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Fluorescence decay of Rhodamine 6G solutions in wide dye concentration and layer thick-
ness was investigated by a pulse fluorometer based on TEA uv N, laser. Deviations in 7 results
obtained in different experimental conditions are explained by the effect of secondary fluorescence.
The molecular fliorescence decay time of Rhodamine 6G in methanol was found 4.140.1 ns by
extrapolating the experimental results to zero y,,.,.

Introduction

There is a great deviation (3.1—6.8 ns) in decay times as measured by different
investigators for Rhodamine 6G (Rh 6G) [1—4]. The measurements were per-
formed using nitrogen and mode-locked lasers as exciting light source. When the
intensity of the laser pulse is small, a bulky cuvette and considerable dye con-
centration is required. Fluorescence decay times (") as measured at various con-
centrations using a single cuvette (i.e. no variation in layer thickness) show a marked
dependence on the concentration, and the 7’(c¢) function has a maximum [9, 10].
This effect has been explained by the present authors by self-absorption of the
dye [11] and suggested a necessary correction. Although this effect was previously
described for fluoresceine dye [5—7] and rigorously explained in refs, [6—&] on the
basis of the theory of secondary fluorescence, the exact correction is a very difficult
calculation in the general case and so it is usually neglected. .

In this paper we report our experimental results concerning decay time measure-
ments of Rh 6G (in methanol) in a wide range of dye concentration (¢) and layer
thickness (/). A simple experimental method is suggested to determine the molecular
or true decay time (7} of Rh 6G from the measured values (t'); the obtained data
are explained qualitatively on the basis of the theory of secondary fluorescence. :

Material and experimental method

For measuring fluorescence decay time we applied the single pulse method
using a transverselly excited atmospkeric pressure nitrogen (TEA N, laser 2,.=
=337 nm) laser as exciting light source. The experimental arrangement and the
evaluation method were described in our previous paper [10]. Rh 6G was purchased
from Merck (Switzerland) and purified by’ chromatographic method. As solvent
methanol, (MeOH) free of watcr, was used.
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Results

The experimental results of the fluorescence decay time for Rh 6G solutions
are summarized in Table I as a function of dye concentration and layer thickness.
For every solution the maximum of the extinction coefficient (Y,,,=2.3+&pac-C{)
is also given in Table I to include the y,,, dependence of ’.

The measured 7° values of Rh 6G in MeOH versus the logarithm of concentra-
tion are shown in Fig. 1. As seen a great variety of 7 values (full trace) can be
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Fig. 1. Fluorescence decay time values (') of Rhodamine 6G inmethanol (Rh
6G + MeOH) measured at several layer thickness (/) (/=10°-10"3cm, O -®,
solid lines) versus the logarithm of dye concentration (lg ¢).

obtained with varying ¢ and / values. For comparison solid lines connect the 7’
values obtained for the same cuvette thickness. The curves increase gradually from
4—4.5 ns to a maximum of 5—8 nsec (at the concentration of 1—2.1073 M), and
then decrease due to concentration quenching. We could not measure 7° values
at very low concentration part of these curves.

As the Fig. 1. shows the dependence on ¢ is not a true one, because of curves
are different varying the layer thickness. A re-plot is shown in Fig. 2 where t* values
(full trace) versus cuvette thickness are shown. For comparison again solid lines
connect the experimental points obtained at the same concentration. As seen the
measured data decrease if the thickness tends to zero, and this effect is more pro-
nounced at higher concentrations. The curves tend to the same limit value of decay
time, about 4.0—4.2 ns, when decreasing the cuvette thickness. The dependence
on [ is also not a true connection between 7’ and /.

We plotted the decay time data as a function of y_,,.. (a parameter which con-
tains the product of ¢ and /). The measured 7" values belonging to the same extinc-
tion coefficient are a little different, namely the diameter (d) of the laser beam in
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Table I
7/ (ns)
VPmax = 2.3*EmaxCel
I(cm) 10° |5-10-1§2.10-*| 10-1 |5.10-2 10-2 [.5.10-2 10-3
gl 0 -03 | =07 | =10 | —1.3 —20 | -23 -3.0
m=Rjl| 0.5 1.0 2.5 5.0 10 50 | 100 500
c(M) ‘
5.10-7 | 3.8
0.11
2.107¢ | 4.3 4.1
0.45| 0.23
5.10-% |'5.0 4.6
115 06
1-1075 | 535 | 5.0 4.65 | 4.4
@ 2.3 L15| 045) 023
2.10-5 | 60 | 555 |51 | as5s
@ 45 | 23| 09 | 045
5.107% | 6.45 | 6.2 5.7 5.1 4.7
® 15| 575 23 115] 06
1.10-¢ 6.5 6.3 5.7 5.35 4.6
@ 1s| 4s 2.3 115 0.23
2.10-4 7.3 6.7 6.3 5.9 5.0 4.6
® 230 9.0 4.5 2.3 0.45 | 0.23
5.10-¢ 8.0 7.4 7.1 6.45 5.8 5.1
® 230 115 5.75 115 06
1-10-3 765 |74 |70 ' 65 |58 4.7
@ 23.0| 115 2.3 115 0.23
2:10-2 7.0 .| 655 |61 5.05
23.0 4.5 2.3 ' 0.45 |
5.10-3 6.25 6.0 5.6 4.9
15| 575 1.15
1.10-¢

4.7 4.4
11.5 2.3
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Fig. 2. Fluorescence decay time values (z') of Rhodamine¢ 6G in methanol (Rh
6G +MeOH) measured at several dye concentrations (c¢) (¢c=10"%3—-2.10"3 M,
@ —®, solid lines) versus the layer thickness (/).
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Fig. 3. Fluorescence decay time values (z') of Rhodamine 6G in methanol (Rh

6G+MeOH) (0,4,x, +) as a function of the maximum extinction coefficient

(7max). The solid lines connect the 7’/ values obtained at the same layer thickness

(1), so at the same m parameters (1= R/l). dc is the concentration range used for
~ measurements when 0.2<y ..=2.3.
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avery case was constant (d=1 cm, so R=0.5 cm), and at the same time the layer
thickness decreased with increasing concentration, i.e. the geometrical circum--
stances continuously changed, and so the m=R/]1 ratio rapidly increased. Thus
we connected those t” data, which belong to the same layer thickness. By means of”
this representation we can determine the molecular fluorescence decay time when
extrapolating these curves to zero y,,.; and a value of 4.1+0.1 ns is obtained..

Discussion

The overlap of the absorption and fluorescence spectra, as well as the fluores--
cence absolute quantum yield, of Rh 6G is basically similar to the corresponding:
parameters of fluorescein dye. Our results regarding Rh 6G, also described by
others [9, 10] (i.e. significant dependence of the measured time 7’ on concentration,
layer thickness, and geometrical circumstances), can be explained by taking second--
ary fluorescence into account; the relevant theory was worked out a long time ago.
In this study we give a qualitative interpretation of our experimental results refer--
ing to [6—8, 13—15].

According to the theory of secondary fluorescence the primary fluorescence-
is followed by the self-absorption and then the secondary fluorescence of the dye
molecules, etc. This effect lengthens the molecular or true decay time 7, and the:
relation between t and 1’ can be written as follows [6, 8]:

T = 1'(1 —2),

where x is the ratio of the intensity of secondary and primary fluorescence. This:
% correction is a very complicated function of «, f,y and m parameters. We can
say about these parameters in the case of our experiments the followings:

(1) a=2.30-¢(4,,)-c-! (where A,=337 nm) is the optical density of the solu--
tion at the exciting wavelength; in every case approximately 7% of the maximum
optical density (i.e. 2=0.07y,,,=0.078,.,, Table I).

Q) B()=2.30-¢(A)-c-/ is a function of the optical density in the investigated:
part of the fluorescence spectrum. During the measurement the photodiode observed
the total fluorescence spectrum, so f,., is equal to the value obtained at the maxi--
mum of the absorption spectrum. This fact makes x correction more difficult.
(3) y(2")=2.30.£(A")-c-1 is a function of the optical density between the short
wavelength part of the fluorescence and the long wavelength part of the absorbance..
Since the maximum of the absorption spectrum is in the range of the overlap, y,...
is also equal to the value obtained at the absorption maximum, SO Y= Bmax-
(4) m=R/l, where R denotes the radius of the exciting light beam after the dia-
phragm (and the cuvette). Since R was constant, m is inversely proportional to the-
layer thickness / (Table I, Fig. 3.).

According to [6, 8, 13, 15] the x correction is a monotonously varying function
of y..« and m- () was the same as compared to « and y in every case and thus
we conclude that if the 7/(y,,,., #) function is known from experiments (Fig. 3.):
and 7y.,..<0.5 as well as m<5 holds, then the 7 values do not deviate from 7
more than 4—35%; this is the experimental error of our measurements.

- Summing up we reported (@) a graphic method for the estimation of 7 from
" experimentally obtained 7’; (b) an experimental verification of the theory of second--
ary fluorescence by measuring 7° of Rh 6G dye in different solutions.
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W3MEPEHUE BPEMEHHU 3ATYXAHUA ®JIYOPECUEHITMA PACTBOPOB
POOAMHHA 6X BO3BYXKIEHHOH «uv» TEA N, JIA3EPOM

b. Hemem, K. Ciou, M. Xuabepm u JI. Koama

3aBHCHMOCTB BpEMEHH 3aTyXaHus (JIyOpeCHeHIINA pacTBOPOB poaaMuHa 67K OT KOHUERTpauud
{pacTBOPOB K TOJIIHHEI 00pa3lia, K3MEHSIOMAXCS B ITMPOKO# 061aCTH, ObINa MCCIIEA0BAHA C HCIIOMb-
‘30BaHHEM aTMOCHEPHYECKOrO a30THOrO Jja3epa. Pazmuums MeXOy MONy4YaeMbIMH DPE3yAbTaTaMH
‘OpH Pa3HBIX 3KCIEPHMEHTANbHEIX YCIOBHAX OOBACHEHHL MO TEOPHM BTOPHYHON (yOpecleHITHH.
Monexynaproe BpeMs 3aTyXaHus ¢QuIyopeclueHyH pogaMura 6)K B Meradone nosyvanocs 4,1 40,1
\HC IKCTPANONALKEH JKCTIEPHMERTANTLHBIX JaHHBIX KOTIa Ymaxe CTPEMETCS K Hy IO,



