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A sensitivity modulation method was employed to measure the fluorescence spectra and quantum 
yields of weakly fluorescent 2-substituted (NH2, O, OCH3, CI, Br) 3-methylquinoxalines in n-hexane 
and methanol at room temperature. A strong decrease in the quantum yield with increasing atomic 
weight of the substituents was observed in n-hexane. In polar solvents, the CI substituent is the 
strongest quencher although its atomic weight is 2.254 times smaller than that of Br.

1. Introduction

As evidenced by previous investigations on 2-sub- 
stituted (NH2, O, OCH3, CI, Br) 3-methylquinoxa- 
lines in polyvinyl alcohol (PVA) films [1], both fluores­
cence and phosphorescence occur simultaneously at 
room temperature, and their quantum yields are 
markedly different. A distinct effect of heavy atom 
substituents on the luminescent properties was ob­
served for 3-methylquinoxalines, particularly for the 
-CI and -Br substituents. For the -B r substituent, 
being 2.254 times heavier than CI, in PVA at 293 K a 
weak fluorescence has been observed with a very low 
quantum yield of 0.008.

Amongst numerous mono- and disubstituented 
quinoxaline derivates examined in various liquid sol­
vents only few are fluorescing [2]. This is due to a 
strong spin-orbit coupling between the singlet and 
triplet states [3].

By the employment of a highly sensitive modulation 
method we were able to demonstrate that the above 
2-substituted 3-methylquinoxalines display weak 
fluorescence in liquid solutions. In the present paper, 
the fluorescence spectra and quantum yields of the 
above substances in n-hexane and methanol are re­
ported.

Reprint requests to Prof. Dr. Alfons Kawski, Uniwersytet 
Gdanski. Instvtut Fizyki Doswiadczalnej, ul. Wita Stowsza 
57, 80-952 Gdansk, Poland.

2. Experimental and Results

2-Substituted 3-methylquinoxalines:

-N H 2, =0, -OCH3, -CI and -Br

where purified by recrystallization and vacuum sub­
limation.

The absorption spectra were measured on an M-40 
(Carl Zeiss) spectrometer and the fluorescence spectra 
were recorded using a fully automatic spectrofluori- 
meter designed and built in our laboratory [4]. In the 
detection path of this apparatus two nanovoltmeters 
(one selective and one homodyne) and an FEU-79 
photomultiplier operating in a single-photon regime 
(2200 V feed) were used. In our detection mode (fre­
quency and phase-sensitive) both the excitation light 
from a xenon lamp and the emission from the sub­
stances examined were modulated by means of two 
synchronous choppers fed with a frequency of 40 Hz 
from a power generator. Low quantum yields (of the 
order of 10-4) could be measured following a several 
hours warm-up of the whole apparatus. This essen­
tially influenced the signal-to-noise ratio.

Fluorescence quantum yields, <2>F, were determined 
relative to that of a standard substance according to
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Fig. 1. Normalized absorption and fluorescence spectra of 
2-substituted (NH2, O, OCH 3, CI, Br) 3-methylquinoxalines 
in n-hexane (1) and methanol (2). 
Excitation: -NH2 310 nm in hexane

324 nm in methanol 
= 0  331 nm in hexane

340 nm in methanol 
-OCH3 324 nm in hexane

315 nm in methanol 
-CI and - Br 320 nm in hexane and methanol.

Table 1. Fluorescence quantum yields, <PF, for 2-substituted 
3-methylquinoxalines at room temperature.

Solvent <*V
- n h 2 =o - o c h 3 -c i -Br

n-Hexane 
Methanol

0.01700 
0.07000

0.00920 
0.01100

0.00150 
0.01600

0.00017 
0.00023

0.00009 
0.00210
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where <£s is the fluorescence quantum yield of a stan­
dard substance, D and Ds are optical densities, n and 
ns are the refractive indices, respectively.

Quinine sulfate (0.5 mol dm-3 H2S 0 4) [5, 6] was 
used as standard in the determination of the fluores­
cence quantum yields for the substituents -N H 2, 
-O C H 3 and = 0  in n-hexane and methanol and for 
-Br in methanol, whereas for the substituent -CI in 
methanol, hexane, diethylether, acetonitrile, ethyl ace­
tate and for -  Br in hexane and acetonitrile, the yield 
was determined relative to that for -  Br in methanol 
(2 x 10~3, Table 1). The replacement of the standard 
was in this case imposed by the incapability of carry­
ing out simultaneous measurements under identical 
geometrical conditions (without changing the mono- 
chromator slits) that should be preserved for the sub­
stances investigated and for quinine sulfate. A stan­
dard with a lower quantum yield should therefore be 
used. The quantum yield determination is significantly 
affected by the accuracy in the estimation of the sur­
face area under the emission curves. Here, the signal-
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to-noise ratio, amounting to 8% in the case of the 
lowest yields, is a particularly important factor. The 
areas were calculated by numerical methods with an 
error of about 1%. An additional obstacle in the mea­
surement of quantum yields of the order of 10~4 was 
the Raman scattering which was frequently compar­
able to the fluorescence of the compounds. Figure 1 
shows the normalized longwave absorption and 
fluorescence spectra measured in n-hexane and meth­
anol at 293 K. The quantum yields, <PF, are summa­
rized in Table 1. For the substituents -  Cl and -  Br, the 
quantum yields were also measured in the following 
polar solvents:

for -Cl in

for -  Br in

dichloroethane 
n-butyl acetate 
ethyl acetate 
diethylether 
acetonitrile 
acetonitrile

cp p = 0.00020, 
(pp = 0.00014, 
(PF = 0.00015, 
<PF = 0.00022, 
(pP = 0.00022, and 
<2>f = 0.002.

Table 1 shows that in n-hexane (nonpolar solvent) the 
fluorescence quantum yield decreases strongly when 
increasing the atomic weight of the substituent, whereas 
in the polar methanol solvent no regularity has been 
found, substituent -Cl, though considerably lighter 
than -  Br, quenching the fluorescence by one order of 
magnitude more strongly. The behaviour of -C l is 
similar in other polar solvents such as, for example, 
acetonitrile. Meanwhile, in rigid PVA the behaviour of 
the fluorescence quantum yield of -Cl at 293 K was 
similar to that in nonpolar n-hexane.
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