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Enhancement of Chemiluminescence from the Oxidation of Luminol with
Hydrogen Peroxide Catalyzed by Mn(lll)-microperoxidase 8

Hui-Chun Yeh ( #£# ) and Wann-Yin Lin* ( $f5 %5 )
Department of Chemistry, National Taiwan University, Taipei 106, Taiwan, R.O.C.

Mn(III)-containing microperoxidase 8 (Mn(II1)-MP8) is an effective catalyst for the cheminluminescent
(CL) reaction involving the oxidation of luminol with hydrogen peroxide at high pH. The CL emission was
dramatically enhanced by the presence of guanidine hydrochloride or sodium carbonate in the reaction mix-
ture. The enhancement was strongly pH-dependent, with the most prominent pH at 10. Kinetic studies of the
CL reaction have revealed that the enhancement was caused primarily by the significant acceleration of the
CL cycle by the enhancer. The CL signal covers several orders of magnitude over a wide concentration range
of luminol and hydrogen peroxide. The intense CL of the [Mn(III)-MP8]-luminol-H,O, system, especially in
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the presence of the enhancer, will have a great potential for extremely sensitive CL assays.
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INTRODUCTION

Chemiluminescence (CL) based on luminol oxidation
is one of the best known systems that has wide analytical ap-
plications for the determination of numerous substances as
described in several reviews.'™ A variety of catalysts, includ-
ing metal ions,* metal complexes,”® and peroxidases,”” have
been used in this system. One of the very effective catalysts
for the oxidation of luminol is microperoxidase (MP), which
has been applied to the assay of peroxides,'' antioxidants,'
and catecholamines.'* MP contains a heme moiety with a co-
valently linked oligopeptide (e.g., MP8 contains an octa-
peptide), which exhibits peroxidase-like activity.'* Owing to
the lack of the surrounding protein, MP can withstand much
more severe experimental conditions in comparison with or-
dinary peroxidases.

The mechanism for the CL emission of the peroxidase-
luminol-H,0, system is well known."> Luminol is a diprotic
acid (denoted as LH>) with pK,’s of 6 and ~ 13."° Luminol ex-
ists mostly as LH™ in the range of pH 9 ~ 13 employed in this
study. The mechanism of the MP-catalyzed luminol-CL gen-
erally involves the following steps:

MP +HO, — X+ OH"™ (1)
X+LH +OH — MP +°L™ + H,O 2)
2°L"+H,O0—>L+LH +OH" 3)

[Mn(IIT)-MP8]-Luminol-H,O,; Guanidine hydrochlo-

L +H,0, - 3-AP + N, + light @)

where X, °L", L, and 3-AP stand for the intermediate of MP8,
luminol radical, diazaquinone, and 3-aminophthalate, re-
spectively. Any factors that facilitate the formation of the
MP-intermediate and/or luminol radical will tend to increase
the CL emission.

Replacement of Fe(III) in MP8 with Mn(III) yields
Mn(I11)-MP8, which also exhibits peroxidase and cyto-
chrome P-450 activities.'”'® The maximum peroxidase activ-
ity occurs at pH ~ 12, which is similar to the optimal pH for
most CL reactions involving luminol. The presence of guani-
dine hydrochloride (GdnHCI) or sodium carbonate greatly
accelerated the oxidation of substrate with H,O, catalyzed by
Mn(I11)-MP8 (unpublished results). Thus the addition of
these two reagents is expected to have a profound effect on
the CL emission of Mn(IIT)-MP8-catalyzed oxidation of
luminol.

In this paper, we have investigated the CL emission of
luminol-H,0; catalyzed by Mn(III)-MP8 using the stopped-
flow technique. We found that Mn(II1)-MP8 is an effective
catalyst for the CL reaction involving luminol and that the
presence of GdnHCI or sodium carbonate causes a tremen-
dous enhancement (up to more than two orders of magnitude)
of the CL emission. We have also examined the effects of the
concentrations of guanidine hydrochloride, sodium carbon-
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ate, luminol, and hydrogen peroxide on the CL emission. The
mechanism of the CL enhancement has also been discussed.

EXPERIMENTAL SECTION

Materials

Cytochrome ¢, luminol (5-amino-2,3-dihydrophthal-
azine-1,4-dione), guanidine hydrochloride, and sodium dihy-
drogen phosphate were purchased from Sigma (St. Louis,
MO, USA). Sodium carbonate was obtained from Acros
organics company (Geel, Belgium). Ultra high purity de-
ionized water was produced from a Milli-Q purification sys-
tem (18.2 MQ cm™, Millipore, Tokyo, Japan). The stock solu-
tion of hydrogen peroxide (Fluka, Seelze, Germany) was pre-
pared by volumetric dilution of 30% (v/v) H>O, by deionized
water. The concentration of H,O, was determined daily by
measuring the absorbance at 240 nm on a Hitachi U-3210
spectrophotometer (Hitachi, Tokyo, Japan) using €249 = 39.4
M em™." Fe(IIT)-MP8 was prepared from the proteolytic di-
gestion of cytochrome ¢ with pepsin and trypsin according to
a procedure in the literature.'* Mn(III)-MP8 was synthesized
according to a known procedure.'’ The concentrations of
MPs were determined spectrophotometrically using €397 =
1.57 x 10° M'em™ at pH 7.0 for Fe(II1)-MP8'’ and 363 = 1.1
x 10° M"'em™ at pH 2.0 for Mn(111)-MP8."”

Stopped-flow CL and Kinetic Measurements

All the CL and kinetic measurements were carried out
with the stopped-flow spectrofluorimeter (Hitech SF-61DX2,
Hitech Scientific, Salisbury, UK). The CL experiments were
performed in the fluorescence mode with the light source
switched off. In a typical stopped-flow CL measurement,
Mn(II1)-MP8 solution was stored in one syringe and the
luminol-H,O, mixture in the other. Both solutions also con-
tained Na,COj3 (0-0.5 M) or GdnHCI (0-3 M). The CL inten-
sity versus time profile was recorded after 1:1 mixing of the
two solutions. For measuring the rate of formation of the in-
termediate of Mn(I1I1)-MP8, change in absorbance at 404 nm
was monitored continuously after mixing the two solutions.
The kinetic experiments were operated in the absorption
mode with the photomultiplier tube (PMT) voltage set at 220
V. The time-resolved absorption spectra were measured by
using a photodiode array detector. For measuring the rate for
the reaction of the intermediate of Mn(II1)-MP8 with lumi-
nol, Mn(II1)-MP8 and H,O, solutions in two separate sy-
ringes were allowed to mix in a mixer channel. After an ap-
propriate delay to attain a maximum amount of intermediate,
the mixture was mixed with luminol in the third syringe and

Yeh and Lin

the change in absorbance at 404 nm was recorded continu-
ously. All the experiments were carried out at 25 °C. The
built-in software of the stopped-flow instrument allows
multi-exponential fitting of the traces. Ten replicate mea-
surements were performed for each CL and kinetic analysis.

Measurement of the CL. Emission Spectrum

A schematic diagram of the continuous manifold for the
determination of the CL emission spectrum is shown in Fig.
1. The flow solution in R1 contains 5.0 uM Mn(II1)-MP8 and
100 uM luminol, while R2 contains 5.0 pM H,O,. Both solu-
tions also contain 3.0 M GdnHCl (or 0.5 M Na,CO3) in 5 mM
phosphate buffer at pH 12.0. The solutions were pumped by a
peristaltic pump (Gilson minipuls) through a PEEK Tee
(0.566 pL, model P.727, Upchurch Scientific, USA) at a rate
of 1.1 mL min™'. The PEEK tubing (0.0625” OD, 0.02” ID,
Upchurch Scientific, USA) was used to connect the reagent
streams to the Tee and from Tee to flow cell (10 cm). The CL
emission spectrum was recorded with a fluorescence spectro-
photometer (F-2000, Hitachi, Japan) via a LC Micro Flow
Cell Unit (18 pL, model 650-0151, Hitachi, Japan), which
permits a high-sensitivity, low-scattering beam level mea-
surement and can be used in high-speed liquid chromatogra-

phy.

RESULTS AND DISCUSSION

Effect of enhancers on the CL signal

Mn(III)-MP8 is an effective catalyst for the luminol CL
at high pH. Fig. 2 compares the stopped-flow CL intensity
versus time profiles for the oxidation of 50 pM luminol with
9.6 uM H,O; catalyzed by Fe(Il1)-MP8 and Mn(I11)-MP8
(2.4 uM each) in 5 mM phosphate buffer at pH 12.0. The CL
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Fig. 1. Schematic diagram of the continuous flow man-
ifold for the detection of the CL emission spec-
trum. R1: solution containing 5.0 uM Mn(I1I)-
MPS8 and 100 pM luminol, R2: solution con-
taining 5.0 uM H»O,. Both solutions also con-
tain 3.0 M GdnHCI (or 0.5 M Na,COs) at pH
12.0.
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profile for Mn(I1I)-MP8 showed a two-stage decay curve in-
stead of one-step for Fe(I1I)-MP8. Moreover, the peak CL in-
tensity for Mn(I11)-MP8 was twice as large as that of Fe(III)-
MPS8. The effect of adding GdnHCI (0 ~ 3 M) on the CL inten-
sity versus time profiles for the reactions of 2.4 uM Mn(I1I)-
MPS, 2.4 uM H,0,, 50 uM luminol in 5 mM phosphate buffer
(pH 12.0) is illustrated in Fig. 3a. The presence of an increas-
ing amount of GdnHCI caused a drastic increase in CL signal
and was accompanied by a progressive reduction in CL dura-
tion. The relative peak CL intensity (i.e., CL, or I/I,, where I
and I, are the CL intensity in the presence and absence of 3.0
M GdnHCI, respectively) was 13.2 £ 0.5. A slight decrease in
CL intensity was observed when the concentration of GdnHCl
was above 4 M (data not shown). The double-log plots for the
relative peak CL intensities versus the concentration of
GdnHCI (at pH 10.0 and 12.0) are shown in Fig. 3b. The plot
was linear with a slope 0f 0.38 (0.1 ~3 M) at pH 12.0. At pH
10.0, two linear portions with slopes of 0.80 (0.1 ~2 M) and
0.23 (2 ~ 6 M) were observed. The CL enhancement at pH
10.0 was about an order of magnitude larger than that ob-
tained at pH 12.0. The value of CL, in 3.0 M GdnHCI at pH
10.0 was 165.3 £ 2.5 (Table 1). The presence of sodium car-
bonate also enhanced the CL emission significantly at pH
10.0 (CL;=56.3 £ 1.3), but only moderately at pH 12.0 (CL, =
2.74 £0.08).

pH dependence of the CL intensity
Since the CL enhancement at pH 10 and 12 differ dra-
matically for both enhancers (GdnHCI and Na,CO3), it is im-
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Fig. 2. Stopped-flow CL intensity versus time profiles
for the oxidation of 50 pM luminol with 10 uM
H,0, catalyzed by 2.4 uM Mn(III)- (trace 1)
and 2.4 uM Fe(III)-MPS8 (trace 2) in 5.0 mM
phosphate buffer at pH 12.0. The PMT voltage
was set at 500 V.
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portant to examine the variation in CL intensity at different
pH. Fig. 4 shows the CL intensity versus time profiles for the
reactions of 2.4 uM Mn(IIT)-MPS, 2.4 uM H,0,, 50 uM
luminol in 5 mM phosphate buffer at various pH. The CL in-
tensity and total amount of emission (i.e., the area under the
curve) increased rapidly as the pH increased from 10.0 to
12.5. Similar trends in the CL intensity profiles were also ob-
served for the CL reactions containing GdnHCI or Na,CO;
(data not shown). The variations of the peak CL intensities at
different pH in the absence or presence of GdnHCI (3 M) or
Na,COs3 (0.5 M) are plotted in Fig. 5a. In the absence of
enhancers, the peak CL intensity of the Mn(I11)-MP8 system
was higher at pH 12.0 but lower at pH 10.0, compared to the
Fe(IIT)-MPS8 system. Fig. 5Sb shows the plot of the enhanced
factor (i.e., CL,) at different pH. The maximum enhancement
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Fig. 3. (a) Stopped-flow CL intensity vs. time profiles
for the reactions of 2.4 uM Mn(I11)-MPS, 2.4
uM H>03, 50 uM luminol in 5 mM phosphate
buffer (pH 12.0) at various concentration of
GdnHCI (from trace 1 t09): 0,0.1,0.3,0.5, 0.8,
1.0, 1.5,2.1 and 3.0 M. The PMT voltage is 700
V. (b) The double-log plot of the relative peak
CL intensity versus the concentration of
GdnHCI at pH 10.0 (closed circles) and 12.0
(open circles).



84 J. Chin. Chem. Soc., Vol. 50, No. 1, 2003

Table 1. Effect of GdnHCI and Na,CO; on the Values® R,,” Ry,
R, x Ry, and CL,®

0.5 M Na,CO; 3 M GdnHCl
Ry 1.74 £0.04 16.19 £0.28
Ry 1.94 £0.04 2.73+0.05
Ry, x Ry, 3.38£0.10 442 +1.1
CL, 56.3+1.3 1653 +2.5

? The value in each entry was the average of 10 replicate
measurements.

° R, is the relative rate for the formation of O=Mn(IV)-MP8
obtained in the presence and absence of an enhancer.

¢ Ry, is the relative rate for the reaction of O=Mn(IV)-MP8 with
luminol obtained in the presence and absence of an enhancer.

4R, x Ry, is the product of Ry, and R,,.

¢ CL, is the relative CL intensity obtained in the presence and
absence of an enhancer.

occurs at pH 10.0 for both enhancers. Departure of the pH
from 10.0 caused a sharp drop in the CL enhancement. De-
spite the large CL enhancement, the peak CL intensity at pH
10.0 in the presence of 3 M GdnHC]l was still an order of mag-
nitude smaller than that observed at pH 12.0 (Fig. 5a). There-
fore, the most sensitive CL assays involving Mn(III)-MP8
are achieved by carrying out the reaction in the presence of 3
M GdnHCl at pH 12.0.

Effect of the concentrations of H2O2 and luminol on the
CL signal

Since the maximum CL intensity occurs at pH 12.0, the
dependence of CL signal on the concentrations of H,O, and
luminol were performed at this pH. Typical CL intensity ver-
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Fig. 4. Stopped-flow CL intensity vs. time profiles for
the reactions of 2.4 uM Mn(III)-MP8, 2.4 uM
H»03, and 50 uM luminol in 5 mM phosphate
buffer at various pH (from trace 1 to 6): 10.0,
10.5,11,11.5,12 and 12.5. The PMT voltage is
700 V.
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sus time profiles for the reactions of 2.4 uM Mn(I11)-MPS8, 50
UM luminol, in the presence of 3 M GdnHCI at various con-
centrations of H,O, (1.92 uM ~ 39.2 uM) are shown in Fig.
6a. The CL intensity increased rapidly and was accompanied
by a progressive reduction in CL duration as the concentra-
tion of H,0, increased. High concentration of H,O, will ac-
celerate the CL cycle, leading to a striking burst of CL emis-
sion over a short period of time. The double-log plot for the
peak CL intensity versus the concentration of H,O; is shown
in Fig. 6b. The CL signal increased in three linear stages with
slopes 0£0.29 (105~ 107 M), 1.76 (2.4 x 107 ~2.4 x 10°° M),
and 1.00 (4.9 x 10° ~ 4.9 x 10™* M), respectively. The CL in-
tensity covered five orders of magnitude over a wide range of
H,0, concentration. Similar double-log plots for the CL reac-
tions obtained in the absence of enhancer and in the presence
of 0.5 M Na,COs are also shown in Fig. 6b. In the presence of
0.5 M Na,COs, the CL intensity also increased in three stages
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Fig. 5. (a) pH dependence of the peak CL intensities
for the reactions of 2.4 uM Mn(I11)-MPS8, 2.4
uM H>0», and 50 pM luminol in 5 mM phos-
phate buffer in the presence of () Fe(IIT)-MP8
(®) Mn(I11)-MP8 (O) Mn(II1)-MP8 and 0.5 M
Na;COs3, (« ) Mn(IIT)-MP8 and 3.0 M GdnHCIL.
(b) pH dependence of the enhanced factor ob-
tained by using the data in (a).
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with slopes of 0.30 (10* ~ 107 M), 1.18 (2.4 x 107 ~ 9.8 x
10° M), and 0.96 (2.4 x 107 ~ 4.9 x 10™* M). Without the
enhancer, the plot contained only two linear portions with
slopes 0f 0.29 (1 ~4.9 x 10¥ M) and 1.13 (4.9 x 10%~2.4 x
10~ M), respectively. The presence of GdnHCI exhibited a
prominent CL enhancement (CL, ranging from 4.5 ~ 14.8) in
the entire range of the concentration of H,O,, whereas Na,CO3
caused a significant enhancement only at very low concentra-
tion (10~ 107 M) as seen in Fig. 6b. At moderate concentra-
tion (10”7 ~ 10™* M), the enhanced factor is only ~ 2. At high
concentration (> 2.4 x 10 M), a slight reduction in CL inten-
sity was observed when Na,COj; was present.

The CL signal also depends strongly on the concentra-
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Fig. 6. (a) Stopped-flow CL intensity vs. time profiles
for the reactions of 2.4 uM Mn(II1)-MP8, 50
UM luminol, in 3.0 M GdnHClI and 5 mM phos-
phate buffer (pH 12.0) at various concentra-
tions of H,O, (from trace 1 to 10): 1.96, 2.45,
4.9,7.35,9.8,19.6, 24.5,29.4, 34.3, 39.2 uM.
The PMT voltage was set at 500 V. (b) The dou-
ble-log plot of the peak CL intensity versus the
concentration of H,O» in the presence of (®)
none, (O) 0.5 M Na,COs3;, and () 3.0 M
GdnHCL.
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tion of luminol as illustrated in Fig. 7a for the reaction of 2.4
uM Mn(I11)-MP8, 2.4 uM H;,0,, in the presence of 3 M
GdnHCl at various concentrations of luminol (0.1 ~ 100 uM).
The CL signal and the total amount of CL emission increased
rapidly as the concentration of luminol increased. At low
concentration of luminol, the CL emission was limited by the
depletion of the luminogenic material. Thus a prolonged and
enhanced CL emission was observed as the concentration of
luminol increased until the saturation level was achieved.
The double-log plot for the peak CL intensity versus the con-
centration of luminol (Fig. 7b) shows two linear portions with
slopes 0f 0.62 (107 ~10° M) and 0.19 (2 x 10” ~ 10™* M), re-
spectively. Also shown in Fig. 7b are the double-log plots for
the CL reactions obtained in the absence of enhancer and in
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Fig. 7. (a) Stopped-flow CL intensity vs. time profiles
for the reactions of 2.4 uM Mn(I11)-MPS, 2.4
uM H,0, in 3.0 M GdnHCI and 5 mM phos-
phate buffer (pH 12.0) at various concentra-
tions of luminol (from trace 1 to 9): 0, 0.1, 0.5,
1.0, 5.0, 10.0, 20.0, 40.0, 60, 100.0 uM. The
PMT voltage was set at 700 V. (b) The double-
log plots of the peak CL intensity versus the
concentration of luminol in the presence of (®)
none, (O) 0.5 M Na,COs3, and () 3.0 M
GdnHCI.
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the presence of 0.5 M Na,COs. Both plots consisted of two
linear segments with slopes of 0.66 (107 ~ 10° M), 0.37 (5 x
10 ~ 10 M) for Na,COs and 0.71 (107 ~ 10 M), 0.20 (5 x
10 ~ 10 M) for the CL without the enhancer. The enhanced
factor varied from 8.5 ~ 14.0 for GdnHCI and 1.8 ~ 3.0 for
Na,COs in the entire concentration range of luminol.

Rates of the formation of the intermediate and its reac-
tion with luminol

The assessment of the effect of the enhancer on the rate
of each step involved in the CL mechanism is valuable in un-
derstanding the CL-enhancement. The formation of interme-
diate of Mn(III)-MP8 can be monitored by the stopped-flow
technique using the photodiode array detection. Fig. 8 shows
a typical stopped-flow time-resolved absorption spectra for
the reaction of 2.4 uM Mn(III)-MP8 and 9.6 uM H»0, in 5.0
mM phosphate buffer at pH 12.0. Upon addition of H,O», a
gradual disappearance of the bands at 368 and 464 nm for
Mn(II1)-MP8 and the concomitant appearance of a new band
at 404 nm with sharp isosbestic points at 389 and 418 nm
were observed. The results indicate the formation of a unique
intermediate, whose spectral features resemble those of
O=Mn(IV)-MP8."” Similar spectral changes were observed
in the entire range of pH 9 ~ 13 except that the intermediate
was produced at a much smaller rate and in much less an
amount at low pH than at high pH.

Since the maximum CL enhancement occured at pH 10,
the following kinetic studies were carried out at this pH. The
rate for the formation of intermediate can be determined by
following the change in absorbance at 404 nm as demon-
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Fig. 8. Stopped-flow time-resolved absorption spectra
for the oxidation of 2.4 uM Mn(I11)-MP8 with
9.6 uM H,0, in 5 mM phosphate buffer at pH
12.0. The time interval per trace is 0.2 s. The
absorbance increased at 404 nm and decreased
at 368 and 464 nm as indicated by the arrows.
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strated in Fig. 9a for the CL reactions of 2.4 uM Mn(I11)-MP8
and 2.4 uM H,0, in 5.0 mM phosphate buffer in the absence
or presence of GdnHCI (3 M) or Na,COs5 (0.5 M). The pres-
ence of enhancers, especially GdnHCI, significantly acceler-
ated the rate of formation of intermediate. Moreover, the
presence of GdnHCI greatly increased the amount of interme-
diate produced. A decrease in absorbance was observed in the
late stage of the reaction (e.g., beyond ~ 10 s for GAnHCI). It
was attributed to the regeneration of the original Mn(III)-
MP8, as supported by a concomitant increase in absorbance
at 368 nm in the same time period (data not shown). This pro-
cess is much slower than the reaction of intermediate with
luminol and is not expected to have a significant effect on the
CL reaction. One- or two-exponential fitting of the curve al-
lowed the calculation of the initial rate of step 1 (R,). The rel-
ative values of R, obtained in the presence and absence of an
enhancer (denoted as Rj;) are given in Table 1. The values of
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Fig. 9. Stopped-flow time courses for the changes in
absorbance at 404 nm for (a) the oxidation of
2.4 uM Mn(II1)-MP8 by 2.4 uM H,O; and (b)
the reaction of the intermediate with 50 pM
luminol in the presence of none (trace 1), 0.5 M
NaCOs (trace 2) and 3.0 M GdnHCl (trace 3) at
pH 10.0. The PMT voltage was set at 220 V.
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Rir were 16.19 + 0.28 and 1.74 £ 0.04 for GdnHC1 and
Na,COs, respectively. The guanidinium ion may interact
with MP-bound hydroperoxide through electrostatic force
and hydrogen bonding. These interactions may decrease the
activation energy, accelerating the formation of intermediate.
Similar arguments may also apply to the bicarbonate ion.
However, the stabilization of the transition state seems to be
much smaller for bicarbonate than for a guanidinium ion.

Upon addition of luminol (25 uM, final concentration)
to O=Mn(IV)-MP8, the time-resolved absorption spectra
showed an opposite change in absorbance (i.c., decrease at
404 nm and increase at 368 and 464 nm) as compared to the
spectra in Fig. 8 (data not shown). This is an indication of the
occurrence of step 2 in the CL mechanism. The rate for this
step can be determined by monitoring the disappearance of
the absorbance at 404 nm as demonstrated in Fig. 9b for the
CL reactions carried out in the presence and absence of en-
hancers. Single exponential fitting of the stopped-flow traces
allowed the calculation of the initial rate for step 2 (R»). The
relative values of R, obtained in the presence and absence of
an enhancer (denoted as Ry,) are also given in Table 1. The
values of Ry were 2.73 + 0.05 and 1.94 £+ 0.04 for GdnHC1
and Na,COs, respectively. Thus moderate acceleration of
step 2 was observed by the presence of the enhancers. The
combined effect of Ry, and Ry, (given in Table 1 as Ry, x Ryy)
revealed that the presence of 3 M GdnHCI or 0.5 M Na,COs3
accelerated the CL cycle by 44.2 £ 1.1 and 3.38 £ 0.10, re-
spectively.

The acceleration of steps 1 and 2 accounts for only
26.7% (44.2/165.3) and 6.0% (3.38/56.3) of the observed CL
enhancement caused by GdnHCI and Na,COs, respectively.
The acceleration of steps 3 and 4 in the CL mechanism and
the increase in CL quantum yield by the presence of GdnHC1
or Na,CO; may increase the overall CL efficiency, leading to
further CL enhancement. The CL enhancement caused by
Na,COs is too large to be explained fully by the above argu-
ments. There must exist some alternate route for its CL. To
better understand the mechanism of CL emission and en-
hancement, it is necessary to identify the chemiluminescent
species, for which CL emission spectrum is helpful. The CL
emission spectrum can be obtained by using a continuous
flow manifold in conjunction with a fluorimeter. By adjusting
the flow rate, a steady-state CL signal was achieved for the
CL reaction of 2.4 uM Mn(I11)-MPS, 2.4 uM H,0,, 50 uM
luminol, in 5 mM phosphate buffer (pH 12.0) in the presence
of 3 M GdnHCl as shown in Fig. 10a. With the establishment
of the steady-state level of signal, the CL emission spectrum
can then be determined by a fluorimeter as illustrated in Fig.
10b. The emission spectrum exhibits a maximum at 425 nm,
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which is the characteristic emission for the excited 3-amino-
phthalate."”” No other emission bands were observed. There-
fore the excited 3-aminophthalate is responsible for the emis-
sion in this CL system.

The carbonate or bicarbonate may react with O=Mn(IV)-
MPS to form a *CO;™ radical. The *CO;™ radical is known to
react very efficiently with luminol to form a luminol radical
with a rate constant of 9 x 10* M s7":%

*CO; +LH — COs* +°L +H" 5)

The dissolved carbon dioxide in solution can react with
hydroperoxide to give peroxycarbonate (HCO4"), which also
yields "CO;™ upon decomposition.”' The increased produc-
tion of L™ by the presence of carbonate radical tends to fur-
ther enhance the CL signal significantly.

CONCLUSION
The CL intensity of the Mn(II1)-MP8-luminol-H,0,

system is enhanced dramatically by the presence of guanidine
hydrochloride or Na,COs3, especially at pH 10.0. The acceler-
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Fig. 10. (a) The time scan of the CL intensity (Aem =
425 nm) and (b) the CL emission spectrum
(scan rate = 240 nm/min) for the reaction of
2.5 uM Mn(II1)-MPS8, 2.5 uM H,0,, 50 uM
luminol, 3.0 M GdnHCI in 5 mM phosphate
buffer at pH 12.0. The PMT voltage was set at
700 V and the bandpass was 10 nm.
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ation of the CL cycle by the enhancers plays an important role
in the CL enhancement. The CL intensity increases by sev-
eral orders of magnitude over a wide concentration range of
hydrogen peroxide or luminol. This CL system can be applied
to detect any one of its reaction components, including CL
substrate, oxidant, catalyst, enhancer or inhibitor.
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