
SOME PROPERTIES OF DUAL FLUORESCENCE OF 
METHINE DYES 
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1 lNTRODUCTlON 

Recently, we have found that methme dyes m polar solvents emlt a dual 
fluorescence ’ From the dependence of the fluorescence spectrum on the dye 
concentration it has been suggested that exclmer formatlon is responsible for the 
second band of fluorescence ’ However on the basis of those results a contnbutlon 
of a polar-solvent-assisted lsomensatlon of an excited molecule via internal rotation 
of the N(CH,), and N(C,H,), groups to the observed dual fluorescence has not been 
excluded. ’ 

In ths paper we present the expenmental results concerning the specific factors 
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which control formation of the excited states responstble for the dual fluorescence 
We have measured the Influence on spectral characteristics of methane dyes of 
(I) dlflerent rotamer groups (dyes I); (2) changing the sulphur for oxygen In the 

pigment molecule (dyes II) and (3) changln_g polartty and temperature of the sample 

2 hlATERlALS AhD XlETHODS 

The methane dyes used were 

CH = CH 

C - CH=CH T->-N [CH~_J, 

3-[~rV.N-dlmcthqIamrno)-sr-st~ryl]benzoxazole 

Ila 

C-C,, SC., -fp>-N(‘*’ CH3 

C”*a 

2-[4-(I\‘-ethyl-N-benzy1ammo)-a-styry1]benzoxazole 

IIb 
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The dyes were synthesized as already described ’ The compounds were thoroughly 
ldentfied and chromatographlcally purified The absorption spectra were measured 
with an UV-VIS Zeiss spectrophotometer The fluorescence spectra and quantum 
fluorescence yield were measured with an apparatus described elsewhere.’ The 
llquld mtrogen temperature spectra were measured with a specially constructed 
Dewar device a The fluorescence was excited at 405 nm and the wavelength of 
excltntlon was selected with an interference filter (5-5 nm bandwlth) Quantum yield 
of fluorescence was estimated by comparing the absorption and emlsslon spectra of 
mvestlgated dyes with those of fluorescem It was assumed that quantum yield of 
Ruoresceln emlsslon equals 90 “/,_ 

3. RtSULTS AND DiSCUSSION 

If an Internal rotntlon of the NR groups (where R represents the different 
substltuents) IS responsible for the dual fluorescence, different substlcuents R would 
be expected to Influence the shape of the fluorescence spectra of methane dyes The 
fluorescence spectra should be affected differently by rotamer groups of different 
mass Figures 1 and 2 show the absorption and emlsslon spectra of dyes I m polar 
(methanol) and non-polar (benzene) solvents As can be seen from those results. the 
spectr,il parameters of absorption and emission of both types of dyes I are quite 
slmllar. In the polar solvents both types of dyes exhlblt a second fluorescence band 
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Fig 7 The absorprlon (E) and emlsslon (F) spectra of dies I III benzene 
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FIN 3 Efl‘ecr of the d)e la concentrntlon on the fluorescence spectra m methanol Curves (71 - [I]. 
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second fluorescence band 
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with a maximum at 538 nm and 545nm. respectively (Fig. 1). However, in polar 
solvents, shape of emission spectra depends strongly on dye concentration (Figs 3 

and 4). 
Fluorescence spectra which are shown m Figs. 3 and 4 were normalized at A,,,= 

taken from a liquid mtrogen temperature spectrum. 
Those results are m good agreement wth our recent dara’ and favour the exclmer 

fluorescence as against the rotamer hypothesrs It IS worth notmg that at low 
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temperatures the fluorescence spectrum of methane dyes m methanol becomes 
slmllnr to the emlsslon spectrum of dyes in the non-polar solvent Tl-us observation. 
taken with that m a hquld crystal matrlx.6 Indicates that a dual fluorescence comes 
from the exclmers formed m polar solvents by a dlffuslon-controlled colhsion 
process 

The spectral characterlstxs of the second type of methme dye (dyes II) have been 
measured to find out any Influence of molecular composition on the exclmer 
formation The molecules of the dyes II contain In their structure oxygen Instead of 
sulphur atoms and gve the absorption and emlsslon spectra shown In Fogs. 5 and 6. 
In this case the second band of fluorescence does not arise even in polar solvents. 
Polarity c. zhe solvents caused shght changes m posltlon and m half-width of the 
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Fig 6 The absorpuon (E) and emtsslon (F) spectra of dyes II m benzene 
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absorption and emission bands of dyes II (Figs. 5 and 6). The observed changes 
could be simply explained in terms of solute-solvent interactrons.7*8 Therefore the 
positton m the molecular structure of the methine dyes that is connected with an 
excimer formation has been located. 

An Influence of the solvent polarity on the fluorescence of dye Ibis shown in Fig. 7. 
Emission spectra given in Fig. 7 were normalized at &._ taken from a liquid nitrogen 
temperature spectrum. The results have clearly shown that the intensity of the 
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FIN 7 EITect of the water m methanol (v/v) concentrauon on the fluorescence spectra of dye Ib 

second band of methme dye fluorescence depends on the polaruy of solvent It IS 
Important to pomt out that an increase of solvent polarity causes the increase of 
fluorescence yield measured at %,_ (Fig 8). It means that theshort-wavelength band 
of fluorescence increases too with increasing solvent polarity A quantum 
fluorescence yield of dye la m methanol IS higher (20 7;) than that in the non-polar 
solvent, benzene (13 %) This mdtcates that the short-wavelength maximum of 
emtsslon IS connected with the fluorescence of excited dye monomers The vanatlon 
of solvent polarity causes alterattons in the degree of methane dye aggregation 
changing the fluorescence yteld of monomers and mcreasmg the probablhty of the 
exctmer formation A process of aggregation seems to take place even at quite low 
dye concentrations. Unpubhshed results have shown that the quantum fluorescence 
yield of the’short-wavelength band decreases, starting from a dye concentration of 
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the order of 10-Shr. Such results suggest that the concentratton of non-fluorescent 
dye aggregates IS hrgh enough even at a dye concentratton of 10m5~ to change the 
monomeric fluorescence yield The strong tendency of methine dye to aggregate 
provtdes a good explanation for the short lifetimes of excited electromc states’ 
measured at dye concentrations of the order of IO- ‘hi The longer ‘true’ lifetimes of 
methine dyes are shortened by non-fluorescent aggregates in dynamic quenchmg of 
excited monomers. 

The concentration of methane dye aggregates can be changed not only by solvent 
poldrtty but also by changmg the temperature of the solutron In Fig 9 the 
absorption spectra of the dyes measured at liquid nitrogen and room temperatures 

m methanol are compared Similar results have been obtained with dyes lb and Ilb. 
A maximum absorptton of those dyes at low temperature IS shtfted towards a longer 
wavelength tn the case of dyes 1, whereas It IS practrcally unaffected for the dyes 11 
Assuming that the observed long-wavelength shift of the absorption maxtmum IS due 
to an increase of aggregate concentration the results shown in Fig 9B mean that 
either the concentratton of dye 11 aggregates IS very high at room temperature and rn 
this case the lifetimes of fluorescence should be very short because of quenching 
processes. or a tendency for the aggregatton of dyes II 1s weaker than that of dyes I so 

TABLE I 
FLUORESCEhCE LIFE-ll\lE OF METHINE D’I: ES 

F~rsr 
hand 

la 050*025 I oo*o 25 I.50+015 
lb 075+025 175*025 2001025 

IIa 2 50 f 0 25 250+-025 - 

IIb 250+0X 250*025 - 

that the lifetime of fluorescence of these dyes should be much longer The values of 
the hfettmes given m Table 1 have shown that the second possibility IS the more 
plausible In a non-polar solvent (benzene) where dyes 1 show marked tendency for 
aggregatton and where the hfettme of fluorescence IS very short,’ temperature of the 
sample does not affect the absorption spectra. Therefore, it is reasonable to suggest 
that the methane dyes with the S atoms tn then molecular structure have a marked 
tendency for complexatton The complexes formed with unexcited molecules are 
non-fluorescent aggregates which caused a quenching of monomeric fluorescence 
whereas complexes formed wrth the help of evctted electronic levels emtt a long- 
wavelength fluorescence Intensity of emission of long-wavelength fluorescence 
increases with increasing probabthty of excrmer formatron 
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1 COXCLUSIONS 

It h.ts been shown that methtne dyes with S atoms In then molecular composrtton 
gtve d dual fluorescence In polar solvents The short-wavelength band of the dual 
fluorescence h,ts shorter lIfetime ofemissIon thnn the long-wavelength The lntenstty 
of the long-w.:velength band of fit >orescence increases wtth mcreastng etther the dye 
concentr,ttton or the solvent polxtty The fluorescence yield of the first band 
of emtsston decre,tses even In a non-polar solvent wtth tncredstng dye con- 
centr,ttlon Thus Indicates th.tt the methane dyes have a strong tendency to 
.lg!greg,lte gtvrng non-fluorescent complexes That lded seems to be confirmed by the 
\ery short lrfettmes of the short-wdvelength band ofemIssion. by the mcre,tse of the 
fluorescence yield of tl11.s emlsston band caused by tncre‘tse of the solvent pohtrtty 
.tnd by the lo\\ temper,~ture nbsorptlon spectrn 

Therefore. In non-polar solvents. this type of dyes even nl low dye concentration 
h,tvc formed the non-fluorescent complexes The complex stnbtltty IS strongly 
‘tffected by sollent pohtrtty Thus. tn pohtr solvents the probabtltty of ,rn exctmer 
form,ttton Increases and fluorescence of the exlmers can be seen gtvtng the long- 
wn\elength emtLston b,tnd 

WC h.lve .tlso sho\\n th.tt e\ctmcrs c.tnnot be formed wplth molecules of methane 
dyes based on benzowzoles compdred wth benzothlnzole residues 

kl\no\\ ledgernent IS made to the Institute of Dyes. TechnIcal Unaverslt> ofkodz 
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