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ABSTRACT 
The oxidation of five mono substituted benzaldehydes the present work deals with kinetic study of the 
oxidation of p-Methoxy benzaldehydes and p-Chloro benzaldehyde by pyridinium chlorochromate 
(PDC) in aqueous acetic acid solution the oxidation has been carried out in HClO4 as solvent. The 
reaction is first order with respect to PDC in both aromatic alcohol  i.e. p-Methoxy benzaldehyde and 
p-Chloro benzaldehyde Michaelis-Menten-type kinetics were observed with respect to aldehyde 
.indicating the oxidation of both the alcohols Michaelis-Menton  type kinetics is observed. The effect 
of solvent composition indicated that the reaction rate increases with an increase in the polarity of the 
solvent. The rate decreases with the increase in the water content of the medium. The reaction rate 
has been determined at different temperature and activation parameters calculated for oxidation 
reaction. A suitable mechanism has been proposed. 
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INTRODUCTION 
 

Selective oxidation of p-Methoxybenzaldehyde and p-Chlorobenzaldehyde can be easily 
accomplished by using Pyridiniumdirochromate (PDC) reagents. Kinetics of oxidation of 
substituted benzaldehydes by various oxidizing agents has been well studied [1, 2]. It is used as an 
oxidant for oxidaion of alcohols [3], amino acids [4] and aldehydes etc. In this paper we describe 
kinetics of oxidation of p-Methoxybenzaldehyde and p-Chlorobenzaldehyde by PDC in perchloric acid. 
Electron withdrawing substituents are found to increase the reaction and electron releasing 
substituents are found to retard the rate of the reaction and the rate data obey the Hammett 
relationship. The products of the oxidation are the corresponding acids. The rate decreases with the 
increase in the water content of the medium. A suitable mechanism is proposed. The effect of varying 
the composition of the mixture from the bulk solvent to the solvation sphere is called preferential 
solvation. Specific and selective oxidation of organic compounds under non aqueous conditions is an 
important reaction in PDC was prepared in the lab by the method described by Corey et al., 1979. 
Synthetic organic chemistry Cr based oxidizing reagents have proved as remarkable for oxidizing 
alcohols as PCC, PDC, QDC, QxDC, MDC and many more.  
 
      Cr(VI) as chromate or dichromate is highly soluble in water, and is reported to be highly toxic [5] 

there are continued interest in the development of new Cr(VI) reagents for the effective and selective 
oxidation of organic substrates, under mild conditions. Therefore, the search for new oxidizing agents 
is of interests to synthetic organic chemists. Many such reagents have been studied in recent years with 
some success, some of the important entries in the list of reagents Aretripropylammoniumfluoro 
chromate [6] Morpholiniumchlorochromate [7] Tetramethylammoniumfluorochromate [8] Benzimi 
dazoliumfluorochromate [9], Tributylammoniumchlorochromate [10]. Oxidative transformation of 
benzaldehyde to benzoic acid is a very selective oxidation i n  organic chemistry. PDC is 
well recognized as Corey reagent is very useful oxidizing agent for oxidative conversion of 
benzaldehyde. PDC is a convenient ox idizing agent w hich i s u sed in ox idation of alcohols 
[11, 12], amino acids [13] and a ldehydes [14]. 

 
MATERIALS AND METHODS 

 
All regents were A.R. grade which we use for analysis. PDC used in acidic medium. All experiments 
were carried out at 308 K temperature. All solutions which are used in investigations were made by 
using distillated water and acetic acid. PDC synthesized by stabilized method and purity was 
examined by iodometry. HClO4 was used as source of hydrogen ion PDC was synthesized by method 
given by Corey and Suggs. Orange substance (PDC) was collected over sintered glass funnel dried for 
1 h in vacuum. Purity was checked by m.p.. All glass wares were of borosil. The optical density of the 
reaction mixture was measured by Spectrophotometer at 360 nm by using Systronics VISISCAN 167. 
 
Kinetic Measurements:  Beer Lambert's law was followed by reaction mixture of oxidant. The optical 
density of the reaction mixture was fixed by Spectrophotometer at 360 nm by using Systronic 
VISISCAN 167. The reactions were carried out at a constant temperature. The solvent was 
Acetic acid-water mixture (50% VIV) and the reaction s was followed by monitoring the 
decrease in the concentration of PDC up to 80% completion of the reaction.  The pseudo-first-
order rate constant, was evaluated from the linear (R2>0.994) plot of log [PDC] against time. 
T h e reaction s was also carried out n- acetic acid-water mixtures to study the effect of 
dielectric constant on the rate of the reactions. 
 
Effect of Oxidant Concentration: The reactions are of First-order with respect to PDC i.e. log 
absorbance versus time is straight line for more than 80% reaction. Further the value of kobs is 
independent of the initial concentrations of PDC.  
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Effect of Substrate Concentration: The rate of oxidation increased on increasing the concentration 
of alcohols. Plot of log kobs versus log [substrate] is a straight line. 
 
Effect of [H+] Concentration: The effect of hydrogen ion concentration on the rate of the oxidation 
was studied by varying [H+] while keeping the concentration of other reactants constant. Since there is 
no effect of ionic strength on reaction rate therefore ionic strength was not kept constant. A steady 
increase in oxidation rate with increase in the acidity of the medium suggests the formation of 
protonated PDC in the rate determining step. The plot of log kobs against log [H+] is linear therefore the 
order of reaction with [H+]. 
 
Effect of Solvent Composition: At constant [H+] the rate of oxidation increases with increase in 
percentage of acetic acid-water mixture. In other words a decrease in rate with increase in dielectric 
constant of solvent is observed. This is due to polar character of the transition state as compared to the 
reactants. the logarithm of the rate constant of a reaction between ions should vary linearly with the 
reciprocal of the dielectric constant if reaction involves ion-dipole type of interaction. As we increases 
the ratio of benzene, dielectric constant decrease that's why rate of reaction increases. The influence 
of solvent polarity has been studied in acetic acid-water mixture. The acetic acid (v/v) has been 
varied from 30% to 70% at fixed ionic strength, [BA], [PCC], [H+] and temperature. The rate of 
oxidation increases with decrease in polarity of solvent.  In  other  words, a  decrease  in  rate  with  
increase  in dielectric   constant   is  observed, suggesting   that   a  medium   of   low  dielectric  
constant   favors the   oxidation process. This is due to polar character of the transition state as 
compared to that of reactants. The plot of log k versus I/D (dielectric constant) is linear with 
positive slope. 
 
Effect of Temperature: The rates of oxidation of p-Methoxy Benzaldehyde and p-Chloro 
Benzaldehyde were observed at various temperature and the reactions obey Arrhenius equation. 
Energy of activation was calculated by slopes of straight line obtained plotting log k versus 1/T table 
2. The activation parameters for both the Benzaldehyde are calculated .The rate constant were 
measures with the range of 303-323 K. 

 
RESULTS AND DISCUSSION 

 
Benzaldehyde  is  oxidi zed  by  PDC  in  acetic  acid-water  mixture  (50% v/v)  medium  in 
the  presence  of  perchloric acid at 303 K maintaining pseudo-first-order kinetics. The product 
analysis and stoichiometric determination stability of the oxidant (pyridinium dichromate) the 
solution of PDC in acetic acid-water mixture solvent obeys beer-lamberts law at k 360 nm.  
 

 
 

Figure 1. Variation of Rate with Substrate Concentration 
log kobs v/s log [substrate] (p-Methoxybenzaldehyde) Ref.Table 1. 
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       There was no change in optical density and spectra of P D C  solution, without 
substrate in solvent mixture on long standin g or h eati ng up to 303-323 K. the rate of 
reaction decreases with increasing dielectric constant of solvent by varying the solvent by mixing. 
Energy of activation suggests C-H bond breaking in rate determining step and negative entropy of 
activation indicates formation of cyclic from non-cyclic or more polar than reactants structure 
formation. a study increase in the oxidation rate with an increase in the acidity of the medium suggests 
the formation of protonated PDC in the rate- determining  step. The plot of log kobs against log [H+] is 
linear with a slope of nearly one suggesting that one protons may involve in the rate- determining step. 
 

Table 1. Effect of [Substrate], [H+] and Solvent [PCC]=1×10-3 M       T=308 K 
 

[Substrate] 
102 M 

[HClO4]   
M 

% of H2O 
in 

Acetic acid 

kobs × 105 sec-1 
p-Methoxy 

benzaldehyde 
p-Chloro 

benzaldehyde 
1.0 0.5 50 1.09 6.47 
2.0 0.5 50 1.8 12.80 
3.0 0.5 50 2.69 18.95 
4.0 0.5 50 3.62 25.05 
5.0 0.5 50 4.48 31.12 
6.0 0.5 50 5.4 38.28 
7.0 0.5 50 6.32 44.86 
1.0 0.5 50 1.09 6.47 
1.0 0.75 50 1.45 9.45 
1.0 1.0 50 1.79 12.68 
1.0 1.25 50 2.24 15.88 
1.0 1.5 50 2.68 18.96 
1.0 2.0 50 3.32 23.4 
1.0 0.5 30 0.95 4.75 
1.0 0.5 40 1.03 5.52 
1.0 0.5 50 1.09 6.47 
1.0 0.5 60 1.33 7.45 
1.0 0.5 70 1.42 11.41 

 

 
 

Figure 2. Variation of Rate with Substrate Concentration 
log kobs v/s log [substrate]   (p-cl Benzaldehyde)  Ref-Table 1. 
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  Table 2. Variation of Rate with Temperature 
 

Temperature oK 
k1×105 sec-1 

p-Methoxybenzaldehyde p-Chlorobenzaldehyde 
303 0.71 4.98 
308 1.09 6.47 
313 1.27 9.02 
318 1.63 11.58 
323 2.26 16.18 

 

 
 

Figure 3. Variation of Rate with Temperature 
log kobs v/s 1/T (p-methoxy benzaldehyde) Ref-Table 2. 

 

 
 

Figure 4.Variation of Rate with Temperature 
log kobs v/s 1/T ( p-chloro benzaldehyde) Ref-Table 2. 

 

Table 3. Thermodynamic Parameters 
 

Substrate Ea KJ 
mol-1 log A ∆S 

J mol-1K-1 ∆H KJ mol-1 ∆G KJ mol-1 

p-Methoxy benzal dehyde 44.24 4.85 -156.04 41.68 89.74 
p-Chlorobenzal dehyde 47.79 6.23 -129.55 45.23 85.13 

 
APPLICATION 

 
Aromatic Aldehyde, Benzaldehyde is commonly many application in cosmetics, food additives and 
fragrances. General ,it is considered safe to be used in the food industry. Their study will help to 
understand many use and significance of our daily life and many fields. It has an application on 
synthetic ,industrial chemistry, research and development, quality control and sometime in analysis 
also. 

3.10 3.15 3.20 3.25 3.30
-0.2

-0.1

0.0

0.1

0.2

0.3

0.4

5+
lo
g[
k ob

s] 
   
   
 

1/T × 103  

 B
 Linear Fit of Data1_B

3.10 3.15 3.20 3.25 3.30

0.7

0.8

0.9

1.0

1.1

1.2

5+
lo
g[
k ob

s] 
   
   
 

1/T × 103  

 B
 Linear Fit of Data1_B



Prerana Bairagi et al                                    Journal of Applicable Chemistry, 2023, 12(6):957-962 

www. joac.info 962 

 

CONCLUSION 
 

In the Comparative study of oxidative transformation of benzaldehyde, p-methoxy benzaldehyde, p-
chloro benzaldehyde, Rate constant is independent of initial concentration of oxidants, On increasing 
the temperature, rate of reaction are also increases for all the substrate, Thermodynamic parameters 
are calculated for all the benzaldehyde and Substitute benzaldehyde .Oxidation of benzaldehyde and 
Substitute benzaldehyde is first order with respect to the oxidants. 
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