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ABSTRACT 
 
The UV and visible absorption maxima and the molar absorptivities of formyl-
methylfavin and its photoproducts lumichrome and lumiflavin, have been deter-
mined in water (pH 7.0), acetonitrile, methanol, ethanol, 1-propanol, 1-butanol, 
dichloroethane and chloroform. The effect of solvent polarity on the position 
and intensity of the absorption bands of these compounds has been 
demonstrated. The variations in the π-π* transitions corresponding to the main 
absorption bands of flavins are discussed. 

 
Introduction 

 
Formylmethylflavin (1) is an intermediary product in the photodegradation of 

riboflavin (Smith and Metzler, 1963). It is highly photosensitive and in aqueous solutions 
yields lumichrome (2) and lumiflavin (3) (McBride and Metzler, 1967; Treadwell et. al., 
1968, Heelis et al., 1980). The same products are obtained by alkaline hydrolysis of 
formylmethylflavin (Song et al., 1965; Ahmad et al., 1980). Recently lumichrome has 
been shown to be the only photoproduct of formylmethylflavin in organic solvents 
(Fasihullah, 1988). 

 
The potolysis of formylmethylflavin in aqueous solution can be conveniently fol-

lowed spectrophotometrically (McBride and Metzler, 1967; Heelis et at, 1980) and it is 
necessary to know the spectral characteristics of the species involved for kinetic analysis. 
In the present study we report the effect of solvent on the uv and visible spectra of 
formylmethylflavin, lumichrome and lumiflavin. 
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Materials and Methods 
 

Formylmethylfavin (FMF) was prepared according to the method of Fall and 
Petering (1956). Lumichrome (LC) and Lumiflavin (LF) were obtained from Sigma 
Chemical Co. and recrystalised from acetic acid. All solvents were analytical grade or of 
the purest form available from B.D.H./Merck, and were redistilled before use. 

 
Spectral determinations and absorbance measurements were made on a Shimadzu 

UV-Visible recording spectrophotometer (Model UV-240) using silica cells of 10 mm 
path length. The base line was automatically corrected by the built-in memory at the 
initializing period. 
 

Results and Discussion 
 

The absorption maxima of FMF, LC and LF determined in water (pH 7.0), 
acetonitrile, methanol, ethanol, 1-propanol, 1-butanol, dichloroethane and chloroform are 
reported in Table-1. The electronic absorption spectrum of FMF in aqueous solution 
consists mainly of three bands occurring at 445, 373 and 266 am, and that of LC and LF 
at 356 and 262 nm and 444, 370 and 263 nm respectively. Al these absorption maxima 
possess high molar absorptivities (Table-1), indicative of π-π* type transitions (Heelis, 
1982). The precise position of the absorption maxima and the molar absorptivities 
depends on the environment of the flavin chromophore (Dudley et. al, 1964; Penzer and 
Radda, 1967; Visser and Muller, 1979; Koziolowa, 1979; Koziol et al, 1980) and the 
solvent polarity (Harbury et. al, 1959; Koziol and Knobloch, 1965; Koziol, 1966; Yagi et. 
al., 1980; Eweg et. al, 1980). This is evident from the variations observed in the position 
of the observed in the absorption maxima of FMF, LC and LF in organic solvents of 
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increasing polarity (Table-1). 
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The sensitivity of flavin spectra to solvent changes is probably due to a greater de-
gree of solute-solvent interaction on increasing the solvent polarity. The band position 
may be affected by relative stabilisation of the ground and excited states by salvation. 
The increase in absorption maximum with an increase in the polarity of the solvent im-
plies that the energy necessary for the π-π* transition is less in the more polar solvent due 
to stabilisation of the excited state by interaction with the solvent. The electronic 
displacement during excitation results in an excited state which approaches the polar 
structure C+-C=C-C due to intramolecular charge transfer. This is in contrast to the n-π* 
carbonyl transition which undergoes a small hypsochromic shift on increasing the 
polarity of the solvent, since interaction with the solvent stabilizes the lone pair electrons 
In the ground state (Bladon, 1964; Jaffe and Urchin, 1962) 

. 
Grabe (1972, 1974), on the basis of quantum mechanical calculations, predicted the 

lowest energy transition of flavins to be close to 450 nm, which is in good agreement 
with the positions observed for FMF (445 nm) and LF (444 nm) in aqueous solution. This 
band exhibits minute or no change in positin upon moving from water to less polar 
solvents, as expected for this π-π* assignment 

. 
The near UV band at 373 nm probably consists of a π-π*  transition, though quantum 

mechanical calculations (Eweg et al, 1980) suggest that some mixing of an n-π* 
transition involving the N-1 non-bonding electron pair with the π-π* transition may 
occur. Thus this band may have some contribution from the intramolecular charge-
transfer leading to a polar excited state and thereby accounting for the solvent de-
pendence of its position (Heelis, 1982). The bathochromic shift obseved for FMF (354 
nm to 373 nm) and LF (333 um to 370 um) on moving to the protic solvents could result 
from the destabilisation of the N-1 non-bonding electrons by hydrogen bonding (Yagi et 
al., 1980; Eweg et al 1980). A relatively greater decrease in hydrogen bonding in the 
excited state would lead to a relatively greater increase in the energy level of the excited 
state compared with that of the ground state. This is possible on account of the higher 
polarity of the excited state of the solute molecule as in the case of isoalloxazines (i.e. 
FMF and LF). Thus decrease in the polarity of the solvent is associated with a 
hypsochromic shift (Ahmad, 1968). LC, being an alloxazinc derivative, does not show 
this behaviour on changing the solvent polarity. The higher energy π-π* transitions of 
FMF (266 nm), LF (263 nm) and LC (262 nm) are in accordance with the theoretical 
predictions of the overall maximum of flavins at 265 nm (Sun et. al., 1972). Variations in 
the UV and visible absorption characteristics of flavins due to changes in pH and solvent 
polarity have been utilized to develop specific analytical methods for photodegradation 
studies of FMF in different solvent media (Heelis et. al., 1980; Ahmad, 1985; Fasihullah, 
1988). 
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