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ABSTRACT

Oxidation of aromatic aldehydes has been studiedsdmeral workers. Aromatic aldehydes found to haide
applications in synthetic and pharmaceutical indiest Benzaldehydes are used as flavoring agemiseifumes, in
the manufacture of triphenylmethane dyes such dsamige green etc. and in the synthetic chemistrytbe
synthesis of other aromatic aldehydes afn unsaturated acids. Richard have studied and baidtectivity and
found that these compounds are being used to prathees in ophthalmic solutions. Due to their stid
importance several workers have made attempts udysthese compounds by different oxidants. Ketrodac
analgesic and anti-inflammatory agent is equal wrphine sulphate on a weight to weight basis far aleviation
of post operative pain. Atorvastatin and Rosuvastealcium lowers the cholesterol levels. Both ayathesized
from aromatic aldehyde (p-Fluorobenzaldehyde) hie light of above back ground, we will try to stidlyetics and

mechanism of proposed reactions of oxidation okaklehyde and substituted benzaldehydes by potassamate
in acidic medium.
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INTRODUCTION

Several workers have reported the catalyzed andtalyzed oxidation of variety of substrates by psitam
bromate in acidic medium and studied their mectmasisChemistry of bromate ion in aqueous acidic omeds of
considerable interest due to its importance in rasistic chemistry[1]. A review of potassium bromatedation of
organic and inorganic compounds has been given here

Oxidation of primary, secondary and tertiary aldshoy potassium bromate in acidic medium has basgies by
several workers [2,3,4,5]. In the case of primdcplaols, the rate determining step was found taldmomposition
of bromate ester and — CH bond cleavage was alseredd. On the other hand during the oxidationegbadary
alcohols by bromate, the formation of alcohol —rhate, ester with no C-H bond cleavage was obse@gidation
of tertiary alcohols was studied by Reddi and Stema[6,7]. They suggested pre-equilibrium compliexat
between bromate and the substrate, yielding coraplashich differ only by a proton, followed by ratetermining
carbonyl compound formation and an intermediatectvis subsequently oxidized to give the products.
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Several workers have reported the kinetics and arésin of catalyzed and uncatalyzed oxidation byaggitim
bromate of various compounds. Some other impodeganic and inorganic compounds studied so foraanmes
[8, 9], hydroxyl amine [10], hydrofluoric acid [L1}n(l)- catalyzed oxidation of citric acid [12Retermination of
Atenolol and its preparations by Acid-Base Titratim Non-aqueous Medium [13]. etc. However, a viawy
references are available to the best of our knogdedn the kinetics and mechanism of the oxidatibrp-
nitrobenzaldehyde by potassium bromate in perahbeid medium.

These studies are in a limited range and the datitable in these studies are inadequate for a eoatipe study of
oxidation of aromatic aldehydes by bromate ion d¢idia medium. Secondly contradictory reaction medéias
have been proposed by different workers. Hencetitleereaction is proposed to investigate in ortem@rrive a
plausible mechanism and to understand the redaxishy of potassium bromate in perchloric acid medi

MATERIALS AND METHODS

All the materials and methods used were same asrided in chapter 2. For oxidizing p-nitrobenzalgdd,
potassium bromate stock solution (5.0%1fiol dni®) was prepared by dissolving exactly weighed qtyaruf
potassium bromate in doubly distilled water. Theison was prepared fresh just before the use temdardized
iodometrically. For use in kinetic runs a 0.2 ob Gnol dm® stock solution of p-nitrobenzaldehyde in doubly
distiled water was prepared alternate days primruse because on standing the aqueous solution- of p
nitrobenzaldehyde was found to turn yellowish, detate in strength and give irreproducible resul®wever,
with a freshly prepared solution of p-nitrobenzalgite, no such complication was observed. Mercujya@etate
stock solution (0.2 mol dif) was prepared by dissolving exactly weighed qiaofi mercury (1) acetate in doubly
distilled water.

PRODUCT ANALYSIS

For obtaining and identifying the reaction prodsgtthe following procedure was used. In some erpanis,
relatively larger concentration of p-Nitrobenzalgéé and potassium bromate with other experimeraatliitions
being the same as in kinetic studies, were lefidtey at 313 — 323 K for over three days to enslueecompletion
of the reaction. After this period the organic prodwas extracted with ether several times, drieetr @anhydrous
magnesium sulphate and the ether was evaporatedm@m product was identified to be p-nitrobenzwa. The
identity of the product was confirmed by (mp 2322@) and (mmp 240-24%) and by comparison of IR spectra
of isolated product and its authentic sample.

STOICHIOMETRY

No suitable method is available for the estimatbp-nitrobenzaldehyde, hence in all kinetic resuéported in this
chapter, p-nitrobenzaldehyde was in excess oveaspitim bromate and the stoichiometry was also méted
under the experimental conditions where p-nitrobé&tehyde (substrate) was in excess over the potadsiomate
(oxidant). The suitable reaction mixtures were pred and left at 313 K for over 24 hours to ensiomplete
oxidation of p-nitrobenzaldehyde. The unreactedagsitm bromate was determined iodometrically arebeh
results are given in Table 1. These results inditd@t one mole of potassium bromate is consumethfee moles
of p-nitrobenzaldehyde in agreement with the eguatl)

3NO,CH,CHO +Bro_____, 3N@CH.,COOH+BF )
p-nitrobenzaldehyde p-nitrobenzoic acid

[KBrOg]; represents the amount of KByQaken initially whileA [KBrO;] and A [PNB], i. e., A [p-
nitrobenzaldehyde] represent the consumed amounts.

RESULTS

Entire kinetic study was carried out under psetd érder conditions i.e., in all the kinetic rutte concentration
of p-nitrobenzaldehyde was always at least tengithe concentration of potassium bromate and theticen under
such experimental conditions was characterisechbypseudo first order kinetics being first ordethmpotassium
bromate. The pseudo first order rate constagt) (Was evaluated for each experiment from the piddo@ [KBrOs]
and time by following usual procedure. The pseuidst brder plot in almost all cases was linear ap706%
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completion of the reaction. The values of pseutsi érder rate constant were reproducible withBt Initial rate
constant was calculated from the plots of unconsliK8rOs] versus time by plane mirror method.

POTASSIUM BROMATE DEPENDENCE

To study the dependence of the reaction rate ondheentration of potassium bromate, its concentravas varied
in the range 1.0 to 5.0x2mol dm? at fixed [p-nitrobenzaldehyde] = 5.0 x4 énhol dm?®, [HCIO,] = 10.0x10° mol
dm?, [NaClOy] = 40.0x10* mol dm?®, ionic strength = 50.0x10mol dm?®in 40% (v/v) aqueous acetic acid at 313
0.1K in the presence of [mercuric acetate]=1.0%am| dm?® which complexes bromide ions (one of the prodiict o
the reaction) preventing the in situ formation oblecular bromine. The results of kinetic runs,ialitates and
pseudo first order rate constants at differentahitoncentrations of potassium bromate are givemable 2. The
order in potassium bromate was established byalniite method. The plot of initial rate versus tfssium
bromate] was a straight line passing through tligiroshowing thus the order in potassium bromatésgquently
pseudo first order plots were made since the cdrat@n of p-nitrobenzaldehyde was more than temes the
concentration of potassium bromate in each caseatih case good straight line was obtained andahes of
pseudo first order rate constang,kwere independent of the concentration of potassivomated. The empirical
rate law at constant [land excess p-nitrobenzaldehyde concentration is

~d[Bro,]

v =k, [Bro; 1 2
p-NITROBENZALDEHYDE DEPENDENCE

The dependence of the reaction rate on the coratimtrof p-nitrobenzaldehyde was studied by varyitsg
concentration in the range 1.0 to 20.0 %100l dm?® at fixed [KBrQ;]=1.0x10° mol dm?, [HCIO,] = 10.0x10°mol
dm?, [NaClOy]= 40.0x10° mol dm?®, ionic strength = 50.0xI0mol dm?® in 40% (v/v) aqueous acetic acid at 313
0.1K in the presence of [Hg (OA$)=1.0 x10° mol dm. The results of kinetic runs and the values ofigsefirst
order rate constant () are given in Table 3. The pseudo first orderloere made since the concentration of p-
nitrobenzaldehyde was in excess, i.e., more thartitees the concentration of potassium bromatecdch case
good straight line was obtained. The plot of psefidd order rate constant k) versus [p-nitrobenzaldehyde] is a
straight line passing through the origin. It shahet the order of the reaction with respect totpebienzaldehyde is
also one. The empirical rate law is, therefore,

—-d[BrO, ]

o =k,[BrO; ][ p— nitrobenzddehyag =~ . (3)
where k is second order rate constant angl k k, [p-nitrobenzaldehyde]. The values of pseudo finster rate
constant (9 and second order rate constan} (knder different experimental conditions.

The unit orders with respect to [KBg[Cand [p-nitrobenzaldehyde] indicate that probaiblgy are not involved in
the formation of any kind of complex or even ifetbomplex is formed, it was assumed to be highistalsie.

Subsequently Michaelis — Menten type of reciprquat of 1/k,,s versus 1/ [p-nitrobenzaldehyde]. k= pseudo
first order rate constant) was linear passing thhothe origin. This indicates the absence of cormfidemation or
lack of kinetically detectable complex between pstam bromate and p-nitrobenzaldehyde in perchlagid

medium.

MERCURIC ACETATE DEPENDENCE

The dependence of the reaction rate on the coratemtr of mercuric acetate was studied by varyirg it
concentration in the range 1.0 to 5.0 ¥IfAol dm® at fixed [KBrO;]=1.0 x10° mol dni®, [p-nitrobenzaldehyde] =
10.0 x10° mol dm®, [HCIO,] = 10.0 x1¢ mol dm?, [NaClQ,] = 40.0 x1¢* mol dn®, ionic strength= 50.0 x1D
mol dm?in 40% (v/v) aqueous acetic acid at 818.1K. The results of kinetic runs and the valuepseudo first
order rate constant {l). These results indicate that there is no sigaificeffect of mercuric acetate concentration
on the rate. Thus the oxidation of p-nitrobenzajydieh by potassium bromate is independent of theainit
concentration of mercuric acetate which shows thatonly function of mercuric acetate is to fix thenerated
bromine.
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HYDROGEN ION DEPENDENCE

The dependence of the reaction rate on the comtemtrof hydrogen ion was studied by varying thaaamtration
of perchloric acid in a narrow range of 5.0 to 281@? mol dm? at a constant ionic strength of 50.0 **fol dm?
using perchloric acid and sodium perchlorate mixairfixed [KBrQ] = 1.0x10* mol dni®, [p-nitrobenzaldehyde]=
5.0 x10° mol dm? in 40% (v/v) aqueous acetic acid at 318.1 K in the presence of [Hg (OA§)F1.0x10°mol
dm?®. The results of kinetic runs and the values ofisefirst order rate constant,{§ are given in Table 5.5. The
pseudo first order plots were made since the cdratén of p-nitrobenzaldehyde was in excess, im@re than ten
times the concentration of potassium bromate. bthease good straight line was obtained. Thesdtsasdicate
that the rate depends nearly on the first powdH®&f in the range of 5.0 to 15.0xT0mol dm?, but exhibit higher
order dependence on THat higher [acid], at constant ionic strength. o variation at constant ionic strength is
limited to only 20.0 x1¥ mol dm?®. Beyond 20.0 x18 mol dm? of perchloric acid, the dissociation of potassium
bromate is considerable in our experimental comiti making further investigation on acid dependetifficult.
Hence quantitative interpretation of acid dependdras not been attempted.

IONIC STRENGTH DEPENDENCE

The dependence of the reaction rate on ionic stihemgs examined by varying the concentration ofilsad
perchlorate in the range 0.0 to 40.0%¥fol dm? at fixed [KBrQ]=1.0 x10° mol dm?, [p-nitrobenzaldehyde] =5.0
x10% mol dm?, [HCIO,] =10.0 x10* mol dm? in 40% (v/v) aqueous acetic acid at 313.1K in the presence of
[Hg(OAc),] = 1.0x10° mol dni®. The results of kinetic runs and the values ofigsefirst order rate constanty(§
are given in Table 5.6 These results indicate tteatrate of reaction decreased on increasing thie gtrength. The
results of ionic strength variation suggest that ¢lxidation of p-nitrobenzaldehyde with potassiumniate is the
reaction between ions of opposite charge, i.ewden cation and anion. Hence this rules out theipiity of
dipole - dipole and ion - dipole interaction in tv@dation of p-nitrobenzaldehyde with potassiurorbate.

DIELECTRIC CONSTANT DEPENDENCE

The dependence of the reaction rate on dielectmstant was studied by varying the compositionhef $olvent
mixture. It is done by varying the percentage dadtcacid in AcCOH:HO mixture in the range 10% to 50% (v/v)
aqueous acetic acid at fixed [KB© 1.0 x10° mol dm?®, [p-nitrobenzaldehyde]= 10.0 x¥anol dm?, [HCIO,] =
10.0 x10* mol dm®, [NaClQ,] = 40.0 x1G* mol dm®, ionic strength = 50.0 x20 mol dm® at 313(1 0.1K in the
presence of [Hg(OAg) = 1.0 x10* mol dm®. The results of kinetic runs and the values olpsefirst order rate
constant (k9 are given. The values of dielectric constantyarous proportions of acetic acid as reportediezarl
are used. These results indicate that the valugsedido first order rate constant increases apéheentage of
acetic acid in AcOH: kD solvent mixture increases. Thus the reactionohtbe oxidation of p-nitrobenzaldehyde
by potassium bromate increases as the dielectristant of the solvent mixture decreases. The Aiisgd log k
versus 1/D was linear with a positive slope whighn agreement that the oxidation of p-nitrobengajdie with
potassium bromate is the reaction between ionppbsite charge, i.e., between cation and anionceéléms also
rules out the possibility of dipole - dipole andhiedipole interaction in the oxidation of p-niterizaldehyde with
potassium bromate.

TEMPERATURE DEPENDENCE

To determine the temperature coefficient and thelynamic activation parameters such as energy @fadicn
(Ea), frequency factor (A), free energy of actigatiAG), entropy of activationAS) and enthalpy of activation
(AH), the reaction was carried out at three diffetemperatures, i.e., 303, 313 and 323K. The resiiltise kinetic
runs and the values of pseudo first order ratetaongk,,y for temperature dependence are tabulated regphcti
The values of pseudo first order rate constagt)(Bnd second order rate constan) @ different temperatures are
collected. These results indicate that the valudepseudo first order rate constantyk and second order rate
constant () increase as the temperature increases. The vafuesnperature T, reciprocal of temperature (1/T),
second order rate constant)(land log k are tabulated. The plot of log kersus 1/T which is linear showing that
the Arrhenius equation relating to temperature wsftecific rate is followed. The data obtained frdhe
investigation of reaction rate at different temperas were used to calculate the values of the d¢eatyre
coefficient and thermodynamic activation paramesersh as energy of activation (Ea), frequency fa(), free
energy of activationAG), entropy of activationAS) and enthalpy of activation).

ABSENCE OF FREE RADICALS IN THE REACTION MIXTURE
The intervention of free radicals in the reactioasvstudied by keeping the reaction mixture, to Wwhicknown
guantity of acrylonitrile scavenger had been adihéihlly, for one hour in an inert atmosphere adfragen. On
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diluting the reaction mixture with methanol, thevas no formation of precipitate, indicating the exfxe of free
radical intervention in the reaction. The blank exments of either p-nitrobenzaldehyde or potasdiwomate with
acrylonitrile alone did not induce polymerizatiomder the same condition.

The results obtained for the oxidation of p-nitneb&ldehyde by potassium bromate in perchloric acdetic acid
medium is summarized as follows.

1. The reaction proceeds with a measurable velocilatK.

2. The oxidation of p-nitrobenzaldehyde by potassiuoniate was found to follow first order kinetics itespect
to potassium bromate (oxidant). The initial rater@ases with the increase in [potassium bromateé flot of
initial rate versus [KBrG] was a straight line passing through the orighuyst showing the order in potassium
bromate is one. Subsequently the values of pseirdb drder rate constant £ were independent of the
concentration of potassium bromate thus showingtHer in potassium bromate is one.

3. The oxidation of p-nitrobenzaldehyde by potassiuoniate was found to follow first order kinetics itespect
to p-nitrobenzaldehyde (substrate). The plot ofidsefirst order rate constant,(8 versus [p-nitrobenzaldehyde] is
a straight line passing through the origin. It oades that the order of the reaction with respectpt
nitrobenzaldehyde is also one.

The unit orders with respect to [KBg[Cand [p-nitrobenzaldehyde] indicate that probaiblgy are not involved in
the formation of any kind of complex, or even ieétbomplex is formed, it was assumed to be highktalrie. The
Michaelis — Menten type of reciprocal plot of 34kversus 1/ [p-nitrobenzaldehydel,4k= pseudo first order rate
constant) was linear passing through the originis Thdicates the absence of complex formation @k laf
kinetically detectable complex between potassiuomiate and p-nitrobenzaldehyde in acidic medium.

4. There is no significant effect of mercuric acetav@centration on the rate of reaction. Thus theation of p-
nitrobenzaldehyde by potassium bromate is indep#rafehe initial concentration of mercuric acetateich shows
that the only function of mercuric acetate is totfie generated bromine.

5. The results indicate that the rate depends nearlthe first power of [F] in the range of 5.0 to 15.0x%anol
dm? but exhibit higher order dependence ori][kk higher [acid] at constant ionic strength. Bwd variation at
constant ionic strength is limited to only 20.0 ¥ifiol dm?®. Beyond 20.0x16 mol dm?® perchloric acid, the
dissociation of potassium bromate is consideratd&ing further investigation of acid dependenceidliff. Hence
guantitative interpretation of acid dependencerfadeen attempted.

6. The results indicate that the rate of reaction esed on increasing the ionic strength. The resilisnic
strength variation suggest that the oxidation aitmebenzaldehyde with potassium bromate is thetiea between
ions of opposite charge, i.e., between cation amaina Hence it rules out the possibility of dipeldipole and ion-
dipole interaction in the oxidation of p-nitrobefdehyde with potassium bromate in perchloric acetiram.

7. The values of pseudo first order rate constankeimes as the percentage of acetic acid in AcQB: (dolvent
mixture) increases. The Amis plot of log ersus 1/D was linear with a positive slope, whiin agreement that
the oxidation of p-nitrobenzaldehyde with potassiomomate is the reaction between ions of oppositege, i.e.,
between cation and anion. Hence it also rulestamipbssibility of dipole - dipole and ion - dipatgeraction in the
oxidation of p-nitrobenzaldehyde with potassiumnbate in perchloric acid medium.

8. The values of the temperature coefficient and tloelynamic activation parameters such as energytofagion
(Ea), frequency factor (A), free energy of activatiAG), entropy of activationAS) and enthalpy of activation
(AH) of the reaction are given below.

Temperature coefficient | (Ea)kJ mol* | (log A) mof* dm’sec’ | (AG) (AS) (AH)
kJ_mol™ | JK* mol* | kJ mol*
242 71.68 9.9990 88.50 - 62.22 69.08

9. The results indicate that one mole of potassiunmiate is consumed for three moles of p-nitrobeniside in
agreement with the following equation.

10.
3NO,CgH,CHO + BrO; — 3 NQCgH,COOH + Brf
p-nitrobenzaldehyde p-nitrobenzoic acid

11.The main product of oxidation of p-nitrobenzaldedylith potassium bromate in perchloric acid mediam-

nitrobenzoic acid.

12.Addition of monomers like acrylonitrile to the réi@an mixture under inert condition did not inducaya
polymerization. This indicates the absence of festicals in the reaction mixture. Therefore, thiereo possibility
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of free radical mechanism in the oxidation of potienzaldehyde with potassium bromate in acetid aci
perchloric acid medium.

TABLE 1STOICHIOMETRY OF POTASSIUM BROMATE p-NITROBE NZALDEHYDE (PNB) REACTION
[HCIO,4] = 0.1M, [Hg(OAc)] = 0.01M, AcOH: HO= 40:60 Temperature 313K

10°[PNB] | 10°[KBrO 5] | 1°A[KBrO 4 | A[PNB]
SN ol dm® mol dm mol dm®
A[KBrO 3]
1 1.0 1.0 0.36 2.78
2 15 1.0 0.52 2.88
3 2.0 1.0 0.74 2.70
4 25 1.0 0.86 2.90
5 3.0 2.0 1.06 2.83
6 35 2.0 1.18 2.97
7 4.0 2.0 1.38 2.90
8 45 2.0 1.54 2.92

TABLE 2 VARIATION OF POTASSIUM BROMATE CONCENTRATIO N

[p-Nitro benzaldehyde] = 5.0 x 1tM [HCIO,] = 10.0 x 10°M [NaClO,] = 40.0 x 10°M
1=50.0 x 10°M [Hg(OAc) = 1.0 x 10°M  AcOH : HO = 40:60
Aliquots =5 ml Temperature 313 K
107 Hypo],M 3.0 6.0 12.0
1CKBrO 3 M 1.C | 18 | 2¢ 2E | 3c | 3E 4C | 48 | 5c
Time in minutes Volume of Hypo in ml.
0 10.00 | 15.00| 20.00| 12.50| 15.00] 17.50| 10.00 | 11.25| 12.50
2 9.30 | 14.10| 18.50 | 11.25| 14.10| 15.80| 9.25 | 10.50 | 11.10
5 8.50 | 13.00| 17.10| 10.60 | 13.00| 14.30| 8.45 | 9.30 | 10.50
10 7.30 | 11.00 | 1450 | 8.90 | 10.80| 12.30| 7.25 | 8.20 | 8.70
15 6.20 | 9.30 | 12.30| 7.80 | 9.10 | 10.50| 6.10 | 7.00 | 7.60
20 5.20 | 8.00 | 10.30| 6.60 | 7.80 | 9.00 | 5.10 | 5.90 | 6.40
25 450 | 6.80 | 890 | 5.75 | 6.60 | 7.60 | 4.40 | 5.00 | 5.60
30 380 | 580 | 750 | 480 | 560 | 6.70 | 3.70 | 4.30 | 4.60
10(dc/dt),Ms' | 530 | 8.00| 10.60 13.15 1580 18.80 21[10 2355 @6.2
10" Kobe, S* 536 | 5.20| 5.40| 530 5.40 530 550 5385 550

TABLE 3 VARIATION OF p-NITROBENZALDEHYDE (PNB) CONC ENTRATION

[KBrOs] = 1.0 x 10°M [HCIO,] = 10.0 x 10°M [NaClO,] = 40.0 x 10°M
1=50.0 x 10°M [Hg(OAc) = 1.0 x 10°M  AcOH : HO = 40:60
Aliquots =5 ml Temperature 313 K
107[PNB],M 10 | 20 ] 30] 40] s50] 60 70 84 9.0 10|o
Time in minutes Volume in ml. of 3.0 x 1M Hypo
0 10.00 | 10.00| 10.00| 10.00| 10.00 [ 10.00 | 10.00| 10.00] 10.00 | 10.00
2 9.90 | 9.70 | 9.60 | 950 | 9.30 | 9.25 | 9.20 | 9.10 | 9.00 | 8.80
5 9.60 | 9.35 | 9.00 | 880 | 860 | 830 | 810 | 7.80 | 7.60 | 7.30
10 930 | 870 | 820 | 7.70 | 7.40 | 6.80 | 6.50 | 6.15 | 5.70 | 5.20
15 8.80 | 820 | 7.40 | 6.70 | 6.30 | 5.70 | 5.30 | 4.70 | 4.40 | 3.90
20 860 | 7.70 | 6.80 | 6.10 | 530 | 4.60 | 430 | 3.70 | 3.20 | 2.80
25 840 | 7.20 | 6.20 | 530 | 460 | 3.90 | 3.40 | 2.80 | 2.50 | 2.10
30 8.20 | 6.70 | 560 | 470 | 3.80 | 3.10 | 2.60 | 2.20 | 2.20 | 1.50
1C* Kobs, §° 1.1C [ 21C [ 3.2z | 42c | 53¢ | 650 | 7.4€ [ 84z [ 9.5C | 10.6(
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