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Abstract: A new fiber optic sensor based on the oxidation of 2,4-dichlorophenol (DCP) catalyzed by 
iron(II) phthalocyanine (Fe(II)Pc) was developed for the determination of DCP. The optical oxygen sensing 
film containing fluorescence indicator Ru(bpy)3Cl2 was used to detect the consumption of oxygen in solution. 
Moreover, a lock-in amplifier was used to determine the lifetime of the sensor head by detecting its phase 
delay change. The results reveal that the sensor has a linear detection range of 1.0×10-6 - 9.0×10-5 mol/L and 
a response time of 5 min. The sensor also has high selectivity, good repeatability and stability. It can be used 
effectively to determine DCP concentration in real samples.
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1  Introduction

Chlorinated phenols are common environmental 
pollutants due to their wide application in the 
production of herbicides, pesticides, preservatives 
and plant growth regulators[1-3]. 2,4-dichlorophenol 
(DCP) is of particular interest because it  is a 
precursor for the synthesis of carcinogenic endocrine, 
2,4-dichlorophenoxyacetic acid, which is the active 
ingredient of more than 1500 herbicides. It had 
been regarded as the toxic organic substance to be 
specially controlled[4]. Therefore, the detection of 
DCP concentration is very important to environmental 
protection and human health. Methods for the 
determination of 2,4-DCP have included the gas 
chromatography[5,6], flow injection analysis[7], HPLC[8], 
photocatalysis[9], electrode[10,11], and electrochemical 

sensor[12,13],  but these methods suffer from the 
disadvantages such as time-consuming, high cost, 
complicated sample preparation and impossibility of 
on-line and real time detection. Fiber optic sensors 
have many advantages including fast response, high 
precision, strong ability to resist disturbance, and 
possibility of on-line and real time detection[14]. Fiber 
optic sensors based on enzyme catalysis provide 
an effective way for DCP detection. However, the 
natural enzymes have the drawbacks such as poor 
stability, very limited source, and difficult extraction 
and purification, which limit their applications. 
Metallophthalocyanines (MPc) are the biomimetic 
enzymes which are stable and cost effective, and could 
be an effective replacement for the nature enzymes.

In our previous work, we studied the oxidation 
of DCP catalyzed by iron (II) phthalocyanine 
(Fe(II)Pc)[15]. The influences of organic solvents, Fe(II)
Pc dosage, solution pH and temperature on the DCP 
oxidation were studied. In this work, we designed 
and fabricated a fiber optic DCP sensor based on the 
oxidation of DCP catalyzed by Fe(II)Pc. The sensor 
properties were studied. The sensor has a detection 
range of 1.0×10-6-9.0×10-5 mol/L and a response time 
of 300 s. The detection results of real samples by using 
this sensor indicate a promising application prospect. 



1318 Vol.30 No.6 WANG Yonghong et al: A Fiber Optic Sensor for Determination of 2,4-dichl...

2  Experimental

2.1  Reagents and apparatus
Fe(II)Pc was synthesized and purified according to 

the Ref.[16]. Fluorescence indicator (Ru(bpy)3Cl2) was 
purchased from Sigma-Aldrich. Cellulose acetate(CA) 
and DCP were purchased from Sinopharm Chemical 
Reagent Co., Ltd. Deionized water was used in all the 
experiments. All the reagents were of analytical grade 
and used without further purification. 

A lock-in amplifier (SR830, Standford Research 
Systems, USA) was used for measuring the phase delay 
of the sensor head.
2.2 Preparation of optical oxygen sensing film

The oxygen sensing membrane was prepared by 
using Ru(bpy)3Cl2 as the fluorescence indicator and 
CA as the matrix according to our previous work[17].  
Briefly, 0.1g cellulose acetate was added into 3.0 
mL acetone and stirred at room temperature for 2 
h. A certain amount of Ru(bpy)3Cl2 water solution 
was added in the mixture and it was stirred at room 
temperature for 6 hours to form an uniform solution. 
The solution was dipped onto a glass culture dish with 
a diameter of 6 cm, making it well-distributed. The 
cellulose acetate membrane embedded with fluorescent 
indicator was obtained after the acetone and water were 
volatilized. 
2.3 Preparation and principle of fiber optic 

sensor
The detecting system consisted of a lock-in 

amplifier, a LED with the excitation wavelength of 416 
nm as the light source, a sensor head with an oxygen 
sensing membrane and a computer for data processing 
(see Fig.1). 

This sensor was based on the fluorescence 
quenching and consumption of oxygen[17]. The oxygen 

concentration change was detected by detecting the 
fluorescence of Ru(bpy)3Cl2 quenched by oxygen. 
Since a novel lock-in amplifier was used, the quenching 
could be described as 

         (1)

where, φ0 and φ are the phase delay of the sensor in 
the absence and presence of oxygen, respectively, and 
Ksv is the Stern-Volmer constant. [Q] is the oxygen 
concentration. By detecting the data of phase delay φ 
the quantification of DCP is achieved
2.4  Measurements

For detecting the DCP concentration, measure-
ments  were performed with  the  setup shown 
schematically in Fig.1. The sensor head was placed 
into a tiny reaction cell which contained DCP buffer 
solution and a certain amount of Fe(II)Pc. An entire 
airtight reaction cell was introduced to eliminate 
the interference of oxygen from the open air. All 
the measurements were carried out at 20 ℃ with 
continuous and constant stirring. The fluorescence 
signal was collected by PIN and guided to the lock-
in amplifier through the output bundle, and then 
transferred to phase-delay which was collected by 
the computer. The following measurement could be 
performed after a simple washing of the sensor head 
and Fe(II)Pc with buffer solution. All the measurements 
were performed in triplicate.

3. Results and discussion

3.1 Preparation and characterization of 
optical oxygen sensing film
The oxidation of DCP in solution catalyzed by 

Fe(II)Pc was a oxygen-consuming process and the 
consumption of oxygen was detected by the optical 
oxygen sensing film on the sensor head. Therefore, 
the properties of optical oxygen sensing film influence 
the sensor properties greatly. For the preparation of 
sensing film, we studied the influence of temperature, 
raw materials ratio and indicator concentration on the 
properties of sensing film. The results showed that 
the uniform sensing film with good repeatability and 
stability could be obtained when 3.5 mL acetone and 
0.100g CA were used at 25 ℃ (indicator concentration 
was 0.8 mg/mL). The SEM of this sensing film is 
shown in Fig.2(b). Compared with the blank film in 
Fig.2(a)(CA film without indicator), the sensing film 
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was more uniform because some pores disappeared 
after the filling of indicator into the pores.

3.2  Dynamic range of the sensor
This sensor was based on the fluorescence 

quenching and consumption of oxygen. The DCP 
concentration detection could be achieved by detecting 
the change of phase delay of the sensor head. In our 
previous work[15], we obtained the optimal conditions 
for the oxidation of DCP catalyzed by Fe(II)Pc: the 
solution pH was 7.0, the Fe(II)Pc amount was 19.9 mg, 
reaction temperature was 20 ℃, and ethanol amount 
was 5 mL (the total volume of system was 50 mL ). In 
this study we used these optimal conditions for the fiber 
optic DCP sensor based on Fe(II)Pc catalysis. Ethanol 
was not added in the system because it could cause 
serious negative effect on the optical oxygen sensing 
film.        

Fig.3 shows the relationship between the change 
of phase delay φ and DCP concentration in the range 
of 1.0×10-6 mol/L - 9.0×10-6 mol/L (The Integrated 
Waste Water Discharge Standard of China for DCP is 
3.68×10-6 mol/L). There was a good linear relationship 
between φ and DCP concentration, which was defined 
by the equation of y=0.188 6+0.067x and R2 = 0.996 4, 
where φ was the difference between the phase delay of 
sensor head with certain DCP concentration and with no 
DCP in the solution. The detection limit was 7.4×10-
7 mol/L (S/N=3). The response time of the sensor was 
5 min because most of the DCP was oxidized in this 
time. There was also a good linear relationship between 
φ and DCP concentration in the range of 1.0×10-5 mol/
L - 9.0×10-5  mol/L (Fig.4), which was defined by the 
equation of y=0.353 0+0.090x and R2=0.9950. 
3.3 Reversibility and long-term stability of 

the sensor
Reversibility is an important characteristic 

of the sensor, which was assessed by exposing the 
sensor to five cycles of buffer, 5.0×10-5 mol/L DCP 
solution, respectively. The results are shown in Fig.5. 
It has a highly reproducible and reversible response 
to DCP solution with RSD=4.1%, indicating the good 
reversibility of the sensor.

The long-term stability of the sensor was studied, 
which included the stability of biomimetic enzyme and 
optical oxygen sensing film. Fe(II)Pc has very good 
stability and could be kept at room temperature for 12 
months with no change of catalysis property. With the 
catalysis of Fe(II)Pc, the oxygen sensing film was used 
to detect the DCP solution with a DCP concentration of 
5.0×10-5 mol/L.

Then the oxygen sensing film was immersed 
in water for 2 days and the same detection was 
performed. It was found that φ was reduced by 3.4% 
after the immersion. When the oxygen sensing film 
was immersed in water for 7 days, φ was reduced by 
8.9%. The indicator leakage would be the reason for 
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the decrease of φ. Since the response time of the sensor 
was 5 min, the sensing film would be immersed in 
water for a short time for one detection. Therefore, this 
sensor has good long-term stability.
3.4  Sensor selectivity against interference

The selectivity of this sensor was evaluated by the 
interference rates:

Interference rate (%) = (interference value/
actual concentration of DCP) × 100%           (2)

Interference value = detecting concentration
 of sample with interferents-actual 

DCP concentration                         (3)

The actual DCP concentration was 5.0×10-5 mol/
L and the concentration of interferents was 5.0×10-3 
mol/L. The results are summarized in Table 1. We can 
see that all the interferents did not cause significant 
interference on the response of this sensor, showing a 
good selectivity for this sensor. 

3.5  Practical application

The fiber optic DCP sensor based on Fe(II)Pc 
catalysis was used to determine the DCP concentration 
in samples from water of Yangtse River and East 
Lake in Wuhan, China. The results are shown in Table 
2. It can be seen that the recovery was satisfactory, 
indicating a promising application prospect for this 
sensor. 

4  Conclusions

A fiber optic DCP sensor based on DCP oxidation 

catalyzed by Fe(II)Pc was successfully developed 
for the detection of DCP concentration. This sensor 
has a detection range of  1.0×10-6 - 9.0×10-5 mol/
L and a response time of 5 min. Since the Integrated 
Waste Water Discharge Standard of China for DCP is 
3.68×10-6 mol/L, the proposed sensor can meet the 
need of practical application. This sensor is easily 
prepared and has a long lifetime. It also has short 
response time, good repeatability, selectivity and 
stability. The detection results of DCP concentration in 
practical samples demonstrate a promising application 
prospect.
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