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Abstract 
Peroxyoxalate chemiluminescence was, for the first time, examined by using 
ternary mixed solutions of water-hydrophilic/hydrophobic organic solvent. 
Eosin Y as a model fluorescence compound was dissolved with the ternary 
solutions of water (1.0 mM carbonate buffer, pH 9.0)-acetonitrile-ethyl 
acetate, water-rich of 15:3:2 volume ratio and organic solvent-rich of 3:8:4 
volume ratio, to which bis(2,4,6-trichlorophenyl) oxalate and hydrogen pe-
roxide chemiluminescence reagent were added. The chemiluminescence ob-
served with the ternary solutions, especially the organic solvent-rich solution, 
showed a larger signal than that observed with the water only solution or wa-
ter-acetonitrile mixed solution. Chemiluminescence in the presence of twenty 
types of α-amino acid was similarly examined by using the ternary organic 
solvent-rich solution. The chemiluminescence of three α-amino acids with 
fluorescence properties was enhanced with the ternary solution. The data re-
ported here may contribute to development of a new, sensitive peroxyoxalate 
chemiluminescence detection system. 
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1. Introduction 

Various types of aqueous-organic solvent mixed solutions are used in dissolu-
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tion [1], cleaning [2], preservation [3], and as reaction solvents [4]. Such mixed 
solutions are also useful in separation science, as extraction solvents and in liq-
uid chromatography. We reported unique behavior of ternary mixed solutions of 
water-hydrophilic/hydrophobic organic solvent, such as water-acetonitrile-ethyl 
acetate mixed solution [5] [6] [7]. For example, the ternary mixed solutions 
were confirmed to work as a two-phase separation solution. The mixed solu-
tions separated into upper and lower phases through the phase transformation 
in a batch vessel. In contrast, when the mixed solution was fed into a micro-
space, such as capillary tubes and microchannels on a microchip, annular flow 
with inner and outer phases was generated under certain conditions; we call 
this “Tube Radial Distribution Flow” (TRDF). The specific microfluidic flow, 
TRDF, was applied to capillary liquid chromatography [8] and micro-extraction 
[9]. 

The mixing behavior of ternary water-hydrophilic/hydrophobic organic sol-
vent solutions was investigated using a Y-type microchannel. These two mixed 
solutions, water-acetonitrile and acetonitrile-ethyl acetate, were individually fed 
into two separate microchannels of a microchip that combined to form a single 
channel in a Y-type microchannel, affording a ternary mixed solution in the sin-
gle channel. Unique microfluidic behavior was observed in the single channel. 
We termed it “microfluidic inverted flow” for the ternary mixed solutions [10]. 
Denaturation was examined in a ternary mixed solution of water-hydrophilic/ 
hydrophobic organic solvent using λ-DNA and a plasmid as models. The expe-
rimental data indicated that λ-DNA changed from a double helix structure to a 
single helix structure and that the plasmid partially transformed to generate a 
denaturation bubble in the structure. The novel idea of using the ternary mixed 
solution first enabled the interaction of the hydrophobic organic solvent mole-
cule with the double helical structure of DNA [11]. 

In our previous study, we examined luminal chemiluminescence (CL) beha-
vior in a ternary mixed solvent solution of water-acetonitrile-ethyl acetate, and 
the mixed solution was found to enhance luminol CL in time and intensity un-
der certain conditions [12]. In this study, we examined CL behavior with four 
kinds of mixed solutions of water only, water-acetonitrile, and ternary mixed 
solutions of water-acetonitrile-ethyl acetate for peroxyoxalate reagent, instead of 
luminol reagent [13] [14], in the presence of Eosin Y as a model fluorescence 
compound. The peroxyoxalate CL of Eosin Y was found to be most enhanced by 
the ternary mixed solutions. 

The CL detection methods of α-amino acids without labeling procedures have 
been incorporated in flow injection analysis [15], high-performance liquid 
chromatography [16], and capillary electrophoresis [17]. They provided simple 
and procedures with high sensitivity. We tried to examine the peroxyoxalate CL 
response of α-amino acids in the present batch-type CL measurement system 
with a ternary mixed solution in order to get basic data for developing a flow 
system in the future. 
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2. Experiment 
2.1. Reagents and Materials 

Water was purified with an Elix UV 3 system (Millipore Co., Billerica, MA). All 
reagents used were commercially available and of analytical grade. Bis(2,4,6- 
trichlorophenyl) oxalate (TCPO), Eosin Y, hydrogen peroxide (H2O2), acetoni-
trile, ethyl acetate, and twenty types of α-amino acids were purchased from Wa-
ko Pure Chemical Industries, Ltd. (Osaka, Japan). 

2.2. CL Measurement System 

The CL profiles and CL counts were examined with a batch-type detection sys-
tem (CLD-100FC; Tohoku Electronic Industrial Co. Ltd., Sendai, Japan). Here, 
the CL meant the total CL counts obtained during 480 seconds of measurement 
for CL. We used four kinds of solution as follows: (A) water only, (B) water- 
acetonitrile mixed solution (1:1, volume ratio), (C) the water-acetonitrile-ethyl 
acetate ternary mixed solution (15:3:2, volume ratio; water-rich), and (D) the 
water-acetonitrile-ethyl acetate mixed ternary solution (3:8:4, volume ratio; or-
ganic solvent-rich). In this study, the water was prepared as 1.0 mM carbonate 
buffer, pH 9.0. The component ratios of the solutions are plotted in the phase 
diagram of the ternary mixed solution shown in Figure 1. 

The preparation of CL regent solution and the mixing procedure of the rea-
gent solution and the analyte solution containing fluorescent compounds, such 
as eosin Y, were carried out as a reference of our previous paper [18], as follows:  
 

 
Figure 1. Phase diagram of the water-acetonitrile-ethyl acetateternary mixed solution at 
22˚C. Solutions: (A) the water only, (B) the water-acetonitrile mixed solution (1:1, vo-
lume ratio), (C) the water-acetonitrile-ethyl acetate mixed solution (15:3:2, volume ratio; 
water-rich), (D) and the water-acetonitrile-ethyl acetate mixed solution (3:8:4, volume ra-
tio; organic solvent-rich). 
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the CL reagent solution (2.0 mM TCPO-200 mM H2O2, 0.05 mL; acetonitrile was 
used as a solvent) was added to each of the above solutions (2.5 mL) containing 
Eosin Y in the petri dish, through a micro-syringe with constant stirring to ob-
tain the CL profile. The CL was measured through a detection window of 3.1 
cm2. Similarly, we examined CL profiles by using the solutions (A) and (D) con-
taining α-amino acids instead of Eosin Y, and measured the CL through a detec-
tion window of 15.9 cm2. 

3. Results and Discussion 
3.1. CL of Eosin Y with the Four Solutions 

The phase diagram of water-acetonitrile-ethyl acetate is shown in Figure 1 to-
gether with the component ratios of the solutions (A)-(D). The dotted line indi-
cates the boundary or solubility curve between homogeneous and heterogeneous 
solution. The CL profiles in the presence of Eosin Y were examined by using the 
solutions (A)-(D), by the CL measurement system. Figure 2 shows the CL pro-
files of 1.0 mM Eosin Y with the solutions (A)-(D). As can be seen in the figure, 
the CL increased in the following order: (A), (B), (C), and (D). We also ex-
amined the CL counts of various concentrations of Eosin Y with the solutions 
(A)-(D) as shown in Figure 3. The CL counts increased in the order of (A), (B), 
(C), and (D). However, CL counts with (A) and (B) were very small and showed 
little change at the examined concentrations of Eosin Y. From the data obtained 
in Figure 2 and Figure 3, it was confirmed that the ternary mixed solutions of 
(C) and (D), especially solution (D), indicated a large response for Eosin Y based 
on peroxyoxalate CL. The tendency of the ternary mixed solutions, especially 
organic solvent-rich solution, to show large CL based on the peroxyoxalate  
 

 
Figure 2. CL profiles of 1 mM Eosin Y using the four solutions. Conditions: CL reagent 
solution, 2.0 mM TCPO-200 mM H2O2 mixture (0.05 mL, acetonitrile was used as a sol-
vent); solutions (A)-(D) described in the figure caption of Figure 1; 2.5 mL; and temper-
ature, 22˚C. The arrow shows the injection point of CL reagent solution. 
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Figure 3. The CL counts of 1 mM Eosin Y using the four solutions. Conditions: CL 
reagent solution, 2.0 mM TCPO-200 mM H2O2 mixture (0.05 mL, acetonitrile was used 
as a solvent); solutions (A)-(D) described in the figure caption of Figure 1; 2.5 mL; and 
temperature, 22˚C. 
 
reaction system was similar to that reported in our previous paper [12], where 
we examined the influence of the ternary mixed solution on a luminal CL reac-
tion system. The effect of the ternary mixed solution on peroxyoxalate CL is 
discussed in the next section. 

3.2. CL of Eosin Y with Various Compositions of the Ternary  
Mixed Solution 

We examined the CL profiles by using various compositions of the ternary 
mixed solution, the water rich and organic solvent-rich, as shown in the phase 
diagram of Figure 4. The compositions of the water-rich mixed solutions in 
Figure 4 were (C) (the water-acetonitrile-ethyl acetate volume ratio, 15:3:2), ① 
(15:3.2:1.8 volume ratio), ② (15:3.4:1.6 volume ratio), and ③ (15:3.6:1.4 vo-
lume ratio). The composition of the organic solvent-rich solutions in Figure 4 
were (D) (water-acetonitrile-ethyl acetate volume ratio, 3:8:4), ①’ (3.8:11.8:5.2 
volume ratio), ②’ (3.6: 11.4:5.0 volume ratio), and ③’ (3.4:11.8:4.8 volume ra-
tio). The CL profiles of 1.0 mM Eosin Y by using the water-rich mixed solutions 
of (C) and ①-③ as well as the organic solvent-rich mixed solutions of (D) and 
①’-③’ are shown in Figure 5(a) and Figure 5(b), respectively. The CL with the 
water-rich solutions decreased in this order: (C), ①, ②, and ③, and the CL 
with the organic solvent-rich solutions decreased in the order: (D), ①’, ②’, and 
③’, as shown in Figure 5. The CL gradually decreased as the compositions of the 
ternary mixed solution moved away from the boundary curve. 

There was little information for CL in the ternary water-hydrophilic/hydro- 
phobic organic solvent mixed solution, and the reason why the ternary mixed 
solution enhanced CL is not yet clear. The ternary homogeneous solution near 
the boundary curve may cause formation of small clusters (micro-clusters) in the  
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Figure 4. Phase diagram of the water-acetonitrile-ethyl acetate ternary mixed solution at 
22˚C. The water-rich solutions: (C) the water-acetonitrile-ethyl acetate mixed solution 
(15:3:2 volume ratio; water-rich), ① the water-acetonitrile-ethyl acetate mixed solution 
(15:3.2:1.8 volume ratio), ② the water-acetonitrile-ethyl acetate mixed solution (15:3.4:1.6 
volume ratio), and ③the water-acetonitrile-ethyl acetate mixed solution (15:3.6:1.4 vo-
lume ratio). The organic solvent-rich solutions are: (D) and the water-acetonitrile-ethyl 
acetate mixed solution (3:8:4 volume ratio; organic solvent-rich), ①’ the water-acetonitrile- 
ethyl acetate mixed solution (3.8:11.8:5.2 volume ratio), ②’ the water-acetonitrile-ethyl 
acetate mixed solution (3.6:11.4:5.0 volume ratio), and ③’ the water-acetonitrile-ethyl 
acetate mixed solution (3.4:11.8:4.8 volume ratio). 
 
solvent solution. The interface of the clusters, with features of hydrophilic and 
hydrophobic interfaces, may be effective as a CL reaction domain. The organic 
solvent-rich solution of (D) provided a larger CL than the water-rich solution of 
(C). Although the reason is not yet clear, the organic solvent-rich solution may 
inhibit the hydrolysis reaction of TCPO. Similar CL behavior based on the lu-
minol reaction was reported and discussed in our previous paper [12]. 

3.3. CL Profiles of Eosin Y and α-Amino Acids with the Organic  
Solvent-Rich Ternary Solution 

The CL profiles of Eosin Y and phenylalanine (1 mM each) were examined by 
using the organic solvent-rich ternary solution of (D). The obtained data are 
shown in Figure 6. Although the CL profile of phenylalanine was examined with 
a detection window about 5 times larger than that of Eosin Y, we could observe a 
sufficient CL signal even for phenylalanine as an α-amino acid by using the spe-
cific mixed solution. 

The CL counts of twenty types of α-amino acids were examined by using the 
organic solvent-rich solution of (D), together with solution (A) as a reference. As 
alanine was not dissolved with solution (A) and (D), we could not examine it.  
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Figure 5. CL profiles of 1 mM Eosin Y using the various compositions of (a) the wa-
ter-rich and (b) organic solvent-rich ternary mixed solutions. The component ratios of 
(C), ①-③, (D), and ①’-③’ are described in the figure caption of Figure 4. The arrow 
shows the injection point of CL reagent solution. 
 
The obtained data are shown in Figure 7, where the CL counts are the average 
values of 3 - 5 measurements. The relative standard deviations (n = 5) of pheny-
lalanine, tryptophan, and tyrosine for their CL counts were 1.32%, 1.20%, and 
1.91%, respectively. As can be seen in the figure, solution (D) provided larger CL 
counts for all α-amino acids than solution (A), in particular for phenylalanine, 
tryptophan, and tyrosine, the fluorescent α-amino acids. An enhanced effect for 
peroxyoxalate CL could be observed in the presence of fluorescence α-amino 
acids, similar to co-existing Eosin Y. α-Amino acids other than fluorescent 
α-amino acids also showed little CL, compared to the blank values that signified 
CL counts obtained in the absence of α-amino acids. As mentioned above, solu-
tion (A) was water only and solution (D) was the water-acetonitrile-ethyl acetate 
ternary solution (3:8:4, volume ratio; organic solvent-rich); however, solution 
(A) and (D) could not necessarily have proton concentrations by the effects of  
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Figure 6. CL profiles of Eosin Y and phenylalanine using the solution (D). Conditions: 
CL reagent solution, 2.0 mM TCPO-200 mM H2O2 mixture (0.05 mL, acetonitrile was 
used as solvent); solution (D) 2.5 mL; and temperature 22˚C. The component ratios of 
(D) are described in the figure caption of Figure 1. The arrow shows the injection point 
of CL reagent solution. 
 

 
Figure 7. CL counts of 1 mM of twenty α-amino acids using the two solutions (A), right columns and (D), left columns. Condi-
tions: CL reagent solution, 2.0 mM TCPO-200 mM H2O2 mixture (0.05 mL, acetonitrile was used as solvent); solutions (A) and 
(D) 2.5 mL; and temperature 22˚C. The component ratios of (A) and (D) are described in the figure caption of Figure 1. 
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co-existing organic solvents. The difference in the proton concentration or the 
exact pH value between solution (A) and (D) may cause a little difference in the 
CL counts for sixteen-amino acids except for the three fluorescent ones between 
them. 

4. Conclusion 

We tried to develop a new peroxyoxalate CL system by using the ternary mixed 
solution of the water-acetonitrile-ethyl acetate. The CL of Eosin Y and three 
α-amino acids (phenylalanine, tryptophan, and tyrosine) were enhanced with 
the ternary organic solvent-rich solution, compared to the CL observed with the 
water only and water-acetonitrile mixed solutions. The CL counts of α-amino 
acids by using the ternary mixed solution of the water-acetonitrile-ethyl acetate 
(volume ratio 3:8:4) is almost two times than by using the buffer only solution. 
So it will be easier to do the detection in FIA, TRDC or other analytical systems 
by using the ternary mixed solution of the water-acetonitrile-ethyl acetate (vo-
lume ratio 3:8:4). The information obtained here may have important implica-
tions for future applications. 
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