-P@C 52.9 96 1000 ----- 13 

CoP3/CoMoP/NF 61 125 ------ ------ 14 

NiMoP2 56 150 5000 0.15 15 

FeMoP-0.1 50 200 71 ----- 16 

FeP/MoP@NPC 56.6 240 140 ----- 17 

CoMoP 65.6 150 250 0.4 This work 

CoMoP2 72.2 140 250 0.9 This work 
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Figure S7. CVs a,c) of CoMoP2 without and with carbon, and b,d) of CoMoP without and with carbon, 

in the non-Faradaic capacitance current range at scan rates of 10, 20, 30, 40, 50, and 60 mV s-1 . 

 

 

 

Calculated electrochemical active surface area. 

CoMoP2+C: 

𝐀𝐀𝐄𝐄𝐄𝐄𝐄𝐄𝐀𝐀𝐄𝐄𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂+𝐄𝐄 = 𝟑𝟑.𝟏𝟏𝟏𝟏 𝐦𝐦𝐦𝐦 𝐜𝐜𝐦𝐦−𝐂𝐂

𝟎𝟎.𝟎𝟎𝟎𝟎  𝐦𝐦𝐦𝐦 𝐜𝐜𝐦𝐦−𝐂𝐂 = 𝟏𝟏𝟕𝟕.𝐂𝐂𝟐𝟐 𝐜𝐜𝐦𝐦𝐄𝐄𝐄𝐄𝐄𝐄𝐀𝐀
−𝐂𝐂   

𝐀𝐀𝐄𝐄𝐄𝐄𝐄𝐄𝐀𝐀𝐄𝐄𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂 =
𝐂𝐂.𝟕𝟕𝟏𝟏 𝐦𝐦𝐦𝐦 𝐜𝐜𝐦𝐦−𝐂𝐂

𝟎𝟎.𝟎𝟎𝟎𝟎  𝐦𝐦𝐦𝐦 𝐜𝐜𝐦𝐦−𝐂𝐂 = 𝟏𝟏𝟎𝟎.𝐂𝐂𝟐𝟐 𝐜𝐜𝐦𝐦𝐄𝐄𝐄𝐄𝐄𝐄𝐀𝐀
−𝐂𝐂  

𝐀𝐀𝐄𝐄𝐄𝐄𝐄𝐄𝐀𝐀𝐄𝐄𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂+𝐄𝐄 =
𝟎𝟎.𝟕𝟕𝟑𝟑 𝐦𝐦𝐦𝐦 𝐜𝐜𝐦𝐦−𝐂𝐂

𝟎𝟎.𝟎𝟎𝟎𝟎  𝐦𝐦𝐦𝐦 𝐜𝐜𝐦𝐦−𝐂𝐂 = 𝟏𝟏𝐂𝐂𝟑𝟑.𝐂𝐂𝟐𝟐 𝐜𝐜𝐦𝐦𝐄𝐄𝐄𝐄𝐄𝐄𝐀𝐀
−𝐂𝐂  

𝐀𝐀𝐄𝐄𝐄𝐄𝐄𝐄𝐀𝐀𝐄𝐄𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂 =
𝟏𝟏.𝟎𝟎𝟏𝟏𝟐𝟐 𝐦𝐦𝐦𝐦 𝐜𝐜𝐦𝐦−𝐂𝐂

𝟎𝟎.𝟎𝟎𝟎𝟎  𝐦𝐦𝐦𝐦 𝐜𝐜𝐦𝐦−𝐂𝐂 = 𝐂𝐂𝟐𝟐.𝟑𝟑𝟏𝟏𝟐𝟐 𝐜𝐜𝐦𝐦𝐄𝐄𝐄𝐄𝐄𝐄𝐀𝐀
−𝐂𝐂  

Turnover frequency calculations.  

To calculate the per-site turnover frequency (TOF), we used the following formula: 
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𝐓𝐓𝐓𝐓𝐦𝐦 =
# 𝐭𝐭𝐂𝐂𝐭𝐭𝐭𝐭𝐭𝐭 𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐂𝐂𝐡𝐡𝐡𝐡𝐡𝐡 𝐭𝐭𝐭𝐭𝐡𝐡𝐡𝐡𝐂𝐂𝐭𝐭𝐡𝐡𝐡𝐡𝐭𝐭/ 𝐜𝐜𝐦𝐦𝐂𝐂 𝐡𝐡𝐡𝐡𝐂𝐂𝐦𝐦𝐡𝐡𝐭𝐭𝐡𝐡𝐠𝐠𝐜𝐜 𝐭𝐭𝐡𝐡𝐡𝐡𝐭𝐭

# 𝐭𝐭𝐜𝐜𝐭𝐭𝐠𝐠𝐭𝐭𝐡𝐡 𝐭𝐭𝐠𝐠𝐭𝐭𝐡𝐡𝐭𝐭 /𝐜𝐜𝐦𝐦𝐂𝐂 𝐡𝐡𝐡𝐡𝐂𝐂𝐦𝐦𝐡𝐡𝐭𝐭𝐡𝐡𝐠𝐠𝐜𝐜 𝐭𝐭𝐡𝐡𝐡𝐡𝐭𝐭
 

The total number of hydrogen turnovers was calculated from the current density according to: 

#𝐇𝐇𝐂𝐂 = �𝐣𝐣
𝐦𝐦𝐀𝐀
𝐜𝐜𝐦𝐦𝐂𝐂��

𝟏𝟏𝐄𝐄 𝐭𝐭−𝟏𝟏

𝟏𝟏𝟎𝟎𝟎𝟎𝟎𝟎 𝐦𝐦𝐀𝐀��
𝟏𝟏 𝐦𝐦𝐂𝐂𝐭𝐭 𝐡𝐡−𝟏𝟏

𝟕𝟕𝟗𝟗𝟎𝟎𝟗𝟗𝟐𝟐.𝟑𝟑𝐄𝐄�
�
𝟏𝟏 𝐦𝐦𝐂𝐂𝐭𝐭 𝐇𝐇𝐂𝐂

𝐂𝐂 𝐦𝐦𝐂𝐂𝐭𝐭 𝐡𝐡−𝟏𝟏
��
𝟗𝟗.𝟎𝟎𝐂𝐂𝐂𝐂 𝐱𝐱𝟏𝟏𝟎𝟎𝐂𝐂𝟑𝟑 𝐇𝐇𝐂𝐂

𝟏𝟏 𝐦𝐦𝐂𝐂𝐭𝐭 𝐇𝐇𝐂𝐂
�  

= 𝟑𝟑.𝟏𝟏𝐂𝐂 𝐱𝐱 𝟏𝟏𝟎𝟎𝟏𝟏𝟐𝟐
𝐇𝐇𝐂𝐂

𝐭𝐭. 𝐜𝐜𝐦𝐦𝐂𝐂  𝐂𝐂𝐡𝐡𝐡𝐡 
𝐦𝐦𝐀𝐀
𝐜𝐜𝐦𝐦𝐂𝐂 

Since the exact hydrogen binding site numbers is unknown, we estimate the number of active sites as 

the number of surface sites (including Mo, Co and P atoms as possible active sites) from the roughness 

factor together with the unit cell (volume = 146.610 and 105.777 Å3  for CoMoP and CoMoP2, 

respectively,  see Figure S7) of both phosphides crystal structure. A similar approach was used to 

estimate TOF for MoP, MoP/S, Ni2P and CoP. 

 

# active sites per real surface area for CoMoP2: 

# 𝐭𝐭𝐜𝐜𝐭𝐭𝐠𝐠𝐭𝐭𝐡𝐡 𝐭𝐭𝐠𝐠𝐭𝐭𝐡𝐡𝐭𝐭 = �
𝟗𝟗 𝐭𝐭𝐭𝐭𝐂𝐂𝐦𝐦𝐭𝐭 / 𝐭𝐭𝐡𝐡𝐠𝐠𝐭𝐭 𝐜𝐜𝐡𝐡𝐭𝐭𝐭𝐭

𝟏𝟏𝟎𝟎𝟐𝟐.𝟏𝟏𝟏𝟏𝟏𝟏 Å
𝐂𝐂
𝟑𝟑 / 𝐭𝐭𝐡𝐡𝐠𝐠𝐭𝐭 𝐜𝐜𝐡𝐡𝐭𝐭𝐭𝐭

�

𝐂𝐂
𝟑𝟑

=  𝟏𝟏.𝟏𝟏𝟗𝟗𝟗𝟗 𝐱𝐱 𝟏𝟏𝟎𝟎𝟏𝟏𝟐𝟐 𝐭𝐭𝐭𝐭𝐂𝐂𝐦𝐦𝐭𝐭 𝐜𝐜𝐦𝐦𝐡𝐡𝐡𝐡𝐭𝐭𝐭𝐭
−𝐂𝐂   

# active sites per real surface area for CoMoP: 

# 𝐭𝐭𝐜𝐜𝐭𝐭𝐠𝐠𝐭𝐭𝐡𝐡 𝐭𝐭𝐠𝐠𝐭𝐭𝐡𝐡𝐭𝐭 = �
𝟏𝟏𝐂𝐂 𝐭𝐭𝐭𝐭𝐂𝐂𝐦𝐦𝐭𝐭 / 𝐭𝐭𝐡𝐡𝐠𝐠𝐭𝐭 𝐜𝐜𝐡𝐡𝐭𝐭𝐭𝐭

𝟏𝟏𝟎𝟎𝟗𝟗.𝟗𝟗𝟏𝟏𝟎𝟎 Å
𝐂𝐂
𝟑𝟑 / 𝐭𝐭𝐡𝐡𝐠𝐠𝐭𝐭 𝐜𝐜𝐡𝐡𝐭𝐭𝐭𝐭

�

𝐂𝐂
𝟑𝟑

=  𝟏𝟏.𝟗𝟗𝟗𝟗𝟐𝟐 𝐱𝐱 𝟏𝟏𝟎𝟎𝟏𝟏𝟐𝟐 𝐭𝐭𝐭𝐭𝐂𝐂𝐦𝐦𝐭𝐭 𝐜𝐜𝐦𝐦𝐡𝐡𝐡𝐡𝐭𝐭𝐭𝐭
−𝐂𝐂   

Therefore, current density can be converted to TOF according to: 

𝐓𝐓𝐓𝐓𝐦𝐦𝐄𝐄𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂 =
�𝟑𝟑.𝟏𝟏𝐂𝐂 𝐱𝐱 𝟏𝟏𝟎𝟎𝟏𝟏𝟐𝟐 𝐇𝐇𝐂𝐂

𝐭𝐭. 𝐜𝐜𝐦𝐦𝐂𝐂  𝐂𝐂𝐡𝐡𝐡𝐡 𝐦𝐦𝐀𝐀𝐜𝐜𝐦𝐦𝐂𝐂� 𝐱𝐱 |𝐣𝐣|

�𝟏𝟏.𝟏𝟏𝟗𝟗𝟗𝟗 𝐱𝐱 𝟏𝟏𝟎𝟎𝟏𝟏𝟐𝟐 𝐭𝐭𝐭𝐭𝐂𝐂𝐦𝐦𝐭𝐭 𝐜𝐜𝐦𝐦𝐡𝐡𝐡𝐡𝐭𝐭𝐭𝐭
−𝐂𝐂 �𝐱𝐱 𝐀𝐀𝐄𝐄𝐄𝐄𝐄𝐄𝐀𝐀

 

and  

𝐓𝐓𝐓𝐓𝐦𝐦𝐄𝐄𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂 =
�𝟑𝟑.𝟏𝟏𝐂𝐂 𝐱𝐱 𝟏𝟏𝟎𝟎𝟏𝟏𝟐𝟐 𝐇𝐇𝐂𝐂

𝐭𝐭. 𝐜𝐜𝐦𝐦𝐂𝐂  𝐂𝐂𝐡𝐡𝐡𝐡 𝐦𝐦𝐀𝐀𝐜𝐜𝐦𝐦𝐂𝐂� 𝐱𝐱 |𝐣𝐣|

�𝟏𝟏.𝟗𝟗𝟗𝟗𝟐𝟐 𝐱𝐱 𝟏𝟏𝟎𝟎𝟏𝟏𝟐𝟐 𝐭𝐭𝐭𝐭𝐂𝐂𝐦𝐦𝐭𝐭 𝐜𝐜𝐦𝐦𝐡𝐡𝐡𝐡𝐭𝐭𝐭𝐭
−𝐂𝐂 �𝐱𝐱 𝐀𝐀𝐄𝐄𝐄𝐄𝐄𝐄𝐀𝐀
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Figure S8. Unit cells representation of CoMoP and CoMoP2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

9 
 



  

Figure S9. TEM study of the materials after electrocatalysis a,d) TEM and b,e) HRTEM images of 

CoMoP  and CoMoP2; SAED patterns of inset b) CoMoP and e) CoMoP2; HAADF-STEM images of 

c) CoMoP and f) CoMoP2 and corresponding EDS C, P, Co and Mo elemental maps. 
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Figure S10. XPS core level of a) Mo 3d, b) Co 2p, and c) P 2p spectra of CoMoP and CoMoP2 after 

electrocatalysis. 
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