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DIMERS OF MEROCYANINE 540 I. IN AQUEOUS SOLUTIONS

L. SIKUROVA, I. HABAN, D. CHORVAT
Comenius University, Depariment of Biophysics MFF, Bratislavs

A formation of dimers of the dye merocyanine 540 in aqueous so=-
lutions in dependence on the dye concentration was investigated.
The absorption peak of dimers is at wavelengths 500 nm end mono-
mers at 535.5 nm, respectively. The M-540 absorption spectra
show two isosbestic points (523.5 nm, 560.5 nm), which confirms
the existence of two coloured species (monomers and dimers). The
excitation fluorescence spectrum of M-540 in water shows only
one peak originating in fluorescent monomers. Aqueous solutions
of M-540 dye are not stable, their spectra show changes with
time: With increasing time after preparation of aqueous solu-
tions, intensity of both peaks is reduced and new band at 386 nm
appeared.

Introduction

Merocysnine 54C (abbreviated M-540)is a fluorescent dye widely

used since the year 1973 /1/ in the biophysical and medical re-
search /4,6,7,9/. Spectral properties of M-540 dye (see struc-
ture below)
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are distinctively sensitive to polarity of the environment
showing hypsochromic solvatochromic behaviour /3,5,8/. Besides,
M-~-540 spectra are dye concentration dependent in water solution
and in biological or model membranes /2,3,11/. These spectrsl
changes have been attributed to aggregation of the dye molecu-
les in water to form dimers or higher polymers under the in-
fluence of the strong dispersion forces associated with the high
polarizability of the chromophoric chain /13/.

The agueous M-540 spectra are reported in papers /4,5,8,10/ but
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only for one dye concentration, LEIKES and MILLER /3/ presented
concentration dependence of the relative increase in the dimer
absorption band of M-540 in equeous solutions. The total absorp-
tion spectra of M-540 in water at verying dye concentration and
also the fluorescence excitation spectra have not yet been pub-
lished. Our work presents concentration chenges of equeous M-540
ebsorption spectres snd fluorescence excitation spectra with the
aim of identifying the coloured species - monomers, dimers or
higher aggregates.

Materials snd methods

Merocysnine 540, moleculsr weight 569.68, was obtained from
Eastmen Kodsk, Co., end was used without further parification.
Bidistilled water (pH = 6.2 it 0.2) was used for solution prepe-
ration. M-540 stock solution of 2 x 10"%m01/1 in water was
freshly prepsred daily. Aliquots of the stock solution were
added to each squeous solution to yield the desired concentira—
tion. M-540 concentrations varied in the range of (2 x ?0'8 -
1=75 x 10—4) mol/l. The visible absorption specira were recor-
ded by SPECORD M 40 spectrophotometer. The corrected fluorescen-—
ce excitation spectra were recorded by PERKIN-ELMER LS5 spectro-
fluorimeter. All measurements were carried out at temperatures
of 22 ¥ 2%c. The semples were protected from light.

Results and discussion

FIG. 1 shows visible electronic absorption spectra of aqueous
solutions of M-540 dye at varying dye concentration. The spectra
show two sbsorption pesks at 535.5 % 1.0 nm and at 500-505 nm.
With inecreasing M-540 concentration, the following changes of
the spectra were detected: i/ The peak at shorter wavelengths
was blue-shifted from 505 nm to 500 nm with increasing dye con-
centration. ii/ With increasing concentration the moler extinc-
tion coefficient € at 500 nm enhanced compared to a slight de-
crease at 535.5 nm. These concentration dependent changes cha-
racterize the M-540 mggregation process. The presence of iwo
isosbestic points (523.5 nm; 560.5 nm) in absorpticn specira
(FIG. 1) reflects the existence of two various dye species (mo-
nomers and dimers). Higher aggregates were not observed in the
concentration range used. The longer wavelength band cen be
attributed to dye monomers end the shorter wavelength band to
dimers. Our data for peak wavelengths are in agreement with the
analogous data in /3,4,5,8,10/. A decrease of the dye concentra-
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FIG. 1 Visible absorption spectra of M-540 in water. Concentra-
tions 8/ (2 x 107 = 1 x 107°) mol/1, b/ 3.5 x 1072 mol/1,
e/ 9 x 10_5m01/1, a/ 1.75 x 1074 mol/1

tion below 1 x 10™% mo1/1 does not alter the M-540 spectrum, in

the case of freshly prepared samples. So the absorption spectrum
of freshly prepared M-540 solutions at infinite dilution also
exhibits two absorption peesks at 500 nm and 535.5 nm with
approximately the same value of £ equal to 6 x 104 mo1 lem 1.
Even at infinite dilution, this spectrum cannot be considered

to be & monomeric spectrum because the excitation fluorescence
spectrum of M-540 in water (FIG. 2) shows only one pesk origi-
nating in fluorescent monomers whereas the dimer fluorescence

is negligible.

The absorption spectra changed with time (FIG. 3): With incres-
sing time after preparation of esqueous solutions the intensity
of both pesks is reduced. After two months the bands at 500 nm
and 535 nm disappeared in favour of & new band et 386 nm. This
fact shows that the aqueous solutions of K-540 dye =t concent-
rations of 10"6 mol/1 and less are not stable and therefore are
not suitable to reseerch applications becasuse it is difficult

to make accurate measurements of dilute sgueous dye solutions
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FIG. 3 Chenges in absorption spectra of M-540 in aqueous solu-
tion (e = 2 x 1077 mol/1) as a function of time. Curves &/ b/
¢/ 4/ represent spectra for 0, 5, 18, 60 days, respectively,
after solution preparation
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even when precsutions are taken to exclude acting light during
preperation of the solutions. Furthermore freshly prepared so-
lutions are required to obtain reproducible results of K-540
dye in water.
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BHJIO KCCAeNOBOHO BOSHYKHOBEeHMEe XuMepoB kpacHread M-540 B BOXHHX
pRCTBOpPAX B S8BUCHMOCTM OF KOHUEHTpanuM xpacureas. Iloroca mor=-
Jomenus numepos M-540 - 500 M u MOHOMepoB - 535.5 HM. Ha cnex-
Tpex moraomenug M-540 HaxozaTces ABe MsocHecTudeckume Touky 523.5
uM, 560.5 HM, UTO NMOTBEpPEIEET CyLECTBOBAHNE IBYX COPTOB Kpacu-
peas M-540 /MoHoMepoR ¥ nuMepoB/. C BO3pacTaHMEM BPEMEHX HOcJe
NpUroTOBJEHME BOLHHX PACTBOPOE MHTEHCMBHOCTH OGOMX NOXOC YMEH-
meJach ¥ NOABMAACH HOBag noJoca npu 386 HM. BomEHe pacTBOpa Kpa-
cuTeds M-540 He SBAANTCA CTAOKIBHHMM, MX CHEKTDH BO BPDEMEHM Me-
HABRTCA. COeKrp Boalyxmenus M=-540 B BOZe uMeeT TOJLKO OXHY IOAO=
¢y, oropasg orTBeyaeT dAyopecuUMpYDUEMYy MOHOMEDY .
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