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ABSTRACT

The oxidation and mechanistic studies of cyclohexanone by (BIFC) benzimidazolium fluorochromate have been
investigated in being of perchloric acid with binary compounds (acetic acid and water). Rate data interpret unit order
dependence concerning both BIFC and H* ions and fractional order concerning substrate. The rate of reactions increased
with an increase in the portion of acetic acid. The hhydrogen ion concentration plays as a catalyst in the chemical reaction
mixture. The gain of Mn?* ions retard the reaction rate conforming bi-electron conveyance process in this reaction. The
oxidation product 2-hydroxy cyclohexanone was identified. Based on kinetic studies and pproduct analysis; enthalpy,
entropy, free energy and energy of activation have been calculated and the pprobable mechanism was discussed.
Furthermore, some of the cyclic ketones were used to check the reactivity. Its reactivity of the cyclic ketones viz.,
cyclohexanone < cycloheptanone < cyclopentanone < cyclooctanone.
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Chromium has frequently and extensively been used as
an oxidizing agent for both preparative and analytical
chemistry. Benzimidazolium fluorochromate! is one of the
chromium (V1) oxidants. It is mild, more stable, and easily
stored to compare with other chromium (VI) reagents. It is
suitable for most oxidation reactions in a kinetic manner.
Chromium (V1) is supposed to be highly toxic and hazardous.
Whereas, the reduced chromium (I11) is biologically active [1].
Chromium (V1) compounds act as irritants of the skin and
mucous membranes. On the contrary chromium (Ill) and
chromium (IV) are non-toxic and biologically active. Cyclic
ketones are the most widespread and principal raw materials in
industrial applications. Cyclic ketones were oxidized by
different chromium compounds [2-4] and the reactivity of
cyclic ketones by different chromium compounds [5-8]. Few
organic substrates were oxidized by benzimidazolium
fluorochromate [9-11]. In the present investigation, the
oxidation kinetics of cyclanones by BIFC has been done the
work in an aqueous acetic acid to propose a suitable
mechanism. From this investigation, the reactivity of cyclic
ketones has been explained. During this oxidation, the
chromium (VI) compound of BIFC is reduced to chromium
(IV), .., non-toxic and biologically active. Better
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understanding the reactivity and oxidation of such compounds
to harmless products.

MATERIALS AND METHODS

The oxidant (BIFC) can be prepared from chromium
trioxide, benzimidazole and hydrofluoric acid in the calculated
molar ratio. It is obtained as crystals with yellow-orange. The
compound melted at 195°C (literature m.p. 194 — 196°C). BIFC
was prepared with 0.1 molar solution and standardized using a
digital spectrometer (ELICO CL 23 MINI SPEC) Amax = 470
nm. The structure of Benzimidazolium fluorochromate was
shown (Fig 1).  Cyclopentanone,  cyclohexanone,
cycloheptanone, cyclooctanone (all Sigma Aldrich) samples
were distilled directly and physical constants further checked
their purity. The solvent acetic acid (E Merck) was distilled by
Orton and Bradfield [13] method. Perchloric acid, sodium
perchlorate, acrylonitrile and manganous sulphate (E Merck)
were purchased as AnalaR grade and used as such. The blank
reaction was checked using these reagents properly. All the
reagents were prepared using distilled water.

The oxidation reactions were maintained below the
pseudo-first-order system in presence of the perchloric acid.
The absorbance was studied using a digital spectrometer
(ELICO CL 23 MINI SPEC) Amax = 470 nm. The reaction
solutions were placed in a thermostat at a stable temperature +
0.5°C accuracies for 15 minutes. The temperature was obsessed
using a RAAGAA thermostat to be maintained + 0.5°C. In the
reaction flask, all the reaction solution mixtures have
maintained the temperature and the reaction can be started by
adding an oxidant in the known volume. Immediately, the
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minimum volume of the reaction mixture was transferred into
the quartz cuvette and again placed in the same reaction flask.

P

H

CrO5F°

Fig 1 Benzimidazolium fluorochromate

The reactions were monitored spectrometrically for
changing the concentration of unreacted oxidants. The rate
constant (pseudo-first-order) for each run was determined from
this slope values of graph between log Optical Density (OD)
and time. The results were reproducible within + 2% error.

Product analysis

From the aforesaid experimental conditions of Kinetic
determinations, the solutions of oxidant, substrate and
perchloric acid were mixed and kept under nitrogen atmosphere
for the completion of the reaction at least 24 hours. The product
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was filtered with a suitable solvent and the lower layer (organic)
was washed with water dehydrated over anhydrous sodium
sulphate. The products of oxidation of cyclic ketones were
found to be corresponding dibasic acids and they were
identified as the corresponding 2-hydroxy cyclic ketones. The
products were also detected by spectral studies and their colour
reaction with copper-benzidine acetate (spot test [14]).

RESULTS AND DISCUSSION

The oxidation kinetic measurements of some selected
cyclic ketones were followed using the same oxidant in an
aqueous acetic acid environment.

Oxidant effect: The oxidation of cyclohexanone by BIFC
was studied at several concentrations of BIFC, cyclohexanone,
perchloric acid, acetic acid, double distilled water and
temperature remains constant. The order of BIFC was unity as
obtained from the plot between log Optical Density and time.
The rate constants ki (Table 1) were obtained from the slopes
such plots and remain unaffected on changing the concentration
of BIFC. Such observations have been reported by several
authors [4], [7], [9]. This may be due to the formation of
chromium (VI) with acid in the form of acidic chromate [15].

Table 1 Rate data for the oxidation of cyclohexanone by BIFC at 308K

[BIFC]102 [Cyclo hexanone] [H] Percent acetic [NaClO4] [MnSQ4] ki 10%

(mol dm3) 10! (mol dm3) (mol dm3) Acid:Water (v/v) 10*(mol dm®)  10*(mol dm®) (sh
2.0 6.0 0.8 50:50 - - 4.92
3.0 6.0 0.8 50:50 - - 4.85
4.0 6.0 0.8 50:50 - - 4.79
5.0 6.0 0.8 50:50 - - 4.94
6.0 6.0 0.8 50:50 - - 4.90
3.0 3.0 0.8 50:50 - - 3.43
3.0 45 0.8 50:50 - - 4.12
3.0 6.0 0.8 50:50 - - 4.85
3.0 7.5 0.8 50:50 - - 5.53
3.0 9.0 0.8 50:50 - - 6.08
3.0 6.0 0.4 50:50 - - 2.94
3.0 6.0 0.8 50:50 - - 4.85
3.0 6.0 1.2 50:50 - - 7.20
3.0 6.0 1.6 50:50 - - 9.50
3.0 6.0 2.0 50:50 - - 12.20

3300 pass-through origin indicating Michaelis-Menten type kinetics

r=0.992 of this oxidation reaction. This indicates a complex formation

30004 . between cyclic ketone with BIFC.

2700 Catalytic effect: At a constant concentration of substrate,
= oxidant, solvent and temperature was maintained and varying
™ 2400 M the concentration of perchloric acid; the reaction rates (k1) were

increased with rise in the concentration of perchloric acid [16]

2100 (Table 1). The linear plot with fractional slope (0.881) can be

obtained between log ki and log [H*]. The reaction is evidenced

1800 to follow fractional-order kinetics since the oxidant is in the

o protonated form.
1500 T T T T
' - ’ 1765 ? ° > Salt and solvent effect: The addition of sodium

Fig 2 Michaelis-Menton Plot

Substrate effect: The rate constant was linearly related to
changing the strength of cyclohexanone (Table 1), the order was
calculated from the linear plot of log ki against log [s]. It was
the slope value 0.528 and treated as fractional order. A plot of
1/k; against 1/[s] gave a straight line (Fig 2) which does not

perchlorate in the oxidation reaction was negligible of rate
constants. It indicates the participation of polar species in the
rate determining step of the reaction and also not to involve ion-
ion type. Five different percentages of acetic acid were
modified in the oxidation reaction. The rate of the reactions
changed with rise in the percentage of acetic acid (Table 2). The
linear plot with a positive slope can be obtained between log ki
and 1/D. It may be probably due to ion-dipole interaction [17]
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in the slow step of the reaction. This is due to the polar character
of the transition state as compared to the reactants.

Electron transfer effect: The nature of electron transfer
can be determined by the reaction with changing the dilution of

manganous sulphate (Table 2). It decreases the rate of reaction
and the reaction may involve a two-electron process. This is due
to the polar character of transition state as compared to the
reactants. Also, the absence of free radical mechanism due to
nil effect of added acrylonitrile [18].

Table 2 Rate Data for the Oxidation of Cyclohexanone by BIFC at 308K

[BIFC]10°  [Cyclo hexanone] 10t [HY] Aofi dA_\Clsgtcer [Nal%Lo4] [M?SP“] ki 104
-3 -3 -3 . -1
(mol dm) (mol dm™) (mol dm) (WIv) (mol dm™) (mol dm™) (sh
3.0 6.0 08 40:60 - - 3.09
3.0 6.0 0.8 45:55 - . 3.85
3.0 6.0 0.8 50:50 - . 4.85
3.0 6.0 0.8 55:45 - . 5.95
3.0 6.0 0.8 60:40 - ; 7.42
3.0 6.0 0.8 50:50 5.0 . 4.99
3.0 6.0 0.8 50:50 10.0 ; 4.92
3.0 6.0 0.8 50:50 15.0 ; 4.62
3.0 6.0 0.8 50:50 20.0 ; 481
3.0 6.0 0.8 50:50 i 5.0 3.67
3.0 6.0 0.8 50:50 - 10.0 3.29
3.0 6.0 0.8 50:50 , 15.0 3.0
3.0 6.0 0.8 50:50 : 20.0 2.84

Temperature effect: At four different temperatures, the
rate constants were measured at constant [BIFC],
[cyclohexanone] and [perchloric acid]. The result shows to raise
the rate of reaction with raising the temperature. Enthalpy,
entropy, free energy and energy of activation can be calculated
(Table 3) using Eyring's equation [19-20] from the plot between
log ko/T and 1/T. This shows that the Arrhenius equation is
valid in this case. It has been pointed out that if the small value
of entropy of activation is negative and the reaction will be
slow.

Mechanism: The cyclohexanone was oxidized by
benzimidazolium  fluorochromate to give  2-hydroxy
cyclohexanone in presence of perchloric acid. This oxidation
reaction shows first-order concerning BIFC, fractional-order
concerning cyclohexanone, hydrogen ion concentration. The
chromium (V1) concentration was very much lower [21]. From the
above kinetic results, the favourable mechanism was projected and
desirable rate law was delivered.

I "
C K, C
HzT/ \THz He? \CH2
HZC\C/CHZ HZC\C/CHZ
H, H,
(BenlmH"O o K, (BenlmH)O{ ® OH
/CI'\\/ -*-HJr / I'\\
FF 0 F

e K . Hy &
Benlmit)05 9 fy) . H-C7 e, 2| (GO 0—Cem, |
F/(/r\\o HZC\C/CHZ F/ % HZC\C,CHE
H, Hy
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H 0
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& k o
(BenImH )0 3‘,0—\6/’C\CHZ 4, p¢ CH

Hé C\H + F—Cr—0O(BenImH")
A el bn, | Slow e
C H,

o
H, Cr(v)

Complex C,

Rate = k4 [Complex]

= k4K [BIFCH™ [S*]
= kK3 Ky [BIFCH*] [S*] [H*]/ (1 + Ky [H*])
= kK3 KoKq [BIFCH*] [S] [H*]/ (1 + Ky [H*])

The projected mechanism and desirable rate law supports
all the kinetic results and including the solvent effect, the
negative value of entropy. Rate of reaction has been studied the
substrate effect and temperature effect for the cyclic ketones
viz., cyclopentanone, cycloheptanone, cyclooctanone (Table 3).
All the cyclic ketones have followed the reaction under
Michaelis-Menton type kinetics with fractional order and it
obeys the linearity of the plot. Thermodynamic and activation
parameters were calculated as mentioned above method [19-
20].

Table 3 Thermodynamic and aactivation constants for the ooxidation of cyclic ketones by BIFC

. Order w.r.to ko x 10°(s7) AH? -AS* AGH Ea
CyclicKetones "¢ porate 303K 313K 323K 333K (Jmol)  (IKmol) (kjg(‘)%'}? at ("Jg(‘)%'}? at
Cyclo hexanone 0.528 4.85 8.48 12.80 19.60 31.05 132.96 71.34 33.57
Cyclo heptanone 0.641 12,27 15.88 19.97 25.69 15.97 187.84 72.88 18.49
Cyclo pentanone 0.655 16.47 19.98 24,51 30.09 12.94 196.79 72.57 15.46
Cyclo octanone 0.541 19.45 25.51 31.12 37.74 14.15 192.11 72.36 16.67

[BIFC] = 3.0 x 103mol dm3 [Cyclic Ketones] = 6.0 x 10"t mol dm3[H*]=0.8 mol dm-3 cOH:H,0=50:50 (v/v)
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The activation enthalpies and entropies were linearly
related by the following equation [22-24].

AHF = AHo* + BAS* ............ (1)

A linear plot (Fig 3) between enthalpy and entropy of
activation with slope value (B) is 282.45. This slope value is
isokinetic temperature from the above-mentioned equation
(Equation 1). Since the B value is lower than the experimental
temperature, it indicates that this oxidation reaction is an
entropy-controlled reaction [25-27] and it follows a common
mechanism. The linear Exner’s plot with good correlation
between different temperatures of the reaction rate constant.
This indicates that the four cyclic ketones precede the same
mechanism.

35

r=0.398
304 B=28245

254

DH*

204

154

10 T T T
-200 -180 -160 -140 -120
D&

Fig 3 Isokinetic plot

Reactivity: The rate of reaction for the four cyclic
ketones were analysed by the changes in strain energy between
the ground state and the transition state of the process to be
considered [28]. The order of reactivity of the cyclic ketones as

cyclohexanone < cycloheptanone < cyclopentanone <
cyclooctanone. This order of reactivity could be rationalized
based on a change in the ring system involved in passing from
the initial (sp®) to the transition state (sp?). In the pentanone,
heptanone and octanone ring system, the primary source of
strain arises as a result of non-bonded interactions [29]. This
type of interaction could not be involved in the hexanone ring
system (staggered form). The net result would be the reactions
leading to the case of non-bonded interactions in the five, seven
and eight-membered ring systems would be facilitated. For a
six-membered ring, any deviation from the staggered
conformation would be unfavourable, since this would entail
high energy of activation. This would be an account of slower
in the rate of oxidation of cyclohexanone.

CONCLUSION

Oxidation kinetics of cyclic ketones have been examined
in the acetic acid-water medium in being of perchloric acid. The
oxidation reaction follows under the Michaelis-Menton type of
kinetics and is catalysed by perchloric acid. The observed order
of reactivity conforms with the order of their enol-contents, i.e.,
cyclohexanone < cycloheptanone < cyclopentanone <
cyclooctanone.
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