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S1. Calculation of d-band Center

The d-band center (Ɛ𝒅 ) is calculated using the formula [1]:

Ɛ𝑑 =
∫𝜌𝐸𝑑𝐸

∫𝜌𝑑𝐸

where ρ is the density of d-states at each energy level E, and dE is the energy interval. 

It is worthy to note that for the DOS calculation, an increase in the k point value is necessary to 
give improved results. Additional settings used for both the ionic and electronic relaxation in the 
INCAR file in  VASP program are:  

Ionic Relaxation Electronic Relaxation
NSW    =   0    
IBRION = -1  
#EDIFFG =     -5E-02

NCUT =    400.00 eV
NELM   =     90;
NELMIN =   6
EDIFF =      1E-06
# RWIGS       
LWAVE =   T
LCHARG = T
LAECHG = T
# ICHARG = 11
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ISMEAR =  1; SIGMA = 0.05

At the end of the electronic relaxation, a DOSCAR output file should be present in the 
directory. The DOSCAR output file contains the electronic DOS and integrated DOS of the surface 
as well as the projected DOS for each atom. Additional details about the DOSCAR output file can 
be found on the VASP wiki. With the DOSCAR output file and the split_dos script (present in the 
vtscripts), the DOSCAR file can be decomposed into the multiple DOS files (DOS1, DOS2…, 
DOSn) for each atom in the system numbered corresponding to each atom number in the POSCAR 
file. To obtain a single DOS file representing group of surface atoms, the sum_dos script (also 
present in the vtscripts) is used. The snapshots of Table 1S show the columns present in either of 
these file (i.e. DOSn or DOS.SUM.a.to.b).

Table 1S: Columns of DOSn or DOS.SUM.a.to.b file representing single or group of surface 
atoms.

Here,  = d↑+ (-d↓) 𝜌

Finally, the d-band center, Ɛ𝒅, can be obtained as: 



Ɛ𝑑 =
∑𝜌𝐸𝑑𝐸

∑𝜌𝑑𝐸 

S2. Segregation Energy

The segregation energy, Eseg, is defined as the energy of moving an atom from the 
subsurface to the surface layer of a crystal [2]. It is defined as the difference in total energy between 
the segregated slab and the normal slab. 

In this study, we assumed that if it is favorable for an atom to move from the interior to the 
surface, then it will be favorable for the whole similar atoms to migrate to the surface from the 
interior. Hence, we calculated the segregation energies for both vacuum and xylose adsorbed slabs. 
Figure 1S depicts the segregation pattern for an acyclic xylose adsorbed slab. Here, the Eseg can be 
calculated as Eseg = Eb ‒ Ea. The same calculation procedure was adopted for vacuum slabs.

Fig. S1. Subsurface to surface segregation of Ni (111)/Co in acyclic xylose adsorbed condition.

Table 2S. Comparison of cyclic xylose (XC) adsorption energies on 3 and 4 layers of 6 by 4 
supercell. Bottom 2 layers of both models are fixed.  

Surfaces Ead1 (3-layers) Ead2 (4-layers)
Ni (111) -0.32 -0.28

Ni (111)/Co -0.33 -0.32
Ni (111)/Cu -0.27 -0.23
Ni (111)/Fe -0.46 -0.54







Fig. S2. Representation of partial density of states (DOS) of the d band surface atom(s) of Ni (111), 

Ni (111)/Co, Ni (111)/Cu, and Ni (111)/Fe, respectively. The 0 eV is the Fermi level position, and 

the dotted lines denote the d-band centers (εd). Refer to the supplementary page for the partial DOS 

of the other surfaces.
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