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Table S1. Structural parameters of the iron-ligand-bond in the optimized molecular structures of
NP2 on which the calculations of the DOS presented in Figures 9-11 are based and

corresponding iron ligand modes.

Fe-Ligand distance [10\] Fe-Ligand angle [°] Fe-Ligand vibrations [cm'l]
NP2-NO 1.639 179.9 Fe-NO-stretch (666),
Fe-N-O-bend (598, 588)
NP2-CN 1.935 179.8 Fe-CN-stretch (464),
Fe-C-N-bend (439)

NP2-Im 2.003

Table S2. Frequency of calculated normal modes below 100 cm™ with a mode composition
factor €* >0.0001 as obtained from the QM/MM calculations of NP2-NO with the heme

propionates doubly protonated and of NP2-CN and NP2-His with the heme propionates

deprotonated
NP2-NO NP2-CN NP2-His
Frequency e’ Frequency e’ Frequency e’
[cm™] [em™] [cm™]
17.498 0.0042 12.410 0.0029 21.116 0.0080
35.610 0.0041 83.083 0.0027 29.102 0.0053
70.290 0.0035 73.677 0.0026 38.778 0.0043
29.434 0.0033 47.179 0.0025 13.210 0.0040
72.290 0.0033 20.750 0.0024 29.933 0.0033
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Figure S1: Low-energy region of the NIS spectra displayed in Fig. 1 of the text, with indicated

peaks at very low energies.
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Figure S2. Schematic representation of a saddling (sad, B»,) and ruffling (ruf, B;,) mode of a

porphyrin ring with ideal D4, symmetry. The graphic is taken from Jentzen et al.>'
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Figure S3. Iron vibrational density of states calculated on the basis of the optimized molecular
structures of the isolated heme complexes shown in figure 7a-c. The bar graphs display the mode

composition factor e, normalized such that the highest value in each graph is 0.06.

S6



Reference

S1. Jentzen, W.; Song, X.; Shelnutt, J. A. J. Phys. Chem. B. 1997, 101, 1684-1699.

13 Movies are attached below in one zipped folder. To open these movies, use your favorite web
browser.

MovI_NP2_NO_630.gif

Normal mode at 630 cm™ for NP2-NO calculated using the ONIOM approach and protonated
heme carboxylates, only the layer calculated by DFT is shown.

Mov2_NP2_NO_591.gif

Normal mode at 591 cm™ for NP2-NO calculated using the ONIOM approach and protonated
heme carboxylates, only the layer calculated by DFT is shown.

Mov3_NP2_NO_582.gif

Normal mode at 582 cm™ for NP2-NO calculated using the ONIOM approach and protonated
heme carboxylates, only the layer calculated by DFT is shown.

Mov4_NP2_NO_70.gif

Normal mode at 70 cm™ for NP2-NO calculated using the ONIOM approach and protonated
heme carboxylates.

Mov5_NP2_NO_17.gif

Normal mode at 17 cm™ for NP2-NO calculated using the ONIOM approach and protonated
heme carboxylates.

Mov6_NP2_CN_455.gif

Normal mode at 455 cm™ for NP2-CN calculated using the ONIOM approach and deprotonated

heme carboxylates, only the layer calculated by DFT is shown.
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Mov7_NP2_CN_451.gif

Normal mode at 451 cm™ for NP2-CN calculated using the ONIOM approach and deprotonated
heme carboxylates, only the layer calculated by DFT is shown.

Mov8_NP2_CN_83.gif

Normal mode at 83 cm™ for NP2-CN calculated using the ONIOM approach and deprotonated
heme carboxylates.

Mov9_NP2_CN_12.gif

Normal mode at 12 cm™ for NP2-CN calculated using the ONIOM approach and deprotonated
heme carboxylates.

MovI10_NP2_Im_422.gif

Normal mode at 422 cm™ for NP2-Im calculated using the ONIOM approach and deprotonated
heme carboxylates, only the layer calculated by DFT is shown.

Movl11_NP2_Im_389.gif

Normal mode at 389 cm™ for NP2-Im calculated using the ONIOM approach and deprotonated
heme carboxylates, only the layer calculated by DFT is shown.

Movi12_NP2_Im_383.gif

Normal mode at 383 cm™' for NP2-Im calculated using the ONIOM approach and deprotonated
heme carboxylates, only the layer calculated by DFT is shown.

Movi3_NP2_Im_21.gif

Normal mode at 21 cm™ for NP2-Im calculated using the ONIOM approach and deprotonated

heme carboxylates.
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