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Effect of Substituent on Rate of Oxidation of Phenoxy Acetic Acid
Hydrazides by Vanadium (V)
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Abstract

The reactions between vanadium (V) and phenoxy
acetic acid hydrazide (PAAH), o-chloro phenoxy
acetic acid hydrazide (o-CI-PAAH) and p-chloro
phenoxy acetic acid hydrazide (p-CI-PAAH) were
studied in sulphuric acid medium under pseudo first
order condition. The formation of complex between
the reactants decomposes in the subsequent step to
give products. The reaction proceeds by one electron
transfer with intervention of free radical. Increase in
hydrazide concentration decreases the specific rate.
Increase in acid concentration increases the reaction
rate and decreases with decrease in dielectric
constant. The effect of temperature was studied
between 25 to 55 °C. The activation parameters were
determined and the values support the proposed
mechanism as evidenced by considerable decrease in
entropy of activation.(-4S ~ = 155.98, 127.21 and
145.53 J K' mol” respective for PAAH, o-CI-PAAH
and p-CI-PAAH respectively.)

Keywords: PAAH, 0-CI-PAAH, p-CI-PAAH, hydrazides,
pseudo-first order, vanadium (V).

Introduction

Chemical kinetics deals with the rate at which the chemical
reactions take place and the influence of various factors
such as concenteration, temperature, pressure catalysts etc.
on the reaction rates. Different chemical reactions occur at
dlfferent rates. Hydrazides are derivatives of carboxylic
acids’. Theg have been extensively used in various fields of
chemistry®®'®123225  therefore it s pertinent to
understand the mechanism of their oxidation.

Material and Methods

PAAH, o-CI-PAAH and p-CI-PAAH were prepared by
reported procedure®™. The hydrazides were stored in
ambere coloured bottles kept in dark place. Ammonium
metavanadate, sulphuric acid and salt used were of AR
grade. Double distilled water was used throughout the
experiment. The stock solution of ammonium
metavanadate was prepared by dissolving calculated
quantity of ammonium metavanadate in hot double
distilled water. The vanadium (V) solution was
standardized against standard ferrous ammonium
sulphate solution by using diphenylamine.

Similarly the stock solution of sodium perchlorate was

33

- medium probably due to solvation'®

prepared by dissolving equivalent quantities of sodium
carbonate and perchloric acid (70% E. Merck) in water
to maintain ionic strength. Standard PAAH, o-CI-PAAH
and p-CI-PAAH solutions were prepared by dissolving
corresponding hydrazide in ethanol-water (60% + 40%)
system.

The reaction was studied under pseudo-first order
condition in which concentration of hydrazide was in
excess as compared to that of ammonium metavanadate,
The reaction is found to proceed through formation of

complex between vanadium (V) and hydrazide. The

pseudo-first order rate constant k was obtained by
plotting the log of absorbance at 390 against time for
each hydrazide and was found to be fairly constant at
different concentrations of vanadium (V). The progress
of reaction was followed by measuring absorbance of the
reaction mixture at 390 spectrophotometrically using
UV-VIS. Spectrophotometer ELICO-(INDIA) S.L.159.

Results and Discussion

Effect of Reactant Concentration: The reaction is found
to proceed through formation of complex between
vanadium (V) and hydrazide (Fig. 1). The specific rate of
oxidation is independent of concentration of oxidant (Table
2) and hydrazide (Table 3).The order is unity with oxidant
concentration. The specific rate of oxidation decreases with
increase in concentration of hydrazide. The decrease in rate
constant as the concentration of hydrazide increases can be
attributed to greater stability of the complex in alcoholic
. This is evident from
initial absorbance values of the complex with different
hydrazide concentrations,

Effect of Sulphuric Acid Concentration: The specific
reaction rate increases as the concentration of acid is
increased. This effect of sulphuric acid on the reaction may
be due to the protonation prior equilibria. Oxidant
vanadium (V) was_ reported to undergo variety of
protonation reactions” and under the present experimental
conditions protonated vanadate might be considered as a
predominant species as shown by equilibrium (1).

-t P
VO3 +H —» HVO e
The substrate hydrazide is also known to undergo
protonatlon accordmg to equilibrium (2)

Ar-CONHNH, + H' «— AI"CONHNHa,________K )
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The protonation constants of both oxidant and substrate, K,
and K. are very high, thus converting both the reactants
almost completely into their protonated forms in the
hydrogen ion concentration range used in the present study
(5.0x 10" M to 5.0 x 107 M). Therefore, both protonated
forms of the reactants may be active in the present
investigation. The graph of log k vs log [Acid] is linear and
the order of reaction is found to be fractional (Fig. 2).

Effect of Ionic Strength, Dielectric Constant and
Temperature: The effect of ionic strength was studied by
varying the concentration of sodium perchlorate in the
reaction mixture from 0.3 x107" to 3.0 x 10" M. It is
investigated that rate of reaction is not influenced by
increase in ionic strength.

To investigate the effect of dielectric constant on specific
rate of reaction, various percentages of aqueous ethanol
were used. The specific rate of reactions decreases with
decrease in dielectric constant. Such decrease in rate with
decrease in dielectric constant is reported''. The graphs of
log k vs 1 /dielectric constant are plotted which are linear
(Fig. 3).

The kinetics of oxidation of hydrazides was studied at
different temperatures ranging from 25° to 55°C. The log
(Abs) against time plots at different temperatures are linear
which reveal that the pseudo-first order kinetic behaviour
of the reaction is not affected by change in temperature.
The values of observed rate constants were used to
determine  various thermodynamic parameters like
temperature coefficient, energy of activation (Ea), enthalpy
of activation (AH ), entropy of activation (AS *) and free
energy of activation (AG ") (Table 1).

Reaction Intermediate, Stoichiomerty and Product
Analysis: The formation of free radicals or radical ions
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during the course of reaction was confirmed from induced
polymerisation of acrylonitrile®. The mole ratio of

 hydrazide: vanadium (V) is found to be 1:4 and it is

independent of concentration of sulphuric acid that was
used. The integral value of observed mole ratio, its
independence on sulphuric acid concentration and
formation of only carboxylic acid along with nitrogen gas
as oxidation product led to deduce that the two rate
determining steps occurring simultaneously result in the
formation of one and the same intermediate. Although the
observed mole ratio (substrate:oxidant) of the reaction is
1:4 as pointed out earlier, the order of reaction with respect
to vanadium (V) is one. This fact makes it clear that 3
moles of vanadium (V) are consumed in fast step(s) taking
place after rate determining step(s).

The oxidation products identified in these reactions are as
follows. Besides formation of corresponding aryloxy acetic
acids, the nitrogen gas is also evolved in each reaction.

The formation of carboxylic acids and N, in the oxidation

. of aliphatic as well as aromatic acid hydrazides’ is well

documented in chemical literature. The study of oxidation
of hydrazide by different oxidants indicated that the
formation of ammonia also takes place in addition to the
formation of respective aryl oxy acetic acid and
nitroge:n.‘l']jr

The object of present study is to examine the effect of
substituent’s on the reaction rate. . Hence it is essential to
review the various mechanistic criteria usually employed in
the determination of reaction mechanism and to suggest
plausible mechanism on the basis of experimental facts.
The mechanism in terms of the active species of the oxidant
HVO; and substrate protonated hydrazide is shown in the
scheme as follows:

SCHEME
Ar --C =O & H Ar—g=9
o
NH-NH,, NH-NH, £
Ar --C =0 ” Kc fast | aoro.c — (®) -‘.,____(”3
T ’ N -+ + 4 H ‘ /V—--OH
NH-NH, l NH —N
O OH
Complex
ke s
Complex ——--I Ar--CONHNH, + V(IV)
slow

Ar--CONHNH,

Ar--CONHNH + H, O

NH,NH +3 (V)

Ar--CONHNH + H
Ar--COOH + NH,NH

N, +3WVIV) + 34

[Ar = substituted Aromatic moiety (C4Hs0-CO-)]
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According to the above scheme the rate of the reaction is
given by Rate = k. [Complex], substituting the value of
[Complex] from the equilibrium, Rate = k. K, [HVO;] [Ar-
CONHNH;]

Conclusion

Relative reactivities of hydrazides: The order of
reactivities of the hydrazides under investigation is PAAH
< p-Cl- PAAH < 0-CI-PAAH. The higher rate of o-Cl-
PAAH is due to strong electron withdrawing inductive
effect'® of chlorine which outweighs its weaker electron
donating resonance effect because of distance in this
process of oxidation. It is proved that field effects can be

Res. J. Chem. Environ.

affected by solvent"". There might be some such
stabilization induced by solvation'® by ethanol. The
comparative lower reactivity of oxidation of p-CI-PAAH
than o-CI-PAAH can be attributed to weak -electron
withdrawing inductive effect of chlorine at p-position. The
unsubstituted PAAH has lowest rate in above series of
compounds under consideration.
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Table 1
Thermodynamic Parameters
PAAH | 0-CI-PAAH | p-CI-PAAH

Ea (KJ mol™) 51.58 58.85 54.04
AH * (KJ mol™) | 49.02 56.30 50.70
AS" (I K mol™) [ -155.98 | -127.21 -145.53
AG " (KImol™) | 97.84 96.13 96.25

Table 2

Effect of [AMYV] on the oxidation of hydrazides by vanadium (V).

[hydrazide] = 1.5 x 10 mol dm™,
[NaClO,] =1.0 x10™" mol dm”,

[H2S0,]1 = 1.5 x 102 mol dm”,
Temp.=35°C, Amax=393nm

[AMV] x10° mol dm™ k x 10%sec”
PAAH | 0-CI-PAAH | p-CI-PAAH
0.3 2.26 4.11 2.99
0.6 2.34 4.18 3.07
12 2.23 4.07 3.11
1.5 2.19 3.99 2.92
1.8 2.07 4.03 2.89
2.4 2.00 3.88 3.03
3.0 2.11 3.95 2.96
Table 3

Effect of [hydrazide] on the oxidation of hydrazides by vanadium (V)in 60% v/v ethanol.

[AMV] = 1.5x 107 mol dm™,
[NaClO,] =1.0 x10"' mol dm™,

[H2SO4] = 1.5 x 10% mol dm? ,

Temp.=35°C, Amax=393nm

[hydrazide] x10°mol dm™ k x 10%sec”
PAAH | 0-CI-PAAH | p-CI-PAAH
0.3 3.65 71.72 4.03
0.6 3.37 5.49 3.72
1.2 2.96 4.76 3.26
1.5 2.19 3.99 2.92
1.8 2.11 3.72 2.67
24 1.73 3.11 2.46
3.0 1.38 2:73 2.26
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Figure 1: Spectra of AMYV (I) and reactlon mixture with PAAH (11), o-CI-PAAH (III) and p-Cl- PAAH av)

[hydrazide] = 1.5 x 107 mol dm™ [AMV] =1. 5x 107 mol dm

[NaClO,4] =1 OxIO mol dm™, Temp. = 35° C, kmax = 393nm

,[H280,]=1.5x 102 mol dm™ ,
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Figure 2: log |Acid] vs log k
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., Figure 3: Effect of Dielectric Medium L 4
[hydrazide] = 1.5 x 10™ mol dm>, [AMV] = 1.5x 107 nrotdm™, [H2SO4] = 1.5 x 10™ mol dm"
[NaClO,] =1.0 x10™" mol dm~, Temp. = 35° C, Amax =393 nm

References
1. Amis E. S., Solvent Effects on Reaction Rates and
Mechanism, Academic Press, New York (1966)

2. Clark R. J. H. in Trotman A. E., Ed., Comprehensive
Inorganic Chemistry.Ist Ed. Pergamon Press, Oxford, 3. 250
(1973)

3. Farben Fabriken and Bayer A. G., Fr. Pat. 1, 450, 720 (1965)
4. Frank M.S. and Krishna Rao P. V., Ind. J. Chem., 17A, 632-4
(1979)

5. Gessner G. Hawley, The Condensed Chemical Dictionary,
Edn. 10, 60

6. Gavaerst Photo Production N. V., Brit. Pat., 988. 363 (1965)
Chem. Abst. 65, 1962 F (1966)

7. Haskar C. N., Malhotra R, C. and Ramchandran P. K., fnd. J.
Chem., 17B, 191-2 (1979)

8. Horner L. and Podschus, Angew. Chem., 63 (1951)

9. Kocevar M., Mihorko P. and Polanc S. J,, Org. Chem., 60,
1466 (1995)

10. Koz'minykh V. O., Kolla V. E. and Shelenkova S, A,
Syropyatov-B-ya, Khimiko-Farmatsevticheskii Zhurnal, 27(1),
45-51 (1993)

11. Krishna Rao P. V,, Kodanda R. and Frank M. S.. /nd. J.
Chem., 16A, 418-20 (1978)

12. Mahzhoyon A. L., Arm. Khim. Zh., 19, 793 (1966)
13. March Jerry, Advanced Organic Chemistry, Reactions,

Mechanisms and structures, John Wiley and sons (Asia) Pte.
Ltd Singapoore, 19 (1999)

37

14. McMurry John, Organic Chemistry, Fifth Edition Asian
Book Pvt. Ltd. New Delhi, 610 (2001)

15. Mijs W. I. and De Jonge C. R. H. 1., Organic synthesis by
oxidation with metal compounds, Plenum Press, Mew York
(1986)

16. Morrison Robert T. and Boyd Robert N., Organic
Chemistry-Fifth Edition, Allyn and Bacon Inc. Universal Book
Stall, New Delhi-1 201 (1989)

17. Ramaiah A. K., Frank M. S., Babu Rao G. and Krishnarao
P. V., Ind J Chem. 18 A (11), 416 (1976)

18. Tardale A. R., Phadkule A. N., Patil J. B. and Gokavi G. S..
Indian J. of Chemistry , Section A:

19. Virtanen P. O. I. Nevala H., Pohjola S. Finn. Chem. Lefi, 15
(5-6), log-15 (1988)

20. Vogel A. L. A text book of Practical Organic Chemistry
Including Qualitative Organic Analysis, 3 Ed. (E.L.B.S. and
Longman Group Ltd.) (1975)

21. Werner W. J,, Org. Chem., 18. 1333 (1953)

22. Winterstein A., Hegedus H., Fust B., Bohni E. and Studer
A.. Helv. Chim. Acta., 39(1), 229 (1956)

23. Yuan Zhishun Lu, Ling, Henan Huagog, (11) 11-13, (1997).

(Received 14" December 2013, accepted 12" March
2014)




nf

; Crossref

Indexed in SCOPUS, Chemical Abstracts, UGC, NAAS, Indian Citation Index etc.

Save Eavth: Save Environment

Assogiation Journals Our Poligies Membaership Duline Payment Downleads . Glimpses Confae

-——

Current Issue Editorial Board Archives Paper Submission FPaper Received

Special Issue | January 2018 - Special Issue || August 2018 Special Issue | May 2019

General Informat®n -
Name: Research Journal of Chemistry and Environment
{Regularly published double blind peer reviewed online journal; Publication is free of cest in our journals)
Periodicity: Monthly

- E-ISSN: 2278-4527 Print ISSN: 0972-0626 +

it Pl Indexed in: SCOPUS, Chemical Abstracts, UGC, NAAS, Indian Citation Index ete.
Published from Year: 1997
Govl. of India Registration Number: 68381/98 Dated: 27-05-1898 (Office of Registrar of Newspapers)

Sisasier Aduanes: Aim and Scope
We invite you to contribute Research Papers / Short CommunicationsekReview Papers:

= in any field of Chemical Sci , Enviror tal Sci , Agricull Sciences, Soil Sciences, Bio Sciences,
Phar tical Sci ,» Chemical Engi ing, Civil Engineering and Envir tal Engi ing. e

= in any field related to Chemistry (|gerganic / Organic / Physic;—f Analytical / Instr tal / Biochemical /
Phar ical / Industrial Chemistry).

= in any field related to Chemi and Industries including Plastics / Drugs / Pesticides / Polymers / Textiles | Dyes /
Papers / Steel / Metals / Foods/ 'Pninls.f Rubber / Fertilizers / Leather / Cement / Sugar / Distilleries I_Exp]'nsives { Qils |
Petroleum / Petrochemical / Fragrances efc. ’

= in any field related to Environment, Energy, Power, Pollution (Air, Water and Noise Pollution ) in Industries, Land,
Cities, Rivers, Lakesetc. =

= ininter-related Iis@f Chemistry, Chemical Industries and Pollution.

Invitation™ e -
We welcome your submission to our blind peer reviewed, international monthly journal “Research Journal of Chemistry
and Environment” { E-ISSN No. 2278-4527; PRINT-ISSN No. (872-0626) in field of Chemical Sciences, Environmental
Sciences, Chemical Engineering, Civil Engineering, Pharmaceutical Sciences etc. Our journal has been published
— regularly from year 1997. The journal had SCI impact factor of 0.636 for year 2012 assessed from January 2012 to
f December 2012. Impact factor for year 2011 was 0.379; for year 2010 it was 0.292 and for year 2009 it was 0.323. Our
journal is under re-evaluation of SCI in year 2017, [We do not charge any kind of fees (open access contribution -
. charge, submission charge, author charge, per page charge, publication charge, processing charge, colour page
charge etc.) for submission, acc p and publication ofmam:icript for any of our journals].

- Haol lor Tndize Autho Our journal is indexed and abstracted in:
Hesemech Juurnal of SCOPUS
Chentistry and BEovironment Chemical Abstracts s . =g
2 -Fe
Our journal is included in UGC list so that Indian authors can publish their manuscripts with us for APl scores
and for promotion in the careers. 4

-v
Submissions are sent to two experts for review and if both the experts approve, then we accept the paper for publication,
We are continually improving meﬂ;mai, with the goal of having one of the ten best international scientific journals in the
- sblishigr: world. Therefore, we are presenlly in search of a good team of editors, associale editors, co-aditors, regional editors,
Dr. Jyoli Garg subject editors and corfrence editors throughout the world. Qur interdisciplinary journal publishes only the most cutting-
- delress: edge researgh, with the goal of connecting scientists to develop various research projects in consultation with a variety of
Sector AG/8o, Vijay Nagar, industry partners for the benefit of mafffind. -
A.B. Road, Indore, 452010,
IN[_)IA You are welcome to upload the papers online at website www.worldresearchersassociations.com at menu “paper
submission”. Questions may be addressed via email to info@worldresearchersassociations.com




