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Abstract

The kinetics of oxidation of adonitol by chloramine T has been investigated at
40°C in different acid concentrations. At low acid concentration (0.08—0.50M),
simultaneous catalysis by H' and CI” ions is noted. The rate shows a first-order
dependence on Chloramine T and Ru (I1l), but is independent of adonitol. The
influence of mercuric acetate was found to be insignificant. The rate remains
same with the variation in the ionic strength of the medium indicating the
involvement of non ionic species in rate determining step. There were no free
radicals during the course of reaction. The reaction product was identified by
FTIR and UV spectroscopic techniques. Kinetic runs were performed at different
temperatures and thermodynamic parameters were computed. A mechanism
consistent with observed parameters is proposed and rate law is derived. The
probable active species of catalyst and oxidant have been identified in acid
media.
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Introduction

Sugar alcohols are obtained through hydrogenation of mono- and disaccharides. The most common sugar
alcohols' derived from monosaccharides are sorbitol’, mannitol’, xylitol* and erythritol’. Most of these
sugar alcohols are chemically converted from corresponding sugars using a metal catalyst such as raney-
nickel. Adonitol is a naturally occurring sugar alcohol with five carbon atoms (CsH;,Os). It is acyclic,
polyhydric alcohol®’ formed by the reduction of ribose®. These are used in chewing gum, ice creams &
nutritional tablets’.

Among various transition metals'’, the use of Pt group metal ions'' especially Ru (III)'*", Os (II)'*, Ir
(IIN"*, Rh (I)'® and Pd (I)!” as catalyst due to their strong catalytic properties is reported. Literature
reveals that Ru (III) complexes are frequently used as catalyst for the oxidation of various organic
compounds like sugars, alcohols, ketones etc., in acidic and alkaline medium'®?°, It is an efficient catalyst
in many redox reactions’’** involving different complexities due to the formation of intermediate
complexes, free radicals and multiple oxidation states **. Many organic substrates were oxidized by these
sulfonamides and the kinetic and mechanistic aspects of these reactions are well documented™?’. A
prominent member of this group Chloramine-T (CAT) is a well known analytical reagent and used as
halogenating and oxidizing agent ***° in acidic and basic media.

A review of the literature provides information about quantitative determination, biodegradation and
mechanism of action of adonitol. Oxidation of adonitol by mild oxidants has not been reported. The

purpose of the present study was to apply redox reaction, to develop simple, accurate, sensitive and
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reproducible method for analysis of adonitol. In the present communication we are reporting kinetic and
mechanistic aspects of adonitol oxidation by chloramine-T in perchloric acid medium at 40° C.

Experimental

All the reagents were of analytical grade, and double distilled water was used throughout the work. A
solution of the compound was prepared in double distilled water. A stock solution of CAT (BDH, AR)
was prepared in double distilled water and standardized by the iodometric method, and preserved in
brown bottles. A solution of Ru (III) chloride (E. Merck) was prepared by dissolving a known weight of
RuCl; in HCI of known strength and stored in a black coated bottle to prevent photochemical oxidation.
KCl, HCIO; and Hg(OAc), of known strength are also used without further purification. All other
reaction vessels were also coated black from outside to avoid any photochemical degradation.

Kinetics

The oxidation of adonitol by CAT in presence of Ru (III) catalyst was monitored iodometrically. A
thermostatic water bath was used to maintain the desired temperature within + 0.10 C. The appropriate
volume of amount of CAT, HCIO,, Ru(Ill) chloride, KCI, Hg(OAc), and water ,were mixed in black
coated conical flask and thermo stated at 40° C for thermal equilibrium. After allowing sufficient time to
attain the temperature of the experiment, requisite volume of adonitol solution, also thermo stated at the
same temperature was rapidly pipette out and poured into the reaction vessel. The total volume of the
reaction mixture was 50 ml each time. 5 ml aliquots of the reaction mixture was pipette out at different
intervals of time and quenched with 4% acidified KI solution. The progress of the reaction was monitored
by iodometric estimation of unreacted oxidant.

Stoichiometry and product analysis

The kinetic runs performed by keeping excess of adonitol over CAT in HCIO, at 40° C confirm the
following stoichiometry as one mole of adonitol consumed two moles of CAT. Thus overall reaction may
be represented as

RCH,OH + 2CH3C¢H;SO,NNaCl + H,O  ——RCOOH + 2CH;C¢H4SO,NH,+ 2NaCl

Where R= CH,OH(CHOH),

The product analysis by conventional method shows the formation of an adonoic acid after the reaction.
The reaction mixture was kept for 48 hours under kinetic conditions and then added PCls to it. The
reaction mixture was reflux until the clear solution obtained. Then cool and add 4-5 ml of concentrated
ammonia solution in the reaction mixture and heat it on water bath for 4-5 minutes, then cool and filter
the solid precipitate. The precipitate was washed with cold water and recrystallized in hot water (Melting
point for amide derivative of adonoic acid i.e adonamide was found to be 110°C.

RCOOH + PCls —— RCOCI; + POCIl; + HCI

RCOCI + NH,OH — > RCONH,; + HCl + H,0

Spectral Measurements

The absorption spectra of solutions of different concentrations of Ru (III) ion and CAT were recorded in
the visible region ranges in 200-600 nm. Formation of adonoic acid is oxidation product in the presence
of acidic medium in the reaction mixture. The absorbance bands of these solutions were observed at
235nm (fig. b) as compared to the observed peak at 254 nm for individual CAT (fig. a).
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This was further confirmed by FT-IR spectrum, which shows a sharp peak at 1715 cm™ and 1212 cm™ for
C=0 and C-O stretching vibrations of the carbonyl group of free carboxylic acid. The high intensity
band for —C-H stretching vibration was observed at 2940 cm™. The —OH stretching vibration for free
carboxylic acid was observed in the range of 2500-3300 cm™ and centered around 3000 cm™.The
stretching vibration for Hydrogen bonded -OH group was observed at 3160 cm™.(fig. ¢) The observed
band at 1415 cm™ for —CH, bending vibration. The band at 1097 cm™ was appeared due to C-O
stretching vibration of hydroxyl group. The —CH, rocking vibration was observed at 780 cm™.
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Results
The oxidation of adonitol was investigated at different initial concentration of reactants.The rate (-dc/dt)
of reaction in each kinetic run was determined by the slope of the tangent drawn at fixed concentration of
chloramine T which is written as [CAT]. The values of first order rate constant (K,) was calculated as
K; =-dc/dt

[CAT]

The kinetics of oxidation of adonitol was investigated at initial concentration of the reactants (Tab. 1).
The first order dependence of CAT at different concentration which is showed by plot of (—dc/dt) versus
[CAT] (fig.d). The rate of reaction was found to be highly influenced by [Ru (III)] (tab. 1). The plots of (—
dc/d)t against Ru(IIl) were linear passing through origin suggesting first order dependence of reaction on
the catalyst and at the same time it also shows that reaction does not proceed with measurable rate in the
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absence of Ru(Ill)(fig.e). The insignificant effect of an increase in substrate concentration on the reaction
rate indicated zero order w.r.t. adonitol.
Table-1: Effect of variation of [CAT] and Ru (III) on the reaction rate at 40°C

[CAT]X10° mol dm™ | Ru(lll) X 10° Mol [ADT]X10°M | (-dc/dt) X 10" | K X 10°S™
dm?3s?
0.83 1.0 1.0 4.5 5.4
1.00 1.0 1.0 5.5 5.5
1.25 1.0 1.0 6.6 5.4
1.67 1.0 1.0 8.8 5.4
2.5 1.0 1.0 13.3 53
5.0 1.0 1.0 27.7 5.4
1.0 9.6 1.0 4.8 5.0
1.0 14.4 1.0 7.3 5.0
1.0 19.2 1.0 10.0 5.2
1.0 24.0 1.0 13.0 5.4
1.0 28.8 1.0 16.0 5.5
1.0 33.6 1.0 19.0 5.6
1.0 1.0 3.34 2.2
1.0 1.0 4.00 2.3
1.0 1.0 5.00 2.5
1.0 1.0 6.67 2.5
1.0 1.0 10.00 2.7
1.0 1.0 20.00 2.7
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Fig.d Plot of (-de/dt)X107 ML'S! vs. [CAT]X10° M at 40°C under experimental condition of Table 1.
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Fig.e Plot of Ru (III) X 10 M vs. (dc/dt)X 107 ML-!S-! at 40° C under experimental condition of table 2.

Table 2: Effect of variation of HC104, KCI, Hg(OAc), and NaClO, on the reaction rate at 40°C

[HC10,4]X10°Mol [KCIIX10° Mol | [Hg(OAc),]X10° Mol | [NaClO,] X 10° Mol | (-dc/dt)X10"ML™'S™
0.83 1.0 1.0 1.0 4.6
1.0 1.0 1.0 1.0 5.0
1.25 1.0 1.0 1.0 5.5
1.67 1.0 1.0 1.0 5.5
2.5 1.0 1.0 1.0 6.3
5.0 1.0 1.0 1.0 6.6
1.0 0.83 1.0 1.0 4.5
1.0 1.0 1.0 1.0 5.0
1.0 1.25 1.0 1.0 4.7
1.0 1.67 1.0 1.0 4.6
1.0 2.5 1.0 1.0 5.5
1.0 5.0 1.0 1.0 5.5
1.0 1.0 0.83 1.0 5.0
1.0 1.0 1.0 1.0 4.6
1.0 1.0 1.25 1.0 5.0
1.0 1.0 1.67 1.0 5.5
1.0 1.0 2.5 1.0 5.5
1.0 1.0 5.0 1.0 5.8
1.0 1.0 1.0 0.83 6.3
1.0 1.0 1.0 1.0 6.4
1.0 1.0 1.0 1.25 6.7
1.0 1.0 1.0 1.67 6.7
1.0 1.0 1.0 2.5 7.0
1.0 1.0 1.0 5.0 7.2
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The kinetic results observed in the oxidation of adonitol indicates that on increasing the Perchloric acid
the value of (-dc/dt) increases with concentration.Table 2 shows the effect of successive addition of
mercuric acetate; KCI and change in ionic strength p of the medium (affected by addition of NaClOy)
showed effect on reaction rate. The negligible effect of mercuric acetate excluded the possibility of its
involvement either as a catalyst or an oxidant. Hence the function of mercuric acetate is to act as
scavenger, for any CI ion formed in the reaction. Reaction shows no effect of chloride ion the reaction
rate. From NaClOy, variation (0.83 X 10~ to 5.0 X10™* Moldm™)showed insignificant effect on the rate of
oxidation, suggesting involvement of at least one neutral molecule in the rate determining step of the
reaction. The reaction was studied at different temperatures and the rate constants measured at 30, 35, 40,
45 and 50°C (Table 3) and specific rate constants were used to draw a plot of Log K vs 1/T, which was
linear (fig.f). It is led to compute activation parameters in the oxidation of adonitol (Table 4). The kinetic
results obtained for the oxidation of adonitol suggested that the oxidation reaction follow a mechanism.
Table 3: Effect of Temperature variation on the reaction rate

T°C (-dc/dt)X 107
30° 1.7
359 2.6
4(0° 4.2
45° 6.5
50° 9.8

Table-4: Values of Activation Parameters on the reaction rate

Substrate Parameters
Ea (KJmol™) 71.94
Log A 12.62
AS*(K'Jmol™) -7.28
AH* (KJmol ™) 69.34
AG* (KJmol™) 3.71
AF* 2.34
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1/T X 104K?
Fig.f Plot between 7+log K vs. 1/TX10* K1 for oxidation of adonitol at 40°C
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Discussion

The number of possible chloro species of Ru (III) present in the solution can be represented by the general
formula [Ru (III) (6 — x) (H,0) Cl,] ** where n = 1- 6. All these species are highly pH dependent. The
species present in the pH range, studied is however [RuCly(H,0)4]" This was confirmed by the reported
absorption spectra of Ru (III) solution from 1 x 10% M to 1x10° M in the pH range 1.00 to 3.00 at
constant ionic strength (u=0.1 M KNO;). These studies have been shown that octahedral complex species
such as [RuCls(H,0)]*, [RuCl4(H;0),], [RuCly(H,0);], [RuCly(H,0),]" and [RuCl(H,0)s]" do not exist
in an the aqueous solution RuCl;. The study on oxidation state Ru(IIl) exist in acidic medium.

[RuClg]” + [Hy0] ~ ————#RuCls (H;0)]" +CI .............. (1)

The mechanism of catalysis depends on the nature of substrates, the oxidants and experimental
conditions. Chloramine-T (CAT) behaves as a strong electrolyte and ionizing agent. The reactive species
of CAT and Ruthenium Chloride are RNCINa and [RuCls (H,0)]* in the acidic medium respectively. In
acidic solution of CAT, quick formation of RNHCI has been reported. The above statements suggest the
following reaction scheme which gives us the details of various steps in the reaction.

RNCINa* > RNCI' + Nam —— (D)
Fast
RNCI »  RNHCI — )
K
RNHCI + [RuCls(H0)* —— [RuCIs(H;0)RNHCI> g
[Y] K. [X]
CH,OH K CH,0-Cl
RuCly(H,0)RNHCI]> _ RuClH,0]*
[Ru 5( 2 ) ] + (CHOI_I)3 Slow (CHOH)3 + RNH2+[ uClsn, ]
FSI%ZOH CH,OH
CH,O-ClI N COOH
! N L NaCl (V)
(HOCH);3 H - (}|IOCH)3
CH,OH CH,OH
[P]

Where R= CH;C4H¢SO,NCI Na i.e. [CAT]
Step (4) is slow and rate determine step rate of reaction. The rate of reaction is terms of consumption of
concentration of [RNHCI] ions may be written as equation (1).

-d[RNCT

[dt D — ks (1)
Concentration of the complex i.e. [X] may be determined by applying steady state treatment to [X]
Hence,

d[x]

i K [RNHCIJ[Y] - K4[X] - K,[X][S] =— 0
K [RNHCI]J[Y
X] il Y] @
{ K #K,[8]
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-d[RNCT] KoK [RNHCH[Y][S]
m — 3)
{K I8
The total concentration of Ru(III) chloride, i.e. [Ru(Ill)]r may be written by equation (4)
[Ru(IID)] Y] + [X] (4)
Putting value from equation (2) to equation (4), we get
[Ru(IID)] [Y]+ K4 [RNHCI][Y]
{KKols])
_ K +K5[S]+ K, [RNHCI] }
Ru(III — |Y 1 2 1
[Ru(IID)}y v T
[Y] =—— [Ru(llD]; { KK [S] S )
K_+K5[S]+ K, [RNHCI]
On comparing ion equation (3) to (5)
d[RNCI] KoK [RNHCI] [Ru(ID ] K _;+K,[S]
dt K HK[ST KK [RNHCI}+ Kis}
d[RNCI] K [RNHCI] [Ru(IIT)] 1 [S]
dt —  K_+K,[RNHCIJ+ K[S] (6)

On assuming, K,[S] >> K_; +K; [RNHCI] and on neglecting the second term in the denominator of
equation (6),

We get
d[RNCI] K, K [RNHCI[Ru(IIT) ] [S]
dt K,[S]

=——  K[RNHCI] [Ru(D];

According to Eq. (7), when rate constant values are plotted against [CAT] and Ru (III) straight line with
positive intercepts were obtained which prove the validty of the rate law (7) and hence proposed
mechanism. From intercept of each plot of fig. d and fig. e, the values of rate constant, K; have been
calculated and recorded in table 1 and 2. These results support the mechanism for the oxidation of
reducing sugar. Linear plot with positive intercepts indicates the retarding effect of CAT] and Ru (III) and
positive effect on [H]" on the rate of reaction.

Conclusion

The experimental results as shown revealed that the reaction rate increases when the concentration of the
catalyst [Ru(Ill)] is increased. The rate law is in conformity with all kinetic observation for the catalytic
effect Ru (III) on the oxidation of adonitol by CAT has been studied in acidic medium. The reactive
species of the catalyst have been identified by absorption spectra.

Oxidation products were identified by spectral analysis and activation parameters have been evaluated.
The high positive value of change in free energy of activation (AG¥) indicates highly solvated transition
state, while fairly negative value of change in entropy of activation (AS*) suggest the formation of an
activated complex with reduction in degree of freedom of molecules. The observed results have been
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explained by a plausible mechanism and related rate law has been deduced. Therefore, it is concluded that

Ru (IIT) act as an efficient catalyst for the oxidation of adonitol.
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