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SI Fig. 1. Nanowires are fully oxidized in air and chemically-reduced nanowires lack photoconductivity. a,
The UV-Vis spectra of nanowires are identical without (black) and with (green) potassium ferricyanide confirming
that the nanowires are fully oxidized in air. b, Chemically reduced nanowires show very small (12%) increase in
conductance (G) upon photoexcitation. Red curve — laser on. Blue curve — laser off.
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SI Figure 2. Nanowires show photoconductivity irrespective of electrode materials. Upon photoexcitation,
nanowire conductance increased 110% on tungsten electrodes with 10 pm spacing (blue) and 230% on gold
electrodes with 5 pm spacing (yellow). Individual data points are shown as grey dots. Values represent mean +
standard error of the mean (S.E.M) (n=4 independent devices for tungsten and 7 devices for gold).
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SI Fig. 3. Nanowire conductance upon laser on/off increases with laser power. a, Laser characterization for
network measurements. b, Ratio of current for nanowires with laser on and laser off under 200 mV bias with a
linear fit shown by a solid line. Values represent mean + S.D. (shaded region) for three independent samples.
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Supplementary Figure 4. Ultrafast (<100 fs) charge transfer between hemes in nanowires revealed by fs-TA
with a pump beam at A=530 nm. a, 2-D map of differential absorption over the probed wavelengths and delay
time. b, Change in differential absorption over wavelength at different delay times as stated in legend. ¢, Change
in differential absorption over delay time at key wavelengths.
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Supplementary Figure 5. Ultrafast (<100 fs) charge transfer between hemes in nanowires revealed by fs-TA
with a pump beam (A=400 nm). a, 2-D map of differential absorption over the probed wavelengths and delay
time. b, Change in differential absorption over wavelength at different delay times as stated in legend. ¢, Change
in differential absorption over delay time at key wavelengths.
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Supplementary Figure 6. Lack of charge transfer without nanowires. a, 2-D map of differential absorption
over the probed wavelengths and delay time shows lack of charge transfer in the substrate alone without nanowires
and b, lack of charge transfer in the buffer alone without nanowires.



[~
=
o

=]

Difterential Absomtion mOD
& 2
- o

=
P
wn

&
P
-

-0.25 .

OmcS polymer solid
OmcS ar liguik

0 360 380 400 420
Wavelength (nem)

440 460 480

g
%- .
£.
%—M 410 nm
' 424 nm
08 367 nm
! 0 5 20

Delay Time (ps)

Supplementary Figure 7. Solid state and liquid measurements give similar dynamics. a, Change in
differential absorption over wavelength 2 ps after photoexcitation. b, Change in differential absorption over delay
time at key wavelengths; solid line shows solid state and dashed lines are liquid state.
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Supplementary Figure 8. Transient absorption dynamics are independent of laser power. a, Normalized
change in differential absorption over delay time. b, Representative Normalized dynamics for 410 nm wavelength.
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Supplementary Figure 9. a, Survival probability of an electron (likelihood to remain on the heme) starting in each
initial state on a slip stacked pair of hemes. Electron transfer is likely (< 60% survival probability) for most energy
levels. b, Wavefunction transfer probability for parallel-stacked (blue) vs. perpendicular stacked hemes (red)
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Supplementary Figure 10. Atomic spin populations for doubly oxidized species. a, Simulated UV-Vis spectra
for doubly oxidized species in singlet and triplet state compared to the ground state. Representation of the change in
Mulliken atomic spin populations upon conversion of the singly oxidized heme in the doublet spin state into either
the open-shell singlet (b) or triplet (¢) doubly oxidized species. Coloration from blue to red indicate positive to
negative changes in spin populations along a symmetric colour range between +0.13. Note that there is hardly any
change in the spin population on the Fe centre as a result of the second oxidation.
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Supplementary Figure 11. Laser alignment for Pc-AFM. a, Top view of the cantilever no blue laser applied
(Laser OFF). b, Blue laser aligned to cantilever (Laser ON). ¢, Side view of cantilever with schematic showing
the laser aligned to the cantilever (purple dot) and the angle between the laser alignment and tip. Image modified
from manufacturer’s website. The laser power that reaches nanowires will be much lower than the applied power
because the laser is directly focused on the cantilever not the tip apex below which the nanowires are probed.



https://estore.oxinst.com/us/products/microscopy-supplies/afm-probes-catalog/zid805.ASYELEC.01-R2

Supplementary Table 1. Summary of Mulliken atomic spin populations upon second oxidation of the heme
cofactor

Singly Oxidized Doubly Oxidized Doubly Oxidized

(Doublet) (Open Singlet) (Triplet)

Fe 1.038 1.037 1.022
Ligands® -0.039 -1.036 0.980
Total 1.000 0.001 2.002

2The ligands to the Fe centre include the tetrapyrrolic macrocycle with all
substituents (except the propionic acid groups) and 4-methylimidazole axial
ligands

Supplementary Table 2. The number of conductance values used to calculate the average conductance of each
nanowire with the laser ON and the laser OFF under cp-AFM.

NW | Nused to calc. AVG. | NW | N used to calc. AVG.

ON OFF ON OFF
1 40 10 9 10 30
2 80 40 10 10 10
3 100 20 11 10 10
4 20 40 12 120 70
5 40 60 13 20 120
6 40 20 14 20 40
7 80 80 15 20 40
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