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(IT) catalysed oxidation of some hydroxyacids,viz., malic,
ide have been studied in perchloric acid medium in the

presence of mercuric acetate. A first order dependence of rate each in [oxidant] and [catalyst] has
been observed. The order of reaction in substrate decreases at higher [substrate]. A retarding effect

of |
datais proposed and discussed.
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Materials and Methods

pi-Malic acid, citric acid, bi-tartaric | acid,
N-bromos$uccinimide (E. Merck), succinimide,
mercuric pcetate, perchloric acid (70%, E. Merck)
palladous| chloride (Johnson Matthey) and | other
reagents employed were of AR grades. All solu-
tions weré prepared in doubly distilled water.

Solution of NBS was always prepared a| fresh
and its strength was checked by iodometric meth-
od.The solution of Pd(II) chloride was prepared
by dissolying the sample in very dilute H(l, the
final strepgth of palladium(II) chloride and HCI
being kept at 22.5x107° and 1.0x107? mol
dm™ regpectively. The stock solution of | Pd(II)
chloride was stored in a black coated bottle to
prevent photochemical decomposition.

All solgtions were equilibrated at the desired
temperature (+0.1°C) and the reaction was ini-
tiated by addition of NBS solution to a mixture of
other reagents. The progress of the reaction was
followed by determining NBS iodometrically in

*] on the rate has also been observed. A suitable mechanism consistent with observed kinetic

aliquots withdrawn after regular time intervals.
The iodine liberated by palladium(II) was taken
into account.

Stoichiometry

The reaction mixtures containing a known ex-
cess of [NBS] over [hydroxyacid] were kept in
presence of HCIO,, Hg(OAc), and PdCl, at 35°C
for 72 hrs. After completion of the reactions, the
unconsumed NBS was estimated iodometrically in
different sets of experiments. Stoichiometry in
general may be represented by Eq. (1).

R R
RI)C(OH)COOH + > NBr—»R,>C =0 >NH

+HBI"*'C02 . (1)

However, in the case of tartaric acid, nearly two
moles of NBS were consumed for each mole of
tartaric acid.

The presence of carbonyl compound as the oxi-
dation product was detected by spot tests?. For
tartaric acid, glyoxylic acid and formic acid were
detected as the products. The corresponding
carbonyl compounds and CO, as the oxidation
products of hydroxyacids® and C—C cleavage
product in the case of tartaric acid are reported in
the literature'?. It is, therefore, likely that the
corresponding carbonyl compound of tartaric acid
may further be oxidised to give C—C cleavage
products when oxidant is in excess.

Results and Discussion
The reactions were studied at various initial
[reactant]. The log [NBS] versus time plots initially
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showed a curvature up to 10-20% of the reactions

“then became linear and thereofre, pseudo-first or-
der rate constant in NBS (k) were evaluated
from the slopes of these plots. The rate constants
at different initial [NBS] are reported in Table 1.
It is observed that an increase in initial [NBS] re-
sulted in a decrease in the k, (Table 1).

The plots of (k) versus [substrate] (Fig. 1)
showed deviation from linearity at higher [substr-
ate] while the plots of (1/k,,) versus 1/[substrate]
were linear with intercept indicating that order of
reaction in substrate falls from unity at higher
[substrate].

The effect of [H*] on the reaction rate was
studied at a fixed ionic strength (un=0.06 mol
dm~3%) maintained by the addition of sodium
perchlorate. The amount of acid already present
in the catalyst was taken into account. An in-
crease in [HCIO,] lead to a decrease in the pseu-
do-first order rate constants (k) (Table 1) and
the plots of (1/k,) versus [HCIO,] were linear
with intercepts (Fig. 2).

The plots of (k) versus [PdCL,] (Fig. 3) were
linear with intercepts suggesting that rate
a{k’+ k”[PdCl,]} where k' and k” are rate con-
stants for uncatalysed and catalysed paths respect-
ively. It is also clear from Fig. 3 that rate for un-
catalysed path is small.

The values of k' and k” have also been evaluat-
ed with the help of intercepts and slopes of Fig. 3.
The values of k' are 0.20, 0.50 and 0.15x 1074
s™!in case of malic, citric and tartaric acids re-

Table 1—Effect of [N-bromosuccinide] and [HCIO,] on the
rate constant at 35°C

[S]=2.0x10"2 mol dm~?, [Hg{OAc),]=2.0x 103 mol dm™3,

[P4(I1)]=1.12 X 10~* mol dm~3 for malic and citric acids and

2.25x 105 * mol dm 3 for tartaric acid. The effect of acid was

studied at fixed ionic strength (x=0.06 mol dm > maintained

by NaClO,).
[NBS]x10° [HCIO,]x 102 koo X 10*(s71)
(moldm~3) (moldm™3)
Malic Citric Tartaric
acid A acid B acid C
15 2.0 2.68 5.37 0.92
2.0 2.0 2.11 2.30 0.76
2.5 2.0 1.91 1.89 0.67
3.0 2.0 142 1.54 0.57
2.0 04 3.45 4.79 1.82
2.0 1.0 249 3.26 1.00
2.0 2.0 1.91 2.11 0.69
2.0 3.0 1.45 1.61 0.56
2.0 4.0 1.18 1.34 0.46
2.0 6.0 0.87 0.95 0.34
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spectively while the values of k” are 1.80, 2.00 and
0.55 s~! mol~! dm? for malic, citric and tartaric
acids respectively under the experimental condi-
tions as mentioned in Fig. 3.

The effect of ionic strength was studied by car-
rying out investigations in the presence of differ-
ent amounts of sodium perchlorate (up to
20% 10-2 mol dm~3) which had no effect on the
reaction rate. Addition of succinimide (reaction
product of NBS) and mercuric acetate had also
no effect on the reaction rate. Successive addition
of acetic acid retarded observed rate constant
(kqs)» Addition of sodium chloride resulted in an

Kops %10 bisech
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Fig. 1—Plot of (k) versus [S] er (1/ky,) versus (1/[S]) at

35°C. (INBS]=2.0x 103 mol dm "3, {HCIO,]=2.0 X 10~2 mol
dm™?, [Hg(OAc),]=2.0x 1072 mol dm -3 and

TPd(I1)}=1.12 x 10~* mol dm~? for malic and citric acids and

2.25x10** mol dm~? for tartaric acid) A, malic acid; B, cit-
ric acid and C, tartaric acid.
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Fig. 2—Plots of (1/k,,) versus [HCIO,] at 35°C {|Substr-

ate]=2.0x 10 * mol dm™* Other conditions are same as in
Fig. 1.}
increase in k,, (Table 2) and a plot of (k) ver-

sus [C17]
were als
the activ
evaluated

was linear with an intercept. The rates
studied at 35°, 40°, 45° and 50°C and
tion parameters (Table 3) have| been

In acidic media NBS, protonated NBS§ (ie.
>N*HBg or NBSH) and Br* are the possible
reactive species’~® of NBS. Added mercurig acet-
ate acts a$ a scavenger for any Br~ formed (in the
reaction 3nd its negligible effect on the reaction
rate rules| out its involvement in NBS oxidation.
Retarding| effect of [H*] on the rate rules out the
possibility of >N*HBr as the reactive spegies of
NBS.

Negligible ionic strength effect suggests inyolve-
ment of atleast one neutral molecule in the rate-
determinigg step. The retardation of rate by
added acgtic acid ( + ve dielectric effect) indicates
anion-dip¢le or dipole-dipole interaction i
rate determining step. Involvement of Br™
rate determining step also is ruled out as its in-
volvement should give a negative dielectric effect.
Thus NBSjitself seems to be the reactive species.

Stock solution of Pd(II) chloride was prepared
in dil. HCl in which it is known to exidt’ as
[PACI1,}>~ ds follows,

PdCl, +2 €1~ = [PdCL,2~
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Fig. 3—Plots of (k,,) versus [Pd(I[)] at 35°C ([Substr-
ate]=2.0x 1077 mol dm~* Other conditions are same as in
Fig. 1)

Table 2—Effect of [acetic acid] and [sodium chloride] on the
rate constant at 35°C
[NBS]=20x10"% mol dm~? [S]=2.0%x10"? mol dm~?,
[HCIO,/=2.0% 10" mol dm™*, [Hg(OAc),]=2.0x 10" mol
dm~* and [Pd(II)]=1.12 X 10~ * mol dm~? for malic and citric
acids and 2.25 x 10" * mol dm~? for tartaric acid.

[CH;COOH]  [NaCl|x 103 Ko x 104 (s 1)
(%, v/v) {mol dm~%)

Malic Citric  Tartaric
acidA acidB acidC

Nil — 2.11 2.30 0.76

5 — 1.19 1.84 0.57

10 — 1.53 1.26 0.47

15 — 1.34 0.99 0.40

20 — 1.15 0.69 0.38

— 0.5 — 2.49 0.95

— 1.0 2.20 3.07 1.53

— 1.5 2.30 3.26 2.4¢9

— 2.0 2.87 3.83 3.26

— 3.0 3.64 4.60 4.40

— 4.0 4.41 — 5.75

A positive effect of CI~ on the rate of reaction
suggests [PAC1,?~ as the reactive species of PdCl,.
A complex formation’® between [PdCl,?~ and
various organic substances,viz.,amines, aminoal-
cohols etc. has also been observed. The presence
of Michaelis-Menton reciprocal relationship® in
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Table 3—Thermodynamic parameters

[NBS]=2.0x10"*mol dm~*[S]=2.0x 10" ? mol dm~*

,[HCIO,]=2.0X 10~ 2 mol dm~?, [Hg(OACc)

,=2.0x10"*mol dm~? and

[Pd(11)]=1.12 % 10" * mol dm~? for malic and citric acids and 2.25 x 10~* mol dm ™2 for tartaric acid.

AE, log A AH”* AS* AG*
(kJ mol 1) (kI mol ") (JK 'mol™") (kJ mol )
Malic acid 68.90 8.00 66.34 - 9212 94.72
Citric acid . 65.07 7.39 62.51 -103.76 94.48
Tartaric acid 86.16 10.49 80.60 — 44.40 94.28
the case of .hydroxyac1ds (Fig. 1) suggests a com- [NBS], = [NBS]+[NBSH]
plex formation between the substrate and the ca- and

talyst. The complex formation between hydroxy-
acid and PdCl, in perchloric acid medium has al-
so been confirmed spectrophotometrically. The
absorbance was measured (at 420 nm) for a series
of solutions containing varying amount of hydrox-
yacid with a fixed amount of PdCl, and HCIO,. It
is observed that addition of increasing amount of
hydroxyacid decregses the absorbance due to
PdCl, until the [hydroxyacid}: [PdCl,] ratio be-
comes 1:1 thereafter, there is no further decrease
in absorbance. The absorbance due to hydroxyac-
id at 420 nm was negligible.

On the basis of above facts and experimental
results a common mechanism for the oxidation of
hydroxyacids by NBS in presence of PdCl, may

be proposed as given in Scheme 1.
K

>NBr + HY =t >N*Her fast .. (i)
(NBS) (NBSH) -
R 2 kg [R
,CIOHICOOH [ + Pact, ] kﬁ :C(ou)coon...paan S (i)
R -2 R
(s) (x})

iy N 2-
{(X)+ >NBr —3» C=0+ >NH +HBr+C0, + [PdCl,] N
/
at

where > NH represent succinimide.R and R’ represent —H and
- CH,COOH for malic acid, - CH,COOH and —~CH, COOH
for citric acid and —H and — CH(OH)COOH for tartaric acid.

Scheme 1

According to Scheme 1, the rate of disappear-
ance of NBS may be given as,

__dINBS] _ Kk, [Pd(I)}; [S] [NBS]y
dt  {1+K,H}} {1+ K,[S]+k[NBS}!

{2)

where k'=ky/k_,

[NBS}: and [Pd(Il)}; represent the total concentr-
ations of NBS and palladium(II) at any time ¢ and
may be given as,

[PA(IT)};=[X]+[PdCl,)?~

The experimental results, i.e. first order depend-
ence of rate on [NBS] during a particular kinetic
run, decrease in the value of k, with an increase
in [NBS],, decrease in order of reaction in substr-
ate at higher [substrate], first order dependence of
rate on [catalyst] (steps responsible for uncata-
lyzed path have not been included in the mechan-
ism) and retarding effect of [H*] on the rate are
in agreement with rate law Eq. (2).

The values of K, for step (i) (Scheme 1) have
also been obtained with the help of intercepts and
slopes of the plots of (1/k,,,) versus [HCIO,] (Fig.
2). The values of K, were 66.0, 70.0 and 66.0
dm? mol~! for malic, citric and tartaric acids re-
spectively, i.e. nearly identical within the experi-
mental error.
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