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Abstract: Kinetics of oxidation of L-cystine by hexacyanoferrate(III) was 

studied in alkaline medium at 300C. The reaction was followed 

spectrophotometrically at λmax = 420 nm. The reaction was found to be first 

order dependence each on [HCF(III)] and  [cystine]. It was found that the rate of 

the reaction increases with increase in [OH-]. The oxidation product of the 

reaction was found to be cysteic acid. A plausible mechanism has been proposed 

to account for the experimental results. 
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Introduction 

The kinetic investigations on the oxidation of amino acids become important because of 

their significance and selectivity towards the oxidants. L-cystine is a covalently linked 

dimeric non essential amino acid formed by oxidation of L-cysteine. The formation of 

disulfide bonds between two cysteine residues within proteins is important in the formation 

of active structural domains in a large number of proteins. Cystine is required for proper 

utilization of vitamin B6 and is also helpful in the healing of burns and wounds, breaking 

down mucus deposits in patients suffering from bronchitis and cystic fibrosis. The reduction 

capability of cystine is responsible for all these beneficiary effects where it acts as scavenger 

to the oxidants and free radicals in situ. In fact a precise understanding of the mechanism of 

such biological redox reactions is important as it helps to know the toxic effects of the 

metals and also to synthesise specific reaction products. The literature survey reveals that 

kinetic studies on the oxidation of L-cystine were limited, using oxidants like iodine
1
, 

alkaline permanganate
2
, potassium ferrate

3
, chlorite and chlorine dioxide

4
 and hypochlorous  
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acid
5
. To have a further insight into it, we carried out kinetic investigations on the oxidation 

of L-cystine. In continuation to our earlier work
6,7

, we now report the oxidation of L-cystine 

by hexacyanoferrate(III)(HCF(III)) in alkaline medium. 

 Hexacyanoferrate(III) is a one electron oxidant with a redox potential of +0.45V of  

Fe(CN)6
3-

 / Fe(CN)6
4-

 couple in alkaline medium. It is one equivalent oxidant leading to its 

reduction to hexacyanoferrate(II), a stable product. It has been successfully used to oxidize 

several substrates of both organic
8-13

 as well inorganic
14-20

. Thus in order to explore the 

mechanism of oxidation by hexacyanoferrate(III) in alkaline medium and to check the 

selectivity of L-cystine towards HCF(III)  we have carried out kinetic investigation on the  

oxidation of L-cystine by HCF(III) in alkaline medium. 

Experimental 

A 0.05 mol dm
-3

 solution of L-Cystine (Himedia) in 0.125 mol dm
-3

 NaOH was prepared 

afresh by dissolving in required volume of sodium hydroxide. 

 A 0.01 mol dm
-3

 solution of hexacyanoferrate(III) (E.Merck) was prepared by 

dissolving the requisite amount of the salt in doubly distilled water. The solution was 

standardized by measuring the absorbance using Milton Roy UV-Visible 1201 

spectrophotometer at 420 nm (ε = 1060±50 dm
3
mol

-1
cm

-1
). 

 Hexacyanoferrate(II) solution was prepared by dissolving a known amount of 

K4[Fe(CN)6] in water. Sodium hydroxide (E.Merck) and sodium perchlorate (E.Merck) were 

used to maintain [OH
-
] and ionic strength respectively. 

Kinetic Procedure 

Kinetic measurements were carried out at 30±0.1
0
C in 0.40 mol dm

-3
 alkaline medium under 

the conditions [OH
-
] >> [cystine] > [HCF(III)]. The progress of the reaction was followed 

by measuring the absorbance of [HCF(III)] at 420 nm using Milton Roy 1201 UV – Visible 

Spectrophotometer with 1 cm glass cells. The temperature was kept constant using a Siskin 

Julabo -V constant temperature liquid circulatory bath. The rate constants were found to be 

reproducible within ± 4%.  

 The product analysis was carried out chromatographically
21

. The chromatographic 

plate was spotted with the reaction product and it was saturated with vapours of phenol 

and then it was run in water saturated phenol. After the development of the 

chromatogram, the plate was removed from the tank and dried. It was then sprayed with 

1% solution of ninhydrin in n-butanol and heated in an oven for five minutes at 100
0
C. 

The Rf value was found to be 0.16 for cysteic acid which was in good agreement with 

the value reported by Srivatsava
21

. The product was further confirmed by carrying out 

the microscopic study by transferring the reaction product to a dish and evaporated on a 

water bath at 60ºC. On condensation of the solution, almost colourless mass was 

obtained. The mass was dissolved in 40% dilute alcohol and was re-crystallized. The 

crystals obtained were viewed under microscope and compared with those reported 

earlier by Shinohara in the oxidation of cystine by iodine
1
. In Figure 1 the needle 

shaped crystals represent cysteic acid. 

 The test for free radicals was carried out taking cystine and NaOH in a thumberg tube 

and acrylonitrile, HCF(III) solution in a bent tube. After evacuating the system, the solutions 

were mixed by tilting the tube. The reaction mixture was kept aside and even after 24 h no 

precipitate was observed.    
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Figure 1.  Cysteic acid crystals (needle shaped crystals). 

Results and Discussion 

Stoichiometry 

The reaction mixture containing an excess [HCF(III)] over [cystine] at  

0.4 mol dm
-3

 NaOH at constant ionic strength was allowed to react and after completion of  

the reaction, the amount of  ferrate(II) formed (which is equal to the amount of ferrate(III) 

consumed) was determined by measuring the absorbance of the reaction mixture. It was 

observed that 10 moles of HCF(III) react with 1 mole of cystine as given by the equation. 

 

Reaction orders 

When the kinetic runs were made with isolation of [HCF(III)]  by taking cystine in excess, 

plots of log(absorbance) versus time were found to be linear up to 85% completion of the 

reaction, indicating that the reaction is first order in [HCF(III)] .  

 To find out the dependence of rate on [cystine], kinetic runs were carried out varying the 

[cystine], from 2.0 to 7.0 x 10
-3

 mol dm
-3

 keeping the concentration of all other species 

constant. The pseudo first order rate constants were found to be increased with increase in the 

concentration of cystine. Further, the plot of k′ versus [cystine] is a good straight line passing 

through origin indicating the order with respect to [cystine] to be one (Figure 2). In order to 

study the effect of [OH
-
] on the rate of the reaction, kinetic runs were carried out keeping the 

concentrations of all other reactants constant and varying [OH
-
]  with sodium hydroxide from 

0.2 to 0.7 mol dm
-3

. The data  presented in Table 1  show that the rate of the reaction increases 

with increase in [OH
-
] and the order with respect to [OH

-
]  to be one (Figure 3). 

Effect of hexacyanoferrate(II) 

Kinetic runs were carried out keeping the concentrations of all other reactants constant, but 

varying the concentration of HCF(II) from 1.0 to 10.0 x 10
-4 

mol dm
-3

. It was observed that 

HCF(II), one of the products has no effect on the rate of reaction..   

Effect of ionic strength 

The effect of ionic strength on the rate of the reaction was studied by varying the ionic 

strength from 0.4 to 0.7 mol dm
-3

, using NaClO4 solution keeping the concentrations of all 

other reactants constant. It was found that ionic strength effect was negligible on the rate of 

the reaction.(Table 1). 

10HCF(II)acidcysteic210HCF(III)cystine +→+
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Table 1. Effect of varying concentrations of [HCF(III)], [cystine], [OH
-
] and [NaClO4]  on 

the pseudo first order rate constant, k
�
 at 30±0.1

0
C 

[HCF(III)]10
4
,
 
M [cystine]10

3
,
 
M [OH

-
], M [NaClO4], M k

� 
x10

4
,
 
s

-1
 

2.00 4.00 0.4 0.6 5.38 
3.00 4.00 0.4 0.6 5.28 
4.00 4.00 0.4 0.6 5.28 
5.00 4.00 0.4 0.6 5.12 
6.00 4.00 0.4 0.6 5.20 
7.00 4.00 0.4 0.6 5.20 
4.00 2.00 0.4 0.6 3.01 
4.00 3.00 0.4 0.6 4.22 
4.00 4.00 0.4 0.6 5.29 
4.00 5.00 0.4 0.6 6.71 
4.00 6.00 0.4 0.6 8.85 
4.00 7.00 0.4 0.6 11.51 
4.00 4.00 0.2 0.8 2.88 
4.00 4.00 0.3 0.8 3.56 
4.00 4.00 0.4 0.8 5.28 
4.00 4.00 0.5 0.8 6.39 
4.00 4.00 0.6 0.8 8.15 
4.00 4.00 0.7 0.8 11.51 
4.00 4.00 0.4 0.4 5.29 
4.00 4.00 0.4 0.45 5.29 
4.00 4.00 0.4 0.5 5.3 
4.00 4.00 0.4 0.6 5.36 
4.00 4.00 0.4 0.65 5.49 

4.00 4.00 0.4 0.7 5.51 
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Figure 2. Order with respect to cystine 

Effect of temperature 

The effect of temperature on the rate of the reaction was studied by carrying out the reaction 

at four different temperatures 25, 30, 35 and 40
0
C respectively. The plot of log k

' 
versus 1/T  

was found to be linear indicating that the reaction obeys Arrhenius temperature dependence 

and the energy of activation, Ea and entropy of activation, ∆S
#
 were computed to be 

62.3±2.0 kJmol
-1

 and -24.9±6.6 JK
-1

mol
-1

 respectively.  

k
/  x

 1
0

-4
, 

se
c-1
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Figure 3. Order with respect to [alkali]. 

 L-Cystine,[-SCH2CH(NH2)COOH]2 is a sulfur containing amino acid and it possess 

four pKa values. Two corresponding to the carboxylic group (COOH)1 = 1.51, (COOH)2 

= 2.79 and the other two for amino group (NH3
+
)1 = 8.25, (NH3

+
)2 = 8.97. Hence, in   

0.4 mol dm
-3

 sodium hydroxide it exists as (cystine
2-

) to an extent of 99% and the 

remaining as (cystine
-
). Based on these observations, cystine

2-
 is presumed to be the 

reactive species and the following mechanism was proposed.   

 The reaction is first order with respect to each substrate and oxidant. Since the rate is not 

considerably affected by HCF(II), the probability of any fast equilibrium with the product  

preceding the rate determining step was ruled out. While in certain reactions complexation 

between hexacyanoferrate(III) and substrate was reported through cyanide ion displacement. 

Based on these observations the following mechanism was proposed. 

                    

                                                                                                            (1) 

                                                                                                                                   (2)      

which leads to the rate equation 
−

=
3

6

-2
]][Fe(CN)k[cystineRate     (3) 

Since [cystine
2-

] = [cystine]t under the experimental conditions employed, as the reaction 

rate is first order dependent on [OH
-
], the above equation can be written as 

]][Fe(CN)[OHk[cystine]
dt

]d[Fe(CN)-
Rate 3-

6

-

t

3-

6
==                                      (4) 

Intimate mechanism 

 
                                                 (RSSR

-
)              

  

                                                                               

(RSSR
2-

) 

X][Fe(CN)cystine -3

6

-2
+

k

slow

stepsfast  severalin 

Products][Fe(CN)X -3

6+

-
3222

- COO)NHCH(CHSSCH)CH(NHOOC −−−−−−−
+

-OH+
K

-

2222

- COO)CH(NHCHSSCH)CH(NHOOC −−−−−−−

k
/  x

 1
0

-4
, 
se

c-1
 

[Cystine] = 4.0 x 10-3 mol dm-3 

[HCF(III)]=4.0 X 10-4 mol dm-3 

t = 30 ± 0.1oC 
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Scheme 1. 
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