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ABSTRACT 
 
Kinetic and Mechanistic studies of some alcohols viz., allyl, 
crotyl,methyl and ethyl alcohol using quinquevalent Vanadium in 
aqueous and anionic micellar media are discussed.Oxidation 
follows first order kinetics with respect to [V(V)], [Substrate] and 
[H+]. The Presence of anionic surfactant viz., Sodium Lauryl 
sulphate enhances the reaction rate. Broxton method is utilized 
for the determination of CMC and  thermodynamic parameters 
viz., ∆E#, ∆H#, ∆G#, ∆S#, have been computated. The 
mechanism is consistent with the observed results has been 
discussed. 
Keywords: Crotyl, allyl, ethyl, methyl, alcohol, Vanadium(V), 
SLS. 
 

INTRODUCTION 
 
  The chemistry of aqueous acidic solution of 
vanadium(V) is complex, because of the participation of several 
equilibria prior to the oxidation of some species. It has been 
established that vanadium(V) in acidic solution exists as 

pervanadyl ion, VO +
2  [1]. This ion is produced by the interaction 

of vanadate ion, VO −
3  with water and yields more or less reactive 

species depending on the nature of acidic medium. The 

vanadium(V) specie such as [VO(OH)3]
2+ and V(OH) +2

3 are 
frequently involved in aqueous sulphuric acid medium [2] and 
some reactive specie in sulphuric acid attributed to 

[V(OH)3HSO +
4 ] and V(OH)2(HSO +

4 )2, the latter differing from 

the former by HSO −
4 , when the ionic strength is controlled [3].  

  The kinetics of oxidation reaction between neutral 
substrate and a charged reagent is usually strongly modified, in 
aqueous acid solutions, by the micellar aggregates of ionic 
surfactants whose charge is opposite in sign to that of the ionic 
reagent. The phenomenon of micellar catalysis has been 
investigated by many researchers for several systems [4-6]. As a 
part of our mechanistic studies[7-8], the present work concerning 
the nucleophilic interaction of anionic surfactant bound to neutral 
substrate to the vanadium specie in aqueous acid media. The 
benefit from the strong electric contribution to the catalysis 
phenomenon, most of the investigation have been carried out 
with charged surfactant solution[9-12] 

 
EXPERIMENTAL  

 
  Reagent grade chemicals and de-ionized water were 
employed throughout this work. The stock solutions of 

vanadium(V),  was prepared by dissolving ammonium meta 
vanadate (lobachemie) in sulphuric acid  as stated previously[13]. 
The reaction rate was determined under pseudo-first order rate 
conditions, with each alcohol and sulphuric acid in excess over 
vanadium(V), by monitoring the appearance of vanadium(lV) at 
740 nm. The bath water was circulated and maintained at the 
required temperature (±0.1K). The (oxidation progress was 
followed 'in a 1 cm thermostated quartz cell for up to four half-
lives.  The first-order rate constants, ko (and km) were determined 
from the slopes of the linear plots of In [V(V)] against time, and 
were reproducible within ±5%. The measurements were carried 
out in duplicate and, when necessary, in triplicate. The mediation 
of free radicals in the oxidation and the presence of aldehyde 
[14], as one of the oxidation product was observed. 

 
RESULTS 

 
Critical Micellar Concentration (CMC) 
 
 The CMC value for reaction solution of SLS obtained 
by Broxton method[15]. The reaction was studied at different 
concentration of anionic surfactant i.e. sodium lauryl sulphate 
[SLS]. The plot of observed rate constant (kψ) versus [surfactant] 
shows that reaction increases up to maximum and then decreases 
with concentration of SLS. The maximum value of rate constant 
(kψ) is taken as CMC and our values of CMC agreed with 
literature values available [16]. 
  The kinetic studies of four alcohols (crotyl, allyl, ethyl, 
methyl) has been carried out by several researchers using 
different metal ions and their complexes[17]. In the oxidation of 
unsaturated alcohols, there is a possibility of attack on double 
bond and/or the hydroxyl group [Table I].  
  In the kinetics of oxidation of allyl, crotyl alcohol by 
Cr(V), the corresponding unsaturated aldehyde was found to be 
the oxidation product. Hence, an attempt is made to investigate 
the oxidation of four alcohols in the presence as well as in the 
absence of SLS, in aquo-acetic acid medium to find out whether, 
the double bond remains intact or not during oxidation.  
  Our aim is to analyse the reactions from a mechanistic 
point of view, and therefore our discussion is focused on organic 
reactions in aqueous micelles.  
 
Salient features of the study are as follows: 
 
(1)  Under the condition V(V) << [S] (where S denotes the 

substrate) the order in V(V) was unity as obtained from 
linear plot of log titre versus time in both uncatalysed and 
uncatalysed reactions. The pseudo-first order rate 
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constants (k0 and km) were obtained form integrated 
equation and they remain unaffected on changing [V(V)]. 

[2]  The rate of reaction was linearly dependent on [Alcohol] 
and the order in [substrate] as calculated from a plot of log 
k0 (and km) versus log [substrate] was nearly one in both 
uncatalysed and catalysed reactions [Table II].  

  The plot of 1/k0 (and 1/km) versus 1/[Alcohol] was found 
to be linear with an intercept on y-axis, indicating complex 
formation between oxidant and substrate.  

(3)  The rate of reaction increased with increase in [H2SO4] 
and the order in [H+] was found one from a linear plot of 
k0 and km versus [H+].  

(4)  The Zucker-Hammett’s and Bunnett’s plots supported the 
involvement of water molecule in rate determining step.  

(5)  The effect of added salts like NaClO4 on the rate of 
oxidation was negligible. Similar observations were 
reported on the oxidation of sulpha drugs by V(V) in 
sulphuric acid medium[18].  

(6)  In order to confirm the nature of reactive species of 
oxidant and substrate, the solvent effect was studied with 
the variation of acetic acid content in the aquo-acetic acid 
mixture as solvent. The micellar-catalysed oxidations of 
substrate were studied in solution containing proportion of 
acetic acid and H2O.  

     It was observed that increase in percentage 
(V/V) of acetic acid in the solvent mixture increases the 
rate suggesting that a medium of low dielectric constant 
favours the oxidation, further the plot of ln k0 (and km) 
versus 1/D are linear with positive intercept indicating the 
existence of an ion-dipole reaction, this confirms the 
involvement of protonated vanadium species in the rate 
determining step.  

(7)  The formation of a polymeric product by the addition of 
acrylonitrile to the aliquot, indicates that vanadium(V) 
behaves as an one-equivalent oxidant.  

(8)  Increase in the ionic strength of the medium by adding 
sodium perchlorate, has no effect on the reaction rate, 
indicating the involvement of an ion and neutral molecule 
in the rate determining step.  

 
Activation parameters  
 
  The reaction rate increased considerably on increasing 
the temperature in the range 5oC. The data satisfy the Arrhenius 
law. Activation parameters at different temperatures are 
presented in Table III.  
  Examination of data shows that the compound with 
highest rate has lowest energy of activation and vice versa. Same 
trend is observed in micelle catalyzed reaction for all four 
alcohols. Since ∆E values are in reverse order of reactivity, the 
oxidation is both energy and entropy controlled.  
  It is believed that since the interaction involves 
oppositely charged species, therefore, the forward and backward 
processes would have relatively small activation energies. Author 
has assumed the same value at different temperatures[18-20]. 
Negative values of entropy also suggest a biomolecular reaction 
in the rate-determining step in the presence of water as a 
nucleophile and involvement of a proton transfer during rate-

determining step for both uncatalysed and micelle catalysed 
reactions[22].  
  The lower value of activation energy and enthalpy in 
presence of SLS indicates stabilization of transition state in 
comparison to its stability in absence of surfactant. The moderate 
values of ∆H# and ∆S# were both favourable for the electron 
transfer processes.  
 
Mechanism 
 
  The observed dependence of rate on [V(V)], [alc] as 
well as on [H+] in aqueous and micellar medium is suggestive of 
a mechanism shown in scheme 1.  
 Any species of Vanadium(V) are supposed to exist 
depending on the concentration and nature of acid. A unit 
dependence of rate on sulphuric acid in the oxidation of alcohol  
suggests [V(OH)3]

2+ as the oxidizing species of Vanadium(V). 

Further dependence of rate on unit concentration of HSO −
4  

indicates the formation of 1: 1 bisulphate vanadium(V) complex, 
as [V(OH)3HSO4]

+ which act as an active oxidizing agent. The 
similar ∆G# value in aqueous as well as micellar media 
suggesting that similar mechanism, prevail under both the 
oxidation condition. 
 
        K1 

VO +
2  + H3O

+  V(OH) +2
3   … (1)  

             K2 

V(OH) +2
3   + HSO −

4     [V(OH)3HSO4]
+  … (2)  

 
+ S

kDDn DnS     … (3)  

  It assumes that, a substrates ‘S’ and a number of 
detergent molecules Dn aggregate to form catalytic micelles DnS 
which then form the product. The variation of rate constant with 
the surfactant is generally treated on the assumption that the 
substrate ‘S’ is distributed between the aqueous and micellar 
pseudo-phase. No of detergent molecule combine with substrate 
to form a non-covalent adduct A 

Dn + R CH2OH
KD

R CH2
O H

(A)

Dn

.. (4)  
       (Adduct)  
 

V
+

OH

(OH)2

OSO3H
A + [V(OH)3HSO4]

+ K3
R CH2

O

H

Dn

(B)
Intermediate

….(5) 
 
 

99NSTI-Nanotech 2006, www.nsti.org, ISBN 0-9767985-8-1 Vol. 3, 2006



 

 

 

B + H2O
km

r.d.s. R CH OH+ V(IV) +

Fast

RCHO +H
+

Dn

…(6)   
  
Where R stands for CH3CH=CH, CH2=CH, CH3CH2, CH3 for 
crotyl, allyl, ethyl and methyl respectively.  
The above mechanism leads to the following rate law – 
Rate ∝ [complex]    … (7)  

Rate = km [B]    … (8)   

Rate  = kmK3[A] [V(OH)3HSO4]
+   … (9)  

= kmK2K3 [A] [V(OH) +2
3 ] [HSO +

4 ]          … (10)  

Rate = kmK1K2K3 [A] [VO +
2 ] [H+] [HSO −

4 ]  … (11)  
 

  At any time total concentration of vanadium present in 

different forms such as free vanadium ion [VO +
2 ], 1:1 vanadium 

sulfate complex and its deprotonated species may be expressed  
as –  
 

[V(V)]T = [VO +
2 ] + [V(OH)3HSO +

4 ] + [Complex]  … (12)  

      [V(V)]T 

[VO +
2 ] =      

                 1+K2 [H
+] [HSO −

4 ]+K1K2K3 [A] [H+] [HSO −
4 ]  ..(13) 

 

Substituting the value of [VO +
2 ]obtained from mass equation, in 

eq. 11  
 

           km K1K2K3 [A] [H+] [HSO −
4 ] [V(V)]T  

 Rate =           

  1+K2 [H
+] [HSO −

4 ]+ K1K2K3 [A] [H+] [HSO −
4 ]  

…(14)  

T[V(V)]
Rate

 = kobs =   

                
    …(15 a)  

Since K2  << 1, therefore,  
 

   kobs = k’ [A] [H +] [HSO −
4 ]      … (15b)  

 
where k’ = k m K1 K2 K3  
 
  The equation (15b) fulfills experimental results i.e. 
second order kinetics first order to each reactant.  
Now, reciprocal of above equation  
 

  
k
1

KKk
1

][HSO ][H [A] KKKk
1

 
[A]
1

     
k

1

m31m4321mobs








++= −+

 

…(16)  
 
  Equation (16) predicts a linear plot between 1/kobs 
versus 1/[Alcohol] with finite intercept, which is further, verified 
the experimental results.  
 
Order of Reactivity  
 
  The observed order of reactivity among alcohols studied 
is crotyl alcohol > allyl alcohol > ethyl alcohol > methyl alcohol.  
The fact indicates CH3 group an electron donating substituent, 
accelerates the reaction rate.  
  In the case of crotyl alcohol CH3CH=CH moiety (with 
donating) is responsible for the greater reactivity i.e. it increases 
the tendency of V(V) to accept electron from the reducing agent.  
  Most of the micellar-mediated reactions occur in the 
stern layer[23-25] which is water rich region. Penetration of 
methyl group of crotyl alcohol will thus cause the substrate 
molecule to come closer to the miceller head group and 
concentration of crotyl alcohol increases within the outer aqueous 
area of the micelles.  
 
Binding Parameter  
 
   At constant surfactant concentration, the rate of 
oxidation increased linearly with increasing alcohols 
concentration. The reaction site, one-again, was postulated to be 
the hydrocarbon interior of the micelle[26]. 
  Generally the surfactant was SLS with added metal ion, 
but sulphuric acid was also used so that H3

+O was the counter ion 
and there was no interionic competition. The maximum rate 
enhancement, kψ depends upon the specific conditions of the 
experiment, and as predicted by the pseudophase ion-exchange 
model generally decreases with increasing concentration of SLS.  
  The ion-exchange model also nicely explains results 
from experimental study. This is equivalent to saying that Na+ 
increase the concentration of reactive OH- in the anionic 
micelle[27-29]. Added SLS speeded reaction of alcohols with 
V(V) bound to SLS micelles as predicted.  
   These results are in accordance with the kinetic data, 
although the values of “n” are contrary to it. In viewing the 
effects of changes of substrate structure, it is clear that a major 
structural alteration is required to change log[KD] or n. Alteration 
of electronic and inductive effects may not be sufficient[30].  
 
Table 1: Binding parameters evaluated  
Substrate  CMCa  

(M) 
CMCb 

(M) 
kD n 

Crotyl alcohol  0.0051 0.0052 9.0 1.56 
Allyl alcohol  0.0060 0.0060 7.5 1.5 
Ethyl alcohol  0.0025 0.0026 7.9 1.6 
Methyl alcohol  0.0030 0.0029 9.2 1.5 
a Conductometric values, b = Surface tension values 
 
 

  km K1K2K3 [A] [H+] [HSO −
4 ] 

1+K2 [H
+] [HSO −

4 ]+ K1K2K3 [A] [H+] 

[HSO − ] 
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Table II: Variation of rate constant with [V(V)], [Substrate] and [H+] at 313 K 

Crotyl alcohol Allyl alcohol 
[V(V)] M [Crotyl al.] M [H+]    M k0x10-3 sec-1 kmx10-3 sec-1 [V(V)] M [Allyl al.] M [H+]    M k0x10-3 sec-1 kmx10-3 sec-1 

0.001 0.002 1.0 7.26 8.30 0.001 0.025 1.0 5.22 6.39 
0.002 0.002 1.0 7.46 8.37 0.002 0.025 1.0 5.30 6.42 
0.003 0.002 1.0 7.22 8.48 0.003 0.025 1.0 5.37 6.48 
0.004 0.002 1.0 7.57 8.65 0.004 0.025 1.0 5.40 6.52 
0.005 0.002 1.0 7.78 8.75 0.005 0.025 1.0 5.46 6.55 
0.002 0.010 1.0 4.15 5.18 0.003 0.010 1.0 2.98 3.45 
0.002 0.015 1.0 5.07 6.13 0.003 0.175 1.0 4.25 5.25 
0.002 0.020 1.0 7.46 8.37 0.003 0.0205 1.0 5.37 6.48 
0.002 0.025 1.0 9.70 11.30 0.003 0.0325 1.0 6.67 7.93 
0.002 0.030 1.0 12.21 13.50 0.003 0.0400 1.0 7.48 9.20 
0.002 0.002 0.5 5.75 6.69 0.003 0.025 0.5 3.34 4.25 
0.002 0.002 1.0 7.46 8.37 0.003 0.025 1.0 5.37 6.49 
0.002 0.002 1.5 8.99 10.35 0.003 0.025 1.5 7.51 8.37 
0.002 0.002 2.0 11.59 12.79 0.003 0.025 2.0 9.63 10.67 
0.002 0.002 2.5 13.40 15.05 0.003 0.025 2.5 11.60 12.85 

 
Ethyl alcohol Methyl alcohol 

[V(V)] M [Ethyl al.] M [H+]    M k0x10-3 min-1 kmx10-3 min-1 [V(V)] M [Methyl al.] M [H+]    M k0x10-3 min-1 kmx10-3 min-1 
0.004 0.06 1.5 5.76 7.01 0.004 0.07 1.5 3.48 4.68 
0.005 0.06 1.5 5.81 7.08 0.006 0.07 1.5 3.64 4.75 
0.006 0.06 1.5 5.95 7.21 0.008 0.07 1.5 3.59 4.69 
0.007 0.06 1.5 5.87 7.12 0.010 0.07 1.5 3.71 4.82 
0.008 0.06 1.5 5.98 7.18 0.012 0.07 1.5 3.69 4.85 
0.005 0.04 1.5 3.79 4.59 0.006 0.05 1.5 2.59 3.98 
0.005 0.05 1.5 4.71 5.94 0.006 0.07 1.5 3.64 4.75 
0.005 0.06 1.5 5.81 7.08 0.006 0.09 1.5 4.73 6.15 
0.005 0.07 1.5 6.99 8.62 0.006 0.12 1.5 6.45 7.48 
0.005 0.09 1.5 9.95 12.79 0.006 0.15 1.5 7.85 9.45 
0.005 0.06 0.5 1.49 2.25 0.006 0.07 0.5 1.57 1.99 
0.005 0.06 1.0 3.68 4.58 0.006 0.07 1.0 2.48 3.56 
0.005 0.06 2.0 5.81 7.08 0.006 0.07 2.0 3.64 4.75 
0.005 0.06 3.0 8.12 10.08 0.006 0.07 3.0 4.78 6.51 
0.005 0.06 4.0 11.41 14.59 0.006 0.07 4.0 6.43 8.97 

k0 = pseudo first order rate constant in aqueous media.  
km = pseudo first order rate constant in micellar media. 
 
Table III: Thermodynamic parameters of alcohols (in absence and presence of SLS)  

Crotylalcohol: [V(V)] = .002M [Crotyl. al] = .02M, [H-1] = 1.0M, Temp 313 K  
Allylalcohol : [V (V)] = .003M [Allyl. al] = .025M, [H-1] = 1.0M, Temp 313 K  
Ethylalcohol : [V (V)] = .005M [Ethyl. al] = .06M, [H-1] = I.5M, Temp 313 K 
Methylalcohol: [V(V)] = .006M [Methyl. al] = .07M, [H-1] = 1.5M, Temp 313 K 
 

Crotyl alcohol Allyl alcohol Ethyl alcohol Methyl alcohol Activation 
Parameters Absence Presence Absence Presence Absence Presence Absence Presence 

Ea (KJ mol-1) 56.906 57.688 58.609 57.208 59.621 58.429 60.292 59.178 
∆∆H (KJ mol-1) 54.103 52.777 55.966 54.645 55.279 54.427 57.608 57.958 
∆∆G (KJ mol-1) 71.403 71.865 71.378 71.925 72.212 71.400 73.248 73.077 
∆∆S (KJ mol-1) 55.878 58.398 52.377 54.520 52.181 55.941 50.790 48.599 
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