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ABSTRACT

Themechanistic study of ruthenium(111)-catalyzed oxidation of n-hexanol
and n-heptanol (primary alcohols) has been studied by quinolinium
fluorochromate (QFC) in aqueous perchloric acid medium at 308 K. The
reaction followed zero order kinetics with respect to [primary acohols].
First-order kineticswith respect to [QFC] and [Ru(l11)] were observed for
the oxidation of primary alcohols. The variation of [H*],[CI-] and ionic
strength of the medium had no significant effect on the rate of the reac-
tion. The values of rate constants observed at four different temperatures
were utilized to cal culate the activation parameters. The reaction between
QFC and primary alcohols, in acidic medium, exhibits 1:1 stoichiometry. A
plausible mechanism conforming to the kinetic results has been proposed.
© 2010 Trade Sciencelnc. - INDIA
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INTRODUCTION

n-Hexanol isan organic a cohol withasix carbon
chain and a condensed structural formula of
CH,(CH,),OH. Thiscolorlessliquidisdlightly soluble
inwater, but misciblewith ether and ethanol. Many iso-
meric acoholshavetheformulaCH,,OH. n-Hexanal
isbelieved to be acomponent of the odour of freshly
mowed grass. Itisusedintheperfumeindustry. Heptanol
iIscommonly usedin cardiac el ectrophysiology experi-
mentsto block gap junctionsand increase axia resis-
tancebetween myocytes. Increasing axid resistancewill
decrease conduction vel ocity and increase the heart’s
susceptibility to reentrant excitation and sustained
arrhythmias. n-Heptanol hasapleassant smdl andisusad

incosmeticsfor itsfragrance. Ha ochromateshave been
used asmild and sdlective oxidizing reagent in synthetic
organic chemistry. A variety of compounds containing
chromium(V1) have proved to be versatile reagents
capableof oxidizingamost every oxidizing functiona
group. The kinetics and mechanism of oxidation of
Cr(VI) hasbeen well studied, chromic acid being one
of themost versatileavail able oxidizing reagents, react-
ing with diverse substrates. The development of
chromium(V1) reagentsfor the oxidation of organic sub-
strates continuesto be of interest.

A number of new chromium containing compounds
like pyridinum bromochromate™, quinolinium
chlorochro- matel, 2,2’-bipyridinium chlorochro-
mate'?, pyridinium fluorochromate, Isoquinolinium
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Bromochromate®, quinolinium bromochromate®,
quinoliniumdichromate, pyridinium fluorochromated,
imadazolium fluorochromate® have been used to study
thekineticsand mechanism of oxidation of variousor-
ganic compounds. However, most of thereagentsde-
veloped so far suffer from at least one of the draw-
backs such ashigh acidity, photosensitivity, instability,
hygroscopicity, low selectivity, long reaction timeand
need for large excess of reagent. To overcomethese
disadvantages, we have synthesized quinolinium
fluorochromate, asamild, efficient and stable reagent
whichisabletowork asboth an oxidizingagentanda

fluorinating reagent.
EXPERIMENTAL

Reagents

All thechemicalsand reagentswere of analytical
grade. All thesolutionsused inthe sudy were made by
usingdoubly distilled water.

Quinolinium fluorochromate was prepared by the
following method: Chromium(V1) oxide (15g., 0.15
mole) was dissolved in water (25ml) in a polythene
beaker and 40% hydrofluoric acid (11.3ml, 0.23 mole)
added toit with stirring at room temp. Within5min, a
clear solution resulted in. To thissolution, quinoline
(27.7ml, 0.15 mol es) was added slowly with stirring.
The mixture was heated on asteam-bath for half an
hour, and then cooled at room temp. and alowed to
stand for 1 hr. The bright red-orange crystaline
quinaliniumfluorochromatewasisolated by filtrationand
driedinvacuofor 1 hr, m.p. 162-163°C.

Kineticsmeasur ements

A thermo-stated water bath was used to maintain
thedesired temperaturewithin+0.1°C. Theappropri-
atestrength of the QFC, HCIO,, KCI, Ru(lIl) chloride
and water were taken in areaction vessel which was
kept inathermostatic water bath. After alowing suffi-
cient timeto attain the temperature of the experiment,
requisite volume of primary alcohols solution, also
thermo-tated at the sametemperaturewasrapidly pi-
pette out and poured into thereaction vessdl . Thetotal
volumeof thereaction mixturewas 100 ml ineach case.
5ml aiquotsof reaction mixturewas pipetteout at dif-
ferentintervalsof timeand quenched with 4% acidified
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potass umiodidesolution. Theprogressof thereaction
was monitored by iodometric estimation of QFC by ti-
tration againgt astandard sol ution of sodium thiosulphate
using starch asan indicator to determine unconsumed
QFCat regular timeintervas. Eachkineticrunwasstud-
iedfor 75%reaction. Theinitid rateof reaction (-dc/dt)
was determined by the slope of thetangent drawn at a
fixed [QFC] ineach kineticrun. Theorder of reactionin
each reactant was cal cul ated with the hel p of plot of (-
dc/dt) versus concentration of the reactants.

Soichometry and product analysis

The stoichiometry of the reaction was determined
by carryingout severd setsof experimentswithvarying
amounts of QFC largely in excessover n-hexanol and
n-heptanol (primary acohols). The estimation of
unreacted QFC showed that 1 mol of primary acohols
reactswithmol of QFC.

RuCl
R—CH,0H + 0,CrFOQH*— 3 R—CHO + OCrFO"QH"

Primary QFC Aldehyde

alcohol
WhereR =-CH2-CH2-CH2-CH2-CH3for n-hexanal
=-CH2-CH2-CH2-CH2-CH2-CH3for n-heptanal

The oxidation productsare hexana and heptanal
for n-hexanol and n-heptanol respectively.

Product andysiswas carried out under kinetic con-
ditionsi.e. with an excess of thereductant over QFC.
Inthisexperiment, the primary a cohols (0.2 mol) and
QFC (6.18g, 0.02 mol) were dissolved in 100 ml of
acetone and allowed to stand for 24 h to ensure
completion of thereaction. Thesolutionwasthentrested
with an excess of a saturated solution of 2, 4-
dinitrophenylhydrazinein2 M HCI and kept overnight
inarefrigerator. The precipitated 2, 4-dinitrophenyl-
hydrazone (DNP) wasfiltered off, dried, weighed, re-
crydalized from ethanol and weighed again. Theyields
of DNP beforeand after recrystallizationwere2.52 g
(88%) and 2.26 g (79%) respectively. The DNPwas
foundidentical (m.p. and mixed m.p.) withthe DNP of
hexand and heptand inthe oxidation of n-hexanol and

n-heptanol respectively.
RESULTSAND DISCUSSION

Effect of catalyst
The kineticsrecorded at various [Ru'"'], ionic
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[RUCI3 (H0)4]" + CrOFOQH" === [RuCl; (H20)s ——CrO,FO"QH"]"

Cy
Ko

C,

C, —=2» [RuCl, (H,0)3 ——Cro,FOQH** + H0

slow

Intermediate complex (Cj)

— c —
+ /
O-------- Cr
: | SooHt
C3 + R_CHon — : : + [RUCIZ (H2())4]+
|
H—(l:'—H——————o
L R _
Complex

Complex——» R—CHO + CrOFOQH*

Where R = -CH,-CH,-CH,-CH,-CH3 (n-hexanol) and
= 'CHz'CHz'CHz'CHz'CHz'CH3 (n—heptan0|)
Scheme

strengths of the medium along with kinetics effects
of potassium chloride and substrate are given in
TABLE 2. First order dependenceon[Ru'"'] is evi-
dent from close resemblance between the slopeval -
ues(2.04 x 101s' & 4.25 x 10 st (for n-hexanol)
and 3.14 x 101 s? & 5.20 x 101 s? (for n-heptanol)
at 35°C & 45°C respectively) of (-dc/dt) vs.
[Ru(lIl)] plot (Figure 2) and averagek, values(2.20
x 101st & 4.30 x 10t s*(for n-hexanol) and 3.05
x 101 st & 5.26 x 10! s (for n-heptanol) at 35C
& 45°C respectively).

Ruthenium(l11) chloride hasbeen reported to give
anumber of possible chloro species dependent pH of
the solution. Under theexperimenta rangeinthe present
investigation, [RuCl, (H,0),]* has been proposed and
confirmed¥ as reactive speciesdominantin the pH
range 1.00-3.00. Thedissociation or association pos-
ghility of chlorideionsseemsto beremoteduetoinsg-
nificant effect of chlorideions.

Effect of variation of substrate concentration

At constant concentrations of QFC and HCIO,,
theincrease in amount of substrate did not affect the
rate of reaction (TABLE 1).

Effect of variation of QFC concentration
At constant concentrationsof substrateand HCIO,
theincreasein concentration of QFC enhancesthere-
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action rate (TABLE 1). Plots of log (-dc/dt) against
log[ QFC] gave astraight linewith dopenearly 1 con-
firming thusfirst order with respect to n-hexanol and n-
heptanol (Figurel).

Effect of variation of H*and Cl-concentration

Variation of concentration of hydrogenionsand
chlorideion did not influencethevalueof (-dc/dt) ap-
preci ably, showing thus zero order kineticsin both H*
ionsand Cl-ions(TABLE1).

Effect of ionic strength

NaClO,wasused for thestudy of ionic strength of
themedium. Variation of ionic strength of themedium
did not bring about any significant change ontherate of
reaction under the constant experimental conditions
(TABLE1). Accordingtotheratedetermining stepin
reaction schemethat involvesion-dipole interaction,
negligibleeffect of variation of ionic strength of theme-
diumontherateof oxidation of Primary dcoholsiswell
explained.

Effect of solvent compaosition

The oxidation of primary alcoholswasstudiedin
10 different organic solvents. The choice of solvents
was limited dueto solubility of QFC and itsreaction
with primary and secondary alcohols. Therewas no
reactionwith the solventschaosen. Thekineticswassmi-
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TABLE 1: Effect of variation of reactantson ther eaction ratesn-hexanol and n-heptanol at 35°C. Conditions: [QFC] =1.00x 10°M

[Ru(l11)] x 10°M  [Substrate] x 10°M

[KCI] x 10°M [HCIO4] x 10°M

(-dc/dt) x 10’

3
[NaClO4] x 10M 1) -1 63 flew n-hept

2.40 2.00 1.00
4.80 2.00 1.00
7.20 2.00 1.00
9.60 2.00 1.00
12.00 2.00 1.00
14.40 2.00 1.00
1.00 0.33 1.00
1.00 0.40 1.00
1.00 0.50 1.00
1.00 0.66 1.00
1.00 1.00 1.00
1.00 2.00 1.00
1.00 2.00 0.83
1.00 2.00 1.00
1.00 2.00 1.25
1.00 2.00 1.67
1.00 2.00 2.50
1.00 2.00 5.00
1.00 2.00 1.00
1.00 2.00 1.00
1.00 2.00 1.00
1.00 2.00 1.00
1.00 2.00 1.00
1.00 2.00 1.00
1.00 2.00 1.00
1.00 2.00 1.00
1.00 2.00 1.00
1.00 2.00 1.00
1.00 2.00 1.00
1.00 2.00 1.00

0.20 - 1.640.94
0.20 - 3.241.85
0.20 - 4.90 2.80
0.20 - 6.54 3.75
0.20 - 8.164.70
0.20 - 11.955.65
0.20 - 3.002.30
0.20 - 3.282.85
0.20 - 3.252.60
0.20 - 3.202.58
0.20 - 3.202.65
0.20 - 3.242.80
0.20 - 2.622.70
0.20 - 3.242.80
0.20 - 270254
0.20 - 2.002.84
0.20 - 3.76 2.79
0.20 - 2.40 2.68
0.04 - 2.722.82
0.08 - 3.202.80
0.12 - 3.552.64
0.16 - 3.002.84
0.20 - 3.202.80
0.24 - 3.362.76
0.20 0.83 3.352.85
0.20 1.00 3.202.80
0.20 1.25 2.622.92
0.20 1.67 3.492.75
0.20 2.50 3.202.88
0.20 5.00 3.56 2.74

larinal thesolvents. Thevaluesof k, at 35°C arere-
cordedin TABLE 2.

Effect of temperature

Thereactionwasstudied at different temperatures
(303-323K) (TABLE 3). Fromthelinear Arrhenius
plot of logk versus I/T, the activation energy (E)) was
calculated (Figure 3). With the hel p of the energy of
activation, va uesof theother activation parameterssuch
asenthalpy of activation (H*), entropy of activation
(S*), Gibbsfreeenergy of activation (G*) andArrhenius
factor (A), were calculated and thesevaluesaregiven
iINTABLES3.

Entropy of activation playsan important rolein
the case of reaction between ions or between anion
and aneutral moleculeor aneutral moleculeforming
ions. When reaction takes place between two simi-
larly charged species, thetransition statewill beamore
highly charged ion, and dueto this, more solvent mol-
eculeswill berequired than for the separateions, lead-
ing to adecreasein entropy. On the other hand, when
reaction takes place between two ions of opposite
charges, their unionwill resultsinalowering of the net
charge and dueto this somefrozen solvent molecules
will bereleased with an increase of entropy. On the
basis of thisinformation, observed negative entropy
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Figurel: Plot between log[QFC] and log (-dc/dt) for oxidation
of hexanol (Hex) and heptanol (Hept) at 35°C

TABLE 2 : Effect of solventson the oxidation of primary
alcoholsby QFC, Conditions: [Ru(l11)] =4.80x 10°M, [QFC]
=1.00x 10%M, [Substrate] =2.00x 10?M, [KCI] =1.00x 103
M,[HCIO,] =1.00x 10°M

10"k, s*
Solvents
n-hex n-hept
Acetone 3.24 2.80
Butanone 2.75 2.85
Benzene 3.50 2.95
Ethyl acetate 2.95 2.84
Nitrobenzene 3.58 3.02
Acetic acid 1.74 2.50
t-butyl alco. 3.38 3.90
Acetophenone 5.91 2.78
Choloroform 3.61 6.05
Toluene 3.50 2.70

of activation supportstheratelimiting step of the pro-
posed reaction scheme. The proposed mechanismis
al so supported by moderate val ue of energy of acti-
vation and other activation parameters. Thehigh pos-
tivevaluesof AH* and AG* indicatethat thetransition
stateishighly solvated.

From the above statements|ead usto suggest the
following reection schemewhich givestheddtailsof vari-
ousstepsinthetitlereaction.

The oxidation product of n-hexanol and n-heptanol
are CH,-CH_-CH,-CH, CH,-CHO (hexanal dehyde)
and CH_-CH,CH,-CH,-CH, CH, CHO (heptana-
|dehyde) respectively.

On gpplying steady state approximation and con-

‘ 10 ) /‘
:w Hex /’/
e
o
*
X - ;
S / =
— / _ - ol

g e

/ e al Hept
.,-/'-.-r
2 =
- —

[Ru(lip] x 10° M
Figure2: Plot between (-dc/dt) and[Ru(l11)] for oxidation of
hexanol (Hex) and heptanol (Hept) at 35°C
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Figure3: Plot between log(-dc/dt) and L/T for oxidation of
hexanol (Hex) and heptanal (Hept) at 35°C
sidering steps (i) and (i), theratelaw may bederived
a&s

—d[QFC] _
BT k,[C,] (1)

Total concentration of Ru(lll) i.e[Ru(lI1)], may be
written asequation (2)

[Ru(11)], =[C] +[C] @
rater K2 [QFCIRUAID], 9
1+ K, [QFC]

WhenthecomplexisunstableK issmall or 1>>K
[QFC], thenwehave

$= K, [QFC][Ru(I1)]; @

Theratelaw accordswell to thekinetic results.
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TABLE 3: Ratecongtantsand activation par ameter sof oxidation of primary alcoholsby QFC. Conditions: [Ru(l11)] =4.80 x
10°M, [QFC] =1.00 x 10°M, [Substrate] =2.00 x 10°M, [KCI] =1.00 x 10°M, [HCIO,] =1.00 x 10°M

10% k,(s%) at(°C)
Substrate 30 35 40 45

AE*(kImd?)  AG*(Imoll)  AH*(Imo”)  AS'(kImo?) logA

n-hex 227 324 456 6.50 52.60 76.30 53.34 -15.75 10.35
n-hept 194 2.80 3.86 5.58 53.05 74.04 69.04 -16.23 9.44
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