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Spectroscopic and photochemical properties of lycopene, ft-carotene, 

bixin, norbixin and their radical intermediates 

(Dandeniyage Dona Dusantha Hemali Alwis) 

ABSTRACT 

The spectroscopic and photochemical properties of carotenoids, namely, lycopene, 1-

carotene, bixin, norbixin and their oxidized intermediates were investigated using UV-

vis, fluorescence and UV-vis diffuse reflectance spectroscopic (UV-vis DRS) 

techniques and small angle neutron scattering (SANS) studies. Carotenoids were 

extracted, purified and isolated from naturally occurring plant materials, all except i-

carotene, which was obtained as a standard material. The characterization of isolated 

molecules was carried out by UV-vis, Fourier Transform Infra-Red (FTIR) 

spectroscopy and high performance liquid chromatography (HPLC). 

The characteristic strongly allowed So—S2 electronic transition which comprised of 

vibronic structures corresponding to the 0-2, 0-1 and 0-0 transitions was observed for all 

carotenoids in the visible region. Moreover, the fluorescence data revealed a dominant 

S2—>Sc) (1 'B—+l 'Ag) emission at 550 nm for all carotenoids. Radical cations, dications 

and oxidized intermediate species of carotenoids were generated in CH2C12  solutions 

via chemical oxidation using anhydrous FeCI3. The nature of intermediate species 

generated during the chemical oxidation process and subsequent degradation were also 

studied. The intense emission of the neutral carotenoid molecules when excited at 350 

nm was blue shifted during the oxidation process. Oxidized 3-carotene, lycopene and 

norbixin exhibited intense fluorescence peaks at 492, 493 and 500 nm, respectively. 

These peaks were assigned to intermediate peroxy/epoxy compounds of the three 

molecules formed with molecular oxygen before the formation of oxidized short-chain 

stable compounds. 



Photodegradation studies of carotenoids demonstrated that the rate of photodegradation 

was greatly affected by the polarity of the solvent. Lycopene photodegradation in 

acetone/water mixtures have shown that the photoinduced degradation rate of lycopene 

is highest in acetone and lowest in a 5% water/acetone mixture. The degradation 

mechanism changes from first order to second order kinetics as water is intoduced to the 

system. The photochemical stability of carotenoids containing terminal carboxylic 

groups, bixin and norbixin, chemisorbcd onto the surface of T102 semiconductor was 

also studied. The photodegradation of bixin and norbixin both showed similar but 

higher rates, compared to the decomposition rates in the absence of the T102  surface. 

This suggests that both bixin and norbixin have similar decaying pathways, and 

possibly with a one surface binding site. The interaction between Ti02 Nps and bixin as 

well as norbixin was also studied by fluorescence spectroscopy. Fluorescence data 

revealed that the presence of a single binding site for both carotenoids and their binding 

constants (K3) are 2.63 < 103  mol 1 drn3  and I 57x 103 mo1 1  d1113  for bixin and norbixin 

respectively at 293 K. SANS studies were performed to understand the conformation 

and self-assembly behavior of bixin and norbixin in d-acetone. SANS patterns of bixin 

and norbixin obtained at three concentrations in acetone demonstrated that the data at 

all q values best fitted to a FuzzySphere model which explains the scattering from a 

spherical particle with a fuzzy interface. A computational investigation with an ab-initio 

RI-IF or UHF/ 3-21G level of theory for the geometrical optimization followed by an 

ab-iniuio calculation of selected isomers of lycopene were shown that 5-cis isomer is 

more stable than all the other isomer. The data obtained for RHF/6-3 1G geometrical 

optimization followed by TI)/B3 lyp/6-3 1 G excitation energy calculations provided 

reliable predictions for the excitation energies of neutral carotenoids. 

XXIV 


