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Fluorescence liie5rne measurements of rhodamine B in ethanol solution have confirmed the presence of tuo distinct 
species dependent on acidity. RotationaI diffusion tnnes of these species are identical and ue propose that they are the 
acid and base forms of -he dye_ Species having identical spectra to these forms hate also been obtained in concentration 
dependent studies and w-e believe that here, too, the equilibrium is acid-base rather than monomer-dimer as had been 
su__r_rested_ 

I _ Introduction 

Rhodamir;e dyes have been extensively investigated 
since the advent oi the dye laser. Of these, rhodamine 
B and rhodamine 6G are now argtrabiy the most wide- 
ly ased iaser dyes and yet an anomaly seems to e_xist 
in their reported properties_ 

COOH 

rhodam nr 6G rhodamme B 

Akhcugh these two dyeshave almost identical struc- 
tures it has been reported that in ethanol solution rho- 
damine B forms dimers at quite low concentrations 
(= I X IO4 M) while rhodamine 6G doesnot aggregate 
except in concentrated soh~tions (= I X I 0m2 h-l) [ 1 ] _ 
As dimers of these molecules are believed to form by 
rr-rr mixing of the xanthene ring orbitals, the slight 
change in substitution between these two dyes would 
not be expected to give rise to such a discrepancy in 
*Jleir properties. 

Absorption and fluorescence spectra of rhodamine 
I3 in ethanol are shown in fig_ I _ Selwyn -and Steinfeld 

Fig_ l_ Absorption and fluorescence spectra of 2 X low5 M 
solutions of rhodamine B in ethanol- (a) Trace of I M HCI 
added to sample; fb) trace of 1 M NaOH added to sample- 

[I ] attribute absorptions (a) and (b) to the dimer and 
monomer of the dye respectively, (a) being observed 

at concentrations of around 1 X 10m4 M and (b) at 
concentrations of arcund I X lOA M at 22°C. Fergu- 
son and Mau [2,3] on the other hand propose an 
acid-base equiliirium as the cause of these spectral 
shifts attributing absorption azd fluorescence spectra 
(a) to the acid form of the dye (I) ar.d (b) to the base 

form (12). 
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I II 

We have applied the technique of kinetic fluores- 
cence depolarisation to this system in order to deter- 
mine rotational diffusion time constants for the spe- 
cies involved in the equilibrium process. Excited state 
lifetimes of the two species Save also been obtained. 

2. Experimental 

Rhodamine B, laser grade, was obtained from 
lambda Physik and used without further purification. 
2 X 10S5 M solutions of the dye in ethanol were used 
in a 1 mm sample cell to preclude the possibility of 
stimulated emission of fluorescence. One drop of 1 M 
KC1 or NaOK was added to 1 ml of sample solution 
to provide the spectra in fig. 1. 

A complete description of the laser system has 
been given elsewhere [4]. A 530 mn pulse of 6 ps 
(fwhm) duration from a mode-locked neodymium/ 
glass laser is used to excite the sample. Fluorescence 
emitted parallel and perpendicular to the plane of 
excitation is then time resolved by a streak camera. 
Au MPF4 spectroffuorimeter (Perkin-EImer) was 
used to record steady state polarisation ratios, the 

Table 1 

inherent polarisation of the fluorimeter being correct- 
ed for. The single photcrn counting apparatus used to 
measure fluorescence lifetimes was that described by 
Beddard et al. [S] except that the emission photo- 
multiplier was a Phillips 56 TVP/O3, cooled by dry 
nitrogen to 4OC. 

The theory of kinetic fluorescence depolarisation 
has been descriied fully elsewhere [6] _ Measurements 
are expressed in terms of the time dependent polari- 
sation anisotropy r(t) where 

and I&) and I,(r) are the values of the fluorescence 
emission monitored parallel and perpendicular to the 
plane of excitation at the time (t). Due to variations 
in laser intensity from shot to shot the I,(t) and f,(r) 
decay curves are not directly comparable and are nor- 
malised by tail matching [?I. 

3. Results and discussion 

The distinct absorption and emission maxima and 
different excited state lifetimes given in table 1 indi- 
cate the presence of two distinct species. However, 
the rotational diffusion times of the two species are 
the same within our experimental error. This would 
be very unlikely if significant amounts of dimer were 
present in the acidified solution, since by volume con- 
siderations alone the dimer should rotate 50% more 
slowly than the monomer, assuming 7 X 7 X 5 A semi- 

h absorption (nm) 

+ emission (iun) 

rF single photon counting (ns) * 2% 

TF streak aem (ns) k 5% 

=‘F [31 

knon-r2diative (= -1) 

$adht& (s-’ 1 

r,, steady state (ps) + 10% 

for kinetic @s) * 10% 

Acid form 
(RhB COOH) 

553 

576 

2.48 

25 

0.49 

2.06 x lo* 

1.97 x 106 

217 

228 

Base form 
(RhB COO-) 

542 

565 

3.01 

3.1 

0.71 

0.97 x 108 

2.35 x 10’ 

208 

213 
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radii for the dimer versus 7 X 7 X 2 A for the mono- base and the acid form. The insensitivity of the radia- 
mer [61_ Thus our results strongly support the con- tive rate to the state of protonation of the carboxylic 
clusion of Ferguson and Mau [3] that the spectral acid function again implies little interaction berween 
shifts observed with both concentration and acidity this and the xanthene chromophore. Considering the 

changes in ethanolic soiutions of rhodamine B are due result of Chiiisov et al. [12,I3] that the tripiet yield 
to acid-base reactions of the carboxylic acid group of rho&.mine B in ethanol is very low (0.006) and 

of the dye. The results of Selwyn and Stetield [l] that the main unimolecular decay process of the ex- 
can be explained by the concentration dependence cited state is internal conversion, we suggest that the 
of the degge of dissociation provided that the pK change in non-radiative rate is due primarily to a 

lies in the range 4.5 to 65. For exampie, if the pK change in the relative S,-So energy gap in the two 

were 5, the degree of dissociation to give form II forms of the molecule_ A scheme consistent with the 
would be almost 1 at IOs6 M but ordy 0.3 at IO-4 M. spectral data is shown schematically, below, where 
In contrast, the carboxylic acid function in rhodamine the ground state of the basic form of the dye has 
6G is esterified and so such an equihirium is not pos- greater soIvent stabilisation than the S, state relative 
siiIe_ to the acid form. 

Applying the F5rster cycle [8 J to the spectral data 
in table 1 we obtain from 

pK(So) = pK(S,) f 2.1 X 1O-3 Av, 

that (& = -3S2 X IO’ cm-‘) 

ApK (S, - So) = 0.74. 

Thus the S, state is a slightly weaker acid than the 
ground state. However, the change in pK is very sm-&I 
and the equilibrium will be essentially unchanged up- 
on excitation_ The reIateci xanthene dyes, fluorescein 
and dichlorofiuorescein, show similar smail increases 

in pK in their S, states 19: _ The small effect of elec- 
tronic excitation upon pK argues for littie interaction 
between the carboxylic acid group and the xanthene 

ring chromophore, supporting a similar conclusion 

based on spectral evidence [ 10 j _ This would appear 
reasonable since moleclllar modeIs show that the 
phenyl ring is sterically constrained to be roughly 
perpendicular to the xanthene ring. 

=s, -so 

SO -_ 
------__ * 

Acid form (RhBCOOH) 
so 

Base form (RhBCOO-1 

In table 1 we also give radiative and non-radiative 
decay rates for the St states of the two forms of 
rhodamine B_ The literature values of the fluorescence 
yieId of rhodamine B [I 1 J vary widely, perhaps due 
to the presence of different amounts of the acid and 
base forms of the dye in different experiments_ We 

use the values of Ferguson and Mau [33 and have 
confined that the ratio cf the yields for the acid and 
base forms of the dye is very similar to that obtained 
with their values. 

This would seem reasonable as the identical rotation 
times for the S, states of both forms of the dye im- 
ply a similar degree of solvation of these states and 
hence any difference in stabilisation energy might be 
expected to be small for the two cases. Even though 
the increase in the St -So energy gap in the basic 
form of the dye is small, relative to the acidic form 
(“I 2%), non-radiative rates generally decrease expo- 

nentially with increasing energy gap [ 141 and so this 
may be sufficient to reduce internal conversion by the 
observed factor in the basic form of the dye. 

The radiative rate is the same for both forms of 
the dye witbin experimental emor but the non-radia- 
tive rate increases by a factor of two between the 

The experimental rotational diffusion time for 
rhodamine B is consistent with the hydrodynamic val- 
ue for an oblate rotor of 7 X 7 X 2 A semi-radii with 
a stick boundary condition (ror,dc = 220 ps) [6] _ A 
similar agreement has been found for rhodamine 6G 

in a series of alcohols [7,15,16] c However, the fact 
that the doubly charged base form of the dye does 
not rotate more slowly than the singly charged acid 
form is rather surprising since the doubly charged 

ffuorescein anions rotate roughly twice as slowly in 
the same solvent as rhodamine B although their molec- 
ular shape and size is essentially identical to that of 
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rhodamhe [6], &e work with different molecules 
is required to clarify this point_ 

4. Conclusion 

We have shown that the rotational diffusion times 
of the species involved in the equiliirium undergone 
by rhodamine B under certain conditions in ethanol 

are *he same within experimental error. We therefore 
conclude that the equiIiirium is not monomer-dimer 
in nature as has been previously reported_ 
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