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Supplementary Figure Captions

Fig. S1 A comparison of the Infrared absorption spectra recorded for ZnPc isolated in an Ar
matrix at 14 K and in a KBr pellet at room temperature. Other than having larger bandwidths and
consistent red-shifting, the most pronounced difference in the KBr spectrum is the increased
intensity of the 727 cm™ band relative to its matrix equivalent at 732.7 cm™ in Ar (739.9 cm™ in
N_2). As found in H,Pc, the observed difference in the two host media is an indication of the

presence of ZnPc aggregates in KBr samples.

Fig. S2 DFT predictions of the isotope dependence for both the IR and Raman-active out-of-plane
bending (OPB) and in-plane bending (IPB) modes of H,Pc and D,Pc. The mode correlations were
generated by conducting frequency calculations in the mass range 1 to 2 amu in 0.05 amu

increments. As indicated, the OPB exhibits a simpler behaviour where a single, nearly “pure” N-

H mode can be identified, while several of the IP bending modes involve N-H motion.

Fig. S3 Vector displacement representations of the four highest energy out-of-plane N-H normal
modes shown in Fig. 12 for H,Pc and D,Pc. The frequencies provided are unscaled DFT values.
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Table S1: Bond lengths and angles determined for H,Pc and ZnPc from DFT calculations.
The atom labelling system used is provided in Fig. 1

H,Pc ZnPc
Lengths Exp' B3LYP Exp® B3LYP
N-H(Zn) 0.923  1.009 1.980  1.998
N-Cq 1.377  1.375 1.369  1.369
Co-Nm 1.326  1.313 1.331  1.327
Ca- Cp 1.453  1.450 1.455  1.459
Cg- Cp 1.398  1.409 1.400  1.407
Cg- C, 1.388  1.394 1.393  1.391
C,- Cs 1.380  1.386 1.391  1.390
Cs- Cs 1.398  1.406 1.396  1.403
C,- Hi 0.950  1.080 NA 1.080
Cs- H, 0.950  1.081 NA 1.081
N'-Cq 1.369  1.362
Ca- N 1.327  1.332
Cq- Cp: 1.460  1.465
Cg- Cp: 1.395  1.400
Cg- Cy 1.391  1.389
C,- Cs 1.387  1.392
Cs- Cs 1.393  1.401
C,- Hr 0.950  1.081
Cs- Hy: 0.951  1.081
Angles
H(Zn)-No-C, 1285 123.736 125.4  125.057
N-Co- Nim 129.1  128.100 127.8  127.456
Ca-N-Cyq 109.8 112527 109.1  109.887
N-Co-Cg 108.1 106.135 108.8  108.452
Ca-Cp-Cs 107.4  107.601 106.6  106.605
Cp-Cg-C, 120.7  120.960 121.3  121.021
Cp-C,-Cs 117.7  117.829 117.3  117.836
C,-Cs-Cs 121.6  121.211 121.5 121.144
Cg-C,-Hi 121.2  120.586 NA  120.709
C,-Cs-H, 119.2  119.622 NA  119.638
N'-Cq- N 128.4 121.688
Co-N'-Cq 108.0 107.226
N'-Cq-Cg: 109.5 110.697
Co-Cp-Cp 106.8  105.690
Cp-Cp-Cy 121.8 121.223
Cp-Cy-Cy 117.0 117.670
C,-Cs-Cs: 121.3  121.107
Cg-Cy-Hyr 1215 120.925

Cy-Cs-Ha 119.3 119.636
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Table S2. DFT B3LYP / 6-311++G(2d,2p) computed Infra-red frequencies (v, cm™) and
intensities (km/mole) for H,Pc, D,Pc and ZnPc. The symmetry labels listed for D,Pc are also valid
for H,Pc. Both have the z-axis perpendicular to the molecular plane as explained in Ref. 28.

H,Pc D,Pc ZnPc vu/ vp
Vi Int Vb Int Sym Vzn Int Sym | Ratio

1 122.96 4.73 122.90 473 B3u 120.61 3.60 Eu 1.0005
2 283.07 8.16 282.74 8.09 B3u 306.37 2.51 Eu 1.0012
3 502.57 6.18 502.48 6.30 B3u 511.37 7.87 Eu 1.0002
4 567.38 2.59 564.42 1.59 B3u 585.85 10.37 Eu 1.0052
5 632.31 38.21 630.00 41.13 B3u 652.85 7.78 Eu 1.0037
6 746.46 74.09 743.13 70.60 B3u 768.00 61.07 Eu 1.0045
7 799.06 9.49 796.68 11.85 B3u 814.13 0.81 Eu 1.0030
8 891.84 69.19 889.97 67.59 B3u 906.01 55.53 Eu 1.0021
9 | 1028.73 1.99 1028.57 1.17 B3u 1030.03 11.40 Eu 1.0002
10 | 1037.22 661.50 | 1037.12 660.35 B3u [ 1111.13 174.45 Eu 1.0001
11 | 1086.86 0.64 1085.32 0.94 B3u 1084.48 153.67 Eu 1.0014
12 | 1131.89 75.42 1130.74 71.07 B3u | 1138.25 146.17 Eu 1.0010
13 | 1186.12 13.25 1185.99 14.29 B3u 1190.02 30.39 Eu 1.0001
14 | 1209.22 0.53 1205.74 1.17 B3u 1210.25 2.10 Eu 1.0029
15 | 1312.67 52.22 1312.06 50.11 B3u 1320.40 49.72 Eu 1.0005
16 | 1338.84 11.65 1330.91 0.00 B3u 1343.80 21.81 Eu 1.0060
17 | 1358.84 176.97 | 1355.29 186.12 B3u 1359.59 233.93 Eu 1.0026
18 | 1429.46 22.07 1427.69 16.16 B3u 1436.61 56.00 Eu 1.0012
19 | 1490.66 61.09 1490.66 60.72 B3u 1491.01 32.70 Eu 1.0000
20 | 1504.98 0.51 1504.97 0.43 B3u 1509.13 0.14 Eu 1.0000
21 | 1531.54 119.23 1531.48 121.27 B3u 1511.62 97.41 Eu 1.0000
22 | 1610.84 4.40 1610.83 4.49 B3u 1615.53 8.41 Eu 1.0000
23 | 1639.07 10.05 1639.07 10.13 B3u 1641.29 10.73 Eu 1.0000
24 | 3172.80 5.45 3172.80 5.45 B3u 3173.97 5.98 Eu 1.0000
25 | 3190.06 27.20 3190.06 27.29 B3u 3187.58 30.09 Eu 1.0000
26 | 3200.16 12.59 3200.16 12.63 B3u 3201.49 9.71 Eu 1.0000
27 | 3207.80 37.96 3207.81 37.34 B3u 3204.81 46.69 Eu 1.0000
28 | 3556.22 133.75 | 2613.61 112.94 B3u 250.27 5.38 Eu 1.3607
1 121.79 3.64 121.49 3.60 B2u 120.61 3.60 Eu 1.0025
2 275.06 0.11 272.15 0.05 B2u 306.37 2.51 Eu 1.0107
3 499.06 2.13 489.42 0.71 B2u 511.37 7.87 Eu 1.0197
4 560.32 0.01 555.40 0.59 B2u 585.85 10.37 Eu 1.0089
5 633.47 5.87 632.04 3.54 B2u 652.85 7.78 Eu 1.0023
6 750.80 67.97 735.93 84.69 B2u 768.00 61.07 Eu 1.0202
7 804.11 2.69 804.12 2.64 B2u 814.13 0.81 Eu 1.0000
8 854.68 0.25 779.19 2.07 B2u 906.01 55.53 Eu 1.0969
9 | 1029.32 10.98 1029.37 14.31 B2u | 1030.03 11.40 Eu 0.9999
10 | 1068.39 28.79 981.15 88.55 B2u | 1111.13 174.45 Eu 1.0889




Supplementary Material for PCCP
This journal is © The Owner Societies 2010

11 | 1109.04 217.46 | 1096.50 111.67 B2u | 1084.48 153.67 Eu 1.0114
12 | 1139.58 133.14 | 1136.89 51.27 B2u | 1138.25 146.17 Eu 1.0024
13 | 1181.40 2.22 1170.12 31.92 B2u | 1190.02 30.39 Eu 1.0096
14 | 1214.60 29.43 1212.99 0.05 B2u | 1210.25 2.10 Eu 1.0013
15 | 1286.42 19.32 1216.31 60.00 B2u 250.27 5.38 Eu 1.0576
16 | 1334.09 37.10 1332.63 99.85 B2u | 1320.40 49.72 Eu 1.0011
17 | 1339.90 114.76 | 1337.88 80.48 B2u | 1343.80 21.81 Eu 1.0015
18 | 1370.56 116.07 | 1370.13 115.59 B2u | 1436.61 56.00 Eu 1.0003
19 | 1473.48 96.92 1467.63 102.11 B2u | 1491.01 32.70 Eu 1.0040
20 | 1513.99 7.08 1513.36 10.79 B2u | 1509.13 0.14 Eu 1.0004
21 | 1529.99 31.61 1529.04 34.70 B2u | 1511.62 97.41 Eu 1.0006
22 | 1567.89 8.45 1545.90 1.58 B2u | 1359.59 233.93 Eu 1.0142
23 | 1625.98 12.78 1625.82 13.77 B2u | 1615.53 8.41 Eu 1.0001
24 | 1646.78 14.96 1646.66 14.17 B2u | 1641.29 10.73 Eu 1.0001
25 | 3176.56 6.92 3176.56 6.92 B2u | 3173.97 5.98 Eu 1.0000
26 | 3186.53 33.00 3186.53 33.00 B2u | 3187.58 30.09 Eu 1.0000
27 | 3203.63 47.26 3203.62 47.28 B2u | 3204.81 46.69 Eu 1.0000
28 | 3204.82 9.17 3204.82 9.16 B2u | 3201.49 9.71 Eu 1.0000
1 19.90 0.00 19.90 0.00 Blu 22.37 0.00 B2u | 1.0000
2 38.47 1.53 38.26 1.50 Blu 31.61 0.57 A2u | 1.0055
3 136.17 0.38 136.10 0.40 Blu 134.30 0.00 B2u | 1.0005
4 217.25 7.15 214.18 7.83 Blu 249.71 0.02 A2u | 1.0143
5 256.63 1.70 255.90 1.58 Blu 249.91 0.00 B2u | 1.0029
6 340.23 1.66 340.23 1.66 Blu 352.00 2.18 A2u | 1.0000
7 431.00 0.26 430.99 0.22 Blu 433,57 0.00 B2u | 1.0000
8 44431 14.38 443.68 15.75 Blu 446.22 1241 A2u | 10014
9 704.03 478 704.28 4.03 Blu 715.88 0.00 B2u | 0.9997
10 | 740.49 127.16 746.78 248.74 Blu 748.97 24681  A2u | 09916
11| 778.36 184.33 566.31 18.00 Blu 122.63 11.08  A2u | 13744
12 784.63 23.57 784.59 15.03 Blu 788.29 0.00 B2u | 1.0000
13 | 804.01 4.93 795.67 23.91 Blu 797.02 3145  A2u | 10105
14 | 975.37 1.84 975.37 1.88 Blu 978.41 3.74 A2u | 1.0000
15 980.94 1.97 980.93 1.82 Blu 977.91 0.00 B2u | 1.0000
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Table S3: DFT B3LYP / 6-311++G(2d,2p) computed Raman frequencies (cm™) and
scattering activities (A*/amu) for H,Pc, D,Pc and ZnPc. The symmetry labels listed for D,Pc
are also valid for H,Pc. As in the previous table, the symmetry labels used have, as explained
in Ref. 28, the z-axis perpendicular to the molecular plane in all cases. The values shown in
italics represent the best mode association between H,Pc, D,Pc and ZnPc.

H,Pc D,Pc ZnPc i/ vp
VH Int Vb Int Sym Vzn Int Sym Ratio

1 ]132.88 32.17 132.66 32.12 Ag 157.58 19.82 Blg 1.0016
2 | 229.72 74.90 229.34 74.54 Ag 258.37 76.58 Alg 1.0016
3 | 551.31 38.40 550.28 39.46 Ag 562.60 8.86 Blg 1.0019
4 | 577.52 49.75 575.39 47.62 Ag 600.07 116.02 Alg 1.0037
5 | 690.37 377.39 690.31 382.41 Ag 689.90 31835 Alg 1.0001
6 | 743.52 1177.46 739.95 1131.63 Ag 764.79 928.75 Blg 1.0048
7 | 779.27 14.02 778.65 30.22 Ag 788.74 380.92 Blg 1.0008
8 | 810.69 172.30 805.98 178.69 Ag 851.61 17277 Alg 1.0058
9 11029.03 242.78 1028.88 255.13 Ag 1029.79 244,29  Blg 1.0001
10 [1029.67 562.80 1029.62 553.30 Ag 1030.45 52733 Alg 1.0000
11 (1138.32  1089.91 113553 1036.39 Ag 1146.80 1266.13 Alg 1.0025
12 [1164.00  2523.97 1162.81  2528.87 Ag | 1164.30 284476  Blg 1.0010
13 [1185.19 352.54 1185.16 348.43 Ag 1186.33 409.97 Alg 1.0000
14 [1203.96 998.66 1200.75 665.94 Ag 1202.09 1319.63 Blg 1.0027
15 [1327.29  5525.98 1323.34  5987.30 Ag 1323.12 518151 Blg 1.0030
16 [1360.92  2581.95 1355.50 2828.61 Ag 1363.78 210253 Alg 1.0040
17 [1373.33  2815.23 1373.11  2646.15 Ag 1368.90 1713.40 Blg 1.0002
18 [1422.37 479.56 1419.24 371.63 Ag 1421.41 588.56 Alg 1.0022
19 [1460.91 490.84 1460.85 477.32 Ag 1455.62 478.64 Alg 1.0000
20 [1481.64  1758.49 1481.63 1759.71 Ag | 1478.71 2000.23 Blg 1.0000
21 [1541.07 1810.91 1541.07 181539 Ag 1529.73 689.94  Alg 1.0000
22 |1582.92 18943.34 1582.77 18899.00 Ag | 1557.23  19777.07 Blg 1.0001
23 [1611.42 108.35 1611.42 108.39 Ag | 1614.66 85.11 Blg 1.0000
24 11626.52 39.91 1626.51 40.21 Ag | 1617.53 121.12 Alg 1.0000
25 [3186.54 633.00 3186.54 633.07 Ag | 3187.54 67471 Blg 1.0000
26 |3190.08 678.73 3190.08 678.62 Ag | 3187.64 626.18 Alg 1.0000
27 |3203.69 717.09 3203.69 717.21 Ag | 3204.75 97.81 Blg 1.0000
28 |3207.86 785.98 3207.86 786.17 Ag | 3204.99 144468 Alg 1.0000
29 [3612.04 13.17 2649.28 35.98 Ag 1.3634
1 | 56.85 0.09 56.85 0.09 B3g 60.13 0.15 Eg 1.0000
2 | 126.40 5.39 126.40 5.39 B3g 125.24 5.12 Eg 1.0000
3 | 232.80 1.96 232.80 1.96 B3g 235.35 2.24 Eg 1.0000
4 | 287.33 0.07 287.33 0.07 B3g 288.36 0.04 Eg 1.0000
5 | 430.59 0.02 430.59 0.02 B3g 433.50 0.00 Eg 1.0000
6 | 503.88 0.01 503.88 0.01 B3g 508.73 0.03 Eg 1.0000
7 | 648.09 0.01 648.09 0.01 B3g 659.12 0.03 Eg 1.0000
8 | 740.37 0.42 740.37 0.42 B3g 739.11 0.40 Eg 1.0000
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9 | 793.08 16.26 793.08 1626 B3g | 792.07 1668  Eg 1.0000
10 | 802.06 6.87 802.06 687 B3g | 809.00 2.40 Eg 1.0000
11 | 896.46 0.48 896.46 048 B3g | 897.77 0.40 Eg 1.0000
12 | 975.36 0.02 975.36 002 B3g | 978.15 0.26 Eg 1.0000
13 [1008.46 0.4 100846 044  B3g | 1006.68 0.21 Eg 1.0000
1 | 5287 0.15 52.47 016  B2g| 60.13 0.15 Eg 1.0075
2 | 116.84 4.44 116.46 438  B2g | 12524 5.12 Eg 1.0032
3 | 22035 2.67 214.42 264  B2g| 23535 2.24 Eg 1.0276
4 | 27188 0.02 271.83 003  B2g| 28836 0.04 Eg 1.0002
5 | 431.40 0.07 430.37 009  B2g| 43350 0.00 Eg 1.0024
6 | 505.86 0.02 511.42 000  B2g| 50873 0.03 Eg 0.9891
7 | 657.47 0.16 659.10 018  B2g| 659.12 0.03 Eg 0.9975
8 | 680.33 0.04 495.23 003  B2g 1.3738
9 | 73047 1.60 729.66 162  B2g | 739.11 0.40 Eg 1.0011
10 | 786.56 15.21 786.54 1519  B2g | 792.07 1668  Eg 1.0000
11 | 810.37 0.90 810.28 087  B2g| 809.00 2.40 Eg 1.0001
12 | 898.03 0.30 898.03 030 B2g| 897.77 0.40 Eg 1.0000
13 | 980.86 0.72 980.85 071  B2g| 978.15 0.26 Eg 1.0000
14 |100459 0.2 1004.59 012  B2g | 1006.68 0.21 Eg 1.0000
1| 8478 5.07 84.24 493  Bilg | 11254 1292  B2g 1.0064
2 | 181.25 28.90 179.15 2805 Blg [ 23186 3149  B2g 1.0117
3 | 211.90 1.34 211.68 169 Blg | 21389 0.00  A2g 1.0011
4 | 48758 13453 486.28 13850 Blg | 489.67 115.86  B2g 1.0027
5 | 580.49 1.99 563.31 181 Blg | 58859 0.00  A2g 1.0305
6 | 612.25 0.58 599.53 001 Blo [ 629.19 0.00  A2g 1.0212
7 | 699.34 3.15 696.47 236 Blog | 70163 469  B2g 1.0041
8 | 841.82 1.14 880.30 000 Blg | 864.41 0.00  A2g 0.9563
9 | 907.44 1.12 762.54 527 Blg 1.1900
10 [1049.73  227.80 1007.27 13425 Blg | 105658 11599  B2g 1.0422
11 [1106.98  43.02 106851  65.13 Blg | 963.56 4227  B2g 1.0360
12 |1121.65 0.12 1117.37 2974 Blg | 111617 0.00  A2g 1.0038
13 |113251 41186 | 113215 42496 Blg | 113191 37542 B2g 1.0003
14 (121142  271.33 121142  260.77 Bl9 | 1208.88 0.00  A2g 1.0000
15 [122356 52038 | 119140 5866 Bl9 | 1157.23 000  A2g 1.0270
16 [1258.70  73.14 1237.35 53553 Blg | 123204 74176 B2g 1.0173
17 |132250 15625 | 132234 14567 Blg | 1325.10 000  A2g 1.0001
18 [1339.32  336.17 1339.09 35325 Blg | 133144 45481 B2g 1.0002
19 |1458.98  554.95 | 145244 56844 Bl9 | 1457.03 32328 B2g 1.0045
20 |1504.73  81.21 150473 8233  Blg | 1507.69 0.00  A2g 1.0000
21 |1515.01 16752 | 151497 161.82 B0 [ 150964 22251 B2g 1.0000
22 |1565.84 3.16 154962 1384 Blg | 1484.87 0.00  A2g 1.0105
23 1639.07 0.05 1638.96 012 Blg [ 1640.17 0.00  A2g 1.0001
24 |1646.82 7175 1646.71 7182 Blg | 164250 31.02  B2g 1.0001
25 |3172.80  189.65 | 3172.80  189.66 B0 [ 3173.95 000  A2g 1.0000
26 |3176.57  219.98 317657 21998 Blg | 317399 40078  B2g 1.0000
27 |3200.16  164.45 | 320016 16445 B0 [ 3201.40 000  A2g 1.0000
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|28 |3204.82 170.82 320482 17078 B9 | 320157 344.47  B2g 1.0000
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