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A benzalkonium chloride (BKC) catalyzed oxidation of pentaammine cobalt(III) complexes of both bound and unbound a-hydroxy acids |
by tributylammonium chlorochromate (TriBACC) has been studied. Perchloric acid is adapted as a medium and the oxidative kinetics was |
contrived spectrophotometrically at room temperature. Rate of TriBACC oxidation is carried out at pseudo-first order conditions and rate
constant was calculated. Absence of salt effect is observed on increasing NaClO,4 concentration. Abatement in UV-visible absorbance at |
503 nm for Co(IIT) complex confirms to nearly 100 % of initial absorbance. The complex [(NH;)sCo(IIT)-L]** shows inner sphere mechanism |
and induced electron transfer reaction yields 100 % Co(II). The product formed in this oxidation was analyzed and polymerization test |
was carried out. Comparative study of rate of TriBACC oxidation in presence of benzalkonium chloride is listed out. |
|
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INTRODUCTION

EXPERIMENTAL

The oxidation of a-hydroxy acids such as lactic acid,
mandelic acid and their pentaammine cobalt(IIl) complexes
using tributylammonium chlorochromate (TriBACC) has been
carried out in presence of a benzalkonium chloride (BKC).
Less work has been done on TriBACC oxidant with cobalt(III)
complex. TriBACC is easily soluble in water, Inexpensive,
stable, non-hygroscopic and easy to prepare in good yield.
The reaction between [ TriBACC] and [substrate] exhibits total
second order kinetics and first order with respect to concen-
tration of each oxidant and substrate. The oxidation of Co(III)-
L complex shows induced electron transfer reaction with the
external oxidant. It is proved that Cr(VI) reagents is the best
for the oxidation of most organic functional groups [1-3]. In
recent years, more achievement were made using new Cr(VI)
reagents such as tripropylammonium fluorochromate [4],
pyridinium fluorochromate [5], tetrabutylammonium chloro-
chromate [6] and tetraethyl ammonium chlorochromate [7]
etc., have been attempted to determine the kinetic and mechanistic
route of various organic compounds [8-16].

Tributylammonium chlorochromate oxidant was prepared
serenely and workup procedure, short reaction time, excellent
yield and it is new, stable and effective conditions shows the
superiority of this reagent.

Chemicals purchased are of Analytical grade (Merck,
India). Perchloric acid was standardized with standard sodium
carbonate solution with methyl orange as indicator.

Pentaammine cobalt(IIT) complexes of bound a-hydroxy
acids were prepared as their perchlorates by the reported proce-
dure of Taube and Gould [17].

[(NH3)sCo(II1)-OOC-CH(OH)-CH;](C104),-penta-
ammine cobalt(IIl) lactato complex

[(NH3)sCo(II)-OOC—-CH(OH)—CsHs](C104),-penta-
ammine cobalt(IIl) mandelato complex

Tributylammonium chlorochromate (TriBACC) was pre-
pared by the reported procedure [18]. UV/visible, IR and 'H
NMR data were all consistent with the TriBACC structure.
Purity of the oxidant is verified by iodimetric procedure.

Kinetic methods and rate measurements: All the reactions
were conducted under visible region. Elico UV-visible (FL244)
spectrophotometer has been employed. Total volume of the
cell is kept to 2.5 mL in every kinetic run. Ionic strength in
each kinetic run kept constant using HC10,-NaClO4 mixtures.
Decrease in absorbance is observed from A = 375 nm for
TriBACC oxidation of unbound o-hydroxy acids by keeping
substrate concentration 10 times excess than oxidant. Similarly
decrease in absorbance from A = 503 nm for Co(III) bound
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complex, here oxidant concentration is 10 times excess than
the complex. Each reaction is done in pseudo-first order condi-

TABLE-1
EFFECT OF VARYING CONCENTRATION OF TriBACC

tions and rate constant is calculated from slope of the graph Time (s) (a=x) (mol dm™) 10°k, (s
and the first order rate equation is calculated by the method of 60 2.550 279
least square. 120 2.160 2.78
180 1.800 2.86
ki = (2.303/t) x log [a/(a-x)] (1) 240 1.570 2.73
ki = 2.303 x slope, where k; is the pseudo-first order rate ggg igg %;z
constant, ‘t’ is the time in sec. k, is the second order rate 420 0:934 279
constant. 480 0.814 2.73
540 0.696 2.72
RESULTS AND DISCUSSION 600 0.590 272
L L . . . . Experimental value 2.76
The kinetic oxidation of lactic acid, mandelic acid and Graphical value 2.78

their pentaammine cobalt(IIT) complexes by TriBACC at room
temperature 30 = 0.2 °C in perchloric acid medium in presence
of benzalkonium chlorides is attempted. Temperature is kept
constant for every kinetic runs.

Rate dependence on TriBACC concentration: The rate
dependence of TriBACC oxidation of both bound and unbound
o-hydroxy acids has been adhered under pseudo first order
condition in presence of benzalkonium chloride by keeping
excess of the hydroxy acid concentration than the oxidant.
Rate constant (k.,.) is calculated by integrated first order rate
equation. Graph of 4 + logs (a-x) versus time was linear and
the rate constant (k) is calculated from the slope which was
agreed with calculated value of rate constant which shows the
first order rate dependence of [TriBACC]. Every kinetic run
was reproducible within the range + 2 %. On changing the
normality of TriBACC from 1.0 x 10? to 4.0 x 10 mol dm™
and keeping concentrations of substrate, benzalkonium
chloride, perchloric acid fixed (Table-1 and Fig. 1). The value
of k; is independent of initial concentration of TriBACC. The
rate is expressed as:

_d[TriBACC]/dt = k, [TriBACC] 2)

log (a—x)

k,=2781x10°s"
0.9-
0.8-
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Fig. 1. Pseudo first order plot of log (a-x) versus time rate dependence for
TriBACC

Rate dependence on hydroxy acid concentration: On
increasing the concentration of hydroxy acids bound and
unbound at 1.0 x 10" to 4.0 x 10" mol dm the rate increases
proportionately. The plot of [4 + log ki] versus 2+ log [hydroxy
acids] is a linear with slope nearness to unity is the first order

rate dependence of hydroxy acids. The rate is compared in
presence of benzalkonium chloride (Table-2 and Fig. 2).

TABLE-2
EFFECT OF RATE ON VARYING
HYDROXY ACIDS CONCENTRATION
[Hydroxy acids] . Béﬂlzalkonlum chloride _ _
10%k, (s 10°k, (mol” dm® s™)
Lactic acid [LA]
0.1 2.85 2.85
0.2 5.66 2.83
0.3 8.50 2.83
0.4 11.3 2.82
Mandelic acid [MA]
0.1 2.44 2.44
0.2 4.90 245
0.3 7.29 243
0.4 9.74 244
Lactato complex
0.1 0.88 0.88
0.2 1.75 0.87
0.3 2.64 0.88
0.4 3.52 0.88
Mandelato complex
0.1 0.67 0.67
0.2 1.33 0.66
0.3 1.99 0.66
0.4 2.66 0.66
52
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Fig. 2. Rate dependence of hydroxy acid in presence of benzalkonium
chloride
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Comparison of rate of TriBACC oxidation is given in
presence of benzalkonium chloride as follows:

Lactic acid > Mandelic acid > Lactato > Mandelato

Rate dependence on perchloric acid concentration:
Kinetic investigations were attempted on varying the perchloric
acid normality at 1.0 x 10? to 4.0 x 10> mol dm™ and by keeping
all other constituents constants in each Kinetic run, the value of
k; at various [HCIOy] is tabulated in Table-3. It is observed that
reaction rate increases with increase in [HCIO,] concentration.
It indicates that reaction is acid catalyzed. The plot of 4 + log k
versus 2 + log [HCIO.] is a linear with slope nearness to Unity
shows the first order dependence of [H*]. The rate is measured
in presence of benzalkonium chloride was shown in Fig. 3.

TABLE-3
EFFECT OF RATE ON VARYING
PERCHLORIC ACID CONCENTRATION

10° Perchloric Naclo Be:lzalkomum ch!orlde
[Substrate] acid L2 10,1k' 110 k23 N
(s7) (mol” dm’s™)

0.1 0.4 2.11 2.11

Lactic acid 0.2 0.3 4.18 2.09

0.3 0.2 6.28 2.10

0.4 0.1 8.43 2.11

0.1 0.4 0.76 0.76

Mandelic 0.2 0.3 1.50 0.75

acid 0.3 0.2 2.26 0.75

0.4 0.1 3.11 0.78

0.1 0.4 0.85 0.85

Lactato 0.2 0.3 1.71 0.85

complex 0.3 0.2 2.57 0.86

0.4 0.1 343 0.86

0.1 0.4 0.45 0.45

Mandelato 0.2 0.3 0.90 0.44

complex 0.3 0.2 1.34 0.45

0.4 0.1 1.79 0.45

5.0
m LA
e MA

481 | a LACTATO
4| v MANDELATO

3 + log k;
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2+ log [HCIO,]

Fig. 3. Rate dependence of perchloric acid in presence of benzalkonium
chloride

Comparison of rate dependence of perchloric acid is given
in presence of benzalkonium chloride as follows:

Lactic acid > Lactato > Mandelic acid > Mandelato

Rate dependence on ionic strength: Influence of ionic
strength on the rate of oxidation of hydroxy acids by TriBACC

was attempted at different concentration of sodium perchlorate
at room temperature. Concentration of other reactants was the
same. The data is tabulated in Table-4. From the table it mate-
rializes the absence of salt effect and the increase in the rate is
only due to H" ion. This is because one of the reactants is
neutral and other is positively charged.

TABLE-4
EFFECT OF RATE ON VARYING IONIC STRENGTH
10° [Substrate] [NaClO,] 10°k,; (s™)
0.1 5.61
. 0.2 5.49
Lactic acid 03 558
0.4 5.57
0.1 3.95
. 0.2 3.89
Mandelic acids 03 3.02
0.4 3.94
0.1 4.11
0.2 4.15
Lactato complex 03 411
0.4 4.18
0.1 2.71
0.2 2.72
Mandelato complex 03 268
0.4 2.72

Effect of added pyridine and picolinic acid: Pyridine
and picolinic acid was added to the reaction mixture. It is
observed that the conservative in rate of the reaction which
concludes that TriBACC is stable in aqueous perchloric acid
medium.

Dependence of rate on varying micellar concentration:
On varying the concentration of benzalkonium chloride at
0.0052, 0.01, 0.015, 0.02 and 0.03 mol dm™ shows a progre-
ssive increase in the rate. A plot of log k versus 3 + log [BKC]
gives sigmoidal curve. Comparison of rate is given below in
Table-5 and Fig. 4.

TABLE-5
EFFECT OF RATE ON VARYING
MICELLAR CONCENTRATION
10° [Substrate] Benzalkonium chloride 10°k, (s
0.0052 2.14
0.0100 4.25
Lactic acid 0.1500 4.83
0.2000 5.24
0.3000 5.58
0.0052 0.89
0.0100 1.77
Mandelic acids 0.1500 2.37
0.2000 2.87
0.3000 3.27
0.0052 0.77
0.0100 1.53
Lactato complex 0.1500 2.03
0.2000 243
0.3000 273
0.0052 0.85
0.0100 1.72
Mandelato complex 0.1500 233
0.2000 2.82
0.3000 3.51
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Fig. 4. Rate dependence of micellar (benzalkonium chloride) variation

Comparison of rate dependence of micellar (benzalkonium
chloride) variation is given as follows:

Lactic acid > Mandelic acid > Mandelato > Lactato

Polymerization test: Polymerization test was conducted
using acrylonitrile. To the 0.1 M substrate solution in 10 mL
of perchloric acid, few drops of acrylonitrile was added. To
this 5 mL of 0.01 M of TriBACC was added and shaken well.
Solution was kept under nitrogen atmosphere for 2 h in a
thermostat. No polymer is formed shows that the absence of
radical formation during the reaction.

Product analysis and stoichiometry: Product analysis
was done spectrophotometrically. TriBACC (0.9 M) and subs-
trate (0.3 M) were mixed together with HC1O4(1 M) and total
volume is 100 mL. The reaction mixture is kept for 9 half
lives (48 h) for almost 80 % completion of the reaction. Moles
of TriBACC consumed were determined by difference in absor-
bance before and after completion of reaction. The solution is
neutralized using saturated KHCO; and the product. The
mixture was treated with 2,4-dinitrophenyl-hydrazine. Yellow-
orange precipitate formed is extracted with diethyl ether is
dried and weighted and hence Stoichiometry was confirmed.
Benzaldehyde was formed on oxidation of mandelic acid while
acetaldehyde was formed on oxidation of lactic acid. In both
cases IR spectral data was agreed with the authentic samples.
This estimation indicated that hydroxy acids and TriBACC

was consumed in 1:0.67 mole ratio (one electron transfer) while
for cobalt(II) complex it was observed in 1:0.35 mole ratio
(two electron transfer). The stoichiometric equation is given as:

RCH(OH)COOH + Cr(V]) + H;0" ——
RCHO + Cr(V) + H,O + CO, + 3H"

RCH(OH)COO-Co(II) + Cr(VI) + H;0"——
RCHO + Cr(V) + H,O + CO, + 2H* + Co(II)

Chromium(V) was finally converted into Cr(III). Cr(III)
and Co(II) was confirmed by visible spectra after completion
of the reaction. Stoichiometry data is given in Table-6.

Mechanism: On accounting the product analysis, poly-
merization test and stoichiometric data a suitable mechanism
has been suggested. The oxidation mechanism mainly proceeds
by o-C-H bond fission in slow step with the transfer of hydride
ion:

H(C3H7)3

\/
//\

TriBACC

Il
R —C=C-0-Co o4
OH

Cobalt(IIT) complex
(R=CH;,C¢Hy)

Intermediate
assumed

(0]
o >/‘Er/& NH(C;Hy)3
AN

Cl

H 00
HO
R—C (CHh)s

|| + ” + Coll + Cr

100 % 100 %

TABLE-6

STOICHIOMETRIC DATA FOR TriBACC OXIDATION OF Co(IlI) BOTH BOUND AND UNBOUND
a-HYDROXY ACIDS IN THE PRESENCE OF BENZALKONIUM CHLORIDE

10° [Compound] 10 [TriBACC ;i 10? [TriBACC] 5, 10° A[TriBACC ) .
(ol o) (mol dm?) (mol dm?) (m[ol dm) : L
Mandelic acid
2.0 2.0 1.870 1.33 1.00:0.66
4.0 2.0 1.730 2.68 1.00:0.67
Lactic acid
2.0 2.0 1.868 1.32 1.00:0.66
4.0 2.0 1.740 2.60 1.00:0.65
Lactato
4.0 2.0 1.86 1.40 1.00:0.35
6.0 3.0 2.78 2.20 1.00:0.37
Mandelato
4.0 2.0 1.85 1.50 1.00:0.38
5.0 3.0 2.82 1.80 1.00:0.36
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Conclusion

The hydroxy acids bound and unbound oxidation by new
reagent TriBACC has been investigated in perchloric acid
medium at room temperature. The oxidation of hydroxy acids
is first order with respect to each TriBACC, perchloric acid.
This oxidation is catalyzed by cationic benzalkonium chloride.
On varying the concentration of substrate, perchloric acid
shows a progressive increase in the reaction rate with slope
is near to unity. Variation of micellar concentration shows a
progress of increase in the rate and a plot gives sigmoidal curve.
Polymerization test shows no intermediate is formed during
the course of the reaction. Product formed benzaldehyde,
acetaldehyde were analyzed. Stoichiometry data shows that
hydroxy acids and TriBACC was consumed in 1:0.67 mole
ratio (one electron transfer) while for cobalt(IIl) complex it
was observed in 1:0.35 mole ratio (two electron transfer). A
suitable mechanism has been given.
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