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ABSTRACT 

Kinetics of oxidation of [cyclohexanone oxime] by [QNFC] in protic solvent system has 

been studied at 308 K. The product has been identified as corresponding ketonic group. A 

first order dependence of the reaction with respect to [QNFC], [cyclohexanone oxime] and 

[H+]] has been observed. The rate constant increased with increase in the concentration of 

perchloric acid. The reaction has been found to be catalyzed by H
+
 ions. Increasing the 

percentage of the acetic acid medium increases the rate. Addition of sodium perchlorate 

increases the rate of reaction appreciably. No polymerization with acrylonitrile. The 

reaction has been conducted at four different temperature and the activation parameters 

were calculated. From the observed kinetic results a suitable mechanism was proposed. 

Keywords –  kinetics, oxidation, cyclohexanone oxime, QNFC,  

 

1,INTRODUCTION 

       Oxidation  reaction  has been a subject of  major  importance  to many chemists and 

elucidation of the mechanism is undoubtedly one of the  most  fascinating  problems in the 

mind of chemists [1-2]. Extensive studies on the mechanism of the oxidation of 

cyclohexanone oxime with several oxidants have been reported. Variety of  new 

chromium (VI) oxidants together with special reaction conditions have been introduced for 

the regiospecific, chemospecific and stereospecific oxidative degeneration of functional 

groups in highly sensitive systems[3-6].  
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1.1 Quinaldinium fluorochromate (VI) as an oxidant:  

         The investigation of reaction kinetics in chemical reactions is the most important in 

deciding the reaction mechanisms. Chromium compounds have been proved to be versatile 

reagents for the oxidation of almost all the organic functional groups [7-11].Generally 

chromium(VI) oxidation reactions have been performed in aqueous acidic conditions, the 

source of chromium(VI) being chromium trioxide, sodium dichromate, potassium 

dichromate, chromyl chloride, chromyl acetate, t-butyl chromate (or) co-oxidation 

complexes of chromium trioxide. Chromium  compounds  have  been widely used in 

aqueous and non-aqueous media for the oxidation of a variety of organic compounds [12-

14].  

         Some of the other few examples of Cr(VI) oxidants reported in the literature are as 

follows:Polymer supported chromium (VI) reagents have also been developed.These 

reagents offer the advantage of simplifying the work procedure. Recently, some neutral 

chromium(VI) reagents like pyridinium fluorochromate (PFC),  nicotinium dichromate (NDC) etc., 

have been developed to effect of oxidation under mild conditions. The oxidant quinaldinium 

fluorochromate (QNFC) [15] is used in the present work.  

1.2 Oxidation of [cyclohexanone oxime]:  

          Oxidation reaction the most important role of kinetic reaction, like to the 

cyclohexanone oxime oxidations[16]. 

2. MATERIALS AND METHODS 

2.1 Preparation of [cyclohexanone oxime]: 

          The corresponding cyclohexanone oxime was prepared as described by Vogal’s etal 

[17]. 

2.2 Other chemicals: 

           [QNFC] was prepared by the method described in the literature[15].  All other 

chemicals were used as supplied without further purification used in this experiment are all 

of AR grade samples. 

2.3  Product analysis and stoichiometry oxidation of [cyclohexanone oxime ] by 

[QNFC]:  

          The required quantity of [cyclohexanone oxime]  (0.1 mol), [QNFC] (0.1 mol) were 

mixed and    kept at room temperature under kinetic runs. The product was extracted with 

chloroform and then dried over anhydrous sodium sulfate. The chloroform layer was 

evaporated. The product obtained was cyclohexanone. The   product was confirmed    as    
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corresponding ketone   2,4-dinitrophenylhydrazine  derivative  test  (m.p. 197 C; 

lit.200C).            

2.4 Purification of water: 

          All solutions were prepared from double distilled water. The following solutions of 

required concentrations were prepared and used for the kinetic studies: i) QNFC, perchloric 

acid, sodium perchlorate and manganous sulfate in water, ii) cyclohexanone oxime in acetic 

acid. 

2.5 Kinetics and oxidation of [cyclohexanone oxime] by [QNFC]:  

         All the kinetic reactions were carried out under pseudo-first order conditions, keeping 

[substrate] >> [QNFC] in a solvent system of 50% (v/v) acetic acid-water medium at 308 K 

unless otherwise mentioned and the course of the reaction were followed by iodometrically. 

3. RESULTS AND DISCUSSION 

3.1. Effect of varying [QNFC] 

          The reactions were conducted with varying concentrations of QNFC and keeping all 

other reactant  concentrations constant and the rate constants were calculated in Table.1 

.Further the plot of  log titre versus time is linear, its  evidenced for first order of the 

reaction. 

Table 1. Effect of varying [QNFC] concentration 

                               [cyclohexanone oxime]   = 12.50  10
-3

 mol dm
-3                                     

                                                      

                      [HClO4]  = 1.50  10
-3

 mol dm
-3 

                           Solvent       = 50-50 (% v/v) AcOH-H2O             

                                                       Temperature = 308 K 

10
3
 [QNFC]                  

(mol dm
-3

) 

10
4
 kobs                                

(s
-1

) 

0.50 3.34 

1.00 3.53 

1.25 3.56 

1.50 3.60 

1.75 3.68 

2.00 3.69 
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2.25 3.73 

 

3.2. Effect of varying [cyclohexanone oxime] 

          The reactions were investigated with varying concentration of cyclohexanone oxime 

and keeping all other reactant concentrations constant and the observed rate constant values 

were given in Table .2 Fig.1 A plot of log kobs versus  log [cyclohexanone oxime] is linear 

with  a slope = 0.965, r = 0.987, sd = 0.037. These results show that first order 

dependence with respect to [cyclohexanone oxime] . 

Table  2. Effect of varying [cyclohexanone oxime]  

                                          [QNFC]          =    1.50  10
-3

 mol dm
-3                                   

                                                 
 

                                             [HClO4]       =   1.50  10
-3

 mol dm
-3 

     Solvent           =   50-50 (% v/v) AcOH-H2O             

                                   Temperature      =   308 K 

10
3
 [cyclohexanone 

oxime]                  (mol 

dm
-3

) 

10
4
 kobs                                      

(s
-1

) 

05.00 02.32 

07.50 02.61 

10.00 03.00 

12.50 03.60 

15.00 05.94 

17.50 07.11 

20.00 09.08 
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                                          Uncatalyst (r = 0.987; sd = 0.037) 

                                       Fig.1.log kobs versus  log [cyclohexanone oxime] 

 

3.3. Effect of varying [HClO4] 

           The reaction of perchloric acid and keeping all other reactant concentrations 

constant. The rate constants increased with increase in the concentration of perchloric 

acid Table.3 The plot of log kobs versus log [H

] Fig.2 shows that first order dependence 

is observed (slope = 1.02; r = 0.990; sd = 0.033) in the case of  reaction.  

Table . 3. Effect of varying [HClO4] concentration 

cyclohexanone oxime]   = 12.50  10
-3

 mol dm
-3

 

   [QNFC]    = 1.50  10
-3

 mol dm
-3 

             Solvent   = 50-50 (% v/v) AcOH-H2O                     

      Temperature  = 308 K 

 

 

10
3
 [HClO4]                   

(mol dm
-3

) 

10
4
 kobs                                

(s
-1

) 

0.50 2.47 

1.00 3.53 

lo
g

 k
o

b
s
 

log [cyclohexanone oxime] 

-4 

-3.8 

-3.6 

-3.4 

-3.2 

-3 

-2.8 

-2.4 -2.2 -2 -1.8 -1.6 
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1.50 3.60 

2.00 5.17 

2.50 7.61 

3.00 9.41 

 

 

                                                  Uncatalyst (r = 0.990; sd = 0.033) 

Fig.2. Plot of log kobs versus log [H
+
] 

3.4. Effect of varying solvent composition  

           The reactions were conducted with different solvent composition of acetic acid-water 

mixture and keeping all other reactant concentrations constant and the corresponding rate 

constants were given in Table .4 . This suggests that an ion-dipole interaction may be 

involved in the mechanistic pathway. A plot of log kobs versus 1/D  is linear with a 

positive slope in the reactions. 

 

 

 

 

 

log [H
+

] 

lo
g

 k
o

b
s
 

-4 

-3.8 

-3.6 

-3.4 

-3.2 

-3 

-2.8 

-3.4 -3.2 -3 -2.8 -2.6 -2.4 
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Table .4. Effect of varying solvent composition 

                                 [cyclohexanone oxime] =  12.50  10
-3

 mol dm
-3                     

 

                  
[QNFC]      = 1.50  10

-3
 mol dm

-3 

                [HClO4   = 1.50  10
-3

 mol dm
- 3   

                                                
 

                                                  Temperature = 308 K 

AcOH-H2O                         

(% v/v) 

10
4
 kob                                    

(s
-1

) 

30-70 2.25 

35-65 2.61 

40-60 3.34 

45-55 3.53 

50-50 3.60 

55-45 5.05 

60-40 6.42 

65-35 7.02 

70-30 8.55 

 

3.5. Effect of added [NaClO4], [acrylonitrile] and [MnSO4] 

          The rate data was measured with different concentration of NaClO4 and keeping all 

other reactant concentrations constant. The rate constants slightly decrease with increase in 

the concentration of NaClO4 suggest that the reaction may be between an ion and a neutral 

molecule. Added acrylonitrile rules out the possibility of radical pathway mechanism. 

Added Mn
2+

 showing uncatalytic effect on the reaction rate in   Table .5. 

Table 5. Effect of varying [NaClO4], [acrylonitrile] and [MnSO4]  

                                       [cyclohexanone oxime] =  12.50  10
-3

 mol dm
-3                       

   
                                                             [QNFC]  =  1.50  10

-3
 mol dm

-3
, 

                            [HClO4]  = 1.50  10
-3

 mol dm
-3

,       

                                                        Temperature  =  308 K,                                                                                                   
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10
4
 

[NaClO4]                  

(mol dm
-

3
) 

 

10
4
 

kobs                                

(s
-1

) 

10
4
 

[Acrylonitrile]                  

(mol dm
-3

) 

10
4
 kobs                                

(s
-1

) 

10
4
 

[MnSO4]                  

(mol dm
-

3
) 

10
4
 kobs                                

(s
-1

) 

0.00 3.60 0.00 3.60 0.00 3.60 

0.50 3.55 0.50 3.62 0.50 3.71 

0.75 3.52 0.75 3.63 0.75 3.83 

1.00 3.50 1.00 3,71 1.00 3.96 

 

3.6. Rate dependence on different oxidants  

         The reactions were carried out in the presence of different oxidizing agents viz., 

QNFC, PFC and NDC and keeping all other reactant concentrations constant, the measured 

rate constant values were given in Table 6. The observed results show that QNFC show 

higher oxidizing efficiency. 

   Table 6. Rate constants for the oxidation of  cyclohexanone oxime with various 

chromium(VI) reagents 

                                               [cyclohexanone oxime ] =  12.50  10
-3

 mol dm
-3

,
         

                                                                                                                         
[HClO4]   =  1.50  10

-3
 mol dm

-3
 

                                                                   Solvent  =  50-50(%v/v)AcOH-H2O,                      

                                                         Temperature    =  308 K, 

  

Oxidant 
10

3
 [Oxidant]                           

(mol dm
-3

) 

uncatalyzed reaction 

104 kobs (s
-1) 

 QNFC 1.50 3.60 

PFC 1.50 3.55 

NDC 1.50 2.91 



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 4, 2021, Pages. 5353 - 5365 

Received 05 March 2021; Accepted 01 April 2021.   
 

5361 http://annalsofrscb.ro 

 

3.7. Effect of temperature  

          The reactions were carried out at four different temperatures viz., 303, 308, 313 and 

318 K and keeping all other reactant concentrations constant and the rate constants were 

calculated in Table 7. The thermodynamic parameters were calculated form the Eyring’s 

plot of ln kobs/T versus 1/T  Fig.3    The oxidation reaction has been conducted at four 

different temperatures and the activation parameters were calculated. SH
# 

=39.00 kJ mol
-1

 

and S
# 

= -173.45 J K
-1

 mol
-1

. 

Table 7. Effect of temperature on reaction rates 

                

                       

 

[cyclohexanone oxime] =  12.50  10
-3

 mol dm
-3

, 

          [QNFC]  = 1.50  10
-3

 mol dm
-3

 

          [HClO4]   = 1.50  10
-3

 mol dm
-3

, 

         Solvent  =  50-50(%v/v)AcOH-H2O, 

Temperature                  

 (K) 

10
4
 kobs                              

   (s
-1

) 

303 2.22 

308 3.60 

313 4.86 

318 6.09 
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                                                    Fig.3  plot of ln kobs/T versus 1/T   

3.8. Mechanism and rate law: 

Uncatalyzed oxidation of cyclohexanone oxime by QNFC  

           The HCrO2
–
 first protonates to give H2CrO4 in an equilibrium step. HCrO4

–
 reacts with 

to cyclohexanone oxime give a complex (C1) in the slow step. Then this complex (C1) 

dissociates to give products as follows:  

1/T (´10
-3

) 

Uncatalyst (r = 0.998; sd = 0.026) 

ln
 k

o
b

s
/T

 

-14.4 

-14 

-13.6 

-13.2 

-12.8 

-12.4 

3.1 3.15 3.2 3.25 3.3 3.35 
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Cyclohexanone oxime C N

OH

HCrO
4

         H                   H
2
CrO

4

K
1

C N

OH HO

Cr

O

O

OH

k
2

slow
C

O

N O

Cr

OH

O H
2
O

(C1)

C

O

N O

Cr

OH

O fast

H
2
O

C

OH

N O

H
2
CrO

3

(C1)

C

OH

N O

2 C O2 H
2
N

2
O

2

(ketonic group)
 

 

                   

The proposed mechanism has been characterized with the following rate law: 

                  Rate law =   ][H [Cr(VI)] oxime] none[cyclohexa 
dt

[Cr(VI)] d-
21


 kK  

The proposed mechanism explains the first order dependence on [cyclohexanone oxime], 

[QNFC] and [H
+
] 

 

APPLICATION 

            Oxidation reaction has been a subject of major most  importance to many chemists 

and elucidation of the mechanism is undoubtedly one of the most fascinating problems in 

the mind of chemists. 

 

CONCLUSION 

           The reaction is carried out in aqueous acetic acid medium at 308 K and the following 

results were obtained. First order dependence with respect to [QNFC], [cyclohexanone 

oxime] and [H+] has been observed. Increase in the percentage of acetic acid increases the 

rate of the reaction. Added acrylonitrile has no effect on the reaction rate, ruling out the 

possibility of free radical pathway mechanism. The oxidation reaction has been conducted 



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 4, 2021, Pages. 5353 - 5365 

Received 05 March 2021; Accepted 01 April 2021.   
 

5364 http://annalsofrscb.ro 

at four different temperatures and the activation parameters were calculated. For 

uncatalyzed   reaction  H
#
 = 39.00 kJ mol

-1 
andS

# 
= -173.45 J K

-1
 mol

-1
 The reaction is 

characterized by low enthalpy of activation and negative entropy of activation. 
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