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Encoding electrochemiluminescence using Ru(bpy)3
2+ and fluorescein

isothiocyanate co-doped silica nanoparticlesw
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In this paper, an electrochemiluminescence (ECL) encoding

method was developed for the first time, based on a dual-dye

system including Ru(bpy)3
2+

as an ECL emitter and fluorescein

isothiocyanate (FITC) as a coding dye.

During the past five decades, most electrochemiluminescence

(ECL) studies were based on tris(2,20-bipyridyl)ruthenium

(Ru(bpy)3
2+), due to its solubility in both aqueous and non-

aqueous solvents and, especially, its high ECL efficiency in

aqueous solution compared to all the other reported ECL

reagents. Although the excellent characteristics of Ru(bpy)3
2+

result in it being widely applied,1,2 the weakness of the

Ru(bpy)3
2+ system is obviously that its single wavelength

makes the analytical capacity of this system very limited. It

has been pointed out that if there were other ECL labels

spanning a wider range of wavelengths, it would be useful for

simultaneous determination of several analytes in a single

sample.3,4 This might be a reasonable explanation for the

efforts which have been made on the synthesis of different

ECL reagents with different wavelengths, however most of the

ECL reagents are useless due to their very low ECL efficiency

in aqueous solution.1 As a result, the Ru(bpy)3
2+ system is still

dominant in ECL studies and the problem mentioned above

still remains. In fact, the nature of current synthesis work is the

search for an ECL reagent emitting light with different colors.

As is known, all colors can be easily obtained by mixing

different proportions of red, green and blue components,

based on which a number of optical coding5–8 and colorimetric

sensing9,10 methods have been developed and widely applied in

bioanalysis. In this respect, it is promising that the red

Ru(bpy)3
2+ ECL could be changed into various colors by

introducing an optical coding technique. In this paper, we

report for the first time, the development of an ECL coding

method based on the excellent Ru(bpy)3
2+ ECL system.

Fluorescein isothiocyanate (FITC), the green emitter, was

selected as a coding dye to code the red and strong Ru(bpy)3
2+

ECL emitted from Ru(bpy)3
2+ and FITC co-doped silica

nanoparticles (RFSiNPs) under an external exciting light. This

method allowed the same intensity of red Ru(bpy)3
2+ ECL

from different RFSiNPs to be distinguishable, and implied

that it is possible to realize the simultaneous determination of

several analytes in a single sample using RFSiNPs as labels.

Hence, the problem mentioned above might be resolved.

The attempt based on our previous study,9 where red

Ru(bpy)3
2+ ECL with different intensities could be trans-

formed into other colors when an external green light with

fixed intensity was introduced into the system as a reference,

was extended in this experiment. The intensity of the green

LED was also varied in a large range as the ECL intensity

changed with the variation of the applied potential. The

pictures taken were arranged into an array as shown in

Fig. 1, where different colors are presented at different intensities

of ECL and LED. More importantly, it was obvious that

different colors were presented at the same ECL intensity when

the intensity of the green LED was varied. The results implied

that the red Ru(bpy)3
2+ ECL could be coded, and identified as

different colors by introducing a green light. In the colorimetric

ECL experiments, a green LED was selected as the light

source. However, it was impossible to realize the ECL coding

in this way, because the light source had to function as an

internal standard. Hence, another light source and method

had to be considered.

Generally, two or more dyes can be co-doped in a single

nanoparticle to obtain optical encoding.5,7,8 Considering their

ECL and fluorescence efficiency, Ru(bpy)3
2+ and FITC were

Fig. 1 Color variations during CV cycles at different LED intensities.
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selected and taken as the ECL reagent and the green light

source. Silica nanoparticles (SiNPs) were prepared as the

carrier, since Ru(bpy)3
2+ and FITC could be easily doped inside

them. Ru(bpy)3
2+ was doped in the outer shell of the SiNPs to

retain its electroactivity, and FITC was doped inside the shell.

Hence, a two-step synthesis method was developed. FITC was

first doped in SiNPs using the Stöber method (Fig. S1w),11 and
then the resulting FITC@SiNPs were further grown with an

outer silica shell, which was doped with Ru(bpy)3
2+

(RFSiNPs, Fig. S2w), using the microemulsion method.12

RFSiNPs were characterized using fluorescence and electro-

chemical experiments and Fig. 2a presents the fluorescence

spectra of RFSiNPs excited at 460 nm. Two fluorescence

peaks can be observed around 520 nm for FITC and 600 nm for

Ru(bpy)3
2+with an intensity ratio of 1.06 : 1 (FITC:Ru(bpy)3

2+).

This indicated that FITC and Ru(bpy)3
2+ were successfully

co-doped in the RFSiNPs. To examine the electroactivity of

RFSiNPs, a potential of 1.3 V was applied on the RFSiNPs@ITO

working electrode when the excitation grating was cut off and

the scan rate of the emission grating was set at 30000 nm min�1.

The ECL spectrum of RFSiNPs shown in Fig. 2b indicates a

maximum emission around 600 nm which corresponds to

Ru(bpy)3
2+ ECL. The ECL intensity was strong enough to

be observed directly using the naked eye (Fig. 2 inserted figure)

and it greatly affected the fluorescence (Fig. 2c). The intensity

ratio (FITC :Ru(bpy)3
2+) was found to be changed to

1.06 : 1.74, when the RFSiNPs@ITO was exposed to exciting

light and a potential of 1.3 V was applied to it. This implied

that the red Ru(bpy)3
2+ ECL could be coded by the FITC and

present different colors, when the ratio of Ru(bpy)3
2+ and

FITC was varied.

According to the literature,7,8 the molar ratio of co-doped

dyes is ordinarily changed to realize optical coding. In our

experiment, the doped amount of FITC was varied while the

Ru(bpy)3
2+ was kept relatively constant. Fig. 3 is the fluores-

cence spectra of RFSiNPs doped with different concentrations

of FITC. It shows that the intensity of FITC was successively

controlled by varying the amount doped. Generally, it was

impossible to identify the red Ru(bpy)3
2+ ECL caused by

different reactions in a single sample, especially if the ECL was

of the same intensity. As a result, the analytical capacity of the

ECL method was very limited. However, this problem might

be resolved by coding the ECL with an internal standard

emitter. As shown in Fig. 4, although the intensity of ECL was

the same for different RFSiNPs, the FITC intensity was

obviously different. Hence, the intensity ratios of FITC to

Ru(bpy)3
2+ for each RFSiNPs were different. This meant that

each different RFSiNP could be identified by the intensity

ratio of FITC to Ru(bpy)3
2+, even by the colors of RFSiNPs

present in the experimental condition based on the RGB

principle. In other words, the Ru(bpy)3
2+ ECL was success-

fully coded by FITC.

In conclusion, Ru(bpy)3
2+ and FITC co-doped SiNPs were

synthesized and successfully applied for encoding ECL. With

the help of the encoding beads, the Ru(bpy)3
2+ ECL emitted

from different RFSiNPs became distinguishable. This implied

that RFSiNPs might be used as labels to allow the simulta-

neous determination of different analytes in a single sample.

Furthermore, this ECL encoding method might provide an

approach to avoid the difficulty of seeking and synthesizing

different ECL reagents with different wavelengths and high

ECL efficiency. However, the results presented above are still

preliminary, and more effort will be devoted to further research

in this area in our laboratory.
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Fig. 2 Normalized luminescence spectra of RFSiNPs: (a) fluorescence

spectrum; (b) ECL spectrum; (c) coded spectrum. The inserted figure is

the picture of RFSiNPs@ITO, when a potential of 1.3 V was applied.

Fig. 3 Normalized fluorescence spectra of RFSiNPs doped with

different amounts of FITC. The concentration of FITC decreased in

the direction shown by the arrow from a to e.

Fig. 4 Normalized encoding spectra of RFSiNPs doped with different

amounts of FITC. The concentration of FITC decreased in the direction

shown by the arrow. The intensity ratios (FITC :Ru(bpy)3
2+) were:

(a) 1.46 : 1; (b) 1.22 : 1; (c) 0.93 : 1; (d) 0.71 : 1; (e) 0.61 : 1.
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