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Report: 

Background  

Transition metal phosphides (TMPs) have been reported as efficient electrocatalysts for water splitting due to 

their high catalytic activities.[1-2] However, their reaction mechanisms, in particular, the surface reconstruction 

and structural stability during electrocatalytic reactions, have not been fully understood yet. Consequently, the 

optimal design of high-performanse electrocatalysts requires extended knowledge of their reaction mechanisms. 

Therefore, operando insights into TMPs during water splitting are urgently needed. Our experiments aimed to 

understand the reaction mechanisms and tracking the structural reconstruction of TMPs during the hydrogen 

and oxygen evolution reactions (HER and OER).  

Operando and ex situ X-ray absorption spectroscopy (XAS) tests.  

The operando and ex situ XAS tests were performed at the beamline BM31. Ex situ measurements were carried 

out on powder samples dispersed in cellulose. For operando measurements, the samples were loaded on carbon 

paper with a loading mass of 2.0~3.0 mg/cm2. All the operando electrochemical measurements were carried 

outusing in-house developed electrochemical cell at room temperature in 1.0 M KOH (Figure 1). For the HER 

test, the chronoamperometric method with a cathodic polarization from 50-100 mV vs. RHE was applied for the 

working electrode, and an anodic polarization from 0.8 V to 1.55 V vs. RHE 

 



 

To improve the quality of the data, all operando XAS signals collected 

at constant potential were measured 10 times, and then merged to a total 

XAS signal for analyses. The k3-weighted Fourier transform (FT) for all 

the operando EXAFS data was conducted in the k-ranges of 0 to 12 Å−1. 

For the investigation of operando Co K-edge EXAFS data, the k-ranges 

were limited to 3 to 11 Å−1. Due to the extremely low amounts of Fe ions 

in our sample (the atomic ratio of Co/Fe is around 3.5), it was challenging 

to acquire the high quality of EXAFS data on the Fe K-edge. Therefore, 

the investigations of Fe K-edge EXAFS data were only limited to k 

ranges from 3 to 9 Å−1. 

Results 

As shown in Figure 2, 

we first measured the 

operando XAS data for 

Fe substituted Co phosphides (denoted CoFeP). Because the 

XAS data was dramatically affected by the generated gas 

bubbles (H2) when the potentials were lower than negative 70 

mV vs. RHE, here, we only present the XAS data before the 

mentioned potential. Based on the operando XANES results 

(Figure 2 top), when our catalysts were submerged into the 

electrolyte, an obvious white line peak feature was observed at 

around 7727 eV. Then, with the cathodic polarization, the 

intensity of this peak shows a decreasing tendency. After 

removed the potentials, it can slightly be recovered to a higher 

intensity. For the EXAFS data, the ex situ CoFeP only shows 

one prominent backscattering peak at around 1.77 Å (Figure 2 

bottom), which is mainly arising from the first shell Co-P.[3-5]   

After imersing CoFeP into the electrolyte and upon application 

of cathodic polarization a second scattering shell appeared at 

2.85 Å and afterward it showed structural relaxation. Based on 

previous studies,[6-7] we asiggned this second scattering peak to 

the formation of P-Co-O-Fe-P units. Analogous results were also 

detected from Fe K-edge XAS data. Therefore, we concluded 

that our CoFeP sample would suffer structural reconstruction to 

in situ generated P-Co-O-Fe-P configurations, which could act 

as the real catalytic active species during the HER process.    

The operando Co K-edge XAS data 

of CoFeP during the OER process 

were also collected to investigate 

dynamics and reaction mechnisms. 

As shown in Figure 3 (left), with 

the anodic polarization, an obvious 

positive energy shift was observed 

for the Co K-edge XANES spectra, 

which is ascribed to the formation 

of higher Co valence states. 

 

 

Moreover, the overall line shape of the XANES spectra of CoFeP during the OER test was mismatched with the 

ex situ spectrum, suggesting that the as-prepared CoFeP underwent a structural transformation during the OER 

process. The operando EXAFS spectra (Figure 3 right) indicated two main scattering peaks at around 1.46 Å 

for the CoⅢ-O path and 2.42 Å for the CoⅢ-CoⅢ/FeⅢ paths,[6-7] respectively,  when the potential is higher than 

1.3 V vs. RHE. Similar conclusions were also demonstrated by the Fe K-edge XAS data, suggesting that the as-

prepared CoFeP would be transformed into (Co, Fe)OOH during the OER test. 

Figure 2. Operando XAS results for CoFeP during 

HER process. 

Figure 3. Operando XAS results for CoFeP during OER process. 

Figure 1. The operando XAS setup. 1) X-ray beam; 2) 

Vortex® one-element silicon drift detector; 3) Flight 

tube for transmission signal; 4) Working; 5) Reference 
and (6) Counter electrode.  

 



 

Conclusions 

In summary, we successfully performed operando XAS experiments for CoFeP during the HER and OER tests. 

Based on our operando XAS data, we found that as-prepared CoFeP samples undergo a structural reconstruction 

both in the HER and OER processes. For the HER process, CoFeP would in situ reconstruct a configuration of 

P-Co-O-Fe-P, which likely serves as the real HER catalytic active species. By comparison, the operando XAS 

spectra of CoFeP demonstrated the formation of  (Co, Fe)OOH during the OER test. These results are also 

consistent with our initial expectations in our beamline proposal.  
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