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ABSTRACT: 
The kinetic of photo catalytic degradation of Congo red dye using semiconductor in aqueous solution of ZnO has been studied. All 
photochemical experiments have been carried out in quartz photo cell 25ml capacity and the solvent used for all experiment was 
distilled water (D. W). The influence of temperature has been investigated as well. Spectrophotometric method was utilized for 
this work. Degradation kinetic has been done for absorption peak of Congo red at 497 nm and 344 nm. Different method was 
applied for this purpose, and the results show that the degradation of Congo red was first order at 497nm and zero order at 344 nm. 
The degradation of CR dye were increased by increasing temperature from 20 oC to 40 oC and then degreased at 50 oC and this is 
due to desorption that occur at the semiconductor surface while; in case of 10 oC the rate constant was higher than 20 oC. However, 
when changing the concentration the rate constant dose not changed regularly, this perhaps due to the fact that it does not follow 
the same order throughout the degradation process, and it does not obey Arrhenius law of activation energy. 

KEYWORDS: Photo-catalytic degradation, kinetic of degradation, congo-red, activation energy

1. INTRODUCTION 

Congo Red is the sodium salt of benzidinediazo-bis-1-
naphthylamine-4-sulfonic acid; a diazo dye that is red in 
alkaline solution and blue in acid solution and used especially 
as an indicator and as a biological stain. 
Congo Red is an indicator dye that is blue-violet at pH 3.0 
and red at pH 5.0. It contains a 3,3'-(biphenyl-4,4'-
diyldidiazene-2,1-diyl)bis(4-aminonaphthalene-1-
sulfonate). It derives from a 3,3'-(biphenyl-4,4'-diyld-
idiazene-2,1-diyl)bis(4-aminonaphthalene-1-sulfonic 
acid)[1]. Local water and water supplies are not pure in the 
sense they are deficient of most dissolved chemical 
compounds such as distilled or de ionized water, but they are 
polluted with a huge range of trace contaminant (element & 
compound)[2-4]. Water is a universal solvent used by 
chemist’s, due to it is dissolvability of most material comes 
with it, from solid, liquid & gas state, so as rain falls through 
the atmosphere, rain water flow over the surface and through 
the earth; according to this mechanism it dissolve material 
during it is passed from the clouds, in addition; chemicals 
used by agricultural or industrial purposes [5]. 
Chemist’s play an important role in discovering new method 
to solve environmental problems what is needed is an 
effective method for treating a toxic material. Irradiated 
semiconductors like (TiO2, ZnO, CdS ...etc.) effectively 
degrade all functional group for toxic compound, this process 
are called advanced oxidation processes (AOP’s)[6]. AOP’s 
generally involves generation of a non-selective and transient 
oxidizing species like hydroxyl radicals (HO.), (HO2

.), (O2
.-) 

the most powerful oxidizing species is hydroxyl radical (HO.) 
because hydroxyl radical shows the highest thermodynamic 
oxidation potential which is may be why hydroxyl radical 
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based oxidation process have gained attention of many advanced 
oxidation processes technology development [7]. 
Most of the functional group of organic molecules is transparent 
in electromagnetic spectrum named by ultraviolet (UV.)- Visible 
(vis.) region at a wave length between 190-800 nm, However; 
sometimes we can obtain a useful data information from this 
regions of the spectrum [8] ultraviolet (UV.)- Visible (vis.) 
absorption molecular spectroscopy measurement are widely used 
for qualitative and quantitative applications of organic and 
inorganic ions and molecules,[9] hence; UV.-vis. Spectroscopy 
is a powerful method for quantitative analysis which is used in 
chemical research, mathematically; beer’s law are used for the 
determination of intensity ratio according to the relation (A=abc) 
where (A) is absorbance (a) is molar extinction coefficient, (b) is 
a path length and (c) is concentration [9]analysis by 
spectrophotometric kinetic method are differ from the 
equilibrium or stoichiometric methods, methods of kinetic are 
made under dynamic conditions in which the change in 
concentration of both reactant and product depend on the time 
[10]. 
Advanced oxidation process (AOPs) including Photo 
degradation is subject of this research. AOPs use metal oxides as 
semiconductors or organic dye as sensitizers with ultra violet or 
visible light to treat water sample [11]. The photocatalytic 
degradation of two commercial azo dyes Congo red (CR) and 
Benzopurpurine 4B (BP4B) in aqueous solution was investigated 
under UV-A light at different operating conditions, including 
irradiation time, pH solution, initial dye concentration, amount of 
catalyst, light intensity as well as band gap of other 
semiconductor groups by UV-spectrophotometric monitoring. 
The highest decomposition were obtained at pH 8 as a result of 
95.02 and 97.24 % degradation efficiencies of CR and BP4B for 
60 and 80min of irradiation time respectively. 
Photodecomposition reactions of both dyes were correlated with 
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pseudo-first-order kinetic model. For BP4B, the degradation 
data were satisfactory described by Langmuir–Hinshelwood 
(L-H) mechanism, whereas those of CR were not sufficient 
to conclude that the L-H mechanism is the most suitable one 
to describe the photo-catalytic process of CR. These findings 
can support the design of remediation processes and also 
assist in predict their fate in the environment [12]. 
   

2- DETAILS EXPERIMENTAL 

2.1 Material  

- Congo red C. R dye was supplied from ROTH, Germany.   
- Zinc oxide supplied by BHD chemicals Ltd. Pool England. 
- Distilled water. 
Table (1) show Congo red properties 
 
Table 1. Chemical and physical properties of Congo red.  

IUPAC.name. disodium 4-amino-3-[4-[4-(1-amino-4-
sulfonato-naphthalen-2-
yl)diazenylphenyl]phenyl]diazenyl-
naphthalene-1-sulfonate. 

Formula C32H22N6Na2O6S2 
Molecular 
weight 

696.66.g/mol.  

Solubility in 
water  

Soluble in water, yielding a red colloidal 
solution 1.16*10+5 mg/l at 25 °C 

Solubility in 
ethanol 

Soluble in ethanol 

Solubility in 
acetone  

very slightly soluble 

Solubility in 
ether 

Insoluble  

Absorption 
spectra  

497, 347 nm  

pH 8-9.5  
Odor Odorless 
Melting point  >360 °C 
Pka 4.1 at ( 25 °C)  

 
Congo red it is soluble in water, is a secondary di-azo dye, 
yielding a red colloidal solution.[13, 14]. 
However, Congo red it has a solid, clearly non covalent, 
liking to cellulose fibers'. Moreover, Congo red used in the 
cellulose industries. (cotton material, wood mash, and 
paper).has been relinquished, essentially in view of its. 
Poisonous quality and inclination.to run and change shading 
when contacted by sweat-soaked fingers [15, 16].  
 
2.2 Experimental Procedure   
 
The chemical compounds are Analytical grade and has been 
purchased from FLUKA. However, to determine the 
activation energy all experiment has been done in different 
temperatures. Moreover, to determine the effect of 
concentration on the process of photo degradation different 
concentrations have been used. In addition, the light source 
used in this research is LED light. Also water has been used 
in this research as solvent. The concentration change during 
photo degradation has been measured by spectrophotometer 
at 498 nm and 344 nm. The reading was taken every 5 
minutes.       
 
2.3 The photolytic systems   
 
Figure (1) illustrates the major part of photolytic system. 
However, the cell consists of double layer for circulation of 
water from and to thermostat. Moreover, to determine the 
absorption occurs during the time the ultraviolet-visible 
Spectrophotometer has been used which the type is Perkin-
Elmer lambda 25.   

 
Figure 1. Diagram of photo-degradation system 

1- Ultra violet (UV.) light has been used as light source.  
2- Stand and clamp. 
3- Photolytic cell is made from borosilicate which is transparent 
for ultraviolet and visible light. 
4- Magnetic bar.  
5- Inlet and outlet tube.  
6- Magnetic stirrer. 
7- Thermostat. 
Mathematically; beer’s law are used for the determination of 
intensity ratio according to the relation (A= abc) where (A) is 
absorbance (a) is molar extinction coefficient, (b) is a path length 
and (c) is concentration [10] analysis by spectrophotometric 
kinetic method are differ from the equilibrium or stoichiometric 
methods, methods of kinetic are made under dynamic conditions 
in which the change in concentration of both reactant and product 
depend on the time. 
 

3- RESULTS AND DISCUSSION 
 

The concentration change during photo degradation has been 
measured by spectrophotometer at 498 nm and 344 nm. The 
reading was taken every 5 minutes as in figure 2. Calibration 
curve have been drawn as in figure 3. 
 

- 
Figure 2. UV-Visible monitoring spectra of congo-red dye 
degradation (0.4g/L ZnO, TEMP.20 OC, [C.R.]=10mg/L) 
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Figure 3. UV-Visible spectra calibration curve of congo-red 
dye in water as a solvent 498 nm at 20 OC. 
 
Table 2. Molar absorptivity (ɛ) and optical density (O.D) 

Wave length (λ)  
(nm)  

O.D.        ɛ 
mol/L.cm  

498 0.476  10639  
 
3.1 Determination the order of degradation  
 
The rate of Congo-red degradation has been estimated by 
examining degradation of each peaks of (498nm, 344nm) it 
appears that the degradation of peak 498nm is first order and 
344nm is pseudo zero order.  Through plotting log-log 
graphical method and the theoretical approach have been 
used in order to determine the order of CR degradation as in 
the following equations [17-24]. 
 
𝑅𝑎𝑡𝑒 = 𝑘[𝐴]!																																																																												(1) 
 
(𝑅𝑎𝑡𝑒 = 𝑘[𝐴]!)"
(𝑅𝑎𝑡𝑒 = 𝑘[𝐴]!)#

																																																																					(2) 

 

𝑛 =
log𝑅𝑎𝑡𝑒"− log𝑅𝑎𝑡𝑒#
log 	[𝐴]# − log[𝐴]"

																																																				(3) 

 
Where n is the order of degradation 
However; throughout all above procedure it has not gave an 
accurate result to make sure the order of degradation. 
Therefore another estimate has been done by plotting integral 
kinetic model (log concentration) as a function of time for 
examining zero, first and second orders kinetic as in figure 4 
and 5. It appears that degradation of peak 498nm is first order 
and 344nm is pseudo zero order, the most fitted linear curve 
by measuring correlation coefficient determined the order of 
each peaks. 
 

 
Figure 4. Zero, first and second integral kinetic model for 
determining the order of degradation at 498. 
 

 
Figure 5. Zero first and second integral kinetic model for 
determining the order of degradation at 498 nm. 
 
3.2 Effect of concentration  
 
The rate constant of degradation dose not remain constant by 
varying initial concentration. This may be due to secondary 
photo-chemical reactions that take place during photo-
degradation process and also this change perhaps due to 
quenching process, in which some intermediates absorb a 
Radiation and re-emit them as a form of heat do not undergo 
photolysis. Another striking point is that increase in 
concentration may change the order of degradation and therefore 
in some circumstances by increasing concentration the rate 
constant have been fluctuated as in table (3).   
 
Table 3: The rate constant k of congo-red degradation at different 
concentrations. 
Conc.  
 
Rate 
constant 
k  

5  
ppm 

10 
 ppm 

15   
ppm 

20 
ppm 

25  
ppm 

30 
ppm 

K at 498 
(min-) 

0.0244 0.0159 0.0053 0.0095 0.01 0.00
68 

K at 344 
(M/min) 

0.0032 0.0043 0.0024 0.004 
  

 

 
Figure 6. Absorbance as a function of temperature at different 
concentration 498 nm at 20 OC.  
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Figure 7. Absorbance as a function of temperature at different 
concentration 344 nm 20 OC.  
 
3.3 Effect of temperature on degradation  
 
Arrhenius equation has been used to calculate the energy of 
activation [21]. 
 
k = Ae$%!/'(                                                                     (4) 

When k is rate constant, A is a frequency factor, Ea is 
activation energy, T is absolute temperature and R is 
universal gas constant (8.314*10-3 KJ.mol-1.K-1). 
Overall, what stands out from table 4 is that the rate constants 
are increased with increasing temperature throughout the 
experiments. In spite of, increasing concentration, rate 
constant remain stable, in this experiment the rate constant is 
fluctuated. This may be due to the fact of quenching; during 
the degradation process new compounds are formed, which 
absorb the radiation causing less degradation. Another 
striking point is that increase in temperature may change the 
order of degradation and therefore in some circumstances by 
increasing temperature the rate constant have been decreased 
as in table (4) [14,17 and 22]. So that calculation of activation 
energy was failed as in figure (8).The activation was not 
measured because the kinetic order of degradation does not 
remain constant when temperature is changed. As it is 
obvious the product of degradation is multi product (many 
products) all molecules absorbed light which effect the 
kinetic of degradation. Moreover, due to multi product there 
is possibility of eximer and explics formation as a result the 
CR molecule may lose the gained energy from 
electromagnetic radiation as a form of heat and the process 
of degradation does not reach to completion. In addition, 
perhaps some molecules may take energy from CR die 
molecule in this case CR is acting as sensitizer and again the 
degradation is prevented, the temperature lead to increase the 
temperature lead the rate of all processes that have been just 
mentioned final, the measurement of kinetic parameters will 
not be accurate. 
 
Table 4. The rate constant k of congo-red degradation at different 
temperature. 

temp. k rate const.k (min-) at 
498 nm 

rate const.k (M/min.) at 
344 nm 

283 0.0235  

298 0.0244 0.0032 
303 0.0264 0.0032 
308 0.0399 0.0033 
313 0.0224  

 

 
Figure 8. Arrhenius activation energy plot. 
 
3.4 Langmuir-Hinshelwood kinetic model (L-H) 
 
According to many researches, Langmuir-Hinshelwood rate 
equation model (L-H) has been successfully used for 
heterogeneous photo catalytic degradation to determine the 
relationship among initial degradation rate and initial 
concentration of the organic substrate [27]. Langmuir-
Hinshelwood model system is given by 
 
"

)"#$
= "

)%*&'
+ [,-](

)%
                                                           (5) 

 
Where [MY]0 is the initial concentration of organic compound 
(mg L-1)kc is the rate constant of surface reaction (mg L−1 min−1), 
KHL Langmuir-Hinshelwood adsorption equilibrium constant (L 
mg-1) and kobs is the observed rate of degradation first order at 
498 nm. Many researches approximate (L-H) kinetic model to 
first order kinetics for the condition KC≪1, while; it is 
approximated to zero order for the condition KC≫1[28].  
Langmuir-Hinshelwood rate equation model (L-H) is the most 
popular expression used to illustrate the degradation kinetics 
which occurs on the surface of semiconductors, this model 
explain the degradation occurring by semiconductors through the 
rate at which the organic molecules adsorb to the surface of 
semiconductor and degradation rate constant for such molecules 
as a result of oxidation reduction processes at a conduction and 
valance band [27-29]. 
 

 
Figure 9. Linearized (L-H) model for measurement of KHL& kr 
for degradation of CR. 

4. CONCLUSION 

All in all, the photo-degradation of this molecule is composed of 
primary photo excitation, and then it decomposes by thermal 
reaction which they are approximately first order at 498 nm and 
zero order at 344 nm, that due to the fact this degradation is not 
pure straight line although it is not pure kinetic order.  
The results show that the degradation of congo red dye were 
increased by increasing temperature from 20 oC to 40 oC and then 
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degreased at 50 oC this is maybe due to the desorption occur 
at the semiconductor surface while; in case of 10 oC the rate 
constant was higher than 20 oC . This is maybe due to the 
increase adsorption between congo red molecule and surface 
of semiconductor. 
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