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1. Introduction

Wavelengths of absorption bands of aromatic
compounds depend on the solvent which is used
[1-3]. Attention has been focused mainly on benzene
and its derivatives; for them several relations have
been derived [4—6] , which allow dielectric constant
{or refractive index) of the solvent to be correlated
with the wavelength shift of the respective aromate.

A similar detailed study of phenolic compounds,
namely phenols in their dissociated form, does not
exist yet. Our preliminary experiments have shown
that in an alkalic medium, where their phenolic
groups are dissociated, these compounds drastically
change their spectral features under the influence of
solvents. We assume that this finding is important
namely with regard to the interpretation of spectro-
photometric titration curves of proteins, the course
of which depends on the spectral properties of
phenolic chromophore of tyrosine residues.

2. Materials and methods

Phenol, a- and -naphthols (Lachema, Brno) were
purified by sublimation. N-acetyl-L-tyrosine-ethylester
(Serva, Heidelberg) was used without further purifica-
tion. All solvents were purified by given methods [7]
and kept in the dark at 4°C.

Absorption and difference spectra were measured
on Unicam SP 1750 spectrophotometer in 1 cm cells.
The concentration of the samples was calculated by
weighing.

In a typical experiment a solution of a sample
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(50 ml, 419m 1-1.5) was prepared and the absorp-
tion spectrum was measured, Then the sodium salt of
the phenolic compound was prepared by adding

0.5 ml saturated sodium isopropoxide solution in iso-
propy! alcohol (the stock solution was prepared by
dissolving 2 g sodium in 100 ml isopropy! alcohol)
and its spectrum was measured.

3. Results

Absorption spectra of phenol and sodium
phenoxide with single peaks A, = 269 nm (phenol)
and A, = 287 nm (phenoxide) are well known [8].
The spectra of a- and S-naphthols and sodium
naphthoxides are depicted in fig.1, where the peaks
which will be discussed later are indicated. The
influence of various solvents on the spectral features
of studied compounds can be analysed using table 1.
It contains the wavelengths of selected peaks, their
shifts produced by phenolic proton dissociation and
the ratios of absorption coefficients of phenoxides
and phenols. It is worth noting that with the way in
which we conducted the experiment, the above-
mentioned ratio is independent of concentration.

As is evident the wavelengths of the bands of the
phenoxides are much more sensitive to the character
of the solvent than are those of the corresponding
phenols; consequently the AX value shows extensive
fluctuations. A dramatic change occurs particularly
in dimethylformamide and dimethylsulphoxide,
where A for phenol and S-napthol rises up to 2-fold
compared to water. This shift together with the change
of absorption coefficients ratio causes changes in
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Fig.1. Absorption spectra of a-naphtol [pH 7.0 (—); pH 10.5
(----)] and g-naphtol [pH7.0( - - );pH 10.5 (-~} in0.05 M
phosphate buffer. The numbers indicate the peaks in table 1.

difference spectra (fig.2) of phenol as well as
N-acetyl-L-tyrosine-ethylester, which sets a model of
the tyrosine residue in protein molecules.

4. Discussion

If we are to explain the shifts of the absorption
bands of phenolic compounds we must take into
account a number of factors of which the dielectric
constant of the solvent and its ability for hydrogen
bonding are among the most significant. Our set of
solvents contained polar and nonpolar compounds
as well as H' donors and acceptors; nevertheless, we
have not yet managed to explain satisfactorily the
unusually high AX values for dimethylformamide and
dimethylsulphoxide.

The fact that the shape of the difference spectrum
of tyrosine residue depends on the solvent (fig.2)
calls for a reconsideration of the usual method of
analysis [9—11] of the spectrophotometric titration
curves. This method is regarded as one of the simplest
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Fig.2. Difference spectra of phenol {in 0.05 M phosphate
buffer (- - - °); in dimethylformamide (~--}] and N-acetyl-
tyrosine-ethylester [in 0.05 M phosphate buffer (—); in
dimethylformamide (- - -)] . The spectra were registered asa
difference absorbance between dissociated and associated
forms of phenols.

ways to study the reactivity and localisation of
tyrosine side chains in proteins. In most laboratories
itisnot, in fact, a problem to measure the dependence
of different absorbancy AA,gs {0r Ad46) on pH and
to analyse these curves in the terms of Hasselbach-
Henderson equation. This procedure is based on the
assumption that the difference absorption coefficients
of single tyrosyls are, in the first approximation, con-
stant, i.e., independent from the surrounding of the
chromophore.

From our result it is however evident that this
assumption is not sufficiently justified. At the same
time the applied solvents represent model media in
which the hydrophobic tyrosine chromophores exist
inside a globular protein molecule; dioxan and tri-
ethylamine are analogues of nonpolar hydrophobic
amino acid side chains and the structure of dimethyl-
formamide is reminiscent of the peptide bond. There-
fore we take it for granted that the single successively
dissociating tyrosines can add different contributions
to the overall difference absorbancy AA. For this
reason it is not generally possible to distinguish
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reliably the contributions of single chromophores

to the spectrophotometric titration curve and a dis-
cussion of the exact value of the dissociation constant,
which has been determined by the above method, can
be rather misleading. From this point of view the
most ‘dangerous’ are the proteins, which contain a
great number of tyrosine residues.
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