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ABSTRACT

KEYWORDS
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The kinetics and mechanistic study of cetyltrimethylammonium bromide
catalyzed oxidation of triethylene glycol [2,2'-ethylene digxybis(ethanol)]
by N-chlorosaccharin in aqueous acetic acid medium in presence of per-
chloric acid have been investigated at 303-323K temperature range. The
reaction has first order dependence on N-chlorosaccharin concentration.
The reaction rate follows first order kinetics with respect to [triethylene
glycol] with excess concentration of other reactants. The micelle effect
due to cetyltrimethylammonium bromide- a cationic surfactant has been
studied. The change in ionic strength shows negligible salt effect. The
dielectric effect is found to be positive. Addition of one of the products
(saccharin) retardsthe reaction rate. Activation parametersare cal culated
from the Arrhenious plot. A suitable mechanism has been proposed in
consistence with the kinetic data.  © 2008 Trade Science Inc. - INDIA
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INTRODUCTION

Triethyleneglycol (TEG) isacolourless, odourless,
non-volatile, and hygroscopicliquid. It ischaracterized
by two hydroxyl groupsa ong with two ether linkages,
which contributetoitshigh water solubility, hygroscop-
icity, solvent propertiesand reactivity with many or-
ganic compounds. Triethyleneglycol findsuseasavi-
nyl plasticizer, asanintermediatein the manufacture of
polyester resinsand polyols, and asasolvent in many
miscellaneous applications. Triethyleneglycol (TEG) is

derived asaco-product in themanufacture of ethylene
glycol fromethyleneoxide, andfrom““on-purpose” TEG
production using diethyleneglycol. Themain usesfor
TEG depend upon itshygroscopic properties. Air con-
ditioning systemsuse TEG asdehumidifiersand, when
volatilized, asan air disinfectant for bacteriaand virus
control. Glycols, having high boiling point and affinity
for water, are employed asliquid desiccant for the de-
hydration of natura gas. Theoxidation of polyethylene
glycols, different a cohols and diolsby other oxidant
has been carried out by various workers** but no one
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hasever used TEG

TheN-chlorosaccharin (NCSA) isaversatile oxi-
dant!*28, In continuation of our work™8, C TAB
catalyzed oxidation of TEG by N-chlorosaccharin has
been carried out. The oxidation of TEG by acidic N-
chlorosaccharinisan extremely dow reaction. There-
action hasfound to be catalyzed by acationic surfac-
tant cetyltrymethylammonium bromide (C . TAB).

EXPERIMENTAL

Triethyleneglycol (E Merck) was used. N-chloro
saccharin was prepared by reported procedure™®l,
Doubledistilled water and purified acetic acid were
used for preparation of NCSA solution and standard
solution of NCSA was prepared afresh. Sodium per-
chlorate (Merck) was used to keep theionic strength
constant. The other chemicalswere of AR gradeand
doubledistilled water was used for preparation of so-
lutions.

Reactantsweremixed intheorder: requisitevol-
ume of TEG perchloric acid, C ,TAB, and water or
other reagent solution, where necessary. A separately
thermostatted sol ution of N-chlorosaccharin wasadded
to commence the reaction. The residual amount of
NCSA wasdetermined iodometrically by using stan-
dard sodium thiosul phate solution, and potassium
iodide-gtarch asanindicator. Inal theexperiments, the
reactionswerefollowed up totwo haf lives. A congtant
ionic strength of the reaction mixturewas maintained
by adding required amount of sodium perchlorate
solution.

Theproduct analysisand stoichiometry

TEG (350mg/250ml water), perchloricacid (0.1M/
100ml), C ,TAB (12mg/100ml) and NCSA (10g/
100ml) weremixed for product analysis. After there-
actiontimeof over 48 hours, the organic components
were separated from the mixtureinto ether; the ethe-
real extract wasdried and concentrated using rotatory
evaporator, under low pressure. Using benzene, ethyl
acetatemixture8:2(v/v) asan eluent, preliminary stud-
ieswere carried out by thinlayer chromatography. A
distinct snglespot was obtained. A solution of 2,4-DNP
was added to it and then the reaction mixture was | eft
overnight at refrigerator temperature (5°C). The solu-
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tion was centrifuged and brown-orangeresidueis ob-
tained. This formation of hydrazine derivative ad-
equately confirmed the oxidation product of the TEG
tobea[2,2’-oxibis (1-hydroxy)hexanal]. The aldehyde
was conformed by IR spectrawhich shows bands at
3440cmt and 1724cm*for OH stretching and C=0
stretching respectively and aband at 2722cm™ for d-
dehydic C-H gtretching. Thefact that only onehydroxyl
group was attacked and other remained intact getssup-
port from stoi chiometry of thereactionaswell. Litera-
turesurvey showsthat smilar typesof oxidative prod-
uctswerereported*?3, Stoichiometry wasdetermined
by using varying ratios of the oxidant to TEG were
thermostatted at 25°C for 48 hours incubation, and re-
sdud NCSA wasdeterminediodometrycdly usng stan-
dard sodium thi osul phate astitrant and potassumio-
dide-starch asanindicator. Themoleratio (number of
mol es of the oxidant consumed per moleof TEG) was
calculated. TEG and N-chlorosaccharinreactin 1:1
stoichiometry, asfollows:

OHCH,-CH,-O-CH -CH,-O-CH,-CH,OH+
C.H,COSO,NCI->OHCH ,-CH,-O-CH -CH )
O-CH,-CHO +CH,COSO,NH +H*+CI

RESULTSAND DISCUSSION

Order with respect to [N-chlor osaccharin]

Inatypical kineticrun, for thereaction ([NCSA]
0.007mol dn3, [H*] 0.05mol dm® and [ TEG] 0.08mol
dm3), aplot of log (a-x) versustime (Figure 1) gave a
sraight line, whichindicatesthat reaction under thecho-
sen conditionsfollowspseudo first order kinetics. The
order with respect to NCSA isunity. Themean pseudo
first-order rate constant, k. wasfoundto be(0.11+0.1)
x10% s,

Order withrespect to[TEG]
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Figurel: Theeffect of N-Chlor osaccharin addition
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Onvarying TEG concentration from0.04t0 0.24moal
dm?3, thereisanincreaseinrateof reaction. Theplot of
logk versuslog [TEG] (Figure 2) gaveastraight line
with dop equal to 1.04 (R?=0.99), suggesting that or-
der with respect to TEG isfirst. A double reciprocal
plot between k! versus [ TEG]* (Figure 3) has been
found to beastraight linewith positiveintercept at y-
axis. Thiskinetic evidence of complex formation be-
tween the substrate and the oxidant, further support the
first order dependence.

Effect of variation of [H*]

Onvarying perchloric acid in concentration from
0.0125 by 0.2000mol dmthereisadecreasein reac-
tionrate. Theplot of logk versuslog [H*] (Figure4)
gaveastraight linewith positiveintercept 0.54(R?=
0.96), suggesting that acid playsacomplex roleinthe
reaction system. Theretardation by [H*] may bemainly
attributed to the conversion of themorereactive neu-
tral speciesof TEG tolessreactive protonated form.

Dependence of rateon [C, TAB]

Theadditionof C ,TAB inthereaction system catar
lyzed thereaction. Thereported critical miceller con-
centration of C . TAB is9.2x10*at 25°C. The reac-
tion rateincreasewith theincreasein concentration of
C,TAB from 2.0x10°t0 10.0x10°*mol dm. Theplot
of k versus[C, . TAB] (Figure5) givesastraight line.
Surfactants aretending to form micelles. One of the
important propertiesof micdler sysemsistheir ability
to affect therates of chemical reactions. Thereaction
rate can either be accelerated or retarded, depending
on chemicd system, thetypeand concentration of sur-
factant and other factors such as pH, ionic strength,
etc. Theeffect of surfactantsonreactionkineticsiscdled
miceller catalysig®. Micellesareformed dueto as-
sembling of amphiphilicmoleculesof surfactantinabove
acertain concentration called ascritica miceller con-
centration® 2%, Miceller cataysisof reactionin agque-
oussolutionsisusudly explained onthebasisof adis-
tribution of reactants between water and the miceller
‘pseudo phase’. The micelles may provide a favorable
orientation of the reactants by polarity gradients. In
present reaction hydrophobicinteractionismost likely
to beoperativeduetordativelarger hydrocarbon chains
of thesubstratd?27, Thisinteractivelocdization of the
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reacting speciesintherelatively small volumeof the
micellescompared to the bulk solutionleadsto alarge
increasein the effective concentration and asaresult
the observed rateincreased accordingly. Theother most
probabl e reason seems to be el ectrostatic attraction
between polar TEG andthemicelle.
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Effect of variation of ionic strength, dielectric
constant and saccharin

With the employed reactant concentrations, initial
ionic strength of the reaction mixturewas0.064. The
effect of ionic strength hasbeen studied by varying the
concentration of neutral sodium perchlorate from
6.4x102t012.4x10°mol dm?. It wasfound that there
isno substantial changeinthereactionrateon varying
theionic strength. Thesmdll salt effect suggeststhepar-
ticipation of neutra speciesinratedetermining stepi.e.
thesubstratemoleculeand (HOCI). Thisassumptionis
further supported by observing the effect of changein
dielectric constant of thereaction medium. The effect
of dielectric constant in reaction mediumwas studied
by adding acetic acid (35-60%) in thereaction medium
at constant concentrationsof other reactants. Therate
of reaction increases by increasing the proportion of
aceticacidinthesolvent medium; thisvalidatesthein-
volvement of neutral Speciesintherate-determining step.
Addition of saccharin (one) of thereaction (products),
from 0.5x10%to 2.5x10°*mol dm3at constant NCSA
and TEG concentration, decreasestherate of reaction.
Thisconformsthat HOCI isthemain oxidizing species.
Theretardation of reaction rate on the addition of sac-
charin suggestsapre-equilibrium step that involvesa
processinwhich saccharinisone of the products. If
thisequilibriumisinvolved in theoxidation processthe
retardation should beaninversefunction of saccharin
concentration, whichisborne out by observation that
theinverseof therate constant givesalinear plot (R?=
0.97) against [ saccharin] (Figure 6). Theaddition of
acrylonitrileto thereaction mixture had no effect, indi-
cating the absence of freeradical speciesduringthe
reaction. Thisobservation further supportsthe partici-
pation of neutral speciesin ratedetermining step-i.e.
the TEG and HOCI.

Effect of temperature

Thereaction wasstudied at different temperatures.
The rate constants at 308, 313, 318, 323 and 328K
were found to be 1.61x10%sec?, 2.35x10%sec?, 3.11
x10%sec?, 4.81x10%ec?, and 6.08x10*sec respec-
tively. Fromthelinear Arrheniusplot of logk vs /T
(Figure7) activation parametersfor overall reaction
were evaluated Ea= 60.22 KJmol* AH*=57.62 KJ
mol 1, AG*=5.95 KJ mol?, AS*= -122.46JKmol*
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respectively.
Mechanism

Fromthevariousrelevant literatures?-32 the dif-
ferent probable stepsinvolved in NCSA system may
besummarized asfollows:

NCSA +H,0 - HOCI + Saccharin 2
HOCI +H*—H,O*Cl 3
NCSA + H*—> NCSAH* 4
NCSAH*+H,0 — H,0*Cl + Saccharin (5)

Therefore HOCI, H,O*Cl, NCSAH" arethe pos-
sibleoxidizing speciesin acidic medium.

Theexperimentd observationsindicatethat for the
present case HOC isthemain oxidizing species, sothe
following mechanism has been proposed. Thelinear
doublereciproca plot of k*versus[ TEG]* with posi-
tiveintercept at y-axis suggeststheformation of acom-
plex between substrate and the oxidant. Thus, therate
determining step proposedis-

Slow
OHCH,-CH,-0-CH,-CH,-0-CH,-CH,OH + HOCl —— X,(6)

X, + HZOE OHCH -CH,-O-CH -CH,-O-CH,-CHO @
+2H,0+HCI

Thesmall sdlt effect, theincreasein reactionrate
onincreasing thedielectric constant and thelinear re-
ciprocd plot between k* versus[ TEG]* with positive
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TABLE 1: Order with respect to N-chlorosaccharin
[TEG] =0.08 moledm?; [HCIO,] =0.05moledm™; [C, TAB]
=0.004 moledm3; Temperature=313K

[NCSA]/10%mol dm™® k /10* st *
0.2 14.47
0.3 6.86
0.4 4.58
0.7 2.33
1.0 1.61
15 1.04

*M ean of duplicate experiments

TABLE 2: Effect of Triethyleneglycol concentration variation
[NCSA] =0.007moledm?; [HCIO,] =0.05moledm?; [C . TAB]
=0.004moledm3; Temper ature= 313K

[TEG] /10*mol dm™® k/10“ s+
4.0 1.36
8.0 2.33
12.0 3.80
16.0 571
20.0 6.06
24.0 6.65

*M ean of duplicate experiments

TABLE 3: Effect of hydrogen ion concentration variation
[TEG] =0.08moledm®; [NCSA] =0.007moledm?; [C  TAB]
=0.004moledm3; Temperature= 313K

[HCIO,] / 10% mol dm™® k /10% s**
1.25 3.09
2.50 2.76
5.00 2.30
10.50 1.66
20.00 1.45

*M ean of duplicate experiments
TABLE 4 Effect of C,,TAB concentration variation

[TEG] =0.08moledm™; [NCSA] =0.007moledm™; [HCIO | =
0.05moledm?; Temperature= 313K

[C16TAB] /10°mol dm™® k/10* st *
0.0 0.011
2.0 1.20
4.0 2.30
6.0 2.70
8.0 3.25
10.0 3.70

*M ean of duplicate experiments

g ¥ = 1.9796x - 2.8282
R - 0.0635

v [TEG]
Figure8: Theeffect of [TEG] onrateof reaction
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intercept onthey-axis(Figure 3), support the equation
(6). The complex thusformed will berapidly decom-
posed into the products, in equation (7).

C,,TAB catalyzed mechanism

Thereaction between TEG and N-chlorosaccharin
inacidicmediumisvery dow.Additionof C . TAB cata-
lyzed thereaction. The physical basisof micellecataly-
ssistheeffect of themiceler environment ontherate-
controlling step. The relative free energies of the
reaction(s) and/or thetrangtion Satecan bedtered when
reaction takesplacein the miceller system instead of
bulk water. Thisconcept isreminiscent of catalysisby
anenzymeand many initia studiesof ratesinmiceller
system focused on this possibility. A moreimportant
congderationisthelocalization of thereacting species
intheredatively small volumeof themicelle compared
tobulk solution

The following mechanism is proposed for the

cataysisby C, . TAB:

nC,,TAB— (CTAB), )
OHCH,-CH,-0-CH,-CH,-0-CH,-CH,OH

+(C,,TAB) —[OHCH,-CH,-O-CH,-CH, ©)

-O-CH,-CH,OH ... (CTAB) ]

[OHCH,-CH,-O-CH,-CH,-O-CH,-CH,OH..... (10)
(C,TAB) ] +HOCI > X
X, +H,00HCH,-CHO-CH,CH;O-CH;CHO |,

+2H,0+HCl
Ratelaw

Therateequationfor the catal yzed reaction between
TEG and NCSA can berepresented by the equation-
-d[NCSA]/dt =k [TEG][NCSA] (12)
When[NCSA] inexcessabove equation(12) reducesto
r =k’ [TEG]* (13)

Wheretherate constant for catalyzed reaction, k', =k, [NCSA].
Theplot betweenk vsV [TEG] (Figure8) gavealinear plot that
validates equation (13). In the presence of the catalyst, the
oxidation proceeds through catalyzed pathways. Therefore,
thefollowing representstherate of depletion of NCSA in pres-

ence of catalyst under excess[ TEG] and acid concentrations:

-d [NCSAJ/dt = {k '+k '[C . TAB]} [NCSA] (14)
Herek '=k [NCSA]
=k” [NCSA] Wherek”={k,' + k' [C, TAB]} (15)

Equation (15) holdswell, when aplot of observed
ratecongtantin presenceof catayst, k versus[C  TAB]
islinear (Figureb).
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