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1. INTRODUCTION
Selective oxidation of organic compounds under non-aqueous 
conditions is an important reaction in synthetic organic chemistry. For 
this a number of different chromium (VI) derivatives have been 

1-9reported . Quinaldinium chlorochromate (QnCC) is one such 
10compound used for the oxidation of distyryl ketone . The kinetics and 

mechanism of oxidation of thioacids by various oxidants have been 
11-19.reported  However, no detailed kinetic study of oxidation of thio 

acids by QnCC, a Cr(VI) reagent has so far been attempted. In 
continuation of our earlier work with halochromates, we now report 
the kinetics and mechanism of oxidation of some thioacids by QnCC in 
DMSO as solvent. A suitable mechanism has also been proposed.

2.Experimental
2.1Materials
The thioacids were commercial products of the highest purity available 

20and were used as such. QnCC was prepared by reported method   and 
its purity was checked by an iodometric method. Due the non-aqueous 
nature of the solvent, toluene p-sulphonic acid (TsOH) was used as a 
source of hydrogen ions. Solvents were puried by their usual 
methods.` 

2.2 Product Analysis
Product analyses were carried out under kinetic conditions i.e., with an 
excess of the reductant over QnCC. In a typical experiment, thiomalic 
acid ( 0.05 mol) and QnCC (0.01 mol) were dissolved in 100 mL of 
DMSO and was allowed to stand in dark for » 24 h to ensure the 
completion of the reaction. It was then treated with an excess (250 mL) 
of a freshly prepared saturated solution of 2,4-dinitrophenylhydrazine 

-3in 2 mol dm  HCl and kept overnight in a refrigerator. The precipitated 
2,4-dinitrophenylhydrozone (DNP) was ltered off, dried, weighed, 
recrystallised from ethanol and weighed again. The product was 
identical (mp and mixed mp) to an authentic sample of DNP of 
disulphide. Similar experiments with the other thioacids yielded the 
DNP of the corresponding disulphides in 78 to 88% yields, after 
recrystallization. The oxidation state of chromium in completely 
reduced reaction mixtures, as determined by an iodometric method, 
was 3.90 ± 0.15.

2.3 Kinetic Measurements
The pseudo-rst order conditions were attained by keeping a large 
excess (´ 15 or greater) of the thioacid over QnCC. The temperature 
was kept constant to ± 0.1 K. The solvent was DMSO, unless specied 
otherwise. The reactions were followed by monitoring the decrease in 
the concentration of QnCC spectrophotometrically at 370 nm for up to 
80% of the reaction. No other reactant or product has any signicant 
absorption at this wavelength. The pseudo-rst order rate constants, 
k , were computed from the linear least square plots of log [QnCC] obs

versus time. Duplicate kinetic runs showed that the rates were 
reproducible within ± 3%. The second order rate constants, k , were 2

calculated from the relation : k  = k /[thioacid]. All experiments, other 2 obs

than those for studying the effect of hydrogen ions, were carried out in 
the absence of TsOH.

3.RESULTS AND DISCUSSION
The rate and other experimental data were obtained for all the thioacids 
studied.

Since the results were similar, only representative data are reproduced 
here.

3.1 Stoichiometry
The oxidation of thioacids resulted in the formation of the 
corresponding disulphide. Product analysis and stoichiometric 
determinations indicated that the overall reaction could be written as (1).

                                                                                                    …(1)
QnCC undergoes a two-electron change. This is according to the 
earlier observations with other halochromates

3.2 Kinetics Dependence
The reactions are of rst order with respect to QnCC. Further, the 
pseudo-rst order rate constant, k  is independent of the initial obs

concentration of QnCC. The reaction rate increases with increase in the 
concentration of the thioacid but not linearly (Table 1). A plot of 1/k  obs

against 1/[Thioacid] is linear (r > 0.995) with an intercept on the rate- 
ordinate (Fig. 1). Thus, Michaelis-Menten type kinetics are observed 
with respect to the thio acid. This leads to the postulation of following 
overall mechanism (2) and (3) and rate law (4).

Fig. 1: Oxidation of thiomalic acids by QnCC: A typical kinetic run

Fig. 2: 1/k  vs 1/[TA]: A double reciprocal plotobs
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The dependence of reaction rate on the reductant concentration was 
studied at different temperatures and the values of K and k  were 2

evaluated from the double reciprocal plots. The thermodynamic 
parameters of the complex formation and activation parameters of the 
decomposition of the complexes were calculated from the values of K 
and k , respectively at different temperature. Fig. 2 depict a typical 2

kinetic run. 

3.3 Induced Polymerisation Of Acrylonitrile
The oxidation of thioacids, by QnCC, in an atmosphere of nitrogen 
failed to induce the polymerisation of acrylonitrile. Further, addition of 
acrylonitrile had no effect on the rate (Table 1).

Table 1: Rate constants for the oxidation of thiomalic acid by 
QnCC at 288 K

* -3Contained 0.001 mol dm  acrylonitrile

3.4 Effect Of Hydrogen Ions
The reaction is catalysed by hydrogen ions. p-Toluene sulphonic acid 
(TsOH) was used as the source of hydrogen ions. The hydrogen ion 

+dependence has the form k  = a + b [H ] (Table 2). obs

Table 2: Effect of hydrogen ion concentration on the oxidation of 
thiomalic acid by QnCC 

Table 3: Effect of  temperature on the oxidation of thiomalic acid 
by  QnCC

3.5 Effect of solvent polarity on reaction rate
The effect from solvent composition on the reaction rate was studied 
by varying the concentration of dimethylsulphoxide. The pseudo-rst-
order rate constants were estimated for the oxidation of thiomalic acid, 
with QnCC in the presence of paratoluene sulphonic acid at a constant 
ionic strength. The reaction rate is increases markedly with the 
increase in the proportion of DMSO.The plot of log k  versus 1/D  is 1

linear with positive slope suggesting the presence of either 
dipole–dipole or ion–dipole type of interaction between the oxidant 

21, 22and the substrate   Positive slope of log k  versus 1/D plot indicates 1

that the reaction involves a cation-dipole type of interaction in the rate 
determining step.

23Amis (1967)  holds the view th in an ion-dipole reaction involving a 
positive ionic reactant, the rate would decrease with increasing 
dielectric constant of the medium and if the reactant were to be a 
negatively charged ion, the rate would increase with the increasing 
dielectric constant. In this case there is a possibility of a positive ionic 
reactant, as the rate decreases with the increasing dielectric constant of 
the medium.  Due to the polar nature of the solvent, transition state is 
stabilized, i.e., the polar solvent molecules surround the transition state 
and result in less disproportion.

3.6 - Thermodynamic Parameters
The kinetics of oxidation of thiomalic acid was studied at four different 
temperatures viz., 288, 298, 308 and 318 K.The Arrhenius plot of log k  2

versus 1/T is found to be linear.   The enthalpy of activation, entropy of 
activation and free energy of activation were calculated from k  at 288, 2

298, 308 and 318 K using the Eyring relationship by the method of 

least square and presented in Table 3. The entropy of activation is 
negative for thiolmalic  acid.

3.7 - Mechanism of Oxidation
From the product analysis, DNP was conrmed. Hence, it shows that 
under the experimental conditions employed in the present study, 
thioacid was oxidized to the corresponding disulphide. Absence of any 
effect of added acrylonitrile on the reaction discounts the possibility of 
a one-electron oxidation, leading to the formation of free radicals. In 
this oxidation, the cleavage of the α-C-H bond takes place in the rate-
determining step. Therefore, a hydride-ion transfer in the rate 
determining step is suggested. Positive slope of log k  versus 1/D plot 1

indicates that the reaction involves a cation-dipole type of interaction 
in the rate determining step. The negative entropy of activation in 
conjunction with other kinetic observations supports the mechanism 
outlined in (Scheme-1). 

Scheme 1 Mechanism of oxidation of thio acid by QnCC

3.8 - Rate Law
The above mechanism leads to the following rate law:

Rate = k  [QnCC] [TA]1

Bimolecular reactions usually exhibits negative entropy of activation 
.As the activated complex is formed the reactant lose their freedom to 
move independently. Further as, the charge separation takes place in 
the transition state, the charged ends get solvated by solvent molecules. 
This results in immobilization of large number solvent molecules 
results in unfavourable entropy.

4. CONCLUSION
Oxidation of thio  acid has been investigated  in the presence of para 
toluene sulphonic acid by spectrophotometrically at 288 K. The 
oxidation of thio acids by QnCC is rst order each with respect to the 
thiolactic acid and hydrogen ion. Fractional order with respect to 
thioacids. The oxidation is catalysed by para toluene sulphonic acid. 
The lowering of dielectric constant of reaction medium increases the 
reaction rate signicantly. The reaction does not show the 
polymerization, which indicates the absence of free radical 
intermediate in the oxidation. 

ACKNOWLEDGEMENT
The authors thank the Principal and Management, Jamal Mohamed 
College (Autonomous), Tiruchirappalli, Tamilnadu, India for 
providing necessary facilities and encouragement.

REFERENCES
1.  E. J. Corey and W. J. Suggs, Pyridinium chlorochromate. An efcient reagent for             

oxidation of primary and secondary alcohols to carbonyl compounds Tetrahedron  Lett., 
1975, 16,2647-2650.   DOI: 10.1016/S0040-4039(00)75204-X

2. MihirK. Chaudhuri, ShivK. Chettri, Deepa Dey, GaganC. Mandal, PradiC. Paul, 
Wancydora Kharmawphlang, Easy synthesis of pyridinium uorochromate, 
C H NH[CrO F], and its crystalstructure,   Journal of Fluorine Chemist 1997, 5 5 3 ry,81,  2, 
211-213

3.  J.V. Singh1, Anupam Awasthi, Dipti, Ashish Tomar and Davendra Singh, Pyridinium 
and  QuinoliniumHalochromates: Kinetic and Mechanistic Aspects, Asian Journal of 
Chemistry; 23,  11 (2011),   4744-  4750

4.  S. Pohani, P. Pancharia, P. Purohit, S. Vyas And Pradeep K. Sharma, Correlation 
Analysis Of Reactivity In The Oxidation Of Some Vicinal And Non-Vicinal Diols By       
Tetraethylammonium  Chlorochromate .Int. J. Chem. Sci.: 8(3), 2010, 1365-1378 

5.  S. Pohani, D. Sharma, P. Pancharia And Pradeep K. Sharma, Structure-Reactivity 
Correlation In The Oxidation Of Substituted Benzaldehydes By Quinolinium 
Bromochromate , J. Ind. Council Chem.  27, 2, 2010,  122-127.

6.  Sharma.D Pankaj, Pancharia,Shweta Vyas, Sharma, P.K., 2012.,Oxidation of Some 
aliphaticaldehydes byimidazolium  uorochromate. A kinetic and mechanistic study,     
OxidationCommunications 35(4),  ,821-83

7.  Dinesh Pandey ., Seema Kothari, 2009, Kinetics and Mechanism of the Oxidation of Dl-  
Methionine by  Benzimidazolium Dichromate. Progress in Reaction Kinetics and    
Mechanism. 34,  199–209 .

8. Ammilal Rao, Neha Singh, Mahawar,D.K.,, Pooja Mahawa, , 2022., Kinetics and  
mechanism of the    oxidation of cysteine   by imidazolium dichromateJournal of the   
Indian Chemical Society 99,  4,100386

9.  Neivotsonuo Bernadette Kuotsu,Enboklin Tiewsoh.,,Mahendra K. Mahanti , 1997.,       

 PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

103 [QnCC] (mol dm-3) [TMA] (mol dm-3) 104 kobs ( s-1 )
1.00 0.10 9.00
1.00 0.20 12.8
1.00 0.40 16.4
1.00 0.60 18.0
1.00 0.80 18.9
1.00 1.00 19.6
1.00 2.00 20.9
2.00 0.20 11.2
4.00 0.20 13.3
6.00 0.20 11.0
8.00 0.20 14.7
1.00 0.40 17.1*

4 3 -1 -110  k  / (dm  mol  s )                       DH*2  
*– DS *DG

TMA 288 K 298 K 308 K 318 K -1(kJ mol ) -1 -1(J mol  K ) -1(kJ mol )
11.7 22.5 42.3 78.3 45.7 ± 0.7 143 ± 1 88.1 ± 0.3

International Journal of Scientific Research 25



Quinolinium   Dichromate Oxidation   of Diols: A Kinetic Study, The Journal of Organic 
Chemistry 61(25):8875-   8877.

10.   Dinesh Panday, Harshita Jain, Reena Kalal, 2022., Evaluation of kinetic parameters for  
oxidation of  thioacids by benzimidazolium dichromate: A mechanistic study, Journal   
of the Indian Chemical Society,  99,  4, 100390.

11.  Seplappatty Kalimuthu Periyasamy and K. Saravanakumar Oxidation of Distyryl 
Ketone by Quinaldinium   Chlorochromate – A Kinetic Study, WNOFNS 13 (2017) 113-
121

12.  Krishnamoorthy Guna Sekar, Seplappatty Kalimuthu Periyasamy, 2016,  Oxidation of       
thioacids by  quinaldiniumuorochromate, Arabian  Journal of Chemistry ,9, 4, 574-
577, https://doi.org/10.1016/j.jics.2022.100390.

13. Dilsha,K.M.,Seema Kothari, 2007., Kinetics And Mechanism Of The Oxidation Of 
Some Thioacids By Butyltriphenylphosphonium Dichromate, Progress in Reaction 
Kinetics and Mechanism,  Vol. 32, pp. 119–129.,https://doi.org/10.1016/j.arabjc. 
2013.11.022.

14. Rekha Sharma, Deepika Soni, Kamla, Shweta Vyas, Laszlo Kotai.,Pradeep K. 
Sharma, 2018., Kinetics and Mechanism of Oxidation of some Thioacids by Pyridinium   
D i c h r o m a t e ,  J o u r n a l  o f  A p p l i c a b l e  C h e m i s t r y , 7 ( 6 ) : 1 7 8 0 - 1 7 8 6 ,                                  
doi:10.3184/146867807X228236

15.  Ganpatram, Varsha Vishnoi., Om Prakash, 2021 Kinetics and mechanism of oxidation of   
some thioacids by 2-picolinium chlorochromate, Journal of Emerging Technologies and  
Innovative Research , 8,  4.

16. Seema Kothari,  Kalyan K Banerji, 1997, Kinetics and mechanism of the oxidation of   
some thioacids by pyridinium bromo chromate, Indian Journal of Chemistry,  36B, 1156    
-1159,     

17.  Ramesh  Kapoor,C Kachhwahaand,O.P   Sinha,B.P., 1969. Oxidation kinetics of  
thioglycolic acid by ferricyanide ion in acid medium, J. Phys. Chem. , 73, 6, 1627–1631,

18.  Ammilal Rao, Trupti Purohit, Preeti Swami, Priyanka Purohit and Pradeep K. Sharma,   
2016 Kinetics And Mechanism Of Oxidation Of Some Thioacids By Morpholinium 
Fluorochromate ,Eur. Chem. Bull.,  5(5), 189-192 , Doi: 10.17628/ECB.2016.5.189.

19. Dilsha,K.,Kothari,S 2007., Kinetics and Mechanism of the Oxidation of Some 
Thioacids  by Butyltriphenylphosphonium Dichromate, Progress in Reaction Kinetics 
and Mechanism.  Vol. 32, pp. 119–129., doi: 10.3184/146867807X228236 1468-6783 # 
2007

20.  Nebahat Degirmenbasi, Beytiye Ozgun,Quinaldinium Fluorochromate and 
Quinaldinium Dichromate: Two New and Efcient Reagents for the Oxidation of 
Alcohols, 2004,Monatsheftfuer   Chemie, 135(4):407-410,DOI:10.1007/s00706-003-
0079-0.

21.  Quinlan,J.E., Amis,E.S., 1955,J.Am.Chem.Soc.The alkaline hydrolysis of 
methylpropionate in   acetone-water mixtures and solutions of different ionic strength.   
77, 4187–4191.

22  Parimala, Vaijayanthi,S Mathiyalagan.,N 2011 Oxidation of chalcones by N -  
chloronicotinamide in aqueous acetic acid medium: A kinetic and mechanistic              
study,Der Chemica Sinica.,, 2(3), 41-46.

23.   Amis,E.S., 1966, Solvent effects on reaction rates and mechanism, Academic press,   
New York,42.

 PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsrVolume - 12 | Issue - 05 | May - 2023

26 International Journal of Scientific Research


