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ABSTRACT

Kinetic investigation in Rh(l1l) catalyzed oxidation of D-Mannitol in an acidified solution of
potassium bromate in the presence of Hg(OAc), as a scavenger, have been studied in the
temperature range of 30° - 45° C. Increase in concentration of oxidant and H* ion showed
fractional positive order and fractional inverse order respectively. The influence of Hg(OAC),,
ionic strength and CI” ion on the rate was found to be insignificant. First order kinetics was
observed in case of catalyst Rh(I11) , Rh*® being its reactive species. The order of reaction w.r.t.
substrate is zero. The various thermodynamic parameters were calculated from rate
measurements at 30, 35, 40 and 45 °C respectively. A suitable mechanism in conformity with the
kinetic observations has been proposed and the rate law is derived on the basis of obtained data.

Keywords: Kinetics, Oxidation,Potassium bromat&jannitol, acidic, catalysis, rhodium (111).

INTRODUCTION

Mannitol is found in abundance in nature, partidylan exudates from trees, and in marine
algae and fresh mushrooms. It is an isomer of gwrhnd is typically produced today by the
hydrogenation of specialty glucose syrups. Manngotommercially available in variety of
powder and granular forms. In the United Statesnmtal is provided by a number of
manufacturers, including Cargill, Roquette Americand SPI Polyols. Mannitol is
nonhygroscopic (does not pick up moisture). Fag thason, it is often used as a dusting powder
for chewing gum to prevent the gum from stickingnt@nufacturing equipment and wrappers.
Due to its high melting point (165-189), mannitol is also used in chocolate-flavoredtioga
agents for ice cream and confections. It has asplgaaste, is very stable to moisture pickup and
does not discolor at high temperatures, which makasnitol ideal for use in pharmaceuticals
and nutritional tablets.
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Potassium bromate has been used to oxidize vadomgounds in both acidic and alkaline
medium[1-6]. Little attention has been paid however,te teactivity of KBrQ in the presence
of catalyst[7,8] and nearly no investigation has so far begported on the catalytic role of
rhodium(lll) chloride with potassium bromate as axidant in acidic mediumThis fact
prompted us to undertake the present investigat@mely, “Acid bromate oxidation of D-
Mannitol by acidified KBrQ@ in the presence of Rh(lll) chloride as a catalysti mercuric
acetate as a scavenger for bromide ion”.

MATERIALS AND METHODS

An aqueous solution of D-Mannitol (E.Merck), potass bromate (BDH, AR), NaClPand
Hg(OAc), (E.Merck) were prepared by dissolving the weighathples in triple distilled water.
Perchloric acid (60%, S. D. Fine) was used as acsoof H ion. A solution of RhGl (Sigma
Chemical Company) was prepared in HCI of knownngjtie. Deuterium oxide (purity 99.4%)
was supplied by BARC (Bombay, India). All other geats were of analytical grade were
available. Sodium perchlorate was used to mairttenonic strength of the medium. Reaction
vessels were painted black so as to prevent phetaical decomposition, if any.

Kinetic Measurements

The requisite volumes of all reagents, includingsstate, were thermostated at 35 + ¥Clto
attain equilibrium. A measured volume of KByr®olution, maintained separately at the same
temperature, was poured rapidly into the reactiessel. Progress of the reaction was followed
by assaying aliquots of the reaction mixture for rRB iodometrically using starch as an
indicator, after suitable time intervals.

RESULTS
Stiochiometry and product analysis
The stoichiometry of the reaction was ascertaingd eluilibrating the reaction mixture
containing an excess of potassium bromate over Brlfa (in varying ratio) at 50C for 48
hrs. Estimation of residual bromate in differerdatons showed that one mole of D-Mannitol
consumes two moles of bromate, according to théovimhg stoichiometric equation is
represented as follows (1):-

RCH,OH + 2Br@ _— RCOOH + 2BrO + 2HO

where R= CHOH(CHOH)n for D-Mannitol (n=4) whose oxidation pict is mannonic acid
was detected by measuring the melting point adiitgde derivative as follow9]

Kept the reaction mixture for 48 hours under kimetonditions and then added B@b it.
Refluxed till a clear solution is obtained. Coolaad added 4-5 ml of concentrated ammonia
solution, heated it on water bath for 4-5 minutesoled and filtered the precipitated solid.
Washed with water, recrystallized it and determiiteadn.p.

RCOOH + PQ » RCOCI + POG + HCI
RCOCI + NHOH — » RCONH+HCI+HO
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Melting point for amide derivative of mannonic aciel mannonamide was found to be %1 @s
against the actual M.P of 1%®

Effect of varying reactant concentrations on the rate

The insignificant effect of an increase in substrabncentration on the reaction rate indicated
zero order. It was observed that the value;df.k. —dc/dt / [KBrQ] ) were constant at all initial
concentrations of KBrg showing first order dependence on [KBfdfig.1). First order
dependence on [Rh(lll)] is evident from the clossemblance between the slopes (D- mannitol
at 3% C) of (-dc/dt) vs [Rh(lll)] plots (fig.1) and thaverage values of experimental alue

(D- mannitol at 33C).
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Fig.1 : Plot between [Rh(lIl)] x 1¢° mol dm™/ [KBrO 3] x 10° mol dm® vs. (-dc/dt) x 10 mol dm3s*
for oxidation of Glycerol (G’)/ (G) and D-Mannitol (M’) / (M) respectively at 35’ C
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Fig. 2: Plot between [Rh(Il1)] x 10° mol dm™/ [KBrO 5] x 10° mol dm™ vs. (a+bx) for oxidation of
Glycerol (G')/ (G) and D-Mannitol (M’) / (M) resp ectively at 35 C
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The first order kinetics of [KBrg) and [Rh(lll)] have also been confirmed by ‘leasfuare
method’ (fig.2).

3. Effect of varying concentration of HC1 on the rate

At constant [KBrQ], [Substrate], [Ru(lll)], ionic strength and termptire, the rate of reaction
did not affect the rate of reaction H Table-1. The negligible effect of mercuric ad¢eta
excludes the possibility of its involvement eitlasra catalyst or as an oxidant because it does not
help the reaction proceed without bromate. Heneertthe of mercuric acetate here acts as a
scavengef10-12] for any bromide ion formed in the reaction and dlps to the parallel
oxidation by Bg which would have been formed as a result of intéya between Br ion and
BrOs ion.

4. Effect of added [Cl" ] on therate
The addition of [CI] in the form of NaClQ keeping [H] constant did not affect the rate of
reaction (Table-1).

5. Effect of varying [Ru(l11)] on therate
The rate measurements were taken 4-385'C and specific rate constants were used to draw a
plot of log k vs I/T, which was linear (fig.3).
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Fig.3: Plot between 7 + log k vs. 1/T x & for oxidation Glycerol (G) and D-Mannitol (M)
respectively at 38 C

The values of energy of activationE*), Arrhenius factor (A), entropy of activation$*) and
free energy of activatio\G*) were calculated from the rate measurement9%t3%,40° and
45°C and these values have been recorded in Table-2.

The reactive species of potassium bromate and Rhugtl) chloride are HBr@ and RH® in
acidic medium respectively. In acidic solution oB#s, quick formation of HBr@ has been
reported[13]
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The above statements lead us to suggest the folfpreiaction scheme which gives us the details
of various steps in the title reaction:-

ky
3 - N RRe--—--
Rh° + BrQ — [th OB#Y
k-1
k2
[Rh-----OBrQ, 2 , [Rh—-0] + Br@
G rate determining L

step

[Rh-—---O["" +R-CHOH —— » [Rh-----OFff + R-CHOH

R-CHOH + HO ——— RCHO + HO'
[Rh-——-OHJ** + RCHO + Br@ + HO* —— » Rff+ RCOOH + 2HO
where R = CHOH(CHOH)n for mannitol (n=4).

Now considering the above slow steps and applysteady state treatment with a reasonable
approximation, the rate law may be written in temhconsumption of [Br¢) as equation:-

-d[BrOs] -  Kyky[BrOs][Rh™]

—

where K = k/k

The rate law is in agreement with all observed

Table-1: Effect of Variation of Reactants on the Raction Rates at 35C
[Rh(I11)] = 3.75x10° mol dm® (D- Mannitol), [KBrOz] = 1.00 x 10°° mol dm®

[Substrate] | [KCI] [HCIO, | [Hg(OAC)H] | [NaCiQ] | (-dc/dt) x 18

x 107 x 10° x 10° x 10° x 10° mol dm®s?
mol dmi® mol dm® | moldm® | mol dnm® mol dni® | D- Mannitol

0.33 1.00 1.00 1.25 - 1.42
0.40 1.00 1.00 1.25 - 1.26
0.50 1.00 1.00 1.25 - 1.86
0.66 1.00 1.00 1.25 - 1.60
1.00 1.00 1.00 1.25 - 1.30
2.00 1.00 1.00 1.25 - 1.20
1.00 0.83 1.00 1.25 1.35
1.00 1.00 1.00 1.25 - 1.20
1.00 1.25 1.00 1.25 - 1.26
1.00 1.67 1.00 1.25 - 1.38
1.00 2.50 1.00 1.25 - 1.48
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1.00 5.00 1.00 1.25 - 1.20
1.00 1.00 0.83 1.25 - 1.10
1.00 1.00 1.00 1.25 - 1.20
1.00 1.00 1.25 1.25 - 1.32
1.00 1.00 1.67 1.25 - 1.28
1.00 1.00 2.50 1.25 - 1.39
1.00 1.00 5.00 1.25 - 1.60
1.00 1.00 1.00 0.83 - 1.25
1.00 1.00 1.00 1.00 - 1.28
1.00 1.00 1.00 1.25 - 1.20
1.00 1.00 1.00 1.67 - 1.36
1.00 1.00 1.00 2.50 - 1.42
1.00 1.00 1.00 5.00 - 1.39
1.00 1.00 1.00 1.25 0.83 1.64
1.00 1.00 1.00 1.25 1.00 1.20
1.00 1.00 1.00 1.25 1.25 1.46
1.00 1.00 1.00 1.25 1.67 1.54
1.00 1.00 1.00 1.25 2.50 1.32
1.00 1.00 1.00 1.25 5.00 1.42

Table-2 : Activation parameters for acidic bromateoxidation of D-Mannitol

Parameters Temp. /i C | D-Marmitel
ko 1005 30 0.26
kx 1075 35 1.20
kox 1005 40 172
kx 1075 45 246
log & - 1036
7 E*(kT mal™) - 54.57
7 G} mal’) - 7032
?HH kI mal") - 3772
TR mal™) - -lzme
CONCLUSION

The experimental results as shown reveal thatdhetion rate doubles when the concentration of
the catalyst [Rh(lll)] is doubled. The rate lawinsconformity with all kinetic observations and
the proposed mechanistic steps are supported byebkgible effect of ionic strength which
indicates the involvement of an ion in a slow aatgdetermining step. The high positive values
of change in free energy of activation@*) indicates highly solvated transition state, Mhi
fairly high negative values of change in entropyaofivation AS*) suggest the formation of an
activated complex with reduction in degree of fimmdof molecules. Positive effect of acetic
acid signifies a negative dielectric effect. Frdns tinvestigation, it is concluded that HEy&nhd
Rh" are the reactive species of KBr&hd Rh(lll) chloride respectively in acidic medium
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