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The important role played by organic conjugated compounds in the fields of electronics and optoelectronics
has led to a vast field of research concerned with synthesizing various complex structures where π-π stacking
plays a vital role. Pyrene-based molecules are examples of compounds which allow efficient charge transfer
through π-π molecular stacking. Photophysical studies of such compounds have shown similar behavior as
that of pyrene, even though they bear two additional conjugated rings and four long alkyl chains. Chain
length may have played an effective role in influencing the π-π molecular stacking of such molecules. In
continuation of our earlier work (Moustafa, R. M.; Degheili, J. A.; Patra, D.; Kaafarani, B. R. J. Phys. Chem.
A 2008, 113, 1235-1243), we hereby synthesize and investigate the role of the chain lengths on the photophysical
aspects of 2,11-di-tert-butyl-6,7,15,16-tetrakis(alkoxy/alkythio)quinoxaline-[2′,3′:9,10]phenanthro[4,5-ab-
c]phenazine, TQPP-[t-Bu]2-[XR]4 (X ) O, S; R ) CnH2n+1). Various photophysical parameters such as Stokes
shift, fluorescence lifetime, fluorescence quantum yield, and radiative and nonradiative rate constants are
evaluated for TQPP-[t-Bu]2-[OR]4 and TQPP-[t-Bu]2-[SR]4 in tetrahydrofuran. The variation of the Stokes
shift, fluorescence quantum yield, and lifetime are also correlated with the number of carbons in the alkyl
chain R for TQPP-[t-Bu]2-[OR]4 and TQPP-[t-Bu]2-[SR]4.

1. Introduction

The field of organic semiconductors has undergone tremen-
dous progress in the last 15 years due to their exciting electronic
and optoelectronic properties, which have enabled development
of improved electronic devices.2 Organic semiconductors include
conjugated polymers, conjugated oligomers, and small conju-
gated molecules that can self-assemble and exhibit interesting
electronic and optoelectronic properties.3 Some of these find
applications in organic field-effect transistors (OFETs),4 organic
light-emitting diodes (OLEDs),5 organic photovoltaic cells
(OPVs),6 and sensors.3 New organic semiconductors, such as
thiophene oligomers and acenes (e.g., pentacenes),4,7,8 have been
extensively studied in order to achieve better carrier mobility,
sensitivity, and stability in the device. For example, a p-channel
thin-film field-effect transistor of solution-processed pentacene
showed a hole mobility as high as 0.89 cm2 V-1 s-1.2 Despite
this work, the best mobilities achieved for organic semiconduc-
tors are still less than that of polycrystalline silicon;9 however,
organic semiconductors have the advantages of structural
flexibility and the potential for good solubility which allows
for low-cost solution processing at low temperatures, with the
possibility of fabricating large-area devices.3 Their disadvantages
include difficulties in achieving high levels of purity, lower
mobilities than inorganic semiconductors, and poor thermal and
mechanical stability.3 The low mobility of organic semiconduc-
tors is limited by their weak van der Waals interactions, in
contrast to the strong covalent and ionic forces found in
inorganic systems.2

A very interesting class of organic semiconductors is that of
discotic liquid crystals (DLCs); these materials have exciting
electronic and optoelectronic properties and can readily be

processed into films,10 making them ideal building blocks for
smart materials in organic-based electronic and optoelectronic
devices such as OLEDs,11 OPVs,12 and OFETs.13 DLCs are
usually formed of a rigid core to which 3 to 8 flexible chains
are attached; these materials self-organize into columnar stacks
within which effective π-π orbital overlap leads to high
intrastack charge-carrier mobilities that allow the transportation
of the charges in a one-dimensional manner.14 Mobility values
as high as 0.5 cm2 V-1 s-1 have been reported in some discotic
mesophases, such as those formed by hexabenzocoronene
derivatives.15 However, many of the detailed photophysical and
photochemical properties of compounds of this type remain to
be investigated. The chain length in DLCs is well-known to
affect their mesophase behavior.10 In this paper, we report the
effect of chain length on the photophysical behavior of two
series of pyrene-based molecules: 2,11-di-tert-butyl-6,7,15,16-
tetrakis(alkoxy/alkythio)quinoxaline[2′,3′:9,10]phenanthro[4,5-
abc]phenazine, TQPP-[t-Bu]2-[XR]4 (X ) O, S; R ) CnH2n+1)
(Figure 1). Detailed photophysical studies on four of these
pyrene-based molecules (1c, 1d, 2a, and 2b) have been reported
elsewhere.1 An investigation of the mesophase behavior in these
materials is currently ongoing.

Chain length may play a role in determining the effectiveness
of the π-π molecular orbital stacking in such compounds and,
thus, the mobility of charge carriers across nearby molecules.
This paper reports further investigations that were made using
a more extensive range of alkyl groups to understand how chain
length affects the Stokes shift, fluorescence quantum yield,
fluorescence lifetime, and radiative and nonradiative rate
constants, as well as the absorption properties in tetrahydrofuran
solvent.

2. Experimental Section

Chemicals and solvents were purchased from Acros. Standard
grade silica gel (60 Å, 32-63 µm) and silica gel plates (250
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µm) were purchased from Sorbent Technologies. Reactions that
required anhydrous conditions were carried out under argon in
oven-dried glassware. A Bruker spectrometer was used to record
the NMR spectra. CDCl3 was the solvent for NMR, and
chemical shifts relative to tetramethylsilane (TMS) at 0.00 ppm
are reported in parts per million (ppm) on the δ scale. The
MALDI data were acquired at the Bioanalytical Mass Spec-
trometry Facility at the Georgia Institute of Technology, Atlanta,
GA. Elemental analyses were performed at Atlantic Microlab
Inc., Norcross, GA.

The general synthesis of TQPP-[t-Bu]2-[OR]4 and TQPP-[t-
Bu]2-[SR]4 is described elsewhere.1 After column chromatog-
raphy using CHCl3 as eluent, the compounds were recrystallized
from nitrobenzene (for 1a and 1b) and toluene (for 2c, 2d, and
2e). Spectroscopic data of TQPP-[t-Bu]2-[XR]4 (X ) S, O; R
) C12H25 and C10H21) are reported elsewhere.1

2,11-Bis(1-methylethyl)-6,7,15,16-tetrakis(octadecyloxy)qui-
noxaline[2′,3′:9,10]phenanthro[4,5-abc]phenazine, TQPP-[t-
Bu]2-[OC18H37]4 (1a). Yellow solid 1a (0.25 g, 25%), mp
173-175 °C. 1H NMR (300 MHz, CDCl3): δ 0.87 (12H, t, J )
6.7 Hz), 1.26 (112H, m), 1.58 (8H, m), 1.76 (18H, s), 2.03 (8H,
quintet, J ) 7.4 Hz), 4.33 (8H, t, J ) 6.5 Hz), 7.64 (4H, s),
9.73 (4H, s). 13C NMR (75.5 MHz, CDCl3, 45 °C): δ 14.07,
22.70, 26.16, 28.98, 29.21, 29.39, 29.47, 29.70, 29.77, 31.91,
31.97, 32.02, 36.36, 69.91, 105.84, 124.80, 127.81, 138.90,
151.78, 154.98. HRMS-MALDI (m/z): [M + H]+ calcd for
C108H175N4O4, 1592.36; found, 1592.35. Anal. Calcd for
C108H174N4O4: C, 81.45; H, 11.01; N, 3.52. Found: C, 81.62;
H, 11.10; N, 3.61.

2,11-Bis(1-methylethyl)-6,7,15,16-tetrakis(hexadecylox-
y)quinoxaline[2′,3′:9,10]phenanthro[4,5-abc]phenazine, TQPP-
[t-Bu]2-[OC16H33]4 (1b). Orange solid 1b (0.62 g, 54%), mp
178-188 °C. 1H NMR (300 MHz, CDCl3): δ 0.86 (12H, t, J )
6.7 Hz), 1.26 (96H, m), 1.58 (8H, m), 1.76 (18H, s), 2.02 (8H,
quintet, J ) 7.2 Hz), 4.33 (8H, t, J ) 6.6 Hz), 7.63 (4H, s),
9.73 (4H, s).13C NMR (75.5 MHz, CDCl3, 45 °C): δ 14.14,
22.70, 26.13, 28.97, 29.39, 29.46, 29.68, 29.75, 31.95, 35.89,
69.25, 106.99, 122.78, 123.51, 129.58, 139.94, 140.68, 150.26,
153.28. HRMS-MALDI (m/z): [M + H]+ calcd for
C100H159N4O4, 1480.23; found, 1480.26. Anal. Calcd for
C100H158N4O4: C, 81.13; H, 10.76; N, 3.78. Found: C, 80.90;
H, 10.67; N, 3.81.

2,11-Bis(1-methylethyl)-6,7,15,16-tetrakis(octanethio)qui-
noxaline[2′,3′:9,10]phenanthro[4,5-abc]phenazine, TQPP-[t-
Bu]2-[SC8H17]4 (2c). Yellow solid (1.25 g, 71%), mp > 300
°C. 1H NMR (300 MHz, CDCl3): δ 0.90 (12H, t, J ) 6.8 Hz),
1.26 (32H, m), 1.61 (8H, pentet, J ) 7.8 Hz), 1.76 (18H, s),

1.91 (8H, quintet, J ) 7.4 Hz), 3.25 (8H, t, J ) 7.3 Hz), 8.10
(4H, s), 9.72 (4H, s).13C NMR (75.5 MHz, CDCl3): δ 14.14,
22.70, 28.21, 29.23, 31.85, 31.93, 33.36, 35.94, 124.05, 129.32,
140.60, 141.43, 150.68. HRMS-MALDI (m/z): [M + H]+ calcd
for C68H95N4S4, 1095.64; found, 1095.65. Anal. Calcd for
C68H94N4S4: C, 74.54; H, 8.65; N, 5.11; S, 11.71. Found: C,
74.37; H, 8.67; N, 5.26; S, 11.42.

2,11-Bis(1-methylethyl)-6,7,15,16-tetrakis(hexanethio)qui-
noxaline[2′,3′:9,10]phenanthro[4,5-abc]phenazine, TQPP-[t-
Bu]2-[SC6H13]4 (2d). Yellow solid (0.61 g, 51%), mp > 300
°C. 1H NMR (300 MHz, CDCl3): δ 0.95 (12H, t, J ) 7.1 Hz),
1.40 (16H, m), 1.63 (8H, pentet, J ) 7.2 Hz), 1.77 (18H, s),
1.92 (8H, quintet, J ) 7.5 Hz), 3.27 (8H, t, J ) 7.4 Hz), 8.05
(4H, s), 9.70 (4H, s).13C NMR (75.5 MHz, CDCl3): δ 14.09,
22.59, 28.17, 28.88, 31.45, 31.93, 33.33, 35.92, 123.93, 125.34,
129.37, 140.65, 141.31, 142.15. HRMS-MALDI (m/z): [M+H]+

calcd. for C60H79N4S4, 983.51; found, 983.54. Anal. Calcd. for
C60H78N4S4: C, 73.27; H, 7.99; N, 5.70; S, 13.04. Found: C,
73.04; H, 8.01; N, 5.65; S, 12.73.

2,11-Bis(1-methylethyl)-6,7,15,16-tetrakis(butanethio)qui-
noxaline[2′,3′:9,10]phenanthro[4,5-abc]phenazine, TQPP-[t-
Bu]2-[SC4H9]4 (2e). Yellow solid (0.87 g, 82%), mp >300 °C.
1H NMR (300 MHz, 1,2-dichlorobenzene-d4, 60 °C): δ 0.83
(12H, t, J ) 7.3 Hz), 1.39 (16H, pentet, J ) 7.3 Hz), 1.63 (18H,
s), 1.68 (8H, quintet, J ) 7.2 Hz), 3.01 (8H, t, J ) 7.3 Hz),
8.17 (4H, s), 9.90 (4H, s). HRMS-MALDI (m/z): [M + H]+

calcd for C52H63N4S4, 871.393; found, 871.395. Anal. Calcd for
C52H62N4S4: C, 71.68; H, 7.17; N, 6.43; S, 14.72. Found: C,
71.30; H, 7.05; N, 6.36; S, 14.36.

2.2. Solution Preparation. TQPP-[t-Bu]2-[XR]4 (SC4, SC6,
SC8, OC16, and OC18) were all dissolved in spectroscopic
grade tetrahydrofuran (THF), as this solvent was able to
solubilize the entire series efficiently. Several stock solutions
were prepared containing 1 mg of these compounds dissolved
in sufficient volumes of THF to ensure complete dissolution of
each of the compounds; the stock solutions of TQPP-[t-Bu]2-
[XR]4, therefore, have different concentrations, but in the
millimolar concentration range. From these stock solutions,
further dilution was made for preparing the 5 µM solutions for
absorption spectroscopic measurements. For fluorescence mea-
surements, further dilution to 500 nM was made from the 5
µM stock solution and this concentration was used for further
investigation on their photophysical behavior as well as for
comparing their behavior with those of previously reported
TQPP molecules.1

2.3. Spectroscopic Measurement. Absorption spectra were
measured using a JASCO V-570 UV-vis-NIR spectrophotom-

Figure 1. Structures of TQPP-[t-Bu]2-[XR]4 (X ) O, S; R ) CnH2n+1).
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eter, and the fluorescence measurements were done using a
Jobin-Yvon-Horiba Fluorolog III spectrofluorimeter. The excita-
tion source was a 100 W xenon lamp, and the detector used
was R-928 operating at a voltage of 950 V.

2.4. Fluorescence Lifetime Measurement. The fluorescence
lifetimes were determined using a Jobin-Yvon-Horiba Fluorolog
III spectrofluorimeter with a pulsed diode laser. The decay data
were analyzed using Data Analysis software. Decay fits with
values of �2 between 0.99 and 1.5 were considered to be within
the acceptable range.

2.5. Determination of the Fluorescence Quantum Yield.
The fluorescence quantum yields of the compounds were
determined in THF using the equation:16

φunk ) φstd

Funk

Fstd

Astd

Aunk

nunk
2

nstd
2

(1)

where φunk and φstd are the quantum yield of the sample of
interest and that of the reference sample, respectively. An-
thracene in ethanol was used as the reference, with its quantum
yield being taken as 0.31.17 Funk and Fstd are the integrated
intensities of the emission spectrum of the sample of interest
and that of reference sample, respectively. A corresponds to the
optical density of the samples at 320 nm, which was used to
excite the samples, and finally, n is the refractive index of the
solvent being used. In the above equation, standard (std) refers
to anthracene in ethanol, and unknown (unk) refers to various
TQPP-[t-Bu]2-[XR]4 compounds. The fluorescence quantum
yields for all compounds were calculated for 500 nM solutions
of TQPP-[t-Bu]2-[XR]4 in THF.

3. Results and Discussion

The absorption spectra of TQPP-[t-Bu]2-[OR]4 and TQPP-
[t-Bu]2-[SR]4 with various chain lengths are shown in Figures
2 and 3, respectively. Irrespective of the chain length, two
absorption features were found in the wavelength regions: one
located between 300 and 350 nm, and another between 400 and
475 nm. The absorption bands in the 400-475 nm range showed
no shift in absorption maxima and no regular trend in absorbance
as the chain length was increased; however, for TQPP-[t-Bu]2-
[SR]4, the absorption bands around 400-475 nm were 25 nm
red-shifted compared to those of TQPP-[t-Bu]2-[OR]4, presum-
ably due to the higher polarizability of the sulfur atom compared

to the oxygen atom. The absorption maximum at around 325
nm showed little change with variation of the carbon chain
length from OC10 to OC18 and from SC4 to SC12. However,
in both series, slightly longer wavelength absorption maxima
were found for the C12 chains (329 nm for TQPP-[t-Bu]2-
[OC12H25]4 and 328 nm for TQPP-[t-Bu]2-[SC12H25]4).

The excitation and emission spectra for the TQPP-[t-Bu]2-
[OR]4 series (OC10, OC12, OC16, and OC18) and the TQPP-
[t-Bu]2-[SR]4 series (SC4, SC6, SC8, SC10, and SC12) are
shown in Figures 4 and 5, respectively. The excitation spectra
were collected at an emission wavelength of 390 nm, and the
emission spectra were collected at an excitation wavelength of
320 nm. For the TQPP-[t-Bu]2-[OR]4 series (Figure 4), two
fluorescence emission peaks were observed. Although the
fluorescence intensity of these two peaks was different among
the series at equimolar concentration, no regular trend was
observed. The increase in chain length also did not influence
the change in the peak wavelength of the emission maximum.
As reported earlier for 1c, 1d, 2a, and 2b in various solvents,1

excimer formation was consistently observed for all the TQPP-
[t-Bu]2-[OR]4 (OC10, OC12, OC16, and OC18). This means,
in addition to the monomer peak, a second peak was observed
that corresponded to the excimer (excited-state dimer) formation,
even at very low concentration (such as 500 nM). The monomer
fluorescence peak occurred at around 365-370 nm, whereas

Figure 2. Absorption spectra of TQPP-[t-Bu]2-[OR]4 (OC10, OC12,
OC16, and OC18) in THF.

Figure 3. Absorption spectra of TQPP-[t-Bu]2-[SR]4 (SC4, SC6, SC8,
SC10, and SC12) in THF.

Figure 4. Excitation and emission fluorescence spectra of 500 nM
TQPP-[t-Bu]2-[OR]4 (OC10, OC12, OC16, and OC18) in THF.

1246 J. Phys. Chem. A, Vol. 113, No. 7, 2009 Degheili et al.



the excimer fluorescence peak appeared at around 430 nm. The
excimer fluorescence intensity, however, differed for TQPP-[t-
Bu]2-[OC10H21]4 and TQPP-[t-Bu]2-[OC12H25]4, but similar ex-
cimer intensity was observed for TQPP-[t-Bu]2-[OC16H33]4 and
TQPP-[t-Bu]2-[OC18H37]4. Such high excimer intensity for OC16
and OC18 can be explained by the longer chains of these species
favoring formation of dimers with π-π stacking, even at such
low concentration (500 nM). However, for OC10 and OC12,
such excimer fluorescence intensity was not clearly identifiable,
especially for OC12. This can be explained by the assumption
that, for TQPP-[t-Bu]2-[OC12H25]4, the best geometry for such
compounds was not a two-dimensional structure, but rather the
long chain groups were arranged in such a way that impeded
proper π-π stacking and thus lowered the possibility of excimer
formation.

Also for the TQPP-[t-Bu]2-[SR]4 series (Figure 5), similar
behavior concerning excimer formation was observed. A
monomer fluorescence peak was observed for all the SC4, SC6,
SC8, SC10, and SC12 series at around 370 nm, and an excimer
peak at around 462 nm. For SC4, SC6, and SC8, a gradual small
increase in the intensity of the excimer peak was observed. This
is consistent with increased π-π overlap and excimer formation,
as the chain length is increased from SC4 to SC8. However,
for SC10 and SC12, a different behavior was observed. For
SC10, because of higher chain length, a higher excimer peak
intensity than that of SC8 was expected, but it was found to be
lower, and for SC12 no excimer peak was observed at similar
concentrations. SC10 and SC12 may also exhibit the same
behavior as that of OC10 and OC12, in that perhaps such
compounds are not entirely two-dimensional, preventing excimer
formation at such low concentration. Nevertheless, sulfur is more
polarizable than oxygen, which may also play a role in
preventing proper arrangements of the compounds and the
formation of excimers. The fluorescence spectra of TQPP-[t-
Bu]2-[SR]4 displayed clear excimer peaks for each of the SC4,
SC6, and SC8 derivatives, but not for SC10 and SC12 even at
equimolar concentration (500 nM). The assumption that chain
length is a factor in enhancing the rate of excimer formation
leads to the conclusion that SC10 and SC12 should show
excimer peaks. However, this was not the case. The reason may
be that SC10 and SC12 compounds are prevented from adopting
a two-dimensional conformation and, therefore, from π-stacking
to form excimers, due to an orientation of the four alkyl chains.
Comparing the sulfur-containing (SC10 and SC12) and oxygen-
containing (OC10 and OC12) pyrene-based molecules that have
the same number of carbons at the same concentration, we

observed the formation of clear excimer peak for the O-series
and yet the absence or the negligible appearance of the excimer
peak for the S-series.

The absorption maxima, emission maxima, and Stokes shift
for TQPP-[t-Bu]2-[SR]4 and TQPP-[t-Bu]2-[OR]4 molecules in
THF are reported in Table 1. The emission wavelength
maximum for all the compounds in the two series was almost
unaltered. No regular trend was observed for the Stokes shift
as the chain length increased from C4 to C12 in the case of
TQPP-[t-Bu]2-[SR]4 or from C10 to C16 in the case of TQPP-
[t-Bu]2-[OR]4 (Figure 6). However, when the Stokes shift of
the different C10 and C12 TQPP molecules were compared,
higher values for those of the sulfur-based TQPP molecules
compared to the oxygen-based ones were observed, perhaps
again due to the higher polarizability of the sulfur atom
compared to that of oxygen.

The monomer and excimer fluorescence lifetimes, fluores-
cence quantum yield, and radiative and nonradiative rate
constants are reported for the TQPP-[t-Bu]2-[SR]4 and TQPP-
[t-Bu]2-[OR]4 series in Table 2. The lifetime decays for the
oxygen-based series and those of the sulfur-based series are also,
respectively, shown in Figures 7 and 8; all compounds showed
a biexponential lifetime decay, with one of these decays being
attributed to that of the monomer and the other to the excimer.18

The monomer lifetimes range between 3 and 5 ns, whereas the
excimer lifetimes range between 11 and 13 ns. For TQPP-[t-
Bu]2-[SR]4, the monomer lifetime decreased in going from SC4
to SC8 with a significant increase for SC10, followed by a
further decrease for SC12. The trend was similar for TQPP-[t-
Bu]2-[OR]4 in going from OC10 to OC18. When monomer

Figure 5. Excitation and emission fluorescence spectra of 500 nM
TQPP-[t-Bu]2-[SR]4 (SC4, SC6, SC8, SC10, and SC12) in THF.

TABLE 1: Absorption Maxima, Emission Maxima, and
Stokes Shift for TQPP-[t-Bu]2-[XR]4 in THF

TQPP-[t-Bu]2-
[XR]4

λabs (max)/
nm

λem (max)/
nm

Stokes shift/
cm-1

SC4 327 364 3109
SC6 327 363 3033
SC8 328 363 2940
SC10 326 381 4428
SC12 328 378 4033
OC10 326 377 4150
OC12 329 376 3799
OC16 326 365 3308
OC18 325 367 3484

Figure 6. Stokes shift in THF versus chain length of TQPP-[t-Bu]2-
[XR]4.
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lifetimes for SC10 and SC12 with those of OC10 and OC12
were compared, higher monomer lifetimes were observed in
the sulfur-based TQPP molecules. The excimer lifetime, how-

ever, did not show any regular trend among the different
compounds. The fluorescence quantum yields were calculated
to be around 0.2 for most of the TQPP-[t-Bu]2-[XR]4 molecules
in THF. However, for the SC10, OC10, and OC12 derivatives,
the fluorescence quantum yields were found to be considerably
smaller (0.09, 0.02, and 0.09, respectively). The radiative (kr)
and nonradiative (knr) rate constants were calculated, for all
TQPP-[t-Bu]2-[XR]4 in THF, using the following two equations,
respectively:19

kr )
φf

τf

knr )
1
τf
- kr

where φf is the fluorescence quantum yield and τf is the
fluorescence lifetime.

The radiative rate constants for all TQPP-[t-Bu]2-[XR]4

molecules were of the order of 107 s-1, and the nonradiative
rate constants were of the order of 108 s-1. In all cases, the
radiative and nonradiative rate constants were notably larger
than those for pyrene itself, which are of the order of 106 s-1.
The radiative and nonradiative rate constants for the SC10
compound were lower than those of the SC12 example. In
addition, rate constants for the OC10 derivative were lower than
those for the OC12 species. However, no regular trend was
found for the radiative and nonradiative rate constants as the
chain length increased. Furthermore, no correlation could be
found between the radiative or nonradiative rate constants and
the change in the chain length of substituents.

4. Conclusion

As an extension of our previous work, more TQPP-[t-Bu]2-
[XR]4 (X ) O, S) compounds have been introduced in this
paper. The photophysical properties of these novel compounds
were revealed in correlation with the change in the number of
carbons of the four alkyl chains. Stokes shift, fluorescence
quantum yield, fluorescence lifetime, and radiative and nonra-
diative rate constants are all reported for both oxygen-based
and sulfur-based series. No linear correlation was observed for
the Stokes shift, fluorescence quantum yield, and radiative or
nonradiative rate constants as a function of the chain length of
the four alkyl chains of these pyrene-based molecules.
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�2 value between 0.99 and 1.5.

Figure 8. Lifetime decays for TQPP-[t-Bu]2-[OR]4 (OC10, OC12,
OC16, and OC18) in THF. Theoretical fittings are not shown for clarity;
in all cases, the best results were obtained for a bioexponential decay
(one representing monomer, and the other excimer) with an acceptable
�2 value between 0.99 and 1.5.
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