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(aBsSTRACT )

The kinetics and mechanism of Cetyltrimethylammonium bromide cata-
lyzed oxidation of Diethylene glycol [2,2'-oxydiethanol] by N-
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chlorosaccharin in agueous acetic acid medium in presence of perchloric Kinetics;
acid have been investigated at 318-338K temperature range. Thereaction M echanism;
has first order dependence on N-chlorosaccharin concentration. The re- Micelle system.

action rate follows fractional order kinetics with respect to[Diethylene
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 product
saccharin retards the reaction rate. Activation parameters are calculated
from the Arrhenious plot. A possible mechanism consistent with the ex-
perimental results has been proposed.
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INTRODUCTION

Diethyleneglycol (DEG) isusedintheplasticindus-
try asaraw material for polyester resinsand polyure-
thanes. DEG isused asdrying agent for natural and in-
dustria gases, and asahumectant for cork and paper.
Diethyleneglycol isaningredient of lubricants, hydraulic
oils, emulsfiers, and textiletreatments, and isused asa
plagticizer. Oxidation of DEG by different oxidant has
been carried out by variousworkers*' but no one has
ever used N-chlorosaccharin as an oxidant. The N-
chlorosaccharin(C,H,COSO,NCI) abbreviated, as

NCSA isaversatile oxidant!219, Theoxidation of DEG
by acidic N-chlorosaccharinisan extremely dow reac-
tion. Thereaction hasfoundto becatdyzed by acationic
surfactant cetyltrimethylammonium bromide(C . TAB).
Therefore, C - TAB catalyzed oxidation of DEG by N-
chlorosaccharin hasbeen undertaken.

EXPERIMENTAL
Diethylene glycol (E Merck) was used. N-

chlorosaccharin was prepared by reported proce-
dure®¥, Doubly distilled water and purified acetic acid
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wereused for preparation of NCSA solution and stan-
dard solution of NCSA was prepared afresh. Sodium
perchlorate (Merck) wasused to keep theionic strength
constant. Theother chemicalswereused of andytica
reagent grade and doubledistilled water was used for
preparation of solutions.

Reactantswere mixed inthe order: requisitevol-
ume of DEG perchloric acid, C, . TAB, and water or
other reagent solution, where necessary. Separately
thermo stated sol ution of N-chlorosaccharin wasadded
to commencethereaction. Residual amount of NCSA
was determined iodometrically by using standard so-
dium thiosul phate solution, and potassumiodide-starch
asanindicator. Inall the experiments, thereactions
were followed up to two half lives. A constant ionic
strength of the reaction mixturewasmaintained by add-
ing required amount of sodium perchlorate solution.

Theproduct analysisand stoichiometry

DEG (300mg/250ml weater), perchloricacid (0.1M/
100ml), C,,TAB (10mg /100ml) and NCSA(10g/
100ml) weremixed for product analysis. After there-
actiontimeover 48 hour, the organic componentswere
separated from the mixtureinto ether; the ethereal ex-
tract wasdried and concentrated using rotatory evapo-
rator, under low pressure. Using benzene, ethyl acetate
mixture8:2(v/v) asan eluent, preliminary sudieswere
carried out by thin layer chromatography. A distinct
snglespot wasobtained. A solution of 2, 4-dinitropheny
Ihydrazine was added to it and then the reaction mix-
turewasleft overnight at refrigerated temperature (5°C).
The solution was centrifuged and brown-orangeresi-
dueisobtained. Thisformation of hydrazinederivative
adequatdly confirmed theoxidation

Product of the DEG to be a 2,2'-(1-hydroxy)
butanal. The aldehyde was conformed by IR spectra
which showsbands at 3340cm* and 1720cm*for OH
stretching and C=0 stretching respectively and aband
at 2710cm for aldehydic C-H stretching. The fact
that only one hydroxyl group was attacked and other
remained intact gets support from stoichiometry of the
reaction aswell. Literature survey showsthat similar
types of oxidative products were reported*-29, Sto-
ichiometry was determined by using varying rati os of
the oxidant to DEG were thermo stated at 25°C for
48h incubation, and residual NCSA was determined
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iodometrically using standard sodium thiosul phate as
titrant and potassiumiodide-starch asan indicator. The
moleratio (number of molesof the oxidant consumed
per mole of DEG) was calculated. DEG and N-
chlorosaccharin react in 1:1 stoichiometry, asfollows:
OHCH,-CH -O-CH,-CH,OH+C H,COSO,NCl—> 1)
OHCH -CH_-O-CH,.-CHO +C_H,COSO,NCI +H*+CI-

RESULT AND DISCUSSION

Order with respect to [N-chlor osaccharin]

Inatypica Kineticrun, for thereaction ([NCSA]
8.0x10-*mol dm3, [H*] 0.05mol dnr®and[DEG] 0.08
mol dm=), aplot of log (ax) versustime (Figure 1)
gaveadtraight line, which indicatesthat reaction under
the chosen condition follows pseudo first order kinet-
ics. Theorder with respect to NCSA isunity. Themean
pseudo first-order rate costant, k, found to (0.17+
0.1)x10%5s?

Order with respect to[DEG]

Onvarying DEG concentration from 4.0x103to
20.0x10*mol dm?thereisanincreaseinrate of reac-
tion. Theplotsof log k versuslog [DEG] (Figure 2)
gave straight linewith slop equal to 0.38 (R?=0.99),
suggesting that order with respect to DEG isfractiond.
Double reciprocal plot between k! versus [DEG] *
(Figure 3) hasbeen found to be straight linewith posi-
tiveintercept at y-axis. Thiskinetic evidence of com-
plex formation between the substrate and the oxidant,
further support thefractional order dependence.

Effect of variation of [H*]

On varying perchloric acid concentration
from1.00x10°t0 16.0x10°*mol dm®thereisanincrease
in reaction rate. The plots of log k versus log [H]
(Figured) gave straight linewith positiveintercept 0.36
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(R?=0.94), suggesting that acid playsacomplex rolein
thereaction system.

Dependence of rateon [C, TAB]

Theadditionof C . TAB inthereaction system catar
lyzed the reaction. The reported cmc of C .TAB is
9.2x10“at 25°C. With the increase in concentration of
C,TAB from 2.0x10°to 12.0x10°*mol dm?, therate
of reactionincreases. Theplot of k versus[C . TAB]
(Figure5) givesadtraight line. Surfactantsaretending
to form micelles. One of theimportant properties of
micelle systems istheir ability to affect the rates of
chemica reactions. Thereaction rate can either beac-
celerated or decel erated, depending on chemical sys-
tem, thetype and concentration of surfactant and other
factorssuch aspH, ionic strength, etc. The effect of
surfactantson reaction kineticsiscaled micdlecatay-
sig?. Micelles are formed due to assembling of
amphiphilic moleculesof surfactant inaboveacertain
concentration (critical micelleconcentration called as
cme) 22 Micdlecataysisof reactionin agueous solu-
tionsisusualy explained onthebasisof adistribution
of reactants between water and the micelle ‘pseudo
phase’. The micelles may provide a favorable orienta-
tion of the reactants by polarity gradients. In present
reaction hydrophobic interaction ismost likely to be
operativedueto relativelarger hydrocarbon chains of
the substrate®?%, Thisinteractivelocalization of the
reacting speciesintherelatively small volumeof the
micellescompared to thebulk solutionleadsto alarge
increasein the effective concentration and asaresult
the observed rateincreased accordingly. Theother most
probable reason seems to be el ectrostatic attraction
between polar DEG and themicelle.

Effect of variation of ionic strength, didectric con-
stant and saccharin

With the empl oyed reactant concentrationsinitial
ionic strength of the reaction mixturewas0.064. The
effect of ionic strength hasbeen studied by varying the
concentration of neutral sodium perchlorate from
6.4x10?10 12.4x10?’mol dm, It wasfound that there
isno substantial changeinthereactionrateon varying
theionic strength. Thesmdll salt effect suggeststhepar-
ticipation of neutral speciesinratedetermining stepi.e.
the substrate moleculeand HOCI. Thisassumptionfur-
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ther got support from effect of changeindidectric con-
stant of the reaction medium. Theeffect of dielectric
constant in reaction medium has been studied by add-
ing acetic acid (40-60%) in thereaction medium at con-
stant concentrations of other reactants. Therateof re-
actionincreasesby increasing the proportion of acetic
acidinsolvent medium; thisvalidatestheinvol vement
of neutral speciesintherate-determining step. At con-
stant NCSA and DEG concentration addition of sac-
charin 0.5x10°t0 2.5x10*mol dm™ decreasestherate
of reaction. Thisconformsthat HOCI isthe main oxi-
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dizing species. Theretardation of reactionrate onthe
addition of saccharin suggestsapre-equilibrium step
involvesaprocessin which saccharinisoneof the prod-
ucts. If thisequilibriumisinvolvedintheoxidation pro-
cesstheretardation should be aninverse function of
saccharin concentration, whichisborne out by obser-
vationthat theinverse of therate constant givesalinear
plot (R?=0.94) against [ saccharin] (Figure6). Thead-
dition of acrylonitrileto thereaction mixture had no ef-
fect, indicating the absence of freeradical speciesdur-
ing thereaction this observation further supportsthe
participation of neutral speciesinratedetermining step
i.e. thesubstrate moleculeand HOCI.

Effect of temperature

Thereaction wasstudied at different temperatures.
Rate constantsat 318, 323,328, 333 and, 338K were
found to be 1.70x10% sec?, 2.14x10% sec?, 3.41x10%
sect, 4.91x10% sec?t, and 6.52x10% sec! respectively.
Fromthelinear Arrheniusplot of logk vs 1/ T(Figure 7)
activation parametersfor overall reaction wereeva u-
ated Ea= 74.28KJmol* AH*=71.60 KImol 1, AG*
=99.35KJmol 1, AS*=-85.92JK mol-* respectively.

M echanism

From thevariousreevant literatures?¢3? the dif-
ferent probable stepsinvolved in NCSA system may
besummarized asfollows:
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NCSA +H,0—~HOCI + Saccharin @
HOCI +H*—H,0'Cl )
NCSA +H*>NCSAH* (4)
NCSAH*+H 0—>H 0*Cl + Saccharin (5)

ThereforeHOCI, H,O*Cl, NCSAH*, arethe pos-
sibleoxidizing speciesin acidic medium.

The experimental observationsindicate that for
present case HOCI isthe main oxidizing species, so
following mechanism has been proposed. Thelinear
doublereciproca plot of k' versus[ DEG]* with posi-
tiveintercept at y-axissuggeststheformation of com-
plex between substrateand the oxidant. Thus, thed ow-
est and therate determining step proposed is-

Slow
OHCH_-CH_-O-CH_-CH,OH + HOCl——X| (6)

X1+HZOFi)OH CH,-CH,-O-CH_-CHO+2H,0+HCI (7)

Thesmall salt effect, increasein reactionrateon
increasing thediel ectric constant and linear reciprocal
plotsbetween k* versug DEG] * with positiveintercept
a y-axis(Fgure3), support theequation (6). Thecom-
plex thusformedwill befast decomposed into the prod-
ucts, inequation (7).

C,,TAB catalyzed mechanism

Thereaction between DEG and N-chlorosaccharin
inacidicmediumisvery dow.Additionof C . TAB cata-
lyzed thereaction. The physical basisof micellecataly-
ssistheeffect of themiceller environment ontherate-
controlling step. The relative free energies of the
reaction(s) and or the transition state can be altered
when reaction takes placeinthe miceller systemin-
stead of bulk water. Thisconcept isreminiscent of ca-
talyssby anenzymeand many initia studiesof ratesin
miceller system focused on thispossibility. A moreim-
portant consderationisthelocdization of thereacting
speciesintherdatively smdl volumeof themicdlecom-
pared to bulk solution.

Thefollowing mechanismisproposed for theca-
taysisby C - TAB:

nC,.TAB— (CsTAB), ®)
OHCH -CH,7O-CH -CH,,OH+C TAB) —
[OHCH -CH,-0-CH,-CH,0H...(C.TAB) ] ©)

[OHCH,-CH,-0-CH -CH,,OH..(C.TAB) ] +HOCI—X, (10)
X +H,0—OHCH -CH_-O-CH -CHO+2H O+HCl (11
SCHEME 1
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TABLE 1: Order with respect to N-chlorosaccharin. [DEG]
=0.08moledm™;[HCIO,]=0.05moledm™[C  TAB]=0.004 mole
dm’; Temper ature 323K

[NCSA]/10°mol/dm™ k/10* st *
2.0 9.51
3.0 5.09
4.0 4.15
8.0 2.07
12.0 1.17
16.0 0.83

*Mean of duplicate experiments
TABLE 2: Effect of diethyleneglycol concentr ation variation.

[NCSA] =0.008moledm; [HCIO J=0.05moledm™; [C, TAB]
=0.004moledm*; Temper atur e 323K

[DEG] / 10° mol dm™® k/10"s**
4.0 161
8.0 2.07
12.0 2.37
16.0 2.65
20.0 2.92

*Mean of duplicate experiments
TABLE 3: Effect of hydrogen ion concentration variation.

[DEG]=0.08moledm™ ; [NCSA]=0.008 moledm™; [C, TAB] =
0.004moledm’®; Temper ature 323K

[HCIO,] / 10° mol dm™ k/10%s'*
1.0 1.26
2.0 1.77
4.0 2.07
8.0 2.56
12.0 3.12
16.0 3.94

*Mean of duplicate experiments
TABLE 4: Effect of C ,TAB concentration variation. [DEG]

=0.08moledm’*; [NCSA]=0.008moledm™; [HCIO,]=0.05mole
dm’%; Temper ature 323K

Ratelaw

Therate equation for the catalyzed reaction be-
tween DEG and NCSA can berepresented by theequa:
tion

-d[NCSA] /dt =k [DEG]?[NCSA] (12)
When [NCSA] in excess above equation 12 re-

ducesto

r =k’ [DEG]*? (13)

Wheretherate constant for catalyzed reaction, k' =k,

[NCSA]. Theplot betweenreactionrateand [ DEG]

(Figure8) gavealinear plot that validatesequation 13.
In presence of the catalyst, the oxidation proceeds
through catalyzed pathways. Therefore, thefollowing
representstherate of depletion of NCSA in presence
of catalyst under excess [ DEG] and acid concentra-
tions
-d [NCSA]/dt={k +k ' [C TABJ} [NCSA]
Herek '=k_[NCSA]
=k" [NCSA] Wherek"={k '+ k'[C TAB]}(15)

Equation 15 holds good, when aplot of observed
ratecongtantin presenceof catayst, k versus[C  TAB]
islinear [Figure5].

(14)
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