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1. INTRODUCTION 

In recent years, potassium ferrate as a non-chlorine type waters treatment agent has been widely used 

in water pollution, It can not only quickly kill bacteria and viruses in water, but also can remove 

organic and inorganic contaminants from water and produce no carcinogenic substances such as 
chloroform and chlorophenol [1-6]. Ferrate (VI) is tetrahedral in structure, the feature of all Fe-O 

bonds is covalently. Fe (VI) sorts are strong oxidizing agents with an oxidation potential of E0=+2.2V 

in acidic media and E0=+0.72V in alkaline media [7]. Fe (VI) ion has maximum absorption 
wavelength at 508 nm in aqueous solution (ε508 nm=1150 L·mol

-1
·cm

-1
) [8], which is very commonly 

used to ensure its concentration.  

In medicine, L-alanine is an important raw material for the synthesis of VB6, L-alanine as the main 
component of the amino acid injection can be attending the liver, encephalopathy treatment, and 

promote rapid recovery of patients with hepatic coma, it is also a diuretic medicine. It can be used as 

flavor enhancer, increase seasoning seasoning effect; it can also be used as sour correction agent to 

improve the organic acid sour. In addition L-alanine can be used for biochemical research, tissue 
culture, liver function determination. 

The reaction mechanism of Potassium Ferrate is divided into two kinds: one is one-electron pathway, 

the other is two-electron pathway [9-13]. Thus, according to the different reaction system, the reaction 
mechanism needs to be further studied. In this paper, we report the potassium ferrate oxidation of L-

alanine, furthermore, the kinetics and reaction mechanisms were studied. 

2. EXPERIMENTAL  

2.1. Materials 

Potassium Ferrate (VI) was synthesised by the oxidation of Fe (III) through hypochlorous acid and 

purified based on the reported method of Thompson etal [14]. All the matters used were of AR reagent 

grade. Solutions were prepared with water that had been doubly distilled. The buffer solution is 
prepared by mixing Na2HPO4 and NaOH proportionally. KNO3 and the buffer solution are used to 

adjust the ionic strength and hydroxide ion strength of the reaction system. The Potassium Ferrate 
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(VI) solutions were prepared by adding solid samples of KFeO4 to buffer solutions and the phosphate 

was a complexing agent for Fe (III) that prevented precipitation of iron hydroxides which obstructs 

with the optical detecting of the reaction and promotes the self-decomposition of Fe (VI). A molar 
absorption at 508 nm (ε=1150 L·mol

-1
·cm

-1
) was used to calculate the concentration of potassium 

ferrate [8]. Reductant solutions was also prepared with buffer solutions. 

2.2. Methods 

The reaction rates were measured by following the decay of the ferrate peak at 508 nm on the SFM-

2000 stopped-flow spectrophotometer (Bio-Logic, France), which has a cell holder kept at constant 

temperature (±0.1ºC) by circulating water from a thermostat (DC-2006, Baoding, China) and the 

experiments were under pseudo-first order conditions with L-alanine in excess. The reaction contains 
two major substances, that is the Potassium Ferrate (VI) serving as oxidant and the L-alanine as 

reductant. The concentration of Fe (VI) in the experiments was kept approximately constant at 2.0×10
-

4
mol·L

-1
[15], while the L-alanine concentration ranged from 1.0×10

-2
 to 5.0×10

-2
mol·L

-1
.and the pH 

ranged from 9.12 to 10.27. 

2.3. Product Analysis   

When the reaction was carried out under the phosphate-buffered aerobic condition, there is no ferric 
oxy hydroxides precipitate in the solution. The presence of the Fe(III) was detected by adding the 

potassium thiocyanate to the waste solutions to produce the red ferric thiocyanate complex. Under the 

anaerobic conditions, the Fe (III) was therefore found to be the only iron species [16]. 

2.4. Reaction Intermediate  

In order to prove that Fe (II) is the intermediate of the reaction, before the reaction begins, add the 

1,10-phenanthroline to the reductant solution and then mix with the Ferrate(VI) solution to produce 

the orange red [Fe(phen)3]
2+

[17], apparently Fe (VI) is reduced to Fe (III) with Fe (II) stage. 

3. RESULTS AND DISCUSSION 

The reaction was investigated by measuring the absorbance of Fe (VI) at 508 nm wavelength as a 

function of time. Under the conditions of [reductant]0>>[Fe(VI)]0, the plots of ln(At-A∞) versus t were 

straight line, where At is the absorbance at time t and A∞ at infinite time. It indicates that the reaction 
is first order based on the characteristic of pseudo-first order. The pseudo-first order rate constants kobs 

were calculated by the method of least squares (r ≥ 0.998). The kobs values were calculated by an 

average method on the basis of at least three parallel experiments, and the reproducibility was within 
±5%. 

3.1. The Effect of [Reductant] on the Reaction Rates  

In the temperature range of 298.2K-318.2K, When [Fe (VI)] and [OH
-
] were constant concentrations 

and ionic strength was 1.00mol·L
-1

. The kobs of the reaction were measured as a function of 

[reductant], It was found that the values of kobs increase linearly with the increase of the reductant 

concentrations. The plots of kobs versus [reductant] were linear and passed through the origin (Fig.1). 

Besides, the linear dependence observes a first-order term with reductant. 

 

Fig1. Plots of kobs versus [L-alanine] at diffirent temperatures. [Fe(VI)]=2.00×10-4mol·L-1, [OH-]=7.41×10-

5mol·L-1, I=1.00mol·L-1, r≥0.998. 
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3.2. The Effect of [OH
-
] on the Reaction Rates 

In the temperature range of 298.2K-318.2K, When [Fe (VI)], [L-alanine] and ionic strength were 

constant, the kobs decreased with the increase of [OH
-
]. The plot of 1/kobs versus [OH

-
] was linear and 

the reaction order of [OH
-
] was found to be negative fractional (Fig 2). 

 
Fig2. Plots of 1/kobs versus [OH-] at diffirent temperatures. [Fe(VI)]=2.00×10-4 mol·L-1, [L-alanine]=3.00×10-2 

mol·L-1, I=1.00 mol·L-1. r≥0.997. 

3.3. Reaction Mechanism  

Since ferrate is a dibasic acid, it will undergo the following ionization:  

12 4 a4H FeO HFeO  ,p 3.5H K  
                                                                                             (1) 

2

2

4 4 aHFeO F  ,p 7.O 8e H K   
                                                                                              (2) 

Under the condition of this experiment, according to the value of pka2, there exists only the form of 

equation (2). It is assumed that HFeO4
-
 is an active reaction component and decreases with the 

increase of pH. In fact, it has been proved from this study that HFeO4
-
 is most likely to be a reactive 

species. 

Under alkaline conditions, FeO4
2- 

will be partially hydrolyzed:  

2

4 2 4FeO H O HFeO OH   
 

Hence:          

2

4 w
h 2

a4

7
HFeO OH

6.31 10
FeO

K
K

K








        




    

Therefore: 

4 h

2

4

HFeO

F [OHeO ]

K




   
    

Obviously, the concentration of HFeO4
-
 decreases with the increase [OH

-
], and was very small, 

However, HFeO4
-
 is very easy to form a highly active complex with reductant through the H atom. 

Under the attack of the hydroxyl ion, the complex decomposes into Fe (IV) and the product, and then 

Fe (IV) reacts further with the reductant to form Fe (II) and the product. Therefore, the reaction is 

mainly achieved by HFeO4
-
. 

0 4 8 12 16 20

0.4

0.6

0.8

1.0

1.2

1
/k

o
b

s/s

10
5

[OH
-
]mol.L

-1

298.2K

303.2K

308.2K

313.2K

318.2K



Oxidation of L-alanine by Potassium Ferrate (VI) in Alkaline Media-Kinetics and Mechanism Study 

 

International Journal of Advanced Research in Chemical Science (IJARCS)                                     Page | 4 

According to a series of discussions, the mechanism may be written as shown: 

h2

4 2 4FeO H O HFeO OH
K   

                                              (3)                                                                                            

2

2
4HFeO R X

k

k

 
                         (4)                                                                                                         

3X OH Fe(IV) Products
k                                                                                                     (5)

4Fe(IV) R Fe(II) Products
k

                                                                                                    (6)

5Fe(IV) Fe(II) 2Fe(III)
k

                                                                                                               (7) 

The equation (4) is the rate-determing step, where R stands for reductant. The rate law of the reaction 

was derived as follows: 

2

4
2 4 2

d[FeO ]
[HFeO ][R] [X]

dt
k k




  
                                                                                              (8) 

[X] can be got on the basis of static state method and equation of (4) and (5): 

 

  4

2 3

2[HFeO ][R
X

[

]

OH ]k k

k









                                                                                                                        (9) 

According to equation (8) and (9), we get equation (10 

2

2 3 44

2 3

[HFeO ][R][OH ]d[FeO ]

dt [OH ]

k k

k k

 





 


                                                                                           (10) 

Based on equation (3), equation (11) will be obtained: 

2

h 4
4

[FeO ]
[HFeO ]

[OH ]

K 





                                                                                                                     (11) 

Substituting equation (11) into equation (10), we can get equation (12) 

22

2 3 h 44

2 3

[FeO ][R]d[FeO ]

dt [OH ]

k k K

k k







 


22 3 h
4

2 3

[R]
[FeO ]

[OH ]

k k K

k k










                                                         (12) 

Hence:         

'

2 3 h 2 h
obs '

2 3

[R] [R]

[OH ] 1 [OH ]

k k K k k K
k

k k k 



 
 

                                                                                                (13) 

Where  

' 3

2

k
k

k



 

Taking reciprocal of equation (13) we get equation (14) 

'

' '

obs 2 h 2 h 2 h

1 1 [OH ] 1 [OH ]

[R] [R] [R]

k

k k k K k k K k K

 
  

                                                                                   (14) 

It is clear from the equation (12) that the oxidation-reduction reaction is first-order to that of 

potassium ferrate and L-alanine. In addition the kobs decreased with the increase of [OH
-
] and 1/kobs 

versus [OH
-
] was linear by the equation (14), which was consistent with the experimental phenomena. 

Basing on the equation (14) and the slopes of figure 2, the rate-determing step constants (k2) were 

evaluated and the relational activation parameters date were obtained (Table 2) [18]. 
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Table2. Rate constants of (k2) and activation parameters of the rate-determing step 

T(K) 298.2 303.2 308.2 313.2 318.2 

k2·10-4(mol-1·L·s-1) 2.69 3.01 3.48 4.16    4.68 

Thermodynamic activation  

parameters (298.2K) 

Ea/(kJ·mol-1)=22.60,ΔH≠/(kJ·mol-1)=20.12, 

ΔS≠/(J·K-1·mol-1)=-93.25 

The plots of lnk2 versus 1/T have the following intercept (a), slope (b) and relative coefficient (r): a=19.30, b=-

2718.79,r=0.996 

4. CONCLUSION    

On the basis of the above research and related results, we can get the following conclusion. (1) Each 

oxidation is assumed to occur through a two-electron pathway. First the Fe (VI) reacts with a 

molecule of reductant to form complex X. Then, the X dissociates into Fe (IV) and products under the 

attack of hydroxyl. The Fe (IV) with another molecule of reductant to form Fe (II) and products. 

Finally, The Fe (IV) reacts with Fe (II) to form Fe (III). (2) Under the pseudo-first condition, the 

reaction is first-order with respect to oxidant and reductant, and to OH
-
 is negative fractional. (3) The 

activation energy of reaction is small, while the entropy of activation has more negative values, so the 

reaction rate is not particularly fast [18]. The function of [OH
-
] and the activation parameters are 

consistent with experimental phenomena and provide the basis for kinetics studies. 
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