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with Acetonitrile and Hydrogen Peroxide

Toshimasa Nagoshi and Shukuro Igarashi
Department of Materials Science, Faculty of Engineering, Ibaraki University, Nakanarusawa, Hitachi 316-8511

(Received September 27, 2004; CL-041134)

In the presence of acetonitrile and NaOH, when H,O, was
added to the solution containing chlorophyll, it was found that
a strong chemiluminescence (CL) was emitted. The blue light
was emitted with the decomposition of chlorophyll. It is consid-
ered that the emitter contains the decomposition products of
chlorophyll based on the following measurement results, such
as the reduction of absorbance for chlorophyll and the difference
of the spectral form between fluorescence and CL. The CL of the
chlorines, such as chlorophyll, and the porphyrin analogue com-
pounds were compared under the same conditions. Consequent-
ly, the obtained CL was strong in the chlorin complex which
contains Mg or Zn. On the other hand, the CL was not strongly
observed with porphyrin compounds. In the chlorophyll CL,
when the chlorin ring is oxidized by the generated O, the
excited molecule would be produced in the process of ring
cleavage, and then CL is emitted to the outside.

CL is the phenomenon in which light is emitted by a chemi-
cal reaction, and CL is not only used for determining bloodstains
or chemical light, but is also applied to the ultratrace analysis of
metal ions, enzymes, DNA, etc.!2 The principle of luminescence
is based on the fact that a molecule as an emitter becomes an ex-
cited state by the chemical reaction, and then the light is emitted
when it returns to the ground state. Most CL reactions proceed
by the generation and cleavage of dioxetane.>* More applica-
tions are expected in the field of ultratrace analysis using CL, be-
cause CL takes advantage of its sensitivity since CL does not
need an excitation light source. However, there are only about
ten kinds of CL reagents that emit a strong light. For example,
luminol, lucigenine, acridinium ester, rofin, indole, xanthene,
and phenanthroline. As others, there is siloxene in which a car-
bon atom is not involved. Moreover, there is pyrogallol CL,
whose emitter is singlet oxygen, and peroxyoxalate CL that oc-
curs by the energy transfer to fluorecent compounds. Therefore,
even today most reports of CL are based on the above CL reac-
tions, so the discovery of a new CL reagent would be very im-
portant for expansion of this technique. Hence, the authors
searched for a new CL reagent centered around compounds that
have a porphyrin and chlorin ring. As a result of this study, it was
found that a strong CL was emitted from a Mg—, Zn—chlorin
complex, and especially chlorophyll.

The obtained CL signal is shown in Figure 1, when H,0,
was added to the solution containing chlorophyll a in the pres-
ence of acetonitrile and NaOH. The concentration of chlorophyll
a was only 18ng/mL. The absorption spectrum in the reaction
system was observed after adding the H,O,. As a result, the both
absorbance at the Soret band and Q band of chlorophyll a de-
creased for a short time. The reduction speed of the absorbance
was mostly in agreement with the increase and reduction in the
CL signal.
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Figure 1. Typical CL signal in the chlorophyll CL reaction.
A: Ong/mL chlorophyll a, B: 18ng/mL chlorophyll a,
[H,0,]r = 0.13 M, acetonitorile 34%, [NaOH]r = 3.4 x 1074
M, room temp.

The fluorescent spectrum change at the excitation wave-
length of 415 nm (Soret band) and the emitted CL spectrum of
this reaction are shown in Figure 2. By comparing each spec-
trum, the maximum wavelength shifted 25 nm to the blue side
in the CL spectrum. However, this broad CL spectrum may be
produced due to the mixture of unreactive chlorophyll and de-
composition products. In the near future, this point would be
clarified. Based on this fact, it can be expected that the emitter
produced in this reaction is not only the chlorophyll itself but
also its decomposition products. The singlet oxygen ('Ag +
12g+, Z'Ag), otherwise considered to be the emitter, differs
from it since the maximum wavelengths of the luminescence
spectrum are 478 and 637 nm, respectively.?

Table 1 indicates the result of comparing the various chlo-
rins that are the main ring of chlorophyll and the analogue por-
phyrin under the same conditions. A strong CL was emitted from
chlorophyll a and chlorophyll b. In the case of pheophytin a and
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Figure 2. Flurorescence spectral change (Agx = 415nm) [A]
and CL spectrum of chlorophyll a CL [B]. [H,O;]t = 0.13 M,
acetonitrile 34%, [NaOH]r = 4.3 x 10~* M, room temp.
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Table 1. Comparison of CL intensity from chlorine and
porphyrin analogue

CL Intensity CL Intensity

None 3.1 uroporphyrin 10.0
Chlorophyll a 9510.0 TPP 2.2
Chlorophyll b 9530.0 TCPP 18.8
Pheophytin a 88.3 THPP 2.2
Pheopholbate a 99.0 TSPP 3.0
Chlorin eq 250.0 Mg-TSPP 1.6
Zn—Chlorin e; 2530.0 TMPyP 4.1
Coproporphyrin 52 bilirubin 13.3

[chlorin or porphyrin analogue]r = 5 x 107°M, [Hy01]r =
0.13M, acetonitrile 34%, [NaOH]r = 4.3 x 107*M, room
temp.,

TCPP: 5,10,15,20-tetrakis(4-carboxyphenyl)porphine,

THPP: 5,10,15,20-tetrakis(4-hydroxyphenyl)porphine,

TSPP: 5,10,15,20-tetrakis(4-sulfophenyl)porphine,

TMPyP: 5,10,15,20-tetrakis(N-trimethylaminiophenyl)porphine.

pheopholbite a, which do not have Mg at the center, only about
1/100 of the CL intensity was emitted as compared with the
chlorophyll. On the other hand, chlorin eg emitted a little light,
and its Zn complex showed a strong CL. Furthermore, certain
kinds of porphyrin (coproporphyrin, uroporphyrin, TPP, TCPP,
THPP, TSPP, Mg-TSPP, TMPyP) and bilirubin, whose structure
has an opened chlorin ring, hardly emitted light under the same
conditions. And these porphyrins did not decompose in the same
conditions.

Three points can be considered as a reason that this CL re-
action is specific to chlorophyll. One is because chlorophyll has
the chlorin ring. The chlorin ring is lower than the porphyrin ring
in the points of resonance stability since it lacks a double bond as
compared with the porphyrin ring and the spread of the reso-
nance system is low. Therefore, it is easy to undergo oxidation
by H,0,.5 The 2nd reason is expected that the fluorescence in-
tensity and fluorescent quantum yield of the emitter increase
with Mg that is the central metal of chlorophyll. When chlorin
or the porphyrin complex contain Mg and Zn, their fluorescent
intensity increase. In fact, the fluorescent intensity of chlorophyll
a is about 3 times greater when compared with pheophytin a (the
case of acetone solvent). In this reaction system, since the de-
composition products from chlorophyll are also expected to be
emitters, consequently, it would be a large difference in the
CL intensity. For the 3rd reason, the influence of the positive
electric charge of Mg can be considered. Since it is reported that
the strength of the positive electric charge on the central part cor-
relates with the interaction between chlorophyll and an oxygen
molecule, the reactivity with -O,~ produced from H,O, similar-
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Table 2. Effect of reaction media for chlorophyll CL

Polar Solvent CL Intensity

Methanol 2.2
Ethanol 2.8
t-Butanol 3.3
Acetone 2.0
Acetonitrile 81.2
Dimethyl solfoxide 8.3
N,N-Dimethylformamide 2.4
Tetrahydrofuran 2.1

[chlorophyll a]r = 3 x 1078 M, [HyO05]r = 0.13 M, polar
solvent 34%, [NaOH]r = 4.3 x 10~ M, room temp.

ly becomes large for the Mg and Zn complex in this reaction sys-
tem. Therefore, the reaction rate is considered to quickly in-
crease.® Actually, the appearance time of the CL signal peak dif-
fered between chlorophyll a and pheophytin a. (chlorophyll a =
25 s, pheophytin a = 60 s, under the same conditions in Table 1).

Table 2 shows the effect of the reaction media on the chlor-
ophyll CL. In this study, a strong CL was only emitted in aceto-
nitrile. It was reported that -O,~ was formed from the coexis-
tence of acetonitrile and H,0,.” When super oxide dismutase
(SOD) was added to the chlorophyll CL, the CL intensity de-
creased. This shows the formation of +O,~ and it can be expect-
ed that a certain dioxetane structure was formed and the excited
cleavage molecule emits light like the other CL reactions.

In conclusion, the CL reaction, which we found, was a new
CL reaction in which chlorophyll fulfills the function as the pho-
togen. This CL reaction can be applied to the measurement of ul-
tratrace amounts of chlorophyll in environmental water, foods,
and medicines. Additionally, this would be of interest not only
in analytical chemistry but also in the field of biochemistry,
etc., since chlorophyll is the activity center of photosynthesis
in plants.
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