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Abstract: The kinetics of oxidation of Butane-2,3-diol by N-bromosaccharin (NBSA)in presence of osmium tetra
oxide has been studied. The reaction follows identical kinetic being first order in each, NBSA, osmium tetra
oxide (OsO,) and OH'concentration while zero order kinetics with diol and saccharin. The reaction is
OsO,catalyzed. Various thermodynamic parameters have been computed. Stoichiometric study revealed 1:1
mole ratio. On the basis of thermodynamic parameters and stoichiometry a feasible mechanism has been
proposed and rate law has been derived.
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l. INTRODUCTION

The subject of chemical kinetics covers not only reaction rate but also covers a wide range of studies of
the effects of the concentrations, temperature, catalyst etc. on reactions of various types. Mechanistic studies of
reactions in solution have achieved commendable importance during the few decades. Oxidation reactions
incorporating certain selective catalysis are of considerable academic and technological importance. N-
bromosaccharin (NBSA) has been used as an oxidizing agent by several workers™®. The kinetics of the
oxidation of diol has been studied with a number of oxidizing agent®*°. Butane 2,3 diol is also reacted with
metal ion™.In the recent years, studies of oxidation of vicinal diols by N-halo oxidants under homogeneous and
heterogeneous reaction conditions'?have attracted considerable attention of the researchers. Literature survey
reveals that osmium tetra oxideforms many coordination species with OH".The complexes [0sO,(OH).H,0]*
and [0sO4(OH),]*most likely formed in alkaline solutions. The latter predominates at higher hydroxide ion
concentrations, while the former is present at lower hydroxide ion concentrations? %,

1. MATERIALS AND METHODS

All the materials employed in this investigation were of analytical grade. The stock solution of
synthesized NBSAwas prepared by dissolving its sample in 100% acetic acid (BDH). The solutions used were
standardized iodometrically. De-mineralized distilled water was used for preparing the solution of hypo, butane-
2,3-diol, osmium tetra oxide and other reagents.

The oxidation kinetic runs were performed under pseudo first-order condition. The experiments were
carried out in a black coated stopper glass vessel to avoid any photochemical effect. A thermo-stated water bath
was used to maintain the desired temperature within + 0.1K. Requisite volumes of all reagents, except NBSA,
were introduced into a reaction vessel and equilibrated at 303 K. A measured volume of NBSA, equilibrated
separately at the same temperature, was rapidly poured into the reaction vessel. The progress of the reactions
was monitored by periodically examining aliquots of the reaction mixture for unconsumed
NBSAiodometricallyusing starch as the indicator. The stoichiometric results indicated 1 mole of diol consumes
1 mole NBSA as represented by the following empirical equation:

Os(VIID)
R-CH(OH)CH(OH)R1+CsHsCOSO;NBr — RCHO + R;CHO + HBr + CsHsCOSO:NH

Where R &R;= CHj;

The end product from the oxidation of butane-2,3-diol was acetaldehyde and its presence confirm by existing
conventional methods. These products were identified by the views of modes of reaction mechanism that
formation of electron deficient species with double bond at transition state, rate of oxidation accelerates by any
electron donating group?3*.
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I1l.  RESULTS AND DISCUSSION
Oxidation of butane-2,3-diol by NBSA in presence of OsO, under the experimental condition had the following
kinetic feature.

Order with respect to [oxidant] and [substrate]: When the butane-2,3-diol are in large excess, the plots of log
(a-x) vs time (Figure 1) are found to be linear, indicating first-order dependence on NBSA. The pseudo first-
order rate constants in NBSA calculated at different initial concentrations of the reactants are found to be
independent of the substrate concentration. With an increase in vicinal diol concentration, the rate constants k;
do not sggggficantly alter in alkaline medium. Thus, it became clear that in diols, reaction follows zero order
kinetics.”
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Fig. 1: The plot of log (a-x) vs time. Conditions are given in table 1.

Effect of variation of [OsO,]: The concentration of OsO,was varied while the concentration of butane-2,3-
diol and, [NBSA] kept constant. Reaction is OsO,catalysed with in a limit. The plot of k; vs. 10°[OsO,] is
obtained straight line without intercept on gradual increment of concentration,and at higher concentration rate
become constant, indicate complex formation (Fig. 2, Table 1).
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Figure 2: Dependence of the reaction rate
on the concentration of OsO,. Conditions are given in Table 1.
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Table 1: Effect of variation of reactants on pseudo order rate constant k; at 303K

10°[Substrate] 10° [NBSA] [NaOH] [0s04] [Hg(OAC),] kix10* (s
(mol dm®) (mol dm®) (mol dm®) (mol dm®) (mol dm®)

1.25 2.50 4.00 1.00 2.00 3.418
1.66 2.50 4.00 1.00 2.00 3.417
2.50 2.50 4.00 1.00 2.00 3.419
3.33 2.50 4.00 1.00 2.00 3.416
5.00 2.50 4.00 1.00 2.00 3.421
6.66 2.50 4.00 1.00 2.00 3.419
2.50 1.50 4.00 1.00 2.00 3.433
2.50 2.00 4.00 1.00 2.00 3.437
2.50 2.50 4.00 1.00 2.00 3.419
2.50 3.00 4.00 1.00 2.00 3.426
2.50 4.00 4.00 1.00 2.00 3.422
2.50 5.00 4.00 1.00 2.00 3.429
2.50 7.50 4.00 1.00 2.00 3.424
2.50 2.50 4.00 1.00 2.00 3.419
2.50 2.50 5.00 1.00 2.00 4.185
2.50 2.50 8.00 1.00 2.00 6.254
2.50 2.50 10.00 1.00 2.00 7.651
2.50 2.50 20.00 1.00 2.00 15.653
2.50 2.50 4.00 1.00 2.00 3.419
2.50 2.50 4.00 2.00 2.00 5.678
2.50 2.50 4.00 3.00 2.00 8.748
2.50 2.50 4.00 4.00 2.00 10.784
2.50 2.50 4.00 5.00 2.00 13.989
2.50 2.50 4.00 1.00 2.00 3.419
2.50 2.50 4.00 1.00 4.00 6.414
2.50 2.50 4.00 1.00 5.00 7.416
2.50 250 4.00 1.00 10.00 14.701

Effect of variation of [solvent]: The catalyzed kinetics was observed by the addition of sodium hydroxide. On
varying sodium hydroxide concentration there is an increase in reaction rate (Table 1). rate of oxidation of diols
under probe retard with increase the water content of the medium. The plot of log k; vs. [OH] was obtained
linear.
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Figure 3: Dependence of k; on [OH]. Conditions are
given in Table 1.

Effect ofionic strength and saccharin: The reaction rate was not influenced by the addition of chemically
neutral salt. Hence the ionic behaviour of slow step in the reaction mechanism is ruled out. Saccharin was
identified as the reduction product of the oxidant. Hence the effect of addition of saccharin to the reaction
mixture plays a vital role to deciding reaction mechanism. That was studied at different concentrations of
saccharin. It was found that rate of oxidation is unaffected with increase in the concentration of saccharin for
diol-NBSA system in presence of Os(VIII).
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Effect ofionic strength and Mercuric Acetate: Mercuric acetate has been utilised as a Br™ ions scavenger in
the current study. The oxidation of the vicinal diols by NBSA produces bromide ions that combine with
hypobrominus ions to produce bromine, setting off a parallel oxidation reaction. As a result, [Hg Brs]* complex,
which is formed by mercuric acetate, has been employed to trap Br " ions.

Effect of Product and Free Radical Inhibitor: Variation of saccharin, one of the products of oxidation, had
negligible effect on the rate of reaction. The oxidation reactions of butane-2,3-diol with NBSAcatalyzed by
0Os0, at different initial concentrations of acrylonitrile have been investigated. The reaction neither induces
polymerization nor retards the reaction rate which may be attributed to the inertness shown by free radicals.
Effect of temperature: The effect of temperature on the reaction of butane-2,3-diol with NBSA in presence of
OsO, was also studied. The value of energy of activation,AS& AG were computed. These values are
summarized in Table 2 along with the other parameters.

Table 2: Thermodynamic parameters of Butane-2,3-diol-NBSA system

Substrate Ea A AH* AG* -AS*
(kJ mol™) (sh (k mol™) (kJ mol™) (K mol™)
Butane-2,3-diol 61.01 1.08 x10° 58.91 83.71 89.56

Reactive Species and Mechanism: It is already known that in alkaline medium, NBSA hydrolyses according to
the following equilibria.*’
=NBr+ H,0 = =NH + HOBr ......(I)

(NBSA) (NSH)
*NH+OH < >N+H,0 ...(II)

Thus either NBSA, HOBr or >N may be involved in the oxidation process. In view of zero effect of [OH ] on
the rate, the species >N is not likely to occur. Zero effect of saccharin on the rate also neglects the role of
HOBr as oxidizing species. So we have only choice left to assume molecular NBSA is a prime oxidizing
species.®® Based on the above experimental facts, the following mechanism for the OsO,catalyzed oxidative
degradation of Butane-2,3-diol byNBSA is proposed.

Based upon the experimental observations, the most probable mechanism is as following.

Ky
[0s0,(OH)(H,0)]" + OH" — [0s04(OH),]" + H,0 (1
X, K X,
| o o ou | K, o, O{/OH
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\\\ | /'/ . Faz e | /-”( .
/o;\ ReCoOH — /“m +R-CHO + RyCHO + HBr ..(4)

P m~ ] ™~

| o 0 O—Br| H | o o OoH
C X

Where R &R;= CH3
On the basis of the aforementioned steps involved in the proposed mechanism and at steady state approximation
condition, the final rate law is derived as;
kk, [NBSA]K, [OH][0sO,]r
Rate =

(1+K; [OH]+k, [NBSA]K, [OH]

WWW.ijres.org 467 | Page



Kinetic Study of Osmium Tetra Oxide Catalyzed Oxidative Degradation of Butane-2,3 Diol ..

This proposed rate law explained all experimental facts.

IV.  CONCLUSION
Butane-2,3-diol is a vicinal diol. At first oxidant formed a complex with OsO, which is rearranged by

intramolecular rearrangement and yields saccharin as by-product in a slow rate determining step. After it,
rearranged complex is reacted with vicinal diol and gives acetaldehyde as product. The reaction obeys Arrhenius
relation-ship. The proposed mechanism is in good accordance with experimental findings.
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