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Surface grand potentials calculation

Surface grand potentials can be calculated by:

Qis = 2is|:Eislab — Nt — Nty = No/uo:|

with NBi, Nw, and N0 the number of Bi, W, and O atoms in the slab, pg;, [y, [t the chemical

potential of Bi, W, and O atoms and the factor of 1/2 corresponds to the two surfaces of a
slab.

and

Since the surface is in equilibrium with the bulk Bi,WOg, we have Hpi wo. = | ST
2WY%

Hgiwo, = 2. + phy, + 614, . The surface grand potentials can also be expressed as:

o=l

5= 55| Etar = No By = (N = 2Nyt +(6N,, = No)g, |

If we introduce the variation of the chemical potentials with respect to the reference phases

mol

(Apto = gt =—5— Apy, = py, —E3™, respectively)
; 1
QS = q)i +ﬁ[_A/uBi (NBi - 2NW) + A/uo (6Nw - No):|
where
1 mol
i u 0
O, = 29 Ea ~NwE e —(Np; _2NW)E%ilk +(6Ny —Ny) 22

According to the calculation formula of surface grand potentials, the calculated values ®@;, QL
of six possibilities in Fig.S1 (a) are listed in Table SI. O; terminated surface is the most stable

Bi,WOg (010) surface.
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Table SI Surface grand potentials of various exposed planes

Exposed plane D, Q
Om 26.92 26.92
Bin 26.75 26.75+(4*Apo)/(2+29.59)
Ou 27.02 27.02+(4* A4+ Apo)/(2*29.59)
WO 27.07 27.07+(4*Apsit8*Apio)/(2*29.59)
o) 13.19 13.19+(-4* Appi-8* Apio)/(2%29.59)
Bi, 13.28 13.28+(-4* Appi-4*Apo)/(2+29.59)

Boundary limits for the chemical potentials
The oxygen, tungsten and bismuth atoms are not to form condensate on the surface.
Consequently, the chemical potential of each species must be lower than the energy of an

atom in the stable phase, so the following non-equation should be apply:

A:uo =Ho— 2 <0
bulk
Aptg; = ;= 31 <0

bulk
Aluw ::UW_E‘E <0

Then formation energy could be calculated as follows:

Ef — Ebulk _ 2Ebulk _ Ebulk _ 3Emol
Bi, WO, Bi, WO, Bi w 0,
E; wo is the formation energy of Bi,WOs with respect to the Bi atom in the mono bulk
12W%

structure, W atom in bcc bulk structure and the O atom in the gas phase. The total energy of

each term is listed in Table SII. The formation energy of Bi,WQg is calculated as -16.46 eV.

Table SII The total energy of Bi, W, O, and Bi,WOQOq (eV)

Terms

Bi mono bulk

W bee bulk

0, gas

Bi2W06 bulk

Energy (eV)

-3.54

-12.72

-9.86

-65.84

Then the lower bound can be determined by: ' 2Az4, +6AL, > —Ef o . Thus the Bi
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chemical potential is within the range from -8.23 eV to 0 eV. Oxygen chemical potential is

within the range from -2.74 eV to 0 eV.

Though analyzing the table SI and considering the boundary limits for the chemical
potentials, O;shows the lowest surface energy. Fig.S1 (b) shows the BiOCl/Bi, WOy interface

with Bi;-O-Bij; bonds.

Bulk BiOCl

B, WO, Surface

Bulk B, WO,

Fig. S1 (a) side-view of Bi,WQOg (010) slab with exposed atoms O,, Bi;,, WO, Oy, Biy, Oy (b)

optimized structure with Bi-O-Bij bonds as interface.

1 F. Bottin, F. Finocchi and C. Noguera, Phys. Rev. B, 2003, 68, 035418.
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