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Abstract
The presence of cationic surfactant (e.g.,
CTAC) induced the chemiluminescence (CL)
from the oxidation of luminol, pyrogallol and
lophine. CL enhancement was achieved by
gathering the CL reagent, oxidant, catalyst
and enhancer in the interior or interface of
the micelle and shielding the CL
intermediate and emitting species from
external scavengers or quenchers. The
concentrations of CL reagent, oxidant, and
catalyst dramatically affect the CL emission.
The enhanced CL systems were employed to

determine the substances that participate or

influence the CL reactions, such as CL

reagents, enhancers, and inhibitors (e.g.,
antioxidants, uric acids, dopamine etc.).
Keywords: Chemiluminescence, surfactant,

luminol

Pl g ens

Methods based on Chemiluminescence
(CL) have the advantages of being simple,
fast, sensitive, cheap, and versatile. In the
past few years, we have been interested in
the enhancement of CL emission from the
oxidation of luminol. Intense CL emission
was observed for the oxidation of luminol
with H,O, or m-chloroperoxybenzoic acid
catalyzed by Fe- or Mn-microperoxidase.
Moreover some enhancers, such as Na,COs,
Tris, guanidine hydrochloride, are capable
of increasing the CL emission by 1-2 orders
of magnitude, depending on the catalysts
and oxidants used.*®

In this report, we have found that the use
of a cationic surfactant (e.g., CTAC)
caused a dramatic enhancement of the CL
emission from the oxidation of luminol,
pyrogallol, and lophine. We also
investigated the factors that affect the CL

emission and the potential applications of

these enhanced CL systems (especially the



luminol CL) in chemical analysis.
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Effect of CTAC on CL emission

Fig. 1 demonstrated the effect of CTAC
(cetyltrimethylammonium chloride) on the CL
emission from the oxidation of luminol with
chloramine T/iodide, pyrogallol with KIO,
and lophine with H,O, or NaOCI measured by
the technique of flow injection analysis (FIA).
The presence of 20 mM CTAC resulted in an
intense CL emission for all three systems,

whereas essentially no CL emission was

observed without CTAC.
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Fig. 1. FIA CL emission for the oxidation of (a) luminol
(b) pyrogallo, and (c) lophine with and without the
presence of 20 mM CTAC.

The use of anionic (e.g., SDS) or neutral
(e.g., triton-X) surfactants or cyclodextrins did

not have any enhancing effect on the CL

emission. These results suggest that the
cationic micellear intersurface may play a
significant role in CL enhancement. It is
proposed that the attraction of negatively
charged reagents (I7, 1047, OCI7, luminol
anion, pyrogallol anion) onto the micellear
interface and the hydrophobic reagents
(chloramine T, lophine, CL intermediates) to
the micellar interior will bring all the reactants
to close vicinity for an efficient reaction to
occur. Meanwhile, the incorporation of the CL
intermediates and the emitting species in the
micelle will protect them from potential
radical scavengers or fluorescence quenchers
in the solution, thereby increasing the CL
efficiency and the fluorescence quantum yield.
All these factors will contribute to the CL
enhancement.

CL from the oxidation of luminol by
chloramine T and iodide was found to be
strongly dependent on the concentrations of
chloramine T, iodide, CTAC and pH. Fig. 2
showed the effect of the concentrations of
chloramine T on the CL emission. No CL
emission was observed in the absence of the
oxidant chloramine T. The CL intensity
increased rapidly when 0.5-10 puM of
chloramine T was added,

indicating that

chloramine T was essential for CL emission.
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Fig. 2. FIA-CL emission for the oxidation of luminol
(50 uM) with chloramine T (0-10 uM) at pH 10.10 in
the presence of 17 (5 uM) and CTAC (20 mM).

The effect of the concentration of iodide
on the CL emission was illustrated in Fig. 2.
No CL emission was observed in the absence
of iodide. The CL intensity increased rapidly
when 0.3-10 pM of iodide was added,

indicating that iodide was also essential for

CL emission.
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Fig. 3. FIA-CL emission for the oxidation of luminol
(50 uM) with chloramine T (5 uM) at pH 10.10 in the
presence of 17 (0-10 uM) and CTAC (20 mM).

In the chloramine T/I”/luminol system,
the actual oxidant for the CL reaction is iodine.
Oxidation of iodide by chloramine T produced

iodine, which is more soluble in the micelle

than in the solution. The iodine in the micelle
reacts with luminol anion in the interface,
initiating the follow-up CL reactions.

The effect of the concentration of CTAC
on the CL emission was demonstrated in Fig.
4. No CL emission was observed in the
absence of CTAC. The CL intensity increased
linearly when 0-40 mM of CTAC was added,

indicating that CTAC was essential for CL

emission.
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Fig. 4. FIA-CL emission for the oxidation of luminol
(50 uM) with chloramine T (5 uM) at pH 10.10 in the
presence of I (5 uM) and CTAC (0-40 mM).

Detection of iodide and doapmine

The enhanced CL systems can be used to
determine a variety of substances. For
example, the chloramine T/I"/luminol/CTAC
system can be used to determine chloramine T
(0-10 uM) and iodide (0-10 pM). The
detection limit (3c) is 0.1 puM. This CL

system is selective for iodide. The interference



studies showed that anions (F~, CI", Br-, SO,*,
PO,*, NOs) and cations (Mg?*, Ca®*, Sr**,
Ba?*, alkali metal ions) at 100 folds will not
interfere with the CL emission. The CL
method was successfully employed to
determine the iodide content in iodized salt
and in seawater (data not shown).

The  chloramine  T/I"/luminol/CTAC
system can also be used to determine the

concentration of dopamine as illustrated in.

Fig. 5.

Injection : 50uM luminol + 20mM CTAC + dopamine ( pH 10.10)
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Fig. 5. FIA-CL emission for the oxidation of luminol
(50 uM) with chloramine T (5 uM), I (5 uM) and
CTAC (20 mM) at pH 10.10 in the presence of.
dopamine (0-100 uM)

Significant inhibition of the CL emission
was observed upon addition of dopamine
(1-10 pM), allowing the determination of
dopamine at sub-uM level.

The chloramine T/I"/luminol/CTAC CL
system can also be used to determine
other

polyphenols than dopamine (e.g.,

catechol, adrenaline, some flavonoids). The
CL detection in conjunction with HPLC
separation will provide a sensitive and
powerful means to determine mixtures of
polyphenols. We also found some antioxidants
(e.g., vitamin C, trolox, 3-hydroxyflavone)

that are capable of scavenging radicals can

also be determined by this CL system.

CL emission from pyrogallol

Pyrogallol is another CL reagent that
requires CTAC for detecting CL emission (Fig.
1). We found that CL from the oxidation of
pyrogallol with periodate was enhanced
significantly by the presence of acetaldehyde

as illustrated in Fig. 6.

[Pgl=10° M/ H,0 (40 mM CTAC)
[KIO,]= 10 mM/0.1 M KH,PO, buffer (pH 10.09)
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Fig. 6. FIA-CL emission for the oxidation of pyrogallol
(2 mM) with K10, (10 mM) and CTAC (40 mM) in the

presence of. CH;CHO (0-10%).

The presence of 4% CH3;CHO enhanced

the CL emission by one order of magnitude.



The reason for the CL enhancement caused by
CH3CHO is still not clear and requires further
investigation.

The CL emission from pyrogallol was
found to be dependent on the concentrations
of pyrogallol (0-1 mM), KIO,4 (0-10 mM), and
CTAC (0-40 mM). The CL intensity of this
system is much weaker than that of luminol.
However, it is more easily affected than
luminol by other substances, allowing the

detection of those substances.

Detection of uric acid
The pyrogallol system can be used
to determine the concentration of uric acid as
shown in Fig. 7. Addition of uric acid (0-80
uM) caused a significant inhibition of the CL
emission

from pyrogallol, allowing its

quantification.

[Pg]= 10° M/ H,O (20 mM CTAC)+uric acid
0.1 M KH,PO, buffer (pH 10.02; 10 % CH,CHO)

900 4
| [KIO,]= 10 mM/0.1 M KH,PO, buffer (pH 10.08)

Conclusion

We have found that CTAC is capable of
enhancing the CL emission from the oxidation
of luminol, pyrogallol, and lophine with
appropriate oxidants. The enhancement in CL
caused by surfactant was attributed to the
attraction of the relevant CL reagents to the
interior or interface of the micelle for efficient
reaction. The concentrations of CL reagent,
oxidant, and catalyst dramatically affect the
CL emission. The enhanced CL systems were

employed to determine iodide, dopamine, uric

acid, and antioxidants.
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Fig. 7. FIA-CL emission for the oxidation of pyrogallol

(1 mM) with KIO, (10 mM), CTAC (40 mM) and

CH3CHO (4%) in the presence of uric acid (0-80 uM).
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