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S1. Details of density functional calculations of thermochemical properties

Frequency calculations were performed on gas phase molecules and all optimized
adsorbed species to determine zero-point vibrational energies (ZPVE), and vibrational,
translational and rotational enthalpy and free energy. These terms were then used, to-
gether with electronic energies (Eo, provided by VASP), to estimate enthalpies (H)

H = Ey+ ZPVE + Hy, + Hyans + Hrot (51

and free energies (G)
G = Ey+ ZPVE + Gy, + Grans + Grot (S2)

for reactants, products, and transition states at 1123 K. For calculations which include a
periodic surface, there are no translational or rotational degrees of freedom and DFT-de-
rived vibrational frequencies can be used to determine the ZPVE, Hvib, and Gvib

ZPVE = Y,(%v;h) (S3)
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For gaseous molecules, translational and rotational enthalpies and free energies were also
computed from statistical mechanics:

5
Hirans = EkT (S6)
Hrot,linear = kT (57)
Hrot,nanlinear = sz (58)
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Grans = —kTIn[(555) V] (S9)
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n2

i = etk (S11)

where [i is the moment of inertia about axes x, y or z and ¢ is the symmetry number of the
molecule (2 for H2 and 6 for C2Hs). Equations S10-512 obtained from: McQuarrie, D. A;
Statistical Mechanics; Sausolito, CA.
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Figure S1. (a) Experimental and (b) DFT-simulated XRD patterns of bulk NizP (red) and Nii2Ps (black).
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Figure S2. DFT-derived surface formation energy for NizP. Lower surface formation energy indicates more stable surface.

The bulk NizP structure was cleaved along different Miller indices and the surface formation energy was calculated by

Nsyur 1
E= (Esurf - _fEbulk)a 1)

Npuik

where N is the number of atoms and A is the area of the surface. For the Ni2P(001), surface there is an alternation of planes in the z
direction that have different Ni and P composition: 1) NisP and 2) NisP2.



