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We have performed resonance Raman (RR) intensity calculations of the Soret-resonant
Raman spectra of Ni and Zn Porphine to investigate observed core size intensity
differences in the time-resolved Soret-resonant Raman (RR) spectra of hemoglobin. It
was found that the metalloporphine intensities mainly derive from the expansion of the
Ca --Cm and Ca --Ca bonds in the excited state, and that the observed differences are
mainly due to the larger core-sized heme having a decreased Ca mCm force constant and
larger excited state porphyrin ring expansion.
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Resonance Raman (RR) spectroscopy has proven to be a useful tool
for the elucidation of structural and environmental properties of heme
proteins. In particular, the sensitivity of the heme vibrational
frequencies to changes in its ligation, oxidation and spin states, has
allowed extensive application of visible RR spectroscopy to probe the
properties of the heme group within the protein environment [1]. RR
spectroscopy is also well suited for time-resolved protein dynamics
studies, and observed transient frequency differences have successfully
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been used to help elucidate heme changes which occur during
hemoglobin’s RT transition [2]. Although the structural and
environmentally induced frequency shifts in heme proteins are mostly
well understood, an understanding of the even more sensitive intensity
changes has not been well established. So in order to better understand
the Soret-resonant heme Raman intensities, and the changes observed
upon core-size expansion of the heme in the time-resolved Soret-
resonant Raman (RR) spectra of hemoglobin, we have modeled the
RR intensities of two simple metalloporphyrin model compounds. The
models employed were Ni Porphine, with a Zn-N distance of
1.95, and Zn Porphine, with a Zn-N distance of 2.05’.

In our investigation, we have used a simple transform theory
expression for RR intensities to determine the relative influence of the
electronic and vibrational structures on the observed vibrations in.
each of the Soret (So $2) RR spectra [3-5]:
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The excited state properties of each of the metalloporphines were
determined with the use of a semi-empirical INDO/s CI calculation,
while the ground state structure and vibrational data were determined
with a high level ab initio DFT calculation. It was found that the
INDO determined geometry changes predicted reasonable agreement
with the experimental spectra, but they overestimated the intensity of
the u8 overtone in the RR spectrum of NiP. However, by comparing
the experimental u8 fundamental to overtone ratio, we were able to
determine a scaling factor of 0.81 //- 9% for the calculated geometry
changes [5].
A comparison between the experimental (NIP: 0.5nM in CS2;

ZnP: 0.5mM in THF) and the calculated spectra are presented in
Figure 1. It was found that the metalloporphine intensities mainly
derive from the expansion of the Ca Cm and CC bonds in the
excited state. It was also determined that the changes in intensities
observed in the time-resolved spectra of hemoglobin are reproduced
quite well with this simple model, and are mainly due to the larger
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FIGURE A comparison between the experimental (solid) and calculated (dashed)
Soret resonant Raman spectra (406.7 nm) of Ni and Zn porphine.

core-sized model having a decreased Ca--Cm force constant and
larger excited state core expansion. A full analysis of these spectra, and
a detailed comparison of the model compound core size changes with
the experimental transient hemoglobin RR intensity changes are not
presented here, but will appear in an upcoming research article.
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