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                                                                                     ABSTRACT 

 

Oxidation of biotin (vitamin H) by vanadium (V) was studied under pseudo-first order conditions in the temperature 

range 293K-318K at low pH (1.6-2.4), where vanadium (V) taken excess over biotin. The reaction was proceed 

through an intermediate to form the complex. With increase in pH the pseudo-first order rate constant decreases, 

with decrease of dielectric constant of the medium. The ionic strength had no significant effect on the rate of the 

reaction. There is a probable mechanism which leads to the oxidation of biotin to biotin sulfone. Electron transfer 

from biotin to V(V) center lead to the release of reaction product (biotin sulfone), VO2
+
 and a molecule of water. 

The activation parameters were determined and are consistent with the proposed mechanism for the formation of 

biotin sulfone and V(IV). Formation of the product was characterized by UV-Visible spectra, 1H-NMR spectra, 

Mass spectra and Elemental analysis which favors for biotin sulfone.  
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INTRODUCTION 

 

Biotin, Hexahydro-2-oxo-1H-thieno (3,4-d) imidazole-4-pentanoic acid (Figure 1) is a water-soluble B-complex 

vitamin. It is a heterocyclic, sulphur containing monocarboxylic acid also known as vitamin B7 or vitamin H or 

coenzyme R. Biotin is a important cofactor in the catalysis of essential metabolic reactions to synthesize fatty acids, 

in gluconeogenesis. Biotin free and bound biotin are readily oxidized by oxidizing agents to form oxy derivatives.3 

Authors reported a kinetic spectrophotometric method of biotin for determination of the biological products in 

pharmaceutical dosage forms and human serum. Biotin is an important component of enzymes involved in 

metabolizing fats and carbohydrates, influencing cell growth, and affecting amino acids involved in protein 

synthesis. Biotin assists in various metabolic reactions involving the transfer of carbon dioxide. It may also be 

helpful in maintaing a steady blood sugar level. It is important in fatty acid synthesis, branched chain amino acid 

catabolism and gluconeogenesis [1]. 
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Figure 1: Structure of biotin. 

  
Vanadium is an essential trace element found in all living organisms. Vanadium ion acts as an enzyme cofactor 

found in possible tunicates and also in mammals. The reduction of V(V) by oxalic acid, hydroquinone, 

hypophosphorous acid proceeds through a complexation pre-equilibrium followed by an inner sphere one electron 

transfer path ways [2,3]. Vanadium (IV) L-ascorbate complexes were formed by the reduction of V(V) by L-

ascorbic acid at low pH under physiological conditions used as insulin-enhancing agents for treatment of diabetes. 

The reduction of V(V) with NADPH in the presence of EDTA takes place readily in acidic media to produce V(IV). 

29-Vanadium is found in two oxidation forms, V(V) and V(IV). V(V) is the most abundance and toxic species. 

Vanadium is essentially required element that helps in carbohydrate metabolism preventation of some heart diseases 

[4].Vanadium complex can act as oxidizing agent, insulin-mimic drug, dehydrating catalyst. Vanadium form 

complexes in -2 to +5 oxidation states. But +3, +4, +5 oxidation state of vanadium found in living organism. The 

redox chemistry of vanadium (V) was reported by inorganic and biological reducing agents. At low pH, vanadium 

exists as cis-dioxovanadium, VO2
+
, however as the pH is increased, the most prevalent forms are vanadate, H2VO4

-
 

or decavanadate H3V10O28.  

 

MATERIALS AND METHODS 

 

All the chemicals used were AnalR grade and were used without further purification. Biotin was received from SRL 

company [5]. Solutions of different concentrations were prepared by proper dilution of stock solution. Doubly 

distilled water was used for the preparation of solutions throughout the experiment. Absorbance measurement  have 

been done by using Agilent Cary 100 UV-Visible spectrophotometer [6]. The pH of the solution was measured by 

using Electronics India digital pH meter model-101. 

 

Kinetic study 

 

For kinetic measurements fresh solutions were prepared. The kinetics of the reaction between biotin and ammonium 

metavanadate was studied under pseudo-first order conditions in the temperature range 293K-318K at low pH (1.6-

2.4), where vanadium (V) taken excess over biotin. The change in absorbance was measured by following the 

decrease in absorbane at λmax=260 nm. The pH of the solution was adjusted by using HCl or NaOH and was 

measured before and after the kinetic study. No significant change was observed [7].   

 

Stoichiometry and product analysis 

 

For determining stoichiometry, different reaction mixtures containing various concentration of biotin and 

ammonium vanadate in a molar ratio of 1:10 were warmed at 318K at I=0.5 mol dm
-3

 and pH=2.0 for 4 h till the  
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reaction was completed. The unreacted vanadium concentration was estimated spectrophotometrically. Biotin 

reduces aqueous vanadium (V) according to the following equation: 

 

Biotin + VO2+ + 2H
+
=Biotin sulfone + VO2

+
+H2O                                    

                                              

  From the above experiment, it was observed that 1 mole of biotin reacted with one mole of vanadium to generate 

product. The stoichiometry was found to be 1:1 as depicted in equation. In order to get the reaction product, 

ammonium metavanadate (0.2 mol) and biotin (0.2 mol) was dissolved in 20 ml of water at pH=2.0 and were 

warmed and allowed to complete the reaction [8,9]. From the solution metal ion was removed through cation 

exchange resin. The solution was slowly evaporated to concentrate the solution, then it was kept overnight, a brown 

crystalline product was formed. It was washed with ethanol and dried in desiccators containing silica gel. The yield 

of the product was 75%. UV-Visible spectra of product shows λmax=275 nm (Figure 2). The product was confirmed 

by FTIR spectra, 1H-NMR spectra, Mass spectra and elemental analysis as biotin sulfone [10]. 
 

 

  

Figure 2: UV-Visible spectral scan, 1) [Biotin]=2 × 10
-5

 mol dm
-3

, 2) [V  
 ]=2 × 10

-4
 mol dm

-3
, 3) immediately 

after mixing at pH=2.0, curves (3-10), Δt=4 mins [V  
 ] =after 24 h product, biotin sulfone. 

 

RESULTS AND DISCUSSION 

 

The redox reaction between biotin and vanadium (V) was studied over the range 2.0 ≤ 105 [Biotin] ≤ 5.0, 1.7 ≤ pH ≤ 

2.5, 293K ≤ T ≤ 313K and ionic strength (I)=0.5 mol dm
-3

 (Table 1). The aqueous solution of ammonium vanadate 

was yellow in color due to formation of active species VO2
+
 which shows a peak at λmax=264 nm [11]. Biotin shows 

peak in the UV-Visible spectra at 204 nm. When two solutions are mixed at pH=2.0, yellow color slowly changes to  
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green color indicated by spectral change (λmax=260 nm). Time scan spectra shows decrease of absorbance at  

λmax=260 nm with time (Figure 2). After a long interval of time (24 h) these peaks disappeared and new peak 

appeared at λmax=335 nm corresponding to V(IV) aquo (Figure 2). The plot of kobs versus [Biotin] was linear 

(Figure 3) with a significant intercept indicating first order dependence on biotin. 

 

 
 

 

Figure 3: Plot of kobs versus [Biotin] at 293K {1=(pH 1.6), 2=(pH 1.8), 3=(pH 2.0), 4=(pH 2.2), 5=(pH 2.4)}. Note:        pH=1.6        

pH=1.8          pH=2.0         pH=2.2          pH =2.4. 

Table 1: Pseudo-first order rate constant for redox reaction of vanadium (V) by biotin at pH (1.6-2.4), temperatures 

(293K-318K) and biotin concentrations (2.0 × 10
-5

-5.0 × 10
-5

) mol dm
-3

. 

 

10
5 
[Biotin] mol 

dm
-3

 
pH 10

4
 kobs (s

-1
) 

  
293K 298K 313K 318K 

1 

1.6 2.46 3.24 4.43 5.84 

1.8 2.1 2.56 4.11 5.37 

2 1.58 1.96 3.72 4.96 

2.2 1.18 1.45 3.24 4.57 

2.4 0.96 1.06 2.58 3.98 

 

 

2 

 

1.6 2.81 3.72 4.89 6.23 

1.8 2.32 3.1 4.55 5.82 

2 1.98 2.46 4.06 5.32 
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2.2 1.62 1.87 3.68 4.82 

2.4 1.36 1.48 3.04 4.51 

 

 

3 

 

 

 

 

1.6 3.22 4.14 5.37 6.68 

1.8 2.75 3.5 4.98 6.21 

2 2.38 2.98 4.55 5.79 

2.2 2.12 2.35 4.17 5.32 

2.4 1.69 1.85 3.55 4.75 

 

 

4 

 

 

 

1.6 3.52 4.48 5.78 7.28 

1.8 3.26 3.99 5.38 6.85 

2 2.83 3.41 4.96 6.38 

2.2 2.48 2.93 4.55 5.75 

2.4 2.01 2.29 4.08 5.2 

 

 

            Effect of pH 

 

When pH of the reaction solution varies from 1.6 to 2.4, it has been shown that pseudo-first order rate constant (kobs) 

decreases (Figure 4). Above pH>3.0, the kinetic study was prevented, so rate can not be measured [12]. 

 

 
   

Figure 4: Plot of kobs(s
-1

) versus pH at different concentration of Biotin, 1) 2 × 10
-5

, 2) 3 × 10
-5

, 3) 4 × 10
-5

, 4) 5 

× 10
-5

 mol dm
-3

. 

 

Ionic strength effect 

 

The effect of ionic strength (I) was calculated on the variation of NaNO3 from 0.1 mol dm
-3

 to 0.5 mol dm
-3

 at 

pH=2.4 (Table 2), keeping all other conditions constant. The plot of kobs versus (√I) (Figure 5) indicates the 

negligible effect of ionic strength. 
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Table 2: Pseudo-first order rate constants with variation of ionic strength. 

 

Ionic strength 

I (mol dm
-3

) 

√I 10
4 
kobs (s

-1
) 

0.5 0.707 1.38 

1.0 1.0 1.37 

2.0 1.414 1.37 

 

 

 
                                                      

                                                             Figure 5: Plot of kobs versus I
1/2

.  

 

Solvent polarity effect 

At constant temperature (i.e. 303K), the dielectric constant of the solvent was considered by varying acetic acid from 

20% to 60% keeping all other conditions constant [13,14]. 104 kobs (s
-1

) changed from 0.65 to 2.71 when the 

dielectric constant changes from 20% to 60% (Table 3). Plot of log kobs versus D
-1

 (Figure 6) is a straight line with 

a positive slope (R
2
=0.99) indicating ion dipolar interaction in the rate determining step following Amies concept. 

The interventation of free radical was examined by adding acrylonitrile to the reaction mixture and keeping it for 2 h 

at room temperature [15]. Upon dilution with methanol, the reaction mixture did not show any precipitate indicating 

no intervention of free radicals during the reaction [16]. 
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Table 3: Pseudo-first order rate constants with different dielectric constants (D) for the oxidation of biotin. 

 

 

 

 

 

        

 
  

                                                      Figure 6: Plot of kobs versus 1/D. 

 

Temperature effect 

The rate of the reaction was measured at four different temperatures 293K, 298K, 308K and 313K under  varying 

biotin concentrations and varying pH=1.6 to 2.4. The rate constant was found to increase with increasing 

temperature (Table 1). 

Mechanism of the reaction 

Basing on the above experimental facts, stoichiometry, identification of product, the probable mechanism may be 

delineated as in Scheme I [17]. 

 

 

% of CH3COOH 
   Dielectric constant 

(D) 
10

4 
kobs (s

-1
) 

20 81.5 0.65 

30 72 1.47 

40 63.3 1.86 

50 56 2.25 

60 45.5 2.71 
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VO2

+
+ H3O+

KH
[V(OH)3]2+

 

               KH = 
       

   

    
   [ ]

 

                 

               

               

The rapid formation of the intermediate was followed by a slower step intramolecular electron transfer to produce 

vanadium (IV) and biotin sulfone 

        

                  Rate = ket [Intermediate] 

                      Keq = 
               

                
     

 

                      Rate = ket Keq [Biotin]e [V(OH  
   e                        

                      = ket Keq KH [Biotin]e [V  
    [H

+
]e                                                                                                                          

                       [V  
    = [V  

    + [V(OH  
    + [Intermediate]e 

                       = [V  
    + KH [V  

   [H+
] + Keq [Biotin] [V(OH  

    

                      = [V  
    + KH [V  

   [H+
] + KH Keq [Biotin] [V  

   [H+
] 

                       = [V  
    [1 + KH [H

+
] + KH Keq [Biotin] [H

+
]] 

                        [V  
     = 

    
   

        
                     

 

                        Rate = 
           [            ]    

    

        
                     

                                                                              

                         Rate = kobs [V  
    

                         Kobs = 
           [            ] 
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 = 

           [ 
 ] 

        
                     

                                                                           

                    KH Keq [Biotin] [H
+
] + KH [H

+
] << 1 neglected, 

                       
    

         
 = 

           [ 
 ] 

        
  

                                                                                               

                                k2 = 
           [ 

 ] 

        
  

                                                                                               

                      
 

  
 = 

 

       
  

 

             
  

                                                                                           

The plot of 
 

  
 (i.e. 

         

    
  versus 

 

    
 was found to be linear (Figure 7) with slope value 1/ ket Keq KH. Inversion 

of intercept produces composite rate constant i.e. (ket Keq=  ) and the ratio of intercept to slope gives the value of 

KH (Table 4).     

             

 

Figure 7: Plot of [Biotin]T/kobs versus 1/[H
+
]. 

The final oxidation product of biotin gives biotin sulfone and vanadium (IV). As compared to several investigation, 

the results are in good agreement. The enthalpy of activation ΔH≠ and entropy of activation ΔS≠ are obtained by 

following the Eyring equation. 
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                 k = 
      

   

  
 

 
 = 

   

 
             

  
                                                                                         

                 k=Electron transfer rate constant 

                 kB=Boltzmann’s constant 

                  

                 R=Gas constant 

                 T=Absolute temperature 

                 ΔG
≠
=Free energy of activation 

                 The linear form of Equation is 

                 ln (
 

 
 

    

  
  

    

  
    

  

 
                                                                                         

                 = 
    

  
   +  

    

  
 + 10.38)     

A graph is plotted between log (k/T) versus 1/T. From the slope, the value of enthalpy of activation and from the 

intercept the value of entropy of activation were calculated[18]. It has been found that, ΔH≠ = 32.68 kJ mol-1 and  

ΔS≠ = -112.72 JK-1 mol-1. Using the value of ΔH≠ and ΔS≠, the free energy of activation is calculated as 

ΔG≠(298) 33.62 kJ mol-1  

Table 4: Calculation of compositerate constant for electrontransfer reaction equilibrium constant (KH) and 

activation parameter sand thermodynamic parameters. 

        

Temperature 

(K) 
K  KH 

293 10.948 190.807 

298 15.849 127.75 

313 21.234 340 

318 21.617 472.5 

 

FT-IR spectra 

The FTIR spectra of biotin (Figure 8) showed characteristic bands at 3364 cm
-1

 for OH stretching of COOH   group,  

for imidazole ring (3306 cm
-1

), methylene (2926 cm
-1 

and 2851 cm
-1

), carbonylgroup (1701 cm
-1 

and 1633 cm
-1

) and  

skeletal vibrations of C-C moieties (1311 cm
-1 

and 1264 cm
-1

), C-S stretching vibration (648 cm
-1

). 

FTIR spectra of the oxidation product of biotin (Figure 9) shows a broad peak at 3432 cm
-1

 is due to O-H stretching. 

In ammonium vanadate-biotin complex, the absorption band at 1120 cm
-1

 corresponds for the formation of (O=S=O) 

bonding does no longer appear in free biotin spectra, which proves that the synthesized product was named as biotin 

sulfone [19]. A lower value appeared at 613 cm
-1

 compared to free biotin for C-S stretching [20,21]. Similar product 

have been reported by others using hydrogen peroxide as oxidants [22]. It is further supported by characteristic peak 

at λmax=254 nm in UV-Visible spectra. 
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Figure 8: FTIR spectra of biotin. 

 
Figure 9: FTIR spectra biotin sulfone. 

 

1
H-NMR spectra 

1
H-NMR of the oxidation product of biotin (Figure 10) shows peaks in the range δ (1.9-2.2) for methylene groups 

(2H, CH2), δ (2.4- 2.6) for methane protons and δ (3.2-3.4) for ureic protons [23,24].
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Figure 10: 
1
H-NMR spectra of biotin sulfone. 

Mass spectra 

 A simple, specific and sensitive analytical method for the mass determination of the product biotin sulfone had been 

analysed and it was also satisfied (Figure 11) [25,26]. Biotin sulfone shows a base peak corresponding to the 

protonated molecular ion [M+H]+ (m/z=186).  

This is for 4-pentanoic acid with sulfone group [27]. The m/z value at 276 corresponds to the formation of biotin 

sulfone [28]. After the loss of hexahydro-2-oxo-1H-thieno (3,4-d) imidazole from biotin sulfone the m/z value arises 

at 157. 

            

          Elemental analysis 

Elemental analysis (CHNO) of the isolated product was done using CHN analyser. The estimation of vanadium 

metal was   done through AAS. The C, H, N and O elemental analysis shows that the percentage of carbon (43.10), 

hydrogen (5.36), nitrogen (9.85) and oxygen (28.74) were corresponding to the theoretical percentage values of the 

complex (Table 5). The above elemental analysis supports for the formation of biotin sulfone (Figure 12). 
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Figure 11: 1H-NMR spectra of biotin sulfone. 

 

 

Table 5: Percentage of the elements in vanadium-biotin complex. 

 

Element %  present 

Carbon 43.10 (43.48)
*
 

Hydrogen 5.36 (5.80)
*
 

Nitrogen 9.85 (10.14)
*
 

Sulphur 28.74 (28.98)
*
 

*
Represents theoretical values 

 

 

 

 

Figure 12: Structure of biotin sulfone. 
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CONCLUSION 

Oxidation of biotin to biotin sulfone has been performed efficiently by vanadium (V) compound. The reactions were 

studied spectrophotometrically between pH 1.6-2.4 in the temperature range 293-313K. The reaction is first order in 

both biotin and vanadium (V) concentrations. As the pH increases from 1.6 to 2.4, the pseudo-first rate constant 

decreases with decrease of the dielectric constant and the rate of the reaction increases. Ionic strength has no effect 

on such reaction. The formation of sulfone established the thioether nature of the sulfur atom and it is therefore 

concluded that biotin is a monocarboxylic acid containing a cyclic urea structure with the sulfur atom in thioether 

linkage 
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