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Abstract –The electrochemical luminescence (ECL) device was investigated, which has similar 
structure to the dye-sensitized solar cell. The structure of the ECL cell in this experiment reliably 
induces a large amount of the oxidation around electrodes. The band gap of the ECL electrode is of 3.0 
- 3.2 eV. Titanium dioxide (TiO2) nanoparticle has following properties: a band gap of 3.4 eV, a low-
priced material, and 002 preferred orientation (Z-axis). Zinc Oxide (ZnO) nanorod is easy to grow in a 
vertical direction. In this paper, in order to determine material suitable for the ECL device, the 
properties of various materials for electrodes of ECL devices such as ZnO nanorod (ZnO-NR) and 
TiO2 nanoparticle (TiO2-NP) were compared. The threshold voltage of the light emission of the ZnO-
NR was 2.0 V which is lower than 2.5 V of TiO2-NP. In the other hand, the luminance of TiO2-NP was 
44.66 cd/m2 and was higher than that of 34 cd/m2 of ZnO-NR at the same applied voltage of 4 V. 
Based on the experimental results, we could conclude that TiO2-NP is a more suitable electrode 
material in ECL device than the ZnO-NR. 
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1. Introduction 
 
These days are times of light emitting diodes (LEDs) 

and organic light emitting diodes (OLEDs). These devices 
are widely used in the industry because they have a thinner 
and more flexible feature in a variety of electronics and 
devices. In particular, LEDs are becoming more popular 
in the lighting industry. With the development of high-
efficiency LED ballasts, LEDs have begun to replace 
existing fluorescent lamps and the industry is growing in 
the lighting market. Recently liquid crystal displays 
(LCDs) and LEDs are being replaced by OLEDs in 
expensive mobile phones, TVs and wearable devices. Over 
the next few years or decades, OLED and LED products 
will lead the industry until more efficient and lower 
power devices are available. However, since OLEDs and 
LEDs are not the ultimate display devices, research on new 
display devices will continue. If LEDs and OLEDs do 
not solve the current known problems, they will continue 
to follow the decline of LCDs because there is always a 
demand for new displays that meet people's expectations. 

Nowadays, the nanoelectrodes have been widely used 
in electrochemical luminescence (ECL) cell device, dye 
sensitized solar cells (DSCs), thin film transistors (TFTs), 
chemical sensors and so on [1-5]. The nanoelectrodes 
are one-dimensional (1-D) nanostructure and are semi-

conductor materials, which are used its physical and 
chemical properties as well as in various applications [6]. 
In applying the metal oxide nanoparticle material to the 
light emitting layer of the ECL cell device, it is possible to 
improve the luminescence efficiency and long term stability, 
which increases surface area electrode exited-state electron 
in Ru(II) complex (Ru(bpy)3

2+) molecules [7, 8]. The study 
of materials for nanoelectrode is necessary for improvement 
of luminescence efficiency of ECL cell. Therefore, nano-
sized particles are coated to ~ 20 nm size on F-doped SnO2 
(FTO) glasses with Ru (II) complex molecules associated 
with brightness and long life stability [9].  

Further, the light emitting efficiency of ECL cell can be 
improved by various nanoelectrode materials. Therefore, 
we are focusing on ECL cell with nanoelectrode materials, 
which expected to high efficiency and stability. The 
structure and electrical properties of TiO2 are p-type 
semiconductors suitable for TiO2 nanoparticles [7, 10]. It 
has also been reported that ECL efficiency improves 
when TiO2 nanoparticles (TiO2-NPs) or TiO2 nanodepos 
(TiO2-NETs) layer coatings are applied on glass [10-12]. 
ZnO nanorods (ZnO-NRs) are one of the important 1-D 
nanostructured electrode materials for ECL applications. Its 
features are porous structure, high electron mobility and 
large surface area [13]. ZnO is an n-type semiconductor 
compared with TiO2 in this study. In this paper, we studied 
ECL cells with electrode which is made of TiO2-NPs and 
ZnO-NRs materials. The ECL cell has properties of the 
EL & CL and has a similar structure to that of the dye-
sensitized solar cell, and is compared light emission 
efficiencies and emission characteristics for each electrode 
of TiO2-NPs and ZnO-NRs materials.  
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Fig. 1. Schematic diagram of synthesis of Ru(bpy)3(PF6)2 

 
 

2. Experimental Method 
 
Luminescent material Ru(bpy)3

2+ is a typical redox catalyst 
and a stabilized substance. We synthesized Ru(bpy)3(PF6)2. 
The synthesis procedure is depicted in Fig. 1. We prepared 
stabilized light-emitting electrolyte by mixing propylene 
carbonate into the synthesized Ru(bpy)3(PF6)2. The 
fabrication of ECL cell was used Tris(bipyridine) 
ruthenium(II) chloride (Ru(bpy)3Cl2; SIGMA Aldrich) and 
ammonium hexafluorophosphate (NH4PF6; WAKO) and 
propylene carbonate (PC; SIGMA Aldrich). Ru(bpy)3(PF6)2 
was synthesized via mixing Ru(bpy)3Cl2 and NH4PF6 (0.5 
g : 0.5 g) in aqueous solution, after stirring for 1 hour using 
a stirrer, the Ru(bpy)3 solution in the first vacuum state was 
filtered using a rotary pump, the Ru(bpy)3 solution was 
dissolved in acetone, distilled water was added to the 
Ru(bpy)3. 

After crystallization is observed, sealing the solution, 
storing it in the freezer for 24 hours, filtering out Ru(bpy)3 
solution in the second vacuum state by using a diffusion 
pump, and then once a powder of Ru(bpy)3 is formed, it 
is operated a vacuum pump using water of 40-50 °C to 
remove moisture in the Ru(bpy)3 power completely. The 
Ru(bpy)3 powder and PC solution ratio is achieved at 
0.04 g : 0.448 g [8, 13, 14]. 

 
2.1 Preparation of TiO2-NPs electrode 
 
The formation process of TiO2 nanoparticles has been 

reported in our previous study [7, 15]. Oxide semi-
conductor electrode was prepared as a form of a paste 
using the TiO2 powder as shown in Fig. 2. First, add 2.5 g 
of TiO2 into a mixture of 10 mL of α-Terpineol (KENTO 
Chemical) and 50 mL of 99.9 % Ethanol. Then, it is mixed 
thoroughly by using an ultrasonic cleaner. To add ethyl 
cellulose of 1.5 g little by little by using a binder and to 

apply 40 °C heats for 1 hour, one can disperse ethyl 
cellulose in the solution. Therefore, one makes all reagents 
diluted in the solution. By using an evaporator, the solution 
turns into the paste form. Finally, the paste form of the 
TiO2 is prepared by using spin coater at speed of 1300 rpm 
for 30 seconds. 

 
2.2 Preparation of ZnO-NRs electrode 

 
The preparation method of the ZnO-NRs electrode is a 

procedure to grow ZnO crystals by synthesis of hydroxide 
compound and by sinterization at a high temperature. 
Although it has a disadvantage of long process time, it has 
an advantage of sintering growth process at a relatively 
low temperature. First, sufficiently cleaned surface of the 
Fluorine doped Tin Oxide (FTO) glass is coated with 
Zinc acetate (SIGMA Aldrich). After putting a mixture of 
aqueous Sodium hydroxide solution and aqueous Zinc 
nitrate solution in a pressure vessel, one can anneal the 
nanorod with time described in the Fig. 3. 

The FTO glass in the acetone for 30 min, Alcohol for 30 
minutes, distilled water for 30 min by using an ultrasonic 
cleaner. The washed FTO glass is coated with a solution 
made of dissolved alcohol 0.01 M Zinc acetate using spin 

 
Fig. 2. Production method of TiO2 paste 

 
Fig. 3. ZnO nanorod annealing time 
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coater at speed of 1300 rpm at 30 seconds. The coated FTO 
glass in an electric furnace and anneal it at 130°C for 1 
hour, at 180°C for 1 hour, and at 260 °C for 2 hours, 
respectively [13, 16]. Create a mixture made of 0.04 M of 
Zinc nitrate aqueous solution and 0.8 M Sodium hydroxide 
aqueous solution. Put the FTO glass into the mixture in a 
pressurized vessel and anneal it in the electric furnace at 
110 °C for 4 hours. Anneal the FTO glass at 450 °C for 10 
minutes. 

 
2.3 Fabrication of ECL Cell and Measurement 

 
The structure of the cell using TiO2-NPs (right) and 

ZnO-NRs (left) is shown in Fig. 4. The length of a space of 
each cell is about 60 μm, and the space between the FTO 
glasses should be filled with the Ru(bpy)3

2+. The reason for 
using the FTO glass is its excellence in heat-resistance to 
fit for the fabrication process. 

First, TiO2-NPs paste is coated on the FTO glass by 
using the doctor blade method and then anneals 
temperature at 450 °C for 10 minutes in the electric furnace. 
One can adhere a spacer on the annealed cell and stick the 
FTO glass on the top of the spacer. Finally, one needs to fill 
Ru(bpy)3

2+ between the cell and the FTO glass.  
The fabrication procedure of the ZnO-NRs electrode is 

very similar to that of the TiO2-NPs. First, one can grow 
the ZnO-NRs on the FTO glass by using the hydrothermal 
synthesis method. After sintering the grown ZnO at 450 °C 
for 10 minutes in the electric furnace, one can attach one 
side of a spacer to the nanorod and the other side of the 
spacer to the FTO glass. And, Ru(bpy)3

2+ should be filled 
between the nanorod and the FTO glass. The process of 
ECL cell production using TiO2-NPs and ZnO-NRs was 
coated on FTO glass (1×1 cm2).  

The crystallization properties of each nanoelectrodes 
were measured by X-ray diffraction (XRD; Rigaku D/max 
2100H), thickness of each nanoelectrodes was measured 
field emission scanning electron microscope (FESEM; 
Hitachi S-3000H). The impedance distribution was 
measured by electrochemical impedance analyzer (EIA; 
ZAHNER IM6). The device measurement luminescence 
and electrical properties were using the spectral brightness 
analyzer (Konica Minota, CS-2000), luminescence meter 

(Konica Minolta, TS-100), digital function generator 
(Agilent 33250A), and digital storage oscilloscope 
(Tektronix DPO-3034). 

 
 

3. Result and Discussion 
 
In the experiment, we studied to find a better nano-

electrode for the ECL by measuring physical, electrical, 
and optical characteristics of the TiO2-based electrode and 
the ZnO-based nanorod electrode. For the physical charac-
teristics, two different surface structures and crystallinities 
of each electrode were analyzed. In Fig. 5(a) shows image 
of FE-SEM for TiO2-NPs, which had the very rough 
surface. Also, the image of FE-SEM for ZnO-NRs is 
shown in Fig. 5(b). The ZnO-NRs electrode surface, it 
resembles the shape of a growing grass. There is an array 
scattered on the surface. 

In Fig. 6(a), The XRD measurement of the ZnO-NRs 
electrode shows a peak at 002 at 35.1° (2θ) preferred 
orientation which confirms that it is normal. The XRD 
pattern of TiO2-NPs has sharp diffraction intensity peak at 
27.5° (2θ) which determined from anatase (101) peak by 
Scherrer’s equation [17], in show Fig. 6(b). 

For the electrical characteristics, even though the ZnO-
NRs electrode had sheet resistance of 7.68 Ω/sq less than 
TiO2-NPs had that of 7.73 Ω/sq, this can be considered as 
the same fundamentally. The relationship of the I-V curve 

 
Fig. 4. Structure of ZnO-NRs (left) TiO2-NPs (right) for 

ECL cell 

 
(a)                    (b) 

Fig. 5. The FE-SEM of (a) TiO2-NPs and (b) ZnO-NRs 
electrode 

 

 
Fig. 6. The XRD pattern of (a) ZnO-NRs (b) TiO2-NETs
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of ECL cells used by each electrode, show in Fig. 7. 
The applied voltage and frequency of cell was 0-7 V and 

60 Hz for tested. The output current was 83.7 mA for TiO2-
NPs more than 56 mA for ZnO-NRs and 44 mA for bare 
FTO at the same applied voltage 4 V. It was observed that 
waveforms of currents for each electrode are different. 
This is thought to be caused by air layers in the cell 
working like as a capacitor. The best of current was ZnO-
NRs due to the resistance of ZnO-NRs less than TiO2-NPs. 
Considering a voltage of 4 V as a standard voltage for 
comparing each optical characteristic, the TiO2-NPs 
showed the best performance among electrodes as 
luminance of 44.66 cd/m2. The ZnO-NRs electrode began 
to emit light at the lowest voltage among them, but its 
luminance of 34 cd/m2 were less than the bare TiO2-NPs’s 
luminance of 44.66 cd/m2, as it shows Fig. 8. 

The threshold voltage of initial light emission was 2.0 V 
for ZnO-NRs less than 2.2 V for TiO2-NPs and 3 V for bare 
FTO. In the other hand, the luminance of TiO2-NPs was 
more than the ZnO-NRs at 4 V due to the structure and 
crystallinity of ZnO-NRs layer is on the surface area a 
nanorod arrangement make the electron density flowing 

through it over. The TiO2-NPs was very rough and rounded 
on the area surface, which the electron was easily spread in 
the TiO2-NPs less than the ZnO-NRs [13, 15 -17], as show 
in Fig. 9. 

Fig. 10 shows the intensity distribution of TiO2-NPs, 
ZnO-NRs and bare FTO from ECL cells. The peak values 
of the spectrum were 621 nm at the bare FTO, 622 nm at 
the TiO2-NPs, and 620 nm at the ZnO-NRs, respectively, 
and they all emitted orange-colored light. It is confirmed 
that each electrode did not affect the light emission color of 
the ECL device. 

 
 

4. Conclusion 
 
This paper presents the results of electrode material used 

by TiO2-NPs and ZnO-NRs electrodes in ECL cell device. 
The good light emission performance of ECL cell with the 
nano-electrode materials in this study observed in the case 
of TiO2-NPs. The TiO2-NPs has shown more light emitting 
property than that of ZnO-NRs cell and bare FTO. The 
threshold voltage of initial light emission for ZnO-NRs 
was a little lower than that of TiO2-NPs and bare FTO. The 

 
Fig. 7. The I-V characteristics of ECL cell with TiO2-NPs, 

ZnO-NRs and bare FTO electrodes 
 

 
Fig. 8. The luminance of ECL cell with TiO2-NPs, ZnO-

NRs and bare FTO electrodes 

 
Fig. 9. Behavior of emission charge particles in (a) the 

TiO2-NPs and (b) the ZnO-NR electrodes 

 
Fig. 10. The intensity distribution of ECL cell with TiO2-

NPs, ZnO-NRs and bare FTO electrodes 
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highest output current was 83.7 mA for TiO2-NPs, which is 
higher than that of ZnO-NRs cell and bare FTO. The 
wavelength of 621 nm for peak intensity and response dark 
orange-colored from ECL cell was not influenced by the 
change in electrode material. The ECL cell with TiO2-NPs 
showed good light emission and the intensity of light was 
higher than that of the ZnO-NRs and bare FTO at the same 
operating voltage. It is hard to determine whether TiO2-
NPs are suitable for the ECL device as compared to the 
ZnO-NRs electrode perfectly because the result does not 
reflect a lifespan issue of the ECL device. However, based 
on the experimental result, we can decide the TiO2-NPs are 
more suitable for the ECL device than the ZnO-NRs 
electrode.  
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