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The adsorption energy is calculated using:

Eads — Esurf+ars—(Esurft+ Nars XEars) Equation Sl

Nars

where Eg,¢1ars 1S the energy of the surface with the adsorbed Arsenate, Eg, . iS the energy of the bare surface,
and E,.s and n,. are the energy and the number of arsenate species adsorbed to the surface. Table S1 lists
the adsorption energies, while Table S2 reports the degree of dissociation of the HzAsO, molecule when
adsorbed to the three surfaces in different configurations.

Table S1: Adsorption energies of all stable configurations of arsenic acid adsorbed onto the stoichiometric {111}, {110}, and {100}
surfaces of CeOz. The labelling scheme for the configurations is described in the text.
Adsorption energy (eV)

Surface Configuration This work (PBE+U) Previous work — Plhosphate AE (As-P)
(PBE+U)

{111}-50As-10s -1.90 -1.13 -0.77

{111} {111}-40As-20s -1.31 -1.56 0.25
{111}-40As-30s -1.66 -1.76 0.1
{110}-50As-10s -2.14 -1.34 -0.8

{110} {110}-40As-20s -2.98 -2.93 -0.05
{110}-40As-30s -2.36 -2.46 0.1
{100}-50As-20¢ -2.79 -1.92 -0.87

{100} {100}-40As-10s -2.26 -2.33 0.07
{100}-40As-20s -3.47 -3.56 0.09
{100}-40As-30s -4.14 -4.53 0.39

Table S2: Degree of dissociation of arsenic acid when adsorbed onto the stoichiometric {111}, {110}, and {100} surfaces of CeOz: in
different configurations. The labelling scheme for the configurations is described in the text.

Surface Configuration Dissociation of H3AsO4
{111}-50As-10s H3AsO4 > H2AsO4 + H*
{111} {111}-40As-20s H3AsO4 > HASO4* + 2H*
{111}-40As-30s H3AsO4 > HAsO4* + 2H*

{110}-50As-10s No dissociation
{110} {110}-40As-20s H3AsO4 > H2AsO4 + H*
{110}-40As-30s H3AsO4 > HAsSO4* + 2H*

{100}-50As-20s¢ No dissociation
{100} {100}-40As-10s H3AsO4 > H2AsO4 + H*
{100}-40As-20s H3AsO4 & HAsSO4% + 2H*
{100}-40As-30s H3AsO4 2 HAsSO4* + 2H*
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Table S3 compares selected bond lengths from our models to experimental measurements and previous DFT calculations
on cerium gasparite (CeAsQOa), and arsenic acid (H3AsO4). As described in the text, we use the notation O, to denote
phosphoryl oxygen atoms, Oy for surface oxygen atoms, and *Os,+ for the surface O atoms bound directly to As atoms.

Table S3. Comparison of selected bond lengths in our models to experimental measurements and previous DFT arsenic acid (H3sAsOa).
Osurt, *Osurf, Op, Oas denote, respectively, surface oxygen atoms, surface oxygen atom directly bound to phosphorus atoms, the

phosphoryl oxygen atoms, and the arsenic oxygen atoms.

Bond length (A)

Bond This work (PBE+U) Literature (Experimental.)?
CeAsOq4 (Cerium As-Oas - 1.68, 1.69, 1.70
Gasparite) Ce-Oas - 2.47,2.46, 2.56
AS-Oas -
Ce-Oas -
As-Oas 1.77
H3AsO4 (DFT) AS=One 1¢ea
AS-*Osurf 2.01
As -Oas 1.72,1.82,1.84,1.71
{111}-50As-10sur Ce-Ons 2.39, 2.65, 2.40
Ce-*Osurf 2.39,2.31, 2.38
AS-*Osurf 1.81
As -Oas 1.80,1.89,1.73,1.86
{110}-5OAS-10surf Ce-One 2.33,2.53
Ce-*Osurf 2.54, 2.64
AS-*Osurf 1.80
As -Oas 1.76,1.97,1.77, 1.80
{100}-50As-20sur Ce-Ons 2.57,2.66, 2.45, 2.43
Ce-*Osurf 2.41,2.48
{111}-40As-30surt Ce-Oas 2.36,2.42, 2.54
{110}-40As-30surt Ce-Oas 2.36, 2.61, 2.61
{100}-40As-30surt Ce-Oas 2.34,2.38,2.47, 2.63, 2.79
{111}-40As-20surt Ce-Ons 2.30, 2.30
{110}-40As-20surt Ce-Ons 2.34,2.34
{100}-40As-20surt Ce-Ons 2.39, 2.48, 2.60, 2.51
{100}-40As-10surt Ce-Ons 2.39,2.41
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Figure S1: Simulated IR (a) and Raman spectra (b) of isolated HzAsOa.
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Figure S2: Simulated IR spectra of raw data of arsenate species adsorbed onto the {111}, {110}, and {100} stoichiometric surfaces of

CeOo.
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Figure S3: Simulated IR spectra of arsenate species adsorbed onto the {111}, {110}, and {100} stoichiometric surfaces of CeO2. The
spectra are normalised relative to each other such that the highest absolute intensity across all the spectra is set to unity.
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Figure S4: Simulated Raman spectra of raw data of arsenate species adsorbed onto the {111}, {110}, and {100} stoichiometric surfaces
of CeOa.
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Figure S5: Simulated Raman spectra of arsenate species adsorbed onto the {111}, {110}, and {100} stoichiometric surfaces of CeOa.
The spectra are normalised relative to each other such that the highest absolute intensity across all the spectra is set to unity.



Table S4: Assignment of the major features in the simulated IR spectra of arsenate species adsorbed onto the {111}, {110}, and {100}
stoichiometric surfaces of CeO:z with different binding modes. The mode labelling scheme is described in the text, and we additionally
denote motion parallel or perpendicular to the surface where appropriate with the symbols || and L in parentheses. Vibrational frequencies
from previous computational studies are also give for comparison.

Raman
IR Relative Relative
Frequency intensity intensity
(cm™) (AU) (AU) Mode
95.12 0.19 *Breathing modes
133.85 0.69 SCAS-OHas, POps-Has
214.76 0.25 SCAS-OHps, POas-Has
278.25 0.16 O0As-OHps
280.38 0.19 0.13 OAS-OHps, 0AS-Oas, pPOas-Has
291.95 0.39 OAS-OHps, 0AS-Ops
317.36 0.42 0.08 SCAS-OHps, POas-Has
656.29 0.35 0.15 VsAS-OHas
H3AsO, 676.99 0.87 VasAS-OHas
694.96 0.78 VsAS-OHpg, VAS-OHps (1)
952.21 0.50 0.10 VAS=0ps, POas-Has
986.12 0.39 POns-Has
990.26 0.60 SCAS-OHps, VAS=04x¢
1031.67 0.77 VAS=0,s, 0AS-OHps
3683.79 1.00 0.68 VOps-Hps, WAS-OHpg
3686.38 0.29 0.22 VOas-Has
3699.49 0.60 1.00 VOas-Has
55.91 0.09 *Breathing mode of surface and Arsenate
80.21 0.08 *Breathing mode of surface and Arsenate
84.39 0.06 *Breathing mode of surface and Arsenate
154.76 0.28 0.09 *Breathing mode of surface and Arsenate
245.16 0.10 *Breathing mode of surface
262.19 0.07 Complex vsCe-Opyik
269.00 0.06 Complex vsCe-Opyik, VsCe-Osyt
270.80 0.12 Complex vsCe-Opyi
272.15 0.05 Complex vsCe-Opyik
274.16 0.21 Complex vsCe-Opyik, VsCe-Osy
278.62 0.16 Complex vCe-Opyi, VCe-Osyt
279.20 0.18 VsCe-Opyy (L)
289.88 0.10 Complex wCe-Opyk, 0AS-Ops, POas-Has
292.87 0.07 Complex vsCe-Opyik, POas-Has
343.47 0.08 PCe-Opyi (L), VsCe-Osys (T), 0AS-Ons
349.65 0.06 VsCe-Opyi (L), VsCe-Ogyi (T), 8AS-Ops, POps-Has
363.73 0.07 VsCe—Obu!k (T), VSCB-Osurf (L)
379.56 0.05 VsCe-Opyi (L), VsCe-Ogyr (L), pAS-Onps
410.60 0.05 VsCe—Obu!k (L), VSCB-Osurf (L), pAS—OAs, pOAs—HAS
413.23 0.05 VsCe-Opyi (T), VsCe-Ogyt (T), OAS-Ops
414.47 0.05 VsCe—Obu!k (T), VSCB-Osurf (T), GAS-OAS pOAS—HAS
419.17 0.13 vsCe-ObU!k (T), VsCe-Ogyrf (T), pAS-OAs, pOAs-HAs
422.50 0.07 0.13 pOAs—HAS, VSCe—Obulk (T), VsCe-Ogyr (T)
426.75 0.07 VsCe—Obu!k (L), pOAs—HAs
427.42 0.08 vsCe-ObU!k (L), VsCe-Ogyrf (L)
{111}-50As-10sur 432.76 0.14 V<Ce-Opui (T), VsCe-Ouyrt (L), pOns-Has
439.38 0.05 VasCe-Opyy (T)
449,51 0.10 Vq$Ce—Obulk (L), V%Ce—Osm (L)
449.92 0.05 vq$Ce-ObU!k (L), v§§Ce-Osm (L)
456.08 0.08 VasCe-Ogyt (L), PAS-Ops, POps-Has
456.31 0.17 VasCe-Osyr (L), PAS-Ops, POas-Has
480.44 0.07 VasCe-Ogyt (T), WAS-Opg
484.23 0.09 POsur-Hsurt
484.29 0.16 PAS-Ops, POsyri-Hsurr, VsCe-Osyri (L), POas-Has
590.81 0.13 VsAS-OHpg
631.36 0.42 VAS-OHas (1)
705.20 0.15 POsuri-Hsur
705.24 0.41 pOSU,f—Hsurf, VSAS-OAS
756.59 0.76 VsAS-Opg
758.11 0.10 VsAS-Ops
782.78 0.19 VasAS-Oas
979.03 0.18 0.44 VAS-OHas (1)
980.74 0.20 POas-Has
1000.59 0.37 POns-Has
1003.55 0.16 VAS-OHas (1), pOas-Has (1)
3679.98 0.35 VOas-Has, VOsui-Hsuit
3680.35 0.42 VOAS-HAS, Vosurf-Hsurf
368470 008 VOAs'HAs (l)y Vosurf'Hsurf
3685.01 0.11 VOas-Has (l)y VOsuri-Hsurt
3700.34 0.07 0.05 VOps-Has
3700.668 0.19 VOAS-HAS, VOSU,T—HSU”,
{110}-50As-10¢ys 29.35 0.12 *Breathing mode of surface and Arsenate




44.29 0.32 *Breathing mode of surface and Arsenate

71.07 0.07 *Breathing mode of surface and Arsenate
72.32 0.08 *Breathing mode of surface and Arsenate
84.16 0.14 *Breathing mode of surface and Arsenate
95.30 0.05 *Breathing mode of surface and Arsenate
117.39 0.13 *Breathing mode of surface and Arsenate
121.79 0.26 *Breathing mode of surface and Arsenate
124.86 0.22 *Breathing mode of surface and Arsenate
126.05 0.08 *Breathing mode of surface and Arsenate
127.57 0.07 *Breathing mode of surface and Arsenate
151.66 0.20 *Breathing mode of surface and Arsenate
160.39 0.34 *Breathing mode of surface and Arsenate
168.99 0.06 *Breathing mode of surface and Arsenate
172.69 0.45 *Breathing mode of surface and Arsenate
173.60 0.11 *Breathing mode of surface and Arsenate
195.53 0.07 *Breathing mode of surface and Arsenate
218.13 0.06 *Breathing mode of surface and Arsenate
237.07 0.13 VsCe-Ogyt (L), VsCe-Opyy (L)
256.75 0.06 Complex vsCe-Ogyrf, VsCe-Opyi
266.96 0.09 VsCe-Opyi (L), pCe-Osyr
274.81 0.12 vsCe-Opyi (L)
280.71 0.18 pCe-ObH!k, pCe-Osurf
287.03 0.09 VsCe-Ogyt (L), VsCe-Opyy (L)
294.74 0.06 VsCe-Ogy (L), VsCe-Opui (L)
300.024 0.06 pCe-ObHLk, pCe-Osu,f
324.25 0.11 VsCe-Ogyrt (T), VsCe-Opyi (T), AS-OHas
349.74 0.12 VsCe-Ogyt (T), VsCe-Opui (T), OAS-OHas
409.31 0.05 VasCe-Osy (T), VasCe-Opui (T), POas-Has (L),0As-OHas, dAS-*Ogyyt
426.87 0.06 vSCe-ObuLk (L), v§§Ce-Osun (T)
493.21 0.07 VsOHas-AS-*Ogr, VsAS-(OHas),
634.93 0.13 VasOHas-AS-*Ogyi (L), VasAS-(Oas)2
642.01 0.36 Vs(OHpg)3-AS-*Ogyyt
755.73 0.20 VAS-Ops, VAS-*Og it
947.82 0.29 VAS-OHas (1)
975.11 0.12 O0As-OHps
3604.20 0.05 VOas-Has (|])
3694.10 0.23 VOas-Has
85.39 0.06 *Breathing mode of surface
194.34 0.06 VsCe-Ogyt (L)
212.11 0.10 VsCe-Og,r (L), breathing modes of arsenate
234.36 0.07 VsCe-Opyy (L)
270.33 0.20 VsCe-Opyy (L)
278.76 0.34 VsCe-Opyi (L)
291.67 0.05 VsCe-Opyi (T), SCAS-OHys
309.84 0.18 VsCe-Ogyri (L), VsCe-Opyi (T)
329.19 0.05 pCe—Obmk
330.05 0.08 VsCe-O(T), 8As-Ogs, SCAS-OHqs
337.97 0.08 pCe-ObH!k, pOsurf-Hsurf
339.66 0.05 pCe-Opyk, SCAS-OHas
350.87 0.05 Complex pCe-O
358.03 0.07 pCe—Obmk
360.42 0.15 pCe-ObH!k, pOsurf-Hsurf
364.54 0.08 VsCe-Ogyf (T), VsCe—Obu!k (L)
367.38 0.05 VasCe-Opyy (L)
386.75 0.10 VasCe-Opyi (T), VAS-*Osyrt, POsur-Hsurt, OAS-Onps
397.14 0.06 VsCe-Ogyt (T), VsCe-Opyi (T), VAS-*Ogyyt, OAS-Ops, SCAS-OHas
416.69 0.08 VasCe-Opyi (T),.POsurt-Hsurt
{100}—50As—205urf 420.87 0.11 VQSCe—Obulk (T), SCOAS-AS-*Osum pOSL.rf—Hsurf
431.30 0.14 VsCe-Ogyr (T), VSCE-Obu!}g (T), pOsu,f-Hsurf
439.86 0.14 VasCe-Opyi (L)
442.49 0.09 Complex vCe-O, tOas-As
451.68 0.06 VasCe-Opyy (L)
458.62 0.08 VasCe-Opui (L), VasCe-Ogyi (T), VAS-*Ogyy
462.11 0.07 V%Ce-obulk (L), V%Ce-osmf (L), pOsu,f-Hsu,f
463.68 0.05 VasCe-Ogyi (T), OAS-*Ogyt, 0AS-Onps
495.86 0.06 VasCe-Osy (T), VAS-*Ogyri, WAS-Ops, POas-Has, POsui-Hsurt
504.34 0.11 VasCe-O (T), pOas-Has
504.84 0.44 VquS‘OAs, pOAS—HAS
505.59 0.09 VasCe-Opui (T), POas-Has
516.36 0.06 tOAS-AS, VAS-*Osurf, pOAS—HAS
567.42 0.06 VSCe—Obu!k (L), UJAS-OAS
668.04 0.05 VsAS-Ops, VsAS-OHpg
691.39 0.16 VquS‘OAs, pOSUn—HSm, pOAS—HAS
69140 009 V@AS'OASy posurf'Hsurfy poAs'HAs
705.52 0.06 VasOHas-AS-Ogs, VsAS-Opg
748.099 0.43 POas-Has, posurf'Hsurf
748.10 0.49 POas-Has, POsurt-Hsu

1072.06 0.08 0.24 004s-As-Ops, POns-Has




1075.61 0.17 POns-Has
1149.56 0.06 0.71 VasAS-Oas, 80as-AS-Oas, POas-Has
3208.45 0.08 0.20 VOps-Has
3209.6 0.89 VOps-Has
3637.37 0.05 0.05 VOps-Has
3637.92 0.04 VOps-Has
3721.69 0.06 0.65 VOsuri-Hsurt
3722.22 0.14 VOsurt-Hsurt
38.32 0.05 *Breathing mode of surface
166.99 0.08 *Breathing mode of surface and arsenate
182.33 0.07 *Breathing mode of surface and arsenate
192.53 0.07 *Breathing mode of surface and arsenate
201.18 0.07 *Breathing mode of surface
217.52 0.06 pCe-O
222.22 0.15 *Breathing mode of surface
228.79 0.44 VsCe-Opyi (L), OAS-Ops, POas-Has
253.52 0.05 VsCe-Opyy (L)
271.85 0.11 VsCe-Opyi (L), VsCe-Osyt (T)
272.25 0.11 VsCe-Opyi (L), VsCe-Ogy (T)
277.93 0.09 pCe-0, 8As-OHps, POas-Has, tAS-Oas
283.53 0.16 VsCe-Ogyi (T), POas-Has
284.58 0.15 VsCe-Ogy (T), POps-Has
287.71 0.14 VsCe-Ogyrt (T), POas-Has
319.64 0.19 VeCe-Ogy (T), 0AS-Ope
320.88 0.05 VsCe-Opyi (T), 0AS-Ops
353.17 0.06 WAS-Ops, VsCe-Ogyt (T), pCe-Opyi
358.78 0.06 pCe-ObH!k
360.74 0.08 VasCe-Opyi (T), 0AS-Ops
389.38 0.08 wCe-Opyi (T), 8AS-Ons
415.54 0.06 Complex vCe-O
419.80 0.11 vsCe-O
{100}-40AS-10sur 430.46 0.08 pCe-Opue
445.61 0.05 Complex vCe-O, 8As-Ops
455.74 0.06 Vq$Ce-Obu!}< (L)
480.94 0.05 VasCe-Ogys (L)
554.49 0.10 vsCe-O (T)
734.76 0.06 VAS-OHas (|]), VAS-Oas
885.39 0.12 VAS-Oas (|]), POasHas, POsur-Hsurt
916367 052 poAs'HA& posurf'Hsurf
916.371 0.08 0PO0as-Has, POsurt-Hsur
936.37 0.05 POas-Has, POsur-Hsur
936.73 0.67 0PO0as-Has, POsurt-Hsur
1016.3 0.14 VasOas-AS-OHps, 8AS-Ops, POnps-Has
1016.8 0.17 VggOAs-AS-OHAS, GAS-OAS, pOAS—HAs
1060.33 0.29 POsur-Hsurt
1060.43 0.23 POsui-Hsurt
1256.54 0.07 PO0as-Has ()
1257.17 0.45 POas-Has (I)
2507.26 0.12 0.02 VOsyr-Hsyrt
2511.76 0.52 VOsur-Hsurt
2732.62 0.21 0.39 VOps-Has
2740.83 0.19 VOps-Has
3669.80 0.08 VOps-Has
3669.87 0.54 VOas-Has
172.91 0.05 Complex breathing mode of surface
238.51 0.05 Complex vCe-Opyi, VCe-Osy
258.61 0.06 Complex vCe-Opyi, VCe-Osy
265.27 0.06 vq$Ce-ObU!k (T), v§$Ce-Osu,f (T)
273.15 0.05 Complex VasCe-Opyi (T), VasCe-Osut (T)
276.06 0.21 VSCE-Obu!}g (L), VsCe-Ogyrf (L)
276.46 0.06 VsCe-Opyy (L), VsCe-Osut (L)
280.47 0.12 VsCe-Opuy (L)
286.92 0.06 VsCe-Opyi (T), VsCe-Ogy (T)
306.20 0.08 VasCe-Opyi (T), VasCe-Osut (T), WAS-Ops
308.08 0.05 Complex vCe-O, pOps-Has
309.20 0.10 Vqsce-obu!k (T), V%CE-OSW{ (T), pOAS—HAS
{111}-40A8-20sur 319.12 0.06 WAS-Oas, VasCe-Opyik (T), VasCe-Osurt (T), POsut-Hsur
319.69 0.06 Complex vCe-O
339.58 0.05 Vqsce-obu!k (L), v§§Ce—OSm (L), pOSm—Hsum pOAS—HAS
340.11 0.07 Complex vCe-O, pOas-Has
357.79 0.07 VasCe-Opyi (T), VasCe-Osut (T)
367.24 0.16 VasCe-Osurt (T), POsui-Hsurt, POas-Has, SCAS-Ops
370.13 0.07 VamSCe—OSm (T), SCOHAs-AS-Ops, pOSm—Hsum pOAS—HAS
396.92 0.06 VasCe-Osyrt (T), POas-Has
401.76 0.07 VsCe-Ogurt (T), POsurt-Osut, VsCe-Opyi (T), SCOHas-AS-Opns, POas-Has
404.53 0.06 VSCE-Osun (T), pOAS—HAS, VSCe—ObuJ.k (T), SCOHAS-AS-OAS, pOAS—HAS, pOSU,f—Hsurf
406.31 0.07 Vsce'osurf (T)v pOAS-HASv Vsce'obu,l,k (T)v SCOHAS'AS'OAs: poAs'HAs ’ posurf'Hsurf
409.09 0.07 VsCe-Ogyt (L), pOAS—HAS, VSCe—Obu!k (L)




425.08 0.05 VasCe-Ogyrt (L), VasCe-Opuik (L), WAS-Ons, POsuri-Hsurt
426.81 0.07 VasCe-Osurt (L), VasCe-Opu (L),
427.58 0.24 VsCe-Ogyi (T), VsCe-Opyi (T), 0AS-OHas
431.13 0.07 VsCe-Ogyri (T), VsCe-Opui (T), 80as-Has
479.01 0.06 VasCe-Ogyt (L), VasCe-Opui (L)
484.40 0.06 0.07 VsCe-Ogyt (T), VsCe-Opyi (T), VAS-OHps, POas-Has, POsuri-Hsurt
486.17 0.05 VsCe-Ogyr (T), pPAS-OHas, POsur-Hsurt
542.82 0.17 VasCe-Osyis (T), SCAS-Ops, POas-Has, POsur-Hsurt
550.7 0.14 PCe-Opyik, SCAS-Ops, POns-Has, POsuri-Hsurt
560.78 0.10 VsCe-Ogyt (T), VsCe-Opyik (T), VsAS-Ons, POas-Has, POsui-Hsurt
568.64 0.19 Vsce'osurf (T)x Vsce'obulk (T), wAS-OAS! poAs‘HAs: posurf'Hsurf
571.64 0.15 VsCe-Ogyrt (T), VsCe-Opyi (T), WAS-Ops, POas-Has, POsur-Hsurr
597.51 0.05 VsCe-Ogyrt (T), POas-Has, POsurt-Hsurt
612.13 0.20 VsCe-Ogyr (T), POas-Has, POsurt-Hsurt
612.66 0.09 POns-Has, POsur-Hsurs
706.95 0.10 VsAS-Ops, POps-Has, POsur-Hsurs
753.24 0.14 VsAS-Ons, POsur-Hsurt, POas-Has
754.28 0.06 0.17 VsAS-Ops, POsur-Hsurs, POas-Has
758.13 0.06 VsAS-Oas, VAS-OHas (|]), POsur-Hsurt, POas-Has
785.91 0.70 VsAS-Ops, POsuri-Hsurs, POas-Has
786.45 0.53 VsAS-Ons, POsur-Hsurt, POas-Has
1034.92 0.07 POns-Has, VAS-OHas (1)
3544.46 0.63 VOas-Has
3545.00 0.38 VOsuri-Hsurt, VOas-Has
3548.50 0.02 0.18 VOAs'HAs, Vosurf'Hsurf
3549.39 0.50 VOsyr-Hsurr, VOas-Has
354949 019 Vosurf'Hsurf
3650.00 0.20 VOas-Has
228.72 0.07 *Breathing mode of surface
246.12 0.08 VsCe-Ogy (L)
258.76 0.08 vsCe-ObuLk (L), v%Ce-Osu,f (T)
271.10 0.05 VsCe'Obu]}g (L)y pce'osurf
271.52 0.07 vsCe-ObuLk (L), pCe-Osurf
279.87 0.22 pCe-Ogyg
{110}-40As-20sur1 587.42 0.20 V.C6-Opui (L), pC&-Orurs tAS-Oper pOner Hine
288.16 0.06 pCe-Opyk, PCe-Osyt
426.67 0.06 VasCe-Opyi (L)
690.32 0.06 VAS-OHas (1),VsAS-Ops
2618.69 0.08 VOns-Has (II)
2623.41 0.06 VOas-Has ([[)
51.37 0.05 *Breathing mode of surface and arsenate
56.09 0.05 *Breathing mode of surface and arsenate
157.03 0.15 *Breathing mode of surface and arsenate
270.89 0.08 VsCe-Opyik (L), VsCe-Ogyri (T), 8AS-Ops
272.05 0.06 0.06 VsCe-Opyi (L), VsCe-Ogyri (T)
273.71 0.20 VsCe—Obu!k (L), V§§Ce-osun (T)
276.47 0.20 VsCe-Opyi (L)
288.14 0.05 Complex vCe-0O, SCAS-Ops, SCOps-AS-OHas
297.88 0.20 VsCe-Ogys (L)
316.32 0.06 VsCe-Ogyi (L), SCAS-Opq
338.03 0.06 VasCe-Opyi (T), VasCe-Osys (T), OAS-Ops
382.99 0.08 VasCe-Opyi (T), VasCe-Ogyrt (T), SCAS-Ops, POas-Has, POsur-Hsurt
395.57 0.08 VQSCe—Obulk (T), V%Ce—Osm (T), SCAS-OAS, pOAs—HAS, pOsurf—Hsurf
400.60 0.12 V%Ce-Osun (L), pAs-Oas, POas-Has, POsuri-Hsurt
414-63 0-05 Vsce'osurf (T), Vsce'obu!}g (T), poAs'HAs’ posurf‘Hsurf
414.88 0.13 VsCe-Ogyr (T), VSCE-Obu!}g (T),_POns-Has, POsur-Hsurs
416.07 0.07 VsCe-Ogyri (T), VsCe-Opyi(T), SCAS-Ops, POas-Has, POsurt-Hsurt
420.86 0.23 VsCe—Osun (T), vsCe—Obu!k(T), SCAS-OAS, pOAs—HAs, pOsurf—Hsu,f
424.38 0.18 V%Ce-osun (T), VSCe-ObU!k(T), POps-Has
{100}-40As-20su1 457.06 0.16 Va:C-Ourt (T), VoCE-Opui(T), POac-Hae, POwrr-Hon
439.15 0.07 VasCe-Opui (L)
448.10 0.09 VasCe-Opyy (L)
470.36 0.06 VsCe-Ogyt (T), POnas-Has
474.74 0.05 VsCe-Ogyr (T), POas-Has
476.39 0.06 VsCe-Ogyt (T), POas-Has
489.76 0.11 VsCe-Ogy (T), SCOas-AS-OHpg
522.07 0.05 pCe-Osyt (T), PCe-Opui(T)
523.76 0.07 VsCe-Ogyt (T), VasOas-Has
569.45 0.10 VsCe-Ogyi (T), VsCe-Opui(T)
571.30 0.06 VsCe-Ogyt (T), VsCe-Opui(T)
757.46 0.09 POsuri-Hsurt, VasAS-Ons
757.47 0.20 pOSU,f—Hsurf, VQ§AS-OAS
847.81 0.06 VsAS-Ops, POsuri-Hsurt
848.06 0.13 VsAS-Ogs (]]), POsur-Hsur
894.25 1.00 ngAS'OAs, posurf‘HsurT
1028.39 0.18 VsAS-Opgs, poAs'HASy posurf'Hsurf
1028.49 0.28 VSAS-OAS, pOAS—HAS, posu,f—Hsu,f
1063.63 0.35 00ps-AS-Oas, POas-Has, POsur-Hsurt




1065.01 0.55 OAs-OHps, POas-Has, POsur-Hsurt

2767.42 0.07 0.42 VOsyr-Hsurt

2771.93 0.06 0.25 VOsyr-Hsyrt

3545.13 0.37 VOas-Has, VOsur-Hsurs

3545.16 0.16 VOas-Has, VOsur-Hsurs

3690.00 0.71 VOsurt-Hsurt

3690.82 0.60 VOsur-Hsurt

268.26 0.07 VsCe-Opyi (L), VsCe-Osyt (L)

272.75 0.15 0AS-Ops, VsCe-Opyi (L), VsCe-Ogyt (T)

273.14 0.05 VasCe-O (T), 6As-Ops

277.12 0.25 VsCe-Opyi (L), VsCe-Osyt (L)

280.95 0.05 VsCe-Opyi (T), VsCe-Ogy (T)
{111}-40As-304t 508.90 0.02 VasCe-Opyi (T), VasCe-Osyt (T)

683.24 0.01 VasOas-AS-OHys, VsAS-Ops, POsuri-Hurt

752.20 0.02 VasAS-Oas, POsur-Hsurt

779.20 0.01 VasAS-Ogs, VasAS-OHas, POsui-Hsurt

3162 0.04 VOsur-Hsurt

3481.31 0.02 VOsurt-Hsurt

173.54 0.05 *Breathing mode of the surface

175.90 0.11 *Breathing mode of the surface

220.04 0.05 *Breathing mode of the surface

227.12 0.08 *Breathing mode of the surface

234.09 0.07 VsCe-Ogyt (L), pCe-Opyik

238.86 0.13 pCe-Opyi (L)

239.63 0.06 PCe-Opyk (L), pOas-Has

245.63 0.05 VsCe-Ogyri (L), VsCe-Opui (L), POas-Has

256.26 0.06 pCe-OQH,f, pCe-ObuLk

263.22 0.15 0.11 pCe-OQH,f, pCe-ObuLk

266.46 0.22 0.05 VsCe-Opyi (L)

269.77 0.09 vsCe-ObuLk (L), pCe-Osurf

273.88 0.12 pCe-Osur, PCe-Opuik, POas-Has

274.27 0.09 pCe-Osyt, PCe-Opui, POas-Has, OAS-Ops

282.07 0.10 pCe-Osut, PCe-Opyik, AS-Ons

289.47 0.13 PCe-Osut, PCe-Opyk, OAS-Ops

292.22 0.08 VsCe-Opyi (L), pOas-Has, tAS-Ops

305.83 0.11 VasCe-Opyi (T), 8AS-Ops, 80as-As-OHps

339.56 0.10 VasCe-Opyi (L), SCAS-Ops, 0AS-Ops

343.39 0.07 VasCe-Opyi (L), tAS-Ops

356.89 0.11 VasCe-Ogyt (L), VasCe-Opyi (L), tAS-Onps

365.94 0.08 VasCe-Osyi (L), VasCe-Opui (L), PAS-Ops

365.95 0.06 VasCe-Ogy (L), VasCe-Opyi (L), PAS-Ops

419.44 0.18 vsCe-Osu,f (T), vsCe-ObuLk (T)

422.24 0.08 VsCe-Ogy (T), VSCE-Obu!}g (T)

434,55 0.14 VsCe—Osun (L), VsCe—ObuJ.k (L), BAS-OAS
{110}-40As-304t 440.64 0.06 VsCe-Ogyt (L), VsCe-Opyi (L), OAS-Oas

442 .90 0.16 VsCe-Ogy (L), VSCE-Obul[( (L)

445,32 0.05 VsCe-Ogyf (T), VsCe—Obu!k (L)

446.98 0.06 Complex vCe-O

462.35 0.06 VsCe-Opyi (T), WAS-Ops

468.11 0.07 VsCe-Opyi (T), VsCe-Ogur (L)

470.94 0.46 vsCe-ObU!k (T), VsCe-Ogyrf (L)

563.30 0.09 VsCe-Opyi (T), VsCe-Ogyr (L)

574.85 0.05 Complex vCe-O

671.15 0.23 0.09 Complex vCe-Ogys, VCe-Opyi

692.96 0.45 VAS-OHas, POsui-Hsurt, VsAS-Onps

718.22 0.05 VasAS-Ops, POsurt-Hsurt

718.37 0.13 VégAS-OAs, pOsu,f—Hsurf

778.45 0.19 0.09 VsAS-Oas, POsur-Hsurr, VAS-OHaps

783.06 0.11 VggOAs-AS-OHAS, posun-Hsum V%AS-OAS

798.10 0.53 VasOas-AS-OHas, POsyri-Hsurt, VsAS-Ons

810.54 0.04 0.20 VasAS-Oas, POsur-Hsurt

945.24 0.50 VasOps-AS-OHas, POsuri-Hsurt, VasAS-Oas

945.241 0.34 VasOps-AS-OHas, POsuri-Hsurt, VasAS-Oas

953.09 1.00 VquS‘OAs, posurf—HSm

953.74 0.25 VEg;AS'OASy posurf‘Hsurf

1001.78 0.01 0.22 VsAS-Ops

100348 006 VSAS-OA51 posurf'Hsurfx pOAS'HAs

318539 010 posurf'Hsurfy VOAS'HAS

3185.41 0.11 pOSU,f—Hsurf, VOAS-HAS

3207.16 0.13 0.11 VOsyr-Hsurt

3208.93 0.08 VOsur-Hsurt

86.77 0.05 *Breathing mode of surface and Arsenate

149.73 0.12 *Breathing mode of surface

152.63 0.09 *Breathing mode of surface and Arsenate
{100}-40As-30st 269.94 0.42 VsCe-Opyi (L)

270.96 0.38 VsCe-Opyi (L), VsCe-Osyt (T)

416.81 0.10 va:;Ce-ObULk (T), VsCe-Ogy (T), pOsu,f-Hsu,f

626.06 0.09 POsur-Hsurt, VsAS-Oas, VAS-OHas




791.28 0.13 VQ§AS'OA5y POsurr-Hsurt

825.51 0.13 VasAS-Ons, POsur-Hsurt

846.98 0.07 VsAS-Ops, VasOas-AS-OHps, POsurt-Hsurt
859.28 0.02 VasAS-Oas, POsur-Hsut, POas-Has
1005.87 0.04 POns-Has

3348.4 0.13 VOsurt-Hsurt

3756.3 0.02 VOsur-Hsurt
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