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Technical Notes
Fabrication of a Colorimetric
Electrochemiluminescence Sensor
Zhi-jie Lin,† Xiao-mei Chen,† Tian-tian Jia,† Xu-dong Wang,† Zhao-xiong Xie,‡ Munetaka Oyama,§
and Xi Chen*,†,|
Department of Chemistry and Key Laboratory of Analytical Sciences of the Ministry of Education, College of
Chemistry and Chemical Engineering, State Key Laboratory of Marine Environmental Science, and State Key
Laboratory for Physical Chemistry of Solid Surfaces & Department of Chemistry, Xiamen University,
Xiamen 361005, China, and Division of Research Initiatives, International Innovation Center, Kyoto University,
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A colorimetric electrochemiluminescence (ECL) sensor
was fabricated for the first time, based on a dual-color
system including a strong red Ru(bpy)32+ ECL and a
green reference light from a light emitting diode.
Traditional ECL intensity information can be easily
transformed into a color variation with this sensor, and
the color variation can be directly monitored using the
naked eye or a commercial CCD camera. The sensor
has been successfully used to determine the concentration of tripropylamine, proline (enhancing system),
and dopamine (quenching system). The results indicated that the color variation obtained corresponded
to the concentration of target analytes. This sensor has
potential application in rapid and semiquantitative ECL
analysis.
Since the first reports of tris(2,2′-bipyridyl) ruthenium(II)
(Ru(bpy)32+) electrogenerated chemiluminescence (ECL),1-3
it has received great attention and found application in many
fields.4-9 Traditionally, ECL analysis is based on the detection of
an electrotriggered eye-invisible weak light, using a photomultiplier tube (PMT) to achieve high sensitivity and a low detection

limit. However, this method suffers from a complicated detecting
system and lack of ability for high-throughput analysis, which
severely limits its application. Recently, a charge coupled device
(CCD) has been used instead of a PMT to image the weak ECL
phenomenon and improve its analytical capacity,10-14 but a cooling
system is necessary for the highly sensitive CCD camera, and
analysis of the information from the ECL images still requires
additional professional data processing, due to the heterogeneous
ECL spots or inconspicuous intensity changes. A colorimetric
approach holds promise for resolving this problem, because the
naked eye is more sensitive to color-change than to intensitychange, and many colorimetric sensors are designed to probe
concentration variation of the analytes.15-21 In this paper for the
first time, we fabricated a colorimetric ECL sensor based on a
homogeneous and strong ECL emission from Ru(bpy)32+-doped
silica nanoparticles (RuSiNPs), which was then associated with
a green reference light to transform the ECL into a distinct
variety of colors. On the basis of the design, the concentration
change of analytes can be easily monitored directly using the
naked eye or a commercial CCD camera. With the help of this
colorimetric ECL sensor, the traditional ECL experimental

* Corresponding author. Phone: +86 592 2184530. Fax: +86 592 218 6401.
E-mail: xichen@xmu.edu.cn.
†
Department of Chemistry and Key Laboratory of Analytical Sciences of the
Ministry of Education, College of Chemistry and Chemical Engineering, Xiamen
University.
‡
State Key Laboratory for Physical Chemistry of Solid Surfaces & Department
of Chemistry, Xiamen University.
§
Kyoto University.
|
State Key Laboratory of Marine Environmental Science, Xiamen University.
(1) Tokel, N. E.; Bard, A. J. J. Am. Chem. Soc. 1972, 94, 2862–2863.
(2) Chang, M.; Saji, T.; Bard, A. J. J. Am. Chem. Soc. 1977, 99, 5399–5403.
(3) Rubinstein, I.; Bard, A. J. J. Am. Chem. Soc. 1981, 103, 512–516.
(4) Bard, A. J. Electrogenerated Chemiluminescence, 1st ed.; Marcel Dekker,
Inc.: New York, 2004.
(5) Richter, M. M. Chem. Rev. 2004, 104, 3003–3036.
(6) Dini, D. Chem. Mater. 2005, 17, 1933–1945.
(7) Du, Y.; Wang, E. J. Sep. Sci. 2007, 30, 875–890.
(8) Rusling, J. F.; Hvastkovs, E. G.; Hull, D. O.; Schenkman, J. B. Chem.
Commun. 2008, 2, 141–154.
(9) Miao, W. Chem. Rev. 2008, 108, 2506–2553.

(10) Kahn, S. S.; Jin, E. S.; Sojic, N.; Pantano, P. Anal. Chim. Acta 2000, 404,
213–221.
(11) Jin, E. S.; Norris, B. J.; Pantano, P. Electroanalysis 2001, 13, 1287–1290.
(12) Chovin, A.; Garrigue, P.; Vinatier, P.; Sojic, N. Anal. Chem. 2004, 76, 357–
364.
(13) Chovin, A.; Garrigue, P.; Vinatier, P.; Sojic, N. Bioelectrochemistry 2006,
69, 25–33.
(14) Hvastkovs, E. G.; So, M.; Krishnan, S.; Bajrami, B.; Tarun, M.; Jansson, I.;
Schenkman, J. B.; Rusling, J. F. Anal. Chem. 2007, 79, 1897–1906.
(15) Evans, R. C.; Douglas, P.; Williams, J. A. G.; Rochester, D. L. J. Fluoresc.
2006, 16, 201–206.
(16) Evans, R. C.; Douglas, P. Anal. Chem. 2006, 78, 5645–5652.
(17) Katoh, R.; Nakamura, M.; Sasaki, Y.; Furube, A.; Yokoyama, T.; Nanjo, H.
Chem. Lett. 2007, 36, 1310–1311.
(18) Liu, J.; Lu, Y. Anal. Chem. 2004, 76, 1627–1632.
(19) Liu, J.; Lu, Y. Angew. Chem., Int. Ed. 2006, 45, 90–94.
(20) Wang, Y.; Li, D.; Ren, W.; Liu, Z.; Dong, S.; Wang, E. Chem. Commun.
2008, 22, 2520–2522.
(21) Wang, X.; Chen, X.; Xie, Z.; Wang, X. Angew. Chem., Int. Ed. 2008, 47,
7450–7453.

830

Analytical Chemistry, Vol. 81, No. 2, January 15, 2009

10.1021/ac8020054 CCC: $40.75  2009 American Chemical Society
Published on Web 12/09/2008

Figure 1. Diagram of the colorimetric ECL sensor.

Figure 3. Normalized excitation and emission spectra: (a) Ru(bpy)32+
solution (red solid line and red dashed line), (b) RuSiNPs in 0.1 M
phosphorus buffer solution (black solid line and black dashed line),
(c) green LED (green dashed line). The inserted figure shows images
of modified ITO electrodes under different LED intensities but without
the application of potential.

Figure 2. (a, b) SEM images of RuSiNPs modified ITO glass and
(c) corresponding ECL image taken using a CCD camera without a
green reference light.

setup is greatly simplified and, as a result, the application of
the ECL technique might be extended to rapid semiquantitative
analysis.
EXPERIMENTAL SECTION
Reagents. Tris(2,2′-bipyridyl)dichlororuthenium(II) hexahydrate, tripropylamine, Triton-X100, and dopamine were purchased
from Sigma-Aldrich; proline was purchased from Wako Pure
Chemical Industries Ltd. (Osaka, Japan); tetraethyl orthosilicate
(TEOS) was purchased from Wuhan University Silicone New
Material Co. LTD (Wuhhan, China); and indium tin oxide
sputtered glass (ITO) was purchased from CBC Ings. Ltd. (Japan).
All chemicals were used without further purification, and all
solutions were prepared with ultrapure water obtained from a
Millipore purification system.
Preparation of RuSiNPs. RuSiNPs were synthesized using
the microemulsion method.22,23 A mixture of 7.5 mL of cyclohexane, 1.7 mL of Triton-X100, 1.8 mL of n-hexanol, 400 µL of 20
mM Ru(bpy)32+ solution, 100 µL of TEOS, and 60 µL of 25%
ammonium hydroxide was stirred for 24 h, and then 2 mL of
acetone was added into the mixture to precipitate the RuSiNPs.
The mixture was then centrifugated to obtain RuSiNPs which
were washed with acetone, ethanol, and water in sequence and
dried before use.
Preparation of ITO Modified Electrodes. An ITO electrode
was cleaned using ethanol and water, and then a fixed aliquot of
10 mg/mL RuSiNPs ethanol solution was dipped onto the ITO
surface. The modified ITO electrode was dried in a sealed case
at 60 °C for 24 h. Before the experiment, a piece of copper
adhesive tape was attached onto the ITO surface and then covered
(22) Zhang, L.; Dong, S. Anal. Chem. 2006, 78, 5119–5123.
(23) Wang, L.; Yang, C.; Tan, W. Nano Lett. 2005, 5, 37–43.

by waterproof adhesive tape. The surface state of the ITOs was
characterized using an LEO1530 scanning electron microscope.
Electrochemical Experiments. An ECL experiment was
carried out at a three-electrode system using an RuSiNPs modified
ITO electrode as the working electrode, a ringlike silver wire as
the reference electrode, and a ringlike stainless steel wire as the
counter electrode. Potential control was achieved by a CHI 660b.
The color images were taken using a Nikon D300 CCD camera
(Japan), setting the ISO at 3200, the white balance at 5880 K, and
the shutter time at 1/1.3 or 3 s. The intensity of the ECL and
LED was measured using an F-4500 fluorometer (Hitachi, Japan)
with the grating at 20 nm and at a high voltage of 950 V.
For the cyclic voltametry experiment, an applied potential
range was selected from 0 to 1.3 V to 0 at a scan rate of 40 mV/s.
The electrolyte solution was 0.1 M phosphorus buffer solution
(PBS, pH 7.0) containing 10 mM triphenylamine (TPA). The color
images were taken at a shutter speed of 1/1.3 s.
For TPA, proline, and dopamine analysis, the applied potential
was scanned from 1.0 to 1.3 V at a scan rate of 100 mV/s. The
electrolyte solution was 0.1 M PBS for TPA (pH 7.0) and proline
(pH 9.0), but for dopamine it was 0.1 M PBS (pH 9.0) containing
1 mM proline. Sufficient analyte stock solution was injected into
the electrolyte solution to adjust the concentration, and the
potential was applied 15 min after injection. The color image was
taken at a shutter speed of 3 s.
RESULTS AND DISCUSSION
Figure 1 is a diagram of the reported colorimetric ECL sensor.
A quartz electrochemical cell was placed in the middle of a lightfree holder in which the ECL signal was focused using a convex
lens. A three-electrode system was applied including an ITO
sputtered glass working electrode, a silver reference electrode,
and a stainless steel counter electrode. To achieve better control
of the applied potential, a ringlike reference electrode and a
counter electrode were used. A green LED (λmax ) 525 nm) was
used as a reference light and placed at the back of the quartz
electrochemical cell. The CCD camera or human eye was
Analytical Chemistry, Vol. 81, No. 2, January 15, 2009
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Figure 4. (a) Color variations during CV cycles at different LED intensities, (b) colors presented under different IECL/ILED ratios, (c) corresponding
ECL (solid line) and CV spectra (dashed line). The intensity and current are normalized.

Figure 5. Color variation under different concentrations of (a) TPA,
(b) proline, and (c) dopamine.

positioned just in front of the convex lens to function as a
detector.
For colorimetric ECL observation, a strong ECL emission is
required. Although it was helpful to increase the ECL intensity
by increasing the Ru(bpy)32+ concentration in the solution, it
was impractical to strengthen the ECL emission to any large
extent. For this reason, silica nanoparticles were selected as
an effective carrier for Ru(bpy)32+, in which Ru(bpy)32+ could
be highly concentrated with excellent electrochemical acti832
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vity.22,24 RuSiNPs were synthesized with a diameter around 50
nm using a microemulsion method (Figure 2b).22,23 After dispersal
in ethanol, a fixed aliquot of RuSiNPs solution was dipped onto
an ITO surface, and then the modified ITO electrode was calcined
at 60 °C for 24 h to make sure that the RuSiNPs were firmly
attached to the ITO surface. Finally, the modified ITO electrode
with high-density RuSiNPs (Figure 2a) was obtained and it was
found to emit homogeneous and bright red ECL (Figure 2c).
Since Ru(bpy)32+ can be excited by the correct light, the
choice of reference light is important to avoid interference by
photoluminescence. In aqueous solution, the obvious exciting
wavelengths for Ru(bpy)32+ were found to be 375 and 525 nm
(Figure 3, red solid line). Interestingly, RuSiNPs presented very
different excitation spectra with about a 60 nm blue shift under
the same conditions. As a result, a green LED with a maximum
emission wavelength at 525 nm was selected in the experiment.
Although there was a small overlap of the RuSiNPs excitation
spectra with that of the green LED, results showed that the
interference was negligible (Figure 3, inserted figure) under
various LED intensities.
(24) Qian, L.; Yang, X. Adv. Funct. Mater. 2007, 17, 1353–1358.

Ordinarily, different color observation is achieved by controlling the proportion of different emitting species25,26 or the intensity
of one component with an external quencher.15-17,27 The intensity
of the reference light from the green LED was kept constant, in
order to realize colorimetric sensing related only to ECL. To vary
the ECL intensity, a cyclic voltametric (CV) potential was applied
on the modified ITO electrode immersed in 0.1 M PBS containing
10 mM TPA. The ECL intensity changed with a potential scan as
shown in Figure 4c. An interesting phenomenon could be
observed directly using the naked eye (Figure 4a). Corresponding
to the variation of ECL intensity, the apparent color synchronously
changed from green to orange in the forward segment, and then
it returned to its original state following the same route in reverse.
It was obvious that the ECL image without a reference light was
distinguishable (Figure 4a, third row), but it was more remarkable
for a person to be able to relate an ECL intensity to the
corresponding color as with a pH strip. Furthermore, since the
human eye is more sensitive to various colors, a person is able to
capture the color change even at weak ECL intensity. Figure 4a
shows the color changes under three different reference light
intensities during the same complete CV cycle. At weak ECL
intensity (Figure 4a, second line and twelfth line), it is difficult to
observe the intensity change without the reference light (Figure
4a, third row, IECL ) 468) or the color change with a high
intensity of reference light (Figure 4a, first row, ILED ) 2105,
IECL ) 483, IECL/ILED ) 0.23), but an obvious color change was
displayed at a suitable intensity of the reference light (Figure
4a, second row, ILED ) 1070, IECL ) 475, IECL/ILED ) 0.44). Figure
4b shows in detail the color changes according to the ratio of
IECL and ILED, and when the ratio was under 0.4, no color change
was observed. This indicated that the intensity of the green
reference light should be relatively low at weak ECL intensity
or the color will not be affected by ECL and implied that the
choice of reference light intensity was important to increase
the sensitivity of this approach.
Since ECL intensity was related to the concentration of the
coreactants, it was possible to employ this approach for analytical
application. As shown in Figure 5, when the other experiment
conditions remained the same, obvious color changes could be
observed in different TPA concentrations (Figure 5a). With a 3 s
exposure time for the CCD camera, an eye-distinguishable
detection limit of 0.5 µM TPA was achieved. The colorimetric ECL
sensor was also applied to the analysis of proline (an ECL
enhancing reagent, Figure 5b) and dopamine (an ECL quenching
reagent, Figure 5c) with detection limits of 100 µM for proline
and 30 µM for dopamine. The results indicated that this sensor
was applicable to rapid semiquantitative analysis.
(25) Han, M.; Gao, X.; Su, J. Z.; Nie, S. Nat. Biotechnol. 2001, 19, 631–635.
(26) Wilson, R.; Cossins, A. R.; Spiller, D. G. Angew. Chem., Int. Ed. 2006, 45,
6104–6117.
(27) Wu, C.; Zheng, J.; Huang, C.; Lai, J.; Li, S.; Chen, C.; Zhao, Y. Angew. Chem.,
Int. Ed. 2007, 46, 5393–5396.

The uniformity of the modified electrode is a fundamental
factor for colorimetric ECL observation; otherwise, an additional
professional data process is inevitable. The uniform distribution
of RuSiNPs on the ITOs was confirmed using SEM observation
(Figure 2a), and the pictures (Figures 2c, 4a, and 5) further
indicated that homogeneous ECL emission was successfully
achieved from the observed spots. In addition, the use of a ringlike
reference electrode and a counter electrode were important to
control the surface potential of ITOs at the same level. Furthermore, experiments showed that the ECL sensor was capable of
more than 8 h of continuous work, and the RSD of ECL intensity
was less than 10% between different modified ITO electrodes
prepared in the same way (see the Supporting Information).
CONCLUSIONS
In conclusion, we fabricated a colorimetric ECL sensor based
on a dual-color system, including a visible strong ECL and a
constant green reference light. Under different applied potential
or concentration of coreactants, the sensor displayed distinguishable color changes. As a result, traditional ECL intensity information could be transformed into the corresponding colors with the
help of the colorimetric ECL sensor and additional data processing
was unnecessary. Furthermore, the experimental setup was
greatly simplified by directly using the naked eye or a commercial
CCD camera as a detector and data analyzer. This approach could
potentially be applied in multianalyte analysis by fabricating a 2DECL sensing array with various color spots.
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