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Table S1. Mulliken spin densities of the Mn ions in the optimized structures of the So
and Si models

S state model Mn Mulliken spin density
So O4H/H,0(W2) Mnl 3.83
Mn2 2.96
Mn3 3.90
Mn4 3.89
O4H/OH (W2) Mnl 3.86
Mn2 2.89
Mn3 3.86
Mn4 3.87
O5H/H,0(W2) Mnl 3.85
Mn2 2.98
Mn3 3.84
Mn4 3.89
O5H/OH (W2) Mn1l 3.86
Mn2 2.96
Mn3 3.82
Mn4 3.86
S1 H.O(W2) Mnl 3.86
Mn2 2.95
Mn3 2.83
Mn4 3.91
OH (W2) Mnl 3.86
Mn2 2.93
Mn3 2.81

Mn4 3.87




Table S2. Metal-metal distances (A) in the optimized structures of the So and S models in comparison with the experimental distances

calculation experiment
So S1 So rich S1
HIOMWZ)  OH(W2)  HiO(W2) OH(wz  HOW2 OH(W2)  (SFX3R)* (SFXOR)
Ca Mn1l 3.57 3.53 3.37 3.38 3.40 3.40 3.38 3.43
Mn2 3.38 3.39 3.42 3.42 3.41 3.42 3.43 3.38
Mn3 3.52 3.45 3.55 3.55 341 3.39 3.54 3.51
Mn4 3.71 3.72 4.20 4.09 3.96 3.99 4.01 3.83
Mn1 Mn2 2.74 2.74 2.77 2.77 2.77 2.76 2.76 2.77
Mn3 3.53 3.43 3.20 3.21 3.12 3.10 3.27 3.24
Mn4 5.13 5.13 5.24 5.12 5.02 5.08 4.98 4.86
Mn2  Mn3 2.87 2.88 2.79 2.81 2.76 2.79 2.86 2.85
Mn3  Mn4 2.85 2.89 3.09 3.04 2.91 2.97 2.85 2.74
average 3.48 3.46 3.51 3.49 3.42 3.43 3.45 3.40

aKern et al.!



Table S3. Calculated frequencies and assignments of the prominent vibrations in the
infrared spectra of the Sg and S; states with the O4H/OH (W2) and OH (W?2) structures,

respectively 2

Sstate frequency intensity assignment

(cm™)®  (km/mol)
So 1458 113 D342
1454 224 D170
1450 189 D61
1429 219 E333, E354, D342
1426 245 E333, E354
1418 159 E354, D342, A344
1416 137 D342, A344, H190
1411 105 E189, D342
1371 412 A344
1358 110 D170, A344
1340 157 E189
1320 109 A344, E189, Y7
1311 275 E189, A344,Y7
1297 115 Yz, H190
1288 175 Yz, H190
1287 110 H337
S1 1462 195 D61

1448 204 D170, Yz
1431 225 E333
1414 220 E189
1404 104 D342, E354, A344
1397 347 E354, D342, H337
1384 105 D170,
1373 421 A344
1339 216 E189
1322 95 A344,Y7
1313 223 E189
1287 255 Yz, H190

4 Corresponding to the spectra in Fig. 3b.
® Scaled by a factor of 0.988.



Table S4. Calculated frequencies and assignments of the prominent vibrations in the
infrared spectra of the Sp and S; states with the O5H/H>0(W2) and H2O(W2) structures,
respectively?

Sstate frequency intensity assignment

(cm™)®  (km/mol)
So 1424 227 D61, E333
1396 100 E333
1391 174 E189, A344, D342, E354
1387 166 E189, A344, D342
1385 221 E354, D342, A344
1375 475 D170
1373 168 D342, E354, D170, A344
1366 358 D342, E354,
1360 102 D170, E354, A344, R357
1359 105 D170, R357
1353 288 A344, E354, D342, D170
1313 121 E189, H332
1311 134 H332, E189
1285 177 E189
1277 99 Yz, H190
1253 327 Yz, H190
S1 1424 209 D61

1416 98 D342
1398 207 D170, E333
1394 428 E333, D170
1381 277 E189, D342, E354
1380 147 D61
1378 185 D342, E189, E354
1369 293 E354, D342
1342 392 A344
1304 212 E189
1273 204 E189, Yz
1253 329 Yz, H190

2 Corresponding to the spectra in Fig. 3c.
® Scaled by a factor of 0.965.



Table S5. Calculated frequencies and assignments of the prominent vibrations in the
infrared spectra of the S and S; states with the O5H/OH (W2) and OH (W?2) structures,
respectively 2

Sstate frequency intensity assignment

(cm™)®  (km/mol)

So 1426 194 D61
1410 243 D170, E333
1407 223 W333, D170
1388 106 E189, A344, E354, H190
1386 172 E354, A344, E189
1380 96 D61
1374 124 D342, E354, A344
1367 322 E354, D342, H337
1355 106 D170
1347 402 A344
1314 221 E189, H332
1291 128 E189, A344
1260 258 Yz, H190

S1 1431 195 D61
1418 204 D170, Yz
1401 225 E333
1384 220 E189
1375 104 D342, E354, A344
1368 347 E354, D342, H337
1355 105 D170,
1344 421 A344
1310 216 E189
1294 95 A344,Y7
1285 223 E189
1260 255 Yz, H190

& Corresponding to the spectra in Fig. 3d.
® Scaled by a factor of 0.967.



Table S6. Coordination distances (A) of the Mn and Ca ions in the optimized structures
of the Sp and S1 models

W2 =H,0 W2 =0H"-
S1 So St So
O4H O5H O4H O5H
da d@  AdP d?@ AdP da da AdP d@ AdP
Mn1 01 187 186 0.01 1.89 -0.02 187 185 002 1.88 -0.01
03 192 188 0.04 192 0.00 191 187 004 192 -0.01
05 251 329 -0.78 225 0.26 239 3.05 -066 222 017
E189 187 187 0.00 188 -0.01 190 1.90 0.00 1.90 0.00
D342 225 216 0.09 227 -0.02 229 219 010 230 -0.01
H332 201 2.01 0.00 2.03 -0.02 203 202 0.01 204 -0.01
ave® 207 218 -0.11 2.04 0.03 207 215 -0.08 2.04 0.02
Mn2 Ol 184 184 0.00 183 0.01 184 185 -0.01 1.83 0.01
02 176 174 0.02 177 -0.01 175 172 003 175 0.00
03 186 185 0.01 1.86 0.00 186 1.86 0.00 1.87 -0.01
D342 212 215 -0.03 212 0.00 214 217 -0.03 216 -0.02
A344 190 1.93 -0.03 192 -0.02 191 192 -0.01 192 -0.01
E354 202 205 -0.03 203 -0.01 202 205 -0.03 203 -0.01
ave® 192 193 -0.01 192 0.00 192 193 -0.01 193 -0.01
Mn3 02 185 190 -0.05 1.87 -0.02 187 197 -0.1 191 -0.04
03 200 229 -0.29 2.02 -0.02 205 228 -023 205 0.00
04 182 215 -033 186 -0.04 177 210 -0.33 1.82 -0.05
O5 174 186 -0.12 225 -051 175 179 -0.04 226 -0.51
E333 199 197 0.02 197 0.02 198 201 -0.03 197 0.01
E354 218 210 0.08 225 -0.07 222 216 0.06 229 -0.07
ave® 193 205 -0.12 204 -0.11 194 205 -0.11 205 -0.11
Mn4 04 180 1.88 -0.08 1.78 0.02 188 191 -0.03 1.85 0.03
O5 253 186 0.67 3.09 -0.56 270 209 061 299 -0.29
W1l 216 208 008 211 0.05 216 216 0.00 214 0.02
W2 2.06 21 -0.04 211 -0.05 183 1.83 000 1.86 -0.03
D170 199 213 -0.14 195 0.04 204 21 -0.06 200 0.04
E333 194 215 -021 195 -0.01 198 212 -0.14 198 0.00
ave® 208 203 005 217 -0.08 210 2.04 0.06 214 -0.04
Ca 01 243 245 -0.02 243 0.00 246 247 -0.01 245 0.01
02 264 261 0.03 267 -0.03 263 260 0.03 267 -0.04
05 249 254 -0.05 241 0.08 247 248 -0.01 241 0.06
W3 248 248 000 249 -0.01 247 249 -0.02 249 -0.02
W4 242 245 —-0.03 241 0.01 245 248 -0.03 244 0.01
D170 253 249 0.04 252 0.01 250 248 0.02 250 0.00



E189 277 297 -020 276 0.01 285 298 —-0.13 283 0.02
A344 260 261 -0.01 260 0.00 262 267 —-005 259 0.03
ave® 255 258 -0.03 254 001 256 258 —-0.03 255 0.01

4 Metal-ligand distance
® Distance change upon the So—S1 transition
¢ Averages of the metal-ligand distances and their changes upon the Sp— S transition
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