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 The reaction between L-serine and manganese(III) in presence of ruthenium(III)  was 
studied spectrophotometrically at 500 nm in sulphuric acid medium at 30 ± 0.1 ºC . The 
orders with respect to the substrate and oxidant were found to be one in each at low 
[manganese(III)]. These orders were altered to two and zero respectively at high 
[manganese(III)] but the order in [ruthenium(III)] was found to be one and it was 
unchanged at low as well as at high [manganese(III)]. Ionic strength, [H+], [HSO4

-] and 
[manganese(II)] were found to have negligible effect on the reaction rate irrespective of 
the concentration of manganese(III). The activation parameters, energy of activation, Ea 
and the entropy of activation, �S≠ were computed using linear least squares method and 
are found to be 36.18 + 3.43 kJmol-1 and -170.31 + 11.32 JK-1mol-1 respectively at low 
manganese(III) concentration. Suitable mechanisms were proposed depending on the 
observed kinetics.   
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1.  Introduction 
 Serine is an aliphatic, non-essential and a proteinogenic amino acid. It is 
important in metabolism in that it participates in the biosynthesis of purines and 
pyrimidines, and it is a precursor of several amino acids. Many kinetic and mechanistic 
studies were reported on the oxidation of serine with oxidants like manganese(VII)1, 
chloramine-T2, chromium(VI)2, manganese(III)4-6, cerium(IV)7 under different 
conditions. Different products have been identified with different oxidants by various 
workers1-7. Hence it becomes important to study the reactivity of serine towards various 
oxidants.  
 Manganese(III) is a powerful one-electron oxidant in perchloric acid, sulphuric 
acid, acetic acid and pyrophosphate media. The redox potential of manganese(III)-
manganese(II) couple is 1.51 V8 in 7.5 mol dm-3 sulphuric acid medium and 1.56 V9,10 in  
3.0 mol dm-3 perchloric acid medium.  
 Chandraju et al.6 studied the oxidation of L-serine with manganese(III) in 
sulphuric acid medium at 50 oC. Since micro amounts of ruthenium(III) was found to 
catalyse the oxidation of L-serine by manganese(III) in sulphuric acid medium at 30 oC 
and in continuation of our studies on the oxidation of amino acids using manganese(III) 
as oxidant11,12, we have carried out the title reaction with a view of elucidating its 
mechanism.  
2.  Experimental 
 A 0.5 mol dm-3 solution of L-serine (Himedia) was prepared in double distilled 
water. A 0.015  mol dm-3 solution of manganese(III) of 75 cm3 in 5.0 mol dm-3 sulphuric 
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acid was prepared by slowly adding 2.3 cm3 of 0.1 mol dm-3 KMnO4 to an ice cold 
solution of 50 cm3 of 0.25 mol dm-3 manganese(II) sulphate and standardized by titrating 
against standard iron(II) solution using ferroin as indicator. A 0.01  mol dm-3 solution of 
ruthenium(III) sulphate in 0.5 mol dm-3 sulphuric acid was prepared from ruthenium 
trichloride (Johnson Mathey, London) according to Surasiti and Sandell13 and was 
standardized by the method suggested by Beamish and Vanloon14. All other chemicals 
used were of analytical reagent grade.  

Absorption measurements were made with a Milton Roy Spectronic-1201 UV-
Visible spectrophotometer with 1 cm path length silica cells. A Siskin Julabo-V constant 
temperature liquid circulatory bath was used as the constant temperature bath for all 
kinetic investigations.  
 Because of the considerable disproportionation of manganese(III) even in  2.0 mol 
dm-3 sulphuric acid medium, kinetic runs were always carried out in the presence of large 
excess of  manganese(II). It was observed that the plots should not correspond to any 
particular order with respect to [manganese(III)], if the reaction was initiated by 
manganese(III). Hence, the reaction was initiated by adding requisite amount of serine 
solution, placed in water bath, maintained at desired temperature, to a reaction mixture 
containing appropriate quantities of solutions of sulphuric acid, manganese(II), 
manganese(III) and ruthenium(III) placed separately in the same water bath. An 
important feature of this reaction is the change in  the orders of the substrate and the 
oxidant upon changing the concentration of manganese(III). The rate of oxidation was 
followed by monitoring the decrease in the absorbance of manganese(III) as a function of 
time at 500 nm, where no other species of the reaction mixture has significant absorption. 
The rate constants were found to be reproducible within ± 4%. 
Results and Discussion 
3.1  Product analysis 
 The reaction mixture containing 0.05 mol dm-3 serine, 2.0 mol dm-3 sulphuric 
acid, 0.2 mol dm-3 manganese(II), 2.0 x 10-3 or 3.5 x 10-3 mol dm-3 manganese(III) and 
6.0 x 10-6 mol dm-3 ruthenium(III) was extracted with diethyl ether after completion of 
the reaction. From IR spectral studies, it was identified that 2-hydroxyethanal was the 
oxidation product of serine (Fig 1). In the IR spectrum, the peaks at 3451.07 cm-1, 
2961.56 cm-1,  2855.19 cm-1 and  1728.42 cm-1 are corresponding to O-H(str), C-H(str), 
O=C-H(str) and C=O(str) frequencies respectively. On the basis of the aforesaid results, 
the stiochiometry of the reaction may be written as below 

 H2N-CH(CH2OH)-COOH   +   2 MnIII OHC-CH2OH   +   2 MnII    +   CO2   +   NH3
RuIII

H2O  
3.2  Test for free radicals 
 The test for free radicals was carried out by adding the monomer, acrylonitrile, to 
the reaction mixture. The negative response indicating the absence of intervention of free 
radicals during the course of the reaction.  
 3.3   Effect of [manganese(III)] on the reaction rate 
 In order to view the effect of [manganese(III)] on the rate of ruthenium(III) 
catalysed oxidation of serine, the reaction was studied at various initial concentrations of 
manganese(III) by varying it from 1.0 – 4.0 x 10-3 mol dm-3, keeping the other 
experimental conditions constant. The plots of log(absorbance) versus time were found 
to be linear upto 75% completion of the reaction upto the manganese(III) concentration, 
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2.5 x 10-3 mol dm-3, suggesting the order with respect to [manganese(III)] was unity and 
the pseudo-first order rate constants, k/ were evaluated from the slopes of the plots of 
log(absorbance) versus time (Table 1). Furthur, it was observed that the plots of 
[manganese(III)] versus time were found to be linear upto 70% completion of the 
reaction at a [manganese(III)] of 3.0 – 4.0 x 10-3 mol dm-3 range, indicating zero order 
dependence on [manganese(III)] at higher concentrations of manganese(III). The 
pseudo-zero order rate constants were calculated from the plots of [manganese(III)] 
versus time and were found to remain constant at high concentrations of manganese(III) 
(Table 2).  
3.4  Effect of [serine] on the reaction rate 
 To find out the dependence of [serine] on the reduction rate of manganese(III) in 
presence of ruthenium(III), kinetic runs were carried out at serine concentrations ranging 
from 3.0 - 8.0 x 10-2 mol dm-3, keeping the concentrations of all other reactants and the 
temperature constant at low initial concentration of manganese(III). It was found that the 
rate was directly proportional to the concentration of serine (Table 1). Further, the plot of 
k/ versus [ser] was found to be a straight line passing through origin, suggesting first 
order dependence on [serine] (Fig. 2).  

Also it was found that at high initial concentration of manganese(III), the rate was 
increased with increase in serine concentration (Table 2) and the order with respect to 
serine was found to be two from the plot of ko versus [ser]2, which was a straight line 
passing through origin (Fig. 3). 
3.5  Effect of [ruthenium(III)] on the reaction rate 

Kinetic measurements were performed at constant [serine], [H+], [Mn III ], [Mn II] 
and temperature to know the effect of [ruthenium(III)] on the reaction rate by varying the 
concentration of ruthenium(III) from 4.0 - 9.0 x 10-6 mol dm-3. It was observed that the 
increase in [ruthenium(III)] enhanced the rate of the reaction (Tables 1 & 2). The plots of  
k/ versus [ruthenium(III)] (Fig. 4) and ko versus [ruthenium(III)] (Fig. 5) were found to 
be straight lines passing through origin, showing unit order dependence on the catalyst at 
low as well as at high initial [manganese(III)]. 
3.6  Effect of [manganese(II)], ionic strength, [H+] and [HSO4

-]  
 The initially added product, manganese(II), ionic strength and [HSO4

-] did not 
have significant effect on the rate of the reaction. It was also found that the rate of the 
reaction is independent of [H+]. A similar observation was made earlier  in the oxidation 
of uronic acids by manganese(III)15.  
3.7  Effect of temperature  
 The influence of temperature on the reaction rate was investigated at four 
different temperatures, 298, 303, 308 and 313 K, keeping the concentrations of all other 
reactants constant (Table 5). The energy of activation, Ea and the entropy of activation, 
�S≠ values were computed using the linear least squares method and are found to be 
36.18 + 3.43 kJmol-1 and -170.31 + 11.32 JK-1mol-1 respectively at low 
[manganese(III)]. 
3.8   Discussion  
 In sulphuric acid medium, manganese(III) is assumed to exist as Mn3+, MnOH2+ 
and MnSO4

+. The absence of bisulphate ion effect on the rate of the reaction indicating 
MnSO4

+ cannot be the reactive species of manganese(III). As the reaction rate did not 
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alter with [H+], it was assumed that both the species, Mn3+ and MnOH2+ are considered to 
be the reactive species of manganese(III). 
 Ruthenium(III) is readily and quantitatively oxidized to ruthenium(VIII) when its 
aqueous solutions are mixed with excess manganese(III) solutions. This fact is also 
supported by the reports in the past by Bhaskara Sastry et al16 in the ruthenium(III) 
catalysed oxidation of tellurium(IV) by  manganese(III) and by Zameela et al17 in the 
ruthenium(III) catalysed oxidation of selenium(IV) by  manganese(III). In view of these 
reports, it may be regarded that ruthenium(VIII) is the reactive species of ruthenium(III) 
under the present experimental study. 
 In 2.0 mol dm-3 sulphuric acid, serine mainly exists as protonated species, Hser,  
H3N

+-CH(CH2OH)-COOH. 
The kinetic investigations indicated that the reaction is first order dependent on 

[substrate], [oxidant] and [catalyst] at low initial concentrations of manganese(III), and 
zero order dependent on [manganese(III)], second order dependent on [serine] and unit 
order dependent on [ruthenium(III)] at high initial concentrations of manganese(III). 
Hence, it may be concluded that the total order of the reaction was remain constant 
although there are changes in the orders of substrate and oxidant with an initial change in 
the [oxidant]. 
Based on these experimental observations, the following two schemes of mechanism 
were proposed. 

 
Scheme I 

 
At low initial [manganese(III)] 

 

                                     Hser     +     RuVIII      Intermediate (I)
K

 

                                     
I     +     MnIII      Products     +     MnII      +     RuVII

k

slow  

                                     
RuVII      +     MnIII      RuVIII      +     MnII

fast  
 

Where,     Hser  =  H3N
+ - CH (CH2OH) - COOH 
 

The above mechanism leads to the rate law, 
 

Rate   =
d[MnIII ]

dt
=_ _______ k  [I]  [Mn III ]

 
       =    k  K  [Hser]  [RuVIII ]  [MnIII ]  

 
But, [Hser] = [ser]t    and    [RuVIII ] = [RuIII ] t 

 

Hence, rate = k K [ser]t [RuIII ] t [MnIII ]. 
           
The above rate equation explains the unit order in [substrate], [catalyst] and [oxidant] at low initial  
concentration of manganese(III). 
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Scheme II 

 
At high initial [manganese(III)] 
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RuVI      +     2  MnIII RuVIII      +     2  MnII
fast

 
 
Where,     Hser  =  H3N

+ - CH (CH2OH) - COOH 

and     Hser  =  H3N
+ - CH - (CH2OH)

..
 

 
From the above mechanism the rate equation can be written as   
 

Rate   =
d[MnIII ]

dt
=_ _______ k  [I1]

 
=    k  K1  [I]  [Hser]  

             =    k  K  K1  [Hser]2  [RuVIII ]  
 

But, [Hser] = [ser]t    and    [RuVIII ] = [RuIII ] t 

 

Hence, rate = k K K1 [ser]t
2 [RuIII ] t . 

 
         The rate equation explains the second order dependence on [substrate], zero order 
dependence on [manganese(III)] and unit order dependence on [catalyst] at high initial 
concentrations of manganese(III). 
 
Scheme I – Intimate mechanism at low initial [manganese(III)] 
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Scheme II – Intimate mechanism at high initial [manganese(III)] 
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In a similar way, the reaction also proceeds with [Mn(H2O)5(OH)]2+ with serine in 
presence of ruthenium(III) at low and high initial concentrations of manganese(III). 

 
 The following arguments are in support of the proposed intimate mechanisms for 
the title reaction: 
 

• In scheme I, in the pre-equillibrium step, the reaction is believed to proceed 
through the formation of an intermediate between ruthenium(VIII) and the 
cationic species of the substrate, Hser. 

• Further, Hser is most likely to be attached to ruthenium ion through oxygen atom 
of carboxylic group rather than nitrogen atom of amino group by associative 
process to form a five coordinated intermediate. 

• This intermediate decomposes in the presence of manganese(III) in a slow step to 
give the oxidation product of serine and RuVII . 

• Finally the reduced form of ruthenium(VII) combines with  another molecule of 
MnIII  in a fast step and regenerates  RuVIII . 

• In scheme II, an intermediate (I) is formed when Hser reacts with RuVIII  in a fast 
equilibrium. Further, (I) reacts with another molecule of Hser to give a six 
coordinated intermediate (I1) which decomposes in a slow step. Steric hindrance 
also facilitates the formation of serine radical and ruthenium(VI). 
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• In the subsequent fast steps these two react with manganese(III) to form the 
products and regenerating the catalyst.  

 
4.  Conclusions 
 In acid medium, MnIII  exists as Mn3+ and MnOH2+ and both of them are 
considered to be reactive since the reaction is independent of [H+]. Further, the total order 
of the reaction and the oxidation product, 2-hydroxyethanal, remains the same though the 
mechanism of oxidation differs at different concentrations of manganese(III).  
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Table 1: Effect of [serine], [manganese(III)], [ruthenium(III)] on the  

pseudo-first order rate constant, k/ 
 [H+]= 2.0 mol dm-3 ;  [MnII] = 0.2  mol dm-3 ; t =  30 ± 0.1 oC  

[ser] x 102, 
mol dm-3 

[Mn III ] x 103, 
mol dm-3 

[RuIII ] x 106, 
mol dm-3 

k / x 104, 
sec-1 

3.0 2.0 6.0 3.90 
4.0 2.0 6.0 5.15 
5.0 2.0 6.0 6.62 
6.0 2.0 6.0 8.58 
7.0 2.0 6.0 9.60 
8.0 2.0 6.0          11.26 
5.0 1.0 6.0          15.18 
5.0 1.5 6.0 9.14 
5.0 2.0 6.0 6.19 
5.0 2.5 6.0 3.71 
5.0 2.0 4.0 3.75 
5.0 2.0 5.0 4.80 
5.0 2.0 6.0 6.16 
5.0 2.0 7.0 7.13 
5.0 2.0 8.0 8.12 
5.0 2.0 9.0 9.00 

 
Table 2:  Effect of [serine], [manganese(III)], [ruthenium(III)] on the 

pseudo-zero order rate constant, ko  
 [H+]= 2.0 mol dm-3 ;  [MnII] = 0.2  mol dm-3 ; t =  30 ± 0.1 oC 

[ser] x 102, 
mol dm-3 

[Mn III ] x 103, 
mol dm-3 

[RuIII ] x 106, 
mol dm-3 

ko x105, 
mol dm-3 sec-1 

3.0 3.5 6.0 1.04 
4.0 3.5 6.0 1.69 
5.0 3.5 6.0 2.63 
6.0 3.5 6.0 4.07 
7.0 3.5 6.0 5.42 
8.0 3.5 6.0 7.00 
5.0 3.0 6.0 2.53 
5.0 3.5 6.0 2.70 
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5.0 4.0 6.0 2.60 
5.0 3.5 4.0 1.60 
5.0 3.5 5.0 2.10 
5.0 3.5 6.0 2.53 
5.0 3.5 7.0 2.92 
5.0 3.5 8.0 3.55 
5.0 3.5 9.0 4.00 

 
Table 3: Effect of temperature on the pseudo-first order rate constant, k/ 

[ser] = 5.0 x 10-2 mol dm-3 ; [MnIII ] = 2.0 x 10-3 mol dm-3 ; [H+]= 2.0 mol dm-3 ;   
[Mn II] = 0.2  mol dm-3 ;  [RuIII ] = 6.0 x 10-6 mol dm-3  

   Temperature 298 K 303 K 308 K 313 K 
k/ x 104, sec-1 4.52 6.34 8.39 10.75 

 
 
 

 
Fig.1: FT-IR spectrum of 2-hydroxyethanal 
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Fig.4: Plot of log k1 versus log[ruthenium(III)]

4 
+ 

lo
gk

/

[ser] = 5.0 x 10-2 mol dm-3

[H+] = 2.0 mol dm-3

[Mn II ] = 0.2 mol dm-3

[Mn III ] = 2.0 x 10-3 mol dm-3

temp. = 30 ++++  0.1 oC

 
 
 
 

0.6 0.7 0.8 0.9 1.0

0.2

0.3

0.4

0.5

0.6 [ser] = 5.0 x 10-2 mol dm-3

[H+] = 2.0 mol dm-3

[Mn II ] = 0.2 mol dm-3

[Mn III ] = 3.5 x 10-3 mol dm-3

temp. = 30 ++++  0.10C

5 
+ 

lo
gk

0

6 + log[Ruthenium(III)]
Fig.5: Plot of logk

0
 versus log[Ruthenium(III)]  

 


