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Experimental Methods

Our experimental procedure follows our previous work on single crystalline BiVOj, in ultra-high vacuum

(UHV) conditions." We highlight relevant aspects here.

Mo:BiVO, Crystal Growth

We intentionally doped our single crystal BiVO, with nominally 1 at% Mo in order to improve the
sample conductivity and prevent sample charging during our photoelectron spectroscopy measurements.
The Mo-doped BiVO, single crystals (hereafter Mo:BiVO,) were prepared at the Leibniz Institut fiir
Kristallziichtung (IKZ, Berlin, Germany). The growth melt was prepared from the starting oxides Bi,Os,
V,0s, and MoOs; (Aldrich, purity > 99.99%). The crystal was grown in air using the conventional
Czochralski technique with RF-induction heating and automatic diameter control. Platinum crucibles (40
mm in diameter and height) were used as the melt container, due to the low melting point of BiVO,
(1213 K). To adjust the required temperature gradients, an active afterheater (diameter: 40mm, height:
70 mm) was installed above the crucible. Thermal insulation of the afterheater was provided by an outer
alumina ceramic tube filled with alumina granules. We obtained the seed crystal from spontaneously
crystallized material. The pulling rate was 1.0 mm h™' and the rotation rate was 10 rpm. After growth, the

crystal was cooled down to room temperature (r.t., ~298 K).

Surface Preparation

Approximately 5 x 5 x 5 mm® samples of the Mo: BiVO, crystal were oriented and cut from the bulk
crystal. The sample was first cleaved on the bench top parallel to the (010) plane. The sample was then
thoroughly rinsed with absolute ethanol (Aldrich, > 99.99%) and Milli Q water (p =18.2 MQ - cm) and
dried with a N,(g) stream. The sample underwent an annealing cycle in UHV conditions and then in an
O,(g) background (1 Torr). As reported in our previous work !, XPS analysis revealed that this
procedure reproducibly produces a clean, and well-ordered surface with no indication of Mo surface
segregation. The absence of carbon contamination on the surface was verified by the lack of a signal in
the C 1s core level range (binding energy, BE, 280-295 eV) upon returning to room temperature and
UHYV conditions. Transitioning from UHV to AP conditions, a slight increase in carbon contamination
was observed, likely from the displacement of carbon containing species from the analysis chamber

walls.



The corresponding carbon coverage (6c) was estimated as follows. First, upon background
subtraction, we obtained the area of the C 1s and Bi 4f core level peaks (Figure S1a) taken at a water
pressure of 0.05 Torr and at the same photon energy (PE) of 517.4 eV (i.e. in resonance with the V L;
2ps» — 3d electronic transition). Second, we build a model of such an interface with the “simulation of
electron spectra for surface analysis” software (SESSA),” using the same photon energy and collection
geometry as available at the beamline 11.0.2 of the ALS (see below for further details). For the
Mo:BiVO, modeling, the following parameters have been used: number of valence electrons/unit
formula = 44; density of the photoemitting centers = 6.804-10% atoms-cm™; energy band gap = 2.45 eV.
The thickness of a conformal carbon overlayer atop the Mo:BiVO, surface was thus varied until the C
1s/Bi 4f ratio matched the experimental value determined above (C 1s/Bi 4f = 0.02). This match was
reached for a carbon layer equivalent thickness of 0.20 A. Taking the d-spacing of 1 ML of BiVO, as
half unit cell along the b direction (d = 5.76 A), the ¢ results therefore equal to 0.03 ML. Furthermore,
the normalized C 1s core level peaks reported in Figure S1b taken during the AP-ResPES experiment
show that the amount and chemical composition of the carbon surface contamination was stable
throughout the investigation. The C 1s core level peak is characterized by two spectral contributions: the
low binding energy (LBE) component, centered at 285.3 eV, can be attributed to adventitious carbon,
whereas the high binding energy component (HBE, 287.2 eV) is associated to the presence of
oxygenated carbon species.’ The HBE/LBE intensity ratio was equal to about 1.14 throughout the AP-
ResPES data collection.
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Figure S1. (a) Bi 4f and C 1s core level peaks (blue circles) taken at a water pressure of 0.05 Torr and at a photon energy
(PE) of 517.4 eV (i.e. in resonance with the V L3 2p3, — 3d electronic transition). under dipolar approximation The outcome
of the SESSA simulation is also reported (red line). The simulated spectrum was normalized to the experimental data by
taking the intensity of the Bi 4f;, core level peak as reference; (b) C 1s core level peaks taken at different PEs and at a water
pressure of 0.05 Torr. Note that the PEs of 516.0, 517.4, and 519.0 eV are in resonance with the V L; transition (LBE: low
binding energy, HBE: high binding energy).

Soft X-ray photoelectron and resonant photoelectron spectroscopies

The end-station of beamline 11.0.2 at the Advanced Light Source (Lawrence Berkeley National
Laboratory, Berkeley, U.S.A.) was used for AP-XPS and AP-ResPES measurements. The beamline is
served by an elliptically-polarized undulator delivering photons from 90 eV up to ~1600 eV.** The end-
station is equipped with a Near Ambient Pressure (NAP) PHOIBOS 150 electron analyzer (SPECS)
placed at the magic angle (54.7°) between the X-ray polarization vector and the photoelectron
momentum vector. For all measurements conducted at room temperature, the photoelectron take-off
angle was set to 47° with respect to the surface normal, while the X-ray polarization was horizontal. The
XPS data were acquired using a photoelectron kinetic energy (KE) of 200 eV, a step size of 0.05 eV and

a pass energy of 20 eV. A 10 x 50 pm* (dispersive x non-dispersive) slit widths was used for all



measurements. Under these conditions, the total resolution (beamline and electron analyzer) was better
than 100 meV at a photon energy of 735 eV at room temperature. The PEY-NEXAFS data (V L,zand O
K edges) were acquired using a photoelectron KE of 425 eV (A, ~ 13 A"). The analyzer pass energy was
set to 100 eV, providing an energy window of +10 eV around the KE setpoint. The photon energy step
was set to 0.1 eV, and the integration time was 1.0 s. The beamline resolution was better than 100 meV
throughout both the V L,3; and O K energy ranges. The ResPES measurements across the V L,3; were
conducted by acquiring VB spectra as the V L; edge was scanned. The photon energy was scanned in
steps of 0.1 eV. The VB spectra were acquired with a photoelectron KE step of 0.05 eV and an

integration time of 0.3 s.

Spectra Calibration

The binding energy (BE) scale for the core level and VB spectra was calibrated using the Au 4f;,
photoelectron peak from a clean gold polycrystalline surface as a reference (4f;, BE = 84.00 eV). This is
valid as long as there is no charging. As we have shown in our previous work, we can exclude charging
of the clean surface.' For the AP-ResPES data, the initial photon energy was calibrated by acquiring the
Bi 4f spectrum of the Mo:BiVO, sample with the first and the second order light of the chosen photon
energy; we assume the photon energy to be equal to the difference in KE of the Bi 4f;, peak for the
spectra acquired with first and second order light. The final photon energy was calibrated by acquiring
the Bi 4f;, spectrum with the 1% order of the final photon energy, and assuming that the KE difference
between the initial and final Bi 4f;, spectra taken with 1* order light was equal to the difference in initial
and final photon energy for the NEXAFS scan. BEs of the VB spectra were calibrated by acquiring
different Bi 4f;, spectra at specific PEs, and using its calibrated BE as a reference value. The photon
energies for the NEXAFS measurements were calibrated using the known XAS resonance positions of
O, (g). For the latter, the corresponding NEXAFS spectrum was taken in PEY using a photoelectron KE
of 425 eV and a pass energy of 100 eV. The O,(g) pressure was set to 1 Torr.

Data Analysis

We performed quantitative XPS anlysis based on the background-subtracted integrated peak areas of
each core level. Subtraction was done using Shirley backgrounds. Normalized areas were obtained by
dividing the raw integrated core level peak area by the corresponding differential photoionization cross

section and photon flux. The photon flux was measured using a Si photodiode (Opto Diode,



AXUV100G, 10 mm %10 mm X 55 pm).

All core level fits reported in this work have been carried out after Shirley background subtraction,
using a Doniach-Sunji¢ shape for the Au 4f and Bi 4f photoelectron peaks and symmetrical pseudo-
Voigt functions (G/L ratio ranging from 85/15 to 75/25) for the V 2p, O 1s, and C 1s photoelectron
peaks. During the fitting procedure, the Shirley background was optimized together with the spectral
components in order to increase the precision and reliability of the fitting procedure.® The VB was
fitted by subtracting a Tougaard background® and using symmetrical Voigt functions (G/L ratio ranging

from 85/15 to 95/5).



Calculation Methods

Enumeration of configurations

At the (010) surface, the surface V and Bi atoms are respectively four-fold and six-fold coordinated
by O atoms; in the bulk, the V atoms are also four-fold coordinated but the Bi atoms are eight-fold
coordinated. In our 2x 2x 2 supercell, water molecules may be adsorbed at four possible Bi atoms and
four possible V atoms at the surface. Water molecules were initialized to be adsorbed to a surface Bi
atom via their O atom, thus increasing the coordination number of the Bi atom to seven (see Figure 1 of
main text). Water molecules are expected to be more favorably adsorbed on Bi atoms when the oxygen
points at Bi, as surface Bi are under-coordinated relative to the bulk with six surrounding oxygen atoms;
in contrast, the surface V atoms are four-fold coordinated at the surface and in the bulk. This expectation

was corroborated by our own calculations and is consistent with previous computational studies.”™

To mimic electron-doped surface configurations, we added excess electronic charge to the supercell,
which experimentally may originate from Mo-doping found in our samples or oxygen vacancies that
intrinsically occur in the material. Specifically, in our 192-atom symmetric slabs, we introduced one
electron per surface for a total of two excess electrons. It is well known that small polarons form in
BiVO,."" In order to encourage the formation of polarons (which localize on V sites to nominally
reduce the V°* to V*"), we extended the V-O bonds of a surface VO, tetrahedron by 3% and initialized
the same surface V site with a small but non-zero magnetic moment (denoted as a pink atom in Figure

1 of the main text).

We introduced water species to either the bare surface (configurations denoted as s1) or the surface
with electron doping to form a V** polaron (denoted as s2). From our measurements of sub-monolayer
coverage with partial pressure of water, we observed that hydroxylation occurs via island growth on the
(010) surface. The adsorbed water in these islands may take on several orientations. We expect the water
to orient in such a way that its hydrogen atoms are near the oxygen on a VO, tetrahedron. Thus, for any
single surface VO, tetrahedron, there may be one or two water molecules oriented towards it. In order to
computationally investigate these configurations, we introduced two water molecules to each exposed
surface of the slab. As shown in Figure 1 of the main text, each central (pink) VO, tetrahedron is either

single- or double-hydroxylated by water. That is, a surface VO, tetrahedron is considered single-



hydroxylated if only one O atom in the tetrahedron is (hydrogen) bonded with the H atom of water
adsorbed via the O atom on neighboring surface Bi atoms. Similarly, a surface VO, tetrahedron is
double-hydroxylated if two of the O atoms in the tetrahedron are (hydrogen) bonded with the H atoms of

adsorbed water.

We further differentiated whether the adsorbed water species was in the molecular form or
dissociated form. The bonds involved in the hydroxylation process could be either a hydrogen bond or
an O-H bond in the molecular and dissociated cases, respectively. For configurations with dissociated
water, we initialized the surface such that the water was split as neutral OH and H species; the OH
species are adsorbed on the surface Bi sites and the H species are adsorbed on surface O to form

additional OH species.

Naming convention

In our naming convention, we specify whether the configuration involves adsorption of water
molecules oriented towards different (s3) or the same (s4) surface VO, and denote the type of water ms
oriented towards the same surface VO, (indicated by “s4”). We further specify what kind of doping, if
any, was used. For example, the s2e configuration had electron doping of one e- per surface, while the
s2Mo configuration had explicit Mo doped in the bulk-like region of the slab. Here, “s2” indicates a
configuration where the V-O bonds of a surface VO, tetrahedron are extended to induce the formation of
an electron polaron, as described above. All s3 and s4 configurations have electron doping, unless
otherwise indicated by a tilde for no excess electrons (as in SAE’)mm) or an “Mo” suffix for explicit Mo
doping (as in s4mm-Mo). Once an initial configuration was established, we allowed the internal
coordinates of the slab to relax. We found that some configurations were difficult to fully relax,
predominantly because of water-related species drifting and/or rotating above the surface. We were able
to relax the s4dm, s4dmm, s4ddm, and s4dd configurations bringing atomic forces below 700 meV/A;
the s~3mm, s4mm and s3dm configurations were relaxed to forces within around 300 meV/A with total
energies converged to within 5 meV. All other configurations were relaxed until forces were about 100
meV/A .olecules and the number of water molecules present at each exposed surface. For example, the
“s4dmm” configuration denotes one dissociated water (indicated by “d”) and two molecular water
molecules (indicated by “mm?) initially adsorbed, and with one dissociated and one molecular water

species.



Table S1: Notation and description of configurations tested in our study, noting whether the adsorbed water species are
in molecular or dissociated forms. All configurations starting with s1 and s2 are the pristine BiVO, surface, with s2e
referring to those with a polaron localized on a surface VO, tetrahedra and s2 referring to the configuration with the s2e
structure but without the surface polaron. All configurations starting with s3 and s4 have adsorbed water and a surface
polaron localized on a VO, tetrahedra; s3 = one water oriented towards a particular VO,, s4 = two waters oriented
towards a particular VO,. All s3 and s4 configurations all have one excess electron per surface, unless otherwise noted
by an "-Mo" suffix or tilde. The tilde indicates no electron doping whereas the “Mo” suffix indicates a Moy
substitutional defect was included. Adsorbed molecular water forms hydrogen bonds, while adsorbed dissociated water

forms hydroxyl groups.
# of waters oriented
Polaron towards a particular
type Doping model # molec # dissoc VO,
sl — — 0 0 —
sle — excess e- 0 0 —
s2 surface — 0 0 —
s2e surface excess e- 0 0 —
s2e-bulk bulk excess e- 0 0 —
s2Mo surface Mo 0 0 —
ggmm surface — 2 0 1
s3mm-Mo surface Mo 2 0 1
éEdd surface — 0 2 1
s3dd surface excess e- 0 2 1
s3dd-Mo surface Mo 0 2 1
;imm surface — 2 0 2
s4dmm surface excess e- 2 0 2
s4mm-Mo surface Mo 2 0 2
Sde surface — 0 2 2
s4dd surface excess e- 0 2 2
s4dd-Mo surface Mo 0 2 2
s3dm surface excess e- 1 1 1
s4dm surface excess e- 1 1 2
s3dmm surface excess e- 2 1 1
s4dmm surface excess e- 2 1 2
s3ddm surface excess e- 1 2 1
s4ddm surface excess e- 1 2 2



Additional results of calculated configurations

We first considered the adsorption of water molecules in the absence of electron doping. The
corresponding configurations are the single-hydroxylated s3mm and double-hydroxylated s4mm. In
general, the adsorption of molecular water on the Bi site in the absence of excess charge was found to be
favorable, leading to an average stabilization of 0.54 (0.45) eV/water molecule for s3mm (s~4mm). This
stabilization energy was comparable to the range reported in the literature (0.48 and 0.58 eV*'°). In
neither the s3mm or the s4mm configuration did we find an interband state in the band gap. The
distances between the surface Bi and adsorbed water molecules were 2.64 A for s3mm and 2.62 A for
szlmrn, consistent with previous literature values based on first-principles molecular dynamics
simulations (2.65-2.97 A®). A summary of the bond lengths and angles at the surface for selected

configurations is reported in Table S2.

Since the adsorption of molecular water either did not result in a defect state or led to a
configuration which was not stable, we turned to configurations involving dissociated water moieties in
the single-hydroxylated (s3dd) and double-hydroxylated (s4dd) forms. We note again that in these
configurations electron doping was added to our supercell. We found that the s3dd configuration was
140 meV more stable than the s4dd configuration, and 435 meV more stable compared to the bare
surface with a surface polaron plus the equivalent number of isolated water molecules. This suggests
that it is more favorable to adsorb dissociated water molecules in the presence of a surface polaron. The
relative stability of the s3dd and s4dd configurations relative to a bare surface with a surface polaron is
consistent with the analysis of our ResPES results, which suggest that hydroxylation of the surface leads
to additional localization of charge (small electron polarons) at the surface. The distances between the
surface Bi and hydroxyls from dissociated water were 2.17 A for s3dd and 2.18 A for s4dd; these
distances are up to 0.4 A smaller than that for any of the configurations involving molecular water

adsorption on the bare surface.

We subsequently considered configurations involving combinations of dissociated and molecular
adsorbed water. These included configurations with a dissociated moiety plus an adsorbed water
molecule (dm); one dissociated plus two molecular units (dmm), and two dissociated and one molecular
unit (ddm). In these configurations, the surface V** polaron was always hydroxylated by at least one

dissociated water. The V** polaron was then hydroxylated by a second water in either molecular or



dissociated form to create the s4 configurations. In configurations with three water species, the third
molecular water was initialized on a third Bi neighbor of the VO, tetrahedron, and it was not hydrogen

bonded to the VO, tetrahedron (see Figure S2 in the SI for a full list of configurations tested).

In these instances of mixed molecular and dissociated adsorption on nearest-neighbor or next-
nearest neighbor sites, all water molecules that were initially adsorbed on Bi subsequently desorbed
from Bi upon relaxation. For all dissociated moieties, the OH and H species remained adsorbed to the
surface Bi and O atoms, respectively. We note that the initial state we chose for the water molecules
impacted the configuration found upon relaxation. If the molecular water was initialized to be hydrogen
bonded to the V polaron, it remained hydrogen bonded despite having desorbed from Bi. Meanwhile, if
the molecular water was initialized without a hydrogen bond to the V polaron, it desorbed from the
surface completely. For example, in the s4ddmm configuration with two water molecules, both of them
desorbed from the surface Bi atoms. However, one molecular water remained hydrogen bonded to the

VO, tetrahedron while the other desorbed completely.
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Figure S2: Summary of structural variations considered in our calculations. Plots shown are the initial configurations
of (a) the bare surface, (b) the single-hydroxylated surfaces and (c) the double-hydroxylated surfaces. Neighboring Bi
atoms (purple) of the central VO, in contact with an adsorbed water molecule are labeled either ‘d’ for dissociated or
‘m’ for molecular. An asterix (*) indicates that the adsorbed water was initialized to be hydrogen bonded to an O atom
in the central VO, tetrahedron. V atoms initialized to favor localization of polarons are pink, remaining V atoms are
gray, oxygen atoms are red and hydrogen atoms are white.



In general, the presence of adsorbed species may alter the surface electronic structure (Table S2).
Notably, we see variations of approximately 0.14 eV in the band gap for the configurations considered
here. Recalling that there are four possible adsorption Bi sites at the surface, all configurations involving
adsorbed water involve at minimum 50% surface coverage. For the s3dd configuration with 50% surface
coverage, the calculated Fermi level is 0.1 eV closer to the CBM compared to that of the undoped
unhydroxylated BiVO, (010) surface, which gives an approximate error bar in our identification of the
relative position of the defect state. Single-particle energy levels for determining the relative positions of
defect polaron states were sampled at the I" point; differences on the order of at most 5 meV in the
eigenvalues of the CBM, VBM, and defect state occurred when sampling the Brillouin zone using a
denser 10 x 10 x 1 k-point grid. As our main comparison is the relative position of the defect state, we
expect the general findings of our calculations carried out with only the I" point to hold in comparison to

using denser k-point grids.

TABLE S2. Summary of the relative position of defect states with respect to the VBM for experiment (exp.) and selected
computed configurations. The configurations where the polaron forms on a surface V atom are indicated as “surf”; similarly
the configurations in which the polaron forms in the bulk-like region of the slab, are indicated as “in bulk” (see main text and
Figure S2 for full description of configurations). Band gaps are computed using only the I' point to sample the supercell
Brillouin zone.

Bare Hydroxylated

exp s2e s2mo |exp s3mm s4mm s3dd  s4dd  s3dd-mo
Polaron type - surf  In bulk surf surf surf surf In bulk
# waters oriented toward a given 1 2 1 2 1
VO,
Molecular or dissociated molec molec dissoc dissoc dissoc
Band gap (eV) 260 234 228 |2.60 236 235 2.33 2.20 2.15
Defect level (eV from the VBM) 0.90 1.72 1.26 [0.50 - - 1.09 0.04 1.07

While our calculations qualitatively corroborate our measurements, there is a quantitative
difference, particularly regarding the relative position of the polaron level. Our calculated polaron levels
are farther from the VBM compared to those found in our AP-ResPES measurements. We consider two
possible contributing factors: the level of theory chosen and (mainly) finite temperature corrections not
captured in our DFT calculations. We tested the robustness of DFT+U by performing a one-shot (i.e.,
single self-consistent cycle) calculation at a higher level of theory using the dielectric-dependent hybrid

(DDH) functional™ on the s3dd configuration. In DDH, the mixing fraction of Hartree-Fock exact



exchange was chosen as the inverse of the high-frequency dielectric constant. The mixing fraction used
for BiVO, was a = 1/e. = 1/6.9 = 0.145."®" Interestingly, we found that the defect polaron state using
DDH was proportionally as far from the VBM as it was using DFT+U; that is, the defect state for both
DDH and DFT+U levels of theory was about 45% of the band gap above the VBM (see Figure 5 of the

main text).

We seek to estimate to temperature re-normalization effects on the band edges to understand the
discrepancy between theory and experiments in the relative position of the defect state. We estimate the
influence of finite temperature on the relative positions of the band edges and defect state by drawing
upon previous molecular dynamics calculations of BiVO, from Wiktor and Pasquarello.’*'* As shown in
our previous study of the BiVO, (010) surface," including corrections based on path-integral molecular
dynamics simulations of the bulk'* to our band alignments based on the DDH functional leads to the
most robust agreement with experiment compared to PBE or PBE+U; finite-temperature renormalization
and nuclear quantum effects contribute the most to this correction, followed by spin-orbit coupling and
excitonic effects. We estimated'' a renormalization of conduction band edge to fall by about 0.54 eV and
the valence band edge to rise by about 0.61 eV when including finite temperature, nuclear quantum
effects, excitonic effects, and spin-orbit coupling. Wiktor and Pasquarello’® furthermore found that on an
absolute scale the electron polaron level shifts down (closer to the VBM) by around 0.16 eV when
considering finite temperature effects for the BiVO, (010) surface. Applying these corrections
independently to the band edges and defect level to the s3dd configuration, respectively, using DDH
(see Figure 5d of the main text), we estimate the relative position of the defect state in the s3dd
configuration to be approximately 0.6 eV above the VBM, which is in reasonable agreement with the

relative position of the polaron state in our AP-ResPES measurements.
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Figure S3: Band diagrams showing relative positions of defect states after desorption of molecular water for the mixed
dissociated-molecular configurations in comparison to configurations with only dissociated water moieties adsorbed to
the surface. Configurations showing two very close, but separate defect levels are due to the slight asymmetry between
the two surfaces of the slab after desorption. The positions of the single-particle energies are referenced to the conduction
band minimum. Computed band gaps for the various configurations are 2.33eV (s3dd), 2.26eV (s3dm), 2.21eV (s4dm),
2.19eV (s4dmm), 2.20eV (s4dd), 2.14eV (s4ddm).
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Figure S4: Projected density of states for selected configurations computed using DFT+U. Where relevant, the contribution
from the surface V site where the electron polaron localizes is indicated as V.



Table S3: Representative distances and angles for relaxed configurations. For the V-O.a, distances, the top bond
lengths correspond to bonds of the topmost oxygen and the bottom bond lengths correspond to bonds of the next layer
of oxygen VO, site shown in Figure 1. Adsorbed water molecules were initialized to be 2.26 A away from Bi.
Subscripts d and m indicate dissociated or molecular water species, respectively. Subscripts “slab" and “ad" indicate
whether the atomic site was located in the slab of BiVO, or related to an adsorbed species. Note (*): for the s3mm,
sdmm, s3dmm and s3ddm configurations, we could not reach electronic self-consistency.

Distances (A) Bond angles ()
V-Ogap'  Bi-Oaa Oglab~Haa V-Osiab-Bi  V-Osgiab-Had H,0 (ad)

s3mm 167, 1.69 2.66 1.94 120.52 161.53  108.31
1.82,1.82

$3dd 1.81, 1.63 2.16 0.98 124.10 133.93 159.5
1.76,1.75

s4mm 1.67, 1.67 2.62 1.95 118.49 159.30 108.67
1.81,1.81

s3mm*  1.72,1.70 2.66 1.94 120.52 161.53 108.31
1.85, 1.85

s3dd 2.05, 1.64 2.17 0.97 124.77 114.51 171.63
1.89, 1.94

s4mm* 1.71,1.71 2.62 1.95 118.49 159.3 108.67
1.84, 1.84

s4dd 1.90, 1.90 2.18 0.97 119.85 127.47 172.93
1.73,1.73

s3dm 2.03,1.64 2.1742.76, 0.97,4 3.70,, 126.33 116.59, 102.77,
1.89,1.92

s4dm 2.03,1.65 2.17,2.88,, 0.97,1.78, 117.59 126.79, 105.46,,
1.89, 1.91

s4dmm 1.98, 1.68 2.1743.03,3.21, 0.97,1.79,,4.28,, 122.36 124.54, 105.63,
1.89, 1.87

s4ddm  1.89, 1.90 2.1942.19,3.12,, 0.98,0.98,4.24,, 124.40 132.52, 102.83,,
1.78,1.78

s2e 1.75,1.75 - - 123.80 - -
1.90, 1.90

s1 1.67, 1.67 - - 123.28 - -
1.82,1.82

V-0 bonds in the bulk are 1.73 and 1.75 A
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