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E l e c t m i c  absorption and fluorescence spectra of 

fluorescein i n  aprotic solvents 

Deborah Dibbern -Bml l i  and T e r e s a  Dib Zanbon Atvars*  

Inst i tuto de Quimica, Universidade E s t a d u a l  de Campinas. 

Caixa Postal 6154, 13081 Campinas, S.P., B r a z i l  

Abstract 

The absorption, excitation a?d fluorescence spectra of fluorescein in  

ethyl acetate and acetone were obtained. 

lactonic form of fluorescein is presenr: in di lute  solutions of those organic 

solvents. However, i n  concentrated solutions it w a s  observed a s h i f t  of the 

dissociation equi l ibr im to form the neutral zwitterionic form of the dye i n  both 

electronic grqmd and excited s ta tes .  

it w a s  verified that the neutral 

I - Introduction 

Fluorescein is an important xanthene dye with a large vsriety of technical 

applications due to  its high fluorescence quanturh yield. 

f l l  :escein is an active f i e ld  of research because of the possihi l ibj  of a nurber 

of ionic forms, such as dianion (pKa = 6.71, rranoanion (pKa = 4.41, cation 

(pKa = 2.13) and neutral forms such as lactone, qEinonoid and i?dtteriOn('). Its 

photophysical and spectral characterist ics have been studied in  aqueous solutions 

as a function of concentration of the dye and it has been established that  the 

bands for the moncmeric forms are present at concentrations lower than 10 

The photophysics of 

-5 (2,3) M 
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628 DIBBERN-BRUNELLI AND ATVARS 

They are a l so  dependent on the viscosity,  po lar i ty  and polarizabili ty of the 

solvents, as w e l l  as on the pH of the aqueous solutions.  

Although the different molecular fons of fluorescein have been reported 

and identified by optical spectroscopy using pro t ic  solvents, the photophysical 

properties of the neutral forms i n  aprotic solvents are not w e l l  !mown. 

instance it is well hayn tha t  the neutral  zwitterionic form of t h i s  dye didn' t  

show any fluorescence emission in aqueous solution due t o  a protolytic chemical 

reaction in  the electronic excited s t a t e .  

optical spectroscopy (absorpion and emission) of fluorescein in  the neutral forms 

(lactonic and zwitterionic) i n  aprotic solvents, such as ethyl acetate and acetone 

i n  both d i lu te  and concentrated solutions. Its is a l so  discussed the relationship 

between the dissociation equilibriun and the aggregation processes i n  concentrated 

solutions. 

For 

In t h i s  work we present studies using 

I1 - Experimental 

Fluorescein (Merck) w a s  purified by a p m e s s  named lactonization, that  

consists of a recrystall ization fran a basic aquews solution using hydrochloric 

acid(4). Ethyl acetate and acetone were dried and d i s t i l l ed .  
The solutions were prepared by dissolving the accurately weighted material 

in the above solvents and raking successive dilutions.  

solutions w a s  prepared using su l lhr ic  acid. 

values it is used 

sod'm phosphate. 

of the aqueous solutions at room temperatures. 

The acidic aqueous 

In order t o  obtain intermediate pH 

buffered solutions using monobasic sodium phosphate and dibasic 

A Digirred model DMpH2 pH-meter w a s  used fo r  pH-determinations 

Electronic &sorption spectra of fluorescein in  the different solvents 

were recorded in a Varian-Carry 2300 spectrophotaneter using a 10 mn optical  

pathlength cuvette. 

Perkin Elmer model MFP-44B'spectrofluorimeter with a 150 W xenon lamp and a 

Hamm,atsu Corporation nlodel R928 photcmultiplier tube. A l l  the measurement were 

done on a freshly prepared solution a t  rcm terperature. 

Fluorescence and excitation spectra were obtained using a 

I11 - Results and discussion 

Electronic absorption or excitation spectra of fluorescein in different 

solvents are hcwn to  be influenced by the t o t a l  concentration of the solute.  In 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
0
0
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



FLUORESCENCE SPECTRA OF FLUORESCEIN 629 

dilute  solution of ethyl acetate 

the electronic absorption one and is characterized by a band with vibronic 

structure with a maximm at -275 m. 
the lactonic form (3*5) 

i n  concentrated solution (10 

that presents in aqueous solution with pH -2.0, which may be assigned to  the 

neutral form of fluorescein with electronic conjugation on the xanthenic ring 

(figure 4.b). 

M) the excitation spectnm is similar to 

'Ihis band is assigned t o  the absorption of 

(figure 1.a). A broad and structureless band is observed 
-3 M) (figure l.b), with Amax -440 m, similar to  

Fluorescence spectrur, of fluorescein in  di lute  solutions of ethyl 

acetate ( A  

run (figure 1.c).  However, in concentred solutions the fluorescence spectnm is 

cmposed by two broad bands, one most intense at  475 m with a shoulder at 410 

m (figure 1.d). 

= 275 m) is caposed by a very weak and broad band centred at 410 
exc 

The electronic absorption and the fluorescence spectra allow us to 

conclude that the lactonic form of t h i s  dye presents in di lute  solution of the 

ethyl acetate may exis t  i n  t h i s  aprotic solvent i n  both electronic ground and 

excited s t a t e s ,  similarly to  that observed fo r  rhodanine dyes . (16) 

'Ike observed spectra o f '  fluorescein in  acetone solutions are quite similar 

to Lhose in ethyl acetate ones: 1- in  di lute  solutions (10 

and absorption s9ectt-a have a similar prof i le ;  2- the fluorescence spectnm 

(excitation at 275 run) in dilute solution exhibits a weak and broad band at 

410 nm (figure 2.a)'; 3- in concentrated solutions (8.4 . 
excitation and absorption spectra are also quite similar with a broad band at 

-440 nm (figure 2.d); 4- fluorescence spectrun (excitation at 330 m) of this 

sanple shows two bands at -475 MI with a shoulder at  410 m (figure 2.c). 

Moreover the intensity of the fluorescence spectnm of the dye in  di lute  solution 

is stronglydependenton the excitation wavelength. 

obtained w i t h  excitation wavelength at 330 rm, vhich is resonant with the solvent 

electronic absorption (figure 2.b). 

energy excitation transfer process is involved between the solvent and the dye 

molecules in the same sense as indicated for other systems l ike xanthenic dyes 

and enzimatically generated t r i p l e t  acetone 

-5 M) both excitation 

M) the electronic 

The most intense spectnm is 

This resul t  suggests that  an eff ic ient  

(7)  . 
Intenriolecular energy transfer process frun e n m e  generated t r i p l e t  

acetone to xanthene dyes (uranine, eosine and mse may involve 

t r iplet- t r iplet  transfer to generate an upper t r i p l e t e  s t a t e  of the dye, with 

subsequent intersystem crossing to  the fluorescent S s ta te .  However, i n  the 

case of fluorescein in the lactonic form the intermolecular energy transfer 
1 
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Figure 1 - Electronic excitation spectra of fluorescein i n  ethyl acetate: 

a- 1.0 . M ( A  . =  410 m), b- 1.0 . M (Aem = 475 rm); 

fluorescence spectra: c- 1.0 . M (Aexc = 275 m), 
em 

d- 1.0 . M (Aexc = 360 tYll). 
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F~gure 2 - Fluorescence spectra of fluorescein in acetone: a- 1.0 . M 

= 275 rm), b- 1.0 . lo-’ M ( A e x c  = 330 
(Aexc 

c- 8.4 . M 

= 330 m); d- e l e c t m i c  excitation spectra ( A  = 475 nn), 
%xc em 

= 8.4 . M. 
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Figure 3 - Diagram of the energy levels of uranine (a), acetone (b) and 

fluorescein (c). 

wavy a r m s  indicate nonradiative transiticms; Ab = absorption, 

F = fluorescence, P = phosphorescence. 

Straigjt a r m s  indicate radiative transitions; 

process is almost resonant (figure 3) .  

more efficient. 

Consequently this process may be mrch 

In ordertoidentifythefom responsible by the absorption and emission 

of the fluorescein in concentrated solutions of aprotic solvents, we obtained 

the absorption and fluorescence spectra in acidic and 

particularly in the pbrange of 2.0<pt1<4.3(8’9). 

dissociation equilibriun involving the neutral f o m  of the dye such,%: lactone, 

zwitterion and quimid. 

solubility of fluorescein in aqueous solution is very low 

buffered aqueous solutions, 

In this range there is a 

It is also well knmm that in this @-range the 
(9) . 

It is observed that both cationic and zwitterionic forms of fluorescein 

present in acidic aqueous solutions exhibit an electmic absorption band w i t h  a 
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I I I I I 
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h l n r n )  

Figure 4 - Electronic absorption of fluorescein in  aqueous solutions 

a- H SO 10 M ,  pH = 1.8, c- pH = 5.6; ( c  = 8.3 . 
fluorescence spectra: d- H2S04 10 M ,  e- pH = 1.8, f -  pH = 5.6. 

M): 2 4  

( A e x c  =_ 360 run). 
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6 34 DIBBERN-BRUNELLI AND ATVARS 

maximum at -436 m. 

ring (figures 4.a. b) (3'5'819). 

shows a band at 475 run (figure 4.d) assigned to the chmnophore positively 

charged. However, the zwitterionic form don't show any emission in protic 

solvent due to a protolytic chemical reaction in the electronic excited state 

resulting in a quinonoid f~rn'~'~) (figure 4.e). 

group as the monoanionic form and shows a similar fluorescence emission (figure 

4.f). 

assigned tne electronic absorption and fluorescence bands observed at 444 rm 
and 475 nm, respectively, to the zwitterionic form of fluorescien. mese 

sssigments are supported by the following assurptions: 1- the zwitterionic form 

has a positive charge on the xanthenic ring and consequently its absorption and 

emission spectra should be the same as observed for the cationic form: 2- in 

api-otic solvents the electronic excited state reaction of the zwitterionic form 

involving a protolytic chemical reaction is not possible; 3- rhodamine dye in 

different aprotic solvents exhibited a double emission which were assigned to 

the lactonic and quinonoid forms (lo'll). This last form has a similar charge 

distribution of the zwitterionic form of fluorescein. 

the lactonic form of fluorescein has not been observed in solutions, consequently 

an increase of the concentration of the dye in solution induces a shift of the 

dissociation equilibrium. This last asamption is supported by other observations: 

both dianionic and cationic f o m  of fiuorescein undergoes to aggregation processes 

in more concentrated solutions while the increase of the concentration of its 

neutral fons induces a shift in the dissociation equilibrim. 

recently established that the solvent molecules have an important hction in the 

estabilization of the dimeric structure of the dyes like fluorescein, rhodanine 

and rose bengal (10'12-15). 

repulsion between the mnnrer units and they control the kind of stmcture of the 

dimers (sandwich or linear association). 

This band is assigned to the positively charged xanthene 

The fluorescence spectm of the cationic form 

This form has the same xanthenic 

This reaction can not occur in aprotic solvent and consequently we have 

4- aggregation process of 

Moreover it has 

In these cases the solvents decrease the electrostatic 

V - Conclusions 

We have demonstrated that the fluorescein in the lactonic form is only 

present in dilute solutions of aprotic solvents. 

it is observed a shift of the dissociation equilibriun and the anpho-ion form 

of fluorescein exhibits an electronic absorption band at -440 m. 

In more concentrated solutions 
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FLUORESCENCE SPECTRA OF FLUORESCEIN 635 

We have a l so  demonstrated tha t  mpho-ion exhibits fluorescence emission 

in  aprotic solvent, supporting the assunption tha t  in protic solvent t h i s  form 

undergoes t o  a chemical reaction i n  the electronic excited state.  

absorption ana fluorescence spectra have a contourn similar t o  that observed for 

cationic form supporting the assunption tha t  it has a positively charged 

xanthenic ring. 

Its e l e c t m i c  

Finally t h i s  work indicates tha t  i t  is not possible the aggregation 

process of the fluorescein in the neutral lactonic form i n  aprotic solvents 

probabily because the absence of a t t rac t ive  e lec t ros ta t ic  interactions between 

the moncmer units.  
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