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Fig.1 (a) A slab model of Cu(100), (b) convergence test of slab thickness using workfunctions (Fermi Levels), (c) convergence test of slab
thickness using adsorption energy of water, and (d) convergence test of k points using adsorption energy of water.
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Fig. 2 Procedures to build metal-water interfaces (a) generate a water box using packmol code, (b) an interface model without bulk
metal area, (c) a water density profile after equilibrium using classical molecular dynamics, and (d) a snapshot of the interface model

from classical molecular dynamics.
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FXxZRE, R 3 (d) - AENFANRER, 4=
BRI, —e,. NEAZK.

ME 3 (d) ATAEL, HEEES-11KRZE
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Fig. 3 (a) An initial structure to launch AIMD simulation, and the bulk water region is shaded by blue cuboid, (b) time cumulative Fermi
levels from the Cu(100)-water interface model, (c) time cumulative electrostatic energies of bulk water region for the interface model,
and (d) the ensemble averaged electrostatic energies vs. bulk water width.
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Fig. 4 (a) A slab model of SnO,(110), (b) convergence test of slab thickness using band alignments of CBM and VBM, (c) convergence test
of slab thickness using adsorption energy of water, and (d) convergence test of supercell using adsorption energy of water.
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R, CBM # VBM 7 43 7482 0.09 1 0.05 eV
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XA KAIR T BE T E A

E(2H,0") ZZE(HzO) EC) ®)
H i, EQH,0% EH,0)« E*) % 37 /D
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&EE vy FEXNR. ZUR5€EM
k UMK 2. CP2K T+ 3 S4B & {F IR AT
FH OT BEERSUR k%L, m OT BIEF AT
k RITE . EMmEEREY K xy FETTERFIA
MRS, EEIE4 (b) RIERE, Hexy @
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5 iR iE R 52 E 5(a) RIS R RS,
ZIRB, KOFEMHIELTFRERT, B, K
DFREEMAKSFRERIELSNBTCEE. &
I, A BEEESFEINFENKEFH#HIT 200-400
ps BI¥E. TR, #ITHFINZENEN, KE
ERAYIRENEEFMIRMAK, 0E 5a) 12
BIEMS . HIEMEM—ERE, #HEKSF, Fik
HEMBIEHCIAEB. WKW OGS HS5HM
K—E, MPEHRNERERFNNZSENEERIERE

(Nonbonded) #HEERH, BRI

5(d) BIFERERKS FEH. LSRN
BHKSFERBERKEBER TEHR, 2—MEH
AT EE. &, EFHIAKSFREERS
EE. WA 5(c) BEFITHARIME KA FRzE
MHZEER. B EATAELEFEE—BRFEENXE,
BEMAEK. EXIBHKBRENIZA 1 gem™ , 1RE
BT 5%, 1E 5(c) BB . WMRKSFE
EARIEYR, FETERMKSF, MEBXHITHTF
BN FEFRIAKE BB R IAFR.

4.3. S -KFER AIMD )L

AR TN F R ERENEMIERVIRE
T AIMD E#l. BEEBIEEIZK A 0.5 fs,
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Fig.5 Procedures to build metal-water interfaces (a) generate a water box using packmol code, (b) an interface model without bulk SnO,
area, (c) a water density profile after equilibrium using classical molecular dynamics, and (d) a snapshot of the interface model from
classical molecular dynamics.
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B 6 (a) AIMD M¥I#R%EH, HrpE bR AARKFEEE B XK. (b) AEEMMRIAFRAEEN LN Z, BNEFERTRE
BEMEAEE, (o) AHKHRAFBAERNBL LML, BONEFRRTEEENEHEK. (d) AHEKEF5E BB SEMRK
TEMK AL,

Fig. 6 (a) An initial structure to launch AIMD simulation, the bulk water region and bulk SnO, region are shaded by blue and green
cuboid, respectively, (b) time cumulative electrostatic energies of bulk SnO, region from the SnO,(110)-water interface model, (c) time
cumulative electrostatic energies of bulk water region for the interface model, and (d) the ensemble averaged electrostatic energies vs.
bulk water width.
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RESEEA, WBENHEE—DHILR KD FIF
BEFFIREDL

RIEAR, FEM AIMD S EIAAEE A (—ed.)
A KA ER R B EE (—ed.)o AIEKAIX IR E X
IKEFESHHRONHRKGTEXE, Hf, K75
HHxy FESEFH xy FEEE, z FAMNEE
(bulk water width) FNE, NE 6 (a) KK
P Xig. ZXIFAEE R AR BEZH
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(nanosmoothing) Y75 AR08 E A XI5 E K
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L —euua T —e, B R TR A 8] Y 3K =
7£0.1-0.2 eV IRNAS, AIMD IS AMFLE, NE
6 (b) FT/RAY 8-12 ps FIXIHA () Frzmhy 9-12
ps WXk, ELRAFE, KIFEI0.1 eV,
A AEE. REWEEFEIH —eduq T —ed .
AT AR ERETHET o ARAEZK X8 28 B
SeRAEGRAEL, THERRE. ME6(d) B
BEMEEN 11-11.5A REHHE —edyiq 1 —4.161
eV, —ep,,. H3.385 eV, HOMO H LUMO HJ Ey°
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SnO,(110) VBM F1 CBM HI&ETHHEFI 2518 1.76 V
#10.68 V. 55C36E VBM (3.747 V) F1CBM(0.147 V)
EE%: [30, 31], ZIMHFEA VBM HIZEEEBELE K,
RE CBM &R, XNARERZFSHEEL
MEREBEZINT [15]e KRFTAH, GCGA THZ &
FEBIMIZZE (delocalization error) o ZIRES
SEENMER. B%, FH GCGA ITES KA.
HR, WFeRRFENErRNHRSE¥SHR
©LHiF. FTALBHITE Uy ZEER AT
HEFE IR SR (E.

5. 8 &

AXNBTWMAFAMEEDFNAFHT
ER-KAERARMELT-KAEFRRPETHE
F. ABEAENERAE, FEHTERIELE
EiR, SRS FRINEMNKEFEE, URM
LB FRINFFENERAEEER. BYREE
BB REEE, URABETSNERER, ALS
I ENRETHES . AXHETRANGF, 23l
& Cu(100)- /KR EANZ BB (-0.726 V), AKX
SnO,(110)- KR EMINHIN (1.76 V) FISH K (0.68
V). ¥ DFT ZERMNBHIRE, HEETFEKLY,
EREENITE Up,c SXREREMNIE .
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Abstract

Band alignments of electrode-water interfaces are of crucial importance for understanding electrochemical interfaces.
In the scenario of electrocatalysis, applied potentials are equivalent to the Fermi levels of metals in the electrochemical
cells; in the scenario of photo(electro)catalysis, semiconducting oxides under illumination have chemical reactivities
toward redox reactions if the redox potentials of the reactions straddle the conduction band minimums (CBMs) or
valence band maximums (VBMs) of the oxides. Computational band alignments allow us to obtain the Fermi level of
metals, as well as the CBM and VBM of semiconducting oxides with respect to reference electrodes. In this tutorial,
we describe how to obtain the band alignments using ab initio molecular dynamics simulations. To be simple, we
introduce the protocol of computational band alignments through two selected charge-neutral interfaces, i.e., Cu(100)-
and SnO,(110)-water interfaces. It should be bear in mind that one can also apply this protocol to electrified interfaces.
The band alignments at charge-neutral interfaces have different meanings for metals and semiconducting oxides. For
metals, the alignments amount to Potentials of Zero Charge of metals, under which the metal-water interfaces possess
zero net charge. For semiconducting oxides, the alignments show the positions of CBMs and VBMs under a special pH
and potential. The special pH is named as Point of Zero Charge and the special potential is called Flat-Band Potential.
The oxides-water interfaces have zero net charge if they are at the special pH and potential. It is worth noting that neither
the positions of CBMs nor VBMs are directly interpreted as applied potentials. In the protocol, we refer computed
levels to standard hydrogen electrode (SHE), and thus directly compare the levels with those from electrochemical
experiments. With PBE functional, the computed Fermi level of Cu(100) is -0.726 V with respect to SHE and matches the
experimental determination of -0.73 V (SHE). The CBM and VBM of SnO,(110), however, are computed as 1.76 V and
0.6 V (SHE), respectively, which fails to match the experimental values of 3.747 V and 0.147 V (SHE), respectively. We
attribute the failure to the delocalization error of density functional theory. Because of the error, DFT tends to spatially
delocalize one-electron orbitals, which occasionally has negligible influences on the Fermi level of metal, but significantly
underestimates the band gaps of semiconducting oxides.
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