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Figure S1: Atom numbering scheme of azobenzene used in the definition of the internal
symmetry coordinates of the normal mode analysis.



Table S1: Mean unsigned errors (MUE) of each theoretical approach relatively to a set of
experimental frequencies of azobenzene.

Method Basis Set MUE? / cm™ References
6-311++G(3df,3pd) 15 Present work
BPS6 cc-pVTZ 10 Present work
TZVP 15 Ref. 1
6-311++G(3df,3pd) 12 Present work
Pwol cc-pVTZ 7 Present work
6-311++G(3df,3pd) 25 Present work
B3LYP cc-pVTZ 28 Present work
6-311++G(3df,3pd) 18 Present work
B97-1 cc-pVTZ 22 Ref. 2
aug-cc-pVTZ 19 Ref. 2
6-311++G(3df,3pd) 11 Present work
OLYP ce-pVTZ 7 Ref. 2
MP2 cc-pVTZ 23 Ref. 1

& Vibrational frequencies of both the E and Z forms of azobenzene were used in the calculation of the MUE

except with the aug-cc-pV'TZ basis set where they were only available for the £ form.
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Table S2: Theoretical Frequencies (v/ cm ') and IR Intensities (I/ km mol 1) of E-AB and Z-AB forms.
The calculated frequencies are not scaled. Raman scattering activities (S/ A% a.m.u.~ 1) calculated at the

PW91/cc-pVTZ level are also given.
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Table S2 (Cont.)

E-AB
B97-1 / OLYP / PWOL / PWOL /
6-311++G(3df,3pd) cc-pVTZ 6-311++G(3df,3pd) cc-pVTZ
v 1 v ! v I v I S

3208.5 9.6 3176.5 9.6 3149.0 0.0 3142.5 0.0 4.6
3208.4 0.0 3176.4 0.0 3149.0 13.1 3142.5 13.9 0.0
3195.9 0.0 3159.6 0.0 3139.6 0.0 3133.5 0.0 7.7
3195.7 28.7 3159.4 35.0 3139.4 36.1 3133.3 40.5 0.0
3186.1 0.0 3149.0 0.0 3129.8 0.0 3124.0 0.0 4.0
3186.0 27.7 3148.9 39.7 3129.8 27.5 3123.9 30.6 0.0
3175.5 15.1 3136.3 21.3 3119.4 0.0 3113.9 0.0 4.5
3175.5 0.0 3136.3 0.0 3119.4 15.8 3113.9 17.0 0.0
3164.2 0.0 3124.1 0.0 3108.3 0.0 3103.9 0.0 8.2
3164.1 2.5 3124.0 5.5 3108.2 4.4 3103.8 5.0 0.0
1632.4 0.0 1599.3 0.0 1593.5 0.0 1598.2 0.0 0.8
1627.0 3.0 1595.1 6.3 1589.8 6.4 1594.8 6.2 0.0
1616.0 0.0 1579.8 0.0 1575.5 0.0 1581.6 0.0 6.0
1610.0 3.6 1575.7 2.4 1571.4 2.7 1577.6 3.8 0.0
1539.2 0.0 1487.6 0.0 1479.4 0.0 1483.1 0.0 7.0
1506.8 8.6 1473.7 6.3 1467.6 7.0 1472.8 9.4 0.0
1492.7 0.0 1457.2 0.0 1451.5 0.0 1457.7 0.0 8.4
1474.6 10.5 1443.3 10.3 1439.5 10.7 1446.0 13.1 0.0
1468.4 0.0 1425.3 0.0 1417.6 0.0 1419.6 0.0 1.0
1342.9 0.0 1355.0 0.0 1353.4 0.0 1355.7 0.0 8.0
1341.3 7.1 1351.5 7.4 1350.1 6.9 1352.6 6.5 0.0
1331.6 0.0 1302.3 0.0 1295.1 0.0 1298.8 0.0 319.3
1324.6 3.0 1297.3 1.3 1290.8 1.0 1295.2 1.7 0.0
1245.2 20.8 1215.9 17.2 1221.0 20.8 1225.1 20.4 0.0
1199.2 0.0 1176.9 0.0 1173.0 0.0 1176.9 0.0 8.6
1175.3 0.4 1156.8 0.0 1148.1 0.0 1149.9 0.4 0.0
1175.0 0.0 1156.8 0.3 1148.1 0.5 1149.9 0.0 3.8
1165.7 32.9 1148.8 36.6 1137.9 33.5 1139.6 32.1 0.0
1151.0 0.0 1122.5 0.0 1121.9 0.0 1125.5 0.0 4.4
1091.9 11.8 1079.2 11.9 1070.6 13.8 1072.9 15.2 0.0
1087.5 0.0 1075.3 0.0 1066.9 0.0 1068.5 0.0 23.9
1032.3 12.7 1020.4 10.0 1014.9 13.1 1017.8 0.0 28.3
1032.1 0.0 1019.8 0.0 1014.9 0.0 1017.1 13.5 0.0
1003.4 0.0 970.5 0.0 968.2 0.0 993.5 0.0 62.9
1003.2 0.05 970.3 0.04 968.0 0.04 993.4 3.4 0.0
993.6 0.0 961.7 0.0 967.3 0.0 979.8 0.4 0.0
992.1 0.01 961.1 0.0 965.6 2.8 979.3 0.0 1.2
990.5 0.0 960.4 0.02 958.2 0.0 962.7 0.0 0.5
989.2 2.4 958.4 2.6 956.7 0.02 961.9 0.001 0.0
948.8 8.0 919.6 7.3 916.7 7.6 927.6 7.2 0.0
942.9 0.0 913.8 0.0 910.7 0.0 921.7 0.0 0.1
927.3 0.0 903.5 0.0 906.7 0.0 913.5 0.0 6.9
857.5 0.0 830.5 0.0 827.5 0.0 832.8 0.0 2.9
856.1 0.1 829.3 0.1 826.0 0.1 831.3 0.04 0.0
826.6 0.3 806.2 0.3 812.0 0.4 819.7 0.6 0.0
789.6 83.6 766.8 76.1 764.8 75.8 780.0 48.3 0.0
769.6 0.0 745.5 0.0 744.3 0.0 759.1 0.0 0.2
688.3 65.8 664.3 61.4 664.8 63.1 685.2 76.8 0.0
677.9 0.0 660.5 0.0 661.5 0.0 681.7 0.0 0.8
676.8 0.0 654.4 0.0 655.6 0.0 664.7 0.0 7.0
625.1 0.7 609.0 0.8 610.3 0.8 613.3 0.6 0.0
618.8 0.0 602.5 0.0 603.6 0.0 606.8 0.0 3.0
553.9 13.5 537.2 11.8 534.2 12.6 541.3 13.7 0.0
541.7 3.7 528.9 5.0 530.5 5.4 532.1 6.3 0.0
523.8 27.1 514.4 25.3 514.6 24.3 514.5 23.5 0.0
481.5 0.0 465.4 0.0 463.8 0.0 471.3 0.0 0.3
415.8 0.0 401.1 0.0 401.5 0.0 406.2 0.0 0.0
412.7 0.01 398.0 0.01 398.0 0.004 402.7 0.001 0.0
304.6 0.0 299.0 0.0 299.8 0.0 299.6 0.0 1.8
303.0 0.8 290.7 0.9 290.5 0.9 295.2 0.6 0.0
247.6 0.0 227.2 0.0 234.2 0.0 239.0 0.0 3.8
218.2 0.0 214.3 0.0 217.1 0.0 217.1 0.0 1.0

91.2 0.0 80.7 2.0 86.3 0.0 94.8 0.0 3.3

80.7 2.0 78.0 0.0 82.4 2.0 82.3 1.9 0.0

63.7 1.5 60.6 1.4 61.5 1.5 60.9 1.4 0.0

22.3 0.0 13.0 0.1 15.6 0.03 14.8 0.03 0.0




Table S2 (Cont.)

Z-AB
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Table S2 (Cont.)

Z-AB
B97-1 / OLYP / PwWoal / PWI1 /
6-311++G(3df,3pd) cc-pVTZ 6-311++G(3df,3pd) cc-pVTZ
v I v I v I v I S

3197.7 4.0 3169.6 1.0 3142.2 4.2 3136.0 5.2 469.7
3197.6 3.3 3169.6 4.1 3142.1 6.8 3135.9 9.8 77.0
3192.7 1.1 3158.3 2.1 3137.7 0.5 3131.5 0.2 182.0
3192.4 27.7 3158.1 36.3 3137.4 30.6 3131.3 33.9 22.8
3184.7 4.6 3150.0 16.8 3130.0 4.6 3124.0 4.9 104.9
3184.5 11.7 3149.9 7.8 3129.9 12.6 3123.9 14.2 72.8
3173.5 0.7 3136.7 12.4 3119.0 1.0 3113.6 1.0 168.9
3173.4 7.7 3136.7 1.3 3118.9 8.1 3113.5 8.4 97.9
3165.0 0.3 3127.0 0.5 3110.6 0.5 3106.0 0.6 39.7
3164.9 1.5 3126.9 2.2 3110.4 1.8 3105.9 1.9 19.8
1633.2 11.2 1599.2 8.5 1591.0 6.3 1595.6 4.2 102.4
1622.8 4.7 1591.1 2.7 1584.6 1.8 1590.2 2.2 94.3
1612.5 0.6 1577.1 0.4 1571.7 0.3 1577.3 0.5 3.3
1605.1 4.7 1570.0 4.0 1564.6 4.0 1570.1 4.7 25.2
1588.7 22.3 1535.5 40.3 1518.6 44.2 1520.1 47.2 519.0
1504.2 6.6 1469.7 3.6 1463.2 3.6 1469.2 4.9 0.5
1501.5 6.6 1464.5 2.2 1457.6 2.0 1462.8 1.7 156.8
1474.4 2.7 1443.3 2.3 1438.2 2.8 1444.4 3.1 6.2
1467.9 5.4 1436.3 5.6 1431.6 6.3 1437.6 7.6 3.7
1343.3 0.002 1345.1 0.04 1343.8 0.1 1346.6 0.0 14.3
1341.2 0.3 1340.1 1.9 1336.9 2.3 1339.9 2.1 0.1
1324.2 0.1 1304.4 0.01 1298.1 0.03 1301.9 0.1 1.4
1314.2 1.9 1298.6 1.9 1293.2 1.6 1296.7 1.9 1.3
1194.8 0.4 1175.4 0.6 1168.0 0.2 1171.0 0.2 13.7
1194.8 0.5 1174.8 0.4 1167.6 0.5 1170.2 0.7 12.6
1175.9 0.1 1157.6 0.1 1148.8 0.1 1150.6 0.2 11.1
1175.3 0.04 1157.4 0.03 1148.6 0.003 1150.4 0.0 2.9
1161.6 1.5 1131.1 1.6 1131.1 2.7 1135.0 2.0 43.4
1140.8 0.1 1106.1 0.2 1107.2 0.2 1111.9 0.2 360.7
1095.7 0.7 1080.9 0.8 1074.1 1.0 1076.4 1.2 1.7
1094.5 11.8 1078.8 11.3 1072.0 12.8 1074.4 13.1 4.7
1038.6 2.8 1024.4 3.7 1020.3 3.0 1024.1 2.1 40.4
1038.5 4.1 1024.2 2.9 1020.2 4.2 1023.7 4.6 7.3
1003.4 0.4 971.1 0.6 974.4 1.1 993.2 1.2 9.2
1003.3 0.0004 970.7 0.001 973.5 0.04 992.5 0.4 105.3
995.6 0.9 964.6 0.9 966.2 0.03 968.0 0.04 0.4
995.5 0.04 963.6 0.01 966.1 0.3 967.8 0.6 0.9
984.6 0.4 953.1 0.5 951.1 0.2 949.2 0.3 4.8
984.5 0.2 953.0 0.2 951.1 0.4 948.8 0.5 0.0
936.0 22.7 902.9 18.3 902.4 20.0 906.9 20.8 1.9
929.9 0.4 899.4 0.4 898.4 0.2 902.2 0.3 2.4
863.1 6.7 828.2 1.8 830.9 4.2 831.1 2.6 27.9
850.8 1.1 824.1 1.6 821.5 1.6 824.0 1.4 12.2
849.5 2.5 819.7 10.3 819.6 5.7 822.0 6.4 16.4
785.5 15.2 760.5 17.7 760.9 14.8 768.3 12.5 23.8
773.2 48.2 753.1 31.2 756.0 37.2 760.1 32.8 1.6
758.6 0.2 736.0 0.3 742.6 0.3 745.4 0.02 9.7
712.4 91.3 690.2 94.2 690.6 97.8 692.6 71.8 11.6
699.0 19.5 676.3 19.1 676.1 17.8 688.3 19.2 0.2
687.3 4.4 666.4 2.9 668.8 6.3 686.6 26.4 0.8
628.2 0.5 612.3 0.3 611.4 0.2 614.9 0.3 15.1
622.9 0.1 607.8 0.04 607.9 0.04 611.0 0.1 3.2
606.5 4.0 590.1 4.2 587.7 4.6 591.7 5.1 84.8
544.7 0.4 531.4 0.5 528.4 0.2 530.4 0.2 1.1
504.4 4.8 492.0 4.9 492.7 5.0 494.5 4.7 0.1
447.2 1.9 435.5 4.5 435.8 4.8 438.7 5.0 2.9
432.3 3.3 415.4 3.8 415.4 3.5 416.8 3.1 21.7
409.7 0.1 395.3 0.01 397.7 0.1 400.6 0.04 23.2
406.3 3.5 393.5 5.2 393.0 4.5 396.7 4.4 1.2
286.9 5.3 281.2 5.9 274.9 5.8 275.3 5.8 2.2
271.1 0.3 259.6 0.3 263.9 0.2 264.8 0.2 14.4
171.2 0.2 163.0 0.2 170.1 0.2 168.9 0.2 30.5
153.8 2.5 150.3 3.7 150.4 4.0 151.3 4.0 5.4

68.4 0.4 64.7 0.6 68.8 0.5 68.0 0.5 11.9

48.1 0.01 47.6 0.001 49.2 0.03 49.9 0.02 24.6

40.2 1.1 45.8 1.6 40.2 1.4 41.1 1.4 3.0
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Table S4: Internal symmetry coordinates used in the normal mode analysis of E-azobenzene.

a

Coord. Definition Sym.  Appr. Description

S1 r113 Ay v(N=N)

So 12 + T13,14 A, v(NC)

S3 12 - 113,14 By v(NC)

S4 ro3-T34 + T45-T56 + Te7-T72 + T14,15 - I'15,16 A,y v(CC)y
+ T16,17 - 17,18 + T18,19 - I'19,14

Ss ro3 -T34 + T45-T56 + I67 - I72 - T14,15 + 15,16 By v(CC),
- I16,17 + r17,18 - 18,19 + T19,14

Se -T93 + 234 - Ta5-Is5e + 267 - I'r2 - 14,15 + 215,16 A,y v(CC)s
- I'ie,17 - T17,18 + 2T18,19 - T'19,14

S7 -To3 + 2134 -Ty45-T56 + 267 - I72 + T14,15 - 2I'15,16 Bu v(CC)4
+ I'16,17 + T17,18 - 2I'18,19 + I'19,14

Sg Ty - Taps + I56 - I72 + T14,15 - 16,17 T 17,18 - I19,14 e v(CC)s5

So ry3 - T45 + I56 - I'72 - T14,15 + T16,17 - T'17,18 + I'19,14 By v(CC)s

S10 ro3 + 2134 + T45 - I'se - 267 - T72 + T14,15 + 2T15,16 A, v(CC)7
+ Ti6,17 - T17,18 - 2I'18,19 + I'19,14

S11 Tog + 2r34 + Tus - Is6 - 2T6,7 - T7,2 - T14,15 - 2I'15,16 Bu v(CC)s
- I'i,17 + T17,18 + 2r1g,19 + T19,14

Si2 T23 - Tap - U'se + 72 + T1a15 - 16,17 - T17,18 + 19,14 A, v(CC)g

S13 To3 -T45-T56 + I'72 - T14,15 + T16,17 + T17,18 - 19,14 By v(CC)1o

Si4 rog +I34 + Ta5 + I56 + Y67 + I72 + a5 + Ti5,16 g v(CC)n
+ T16,17 + r17,18 + r18,19 + 19,14

S1s Tog + T34 + Tus + Ise + Te,7 + 7,2 - T1a,15 - T'15,16 By v(CC)12
- I'ie,17 - 17,18 - I'18,19 - I'19,14

Si6 r712 + 19,24 A, vs(CH)

S17 712 - 19,24 B, Vas(CH)

Sis 11 - Is10 + Tag + I3g + Tiges + Iive + ie21 + is 2o Ay v(CH),

S19 Te,11 + I's,10 + T49 + I'sg - 18,23 - 17,22 - I'16,21 - I'15,20 Bu v(CH)

Sa0 611 + I's10 - T4,9 - 3,8 + I'ig23 + I'i7,22 - 16,21 - I'15,20 A, v(CH)3

So1 re,11 + I's10 - T4,9 - I'3,8 - I'1823 - 17,22 + 16,21 + 15,20 By v(CH)4

Sao re,11 - I's;10 + T49 - 38 + Tig 23 - 17,22 + T16,21 - I'15,20 A v(CH)s

Sa3 T6,11 - U's,10 + T4,9 - I38 - T18,23 + T'17,22 - 16,21 + I'15,20 Bu v(CH)g
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Sa4
Sos
Sa6
Sog

Sag
S30

Ss2

S33

S34

S35

S36

SBS

S39

re,11 - I'5,10 - 4,9 + I's;g + I'18,.23 - I'17,22 - 16,21 + I'15,20
rg,11 - I'5,10 - T'4,9 + '3 g - I'1g23 + I'17.22 + T'16,21 - 15,20
Bis,1,2 + B1,13,14

B13,1,2 - P1,13,14

B1,2,3 - B1,2,7+ B13,14,15 - P13,14,19

B1,2,3 - B1,2,7- B13,14,15 + PB13,14,19

B723-PB234 + B3as - Base + Pse7 - Pe,7,2 + P19,14,15

- Bia,15,16 + Bis,16,17 - B16,17,18 + P17,18,10 - B18,19,14
B723-PB234 + B3as - Pase + Bse7 - Pe,7,2 - Pro,14,15

+ Bia,15,16 - P1s,16,17 + Bi6,17,18 - B17,18,19 + P1s,19,14
28723 -PB234-PB345 + 2Ba56 - Ps6.7 - Be,7.2 + 2B19,14,15
- B1a,15,16 - P15,16,17 + 2PB16,17,18 - B17,18,19 - B18,19,14
28723 -0B234 - B35 + 2Pase - Ps6,7 - Be,7,2 - 2B19,14,15
+ Bia,15,16 + Bis,16,17 - 2B16,17,18 + Bi7,18,10 + P18,19,14
B2,3.4 - B3as + Bse,7 - Bs,7,2 + Pra,15.16 - P15,16,17

+ Bi7,18,19 - P18,19,14

B2,3.4 - B3as + Bs6,7 - B6,7,2 - P1a,15,16 + Pis,16,17

- Bi7,18,19 + P1s,19,14

Bs,3,2 - Bs,3,4 - Boas + Boas - 2B10,5.4 + 210,56 - Pi16,5
+ Bii,6,7 + Bi2,7.6 - Pi2,7,2 + B2o,15,14 - B20,15,16 - B21,16,15
+ B21,16,17 - 2B22,17.16 + 2B22,17,18 - B2318,27 + P23,18,19
+ Bo4,19,18 - B24,19,14

Bg,3,2 - Bs,3,.4 - Boa3z + Boas - 2B10,5,.4 + 2B10,5,6 - Pi1,6,5
+ Brie7t Pr2,76 - Pr2,7.2 - B2o,15,14 + P20,15,16 + B21,16,15
- Bo1,16,17 + 2B22,17,16 - 2PB22,17,18 + PB23,18,27 - P23,18,19

- Bo4,19,18 + PB24,19,14

Bg,3,2 - Bs3.4 - Poas + Boas + 261054 - 2810,5,6 - P11,6,5
+ B11,6,7+ P12.7.6 - P12,7.2 + B20,15,14 - B20,15,16 - B21,16,15
+ Bo1,16,17 + 2B22,17,16- 2B22,17,18 - B23,18,27 + B23,18,19

+ B24,19,18 - B24,19,14

Bs,3.2 - Bs3,4 - PBoas + Boas + 261054 - 2B10,5,6 - B11,6,5
+ Bi1,6,7 + Bi2,7.6 - P12,7,2 - B20,15,14 + B20,15,16 + P21,16,15
- Bo1,16,17 - 2B22,17,16 T 2B22,17,18 + B23,18,27 - B23,18,19

- B24,19,18 + B24,19,14
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S40

S42

Saz

S44

Sas

S46

S4s
S49

Ss2

Ss3

Bs,3,2 - Bs,34 + Poas-Poas + Biies - Prie,r + Bizre

- Bi2,7,2 + B20,15,14- B20,15,16 + PB21,16,15 - B21,16,17 + B23,18,27
- B23,18,19 + B24,19,18 - B24,19,14

Bs,3,2 - Bs34a + Poa3 - Poas + Piies - Biie,r + Biz,7.6

- Bi2,7,2 - B20,15,14 + B20,15,16 - B21,16,15 + P21,16,17 - B23,18,27
+ B23,18,19 - B24,19,18 + PB24,19,14

Bs,3,2 - Bs,3.4 + Poa3 - Boas - Pii,es + Biie,r - Biz76

+ Bi2,7,2 + B20,15,14- B20,15,16 + B21,16,15 - B21,16,17 - B23,18,27
+ B23,18,19 - B24,19,18 + B24,19,14

Bs,3,2 - Bs,3.4 + Poa3 - Boas - Pii,es + Biie,r - Biz76

+ Bi2,7,2 - B20,15,14 T B20,15,16 - P21,16,15 + B21,16,17 + B23,18,27
- B23,18,19 + P24,19,18 - B24,19,14

Bs,3,2 - Bs,3.4 - Boas + Boas + Biies - Biie,7 - Bi2,7,6

+ Bi2,7,2 - B20,15,14 + B20,15,16 + B21,16,15 - P21,16,17 - B23,18,27
+ B23,18,19 + B24,19,18 - B24,10,14

Bs,3,2 - Bs,3.4 - Boas + Boas + Biies - Biie,7 - Bi2,7,6

+ Bi2,7,2 + B20,15,14 - B20,15,16 - B21,16,15 + B21,16,17 + P23,18,27
- B23,18,19 - P24,19,18 + B24,19,14

T2,1,13,14

T13,1,2,3 + T13,1,2,7 T T1,13,14,15 T T1,13,14,19

T13,1,2,3 + T13,1,2,7 - T1,13,14,15 - T1,13,14,19

172,34 - 72345 + 13456 - T4,56,7 T 156,72 - 16,7,2,3

+ T19,14,15,16 - T14,15,16,17 T T15,16,17,18 -~ T16,17,18,19

+ T17,18,19,14 - T18,19,14,15

17,2,3,4 - 12345 + 13456 - T4,56,7 T 156,72 - 16,7,2,3

- T19,14,15,16 T T14,15,16,17 - T15,16,17,18 T T16,17,18,19

- T17,18,19,14 T T18,19,14,15

172,34 - 134,56 1+ T4,56,7 - 16,7,2,3 T T19,14,15,16 - T15,16,17,18
+ T16,17,18,19 - T18,19,14,15

T7,2,3,4 - 13,4,56 T T4,5,6,7 - ©6,7,2,3 - T19,14,15,16 T T15,16,17,18
- 116,17,18,19 T T718,19,14,15

- 7234 T 2712345 - T34,5,6 - 14,5,6,7 T 275,6,7,2 - 16,7,2,3

- T19,14,15,16 T 2‘514,15,16,17 - T115,16,17,18 =~ 116,17,18,19

+ 2717,18,19,14 - T18,19,14,15
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Ss4 - 172,34 + 272345 - 134,56 - 145,67 T 275,6,7,2 - 76,7,2,3 B,  t(ring6)
+ T19,14,15,16 - 2T14,15,16,17 + T15,16,17,18 + T16,17,18,19

- 2‘517,18,19,14 + T118,19,14,15

Ss5 T1,3,2,7 + T13,15,14,19 Ay Y(NC)
Ss6 11,3,2,7 - T13,15,14,19 Bg Y(NC)
Ss7 2712276 - 3T11,7,6,5 + 2T10,6,5,4 - 979,5,4,3 T 278,432 Ay Y(CH)y

+ 2724,14,10,18 - 3T23,19,18,17 + 2722,18,17,16
- 3T21,17,16,15 T 2720,16,15,14

Sss 2T12,2,7,6 - 3T11,7,6,5 + 2T10,6,54 - 379,543 + 2T8.4,3,2 Bg v(CH),
- 2724,14,19,18 T 3723,19,18,17 - 2T22,18,17,16
+ 3721,17,16,15 - 2720,16,15,14

Ss9 T12,2,7,6 + T11,7,6,5 T T10,6,5,4 T T9,5,4,3 T 784,32 T T24,14,19,18 Ay Y(CH)3
+ T23,19,18,17 T T22,18,17,16 T T21,17,16,15 T T20,16,15,14

S60 T12,2,7,6 T T11,7,6,5 T T10,6,5,4 T 19,5,4,3 T T8.4,3,2 - T24,14,19,18 B, Y(CH)4
- T23,19,18,17 - T22,18,17,16 - T21,17,16,15 - 120,16,15,14

Se1 T12,27,6 + T11,7,6,5 - T9,5.4,3 - T8,4,3,2 + T24,14,19,18 + T23,19,18,17 Ay Y(CH)s
- T121,17,16,15 - 120,16,15,14

Se2 112,2,7,6 T T11,7,6,5 - T9,5,4,3 - 18.4,3,2 - T24,14,19,18 - 123,10,18,17 B, Y(CH)g
+ T21,17,16,15 T T20,16,15,14

Se3 T12,2,7,6 - T11,7,6,5 T T9,5.4,3 - 18.4,3,2 + T24,14,19,18 - T23,19,18,17 Ay v(CH)7
+ T21,17,16,15 - T20,16,15,14

Se4 112,2,7,6 - T11,7,6,5 T T9,5,4,3 - 18,4,3,2 - 124,14,19,18 1 123,19,18,17 Bg Y(CH)s
- T21,17,16,15 T T20,16,15,14

Se5 112,2,7,6 - 2710,6,5,4 + T8,4,3,2 T T24,14,19,18 - 2722,18,17,16 Ay Y(CH)g
+ T20,16,15,14

Se6 T12,2,7,6 - 2710,6,5,4 + T8,4,3,2 - 124,14,19,18 1+ 2722,18,17,16 Bg Y(CH)10

- T120,16,15,14

& Atom numbering is shown in Figure S1; r;; is the distance between atoms A; and Aj; i is the angle
between vectors AixA; and AxAj; 51,1 is the dihedral angle between the plane defined by Aj, A;, Ay and the
plane defined by A;, Ak, A; atoms; v - stretching, § - in-plane bending, v - out-of-plane bending, t - torsion;

normalization constants not given.
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Table S5: Theoretical wavenumbers (v/ cm™—1), Raman scattering activities (S/ A% a.m.u.~!) and po-
tential energy distributions (PED, %) for the Raman-active Ay and Bg normal modes of E-AB calculated
at the PW91 /cc-pVTZ level.

Calculated

Ve S/ A*amu ! Sym. PEDP (%)
3142.5 164.6 Ag vs (CH) (93)
3133.5 597.7 Ag v(CH)1 (83), v(CH)3 (12)
3124.0 354.0 Ag v(CH)3 (57), v(CH)7 (30)
3113.9 324.5 Ag v(CH)7 (55), v(CH)3 (28), v(CH)5 (11)
3103.9 88.2 Ag v(CH)5 (82), v(CH)7 (14)
1598.2 830.8 Ag v(CC)s (62), 3(CH)1q (16)
1581.6 26.0 Ag v(CQ)s5 (66)
1483.1 727.0 Ag v(N=N) (31), 5(CH)7 (30), v(CC)g (20)
1457.7 518.4 Ag 3(CH)1 (31), v(CC)7 (24), 3(CH)7 (23), v(CC)g (11)
1419.6 3851.0 Ag v(N=N) (51), 5(CH); (14), 5(CH)7 (11)
1355.7 108.0 Ay v(CQ)1 (89)
1298.8 319.3 Ag 5(CH)s (75)
1176.9 868.6 Ag 3(CH)1o (41), v(NC) (20), v(CC)3 (14)
1149.9 33.8 Ag 8(CH)s (77)
1125.5 2514.4 Ag 8(CH)10 (35), v(NC) (27), d(ringl) (11)
1068.5 23.9 Ag 5(CH); (42), v(CC)7 (10)
1017.8 28.3 Ag v(CO)g (49), 3(CH)7 (25), v(CC)11 (23)
993.5 362.9 Ag d(ringl) (61), v(CC)11 (35)
979.3 1.2 Bg Y(CH)3 (108), y(CH)g (14)
962.7 0.5 By Y(CH)s (98), y(CH)z (14)
921.7 0.1 Bg v(CH)10 (94)
913.5 6.9 Ag 3(NNC) (42), v(CC)11 (17), 8(ringl) (12)
832.8 2.9 Bg v(CH)g (100)
759.1 0.2 B, v(CH)4 (52), <(ring2) (27), v(NC) (18)
681.7 0.8 Bg t(ring2) (85), vy(CH)4 (32)
664.7 7.0 Ag 3(ring3) (60), 3(NNC) (18)
606.8 23.0 Ag 3(ring5) (87)
471.3 0.3 B, Y(NC) (45), t(ringd) (49)
406.2 0.01 Bg <(ring6) (111)
299.6 1.8 Ag 3(NCC) (43), v(NC) (17), 5(ring3) (16)
239.0 3.8 Bg (ring4) (47), v(NC) (34), ©(NNCC) (16)
217.1 1.0 Ag 3(NCC) (39), 3(NNC) (22), v(NC) (17), 8(ring3) (12)

94.8 3.3 By <(NNCC) (82), t(ringd) (16)

& Theoretical frequencies (v/ cm™!) were not scaled.

P PED’s lower than 10% not included. Definition of symmetry coordinates is given in Table S4.
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Table S6: Internal symmetry coordinates used in the normal mode analysis of Z-azobenzene.?

Coord. Definition Sym.  Appr. Description

S1 113 A v(N=N)

Sa ry2 + r'i3,14 A v(NC)

Sg I‘]_,Q - I‘13’]_4 B V(NC)

S4 Ip3-T34 + T45-T56 T Ie7 - I7,2 + 1415 - I'15,16 A v(CC)y
+ r16,17 - 17,18 + r18,19 - r'19,14

Ss Ta3 -T34 + Tap - TI56 + T6,7 - I7.2 - T14,15 + T'15,16 B v(CC)q
- T16,17 T T17,18 - T'18,19 + T'19,14

Se -To3 + 2r34 - T4p5 - Ise + 2767 - T72 - T14,15 + 2T15,16 A v(CC)3
- T16,17 - T'17,18 + 2T18,19 - I'19,14

S7 -To3 + 2r34 - Ta5 - Ts6 + 2T67 - 72 + T1415 - 2T15,16 B v(CC)4
+ r16,17 + T17,18 - 2I18,19 + T19,14

Ss rg3-T4s5 + I'se-T72 + 1415 - Ti,17 + 17,18 - 19,14 A v(CC)s

So To3-T45 + I56 - I'7,2 - T14,15 + T16,17 - 17,18 + 19,14 B v(CC)s

S10 ra3 + 2r34 + g5 - I'se - 2T6,7 - I7.2 + g 15 + 2r15,16 A v(CC)7
+ I'16,17 - T17,18 - 2r'18,19 + T19,14

S11 Tag + 234 + Tas - Is6 - 2T6,7 - 7,2 - T14,15 - 2I'15,16 B v(CC)s
- I16,17 + T17,18 + 2r18,19 + I'19,14

Si2 rogs-T45-T56 + I'r2 + 115 - 16,17 - 17,18 + 19,14 A v(CC)g

Si3 T23 - Tap - U'se + 72 - T14,15 + T16,17 + 17,18 - I19,14 B v(CC)1o

S14 ros + 134 +T45 + I56 + Te7 + I'r2 + Ti4,15 + Ti516 v(CC)11
+ Ti16,17 + T17,18 + T18,19 + T19,14

Sis ro3 +I34 + Tg5 + Ise + Te7r + 72 - T'14,15 - I'15,16 B v(CC)12
- 16,17 - 17,18 - I'18,19 - 119,14

S16 r712 + Te11 + Is510 + Tqa9 + I3g + Tig24 + T1823 A v(CH),
+ Ti7,22 + T16,21 + T'15,20

Si7 r712 + Tg11 + I's;10 + Ta,9 + I3,8 - 19,24 - I'18,23 B v(CH)2
- I17,22 - 1,21 - T'15,20

Slg 21‘7,12 - 31‘6711 + 21‘5710 - 31‘479 + 21‘378 + 21‘19724 A V(CH)g
- 3r18,23 + 2r17,22 - 3rie,21 + 2T15,20

S19 2r7 19 - 3r6,11 + 2r5,10 - 3r4,9 + 2r38 - 2r19,24 B v(CH)4
+ 3rig 23 - 2ri722 + 3rig 21 - 2ris 20

S20 r712 - T6,11 T r49 - I's g + T'19.24 - I'18,23 + T'16,21 - 1'15,20 A v(CH)s5
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S22
Sa3
S24
Sa5
Sa26
So7
Sos
Sa29
S30

S32

S33

S34

S35

S36

Ssg

S39

r712 - T6,11 + T49 - I'3,8 - 1924 + T1823 - I'16,21 + T15,20
r712 + Y611 - T49 - I'3 8 + T'19.24 + T18,23 - 16,21 - 115,20
r712 + Y611 - I'49 - I's g - I'19,.24 - 1823 + T16,21 + T'1520
I'7.12 - 2I'510 + I'3,8 + T19,24 - 2I'17,22 + I'15.20

r7,12 - 2510 + I'3,8 - T19,24 + 2I'17,22 - T'15,20

Bis,1,2 + B1,13,14

B13,1,2 - P1,13,14

B1,2,3 - B1,2,7+ B13,14,15 - B13,14,19

B1,2,3 - Br2,7- Bi314,15 + B13,14,10

Br23-B234 + B345-PBase + P67 - P62 + Pro14,15
- Bia,15,16 + Bis,16,17 - B16,17,18 + P17,18,10 - B18,19,14
B7.23-PB234 + B3as - PBase + Bse7 - Pe,7,2 - Pro,14,15

+ Bi4,15,16 - B1s,16,17 + Pi6,17,18 - Bi7,18,19 + P1s,19,14
287,23 -0B234 - B3a5 + 2Base - P67 - Pe,7,2 + 2P19,14,15
- 14,1516 - P15,16,17 + 2P16,17,18 - P17,18,10 - P18,19,14
28723 - 08234 -B345 + 2Pase - Ps6,7 - Be,7.2 - 2B19,14,15
+ Bia,15,16 + B15,16,17 - 2B16,17,18 + B17,18,19 + P18,19,14
B2,3.4 - B3as + Bse,7 - Be,7,2 + B1a,15,16 - P15,16,17

+ Bi7,18,19 - P18,19,14

B234 - B35 + Bse7 - Per2 - Bra1516 + P15,16,17

- Bi7,18,19 + PB1s,19,14

Bg,3,2 - Bs,3,4 - Boaz + Boas - 2B10,5,.4 + 210,56 - Pi1,6,5
+ Bire,7 + Bi2,7,6 - Bi2,7,2 + B2o,15,14 - B20,15,16 - B21,16,15
+ B21,16,17 - 2B22,17.16 + 2B22,17,18 - B23,18,27 + PB23,18,19
+ Bo4,19,18 - B24,19,14

Bg,3,2 - B8,3.4 - Boasz + Boas - 2B10,5.4 + 2B10,5,6 - Pi1,6,5
+ Bi1,6,7+ Bi2,7,6 - P12,7,2 - B20,15,14 + B20,15,16 + P21,16,15

- Bo1,16,17 + 2B22,17,16 - 2PB22,17,18 + B23,18,27 - P23,18,19

- Bo4,19,18 + PB24,19,14

Bs32-Ps34-Poas + Poas + 2B1054 - 21056 - P116,5
+ Bi1,6,7+ Bi2,7.6 - Br2,7,2 + B20,15,14 - B20,15,16 - B21,16,15
+ Bo1,16,17 T 2B22,17,16- 2B22,17,18 - B23,18,27 + B23,18,19
+ B24,19,18 - P24,19,14

Bs,3.2 - Bs3,4-PBoas + Boas + 261054 - 2B10,5,6 - P11,6,5

+ Bi1,6,7 + Bi2,7.6 - P12,7,2 - B20,15,14 + B20,15,16 + P21,16,15
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S40

Sa1

S42

Saz

S44

Sus

S46

Sas

S49

S50

Ss2

Ss3

- B21,16,17 - 2B22,17,16 + 2B22,17,18 + B23,18,27 - B23,18,19

- Bo4,19,18 + B24,19,14

Bs,3,2 - Bs,34 + Poas-Poas + Biies - Prier + Bizre

- Bi2,7,2 + B20,15,14- B20,15,16 + PB21,16,15 - B21,16,17 + B23,18,27
- B23,18,10 + B24,19,18 - B24,10,14

Bg,3,2 - Bs34a + Poa3 - Poas + Piies - Piie,r + Biz,7.6

- Bi2,7,2 - B20,15,14 + B20,15,16 - B21,16,15 + P21,16,17 - B23,18,27
+ B23,18,19 - B24,19,18 + PB24,19,14

Bs,3,2 - Bs,3.4 + Poa3 - Poas - Pii,es + Biie,r - Biz76

+ Bi2,7,2 + B20o,15,14- B20,15,16 + P21,16,15 - B21,16,17 - P23,18,27
+ B23,18,19 - B24,19,18 + B24,10,14

Bg,3,2 - Bs,3.4 + Poas - Boas - Pies + Bie,r - Biz76

+ Bi2,7,2 - B20,15,14 + B20,15,16 - B21,16,15 + PB21,16,17 + B23,18,27
- B23,18,19 + P24,19,18 - B24,19,14

Bs,3,2 - Bs,3.4 - Boas + Boas + Biies - Biie,7 - Bi2,7,6

+ Bi2,7.2 - B20,15,14 + B20,15,16 + B21,16,15 - B21,16,17 - P23,18,27
+ B23,18,19 + B24,19,18 - B24,10,14

Bs,3,2 - Bs,3,4 - Boas + Boas + Biies - Biie,7 - Bi2,7,6

+ Bi2,7,2 + B20,15,14 - B20,15,16 - B21,16,15 + B21,16,17 + P23,18,27
- B23,18,19 - P24,19,18 + PB24,10,14

T2,1,13,14

T13,1,2,3 + T13,1,2,7 + T1,13,14,15 + T1,13,14,19

T13,1,2,3 + T13,1,2,7 - T1,13,14,15 - T1,13,14,19

172,34 - 12345 T 134,56 - T4,5,6,7 T T5,6,7,2 - 16,7,2,3

+ T19,14,15,16 - T14,15,16,17 T T715,16,17,18 -~ T16,17,18,19

+ T17,18,19,14 - T18,19,14,15

172,34 - 12345 T 13456 - T4,5,6,7 T 156,72 - 16,7,2,3

- T19,14,15,16 T T14,15,16,17 - T15,16,17,18 1 T16,17,18,19

- T17,18,19,14 1+ T18,19,14,15

T7,2,3,4 - 13,456 T T4,56,7 - 16,7,2,3 + T19,14,15,16 - T15,16,17,18
+ T16,17,18,19 - T18,19,14,15

T7,2,3,4 - 13,4,5,6 T T4,5,6,7 - ©6,7,2,3 - T19,14,15,16 T T15,16,17,18
- 116,17,18,19 T T18,19,14,15

- 17234 T 272345 - T3,4,5,6 - T4,5,6,7 T 275,6,7,2 - 16,7,2,3

- 119,14,15,16 + 2‘514,15,16,17 - 115,16,17,18 -~ 116,17,18,19
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t(ring4)

1(ringd)



+ 2717,18,19,14 - T18,19,14,15
Ss4 - T7234 T 272345 - T3,4,5,6 - T4,5,6,7 T 275,6,7,2 - 16,7,2,3 B 7(ring6)
+ T19,14,15,16 - 2714,15,16,17 + T15,16,17,18 + T16,17,18,19

- 2717,18,19,14 + T18,19,14,15

Sss T1,3,2,7 T T13,15,14,19 A Y(NC)
Ss6 11,3,2,7 - T13,15,14,19 B Y(NC)
Ss7 2712,2.7,6 - 3T11,7,6,5 T 2T10,6,5,4 - 979,5,4,3 T 278,4,3,2 A v(CH);

+ 2794,14,19,18 - 3723,19,18,17 + 2722,18,17,16
- 3721,17,16,15 1+ 2720,16,15,14

Sss 2712,2.7,6 - 3T11,7,6,5 + 2T10,6,54 - 379,543 T 278,432 B Y(CH),
- 2794,14,19,18 + 3723,19,18,17 - 2722,18,17,16
+ 3721,17,16,15 - 2720,16,15,14

Ss9 T12,2,7,6 + T11,7,6,5 T T10,6,5,4 T T9,5,4,3 T T8,4,32 T T24,14,19,18 A v(CH)3
+ T23,19,18,17 + T22,18,17,16 T T21,17,16,15 T T20,16,15,14

Se0 T12,2,7,6 + T11,7,6,5 T T10,6,5,4 T T9,5,4,3 T 78,4,3,2 - T24,14,19,18 B Y(CH),4
- T123,19,18,17 - 122,18,17,16 - 121,17,16,15 ~ 120,16,15,14

Se1 T12,2,7,6 T T11,7,6,5 - T9,5.4,3 - 18,4,3,2 + 124,14,19,18 + T23,19,18,17 A Y(CH)s
- 121,17,16,15 - £20,16,15,14

Se2 T12,2,7,6 + T11,7,6,5 - 19,5,4,3 - 18,4,3,2 - T24,14,19,18 - 123,19,18,17 B Y(CH)g
+ T21,17,16,15 T T20,16,15,14

Se3 112,2,7,6 - T11,7,6,5 T T9,5,4,3 = ©8,4,3,2 T T24,14,19,18 - T23,19,18,17 A Y(CH)7
+ T21,17,16,15 - T20,16,15,14

Se4 T12,2,7,6 - T11,7,6,5 T T9,5.4,3 - T8,4,3,2 - T24,14,19,18 + T23,19,18,17 B v(CH)g
- 121,17,16,15 1+ 720,16,15,14

Ses T12,2,7,6 - 2710,6,5,4 + T8,4,3,2 + T24,14,19,18 - 2722,18,17,16 A Y(CH)g
+ T20,16,15,14

S66 T12,2,7,6 - 2710,6,5,4 1+ T8,4,3,2 - T24,14,19,18 T 2722,18,17,16 B Y(CH)10

- 120,16,15,14

# Atom numbering is shown in Figure S1; r;; is the distance between atoms A; and Aj; Bijk is the angle
between vectors AxA; and AgAj; Tk, is the dihedral angle between the plane defined by A;, Aj, Ay and
the plane defined by A;j, Ak, Aj atoms; v - stretching, 8 - in-plane bending, vy - out-of-plane bending, T -

torsion; normalization constants not given.
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Table S7: Changes in the vibrational spectra (Max Av ), expected to occur in E-AB molecule
undergoing the zero-point vibrations along the tNNCC coordinates.®

o o o
E-Cy (-37) E-Cq;, (07) E-C; (8.5") Max. Av
Freq. Int. Freq. Int. Freq. Int.
20.31 0.08 14.80 0.03 25.10 0.12 10.30
59.24 1.35 60.89 1.41 57.03 1.38 3.87
78.22 1.91 82.27 1.89 86.84 1.80 8.62
99.16 0.04 94.84 0.00 99.79 0.00 4.95
216.44 0.00 217.13 0.00 216.82 0.00 0.69
239.90 0.24 239.02 0.00 240.52 0.00 1.50
292.71 0.34 295.18 0.62 295.93 1.16 3.23
301.93 0.28 299.61 0.00 300.25 0.00 2.32
403.13 0.00 402.65 0.00 402.44 0.27 0.69
406.68 0.06 406.15 0.00 405.94 0.00 0.74
471.49 0.16 471.35 0.00 472.41 0.00 1.07
514.96 23.52 514.51 23.49 515.30 21.90 0.78
531.22 5.94 532.11 6.25 529.81 8.13 2.30
541.75 13.20 541.30 13.67 542.75 12.77 1.44
606.20 0.00 606.79 0.00 607.56 0.00 1.36
612.57 0.62 613.25 0.65 613.95 0.60 1.38
664.47 0.00 664.71 0.00 664.97 0.00 0.49
682.25 0.12 681.66 0.00 682.25 0.00 0.59
686.00 76.74 685.25 76.76 685.72 77.59 0.75
759.96 0.33 759.14 0.00 758.56 0.00 1.40
780.50 48.44 779.96 48.34 779.42 49.68 1.08
819.22 0.58 819.67 0.57 819.70 0.68 0.47
832.63 0.05 831.34 0.04 830.89 0.97 1.74
834.11 0.06 832.83 0.00 832.36 0.00 1.75
913.01 0.11 913.53 0.00 910.23 0.00 3.30
922.30 0.08 921.74 0.00 924.51 0.00 2.77
928.60 7.23 927.64 7.25 927.05 8.32 1.55
963.05 0.00 961.94 0.00 960.72 0.72 2.33
963.81 0.07 962.71 0.00 961.59 0.00 2.21
980.14 0.08 979.35 0.00 978.29 0.00 1.85
980.65 0.45 979.82 0.42 978.58 1.31 2.06
993.46 3.22 993.43 3.39 993.65 3.05 0.22
993.47 0.00 993.45 0.00 993.66 0.00 0.21
1016.56 13.50 1017.07 13.51 1017.75 12.87 1.19
1017.46 0.00 1017.81 0.00 1018.56 0.00 1.10
1067.92 0.04 1068.55 0.00 1069.03 0.00 1.12
1072.38 15.17 1072.93 15.24 1073.43 15.31 1.05
1125.25 0.00 1125.47 0.00 1125.91 0.00 0.66
1139.69 31.50 1139.64 32.13 1140.23 29.27 0.60
1149.56 0.00 1149.90 0.00 1150.15 0.00 0.59
1149.67 0.36 1149.94 0.45 1150.25 0.35 0.58
1176.80 0.00 1176.86 0.00 1177.12 0.00 0.32
1224.84 20.33 1225.11 20.38 1224.70 18.63 0.41
1295.41 1.77 1295.23 1.69 1295.38 1.58 0.19
1298.70 0.00 1298.84 0.00 1298.56 0.00 0.28
1352.21 6.47 1352.63 6.52 1353.04 6.02 0.82
1355.19 0.01 1355.67 0.00 1356.06 0.00 0.87
1419.50 0.02 1419.60 0.00 1421.61 0.00 2.11
1445.58 13.04 1445.97 13.10 1446.71 12.75 1.12
1457.33 0.02 1457.74 0.00 1458.30 0.00 0.96
1471.96 9.57 1472.78 9.41 1473.28 9.56 1.32
1482.95 0.00 1483.14 0.00 1483.94 0.00 0.99
1577.42 3.92 1577.63 3.82 1578.09 3.73 0.67
1581.47 0.00 1581.57 0.00 1581.55 0.00 0.10
1594.13 5.98 1594.80 6.17 1595.40 5.80 1.28
1597.60 0.00 1598.22 0.00 1598.88 0.00 1.29
3103.99 4.76 3103.81 5.01 3104.05 4.79 0.24
3104.06 0.01 3103.88 0.00 3104.12 0.00 0.25
3114.16 17.29 3113.91 16.99 3113.87 17.10 0.29
3114.17 0.05 3113.94 0.00 3113.88 0.00 0.29
3124.15 30.52 3123.91 30.57 3124.13 30.19 0.24
3124.22 0.01 3123.96 0.00 3124.20 0.00 0.26
3133.55 39.66 3133.31 40.48 3133.33 39.66 0.23
3133.76 0.03 3133.54 0.00 3133.53 0.00 0.23
3141.79 14.46 3142.48 13.87 3141.69 14.14 0.79
3141.82 0.03 3142.51 0.00 3141.73 0.00 0.78

& Middle column (E-Cg},) ~geometry at the minimum, left (E-Cy) and right (E-C;) columns — geometries

corresponding to the geometric limits of the zero-point vibrations along the TNNCC coordinates
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Table S8: Changes in the vibrational spectra (Max Av ), expected to occur in Z-AB molecule
undergoing the zero-point vibrations along the tNNCC coordinates.®

o o o
Z-Cqy (42.2°) Z-Cy (49.3°) Z-Cqy (57.2°) Max. Av
Freq. Int. Freq. Int. Freq. Int.
46.55 1.40 50.37 1.41 54.63 1.45 8.07
51.22 0.02 50.78 0.01 47.79 0.00 3.42
73.28 0.48 68.18 0.48 63.17 0.47 10.11
154.46 4.63 151.43 3.91 146.80 2.93 7.66
180.31 0.15 171.04 0.19 159.94 0.24 20.37
270.46 5.88 265.02 0.23 259.28 0.22 11.18
271.22 0.23 278.54 5.74 287.22 5.61 16.00
398.07 3.77 397.20 4.44 395.86 4.84 2.21
403.43 0.02 400.30 0.05 397.29 0.08 6.14
410.59 2.85 418.29 3.16 426.65 3.52 16.06
444.10 6.91 438.84 4.84 431.81 2.79 12.29
495.83 5.06 494.90 4.68 493.65 4.39 2.18
527.40 0.09 531.77 0.23 535.68 0.47 8.28
590.75 5.49 592.44 5.15 594.03 4.45 3.28
611.61 0.03 612.25 0.04 612.77 0.06 1.16
613.92 0.12 615.87 0.29 618.48 0.53 4.56
686.61 39.33 686.99 31.26 685.46 3.01 1.53
687.65 18.43 688.21 19.56 689.57 20.50 1.92
696.10 58.15 691.69 67.78 689.05 95.74 7.05
748.18 0.03 746.08 0.03 742.78 0.21 5.40
761.64 38.69 760.20 32.06 758.20 26.00 3.45
768.27 11.25 768.51 12.42 768.33 14.23 0.24
822.39 7.87 820.78 5.62 820.80 4.38 1.61
824.26 1.43 822.95 1.50 822.35 1.36 1.91
829.11 2.47 831.57 2.82 833.26 1.71 4.15
903.71 0.17 901.35 0.32 899.75 0.64 3.95
907.88 21.70 906.22 20.45 906.08 18.77 1.80
950.55 0.74 947.99 0.35 946.72 0.26 3.82
950.77 0.27 948.52 0.28 946.83 0.22 3.93
968.79 0.60 967.52 0.60 966.60 0.69 2.19
968.84 0.05 967.68 0.05 966.78 0.05 2.06
992.29 0.41 992.62 0.38 992.91 0.32 0.62
992.81 1.09 993.27 1.18 993.69 1.31 0.88
1023.73 4.41 1024.25 4.52 1024.86 4.92 1.14
1024.38 2.06 1024.80 2.17 1025.27 2.29 0.89
1074.91 13.05 1074.74 13.31 1074.66 13.32 0.25
1076.57 1.49 1076.51 1.15 1076.81 0.84 0.30
1108.07 0.06 1112.68 0.19 1116.78 0.50 8.71
1133.70 2.16 1134.99 1.84 1135.64 1.27 1.94
1150.56 0.00 1150.68 0.03 1150.90 0.09 0.34
1150.87 0.19 1150.85 0.14 1150.95 0.09 0.10
1170.91 0.65 1170.19 0.76 1169.66 0.83 1.26
1172.22 0.17 1171.00 0.18 1169.87 0.29 2.35
1296.67 1.90 1296.26 1.95 1295.90 1.86 0.77
1300.69 0.12 1301.34 0.06 1302.18 0.01 1.49
1340.87 1.72 1340.50 2.34 1340.32 2.46 0.55
1348.55 0.02 1347.14 0.05 1345.89 0.06 2.66
1439.07 8.48 1438.64 7.37 1437.93 6.63 1.14
1445.17 4.09 1445.44 3.01 1445.51 2.13 0.34
1462.07 0.65 1463.36 1.51 1464.77 2.80 2.70
1469.79 5.32 1469.71 4.85 1469.88 4.88 0.17
1512.98 51.47 1520.25 47.36 1528.20 40.64 15.22
1570.34 4.33 1571.00 4.83 1572.25 5.53 1.92
1576.76 0.46 1578.19 0.50 1580.22 0.51 3.46
1590.72 1.54 1590.78 2.22 1590.61 3.49 0.17
1595.62 3.42 1596.13 4.13 1596.29 4.97 0.67
3105.89 2.15 3105.96 1.94 3106.02 1.81 0.13
3106.03 0.62 3106.07 0.61 3106.07 0.59 0.03
3113.70 9.09 3113.48 8.33 3113.25 7.88 0.45
3113.78 1.39 3113.56 0.85 3113.32 0.52 0.47
3124.37 14.92 3123.85 13.91 3123.48 12.76 0.89
3124.41 4.77 3123.93 5.03 3123.59 5.57 0.82
3131.93 36.49 3131.05 33.06 3130.35 30.92 1.58
3132.17 0.53 3131.27 0.23 3130.55 0.26 1.62
3136.59 6.96 3135.76 10.61 3135.56 12.17 1.04
3136.75 4.31 3135.86 5.54 3135.62 6.43 1.13

4 Middle column (49.3°) —geometry at the minimum, left (42.2°) and right (57.2°) columns — geometries

corresponding to the geometric limits of the zero-point vibrations along the TNNCC coordinates
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