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Abstract

The impact of cationic surfactant (CPC) on the afiwh of C-Arabinose by Nsromophthalimid in the presence g
acidic mediumat 308 K has been studied. The order of reactidh rispect toD- Arabinosé has been found to t
fractional. First and negative fractional orderhwiespect to [NBP] and [] respectivelyThe presence of inorgar
sdts (KCI, KBr) exhibits a great hike in the reacticate Phthalimide has been studied as retarMercuric acetate
as scavenger in the temperature range 0-318 K has been observeidhe rate of reaction decreases with
increase in dielectric constant of the medium. ifhact of cationic surfactaicetylpyridinium chloride (CPChas
been studied. CPC retards the rate of reactioarmiddynamic and activation parameters have belculated. A
suitable mechanism in conformity with the kinetata has been propos

Key-Words: N-bromophthalimidédicellar catalysis, OxidatiorD- Arabinose

Introduction

Carbohydratesare the most important macronutrie
as well as main source of energy. The interestieg
is to study the chemical, biological and econo
importance of carbohydrates with -chemical and
physiochemical properties and reactivity’s. Aralsies
are impotant for the understanding of carbohydr
metabolism because they undergo a wide variet
reactions and give rise to different produ®? One of
the advantages of arabinose is that they can entte
the oxidation process much more quicl

A lot of information is available on the oxidati
degradation of organic sustraté kinetic studies of th
oxidation of arabinose by NBP in the presence
micelle forming surfactants have been lacking his
paper, we report a study of the kinetics of oxidation
of D-arabinose by NBP in the absence and presen
cetylpyridinium chloride .

* Corresponding Author
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Number of reports on kinetic studies of oxidatioin
sugursby N halo compounds such as NBS, NE
NCN,NBB, chloramineF, Bromamin-T, CBT,

NBSA’*as an oxidants have been reported. B-

bromophthalimide (NBP) is a potential oxidizing ag
13 an eco friendly, cheap, ndmzardous and easi
synthesized in cheical laboratories, available in tl
market. which has been extensively used in

estimation of organic substratésSurvey of literature
revealed that Nbromophthalimide (NBP) is a souric
positive halogen®**® and this reagent has be
selectively gsedas an oxidant for a variety of substr:
in both acid and alkaline media. surfactants
amphilic and dissolve completely in water at vieny
concentrations, but above a certain level, thdcefi
micelle concentration (CMC), the molecules fc
globular aggregates, called micelles. The presenc
micelles can have marked effects on chen
reactions. Reaction rates can be either accelet
decelerated, depending on the chemical system
type and concentration of the surfactant, and c
factors, such as pH, ionic strength,etc. Surfactan
widely used and found a large number of applicat
because of their remarkable ability to influence
property of surface and interfacé&”
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In the years that have passed, micellar solutiave
proven to be an extremely versatile topic of rese
The catalytic oxidation of sugars has been caroiet
using such oxidants as transition metal ions, ianig
acids, organometallic complexes, and enzyn*?®
The cationic surfactant, cetylpyrmium chloride
(CPC) with strong bactericidal and resistance g
has a cetyl group attached to the nitrogen atomer
aromatic pyridyl group .It is used as an antibaatt
agent in toothpaste, mouthwash and also used ir
conditioner.

The presentwork seeks to study the kinetics
catalytic oxidation of DArabinose by NBP acidi
medium. The main aim of the present study is tp
elucidate a plausible mechanism, (b) identify
oxidation products, (c) deduce an appropriate leate
(d) ascertm the reactive species of oxidant i.e. NI
(e) calculate activation parameters, and (f) effet
CPC micelle on the rate of oxidation.

Material and Methods

The surfactant Netylpyridinium chloride (CPC
(AR,SRL India),is used to study the effect
surfactant, Nsromophthalimide (NBP) as oxidant w
used as obtained (Signddrich, Germany, 99% pure
The melting point of the oxidant was found to b&
K. Solution of NBP was prepared in 80% distil
acetic ad and stored in a dark colored flask to pre\
photochemical deterioratidfi?’ And standardize
iodometrically against the standard solution ofisot
thiosulphate (Qualigens). Brabinose (Loba Chen
Mumbai,India),potassium iodide(Kl),potassit
chloride(KCl),potassium bromide(KBr), phthalimir
(NHP) (all S.d. fine), mercuric acetate (Hg(O,
(Loba Chem, Mumbai, India).Perchloric acic
(S.d.fine) it maintains the hydrogen ion conceira
constant. Distilled glacial acetic acid (s.d.fine) w
used as solvenfreshly prepared starch solution u
as an indicatorDoubly distilled deionized water wi
used for preparation of solution. All the kine
measurements were taken at constant temperatt
308K.

The reactions were carried out in g-stopper Pyrex
vessel whose outer surface was black coate
eliminate photochemical effects. To maintain
desired temperature the reaction mixture was ket
thermostated water bath  Arabinose, CPC
Hg(OAc), HCIO,CH;COOH, Hg(OAc, and water
were placed in a vessel and theratated at 308 K fc
thermal equilibrium. A prequilibrated amount of tr
oxidant solution i.e. NBP which was also thermdest:
at the same temperature was rapidly added tc
reaction. The progress of the reaction was follolwy

estimating the amount of unconsumed N
iodometrically at regular time intervals using figs
prepared starch as indicator. The course of thetioge
was studied for two half-lives.
Results and Discussion
Impact of varying - Reactant [D-Arabinose]
Varying concentration of Arabinose fro2.0 x 10? to
15 x 10°mol I'*at 308 K. The rate of reaction increa
from 2.23x 10" to 6.81 x1d s . The plot of log k
versus log [Arabinose] has been found linear wit
fractional slope (0.984), indicatinfractional order
with respect to [Arabinose]. The results are shamw
Table 1 and Figure 1.

1

os | R==0.984
0.6 |
0.4 |

o 0.5 1 1.8
2+ log k [Arabinose]

4+logk

Impact of varying - Oxidant [NBP]

Varying concentration of NBP at 308 K, th,ps values
has been determined. The plots of log [NBP] ve
time have been found to be straight lines, indicp
that the order with respect to oxidant has one.
results are shown in Table 1.

Impact of varying - Acid [HCIO 4]

Varying concentration of [H from 1.5x1¢* mol .L™* to
4.0 x10™ mol .L™. The rate of reactiodecreases from
5.18x10" to 3.23 x10's™. The plot of log k versus lo
[H*] has been foundtraight line with a negati' slope
and less than unity indicating that order with extpgo
[H'] ion has negativéractional value. The results &
shown in Table &nd Figure 2.
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Table 1: Impact of [D-Arabinose], [NBP], [H'], [Hg™], [CPC] and acetic acid % on the rate of oxidatior

reactions
10°[D-Ara] 10°[NBP] 103 H " 10°[Hg*"]
(mol I (mol I (mol I (mol I
2.0 1.0 2.0 2.0
3.5 1.0 2.0 2.0
5.0 1.0 2.0 2.0
7.0 1.0 2.0 2.0
10.0 1.0 2.0 2.0
15.0 1.0 2.0 2.0
5.0 1.0 2.0 2.0
5.0 2.0 2.0 2.0
5.0 3.0 2.0 2.0
5.0 4.0 2.0 2.0
5.0 1.0 15 2.0
5.0 1.0 2.0 2.0
5.0 1.0 2.5 2.0
5.0 1.0 3.0 2.0
5.0 1.0 3.5 2.0
5.0 1.0 4.0 2.0
5.0 1.0 2.0 2.0
5.0 1.0 2.0 4.0
5.0 1.0 2.0 6.0
5.0 1.0 2.0 8.0
5.0 1.0 2.0 2.0
5.0 1.0 2.0 2.0
5.0 1.0 2.0 2.0
5.0 1.0 2.0 2.0
5.0 1.0 2.0 2.0
5.0 1.0 2.0 2.0
5.0 1.0 2.0 2.0
5.0 1.0 2.0 2.0
5.0 1.0 2.0 2.0
5.0 1.0 2.0 2.0
5.0 1.0 2.0 2.0
5.0 1.0 2.0 2.0
Temp=308K

Impact of varying - Acetic acid [CH;COOH]

Varying concentration of acetic acid percentagenf
30 to 70%.The rate of the reaction decreases fi
6.11x10" to 2.77x10" s .The rate of oxidation he
been found to depend on the dielectric cons
(polarity) of the medium. To study the impact
dielectric constant of the medium on the rate
reaction, the ncellar catalyzed oxidation of Arabino
by NBP was studied imarious compositions of acet

[CH;COOH] 10°[CPC] 10%K gpes™
% (mol I
50 5.0 2.63
50 5.0 3.13
50 5.0 3.65
50 5.0 4.41
50 5.0 5.29
50 5.0 6.81
50 5.0 4.41
50 5.0 4.40
50 5. 4.40
50 5.0 4.40
50 5.0 5.18
50 5.0 4.96
50 5.0 4.4
50 5.0 3.88
50 5.0 3.56
50 5.0 3.23
50 5.0 4.2
50 5.0 4.44
50 5.0 4.44
50 5.0 4.42
30 5.0 6.11
40 5.0 5.44
50 5.0 4.44
60 5.0 3.78
70 5.0 2.77
50 2.0 6.93
50 3.0 6.22
50 4.0 5.21
50 5.0 4.44
50 6.0 3.67
50 7.0 3.22
50 8.0 2.55

acid. The data clearly reve#tat the rate decreas
with an increase in the percentage of acetic

The effect of dielectric constant of the mediumtba
rate constant of a reaction between two ions has
described by the weknown equation give?®

7y Zy €N « _1
2.303 (41¢;) dag RT D

logky,s= l0gK, -
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where ks is the rate constant in a medium of infir
dielectric constant, £ and % are the charges
reacting ions, gk refers to the size of activat
complex and T is absolute temperature and D is
dielectric constant of the medium. A plot has b
made between 4 + log k and 1/D, which gave a gtt:
line having a slope equal to {xZZs€°N}/2.303(4ne)
dag RT. Theresults are shown in Tabliand Figure 3.
0.8
0.7
0.6 -
0.5
0.4
0.3 -
0.2 -
0.1 -

0

4+ log k

0 0.01 0.02 0.03 0.04
102D

Impact of varying - Mercuric acetate [Hg(OAC),]

Varying concentration of [Hg (OAg) from 2.0x10*
to 8.0x10" mol-L* has been found to be
insignificant effect on the rate of oxidation. .
insignificanteffect of mercuric acetate

Shows the possibility of its involvement either a
catalyst, co-catalystor as an oxidant because it d
not help the reaction proceed without N* Thus in
view of such kinetic observations, Hg (O/ , acts
only as ascavenger for any Bfermed and inhibits th
formation of free bromineAccording to Bailar (1956
mercuric acetate reacts with Brad exists a HgBr,"
or unionized HgBr 33! Therefore; all the experimer
have been carried out in presence of Hg (C,. The
results are shown in Table 1.

Impact of varying - Initially added product [NHP]
The impact of aded phthalimide has been studi
which has been found to decrease the rate of oaitl
reaction. Thus, the retardation of reaction ratettor
addition of phthalimide suggests a pre equilibristep
involving a process in which phthalimide is onetlod
products.

NBP+H,0O HOBr+phthalimide

If this equilibrium is involved in the oxidation @cess
the rate should be an inverse function of phthale

concentration because additions of phthalit
increase the aggregation number, due to that !
reduce the catalytic efficiency of surfactants
decrease the number of micelles.
Free radical — Test
To test the presence of free radicals in the react
known amount of acrylonitrilchas been added in
reaction mixture. The reaction neither indu
polymerization nor retards the reaction rate whithy
be attributed to the inertness shown by free résl
Impact of varying — Salts
Varying concentration of [Bf and [C'] .The rate of
reaction increases. The salt impaon micellar
catalyzed reactions has been rationalized by asgua
competition between the reactant and the counte
for a “binding site” on or in the micellThe results are
shown in Table 3 and Figure 4.

Table 3: The impact of varying concentration of

inorganic salts on the rate of reaction at 30¢&
8 -1

10 mol.L (kCl, (KB,
k.10 s k.10 s
0.2 4.66 3.11
0.4 5.21 3.88
0.6 6.08 4.44
0.8 7.22 5.07
1.0 7.98 6.03

9

8

7

_ 6

j 5

< 4

3

2

1

0

0 025 05 075 1 1.25
108 [KCI],[KBr] mol dm=

Impact of varying - Temperature and activation
parameters

The impact of temperature on rate constant has
studied in the temperature range of -318 K. From
Arrhenius plots, the value of activation energy)(Bas
been calculated and the values of entropy of abin
(AS) and free engy of activation AG) has compute
from eyring equation. The values of negativ and
positive AH) suggest the formation of more orde
activated complexes and transition state is hi
solvated. The value of energy of activation shokne
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the reactn is slow and enthalpy is controlled. 1
results are shown in Table 2.
Table 2:Activation parameters for CPC catalyz
reactions of oxidation of Bwabinose by NB

Parameters Without With CPC
CPC k.10%s*
k.10%s*
298K 4.65 3.23
303K 5.34 4.01
308K 6.11 4.44
313K 6.98 5.21
318K 7.56 6.43
AEa (kJ.mol") | 22.88 KJ/mol 22.52 KJ/mc
AH(kJ.mol ™) 20.32 KJ/mol 19.9¢ J/mol
AS(Jk.mol™) -56.41 Jk -57.35JK'mol™*
'mol*

AG(kJ.mol™) 37.69 KJ/mol 37.35 KJ/mc
log P, 0.671 0.467

Effect of variation of surfactant [CPC]

Varying concentration of CPC, a cationic surfac
has been found to retard the rate of reaction. gdlbe
of kops versus [CPC] indicates that the rate decreas
a continuous fashion and it tends to level oia higher
concentration of CPC. Bunton and Cerichelli note
similar observation in the oxidation of ferroceneHe
(Il salts in the presence of cationic ce
trimethylammonium bromide (CTAB).32 Simil
micellar effects have been noted in the oxide of
ethanol and Dsorbitol by pentavalent vanadiul
ion.**The results are shown in Talland Figure !

8

7
6
o5
34
: 3
=]
T2
1
0 : : : .
0 2 4 6 8 10
[CPC] molH

Reaction Mechanism and rate law

On the basis of the above findings the follow
mechanism may be proposed in order to explair
Kinetics of the oxidation of DArabinose. It has bee
already reported that the oxidation by NBP is g
because of large polarity of NBIRIBP, like othel

similar N-halo imides, may exist in various forms
acidic medium, i.e., free NBP, protonated NBP, [
HOBr, (H,OBr)+. The monosaccharides are conside
as a polyol and the reactivities —OH groups can be
influenced by the presence of the carbogroup.
Aldohexoses exist mainly as pyranoid and furai
forms, the former being more stable. The pyrai
form mainly exists in a chair conformation. On t
contrary, various species of NBP in aqueous mew
given in reactions (2-5).

NBP +H == NHP+Bf" V)
NBP +H === (NBPH) ©)
NBP+H0 <== NHP+HOBr 4)
HOBr +H" = (H,0Br) (5)

It has observed that addition of phthalir in the
reaction mixture decreases the rate of oxidatiol
acidic media. This suggests that the equilibrium
step involves a process in which phthalimide is oh
the products. When NBP or (NBF' is assumed as
the reactive species, the derivede laws fail to
explain the negative effect of phthalimide. He
neither of these species can be considered a
reactive species. When {BBr)" is taken as the
reactive species, the rate law obtained showsdidsr
kinetics with respect to hydrogeon concentrations,
contrary to our observed negative fractional ondith
respect to HCIQ Although equilibrium (4) fully
explains the negative effect of phthalimide, bu¢
contrary findings of HCIQdependence rules out t
possibility of cationic brmine (Bi") as reactive
species. Thus, the only choice left is HOBr, wh
when considered as the reactive species of NBHs
to a rate law capable of explaining all the kin
findings and other impacts in the light of kine
observations, HOBr casafely assumed to be the m
reactive species of NBP for the present reactiantH@
basis of above experimental findings Sche-1 can be
proposed foreffect of cationic surfactant on tl
oxidation of D-Arabinose by Nbromophthalimide ir
the presence of acidic medium.
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o] 0]
I I
N N
N—Br + H,0 ~_k1—_‘ N—H+ HOBr  (6)
/ “ /
C C
I I
o] 0]
NBP NHP
HO HO
k2
To) + HOBr =—== o +H,0
OH K. O-Br 1G]
HO HO
HO HO

{3-D Arabinopyranose

HO

" = o
o + HBr
o-Br Slow ®)
HO Ho ©
HO ; Ho
x1] D Arabinono-15 lactone
Scheme 1

On the basis of scheme 1, it is evident that eqond8)
is the rate determining step. Let ] be the
intermediate formed out of the equation (7) whicks
a reactant in equation (8) of scheme 1.

Then rate shall be:

rate = k X] 9)

= JNHFL [HOBT] (10)
[NBP]

- XTHT (1)

& [Arabinose][HOBY]

kKK, [Arahinose][NBP]
[H'INHP]

rate =

kK {K5[Arabinose][NBP
o - Kl JINBP} 1)

[HYINHP]+K q[H*]+K 1K j/Arabinose]

The above rate law is in good agreement with
experinental findings i.e. addition of ] decreases
the rate, addition of [NHP] decreases the rate
increasing [DArabinose] increases the rate. T
confirms the validity of the proposed mechan
Conclusion

During the course of this worlollowing conclisions
behind Impact of Cationic surfactant on Oxidation
D-Arabinose by N-Bromophthalimide in the presen
of Acidic Medium is as follows The reactive specie
of oxidation process by NBP is HOBr not NBP its
Oxidation products have been identifiand activation
parameters are evaluated for the catalyzed
uncatalyzed reactionA plausible mechanism and
related rate law have been giv&@PC has been four
to retard the rate of reaction. In this paper theapy
of activation for the catalyzechd uncatalyzed reactic
was found as -57.35 Jmol* and -56.41 JKmol*
respectively. The observed negative entropy
activation clearly supports the interaction betwées
species leading to the formation of an active
complex. In conclusion, it can be said that cati
micelle of CPC is an efficient catalyst for theidation
of the DArabinose by NBP in acidic mediu
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