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Experimental
Butadiyne-bridged, Zn porphyrin nanorings, c-Pnpor (in which npor is the number of constituent monomers and npor  = 10, 20, 30 or 40) have been synthesised as previously reported.1–3 All samples were dissolved in toluene with 1% volume pyridine, to coordinate the Zn atoms and so avoid aggregation. The concentration of each sample has been adjusted in order to obtain a peak optical density of 0.3 in a 1 mm path cell. 
The spectrometer is based on a design proposed by Riedle et al.4 and has been described previously.5 A diagram of the spectrometer is given in Fig. S1. Briefly, a titanium sapphire (Ti:Sa) chirped pulse amplifier (CPA), seeded by a Ti:Sa oscillator and pumped by a Q-switched Nd:YLF laser (Spectra-Physics) produces 5 mJ, 100 fs, 800 nm pulses at 1 kHz. 10% of the amplifier output is used to drive a noncollinear optical parametric amplifier (NOPA) and a separate collinear optical parametric amplifier (OPA) (Light Conversion). The NOPA produces broadband pulses, here centred at either 720 nm or 860 nm corresponding to high or low energy sides of the nanoring absorbance. These are used as pump pulses after recompression to ca. 25 fs by means of a folded two-prism compressor, and attenuation to a pulse energy of 10 nJ which avoids any effect of exciton-exciton annihilation.6 The collinear OPA output is set at 1250 nm and used as a seed for generation of supercontinuum white light (SWL) in a 3 mm static sapphire window. The white light spectrum spans 550-1150 nm and is used as the probe. 
The pump-probe delay time is scanned by means of a silver-coated retroreflector mounted on a linear translation stage (Physik Instrumente) in the pump path. The relative pump-probe polarisation is set at 45°, a cube beam splitter placed after the sample separates the parallel and perpendicular components of the transient molecular response, which are both dispersed by a home-built two-channel prism spectrometer and recorded on two identical 122x1024 pixels full-frame transfer CCD detectors (Stresing). The isotropic response () is then retrieved as a combination of the signals measured on the two detectors, using:7 
										(1)			
In which  and  are the responses measured for relative parallel and perpendicular pump-probe polarisation conditions, respectively.
The pump-probe delay is scanned from -500 to +1000 fs in 8 fs steps, and then in longer time steps up to 3 ns, each reported data point is the result of the average of 500 pump on minus pump off difference spectra and furthermore, a spectrum at a negative delay time is subtracted from the whole dataset to correct for pump scatter and fluorescence contributions. Each probe wavelength-time delay surface is obtained as the average of 9 consecutive scans. Femtosecond coherence spectroscopy (FCS) data are obtained upon subtraction of the multiexponential global fits to the slowly decaying population components from each dataset. Truncation at 1 ps, followed by zero padding, numerical Fourier transformation of each probe wavelength with respect to the pump-probe delay time (T) and integration over the relevant probe wavelengths allowed retrieval of impulsive resonant Raman spectra.8
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Fig. S 1 Sketch of the experimental setup used for the fsTA/FCS measurements shown in the main text, in which λ/2 + P are half-wave plates and polarisers, M are mirrors, L are lenses, I is an iris, BS is a beam splitter, CBS is a cubic beam splitter, CM is a concave mirror, S is a 3 mm thick sapphire window, P are prisms, C is a chopper, A is the sample, DL + RR are the delay line and retroreflector mounted on it and CCD 1/2 are the detectors measuring parallel and perpendicular response components, respectively. The CBS allows the parallel and perpendicular components of the signal to be separated. 







Figure S 2 fsTA time delay T vs difference OD traces at 842 nm after excitation with 720 nm (blue) and 860 nm (red) centred pump pulses for c-P40. T is reported on log10 scale to highlight the difference in early-time behaviour upon excitation with pump pulses centred at the different wavelengths.





Figure S 3 Transient absorption spectra for c-P40 at two different excitation conditions, 720 nm (blue) and 860 nm (red) centred pump pulses. The different graphs correspond to different pump−probe delay times as for top  T = 0.1 ps, middle T = 4.5 ps, and bottom T = 500 ps. 
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Fig. S 4 Femtosecond coherence spectra of c-P10 (d, g), c-P20 (e, h) and c-P30 (f, i) after excitation by 720 nm (d, e, f) or 860 nm (g, h, i) broadband pump pulses. Normalised steady-state absorption and PL spectra of c-P10 (a, violet), c-P20 (b, navy) and c-P30 (c, orange) are reported as solid and dashed lines, respectively, together with the normalised spectra of pump pulses centred at 720 nm  and 860 nm (blue and red dashed areas in a-c). Vertical dashed lines highlight the spectral positions at which the phase-flips occur in both the ground (blue) and excited (red) potential energy surfaces of c-P10-30.
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Fig. S 5 (a) Sub-ps oscillatory behaviour of the residuals of cPnpor after excitation at 720 (top) or 860 nm (bottom). (b) Time-domain fit of the residuals of c-P40 excited at 860 nm and probed at 835 nm. A single damped sinusoid with frequency of 371 cm-1 and dephasing time of 750 fs yields a good fit to the experimental data. The extracted parameters are in good agreement with the Fourier domain data. 
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Fig. S 6 probe wavelength-resolved amplitude (teal solid line) and phase (orange solid line) of the 370 cm-1 mode in the ground (left column) and excited (right column) electronic states of c-P10 (top row), 20 (middle row) and 30 (bottom row).



Fig. S 7 Probe wavelength-resolved impulsive Raman maps of c-P30 after impulsive excitation by 720 nm (b) or 860 nm (c) broadband pump pulses. Normalised steady-state absorption and PL spectra of c-P30 are reported as solid and dashed orange lines together with the normalised spectra of pump pulses centred at 720 nm and 860 nm (blue and red shaded areas in (a)). Vertical dotted lines highlight the spectral positions at which the phase-flips occur in both the ground (blue) and excited (red) potential energy surfaces of c-P30. Each Raman map is normalized to its maximum. The red dot shows saturation of an intense peak, required to improve visibility of weaker signals.
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Fig. S 8 Probe wavelength-resolved impulsive Raman maps of c-P10 (d, g), c-P20 (e, h) and c-P40 (f, i) after impulsive excitation by 720 nm (d, e, f) or 860 nm (g, h, i) broadband pump pulses. Normalised steady-state absorption and PL spectra of c-P10 (a, violet), c-P20 (b, navy) and c-P40 (c, teal) are reported as solid and dashed lines together with the normalised spectra of pump pulses centred at 720 and 860 nm (blue and red shaded areas in a-c). Vertical dotted lines highlight the spectral positions at which the phase-flips occur in both the ground (blue) and excited (red) potential energy surfaces of c-P20-40. Each Raman map is normalized to its maximum.
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Fig. S 9 Sketches of the Zn-N stretching and of the methinic and pyrrolic in plane bending/stretching, and stick off-resonance GS Raman spectra of ZnPor monomer and ZnPor butadiyne linked dimer. These results were obtained by DFT, using Gaussian 16 at the B3LYP/6-31G* level of theory.9
Off-resonance ground state Raman spectra of the Zn porphyrin monomer and of the butadyine-linked dimer were calculated using Gaussian 16 at the B3LYP/6-31G* level of theory.9 These calculations reproduce a redshift of the Zn-N stretching from the monomer (388 cm-1) to the dimer (381 cm-1), while the in-plane methinic/pyrrolic bending mode appears at essentially the same frequency (435 cm-1) in monomer and dimer (436 cm-1), in agreement with the experimental results.
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