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Power-induced resonance Raman spectroscopy. The carotenoid triplet state is populated by any
excitation wavelength absorbed by light-harvesting complexes; however, we see it in resonance
Raman (RR) only when the exciting light matches its T,/T, transition or one of the sublevels of this
transition (1-6). Here we shall use the LH2 complex from Rbl. acidophilus (7) as an example to
illustrate the usefulness of power-induced resonance Raman spectroscopy. Fig. S1 shows that
except for the excitation wavelength at 514.5 nm there is no evidence of the appearance, and
power-induced relative increase, of a Raman vibrational mode at 1493 cm™ which is
indicative of rhodopin glucoside in its triplet state (1). It is noteworthy that, although the
absolute intensity of ®Car (1517 cm™) increases with laser power, the "Car/®*"Car ratio tends
towards a saturated steady state sub-population of "Car. The intensity of the RR modes
attributed to "Car is fully reversible upon reducing the level of incident radiation (Fig. S2,
closed circles). In order to fit the data points, we need a model for the behavior of the system
under this power-saturation scheme. We consider an ensemble of N pigments; where light is
incident at a frequency close to a particular transition energy of the pigment. If an individual
pigment molecule is described as a two-level system (ground state and excited state) then the
absorption process can be expressed using the kinetic equation:
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where n is the population of the excited states in the ensemble, o, and o, are cross sections

of the ground state absorption and stimulated emission, respectively, | is the excitation
intensity (photons/sec), and Py is the probability of finding the system in the ground state. Py
can be defined as:
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For steady-state illumination we have to consider stationary conditions; thus, we get:
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giving a saturation-type description:
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Although this description is for the absorption cross-section of one particular transition, it
allows us to examine the evolution of the Raman transitions of the ground and excited
carotenoid states. As excitation energy increases, the relative intensities of the finger-print v,
Raman modes attributed to "Car and ®Car should increase and decrease respectively, in direct
relation to their electronic absorption transitions. Applying [equation 4] to the experimental
data produces the solid line in Fig. S2.
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Fig. S1. 77K Resonance Raman spectra of the v; Raman vibrational mode of LH2 as a
function of incident laser power for a series of excitation wavelengths: 528.7 nm (0.5, 5.4 and
21.5 pW), 514.5 nm (0.1, 0.5 and 21.5 pW), 501.7 nm (0.5, 5.4 and 21.5 pW) and 496.5 nm
(0.5, 5.4 and 21.5 pW). For clarity, the RR spectra are normalized to the maximum peak
intensity at 1517 cm™ that is ascribed to the vibrational mode of the conjugated C=C bonds of
rhodopin-glucoside in its ground state. Only short accumulation times were recorded at the
lowest laser power for the 501.7 and 496.7 nm excitation wavelengths, which accounts for
their relatively poor signal-to-noise ratio. Insert: Ground state 77K absorption spectrum of the
carotenoid region in LH2. The position of the excitation wavelengths (see arrows) show their
relative position to the main Carotenoid triplet-triplet absorption band (T) which is located at
557 nm (see Ref. 1). Only the excitation wavelength at 514.5 nm is in resonance with a
satellite of the T,/T, transition.
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Fig. S2. Evolution of triplet carotenoid ("Car) as a function of incident radiation on LH2
displayed as the relative ratio of "Car (1493 cm™) vs ®*"Car (closed circles). Excitation
wavelength = 514.5 nm, T=77K.



