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ABSTRACT

The kinetics of Phenylacetic acid (PAA) oxidation with N-chlororobenzimidazole (NCBI) in
aqueous acetic acid 30% (v/v) solution in the presence of hydrochloric acid were studied. The
reaction is first order in terms of oxidant and has a Michaelis-Menten dependency on substrate
concentration. The rate of reaction increases as the concentration of hydrochloric acid increased,
and the order with regard to [H*] was discovered to be one. Positive solvent effect with 1:1
stoichiometry has been also observed. The activation parameters have been estimated using the
kinetic data, and a reasonable mechanism has been provided.
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INTRODUCTION

The N-halo family now includes a new member, N-chlorobenzimidazole (NCBI).
Benzimidazole's derivative, NCBI, is an effective, affordable, mild, stable oxidant for organic
substrates2. The physical characteristics of NCBI and elemental analysis confirm the existence
of the N-X bond. It is therefore plausible that the combination functions as a useful source of
halonium ions. The mildness and selectivity of NCBI are demonstrated by research on leucine?,
glycine?, furfural®, benzyl alcohol®, vanillin’ and cyclanols®.

Phenyl acetic acid, or PAA is a derivative of acetic acid which have honey like odour and used
in perfumes. Numerous academic researchers have documented the critical function that PAA
plays a vital role in the treatment of cancer® and tumor2,
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It was discovered during a general study of the literature that no studies have been reported on
the oxidation of phenyl acetic acid with NCBI; this led the current inquiry and evaluation of
kinetic parameters as well as correlation analysis.

MATERIALS AND METHODS
Chemicals

The chemicals used in this investigation were A.R. grade. During the investigation, double-
distilled water was used. No additional chemical purification was necessary during the
preparation of the solutions. The NCBI solution made using the approach described.

Kinetic demonstration

The experiment was run with an excess of substrate over NCBI, resulting in pseudo-first-order
conditions. The studies were conducted in a glass stopper jar painted in black to prevent any
photochemical effects. The necessary temperature was maintained within £0.1K (308K) using
a thermo-stated water bath. All reagents, with the exception of NCBI, were added in the correct
amount to a reaction vessel and allowed to equilibrate at 308K. The reaction vessel was quickly
filled with a measured volume of NCBI that had been separately equilibrated at the same
temperature. By looking at reaction aliquots, the reactions progress was tracked.

Product analysis

The final end product of PAA oxidation was benzaldehyde, whose existence was
confirmed by currently used conventional techniques. The analysis of the final result was
performed under kinetic circumstances, meaning that PAA was used in excess of NCBI.
Following the conclusion of the reaction, 200 millilitres of an excess saturated solution of
2,4-dinitrophenylhydrazine (DNPH) in 2 mol/dm? HCI is added to the solution, and it is then
refrigerated for a full day. The 2,4-dinitrophenylhydrazone (DNP) precipitate was filtered,
dried and weighed accordingly. Use ethanol to re-crystallize the DNP crystal, and then weigh
it once again. The DNP and DNP of product of PAA were found to be identical (m.p. 239.8°
C).

RESULT AND DISCUSSION

The oxidation of PAA was carried out by NCBI at 308K under pseudo first order condition.
The rate of oxidation of PAA and other experimental data were obtained. Oxidation of PAA
by NCBI under the condition [NCBI] << [PAA] had the following kinetic feature.

Stoichiometric studies
The stoichiometric studies of oxidation of PAA by NCBI were carried out with excess of
oxidant (NCBI) and maintaining other parameters constant ([H*] = 0.15 x 10 mol dm,
HOAc-H,0 =30 % (v/v), Temperature = 308K). The stoichiometric results indicated 1 mole
of PAA consumes 1 mole NCBI as represented by the following empirical equation:
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Order with respect to [oxidant][substrate]

When the PAA are in large excess, the plots of log (a-x) vs time (Figurel) are found to be
linear, indicating first-order dependence on NCBI. The pseudo first-order rate constants in
NCBI calculated at different initial concentrations of the reactants are found to be
independent of the substrate concentration. Singh et al'! also reported similar findings. The
plot of k; vs [PAA] is initially linear passing through origin and tends to obtain limiting value,
bending towards horizontal axis (Figure 2). Pandey et al'>!3 also published similar reports.
Hence the reaction follows fractional order behaviour with respect to the PAA concentration.
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Figurel: The plot of log(a-x) versus time. Conditions are given in Tablel.
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Figure2: Dependence of k; on [ PAA]. Conditions are given in Table 1.
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Tablel:Effect of variation of reactants on pseudo-order rate constant k; at 308K

10?[Substrate](mol | 103[NCBI](mol | 103[H*](mol | % HOAc: | kyx10%(s?h)
dm3) dm3) dm3) H,O
1.0 2.5 0.15 30 0.752
1.25 2.5 0.15 30 0.911
2.5 2.5 0.15 30 1.575
4.0 2.5 0.15 30 2.603
5.0 2.5 0.15 30 3.207
8.0 2.5 0.15 30 4415
10.0 2.5 0.15 30 4.456
2.5 15 0.15 30 1.559
2.5 3.0 0.15 30 1.575
2.5 4.0 0.15 30 1.576
2.5 5.0 0.15 30 1.573
2.5 7.5 0.15 30 1.571
2.5 2.5 0.1 30 1.312
2.5 2.5 0.2 30 1.575
2.5 2.5 0.25 30 1.803
2.5 2.5 0.3 30 2.104
2.5 2.5 0.4 30 2.247
2.5 2.5 0.5 30 2.453
2.5 2.5 0.15 10 1.362
2.5 2.5 0.15 20 1.454
2.5 2.5 0.15 40 1.575
2.5 2.5 0.15 50 1.814
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Effect of variation of [H*]:
The catalysed kinetics was observed by the addition of hydrochloric acid. On varying hydrochloric
acid concentration there is an increase in reaction rate (Tablel). The plot of log ki versus 1/[H"]
(Figure 3) gave a straight line with positive intercept, suggesting that acid plays a complex role in
the reaction system. Numerous authors*+%° have also shown that acid catalyses the rate of the process.
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Figure 3: Dependence of log k; on 1/[H*]. Conditions are given in Table 1.

Effect of solvent on reaction velocity:
The rate was studied at different concentrations of the solvent. It is observed that the rate increase
with increasing concentration of acetic acid. The positive slope explains the ion-dipole or dipole-
dipole character of the reaction. Kempegowda®® et al. found a similar tendency in the N-
bromoacetamide oxidation of primary alcohols.

Effect of ionic strength and benzimidazole:
The pace of oxidation is not appreciably influenced by the addition of chemically neutral salt.
Therefore, the ionic behaviour in the slow step and in the reaction mechanism is excluded. Further
this trend supporting the dipole-dipole interaction in the reaction. Singh'” also supported that fact.
The pace of reaction is slowed down by adding benzimidazole, one of the reaction products, at
constant concentrations of H*, PAA, and NCBI. When benzimidazole is added, the reaction rate
slows down, indicating a pre-equilibrium stage involving a process where benzimidazole is one of
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the products. The rate of oxidation should be an inverse function of the concentration of
benzimidazole if this equilibrium is engaged in the oxidation process. Some authors®1® has observed
that reduction products have a similar impact.

Effect of Product and Free Radical Inhibitor:
The investigated reaction was unable to cause the additional acrylonitrile to polymerize,
eliminating the existence of free radicals and their route. Authors came to similar conclusions?,

Effect of temperature:
It was also investigated how temperature affected the way that PAA and NCBI worked together. The
activation energy values, AS, AH, and AG, were calculated. Table 2 includes a summary of these
values in addition to the other parameters.
Table2: Thermodynamic parameters of PAA-NCBI system

Substrate Ea A AH* AG* - AS?
kJ mol? st kJ mol* kJ mol? JK mol?
PAA 57.69 1.08 x108 59.643 87.012 73.1
MECHANISM

It was discovered that the NCBI concentration remained steady over time. The development
of a complex between the reactive species and PAA in a quick step, which would thereafter
disintegrate in a long and rate-determining stage, was most likely the mechanism for the reaction.
From the list of potential reactive species, the NCBI, CH3;COOCI, and CH;COO*"HCI are not
primary reactive species, as demonstrated by the benzimidazole retarding action and the positive
effect of H" and solvent's. As a result, the only option and possibility remaining as a distant prime
active species is HOCI and H,O*Cl. Our kinetic findings published reports also lead us to believe
that HOCI# and H,O*CI? are the most prevalent and fruitful reactive species. The following
mechanism for the oxidative destruction of PAA by NCBI is hypothesized based on the above
experimental results.

| a418

JETIR2401049 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org


http://www.jetir.org/

© 2024 JETIR January 2024, Volume 11, Issue 1 www.jetir.org (ISSN-2349-5162)

K,
NCBI + H:{'_"} w=s HOC] + Benzimidazole

K,
HOCI + H* == H,0'Cl

Kz
Substrate + HOCI «  Complex (A)

K

Substrate + H,OCl - Complex (B)
k

Complex (A) — Products
ks

Complex (B) — Products

Using the steady-state treatment with an acceptable approximation hypothesis results in a
rate equation capable of describing and justifying all of the observed kinetics, this is eventually
calculated as

1 [BI] + K, K;
koha..I = ) _+
[S] K; (kiKs+ kK:Ks [H')]) ki Ks+ KKKy [HY]

CONCLUSION
Phenyl acetic acid is a substituted aliphatic acid. During the reaction, at first, substrate
formed a complex with reacting species of NCBI. Similar type of complex formation reported in
our previous communications with N-chloroisonicotinamide®*2*. The study follows Michalis-
Menten type kinetics with stoichiometry 1:1. The reaction shows first-order rate with respect to
oxidant and fractional order with substrate. The kinetic results and thermodynamic parameters
support the proposed mechanism.

Reference

1. Rukmangathan, M. J. Environ. Nanotechnol., 2021, Vol. 10(1), 08-13

2. Rukmangathan, M. , Santhoshkumar , V. and Ramkumar, B. Zeitschrift fur Phys Chemie.,
2015, 230(8), 16-25

3. Rukmangathan, M., International Journal of Modern Science and Technology , 2016, Vol. 1,
Issue 2

4. Ramakrishnan, K. and Ramkumar B. IOSR Journal of Applied Chemistry (IOSR-JAC), 2018,
\Volume 11, Issue 4 Ver. 1, 20-23

JETIR2401049 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetirorg | a419


http://www.jetir.org/

© 2024 JETIR January 2024, Volume 11, Issue 1 www.jetir.org (ISSN-2349-5162)

5. Rukmangathan, M., Santhoshkumar, V. and Ramkumar, B.Acta Ciencia Indica, 2011,
XXXVII C(1):1-3

6. Rukmangathan, M. , Santhoshkumar , V. and Ramkumar, B. IRA-International Journal of
Applied Sciences, 2016, VVol.03, Issue 03

7. Rukmangathan, M. International Journal of Modern Science and Technology, 2020, 5(11):274-
277

8. Rukmangathan M, Santhoshkumar V, Ramkumar B Journal of Chemical and Pharmaceutical
Research, 2012, 4(3):1740-1744

9. S Sawatsri International journal of cancer, 2001,93(5), 687-692

10. S. Neil Cancer letters, 2007, 251(2), 302-310

11. Singh S.KR., Gupta O.P., Khan M.U., Gupta H.D., Singh S.K., Upadhyay T.N. Oxid
Commun., 2010, 33 (4), 891-897.

12. Pandey D., Singh S.K., Parihar S.S., Gupta H.D. International Research J. of Commerce, Arts
and Science, 2021, 12, 7, 75-82.

13. Singh S.K., Parihar S S, Pandey D. International Journal of Research in Engineering and
Science (JRES), 2021 ,9,7 PP. 32-39

14. Sharma D., Panchariya P., Purohit P., Sharma P. K., Oxid. Commun., 2012, 35(4), 831

15. Singh S.KR., Gupta O.P., Khan M.U., Gupta H.D., Singh S.K. Oxid Commun., 2011, 34 (1),
58-64.

16. Kempegowda B.K., Prasanth P.A., Gowda S., Ananda S. Int. J. of Chem. Res. 2011, 2, 4

17. Singh R.A., Singh K., Kumar A., Singh S.K. Oxidation Communications 2013, 36, No 3,
565-572

18. Singh S.K., Paney D., Singh S., International Journal of Advances in Engineering and
Management, 2022, 4, 6, 276-282.

19. Singh S.K., Paney D., Singh S., International Journal of Research in Engineering and Science,
2022, 10, 5, 309-316.

20. Singh S.K., Sharma D.P., Pandey A., Tiwari S. E. J. of Adv. Res. 2015, 1, 1, 25-32

21. Pandey U., Singh S.K., Pandey M., Gupta H.D., Gautam A. E. J. of Adv. Res. 2017, 3, 2, 163-
171

22. Singh P., Singh S.K. Int. J. Sc. Dev. Res., 2023, 8, 1, 50

23. Singh P., Singh S.K. Int. J. Sc. Dev. Res., 2023, 8, 1, 60

JETIR2401049 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | a420


http://www.jetir.org/

