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Solid surface enhancement effects on chemiluminescence
(CL) have been studied using alkaline metal salts as solid media.
Effects of number of cationic species (alkali metal ions: Naþ and
Kþ ions) on chemiluminescence of diaryl oxalate type CL re-
agent were investigated. It was found that sodium and potassium
ions are the most active CL enhancers among alkaline metal
ions, and the more sodium ions (or potassium ions) are included
in the solid medium, the stronger the CL intensity.

Chemiluminescence has been used in many fields1–5 al-
though most of them are biased towards analytical applications.
Especially flow-injection chemiluminescence for the sensitive
determination of living organism relatives has been extensively
investigated using the enhancement phenomena of luminol.6–8

However, most of these experiments have been carried out in liq-
uid phases. We have studied chemiluminescent characteris-
tics9–12 on solid surfaces using diaryl oxalate (as a representative
of chemiluminescent reagents) and many kinds of solid media
expected to be used as solid surface enhancers, since there are
few studies on the relationship between chemiluminescence
and solid surfaces. Only very recently, Lu et al. reported13 that
peroxinitrous acid (ONOOH) was produced by the on-line mix-
ing of acidified H2O2 with nitrite in a flow system, and a strong
CL emission was observed when ONOOH reacted with carbo-
nate without any special CL reagents. Furthermore, they describ-
ed that when cotton was present in the CL cell, the CL emission
was enhanced significantly. However, we have already reported
the effect of cellulose (filter paper and cellulose powder) as solid
media on CL (peroxalate + H2O2 system), and have shown that
the relative CL intensity to blank was about 2 times and not so
strong.9,10 These results suggest that solid surface enhancement
effects on CL might depend on the kind of CL system.

Thus far, we have used many solid substances as activated
solid media that were water or solvent insoluble, since the CL
enhancement occurs after CL reagent is dropped onto the center
of active solid media. But in real experiments, we have found
that even if the active solid media are solvent soluble, some me-
dia worked as excellent CL enhancers without any difficulty as
long as the sample (CL reagent) quantities are small enough.
These findings enlarged the selection scope of possible com-
pounds as solid enhancers. Moreover, in the previous work,12

we have shown that metal salicylates used as solid media that
are solvent soluble greatly affected CL intensities, and sodium
(and potassium) gave the highest intensities as CL enhancers

as reported. To raise the reliability of the previous work at first,
we have used carbonates and chlorides as additional experiments
in this work. As is shown in Figure 1, CL intensity dependence
patterns on cationic species were nearly the same irrespective of
type of solid media especially for alkaline metal ions, although
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Figure 1. Effect of cationic species in solid compounds on solid
surface chemiluminescence.
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Figure 2. Effect of number of cationic species (Naþ or Kþ) on
solid surface chemiluminescence. SS: Sodium salicylate, SA:
Salicylic acid, SC: Sodium carbonate, SHC: Sodium hydrogen
carbonate, PP: Potassium phthalate, PHP: Potassium hydrogen
phthalate, PA: Phthalic acid, TSP: Trisodium phosphate, DSP:
Disodium hydrogen phosphate, MSP: Sodium dihydrogen phos-
phate, TPP: Tripotassium phosphate, DPP: Dipotassium hydro-
gen phosphate, MPP: Potassium dihydrogen phosphate, ENa4:
Ethylenediaminetetraacetic acid 4Na, ENa2: Ethylenediamine-
tetraacetic acid 2Na, E: Ethylenediaminetetraacetic acid.
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small differences were recognized in other cationic species (al-
kaline earth metal ions). Considering these results, we have in-
vestigated the effect of number of cations (especially sodium
or potassium ion) in the present work.

Experimental procedure is simply described as follows:
Sticks of CL reagent (Cyalume) were commercially obtained
from Lumica Co. Ltd., Japan. The constituents of CL reagent
in the stick comprised A and B solutions. The A solution (packed
in PE capusule: outer tube sealed) was a mixture of (1) aryl ox-
alate (bis(3,4,6-trichloro-2-(pentyloxycarbonyl)phenyl) oxalate)
and (2) fluorescent reagent (1-chloro-9,10-bis(phenylethynyl)-
anthracene, and (3) the solvent (dibutyl phthalate: DBP). The
B solution (packed in glass tube sealed: inner tube) was a mix-
ture of (4) oxidizing reagent (H2O2), (5) the solvent (t-butyl al-
cohol + dimethyl phthalate) and (6) the catalyst (sodium salicy-
late). Upon use, the stick was bent and the inner glass tube was
broken up to mix up the A and B solutions in which the CL re-
action took place. After shaking up for 10 s, 100-mL CL reagent
was sampled out using a micropipet and dropped at the center of
the solid media sample. CL intensities are measured at appropri-
ate intervals using digital power meter. For more details, see
Refs 10 and 11.

The effect of a number of cationic species (restricted to so-
dium and potassium ions here) on chemiluminescence were ex-
amined, and the results are shown in Figure 2. As the figure
shows, for every compound, we can conclude that the more so-
dium ions (or potassium ions) are included in the compound (sol-
id medium), the stronger the CL intensity. There seems to be no
exception in this experimental rule. For more detailed discus-
sion, we have obtained parameters such as relative CL lifetime,
relative CL energy, including relative CL intensity for these sol-
ids, and all the data is shown in Table 1. These values were ob-

tained by CL intensity–time profiles using first order approxima-
tion as reported elsewhere.10,11 The table shows that there seems
to be no explicit relation between number of alkaline ions in sol-
id media and relative lifetime (or relative CL energy) but for rel-
ative CL intensity. As for CL intensity, sodium ions in solid me-
dia might work as a strong catalyst. Concerning the relative CL
energy, phthalate gave the highest energy (about 2 times to
blank).This is a very interesting phenomenon, and apparently,
the electronic structure is related to the results, although clear ex-
planation is difficult at the present stage.11,12

In conclusion, it was found that sodium and potassium ions
are the most active CL enhancers among alkaline metal ions, and
the more sodium ions (or potassium ions) are included in the sol-
id medium, the stronger the CL intensity.

We have now been studying the influence of anionic species
on solid surface chemiluminescence systematically, and those
results will be reported in the following works. This work was
partly supported by a Grant-in-Aid for Scientific Research (C)
(No.15550074) from the Ministry of Education, Culture, Sports,
Science and Technology of Japan.
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Table 1. Parameters on CL characteristics for alkaline metals
containing compounds

Compounds (Solid media)

Relative

CL Intensity

(Ir)
a)

Relative

CL lifetime

(�r)a)

Relative

CL energy

(Er)
a)

Blank (glass plate) 1.00 1.00 1.00

Sodium salicylate 57.5 7:29� 10�4 4:20� 10�2

Salicylic acid 0.300 4:03� 10�1 1:19� 10�1

Sodium carbonate 27.6 7:76� 10�3 2:14� 10�1

Sodium hydrogen carbonate 17.2 2:86� 10�4 4:90� 10�2

Dipotassium phthalate 20.1 1:04� 10�1 2:09� 100

Potassium hydrogen phthalate 14.2 8:01� 10�2 1:27� 100

Phthalic acid 0.630 2:02� 100 1:27� 100

Trisodium phosphate 16.0 3:43� 10�4 5:49� 10�3

Disodium hydrogen phosphate 13.5 1:50� 10�2 2:03� 10�1

Sodium dihydrogen phosphate 0.760 4:49� 10�1 3:41� 10�1

Tripotassium phosphate 13.7 1:56� 10�3 2:14� 10�2

Dipotassium hydrogen phosphate 8.20 2:31� 10�4 1:89� 10�3

Potassiun dihydrogen phosphate 1.21 2:83� 10�1 3:42� 10�1

Ethylenediaminetetraacetic acid

(4Na)
26.9 1:91� 10�2 5:14� 10�1

Ethylenediaminetetraacetic acid

(2Na)
19.2 1:13� 10�1 2:17� 100

Ethylenediaminetetraacetic acid 2.09 2:26� 10�3 4:72� 10�3

aÞIr ¼ I=I0 (blank), I = initial intensity [log10 I0 ; �2:86; �r ¼ �=�0 (blank)

[�0 ; 3:21� 103 (s)]; Er ¼ E=E0 (blank) = Ir�r (E ¼ I�)
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