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Abstract. Results of infrared and visible transient absorption measurements following 
either two-photon excitation to the forbidden Sj state or one-photon excitation to the S2 
state of the carotenoid P-apo-8'-carotenal are presented. This technique enables the study 
and comparison of subsequent structural dynamics with and without interference from 
higher states. 

1. Introduction 

P-apo-8'-carotenal (Bapo) is a natural occurring carotenoid possessing Cs 
symmetry, most commonly found in citras firuit skins and is produced in vivo from 
enzymatic asymmetric cleavage of (3-carotene. The molecular structures of Bapo 
and P-carotene are shown in Figure 1. Bapo has been used by several research 
groups as a model compound to study other carotenoids possessing higher 
symmetry, including its parent molecule [1, 2]. The ground state (So) and first 
excited state (Si) of Bapo both possess A' symmetry, while the second excited 
state (S2) possesses A" symmetry, an analogous case to p-carotene where So and 
Si possess Ag symmetry while 82 is of Bu symmetry. SQ -^ S2 One-photon 
transition excitation (IPE) is allowed from the groxmd state of Bapo, and is the 
fransition which responsible for the visible absorption spectrum. This is similar to 
the argument for the symmetries of the states in the €21, point group for molecules 
such as p-carotene. An elegant way to directly populate the Si state is by two-
photon excitation (2PE) because fransitions between states of identical symmetry, 
Ag or A', are two-photon allowed. In confrast to one-photon techniques, direct 
excitation of the Bapo Si state enables the measurement of its structural dynamics 
on a fs time scale without interference from residual excess energy from internal 
conversion from higher excited states. 

b) 
Fig. 1. Structure of a) Bapo and b) P-carotene. 
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2. Experimental Methods 

The output of a Femtosource oscillator is amplified, by means of a home-built 
regenerative amplifier, and the beam is then split; one half is sent into a double 
pass raid infrared (mid-IR) optical parametric amplifier (OPA) described 
elsewhere [3] which produces a mid-IR pulse of approximately 100 fs and 2 p.] 
tunable between 3000 cm'' and 1400 cm"'. The remainder of the amplifier pulse is 
sent to a Quantronix TOP AS near infrared OPA producing 60 fs pulses of-10 |iJ 
per pulse on sample at our desired wavelength. For excitation to the S2 state of 
Bapo, 490 nm light was produced by mixing the TOP AS output vwth the residual 
800 nm pimip light producing an 80 fs 1.5 î J beam. The mid-IR beam was 
focused using a 15 cm off axis parabolic mirror into a 500 |ampath length calcixmi 
fluoride flow cell and detected by means of a 2x32 element HgCdTe array detector 
attached to an imaging spectrometer. Typical sample concentrations for 2PE were 
2 X 10"̂  M and these were diluted by at least a factor of 2 for IPE experiments. 
The 1278 nm pump beam, chosen to produce the maximum signal when probing 
the S| -> SN excited state absorption at 560 nm, was focused independently by 
means of gold flat mirrors and a fused silica lens to optimize the size of the 2PE 
excitation and probing beams (-150-200 |j,m spot size). With this apparatus we 
have the ability to record spectra at a resolution of -3 cm"' at all frequencies 
reported, collecting -100 cm"' at a time. The experiments performed herein 
involve 2PE to Si, or IPE to S2, followed by a vibrational, or white light, probe of 
the excited state dynamics using the described apparatus. This allows us to 
monitor the electronic and vibrational modes and detect intermediates that form 
upon relaxation to either photo-products or directly to the ground state. 

3. Results and Discussion 

Figure 2 shows the induced mid-IR absorption change following IPE (A) and 2PE 
(B). Most notable of the spectra's features are the several long lived bands that 
appear in the 2PE absorption spectra. After an initial fast rise (-400 fs) all bands 
in the IPE absorption specfra decay with the lifetime of the excited state (18 ps in 
chloroform) and have almost completely vanished within 75 ps. 

Bapo CHCb 490 pump Bapo CHCb 1275 pump 
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Fig. 2. Time slices of pump probe spectra for Bapo in CHCI3 with A) 490 nm IPE and B) 1275 nm 
2PE. 
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In contrast, the absorption bands at 1505 and 1610 cm"' have a lifetime of 250 ps 
in the 2PE spectra. 

The electronic probe spectra following IPE and 2PE, of which slices at 
the maximum signal are shown in figure 3A, have bands with similar widths and 
positions, but in different ratios. This may be rationalized as demonstrated in the 
proposed potential energy surface (PES) for Bapo shown in figure 3B; IPE and 
2PE populate different sections of the Si state, which do not equilibriate before 
decaying. 
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Fig. 3. (A) Vibrational spectra of Bapo in CHCI3 via IPE and 2PE at the time of maximum signal and 
(B) a slice of the proposed PES showing the different sections of Si populated by IPE and 2PE. 

The long-lived component evident in the 2PE transient absorption 
spectrum for IR wavelengths also appears in the 2PE electronic spectra. The peaks 
at 760 and 840 lun have similar lifetimes as those in the IR spectrum. This 
indicates that they are not due to triplet formation, which occurs in the 520-540 nm 
region for bapo [4], but rather may be due to cation or neutral soliton formation, 
which have been found to have extremely long lifetimes [5]. 

4. Conclusions 

Different sections of the PES of the Si state of Bapo are accessed via IPE and 
2PE. The section accessed by 2PE emphasizes a state which has a long lifetime 
(250 ps) decay compared to the Si lifetime of 18 ps in CHCI3. This long lifetime, 
shown in both the vibrational probe and in the red most peaks in the electronic 
probe, indicates that the origin of the state may be a cation, diradical, or soliton 
pair. 
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