Can Luminol Be a Fluorophore?

M. Fatima Barroso' - Rui J. A. Silva' - Sérgio F. Moreira’ - Sofia S. Rodrigues' - Helena M. R. Goncalves? -

Abel J. Duarte’

Abstract

In this work, we report a new chemiluminescence system using bis-(2,4,6-trichlorophenyl) oxalate (TCPO) with hydrogen
peroxide and luminol as fluorophore. The intense chemiluminescence reaction here described was fully investigated and it
was determined that this fluorescent system has two strong light emissions at 440 and 490 nm, respectively. This new, user
friendly, intense and striking light emission chemiluminescence system can be used as a very usefull tool for the design and

construction of fluorescencent chemical sensors.
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Introduction

Over the years the Chemiluminescence (CL) reaction has been
proven quite useful, indeed the application of this chemical pro-
cess provides a very sensitive, cost-effective detection alternative
to many radioisotopic and fluorescence techniques [1].
Chemiluminescence is a phenomenon in which chemically-
generated molecules emit light in excited states., The CL phe-
nomenon can be described in a simple manner, as a process that
occours in two steps: i) The formation of a high excited energetic
intermediate and ii) the loss of the intermediate energy by two
distinct mechanisms - direct or indirect CL. Direct CL occours
when the intermediate relaxes to the ground state by the emission
of photons, a well known example of this mechanism, is the
oxidation of luminol by the hydrogen peroxide in the presence
of a catalyst (Scheme 1a). The aminophthalate ion (Scheme 1a
step 2), upon excitation emits light at 425 nm [2]. On the other
hand, the indirect CL takes place when the intermediate product
electronically excited transfers energy to a suitable acceptor
(fluorophore) (Scheme 1b). The relaxation of the fluorophore
generates a light emission (Scheme 1c) [3]. This phenomenon
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of emission radiation has recently been proved a powerful tool in
areas as distinct as, biotechnology, industry, medicine and water
treatment [1, 4].

CL methodologies based on oxidative reaction between
luminol and hydrogen peroxide have been widely used as sen-
sitive analytical techniques in inorganic chemistry [5, 6], in
pharmaceutical analysis [7, 8], clinical [9, 10] and nanotech-
nology [11] applications. Furthermore, when in presence of an
excess of luminol and hydrogen peroxide, the CL intensity is
directly proportional to the analyte concentration over several
orders of magnitude, which leads to the development of accu-
rate analytical procedures. The attractiveness of the reported
CL techniques lies on their simple, fast, high sensitivitive, ac-
curacy, low cost of instrumentation and maintenance, and the
fact that it does not require a background light. Although, these
methodologies allow detection limits (LOD) at the micromolar
range, it is easily possible to decrease at nanomolar levels [12].
An example of such a system that has been used for some
authors uses bis-(2,4,6-trichlorophenyl) oxalate (TCPO) [13,
14] for the analytical determination of vitamin C and vitamin
B6. Briefly, the reaction between TCPO and H,0, was able
to transfer energy to fluoresce indolizine derivatives, via
the formation of dioxetanedione intermediate. Nonetheless
the use of the TCPO with a fluorophore as, as far as the
authors knowledge, never been tested.

In this work, it is reported, for the first time, the CL of
TCPO using the luminol as fluorophore using a simple, fast
process that does not require expensive equipment.
Spectrophotometric techniques were used in order to study
this new reaction.
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Experimental
Apparatus

All chemiluminescence spectra for TCPO reaction were re-
corded with an homemade setup. The reaction were per-
formed in a 1 x 10 cm test tube attached to a support made
of matte black PVC sealed to the outside light. The light pro-
duced by the CL was conducted by a 1 mm glass optical fiber
to the CCD detector USB2000 from OceanOptic. The spectra
were viewed and stored on a PC that communicates with the
detector through a USB port. All spectra were recorded with
an integration time of 150 msec and 10 scans to average.

Reagents Hydrogen peroxide (33% m/V), Oxalyl Choride
(98%), Toluene (Sulphure free), Triethylamine pure,
Hexane, Rhodamine B, Luminol (98%), 2.,4,6-
Trichlorophenol, Sodium acetate and Ethyl acetate from
Sigma-Aldrich (Madrid, Spain).
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Procedures

TCPO Synthesis According to Mohan’s suggestion [15], with
some adaptation, 0.395 g of 2,4,6-trichlorophenol was dis-
solved in 3 mL of dry toluene in a round-bottomed flask with
a magnetic stirring bar to promote the stirring for 5 min. Then,
0.28 mL of triethylamine was added, and the flask was put in
an ice bath, following the slow addition of 0.10 mL of oxalyl
chloride (during approximately 5 min) until the temperature
reaches +8 °C, at this moment a thick-off white precipitate
was formed. Then the misture was removed from the ice bath
and using an water condenser, the mixture was gently stirred
during 30 min at 65 °C to complete the reaction. After, the
mixture was cooled again in an ice bath, filtered on a Buchner
funnel and the formed white solid collected. The solid was
washed with a small volume of hexane (to remove the
triethylammonium chloride). Then, the dried solid was put
in an Erlenmeyer flask and suspended in about 6 mL of water
and using a spatula the lumps of the solid was broken. The



solid produt was put on the Buchner funnel and washed again
with water and dried. At the end, the solid was slowly recrys-
tallized with a minimum volume of boiling toluene and cooled
in a ice beath. The solid TPCO was collected using small
volumes of hexane.

Chemiluminescence Reaction of the TCPO The fluorophore
solution was prepared by dissolving about 6.3 umol (3 mg
of thodamine B or 1.1 mg of luminol) in 15 mL of ethyl
acetate. In a 1 X 10 cm glass tube with magnetic stir bar, it
was added 2.7 ml of fluorophore solution, 180 mg of sodium
acetate and 144 mg of TCPO. The chemiluminescence was
measured when 0.54 mL of hydrogen peroxide (33% w / v)
was added to the mixture.

Control experiments were performed using different chemical
qualitative compositions: i) TCPO, luminol and hydrogen perox-
ide; ii) TCPO, luminol and sodium acetate; iii) TCPO and
luminol; iv) TCPO, hydrogen peroxide and sodium acetate; v)
TCPO and hydrogen peroxide; vi) Luminol, hydrogen peroxide
and sodium acetate; vii) Luminol and hydrogen peroxide.

Results and Discussion

It is well known that the CL of the TCPO with hydrogen perox-
ide in the presence of diferents fluorophors compounds, such as
9,10-diphenylanthracene or rhodamine B, originates strong elec-
tromagnetic radiation emissions (e.g., maximum wavelength at
600 nm when the fluorophere is the rhodamine B, Fig. 1 orange).
However, in the absence of a fluorophore or an electrolyte (e.g.
sodium acetate) the CL reaction does not occur (no light emis-
sion), Fig. 1 gray. On the other hand, luminol does not react with
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Fig. 1 CL emission intensity of TCPO with hydrogen peroxide without
fluophore (gray) and in the presence of luminol (blue) and rhodamine B
(orange)

4000
3000 -|
3
©
2 2000
7]
c
]
£
1000 -
0]
T T T T T T 1
1,5 3,0 45 6,0
Time/ s

Fig.2 Effect of the reaction time onto the CL of TCPO in the presence of
luminol as fluophore

the hydrogen peroxide (unlike the known TCPO reaction with
hydrogen peroxide). This reaction only occurs in the presence of
metal catalysts, such as, cobalt (II) or copper (II), organic sol-
vents, such as DMSO, or in the presense of a strong base [16].
However unlike it was typically expected, when we add
luminolas a fluorophore in the reactive system composed by
TCPO and hydrogen peroxide, an intense and colored electro-
magnetic radiation is generated, Fig. 1 blue. Moreover, the inten-
sity, duration and color of the TCPO-Luminol system emission is
far from negligible, indeed it is quite overwhelming. The obtain-
ed CL spectrum of TCPO in the presence of hydrogen peroxide
and luminol presented a strong light emission at wavelengths
around 440 nm and another much more intense at 490 nm.
This behavior suggests the existence of a more complex mecha-
nism than described in Scheme 1b. This mechanism may pro-
duces intermediates derived from luminol and 1,2-
dioxetanedione which cen be partially responsible for the ob-
served ligh emission. As it is possible to see from the analysis
of Fig. 2 the CL of TCPO with luminol-hydrogen peroxide al-
lows a fast reaction system which can be of major importance
and vantageous for the development of sensor devices, namely
for the detection of contaminants, metals, vitamins and biological
molecules (proteins and DNA) in food, environmental and bio-
logical samples No light emission was observed in all control
experiments.

At this moment, a serie of experiences are underway in
order to elucidate the mechanism behind the studied CL reac-
tion. The individual contribution of each chemical and also the
respective synergies between then (TCPO, hydrogen perox-
ide, and luminol), such as, concentraction, molar ratio, and
reaction time used in this CL reaction are in study, as well
as, the investigation of the chemical intermediates produced
during this organic reaction in order to understand all the steps
generated in this chemical mechanism. Moreover, it is also
intended to use other chemicals in order to discover other
fluophores with good CL proprieties.



However, it is important to take in mind that due to its
exuberant CL, this described reaction is an excellent candidate
for the development of easy, accurate and sensible miniatured
analytical methods [17].

Conclusion

Yes, luminol has a fluorophore behaviour and in this short com-
munication, it was described for the first time a new CL system
based on TCPO-H,0, using luminol as fluorophore. In this new
system, an intense, strong and light emission at 440 and 490 nm
was generated. Actually, when it was used a molar ratio of
TCPO: H,O,: luminol of 1: 18: 0.020 more than 90% of the total
emitted light was generated during the first second of the CL
reaction. Moreover, even using small amounts of TCPO
(0.32 mmol), the light emission is so strong that the CL was
visible to the naked eyes. Considering the fast and strong CL
reaction between TCPO-H,0, and luminol, this system can be
an excellent candidate to the development of chemical sensors
for application in food, environment and health fields for the
detection of several compounds, such as, contaminants, metals,
antioxidants or biological analytes as DNA.
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