
ELSEVIER 

Dyes and Pigments, Vol. 36, No. 2, pp. 161-167, 1998 
© 1997 Elsevier Science Ltd 

All rights reserved. Printed in Great Britain 
P I I :  S01 4 3 - 7 2 0 8 ( 9 7 ) 0 0 0 0 9 - 0  0143-7208/97517.00+0.00 

Photochemistry of Rhodamine 610 

P. Meallier, a M. Moullet ,  a S. Guittonneau," F. Chabaud, a 
P. Chevrou b & C. Niemann b 

aLaboratoire de Photochimie Industrielle LACE UM R CNRS 5634, Universit6 Claude bernard, 
Lyon I, 43 boulevard du 11 novembre 1918, 69622 Villeurbanne, France 

bCEA, Centre d'ftudes de la vallfe du Rhfne, Pierrelate, France 

(Received 18 November 1996; accepted 3 January 1997) 

A B S T R A C T  

Rhodamine 610 was irradiated with a laser emitting a 511nm. The 
photodegradation o f  this dye is very slow (quantum yield = 104).  Photo- 
chemical reactions were made in ethanol with rhodamine 610 alone, and 
with additives which quench the single state, the triplet state and radicals. 
© 1997 Elsevier Science Ltd  
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INTRODUCTION 

The photochemistry of rhodamine has been actively studied because of the 
use of such dyes in lasers [1]. In a previous paper, the results on the photo- 
degradation of rhodamine 640 [2] were reported, and we now present data 
pertaining to the spectroscopic and photochemical properties of the rhoda- 
mine 610 (I). 
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The main problem when using rhodamines in lasers is the photodegrada- 
tion of these compounds in ethanolic solution [3], and the objective of the 
present experiments is to find additives which can stop this degradation. In 
this perspective, we have tested the influence of some compounds on the 
fluorescence and on the degradation of rhodamine B. 

EXPERIMENTAL 

The irradiation source was a copper vapour laser which emitted at 511 nm. 
The impulse energy was 1,4 mJ with a period of 50 ns; the frequency was 
6.5 kHz and the volume of the reaction cell 12.5 ml. 

Fluorescence spectra were recorded on a Kontron model SFM 25 fluori- 
meter and absorption spectra were recorded on a Perkin Elmer Lambda 5 
and a Kontron Uvikon 930. 

The photodegradation of rhodamine was carried out in ethanol, and its 
concentration was measured by HPLC with a DIOL reverse phase column. 
The solvent used was a mixture of methanol-water (60/40) with 1/1000 
sodium hexane-sulfonate. The rhodamine concentration was 2.1 10-4 M. The 
additives which were used to decrease the degradation of the rhodamine 
were: DABCO, 2,6-d-tert-butyl-4-methylphenol and azulene. 

RESULTS AND DISCUSSION 

Spectrocopy 

The fluorescence study of rhodamine 610 was performed over the concen- 
tration range of 10 -6 M to 2.1 10 -4 M; maximum fluorescence was obtained 
at 1.5 10 -5 M. Nevertheless, we tested the selected additives at two concen- 
trations, viz., 10 -5 M and 2.1 10 -4 M, and this latter concentration was used 
in the laser line. 

The absorption maximum was 553 nm in ethanol, with an extinction coef- 
ficient e = 1.07 105 M- lcm -i.  The fluorescence maximum was at 580nm 
with a quantum yield ~r= 0.71 in ethanol. 

When the rhodamine concentration was 2.10 -4 M, the influence of addi- 
tives was negligible except with azulene (Table 1). The effect of KOH and 
DABCO can be explained by the pH variation of the solution [4] and by 
dissociation of the rhodamine. The effect of azulene is dependent on the 
energy transfer which can exist between the singlet states of the dye and of 
the additive [5]: 
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TABLE 1 
Fluorescence intensity for rhodamine 610 at concentration of 10 -5 M, and with additives 

Additives KCI KBr KOH DABCO Azulene 

flourescence unchanged unchanged with with decrease, which 
intensity (C = 10raM) (C = 10-4M) depends on the 

× 1.5 × 1.5 concentration 

energy level of the azulene singlet state: 710kj  mol 
energy level of the rhodamine singlet state: 890 kJ [6] mo1-1 
Two series of  experiments were performed with azulene at different con- 

centrations of rhodamine, viz., 
a) [rhodamine] = 10 _5 M 
In these conditions the influence of azulene is low. The fluorescence inten- 

sity is reduced by a factor of two with an azulene concentration which is 200 
times higher than the rhodamine concentration. 

b) [rhodamine] = 2.1 10 -4 M 
In this case, the effect of azulene is important since the fluorescence inten- 

sity is reduced by 30 for an azulene concentration which is twice that of the 
rhodamine concentration (Fig. 1). 

Kinetic 

We have shown that azulene is a fluorescence quencher, and it was therefore 
of interest to study its influence on the photodegradation rate. Two series of 
experiments were carried out, using the previous rhodamine concentrations 
(Fig. 1). The results obtained are shown in (Table 2) 

If the variations of the azulene concentrations have an important role on 
the rhodamine fluorescence, this role is much weaker for the photodegrada- 
tion. We noted in all our experiments a decrease of the photodegradation 
quantum yield of the dye when azulene was added to the solution (Fig. 2), 
but the effect was not comparable to that obtained on the fluorescence 
quantum yield. 

Azulene can interact with the singlet and the triplet states of rhodamine 
610 as quencher of these two excited states. When we consider its action on 
the singlet sta~e, we can notice a good efficiency with a rhodamine concen- 
tration higher than 10-4 M, and a poor efficiency with a concentration lower 
than this. 

At 10-4mol.1-1 concentration, the possibility of dimerisation has been 
reported [7, 8] and hence azulene will be more efficient on this structure than 
on the monomer.  

We also know that the fluorescence is low at the 10-4M concentration, and 
in these conditions the quantity of azulene will be sufficient to inhibit light 
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TABLE 2 
Influence of azulene concentration on the rhodamine photodegradation quan tum yield 

[rhodamine] tool.1 1 3.7 10 -5 6.2 10 -5 14.0 10 -5 21.0 10 -5 42.0 10 5 
[azulene] mol.1-1 0 0 0 0 0 
d~D 2.3 10 -6 3.4 10-6 6.5 10 -6 6.0 10-6 14.0 10 -6 
[rhodamine] mol.1-1 5.0 10 -5 2.1 10 -4 5.0 10-4 5.0 10-4 
[azulene] mol.1-1 10 -3 4.2 10 -3 10.0 10 -3 5.0 10 -3 
dpD 4.4 10 -7 3.6 10 7 2.5 10 -7 4.9 10 -7 

Intensity (arbitrary units) 

108.7 "'"'"..... ...... = ....................... = .... [ r h o d ]  10 -s < M 

!rhod,.] > 10 4 M  

() 1' 2 3 4' 5 6 7 [azulene] 
log 

[rhodamine] 

Fig. 1. Rhodamine fluorescence as a function of azulene concentration. 
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Fig. 2. Relation between the rhodamine quantum yield and its concentration. 
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TABLE 3 
Effects of additives on the quantum yield of rhodamine photodegradation 

[rhodamine] mol.1-1 2.1 10-4 2.1 10 -4 2.1 10-4 2.1 10-4 2.1 10-4 
[DABCO] mol.1-1 0 2.1 10 -3 0 0 2.1 10 -3 
[ascorbic acid] mol.l -I 0 0 2.1 10 -3 0 0 
[2-6 di-tert-butyl-methyl-4-phenol] mol.1-1 0 0 0 2.1 10 -3 2.1 10 -3 
~bD 6.0 10 -6 5.7 10 -7 1.5 10 -7 4.8 10 -7 3.2 10 -7 

emission. In these two experiments the influence of azulene is thus demon- 
strated. 

When we consider the role of the azulene on the photodegradation, we 
must also study its action on the singlet and triplet states. The main result is 
the stability of the photodegradation quantum yield whatever the rhodamine 
concentration. If the singlet state was the predominant state involved in the 
photodegradation of rhodamine, the effect of azulene should provoke a large 
decrease of this degradation (in reference with its action on fluorescence). In 
fact, the result is different and for this reason, it is necessary to consider the 
triplet state of rhodamine as the excited state of the photodegradation. 

In a previous paper [5], we investigated the photodegradation of rhoda- 
mine 640 and suggested the use of the radicals inhibitors to decrease the 
degradation. 

We have tested three compounds, viz., DABCO, L--ascorbic acid, and 2,6 
di-tert-butyl-4-methylphenol [9] (Table 3). 

C6H12N2 CI2H14CaOI2, 2/-/20 C15H24 0 

DABCO, Ascorbic acid calcium salt dihydrate serie L, 2-6-di-tert-butyl-4- 
methylphenol 

With all these additives, a decrease of the rhodamine photodegradation 
quantum yield was observed but these compounds are easily degraded and 
their action is short. With the mixture DABCO and 2,6-di-tert-butyl-4- 
methylphenol, the rhodamine life-time increases just as the phenol life-time. 

In the last experiment, we have a combination of the different effects of 
DABCO and 2,-6-di-tert-butyl-4-methylphenol. DABCO is active as triplet 
inhibitor while the phenol is radicals inhibitor [10]. 

CONCLUSIONS 

When we consider the influence of azulene on the photodegradation of the 
rhodamine B, a decrease of the degradation kinetics is apparent. We know 
that azulene can quench the singlet and triplet states of rhodamine, and the 
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inhibition of  photodegradation may then be described in terms of a physical 
or chemical quenching of one or more of  the electronically excited states 1S, 
1T and 02 (1 Ag). The inhibition of rhodamine photodegradation by azulene 
is due to a four bimolecular quenching process with different rate constants 
[11], viz., 

Transfer to azulene from rhodamine 1S 

1S + Q ___~0 S + 1Q 

Diffusion limited oxygen quenching 

1S +302 ---~lT+ O2(Eeg) 

Spin limited oxygen quenching of ~T 

I T +  O2(3eg) ----~°S --~- O2(1Ag) 

Diffusion limited azulene 

I T +  Q ---~°S +lQ 

In our experiments, we have studied the photodegradation of  rhodamine at 
511 nm and, at this wavelength, the photodegradation of  azulene is negligi- 
ble. In these conditions, this additive is very interesting, since it stabilizes 
rhodamine without decreasing its fluorescence in the concentration range of 
10 -5 M. 
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