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Table S1: Gaussian!!! keywords employed in the different calculations.

Level of approximation Employed keywords

b3lyp, int=superfine, empiricaldispersion=gd3bj, aug-cc-pVTZ,

B3LYP-D3(BJ)/aVTZ .
fopt=verytight, freq=raman or freq=anharm

CCSD(T)/aVTZ cesd-t, aug-cc-pVTZ

PN, (3.2) PN, (3.4)

Figure S1: Stable structures found for the mixed dimer of pyrrole and nitrogen optimised
at the B3LYP-D3(BJ)/aVTZ level. Relative energies in kJmol™! calculated
from CCSD(T)/aVTZ single-point calculations and harmonic zero-point vi-
brational energy from B3LYP-D3(BJ)/aVTZ are given in parentheses.
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Figure S2: Stable structures found for the mixed trimer of pyrrole and two nitrogen
molecules optimised at the B3LYP-D3(BJ)/aVTZ level. Relative energies
in kJmol™! calculated from CCSD(T)/aVTZ single-point calculations and
harmonic zero-point vibrational energy from B3LYP-D3(BJ)/aVTZ are given
in parentheses.
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Figure S3: Stable structures found for the mixed tetramer of pyrrole and three nitrogen
molecules optimised at the B3LYP-D3(BJ)/aVTZ level. Relative energies
in kJmol~! calculated from CCSD(T)/aVTZ single-point calculations and
harmonic zero-point vibrational energy from B3LYP-D3(BJ)/aVTZ are given

in parentheses.
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Figure S4: Stable structures found for the mixed pentamer of pyrrole and four nitrogen
molecules optimised at the B3LYP-D3(BJ)/aVTZ level. Relative energies
in kJmol™! calculated from CCSD(T)/aVTZ single-point calculations and
harmonic zero-point vibrational energy from B3LYP-D3(BJ)/aVTZ are given

in parentheses.
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Figure S5: Stable structures found for the mixed hexamer of pyrrole and five nitrogen
molecules optimised at the B3LYP-D3(BJ)/aVTZ level. Relative energies
in kJmol™! including harmonic zero-point vibrational energy are given in
parentheses.



Table S2: Theoretically predicted properties of stable P and Ng aggregates such as har-
monic (wnp) and anharmonic (Zng) NH stretching wavenumbers, lowest pre-
dicted harmonic (wr,) and anharmonic (#1,) wavenumbers in cm™!, harmonic
(S,) and anharmonic (S,) infrared band strengths in km mol~!, spectroscopic
shifts (Awnm, ADnn) relative to the pyrrole monomer in cm™!, as well as rel-
ative electronic and harmonically zero-point corrected energies AF, and AFEj
compared to the most stable cluster conformation in kJmol~!. All properties
were calculated at the B3LYP-D3(BJ)/aVTZ level. Only the electronic en-
ergy was taken from CCSD(T)/aVTZ single-point calculations for all clusters
except hexamers.

Structure wNH @ So Awna wi DUNH S, ADnm U, AE, AE,
P 3674 65 - 496 3508 51 - 492 - -
3669 72 -5
PP 17 - - - - - -

3598 324 76

3553 631 —121
PPP 3663 631 —121 22 - - - - - -
3536 0 —138

PN, 3674 65 0 21 3507 51 -1 18810 0.0 0.0
PNy 3669 206 -5 11 3506 133 -2 20 0.8 0.7
PNc 3674 65 0 19 3510 52 2 —58 4.1 3.2
PNc 3674 67 0 16 3517 52 9 —24 4.3 3.4
PN N, 3673 65 -1 18 3517 52 9 132 0.0 0.0
PN, Ny 3668 210 —6 10 3505 131 -3 -22 0.4 0.5
PN, Ng 3675 94 1 8 3508 69 0 23 0.7 0.5
PNuNy 3679 166 5 16 3530 121 22 137 2.2 1.7
PN.N, 3674 67 0 7 3517 54 9 —667 3.0 2.3
PN.N, 3673 65 -1 17 3513 51 ) -13 2.9 2.3
PNuNc 3669 207 -5 6 3510 123 2 —146 4.9 4.1
PNuN¢ 3669 213 -5 7 3514 139 6 -92 5.1 4.3
PN¢Ne 3674 67 0 10 3521 53 13 —11 8.2 6.5
PNcNe 3674 65 0 11 3526 49 18 25 8.4 6.7
PN,N,Ny 3667 214 -7 9 - - - - 0.0 0.0
PN, NNy 3674 98 0 12 - - - - 0.5 0.1
PN, NNy 3677 100 3 11 - - - - 0.8 0.3
PN, NN, 3672 65 -2 15 - - - - 2.9 2.0
PN.N, N, 3673 67 -1 7 - - - - 3.0 2.1
PN.N,Ny 3675 97 1 10 - - - - 3.6 2.5
PN,N,Ny 3668 209 —6 6 - - - - 3.4 2.7
PN, NNy 3668 214 —6 7 - - - - 3.5 2.7
PN, N;N¢ 3672 65 -2 1 - - - - 3.7 2.8



PN,.N, Ny 3675 92 1 10 3.8 2.8
PN,N N, 3673 67 -1 17 4.4 3.2
PN,N,.N¢ 3672 67 -2 4 4.3 3.3
PN.N N, 3673 65 —1 13 5.9 4.4
PNuNuN¢ 3678 165 4 8 6.1 4.7
PNyNyN¢g 3679 172 5 7 6.7 5.1
PNyNceNe 3668 214 —6 6 9.1 7.3
PNygNeNe 3668 208 —6 5 9.1 7.5
PNcNeNce 3673 67 —1 5 12.2 9.5
PN, N NgNqg 3676 122 2 10 0.1 0.0
PN, N, NygNy 3676 104 2 9 0.0 0.1
PN, N, NyNgy 3678 168 4 4 0.1 0.3
PN,N,.N, Ny 3667 219 -7 7 2.5 2.4
PN,N,.NygN¢g 3666 214 -8 2 3.3 3.2
PN,N.NugN¢g 3666 221 -8 5 3.9 3.7
PN,.N,N,N, 3673 69 -1 6 4.9 3.9
PN, N,NyN¢ 3668 221 —6 6 5.7 4.9
PN, N,N,Ng 3667 211 -7 5 5.9 5.2
PN,N,.NcN¢g 3672 65 —2 1 7.2 6.1
PNuNcNeN¢ 3668 215 —6 5 12.6  10.7
PN, N NgNygNyg 3674 142 0 3 0.0 0.0
PN, N, NygNygNyg 3674 174 0 8 0.1 0.1
PN, N,N,NgNyg 3675 98 1 9 1.5 1.5
PN,N,.N,NyNyg 3676 106 2 4 2.2 2.0
PN,N,.N,NygNyg 3676 126 2 10 2.6 2.3
PN,N,.N,NgNyg 3678 171 4 1 2.7 2.5
PN, N, NygNyNc 3677 166 3 4 3.2 3.1
PN, N NygNyNe 3676 107 2 4 3.4 3.1
PN, N,N,.NgNyg 3675 100 1 11 3.9 3.5
PN,.NNgNygNe 3678 173 4 3.8 3.6
PN,N,.N,NgNyg 3675 91 1 4.3 3.8
PN, N,.N,N.Nyg 3666 224 -8 4.4 4.0
PN,.N,.N,N.N, 3672 67 -2 14 4.9 4.2
PN,.N.N,N.Nc 3672 69 -2 7 5.9 4.9
PN, N,.NyNyNe 3677 107 3 1 5.7 5.0
PN,N.N,N,Ng 3667 215 -7 5 6.2 5.6




Table S3: Cartesian coordinates (in A) of computed P monomer from B3LYP-

D3(BJ)/aVTZ geometry optimisations in Gaussian 09 Revision E.01.

P
C | 0.33057 1.12258 0.00005
C | —0.98003 0.71094  0.00008
C | —0.98004 —0.71093 0.00000
C | 0.33056 —1.12258 —0.00008
N | 1.1185 —0.00001 —0.00005
H | 212156 —0.00001 —0.00009
H| 0.7621 2.10731 0.00009
H | —1.8413 1.3561 0.00015
H | —1.84132 —1.35608 0.00000
H | 0.76207 —2.10732 —0.00015




Table S4: Cartesian coordinates (in A) of computed PP dimer from B3LYP-
D3(BJ)/aVTZ geometry optimisations in Gaussian 09 Revision E.01.

PP

DIDD DDz @m@f@oDEDZ2aoaaaa

—0.71416
0.48597
0.48597

—0.71416

—1.43493

—2.32343

—1.10650
1.26893
1.26893

—1.10650
0.48597
0.18765
0.18765
0.48597
0.66923
0.85518
0.58351

—0.00443

—0.00443
0.58351

—1.89023  1.12198
—2.42219  0.71210
—2.42219 —-0.71210
—1.89023 —1.12198
—1.57833  0.00000
—1.11178  0.00000
—1.70755  2.10585
—2.78068  1.35740
—2.78068 —1.35740
—1.70755 —2.10585
1.70142 1.11946
2.98101 0.71090
298101  —0.71090
1.70142  —1.11946
0.93630 0.00000
—0.05357  0.00000
1.27748 2.10266
3.82041 1.35666
3.82041  —1.35666
1.27748  —2.10266




Table S5: Cartesian coordinates (in A) of computed PPP trimer from B3LYP-
D3(BJ)/aVTZ geometry optimisations in Gaussian 09 Revision E.01.

PPP
C | —2.18953 —0.23303  1.11855
C | —2.74811 —1.42552  0.71223
C | —2.74811 —1.42552 —0.71223
C | —2.18953 —0.23303 —1.11855
N | —1.86135 0.47884 0.00000
H | —1.37888 1.36646 0.00000
H | —1.99895 0.16023 2.10057
H | —3.12508 —2.19956 1.35811
H | —3.12508 —2.19956 —1.35811
H | —1.99895 0.16023 —2.10057
C | 1.29658 —1.77967 1.11855
C | 260859 —1.66718 0.71223
C | 2.60859 —1.66718 —0.71223
C | 1.296568 —1.77967 —1.11855
N | 051599 —1.85139  0.00000
H | —0.49395 —1.87738 0.00000
H | 086071 —1.81125 2.10057
H | 346742 —1.60662 1.35811
H | 346742 —1.60662 —1.35811
H | 086071 —1.81125 —2.10057
C | 0.89295 2.01271 1.11855
C | 0.13952 3.09269 0.71223
C | 0.13952 3.09269  —0.71223
C | 0.89295 2.01271  —1.11855
N | 1.34536 1.37255 0.00000
H | 1.87283 0.51091 0.00000
H| 113824 1.65102 2.10057
H | —0.34234 3.80618 1.35811
H | —0.34234 3.80618 —1.35811
H| 1.13824 1.65102  —2.10057
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Table S6: Cartesian coordinates (in A) of computed PN, dimer from B3LYP-
D3(BJ)/aVTZ geometry optimisations in Gaussian 09 Revision E.01.

PN,
C | —0.86230 —1.12240 0.37035
C | —1.06372 —0.71013 —0.92505
C | —1.06371 0.71049  —0.92478
C | —0.86229 1.12226 0.37078
N | —0.74482 —0.00022  1.14939
H | —0.58723 —0.00040  2.13989
H | —0.79300 —2.10717 0.79573
H | —1.19241 —-1.35548 —1.77643
H | —-1.19239 1.35616 —1.77592
H | —0.79297 210687  0.79653
N | 234884 —0.54579 —0.11238
N | 2.34885 0.54582  —0.11239

Table S7: Cartesian coordinates (in A) of computed PNy dimer from B3LYP-
D3(BJ)/aVTZ geometry optimisations in Gaussian 09 Revision E.01.

PNy
C | 1.08023 1.12154  0.00000
C | 2.39165 0.71090  —0.00001
C | 239168 —0.71086 —0.00001
C | 1.08027 —1.12156  0.00000
N | 0.29171 —0.00002  0.00001
H | —0.71166 —0.00004 0.00002
H | 0.64878 2.10643 0.00001
H | 3.25285 1.35623  —0.00001
H | 325290 —1.35615 —0.00001
H | 0.64886 —2.10646 0.00001
N | =3.08307 —0.00001  0.00001
N | —4.17360  0.00001  —0.00001
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Table S8: Cartesian coordinates (in A) of computed PN,N, trimer from B3LYP-
D3(BJ)/aVTZ geometry optimisations in Gaussian 09 Revision E.01.

PN, N,

0.00000 1.12203  —0.17929
0.00001 0.71016 1.13230
0.00000  —0.70932  1.13285
—0.00001 —1.12218 —0.17843
—0.00001 —0.00038 —0.96606
0.00000  —0.00076 —1.96906
0.00001 2.10652  —0.61050
0.00002 1.35634 1.99268
0.00000 —1.35483 1.99371
—0.00002 —2.10700 —0.60889
3.25331 0.54572  —0.19570
3.25323  —0.54585 —0.19574
—3.25326 —0.54584 —0.19560
—3.25328  0.54573  —0.19583

ZZZ2Z2 D@D DD Z2000aaaa
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Table S9: Cartesian coordinates (in A) of computed PN Ny trimer from B3LYP-

D3(BJ)/aVTZ geometry optimisations in Gaussian 09 Revision E.01.

PN, Ny
C | —0.74846 —0.85340 —1.12119
C | —2.04945 —1.02260 —0.71023
C | —2.04953 —1.02248 0.71026
C | —0.74859 —0.85321 1.12134
N | 0.03344 —0.75584  0.00011
H | 1.02708 —0.61606 0.00015
H | —-0.32137 —0.79443 —2.10601
H | —-290349 -1.13052 —1.35594
H | —2.90364 —1.13029 1.35590
H | —0.32160 —0.79408 2.10619
N | —1.10837  2.36424  —0.54605
N | —1.10842  2.36433 0.54559
N | 4.41081 0.05314 0.00006
N | 3.34384 —0.17221  0.00010
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Table S10: Cartesian coordinates (in A) of computed PN, Ny trimer from B3LYP-
D3(BJ)/aVTZ geometry optimisations in Gaussian 09 Revision E.01.

PN, Ny

ZZZ2Z2 D@D DD Z200aaaa

1.56993
2.45976
1.88020
0.65421
0.47974
—0.34514
1.62271
3.41639
2.31083
—0.09736
—0.70082
—0.04884
—3.58200
—2.76124

—0.38600 1.14364
—0.06484  0.14588
—0.46866 —1.08676
—1.02144 —0.80305
—0.97127  0.55555
—1.27895 1.03610
—0.24656  2.20828
0.40768 0.28547
—0.36421 —2.06739
—1.44172 —1.44636
1.92819  —0.44995
2.39165 0.29273
—0.38311 —0.20034
—0.88412  0.31425
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Table S11: Cartesian coordinates (in A) of computed PN,N, Ny tetramer from B3LYP-
D3(BJ)/aVTZ geometry optimisations in Gaussian 09 Revision E.01.

PN, NNy

0.70719  0.00009  —1.12099
2.01954  0.00010  —0.70963
2.01954  0.00001 0.70969
0.70718  —0.00005  1.12104
—0.08034  0.00000 0.00003
—1.08382 —0.00003  0.00002
0.27643  0.00014  —2.10579
2.88011 0.00016  —1.35562
2.88010  —0.00001  1.35569
0.27642  —0.00013  2.10584
0.65240  —3.24418 —0.54596
0.65241  —3.24425  (0.54562
0.65225 3.24422 0.54602
0.65223  3.24428  —0.54556
—4.52042 —0.00011 —0.00017
—3.42995 —0.00009 —0.00010

Z 22222 T T ETID D Z A
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Table S12: Cartesian coordinates (in A) of computed PN,N, Ny tetramer from B3LYP-
D3(BJ)/aVTZ geometry optimisations in Gaussian 09 Revision E.01.

PN, NNy

0.82753 —0.83261 —1.04611
1.30473  —1.65796 —0.05475
0.98191  —1.05719  1.19042
0.31544 0.11473 0.92117
0.23014 0.24069  —0.44066
—0.23258  0.99354 —0.91523
0.86381  —0.92165 —2.11669
1.82790  —2.58565 —0.20802
1.21262  —1.43779  2.17011
—0.09740  0.85942 1.57690
—2.48555 —1.44042  0.23814
—2.14846 —2.25295 —0.40789
—3.40350  2.20407 0.16858
—2.41840 2.10568  —0.28889
3.26287 1.49328 0.37508
3.51262 1.03399 —0.58314

Z 22222 T T ETID D Z A
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Table S13: Cartesian coordinates (in A) of computed PN,NyNy tetramer from B3LYP-
D3(BJ)/aVTZ geometry optimisations in Gaussian 09 Revision E.01.

PN NygNy

C | 1.52112 —1.12105 —0.65255
C | 2.67580 —0.71028 —0.02890
C | 2.67584  0.71019 —0.02878
C | 1.52119 1.12112  —0.65237
N | 0.83208  0.00009 —1.03274
H | —0.06895 0.00015 —1.47341
H | 1.13968 —2.10528 —0.85489
H | 343238 —1.35611 0.38160

H | 3.43246 1.35590 0.38182

H | 1.13980 2.10540  —0.85455
N | —0.15787  0.54566 2.09226

N | —0.15800 —0.54594  2.09209

N | —2.55854 2.23043 —0.04630
N | —1.94514 1.69542 —0.77231
N | —1.94520 —1.69523 —0.77265
N | —2.55863 —2.23040 —0.04680
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Table S14: Cartesian coordinates (in A) of computed PN, N, NyNy pentamer from
B3LYP-D3(BJ)/aVTZ geometry optimisations in Gaussian 09 Revision E.01.

PN NNgNgy
C | —0.36548 0.96362 —1.05942
C | —0.22992 227636 —0.67154
C | 0.23020 2.27627  0.67165
C | 0.36558  0.96348 1.05942
N | —=0.00001  0.17729  —0.00003
H | —0.00008 —0.82576 —0.00007
H | —0.68515 0.53201 —1.99035
H | —043796 3.13706 —1.28295
H | 043837  3.13688 1.28313
H | 0.68518  0.53174 1.99032
N | 294141 1.00252  —1.54036
N | 3.18894  0.60824 —0.55317
N | —2.94124  1.00268 1.54044
N | —3.18889  0.60862 0.55319
N | 277694 —2.62138 1.34371
N | 1.77780 —2.32064 1.02636
N | =1.77810 —2.32043 —1.02645
N | =2.77722 —2.62126 —1.34377
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Table S15: Cartesian coordinates (in A) of computed PN, N, NyNy pentamer from
B3LYP-D3(BJ)/aVTZ geometry optimisations in Gaussian 09 Revision E.01.

PN NNgNgy
C | —0.98587 0.41115 —1.12148
C | —1.71392 1.50417 —0.71211
C | —1.71391  1.50649 0.70726
C | —0.98585 0.41482 1.12019
N | —0.55265 —0.24346  0.00043
H | 0.03377 —1.05722 0.00175
H | —0.74653 0.05065 —2.10511
H | —-2.19279 221806 —1.35936
H | —2.19277  2.22250 1.35218
H | —0.74650 0.05754 2.10500
N | 1.80449 2.02981 0.54248
N | 1.80471 2.02744  —0.54907
N | 287944 —1.02524 2.24654
N | 199445 —1.35128 1.69878
N | 1.99417 —1.35730 —1.69437
N | 2.87904 —1.03337 —2.24356
N | =3.67027 —1.41784 —0.54337
N | =3.67021 —1.41610 0.54818
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Table S16: Cartesian coordinates (in A) of computed PN, N, NyNy pentamer from
B3LYP-D3(BJ)/aVTZ geometry optimisations in Gaussian 09 Revision E.01.

PN NNgNgy

ZZ2 222222 DT T T IDIDZ A

1.08498
2.39808
2.39810
1.08501
0.29838
—0.70464
0.65378
3.25857
3.25861
0.65384
—3.15849
—2.45174
—2.45175
—3.15842
0.98350
0.98363
0.98323
0.98349

0.00040 1.12033
0.00030 0.70966
—0.00017 —0.70962
—0.00035 —1.12033
0.00001  —0.00001
—0.00002 —0.00003
0.00072 2.10472
0.00054 1.35579
—0.00036 —1.35573
—0.00069 —2.10473
—0.00166 —2.59289
—0.00106 —1.76230
0.00093 1.76227
0.00151 2.59294
—3.23479 —0.54474
—3.23445  0.54684
3.23482 0.54473
3.23451  —0.54686
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Table S17: Cartesian coordinates (in A) of computed PN, N,NgNgNy hexamer from
B3LYP-D3(BJ)/aVTZ geometry optimisations in Gaussian 09 Revision E.01.

PN NNgNgNyg

Z 2222222220 @oD@D@oD@oZa00aa

0.53978  —1.14580 —1.13093
0.82954  —2.44185 —0.77044
0.81282  —2.50088  0.64746
0.51249 —1.23914 1.10751
0.34875  —0.42731  0.01809
0.13053  0.55119 0.05588
0.45604 —0.68390 —2.09761
1.02942 —3.25307 —1.44861
0.99772  —3.36577  1.26041
0.40480  —0.85945 2.10707
—2.63994 —1.77170 —0.61757
—2.65454 —1.75354 0.47371
3.65012  —0.37691  0.60845
3.61645 —0.22743 —0.47229
—2.65350 141374  2.23380
—1.67008  1.43537 1.76265
1.39105 2.69176  —0.01876
2.23196  3.38180  —0.09703
—2.67358 148752 —2.10676
—1.68759 1.51484 —1.64126
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Table S18: Cartesian coordinates (in A) of computed PN, N,NgNgNy hexamer from
B3LYP-D3(BJ)/aVTZ geometry optimisations in Gaussian 09 Revision E.01.

PN NNgNgNyg

0.12705  —1.48055  1.22278
0.23150  —2.71807  0.62996
0.22444  —2.51636 —0.77474
0.11624  —1.16227 —0.99469
0.05767  —0.54571  0.22569
—0.02073  0.44397 0.37023
0.09705  —1.19400  2.25827
0.30414  —3.65879  1.14735
0.29061 —3.27344 —1.53658
0.07654 —0.59711 —1.90784
2.37483 2.32263  —1.74192
1.62395 2.10189  —0.98228
—0.22694  2.22065 1.97144
—0.30793  3.12260 2.57895
—3.10684 —1.44659 —0.43765
—3.10197 —1.56765 0.64716
3.34156  —1.06861  0.69319
3.32655  —0.88170 —0.38212
—2.81699 1.88956 —1.61134
—1.87001 1.78765 —1.07986

Z 2222222220 @oD@D@oD@oZ0a000aa

References

[1] M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, J. R.
Cheeseman, G. Scalmani, V. Barone, B. Mennucci, G. A. Petersson, H. Nakatsuji,
M. Caricato, X. Li, H. P. Hratchian, A. F. Izmaylov, J. Bloino, G. Zheng, J. L.
Sonnenberg, M. Hada, M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida,
T. Nakajima, Y. Honda, O. Kitao, H. Nakai, T. Vreven, J. A. Montgomery, J. E.
Peralta, F. Ogliaro, M. Bearpark, J. J. Heyd, E. Brothers, K. N. Kudin, V. N.
Staroverov, R. Kobayashi, J. Normand, K. Raghavachari, A. Rendell, J. C. Burant,
S. S. Iyengar, J. Tomasi, M. Cossi, N. Rega, J. M. Millam, M. Klene, J. E. Knox,

22



J. B. Cross, V. Bakken, C. Adamo, J. Jaramillo, R. Gomperts, R. E. Stratmann,
O. Yazyev, A. J. Austin, R. Cammi, C. Pomelli, J. W. Ochterski, R. L. Martin,
K. Morokuma, V. G. Zakrzewski, G. A. Voth, P. Salvador, J. J. Dannenberg, S.
Dapprich, A. D. Daniels, O. Farkas, J. B. Foresman, J. V. Ortiz, J. Cioslowski,
D. J. Fox, Gaussian 09 Revision E.01, Gaussian Inc. Wallingford CT 2009.

23



