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Abstract: The kinetics of picolinic acid (PA) catalyzed quinaldinium chlrochromate oxidation of phenol is
studied in 60% acetic acid — water (v/v) medium. The reaction shows unit order dependence each with respect to
oxidant, picolinic acid and substrate. The reaction is acid catalyzed and the medium of low dielectric constant
favours for the reaction. Increase in ionic strength has no effect on the reaction rate. The reaction does not
induce the polymerization of acrylonitrile. The reactions are carried out at four different temperatures and
activation parameters have been calculated. A suitable mechanism consistent with the observed kinetics has
been proposed.
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I ntroduction

Chromium compounds have been used in aqueous and non-agqueous media for oxidation of variety of
organic compounds.”” Chromium compounds especially Cr(VI) reagents have been proved to be versatile
reagents capable for oxidizing amost al the oxidizable organic functional groups®™? Quinadinium
chlorochromate (QnCC) has advantages in terms of ease of preparation, lower acidity, reaction period and yield
of products. It is very stable and can be stored for longer periods without much loss in activity and hence turns
out to be a very useful reagent in synthetic organic chemistry™. The structure of QnCC is,
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Quinadinium Chlorochromate

Phenal is an organic compound with the chemical formula CsHsOH. It is a white crystalline solid at
room temperature. The molecule consists of a phenyl group (-CsHs) bonded to a hydroxyl group (-OH). It is
mildly acidic, but requires careful handling due to its propensity to cause burns. It is an important industrial
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commodity as a precursor to many materials and useful compounds'™. Its major uses involve its conversion to
plastics or related materials. phenol and its chemical derivatives are key for building polycarbonates, epoxides,
bakelite, nylon, detergents and a large collection of drugs and herbicides. Picalinic acid (PA) can form a
relatively stable complex with chromium (VI). The complex Cr(VI) PA/Cr(V)PA is more reactive than the
oxidant. It has been reported™>® that the picolinic acid catalysis is highly specific and related to the proximity of
the nitrogen atom and the carboxylic acid group. This investigation was undertaken to gain a clear
understanding for the mechanism of the quinaldinium chlorochromate oxidation of phenol.

Experimental

Materials
Commercia sample of phenol (E.Merck) is collected and purified before used. All other chemicals
used were of AnalaR Grade.

Quinaldinium Chlorochromate (QnCC)

Chromium trioxide (10 g) was dissolved in 18.4 ml of 6 M hydrochloric acid solution was cooled to O
°C and to this 13.9 ml of quinaldine was added drop wise during 30 minutes. The reaction mixture was cooled
for 2 h. The resulting yellow colored solid was collected and washed with ether kept under suction until
moderately dried and placed under vacuum pump to get a dry powder. (Melting point 139 °C).

Acetic Acid

Glacial Acetic acid (AR) (2 litre) was partially frozen and about 1 litre of the liquid was removed. The
residue was melted and refluxed with chromium trioxide (30 g) for 4 h and fractionally distilled. The distilled
portion was collected between 116-118 °C, partially frozen and about half of the acid was discarded as liquid.
The remaining residue was melted and fractioned again after treating with chromium trioxide (30 g). The boiled
fraction was collected 116-118°C and kept in brown bottles.

Triply distilled water was used for the preparation of solutions.
Kinetic measur ements

The reaction was carried out under pseudo- first order conditions by maintaining the substrate
concentration in excess of quinaldinium chlorochromate. Known volumes of substrate, water and acetic acid
were mixed to bring the percentage of acetic acid to the desired value and thermostated. The reaction was
started by adding the oxidant to the mixture and aliquots were removed at definite time intervals and the
decrease in concentration of quinaldinium chlorochromate by digital photoelectric colorimeter at 470 nm. The
rate constants were obtained from the slope of the plot of log absorbance versus time by the least square method.
The results were reproducible within +1.

Product Analysis

To the substrate (0.1 M) in acetic acid, QnCC (0.1 M) was added and the medium was maintained
acidic using perchloric acid. After slight warming the reaction mixture was maintained at room temperature for
two days then the reaction mixture was extracted with ether and dried over anhydrous sodium sulphate. The
ether layer was separated and then evaporated on a hot water bath to get the solid product. From the IR and GC-
MS, it was confirmed that the product obtained was only para- benzoguinone .

Results And Discussion
Effect of varying [QnCC]

The kinetic data reveals that the oxidation of phenol by quinaldinium chlorochromate is first order with respect
to the oxidant. The plot of log absorbance versustimeis linear indicating that the order with respect to QnCC is
unity (Figure 1). The pseudo-first order rate constants were found to be independent of intia concentration of
QNnCC (Table 1).

Effect of varying [Phenol]

The reaction was carried out by varying the concentration of phenols keeping the other variables
constant. The rate of reaction increased with increase in the concentration of phenol and the plot of log k; versus
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log [s] gave a straight line with a slope of unity (Figure 2) showing a first order dependence on the substrate.
This was further well confirmed by the constancy of the specific reaction rate k, = k, / [s]* (Table 2).

Effect of varying [Picolinic acid]

The reactions were carried out with the varying concentrations of picolinic acid, while keeping the
concentrations of other reagents constant. The rate of the reaction increases with increase in the concentration of
picalinic acid (Table 3). The order with respect to picolinic acid was found to be one as evidenced by a plot of
log k; versuslog [PA] (Figure 3) which was linear with a slope of unity.

Effect of varying the hydrogen ion concentration

The reaction was followed with different concentration of hydrogen ions keeping the concentration of
guinadinium chlorochromate and substrate constant. The rate has been found to increase with increase in
concentration of H* (Table 4). A plot of log k; versuslog [H'] give astraight line (Figure 4) with aslope of 1.34
(r=10.999). Sincethe plot of log k; versus log [H'] did not give an ideal slope of unity. It is not possible to take
the order with respect to [H'] as one and it can be concluded that the reaction is smply an acid catalyzed one®.

Effect of varying solvent composition

The reaction rate was measured at different acetic acid-water mixtures. It was observed that an increase
in the percentage of acetic acid considerably increased in the rate of the reaction (Table 5). The plot of log k;
versus D! gave a straight line with a positive slope™ (Figure 5) suggests the involvement of an ion-dipole
interaction in the rate determining step.?
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Figure 1. Plot of log absorbance versustime

Table-1 Dependence of rate constant on oxidant concentration

[Phenol] = 3.00x10° mol dm® AcOH-H,0 = 60:40(%)

[H] =2.00x10"mol dm? [PA] = 5.00x10™mol dm*
Temperature = 313K

[QnCC]x10° k,x10*
mol dm® st
0.50 13.22
1.00 13.35
1.35 13.45
1.61 1353
2.14 13.28
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Figure 2. Plot of log k; versuslog [substrate]

Table - 2 Dependence of rate constant on phenol concentration

[QnCC] =1.00x10°mol d
[H] = 2.00x10" mol dm®

m—3

AcOH-H,0 = 60:40(%)
[PA] = 5.00x10™*mol dm*
Temperature = 313K

[Phenol] x10” kyx10"
mol dm™® st
1.50 6.00
3.00 13.35
450 19.95
6.00 26.30
7.50 38.02
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Figure 3. Plot of log k; versuslog [PA]

Table - 3 Dependence of rate constant on picolinic acid concentration
[QnCC] = 1.00x10° mol dm®

[H'] = 2.00x10™" mol dm®

[Phenol] = 3.00x10°mol dm®  AcOH-H,0 = 60:40(%)
Temperature=313 K
B0 x 10" 13350
fB80dm™ 1584
2.50 608
3060 2316
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Figure4. Plot of log k; versuslog [H]

Table - 4 Dependence on rate constant on acidity

[QnCC]=1.00 x 10®mol dm®
[Phenol]=3.00 x10° mol dm®

AcOH-H,0 = 60:40(%)
[PA] = 5.00x10"mol dm®
Temperature = 313K

[H] x10" k.x10" s*
mol dm™®
1.05 3.69
1.58 6.91
2.00 13.35
3.00 17.38
3.98 21.87
4.23 31.62
0.25
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Figure5. Plot of log k,versusD™
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Table- 5 Dependence on rate constant on solvent composition

[QnCC] = 1.00x10°*mol dm® [H] = 2.00x10" mol dm®
[Phenol] = 3. 00x10%mol dm® [PA] = 5.00x10™*mol dm®
Temperature = 313 K

AcOH-H,0 D kyx10"

(% vIv) st

50:50 43.08 11.67

55:45 39.99 12.18

60:40 35.69 13.35

70:30 28.31 15.51

Effect of varying theionic strength

The reaction was studied with varying concentration of sodium perchlorate and keeping the other
variables constant. The results indicate that ionic strength has negligible effect on the reaction rate, which
confirmed the participation of an ion and neutral molecule in the rate determining step® (Table 6).

Effect of added acrylonitrile

The added acrylonitrile has no effect on the reaction mixture indicating the absence of free radica
mechanism. No turbidity was obtained.

Effect of varying the manganous sulphate

The reaction was carried out with the varying concentrations of Mn?* ions keeping al the other factors
constant. The added Mn** ions have decreased the rate of the reaction. It indicates that two electron transfer
process may be involved in the reaction (Table 7).

Table - 6 Dependence on rate constant on ionic strength

[QnCC] = 1.00x10° mol dm® [H7 =200x10"mol dm?®
AcOH-H,0 = 60:40(%) [Phenol] = 3.00x10? mol dm®
[PA] = 5.00x10*mol dm® Temperature = 313 K

[NaClO,] x10" | kyx10*

mol dm? st

0.00 13.35

0.25 13.45

0.50 1355

0.75 13.62

1.00 13.69

Table- 7 Dependence on rate constant on manganous sulphate concentrations
[QnCC] = 1.00x10°mol dm®  [H*] = 2.00x10" mol dm®

cOH-H,0 = 60:40 (%) [Phenol] =1.00x10? mol dm®
[PA] = 5.00x10* mol dm® Temperature = 313 K

[MnSO,] x10°* kyx10*

mol dm® st

0.00 13.35

0.25 12.28

0.50 12.20

0.75 12.11

1.00 12.01
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Effect of varying thetemperature

The reaction has been studied at four different temperatures keeping al other factors constant. The
thermodynamic parameters have been calculated (Table 8) from the least square procedure of alinear plot of In
(ko/T) versus 1/T (Figure 6) using Eyring’s equation.

AH? = 19.89 kJmol AS*=-208.23 JK'mol
AG*=94.01 kJmol*at 313K Ea=22.49 kJmol* at 313K
-8.2
SR r=0.991
(o)
-8.6 4
E -8.8
= (o]
92 4 [a]
0.4 T
205 3 305 3.1 315 3.2 3.25 F3 335
1T (10-%)

Figure6. Plot of In ky/T versus /T

Table - 8 Dependence on rate constant on temperature
[QnCC] =1.00x10%°mol dm®  [H'] = 2.00x10™" mol dm®
[Phenol] = 3.00x10%mol dm®  [PA] = 5.00x10*mol dm?®

AcOH-H,0 = 60:40(%)

Temperature k,x10*
K st
303 9.18
313 13.35
323 16.80
333 20.73

M echanism and Rate law

From the experimental results, it is clear that the reaction is showing unit order with respect to oxidant,
substrate and picolinic acid. Thereaction is acid catalysed one.

Based on the above observations, a probable mechanismis given in scheme— 1.
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Rate law:
These above observations suggest that the rate law can be shown as,

rate = k[Phenol]
= Kk [Phenol] [HCrO4] [PA] [H']?
[PA] = [PA]+[PAHT] . [PA]= —PArlKa
Ka+ [H']
e = KKak[PA7] [HCrO4] [Phenol] [H?
Ka+[H"]
rate = Kks[Phenol] [HCrO4 ] [PA1]
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Conclusion

The kinetics of picolinic acid catalyzed quinaidinium chlorochromate oxidation of phenol in

agueous acetic medium leads to the formation of complex and finally gives the product. The mechanism
proposed for this oxidation reaction is in accordance with the observed kinetic facts.
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