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ABSTRACT 
 
Kinetic behavior of ammonia decomposition at titanium dioxide nanotube photosensitive anode was 
studied. Ammonia was dissolved into water to form solutions with difference concentrations. The 
ammonia concentration ranges from 0.025 wt% to 10 wt%. Time-dependent open-circuit potential 
was measured to examine the photochemical response of the cell. The ammonia decomposition 
behavior was confirmed by measuring the decrease in pH values of the solutions. In addition, the 
kinetic behavior of ammonia decomposition was characterized under the actions of both ultra violet 
light irradiation and polarization. The current density values at the titanium dioxide nanotube anode 
during anodic polarization and UV light irradiation tests were used to compare the ammonia 
decomposition rates associated with photon excitation and polarization. The double–layer 
capacitance was estimated as high as 35 F/m2 indicating the excellent charge storing capability of 
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the nanotube photosensitive anode. The effect of ammonia concentration on the open-circuit 
potential was also observed. In the lower ammonia concentration range, the change in the open 
circuit potential increase with the increasing in the ammonia concentration. Interestingly, in the 
higher concentration range from 2.5 wt% to 10 wt%, the change in the open circuit potential reveals 
a reversed trend. 

 
 
Keywords: Nanostructures; oxides; electrochemical techniques; surface properties. 
 

1. INTRODUCTION 
 
Ammonia released from fertilizers and animal 
waste in agriculture land is considered as a 
hazardous material. In addition to originating 
from the agriculture, ammonia and ammonium 
compounds as explosive substances could come 
from the extensive mining and construction 
activities. Ammonia and ammonium compounds 
dissolved in water are harmful for many species 
such as fish. As nitrogen-containing pollutants, 
they are nutrients promoting algae growth in 
natural water. Thus, there is a need to 
decompose the ammonia and ammonium 
substances in environment. Cleaning wastewater 
via photochemical reactions attracts significant 
research interest. Nanostructured biophotofuel 
cell systems have been considered for both 
energy generation and environment cleaning [1]. 
The main research focus is on designing novel 
biophotofuel cells consisting of a nanoporous 
material as the photosensitive anode at which 
biomass decomposition occurred. Besides the 
photosensitive anode, a low-hydrogen 
overpotential metal Pt, or Ru is used as the 
cathode for hydrogen generation [2]. The 
uniqueness of the system lies in the multiple 
functions of the cell. It can generate electricity 
and produce hydrogen from bio-hazardous 
substances under sunshine [3]. Meanwhile, 
noxious gases such as ammonia released from 
biowaste may be decomposed at the 
photosensitive anode and pure water can                       
be generated for reuse in the cathode                           
region [4,5]. In order to prepare such key 
components in the system which allows the 
electron-hole pair separation under irradiation, 
and decomposes biomass, semiconducting 
substances such as pure and doped-TiO2 
nanotubes were made into photosensitive 
electrode with regularly aligned nanopores [6]. 
Due to the nanoporous array structure of                      
the newly developed electrode, high surface 
areas can be obtained. However, the 
photochemical fuel cells have to be tested and 
validated in view of electricity and hydrogen 
generation from biomass under solar rays, 

noxious gas decomposition, and clean water 
regeneration.  

 
Various approaches are introduced for ammonia 
decomposition or denitrification including pure 
metal chemical catalysis approach, 
electrochemical approach, photochemical and 
photo-electrochemical method. In metal catalyst 
approach, an active catalyst is set on a support. 
A decomposition promoter may also be used. As 
reported in [7] on generation of hydrogen from 
ammonia decomposition using fuel cells, Ru is 
considered as the most active catalyst. While 
carbon nanotubes (CNTs) have been found as 
the most effective support. KOH is taken as the 
best promoter. Early work shows that the active 
metallic components including Ru, Rh, Pt, Pd, Ni, 
Fe and various support materials such as carbon 
nanotubes, active carbon, alumina, magnesium 
oxide, zirconia, titanium oxide affect the catalytic 
decomposition of ammonia for hydrogen 
generation [8]. High voltage assisted metal 
catalysis approach using an AC charge reactor 
for decomposing ammonia was also proposed 
[9]. Nickel, stainless steel (SS) and copper 
tubular electrodes were used. It was found that 
the high-voltage electrodes showed higher 
activity than the ground electrodes. 

 
In the photo-electrochemical approach, oxide 
catalysts are considered as the active 
components for ammonia decomposition. For 
example, RuO2 and IrO2 as the active 
components were tested under different 
electrochemical and photochemical catalysis 
conditions [10]. It confirmed that the 
photochemical process showed higher ammonia 
degradation rate than the electrochemical 
approach. Due to the action of the ultraviolet 
light, the average current efficiencies of ammonia 
decomposition were increased by 1.5 and 1.7 
times respectively for RuO2 and IrO2. Oxides 
may be in self-support form or supported by 
other materials including carbon nanotubes as 
shown in both [11] and [12]. In addition to RuO2 
and IrO2, other oxides such as CuO, CoO, NiO, 
TiO2, V2O5, MoO3 are also used as the active 
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photo-catalysts [13]. In [14], TiO2, was taken as 
the major component, while NiO, V2O5, MoO3 
were added into TiO2 to enhance the photo-
catalysis activities. TiO2 loaded with various 
metals including noble and transition ones [15-
17], metal and nonmetal mixtures [18], metal and 
oxide mixtures [19,20] have extensively been 
studied for increasing the light absorbing 
capability. The absorption band for TiO2 can be 
extended from UV range to visible light range                   
by incorporating metals, nonmetals or ceramics 
[21]. 
 
The photocatalytic property of well-aligned TiO2, 
nanotube arrays attracts interest for ammonium 
decomposition as shown in [22]. The reasons for 
using titanium dioxide nanotubes are multifold. 
They can vertically grow on the Ti metal sheet to 
form the array structure [23]. The nanotubes can 
be doped to become conductive and have stable 
adhesion to the metal substrate [24]. They have 
large specific surface area for incident light 
harvesting and for surface catalytic reaction and 
the effectiveness for the treatment of biomass 
and various organic pollutants including nitro-
aromatic explosive has been demonstrated 
[25,26]. Compared with other forms of 
photochemical catalysts, the nanotube catalyst 
has some advantages. For example, titanium 
oxide nanoparticle catalyst tends to from 
aggregates, leading to degradation of catalysis. 
While titanium oxide film catalyst has much less 
surface area than the nanotube one, resulting in 
low photochemical catalytic efficiency.   
 
In this work, titanium dioxide nanotubes (TiO2 
NTs) were prepared through electrochemical 
oxidation of pure Ti sheet in an ammonium 
fluoride and ethylene glycol-containing solution. 
Scanning electron microscopy was used to 
analyze the morphology of the nanotubes. The 
average diameter, wall thickness and length of 
the as-prepared TiO2 NTs were determined. 
Photosensitivity of the anode made from the 
highly ordered TiO2 NTs with good photo-
catalytic property was shown by ammonia 
decomposition tests under ultraviolet (UV) 
radiation. To understand the ammonia 
decomposition kinetics, the pH values of the 
solution before and after UV light irradiation were 
measured. The photo-electrochemical response 
of the anode was also tested to examine the 
ammonia decomposition behavior under the 
actions of both ultraviolet light irradiation and 
anodic polarization. The current density at the 
titanium dioxide nanotube anode during the tests 

was used to calculate the double-layer 
capacitance. 

 
2. MATERIALS AND EXPERIMENTAL 

PROCEDURES 
 
Titanium (Ti) sheet with a thickness of 0.1 mm 
was used for making the TiO2 nantotube (NT) 
array. Ammonia, ammonium fluoride, and 
ethylene glycol were purchased from Sigma-
Aldrich. A solution containing NH4F, ethylene 
glycol and water was prepared for growing 
nanotubes. The DC power supply system for 
nanotube processing consists of a model 
01PHSY 5003 DC unit being connected with an 
ampere meter in series. Scanning electron 
microscopy (SEM) was used for morphology 
observation. A UVL-21 (365 nm, 4 W, 0.16 A) 
was used to generate UV light. The ammonia 
decomposition was monitored by measuring                   
the pH value and open circuit potential of the     
cell. 

 
A two-electrode cell was used for 
electrochemical oxidization of Ti to form TiO2 
nanotubes at the room temperature of 25°C. The 
anode was a Ti sheet, and the cathode was a 
platinum wire. The distance between the two 
electrodes was 20 mm. The most important 
processing parameter, operation voltage, was 
50.0 V and the electrochemical oxidization time 
was 2 h. The other related processing parameter, 
the current density changes with the 
electrochemical oxidation time. We set the 
processing parameter, the operation voltage as 
50 V because the requirement of the nanotube 
diameter. It was found that the higher the voltage 
used, the thicker the nanotubes [21,23]. By 
optimization, we found that the voltage level of 
50 V could control the diameter range of the 
nanotubes from 100 nm to 200 nm, which 
provides best photocatalytic property. After the 
electrochemical oxidization, the nanotube sample 
was rinsed in water and air dried. The surface of 
the anode was completely covered by TiO2 
nanotube arrays as revealed by the electron 
microscopic analysis. After the TiO2 NTs were 
prepared, high temperature annealing at 450°C 
for 2 h was conducted to crystallize the TiO2. The 
specimen was cooled down slowly, and it was 
used to make the photosensitive anode for the 
cell. Solutions containing different concentration 
of ammonia were made for photochemical 
decomposition tests using the nanostructured 
anode. 
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3. RESULTS AND DISCUSSION 

 
3.1 TiO2 Nanotube Array Preparation and 

the Configuration of Photoelectro-
chemical Cell 

 
Fig. 1 shows the schematic of the cell for TiO2 
nanotube array processing, the surface 
morphology of the anode with the processed 
TiO2 nanotube array and the chemical 
composition of the nanotubes. Fig. 1(a) illustrates 
the configuration of the two-electrode cell in the 
one-compartment form. The anode is the TiO2 
nanotube arrays on Ti. The cathode is Pt. The 
main reaction at the cathode is hydrogen 
generation. Reactions at the anode and in the 
solution cause the formation of the nanotubes. 
Fig. 1(b) is an SEM image showing the open end 
of the nanotubes. The outer diameter of the TiO2 
nanotubes is about 120 nm. The wall thickness is 
around 20 nm. Elemental analysis shows that 
there are four elements, Ti, O, F and Al. The 
major elements are Ti and O. The minor ones 

are Al and F. F comes from the residue of the 
fluorine ion based solution and Al is considered 
as the purity in the Ti sheet. The atomic ration of 
Ti to O is 33.67:63.65 (shown in the inset of Fig. 
1c), which is approximately equal to 1:2. This 
indicates that the stoichiometric compound TiO2 
is the major chemical composition of the titanium 
oxide nanotube. In Fig. 2, the configuration of the 
three-electrode cell in the one-compartment form 
is demonstrated. The anode consists of the TiO2 
nanotube array on the Ti substrate. The cathode 
is a Pt wire. The reference electrode is Ag/AgCl 
soaked in 3 M KCl solution. The main reaction at 
the anode causes the decomposition of ammonia 
is monitored by the pH meter. By frequent 
measuring the decreasing in the pH value, the 
drop in alkalinity, which is associated with the 
decrease of ammonia concentration in the 
solution can be confirmed. The electron 
generation at the anode is reflected by the 
electricity generated in the external circuit of the 
cell. This was measured by a CHI 440C 
Electrochemical Analyzer as shown in the top 
part of Fig. 2.  

 

 
 

Fig. 1. Schematic of titanium dioxide nanotube processing and microstructure observation:  
(a) illustration of the electrochemical oxidization cell, (b) scanning electron microscopic image 
showing the top view of the titanium dioxide nanotubes, and (c) composition analysis results 

from the energy dispersive X-ray diffraction experiment 
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Fig. 2. Test facility set-up for the ammonia 
decomposition at the TiO2 photosensitive 

anode 

 
3.2 Photosensitivity of the Nanotube 
 
The solutions containing different concentrations 
of ammonia were inducted into the one-
compartment photochemical cell. UV radiation 
was generated by the light source. In general, 
only the anode is necessary to be kept under the 
irradiation. It is observed that there is a voltage 
across the two electrodes of the cell. The open 
circuit potential was measured as a function of 
time using the CHI 440C Electrochemical 
Analyzer. Also recoded are the dynamic 
response data when the UV light ON and OFF 
were switched.  

 
Fig. 3(a), (b) and (c) show the open circuit 
potential (E) v.s. time (t) curves obtained from 
the tests on the solutions containing 0.5 wt%, 
0.25 wt% and 0.025 wt% ammonia, respectively. 
Fig. 3(a), (b) and (c) show that when the UV light 
is ON, the voltage at the photosensitive anode 
drops. When the UV light is OFF, the voltage 
goes up. This is because the main photosensitive 
reaction at the anode, which is expressed as:  

 
2TiO2 + hν (UV light) → TiO2 (h

+) + TiO2 (e
-) (1)       

    
where h+ and e- stand for hole and electron, 
respectively. The electrons accumulate at the 

anode. Due to the nature of negative charge of 
the electrons, the potential of the nanotube 
anode drops when the UV light is ON. While the 
UV light is OFF, the dissipation of the electrons 
through the external circuit allows the potential to 
come back to the equilibrium.  
 
In the solution, ammonia decomposes through 
the combination with the holes. The possible 
reaction mechanism is that the ammonia reacted 
with hydroxide ion while combined with the holes 
to generate nitrogen gas and water as shown in 
Equation (2). 
 

2NH3 + 6OH- + 6h+→ N2 ↑ + 6H2O           (2)
      

In order to confirm the above reaction 
mechanism, measuring the pH value of the 
solution in the anode region before the UV 
irradiation and after the irradiation was 
conducted. The total irradiation time is 30 min. 
Fig. 4 shows the results from the solutions with 
two different concentration of ammonia. It is 
evident that immediately after the UV irradiation, 
the pH value dropped. For the solution contains 
0.025 wt% of ammonia, the pH value was about 
9.89. After the photochemical reaction under UV 
irradiation, the pH value decreased to 8.59. 
Similarly, for the solution with ammonia 
concentration of 0.05 wt%, the initial pH value 
was 9.92 before the UV irradiation. After the 
irradiation, its pH value dropped into 8.49. The 
decreasing in the alkalinity of the solution directly 
proves the ammonia decomposition through the 
consumption of the hydroxide ion.  
 
However, the decreasing in the alkalinity of the 
solution can be suppressed by the cathode 
reaction. This is the explanation that the pH 
values of the solutions would not go to the acidic 
range even if the irradiation time is even longer. 
At the cathode, the oxygen absorption as 
expressed in [27,28] (Equation (3)) should be the 
main reaction. This reaction generates hydroxyl 
ion and prevents the pH value of the solution 
from dropping to the acidic range. 
 

2H2O + O2+ 4e
-
 → 4OH

-
           (3)

   
Generally, a photochemical anode may be 
sensitive to the atmosphere. However, in                  
this study we are testing the anode by putting it 
in the low concentration ammonia solutions.                   
The influence of the atmosphere should be 
minimum. 
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Fig. 3. UV response of the photochemical cell with different ammonia concentrations: (a) 0.5 
wt% ammonia, (b) 0.25 wt% ammonia, and (c) 0.025 wt% ammonia 

 

3.3 Kinetics of the Photochemical 
Reaction   

 
Time-dependent open circuit potential of the 
nanotube anode was measured. This 
measurement is similar to the 
chronopotentiometry except for the current is 
zero. The time-dependent open circuit potential 
data were used for analyzing the kinetics of the 
photochemical reaction. By examining the 
experimental data, it is found that the kinetics of 
the photon energy response can be divided into 
two separated stages, the charging stage and 
the discharging one. Representative data 
obtained from the decomposition of ammonia are 
plotted and shown in Fig. 5. Fig. 5(a) reveals the 
charging behavior. When the UV light is ON, the 
voltage at the photosensitive anode drops due to 
electron generation and accumulation at the 
photosensitive anode. When the UV light is ON 
(i.e. in the charging cycle), the change in the 
anode potential, E1, is a function of irradiation 
time, t. Here we assume that t takes the value 
greater than 1 second because the test time is 
significantly longer than seconds. Since the 
photocatalytic reaction is heterogeneous and the 
electron hole pair generation and recombination 
are fast processes, the Nernst potential should 
follow the modified Karaoglanoff’s equation 
[29,30] 
 

�� = �� +
��

��
ln �

√��√�

√�
�        (4a) 

   

where τ is the transition time, which is constant 
associated with the charging cycle; Eo is the 
equilibrium potential, which is about -0.09 V in 
the charge cycle; R is the gas constant; T is the 
absolute temperature; F is the Faraday’s 
constant and n is the number of electron in the 
photoelectrochemical reaction. Generally, τ takes 
much higher values than the variable t. So the 
approximation of the above equation (4a) 
generates 
 

�� = �� +
��

���
ln (�) −

��

���
ln (t)        (4b)

    

When the UV light is OFF (i.e. in the discharging 
cycle), the recovery of the potential is expected 
as initially shown by the three subplots in Fig. 3. 
But the discharge cycles shown in Fig. 3 only 
provide the information that the potential 
difference is decreasing with the UV light OFF. It 
is necessary to examine the behavior in more 
detail so that the discharging kinetics can be 
seen in a quantitative way. The UV light OFF 
causes the voltage going up with time t, which 
can be highlighted by Fig. 5 (b). The time 
dependent response of the photochemical cell to 
the UV light can be analyzed as in the stage of 
charging. However, the function is slightly 
different as the starting point is E1 (the immediate 
potential before the UV light OFF, which takes a 
negative value) instead of E0. Therefore, the 
change in the potential as shown in Fig. 5(b) is a 
function of the recovery or relaxation time, t, 
which is in the form as follows: 
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�� = �� + � ln(��)                                   (5) 
       

where A is constant related to temperature, gas 
constant, the number of electron in the reaction; 
B is a constant associated with the relaxation 
time in the discharging or recovery cycle. The 
unit of constant A is volt, and its value can be 
determined through the data fitting using Fig. 
5(b), which is equal to 0.08829 V. As for the unit 
of constant B, it is dimensionless. The value of B 
can be determined from the data presented in 
Fig. 5(b) as 0.04138.    
 

3.4 Effect of Ammonia Concentration on 
the Photosensitivity 

 
The ammonia concentration effect on the 
photosensitivity can be seen from the drop of the 
open circuit potential when the UV light is ON or 
the recovery of the open circuit potential after the 
UV light is OFF. For example, in the 0.5% in 
weight of ammonia solution, the open circuit 
voltage change (ΔE) is about 0.255 V. The 
0.25% solution shows the maximum ΔE of 0.24 
V. The 0.025% solution shows the least change 
among the three solutions in the open circuit 
potential of only 0.17 V. 
 
In order to examine the concentration effect in a 
wider range, we tested more ammonia solutions. 
Especially, the ammonia solution with higher 
concentrations were examined. The highest 
concentration is 10 wt%. The test results are 
listed in Table 1. In the lower ammonia 
concentration range, the change in the open 
circuit potential increases with the increasing in 
the ammonia concentration. Interestingly, in the 

higher concentration range from 2.5 wt% to 10 
wt%, the change in the open circuit potential 
reveals a reversed trend. The possible reason is 
that in the lower ammonia concentration range 
from 0.025 wt% to 1.25 wt%, the photochemical 
reaction is a mass transfer controlled process. 
The concentration limited or diffusion limited 
mechanism constrained the reaction rate. With 
the increasing of the concentration of the 
ammonia solution, the available ammonia at the 
photosensitive anode was increased. The 
electron ejection got more intensive at the anode 
surface under the photon excitation when it was 
placed in a higher concentration solution. 
Therefore the potential of the anode became 
more negative in the solution with higher 
ammonia concentration. 

 
On the contrary, in the higher ammonia 
concentration range from 2.5 wt% to 10 wt%, the 
reaction as given by Equation (2) associated with 
the decomposition of ammonia was faster than in 
the lower concentration solutions (0.025 wt% to 
1.25 wt% ammonia). 

 
In order to replenish the OH

-
 for sustaining the 

ammonia decomposition, the reduction at the 
cathode as expressed by Equation (3) was 
accelerated. The consumption of the electron 
through the above reaction in the cathode region 
facilitated the electricity generation and allowed 
the electrons to move away from the 
photosensitive anode through the external circuit. 
That is why the change in the open circuit 
potential at the anode (ΔE) was decreased with 
the increasing of the ammonia concentration (in 
the range from 2.5 wt% to 10 wt%). 

 

 
 

Fig. 4. Comparison of pH values before and after 30 min UV irradiation for two solutions. 
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Fig. 5. Time-dependent behavior of the photochemical cell in different phases: (a) UV 
irradiation, and (b) recovery without UV light 

 
Table 1. Results showing the pH value changes after UV irradiation for 30 min 

 

Sample number Concentration of ammonia 
in w.t.% 

pH value OCP Change, ΔE (V) 

1 10.0 13.10 0.21 

2 7.5 12.98 0.22 

3 5.0 12.85 0.27 

4 2.5 12.25 0.28 

5 1.25 11 0.31 

6 1.0 10.63 0.30 

7 0.625 10.54 0.26 

8 0.5 10.51 0.255 

9 0.25 10.40 0.24 

10 0.1 10.05 0.21 

11 0.05 9.92 0.19 
12 0.025 9.89 0.17 

 

3.5 Photo-electrochemical Response   
 
It is interesting to examine the photo-electro-
chemical properties of the nanotube anode by 
imposing bias voltage and exciting with photon 
energy. Time-dependent electrochemical 
reaction current at the nanotube anode was 
measured under the actions of both bias 
potential and UV irradiation using the CHI 440C 
Electrochemical Workstation. The scan rate is 
0.01 V/s. The cell consisting of three electrodes, 
TiO2 nanotube work electrode, Pt counter, and 
Ag/AgCl reference. The concentration of 
ammonia is 10 wt% in the cell. The results are 
shown in Fig. 6. When the bias potential was 
increased from 0.0 V (vs Ag/AgCl reference 
electrode) to 0.25 V, the current density 
increased monotonically. It is noted that the 

current density was calculated based on the 
initially surface area of the titanium sheet before 
the electrochemical oxidization for nanotube 
processing.  

 
It can be seen form Fig. 6 that for the case 
without photon energy excitation, the current 
density changed from 0.15 A/m2 to 0.35 A/m2. 
With the UV irradiation, the photo-
electrochemical current changed from 0.5 A/m2 
to 0.7 A/m

2
. The difference in the current 

densities for the two cases, which is about 0.35 
A/m2 reflects the contribution by the photon 
energy. The higher this value is, the faster the 
photochemical reaction is. This current density 
value may also be used to determine the double-
layer capacitance Cd during the photochemical 
reaction as shown below.  
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Fig. 6. Current density vs bias potential indicating the photo-electrochemical response of the 
cell. The concentration of ammonia is 10 wt% in the cell 

 
The charge stored in the double-layer, Q, can be 
expressed as [29]:  
 

� = ����                         (6)
       

where A is the nominal surface area of the 
photosensitive electrode and E the bias potential. 
The current at the anode, Ia, is:  
 

�� =
��

��
= ���(

��

��
)                        (7)

       

where  
��

��
 is the potential scan rate, which is 0.01 

V/s in this study. 
 

From Equation (7), the current density, ia, and 
the double-layer capacitance, Cd, are correlated 
by the following equation. 
 

�� =
��

�
= ��(

��

��
)                      (8a) 

 
Rearranging Equation (8a), the double-layer 
capacitance, Cd, is given as: 
 

�� = ��/(
��

��
)                      (8b) 

 

Substituting ia = 0.35 A/m2 and 
��

��
= 0.01 V/s into 

the Equation (8b), we found that Cd =35 F/m2. 
 
The value of the double-layer capacitance 
reflects the capability of storing electrical energy 
in the Helmholtz layer [30]. Typically, the 
magnitude of the double-layer capacitance is in 

the order of 0.1 to 1.0 F/m
2
 [31]. From the above 

calculation, the double layer of the titanium 
dioxide nanotube anode/ammonia electrolyte has 
a much higher capacitance. It is more than 35 
times higher than the ordinary electrochemical 
system. Therefore, the charge storing capability 
of the nanotube photosensitive anode is much 
higher than that of other systems.  

 
4. CONCLUSIONS 
 
The design, fabrication and characterization of 
the nanostructured photochemical cell for 
ammonia decomposition lead to the following 
conclusions. The titanium dioxide nanotubes 
(TiO2 NTs) prepared via electrochemical 
oxidization of pure Ti in the ammonium fluoride 
and ethylene glycol-containing solution show UV 
light sensitivity. It is demonstrated by the fact that 
the open-circuit potential of the cell decreases 
under UV irradiation. Scanning electron 
microscopic analysis reveals that the nanotubes 
have an average diameter of 120 nm, wall 
thickness of 20 nm. Composition analysis shows 
that Ti, O, Al and F are the major elements of the 
nanotube. 

 
The photochemical cell with the titanium dioxide 
nanotube array photosensitive anode has been 
successfully used for decomposing the 
environmentally hazardous material: ammonia. 
The ammonia decomposition was confirmed by 
measuring the decrease in pH values of the 
solutions. The kinetic behavior of ammonia 
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decomposition was characterized under the 
actions of both ultra violet light irradiation and 
polarization. The current density values at the 
titanium dioxide nanotube anode during anodic 
polarization and UV light irradiation tests were 
used to compare the ammonia decomposition 
rates associated with photon excitation and 
polarization. The double–layer capacitance is as 
high as 35 F/m

2
 indicating the excellent charge 

storing capability of the nanotube photosensitive 
anode. 
 
The effect of ammonia concentration on the 
open-circuit potential is studied. In the lower 
ammonia concentration range, the change in the 
open circuit potential increases with the 
increasing in the ammonia concentration. In the 
higher concentration range from 2.5 wt% to 10 
wt%, the change in the open circuit potential 
shows a reversed trend. This is because in the 
lower ammonia concentration range (from 0.025 
wt% to 1.25 wt%), the photochemical reaction is 
a mass transfer controlled process. The 
concentration limited mechanism restrained the 
reaction rate. With the increasing of the 
concentration of the ammonia, the available 
ammonia at the photosensitive anode is 
increased. The electron ejection becomes more 
intensive at the anode surface under the photon 
excitation when it is inserted into a higher 
concentration solution. Therefore the potential of 
the anode becomes more negative in the solution 
with higher ammonia concentration. On the 
contrary, in the higher ammonia concentration 
range from 2.5 wt% to 10 wt%, the 
decomposition of ammonia is much faster than in 
the lower concentration solutions (0.025 wt% to 
1.25 wt% ammonia). In order to replenish the 
OH- for sustaining the ammonia decomposition, 
the reduction at the cathode is accelerated. The 
consumption of the electron through the 
reduction reaction in the cathode region 
facilitates the electricity generation and allows 
the electrons to move away from the 
photosensitive anode through the external circuit. 
Therefore, the change in the open circuit 
potential at the anode decreases with the 
increasing of the ammonia concentration (in the 
range from 2.5 wt% to 10 wt%). 
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