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S1. Computational details 
All DFT calculations were completed with Gaussian16.1 The geometry of c-P6•T6 was 

optimized at each charge and DFT functional combination (BLYP, B1LYP, BLYP35, 

BHandHLYP) 2–5 with the 6-31G* basis set.6–9 We were however unable to optimize c-P6•T64+ 

at the BLYP level, so we included LC-ωHPBE10 (ω = 0.1) and CAM-B3LYP11 calculations to 

sufficiently investigate IFDIs. The CAM-B3LYP geometry was taken from the literature.12 We 

examined c-P6•T66+ more extensively by including B3LYP,13,14 M06-2X,15 CAM-B3LYP, and 

LC-ωHPBE (ω = 0.1) calculations. Calculations at the B3LYP and CAM-B3LYP level included 

Grimme’s D3 dispersion correction.16 We replaced the trihexylsilyl solubilization groups with 

hydrogen atoms, such that each porphyrin subunit contains two phenyl groups. NMR chemical 

shifts, which are used in the calculation of ring current susceptibilities, were calculated at each 

functional with the polarization continuum model (dichloromethane as solvent). 

Ring current geometric factors (RCGFs) were calculated for each oxidation state and each 

DFT functional using a MATLAB script which can be found in the repository 

(https://github.com/mjirasek/Local_vs_Global_RMC). Using these RCGFs, we calculated 

local and global ring current susceptibilities (called I/Blocal and I/Bglobal) for each oxidation state 

and DFT functional combination according to the multiple current loop model.17 

Delocalization indices were calculated using Multiwfn18 from formatted checkpoint files. We 

also calculated delocalization indices with AIMAll Pro (version 19.10.12)19 and found no 

significant difference in conclusions between the two packages. We define “fragments” as 

porphyrin subunits in c-P6•T6 and benzene subunits in [8]CPP. We investigated the effect of 

including alkyne fragments in our definition of fragments for c-P6•T6 – see SI section S2. In 

several plots we depict the IFDI values between monomer subunits as matrices. In these plots 

we have set the diagonal elements, which correspond to “localization indices” (i.e. the number 

of electrons localized to a monomer subunit), to zero for clarity. 

 

  

https://github.com/mjirasek/Local_vs_Global_RMC
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S2. Effect of including alkyne groups in fragments for IFDI 
 

 

 

Figure S1 Comparison of delocalization index (DI) between subunits in c-P6•T64+ at the BLYP35 level. 

For the calculations of IFDIs we tested three definitions of the “fragment”: 

• Butadiyne linkers only, where each fragment is defined as the four carbon atoms 

between a set of porphyrin subunits. 

• Porphyrin subunits, where each fragment is defined as only atoms that make up each 

porphyrin, excluding hydrogens and phenyl sidegroups. 

• Porphyrin and alkyne groups, where each fragment is defined as the atoms that make 

up the porphyrin subunits and two carbon atoms (i.e., acetylene fragment) from each 

side of the porphyrin. 

Including the alkyne groups in the fragments increases the IFDI, but does not change the 

conclusions. Whether or not the alkynes are included, the IFDIopp values (a) reflect the global 

(anti)aromaticity of the molecules, and (b) vary proportionally to the I/Bglobal when the %HF in 

the DFT functional is changed.  

. 
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S3. Relationship between IFDI and %HF 
 

 

 

Figure S2 Relationship between IFDI and %HF in c-P6•T6. 

 

 

 

Figure S3 Relationship between IFDI and %HF in c-P6•T62+. 
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Figure S4 Relationship between IFDI and %HF in c-P6•T64+. 

 

 

Figure S5 Relationship between IFDI and %HF in c-P6•T66+. 
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Figure S6 Relationship between IFDI values (IFDIopp, left, and IFDIloc, right) and %HF in c-P6•T612+. 

Table S1 Fitting parameters of the relationships between IFDIopp and the global ring current susceptibility, I/Bglobal, 

and between IFDIloc and %HF. 

  Q = 0 Q = +2 Q = +4 Q = +6 Q = +12 
 IFDIopp

[a] 9.5×10–5 0.0038 0.0061 0.0029 7.0×10–8 

IFDIopp 
vs I/B 

Gradient 4572 −1611 17262 −2554 −86920 

Intercept −0.21 0.05 −26.85 −0.05 1.01 

R2 >0.999 >0.999 0.959 >0.999 >0.999[b] 

IFDIloc 
vs 

%HF 

Gradient 0.018 0.015 0.012 0.011 0.007 

Intercept 198.9 198.5 198.2 198.0 197.3 

R2 0.995 0.978 >0.999 0.954 0.865 
[a] These IFDIopp values refer to those calculated at the BLYP35 level. [b] The R2 value for Q = +12 is much reduced 

if the outlying BLYP value is excluded from the fit, and becomes 0.871; the data are plotted infigure S16. 

 

The calculated delocalization indices for c-P6•T6Q (Q = 0, +2, +4, +6, +12) depend significantly 

on the amount of Hartree-Fock (HF) exchange in the DFT functional. This parameter is 

commonly associated with inaccuracies in DFT calculations – electron delocalization tends to 

be exaggerated in functionals with low HF exchange, whereas delocalization is minimized in 

those with high HF exchange. In systems such as porphyrin nanorings, the amount of HF 

exchange essentially determines whether the nanoring is globally or locally aromatic 

(according to the magnetic criteria based on NMR chemical shifts). 

IFDIloc values, which can be thought of as an electron localization index for the porphyrin 

subunits, generally follow a linear relationship with %HF in the BLYP, B1LYP, BLYP35, and 

BHandHLYP series in all oxidation states. This trend is reversed in IFDIopp calculations, in 

which high amounts of HF exchange decrease the number of shared electrons between 

opposite fragments.  
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S4. Additional matrix figures for c-P6•T6 
 

 

Figure S7 Delocalization matrices for c-P6•T6 using various functionals. 

 

 

 

Figure S8 IFDIopp vs I/Bglobal for c-P6•T6 with different DFT functionals. The dotted line corresponds to the I/Bglobal 
determined from the experimental NMR spectrum. 
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Figure S9 Delocalization matrices for c-P6•T62+ with various functionals. 

 

 

 

Figure S10 IFDIopp vs I/Bglobal for c-P6•T62+ with different DFT functionals. The dotted line corresponds to the 
I/Bglobal determined from the experimental NMR spectrum. 
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Figure S11 Delocalization matrices for c-P6•T64+ with various functionals. 
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Figure S12 IFDIopp vs I/Bglobal for c-P6•T64+ with different DFT functionals. The dotted line corresponds to the 

I/Bglobal determined from the experimental NMR spectrum. 
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Figure S13 Delocalization matrices for c-P6•T66+ with various functionals. 
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Figure S14 IFDIopp vs I/Bglobal for c-P6•T66+ with different DFT functionals. The dotted line corresponds to the 
I/Bglobal determined from the experimental NMR spectrum. 

 

 

 

 

Figure S15 Delocalization matrices for c-P6•T612+ with various functionals. 
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Figure S16 IFDIopp vs I/Bglobal for c-P6•T612+ with different DFT functionals. The dotted line corresponds to the 
I/Bglobal determined from the experimental NMR spectrum. The inset shows an expansion of the low I/B and 
IFDIopp region. 

 

 

 

Figure S17 Matrices of IFDI values between fragments in c-P6Q, i.e. the nanoring without the central 
hexapyridyl template. The mean IFDI between opposite porphyrins, as the fragment analogue of PDI, is 
reported as IFDIopp. Calculated at the BLYP35/6-31G* level. 
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S5. Additional matrix figures for [8]CPP 
 

 

 

Figure S18 IFDI values between phenyl fragments in [8]CPP with various DFT functionals. 

 



S15 
 

 

 

Figure S19 IFDIopp vs NICS(0)zz for neutral [8]CPP with different DFT functionals. 

 

 

 

Figure S20 IFDI values between phenyl fragments in [8]CPP2– with various DFT functionals. 
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Figure S21 IFDIopp vs NICS(0)zz for [8]CPP2– with different DFT functionals. 
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Figure S22 IFDI values between phenyl fragments in [8]CPP2+ using various DFT functionals. 

 

 

 

Figure S23 IFDIopp vs NICS(0)zz for [8]CPP2+ with different DFT functionals. 
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Figure S24 IFDIopp vs NICS(0)zz for [8]CPP2− with different basis sets at the BLYP35 level. There is no 
appreciable difference between DI or NICS values when comparing different basis sets. 
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S6. Molecular orbital figures 
 

 

Figure S25 HOMO–1 (left) and HOMO (right) of a zinc porphyrin bisalkyne derivative calculated at the 

BLYP35/6-31G* level. Isosurfaces viewed in Avogadro with an isovalue of 0.02. 

 

 

Figure S26 HOMOs of c-P6•T6Q (Q = 0, +2) calculated at the BLYP35/6-31G* level. Isosurfaces visualized in 
Avogadro with an isovalue of 0.02. Template not displayed for clarity.  
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S7.  Analysis of an acyclic nanoring 
 

In order to investigate how much the delocalization indices are affected by oxidation, we 

performed calculations for an artificial model without cyclic conjugation, l-P6•T6Q, generated 

by removing one butadiyne link and replacing it with terminal hydrogen atoms (Figure S27). 

We have assigned the compound name l-P6•T6Q to indicate that this model comprises a 

linear porphyrin hexamer (l-P6) bound to the hexapyridyl template T6. For each oxidation 

state, the IFDIopp value for l-P6•T6Q is around 34-72% of the value for c-P6•T6Q (Table S2 and 

Figure S27, right): oxidation enhances electronic delocalization in both cyclic and acyclic 

models. A caveat of this analysis is that whereas the multiplicities of the tetra- and hexacations 

of c-P6·T6 are singlet, the l-P6•T6Q models optimize to non-singlet wavefunctions. For this 

analysis, we treat the l-P6•T6Q as a singlet (other than for Q = +2, which we treat as an open-

shell singlet consistent with c-P6•T62+). 

Although l-P6•T6Q exhibits appreciable delocalization, it is not a cyclic molecule and so it 

cannot be termed (anti)aromatic. Similarly, the average 3-bond separated DI in hexatriene is 

around 63% of benzene’s PDI (Table S3), rising to 87% when the much lower DI2,5 value is 

excluded; despite the fact that hexatriene has “high delocalization”, it would not be considered 

aromatic since it is acyclic.  

In order to assess the sensitivity of NMR chemical shifts to electronic delocalization versus 

aromaticity in the porphyrin nanoring, we calculated the chemical shifts of oin, oout, and 

template protons (Figure S29(b)) for both l-P6•T6Q and c-P6•T6Q (Figure S29 and Table S4). 

Table S4 shows chemical shift differences () for each resonance. For the template T6 they 

are calculated as calc – ref, where ref is the calculated chemical shift of a reference proton 

which is not subject to local or global shielding effects from a nanoring,17 i.e. the chemical shift 

in the free (unbound) template T6. For protons oin and oout we use the difference (oin − oout), 

consistent with our previous work,17 because this value is relatively selective for global ring 

current effects (where present). The data in Table S3 reveal that the  values change upon 

oxidation for both l-P6•T6 and c-P6•T6, but whereas for l-P6•T6 the variation is roughly 

monotonic and proportional to the charge on the ring (Q), for c-P6•T6 there is an additional 

component for Q = +2, +4 and +6, which we attribute to global ring current effects. This result 

is illustrated in Figure S29, which shows the difference in  values between linear and cyclic 

molecules ( = (l-P6•T6) – (c-P6•T6)). For Q = 0 and Q = +12, the  values are 

approximately zero: in other words, the chemical shifts are scarcely affected by whether the 

molecule is cyclic, as would be expected in the absence of global aromaticity. In contrast, the 

Q = +2, +4, and +6 oxidation states have significant  values, illustrating that cyclization is 

linked to a change of the NMR spectrum in these (putatively (anti)aromatic) states. The  

values for each state are approximately proportional its global ring current strength (main text 

Figure 2).  
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Figure S27 Matrices of IFDI values between fragments in c-P6•T6Q (left column), and an acyclic model 
l-P6•T6Q where one butadiyne bridge was removed. The mean IFDI between opposite porphyrins is 
reported as IFDIopp. Calculated at the BLYP35/6-31G* level. 

Table S2 Interfragment delocalization indices (IFDIopp) for c-P6•T6Q and the acyclic model l-P6•T6Q. 
Calculated at the BLYP35/6-31G* level. 

 IFDIopp 

Q c-P6•T6Q l-P6•T6Q 

0 9.5 × 10–5 5.6 × 10–5 
+2 3.8 × 10–3 1.3 × 10–3 
+4 6.1 × 10–3 3.7 × 10–3 
+6 2.9 × 10–3 2.1 × 10–3 

+12 7.0 × 10–8 4.0 × 10–8 
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Figure S28 Carbon atom labels for DI/PDI calculations. 

Table S3 Delocalization indices between para positions in benzene, and between carbon atoms which 
are separated by three bonds in hexatriene. See Figure S28 for atom numbering. Calculated at the 
BLYP35/6-31G* level. 

 1 – 4 2 – 5 3 – 6 PDI 

benzene 0.1039 0.1039 0.1039 0.1039 
hexatriene 0.0906 0.0150 0.0906 n.d. 

 

 

 

 

Figure S29: (a) Comparison of changes in chemical shift differences between acyclic (l-P6•T6) and cyclic (c-
P6•T6) nanoring models as a function of charge; (b) labelled fragment of a nanoring showing proton 
assignments. 

Table S4 Comparison of Δδ (ppm) values between a fully globally-conjugated porphyrin (c-P6•T6) nanoring and 
an acyclic nanoring (l-P6•T6) in which a single butadiyne bridge has been replaced with two hydrogen atoms. 
Calculated at the BLYP35/6-31G* level. 

  δ(o(in)) – δ(o(out)) Δδ(α) Δδ(β) Δδ(γ) Δδ(δ) 

Q = 0 
l-P6•T6Q 0.31 −6.10 −2.49 −1.89 −1.56 
c-P6•T6Q 0.44 −5.79 −2.31 −1.76 −1.44 

Q = +2 
l-P6•T6Q 0.24 −4.36 −1.76 −1.37 −1.13 
c-P6•T6Q −0.56 −5.69 −2.87 −2.38 −2.05 

Q = +4 
l-P6•T6Q 0.07 −2.16 −0.82 −0.71 −0.57 
c-P6•T6Q 8.55 12.08 10.81 9.48 8.81 

Q = +6 
l-P6•T6Q −0.12 −0.04 0.11 −0.05 −0.02 
c-P6•T6Q −1.18 −1.99 −1.37 −1.34 −1.20 

Q = +12 
l-P6•T6Q −1.73 3.71 1.96 1.31 1.09 
c-P6•T6Q −1.53 3.09 1.65 1.07 0.96 
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