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Section	
  S1.	
  Materials,	
  Methods	
  and	
  Instrumentation	
  
All manipulations of air or water sensitive compounds were performed using standard high-vacuum 
techniques. When required, solutions were degassed by boiling under reduced pressure followed by 
saturating with N2; this cycle was then repeated. Dry THF, CH2Cl2 and toluene were obtained by 
passing through alumina under N2 pressure. All other reagents were used as commercially supplied. 
NMR data were collected at 500 MHz using a Bruker AVII 500 or at 400 MHz using a Bruker DPX 
400 at 298 K. Chemical shifts are quoted as parts per million (ppm) relative to residual CHCl3 at δ 
7.27 ppm and coupling constants (J) are reported in Hertz. MALDI-ToF spectra were measured 
using a Waters MALDI micro or at the EPSRC National Mass Spectrometry service (Swansea) 
using the Applied Biosystems Voyager DE-STR. Room temperature UV-vis-NIR absorbance 
measurements were recorded with a Perkin-Elmer Lambda 20 photospectrometer. Room 
temperature fluorescence spectra were recorded using an automated custom-built system consisting 
of a 75 W xenon lamp focused into a monochromator, which then illuminated the sample in a quartz 
fluorescence cell. A silicon photodiode was used to normalize the incident excitation intensities. 
Luminescence from the sample was collected at 90 ° to the excitation beam and focused into a 
spectrograph fitted with a liquid nitrogen cooled InGaAs photodiode array. The spectral response of 
the detector was corrected by using a standard tungsten lamp (OL 245U, Optronic Laboratories 
Inc.). The linear porphyrin hexamer Si2-l-P'6 (Φf = 8.0% in toluene with 1% pyridine)S1 was used as 
a standard for determination of fluorescence quantum yields. Low temperature absorption and 
emission measurements were made with the triple-grating TRIAX 320 spectrograph (focal length: 
320 mm; aperture: f/4.1; dispersion: 4.6 nm/mm). The absorption spectrum was captured using 600 
gr/mm blazed at 1000 nm grating with 0.05 mm slit, 3 ms exposure time and 20 accumulations by 
liquid N2 cooled Symphony CCD detector (spectral range: 400–1000 nm). The emission spectra 
were recorded using the same grating with 0.3 mm slits and 1 s per 1 nm integration time by InGaAs 
solid state LN2 cooled detector (spectral range: 800–1500 nm). The estimated resolution is 0.23 nm 
for absorption and 1.38 nm for fluorescence. The wavelength calibration was performed with the 
HG-1 Mercury Argon Calibration Source (Ocean Optics, spectral range: 253–1700 nm) and the 
spectral response was calibrated with the LS-1-CAL calibrated tungsten halogen light source (Ocean 
Optics, 300–2000 nm). In absorption measurements, two spectra of halogen light source (DH – 
2000, Micropack, UV-vis-NIR) focused on the entrance slit of spectrograph were measured. One 
spectrum was obtained by keeping the sample in the light path, another one was measured without 
the sample. The sample was excited using the 3900S CW tunable Ti: sapphire laser (tunable from 
675 nm to 1000 nm) at the specified excitation wavelength and collected at 90 ° to the excitation 
beam. Analytical GPC was carried out using PLgel 3 µm Mixed-E columns (2 × 300 mm length, 7.5 
mm diameter), with a flow rate of 1.0 mL/min. 
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Section	
  S2.	
  Synthetic	
  procedures	
  
3,5-Bis(tert-butyl)benzaldehyde,S2 dipyrromethane,S3 hexadentate template T6,S1 porphyrin 
monomer l-P'1S4 and linear porphyrin hexamer Si2-l-P'6S1 were synthesized according to published 
procedures. Although procedures for the synthesis of porphyrin monomer l-P1 (Scheme S1) have 
been published before, we report optimized procedures here. 
 
Scheme S1. Synthesis of porphyrin monomer l-P1. 

 
Zinc 5,15-bis-(3,5-bis-tert-butyl-phenyl)-porphyrin 1 
3,5-Bis(tert-butyl)benzaldehyde (1.79 g, 8.21 mmol) and dipyrromethane (1.20 g, 8.21 mmol) were 
placed in a dry flask under N2 and dissolved in CH2Cl2 (1600 mL). The solution was degassed three 
times by repeated evacuation and purging with nitrogen. Trifluoroacetic acid (0.37 mL, 4.9 mmol) 
was added and the reaction mixture stirred in the dark for 3 h. DDQ (2.42 g, 10.7 mmol) was added 
and stirring continued for 0.5 h. After quenching of the acid by addition of triethylamine (8 mL) the 
mixture was passed over a short silica plug (CH2Cl2). After evaporation, the residue was dissolved 
in CHCl3 (150 mL) and treated with a solution of zinc acetate dihydrate (1.80 g, 8.21 mmol) in 
MeOH (15 mL). After stirring the solution for 1 h at room temperature, the volume was reduced and 
the mixture passed over a silica plug (CH2Cl2/pyridine = 10/1). Recrystallization from 
CH2Cl2/MeOH gave porphyrin 1 as a red solid (1.73 g, 56%). 1H NMR (400 MHz, CDCl3): δH 1.59 
(s, 36H, tBu-H),7.86 (t, J = 2.0 Hz, -ArylHpara), 8.17 (d, J = 2.0 Hz, 4H, -ArylHortho), 9.23 (d, J = 4.5 
Hz, 4H, -PorphHβ), 9.45 (d, J = 4.5 Hz, 4H, -PorphHβ), 10.36 (s, 2H, -PorphHmeso) (as literature).S5 

Zinc 5,15-bis-(3,5-bis-tert-butyl-phenyl)-10,20-dibromo-porphyrin 2 
To a solution of zinc porphyrin 1 (1.2 g, 8.2 mmol) in CHCl3 (190 mL) and pyridine (0.8 mL) was 
added dropwise N-bromosuccinimide (0.61 g, 3.4 mmol) dissolved in CHCl3 (30 mL). After stirring 
in the dark for 15 minutes, the reaction was quenched with acetone (1.0 mL). The solvent was 
removed and the crude product recrystallized from CH2Cl2/MeOH to give dibromoporphyrin 2 as a 
purple solid (1.36 g, 92%). 1H NMR (400 MHz, CDCl3): δH 1.50 (s, 36H, tBu-H),7.80 (t, J = 2.0 Hz, 
-ArylHpara), 7.99 (d, J = 2.0 Hz, 4H, -ArylHortho), 8.91 (d, J = 4.5 Hz, 4H, -PorphHβ), 9.66 (d, J = 4.5 
Hz, 4H, -PorphHβ) (as literature).S5 

Zinc 5,15-bis-(3,5-bis-tert-butyl-phenyl)-10,20-bis-trihexylsilanylethynyl-porphyrin Si2-l-P1 
tris-(Dibenzylideneacetone)-di-palladium(0) (64 mg, 70 µmol), copper(I) iodide (28 mg, 0.14 
mmol), triphenylphosphine (36 mg, 0.14 mmol) and dibromoporphyrin 2 (0.64 g, 0.7 mmol) were 
placed in a dried Schlenk tube under argon. Toluene (45 mL), iPr2NH (24 mL) and pyridine (1.27 
mL) were added and the reaction mixture deoxygenated. Trihexylsilyl acetylene (0.81 mL, 2.1 
mmol) was added by syringe. The reaction mixture was stirred at 80 °C for 3 hours, solvents 
removed and the residue passed through a short silica gel column using CH2Cl2. Recrystallization 
by layer addition (CH2Cl2 / MeOH) gave the product Si2-l-P1 as a green solid (0.96 g, 99 %). 1H 
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NMR (400 MHz, CDCl3): δH 1.02 (m, 12H, hexyl-H), 1.39 (m, 24H, hexyl-H), 1.58–1.51 (m, 48H, 
12 hexyl-H, 36 tBu-H), 1.77 (m, 12H, hexyl-H), 7.83 (t, 2H, J = 1.5 Hz, -ArylHpara), 8.06 (d, 4H, J = 
1.5 Hz, -ArylHortho), 8.98 (d, 4H, J = 4.5 Hz, -PorphHβ), 9.74 (d, 4H, J = 4.5 Hz, -PorphHβ) (as 
literature).S6 

Zinc 5,15-bis-(3,5-bis-tert-butyl-phenyl)-10,20-bis-ethynyl-porphyrin l-P1 
THS-protected porphyrin monomer Si2-l-P1 (100 mg, 73.3 µmol) was dissolved in CH2Cl2 (10 mL) 
and tetra-n-butylammonium fluoride (0.70 mL of a 1.0 M solution in THF) was added. After stirring 
at room temperature for 15 minutes the mixture was immediately passed through a short plug of 
silica gel (CH2Cl2). Recrystallization by layer addition (CH2Cl2 / MeOH) gave the product l-P1 as a 
dark green solid (54 mg, 92 %). 1H NMR (400 MHz, CDCl3): δH 1.55 (s, 36H, tBu-H), 4.15 (s, 2H, 
C≡C–H), 7.79 (t, 2H, J = 1.5 Hz, -ArylHpara), 8.01 (d, 4H, J = 1.5 Hz, -ArylHortho), 8.91 (d, 4H, J = 
4.5 Hz, -PorphHβ), 9.67 (d, 4H, J = 4.5 Hz, -PorphHβ) (as literature).S6 
 
 
Section	
  S3.	
  Solution-­‐phase	
  small	
  angle	
  X-­‐ray	
  scattering	
  (SAXS)	
  

Synchrotron radiation SAXS data were collected using standard procedures on the I22 beamline at 
the Diamond Light Source (UK) equipped with a photon counting detector. The beam was focused 
onto the detector placed at a distance of 1.25 m from the sample cell. The covered range of 
momentum transfer was 0.03 < q < 1.0 Å–1 (q = 4 π sin(θ)/λ where 2θ is the scattering angle and 
λ = 1.00 Å is the X-ray wavelength). The data were normalized to the intensity of the incident 
beam; the scattering of the solvent was subtracted using an in-house program. To check for radiation 
damage during the SAXS experiment, the data were collected in 10 successive 60 s frames. All 
SAXS measurements were performed in either toluene or toluene/1% pyridine at known 
concentrations (~10–4 M) in a solution cell with mica windows (1 mm path length). Simulated 
scattering curves from molecular models were obtained by fitting to the experimental scattering data 
using the program CRYSOL.S7 The program GNOMS8 was used to calculate pair distribution 
functions and radii of gyration from experimental and simulated scattering data.  
Table S1. Radii of gyration Rg determined from the experimental scattering data from Figure 3 in the main 
text using the program GNOM.S8 
 

Compound Rg (exp) Rg (model) 

c-P6·T6 12.9 Å 12.4 Å 

c-P6 14.3 Å 13.2 Å 

Si2-l-P'6 23.8 Å 23.8 Å 
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Section	
  S4.	
  Electrochemistry	
  
Electrochemical experiments on c-P6·T6 and c-P6 were performed using an Autolab PGSTAT12 
potentiostat. Compounds were studied in freshly distilled THF containing Bu4NBF4 (0.1 M), under 
helium. Voltammograms were also recorded in THF containing 1% pyridine (volume ratio) and 
Bu4NBF4 (0.1 M). A 3 mm glassy carbon working electrode was used with a Pt wire counter 
electrode and an Ag/AgNO3 reference electrode. The redox potentials of all the compounds were 
measured using square-wave voltammetry; the reversibility of the redox waves was checked by 
cyclic voltammetry. All the voltammograms were referenced to internal ferrocene (Fc/Fc+ at 0 V). 
 

 
 
Figure S1. Square-wave voltammograms recorded for c-P6·T6 (black curves) and c-P6 (red curves) (a) in 
THF with 0.1 M Bu4NPF6 and (b) in THF containing 1% pyridine and 0.1 M Bu4NPF6 (square wave 
frequency 8 Hz; glassy carbon working electrode, Pt counter electrode, Ag/AgNO3 reference electrode). All 
the voltammograms are referenced to internal ferrocene (Fc/Fc+ at 0.00 V). 
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Section	
  S5.	
  Absorption	
  and	
  fluorescence	
  spectroscopy	
  

	
  

 

Figure S2. (a) Absorption (black line) and emission (blue line, excitation at 489 nm) spectra of (from top to 
bottom) Si2-l-P'6 in toluene/1% pyridine, (Si2-l-P'6)2·(4,4'-bipyridine)6 in toluene, Si2-l-P'6·T6 in toluene, 
c-P6 in toluene/1% pyridine and c-P6·T6 in toluene; b) Absorption spectra of c-P6·T6 in methylcyclohexane 
at temperatures between 295 and 80 K. c) Emission spectra of c-P6·T6 in methylcyclohexane at temperatures 
between 295 and 80 K (excited at 835–858 nm, moving with the maximum of the absorption peak, see (b). 
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Identification of peaks in the fluorescence spectrum of c-P6·T6 due to emissive impurities 

The nanoring template complex c-P6·T6 has a very low fluorescence quantum yield (Φf = 0.1%), 
thus traces of fluorescent impurities, which cannot be detected by other techniques, are often 
observed in the fluorescence spectrum of this compound. After assigning the majority of peaks in 
the fluorescence spectrum as S0-S1 HT transitions, several minor peaks remain unassigned. The 
relative intensity of these peaks increases after storing the sample for a few days, so we attribute 
these peaks to decomposition products. The fluorescence and excitation spectra of these impurities 
indicates that they are similar to Si2-l-P'6·T6, i.e. with a single break in the π-system breaking the 
symmetry.  

One fluorescence impurity peak occurs at higher energies than the predicted S0-S1 0-0 transition 
of c-P6·T6 at 1.31 eV. This peak is observed at a wavelength of 916 nm in MCH at 80 K, 893 nm in 
MCH at 295 K and at 910 nm in toluene at 295 K (Figure S3b). The photoluminescence excitation 
(PLE) map in Figure S3a shows that emission at 910 nm contains a contribution from an impurity, 
because the vertical slice at 910 nm is different from vertical slices at other wavelengths and does 
not match the absorption spectrum of c-P6·T6. This conclusion is confirmed by comparison with 
the PLE map in Figure 3c, from a sample of c-P6·T6 which contained less of the impurity and did 
not exhibit the same emission feature at 910 nm. Figure S3d shows the excitation spectra at 
emission wavelength 910 nm extracted from these two PLE maps: The excitation spectrum of the 
sample containing more impurity does not match the absorption spectrum, while very good overlap 
is found in the case of the purer sample.  

The fluorescent impurity is particularly evident when samples of c-P6·T6 are excited at the 
long wavelength edge of the absorption band, at 906 nm (1.36 eV), where the nanoring absorbs very 
weakly, as illustrated in Figure S4 (blue line). From the un-normalized emission spectra in Figure 
S4 it is clear that the intensity of these additional peaks is small compared to the emission spectra 
excited at shorter wavelength (where c-P6·T6 absorption is stronger). 

The fluorescence spectrum of c-P6·T6 recorded at 295 K (Figure 7d) shows a shoulder at 
around 850 nm which disappears when the fluorescence spectrum is recorded at 80 K. Further 
experiments will be required to firmly assign this shoulder; it could be due to emission from an S2 
state or it could originate from conformations of the nanoring which are not populated at low 
temperatures. 
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Figure S3. Identification of an emissive impurity in c-P6·T6, that is not detectable by UV-vis-NIR 
absorption or 1H NMR. (a) Photoluminescence excitation (PLE) map of c-P6·T6 in toluene. The difference 
in the excitation spectrum (vertical slice) at 910 nm compared to the excitation spectra at all other 
wavelengths allows the emission feature at this wavelength to be assigned to an emissive impurity. The PLE 
map was measured using a Si-diode CCD detector for shorter wavelengths and an InGaAs detector for longer 
wavelengths. The vertical black line shows where the two maps were joined. (b) Emission spectrum of c-
P6·T6 in toluene excited at 809 nm (black line) with the emission peak of the impurity at 910 nm marked 
with a black arrow; emission spectrum in methylcyclohexane (MCH) at 295 K upon excitation at 835 nm 
(red line) with the emissive impurity shifted to 893 nm (red arrow); emission spectrum in MCH at 80 K upon 
excitation at 858 nm (blue line) with the emissive impurity shifted to 917 nm (blue arrow); (c) PLE map of a 
sample of c-P6·T6 in toluene in the absence of the emissive impurity; (d) excitation spectra for emission at 
910 nm from maps (a) and (c) together with absorption spectra of c-P6·T6. 
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Figure S4. Un-normalized fluorescence spectra of c-P6·T6 in methylcyclohexane at 78 K, excited at 1.6 eV 
(red) and 1.36 eV (blue) and simulated HT spectrum (black). Both experimental spectra seem to contain a 
peak at 1.09 eV, which is not predicted by the HT spectrum assuming a 0-0 of 1.31 eV. Focusing on the main 
peaks in both experimental spectra, it can be seen that the spectrum observed when exciting at 1.36 eV 
contains the same peaks obtained when exciting at 1.6 eV (the HT vibronic envelope of c-P6·T6 S0-S1 
transitions) as well as an echo of this vibronic envelope shifted 0.05 eV to the blue. We attribute this blue-
shifted spectrum to HT transitions from S1 of the decomposition product, which is selectively populated 
when exciting at 1.36 eV. Thus the peak at 1.09 eV is assigned to the strongest HT transition of the 
decomposition product. 
 
 
Section	
  S6.	
  Time-­‐Resolved	
  Fluorescence	
  Decay	
  Measurements	
  
Time-resolved photoluminescence (TRPL) measurements were conducted c-P6·T6 in toluene (at a 
concentration of approximately 0.1 mM) using a femtosecond photoluminescence up-conversion 
setup. Solutions held in quartz cuvettes at room temperature were excited with laser pulses of 
center-wavelength 770 nm and fluence of 0.85 µJ cm-2 with frequency-doubled pulses of 100 fs 
duration originating from a mode-locked Ti:Sapphire oscillator. The emerging photoluminescence 
was collected by a pair of off-axis parabolic mirrors and focused onto a β-barium-borate (BBO) 
crystal mounted on a rotation stage to allow tuning of the phase-matching angle. An intense 
vertically polarized gate beam (center-wavelength 770 nm) arriving at the BBO crystal at adjustable 
time-delay was used to up-convert the photoluminescence at given times after excitation. The 
resulting sum-frequency photons were collected, dispersed in a monochromator, and detected by a 
liquid-nitrogen cooled CCD. The fluorescence decay curve is shown in Figure S5. 
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Figure S5. Fluorescence decay curve recorded for c-P6·T6 in toluene using the femtosecond 
photoluminescence up-conversion setup (pulse duration: 100 fs; excitation wavelength: 770 nm; detection 
wavelength: 945 nm). These data yield a fluorescence lifetime of 250 ± 6 ps. 
 
 
Section	
  S7.	
  Time-­‐Resolved	
  Fluorescence	
  Anisotropy	
  Measurements	
  

Time-resolved fluorescence anisotropy measurements were conducted on Si2-l-P'6 and c-P6 in 
toluene / 1% pyridine and c-P6·T6 in toluene (at a concentration of approximately 0.1 mM) using a 
femtosecond photoluminescence up-conversion setup, as described above (Section S6). Only the 
vertical polarization component of the photoluminescence was up-converted in this setup; therefore, 
either the parallel (PL||) or the perpendicular (PL⊥) luminescence polarization with respect to the 
excitation polarization was selected by changing the polarization of the excitation beam through 
rotation of a half-wave plate and a Glan-Thompson polarizer. The temporal resolution of the system 
was 800 fs. Figure S6 shows the resulting polarization anisotropy values r calculated from these 
data in the usual way, using r = (PL||| − PL⊥)/(PL|| + 2PL⊥). Any initial drop in polarization anisotropy 
is too fast to resolve. Within the first few tens of picoseconds, no further drop in r is observed; 
constant average values of r = 0.32 ±0.02 are obtained for Si2-l-P'6, which reduce to r = 0.082 ± 
0.01 and r = 0.077 ± 0.02 for c-P6·T6 and c-P6, respectively. 
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Figure S6. (a) PL components emitted with polarization parallel (PL||, black squares) or perpendicular (PL⊥, 
red circles) to the excitation polarization for c-P6·T6 in toluene containing 1% pyridine at a detection 
wavelength of 945nm. (b) Polarization anisotropy values r calculated from such data for Si2-l-P'6 (blue 
triangles, detection at 850 nm), c-P6 (red circles, detection at 890 nm) in toluene containing 1% pyridine and 
c-P6·T6 (black squares, detection at 945 nm) in toluene. The solid lines are average values calculated for the 
delay range of 0–15 ps, which are r = 0.32 ± 0.02 for Si2-l-P'6, r = 0.082 ± 0.01 for c-P6·T6 and r = 0.077 ± 
0.02 for c-P6.  
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Section	
  S8.	
  Computational	
  Studies	
  
Table S2. c-P6·T6 (with aryl side groups removed) S0-S1 and S0-S2 oscillator strengths f, electronic transition 
energies ω and their relative transition energies calculated using several methods affordable for a molecule of 
this size. Geometries were previously optimized while constraining the symmetry to D6 using Turbomole. 
TD-DFT calculations were performed using Gaussian 09 apart from those highlighted with an asterisk which 
were performed using Turbomole. The 6-31g(d,p) basis set was used for all DFT calculations. INDO/SCI 
calculations were performed using an in-house program using an active space of 120 occupied and 
unoccupied orbitals. [+] Using this model, an additional dark state appeared above S1 such that the strongly 
allowed state for which the transition energy is reported is in fact S3. 
 

Geometry Method ω S0-S1 (eV) ω S0-S2 (eV) Spacing (eV) f S0-S1 f S0-S2 
B3LYP TD-B3LYP* 1.060 1.475[+] 0.415 0.000 5.489 
B3LYP INDO/SCI 1.513 1.633 0.120 0.000 1.823 
B3LYP TD-LC-wPBE 1.360 1.599 0.240 0.000 3.091 
BHLYP TD-BHLYP 1.601 1.864 0.262 0.000 4.506 
BHLYP TD-BHLYP* 1.600 1.863 0.263 0.000 4.353 
BHLYP INDO/SCI 1.622 1.711 0.089 0.000 1.220 

 
 

	
  
 
Figure S7. Numerical S0-S1 HT transition dipole moment derivatives Δµ/ΔQ with respect to displacement 
along modes of e1 symmetry. Derivatives were calculated for all modes of e1 symmetry using two 
displacements ΔQ of 0.06 (black squares) and 0.1 (orange triangles) Bohr Radii (a0) at the INDO/SCI level. 
Derivative calculations were repeated at the TD-BHLYP level for one component of each of the 4 pairs of 
double degenerate modes most strongly coupled. TD-BHLYP derivatives for displacements ΔQ of 0.06 (red 
crosses) and 0.1 (blue circles) a0 are in excellent agreement with INDO/SCI derivatives for three of the four 
most strongly coupled modes while for the most strongly coupled mode the agreement is acceptable. 
Additionally, for all but the most strongly coupled mode, the value of derivatives is almost identical for 
displacements of 0.06 and 0.1 a0, indicating the suitability of the linear HT approximation. Derivatives were 
calculated by evaluating the change in the magnitude of the S0-S1 transition dipole moment relative to the D6 
symmetric ground state geometry, i.e. Δµ/ΔQ = (|µe1|-|µD6|)/ΔQ where µe1 and µD6 are the S0-S1 transition 
dipole moments in the distorted and D6 ground state geometries respectively. 
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Radiative Rate Constants. Einstein spontaneous emission rates were calculated for individual HT 
transitions using the equation: 

2 23 3
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4
3 4 6077radk c

µ µ !!
"#

$ %= =& '
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where µ and ω are the transition dipole moment and frequency of the transition respectively, ε0 is the 
dielectric permittivity of vacuum, ħ is the reduced Planck constant and c is the speed of light in 
vacuum. The expression on the right yields krad in ns–1 if µ and ω are given in Debye and eV 
respectively. Rates for individual transitions can be seen in Figure 10 of the main text. Radiative 
decay rates of individual HT transitions were summed to yield S0-S1 radiative decay rates (see Table 
S3) comparable with experimental radiative decay rates. Comparing the rates obtained by summing 
over the most strongly coupled 8 modes and by summing over all e1 modes indicates that the most 
strongly coupled 8 modes account for more than 80% of the radiative decay at the INDO/SCI level. 
Comparing the summed rate of the most strongly coupled 8 modes calculated from INDO/SCI and 
TD-BHLYP calculations indicates that INDO/SCI recovers over 85% of the decay rate predicted by 
the higher level TD-BHLYP calculations. Our HT models thus predict a total radiative decay rate of 
approximately 107 s–1, as compared to the experimental radiative lifetime obtained from the ratio of 
fluorescence quantum yield Φf (0.0012) over fluorescence lifetime τf (250 ps) of 4.8 × 106 s–1. 
Radiative decay rates of the purely electronic transitions without HT contributions are listed in 
Table S4. Transitions from S1 and S2 to the S0 ground state occur at rates in the range 103–104 and 
108–109 s–1 respectively and are thus too slow and too fast respectively to account for the 
experimental radiative decay rates. Though our HT intensities are slightly overestimated, 
considering the complexity of the system and the approximations made the agreement is excellent. 
 
Table S3. Comparison of summed Einstein spontaneous emission radiative decay rates krad using different 
quantum chemical methods (INDO/SCI and TD-BHLYP), numbers of modes (8 most strongly coupled 
modes or all e1 modes) and displacements ΔQ used for numerical evaluation of Δµ/ΔQ HT derivatives (0.06 
or 0.1 a0). 

Model ΔQ in Δµ/ΔQ (a0) krad (s–1) 
TD-BHLYP 8 modes 0.06 7.83 × 106 
TD-BHLYP 8 modes 0.1 7.08 × 106 
INDO/SCI 8 modes 0.06 7.08 × 106 
INDO/SCI 8 modes 0.1 6.18 × 106 

INDO/SCI all modes 0.06 8.42 × 106 
INDO/SCI all modes 0.1 7.56 × 106 
Models compared   Fraction 

INDO/SCI 8 modes / all modes 0.06 0.84 
INDO/SCI 8 modes / all modes 0.1 0.82 

8 modes INDO/SCI / TD-BHLYP 0.06 0.91 
8 modes INDO/SCI / TD-BHLYP 0.1 0.87 

 



S14 
	
  

Table S4. Einstein spontaneous emission radiative decay rates krad for electronic transitions between S1, S2(x) 
and S2(y) and the ground state S0. 
 

Model Transition ω (eV) µ (Debye) krad (s–1) 
TD-BHLYP S1-S0 1.601 0.083 4.7 × 103 
TD-BHLYP S2(x)-S0 1.864 17.855 3.4 × 108 
TD-BHLYP S2(y)-S0 1.864 17.855 3.4 × 108 
INDO/SCI S1-S0 1.622 0.154 1.7 × 104 
INDO/SCI S2(x)-S0 1.711 9.690 7.7 × 107 
INDO/SCI S2(y)-S0 1.711 9.670 7.7 × 107 

 

 

Section	
  S9.	
  Crystallography	
  of	
  c-­‐P6·∙T6	
  
General Crystallographic Details. Crystals of c-P6·T6 were grown by vapor diffusion of n-hexane 
into a solution in 1% pyridine/CHCl3. Diffraction data were collected at 150 K using synchrotron X-
ray radiation at the Diamond Light Source, beamline I19 (EH1). The structure was solved using 
SuperFlipS9 and refined using full-matrix least-squares within the CRYSTALS software suite.S10 

The asymmetric unit contains 0.5 molecules of c-P6·T6 and there is a crystallographic inversion 
center at the center of the molecule. 
 
A second polymorph was also observed, as black hexagonal plates with a cell of a = 49.85 Å, c = 
29.46 Å, V = 63395 Å3. This polymorph was persistent and was seen on many occasions. The 
unique axis length was found to vary, perhaps as a function of solvation. Although the structure was 
never solved, it is postulated to consist of flat layers with pseudo 6-fold symmetry caused by the c-
P6-T6 forming a hexagonal array. Ordering between the c-P6·T6 layers (separated by solvent) is 
poor, leading to a two dimensional diffraction pattern that failed to solve. 
 
Crystal packing. The nanoring molecules are arranged in layers, in a side-to-face herringbone 
fashion (Figure S8). 
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Figure S8. The packing diagram for c-P6·T6 showing two orthogonal views of the crystal structure. 
Hydrogen atoms, solvent molecules and aryl side groups have been omitted for clarity. 
 
Conformation of the nanoring. Molecules of c-P6·T6 in the crystal are slightly distorted from 
ideal D6h symmetry having a clear ‘chair-like’ geometry (Figure 4). The butadiyne carbons lie 
significantly away from the mean plane of the six Zn-centers [mean deviation distances are 0.81 Å 
(Cα) and 0.86 Å (Cβ), calculated using the CrystalMaker software, version 7.2.4]. The six 
porphyrins are essentially planar: the sum of RMS deviations for the 24 atoms of the porphyrin core, 
averaged over three crystallographically non-equivalent porphyrin units, is only 0.023 Å which is 
even lower than the value in unstrained porphyrin dimer Si2-­‐l-­‐P2 (0.043 Å).S11 The ‘sum of RMS 
deviations for the 24 atoms of the porphyrin core’ was defined as the square root of sum-of-squares 
of out-of-plane distances of the 20 carbon atoms and four nitrogen atoms of the porphyrin core from 
the mean plane of these 24 atoms (calculated using the CrystalMaker software). 

Distortion of the porphyrin units. The strain in the porphyrin units pulls the 5 and 15 meso carbon 
atoms away from the plane of the porphyrin, whereas the 10 and 20 carbon atoms lie in the plane of 
the porphyrin, as in a typical 5-coordinate Zn-porphyrin pyridine complexes. This distortion is 
easily seen by comparing the angles between meso-positions and the centroid of four pyrrole 
nitrogens (Figure 5c). The distortion of the porphyrin has little influence on the coordination sphere 
of the Zn-center: the mean distances from the Zn-atom to the 24-atom porphyrin core (0.290 Å) and 
from the Zn-atom to pyridine nitrogen (2.145 Å) in c-P6·T6 are close to those found in typical 5-
coordinate Zn-porphyrin pyridine complexes (Figure 5a,b). Only porphyrins with no substituents in 
β- and adjacent meso-positions have been included in this search; porphyrins with bulky substituents 
in meso-positions were also excluded. A search of the Cambridge Crystallographic Database (CSD, 
Version 5.32 with the Nov. 2010 update)S12 produced 111 hits and was performed using the 
software ConQuest (version 1.12).S13 The porphyrin plane was fitted through the 20 carbon atoms 
and 4 nitrogen atoms of the porphyrin core. Data were analyzed using program Vista.S14 

Geometry of the butadiyne units. Most of the strain in c-P6·T6 is distributed among acetylenes, 
resulting in significant bending. This bending is quantified by the angles θ1 (Csp2-Cα≡Cβ) and θ2 
(Cα≡Cβ-Cβ). The six non-equivalent values of θ1 and θ2 in c-P6·T6 are compared with values for 
acyclic and cyclic 1,3-butadiynes in the CSD in Figure 5d. The search of the CSD for acyclic 1,3-
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butadiynes produced 177 hits; that for cyclic species produced 149 hits. Only the butadiyne 
fragments connected to sp2-carbon atoms were included in this analysis; those with triple bonds 
coordinated to metals were excluded. The two types of bond angles appear to be equally flexible; 
their mean values in c-P6·T6 are similar (θ1: 169.6 ± 1.7 °; θ2: 170.5 ± 1.6 °). There is a negative 
correlation between θ1 and θ2, thus the sum θ1 + θ2 has less scatter and is a better measure of angle 
strain than either θ1 or θ2. The bending of the butadiyne units in c-P6·T6 is less extreme than that 
reported for some cyclic molecules containing 1,3-butadiyne links.  
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