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Single crystal X-ray diffraction characterization: The synthesized single crystals were analyzed and 
facet-indexed through single-crystal X-ray diffraction (SC–XRD) carried out using a Bruker D8 Venture 
diffractometer with a Bruker Photon100 CMOS detector and employing Mo-Kα radiation (λ = 0.71073 Å) 
for the facet indexing of multiple FeP and m-NiP2 crystals. Facet indexing was conducted at room 
temperature, with frames for each crystal collected in 2° increments over the full 360° range for φ. The 
detector was located close to the X-ray source, collecting diffraction spots arising from back-diffraction, 
which is often necessary as the absorption from large crystals was too high to allow for transmission 
diffraction. 

Structural sensitivity of electrocatalytic properties: The HER catalytic activity of FeP and m-NiP2 
crystals were measured in 0.5 M H2SO4 electrolyte using a three-electrode setup, with the counter electrode 
being graphite and a saturated calomel electrode (SCE) reference electrode (Figure 2b). To ensure that only 
the desired facet was exposed to the solution, the crystal was dipped into the electrolyte and then raised 
slightly. This formed a meniscus around the perimeter of the crystal face. Electrochemical measurements 
were conducted using a Metrohm Autolab PGSTAT302N potentiostat. The surface area of the studied facet 
was calculated with high precision using electronic optical microscope. 

X-ray photoelectron spectroscopy (XPS): XPS measurements were performed using a monochromated 
micro-focused Al-Kα X-ray source that defined an analysis spot of ca. 650 × 400 μm2. All spectra were 
acquired in normal emission with an enabled magnetic lens, producing an effective analyzer collection 
angle of ca. 30°. Elemental regions were acquired at the nominal instrument resolution of 0.36 eV, with 
0.1 eV step size. The binding energy (BE) scale of the analyzer had been calibrated based on Au 4f7/2 
reference BE value of 83.95 eV.1 For the m-NiP2 sample, charge neutralization was provided by beams of 
low-energy (≤10 eV) Ar+ ions and electrons guided by the magnetic lens. For the FeP sample, charge 
neutralization was not necessary. Both samples were measured after catalytic testing had been performed. 
The symmetric peak shapes and FWHM as low as 0.6 eV (for resolved P 2p doublets) implied a uniform 
charge neutralization and the high chemical uniformity of the bulk crystalline materials. The aliphatic C 1s 
peak was observed at BE of 284.7 ± 0.1 eV for all samples, in agreement with previous measurements of 
nanostructured catalysts,2-4 indicating that the measured BE values can be directly compared to the ones 
from the literature. Notably, the typical aliphatic C 1s BEs tend to be in a slightly higher range of 
285.0 ± 0.2 eV for samples where the corresponding adventitious5-6 or organic7-8 carbon layer is measured 
on semi-metallic or doped semiconductor materials with low-to-minimal surface oxidation and crystalline 
conductive bulk. Accordingly, the observed aliphatic C 1s BE range is consistent with an adventitious 
carbon layer on top of a significant oxidized surface overlayer, to remove which depth profiling was 
performed using Ar clusters at 6000 eV, in cycles of 60 s (30 s for the first 7 cycles on FeP sample); the Ar 
cluster beam was chosen to minimize the potential damage to the underlying crystalline materials.9 

A convolution of Lorentzian and Gaussian line shapes on a linear combination of Shirley and linear 
backgrounds was used to fit the individual components, choosing the minimal number of self-consistent 
components that were able to fit spectra across the depth-profile set for each sample. An asymmetric line 
shape was used to fit the metallic component in Fe 2p3/2 region. The reported elemental ratios were 
estimated from the standard “atomic %” elemental compositions that were quantified using calibrated 
analyzer transmission functions, Scofield sensitivity factors,10 and effective attenuation lengths (EALs) for 
photoelectrons.11 EALs for elemental ratios and film thickness estimates were calculated using the standard 
TPP-2M formalism,11-12 as implemented in Avantage software (Thermo Scientific). 



 
Figure S1. Tafel slopes of FeP (fitted) for the [010], [101], [111], and [011] facets. 

 

 
Figure S2. Tafel slopes of m-NiP2 (fitted) for [100], [121], [101], [111]1, and [111]2 facets. 



 

Figure S3. FeP (Pnma D2h-16) bulk structure with a = 5.152 Å, b=3.046 Å, and c=5.761 Å. Atoms are 
denoted by spheres for Fe (orange) and P (black); while the unit cell is shown by grey lines. 

 
Figure S4. Electron DOS in bulk FeP, with spin-decomposed (majority (+) and minority (–)) and with 
lm-decomposed DOS projected on 3d (Fe) and 3s, 3p (P) orbitals inside the atomic spheres. 

  



Table S1. Computed surface energies relative to bulk FeP. The chosen low-energy termination of [201] 
surface can be viewed as [101](a) with periodic steps made by 2-atom wide [101](b) surface, see Figure S5. 
The other considered terminations of [201] were higher in energy. 

Surface Surface Energy (eV/Å2) 
[010] 0.1149 
[111]* 0.1082* 
[011] 0.0946 
[101](a) 0.1025 
[101](b) 0.1314 
[201] 0.1317 

* [111] surface is non-stoichiometric, the surface energy is provided for bulk stoichiometric 1:1 FeP 
forming the P-rich [111] surface and segregated bulk bcc Fe.  
(a) (b) see surfaces in Figures S5a and S5b, respectively. 
 

(a) 101 – Termination 1 

 

(b) 101 – Termination 2 

 
(c) 101 in (b) with P–H–Fe bond 

 

(d) 101 in (b) with Fe–H bond 

 
Figure S5. [101] surface terminations in 010 projection pf FeP. Atoms are denoted by spheres for Fe 
(orange), P (black), and H (white). Termination 1 (a) is +0.03 eV/A2 higher in energy than termination 2 
(b). For a H atom on [101] (b), the lowest-energy (–2.324 eV) is a bridge P–H–Fe position (c), as in Figure 
6, while bonding to P or Fe (d) is less stable (–2.252 eV). 

 



 

Figure S6. The variation of the H adsorption energies with H coverage for [010] and [011] FeP surfaces.  

 

 

Figure S7. Estimated overlayer thickness during surface cleaning of the FeP sample by Ar cluster etching. 
The final etch cycles correspond to a clean FeP crystal surface (Figure 7c in the main text). The thickness 
of the oxidized overlayer was estimated based on the ratio of the oxidized (overlayer) and phosphide (bulk) 
P 2p components, following the methodology previously d escribed and validated for chemically modified 
overlayers on crystalline compound semiconductors.13,14 

 



 

Figure S8. Estimated overlayer thickness during surface cleaning of the NiP2 sample by Ar cluster etching. 
The etch rate clearly slowed down after ca. 10 etching cycles; oxidized overlayer (Figure 8c in the main 
text) of ca. 4 nm thickness remained even after approximately double the etching time used for the FeP 
sample. 
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