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Supporting Information
Optimized geometries of all relevant molecules are given in .xyz format in a .zip folder.
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SI Figure SI:1. Symmetric unique ¢ and - QUAOSs in benzene. Subscripted letters, 1,j,k, and 1
correspond to different atoms. The structure of benzene was optimized at the RHF/6-31G(d)
level of theory. Bond lengths for CC = 1.39 A and CH=1.08 A.
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SI Figure SI:2. Symmetric unique ¢ and n- QUAOs in ethene. Subscripted letters, 1,j, and k
correspond to different atoms. The structure of ethene was optimized at the RHF/6-31G(d) level
of theory. Bond lengths for CC = 1.34 A and CH=1.09 A.

SI Table SI:1: Symmetric unique ¢ and - Bonding interactions in ethene. Orbital occupations,
bond occupation totals, bond orders, and KBOs (kcal/mol) are shown for non-repetitive
interactions. The structure of ethene was optimized at the RHF/6-31G(d) level of theory. Bond
lengths for CC = 1.34 A and CH=1.09 A.

Orbital I Occupation I Orbital J OccupationJ Bond Total BO KBO (kcal/mol)

Cicic 1.00 Cicic 1.00 2.00 0.99 -53.3
Hicio 0.86 Cihyo 1.14 2.00 0.98 -38.0
Cicim 1.00 Cicit 1.00 2.00 1.00 -23.0

SI Table SI:2: Orbital hybridization fraction, s- and p-character, in ethene. SI Figure X3. Non-
repetitive o and ©- bonding interactions in naphthalene. Bond orders (above arrow), and KBOs
(below arrow) in kcal/mol are shown between pairs of bonding QUAOs.

Orbital s-fraction p-fraction
Cicio 0.34 0.66
Cihyo 0.27 0.73
Cicim 0.00 1.00

HkCiG 1.00 0.00




Naphthalene

SI Figure SI:3: Optimized structure of naphthalene at the RHF/6-31G(d) level of theory. Carbon-
carbon and carbon-hydrogen bond lengths are shown in angstrom.
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SI Figure SI:4. Non-repetitive ¢ and - bonding interactions in naphthalene. Bond orders (above
arrow), and KBOs (below arrow) in kcal/mol are shown between pairs of bonding QUAOs.

SI Table SI:3: ¢ and n- Bonding interactions in naphthalene. Orbital occupations, bond
occupation totals, bond orders, and KBOs (kcal/mol) are shown for non-repetitive interactions.
Numbers display in table reference the atom numbered on SI Figure X3.

Orbital I OccupationI OrbitalJ OccupationJ Bond Total BO KBO (kcal/mol)

CscsG 1.00 CeCsO 1.00 2.00 0.98 -54.8
Cic,6 1.00 Cycio 1.00 2.00 0.97 -54.5
CicsG 1.00 Caci0 1.00 2.00 0.98 53.8
CsC100 1.00 C0cs0 1.00 2.00 0.98 52.7
Hpscio 0.86 Cshpo 1.14 2.00 0.97 384




Cyciocim 1.00 Ciocscym 1.00 2.00 0.77 -17.7

C2C10605TC 1.00 C102C4C37I 1.00 2.00 0.57 -12.3

C8C10C6T[ 1.00 C10C8C4TC 1.00 2.00 0.54 '11.3

Cycrocim 1.00 Cicacqcsm 1.00 2.00 0.53 -11.0
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SI Figure SI:5. Non-repetitive ¢ and nt- bonding interactions in pentalene. Bond orders (above
arrow), and KBOs (below arrow) in kcal/mol are shown between pairs of bonding QUAOs.



SI Table SI:4: ¢ and n- Bonding interactions in pentalene. Orbital occupations, bond occupation
totals, bond orders, and KBOs (kcal/mol) are shown for non-repetitive interactions. Numbers
display in table reference the atom numbered in Figure 3.

Orbital I Occupation I Orbital J OccupationJ Bond Total BO KBO (kcal/mol)

C¢cr0o 1.00 Cyc0 1.00 2.00 0.98 -56.5
Cscio 1.00 Cic30 0.99 1.99 0.98 -53.3
Cicso 1.01 Cscio 0.99 2.00 0.98 -52.1
Cics0 0.98 Cycr0 1.01 1.99 0.98 -48.7
Cico 0.99 Cyxcio 0.99 1.98 0.98 -48.4
Hiscro 0.86 C;h;6 1.15 2.01 0.98 -38.8
Hocso 0.85 Cshoo 1.16 2.01 0.97 -38.8
Hisce0 0.85 Cehjro 1.16 2.01 0.98 -38.7
Ciesm 1.03 Cserm 1.00 2.03 0.92 -21.6
Cycem 1.03 Cecom 0.94 1.97 0.87 -21.0
Cicsm 1.03 Cocem 1.03 2.06 0.32 -5.8
Csem 1.00 Cicsm 1.03 2.03 0.27 -4.9
Cicsm 1.03 Cecom 0.94 1.97 0.28 -4.7
Kekulene
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SI Figure SI:6. Non-repetitive ¢ and n- bonding interactions in kekulene. Bond orders (below
arrow), and KBOs (in italics) in kcal/mol are shown between pairs of bonding QUAOs. Each
QUAQO label is given below each QUAO representation along with the QUAO population.
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SI Figure SI:7. Non-repetitive ¢ and n- bonding interactions in infinitene. Bond orders (below
arrow), and KBOs (in italics) in kcal/mol are shown between pairs of bonding QUAOs. Each
QUADO label is given below each QUAO representation along with the QUAO population.



SI Figure SI:8: Atom labels for non-repetitive and symmetric portion of kekulene. The atom
numbers shown here were generated by GAMESS

SI Table SI:5: C-H o-bonding QUAOs for non-repetitive and symmetric portion of kekulene
with orbital occupations, bond occupation totals, bond orders, and KBOs (kcal/mol). The
atom numbers shown here were generated by GAMESS.

Kekulene C-H Sigma Bonds

Orbital I | Occupation I | Orbital J | OccupationJ | Bond Total | BO | KBO (kcal/mol)
HgsCss0 0.87 Cighgso 1.13 2.00 -0.97 -41.68
HgC440 0.87 Cyshgro 1.13 2.00 0.98 -39.08
Hs0c000 0.86 Cyohsoo 1.14 2.00 -0.97 -38.94
Hs6C060 0.86 Cyhseo 1.14 2.00 -0.97 -38.94




SI Table SI:6: C-C n-bonding QUAOs for non-repetitive and symmetric portion of kekulene with
orbital occupations, bond occupation totals, bond orders, and KBOs (kcal/mol). The atom numbers
shown here were generated by GAMESS.

Kekulene C-C Pi Bonds

Orbital I | Occupation I Orbital J OccupationJ | Bond Total | BO KBO (kcal/mol)
Ca6Co0T 1.00 CyoCa6m 1.00 2.01 0.87 -20.4
CjsC14C1T 1.01 C14C38C3T 0.99 2.00 0.65 -14.2
Cisci4cim 1.01 Cicagerm 0.99 2.00 0.65 -14.2
CyyciC3om 1.02 Creqscim 0.99 2.01 -0.64 -13.9
C32C44C14T 0.99 C14C35C30T 0.99 1.98 0.56 -12.1
CgcysCom 0.99 Csec39cgT 0.99 1.98 0.56 -12.1
CyoCo6T 1.00 Cgcyqs5Com 0.99 1.99 0.38 -7.2
C14C32C38T 0.99 C,c39CsT 0.99 1.99 0.36 -6.9

SI Table SI:7: C-C o-bonding QUAOs for symmetric quarter of kekulene with orbital
occupations, bond occupation totals, bond orders, and KBOs (kcal/mol). The atom
numbers shown here were generated by GAMESS.

Kekulene C-C sigma Bonds
Orbital I | Occupation I | Orbital J | Occupation J | Bond Total | BO | KBO (kcal/mol)
C16€200 1.00 Croc260 1.00 2.00 0.99 -55.7
Ci4c380 1.00 Csgc140 1.00 2.00 0.98 -55.4
Cisci0 1.00 Cic30 1.00 2.00 0.98 -55.4
Cysc320 1.00 Cicqa0 1.00 2.00 0.98 -54.9
Cic440 1.00 Cyycqi0 1.00 2.00 0.98 -54.9
Cicio 1.00 Cicio 1.00 2.00 0.97 -54.3
Csci40 1.00 Ci4c320 1.00 2.00 0.97 -54.3
Cgcoo 1.00 Cycs0 1.00 2.00 0.97 -54.3
Cyc140 1.00 Ci4c0 1.00 2.00 0.98 -53.5
Ci3yc60 1.00 Cp6C320 1.00 2.00 0.98 -52.5
Cyocg0 1.00 Cgcoo0 1.00 2.00 0.98 -52.5




SI Figure SI:9: Atom labels for symmetric quarter of infinitene. The atom numbers shown
here were generated by GAMESS.

SI Table SI:8: C-H c-bonding QUAOs for symmetric quarter of infinitene with orbital
occupations, bond occupation totals, bond orders, and KBOs (kcal/mol). The atom numbers
shown here were generated by GAMESS.

Infinitene C-H Sigma Bonds

Orbital I | OccupationI | Orbital J | OccupationJ | Bond Total | BO KBO (kcal/mol)
Hsyc190 0.86 Ciohsso 1.14 2.00 -0.97 -38.19
Hsscyio 0.86 Cyihsso 1.14 2.00 -0.97 -38.20
Hegcus0 0.85 Cagheso 1.15 2.00 0.97 -38.22
Hgocs10 0.86 C41hegoo 1.14 2.00 0.97 -38.19
H7ocq70 0.86 Cy7hy0 1.14 2.00 -0.97 -38.20
H7icq50 0.86 Cyshyio 1.14 2.00 0.97 -38.18




SI Table SI:9: C-C n-bonding QUAOs for symmetric quarter of infinitene with orbital occupations,
bond occupation totals, bond orders, and KBOs (kcal/mol). The atom numbers shown here were

generated by GAMESS.
Infinitene C-C Pi Bonds
Orbital 1 Occupation | Orbital J Occupation J | Bond Total | BO (kcﬁ?rgol)
Ciiciociom 1.00 Ciociicom 1.01 2.01 0.81 -18.7
Ca6Cq5C39T 0.99 Cy5C46Ca8T 1.02 2.01 0.80 -18.6
C47C41CagT 1.00 CyiCq7C10T 1.02 2.01 -0.80 -18.5
C14C9C13C15T 1.01 CoyCi4CgC1oT 0.98 2.00 0.65 -14.3
C48C44C47C45TC 0.98 C44C48C13C40T 1.01 1.99 -0.64 -14.1
C40C39C42C44T 0.99 C39C40C46C34T 0.99 1.97 0.65 -14
Carcq1Ca8m 1.00 CagCa4Cq7Cs5T 0.98 1.98 0.48 -9.7
C41C47C12T 1.02 Ci2C13C41C1 1T 0.98 2.00 0.48 -9.6
C46C45C39T 0.99 C39C40C46C34T 0.99 1.98 0.48 -9.5
Ciiciociom 1.00 Ciaci3cqicqim 0.98 1.99 0.47 -9.4
CioC11CoT 1.01 CoyC14C5C10T 0.98 1.99 -0.47 9.4
C45C46C48T0 1.02 C48C44C47C45TC 0.98 2.01 -0.47 93
C44C48C13C40TT 1.01 C13C12C44C 14T 1.01 2.01 0.46 -8.7
C44C48C13C40TC 1.01 C40C39C42C44TC 0.99 1.99 0.44 -8.3
C14C9C13C15T 1.01 C13C12C44C14TC 1.01 2.02 -0.44 -8.0




SI Table SI:10: C-C o-bonding QUAOs for symmetric quarter of infinitene with orbital
occupations, bond occupation totals, bond orders, and KBOs (kcal/mol). The atom

numbers shown here were generated by GAMESS.

Infinitene C-C sigma Bonds

Orbital I | Occupation I | Orbital J | Occupation J | Bond Total [ BO | KBO (kcal/mol)
Cioc110 1.00 Ciici00 1.00 2.00 0.98 -55.8
Cy1c470 1.00 Cy7¢410 1.00 2.00 0.98 -55.6
Cys5C460 1.00 Ca6Ca50 1.00 2.00 0.98 -55.6
Cy45C440 1.00 Ca4C450 1.00 2.00 0.98 -54.7
C39C400 1.00 Ca40C390 1.00 2.00 0.98 -54.7
Ciac130 1.00 Cisc120 1.00 2.00 0.98 -54.4
Coci40 1.00 Ci4co0 1.00 2.00 0.98 -54.3
C40C440 1.00 Cua4C400 1.00 2.00 0.98 -53.9
Cuci30 1.00 Ci3c440 1.01 2.00 0.98 -53.7
Cy7C450 1.00 Ca5c470 1.00 2.00 0.98 -53.3
CasC450 1.01 CysCa30 0.99 2.00 0.98 -53.1
C6C390 0.99 C39C460 1.01 2.00 0.98 -53.1
Ciicio0 1.00 Ciacii0 1.00 2.00 0.98 -53.0
Ci3c140 1.00 Ci4c130 1.00 2.00 0.98 -53.0
Ciacq10 1.00 Cyic120 0.99 2.00 0.98 -53.0
Cocy90 1.00 Cioco0 1.00 2.00 0.98 -52.9




