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ABSTRACT 

Oxidation of distyrylketone by quinaldinium chlorochromate [QnCC] in water and acetic acid 

medium has been studied under pseudo first order condition. The reaction shows unit order 

dependence each with respect to oxidant and hydrogen ion. The reaction with respect to substrate is 

found to be fractional order. The reaction rate decreases with increasing the concentration of Mn2+ ions. 

The reaction does not induce the polymerization of acrylonitrile. A possible mechanism has been 

proposed in the formation of cinnamic acid and Phenyl acetaldehyde.  
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1.  INTRODUCTION 

 

Halochromates have been used as mild and selective oxidizing reagent in synthetic 

organic chemistry. A variety of compounds containing chromium(VI) have proved to be 

versatile reagents capable of oxidizing almost every oxidizing functional group. A number of 

new chromium containing compounds like quinolinium fluorochromate (Sheila srivastava et 

al., 2010) quinolinium chlorochromate(Sangita sharma et al., 2011) nicotiniumdichromate 

(Karunukaran et al., 2001) quinolinium dichromate (Hauzachin Saunte et al 2010), 

morpholinium chlorochromate (Malani et al., 2008) benzimidazolium fluorochromate 

(Sivamurugan et al. 2005), imadazolium dichromate (Sheik Mansoor et al., 2009) have been 

used to study the kinetics and mechanism of oxidation of various organic compounds. 

However most of these reagents have been developed so far suffer from at least one of the 
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drawbacks such as high acidity, photosensitivity, instability, hygroscopicity, low selectivity, 

long reaction time and need excess of reagent. To overcome these disadvantages we 

synthesized new reagent QnCC which is mild, efficient, stable reagent in synthetic organic 

chemistry which act as an oxidizing agent. Literature survey reveals that no report is available 

on the kinetics of oxidation of distyryl ketone by QnCC. Hnce we have considered it 

worthwhile to study the kinetics and mechanism of oxidation of distyryl ketone by QnCC. 

The possible structure of QnCC is given below: 

 

 

 

 

 

 

 

 

 

 

 

 

Dibenzylideneacetone or dibenzalacetone is a type of chalcone and is often abbreviated 

as DBA. It is an organic compound with the formula C17H14O. It is a bright yellow solid, 

insoluble in water, but soluble in ethanol and its structure was given below 

 

 
 

 

The kinetics of oxidation of chalcone by quinolinium dichromate in aqueous acetic 

acid medium in the presence of sulphuric acid has been  reported (Manikyamba et al., 2002). 

The kinetics anid mechanism of oxidation of styryl biphenyl and styryl fluorenyl ketones by 

pyridinium chlorochromate (Ananthakrishnanadar et al., 1999). The kinetics of the oxidation 

of distyryl ketone by quinaldinium fluorochromate 65% (v/v) acetic acid medium (K.G.Sekar 

et al., 2012). The main products are cinnamic acid and phenyl acetaldehyde. We report here in 

the kinetics of the oxidation of distyryl ketone by quinaldinium chlorochromate in acetic acid 

as solvent. The mechanistic aspects are also discussed. 
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2.  EXPERIMENTAL 

2. 1. Material and Methods 

The solutions of the distyryl ketones were freshly prepared in acetic acid and 

standardized by titrating it against a standard solution of iodine. Quinaldinium 

chlorochromate was prepared by the reported method (Nebahat Degirmenbasi et al., 2003) 

and its purity was checked by an iodometric method. The solvents were purified by usual 

methods (Perrin et al., 1966).  

 

2. 2. Stoichiometry 

The kinetics of reaction was to establish the stoichiometry of the reaction and identify 

any side reactions. The stoichiometry of the reaction [QnCC]:[distyryl ketone] was 

determined by taking excess of [QnCC] over [distyryl ketone] and allowing the reaction to go 

for completion.  

After sufficient length of time, all the substrate has completely reacted to quinaldinium 

chlorochromate leaving behind the unreacted quinaldinium chlorochromate. The unreacted 

quinaldinium chlorochromate was estimated iodometrically. The estimation of unreacted 

quinaldinium chlorochromate showed that one mole of substrate consumed by one mole of 

oxidant. The stoichiometry between distyryl ketone and QnCC was found to be 1:1.  

 

2. 3. Product analysis 

The reaction mixture containing distyrylketone (0.1 M) in acetic acid and QnCC (0.1M) 

in acetic acid was added and the medium was maintained using perchloric acid. Then the 

reaction mixture was slightly warmed and was kept aside for about 48 h for the completion of 

reaction.  

After 48 h, the reaction mixture was extracted with ether and dried over anhydrous 

sodium sulphate. The ethereal layer was washed with water several times and kept on a water 

bath for ether evaporation and cooled to get the product. Cinnamic acid and phenyl 

acetaldehyde were identified as products. 

 

2. 4. Kinetic measurements 

The reaction was performed under pseudo-first order conditions by keeping the 

distyrylketone in quinaldinium chlorochromate and acetic acid – water as a solvent. The 

reactions were carried out in flasks blackened from the outside to prevent any photochemical 

reactions and were followed up to Ca 80% conversion by monitoring the decrease in the 

[QnCC] at 376 nm on the spectrophotometer (Elico Scanning mini Spectrophotometer -Model 

SL177).  

The pseudo-first order rate constants, kobs, were evaluated from the linear plot (r = 

0.994-0.999). The rate constants were obtained from the slope of the plot of log absorbance 

versus time by the linear least square method. The results were reproducible within ±3%. The 

second order rate constants were evaluated from the relation k2  = kobs /[reductant]. 
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3.  RESULTS AND DISCUSSION 

3. 1. Effect of varying [QnCC] 

The reaction was investigated with varying concentrations of quinaldinium 

chlorochromate at constant distyryl ketone and perchloric acid concentrations. The reaction 

was found to be first order with respect to [QnCC] as evidenced by the linear plot of log 

absorbance versus time and also from the constancy of the pseudo – first order rate constant  

 

3. 2. Effect of varying [distyryl ketone] 

The rate of the reaction increases with increase in [substrate]. A plot of log k1 versus 

log [substrate] gives a straight line with a fractional slope.  The correlation coefficient being 

0.999. The rate of the oxidation is fractional order with respect to substrate. It was further well 

demonstrated by Michaelis-Menten’s plot which gives a definite intercept at the rate axis 

(Table 1) 

 

Table-1 Effect of varying the distyryl ketone concentration on the oxidation of Quinaldinium 

fluorochromate 
 

[QnCC] = 1.00×10-3 mol dm-3                     Temperature = 313 K 

[H+]  = 3.00×10-2 mol  dm-3                    AcOH-H2O  =  50 :50 (%) 
 

[distyryl ketone] 

102 mol dm-3 K1 104  s–1 

1.50 4.36 

2.00 5.07 

2.50 5.57 

3.00 6.21 

3.50 6.73 

 

 

3. 3. Effect of acidity 

The reaction was carried out at different initial concentrations of perchloric acid. The 

effect of acidity was studied by varying the concentrations of perchloric acid and rate 

constants were found to increase with increase in the concentration of perchloric acid. The 

reaction was found to be first order in [H+] as evidenced by the slope of the plot of log k1 

versus log [H+], while the other variables were kept constant. Plot of log k1 versus log[H+] gave 

a straight line. Acid catalyzed on the reaction rate. 
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3. 4. Effect of varying ionic strength 

There was no appreciable change in the rate with change of ionic strength indicating the 

involvement of neutral molecules in the rate-determining step (Table 2). 

 

Table 2. Effect of ionic strength on the oxidation of distyryl ketone by Quinaldinium 

chlorochromate 
 

[QnCC] = 1.00×10-3 mol dm-3                                                    [H+]  = 3.00×10-2 mol dm-3 

[distyryl ketone]  = 1.50×10-2 mol dm-3                        Temperature  = 313 K 

AcOH-H2O  =  50 :50 (%) 
 

[NaClO4] 

103 mol dm-3 
k1 104  s–1 

0.00 4.36 

0.50 4.44 

0.75 4.49 

1.00 4.08 

1.25 4.22 

1.50 4.68 

 

 

 

3. 5. Effect of solvent  

The reaction was carried out at five different percentage of acetic acid -water mixtures 

while all other factors were constant. The reaction is facilitated by the medium of low 

dielectric constant (ε). The dielectric constant was decreased by the addition of water. The 

plot of log k1 versus inverse the dielectric constant gave a straight line with a positive slope. 

This indicates that the presence of ion-dipole interaction, (Quinlan et al., 1955; Amis, 1966) 

and was in consonance with the observation that in the presence of acid, the rate determining 

step involved a protonated Cr(VI) species (Wiberg, 1965 ). 

 

3. 6. Induced polymerization of acrylonitrile 

The oxidation of distyryl ketone by quinaldinium chlorochromate, in an atmosphere of 

nitrogen. The reaction does not induce polymerization of acrylonitrile. Further, the addition of 

acrylonitrile has no effect on the reaction mixture indicating the absence of free radical 

mechanism (Littler and Waters 1959). This indicates a one electron oxidation giving rise to 

free radicals is unlikely in the present reaction. 
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3. 7. Effect of manganous sulphate 

The reaction was followed with varying concentrations of Mn2+ ions keeping all the 

other factors constant (Table 4). There was an appreciable decrease in the rate with increasing 

concentrations of Mn2+ ions confirming the involvement of two electron transfer process in the 

reaction (Banfi et al., 2000). 

 

3. 8. Effect of temperature 

The reaction has been carried out at four different temperatures keeping all other factors 

constant (Table 3). The thermodynamic parameters have been computed from the linear plot 

of ln(k2/T) versus 1/T of Eyring’s equation. The entropy of activation (ΔS#) and the free 

energy of activation (ΔG#) were calculated using the Eyring’s equation respectively (Frost et 

al., 1970; Peterson et al., 1961) 

 

Table 3. Effect of varying temperature on the oxidation of distyryl ketone by Quinaldinium 

chlorochromate 

 
[QnCC] = 1.00×10-3 mol dm-3                           [H+] = 3.00×10-2 mol  dm-3 

[distyryl ketone]  = 1.50×10-2 mol dm-3                AcOH-H2O = 50:50 (%) 

 

Temperature 

K k1104  s1 

303 2.45 

313 4.36 

323 6.48 

333 9.26 

 

 

3. 9. Mechanism and Rate Law 

From the above observations it is clear that the reaction is showing unit order 

dependence with respect to oxidant and perchloric acid and fractional order with respect to 

substrate. It obeys Michaelis-Menten type kinetics. The reaction is facilitated by the medium 

of low dielectric constant. The reaction does not induce polymerization of acrylonitrile 

indicating the absence of free radical path way. The added Mn2+  ions had a retardation on the 

reaction rate, confirms the two electron transfer process involved in the reaction. In this case, 

the concentration of chromium(VI) is very much lower under this condition the active 

oxidizing species is HCrO4ˉ. Based on the above facts the following mechanism is proposed 

for the oxidation of distyryl ketone by quinaldinium chlorochromate (Scheme 1).  
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3. 10. Rate Law 

The above mechanism leads to the following rate law 

 

 

 

 

 

 

 

 

 

 

 

 

 

This rate law explains all the experimental facts. 

 

 

4.  CONCLUSIONS 

 

The oxidation of distyryl ketone by quinaldinium chlorochromate in aqueous acetic acid 

medium leads to the formation of cinnamic acid and phenyl acetaldehyde as the products. The 

reaction follows simple order kinetics. The mechanism proposed for this oxidation reaction is 

in accordance with the observed kinetic facts 
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