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Abstract 

The photocatalytic degradation of Diamond green B, a triarylmethane dye, has been 

investigated in aqueous heterogeneous solutions containing TiO2 nano- particles as 

photocatalysts. The factors effective on the degradation of Diamond green B, such as the 

amount of catalyst, the original concentration of dye, the effect of pH and illumination 

time were investigated under 400 W high pressure mercury lamp at room temperature. The 

disappearance of the organic molecule follows approximately pseudo- first order kinetics 

according to the Langmuir- Hinshelwood model. The photodegradation rate constans, 

adsorption contants and observed rate constants were evaluated in the ranges of (217.40- 

30.30) ×10
- 2

 mg. min
- 1

.L
- 1

, (2.72- 44.70) ×10
- 2

 L. mg
- 1

 and (3.5- 5.70) ×10
- 2

 min
.- 1

 

respectively. 
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Highlights 

 Photolysis of Diamond green B was carried out at various aqueous buffer pHs. 

 Photocatalysis of Diamond green B was done using nano- titanium dioxide. 

 The photodegradation processes obeyed from first order kinetic. 
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Introduction 

Azo dyes constitute an important class 

of synthetic, colored, organic compounds, 

which are characterized by the presence of 

one or more azo bonds (N=N). They 

represent about 50% of the worldwide dye 

production and are widely used in the 

textile industry and are therefore common 

industrial pollutants (1 & 2). Generally, 

presence of aromatics ring, metal ions and 

halides, especially chlorides in dyes 

structure increase their toxicity, 

carcinogenicity, genotoxicity, mutagenic 

and teratogenic property to living beings 

(3). They are produced in large amounts 

and may enter the environment during 

production and manufacturing process. Due 

to the stability of modern dyes, 

conventional biological treatment methods 

for industrial wastewater are ineffective, 

resulting often in an intensively colored 

discharge from the treatment facilities. 

Additionally, they are readily reduced 

under anaerobic conditions to potentially 

hazardous aromatic amines, etc (4 & 5). 

Diamond green B has numerous 

industrial applications (dye used in fish 

farming industry as a fungicide, 

ectoparasiticide, disinfectant and using for 

dyeing of silk, leather, plastics paper and 

others) (6). This type of dyes may be easily 

reduced to their leuco forms, which have 

shown carcinogenic activity by producing 

toxicity to respiratory system and reduced 

fertility in humans (7). 

 For all these reasons, the development 

of new technologies of wastewater 

purification leading to complete destruction 

of the contaminants becomes essential as 

the most suitable solution of the problem 

(8- 12). 

 Recently a number of research groups 

have dealt with the heterogeneous 

photocatalytic decomposition of this class 

of materials in the presence of UV- visible 

light with very encouraging results (13 & 

14). Advanced Oxidation Processes include 

photo catalysis systems such as a 

semiconductor (TiO2, ZnO, Al2O3, WO3, 

etc.) and UV light (15). Among these 

semiconductor TiO2 (with band gap energy 

3.2 eV) and ZnO (with band gap energy 

3.17 eV) were one of the best materials 

because of their suitable band gap energy 

and low cast. The general scheme of the 

photocatalytic destruction of organic 

compounds begins with its excitation by 

suprabandgap photons. When the 

semiconductor is irradiated with ultra violet 

light with photon energy greater or equal to 

the band gap energy of the semiconductor, 

valence band electrons are excited to the 

conduction band leaving a hole behind. 

These electrons and holes are considered 

the main species involved in the 

photodegradation process. Superoxide 

anion radicals O2
•- 

and hydroxyl radicals 

OH
•
 produced by electron hole pairsin in 

the aqueous medium are responsible to 

accelerate the oxidation of pollutants 

(Equation 1 - 3) (16- 18). 

 

TiO2 +hυ → TiO2 (h
+
 + e

- 
)      (1)  

h
+
 + H2O → OH

•
 + H

+
        (2)  

O2 + e 
- 
→ O

•-           
(3)  
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In this research we wish to report 

assisted Diamond green B decolorization 

in non- buffer solutions using TiO2 nano- 

particles in a photocatalytic reactor under 

400W high pressure mercury lamp and the 

influence of various parameters such as the 

effect of pH, irradiation time and catalyst 

dosage under air bubbling through the 

solutions is finally presented. 

 

Material and Method 

Chemicals and Instruments: This study 

was an applied- experimental research 

which was performed in laboratory scale 

in the environmental chemistry laboratory 

of University of Yasouj. The Diamond 

green B, (C.I. Basic Green 4 C.I.) with 

classification Number of 42, 000, chemical 

formula of C52H54N4O12 (M.W. = 927.00) 

λmax of 617 nm was supplied by Sigma–

Aldrich (M) Sdn Bhd, Malaysia and used 

as received. TiO2 nano- particles were 

provided from Sigma- Aldrich. Images of 

SEM and TEM for TiO2 (Fig. 1- 2) 

indicates randomly distributed 

nanoparticles with an average diameter of 

70 nm for TiO2. Other chemical materials 

used in these experiments were purchased 

from Merck Company, Germany. 

Concentration of dye was measured using 

spectrophotometer (UV/ Vis JASCO V- 

570). A photochemical set containing 

400W high pressure mercury lamp was 

applied for photodecolorization 

experiments Diamond green B. Separation 

of photocatalyst from suspension was 

carried out with Sigma 301 centrifuge. pH 

measurements were made using F60 pH- 

meter. 

 
Fig. 1- SEM of nano- titanium dioxid used as 

photocatalyst 

 

 
Fig. 2- TEM of nano- titanium dioxid used as 

photocatalyst 

 

General photo experiment method 

Photocatalytic tests were performed in a 

Pyrex glass with a volume of 30 mL. The 

temperature was almost constant during the 

experiments (23- 25°C). An electrical 

magnetic stirrer with magnetic bar was 

used continuously so that reaction mixture 

can be uniformly. Since in various studies, 

different maximum wavelengths have been 

mentioned for Diamond green B dye, in 

order to determine the maximum 

wavelength of the given dye (λ max), UV/ V 

is spectrophotometer was used, and 
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Diamond green B dye absorption spectrum 

was prepared in the scope of 617nm. The 

reactions were performed using an 

immersion reactor fitted with a high 

pressure 400W mercury lamp. In all cases 

during the experiments, 30 ml of the 

Diamond green B solution containing the 

appropriate amount of the semiconductor 

powder was used. Initial concentrations of 

25 ppm of dye were used for photo 

experiments at pHs of 5, 7 and 9 in non- 

buffer pHs solutions respectively. The 

required pH was adjusted by addition of 

diluted aqueous solution of HCl or NaOH. 

In this research, the amounts of catalyst, the 

original concentration of dye, the effect of 

pH and illumination time were measured. 

 

Diamond green B measurement: The 

decolorization kinetics of Diamond green B 

irradiated solutions were followed using a 

UV- vis spectrophotometer. For each 

irradiation experiment, one sample (30 mL) 

was taken from the reactor and the final 

absorbance value was determined by aid of 

relative calibration curves that are easily 

obtained from drawing of absorbance- 

concentration plots for a series of standard 

non- buffer solutions of dye with above 

pHs at wave length of 617 nm. 

 

Results  

The effect of catalyst dosage: Generally, 

increase in concentration of catalyst 

increases the number of active sites on the 

photocatalyst surface, which in turn 

increases the number of OH radicals. 

Beside, when the catalyst concentration 

increases to higher than the optimum value, 

the degradation rate declines due to the 

interference of light by suspension (19- 22). 

So, choice of catalyst amount is important. 

The photocatalytic decolorization of 

Diamond green B solution in pHs of 5, 7 

and 9 for non- buffer pHs with different 

dosages of nano TiO2 was run for different 

times under high pressure 400W mercury 

lamp irradiation at room temperature. Fig. 3 

shows absorbance as a function of 

irradiation time in the presence of different 

dosages of photocatalyst at all above pHs. 

It is observed that the absorbance is 

decreased with charging of photocatalyst so 

that the optimum dosages of photocatalyst 

are found at pHs of 5, 7 and 9 at 20, 15 and 

15 mg respectively.  

 

 
Fig. 3- The effect of photocatalyst dosage TiO2 on 

the residual absorbance of Diamond green B 

(concentration: 25 ppm) in non- buffer pHs= 5, 7 

and 9 at time= 60, 30 and 45 min. 

 

Absorbance- irradiation time discussion: 

Effect of irradiation time on the removal of 

Diamond green B from aqueous solution by 

TiO2 has been presented in Fig. 4. The 

experiments were carried out at room 

temperature, at 5, 7 and 9 none- pHs and the 
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dye concentration of Diamond green B was 

(25 mg / L). As the irradiation time 

increased, the residual absorbance of 

solution decreased to reach nearly total 

decolorization at non- buffer pHs= 5, 7 and 

9 after 105, 50 and 70 min. Many 

compounds were decomposed entirely 

more than two hours [23], however, 

Diamond green B was decomposed almost 

entirely in less than two hours in this 

system for all pHs, it is suggested the 

catalyst is efficient for the degradation of 

this dye. 

 

 
Fig. 4- The effect of irradiation time on 

photocataytic decolorization of Diamond green B in 

non- buffer solution in present of TiO2 (initial 

concentration: 25ppm)  

 

The effect of pH: pH is one of the most 

important factors to control the removal of 

dye [24]. pH of the dye solution was 

studied with the change in pH. The pH of 

Diamond green B solution was adjusted in 

5, 7 and 9 pHs. Fig. 5 depicts the percentage 

of decolorization of Diamond green B was 

found about 96% decolorization of dye at 

pH=7 in the presence of TiO2 (50 min). It 

can be explained based on the higher 

concentration of hydroxyl radicals in this 

neutral pH with respect to basic and acidic 

pHs [25]. The OH radicals produced have 

been considered to be the major active 

species responsible for the decolorization 

process and result in the enhancement of 

the efficiency of the process (26- 29). 

 

Fig. 5- The effect of non- buffer pHs on % 

photocatalytic decolorization of Diamond green B in 

present of TiO2. 

 

Kinetic investigation: The photocatalytic 

decolorization of the Diamond green B in 

the presence of photocatalyst follows 

apparently pseudo- first order kinetics at 

low initial dye concentration and the rate 

expression is given by Eq. (4)  

 

    
  

 
                 (4)  

 

Where kobs is the apparent first order rate 

constant (30 &31). 

The Diamond green B is adsorbed onto 

TiO2 surfaces. Fig. 6 shows the plots of Ln 

(C0/ Ct) of Diamond green B versus 

irradiation time (where Co is the initial 

concentration of Diamond green B, and C 

is its concentration at any time, t.) in non- 

buffer medias for TiO2 catalyst that is 

found to be linear. According to equation 
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(4), the slopes of plots of Ln (C0/ Ct) of 

Diamond green B versus irradiation time 

are considered as observed rate constants 

(kobs) of photocatalytic process at various 

media. These evaluated rate constants have 

been summarized at Table 1. Among the 

acidic, neutral and basic media, the 

maximum value of kobs for TiO2 is related 

to neutral media for non- buffer solution.  

 

 
Fig 6- The plots of LnC0/ Ct versus irradiation time 

at various non- buffer pHs in present of TiO2. 

 

The reaction mechanism of Diamond 

green B oxidation step has been well 

correlated by Langmuir–Hinshelwood (L–

H) model, wherein the dye molecule is 

initially adsorbed on the catalyst surface 

and is further reacted by the first order 

reaction rate from the available active 

hydroxyl radicals.  

The kinetic model is given as Eq.5. 

 

     
    

      
          (5)  

 

Where kr is the rate constant and the KA 

is equilibrium adsorption constant. 

The rate constant can be estimated by 

plotting data for reaction rate at different 

initial concentration of Diamond green B. 

An equivalent expression for the 

Langmuir–Hinshelwood (L- H) kinetics is 

showen in Eq. 6.  

 
 

 
 

 

      
 

 

  
          (6)  

 

Where R is the reaction rate and C0 is 

the initial concentration (32- 35). 

Kinetic parameters of photodegradation 

of Diamond green B were obtained based 

on Langmuir- Hinshelwood (L- H) from the 

diagram of 1/ R versus 1/ C0 at various non- 

buffer pHs (Fig. 7) the slope and intercept 

of these diagrams are attributed to basic 

data for calculation of KA (absorption 

constants) and kr (photocatalytic 

degradation rate constants).  

The obtained parameters from the 

diagrams of Fig. 7 have been collected in 

Table 1. The maximum of kA is related to 

basic pH. The maximum of kr is related to 

neutral pH. 

 

 
Fig.7 - The plots of 1/ R vs. 1/ C0 at various non- 

buffer pHs= 5, 7 and 9 at time= 15, 15 and 15 min 

(Langmuir- Hinshelwood kinetics model) in present 

of TiO2. 
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Table 1 - Kinetic and thermodynamic parameters in 

photopdegradation of Diamond green B in present of 

nano- titanium dioxide in non- buffer pHS 

Parameter pH=5 pH=7 pH=9 

KA (L. mg- 1)  2.72×10- 2 2.86×10- 2 44.70×10- 2 

kr 

 (mg. min- 1.L- 1)  

217.40×10- 

2 

227.30×10- 

2 
30.30×10- 2 

kobs (min- 1)  3.50×10- 2 5.70×10- 2 3.50×10- 2 

 

Discussion and Conclusion 

In this study, photocatalytic assisted 

decolorization of Diamond green B in the 

presence of nano- titanium dioxide in some 

non- buffer solutions under irradiation by 

400W high pressure mercury lamp has been 

reported. The effects of catalyst amount, 

non- buffer pHs and irradiation time on 

photocatalytic process were investigated. 

Pseudo- first- order rate constants at 

various non- buffer pHs were extracted. At 

the end, Langumuir- Hinshelwood 

parameters including KA (adsorption- 

desorption constant) and kr (decolorization 

rate constant) were evaluated at various 

buffer pHs. 
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