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ABSTRACT: The oxidation of  unsaturated alcohols viz., allyl alcohol, crotyl alcohol, cinnamyl alcohol by 
quinoxalinium dichromate (QxDC) has been studied in 60% aqueous acetic acid. The product of oxidation is 
corresponding unsaturated aldehydes. The reaction shows first order with respect to QxDC, hydrogen ion 
concentration and fractional order with respect to unsaturated alcohols. Ionic strength had a noticeable 
effect on the rate of reaction indicating the involvement of charged species in the rate determining step. The 
reaction does not induce the polymerization of acrylonitrile. The rate of reaction decreases with increase in 
the concentration of MnSO4. The thermodynamic and activation parameters have been calculated using 
Eyring’s equation. On the basis of experimental facts, a suitable plausible mechanism has been proposed. The 
order of reactivity amongst    unsaturated alcohols viz., cinnamyl alcohol >crotyl alcohol >allyl alcohol. 
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INTRODUCTION 

The heterocyclic chromium(VI) reagents with unique reaction conditions have been expanded[1]. 
Quinoxalinium dichromate (QxDC) has been used in the oxidation of numerous organic substrates[2-
8].Quinoxalinium dichromate is an efficient and stable oxidizing agent. It is a bright yellow crystalline 
solid.The most considerable Cr(VI) oxidants are quinoxalinium dichromate is acompetent and secured 
oxidizing agent.It is also reported to be a microbiological activity of the quinoxalinium dichromate[9]. The 
far most important and noteworthy Cr(VI) oxidants are quinoxalinium dichromate (QxDC)[2], pyridinium 
dichromate (PDC)[10],pyridiniumfluorochromate (PFC)[11], nicotinium dichromate (NDC)[12], 
pyridiniumchlorochromate  (PCC)[13],quinaldiniumfluorochromate 
(QnFC)[14],quinoliniumbromochromate (QBC)[15], imidazoliumfluorochromate (IFC)[16].The kinetics of 
oxidation and reactivity of unsaturated alcohols by various chromium (VI) compounds were reported [17-
22]. The contemporary work is to examine the structural reactivity and mechanism of oxidation of 
unsaturated alcohols by the oxidantQxDC. 
 

EXPERIMENTAL METHODS 
Reagents 

Theα, βunsaturated alcohols such as allylalcohol,crotyl alcohol and cinnamyl alcohol were procured 
from (Sigma Aldrich)AnalaRgrade. The transparency was ensured from the measurements of the physical 
constants. 
Preparation of Quinoxalinium dichromate  

2.64 g of quinoxaline was taken in abeaker containing 6 ml ofwater, it was placed in an ice bath.To 
this 2.1 g of CrO3was dissolved in 2 ml of water and the mixture was stirred for 40 min. The above mixture 
was added 4 ml of acetone andcooled to -15⁰C. An orange coloured solid obtained was filtered, dried in 
vacuum and the purity of the compound was checked from the melting point.  The observed melting point is 
115⁰Cand literaturevalue between 115⁰C and116⁰C [2]. The yield of the compound was around 78%. 
Kinetic Measurements 

The kinetic runs were executed using Colorimeter of ELICO CL 63 Photometer make. The 
absorbance was recorded at 470nm. The kinetic runs were conceded at constant temperature using 
thermostat of make ROYAL RAGA. The oxidation reaction was achievedby varying the concentration of 
quinoxalinium dichromate.The Beer Lambert’s law was found to obey the reaction.The completion of 
reaction was up to 80% and the replicate of the results were ±2%. 
Stoichiometry& Product Analysis 

The reaction mixture containing surplus of the oxidant over α, β unsaturated alcohols were kept at 
room temperature in existence of perchloric acid (HClO4) for 1 hour.Estimation of unreacted oxidant proved 
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that 0.01M (Oxidant) consumed 0.15 M (Substrate). Same experimental situationwas used for kinetic 
determination. The solution of the reaction mixture kept under nitrogen for 24hoursand then extracted with 
ether. The organic layer was thoroughly washed with water and then dried. The products formed are 
acrolein from allyl alcohol,crotonaldehyde fromcrotyl alcohol and cinnamaldehyde from cinnamyl 
alcoholrecognized by the spot test. The products were established by its derivative (76%yield) and silver 
mirror tests[23]. 

 

RESULTS AND DISCUSSION 
The unsaturated alcohols and its oxidation by quinoxalinium dichromate has been accomplished in 

60% aqueous acetic acid medium at 303K under pseudo-first order conditions and the observed outcomes 
are conferred below.The plot of log absorbance against time is linear and designates that the reaction is first 
order with respect to the oxidant. 
Effect of varying substrate concentration  

The concentration of allyl alcohol was assorted in the range 0.015to0.045 M at 303 K. All other 
reactant concentrations werefixed and the rates were calculated (Table1). The rate of oxidation increased 
gradually on increasing the concentration of allyl alcoholrepresenting the fractional order dependence with 
the substrate. The plot of logk1against log [S]gave the slope of B=0.573, r=0.997 which illustrates the 
fractionalorder oxidation reaction with respect toallyl alcohol. 

 
Fig.1. Plot of log k1 against log [s] 

 

Effect of varying hydrogen ion concentration  
            The hydrogen ion concentration was varied in the range of 0.005 to 0.02 M and the other reactants 
were maintained at constant concentrations and the respective rates were measured. The increase in 
perchloric acid concentration increased the reaction rate of oxidation (Table 1) and the order was one. The 
plot of log k1 against log [H+] was found to be linear with unit slope. 
Table 1Rate Constant Values for the Oxidation of Allyl Alcohol by Quinoxalinium dichromate at 308K 

[QxDC]103 

(mol dm-3) 
[Allyl Alcohol]  

102 
(mol dm-3) 

[HClO4]102 
(mol dm-3) 

%AcOH:H2O 
(v/v) 

 

[NaClO4] 
104 

(mol dm-3) 

[MnSO4] 
104 

(mol dm-3) 

k1 104 
(s-1) 

1.0 3.75 10.0 60:40 - - 10.75 

1.5 3.75 10.0 60:40 - - 10.76 

2.0 3.75 10.0 60:40 - - 10.57 

2.5 3.75 10.0 60:40 - - 10.64 

3.0 3.75 10.0 60:40 - - 10.58 

2.0 1.50 10.0 60:40 - - 6.28 

2.0 2.25 10.0 60:40 - - 8.11 

2.0 3.00 10.0 60:40 - - 9.10 

2.0 3.75 10.0 60:40 - - 10.57 

2.0 4.50 10.0 60:40 - - 11.99 

2.0 3.75 5.0 60:40 - - 5.51 
2.0 3.75 10.0 60:40 - - 10.57 

2.0 3.75 14.0 60:40 - - 15.42 
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2.0 3.75 17.0 60:40 - - 19.68 
2.0 3.75 20.0 60:40 - - 24.49 
2.0 3.75 10.0 45:55 - - 5.81 
2.0 3.75 10.0 50:50 - - 6.99 
2.0 3.75 10.0 55:45 - - 8.71 
2.0 3.75 10.0 60:40 - - 10.57 
2.0 3.75 10.0 65:35 - - 13.12 
2.0 3.75 10.0 60:40 4.00 - 10.55 
2.0 3.75 10.0 60:40 8.00 - 10.65 
2.0 3.75 10.0 60:40 12.00 - 10.61 
2.0 3.75 10.0 60:40 16.00 - 10.50 
2.0 3.75 10.0 60:40 20.00 - 10.59 
2.0 3.75 10.0 60:40 - 4.00 8.42 

2.0 3.75 10.0 60:40 - 8.00 8.22 
2.0 3.75 10.0 60:40 - 12.00 8.18 
2.0 3.75 10.0 60:40 - 16.00 8.02 
2.0 3.75 10.0 60:40 - 20.00 7.88 

 

Effect of varying ionic strength  
The reaction was carried out at dissimilar concentrations of sodium perchlorate, while the other 

variables were kept stable. The reaction rate was not affected due to the increase in ionic strength of the 
medium by adding sodium perchlorate.This signifies the involvement of charged species in the rate 
determining step[24]. 
Effect of varying solvent composition  

The reaction was performed at five different percentages of acetic acid and water mixtures and 
having other factors as constant. The rate of the reaction increased with the increase in the percentage of 
the solvent (Table 1) and the plot of log k1against the inverse of dielectric constant (1/D)(Fig. 2) with the 
positive slope value (+35.82) and r = 0.995. It is confirmed that the ion dipole interaction in the rate 
determining step have facilitated the reaction. 

 
Fig.1. Plot of log k1 against 1/D 

 

Effectof Acrylonitrile  
The reactants were mixed with acrylonitrile and left for a day and there was no any turbidity 

formed. This indicates that, the absence of free radical mechanism in the reaction medium. 
Effect of varying [MnSO4] 

The reaction rate showed a steady decrease on increasing the concentration of 
manganoussulphate[Mn2+]ions. This is due to the involvement of two electrons transfer in this 
reaction[25]and the values are given (Table 1). 
Mechanism and Rate Law 

The reaction shows first order with respect to oxidant, hydrogen ion concentration and fractional 
order withrespect to substrate concentration. The tarriance of the rate by the addition of manganous 
sulphate concentrationconfirms that a two electron transfer process is involved in the reaction, ie., Cr(VI) is 
converted into Cr(IV). Product analysis clearly indicates that the product was the corresponding 
unsaturated aldehydes. From these observations, the following mechanism and rate law are proposed. 
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Rate Law 
 Rate  = k3 C1 
  = k3K2[S] [HCrO4

-] [H+] / 1 + K2 [S] 
  = k3K2K1[S] [QxDC] [H+] / 1 + K2 [S] 
 The derived rate law is suitable for the proposed mechanism and well fit from the above kinetic 
observations. 
Effect of varying the temperature  
The oxidation reaction for unsaturated alcohols was conducted at five different temperaturesviz 303 K,308 
K,313 K,318 K,323 K and the evaluated rate constant values are tabulated (Table 2).  The thermodynamicand 
activation parameters are figured from theEyring’s linear plot[26-28] of log (k2/T) against 1/T. The reaction 
rate showed a steady increase with the temperature and the entropy of activation (∆S#) values were found 
to be negative and it implies the solvationof the transition state over the reactants (substrate, oxidant, acid 
and solvent). The mechanism of all the unsaturated alcohols was found to be similar, since the obtained 
values for free energy of activation(∆G#) are fairly constant. The isokinetic plot of ∆H# against ∆S# exhibited 
linearity with r = 0.999 indicated in the figure 3. The plot of log k1(313 K) againstlog k1(308 K) called the Exner 
plot [29-30] showed a good correlation with r = 0.999 (Fig. 4). 

Table 2. Thermodynamic and Activation Factors for the Oxidation of Unsaturated Alcohols by 
QuinoxaliniumDichromate 

 
[QxDC] = 2.0 x 10-3mol dm-3  [UnsaturatedAlcohols] = 3.75 x 10-2mol dm-3  [H+] = 10.0  x 10-2mol dm-3 AcOH : 
H2O = 60:40 (v/v) 

 
Fig.3. Exner Plot of log k1(313 K)againstlog k1(308 K) 
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Fig.4. Isokinetic Plot of ∆H# against ∆S# 

 

Structure and Reactivity 
 The reactivity of the unsaturated alcohols exposed varying rate values due to the presence of 
inductive effect in the crotyl alcohol, resonance and inductive effect in the cinnamyl alcohol respectively. 
The reaction rate increases with the addition of an alkyl group in the substrate indicating electron deficient 
transition state in the crotyl alcohol. The oxidation rate of cinnamyl alcohol is much faster compared to allyl 
and crotyl alcohols. Steadiness of the intermediate [31] may possibly be the reason for this behavior.In the 
current study, the orders of reactivity amid the unsaturated alcohols are cinnamyl alcohol >crotyl alcohol 
>allyl alcohol. 
 

CONCLUSION 
 Unsaturated alcohols are oxidized with quinoxalinium dichromate in aqueous acetic acid medium at 
308 K under kinetic investigations. The order of reactions was determined for unsaturated alcohols, 
quinoxalinium dichromate and perchloric acid concentrations. Thermodynamic and activation parameters 
were calculated from Eyring’s equation. The proposed mechanism and suitable rate law is fit for the kinetic 
measurements. The reactivity of unsaturated alcohols are cinnamyl alcohol <crotyl alcohol <allyl alcohol. 
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