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The vibrational structure of the T7; resonance Raman spectra of [-ionylidene
acetaldehyde (C15 aldehyde) and retinal are analyzed with the help of semiempirical
quantum chemical calculations. The T equilibrium structures and vibrational force
fields, along with the structure in the T, state which is in resonance with the exciting
wavelength, are obtained and employed to model the spectra under the assumption of a
dominant Franck — Condon mechanism.

Keywords: Resonance Raman spectra; simulations; semi-empirical calculations; triplet
states; retinal

The polyenic structure of biochemically important chromophores, for
instance carotenoids, has the dual function of light-harvesting and
photo-protection of the photosynthetic systems to which the
chromophores belong. In the latter function, the lowest triplet state
of the polyene is involved. Thus, the investigation of the properties of
this state are of particular interest and importance.

In recent years we have studied the structure and spectroscopy of
the lowest triplet state of short polyenes and polyene-derivatives by
performing quantum-chemical calculations followed by simulations of
the spectra [1]. Here we report the results of the simulations of the
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Resonance Raman (RR) spectra of trans Cl5-aldehyde and retinal in
the lowest triplet state.

Since the Franck—Condon (FC) mechanism is the main source of
intensity, the vibrational structure of the 77 RR spectra discussed in
the following is dominated by the activity of totally symmetric (TS)
modes. To simulate the spectra we adopted the harmonic approxima-
tion and obtained, for each i-th totally symmetric mode, the
displacement parameters B; relative to the T; — T, transition.

w\'? T,T
5= (%) oy (1

Here Q,T(',f; is the projection of the geometry change between the two
states, expressed in Cartesian coordinates, onto the T-state normal
coordinate Q.

Under the assumption of resonance with the 0-0 band of the
T, — T, transition, the activity of each totally symmetric mode is
related to the displacement parameter through the -; parameter, that is
Ii X v = (1/2)312

Thus, the molecular parameters required to simulate the RR spectra
are the equilibrium structures of the two states involved in the
transition, 7 and 7, and the vibrational force field in 7. These were
computed with an updated version [2, 3] of the semiempirical QCFF/
PI hamiltonian [4].

The results of the simulations of the triplet RR spectrum of trans
C15-aldehyde and retinal are shown in Figures 1 and 2, respectively.
The RR spectrum of Figure 1 can be compared with the observed
spectrum of Cl5-aldehyde reported in Ref. [S]. The agreement is
satisfactory and especially the triplet of bands observed in the 1100—
1300cm ™" region is nicely reproduced by the calculations. A cursory
comparison of the spectrum of Figure 2 with the experimental spectra
available in the literature [6, 7] shows that the bands computed at 951,
1015, 1153, 1218, 1263, 1277, 1334, 1375, 1426, 1493, 1553 and
1599 cm ™' match well the bands observed at 942, 1007, 1185, 1211,
1256, 1298, 1339, 1379, 1422, 1515, 1553 and 1599cm~'. We notice
that the computed intensity is overestimated in the 1200—1300cm ™"
region, but this appears to be a typical feature of the QCFF/PI
method. In view of the large dimension of these molecules, the
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FIGURE 1 Simulation of the low resolution 7; resonance Raman spectrum of the
trans form of (-ionylidene acetaldehyde (C15 aldehyde).
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FIGURE 2 Simulation of the high resolution T resonance Raman spectrum of trans-

retinal.
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agreement between observed and simulated spectra is encouraging and
suggests that the methods employed in this study can be extended to
other isomeric forms of retinal and its homologues and to investigate
the dynamics of the lowest triplet state.
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