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1. OXIDATIQH OF JAQUNAHYDRTIC PHENNALS BY ALLXALIINE

HIVACYANCRTARATE (IXI).

The kineties of oxidation of monohydric phenols
(phenol =nd substituted phenols, vanillin and eugecnol) by
aslkaline hexacysnoferrate (III) has been studied in nethanol -
water miztures, The reactions showed a first order dependanc
on the concentrations of each - substrate, oxidant =znd

alkali,

The rates of these reactions showed a decrease,
with increasing proportions of methanol, tkat is, with =
decrease in the dielectric constant of the mediuwm. The role
of the solvent has heen rationnlised on the basis of the
dielectric comstant, indicating that the reactions under

consideration involved ions of the same sign,

The effect of changes in temperature on the r-tes
of the reactions has been sindied, and the activation

parameters have beepn evwvaluated,

rate determining step of the reaction has hzcen detected

by esv sSpeciroscony.



The repction patway has bheen mechanistically
visusliizged o8 nrocending via the formation of a radical

k3

irtermedialte irm the rate determining step, The radie=l

S

hen nndergees frrthcr rcaction to yield ceccoupled nroducts,
Thn» nroducts viere charncterized by analytienl snd spectir-1l

methods.

2. CXIDATION OF DIXYDRIC PEEMOLS BY ALXALINE

HEXACYANOFERRATE (IIX).

I

The kinetics of oxidation of dihydric phenols
{catechol, resorcinol, orcimel a2nd guinol) by alkaline
hexacyanoferrate (III), has been investigsted in methanol -
water mixtures. Tﬁe reactions showed a first order

dependence onr the concentrations »of each - substr-te,

oxidant and alkali,

Increasing onroportions of methanol resunlted in
a decrease in the rate of the reaction. Ploits of log ko:
against the reciprocael of the dielectric comstant were
linear, with neg=stive slopes, Thais shoved that the reactions

under censideraticn involved icomns of the same sign.



the reaction was enhanccd, 7ith an

irerease in the tenmcersiturce of the medium, TFhe sctivatien

The presence of radical intermediates -rms detected

by esr snectroscopny.

The mechanism of the reaction involwed the formation
of a radical intermediate in the rate determining step. Further
oxidation ¢f the radicel yielded either the guinone, or
resulted in the formation of coupled products, These products
were chtaired in gocod yields, and were characterised by

analytical and spectral methods.,

3. CXIDATICN OF TRIH/DRIC PHENOLS BY ALKALINE

HEXACYANCFERRATE {11I).

The kinetics of oxidz2tion of pyrogalilol and
phlorcglucinol by alk=line hexacyanoferrate {(IXII) has hecn

staudied in methanc

=

- water mixtures, The reactinns showed
a first order depcerndence on the concentrations of each -

substrate, oxidant and alkali,

The rate of the reaction was influcnced by a change

in the solvent comvposition of the medium. Plotits of log kobs

against the reciprocal of dizlectric constant were linear,



suggesting that the rcactions under consideraticrn weres

-

The rate of the reaction was incrensed, with 2n

(3l
L
o

increase in the tempersiure 5f the reaciion wodium, and

y

activation paranmeters have heen ewnluanted,

The prescnce of radical intermediates was detccted

by esr sSpectroscopy.

The mechonism of the reaction invelved the
formation cf a radieal intermcdinte in the rate determining
step., Further oxidation of the radicel yiclded either the
extended guinone, cr rcsulted in the formation of coupled

products., These products 7ere characterized by analytic-l

and speetral methods,

4, OXIDATION OF NAPHTHOLS PY ALKALINE

UEXACYANQFERRATT (ITII). ...

L
.

t
s of oxidation of A=nophihol and

I3

kg

he kinetli

®
tte
o

wer
1k2line heXacyanoferrate (II¥), has been

-

investigated in methanol ~ water mixtures., The reactions

I

«

showed a first order dependence on the concenlrations of

each — substrate, oxidant and alkali.



The rate of the reaction was found to incre-se
with increasing amdunts of methanol, that is, 7ith o

decrease in the dieclectric constant of the mediunm,

The ratc of the reaction was enhanced, with an

increase in the temperature of the medinm. The activation

parameters have bcen evaluated,.

The presence of radical intermediates has hecn

detccted by esr spectroscopy,

The mechanism of phenol coupling invonlves the
formation of a radicel intermediate in the rate d=termining
step of the reaction. The radical intermediate undergocs
rapid and irvrversible couniing to give the products. These
products have been isolated and characterized by analytical

and spectral methods,
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IHNTRODUCTICH

ietnl ion oxidents can function eithsr as one-eguivalent

A

B

or two-equivalent reagenis. Qne-equivalent oxidants =are
those which aceent o single elegtron by direect traansfer
or by interaction with a hydrogen atom. Two—equivalent

oxidants can accent two electroms from the suhstrate.

In one—-eguivalent redox processes, the change ol
7alency can be brought asbout by either an imner-sphere or

an outer—sphere mechaniswm (1).

1. Inner—sphere mechanism:

The inner-sphere or bonded mechanism envisages
a direct contact beiwesn the oxidant and the reductant, and
the tramnsition state is characterised by a ligand which is
bonded to both metal ions. 1% cen therefore act as a bridge
between them for the tramsfer of am electron. The typical

. - (?

reaction is (2):

o 2+ - 111 ,,2+

Sr (aq)+ (NH3)5 Co 1 —

crc1®t (s9)+ co’t (aa)+ 5 uH,

et

The formation of am inner-sphere transition state
would lead to considerszble distortion of the ions, whigdh may
thus =assist electron transfer by reducing the energy terms

involved. Im order that am inner-sphere mechanism can operate,

the ligand present shkhould behave in a bidentate manner.
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The lig-nd must posses

f

the reagents izvolved must hrave o ligazd *thich can he

easily displaced,

Outer-sphere slectron eXxchange reactions constitute
the sizmnlest c¢class of electron transfer reactionms., I~ =—
outer—schere wmechanisn, the inner co-ordirantion shell of
bothh reagents is preserved intact in the transition stste.
Since the metal-ligand distances will be affected by valeacy
cltange, some distortion of the inner shells would occur,bhut

.

no metael-lig-oxnd boud would be hbroken or formed.

The essential steps in these resctions would bey
(a) the approach of two reagent ions, which may be aided

or hindered by electrostatic forces:

(b) before elecitron transfer cam occur, tJo conditions must

he obeyed (3), in accordance with the Franck-Condon

ymsd

princin»

Ao
o

(i) the electron transfer must not slter the energy

of the systemn, This electron tramsfer occurs in a very short

)

!

time,;, and the only possible loss or gzin of emnergy wonld be

by radiation, Zlectron transfer can occur only if the oxidant

bl
£

and reductant have becn vibrationally excited to the same

3

total energy. Thus, when the valency states of a reagent
are closely similaer in bond energy ard geometry, the outer-

sphere process wounld be expected to be most facile,



(ii) the o7erall £3izn angular mo:cutum should

not bhe altered.

{ec) the process of cleciron transfer itself. If the reagent

)
[m}

cemnlezes sre sufficiently close and of suitable symmetry,
such that lizere is some interaction hetween the orhitals
e

involved in electron transfer, then the vrobsbiliiy of

-

(5

electron transfer yould be egsentislly unity. The resuiremern

3
fa

of ocr5ital owverlap can be related to tke orbitals of the

reagents., This would suggest that in octahedral comnlilexes,
t electrons might be more easily transferred than e

2g

electrons which are im orbitals directed along the metal-

ligand axis.

In order to establish that ar outer-sphere or
non-bonded eleciron tramsfer c¢c=2un occur from an organic
compound to a metzal oxidant, it is necessary to choose a
suitable model system in which the probability of non-bonded
mechanism would be a maxinum, and that of the competing

bonded nrocess a minimum. The oxidant should be so chosen

e

such that it possesses ligauds which are slow or difficult to
replace, The organic subsirate should be so chosen such that
it is not likely to displace ligands from a metal iom complex.
Examples of suck exchange-~inert oxidants are the irom (IXI)
. : . . 2- . . B
tris-o=phenantzroline complex (4), Ir Cl, ion (5), Mn (III,
L

tris—acetylacetone complex {6), ceric ions (7), and

nexacyanoferrate (IX1) ion (8,9).



In the reactions of one-equivalent oxidants with
organic substrates, the most frequently encountered oxidation
process would seem to correspond to an electron tramsfer
between substrate and oxidant, accompanied by the breaking
of a C-E bound and loss of a proton to give a substrate

radical, as for example (10):
: +
11 C HCHy e C y T
Co {(III} + HgCHg Co (I1) + C4HgCHy + H

It would therefore be expected that the loss of a proton
would be slower than electron transfer, and hence would

correspond to the rate determining step.

The presence of radicals may be inferred by their
oxidation of reduction of added inorganic ioms, or by their
ability to cause polymerisation to occur with added monomer,
as for example, acrylamide or acrylomnitrile. If the radical
is present in sufficiently high concentrations, its~presence

c¢an be detected by electron spin resonance spectroscopy.

Although the radical may undergo many other processes,
it is most probable that in the presence of an excess of
oxidant, the radical will be oxidised further, Examples are
known where the main mechanisms of this step may be:

(a) a non~bonded eclectron tramsfer (conversion of a neutral
radical to a cation), as for example the oxidation of 2,6-
dimethylphenol by hexachloroiridate ion (5), and the oxidation
of hydroquinones by ferric ions (11); (b) bonded electron

transfer or the tramsfer of a ligand from the oxidant to the



)

radical, as for examnle, the reduction of IrClg 2- by

Cr2+ jons(12); (c) redox subhstitution, in which the radical
remains attached to the complex, as for example, the
phenylation of the ferricenium comnlex (13,14); (d) redox
additicn,'ﬂhere the radical remains attached to the complex,

as for example, the reaction of hexacyanoferrate(ITI) with

Oxidation of orgemnic substrates with potassium

hexacyanoferrate {(III):

Potassium hexacyanoferrate(ITI), KgFe(CN),, is
essentially a substitution-inert transition metal comnlex(16).
It does not exchange its ligands at a rate fast enough to
compete with rapid electron transfer. Therefore, oxidat@ons
by hexacyanoferrate(III) ion occurs by means of a non-bonded
electron transfer or outer sphere process, whereby an electron
is transferred from the substrate to the metal ion through the

cyano ligand,

In acidic medium, potassium hexacyanoferrate(III)
has becn used for the oxidation of sulphur containing
compounds (17-25), and very recently, for the oxidation
of toluene and substituted toluenes (26-29), diphenylmethane
and triphenylmethane (30), unsaturated systems (31-32), and

polynuclear systems (33-34).

In neutral medium, potassiun hexacyanoferrate(IIT)

has been used for the oxidation of aliphatic amines{35),



6

In nlkaline medivn,potassiun ne. aeyennferrate{I11),
has becun cxtensively used for the oxidatinn of warious kiads
of organic substrates such a8 aldehydes(36-40), ketonmes
(36-37, 41-46), amines (47--53), elcohols and diols{54-62),
sulfur comoounds (63-69), acids (70-78), sugars {79-82,,
hydrezines {83-85), amino acids (86-87), scyloins {88~89),

As{IITI){927-92), hyncphosphite{©3-94), hydrocarhons {98},

Oxidation of »henols

The chenical oxidation of -henocls is complex, in
that:
(a) it usunlly gives a2 mixture of products; and
(b) with the same nhenol, different oxidants can yicld

quite different product nmixtures,

>

In the presence ¢f oxidigzinag agecats, nhenclic
nelecules can undergo either carbom-carhon or carbon-~oxygen
coupling to give a wvariety of produets., Simple phenols can
be 1in? .d at positions ortio and/or nars wvo the hydroxyl
group to yield several possible dimers; these can be further
oxidized to »Hrodwee trimers, polymers and guinonoid-type
structures. In more comnlex polyhvdroxy aromatic compounds,

counling of bhoth types may occur intramolecular as well

as intermolecular ¢oulling., Substitution produects ard compounds
resulting fronm counling at benzylic positions may also be

observed.



In most synptheticnlly emnloyed nhencl counling
reactions, polymers are obtained as the side productsg

~

nolmerigation ¢f wheneols via oxidative counling is an

A

industrinl srocess of great comnercial importance.

The c¢hoiege of a pienol counnling reagent will
not onlr increanse the synthetic ntility of phenol oxidative

connliing reacticons, but will =2lse indicate the wnaaner in

4]

which 7orious emngynes might catalyze such reactions,
This would oper u»n vast possibilities for a further prohe

into the study »f important hiological reactions, wherein

the key step involves the oxidative counling of phenols.

The exidation of phenols by hexacvanoferrate(ITI)
in alkaline mediun would give the aryloxy anion. This
anion c¢an transfer an electronm to hexacyanoferrate(I1II),
resulting in the formation of an aryloxy radical. The radical
would then he free to react, and the formation of coupled

products is a distinect possibility.
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SCCPE OF THE

PRESENT INVESTIGATION



SCOPE OF THE PRESENT INVESTIGATION

The present investigation is a detailed kinetic
probe into the oxidation of phenols by potlsassium heXacyano-
ferrate(III) in agueous alkaline medium, at constant iomic
strength, using agueous methancl as solvent. The purpose of
this investigation has been to attempt to extend the scone
of this extremely efficient and versatile one-electron
oxidizing agent, in alkaline medium, and to explore and
establish mechanistic pathways of reactions iamvolving the
oxidative coupling of phenols, The purpose of the present
study was:

(a) to study the kinetics of oxidation of phenols;

(b) to determine the nature of oxidative coupling

of phenols by nroduct analysis; and

(¢} to demonstrate the usefulness of potassium

hexacyanoferrate(III) as a reagent which can
bring about the oxidative counliag of phenols,

In {he present investigation, the substrates
chosen for purpcses of oxidation by potassium hexacyano-
ferrate(III), in alkaline medium, have included:

1. Monchydric phenols (phenol and substituted phenols,

vanillin and eugenol).
2. Dihydric phenols (catechol, resorcinocl, orcimol and quinol).
3. Trihydric phenols (pyrogallol and phloroglucinol),

4, Polynuclear phenols (gl-naphthol and ;§~naphthol).
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All the reactions have been carried out under
a nitrogen atmosphere, so as to ensure the absence of any
aerial oxidation., For each oxidatiom reaction, the
stoichiometry of the reactiom has been determined. The
ccncentrations of the substrate, oxidant and alkali have
been varied, and the effects of these variations on the
reaction rates have been studied. The solvent composition
has been varied in order to study the effect of dielectric
constant on the rate of the reaction. Changes in temperature
of the reaction mediunm have been made, and the activation
parameters have heen evaluated., Changes in the ionic
strength of the medium, and the effect of the addition of
hexacyanoferrate(II) ions on the reaction rates, have been
studied, The presence of radical intermediates has been
detected and comfirmed by ESR spectroscopy, polymerization
reactions, and by the use of both, the IR and visible
spectra. For each reaction, the products have been isolated
and characterized by analytical and spectral methods. Based
on the observed experimental results and omn the nature of
the products, mechanistic pathways have been proposed for
the oxidation of all these phenols by potassium hexacyano-

ferrate(III) in alkaline mediun.
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PURIFICATION OF MATERIALS AND PREPARATION OF COMPOUNDS

Conductivity Waters

Counductivity water was prenarcd by tne following
method: tap water was distilled first with alkaline potesain.
permanganate and then redistilled with Merck "Pro Analysi”
sulphuric acid from an all-glass vessel, This sample of
doublé distilled water was further distilled from an
all-quartz vessel (Sunvie, U.K.). The conductivity water
thus prepared was utilised for the preparaticn of all the

solutions used in the kinetic determinations,

Methanol:

Methanol (E. Merck) was distilled before use

( bp 6500 )o

Sodi: i hydroxide:

BDH (AR) grade sample was used,

Potassium hexacyanoferrate (III):

BDH {AR) grade sample was used,

Potassium hexacyanoferrate {(II):

BDH (AR) grade sample was used.
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Sodium perchlorate:

Sodium perchlorate was prepared by necutralising
70% perchloric acid (E. Merck) with sodium hydroxide
(BDH, AR grade). The solution was concentrated, when
crystals of sodium perchlorate ware obhtained., Thce crystals
were filtered, and recrystallised fro— water, The
recrystallised product was dried over silica gel under
vacuum. This sample of sodium perchlorate was used for the
preparation of stock solutions which were empliyed for

maintaining the ionic streungth of the medium,

Substrates:

Phenol, eugenol and catechol were SD's samples,
Resorcinel was amr E. Merck sample. O{nnaphthol,
Zg—naphthol, guinol, pyrogallol, phloroglucincl, orcinol,
p=-cresol -, m-cresol, o-cresol, wvanillin, salicylic acid,
p—chlorophenol and m—aminrcophencl were a1l BDH samnles,
/glchlorophenol was a Riedel sample. Guaincol,
p-mmethoxyphenol, p-~hydroxybenzoic acid, m-hydroxybenzoic
acid, methyl eugenol,»all the disubstituted and
trisubstituted phenols were all SISCO samples. All these
substrates were purified by distillation or repsated
crystallizations until their boiling pointw® or melting

points, respectively, were in agreement with literature
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values, The purity of each of the substrates was c¢&

by speciral analysis,

A1l ir spectra were recorded on an IR-297
(Perkin Elmer) spectrophotometer, uv spectra on an
UV-26 (Beckmnan) spectrophotometer, nmr spectra on an
EM=~390 (Varian) 90 1Hz DMNMR spectrometer, and esr

spectra on an E~4 (Varian) EPR spectrometer,
The boiling points, melting pointw and the

spectral data obtained for each of the substrates used,

are summarised in Table I.

TABLE 1
Substrate Boiligg Points KZ&?flhol
Melting Points(°c) M=Methanol
(1) (2) (3)

Phenol 43 (mp) 210,270(n)
p~nitrophenol 115 (mp) 224 (A)
O-aminophencl 174 {mp) 232 (4)
m-aminophenol 123 (mp) 286 {A)
o—-chlorophenocl 175 (bp)} 278 (1)
p-chlorophenol 217 (bp) 2823 {A)
o=-cresol 190 {(bp) 273 (A)
m~cresol 201 (bp) 275 (A)

p=cresol 203 (bp) 280 (A)
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(1) (2) 3)
o-methoxyphenol 204 (bp) 230 (4)
p—me aoxyphenol 58 (mp) 225 (M)
o-carboxyphenol 159 (mp) 251 (&)
m-carboxyphenol 201 (mp) 226 (L)
p—carboxyphenol 214 (mp) 232 {n)
2, 4=dichlorophenocl 210 (bp) 202 (M)
2, 3-dimethylphenol 75 (mp) 273 (M)
2, 5-dimethylphenol 73 (mp) 276 (M)
2, 6-dimethylphenol 49 (mp) 272 (M)
3, 4-dimethylphenol 66 (mp) 270 (M)
2, 4-dinitrophenol 115 (mp) 254 (M)
2,4,5~-trichlorcphenol 68 (mp) 296 (1)
2,4,6-trichlorophenol 70 {(mp) 252 (A)
Vanillin 80 (mp) 279 (A)
Eugenol 258 (bp) 281 (A)
Catechol 105 (mp) 278 (a)
Resorcinol 110 (mp) 276 (A)
Orcinol 107 (mp) 281 (M)
Quinol 173 (mp) 294 {4,
Pyrogallol 133 {(mp) 267 (M)
Phlcroglucinol 216 (mp) 270 (M)
JA=naphthol 94 (mp) 220 (4)
PP -napntnol 123 (mp) 228 (&)




Kinectic method:

All the standard flasks and reaction vwesscls
were of pyrex glass with well-ground stopners., The reaction
vesscls used were Stoppnered cgonical flasks which were
painted black on the outside to prevent any photochemical
change., All the glass apparains used were tested for loss
of solvent, and the loss was found to bhe mnegligible, Thc
standafd flasks, reactiom vessels and the pipettes used
were standardised, using conductivity water, and the

correction was found out and applied.

An electrically operated thermostatic watser-bath
was used. It was provided with sufficient thermael lagging,
suitable heaters and stirrers with proper cooling arrangements
for continuous work, Xylene~filled regulator, working in
conjunction with an electrqnic relay, was used to maintain
the required temperatures accurately, with fluctuations of
not rmore than + ©.1°C., The temperatures were recorded hy
means of an accurate sensitive thermometer, reading to
tenths of a degree, The bath-liquid was water, covered with
a layer of liguid paraffin to minimise evaporation of water

and los8s of heat due to radiation.

Spectrophotometers:

For absorption measurements, the spectrophotometcrs

used were (a) Digital spectrophotometer type 106, MK II model



(systronics), and (b) UV=-26 (Beckman) UV-Visible

spectrophotoneter,

(a) ' ie MK II model (systronics) spectrrhhotometer was a
single beam spectrophotometer having a grating of

600 lires/mm, and a wavelength range from 340 nm to 96C nnm,
The nominal svectral slit width was 20 am, counstant over
the zntire ravge. The full scale defliection counld he
obtained over the wavelength range of 34C nm to 60C nn,

By the additiocn of a red filter and interchanging of the
phototube, the range could be extended to 960 nm, In order
to ensure naximum sensitivity of the instrument, and

to minimise the errors in measurements of optical density
due to fluctuastions in voltage, the spectrophotometer was
connected to the mains through an extermnal voltage~
stabiliser., This was in addition to the in~built voltage-~
Stabiliser within the instrument itself. The light sourge
was a 15 watt tungsien lamp operated by a regulated power
supn.y. The iustrument was calibrated, as speciffied in

the instruction manual, over the range of concentrations

of K2Cr0 in KOH solutions, so as to vearify Beer's law

4
at 370 anm,
(b) The UV-26 (Beckman) UV-Visible spectrophotometer was
a single moncchromator, having a filiter-grating of

1200 1ines/mm, and a wavelength range from 190 to 90C nm,
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This spectrophoiometer had a thermostatic control
arrangemnent and the absorbance value was displayed

direc ly on the di~ital Jisplay and onm the recorder,
ck
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Photometric linearity was checked cver the range of

coacentrations of K?Crﬁé in KOH solutioms, as specified
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sc as to varify Beer's law

Absorption cells:

The absorption cells were of 'Corning' glass and
of 8 ml capacity for the spcctrophotometer 106 ME II model
(Systronics). Quartz cells of 5 ml capacity were used for
spectral determinations with the UV=26 spectrophotometer
(Beckman). A1l the cells uscd were thoroughly cleaned by
aqueous ethanol and acetone, and dried before they were
used for the spectral mcasurements. After the transfer of
the splution to the cell, care was taken to see that no
solution adhered to the outer surface of the cell, During

the megsurement®, the cells were covered,

Solutions of hexracyanoferrate (III) in methanol-
water nixtures (60-40 to 75~25,%, v/v) were prepared,
The abscrhance of each of these solutions was scanncd
cver the range of wavelengths from 350 nm to 700 nm,
The maximum absorption in each case was located at 420 nm

(Fig.1). At this wavelength of 420 nm, the absorption
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due to Fe(GN)2- has heen ohserved to be a maxinum (1),

4
the absorption due to Fe(CN)6 heing mnegligible (2).

At 420 nm, Bee.'s law was obeyed over the range
of concentrations of solutions used. A typical graph of
the optical density against the concentration of Fe(CN)%Q
is shown (Fig.2).

in this investigation, all the optical densiiy

measurements were carried out =2t a wavelength of 420 nm,

Rate measurements

A known emount of the substrate was weighed
accurately intoc 2 18 ml standard flask and made up with
ihe requisite quantitiew of methanol and water, 8o as to
make the reguired molar olution, Potassium hexXacyano-
ferrate (III) was accurately weighed out into a 10 nml
standard flask, and dissolved in a small volume of water.
The requisite amount of sSodium hydroxide scolution, whose
strength had been determined, was added to maintain the
reguired alkalinity. Sodium per8hiorate was added so as
toc maintain a constant ionic strength of the medium, The
solution was then made up in methanol and water, Sufficient
time was allowed to compensate for any change cof heat during
dilution, The two reactant solutions were separately

thermostated at the required temperature for 3 hours, under
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a nitrogen atmosphere, The sclutions were then nixed in
equal volumesg. The reaction mixture was homogeneous

throuzghout the duration of the reaction.

The progress of the reaction was followed by
chserving the disapiearance of hexacyanoferrate {I11I).
Readings were takea at regular iatervals of time, by
noting the decrease in optical density ot 423 nm,

spectrophotometrically,

All the kinetiec experiments were carried out in
duplicate or in triplicate, and the rate constants which
were determined were found to be reproducible to within

+ 1,5%.

Calculations;:

(a) Rate constants:

For all the kinetic determinations, pseudo-first
order reaction conditior® have been used, wherein the
concentration of the substirate has been taken in a very
large excess ovyer that of the concentration of the

oxidant,

The pseudo=first order rate constant, kobs’

-1 .
expressed as sec ~, were calculated from the equation (3):

k = 2,303 o (1)

1 T 6 6 s 000030
t Dt

obs



where D, was the initial optical demnsity cof the reaction
mixture, ard D, was the optical density at itime, t.

-

The logarithmis plots of optical densities

against time were linear, and extrapolation to zero time

gave the values of DO .

The values of the second order rate constant ,

. -1 - c s oas
kz y eXpressed in M s 1 , were computed by dividing the

pseudo~-first order rate constant ( ﬂ%bs’ s"l) by the
concentration of the substrate (M).

All values of rate constants were the average of

two or more experiments, with agreement being within

+ 1.5%.

(b) Thermodymamic activation parameteérs:

These parameters were determined from a study of

the effect of temperature on the rate of the reaction.

The verious varameters have heem calculated
as follows:

(i) Activation encrgy (E)

From the linear plot of log kobi against

the reciprocal of temperature (T),

—

slope = = &
2,303 R

E = - slope ¥ 2,303 R { kJ mol"l)

p—=]



(ii) Frequency factor (A)

— p o “E/RT

log A = log k o + 37353 %7

-1~,

(iii) Enthalpy of Activation ( AH'T )
ABT = E = RT
. ¥
{(iv) Entropy of Activation ( A= )
¥ . -
- st o — AHIRT
K obs E% e H1S o MMH/Hf
£ vy ¥ KT
LS =2.303 R log k. + T4 log

bs 5,303 RT

"where k is the Boltzmann constant, and h is the Planck's

constant,

Stoichiometrys

Reaction mixtures containing ftihe substrate and
an excess of hexacyanoferrate (III), takem in a known
solvent cpmposition of methanol and water, containing the
reqguisite amounts of sSodium hydroxide and sodium perchlorate,
were allowed to react to completion at a particular
temperature. The hexacyanoferrate (III) which was left,
was analysed snectrophotometrically at 420 nm, The individual

stoichiometric equations are shown along with the reactions
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cf each of the substirates with tae oxidant.

Product anplysis:

(a) Products obtained from the oxidation of p-cresol

Stoichiometric amounts of p~crescl im 59%
methanol (v/v), and K Fe(CH), in 50% methanol {(v/v},
0.8 WalH and 0.5 Na0104, were mixed, and refluxed at
50° for 6h, under nitrogen. The reaction mixture was
cooled, filtered, and the Solvent removed., The filtrate
was washed with ether, the ether layer separated, and the
solution comncentrated, TLC analysis gave three spots,
Separation on a silica gel column, using varying proportions
of hexane and chloroform (100:0 to 76:30, %, v/v) for
elution, yielded three products. The first product, 1 ,
obtained in about 70% yield, was characterized as 2:2'-
dihydroxy-5:5'~dimethyldiphenyl (mp and uv analyses), in
agrecment with literature data (4~5). The second product,
2 , obtained in 10-15% yield, was characterized as the
ketone (5) The third product, 3 , obtained in 5-10%

L

yield, was probably a trimer, and was not characterized,

H ?H TRIMER

0
!
s I O e
\ MI)
!
CH CH3 CHgq

(1) (2) ’ (3)



{b) Products obtained from the oxidation of guaiacol

Guaiacol (2,0g) in 70% methanol(v/v)}, was mixed
With 11.0g of KaFe(CN), containing NaOH(O.05M), 70%
meihanol (v/v) and NaC10, (0.5M), and the mixture refluxed
at 60° for 3k under nitrogen., After cooling and filtratiocn,
the solvent wao removwed to give a red residue (0.072 g).
The insoluble portion of the mixture was washed with
chloroform, and after removal of the chloroform, a red
residue (1.615 g) was obtained. The melting points of both
these residues, was 245% ., 1R analysis of both these
residues, in chloroform, showed them io bhe identical with
3:3~dimethoxydiphenoquinone, 4 . A sharp band at 1640cm™
was obtained, corresponding to the carbonyl stretching of the
C=0 groups inr two rings of an extended guinonoid siructure(6).
The nmr speegtrum of the product sample, in chloroform
(internal standard TMS, sweep width 10 ppm ) gave the
OCHS peak at 6.17T, and four doublets in the wvinylic proton

region at 3,207, 3.107, 2.307 and 2,207. The structure

of the product was confirmed to be 4.




(c) Products obtained from the oxidation of vanillin

mcere

Stoichiometric amounts of substrate and oxidant
solutions in 70% methanol (v/v), NaOH(O.54) ard NaClO,
(0.5M), were nixed at 35°%, ;nd maintained under nitrogen
for 24h, The reaction mixture was cooled,filtered an?
concentrated. The residue was extracted with ether, and
the ether extract concentrated after drying over anhydrous
MgSO4. TLC analysis of the residue, using benzene as the
developer, gave two spots, ©Separation on a silica gel
column, using mixtures of hexane and chloroform in
varying proportions (I20:0 to 70:30, v/v) for elution,
gave two products., The first product was obtained in 80%
yield (mp 245°C). IR bands indicated: (a) the hiphenyl
(aromatié) structure (7); (b) phenolic ahsorptions at
3600, 1350 and 1200 cm"l; (c) aldehrydic absorptions at
3085, 2840, 2760 and 1700 cm™l; () 1)(OCH3} band at
1020 cm—l . The siructure of this produect was confirmed
as divanillin, 5 . The second product was a polymeric
material, and was not analyzed.

CHO OH (CH,

OH ' CHO



(d) Product obiained from the oxidation of catechol

Stoichiometric amounts of the substrate and
oxidant Solutions in 70% methanol (v/v), NaOH(O.54) and
HaCc10,(C.5M), were allowed to react at 30°¢ for 24h, under
o nitrogen atmosnhere, The mixture was filtered. The
filtrate was taken in ether, the ether layer separated,
washed with water, and then evaporated, The solid residue

which remained was analyzed for the product as follows:
(i) The product sample was reddish in colour;
(ii) the melting point of the sample was 61°%;

(iii) on treatment with an alkaline solution of
ethylenediamine, a deep red coloured solution was
obtained, characteristic of o~benzoquinone (8).

The formation of this colour with ethylenediamine

is specific for quinone and quinone forming materials,
except for anthragquinones and amino-substituted
quinones (8);

{(iv) IR analysis gave two sharp bands at 1680 em™! and
1660 cm—l, corresponding to the presence of two
carbonyl groups in the same ring, characteristic
of o~bhengzoquinone (9). An absorption band of medium
intensity between 1680 cm™ > and 1700 cm ' , whi&h was
well separated from the main bands, was also obtained,
This band had been earlier charactdrized as a typical

banse for o-quinone (10-11);
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{(v) The electronic spectrum of the produqt in ether
gave three bands, The first band of étrongest
intensity was at 254 nn, the second band of medium
intensity was at 368 mm, and the third hand of weak
intensity was observed in the visible region at 5857 nr.
These abscrptions have been attributed to singlet-
singlet 7=/ , [[-M , and n =] transitions,
respectively, characteristic of o-benzoguinone(12),.
No absorption band was observed at 420nm, indicating
that the product sample did not interfere with the

kinetic measureménts carried out at 420 nm,

Hence, the product of the oxidation reaction

was confirmed to be o~benzoquinorne, 6 (yield -~ 80%).

(6)

(e) Products obtained from the oxidation of resorcinol

and orcinol

Stoichiometric amounts of the substrate and
oxidant solutioms, taken in 70% methanol (v/v), NaOH(O0.05M),
NgC'10,(0.5M), were mixed and allowed to stamd at 30°C for
24h, under a nitrogen atmosphere, After cooling and
filtration, the solvent was removed. The filtrate was
extracted with ether, and the ether layer separated and

concentrated,



(i) Product from the oxidatior of resorcinol

Spotting on TLC plates gave a single spot.
The sclid residue which wag obtaimed in about 80% yield,
was analyzed for the product (mp 310°C; mp of the
crystalline tetramethyl derivative wax 10800). IR analysis
gave a sharp hand at 3350 cm"l, and other bands which were
superimposable on the spectrum of 3,3',5,5'-tetrahydroxy™~
biphenyl, 7 (13). UV analysis of the sample in methanol
gave the first band of strong intensity at 255 nm, and the

second of lower intensity at 290 nm, These bands were

- *
probably due to [/ -~ [[  transitions.

(ii) Product from the oxidation of orcinol

Spotting on TLC plates gave three spots. Separation
on a silica gel column, using varying proportions(100:0 to
70:30,v/v) of hexmsne and chloroform for elution, gave three
products. The first product, obtained in 70% yield, was
characterized by mp (188°¢), and by IR enalysis (absorotion
bands at 3150, 3020, 1610, 1500, 1380, 1240, 1180, 84C cm-l),
and assigned the structure, 8 . The other products, each
obtained in 10-15% yields, were polymeric materials, and
were not amalyzed, Compound 8 , in alkaline medium, was
converted by aerial oxidation to 9 (14), obtained as
yellowish-brown plates when recrystallized from ethanol

(yield ~.50%), and characterized by mn(230°C), and by
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IR analysis,

(8)

(f) Product obtained from the oxidation of quinol

Stoichiometric amounts of substrate and oxidant
solutions in 790% methanol(v/v), NaOH(0.5M) and NaClO4(0.5M),
were allowed to react at 3000 for 24h, under a nitrogen
atmosphere, The mixture was filtered, The filtrate was
taken up in ether, the ether layer was separated, washed
with water, and then evaporated at room temperature. The
80lid residue which remained was analyzed for the product

as followss

(i) the melting point of the sample was 116°C;

(ii) on treatment with an alkaline solution of
cthylenediamine, a deep yellow coloured solution
was obtained,characteristic of p-benzoguinone (8);

(iii) IR amalysis gave two sharp bands at 1670cm™ ! and
1655cm—1, corresponding to the presemce of two
carbonyl groupns in the same ring, characteristic of

p-benzoquinone (15-16). Pronounced shoulders on the

lower frequency side of the main band have been
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observed between 1640 nnd 1650 cm™! . This spectrum

was compared with that of an authentic sample of

p-benzoquinone, and found to be #dentical (15-16):

{(iv) The electronic spectrum of the product sample in
CCl4 gave three bands, The first band of strongest
intensity was at 245 nm, the second band of mediunm
intensity was at 288 nm, and the third band of weak
intensity was obsServed in the visible region at 440 anm.
These absorptions have been attributed to singlet-
singlet ]T;jf* , TF—[T* , and n -fﬁj transitions,
respectively, characterisiic of p-benzoquinone (17-19).
No absorption band was observed at 420 nm, indicating
that the product sample did not interfere with the

kinetic measurenments carried out at 420 nm,

Hencd, the product of the oxidation reaction was

confirmed to be p-benzoquinone 10 (yield .~ 80%),

(g) Products obtained from the oxidation of pyrogallol.

Pyrogallol (2.0g) in 70% methanol (v/v), was nmixed
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with 11,0q of K3Fe(CN)6 containing NaoOH(0.05M),

70% methanol {(v/v) and Nacl0, (0.5M), and the mixture
refluxed at 60°C for 3h under nitrogen, After cooling

and filtration, the solvent was removed to give a red
residue (0,065g). The insoluble portion of the mixture

was washed with chloroform, and after removal of the
chloroform, a red residue (1.585q) was obtained, The meltiug
points of both thesec residues was 240%. IR analysis of
both these residues, in chloroform, showed them to be
identical with 3:3' :5:5'~tetrahydroxy~4:4’ ~diphenoguinone,
11l. A sharp band at 1640(:31'-1 was obtained, corresponding

to the carbonyl stretching of the C=0 groups in two rings
of an extended quinonoid structure (6). The nmr spectrum of
the product sample, in chloroform (internal standard TuS,
sweep width 10ppm) gave the OH peak at 2.907, and four
doublets in the vinylic proton region at 3.1977, 3.107,
2,317 and 2.207%. The structure of the product was

confirmed to be 11.

Ho

(n) Products obtained from the oxidation of phloroglucinol

Stoichiometric amounts of substrate and oxidant
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solutions, taken in NaCH(0.O3M), methanol(70%, v/v) and
MNaCl0, (ionic strength adjusted to O0.5M) were nixed at

o . . : ;
30°C =2nd maintained under a pitrogon atmosphere for 24hL.

=

fter cooling and filtration, the solvent was renoved,

=3

he residue was extrocted with cther, dried over anhydrous
Na2894 s, and the ether extract concentrated. TLC analirc--
of the residue, using benzene as the develoner, gave

2 spots, Beparation on a silica gel columm, using varying
proportions of hexane and chloroform (100:0 to 70:30,%,v/v)
for elution, yielded two products, The first product,
obtained in 80-85% yicld, was characterized by mp(250°¢).
IR data / 2960, 2910(?)0}1; H~bonded); 1640,1620(7)Ca0);
1480, 1380,1210(1>C_0); 1130( 25  for six membered rings
as in 1,4-dioxan)3; 1030 and 920(2)0_0)_7 cm_l, and PMR
data in CCl, /7 2.5(0H) and 5.0(tertiary protons)_ 7. It
was assigned the structure, 12, based on these data. This
product, 12, provides an eXample of C~0 bond coupling, as
has becn observed, in vivo, in the formation of dehydro-

digallic and valonic acids{20). The second product was

2 polymeric material, and was rot analyzed.
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Products obtained from the oxidation of naphthols

Stoichiometric smounts of the naphthols and
the oxidant solutions in MaOH({0,05M), 70% methanol
(v/v}, =and 118210 (0.5M), were mixed and refluxdd at
for 32, uwnder o nitrogen atmosphere, After cooling
and filtration, the solvent was removed, The filtr-~te
was wished wit: ether, and the ether layer separated.

This was evaperated, and the solid rexiduc which remained

was analyzed for the product.

(i) Oxidation products of Z~naphthal

Spotting on TLC plates gave three spots.
Separation on a silica gel column, using varying
proportions (190:9 to 70:30, v/v) of hexane and
chloroform for elution, gave three products in yields

varying from 25--30% each, ThesSe products, structures

13-15, were chareacterized by IR analysis, and were observed

to te identical te the »sroducts whichk werw obtained from
tne ferrie chloride oxidation of {-naphthol{21-22),
wherein all threc possible carbon-carbon coupled

products had becen characterized.

(ii) oOxidation products of B -nsphthol
i
Spoeting on TLC »nlates gave thrce soetis.

Separation on o silica gel column, using varying

proportions of hexasne and chloroform (190:0 %o 70:30,v/v),

S



for elution, gave the major nroduct im =hout 85%
. o . A . s me
yield (mp 239°7), This product was charceterized by

I% ~malysis ( absorpii-s bands at 3947, 1630, 1500, 150D
~1 \ : . Ce s

1462 cm s 2nd other bands which were characteristic

of dimaphthylene diozide; ond assigned the structure,

16 , Compound 15 had becen charascterized in an earlier

jeu]

investigation(23), The otker prodmcts were nrohably
some quinol ethers, =2nd these were not analyzed, The
significanee of comaound 16 was that the coupling occurred
through the two oXygen atoms to yield a carbon-carbon
courled oroduct, The oxidation of;}-naphthol by

hexacyanoferrate {(I1I) had been earlier shown to yield

carbon-oXxygen coupled products(24-25).



Tests for Radical formation:

L)

All the oxidastion reactions investigate?

S

were chserved to proceed via radical intermediates forwmcd

in tho rate determining step of these renctions, The
prescnce of these radical intermediates was conTirmed *

the following tests;

+1;+
(2) Reduction of inorganic ions, R+ + M(n )

>;R+ + M™ . Mercuric chloride was easily

reduced by these radicals to insoluble mercurous chloride,
which was relatively inert towards reoxidation by the

oxicdant, ™ |

(b) Polymerisation of an added olefinic monomer, such as

acrylonitrile or acrylamide,

Acrylamide and the substrate were placed in the
lower part of & Thunberg tube (26), with t* e oxidant
solution placed in the upper portion of the tube, Thre
system was evacuatcd, filled with dry nitrogen, snd then
sealed, The two sol:tions were mixcd and allowed to stand
at the reaction temperature. After 30 minutes, there was
the formation of a white opalescence, indicating the

formaticn of & polyner,

ESR measurgments

g The presence of radical intermediates formed -



ctions was

{3

in the rate determinirg stens of these re

detected and confirmed by esr measurecments,

Using the reouisite reaction conditions, the
radicals were generated in a fleow systen by mixing the
substrate and oxidant, by volume, in an esr samnle tube
just outside the cavity of the spectrometer., The nirture
was nlaced under high wvaecuum, inm order to exnel dissclwed
oxygen, and the sample tube was placed in the cavity of
the speetrometer., The conditions for obtaining the
spectrum ot room temperature were as follavsy

S3can range 4500 G,

field zet 33080 G,

modulation amplitude 5.3 G,

microwvave freauency 2.45 GHz,

time ccnstant 2.3 see,

scap time 4min,
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CHAPTER 1

*
KINETICS OF OXIDATION OF MONOHYDRIC PHENOLS

The oxidation of monohydric phenols has been
studied by several workers, using variety of oxidizing

agents,

FEARLIER WORK:

Phenol and substituted phenols have been oxidized
to couplied products, by a variety of oxidizing agents such
as acidic KMnO, (1), LTA(2-3), Pb02/H0A0(4—6), xygen(7-10),
photooxidation (11), autooxidation (12), anodic oxidation(lé),
KI/NaHCO3(14), peroxydisulfate(15~18), chlorine dioxide(19),

012/2n01 and SO 012/Zne12(2o), enzymatic oxidations(21-22),

2 2
Hy0,, FeSO4/H+(23), cu(I1)~o-toluate(24), Ag-phenolate(25),
potassium trans-1,2-~diaminecyclohexane tetraacetate

manganate (III) (27), Fe013(28), and by benzoyl peroxide(29).

Phenols and substituted phenols have been
converted to quinones by oxidizing agents such as acidic
KMnO4(30), LTA(30~31), acid iodate(32~33), acid periodate
(34-36), acid bromate(37), peroxydisulfate(38-39), peroxy-

disulfate catalyzed by silver ions(40-42), V {f) and Cr(vI)(43),

e . s g S s g S NP N e ety S e S S A S S iy T VD g G e S g R G O D St S A i WD S et Gt R Gt e S S By -~ ——— ——

* S.N. Singh, M, Bhattacharjee and M.K. Mahanti, Bull, Chen,
Soc. Japan, 56 , 1855 (1983).
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T1(I1II) acetate (44), chloramine-T(45), Fe(III)~1,
10-phenanthroline complex (46), Fremy's salt(47-48),

phenyl iodosoacetate(49), H92+ in acid medium(ﬁtﬂm

The oxidation of 2,6~dimethylphenol had yielded
the diphenoquinone as the major product, when the oxidation
was carried out by LTA(2), FeC13(51~52), CrOS/HOAc(Sl—SB),
acidic dichromate(51), ammonium persulfate(51), peroxy-—
disulfate catalyzed by silver ions(54), peroxydisulfate/Cu(II)-
salt(55), Ag,0(56), Mn02(52), MnOz/Pboz/AgzO(57), rg(I1)~
picolinate(58), H,0,/FeS0,, H' (23), H,0,/Cu-salt(55),
acetyl peroxide(59), benzoyd peroxide(29,59), t-=butyl
peroxide{29), t-butyl hydroperoxide(59), H04(51), cl,(51),
Br,(51), CIOBF/OH_ in both homogeneous and heterogeneous
phases (61), Cu(II)=o~toluate(24), 3-Bromocamphor/Cu-metal(62),
Na0Cl/Cu(II)-salt(55), air in the presence of azobisiso-
butyronitrile(7), Oz/Cu(I)—salt, pyridine(63), air/CuCl in
pyridine(64), 0,/Cu{1I)~-salt(52, 65-66), 0,/perbenzoic acid
(67), Oz/enzyme at pH 4.0 (68), and by 3,5,3/, 57~ tetra-

methyldiphenoguinone(69).

The oxidation of 2,4,6~trichlorophenol had yielded
trimeric products, when oxidized by sodium phenolate/IZ,
acetone (70), CuClzlpyridine(ZS), and by Ag-phenolate

(25,71).
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The oxidation of guaiacol had yielded coupled
products, For example, the anodic oxidation of guaiacol
had resulted in theformation of para-para coupled products
(72). Later investigations on the oxidative counling of
guaiacol were carried out using oxidant® such as H202/enzyme
(73), Ag20(74), Oz/enzyme(74) at pH 4.8, hexacyanoferrate(III)
in glkaline medium(74), and by activated Mn02(75). The
oxidation of guaiacol by sodium periodate yielded o-~benzoguinone
.in about 65% yidld (76); but with excess of periodate, the
quinonc was slowly oxidized to cis—cis muconic acid. The same
product, o~benzoquinone, was formed when guaiacol was oxidized

by periodic acid(77).

The oxidation of vanillin by FeGla(TB), Hzoz/enzyme
(79), Nazszos/Fe—Salt(BO), and by 02/1accase(81), had
yielded ortho-ortho coupled products. The oxidation of
p~substituted guaiacyl compounds had resulted in the formation

of diphenyl compounds, wherein the couplkng had occurred

at the position ortho to the hydroxyl group(82),

The oxidation of eugenol had yielded ortho=-ortho
products, when the oxidation was performed by Fe013(83-85),

and by 02/enzyme(85—87).

Potasstum hexacyanoferrate(III) in alkaline mediun
has been used for the oxidation of p-cresol(88-93), p-methoxy-
phenol{90)}, 2:4-~di-tertiary butylphenol(94), and p-aminophenol

(95).



PRESENT YORK

The kinetics of oxidation of monohydric phenols,
by hexacyanofcerrate{XII) in alkaline medium, has not received
much attention, The present work is a detailed kinectic
investigation of the oxidation of monohydric phenols(pheunols
and substituted phenols, vanillin and eugenol) by potassium
hexacyanoferrate (III), in alkaline medium, at constant
ionic strength, under a nitrogen atmosphere, using aqueous

methanc” (50%, v/v) as sol-eont,

Stoichiometry (vide 'Experinmental'):

The stoichdometry of the reactions were determined

to be:

(&) For Phenol

2C H.OH + 2Fe(CN)2— + OH ~——3 2C¢H0 +-2Fe(cw)2"+ H,O+H" .

65

2

{b) For guaiacol

4

3 n 3 3 - - . n
20 H 40, + 4re(cm)6 + OH” —3 C, H,,0, + 4Fe(CN)6

7

+ H20+»~3H+ .

(¢) For vanillin

, - - . 4~
20 Hg04 + 2Fe(CN)6 + OH —> Ciely40g * 2Fe(CN)6

+'
+ Hy0 + H
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Effect of substrate, oxidaut and alkgli

The wates of all these reactions were observed
to be dependent on the first powers of the concentrations

of substrate, oxidant and alkali (Tab%es 1-7).

When a constant concentration of substrate (large
excess) was used, kobs did not show any apnreciable variation
with changing conceﬁtrations of oxidant, indicating a first
order dependence of the rate of the reaction on the concentration

of the Oxidant (Tab®es 3-4}.
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Table 1 : Effect of substrate

Substratcs 10% x K per Snl, at 40°¢ forZ?ubstrates?at
C.005M 0,010 0,025 08,0501
Phenol 2.0 3.6 9:0 18.3
o—cresol* 0.5 1.1 2.6 S.4
m—cresol* 6.6 13.0 23,2 Gé.Z
p-cresol’ 70.0  143.0 360.0 716.0
o~-chlorophenol 0.5 1.0 2.5 5.2
p-chlorophenol 1.3 2.7 6.5 13.5
o-methoxyphenol™ 10.5 20.9 52,4 105.0
(guaiac®l)
p-methoxyphenol™ 120,0 234,0 605.0 1200.0
o~carboXyphenol 0.5 1.0 2.6 5.1
(salicylic acid)
m—-carboXxyphenol 1.0 1.8 4,7 8.3
p-—carbo:wc:,rphezr;oIA’é 0.4 1.0 1.7 3.6
2,4-=dichlorophenol 3.5 1.1 2.6 5.6
2,4,5-trichlorophenol 0,3 0.5 1.3 2.6
2,4,6~-trichlorophenol 4.5 0,6 2,6 4,5
Vanillin 1.2 2.3 5.7 11.2
Eugenol (30°¢C) 180.0  364.0 905.0 -
i
MethyleugenolT¢ 1.4 2.3 5.4 11.0

/ K.Fe(eN), / =1 x 10’3M; / NaOH / = 0.5M ;
3 6

MeOR = 50%(v/v); fA = 0.5 M. * ¢ 50%.

+/K3Fe(CN)6 / =1110'3M;/Na0ﬁ/ = 0.05M; MeOH = TO%(v/v);

(= 0.5M; temp. = 30°C. ; PP [KFe(CN), / = 5 107,
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Table 2 ¢ Effect of substrate

4 ""1 (o] -
Subsirabos 10 x k_, o, 87, at 40°C for[substrates at
0.,0001M 0,0005M 0,001IM
o-aminophenol 1.5 7.5 15,2
m—-aminophenol 0.1 0,6 1.4
2,3~dimethylphenol 0.8 0.4 8.7
2,5-dimethylphenol 1.4 7.0 14,0
* .
2,6-dimethylphenol 1.0 5.2 10,0
3,4-dinethylphenol 1.1 5.5 11.0

3

/ KSFe(CN)6 / =1 x 1077 M; / NaoH / = 0.1 M;

/ Meou/ = 50% (w/v); L = 0.5 M.



an
poin

Table 3 3 Effect of oxidant

Substrates 10% x e s~ at 40% for/KgFe(cl) /at
(0,01M)
0.0001M 7. 0005M OL.001M

Phenol” 3.5 3.8 3.6
o—cresol* 1.2 1.4 1.1
m—cresol* 1,4 1.5 1.3
p—cresol* 146,0 145.90 143.,0
o~chlorophenol 1.0 0.9 1.0
p—chlorophenol 2.5 2.7 2.7
o-tiethoxyphenol™ 10.6 11.0 10.5
p-riethoxyphenol ™ 122.0 120.0 120,0
o~carboxyphenol 0.9 1.1 1.0
(saYicylic acicd)

n~carboxyphenol 1.7 1.8 1.8
p—carboxyphenof* 2,7 Ta8 0,7
2,4~dichlorophenol 1.0 1.2 1.1
2,4,5~-trichlorophenol 3.5 0.6 0.5
2,4,6-trichlorcphenol 1.0 0.9 0,9
Vanillin 2.4 2.1 2.3
Eugenol (30°c) 360.0 365.0 364.0
Methyleugenoléﬁgxm”%w> 1.5 1.2 1.6

/ HaOH / = 0.5M 3 MeOH = 50% (v/v); j& = 0.5 M.
{

*
at 50°¢, t/Na0H / = 0.05M 3 MeOH = T0% (v/v);

fl

JA = 0.5M5 temp. = 30°.



Toble 4 2 Bffect of oxidant

Substrates 104xkobs, s™! at 42% for /¥ Fe(cn) / at
(103 X M)
(c.001 1) 0,01 M 0. 05M 0. 1M 1.0M
O-aminophenol 15.5 15.3 15,2 15.2
m—aminophenol 1.3 1.5 1.4 1.4
2,8-dinethylphenol 8.7 8.5 8.6 8.7
2,5-~dimethylphenol 13.8 14.0 14.2 14.0
2,6—dimethy1phenol* 949 10,2 10.9 10,0
3,4-dinmethylphenol 10,8 11.1 11,90 11.0

/NaOH/ = O.1M 3 MeOH = 50% (v/v); fA= 0.5 M.



Table 5 : Effect of NaCH

Substrcotes 10% x K et s™lat 40% for /naod/ at
(C.01M) 0.10M 0,30M 2, 50M
Phenol* I 2.0 3.6
o—cresol* 2,2 D.7 1.1
m-cresol* 0.3 0.9 1.3
p—cresol” 28.0 86.0 143.0
o-chloroephenol 0.2 0.6 1.0
p—~chlorophenol 0.5 1.6 2.7
o~carboxyphenol 0,2 O.é 1.0
(salicylic acid)

m-carboxyphenol 0.4 1.1 1.8
p-carboxyphenofﬁ 0.1 .4 0.7
2,4-dichlorophenol C.2 0.6 1.1
2,4,5-trichlorophenol 0,1 2,3 0,5
2,4,6-trichlorophenol 2.0 5.8 9.8
Vanillin 0.4 1.2 2:3
Eugenol (30%) 73.0 220.0 364 .0
Methyleugenol4: 0.4 1.0 1.6

/ K3Fe(CN)6 / =1 x IO_SM; MeOH = 52% (v/v); p= 0.5 M.

*at 50°.

#/Substrate/ = 7.5 x 100 M ; [KsFe(Cl)g / = 5 x 1074 M.



37

Tahle 6 : Effect of NaCH

Substrotes 10 x k pq, €77, at 30°C for /Na®H/ at
(n.005 M) 0.025M 0.050M 0.10M
o-methoxynherol 5.2 10.5 21,0

{(gnaiacol)

n-methoxynhenol 61.0 120.0 242.0

3

/K3Fe(CN)6 / =1 x 107° M; Me6H = 70% (v/v); pr= 0.5 M.

Table 7 ¢ Effect of NaOH

Substrates 10% x K, por s™!, at 40°C for /NaOH/ at
(n.001M) 0.01M 0.05M 0.10M
o-aminonhenol 1.5 T4 15.2
m—-aminonhexol 0.2 0.7 1.4
2,3-dimeth&1nhenol 0.9 4.6 8.7
2,5-dimethylphenol 1.4 7.0 14.0
2,6-dimethy1nhenol*1.o 5.0 10.0
3,4—dimethylnhen01 1.2 5.6 11.0

/K3Fe(CN)6 / =1 x 10'3M; MeOH = 50% (v/v); pi- = 0.5M

* At 30°cC.
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Rate law

Under the nresent exnerimental conditions,

the rate 12w could he exnressed as:

Rate = = =— , — = L [Substratqﬂ{%e(CN)gf] / OH™ /

......... (1)

The nseudo first order rate constant, k was determined

obs?
by keening the concentrations of two out of the three
reactants (substrate, oxidant and alkali) constant, and was

calculated from the equation (96):

D
2,303 0
kObS - t log Dt ® v v 5 0 2 8 . (2)

where Do was the initial ontical density of the reaction
mixture, and Dt was the ontical density at time, t

(vide !'FExnerimental' : Calculations).

Solvent influences

b

The rates of these reactions were influencéd

by 2 change in the solvent comnosition of the medium,

The rates of these reactions showed a decrease, with
incre=sing nronortions of methanol, that is, with a decrease

in the dielectric constant of the medium (Tahles 8-10),
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Table 8 : Effect of solvent

Suhstrates

(~,01M) 10° X K poo s'i, at 40°C for MeOH(%,v/v) a:
50% 55% 60% 65% 7%
Phenol 3.6 2,7 1.8 - n.8
o—cresol* 1,1 0.9 0.7 -~ 0,5
m-qresol* 1.3 1.1 0.9 - n.7
necresol 143.0 116.0 88.0 - 52.0
o=¢hlorophenol 1.0 0.9 0.7 0.6 -
p~chloronhenol 2.7 2.3 1.8 1.6 -
o-carbhoxynhenol 1.0 0.8 0.T C.6 -
(salicylic acid)
m—caxbokyphenol 1.8 1.4 1.0 0.7 -
p—carboxyphenol’. 0.7 0.5 0.3 0.2 -
2y4=dichloronhenol 1.1 0.9 0.6 0.5 -
2,4,5~trichloronhenol 0,5 0.3 0.2 0.1 -
2,4,6-trichloronhznol 0.9 0.7 0.6 0.5 -
Vanillin 2.3 1.8 1.4 - 0.8

s

/‘KaFe(CN)é / =1 x 10*3M s / NaOH /. =<0m51M;;A,= 0.5 M..

. ‘
At 50°C
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Table 9 : Effect of solvent

MeOH - H,0 o-methoxyphenol p-methoxynhenol
(%, v/v)J {guaiacol)
(10% x K pe? s”!, at 30%0)

50-50 - 170.0

60-40 14,1 158,0

65-35 12,9 -

70-30 10.5 120.0

75-25 9.0 -

80-20 - 70.0
/ Substrates / = 5 x 107M; / K Fe(oN), / = 1 x 10™M;

/ NaOH / = 5 x 10“2M; A= 0.5 M.
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Tabhle 10 : Effect of solvent

Suhstrates 107 x kobs, s”!, at 40°C for MeOH  at
(%,v/v)
(0.001M) 50% 55% 60% 65% 70%
. +
o-aminonhenol 1.5 1.1 n.g n.6 -
m-aminonhenol 1.4 1.0 0.7 - 045
2,3~dimethylphenol 8.7 T.4 5.1 4,0 ~
2,5-dimethylnhenol 14,0 - 9.6 7.9 5.3
* B
2,6~dimethylnhenol 10,0 8.6 7.2 6.0 -
3,4~dimethylnhenol 11,0 - 9,2 8.5 7.9

/ KgFe(CN), / =1 x 1073 M; / NaOH / = 0.1 M;
(A= 0,5 M,

+
/ Substrate / =1 x 107" M

* At 30°%

The nlots of 1log ko against the reciprocal of the

bs
dielectric constant were linear, with negative slones (Figs.
1-5). This showed that the reactions under consideration
involved ions of the same sign, Using the Scatchard
equation (97), the values of r, the distance of apnroach

between the ions, Wwere calculated (Table 11); these values

of r were of the right order of magunitude.
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Pig. 5 - Plot of log k against 1/D
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Tahle 11 : Values of r

Substrate r (%)
Phenol 5.6
o~cresnl 5.0
m-cresol 4,6
p~cresol 4.8
o-chloronhenol 6.5
p~chloronhenol 6.8
o-=carboxynhenol 5.2
(salicylic acid)

m-carboxyphenol 5.0
n-carhoXyphenol Led
vanillin 4.5
Exgenol 4,2
Methyleugenol %40
o-methoxXxynhenal 3.1
n-methoXynhenol 3.8
o-aminonhenol 4.5
m-aminonhenol 4.2




In the alkaline fading of bromphznol blue
(BPB), in mixtures of ethanol and-water (98), it was
shown that the »nlot of log k 2gainst the reciprocal of
the dielsctric constant was linear, with a negative Slopcﬁ
since the reaction was between 2 univalent negative ion{(O0H )

22—
and 3 divalent negative ion (BPB”7), that is, between kons

of the same sign,

Effect of temnerature

The rates of these reactions were enhanced, with

an increase in temperature (Tables 12-13),
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Table 12 : Effect of temperature

S a -
ubstrates 10%x & pst S 1, at temneratures(s+ 0.1°¢)

(0.01 M) obs

30,0 35.0 40,0 45.0 30.0
Phenol - 1.8 2.4 2.9 3.6
o-cresol - 0.6 0.7 0.9 1.1
m~cresol - 8.0 1D.0 1.1 3.0
p-cresol - 96,0 110,90 122.0 143.0
o-chlorophenol - 0.8 1.0 1.3 1.6
p-chlorophenol - 2.2 2.7 3.1 4.0

+

o-mathoxynhenol ~10.5 14.3 18.6 20.5 26,8
(guatsaol}
p-methoxyphenol®™ 120.0 135.0  146.0  172.0 -
o~carboxyphenol - 0.8 1.0 1.1 1.3
m-carboxyphenol - 1.4 1.8 2.1 2.4
p~carboxyphenol - 0,6 0.7 0.9 1.1
2,4-dichlorophenol - 0.9 1.1 1.3 1.6
2,4,5-trichloronhenol - . .

0,2 0,4 0.5 0.6 -
2,4,6-trichloronhenol )

0.6 0.7 0.9 1.1 -
Vanillin -~ 1,7 2,3 3.0 4.6

: —d N

Eugenol(i-0 %10 M) 2.4 3.0 3.6 4.2 -
Methyleugenol™ 0.9 1,2 1.5 2.0 -

/ K3Fe(CN)6 / =1 x 10"3M; / NaOH/ = 0.5 M3
*
MeOH = 50% (v/v)3 = 0.5 M.; /NaOH/ = 0.05M.

* /Substrates/ = 5 x 107M; / K Fe(CN), / = 1 x 107 My

/NaOH/ = 0.05M; MeOH = 7¢5 (v/v); /4 = 0.5M
ird N

# /Substrate/ = 7.5 x 1O-JM; /K;Fe(CN)6 / =5 x 10-4 M
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Table 13 : Effect of temperature

Substrates 10%x K b s-l, at temperatures
0

(0.001 M)~ (£ 0.1°¢C)

30.0 35.0 40,7 45.0 50.90

¥

O~aminophenol 0.8 1.3 1.5 2.0 -
m—~aminophenol - 1.2 1.4 1,6 1.9
2,3-dimethylphenol =~ 7.3 8.7 1.0 1.2
2,5~dimethylphenol -~ 11,4 14,0 16.3 18,5

2,6~dimethyliphenol 10,0 13.2 15.1 - -

3,4-dimethylphenol =~ 9.4 11,0 12.8 16,3

/ K3Fe(CN)6 / =1 x 1073 M; / NaOH / = 0.1 M3

MeOH = 50% (v/v); f&'z 0,5 M.
* /substrate/ =1 x 107 M,

The plots of log kO against the reciprocal

bs
of temperature were linear ( Eigs. 6-10). The slopes
of these nlots were used to calculate the activation

energies. The other activation parameters were calculated,

and have been shown (Tables 14~15).
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Table 14 : Activation Paorameters
z F
Substrates B A ( AL AL
(kdmo1™h) (s=1) (kJmo1™l) (Jx tmo1™h

Phenol 25.1+0.8 170+1,6 22,0+40.7 -21245
o=-cresol 32,7+0,9 20+1.0  29,.,2+0.8 -195+5
p-cresosl 20,2+0.9 6+0.5 17.4+C.8 ~206+5
o-chlorophenol 35.6+0.7 91+1.0 32.9+1.0 ~216+3
p-chlorophenol 33.7+0.6 88+1.0 30.440.7 -216+5
o-nethoxyphenol 23,0+0.8 9.5+0.5 20,4+0,8  =-120+5
(guaiacol)
p-nethoxyphenol 18.1+0.5 0.3 15,6+0.3 -263+5
o-carboxyphenol 23.1+1,2 0.7 20.5+1.1 -256+8
(salicylic acid) ‘
m-carboxyphenocl 27.7+1.5 7T+0.2 25.1+1.3 -237+7
p-carboxyphencl 28.4+1,3 4+0,2 25.8+1.2 -242+7
2,4~-dichlorophenol 26.8+1.2 3+0.2 24.1+1.1 -243+6
2,4,5=trichlorophenol

57.4+1.5 0.7 54.8+1.3 -152+3
2,4,6~trichlorophenol

22,6+1.0 0.5 20.1+1.0 -258+6
Vanillin 40,0+1.3 l.lxlo3 37.3+1.0 ~19645
Eugenol 27.5+1.0 14+0,8 25.0+0.7 ~231+5

Methyleugenol 39.6+1.1 617+1.8 37.0+0.8 ~200+6




Table 15 ¢ Activation Paramciers

Substrates B A éﬂ# AS

(kJmol-l) (s‘l) (kJmol“I) (Jk“lmol
o-aninophenocl 50,7+1.0 §i0x104'43.2io.8 ~163+4
n-aninocphenol 25,5+0.6 .5 22.94+0.5 -246+6
243-dimethylphencl 25.9+0.,6 16,0 23.3+0,6  ~229+6
2,5-dimethylphenol 26,5+0.5 36,0 23.840.5  ~223+6
2,6-dimethylphenol 22.7+0,5 1.0 20.0+0.6  =254+5
3,4~dimethylphenol 30,440.,6 133.0 27.5+0.5 ~213+5

Effect of ionic strength

The variation of ionic strangth by using
NaCl0, (0.10M to 0.50M), did not have any effect on the

rates of these reactions.

Effcct of added K4®e(cw)6

The addition of K4Fe(CN)6 in the concentration
-4

range, 1.0 x 107%M to 1.0 x 107°M, did not have any

influence on the rates of these reactions.
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Rodical intermediates {Vide 'Experimental')

Phenols are kncwn to give rise to stable radicals,

27 2 Al T T o 3
Wwhichk have hesen d2

ected and characterized (99-103).

t=d

o}
3
(3
)‘)ﬂ
9]

prescant investigaticn involving the
oxidaticn of nonohydric phenols by alkaline hexacyanoferrate
(II1I}, the esr spectra of the radicals generated in a flow
system have confirmed the presence of randical intermediates,
thus estahlishing that the reaction'p&thway was via the
formation of radicnl intermediates formed in the rate

deternining step of the reaction,

(a) Frcm the oxidation of phenol and cresols

The esr spectra of the radicals generated in a
flow system from the oxidation of phenol and cresols by
alkaline hexacyanoferrate(lllj, revealed a snectral
pattern similar to that reported earlier(l1"1). These resnlts
confirned the formation of a radical intermediate in the
ratce deternining step of the reaction, The radical
intermedintes formed, showed absorptiouns in the visible
region betwcen 657 nn and 677 nn, and a typical band at

-1 . .
1567 cm in the infrared spcectrun,



738

(b} Fron thc oxidation of guaiacols

The esr spectrum of the radical generated in
a flow system fronm the oxidation of guaiacol by alkaline
hexacyonoferrate {III), was obtained as a spectrun
consisting of 9 Pines, which were rather broad. This
spectrum was interpreted in a manner sinilar to thet
in an earlier investigation (101). The rate deternining
step of the reaction involved the formation of a radical
intermediate, which could be stabilized by resonance,
1

This radical showed a typical absorption band at 1560 cnm

in the infrared spectrun,

(c¢) From the oxidation of vanillin:

The esr spectrum of the radical gencerated in
a flow system from the oxidation of wanillin by alkaline
hexacyanoferrate (III), gave 6 spectral lines. The
splitting due to the hydrogen atoms in positions 3 amnd 5
were observed, Thés radical intermediate showed an
absorption in the visible region at 632 nm, and gave an

absorption band at 1560 c:m—1 in the infrared spectrum.

In general, phenoxyl radicals have been

characte®ized by their electronic spectra (102-103),
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Mechanisn
RS R Al

Pumnerer et al (174~1085) ko’ oostulntes o freo

phencxy radigal as the first intern

0]

of »nhencl counling,

In the present investignation, inwvolwirg the

oxidation of monohydric phenols by alkaline hexncvanoferrate

(III), the mecghanistie pathways have been establisked on %
basis of the formation of radical intermediates {confirmed
by esr sneciroscony), and by nroduct analyses (vide

+EXperinmentnl' : Product analysis). .

(2) Oxidatica o7 phencl and gresols:

The phenoxy radical, 2+, is etnah3llizmed by
resonance {23 &=y 2b &y 2¢ & 2d). The reaction of

2b + 2¢, -followed by the removal of an electron, by
hexoeyanoferrate (III), from the resultant product, 3 ,
yields I ,-Sinjilarip, the memetion of gg'with the ani»n of
ecresol, at the ortho posmtion, would afford the oocudnled
radical, 4 . The latter is oxidized further by hexacyano-
ferrate (III1), undergoing aromatization, to give 4-aryl-

Qrmethyl ¢yclohexadienone, 5 . Comnound 5 undergoes nnr

intramolecular Michael additinn reaction, and is converted

he

_the

to the ketome, II . The formatiocn of £ can alsn he envisagad

it
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as arising from the counling of the two canroniecal forms,

P

2b + 2d, The dnal eoursc of the oxidation of p-—cresol lends

et

[

supnort to the resonanee hybrid sitructure of the phenoxy
radieal, 2 . The reaction sequence is given in the

Schene,

This rcecaction scquenee finds support from the
synthesis of complex natural produdis sueh as usnic acid
{(91) and grisecfulvin {1706}, Signifidantly, a key step
in the hiosynthesis of many of these compounds is the

cxidative cou>ling of a nhenol.

It tould he reasonahle toc assume that the phenoxyl
radieals, once formed, would couplc at the posbdtions of high
spin densifty., Such eounling would be rapid and irreversible,
Support for this hypothesis eomes from flash nhotolysis
gxperiments in which pheno¥yl radicals havé heen generated

in soluticn, and their decay followed spectrophotometrically

(107-108).

(b) Oxidatinn of guaiacol:

In guaiacol, thce observed coupling positions,
ortho and para, show that a frce phenoxyl radical would
he reactive only on the oxygen and onm the ortho and para

carhbeon atorms,. The resonangc strucitures for the radical
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ed

would symbolize a high densiiy of th

@

unnaired electron

b

at these positions, Guaiaeol, 1 , can be coxidized Lo the

e 2b . Comhination

[ . w——

D

corresponding phenoxyl radical, 2 &

-~

of 28 + 2a would result in thc formation of the dimer, 3 ,

j$4]

I

whiech would undergo tanitomerizgtion ranidly in nethanol,
and would be oxidized further to yield the extended
quinone, 4 , No other intermediate productfy - could be

recovered, The mechanismn is shown in the Schemnme,

(¢) Oxidation cf vanillin

In the cnse of vanillin, the radical forned
wounld he reasegtive on the oxygen and in the ortho position,

in, 1 , can he

o

2
f=t

since the pare position was blocked, Vanil

{

(o
B
\}
-

ic

3]

oxidized by hexacyanoferrate (III) to the ra 1, 2 ~—

eyt

Combination of 2a + 2a would givye the direr, 3 , which
would undergo tambomerization in methanol rapidly to give
divanillin, I , The reaction sequence is given in the

Schenme.
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CHAPTER 2

*
XINETZICS OF CXIDATICH OF DIHYDRIC PHEINCLS

The oxidation of dihydric phenols{catechcd,
resorcinol, orcimol anmd guninol) has been studied hy several

werkers usiung a variety of oxidizing agents.

EARLIER JORK:

1, Catechol

The oxidation of catechol by ferrie chloride and
by silver nitrate at pH 5.9(1), as also air/enzyme oxidations
{(2) had resulted in a variety of counled products, There
have bheen some reports to show that the oxidation of catechols
was accomnanied by ar arowmatic ring cleavage (3-5). The
oxidation of catechol by aqueous sodiun iodate (6) gave a
radical internediate, I , which then yielded the o-auinone,

I . The photooxidation of catechol (7) had yielded

o

M. Bhattacharjee and ¥M.K. Mahanti, reaction Kinetics
Catalysis Letters, 21 , 449 (1982); Gazz. Chin. Italiana,
113 , 101 (1983)s Bull, Soc. Chinm, France, Part I,

0000 (1983).






two syrmmetrical carbon-carbon dimers, IIT aad IV . The
oxidation of catechol has becn carried out by V(v) ane

cr(vi) {8), H292 / cu’t ions (9), peracetic acid catalysed

by cu?* ma Fe 2t ions to give cis cis-mumconic acid (10),

netal acetylacetonates in organic solvents {II). The

oxidation of catechol by hexachloroiridate (IV) in

aqueéous perchloric acid wag via an outer sphere process,

the product obtained being o~benzoquinone (12). The conversion

of catechol to o-benzoquinone has been established in

earlier investigations (13-22),

2, Resorcinol and Orcinol

The aerigl oxidation or resorcincl in alkaline
rmedium had given diphenoquinone (23-24). The oxidation
of resorcinol by hexachloroiridate (IV) in aqueous perchloric
acid war initially fast, followed by a nuch slower reaction

(12), a2nd resulted im the formation of coupled products.

In tht presence of oXygen or hydrogen peroxide,
in alkaline solution, orcinol was converted to the dimeric
rono- and diquinones (25). Orecinol has bheen oxidized to
Dyp-coupled products, by PbC,, benzophenone / hi , and by

alkaline hexacyaroferrate (ITI); however, no kinetic details



w
Co

detaile were renorted (26). In agueous anronia, nitrogen
was incorsornted to afford a eomnlex nixture ef orceine 2nd

litnmus dyes, naving colours from red to violet-blue(27?28}.

3. Duincl

The aerial oxidation of guinol had resulted in
coupled products{29), whereas the photooxidation of aquinol
had yielded dimers (7). The oxidation of guinol in perchloric
acid medium had been carried out by a variety of oxidants
such as Fe °F (30), Ccr 6+ (31), Cco 3+ (32-33), Ce 4 (34)

3+

and Mn (35), to give p~benzoquinone, 1In the case of

3+ ce %" ana un 3T , intermediate comnlexes

oxidations by Co
were observed., These complexes were rapidly decomposed to
give the semiguinone radical (or its anion), which was then
further oxidized to the quinone, The oxidation of quinol

by V(V; was ranid {36), and the variation of the rate with
changes in acicdily was explained in terms of the decomposition
of the various complexes formed as intermediates. Np (VI) has
also been used to oxidize quinol (37), but there was no
evidence for the formation of a semiguinomne intermediate,
Thallium (ITI) trifluoroacetate, taken in either
trifluorocacetic acid or in €Cl, a8 solvent, hos heen

4

observed to rapidly oxidize quinol to p-guinone in nearly
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70% yield (38-39). The laccase-catalysed oxidation of
quincl’ _0), and the oxidation of quinol by H202 catalysed
by peroxidase (41), gave p-benzoquinone, ¥Im both cases.

The oxidation of quinol was not catalysed by tyrosinase(42),

and this constitutes an inmportant difference between

tyrosinase and laccase,
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PRESENT WORK

Xinetic studies on the oxidatiom of dihydric
phenols by potassium hexacyanoferrate (III) have not
received adegquate attention (43-44). The present work
is a detailed kinetic imvestigation of the oxidation of
dihydric phenols (CateBhol, resorcinol, orcinol and
gquinol) by potassium hexacyanoferrate (IIT), in alkaline
medium, at constant ionic strength, under a nitrogen

atmosphere, using methanol (70%, v/v) as the solvent.

Stoichiometry (vide 'Experimentalt);:

The stoichiometry of each of the reactions was

determined to bhe:

(a) Catechol

- B
. . ¥ Fe
CelgDy +20H + 2Fe(CN), —3 CeH 0,

4m
6

+ 2H20

+ 2 Fe(CN)



{(b) Resorecinol

- 3- y ¢
O ) A
2 C.H + 2 0H + 2Fe(CNf6 12 1004

66 2
4 -
+ 2 @e(CN)6
+ 2 HZO
(e¢) Orcinol
~ KT
2 C7H802 + 2 CH + 2Fe(CN)6 — CI4H1404

+ 2Fe(cw)§'

+ 2 H20
(a) Quinol
- 3-
.
Ceilg Oy + 2 QH” + 2Fe(CN)6 — 065402

+—2Fe(cm)§‘

+ 2H20

Effect of substrate, oxidant and alkali

The rate of the reasction was observed to be
dependent on the first powers of the concentrations of

substrate, oxidant and alkali (Tabde 'T).
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Table 1

Rate data for the oxidation of dihydric phenols

[Substrate/ [K.Fe{cN), 7 [/ NaOHJ Catechol Resorcinol Orcinol Quinol

(15%x u) (10°xu) (10%x) (10% x k_, o 57
1,0 1,0 5,0 44,7 6.1 64.0 10,8
2.0 1,0 5.0 89.6 12,3 130.0 21,6
5.0 1,0 5.0 225.0 30.7 325.0 54,2

10,0 1.0 5.0 455,0 62.0 652.,0 10930
1.0 0.1 5.0 44.8 6.3 64.5 10,8
1,0 0.5 5.0 44,7 6.0 64,0 10.7
1.0 3.75 5.0 45,0 6.1 64,3 10,8
1.0 1.0 2.9 22.5 3.1 31.8 5.2
1.0 1.0 10,0 89,8 12.5 128,0 21,7

Methanol = 70% (v/v) 3 f4.= 0,50 M3 temp. = 30,0 + 0.1%.
5

When a constant concentration of substrate (®arge excess) was
used, kobs did not show any appreciable variation with changing
concentrations of the oxidant, indicating that the rate of the

reaction was denendent on the first power of the concentration

of the exidant (Tabkle I).
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Rate law:

Under the present cxperimental conditions,
the rate law for resorcinol, orcinol snd guinol could be

expressed as:

3
Rate =_Q£~FQ(CN)5 A T [ Substrate_7 [T%e(cm)::jﬂéﬁﬂ:7

at
L R BN AN (1)

The pseudo first order rate constant, k_ was determined

hs?
by keeping the concentrations of two out of the three
reactants {(substrate, oxidant end =lkali) constant, and

was caleulated from the eguation (43):

I
2,303 o
kobs = 1 log —B-;- sasre s (2)

where DO was the initial optical absorbance of the reaction
mixture, and D, that ai time, ¢ {vide '"Ex-erinental';

Caleculations),

Effeet of solyent:

The rate of the rezction was influenced by a change
in solvent composition. The rate of the reacticn was found
to decrease with incressing amounts of methanol, that is, with
a decrease in the dielcectric counstant of the medium



Meaﬁmﬁz? Catechol Resorcinol guinol
3 4 "1

(%, v/7) ( 107 x kobS’ g )

60=40 72.3 9.3 .- 13.8

56w35 62,2 7.9 12,2

7030 44.7 6.1 10,8

75-285 30,0 4,8 9.1

- -2 ey -3
L[ Substrates /7 =1 x 10735  [K Fe(cu), 7 = 1x107" i3
[ Neol J =5 x 1072 M; temp. = 30.0 + 0.1% 3 p- = G,50M,

Table 3
Effeclt of solwvent
B o NTITO T [ 4 ~4
Pm::):;-mﬁg\; Orcinol (51(10 M )
4 -1
(%, v/7) (127 x K opg? S )
35-65 5.0
40=60 5.3
4555 4.1
5050 3.2
LKSFG(GN)ﬁ 7 =1zx 107343 [ waou ] =5 x IO-ZM;f&=-O.SGM;
temp. = 30.0 + 0.1%.
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d=nece of the rate constant on the

£

The ¢

encr

3

dieleciric comstant of the medium can be exoressed by the

atchard egustion (46). The nlots of log k against the

ohs

[o]

reciprocal of the dielectric constant were linear, with
negative slopse {Fig.l). This showed thst the reactions
under sonsideration involved iomns of the sgme sign. In the

alkaline fading of bromphenol blue in wmixturew of ethanol

and water, it was shown that the plot of log k versus the

[x\)

reciprocal of the dielecetric constant was linear with
negative slope (47), since the reaction was between =
univalent negative iom {0H™ ) and a divalent uegative ion
{ BPB"z), that is, bhetween inns of the sane sign. In the
present investigation, the walues of r, the distance of
approacih betwecen the two ions, Wwere calculated from the
Scatchard equation {46), and have been shown in Table 4,

These values of r were of ithe correct order of magrnitude.

Table 4

Talues of ¢!

o]
Substrate r (&)
Catechol 5.2
Zesorcinol 4,8
Orecinol 4.4

guincl 4.1
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catechol
ouinol
resorcinol

orcinol

1.95 2.30
1/D —
, Fig. 1 - Plot of log ky, = against 1/D ,
-2,2 7 ~orm & 1 o 1
L \'::;),__
1 1 catechol
v 2 cuinol
)
e 3 resorcinol
A o= 2 s
o009 - 4 }or01nol
4
,;z\..
—306 3 1
212 3.22 3.32
10°/T

Fig. 2 - 7Plot of log K bs against 1/T
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Effeect of temmersture:

The ratc of the rceagtion was influenced by changes
in tewmperature, the rate szowing an inercase with am increase

in the temperature {(Tabdes5-6).

Table §

Effeet of temperature

Temp. ( +2.1°C) Catechol Resorcinol guinol
(1»’1‘*4 Xk, oy s™! )

36,0 44,7 6.1 10.8

35,9 47,7 7.2 12,1

40,0 53.8 8.3 13.6

45.0 2.3 9.6 14,8

/ Substrates [/ =1 x 10“2M; Zﬁgpe(cﬂ)é = 1310~ %y ;
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6

Effect of temperature

Terp. ( + 0.1% ) Orcinol (5 x 1074 )
4 ~1
(107 x k_,or 8 )
32,0 3.2
38.0 4,1
40.0 5.4
45-0 602
ZES Fe(CN)6 J=1x 1073 M; Methanol = 850% (v/v) 3
[Faon 7 = 5 x 1072 u; (o = ©.50 1.
Frem the linear plots of log k against the reciprocal

of tem:erature { Fig.2), the

obs

activation

energies were

calculated, Tuc other activation parameters have

calculated and are shown in

Table 7,

heen



Table 7

Activation parameters

Parameters Catechol Resorcinol Orcinol Quinol
E(kdmol™})  10.1+0.7  24.0:1.2 40.7£1.3  17.620.4
A (s7h 8.6+0,3 8.3+0.5 3704+ 2,3 1.1
¥ -1 _ ‘ -
AH O (kdmol 7)  16.640,7  21.241.0 37.9+1.0 14.9+0.6
E, -1 = .
A5T (JK Tmel ) ~235+41 2 -20142.5  ~170+2.0 ~118+2,0

¥

The reactions have negative valumes of AS' , the
entropy of activation., Qualitatively, this wonld imply that
the potential energy of the tramsition state would bhe
lowere<, enahling the facilc formation of such a transition
state. The negative valmnes of 438#: may bhe due to two
factors:

(2) since the rate determining step involves a reaction
between two megatively chkarged ions, this shounld lead
to a negative value of éyf# , in going from the

reactants toc the transition state (48); and

(b) for reactions between ions of the sane signm, the
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transition state will be a more highly charged ion,
and hencc strongly solvated. More solwvent molecules
would be reguired for this tramsition state than for
the separste ions. The nelt effceet would be that in the
formation of such a transition state, Bhere wounlc
result a negative value of the entropy of activatio

{(49).

Effect of ionic sirengths

Varictions in the ionic strength of the mediun
using Na0104 O.10M to O.50M) dic¢ not have any effect on the

rates of these resctions.

Effect of added K4Fe(CN)6€

The addition of K4Fe(CN)6 in the concentration
range {1.D x 107 % to 1.0 x IQ-SM) did not have any effect

on the rates of these reactions,

Radical intcrmecdiantes(vide 'Experimental!):

Earlicr investigations had estahlished the
formation of semi-guinone radicsl intePmediates (15,20-21)

in the oxidation of catechol, The esr specirum of
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o-henzoserdiquinone, ohtained from a solution of catechol
in al¥noZine ethanol, had bein reported {10,580). This
snectrun was later analysed for its hyperfine splittings

(51-52),

The radicals oroduced by the oxidation of

i:

>

regsorcinol, im alkaline medium, have been shown to ¢ the

n~-benzosemiquinone radical anion (53).

The internediate p-benzosemiguinone radiceal
anion was detected snd identificd hy esr spectroscony
during the two-step oxidation of guinol catalysed hy
enzymes such a8 veroxidase {534-55) and laccase (56). This
semiquinone radical arion has hlso bheen detected in

lkalire solution, and characteriged by titration (57),

5]

spectrosconically (58-59), and hy esr measuremnents
(60-62).
In the present investigatiom, t:e esr sSpectrn
of the radicals gencratcd from the oxidation of catechol,
resorcinol, orcinol and guinol, hy alkaline hexacyanoferrate

{I11), have been studied, and the data is skown in Tahle &,
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Table 8

Phenoxy radical
from

Nunmber of
spectral lines

Characterization

Catechol

Resoreinol

Orcinol

Quinol

5

12

24

two trinlet splittings
from eguivalent
protors at 3 and 6,
and at 4 and §
positions,

triplet splitting
fron eguivalent
protons at 4 and 63
two doublet splittings
due to protons at

2 and 5 positions,

triplet of doublets;y
each line split into

4 lines, c¢orresnonding
to interaction with
nethyl protons at
position 5.

1:4:624:1 quartet, %

s

(a) From the oxidation of catechol:

The esr spectrunm of the o-benzoseniguinone

radical, obtained from the oxidation of

catechol by alkaline

hexacyanoferratc (III), gave 6 spectral lines, as a result

of two triplet splittings arising from the eguivalent protons

at the 3 and 6 positions,

and at the 4 and 5 positions,
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This radical intermcdiate had an ahsorption in the visible
region at 6535 nn, and showed a typical absorption bard

-1 .
at 1562 en in the infrared spectrun,

(b) From the oxidation of resorcinols

The esr spectrum of the radical generated from
the oxidation of resorcinol by alkaline hexacyanoferrate (IIT).
exhibited 12 spectral limes. A lnrge triplet splitting was
observed, arising from the equivalent protons at position=ns
4 and 6, The remainiang two doublet splittings would
correspond to protons at positions 2 and 5. This would
indicate that the coursc of the reaction was via the formation
of the m—~benzosemiquinone r~odical, This radical intermediate
had an absorption at 4830 nm in the wvisible region, and

1

showed a typical absorption band at 1560 c¢n = in the

infrared spectrun.

(¢) From the oxidation of orcinol:

The esr spectrum of the radical, obtained from
the oxidation of orcimol by alkalime hexacyanoferrate(III),
gave 24 snectral lines, This spectrunm consisted of a triplet
of doubhlets, each line being split further into 4 lines,

corresponding to the interaction with the three methyl protowns
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at the 5-position. The rate determining step of the reaction
involvca the formation of a radical internediate, which shawed
an abscorption at 667 wnm in the visible region, ~nd an absm?twn

-1 .
band at 1562 cn in the infrared spectrum.

(d} From the oxidation of gquinols

The esr spectrum of the p~benzosemiquinone radicnl
ion, obtained from the oxidation of quinol by alkaline
hexacyanoferrate (III), exhibited 5 equally spaced lines which
were in the intemnsity ratio of 1:4:6:4:1., This pattern is
caused by the counling of the free electron to four egquivaient
protons to produce hyperfine splitting, Four such protons in
a2 non-o-2rlapping spectrum would produce a splitting into
5 lines with peak intensity ratios of 1:4:6:4:1., This
radical intermediate showed an absorption in the visible
region at 650 nn, and a tyrical absorption bhand at 1560 et
in the infrared spcecctrum. In general, phenoxy radicals
have becu characterized by their electronic spectra (63-64).
Earlier work had indicated the formation of the p-~benzosemc-
gquinone radical ion, which had been characterized by its

esr and clectronic spectra (65-63).
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Mechanism

Punnerer et al (69-70) had postulated a free
phenoxy radical as the first imtermediate in the oxidatioa
of phenols., The oxidation of phenols hy hoexgcyanoferrate(IIT)
in alkaline melium gave the aryloxy anion. This anion
transfers an electror to hexacyanoferrate (III), resunlting
in the formation of an aryloxy radical, This radical is
frce to react, and further oxidation can yield either the

gquinone, or result in the formation of coupled products.

1. CATECHOL

Earlier investigations had established the
formation of semiquinone radical intermediates(15,20-21) in
the oxidation of catechol., The esr spectrum of o-bhenzogeni-
quinone, obtained from a sclutinm of catechol in alkaline
ethanol had heen reported (15,50), and analysed for its

hyperfine splittings (51-52}.

In the present investigation, the first step in
the reaction of catechol with alkaline hexscyanoferrate (IIT)
is the formetion of the gnion. The removal of one electron
from the anion of catechol would lead to the corresponding

stable o-benzosemiquinocne radical, which was characterized by
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esr spcctroscopy as a 6=~line Spectrum. FPFurther oxidatien
of the radical intermediate resultced in the removal of the

second electron, to afford the product, o-benmzoquinone,

?

Pt

This product has becn isolated and characterized, unequivocally,
as o=benzoquinone (vide 'Experimental'! : Product analysis),

The reaction sequencd is shown in the Schene,

2, RESQRCINCL

For resorcinol, the observed coupling positions
{(ortho and para) show that a free phenoxy radical is
reactive only on the oxygen, and on the oritho and para carbon
atoms. Therefore, the unpaired electron has a high probability
density at these positions. It is reasonable to postulate
that the oxidation of resorcinocl would nroceed by way of
attack at the 4-position, which is activated by being ortho

to one of the hydroxy grouns, and para to the other,

The first step in the oxidation of resorcinol is
the formation of the dianion, The potential for the
abstraction of the first electron would be lowered by the
presence of the second hydroxyl group. This would afford,
upon onc-electron oxidation, the m-benzosemiquinone radical.

The formation of this radical has been confirmed hy esr
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spectroscopy as a i2-~line spectrum, The next step of the
;vactitn, however, requires a high potential, The diradical
cannot Hc stabiliced, since the formation of m—guinones is
not possikle, Considering the very high spin density at
4 and 6 positions, it is to he expected that further oxidation
wouid occur by the dimerigzation of the primary radicals =2t
one of these two positions to form a biphenyl compound,
Rapid and irreversible counling of the radicnls occurred at
i i
the 4-position, to give the product, 3, 3, 5, 5§ =~ tetra-
hydroxy biphenyl (vide 'Experimental' : Product analysis).

The reaction sequence is shown in the Schene,
3. ORCIMOL

In the case of orcinol, the presence of the
clkyl substituent decreases the redox potential, making the
phenol more easily oxidizable., The position ortho to bhoth
the hydroxyl groups would bccome actiwvated, and the net
result would be that the process of oxidative coupling would
occur at this position, to give the product, 2, 2" , 6, 67 =
tetrahydroxybitolyl - 4,4.I(vide 'Experimental' 3 Product
analysis). The presence of the methyl greup in orcinol
enhances the rate of the reaction. The reaction sequence is

Shown in the Scheme,
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The alkali denendence of the oxidation proccss
indicated that the reaction proceeded via an intermecdiate
anion of the reducing substrate formed with hydroxyl ions,
For the formation of the dianion of quinol, the pK values
for the two steps have bheen reported (71) as 9.85 and 11.4 .
Hexacyanoferrate(III) would react with this dianion to yield
the p-benzosemiqguinone radical. This radical intermediate,
detected by esr spectroscopy, showed a 5-line snectrum with
peak intensities of 1:4:6:4:1, FRrther oxidation of the
radical intermediate was rapid, and yielded the product
which has been characterized as p-henzoquinone. Redox
equilibria data {30) bBave indicated that the potential for
the removal of the second electron is so low, that
p~benzoquinone is formed guite rapidly. The product has
been characterized as p-henzoguinone (vidé 'Experimental’:
Product analysis). The reaction se-quence is shown in the

Sechene,
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KINETICS OF OXINATION OF TRIBVYORIL PHENOLS

The oxidstion of tri2ydric phenocls (pyrogzllcl

and »hloroglucinol) kas heen studied by various worksrs,

The aerial oxidation of pyrogellol in the

OH)Z had yiclded counled products(1-2),

——

presence of fHa
while the =erial oxidation in alkaline rmedium had yielded
trimeric oroducts(3). Substituted pyrogallols gave
trimeric products when oxidized by peroxydisulfate(4),

moleeular iodine(5), or when aerial oxidations were

performed in the presence of ammonia(6-8), NaHCOé(B—?},

iJJ

a(OH)2(9~19), cr »y enzyme(ll). Tyrosinsse, laccase

and pceraoxidase catalyzed the

M

idastion of nyrogalloel to
pursurogallin, and this reaction has heen used for the
assgy of 211 three enzyues(12-14), The enzymic oxidation

of wicinal trihydric nherols to nurpurogallin structures

"

plays en important »zrt in the biosynthesis of the

tannins in tea(18).

; N oy - o - —
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*1, 14, Bhattacharjee and M.%. itisahanti, "eact. Xinet.

setsl.Lett., 22 , 0900{1933).

2, M., Bhattaclierjee ~nd ¥,X, ¥Mahanti, Indian J. Them.,
224 , 634 (1°8u).



Phlorogluecinol

Coupled products have heen obtained wvhen
nhlorogluecincls were oXxidized by a wariety of oxidizing
agerts suck as hexaeyzroferrate(ITI) in alkaline mediunm

(1617}, and ny Fesl, in ethanol(13)., Phloroglucinol

D

trimethyl ether wns heen converted to 2,5-~dimethexyauinonc

when the oxidation was nerformed hy LTA in henzene(190).



PRESENT WORK

O
e}

The kinetics oxidation of trihydric phenols
by hexzecyanoferrate{IYI} in alkalime mediaum has not
réccived nuch sttention. The present work is a detailed
kinztic orohe intc the oxidation of trihydric phenols
{pyrcgallsl =nd phloroglueinol) by potassium hexaeyano-—

onic

[y

ferrate{III) iz a2lkaline medium, at comnstant
strength, under a nitrogen atmosnhere, using angueons

methanol (70%, v/v) =28 solvent.

Stoichiometry (vide 'Exverimental'):

The stoichiometry of the reaction was determined
to e 2:4 (substrate : oxidant), accordiung to the

egquations:

(a) Pyrogallol:

. , 3= . o -
CgHgly + dFe(CNj~ + 2007 ———> €, Hg0, +4Fe(CH) 8

+ 2H,0 + 2HT
(b) Phloroglucinol:
~ R 3‘- ‘.\v— e 1 Y X n 4‘-
20 M 04 + 4re(cn)6 + 20H e 012“806.+4re(gm)6

+ 2H,0 + oyt

Effect of subsirate, oxidant and alkalis

1

The rate of the renction was observed to be
denendent on the first nowers of the comcentrations of

substrate, oxidant and alkali {Tables 1-2).



Table 1

=}

ate data for the oxidation of pyrogallol at 40,0 + ¢

[Pyrogallol]  [Txgre(cm), T [Haou7 102 x 3

(102 X M) (103 x M) (1) (s‘l)
1,2 1,8 2.1 40,8
2.9 1.0 0.1 80.7
5.0 1.0 0.1 203,0

10,90 1,0 0.1 410,90
1,0 4.5 7.1 39.56
1.0 n.25 2.1 40,6
1.9 0,10 9.1 40,3
1.0 1.0 0.25 101.D
1.0 1.0 3.50 204,0
1.0 1.0 .75 308,09

91
(]
—
i
.

Methanol = 50% (v/v); ft = Q.



- Table 2
Rate data for the oxidati~:.f nhlororlucinnl ot

30,0 + 0.1%

if?hloroglucinoi“7 Z_KsFe(CN)6—7 lﬁaoﬂ_7 IQZ * kohs
(10% x 1) (16% x u) (16%x0) (s71)
1.0 1.0 5.0 4.8
2.5 1.0 5.0 12.0
5.0 1.0 5.0 24,2
10.0 1.0 5.0 48.8
1.0 0.2 5.0 4.7
1.9 D.5 5.0 4.9
1.0 0.7 5.0 4.8
1.0 1.0 2.0 2.0
1.0 1.5 7.0 7.2
s 1.0 10.0 10,1

M&thanol = 70% (v/7); j/(.,:: 0.50M
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Then 2 constant concémntration of substrate (large excess)
was used, kobs did not show any anpreciable vyariation rith
changing concentrations of oxidant, indicating a first order

dependence of the reaction onm the conceéntration of the

o¥idant (Tables 1-2),

o]
]

o
D

(o]
0
=
L
00

Under the present experimental conditions, the

rate law could be expressed as:

— 3.
IO VAR 1Y 1123 Danlly AN = ooy 34 ~7
Rate = AR =k, [Substrate7/Fe(cn) 17/0077

creceseas (1)

The psendo first order rate constant, k was determined

obs’
by keeping the concentrations of two out of the three
reactants (substrate, oxidant amd a2lxali) constant, and

was calculated from the e~uation{20):

B
_ 2.303 O eees . (2)
kobs - t tog B,

where DO was the initiazl ontical dansity of the reaction
mixture, and D, was the ootical demsity at tiwme, t (vide

tExperimental’ : Cslculations),
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The rate of the reaction was influenced by

1 chnnge in the solwvent composition of the medium

Tgble 3
Effect of molvent at 49,9 + O.IOC
Meot - 4.0 Pyrogaliol
5 -1
(%, v/v) (107 % k_, o, s7)
50-590 33.5
45~-55 23.2
40~80 14.3
35-65 120.9

/[ Pyrogallol 7/ = 5 x 10 %y [K3Fe(CN)6_7 ~1 x 1772,

[ nacH 7 = D.1M; f = D.50 i,



Table 4
Bffect of solwvent at 20.0 + 2,1%

M@GH“TZQ Phloroglucinel
’ hY 2 '-"'Ti‘
IS - 0% kg 87T

T3l 2 4,8

7525 4,58

82~27 4,1

il

/ Prloroglucinol / = 1 x IO-ZM; [—K3Fe(CN)6;7 1 x 10"3M;

et
skt

[ raCE_/ = 5 x 107 "M; (4 = 5.50 M.

The plots of log k

z against the reciprocal
obs g b

of the dielectric constant were linear (Fig.l), suggesting
that the reactioms under comsideration werc of the ion-—ion
tyne (21)., Using the Scatchard eguation (22), the values

cf 1, the distance of approach belwecn the ions, were

(%]

§

calculated to be 6.2 £ (for pyrogallol), =nd 5.% E (for
phloroglncinol). These values of r werc of the correct

order of magnitude,

Effect of temnerature

The rates of the reactions were enhanccd, with

o

an increase ir the temperature (Table 5). The plots of



0.55
T~ ) d.'4i
10,27
_—
A
S
e 1 pyrogallol
. N34
2 phloroglucinol
0.0n T
1.6 2.05 2.5
1/D —
Fige 1 = DPlot of log kobs against 1/D
-2.20-
T 1 pyrogallol
1
4;;2'9Od 2 phloroglucinol
R
[
L(‘) ~=
M
~-%.60 T - d
5.08 3419 3.30
1027 —>

Fig, 2 ~ DPlot of log kobs against 1/T
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log kobs ageinst the reciproeal of tcemperature were
linear (Fig.2), and the agctivation energies were
calculéted from the slowes of these nlots. The other
activation parameters were calenlated, and have hecn

showyn in Table 6,

Table 5

b

Effcet of temperature

Temp ( + 0.1°¢) Pyrogallol* Phlcroglucinol#
2 -1
(107 = Kopg? & )
30,0 — 4,8
38,0 31,7 5.7
40,0 40,0 5.8
45,0 53.0 3.3
59.9 N 65.0 —-—
/[ Substrates_J = 1 x 10”2 [Kore(cy), T = 1x107° 115
R g~ | () U__, - CL) !:;_3]. 1) 6"" o kg

}A-'= G.SC‘ ?}’A‘-
* /TNa0n_7 = 0.1M; Methanol = 50% (v/v).

# [Na0H_/ = 5 x 1072 13 # piothanol = T0% (v/v).

Il
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Iable 6

Activation parameters

Parameters Pyrogallol Phloroglucinol
E(kJ mol™}) 38.3 + 0.8 28.2 + 0.8
A (s7h) 3.2 x 10° 1.3 x 10°
- -1 '
AT (kI mol ) 35.6 + 0.7 25.6 + 0.8
£ - -
A8 (JK LIS l) -163 + 2.0 ~174 + 1.6

Effect of ionic sirengihs

The variation cof ionic strength by using MaClD4

{C.10U4 to 2.501), did not have any effect on the rates of

these reactions,.

Effect of added KéFe(CN)éz

The addition of K4Fe{CH)6 in tho concentration
range,
- -3
1.9 x 107" to 1.0 x 10 "M, did not have any influence on the

rates cof these reactions,

Radical intermediate (vide 'Experimental!):

(2) From the oxidation of pyrogallols

The ESE spcctrum of the radical, generated from the

(1),

oxidetion of pyrogallcl by alXaline hexacyanoferratel gave
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t7o groups of thrce limes each, resulting from the
hyperfine interactions of protons onm the ring, with the

nnp

a3

wired electron spin., The resonance forms of this

o~

feds

semiguinone structure wounld make protons at positions

4

o

r

1d 6 eguivalent. The observed splitting of the line
follows from doubling due to the proton at positior §,
fellowed by trinling of each of these two lines by the

rem=2ining equivalent protons at positions 4 and 6. The

intensity ratios were {1,2,1) and {1,2,1).

This radicecl intermediate showed an absorntion
in the wvisible regicn at 655nm, and gave an absorption

-1
band at 1560 ¢nm in tke IR spectrunm,.

(b) From the oxidation of phloroglucinol:

The ESR spectrum of the radical, generated fronm
the oxidation of phloroglucinol by al%2line hexacyano-
ferrate {ITI), showed a 1:3:3:1 quartet spectrum, due to
the three eaduivaldnt protors at positio~s 2, 4 and 6.

The IR spectrum of the reaction mixture, scanned

-

rapidly at two-minute intervals, exhibited a2 gtable bhand
at 1560 cm™ . hese dnta suggested the formationm of a
radical intermediate in the rate determining step of the
reactiosn,

In general, phenoxy radicals have been characterized

by their clectromic Spectra(23-24}.



()
HO -
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)

HO  (1071v508Ad)
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Mechanisnm

{a) Cxidation of pyrogallol:

Punmerer et al{25-26) had postulated a free
phenoxy radical as the first intermediate in the reactions
of phenol counpling., This radical would be reactive on the
orygen, and in the 5 position of oyrognllol., In this
inrsstigation,ihe first ston of the roaction was the formation
of the anion, which, om reaction with hexacyanoferrate(YII),
would give the radical, 2 &> 2z. Combination of 2a + 2a
gives the dimer, 3. This dimer undergoes tmutomerization
in methanol rapidly, and is further oxidized, by hexacyano-
ferrate (TII), to yield the eoxtendcd guinone, I, This
produ¢t has becn characterized by analytical and spectral

methods (vid: !'Experimental'’ : Product analysis).

The seguence of reactions 1is shown in the Schene,

(b) Cxidation of nhloroglucinol :

In the case cf phloroglucinol, the observed
counling positions, ortho 2nd para, show that a frece phenoxy
radical is reactive only on the oxygen and on the ortho and
para carbeon atoms. Resonance structures would symbolize a

high density of the unpaired electron at these positions,

When two radicals combine, dimers are formad.
In some cases, dimers thought to be peroxides have been

reported (27-30)., Later investigations showed these to he of



OH OH

FelCN) S
, —~ slow
OH ‘ o— ™ 07

HO
(PHLOROGLUCINOL)
OH OH
Fe(CN)g-
R e -
~ ® .O O""
0] O OH
0 0
0] 0

(1) OH
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the phenoxydienone tyoe (31-33), If the potential of the

ey

oxidizin 1C

(<}
foin

enouch, the C~C diwvers can be

w3

agent is

oxidized further to vyield extended auninones(34).

The results of the present study indicate thst

in al%aline solution, the potentizl for the first electiren

e

traonsfer from the aniosun should he lower than that for the
sececond from the radieal, Therefore, the first step should
he much faster than the second, assuming that the rate of
oxidztion increeses with the potential difference betwecn

the substraste and the oxidant,

In the present investigation, the alkali denendence
of the oxidation process indicnted that the reaction
proceeded via an intermediate anion of the reducing substrate
formed with hydroxyl ions., Hexacyanoferrate(III) reacted with
this anion to yield the radical., This radical intermediate
has been detected and charncterized by ESR speelroscony.
Rapid and irreversible counling of this radical gave the

)J

product. It would be reasonable to assume that the counling
occurred fastest at the positioms of highest donsity of the
free electron. The product was chaeracterized hy analytical

and spectral methods (vide 'Hxperimental':Product analysis).

The reaction scguence is shown in the Scheme,
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CHAPTER 4

*
KINETICS OF CXIRATIQN CF NAPHTHCGLS

The oXidation of naphthols has been studied by

various workers, using a wvariely of oxidizing agents.

c{—nanhthol:

The coxidation of O<fnaphthol by FeCl, had yielded
all three possible ortho and para carbon-carbon counled
products(1-7). Trimeric products were ohtained when
of -naphthol was oxidized by air/ZnC1,(8), and by Pb0,(9-11).
The oxidationo of g{-naphthol by 2,4,6-trivhenylphenoxyl

gave O-diphenoquinone{12).

gwmnaphtWOI:
]
1

~oupled products were ohtained when .ﬁQnaphthol
was oxidizced by Feclg(l, 13-15), hexacyanoferrate(III) in
alkaline medium {16-18), FP20,(8, 11), cu{II) acetate in the

presenc2 of ammonia(ll), and by Su(II) salt (19). Trimers

* 11, Bhattacharjece and M.X. lizhanti, Int. J. Chem, Kinetics,
15 , 197 (1983). -

|
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were obtained wken ﬁ—naphthol was oxidized by H202 in the

presenca

»

of ncetic zcid and sodium molybdate (20), Counled
nroducts and trirers were chtained Whenlﬁ—naphthol was

oxidized hy o¥ygen in the presence of VZSS’ WOS or Sanh ot
t

§e

PR o e
L ud

stures =round 300°¢(3,21), and by air/NaoH(22).

f mixiare of ortio-ortho, ortho~para and carhon-ocXxygen

coupled products were obtained when FLnaphthol was oxidized

by O, in the presence of 2u(IY) salt and collidine(23),
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PRESENT TORK

The kinetics of 6xidation of nanhthols by
hexacyanoferrate{I¥I) in alkesline medium has not recdived
nmuch ctlention, The present work is a det=iled kinetic study
of the oxidation of manhthols (o<—naphthol and f)—nspL ot)
by potassium hexgcyarnoferrate{IiI) in alkaline medium, at

constant iomic strength, under a nitrogen atmosphere, using

agueous methanol (72%, v/v) as solvent.

Stcichiometry (vide 'Zxperimental!):

The stoichiomectiry of the reactionms were determined

to bhe:

(a) oL —naphthols

3

o+ 2087 —3 3¢

6C AHgO + 6 Fe{ol)

8 14 2

ol ri)
+6pe(cm)6 + 2H,0

+ ag’t

{(h) B -naphthols

3 r'n_ {3 ¥
6C1Ha0 + 6Fe(Cll) + 2 OB =3 Chnll; 00y

+6Fe(CN)g-+ 21,0

+ apt
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ect ¢f suhstrate, oXidant and alkasli:

e rate of the reaction was ohserved to be
denenlent omn the first neowers of the concentrations of

sunstrate, oxidont and alkali {Table 1).

Table 1

Rate data for the oxidation of Naphthols at 30,0+ 0.1°%

L“ubstrate7 Zfﬂqre(CN)é 7 LTanu 7 c(-naphthol /”-napnthol

(10 x M) (103 x M) (1@ XHM) (10 X koo S )
8.0 1.0 5.0 110.0 9.6
12,90 1.2 5.0 137.0 12.0
25.90 1.0 5.0 345.0 30.0
10.0 0.5 5.0 139.0 12.2
10.0 2.1 5.0 137.0 12.0
10,0 .75 5.0 138,0 12,1
10.0 1.0 1.0 27.0 2.6
10.9 1,0 2,5 68,0 6.3
10.0 1.2 12.¢ 272.0 24,2
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Then & conrstant concentration of substrate

{(large excess) was nsed, k did not show any apnreciable

cbs
variation with changing concentrations of oxidant, indicating
a first order denendsnce of the rate of the reaction or the

concentration of the oxidant {(Table 1).

Rate law:

Under the present experimental corditions, the

rate law can he cxpressed as follows:

q[Fe(cm)gf;7
at

]
]
P
[0)]

8. -
K ps /[~ Waphthol 7/ [fpe(cw)é 7

LonT T..... (1)

The pseudo first order rate ccnstant, kobs’ was determined
by keeping the concentrations of two out of the three
reactarts {substrate, oxidant and alkali) constant, and

Tas calenlsted from the eguation {24):

3]
2,303 o
kobS‘ = = log Dt ceee (2)

where DO was the initisl optical density of the reaction
mixture, and D, was the optical demsity at time, t (vige

'Experimental! 3 ¢

]

lculations).



Solvent influences:

(Sl
e
G
=
i
2
6]
fude
i3
)
)
o
o]
i3
o
o
2

The rate of the reac hy
chonges in the sclvent compoesiticn of ithe medium. The r-

of the reaction wes influenced by chasnges in $he solwent

composition of tixe medium. The r~te of the reaction wns

[

found to increcee with increasing amounts of methanol, that

is, with a dcecrease in the dielectric constant of the

nedium (Table 2).

Table 2

ffoct of sclvent at 30.20 + 0.1%

&

MeOH-H, 3 o~ nenhthol ;?-naahthol

(%, «/v) (104 X Ik s-l)

[“substrates_7 = b x 107%; [Tr Fe(cu) 7 =1 x 107

[HaoE 7 =5 x 1072 fA = 0.50 I



0.45 4

%
RY
3° 2 'E-'—nap"'t‘*ol
N .
™y
0.05 — 1,00
2.10 2.35 2,60
1/D —>
Pige 1 - Plot of log k ;. against 1/D 1\
: ’ o —0050 "§
Ny S
o <
T’;\' i
=150 - —
\k\\;‘: "-0075 \:\g
“ S
E -
N ) A
A | 5
+ -1 A =nephthol -1.0
) )
2  jpr=naphthol
H
D
-2’0 - T T 1'.0
5.08 3.19 3.30

102 /7 —>
ig.e 2 = DPlot of log kobs against 1/T
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The denendence of the rate conrstsnt on the dielectric
constant of the medium cam be expressed by the Scatchard
equation{25). From the linear plots of log k_,  =2gainst
the reciprocal of the dieclcetric constant (Fias. 1), the
values of r, the distance of approach hetwcen the ions,
were caleulatod to be 11.4 R (for A -naphthol; and 8.5 it
(forlﬁ—ﬂaphthol). These values of r were of the correct
order of magnitude. Solwent effects on the rates of
reactions may also be due to factors sueh as the solwating

power of the solvent (28), solute-~solvent interactions

(27-28), and solvent struciure.

Effect of temnerature:

The rate of the reactiom was increased with an
inercase in the temnersture (Table 3). The plots of log
kobs against the reciprocz?! of temperaturc were linear
(Fig.2), and the activation energies were caleculated from

the slopes of these linear plots. The other =activation

parameters were evaluated, and have beecn shown in Table 4.



Table 3

Effect cof tempersature

Temp.{+ 0.1% 0{~naphthol ﬁ?— nenhthol
(10% x s~
ohs’
32,0 137.0 - 12,2
38.0 178.0 15.5
40,0 202.,0 18.3
45,0 250.0 23.1
3G.0 203.90 28.5

2

- -2 - -3
[/ Substrates_7 = 1x107"m; [/ Z{3Fe(SN)6_7 = 131077 M;

JHaow 7 = 5 x 1972y go= 0.50u

ane !

[l T
iy T
FARSE

(=]

e 4

Activaticn parameters

Parameters A=nanhthol F?—naphthol
E (xdmo1™l) 31.8+0.5 34.5+ 7,5
=
A (s™Y) 2.7 x 10% 1,2 x 10°
",?L_" P '"'1 ~ = L) ~
AR (kJmol ) 29.2+0.5 31.9+ 2.8

LHsF (s tnor™h) - 32 + 1.3 - 32+ 1.3
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Effecct of iomic sirength:

-3

he variatioson of ioniec gtrength of the nediunm

by usimg N

&

cio, (C.1014 to 0,571, did nct have sny effect

on the rate of the rezaction,

Effect of added_K4ﬁe(GH)6 :

=]

4
ge (1.0 x 107% to 1.0 x 1073m), did not have any

he additiom of ¥ Fe(CN)6 in the concentration
-4

rar

s}
Q

«

influence on the rate of the reaction.

Radical intermediate (vide 'Experimental!):

Naphthols are knmowm to give rise to stable

radicals, which have been detected a2nd characterized(29-31),

.

I this investigation, the ESR spectrum of the radical

]
P

obtained from the oxidetion of g}nnphthol by al%aline

hexacyanoferrate(IIT) gave 9 spectral linee. The radicsal

[ )

obtained from the oxidation of /E—maphthol by ali¥xsline

hexacyanoferrate(ITI), gave 17 spectral lines. Sinilar
Spectira have heen ohserved earlier, =nd hagve deen aunalyzed
(29~31). For the prescent, it can be concludcd that the rate
deternining step of the reaction involved the formation of

a radicnl intermediate. 1t was further ohserved that this

radicsl intermediale showed a typic=l absorntion hand at






OH + o == (QJO]_.

( B -NAPHTHOL)

PRODUCT
(1V)
+
QUINOL
ETHERS




PRODUCTS
(1) + (II) + (III)




[
Yy
-4

1560¢cm in the infrered Specirum, In general, phenoxy

radicsls lhave been chaoracterized hy their electronic

Pummerer et al {17-13) tad nostulated a free
phenoXxy radic=1 as the first intermediate in the reactions
of phenol coupdling., The oxidation of ﬁkmanhthol with

{

alkaline hexacyanoferrcote(ITI) had given rostly colyneric

3]

products{16~13,35), fron which = smsll amount of

hydroxynaphthyl naphthyl ether could he isolated (17-18}.

In the present investigation, the mechanisn of
phenol coupling can be hest exnlained by visunalizing that the

anion is formed in the 1

step, to give 2 radicel intermediate, wirich
by E3R snectroscony. The radical intermeriate undergoes
rarid cnd irrveversible cougling to give the products.
rhese products have hoznisclated and charncteriged by

analytical =2nd spgectral methods (vide 'Exnerimental' s

The reaction sevuences for the oxidations of
the naphthols ( o —nanhthol and /ﬁ-qaaphthol) are skown in

the Schenes,
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(a) /Pnenol 7 = 1.0 x 10'2M3 /TNaon 7 = 0.5M3 Temp = (50.0+90.1)%
solvyent = L_MeQH: HZO = 50:50% v/q;7

0.D. (420 nm) for i_K3Fe(CN)6_7 at

t | Q,OOOSMV 0,00075M 0,001M
0 0,210 0,295 0.395
5 0.175 0.250 0.335
10 0.160 0,235 0.315
20 0.135 0.220 9,285
30 0.120 9.190 0,262
35 0.115 5,180 0.255

(b) [KyFe(CN) 7 = 1.0 x 10743 /Twa0H_7 = 0.5M; Temp =(50.040.1)°%
Soivent = /"MeOH: H,0 = 50: 50% v/v_7

0.2. (420 nm) for l_Phenol;7 at

tm 8,071 C.00254 0,005M 0.0075M 0.01M
G ¢.390 2.390 0.390 0,390 0,393
5 0.375 2.350 0,355 0.345 0.335
19 0.365 ©.335 0,345 0.330 0.315
20 0,352 0.325 0.320 0.305 0.285
30 C.345 0,320 C.305 04285 0,262

45 2,340 0,318 n,285 D.265 0.240




=Y

-2 2
(o) [zgFe(ci), 7 = 1.7 x 107 M3

Phen01“7 = 1,0 x 107 “M3

/ usod_7 = 7,543 Solvent ==1fMe0g:320 = 503150% v/v_7
0

0.%. (422 nm) for temperat'ure in "¢ at
b 35% 40°¢ 45°¢ 50°C
O 0.385 $.395 0,395 0.395
S 2,360 £.350 0.360 0.338
10 0.345 0,340 2.330 0.315
20 0,335 C.315 0.295 2.285
3C 0.325 2.305 0.275 0,262
40 2,308 0.295 7.285 0.248
45 - 2,290 0.25¢ C.240

I

(a) fug Fe(CH)6_7 1.0x10—3M; / Phnenol_/ = 1.0x10'2M;
/[ Ha0H_] = 0,54 ;

0.D. (420 nm) for [ Solwent = MeOH: H,0 % w/v_] at

13

emp = (50,0 + 0.1)°%

b 505 50% 5535 457% 603z 40% 70:30%
0 | c.395 0.360 0.365 0.355
5 0.335 C.335 0.340 0.350
10 0.315 0.315 0.330 0.335
20 0.285 0,300 0.300 0.325
30 7,262 2.278 0.295 0.305

43 0.240 0.260 2,280 0.295




p!

~ -~ -2
1.9 x 10C SM; L Phenol;7 = 1,0 x 10 "My

v

(e} / %4 T2

O
g TS,
Temp = (50,0 + 0,1)% /[ Solvent = MeOH:H,0 = 50:50% v/v_]

o)
N

7. (422 nm) for / NaCH_/ at

t _ S 1O D;Z?M C.03M 0, 40M S.STi )
O ) >3;415 | 5;405 0.385 0.395 ?:;9;‘
5 C.4085 0.385 0,362 - 5,335
10 0.400 0,380 0.345 0.359 0,315
20 0.396 0,368 0.335 0,380 0,285
30 0,392 0.360 0.325 0.270 0,262
35 2,390 7.350 3,320 0,255 £.285

0-Cresol

{(8) [To—cresol 7 = 1.0 x 107%M; /"NaOH 7 = 0.5u; Temp =(57+0.1)°
Solvent : Mel7: H,0 = 50:53% v/v

0.2, {427 »m) for K Fe(CN), at

%;A 0.0005M 0.0007DM 0.001M
% 0.262  0.390  0.504 ' ‘
10 0,239 0.35¢9 2.472

20 0.225 7,333 2.436

30 D.226 2.324 0.426

40 0.219 2.319 0.416




U,
an

<
<

() / K3F0<7M}6_7 = 1.0 x 107%; /TUacr_7 = 0,5 M.
Zomo = {87, + 7.1)°C, Solwent MeOH:H,0 = 50:50% v/v
2.0 {420 nm) for L=o—cresol_7 at

¢ S o sLoos S.007SM 0.0M.

o :.365 5.423 0.449 0.504

5 0,358 0.415 0.449 0,486

15 2.356 0,408 0.426 0,472

20 7.350 0.290 0,494 0.436

30 £,343 0.377 5.391 0.426

40 0.337 9.374 0.383 0.416

(¢) [ KgFe(ch), 7 = 1.0 x 10774 / o-cresol 7/ = 1.0 x 1072

/[ MaC¥ 7 = T.5M3 sSolvent = MeGH:H, O = 52:50% v/«

0.5.{420 nm) for temnerature in °C at
b 359 400 45° 500
O g.434 M.463 N.458 T.374
S C.419 0.449 D.446 ~.486
10 r 0,421 T.443 J.431 0,472
20 0,408 7,419 C.412 0.436
30 2.3958 J.434 0,403 3,426

40 0.379 0.394 0.394 £.416




() [Tk, Fe(cH), 7 = 1.0 x 10701 3 [Tomeresol 7 = 1,0 x 10~

/[ HaocE_J = 0.5M; Temp

ch

(50.0 + 0.1)%

-y

2M;

0.3, (420 nm) for MeOH: v/v at

t 59 55% 60% 65%

9 0.504 04450 0w 452 0,558
| 0.486 0.439 0.441 0,816
10 0,472 0,427 0,432 0,337
20 0,436 0.418 0.412 0,527
30 C.426 0.380 0,404 0.500
40 C.416 - 0,396 0,485

(e) [-KSFE(CN)6_7 = 1,0 X IO—SM; / o=-cresol_7/

Temp = {50 i-O.l)OC ;

solvent

0.D. (420 nm) for Z—NaOH_7 at

= MeQH:H

2

= 1.0 x 107 M ¢

= 50:50% v/v

tm O, 1M 0.2M 0.3M O+ 4M . 5M
0 0,588 0.533 0.543 0.372 0.504
S 0.555 Q.521 0.529 0,357 0,486
10 0,850 0.526 0,520 0.533 0,472
20 C.544 0,499 2.495 0.499 n.436
30 0,537 0,491 0,472 0,490 0,426
49 0.530 0,478 0.484 0.416

0.469




(2) [Ta-cresol 7 = 1.0 x 17723 [THa0n_7 = 7.5M;

156

m=-cresol

Temp = {53.7 4+ n.1)% 3 Solvent: ifedH: Hy = §7:57% w/
0.7 (420 nm) for [T Fe(cN), 7 at
I -
b %0 00051 3.07075 2,99

15
15

28

24190 0,295
0145 7,198
0.120 7,180
4080 0.110

0vN65 5.090

(b) K

-3 e
JFe{CN), = 1.2 x 107 M3 [MaoH_/ = 0.5M;

T.345 T.325 ¢.330 C.375

J.335 0,308 3.295 Te265
7,328 G.287 2,288 T.215
7.308 7.288 T.219 2,182

1,285 D.230 2,170 2,130

T.275 9,210 2.180 ~.108

Temp = (52.7 + 0.1)° Solwent [/ 1eOH:H,0 = 57357°% w/=_7
6.0. (429 am) for /[ m-cresol_/ =t
tm T TOIM O 3025M e SOBHM ﬁ.?375M 3.®iM
54 ", 368 7.365 3.395' 7.395 7,393




7 = 1.0x107° M3 [ m-cresol 7 = 1,0 x 177 "M;

(c) foaFe(cn)é_
[hna0E_J = “.B1F; Solvent [ MeOH: H,0 = 50:50% v/v_7

. o)
re in ¢ at

1

0.7, (427 2m) for tcmperatb:

&

=0 o) 0 o)

im ) 33 40 45 59

?aﬂu" @.447 2.385 0.3853 2.395
5 74295 5,280 0.230 2,220
10 0.268 0.210 0.1990 0,170
15 0.210 S.185 0.1690 2.135
20 0.190 0.169 D.140 0.120
30 0.182 0.133 0.115 0.095
40 ' 0.140 0.115 0.109 2.089

(d) L—K3Fe(CN)6;7 = 1.0 x 10'3M; [ m-cresol / = 1.9 x 10'2M;
/TMaou 7 = 2.5M; Temp = (57.0 + 2.1)°%.

0.9, (420 nm) for / Solvent = MeOH, % , v/v_/ at

t 529% 55% 6% Suinc,
0 0.395 0.325 0,300
2 0.280 0,250 C.26C
5 nN.220C 3,200 7.220
1D 7,172 n.150 0.162
20 N.120 AP Ralo' N, 7590
30 ".008 ",087 2.065

35 2,088 2,075 0,060
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(e) L K Fe(CN)6~7 = 1.0 x 10'3M; Lfb-cresol;7 = 1,0K10 Mg
Tenp = {57.0 + 0.1)°C; Solvent =—LfMeOHgH20 = 50:50% v/v_/

0.2. (420 nm) for / Nao®_/ at

tm C.1M 0.2M 0.3 M 0. 4m 0.5M

0 0.4285 0,405 0.375 0,365 0.395
5 0.360 C.315 0,260 0.248 0,220
10 0.335 0.280 0.208 0.208 5.170
20 D.318 24250 0.155 0,180 5.120
30 0,298 0.220 0,138 0.139 H,M98
40 0.283 ¢,2086 2.115 2.110 7.080

P-Cresol
(a) fP-cresol 7 = 1.0 x 107%y; /Naou 7 = 0.05M ;
Temp = (50.0 + 0.1) °C ; solvent ==Lﬁe0ﬁgﬁ20 = 50:50% v/v_/
0.D. (420 nm) for lfKSFe(CN)6_7 at

tm 02,0005 0.000735M 0,001M
0 0.160 0.232 0.340
5 ¢.103 0,150 0.184
8 0,089 0.120 0.162
10 0,070 0.100 £.148
15 0,045 D.08% 0,126
20 - 0.062 0,107

30 - - 0,088




(b) ZKBFe(CN)6_7 = 1.@x10‘3

Temp = (50.0 + 2.1)%; Solvent = [“Me0N: #,0 = 50:50% v/37

M3 [MaoH7 = 0,051;

0.0, (429 nm) for pr-cresol_7 at

t G,.0025M 2, 003M 0,0273M 0.01M

m

0 @.334> 0.340C 0,314 0.340
5 0.272 0.234 0.202 0.184
8 0.260 0,208 0.174 0,162
10 2.254 0.204 9,162 0.148
15 0.235 0.173 ¢,139 0.126
20 0,224 0.157 0,120 0.107
KEe 0.202 0,132 0,100 0.088

- - oy
(e) [EjFe(cn), 7 = 1.0 x 107°M; [p-cresol 7 = 1.0 x 10 %y
Temp = (50.0 + 0.1)°%C; Solvent = MenF:H, 0 = 50:50% v/v/ .

0.7, (420 nm) for /[ Maoy 7 at

t 0.D1M 0.05M 0,275M 0.1M

m

0 0.332 o 0.340 0,336 0.524
3 0.294 0.184 ©.139 0.106
) 0,270 0.162 2,113 0,085
10 0,261 0.148 0.101 0.074
15 0.248 0.126 2.075 C.055
20 0.239 0.107 0.067 0,040

30 0.221 0,088 0,052 -
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= -3 - .
/K Fe(Cu) 7 = 1.0x107 M3 [ p-casol 7 = 1,0x19771
a0y ] = 0.08M; solvent [ WeOH : 4,0 = 50:50% v/v 7

- _ o
2.7, 1420 am) for tewmerature (o) at

I sazios

é; 250 470 45° 500

. LY N,366 N.366 ~,340
2 0271 5,256 0.261 ~,226
5 N.238 5.230 0,210 0,184
8 5,217 n.212 5.189 n,162
19 0,209 0.198 0,178 4,148
15 0,202 2,177 0,161 0,126
20 3.175 0.164 0,147 0.107
30 0.154 0,137 0.127 0,788

(e)‘l—KBFe(CN)6~7 = 1.7 x 10'3M; [ p~ciesol_7 ='1.?x1“~2M;

[TwaoH_7 = 0,05M; temp = (52.0 + 0.1)°¢

¢.D. {420 nm) for solwvent / MeCE, %, v/v_] at

t 57% | &% T0% 82%

T 5,347 8,340 0,330 ~NE2E
2 N.,226 7.263 0.293 nL37T
5 D.184 7.230 0.263 7.285
8 9,162 212 0.249 7.275
10 0,148 0.205 0,236 D,265
15 0,126 £,187 0,223 % .258
20 0,107 0,170 2,209 0,254

a0 2.088 £.154 0,192 2.

A%
w
N




(a)

Temp
Solvent = é~Me

.2, (420 am) for l—KBFe(Gw)6_7 at

[E—c& phennlﬁ?

= (4%.0

161

O-ghlorophe¢nol

]

CHs

2

: H,0 = 50:509% V/V_7

-2 -
1.2 x 12 “M3 /[ NaoH_/ = 2,5M;

tm 2,0008M 0,00078 O.001M
0 O.IOGV 2,130 2.290
S 2,007 D.124 0.278
10 2.004 £.122 0.264
20 0,087 0,116 0.256
30 0.280 2,110 D.247
40 0.074 - 2,239

(b) [KqFe(cu), 7

an]

ot

1.9 x 107%; /Tnaok_7 = 0.5M;

Temp = (40.9% 0.1)°C Solvent [ MeOH:H,0 = 50:50% v/v_7

0.0. (427 an) for / o-cl phenol_/ at
¢ Z. 80251 0.005M 3.0075M 7, 01M.
0 0.223 0.327 0.310 0.290
5 0.210 - 2.297 0.278
10 0.306 2.312 9.290 0.264
20 0.304 .303 0.286 0.256
30 0.305 0.299 c.274 0.247
40 - 0.292 0,276 0.239




1€2

-2 -2
(e) [X,Fe{cr), 7 = 1.0 x 1077u; [ 0-cl Phenol 7 = 1.0x177 7175
[ hacr_J = 0.8M5 Solvent = [ileon:n,d 5n:80% w/v 7.
n.. (427 zmm) for Temverature(®s) at
b 35° 40° 45° 50°
n 3.291 0.290 0.284 L2645
5 0.287 0.278 2,265 0,240
10 ©.284 0.264 0,256 0.229
20 0.272 0.256 0,242 9.225
30 0.268 0,247 n.226 £.217
40 7.263 0,239 0.228 0.207
(d) LK Fe(eN) 7 = 1.9x107 "M [O-cl Phenol 7 = 1.0x10 %
[ Naow_7 = 0.SM; Temp = (40.0 + 2.1)°C.
0.0, {429%mm) for [ MeoR, % , v/v_7 at
t 507% 55% &7 A5%
o 0.290 0.286 0.2646 5.298
5 0.278 0.267 5,255 ", 270
10 0.264 0,262 9.250 N.265
20 2,256 0.259 5,241 0.263
30 0,247 n.254 0.240 .260
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- -2
(e) L”KaFe(CN)6“7 =1,0 x 10 3M; [ 0-cl phenol 7 = 1.0 x10 “u;
Temp = (40.0 4 0.1)°; Solvent = [ Me0H:H,0 = 50:50% «/v_/

C.n. (420 nz) for / WaoH_/ at

t S, 1M 0.2 0.3M O.4M 3,8M

r

o 0.269 0.390 ©.304 0,309 2.220
5 0,267 0.289 - C.292 2,278
10 0.286 0.284 0.289 5,286 0,264
15 0,263 0,285 0.281 G.283 C.263
20 0,264 0.286 0.281 0,276 3.256
25 J.262 0.284 0.278 0.273 0,249
30 0.260 0,283 0.277 0.274 0.247

P—-Chlorophenol

1

(a) /[ P-Chlorophenol 7 = 1.0 x 10™2; /T H=208_7 = 0.5M;
Temp = (4.0 + 0.1)%; Solvent = /[ Medu: H,C = 50:50% w/v_7

0.7. (420 an) for / KSFe(CH)6_7 at

tm 0.0005M 0.0%075M 2.001M
O 2,185 3;231 o 0.268
S 0,138 - 0.238
10 0.125 0,189 0.220
20 0.112 J.163 0,199
30 0.103 0.139 *.193

40 0.006 0,134 0.179
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(v} [RyFe(cn) T = 1.0x107%; /WacR] = 0.5M;

Temp = (40,0£0.1)°C; solvent = [e0H:E,0= 50:50% v/v_7

0.0. (422 nm) for / p-chloro phenol /7 at
t, 0.001M 0.0025M 2. 005U 0.0975M 0.01M
0 5.288 5.288 c.288 0,286 0.268
5 5.275 0.271 0.270 0.249 0.235
19 0.266 0.260 9,260 0.236 0.220
20 0.259 0.253 2.227 0.225 0,199
30 0.257 0.242 0.225 0.210 0.187
40 0.255 0.237 0.221 0.203 0.179

(e) lﬁaFe(CN)6_7 =‘1.OX10-3M; /WaOH/ =0,5M;
/[ PaChloro phenol/ = I.OXIO_ZM; solvent /MeOH:H

0.D.(420 nm) for temperature at

2

C=50:52% w/x7

P

t 38% 40%¢ 48° 50°¢

o 0.266 0.268 9.266 0.289
5 0.246 0.235 0.239 0.240
10 0.233 5.220 0,216 0.219
20 0,214 0.199 0.188 0.187
30 0.203 0.187 5.170 0.180

40 G.198 0.179 0.152 J.152
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- - - -2
(a) LKBFe(CN)6~7 = 1,0x10 3M; /P-Chlorophenol/ = 1,0 x107 “M;
[Tia0i] = 0.5M; Temp = (40.0+0.1)°%,

0.7, {422 nn) for / Solvent = MeOH, %, at_/

té V 579 . 55% 60% 65%
o | ~,268 0.258 0,294 0,248
5 3.235 0.227 0.265 0.218
10 5.229 C.214 0.253 0.213
20 0.199 0,195 0.235 0,204
30 0.187 0.186 0.226 0.204
40 2.179 0,179 G.216 2,190

(e) ZﬁBFe(CN)6;7 = 1,0x10 M3 /P -chloro phenol7=1.0x10—2M;
Temp = (40.0+£0.1)°C; Solvent = [HeOH:H,0 = 50:50% v/x7/

0.3. (429 nn) for [/ HaoH_7 at

ta 9. 1M 0.2M C.a3u 0. 4 5. 8M
o 0.289  5.305  0.29% 5.313 0.268
5 0.283  0.271 0.271 7.264 0.235
10 0.278  0.263  C.261 1.256 n.229
20 0.275 0,258  0.252 n.24T .19
30 0,274  0.252 0,245 r~.233 0.187

40 0.272 0.247 J.240 0.223 0.1I79
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Salicylic acid

0.7, (420 nm) for [ K, Fe(CH), 7 at
t ”-s,oooém ) o;oo@§5M o 3,001 M
5 0,169 0,244 0.301
5 0.162 - 0.286
10 0.155 - 0.276
20 G.145 3,207 0.264
30 0.130 59.197 0,258
45 0.121 0,179 8.242

3

(b) [XyFe(CN), 7 = 1.0x107°N ; /[Wao0u_ ] = 0.5 M;

Temp = (40.0 + 2.1)% Bsolvent =:Me0H:H20=SO:SO% v/¥

0.0, (420 nm) for / Salicylic acid_/ at

t o, G05M 2.0075HU 0.01M

m

o) D.321 0.321 o ) 3;331
5 0.265 0,291 n.286
10 0,289 S 0,281 7.276
23 2,278 0,272 0.264
30 0.268 0.263 2,258

45 C.262 0.250 0.242




{c) LVKETG(CN)6;7 = 1.0x107 g /85alieyiie asid ] w 1.0%177 20y
/a0 = 6,5h; solvent =/ie0d: ¥,0 = £1:50% w/v 7
0.D. {427 nm) for temperature {°2) =t

L 250 4n° 45° s

o 0,308 2.321 0,301 .297

5 0,295 n.286 0,282 Ay

10 0.290 0,276 0.272 D, L7

20 e 5.964 7,857 0,251

25 0,864 Y. R65 0.247 ~, 247

38 0.252 0,254 0,223 —

50 0.253 0,040 0,283 _—

(d) L~K3Fe(im)6;7 = 1,0x10™u; [ walieylie aeid'7 e 1.0 x 1072,
[THaon T = 2,54 5 Temp = (40.C 3 0,1)°%
0.0, (420 nm) for solwvent MeCH, % , v/v

b 50% 559 607 65%

0 2.301 0,370 0,287 0,306

5 ", 285 0,358 0,280 0,298

12 2,276 0,350 0,875 0,288

20 264 5,335 0,265 n,288

35 0,254 0.310 0.849 0.285

45 0,242 2.293 C.e47 0,280
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-3 — . -2, .
(e) Lﬁmﬁe(CN)6w7 = 1.0%10 "M; [Salicylic &c1d_7 =1.9%x1% ¥

Temp = (40.0 + 2.1)°% Solvent = Me0H:H,D = 57:50% v/v

2
0.7. (420 nm) for [/ Na0i_7 at

tm CellM C.2M O, 3M G, 4M 2.5M
0 70.324 0,328 8,317 0.315 | 0,301
S 0.322 0,320 0.306 0,306 0,286
10 0.320 0.216 0.302 5.300 D.276
20 0,316 0,312 0,296 C.291 ¢.264
30 0.213 0.30C9 0.296 0.288 0.298
40 J.310 - 0.294 3,279 2.25C

m~-C arboXy phenol

(a) /m-carboxy phenol_/ = 1.0 x IO—ZM; A—NaOH_7 = 0,5M;
Temp = (40.2 x ©.1)°C; Solvent: MeOH:H,O = 50:50% v/v

0.2, {420 nm) for L“KBFe(CM)6m7 at

£ 0.,0005M 0.0N0T5M N O01M

m

O ; 0,129 0,193 O.é26
5 - 2.177 2,201
10 Dell4d 0,165 0,197
20 M. 102 C.1582 C.185
30 5.082 0.140 2.178

45 2.083 2.1290 6,163
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(¢} / KBFG(CN)6;7 = 1,0 x 167N, [m~carboxy phenol_7 = 1.0x1° .

[Tacid_7 = 3.5M NaOH Solvent = [HeOH:H, O = 50:50% v/v_7

L — 2

0.9, {420 nm) for Temnerature (°C) at
b 35° 40° 45° 50°
0 0.231 0,226 0,232 0,242
5 6.211 0,291 0.209 0,223
10 0.203 0.197 0.198 0.204
20 0.200 0.185 0.183 0.179
30 0.191 0,178 5,168 0,165
40 0.183 0.169 0.157 N.,152

(d) [KyFe(cn) 7 = 1.0x10™3y; /m-carboxyphenol 7 — y.ox10=2y

/[Haon 7 = 0.5M MNaOH ; Temp. = (40,0 + €.1)°%

0.5. (420 nm) for /[ MeOH, % , v/v_/ at

t 50% 55% 60% 65%

0 0,225 0,225 0,220 0.200
5 0,201 0,207 0.210 0,199
10 0,197 0,200 0.204 .196
20 0.185 0.191 0.193 0.181
30 0,178 0.184 0.187 0,174

45 G.163 0,170 0.179 C.165
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(e) [E Fefcu) /T = 1.0x10 ™y / m-carboxy phenol/ =1.0%x17 %15
Temp = {40.040.1)°0; Solvent =/fle0:n,0=50:50% v/v_7
0.2.(420 nm) for /[ Macy_7 at

t 0. 1M 3. 31 5. 4M A5

0 5.248 5.228 9,226 ~.226

5 0245 5.214 0.215 0.201

10 0.241 9.210 0,208 0.197

20 0.237 0.203 0.195 0.185

30 0.233 0.194 0.188 0.178

35 0.231 0.192 0.181 0.174

P~Carboxy Phenol

(&) [F-Carbexy phenol_/ = 1.0 x 10'2M; /[ NaOH_7 = 0.5 M;

Temp = (52.040.1)°C ; Solvent= [HeOW:H,0=57:50% v/v_7

0.7. (420 unn) for _[-KsFe(C‘N)é_7 at

tm 0.2008M 0., 00075 D.,201M
G 0.182 0,259 2.360
5 0.169 0,233 7.335
10 C.167 2.226 0,327
20 .158 0,222 0.319
30 0.145 0.210 7.314
40 C.139 0,206 0.309




(b) LE3F@<C“>6;7 = 1.9%10 3y, /Nacu_7 = ©,5M; Temn=(50-0¢3.1)°0

Solvent ==1"M3033H20 = 5@355% v/v 7

©.0.{427 nn) £or /[ P-Carboxy phenol_/ at
t L é.ﬁozsm . 905H 2, 0075 RSt
2 ".323 | >.342 9.360 © 0.342 0,360
5 0.336 0.336 0,355 0,327 0.335
10 0,334 0.338 0.350 0.324 0.327
20 0,328 2.331 0.343 0.315 0.319
30 n,320 0.326 0,340 n.303 7.314
40 - 0.325 0.334 0,391 0.309

(c) [TKyFe(cu), 7 = 1,0%x107%u; [F-carboxy phenol/ =d.0¥10_2M;

[ MaoR 7 = 9,53 Solvent /[ MeOH:u,” = 80:50% v/v_]

0.7, (420 nm) for temperature {°¢) at

t .35° 40° 45° 50°

m

0 0.347 n. 347 0.340 5,360
5 5,334 2,337 5,339 n.335
10 n.327 ~.321 5.322 n,327
20 0.322 0.320 0,310 0,319
30 n.314 7,319 7,303 03714

490 2.311 7,316 0.3301 2,309




(4) l_KgFe(CN)6_7

[/ ns08 7] = 0.5

= 1.Ox1c"3M; / P-Carboxy nhenol [/ =1,0x107

9

172

o

0+ 7.1)%

2

ot

.
’

0.5, {420 nm) for /[ ie0®, 4 , v/ ]

e 50% 557 60% 65%

0 0.36¢0C 0,328 0,307 0,280
5 0.335 0,307 0.294 N.266
10 0.327 0,304 0.295 0.263
20 0.319 C.292 0.282 0,260
30 0.314 0,289 0,282 09.257
40 0,309 85,287 0.273 0,257

(e) [ xaFe(cn), 7

- - -2
= 1,0x10 3M; _L P-Carboxy phenol__7=1.0x10 M3

Temp = (50.0 + 0.1)°C; Selvent = / MeOH:H,0 = 50:50% v/¥/

0.D. (420 nm) for / Wa0H_/ at

tm 0.1 0, 2M 0.3M 0, 4M . 5M
0 0.363 D.364 0.367 0.322 0.360
3 0.3690 - 0.369 0.308 0.335
10 0,358 0.344 C.342 0.305 0.327
20 5,356 2.338 0,333 0.305 $.319
30 2.354 0,340 0.332 2.299 0.314
40 0,351 2.337 0,330 7.293 0.309
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P-lMethoXxy Phenol

(a) [P-tiethoxy Phenol 7 = 1.79x10”%; /Naon_7 = 0.05u;
Temp = (39,0 + 2.1)%; Solvent = /He0¥:K,0=560:50% v/v_7

0.7, (420 am) for [K Fe(Cl), 7 =t

t D.0001M 0, 0008M T 00750 SRS IeY i

nm

G 0.060 G.138 0,280 ~.258
S - - - 0.218
10 - 0,120 - 2.210
15 C.045 2.1C5 7,145 0.208
20 0.044 8.100 3.146 0.206
23 D.042 2.100 0.144 7.200
3o 0.040 5.008 0.142 0.200

(b) 1§3Fe(cm)6;7=1.a x 10"3M; /[ naoH_7 = 0,05 M;
Temnp = (335.0 * Q.l)oc; Solvent =[M60H:HZO = 70:30% ‘T/_I7

0.D, (420 nm) for / P-Methoxy Phenol_/ at

t 0.0CO1M 0, 00051 0.001M
0 0.258 0.255 0.251

5 0.215 0.152 0.108

10 0,210 0.138 9,070

15 0.208 _ 0,131 0.056

20 0,206 0.123 0.048

25 0.200 0.120 -

30 0.200 0.118 -




—
~I
b{;a

(¢) Z§3FG(CH)6;7 = I.GXIC_BM; i?—Methoxyph°nol_7=ﬂ.QXIO_4M;

et K

[ila0H_7 = 0.05M; Solvent = [ MeOH:H,) = 70:39% w/v_7

0.7, {4297 nm) for Temper-ture in °C at

b 3o 35° 40" 45°

o D.258 04229 0,236 0,240
5 0.218 D.186 2.195 N,194
10 J0.210 3.182 J.190 0.190
18 2.208 0,180 0,185 C.183
20 0,206 Q. 177 D.183 0.182
25 0,200 Q.177 $.180 D.179
35 D.200 2,175 0,179 0,176

(93]

(d) LfKBFe(cw)6“7 = 1,2 x 10 M3 / P-Methoxy Phenol/ =1.9x1o'4m;
Temp = (30.0+0.1)%; /"Naou_7 = 0.05M

0.73. (429 nm) for L~Solvent = MeOF % v/yJ? at

t 50% 60% 70% 80%

0 0,182 2,260 0.258 0,240
5 T.164 7,204 N.215 2.219
10 3.169 T.20 2.210 0.216
15 0,159 0.195 0.208 5.211
20 0.158 2.194 0.206 0.2190
25 - £.194 0.270 0.279




éfxgse{cw)6_7 ==1.Ox19‘3M; [P -Methoxy Phenoi7=l.0x10_4M;
Tenp = {36‘:.33_-").1)00; Solvent ——iﬁeOH;HzO = T0:30% ‘.J/‘I__7
0 420 nn) for / NAOH_7 at
té M O 0.05M 0, 075U
o' 5.210 5.258 0,255
5 - 2.215 0.204
10 2.197 0.210 0.201
15 1.195 0.208 0.20N
20 .194 9.296 n.195
25 5.193 0.200 0.194
30 5,194 $.200 0.192
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2~4 DICHLOROP HENOL

(a) /2,4 dichlorodhenol ] = 1.0x10™ %M [ hacH 7 = 0.5 M3
Temp = {40.0 £ 2,1)°C ; Solvent = [ Me0¥: H,0 50:50% «/v_7

0.0, {420 nm) for KBFe(CN)6 at

tm 0« OCO8M 3,00075M 0.001IM
0 0.095 0.139 0,276
5 0,001 0,132 0,235
10 7.088 0.130 0,247
15 0,088 5.128 0.246
20 0,081 5,126 0.249
30 0.076 Ds122 0,233
40 2,070 0120 0.230

o

(b) [ KqFe(cn), 7 = 1.0x 0™%M; [THaoH_T = 0.5 M;

o

Temp = {40.0 + O0.I)°C ; Solvent = L—MeO”:H?O = 50:52% v/v_ ][

0.0. {420 nm) for / 2,4 dichlorophenol /7 at

tm 0,001M 0.00285M 0.005M 2.0%75M 0.01M
G 0,278 0.290 0,269 ] 0,269 0.2735
S 0.276 2.287 0.268 0.286 7.255
10 0,274 2.285 0,260 D.248 0.247
15 0.272 0.281 5,256 ©.280 0,246
20 0.273 0.280 2.250 J.249 0.249
20 0.266 0.277 D.242 2.238 ¢.233

40 0.269 0.273 0.236 0.234 2.230
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-3 . . -2
)/ = 1.0%107"M; /3,4 dichlorop=enol’/ = 1.9%127 i;

Na0ii/ = 0,5M3 Solvent = /?eeﬂgﬁze = 50sx % v/v 7
(o)

b 35% 40°% 45°7 . 52%,
o 0,267 | 0.275 5.257 3.267 B
5 0,254 0,255 0,256 0.254
160 0.249 0.247 D.249 0,242
20 0.234 0,249 0.221 0,225
30 0,230 0,233 0,219 0,210
40 0.225 3.230 0.217 5.195
50 0,221 0,217 0,204 0.191

(a) lﬁBFe(CN)6;7 = 1.0 % 10" g /2,4 dichlorophenol/ = 1.0%10™%u;

[Faod_7 = 0,843 Temp. = {40.0 + 0.1)°C.

0.D. (420 nm) for / MeOH; %, v/v_/ at

t 509 55% 6% 65% o
0 D.275 0,280 0,260 0.283

5 0.255 0.260 0.236 n,.272

10 N.247 £.258 0.245 0,269

20 0,249 0,252 — 7,265

30 0.233 0.245 0,232 n,260

40 0,230 0.243 0.228 0.260

50 0.217 0,226

0.226 n.258




3

{e) [E,Fe{cu), 7 = 1.0x207°M3 /72,4 dichloruphenol7=1.5X10*2M

Temp = (42.9 + 2.1)°C; Solvent = [HeOn:H, 0=52:50% v/v_7

2
0.7. {422 »m) for [/ 1a0F/ at

T 1M

. 5M

tm 0,24 0.3M D, 4M

O”A 0.27%-\ 0.302 0,276 0.273 0,275
S 0.275 0.299 0,270 8,269 0,285
10 0.273 0.291 0,267 0.254 0,247
20 0.271 N.287 0.260 0.243 2.249
30 0.269 n.286 J.244 2.235 2.233
40 0,268 5,282 2.236 0,230 7,239

2,4,5 Trichlorophenol

- . -2 —
(a) /2,4,5 trichlorophenol 7/ = 1.0x10 "M; [/ Naou_/ = 0.5 M;
Temp = {40.0 £ 9.1)°%; Solwent = [ WeOH:H,0 = 50:5% v/v_]

0.D. (420 um; for [~K3Fe (CN)6*7 at

t T, U038 M

. 3. 00075M D.,001IM
O 0,128 0.185 N.244
) 0.128 7,180 0,239
10 0.123 T, 176 7,235
15 TL.121 D.178 0.231
20 0.119 D.173 0.227
23 7.116 D175 7.225

0.115 C.171 2.226

30
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- -3 - .
(b) / KB:Q(CM)6"7 = 1,0x10""M; /[ NaOH/ = 0.51;
Temp = (40.0 + 0,1)°C; Solvent ==[fMeon:H20=50:so% v/v_7

0.3. {220 nm) for / 2,4,5 trichlorophenol_7 at

. 005 ©.0075 0,01IM

t 2,8

m =

e 0.243 0,255 0,244
) 0,239 0.250 0,239
10 0,237 0,248 0,235
20 0.233 0.243 0.227
30 0.232 0,228 0.226
43 0,228 0.236 0.223

33 /2,4,5 trichlorophenol7=l.OxlO-zM

(e) [EgFe(cH) 7 = 1.0 x 10
Temp = (40,0 + 0.1)% ; solvent = /[ MeOH:H,0=50:50% v/v_7

0.2, (420 nm) for / WaOH_/ at

t C.1M 0. 2M 0.3M 0. 4M 0.5M

m

0 0.229 0.249 ¢.242 80.254 0,244
S 0.228 0,245 0.239 0.247 0.239
10 0.227 0,240 0.236 0.244 0.235
20 0,225 0.240 6.233 0.240 ¢.227
30 0.223 0.237 0.230 0.238 0.226

40 - 0.236 0,226 0,233 0.222




(d) [k

SFe(CN}é'y = 1,

180

-~ s -2
x 10 3M; [2,4,5 trichlorophenolvy-l.Oxle M

L Maos_ 7 = ©.5M; solvent L_MeGH:HZO = 50:50% v/v;Y

0.0, (427 nm) for temperature (°8) at

t_ 30° 35° 40° 45°

o ~.234 3,247 0.244 n.244

5 0.233 0,245 0.239 0.236

10 0.230 0.242 0,735 0,227

20 0,228 0,240 ~, 227 7,226

30 0.225 0.237 0.226 0.223

40 0.225 0.233 0.222 0,229

(e) l“xgpe(cm)6~7 = 1,0 x 10‘3M; /2,4,5 trichlorophenol/ =1.0x10’2M;

/Ma0H 7 = 0.5M; Temp. = (42.0 + 0,1)%

0.D. (422 nm) for [HMeou, % , v/v_] at
b 50% 50% 6% 65%
0 0.244 0.231 7,230 D.260
5 0.239 D,228 0,227 —
10 0.235 0.227 1.228 ©.259
20 0,227 0,220 0.223 D.255
30 £.226 0,220 0.225 0.254
45 0.223 0,213 0.218 —




181

O~aminophenol

{a) / o-aminophenol / = 1.0 x 10“4M; / NaOH_/ = 0.1M.

Temp = (40.0 + Ovl)oC, solvent = L_MeOH; 320 = 50:50% v/v_7

0.%. (420 nm) for L‘K3Fe(CN)6~7 at
ko ¢.00C1 0.0005 0.00075 0.00C1
0 0.0895 0.338 0.396 0.430
10 0.086 0.305 0.362 0.386
15 0.082 .221 0.355 0.370
20 0.081 0.275 0.345 0.359
25 0.07¢2 0.268 0.338 0.243
30 0.071 0.259 0.332 0.335
40 0.068 0.245 0.322 0.314

3

(b) /[ KyFe(CN), / = 1.0 x 10 ° M; / NaOH / = 0.1M ;

Temp = (40.0 + 0.1)°C ; solvent = / MeCH: H,0 = 50:50%

2
0.D. (420 nm) for / O-amino phenol / at

v/v_/

tm 0.001M 0.0005M 0.001M
0 0.430C 0.385 0.385
10 0.386 0.265 0.208
15 0.376C 0.205 0.156
20 C.359 0.175 0,130
25 0.343 0.1l40 0.100

30 0.335 0.120 -
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3M; 15»aminophenol_7 =-1.0x10-4M;

(c) L_KSFe(CN)6_7 = 1,0x10"
/[ Wao0E_7 = 0.1M NaOH; Solvent = / MeOH:H,0 = 50:50% v/v_/

0.7. (420 nm) for temperature (°C) at

t 30° 35° 40° 259
) 0,410 0.400 0.430 0,410
5 0.407 0,385 0.405 0.382
10 0.387 0.363 0.386 0.360
20 10,366 0.344 0.359 0.315
30 0.352 0.323 0.335 0.289
40 0.340 0.310 0.314 0.259

(d) L_K3Fe(CN)6;7 = I.OXIO—SM; LE-amenophenol;7 = l.OxlO-4M;
[ NaOH_7 = 0.1M; Temp = (40.0 + 0.1)°%

0.D. (420 nm) for / MeOH, % , v/v_7 at

b 50% 55% 60: 40% 65: 35%
0 0.430 0.391 0,390 0.363
5 0.405 0.383 0.380 —_—

10 0.386 0.362 0.370 0.353
20 0.359 ©.335 0.350 0.330

30 0.335 0.314 G.325 0.322

43 0.307 0.295 0.315 0,311
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(e) / LBEQ(CN>6;7 = 1.0 x 107 M, lfﬁ—aminophenol;7 = 1.0x10_4M
Temp = (42,0 + 2,1)% ; solwent = /TiegH ; H,0 = 50350% v/v_ 7
0.D. {422 am) for / WaoH 7 at.

t 0. 010 0.05M PRI 0.2M T3

o 0,330 0,368 2,430 0,407 ",419

10 2.326 0,348 0,286 0.247 n.350

15 0.324 0,344 0.370 0.329 0.334

20 0.322 0.341 0.359 0.316 0,315

25 3,310 0.339 0,343 0.305 ",.301

30 0.219 5,328 0.335 0.291 n.286

m—-2mino pshenol

- -3 -
(a) [Tm~NH, phenol 7 = 1.0 x 107 M ; / WaOH_7-0.1W;
Temp = (42.0 + @.1)0C 3 Solvent = LaMeOW:HZQ = 50:5%% V/v;7

0.n. (420 nm) for [TK,Fe(cw) 7 at

tm 20021 0.0005M 5.,80075M 0©,001M
0 0,090 N,237 0.350 ©.439
10 0,083 0,205 0,326 0,402
15 O.S7§ 0.202 2,303 ~,385
20 0,076 0,190 7.296 0.368
25 U.074 0.183 0,297 3,363
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— -2 —
() [T Fe(on) 7 = 1.2x107 Mg [T1a0n 7 = 0.1 M

H

Temp = {40.2 + 2.1)%; solvent = [’.‘ﬂe@ﬁ:ﬁzéﬁ = 5C:50% v/v_7/

0.7, {422 2m} for / m-amino phenol 7/ at
t TLOGDIM 3. 0005 0,80075M N, O01M
O T.3536 3.397 Dedl7 5.439
10 J.853 2.378 0.391 35,402
15 0,351 0,370 D.366 2,385
20 C.349 2,365 0,349 £.368
25" 0,345 0.358 0.343 5,363
30 0,342 0.330 0.333 2.3587

(¢) fogFe(cm)6_7 = 1.0x10 %y, /m~aminophenol/ = 1.0x10
Temp = (40,0 + 2.1)°%. ﬁ&lvt‘“f“f}ﬁ(LHT‘QQJ‘S( ;SV7-§{—7

0.D. {420 nm) for 17Naﬁ?_7 at

4 C.O1M D, 05M D,.075M o.1M

i)

0 ©.395 C.395 T.426 0,429
12 0,389 0.376 0.390 ND,4722
15 2.388 C.363 0,378 0,388
20 0,333 2.360 0.366 2,368
25 7,380 0.349 0.2589 2.363

39 0.374 0,341 2.359 0.73587
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d) [xgFe{cu), 7 = 1.0x107 34 / m=aminophenol_7 = 1.0x1C7 "u;

S mans 7 = C.1M NaOH;Solvent

MeOQH:H

2

0 = 50:50% v/v_7

0.2, {420 nm) for temperature (°C) at

b 35° 40° 45° 3
C " ,428 0.439 N.460 e
5 D.427 0.419 0.443 ".428
10 0.405 N.402 0.423 3.402
20 0,373 0.368 0.397 aLATo
3C 0.342 0.357 0,377 n,347
40 D.333 0,335 %.356

-3

(&) [KyFe(CcN), 7 = 1.0 x 10™°M; /“m-amino phenol7 = 1.0x107M;

/NaOH 7 = 0.1M NaOH; Temp., = (40.7 + 0.1)%

0.D. (420 nm) for [/ MeOH, %, v/v_] at

o 50% 55% 60% 65%
o) 0.439 0.397 0.330 D.385
5 0.419 0,389 0.313 —
10 0,402 0,373 0.300 _

20 0.368 0.360 0,285 0,362
30 0.357 0.336 0,274 n.343
45 0.333 0:312 0,260 0.333
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2~3 dimethyl pvhenol

(a) [ 2-3 dimethyl plhenol /] = 1,0x10’3M; [Ha0g7 = 0,113
Temp = (40,0 + 0.1)°¢; solvent = Lﬁeﬂﬁ:ﬁzﬁ = 50:50% v/q;7

0.7, {420 mm) for [TKFe(cH) T at

tm C.000XH 0,0005M 0,0007SH D,001M
0 0.102 0,184 0,218 C,242
19 0,060 0,087 Dg140C 5,153
15 0.045 0,089 3,131 N,149
20 0,038 0.077 0,128 0.140
2S C,028 0.070 0.129 0,140
40 — —_— De116 0.136

(b) [TKaFe(ch) 7 = 1.9%107M; [Naow T = 0,1M;

6=’
Temp = (47.0 + 0.1)% 3 solvent = l:MaDH:HzO & 50:5C% v/q;7

0.D. {427 nm) for / 2,3 dimethyl phenel_7 at

t 3.0N0H 0.00025M 0.0005M 0,0007SM  0.001M
o 2.289 0.280 0.246 0.241 0,242
10 5.263 0.230 0,190 5.169 5,153
15 0.259 0.232 0.180 0.163 0,149
20 0.269 0.224 0.177 0.154 0.140
25 0,253 0.221 0.172 0.152 0.140

40 C,253 C.217 0.165 0.143 2.136
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(¢) [R,Fe(cN), 7 = 1.0 x 107°1;£7e,3 dimethyl phenol 7

=
-e

Jite0F_/ = 0.1M; Solvent = / MeOH:

1
0 = 50:509 7

2.7, (422 nm) for temperaturs (°g) at
b 25° 40° 45° 5n0
z 2.241 0,242 5.253 nL,21"
5 0.194 0,165 0,186 0,222
10 GL17T7 0,153 2.171 7,200
20 £.169 0,140 0,160 nL,100
30 0.162 0,141 0.155 -
(@) [&gre(ci), 7 = 1.0 x 107%, /8,8 dimethyl phenol T

= 1,0 x 107 M3

/Maon 7 = 9.1M; Temp = (40,0 + 0.1)%

0.7, (420 mm) for solwent = / MeCH; %, v/v_7/ at
i 50% 55 60% 65%
0 0,242 D.265 0,253 9,252
5 0,155 06,225 0,205 182
10 0,153 0,207 £.186 N.171
20 0,140 0.194 0,173 N 160
30 5.141 0.193 £.169 3,155
40 0.136 0,189 0.17% 2,152




(e) [XqFe{oW) 7 = 1.0 x 107U 3 /72,2 dimethyl phenol_J= 1,0x177 My

« PR e e
Temp = (42.2 + 7.1} ¢ ; solwent = / MeQHsH,0 = 52:57% w /w7

azs v b4

C.0. (420 am) for [ Ma0H_7 at

t DL.01M D N2EM O.08M D OTEN DM

m
9] 0.268 T.254 n,292 C.2™7 0,242
10 0,250 0.187 0,209 0.203 C.1523

15 0.248 0,182 0.203 0.195 0,149

20 0.244 0.174 2,192 0.181 0,140
25 - J.167 0.186 T.179 0,140
40 0,232 0.187 Z.174 2.176 0.136

2.3 Dimethyl phenol

(a) /2,5 dimethyl phenol /] = 1.0x10 s /Ha0H 7 = 2. 143

—— ——

Temp = (40.7 + ©.1)%, solvert = [MeOR:u,D = 57:50% v/v_7

0.9, {420 nn) for L“KBFe {CN\6;7 at
t 0,001 0,0005 0.001M
> 0.190 5.137 3.267
5 0,195 0,073 2.168
10 5.093 3,789 2.146
15 0,089 2,087 5.137
20 £.085 0.048 0.127
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(e) [Kafe(), 7 = 1.0 x 1072 L[ ®,5 dinetiyl prenol 7
1.0 1 107
[0k /] = ¢.114 3 Solvent = [I‘/!eOH:I-E?‘f"“ = 87350 B,v/w_7
0.7, (422 nm) for Temwerature °0 at
o 35°¢¢ a0% 45°%; =%
o 2.263 0.267 04269 0.2692
5 0,166 0,168 0,154 3,157
10 0,150 0,146 0,136 7,127
29 0.130 0,127 0,120 7,115
39 0.118 0.114 5,107 0,104
40 n.114 0,108 0,101 -
(d) [ Fe(ch), 7 = 1.9 z 10713 Afz,s dimethyl phenol_/
. 1,0 x 10"y,

[THa0u 7 = 0,113 Temp, w (40.0 ¢ 0,1) %,

0.7. (420 nm) for / lieCH, %, v/yl"at
b 50% 80% 65% 777
0 2,267 0.240 © 0,244 T
5 2.169 6,177 D171 T
10 0,146 0.163 0.15% SRR
20 G,127 0,146 0,140 ~L, 180
30 C.114 5. 140 ¢.133 N7
40 €.178 0.129 0.128 S.164
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(B) [k Fe{cn), 7 = 1.0 = 107713 /[ Naow_J = 0.1 M

Temp = {40.7 + 2¢1) ¢; solvent = [Meor{gazs = 52:5% v/v 7
0.0, (427 nm) for 4_2,5 dimethyl phenol;7 at

tm” T ON01M 2. 000251 C.0005M D020 T514 BPRSRN Ni
. ] D.267 ‘5.267 | 0.267 -3,267 T.Zé;mmw“
18 T.246 3;220 74180 0,167 T.4146

15 2,238 2,213 D.168 0.165 2.137

20 0.234 0.211 0,163 Oq 147 0,127

30 0,229 0.206 0.158 04134 2,114

4G - 4222 D.186 0.127 7,108

- . -
(e) / K3Fe(CN)6_7 = 1.9 x 197°M; /2,5 dimetkyl phenol 7 =1.7x10 3M;

Temp = (40.0+ 0.1)°C; solvent = [Me0H:H,0 = 50:50% v/v_]

0.D. (420nm) for / Waoid_/ at

tm C.0IM 7,023 0.03M © L, 075 O.1M.
0 0,274 C.2583 0.267 0.864 N.267
10 0.250 0.174 0.164 C.149 7.146
15 0.243 0.17C 2.1583 O.136 0.137
20 0.238 C.165 0.145 J.131 0.127
30 0,232 0.154 0.131 2.116 2.114

490 2,228 0.181 0.122 5,109 T.178
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3, 4 dimethyl phenol

(2) [73,4 dimethyl phenol_7 = 1.0 % 107°M; /"Ma0i_J = O, 1y

Temp = {40.0 + 2.1)%; solvent = LTMeOH:HZOxSO:SO% v/v_7

0.2. {420 nm) for [X Fe(cm), 7 at

ey

D, 00058

b SRSl 1Y 000 1M

0 0.105 0,204 0247 -
5 0.074 c.123 0.170

10 9.089 04103 0,143

15 7.040 0.089 0q130

20 0.028 0,083 24120

() [ Fe(cH)

Temp = {47,
& .=

u—3Ms l_maon_j = 0,1 M2

.

0.9, {420 nm) for / 3,4 dinethyl phenol_/ at

solvent = l‘%e@ﬁ:ﬂzo = 50:50% v/v_?

t LOTTH 2. 2N028N, 0, 0095M 04NNOTSM 0 P11
d 0.265 5.246 0.250 0.247 0.247
10 0.246 0.21° 0.194 0,167 c.148
15 ).243 5.206 0.186 0,154 ~.130
20 5.238 0.198 7.176 0.148 0,129
30 0.233 3.190 2.163 0.134 T.110
40 0.229 ).186 0.158 0.126 2,099
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— , a : -3
(e} L ¥ F913N>6~/ = 1.2 x 107w [5,4 dimethrl phenol 7=1.2x107 "

3
[Ha08] = 201M; Solwent = [ThMeOil: H,0 = 50:50% w/w_7
0.5. {427 an) for temperature in {°C) at
't; a5 40 45 — 5:~— B
o 5.264 0,247 2,254 7.262
5 0,167 2,170 2,149 0,155
8 0.163 n,152 0.133 0.140
10 0.159 0,143 0.124 0.125
15 G.143 3,130 1,112 0.105
20 0.135 7,120 0,170 2,089
30 2.118 0,110 0.075

(a) Z_KEFe(CN)6_7 = 1,03

=3 —
107 "M; [ NaOB/ = 0.1 M3

Temp = (40,0 + 1.,1)°C; /3,4 dimethyl phenol/= 1.0%10" 2y
0.D. (420 an) for /[ Solvent = Me04,%, v/7_7 at

b 50% 60% 65% 779

J T e 247 ~.245 "G.27ﬁ §,27o

5 2e170 2.171 0.213 2,190

8 7,152 3.160 0.204 2.183

10 ¢.143 0.153 ).204 0.187

15 S.130 7.139 7.189 0,169

20 74120 0,130 0.186 7.162

37 S.110 5.113 0.172 N.146
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]

]
e
iy

R Vd . ~ "“3_ . " -~ ~, -
(e) [Tx,Felcu), 7 = 1.7 x 107775 /73,4 dimet’ "1 phenol/=1.0x10

Temp = (40,0 + 9.1)%0 } solwent ==1fMeGH:HZU = 57%:530% v/v_]

0.7. (420 ar) for / Na0d_/ at

b SFEETY, 5, 035M 2. I5M 7.075H 3. 1M

2 D.255 0.272 0:243 2.26C n.247
10 0.236 0.216 0,178 0,162 0,143
15 0.224 0.206 C.165 0.152 2,130
20 0.219 7.195 0.157 0.142 0.120
30 0,206 C.187 2,141 0.126 7.110
40 0.197 7,178 0.135 2.118 0.099

2,5 dimethyl Phenol

(a) /2,6 dirmethyl phenol_ 7 = 1,0 x 107 %M; /waon 7 = n.1u;
Temp = (32.0 + ©,1)°Cs Solvent = [He0r 1 0,7=50:50% v/v_7

0.D. (4292 am) for [fxsﬁe(cw)6_7 st

|} D.0001M 0,00058M 2« 000T5M D0 1IM
S C;OSG& 4132 7.185 | n.239
5 2,077 0.127 0.180 0,287
10 5,078 N.124 2.174 n.240
15 2,072 7,120 D.168 D.238
20 0,072 0.118 ~.164 2.227
30 0;069 C.106 0.1%8 0,219
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o e -3
(p) / K3Fe(CN)6“7 = 1.7 x 107713 [ NaoE_ 7 = ".1M;
Temp = (30.0 + 1.1)%; Solvent = /[ MeOH:H,D = 57:57% v/v_7

0.P. (422 am) for /[ 2,5 dimethyl phenol_7 at

tm 7, 20014 0.70N05M
9] 0.259 1,237

S 2.2590 n,200
10 0,240 0.180
15 0.238 0,170
20 .227 0,165
30 7.219 0.152
33 n.216 -

3 4

1.0 x 107°M; /2,6 dimethyi Phenol/=1.9%x177 M;

1l

(e) lﬁSFe(cw)6_7

Temp = (30.7 + 0.1)%C; Solvent =/MeOH:H,"=50:5"% v/v_]

2
0.7, (427 an) for / Nao# 7/ at
b lﬂ?;ﬁlﬁ, - 5.05M 5:075M 9. 1M
0 ) 5;335 n,295 -ﬁ.258 | n,259
5 - n.291 7.249 1,250
10 ©.322 1,286 D.237 0.240
15 ~,522 0.277 0.233 0.238
20 ~,320 0.274 0.228 0.227
30 n.328 0.269 n.220 0,219

33 0.327 0.263 0.218 N.216




(4 ZE3F6(7N)6_7 = l,?xlﬂ_sM; [5;6 dimethyl phenql7 = 1,017 "

]

DL solvent MeOH : H,0 = 53:50% v/v

¢ ~ g o i
0.D. {422 zm) for temnerature ( ¢) at

[iiace

t , 25° 30° 35° 47"
O 7.289 2,259 0,246 N, 243
5 7.251 0.250 0,232 0.232
10 0,243 0,240 D.224 0.222
20 0.229 O.227 0.215 0.216
25 0.227 9.226 0.218 -~
30 0.220 0.219 0.208 -

(e)[ﬁs Fe(GN)6_7 = 1,0x10‘5M; /2,6 dimethyl phenol/ = 1.0x10" %y

[THaOH_7 = D.1M ; '~  Te#tp = (30.0 + 0:1)%

0.D. (420 nm) for fTieoH, % , vfv 7 at

50% 55% 50% 65%

tm

0 0,259 0,248 - D,283 0,248
5 0,250 0,238 0.229 0.233
10 0,240 0.230 0,220 0.229
20 0,227 0,220 D.213 | 0,225
30 3.219 0:.213 2,208 0,223
40 - 0,212 - n,217
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2,4,6 Trichloro phenol

(a) /2,4,6 Trichlorophenol_7/ = 1.0x10"%y; [ NaOH_7 = 0.5M;3

~ o) — .
Temp= (40.5 + 0.1)°C 3 Bolveat = / MeOH:H

0.5. (420 =nm) for Z—VSFe(CH)6_7 at.

20=50:50% v/ﬂ;7

- e .

t@ 5, 0705H 0,00075 0,001M
0 6.124 0,197 0.253
5 0.115 - 0.235
10 0.114 - 0.234
15 0.111 0.175 0.229
20 5.110 0.172 0.231
25 0.108 0.17% 0.227
30 0.106 0.170 0.226
40 0,193 0.165 0.228

(b) Z—K3FE(CN)6_7 = 1,0 x 1@“3M; /Twaos_ 7 =0,5M3 Temp=(40.0+0,1)°C
Solvent = [TMeOH:H,0 = 50:50% v/v_]

0.P. {420 nm) for / 2,4,6 Trichlorophenol / at

tm 0.0225M 0, 0050 0,.,0075M 0.01M
0 0.250 0.250 0,253 0.253
) 0.239 0,248 0.240 £.236
IO 0,243 0,240 0.239 0.234
IS 0.242 0,238 0,236 0.229
20 0.239 ©.233 0,238 9.231
25 0,238 0.232 ¢.232 0.227
30 0,235 5,231 2.221 : 0.226

40 - 0,229 2,228 n, 222
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— w~— — --2
(e) LKSFe(CN)é 7 = 1.0 x 10 BM; /%,4,6 trichlorophenol_/=1.7x1"" "1
[ 1o 7 = 0.5M; solwvent = [ MeOH : H,0 = 50:50% v/v_/
0

.D. (427 an) for temoerature (°¢) at

0 ) 0 T o

tm 39 35 47 45

o 2.247 0.247 T.283 S.237
5 0.234 0,237 0,236 N.249
19 D.232 0,236 0,234 7,242
20 0.227 C.230 0.231 0.232
30 0.229 0.228 0.226 0,222
45 0.221 0.224 7.220 0,216

(d) ZESFe(CN)6;7 = 1.0 x 10‘3M; /2,4,6 trichlorophenol/ zl.nxlo“zm;

[NaoH_7 = 0,5M; Temp = (4.0 + 0.1)°C.

gt

0.D. (420nm) for / MeoH, %, v/v_/ at

t, 50% 55% 60% 65%

0 0.253 0.265 0.230 0.273
5 9.236 0;252 2.231 8,262
10 0.234 2.250 C.227 N.261
20 0.231 0.247 0.227 0,269
30 0.226 0.244 0.219 0.259

45 0,223 0.240 C.217 T.255




>6~7 = 1.0 x 107

196

3

M /2,4,6 trickloropzenol/=1,0x10"

2

143

Temp = {40.0 + 0.1)°C4 Solvent = MeOH:H,0 = 50:50% v/v.

C.D. {420 nm) for /[ NaCH_/ at
b 0.1M T o.au 9, 4 D.5M -
0 0.250 5,263 0,262 0.2§3
5 - 0,250 0,249 0,236
10 0.246 5,250 0.247 0,234
15 - 9,248 0,246 0.229
20 0.244 0.249 0.241 0,231
25 - 0,252 0.240 0.227
30 0.242 0,247 0,243 0.226
40 0,240 n.245 0,238 0,222

(2) / Veniilin_/ = 1.,0x10°

Solvent

= [ MeOH:H,0

My /Ta0B7=0.5M; Teup=(40.0+0.1)°C

= 50:59% v/v_/

0.D.(420 nm) for L=K3F9(CN)6_7 at

tm 0.0005M 0,00075M 0,00IM
0 0.113 0,167 0.239
5 0,105 D.148 0.213
10 0.098 0.130 0.194
20 c,085 0,115 7.186
30 6.07TT 0,103 0.170
49 - 2.100 C.I67




1399
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(b) / KSFe{CH)6_7 = 1.2 x 10773 [ wacH_J = 0.5M;

Temp = (40.7 # 0.1)%; Solvert = / Me0H:H,0 = 50:50% v/v_]

( 2
0.3. (420 zm) for / Vanillin_/ at

t 0,021M 0.0025M 2. 003M 0.0075M D.01U

i

0 0.237 0.239 0.211 | 0.211 0.239
5 0.232 0.23C 0.200 0,193 0.213
10 0,229 0.222 0,195 0.1886 3.194
20 0,220 0.216 0,185 D.176 0.186
30 0.214 0.207 ©.180 0.170 £.170
40 3.219 0.203 0.169 0.189 0.167

(e) /XK, Fe(cn), 7 = 1.0x10‘3M; /Tanillin/ = 1.ox1e‘2M;
3 6_ o =]

Temp = (4-’3.03_0.1)06; Solvent =Lﬁe0’e¥.:H20=50350% v/v_7

0.D. (420 nm) for / NaCH_/ at

tm D.1¥ | 0.2M 0.3M O.4M C,5M

D 0.217 B C.213 0.203 0.189 0,239
3 2.214 2,206 2.190 0,149 2,213
10 2,212 7,200 D.182 0,166 ¢.194
20 0.206 0,185 0.186 0.146 9.186
30 2.199 0,177 0.174 0.146 0,170

40 0.196 0.175 0.167 0.142 0.167
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EUGENOL
{a) [ 2IgEroL_J = 1.C x 10”25 [ nach_ 7 = 0,05 u;
cemp = (30,7 # 0.1)%; fSolvent = MeOH:H,0=50:50% v/v_7
0.7, {420 nm) for 4”x3Fe(cn)6_7 at
. 7001M 3.0005M 0,001y
0 0,085 0,140 0,200
5 0.074 0.120 0,169
10 0.070 0.116 0.163
15 9,066 5.110 9.160
20 0,066 0.110 2.169
30 0,063 n.108 2.158

(b) [K,Fe(cw) 7

Temp = (30.0+0.1)°%

1.0 x 107°M; /"NaOH_7 = 0.054 ;

Solvent = / MeOH:u,0=50:50% v/v_7

0.2, (420 nm) for / EUGENOL_/ at

tm 3.0001M T .O00025M 8., 0005M
O 0.200 0.213 2,213

2 - 0.137 7,103

5 D0.169 7,123 0.®86
10 0,163 D.113 0.075
15 0.160 C.110 3.069
20 0,160 C.TI03 N.068
30 0,158 2,102 -
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Z_ﬁa@;[—:;’ = Q.OSM; So]_vent = / MeOHS Hzozsggso% V/V__7

©.D. (420 nm) for Temperature in (°C) at

tm 30 35 40 45

¢ 0,200 0.220 0.226 0.220
5 0,169 0.180 0.177 2.160
10 0.163 0.176 0,174 0,157
135 0.160 0,174 C, ¥70 O.ISé
20 0,160 0,172 0,I70 0.1I53
3C C.158 0,171 0,169 0.149
35 0,156 0.170 0.170 0.147

(a) ['KSFe(CN)é_7 = l.OxlO—3M; J[Eugenol/ = 1.2x10 %y,
Temp = (30,0+0.1)°; / NaOu_7 = 0.05u.

0.D. (420 nm) for / Solvent = MeOH % v/v_/ at

t 509 60% | 65% 70%

0 2,200 0,190 0,203 0,180
5 0.169 0.164 - 0.171
10 0,163 0,160 0.164 0.167
15 0,160 0.154 7,160 0.165
20 0,160 0.151 0.156 0,165
30 0,158 0.151 2.155 0.157

35 0.156 -~ -~ —
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(e) [_K3Fe(CN)6“ = 1.0x10'3M; [Eugenol /= 1.0x10™ %y

Temp = (3o.oio.1)°c; Solvent ==[fMeOH;H23 = 50:50% v/v_/

0.b. {428 nm) for / NaoH_/ at

tm 0.01M 0,D25M 0,.08M 0,01I5M 0.1M
0 2.200 0,198 C.200 0.199 0.207
S 0,180 - 0.159 O.Iéz C.459
10 0.178 0. I65 0.163 0.160 0,154
15 0.170 0.160 0.160 0.158 0.153
20 0.I70 0,160 0.160 0.1387 0.152
30 0.169 0.IS87T 0.158 0.153 0.150
35 0,168 0,156 - 0,183 0.147

METEYL EUGENOL

(a) [/ Methyl Eugenol ] = 7.5%107°u;3 [ NaOH_7 = 0.5M,

Temp = (40.0 + 2,1)°Cs Solvent = / MeOH:H

0=50:50% v/v_]

2
0.D. {420 nm) for K Fe (cm)6 at

ty 0.000TH 0.0005M 0.0010M
0 0,056 0.122 0.176
5 ~,C53 | 0,111 0.159
10 9,950 0.107 0.160
5 3,040 0.106 0.155
20 n.047 0.102 0.154

0.155

30 0.043 0,100
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Temp = (40.0 + 0.1)°% ; Solvent = /MeOH::,0 = 50:50% v/v_7

0.D. (420 nm) for / Methyl Eugenol_/ at

t 0,0025M 0.003M 0,0075M C.D1M

m

9] 0,120 0.122 0,122 0,120
S 0.111 0.112 0.111 0.101
IC 0,110 0.1I0 0. 107 0,102
15 0.T09 0,107 0.106 0,100
20 0.107 0,104 0.102 0.097
30 - 0,103 0.100 0.096
35 - - C, 100 0.097

(¢) [RyFe(ch), 7 = 5.0x107%M; /TMethyl Eugenol _7=7.5x10™

e

[ Ma0n_ 7 = 0.5 ; solvent = /[MeOH:H,0=50:50% v/v_]

0.D. (420 nm) for Temperature im °C &t

tm 30 35 40 45

D 0.094 0.100 C.122 0.120
5 2,091 0.094 0,111 0.IC4
O 5.087 03.090 0. 107 0.103
15 0.083 0,088 D, 106 0.102
20 0.084 0,087 0.102 0,100
30 0.086 0.082 0.100 0.1C0

35 0,083 0,084 0,100 0.099
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~3
‘M3 [TMethyl Eugenol ] =7.5x107 i

(a) [RaFe(ci) 7 = 5.0%10°
Temp = (40.0 + 0.1)°% 5 /"NaoH_ 7 = 0.5 M

0.D. (420 nm) for / Solvent = MeOH % v/v_]

t 50% 55% 6% 65%

0 0,122 5,100 0.084 5.204
5 0,111 2,095 0.080 0.203
TO 0.107 0,092 0,079 0.202
15 0, Y06 0,090 0.076 0,200
20 0,102 0,090 0,075 £.200
30 0,100 0,088 0,076 0.199
35 0,100 0.087 - -

4 3

(e) [fxaFe(CN)6;7 = 5,0xY07 M; /Methyl Eugenol_/=7.5%10 "M;

Temp = (40.0+0.1)°C; Solve.t = [TMeOH:H,C = 50:50% v/v_7

0.D. (420 nm) for [/ NaOH_/ =t

tm O« IM 0. 3M CeB M
O 0.110 0,125 0,122
5 £.,108 0,119 0.111
10 0,107 0.117 0.107
IS 0,106 0.TIS 0.106
20 0.104 0.1I13 G.102
30 0.104 0.112 ¢ 100
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Catechol

ZfKSFe(cw)6;7 = 1.0 x 197 3u; [ Catechol_/ = 1.0 x 10"2M;

[ Ma0H_/ = 0.05M; Solvent = / MeOH:H,0 = 70:30% v/v_]

0.D. (420 nn) for perature in (°C) at

b 30° 35° 40° 45°

0 o.3é3 0.451 0.398 n.398
2 0.218 0,255 0.205 0,154
5 0.137 0.180 0.112 0.100
8 0,120 0.140 0.090 N.067
10 0,110 0.120 0,050 n,030
[*K3Fe(cw)6_7 = 1.0 x 10"2M; / Catechol_/ = 1.0 x 10‘2M;

[ NaoB_7 = 0,05M; Temp = (30.0 + 0.1)%

0.D. (420 nn) for / Solvent = MeOH % v/v_7 at

b 60% 65% 70% 75%

0 0,388 0.393 0.393 N, 405
2 0.115 0.135 0.218 9,230
5 ) 0.101 D.117 0.137 0.225
8 0.067 0.085 0.120 0,205
10 0,040 0.053 0.110 0,203
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2esorcinoil

s

O

-2 =
Fe(oi)g 7 = 1.0 x 197 [TResorcinol 7 =

a2 = 0.35M; Solwent = / Me0%: E, 0 = 70:29% w/v_]

~, 0 wa) for temperature in (°0) at

t 33° 40° 45° 50°
0 3.886 C.598 D.595 2,595
S 2.428 0.370 N.360 2.347
10 0.368 0,330 0.328 n.322
15 ©.338 0.320 2,320 5.308
20 0.321 D.312 2.312 0.375
33 2,300 2,300 0.302 80.29D

—r - -3
L ¥gFe(ci) 7 = 1.0 x 107M; [

/[ NaoH_7 = 0,050

Temperature = {30 + 2.1)%

0.D. (420 =m) for solvent / MeOH % v/v ] at

Resorcinol _/ = 1,00 H}»Efﬁ'

.

t 60% 65% 70% 75%

0 T.407 2.580 0.586 2.587
S De254 7,365 D,428 -

15 0.220 0.341 2,368 -

15 0.204 0.326 0.338 ©.332
20 0.1%4 34320 0,221 2,290
30 - 0.328 0.300 0.276
40 - - - De265
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Crcinol

- -‘_4
M3 / Orciaol*7 = 5,2 % 13 My

[Tuacz ] = 2.08M; Solvent = /TMAOH:H," = 50:50% w/v_7]

T, 200 ” 35° 40° 5%
o) B 1,027 1,042 1,006 2,956
6 0.918 0.895 0.835 2.790
9 0.8990 0.860 0.792 3,748
12 0.858 2.825 2.758 5.710
15 5.8230 0.798 0,730 0.688
21 2,790 0.745 D.686 0,672
30 0.722 C.683 0,662 0,661
(d) L_KaFe(CN)6;7 = 1.7 x 10 %, / orcinol 7 = 5,0 x 10" %

[N20E 7 = 0.05M; Temp = (372.0 + 0.1)°%;

0.D. {422 nn) for / Solvent = ifen¥ % v/7_7 at
b 35% 40% 45% 50%
o 0.915 0.966 1.07 1.027
6 0.750 0,790 0,860 0,915
% 0.738 0,760 0,820 £.890
12 0,730 0.738 0.805 .858
15 0,718 0.718 0.782 0.830
21 0,710 0.680 0,740 7L TO0
30 - 0.648 2,680 c.722
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Quizol
B A ad

I
e
.
@)
s}
()
)

1

Fe(Cil), 7 = 1.5 % 1073, / quinol_7/

[THenu_J = 7,53 solvent = [TMeNH: H,0 = 79330% v/v_7

, - R . /0
~n,, {422 nm) for temmerature in{ C) at

Y 33° 35° 40° 45°

5 5,421 5,544 0,544 0,544
5 0.283 5.303 0.288 5.207
8 0.224 0.288 0.270 0.285
10 0.220 0.283 0.264 0.282
15 0.210 0.276 0.260 5.280
30 0.208 5,272 0.269 5.278

[’K3Fe(cm)6:7 = 1.0 x IO—SM; /[ quinol_/ = 1.0 x 10“2M;

[TNa0H 7 = 2,05M; Temp = (30.2 # 2.1)°%

!

©.D. (420 nm) for / Solvent = Me0H % v/v_/ at

t | 55% 70% 75%

0 7,503 0,421 2.520
5 0.293 D.233 2.273
8 0.274 5.224 0,267
10 0,268 0.220 0,269
15 - 3.210 0,261

30 - 0,208 J.28%
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Pyrogallol

(2) [H Fe(om) T = 1.3 x 10733 /Pyrogaliol 7 = 5.0 x 197y

[Ha03 7 = 0.1M; Solvent = /[ Me0®:H,0 = 57:50% v/v_/

0.7. {427 nn) for Temperature in {°C) at
L R 40° 45° 50
9 1.40 1.27 1.20 1.57
10 1.20 5.925 1.99
15 1.10 5,900 0,890 2.980
20 1.00 0.880 0.870 0,90
25 J.970 2.860 9,850 0,890
30 0.958 0.858 850 0.9
40 0.925  o.830 0.820 0.880

-3 -
(b ) [RgFe{cu) 7 = 1.9 x 107 M3 [Pyrogallol 7 = 5.0 x 107 ;3

L HacH 7 = %.1M; Temp = (42,0 + 2.1)°C;

0.0. (420 nn) for [ Solvent = MeO? % v/v_]/ at

t 35% 40% 45% 599%

2 0.640 7.880 1.10 1.20

10 0.600 0,840 0.900 -

15 0.590 0.800 C.870 2.900
20 2,580 2,760 - ~L880
25 0,573 D.740 0.840 N.860
30 7540 1,735 0,827 7.858

40 - 0.710 2.810 2,830
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Phlorcglucinol

3 4

LR Fe(en) 7 = 1.0 x 10773 /Phnleroglucinol 7=5.7 x 1°7°M;

=

[ uaoE_ 7 = 2.705M; Solvent = /[TMeOH:H,0 = 70:30% v/v_7

0.7, {427 nn) for temperature in (°C) at

im. 35° a5° 40° 45°

0 0,500 0.500 0.430 0,420
2 0.383 0.382 0.319 0,200
5 0.344 0.336 9,275 0.258
8 0.317 0.391 0,244 0.225
10 0.304 0.286 0,225 0.215

L—KBFe(CN)6—7 = 1.0x 10_3N; Phloroglucinol = 5.0 x 10 M3
/ NaoH 7 = 0.05M; Temp = (30.0 % 0.1)°C

0.D. (420 nm) for /[ Solvent = MeOH % v/v_] at

by 70% 75% 80%

o) | 0,502 0.489 14570
2 0,353 0.396 7.39T
5 0.344 2.319 7.3671
8 0.317 0.282 0.338

10 0,304 C.247 C.323
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,Lp&Naphthol

- -7
(2) [yprbpntnol 7 = 1.0 x 107°M; [ HaoH_] = 0.05u;

Temp = (30.0 + 0.1)%3; Solvent =L:MGOH:H 0=70:30% v/v_]

2
0.0, (420 nm) for l—K3Fe(CM)6;7 at

t 0, 04801M 0, 0005M 0.0C1IU
0 0.200 0.526 1,036

2 0.168 - -

5 0.140 0.333 0.659

8 0.100 0.276 0.572

10 2.080 0.231 0.524

20 - 0.190 0.450

30 - 0.160 0.396

-(b) L—KgFe(CN)6_7 = 1.0 x 1073y; / WaoOH_/ = 0,05M;

Temp = (30.0 + 0.1)%; Solvent = / MeOH:H,0 =70:30% v/v_/

2
0.D. (420 nm) for Zﬁ#i—naphthol_7 at

tm 0.001M 0,003M 0,008M 0,0IM
o 1,036 1.133 1.133 1.136
2 0,793 0.223 0.215 0.200
3 0.199 0.180 ¢.120
4 €.188 0.130 0.080
5 2.659 0.180 0.108 0.040
8 0.372 0.170 5,079 -

10 J.524 0.167 0.060 -




/.= Naphthol.
-3

7 = 1.2x177"M; [ f-naphthol7/=1.0 x 107 "M;

6_1
[hnagi /] = °,05M; Solwent = L-MeOHgHZO = 70:30% v/v_7
2

0.7, (420 rn) for temperature in (°C) at

t 307 357 407 457
0 1,035 1.146 1,146 1.146
2 - 0.940 6.903 0,862
S 0.659 0.658 3.645 0.634
B D.372 - 0.546 0.8529
10 0.524 D.630 0.508 2.482
20 J.430 C.466 2,425 0.365
30 D,396 0.429 $5.289 -

(d) LﬁsFe(CN}6;7 = 1.0 x 10 u; /o ~naphthol 7 =-1.0x10_3M;
[Tia0u_7 = 0.05U; Temp = (30.9 + 0.1)%.

©.3. (420 nm) for [ Solvent = MeO¥ % v/v_] at

L 70% %s%v- 80% 85%

0 1.036 vi}@46 1.146 1.146
2 - 0,838 0,895 0,835
5 0.659 0.680 0.754 05,710
8 0.572 0.590 0.658 0,613
10 0.524 C.553 £.609 0,568
20 0.45C T.485 D.462 N.412
30 0.396 0,288 - 0.245

lh
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7 = 1.9 x lf)"BM; /o7 -naphthol 7 = 1.0x1 O_BM;

6'-_

3% Solvent = [TeOH:u,0=T3:32% v/v/

=3
D
[
kvl
It
[VS]
[w]
1.
I+
-
—

4
t..2
C.D. (422 nm) for / MaOH 7 at

tm A IAR A D, 0251 D, 08 APRAR Y
Cm 2,750 2,930 1.036 1.229
S 0.69D C.TES 0.5659 0.600
8 0.668 2.634 0,372 0.488
10 0.612 0.622 0.524 0,435
20 0.558 2,515 0,450 0.298

30 0.497 D.485 09.396 G.270
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B -~ Naphthol

LI

(2) /73~ naphthol 7 = 1.0x107%M; /Haon_7 = 0,05M;

Temp = {20.0 + 2.1)%; Solvent = lﬁeOH:HZG = 70:30% v/y/

2.7, {420 nn) for L"K3Fe(cm)6;7 at

b 7. 0001H 0.0005K 9.00075M 0.001Y
o 0.220 0.402 0.550 0.737
5 0.130 0.210 0.295 0.400
8 0.129 9,203 0.273 0.386
10 0.120 0.191 0.262 0.365
15 0.115 0.189 0.249 9.349
20 - 0.178 0.236 0.318
30 - 2,175 0.225 5.210

(b) /K Fe(cn), 7 = 1.9 x 107%; /[ haoy 7 = 0.05u;
Teap = (30,0 + 0.1)°%; Solvent = [ MeO: H,0 = 70:30% «/v_7

0.b. (420 nm) for lfﬁ— naphthol_/ at

tm 0,003 08,0084 2.01

0 0.642 0.609 o.,737
5 0.352 5.348 0,400
3 0,343 0.347 £.386
10 0.339 0.345 0,368
13 0.333 0.330 0.349
20 0.334 0.335 $9.318

30 0.326 0.329 0.31¢
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(c) 1§3Fe(qm)6 7 = 1.0 % 107y, /[ p- naphthol 7 = 1.0%10™ 2y,

/[ MaCH_7 = 0.051i; Solvent = / MeOH: Hy0 = 70:30% v/v_/

¢.7. (420 nnm) for temperature in (°C) at

ta 20” as® 45" 507
0 0,727 1,073 1.206 1.207
5 ¢.400 0.480 2,436 9,412
8 0.386 0.420 6.398 0.362
10 0.365 0.403 0,387 0.340
15 D.349 0.378 0,349 0.3156
20 0,318 - 0.330 0.312
30 0.310 5.349 5,300 -

(a) / K3Fe(cm)6;7 = 1.0 x 10713 /B -naphthol 7 = 1.0x10° W
/TNa0E 7 = 0,05M; Temp = (30.0 + 0.1)°%¢ ;

0.3. (420 nm) for / Solwert = MeOH % v/v_/ at

L 70% 75% 80% 85%

0 0,737 0,606 1.057 1.057
5 0.400 0.312 0.474 0.459
8 0.2386 0.285 0,426 3,400
10 0.365 0.275 D.412 0,375
15 0.349 0,272 0.383 0,353
20 0.318 0,269 0.357 -

30 0.318 - 0.329 -
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— —s2 -
(e) [KyFe(sin) 7 = 1.0 x 10713 /F -naphthol 7 = 1,0x107 k3

¢}

3
2

emp = (30,0 + 0.1)°C; solvent = /[ MeOH:H,0=T0:30% v/3/

]

2. (420 nm) for [TNaOH_7 at

t 2,01 0,025 O.08M T IM

n

O 2.236 o 0.945 0,737 1.120
5 - - 0.400 0,590
8 8,730 0.623 0,386 3,450
10 0.745 2.608 0.365 0.335
15 0.734 0.584 0.349 0.285
20 6.733 2,560 D.318 -

30 6.713 2.55C 0,310 -
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1. QXIRATIQN ¢F JI0II°EVYR™To PHEMNALS BY ALXALINE

FEVACYANCEFTRATE (TIT),

he kinztics of oxidation of monohydric phenols
(phenol =nd suhstituted phenols, vanillir 2nd eugenol) hy

alkaline hexacyanoferrate (III) has been studied in methanol

water mixtures. The reactions showed 2 first order dependanc

on the concentrations of each - substrate, oxidant and

alkali,

The rates of these reazactions showed a decrease,
with increasing proportions of methanol, that is, with =
decrense in the dielectric constant of the medimm. The role
of the solwent has been rationslised on the hasis of the

XA at the recctions under

e
‘
i

dielectric constant, indic
?

5
9

¥

=5
ot
=
(o}

consideration involved ions o S

57}

me sign.

o

The effect of chaonges in temperaturc on the r-tes

I

of the reactions has deen sitndied, and the activation

.parameters have been evaluated,

i

The presence of radical intermediates in the
rate determining step of the reaction has bcecr detected

by esr spectroscovny.

-

e
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The reaction pait™Tay has been mechanistically
visualized =85 procczding via the formation of a radical
intermeiiate in ithe rate determining step,. Tﬁe radic2l
then undergees Turtor reaction to yield coupled »nroducts,
o

e wroducts verns char-

cterized by anslytieal and speetir-l

methods.

2, CXIDATION OF D

et

FYDRIC PHENQLS BY ALXALINE

HEXACYAIOFERRATE (III).

The kinetics of ocxidatior of dihydric phenols

(catechol, resorcinol, orcincl 2and quinol) by alkaline

o

exacyanoferrate (III), has hecen investigated in methanol -
watcr mixtures, The reactions showed a first order
dependence onr the concentrations 5f each - substir - te,

oxidant and alkali.

Increasing oroportions of methanol resulted in
a decrcase in the rate of the reaction, Plote of log kohs
against the reciprocal of the dielectric coustant were

linear, with zegative slopes. This shoved that the reactions

undaor consideration involved ions of the same sign.
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The rate of the reazction was enhanced, 7ith an
ircrease in the tocmnersturce of the medium. The zetivatieon

naramcters have been cvyolunted,

R id

The presence sf rdical intermediates was detected

by esr smectroscopy.

The meche

‘)

sm of the reaction imvoclwed the formation
of a radical intermediate in the rate determining step. Further
oxidation of the raodical yieldsd either the guinone, or
resulted in the formation of counled products. These products
were obtained in geod yields, and were characterised by

analytical and spectral methods.

3. OXIDATICON OF TRIHTDR $5y PHENOLS BY ALKALINE

JEYACYANCFERRATE {1I1).

The kinetics of oxidetion of pyrogailol and
phlorcglucinol by al%=2line hexacyanoferrate {III}) h=as hacn
studied in methancl - water mixtures. The reactions showed

a first order depcendence on the concentrations of each -

substrate, oxidant and alkeli.

The rate of the reaction was influenccd hy 2 change

in the solvent commnosition of the medium. Plots of log Kobs

against the reciprocal of dizlectric constant were linear,
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«3

suggesting that the rcecactions under congsidarantinan vrern

of the iom=~ion type,

Jedo

The rate of the ren

“

EX
19

o

cn was increcsed, with ar
incrense in the tempersture 5f the reaction wodiun, =228 the

activation porsmeters kave heen cewaluated,

The prescnce of radical intermedistes was detected

by esr spectroscopy.

The mechanism of the reactieon invelred the
formaticon of a radical intermedinte in the rate determining

step, Further oxidation of the radicel yicld:d either the

o
5

extended guinone, cr rcsulted in th ormation of coupled
products, These products rere characterized by analyticnl

and specetral wmethods,

4, CRXIDATION OF MNAPHTHOLS PY ALYXALTNE

HELACYANOFERRATE (I11).

The kinetics of oxidation of glrnaphﬁhol and
ﬁ%-naphthol by alkaline hexacyanoferratc. {(III), has bhesen
investigated in methancl -~ water mixiures. iThe r?actions
showed a first order dependence on the cbncentfd@inws of

each -~ substrate, oxidant and alkzali,
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The rate of the reaction was found to incre=sse
with increasing amdéunts of methanol, that is, with a
decrease in the diclectric corstant of the medium,
The rate of the reaction was enhanced, =Tith an
7

increase in the temperature of the mediun, The activation

parameters have beon evalucted,

The presence of radical intermediates has been

detected by esr spectroscopy.

The mechanism of phenol coupling involves the
formation of a rndicnl intermediate in the rate determining
step of the reaction. The radical intcrmediate undergoes
rapid and irrversible counling to give the products, These
products have been isoclated and characterized by analytical

and spectral methods,
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