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Offifitt

The present investigation on the •Mechanism of

Oxidations by Chlorine" has been undertaken under the guidance

9tt<i supervision of Dr. S.K.Mukherjee, M.5c.,Ph.D. He pointed

out that although chlorine is frequently used for the

disinfection of drinking water »nt^ waste waters, the detailed

mode of its action as oxidizing agent has not been investigated.

The Sanitary Chemists mS'vmced »w© views to

account for the action of chlorine upon bacteria. According

to the first view, chlorine on hydrolysis yields HOC1 and

HC1, and H0C1 oxidizes some of the essential constituents

of the bacterial cell. The second view Is that the destruction

of living organisms is brought about by direct chemical

combination of chlorine with the protoplasm of the

microorganisms. More data thus seems to be necessary in order

to arrive at definite conclusions. Dr. Mukherjee suggested

that a systematic kinetic study of the reactions of chlorine

with simple organic molecules would throw light on the

mechanism and with this view a general research scheme was

prepared.

Chlorine is a powerful oxidizing agent. Its

reversible electrode potential for the two electron reduction

to Cl" is 1.3583 Volts. It is known to hydrolyse In water to

yield HOC1.H and CI . Beside these, CI and Cl3 ions have

also been detected under different conditions. From a general

chemical point of view, it Is of prime Importance (a) to

Investigate the causes that lead to the formation of different



(11)

types of products by action of chlorine, (b) to find out

if the oxidation involves the transfer of an oxygen atom

from the oxidant molecule or it Is a simple case of

dehydrogenatlon of the organic compound, (c) to identify

which of the species of chlorine in water, Cl2, HOCl.Ci*,
Clg, or CI", Is the principal effective ©xidant, (d) to

know if the reaction Is of electron-transfer type. If so,

whether the reaction takes place by one electron or two

electron step,

A complete elucidation of the above research

project requires many sided Investigations. To start with

at the first instance, the kinetic study of the reactions

of chlorine with monohydrlc alcohols and formaldehyde was

alloted to the author by Or.Mukhtrjee with a view to

elucidate the mechanisms of these reactions*

A critical examination of the attempts made

by various Investigators to postulate the reaction

mechanisms with chlorine shows that with aromatic compounds,

generally the chlorination of the organic molecule, and

with aliphatic compounds, complicated reactions. Involving

both oxidation and chlorination, take place. For example,
(A)

Rodd pointed out that chlorine attacks aqueous methyl

alcohol quite easily. The dichloro di-methyl ether,

(CI CH2)20, is first produced as an lntermedlate,whlch Is

(A) E.H.Rodd," Chemistry of Carbon Compounds,* Elsever Publ,
Co., Amsterdam (1961), Vol.1, Part A, p.298, 305.
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cortverted by water to formaldehyde and hydrochloric acid.

Similarly, ethyl alcohol gets oxidized to acetaldehyde.whlch

forms acetal with excess of alcohol. Further chlorination

leads to the formation of mono and dlchloroacetal, finally

to chloral alcoholate. These complications further

aggravate the kinetic Investigations.

The following Is the brief summary of the

present investigation reported in this thesis i

The kinetics of reactions of

1. Methyl Alcohol CHgOH

2. Fthyl Alcohol G^OH

3. IsoPropyl Alcohol CRj *>y CHOH

4. Sec.Butyl Alcohol CH^

and 5. Formaldehyde HCHO

with chlorine In aqueous solution has been studied in

detail. MLtil all the above compounds the following

investigations have been made t

(1) Th<* orders of the reactions with respect

to each reactant at various sets of concentrations in

absence and in presence of perchloric acid have been

determined. This we have done by considering initial rates.

(2) The influence of ionic strength on the

reaction rates has been studied.

^> CHOH
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(3) The catalytic effects of about two dozen

metallic salts on the reaction rates have been investigated.

(4) The rates of the reactions have been measured

at various temperatures in the range of 25° to 55°C and the

various activation parameters have been calculated,

(5) The products of the reactions have been

Identified and the alkyl hypochlorites have been isolated.

(6) The influence of sodium chloride on the

reaction rates has been investigated in detail.

The reactions were found to be very complex.

Besides oxidation, chlorination of the methyl group also

follows through consecutive reactions. Vie established that

molecular chlorine is the principal effective oxidant and

hypochlorous acid plays a minor role in all the cases.

Consistent with the observed facts the mechanism

of reactions of monohydric alcohols and formaldehyde with

chlorine in aqueous solution have been proposed.

The initial rates of the reactions of seven

aliphatic alcohols (Methyl, rthyl, n-Propyl, Iso-Propyl,

n-Butyl , IsoButyl and Sec.Butyl Alcohols) with chlorine

in aqueous solution have been measured at 25° and 35°C

with a view to find out the effect of structure of organic

molecule on the reaction rate. The relative thermodynamic

activation parameters, enthalpy, free energy, and entropy

of activation, have been calculated and en attempt has been

made to interpret the data in a proper way. The orders of
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the reactions of chlorine in aqueous solution with n-Propyl»

n-Butyl and IsoButyl Alcohols with respect to each reactant

In absence and In presence of perchloric acid have also been

determined.



CHAPTER 1

GENERAL INTRODUCTION

Sec. 1.1 Organic Oxidations

Sec. 1,2 The Hydrolysis of Chlorine

o ec, 1.3 Survey of Literature on Reactions with
Chlorine.

Sec. 1.4 Halogen Cations

#♦*##*#*»
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HC. 1.1 ORGANIC OXIDATIONS i

On the basis of electronic theory, the statement

that oxidation is equivalent to electron loss, resulting in

an increase in the valency, and reduction to electron gain,

resulting in a decrease In the valency of the elements,e.g.

_ 2* Oxidation^ F03* # #
reduction

is adequate for describing reactions of lonizable substances.

By developing this concept, electro chemists compare the

oxidizing powers of different ions by reference to redox

potentials, which are measures of free energy changes in

thermodynamically reversible equilibria. These concepts,

however, are not so clearly applicable In organic chemistry,

for when carbon compounds are oxidized, their component atoms

are very seldom deprived of their surrounding complete

electron shells, e.g. no electronic or wave mechanic

formulation of the structure of <* - pinene can explain why

it is attacked at the olefinic bond 'a' by dilute potassium

permanganate, although at the C-C bond 'b' by only air and

water, and *t the allylic methylene group »C or 'C by

I

a. ^. C

selenium dioxide ; w3

The study of the oxidation of organic compounds

is an examination of ways by which electrons can be removed

from them. The organic compounds are essentially covalent.

Moreover, they are mainly composed of a carbon skeleton



surrounded by a skin of hydrogen and consequently, have few

superficial electrons accessible for direct attack by colliding

reagents.

The covalent bond rupture is an essential feature

of organic reactions, which can be effected by two difrerent

ways, viz. Homolvsls. in which the electron - pair bond is

broken symmetrically so that each fragment acquires complete

control over one of the electrons and thus become a free,

uncharged atom or compound radical, and Hoterolvsis. in which

the electron - pair bond Is broken unsymmetrically so that

the two fragments become oppositely charged Ions ,

AiB —*• A* e *B (Homolysis)

AtB —-rr-§k ♦ (*B}~ (Beterolysis)

electron removals by these two ways have clearly distinguish

able characteristics.

In Homolytic oxidations, the electrons are

removed singly from organic molecules by active atoms or by

active free radicals. They usually Involve the removal from

an organic molecule of one electron together with a hydrogen

nucleus, e.g.

H0.CMe2.CMe2.0H ♦ Mn3+-i^£ #O.CMe2.CMe2.QH ♦ Mn2+ ♦ H*
The initial organic product necessarily has an unpaired

'I)
electron and so must oerforce undergo a reaction :

*O.CMe2 . CMe2 . OH Fas|. Me2 C«0 *t . Me2 .OH

Mn3+ +*C.Me2 . OH Fast Me2 C»0 #Mn2+ ♦ H+
»0,CMe2 . CMe2 .OH ♦ Mn3!^<n.CMe2 . CMe20* ♦ Mn2* +H+
*O.CMe2 . CMe20*—^2 Me2 C*0



Heterolytlc oxidations involve the attack on

organic compounds of electrophillc reagents which can, by a

single process, gain control of a further electron pair,

Heterolytlc oxidants, therefore, attack the exposed electron

pairs of atoms such as oxygen, nitrogen or sulphur, or the

loosely held -r electrons of defines, rather than the hurled

electron pairs of C-H, O-H or N-H bonds. heterolytlc oxidant

thus approaches an organic molecule towards the region in

which Its valency electrons are most exposed. Further,

heterolytlc oxidations often involve sequences of reactions

ending with the elimination from an organic complex of the

oxidant together with Its extra electrons. A simple example of

heterolytlc reaction is the chromic acid oxidation of

(2 3)
formaldehyde. Chatterjl and Mukherjee* * 'suggested the

u

following mechanism i ,
d) H~C<H + HOU ^ H-C-OH

^ OH H OH

Cii) H^-oH +[MO-JUo1%2HVH>-^-?^] +H*°
OH O

H^:& OH

H-C^O -t- Cv -Ouii)
+ ^ 0

3l+ BH+ + H-c^ +^^03
OH OH

where B Is a proton acceptor. In the elimination process

(ill), the electron movements involve the C-H, C-0 and O-CrO^Hi.

bonds simultaneously, for otherwise transient Ions of very
V *

high tn—fy content, e.g. H-C-o f would have to be formed.
OH

A count of electrons shows that whereas hydrated formaldehyde

has 20 valence electrons In its molecule, formic acid has only

18 electrons. Thus two hydrogen nuclei together with two



i
electrons have been removed by the oxidizer.

(4 5^Qriegee and coworkers* • 'proposed the following

mechanism of oxidation of alkenes to glycols with osmium

tetroxlde 1 H ,

i( + QsC\-^- R.c _ox ^ 1
R-C l H

The hydrolytic cleavage presumably occurs at the Og-0 bonds

In view of the stereospecifldty of the reaction. This Is a

simple example of olefine oxidation.

The stereochemical considerations are of much

greater significance in heterolytlc than in hemolytic

reactions. For example, Bulgrln* 'and Buist et alv 'studied

the rates of perlodate oxidation of cis and trans - cyclopen-

-tanediol 1*2 and els - and trans-cyclohexanediol 1*2 and

showed that the greater reactivity of the cis - than the

trans -isomers was caused, not by a greater ease of complex

formation, but by a much more rapid break-down of the cyclic

complex 1 R- ,

k k
However, Tionis md Pesinaw'observed that there

is no significant difference in the manganese tetraacetate

oxidation rates of cis- end trans-cyclohexanedlol 1*2 either

in acetic acid or in tetrachloreethane. Similarly, aters et

al^^found that cis - 1*2 dimethyl cyclohexanediol 1*2 Is

oxidized by manganic pyrophosphate much more slowly than its



trans-Isomer. They pointed out that the stereochemical

significance should not be attached to simple measurements

of relative rates of oxidation.

The majority of organic oxidations involve the

cleavage of C-H or C-C bonds. A C-H bond may be broken

homolytically by hydrogen atom abstraction, or heterolytically

by either proton or hydride abstraction. The measurement of

deuterium isotope effect had proved to be of great significance

for elucidating the mechanism of oxidations, involving cleavage

of C-H bond*10*11*12*. Few examples of C-H bond cleavage are

given below *

(a) C-H Bond Cleavage by Hydrogen Atom abstraction *

Wibrrg and Foster'*3'suggested that In the
chromic acid oxidation of hydrocarbons, a hydrogen atom

transfer occurs, giving two radicals in a solvent cage,which

may then either diffuse apart or combine to give a Cr (IV)

ester s ,_ , - r? +
^ch+C?^ foe C-r } =SP R3C R3

I 3

The latter, which was also considered as a reaction inter-

-medlate by Slack and Waters' , can cleave either at the

Cr-0 bond to give the alcohol with retension of configuration

or at the C-0 Bond to give partial racemization.

fl5)
Recently Candlin snd Helpern* 'suggested a

hydrogen atom transfer mechanism for permanganate oxidation



of formate Ion complexed to cobalt (III) *

(N^Co CHCOO) +MA"—* [<"«* cfccod*)] +H^Og
TIT "2T

Only two examples of homolytic C-H bond cleavage

are given here. The reader Is referred to other works for
(16-20)

discussion of reactions that proceed by this process .

(b) C-H Bond Cleavage by Proton Abstraction *

Chromic acid oxidation of isopropyl alcohol Is

an example in which the rate determining step is the proton

abstraction, ^esthelmer and coworkers* used the tracer

technique for the first time and showed that the rate

controlling step in this oxidation involves the cleavage of

secondary C-H bond, as Indicated by the deuterium isotope

effect, kH/L ,of 6.7 at 25°C. They suggested I mechanism,

In which the chromate ester decomposes by proton loss to any
ivavailable base with elimination of a Cr Ion * +

(C-Ms^Od-OH +HCOf 4- 2H+ *- C<*\i\<*° -^°3 ^ +^°

C443 <^***>: 0 c-H3/
followed by, Criv *Crvl _fas|_ 2CrV

2CrV *2(CH?)2 CHOH _fasX. 2CrIX1 ♦ 2(CH3)2 C»0 •4H

or, in presence of Mn Ions, by

iv ii -. ill « Hi
Cr v ♦ Mn ^-*-Cr ♦ Mn

Crlv • MnHi^-cr111 +Mn02

•t
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Recently Chatterji and %kherjee* 'concluded that the chromic

acid oxidation of alcohols proceed via chromate ester as

intermediate, by showing that pyridine, a proton accepter,

accelerates the rates of oxidation of alcohols.

Another example of proton abstraction In the

rate determining step is the carbonyl elimination reaction

that benzyl nitrate undergoes under the Influence of base to

(24)produce benzaldehyde and nitrite Ion* '

V/0 +(3H++NO~ C9=CiWcO")
"Nd

Buncel and Bourns* 'showed that «< C-H bond rupture occurs
In the rate controlling step, as indicated by isotope effect,

^t/kgi of 5.04 at 60°C for the reaction of CfiH5 CD20N02

(c) OH Bond Cleavage by Hydride Abstraction t

Hydride transfer now seems to be the general

route for the heterolytlc oxidation of alcohols by reagents

which cannot react by way of esterification. A clear cut

example Is the oxidation of an alcohol by trlaryl carbonlum
(26)Ion, which occurs 'n mineral acid solution^ '*

(C6H5)3 COH ♦ H3oW(C6H5)3C ♦ 2H20

(C6HsVV H7 C ••*I,"^V»^ m * ^3^2°"° + H
CH3

(27 2fi 1Stewart1 * 'suggested a hydride ion

transfer mechanism for the oxidation of benzhydrol,(C6H&)2.

CHOH, by potassium permanganate In neutral and basis solutions*
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(C6H&)2 CHOH *0Hi?^(C6H5)2 CHO~ ♦ HgO (rapid equilibrium!

(C6H5)2 CHO* ♦ Mn04-J>'(C6H5)2 C«0 *HMnO^ (Slow)

HMn04" ♦ Mn04" ♦ OH^->-2Mn04* + H20 (fast)

He also noted an isotope effect, *hAd» °^ °»6 at 2?°c *or tne
cleavage of secondary C-H Bond,

For the oxidation of isopropyl alcohol by

bromine, Swain et al* ' proposed a hydride abstraction

mechanism s ru 0^2

p/lBv<^-C-OH -^ BT+HBr+ C= OH

on the theoretical grounds thH isopropyl alcohol exhibits

C-H mnti O-H isotope effects of 2.94 and 1.49, whereas 1 -

Fluoro - 2 propanol exhibits C-H and O-H isotope effects of

2,83 find 2,06, The constancy of the value for C-H suggests a

hydride transfer.

C-C Bond Cleavage 1
wmmmm - ——~ mw n •«-!• wi mi. .i— iMmnw

The cleavage of C-C bond of 1*2 glycols by cold

solution of le?d tetraacetate in glacial acetic acid was first

noticed by Criegeo, From a very careful kinetic investigation,

Criegee and coworkers* 'arrived ft the conclusion that

the glycol splitting involves a rat«» determining hlmoleeuln-r

reaction, which they represented *>• a cyclic heterolytlc

process, for they found th^t the els - glycols of 5- and 6 -

membered allcyclic rings were oxidized very much more easily

than their trans-isomers *

-C -OH -c-6\-\
Jf"r£ue*6i.b&.

-c-o -1-°'. OAC
' 4,

r — n •+- ~-.c = 0



H
i

acid
( 4)

Several oxidizing agents, such as periodic

(35) (1)
, aryl iodosoacet*tes

(8)

, manganic pyrophosphate

(36)manganese tetraacetate* , chromyl chloride eerie

9

lons'37\ sodium bismuthata*38' etc. c^n break the C-C
bonds of even primary and secondary glycols, e.g. HO.CH2.

CH2.OH, but more recently it has been found that several

oxidants of monohydrlc alcohols can effect C-C bond ruoture

of di-tertiaiy alcohols, such as plnacol, though they tend

preferably to oxidize orimary and secondary 1:2 glycols by

C-H bond rupture. For example, Chatterji and Mukh«rjee*

suggested the following mechanism for chromic acid oxidation

of ethylene m^ methylated ethylene glycols *

+H,Pr " "f R-£-oH
HO-Cv-0 U , -f

L If J d-C-oH
0

H

H'

M
ci*-)

H
f

f

I

H

o

II

K-C-O

"Zp*r^h +B¥t++m
LB] i

H

(a. pvoto^ acffl^dw)

d- MxO

H
i H ^ -i

l

HR-C = 0 H

Id

R-C-o n
St*y»i + MxO

They suggested the following mechanism of electron

displacement in the activated complex *
H '

I r~S ? 0 -C =0
*=&

_c _*o\ h --Y0'
H

o

1^wC«W 9^-^t-

-c = o

d- Cs Q

HOH

Z



Rocek and :Vestheimer*42*found that cis - 1*2

^ dimethyl cyclopentane 1*2 dlol oxidizes 1700 times as

fast as its trans - isomer and 47 times as fast as does

plnacol. This difference in reaction rates provides the

best evidence for the formation of acyclic Intermediate

compound.

10
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3-C. 1,2 THE HYDROLYSIS OF CHLUKIN:-: :

The gaseous chlorine hydrolyses In pure

water to yield H0C1, H and Cl". Sine** long ther<- had been

disagreement of views regarding the mechanism of the

(43*
hydrolysis ^nci actual value of hydrolysis constant, Jakowkin' '

measured the hydrolysis constant at various temperatures as
(44)

early as In 1899. Liebhafsky* 'pointed out that the heat of

hydrolysis of chlorine varies with temperature. He interpreted

the results of Jakowkin as indicating the existence of

hydrated chlorine in equilibrium with non hydrated or less

hydrated chlorine, with the equilibrium shitting with

temperature.

hllov and Solodushenkov* ''noticed that the

reaction substantially completes in less than • second ven

at 1°C, Morris*46'found that the rate constant for the

reaction is aho t 5 x 1^A , in icatlng that reaction occurs

at almost every collision. He proposed a mechanism In which

the hydroxyl Ion reacts with chlorine t

Cl2 *OH"-5=2* HO Cl >Cl"

He pointed out that the results of Solodushenknv and Shilov

can be explained oroperly by this type mechanism.

Several investigators{45,47#46*determined
the hydrolysis constant by different methods but their values

very from 2.00 x 10 upto the v*lue close to Jakowkin at

25°C (4.48 x10"4). Alarge number of investigators^46'49"525
recalculated the values of the hydrolysis constant at

different temperatures obtained by Jakowkin by making



n
different assumptions. The recalculated values at 25 C were

•4
found to be In the range of 4,84 to 3,90 x 10 .

Recently Connick and Chia* 'repeated the

Jakowkin*s measurements and determined more accurately the

values of hydrolysis constant at various temperatures from 0

to 45°C, using conductivity method. In agreement with the

observations of earlier investigators, Connick and Chi a found

the reaction to have a positive ^h\ which changes quickly

with temperature, corresponding to a value of ACp of approxi-

-mately - 93 cals. mole"1 deg"A. They argued that the properties

of Cl2 (aq) are responsible for this value and discussed the

significance of the large heat capacity of this species in

terms of plausible models. In calculation, they took into

consideration the following *

(1) in addition to the formation of H CIO, H

and Cl", a minute Quantity of GIJ9 which also forms through

the volatility of HC10 in the preparation of Cl2, and

2 HC10 (aq) —> Cl20(g) ♦ H20

(11) the formation of Cl3" from Cl2 and Cl"j

ci2 ♦ Cl"^± ci3"

The equilibrium constant ef this reaction was reported to be

0.18 at 25°C.

The values of the hydrolysis constant KR

(3.94 ♦ 0,02) x 10"4 at 25°C and (5.104 ± 0,021) at 35°.
obtained by Connick and Chia*53* agrees well with the values
obtained by Zimmerman and Strong*5 'by recalculation of

Jakowkin's data.



n
(54)

Frank and Evans* have proposed that non polar

gases dissolved in water cause the formation of ordered

arrangements of water around them - "Iceberg* - whose

"melting" with increasing temperature is a source of large

Cp°. Such configurations might correspond to partially formed
(*>*!> to 58)gas hydrate structures* ' for which It is known that

the water molecules, while being hydrogen bonded to each

other, leave holes for gas molecules which perhaps Interact

through London forces with the atoms on the inner surface of

the holes.

In a series of papers, Lifshitz and Perl-nutter

Hayman*5 'reported data on kinetics and mechanism of

hydrolysis of chlorine. They argued that the mechanism (1)
(46)is correct and not the (2) originally suggested by Morris*

Cl2 ♦ H2O^HOC1 ♦ H* ♦ Cl" (1)

OH" + Cl^HOCl ♦ Cl" (2)

They discussed two possible schemes of the

reaction mechanism t

SCHEME A*

ci2 ♦ A"—> \ei ♦ Cl" (a)
AC1 • H20 —* AH ♦ HOC1 (b)

where A" is the anion of weak acid, HA.

SCHEME S:

Ho0 «• Cl« ♦ A" * HOC1 ♦ Cl + HA (c)

CI2 ♦ H20 + A" —* HOCl2" + HA (d)

HOCl2"-^ HOC1 + Cl" (e)
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They discarded the scheme C*

Cl2 +H20-H2 CIO* * Cl" (f)

H2 CIO ♦ A"->HA+ HOC1 (g)

because It does not account for the accelerating Influence of

A" unless (f) is I rapid pre-equilibrium. For (a) or(f) to
be rapid equilibrium, the rate of reaction would have to be

inversely proportional to the concentration of the chloride

formed during the reaction, which they had not observed. Their

results support the scheme I to represent the mechanism of the
reaction.

Independently, Kigen and Kustin*60* also
studied the Kinetics of chlorine hydrolysis by the temperature

jump relaxation technique. They found the rate constant Kcl0
of the overall reaction mechanism *

i +
ci2 + n2°~^~ cl * H + H0C1

to be 11.0 sec . The following possible mechanism were

proposed.

to

(2-1

Q+HJD CAOH+HUU-

\
a7.+oH+H+^=^ a^+H*

CO) (3J

but the arguments put forward by them support the view that

the hydrolysis occurs via the intermediate Cl2. OH" as was
also suggested by Lifshitz and Perlmutter - Hayman (That is,

the reaction proceeds via Cl2 ♦ H20 —> Cl2. OH" +H+—> HOC1
•H+ +C1" )



-

X

4

15
It appears that the hydrolysis constant values

'53)
now reported by Connick and Chla' 'are accurate, because

they took into consideration various factors responsible for

influencing the values of Kn at different temperatures.
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SEC. 1.3 SURVEY OF LITjjfiBHJ 0N REACTIONS U1TH CHLOM.'J:*

Chlorine is a powerful oxidizing agent. Its

reversible electrode potential for the 2 - electron reduction

to Cl" is 1.3583 Volts* '• Asurvey of the literature reveals

that although a large number of oxidizing agents have been

used to oxidize organic and inorganic compounds, th* detailed

mode of action of chlorine as oxidizing agent has not been

investigated fully. The probable reason for its being

neglected was the difficulty in Its handling for kinetic

studies, the uncertainty regarding its species taking part

in the oxidation - reduction reactions and also the

consecutive chlorination, oartlcularly of organic compounds.

Among the earlier studies, one was on the

oxidation of aqueous methyl alcohol by Chlorine , in which

it. was demonstrated that the intermediate compound is

dichloro dimethyl ether (C1CH2)20, which converts by water
into formaldehyde and hydrochloric acid, Griffith and

coworkers*63'reported the reactivity of HOC1 In the oxidation
of acid oxalate ion by aquaous chlorine.

Taube*64 and 65j studied the kinetics of the

reaction of oxalic acid with chlorine, induced by ferrous

165^and manganic ionsx 'over a wide range of conditions and

suggested a chain mechanism, involving atomic chlorine :

Chain Initiating stepv

Fe*+ ♦ Cljj >-Fe++* +Cl2" or FeCl** +Cl
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Chain carrying steps

H2C2°4—> HC204" + H *raPid equilibrium)

Cl +HC204"_K^ H+ +Cl" ♦ C204"

C204" +Cl2 JC, Cl ♦ Cl" ♦ 2C02

Chain breaking steps

Cl aC204" K^ Cl" +2C02

Cl ♦ Cl j^ ci2
(65)In the presence of manganic Ion, he 'observed

that (1) the initial rate of reaction is Independent of the

concentration of chlorine, is first order with respect to

catalyst concentration,and varies In a complex manner with

the concentration of oxalic acid. The rate follow the

equation

- d (Cl0)
2!— *« \m (III)](

dt

(ii) at low oxalic acid concentrations, the rate is decreased

because the complex Mn C204 Is appreciably dissociated into

a chloro manganic complexion and oxalic acid. Hochhauser and

Taube*66' proposed the following mechanism for the direct
and ferric ion sensitized photochemical reaction of chlorine

with oxalic acid :

Chain Initiating steps

Fe** ♦ Cl2~^FeCl++ * Cl

Cl2 ♦ ht)->2Cl

Fe*** ♦ a nion~>Fe* ♦ Cl or F« ♦ C2°4~



Chain carrying steps

H2C2°4^H+ *HC2°4" (rapid)
Cl ♦ HC2Q4*^H* •Cl" «• CgO^

C2°4~ * Cl2_i"2 C02 * Ci * Cl

18

Chain breaking

Cl ♦ ci-^ci2

(671Chapman* observed that the oxidation of

chloroform with chlorine proceeds without aecomoanying thermal

or chlorination reactions; the product* formed are phosgene

and hydrogen chloride.

(6P 1
West and Rollefson* 'found that the photo -

-chemical reaction of chlorine with formic acid is a chain

reaction, which proceeds at least partially through chloroformic

acid; the final products are C02 snd BC1 *

Cl2 ♦ h^^ci ♦ a

Cl + HCOOH-»-CO^H * MCI

CO^H • C02 + H

COOH + Cl2-> CiCOOH • Cl

H ♦ Cl^HCl ♦ Cl

cicvh - co2 ♦ hci

Shilov et al*6 »705 as well as ^hamsen*71*

found that the formic acid is oxidized readily to carbon

dioxide by chlorine in aoueous solution. The path involving

4
formate Ion is about 10 times faster than that involving
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neutral formic acid. Since a 1 -equivalent reaction between

chlorine and formate ion is unlikely, a hydrate transfer

appears to be the most satisfactory mechanism in this case *

H COO" «• Cl2-^ C02 + HC1 • Cl"

In basic solution, chlorine forms CIO", \«hich

appears to be unable to oxidize formate ion at all. In neutral

solution, the oresence of a second order term in OC1" in the

rate law suggests that Cl^, which Is known to be in equilibrium

with H0C1 is the active oxidant. They demonstrated that

chloride ions accelerate the reaction.

The reaction between ethyl alcohol and chlorine

was studied under various experimental conditions by several

investigators^72 to 77*. Lieben*72»735poInted out th t the

chlorination of ethyl alcohol yields acetaldehyde as an

(741
intermediate. Fritzsch* ' detected the formation of diethyl

acetal as an intermediate in the chlorination of ethyl alcohol.

(771Maihotra* ' found that the vapour phase chlorination of ethyl

alcohol under silent electric discharge yields chloral and

hexachloroethane as the main chlorinated products. He pointed

out th?t the chlorination of acetaldehyde, which is formed

during the reaction, oroceeds through Its polymers to syra, -

trlchloro paraldehyde and then to monochloroacetaldehyde *

C2H50H 3*2 CH3 Qi0 Qz CH2 Ci Qi0

(CH3CH">)3 Cl^ (Ch2Cl CHO)3

The final product of the chlorination of acetaldehyde,

paraldehyde and dichloroacetaldehyde was found to be C2C1^
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in all the cases.

(78)
Shllov and Yasnikov* 'studied the oxidation of

glycol aldehyde and D-glucose by active chlorine in aqueous

solution. In the range pH 5 to 13.5, the rate was found to

increase with pH in a complex manner. They concluded that in

the acid medium the active agent is chlorine and In neutral

or weakly alkaline medium, it is HOC1.

The oxidation of glucose with chlorine in acid

(79)
aqueous solution was investigated by Lichtln and c,axev ,

who concluded, from the variation of the specific rate both

during the course of the reaction and with change in the

initial concentration of the oxidant, added chloride ion and

hydrogen ion, that chlorine is much more reactive than HOC1.

At pH 2.2, the reaction follows the rate law *

v • K* tci2J [glucose]

They suggested a mechanism, which involves the attack of a

base of complex of halogen and carbohydrate.

." :6 — R.
\ 0 ~ K. yO-plii )

I , Y —=±1 u _C —iH-C—| + A2 v^e^st \cist_ " , I
I O °

^"©^ 0

Here B* and N* represent any base, including water, or for

the glycosides N» represents any nucleoohilic reagent. R is

either hydrogen or alkyl group.
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Bognar and Somogyl 'suggested a new method of

isolation of D-fructose and D-mannose from the oxidation of

D-mannitol by chlorine,

o/inenko and Shllov studied the oxidation of

tail
m-benzaldehyde sulfonate ion* , p- and o -benzaldehyde

sulfonate ion* ' and m-hydroxy methyl benzene sulfonate

ion*83' by active chlorine. They obtained the following rate

equation *

(i) In 0.1M HC1, _ dC - K \l] [Cl2]
dt

where Is* concentration of organic compound,

(ii) At pH 4-13 in presence of buffers,

" if" KoA LH0CJL3 *KoA tHX1J ^ * koh" W tH0C1] »nH"
where A * concentration of organic compound,

and B » concentration of buffer ion.

Spence and Wild* *studied the thermal reaction

between formaldehyde and chlorine. The reaction was found to

proceed either by an explosion or by a relatively slow orocess,

depending on temperature, pressure and condition of the

reaction vessel. They concluded that the slow reaction Is

preceded by an induction period and that an excess of

formaldehyde present is decomposed into carbon monoxide and

hydrogen.

fB5l
Krauskopf nnd Rollefson* 'noticed that the

photochemical reaction between chlorine and formaldehyde is

very rapid and the chief products of the reaction are carbon
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monoxide and hydrogen chloride with the gradual formation

of phosgene from c~rbon monoxide and excess of chlorine.

Formaldehyde polymerises during the reaction et 10\ A

possibility of the formation of dichloro methyl e-^ther with

hydrogen chloride and formaldehyde was also suspected. They

preferred the mechanism (c) among the different possibilities

of chlorine - formaldehyde reaction *

CH20 • Cl2—> C0C12 ♦ H2 (a)

CH20 ♦ 2C12—* C0C12 + 2 HOI (b)

CH20 ♦ Cl2—"O0HC1 • HC1 (c)

The formation of formyl chloride was detected

by the preparation of an asymmetrical form - m - xylidlde

derivative. They* 'further pointed out that the mechanism

proposed to account for the photochemical change is applicable

to the thermal process as well.

Kinetic studies on the addition of HC10 to

olefinic comoounds in aqueous solution have been carried

(b7 8E)out by S4hilov and coworkers* * 'who studied the rates of

addition of H0C1 to crotonic acid, ethylene*69 to °l5 and
(9P pgl

but -2- ene - 1*4 - diol, Israel and coworkers* "• 'found

that the reaction between HOC1 and crotonic acid or eroton*te

ion follow the rate emotion *

v-k2X [HOCl] D;.C02H] • Lr.C02"] +(k2IT +k3IJ [R.COgHj) (Hoaf

where R • CH3. CH* CH



II IIk2 and k3 are interpreted as being the
23

specific rates of formation of C120 from HCIO, the latter

being specific rate of formation of catalysed by crotonic acid,

The reaction of HCIO with ethyl crotonate in aqueous solutions

in the presence of sodium acetate acetic acid buffer of pH

4.74 conforms to the velocity equation

V=K* [Hoa] [%R] +K5EtHoaf [EtRj +£ choc*] [ho/KI r^RJ

TafV 'suggested an ionic mechanism for the

substitution in the low temperature non activated chlorination

of olefins.

f 95)De la ttftre, Hughes and Vernon* 'studied the

kinetics of the reaction of chlorine with olefins by treating

olefins with 0.002M HOC! in the presence of 0.1M HC104 and

AgC104 at 25°. They proposed the following mechanism *
^.C-d^H | VC -(i) t ^:C+—cV £YoJia>YA*otk>f)

+ H ^^^

In aromatic series, step (2) is supposed in favour of (3),

giving the reasonable stabilized structure, ArCl.

YoJtLdeb^ H_^_A-c'-H + VL
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(96 97)

According to Israel and coworkers* • ', the

addition of HCIO to allyl alcohol In aqueous solution and in

the presence of sodium acetate - acetic acid buffers conform

to the kinetic eouations (1) and (2) respectively *

v«k2J [HOCl] [C3H50H] +k2IX [HOCl ]2 (1)
I IIwhere k2 *nd k2 are interpreted as being the specific

I
rates of two simultaneous reactions, k2 being that for

IIdirect addition of HCIO to allyl alcohol, and k2 that for

formation of C120 from HCIO In solution, and

vk2I[HOCl) [C3HsOhJ ♦ Lk2II+ k3II*H0AC) (HOCl)2* k3ITI(HOCl) (HOAC)]
_J(H0AC)

j
where k^ • specific rate for direct addition of HCIO to

allyl alcohol

TT IIk2 and k3 • specific rates of formation of chlorine

monoxide from HOCl In solution, the latter representing the

IIIcatalytic effect of the acetic acid present and k3

represents the specific rate of formation o* acetyl

hypochlorite by the reaction *

Ac OH ♦ HOCl —*> Ac 0C1 ♦ H20

(98)
Verbanc and Hennion* ' observed that the

chlorination of 1-hexyne in methanol at 0-5° yielded a

mixture of 1,2 dichloro -1- hexene and l,l-dlchloro-2,

2-dimethoxy hexane. At 25-30°, l,l-dichloro-2 hexanone was

obtained in addition to the above products.

(9P)
Johnson and "prague found that

(i) nitrogen substituted Iso thiourea salts interact with
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chlorine in aqueous solution to form a sulphonyl chloride

and cyanamlde hydrochloride, (11) N-alkyl substituted

isothioureas yield sulohonyl chloride and the corresponding

alkyl cyanamlde derivatives.

Baum, Vogt and Hennion* Isolated the
i

products, methyl chloride, l-chloro-2 methoxy -1,3-butadiene,

1,1,4 trichloro-2 butanone, and 1,1,4 -trichloro-2,

2-dimethoxy butane of the chlorination of vinyl acetylene in

methanol.

Anbar and coworkers*101,i02'found that the

reaction between t-butyl alcohol and HCIO Is subject to

general acid-base catalysis and that the rate of reaction is
18independent of alcohol concentration. By use of 0 as tracer,

they demonstrated that in both the formation of ester and its

hydrolytic reactions under alkaline and acid conditions, the

bond between tertiary butyl group and the oxygen atom rem*ins

intact. They interpreted the kinetics and isotopic reactions

in terms of the following generalized mechanism :

HOC1 + HA ^±r \C1 ♦ H«0 }
• ) Acid region

AC1 ♦ Bu nH==? BuOCl ♦ HA

HOC1 ♦ Cl" * AC1 ♦ OH" )

AC1 ♦ «u0" • BuOCl + A i
alkaline region

Jungers and co^rkers* • found that the

reaction between chlorine and acetic anhydride in presence of

ICI, FeCl3 and SnCl4 as catalyst is first order with respect

to the catalyst and zero order with respect to chlorine.
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A detailed kinetic study of the chlorination of

(105)acetone In aqueous solution was made by Bell and Yates/

who demonstrated that at higher chlorine concentrations, the

reaction is of zero order with respect to chlorine, both In

solutions of strong acids and in acetate buffers and at low

chlorine concentrations, the velocity In acid solutions

becomes proportional to the chlorine concentration. They

suggested the following reaction mechanism *

SH ♦ H* 5=* HS + H+

HS ♦ Cl2 ^* SCI +H* ♦ Cl"

where M and HS are keto-and enol-form of acetone, respectively

(The formation of the enol- Is actually believed to involve

the rapid reversible addition of a proton to oxygen, followed

by transfer of a proton from carbon to a water molecule).

The kinetic investigations on chlorination of

aromatic compounds w^re made by a number of investigators

to 118) ln whlcn 8 9imple i„w

"d(C12) • K2 JArH] [Clj
at

was established for many systems of widely different

structures and reactivities. The influence of added

electrolytes shows that the electrophlle*119 to1 °' Is
molecular chlorine. Further, it has been accepted that these

reactions are processes of substitution in the aromatic nucleus

and that (in the absence of certain recognisable structural

complications) the effects of substltuents on the rate are



21
Independent and additive. It h^»s also been reported that

hydrogen chloride generated in the reaction, results In

small autocatalysis* '.

De la Mare and coworkers , while studying

the kinetics of the chlorination of phenol and anisole,

suggested the importance of chlorine cation in the reaction.

Cl* + ArH —> ArHCl

ArHCl —* ArCl ♦ H*

They further stated that the rates of chlorination are of

zero order with respect to the compound substituted and first

order with respect to HOCl.

The results of He la Mare and coworkers* '

(1221
were criticized by Shllov , who Interpreted these results

In terms of rate controlling production of free chlorine from

HOCl and traces of chloride Ion.

(1231
Derbyshire and Waters* 'studied the kinetics

of chlorination of sodium toluene - w-sulphonate by HOCl In

presence of sulphuric or perchloric acid as catalyst. The

reaction was found to be second order. Involving cations,

Cl* or (H20C1)+.

In a detailed kinetic Investigation of

anisole with HOCl, Oe la N«M and others* 'found the rate

to be dependent on acidity and Independent of the concentration

of aromatic compound over the range of 0.004 - 0.01M, The

formation of Cl2 from HCIO by the reactions C10H + H ♦ Cl ^=-

Cl2 ♦ H20 was prevented by the addition of sufficient silver
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perchlorate. The following mechanism was suggested by them *

ClOH ^ Cl* ♦ OH"

ClOH +H*^ Cl OH2*
Cl*OH2^ Cl* ♦ OH2

Cl* ♦ ArH —* ^rCl ♦ H*

The cations react with anions Cl" or OCl" as follows t

Cl OH2* +Cl"-> Cl2 +H20

Cl OH2* ♦ OCl"—s- C120 ♦ H20

The chlorination of phenol, anisole, methyl

p- or m-tolyl ether or -nesltylene by HCIO ih aqueous or

aqueous dioxane solution containing excess sliver perchlorate

at 25° were found to obey the kinetic law* '.

• *- aP0^" KfH0C1J * Kl tH*J[HOCl) ♦ K11 (H*J CHOC1] (ArHj
(1261Stanley and Shorter succeeded* ' in measuring

the initial rates for the chlorination by HOCl of p-anisic

acid (p-methoxybenzoic acid) in acetic acid. They suggested

that the mechanism involves a chlorinating species reacting

with an active form of anisic acid produced from unreactive

bulk form at a finite rate.

k,

E. z—o F *"3
b ^kI "a ** ♦ D —*" Product

C2 C3 °3 fcx

where F.fc represents the bulk form and Ba the active form of

anisic acid, D is the chlorinating species assumed to be

present in concentration proportional to that of HCIO and f
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Is a proportionality constant. For reactions of hypochlorous

acid In 75 % acetic acid with several p - alkoxy benzoic acids

and with p -chloroanlsole and methyl anlsate, the kinetics and

mechanism were found similar to those of anisic acid.

(1271
Andrews and Keefer 'investigated the reaction

kinetics of pentamethyl benzene with chlorine in carbon

tetrachloride. The disappearance of chlorine from these mixtures

was subject to short periods of Induction, The effects of

increasing hydrogen chloride suggest that reaction Is between

first and second order in the hydrogen hallde.

The reaction of chlorine with ammonia is very

(128)important for public health engineers. Noyes and Lyon*x

showed that a considerable amount of nitrogen trichloride may be

formed by the action of chlorine on a dilute solution of
(1291

ammonia. Bray and Dowell* ' found that nitrogen and nitrogen

trichloride are formed in independent reactions and MClg can be

prepared from ammonia and HOCl. Investigations due to Noyes

etal*130'131* have led to the conclusion that ft)anhydrous

ammonia and chlorine react to form nitrogen trichloride and

ammonium chloride; 4 MH3 • 3C12^ 3 NH4 Cl • NC13; (ii) a

part of the trichloride always decomposes by intraction

between the trichloride and ammonia *

NC13 ♦ NH3 • 3 HC1 • N2 ;

(Hi) the chlorine reacts primarily with ammonia. It does not

react with solid ammonium chloride; (iv) dry HC1 converts

nitrogen trichloride quantitatively to ammonium chloride;

(v) monochloroamine or dichloroamine are also formed together
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with trichloride when ammonium salts are treated with chlorine.

(132)
According to Chapin* ', dichloroamine is

produced by chlorination of excess ammonium ions at pH 4,4 to

8.5, being practically the solid ultimate product at pH 4,5 to

5.0, and likewise, by corresponding acidification of

(1331
monochloroamine solutions. He* 'pointed out th»t th* hydrogen

ion Induces the formation of ammonium ion from each chloroamine,

practically below • characteristic pH 4.0 .

NH2C1 ♦ H* +H20 —» NH4* ♦ HCIO

NH2C1 ♦ HCIO-^ rWCl2 * H20

the resulting HOCl then reacts to produce a more highly

chlorinated derivative. The hydroxyl Ion found to induce the

formation of chloride ion t

2 NHC12 ♦ 4 OH"-> 3 Cl" ♦ CIO* ♦ 3H20 ♦ N2

2 NC13 +6 OH" —•• 3 Cl" +3 CIO" ♦ 3 HjO + N2

A number of workera* ' discussed the

various aspects of the purification of water by adding ammonia

and chlorine at different pH values. Mauger and Soper

suggested the following mechanism of N- chlorinations *

H Cl U

' Y.- h^nh-oH- . ig-N +5H' -^H-N-a-bHzO
I I /

H H H

Fair and coworkers 'concluded that In the

reaction of chlorine and ammonia, hypochlorous acid is

responsible for producing mono-, dl-, and trl-chloramine In

the stepwise process *
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NH3 ♦ HOCl —*- MH2C1 ♦ H20

NH2C1 * HOCl —*" NHC12 + H20

NHC12 + HOCl-^'NfCl3 ♦ H20

They observed that the rate of reaction Is strongly dependent

on oH; a maximum rate is observed at about pH 7.5 (where

monochloramlne is formed) and decreases rapidly at high and

low pH values (where dlchloramine is formed). They explained

the formation of f!HCl2 in terras of the equilibrium s

2NH2C1 +H* —» NH4* ♦ NHC12

(142)
Weil and Morris 'studied the kinetics of the

formation of NhVjCl, CH3NHC1 and (CH^NCl from HOCl and

appropriate amine.

Mattair and Slsler* 'demonstrated the

formation of hydrazine by the reaction of chlorine with

ammonia. They carried out the reaction In three ways *(i) the

reaction of gaseou? chlorine with liquid ammonia;(11) the

reaction in a solution of carbon tetrachloride with liquid

ammortfe; and (ill) the reaction of gaseous chlorine diluted with

nitrogen, gaseous ammonia followed by condensation of the

gaseous products to the liquid state. The reactions were as

follows *

Cl2 + 2NH3 —» NH2C1 ♦ NH4C1

NH2C1 ♦ 2 NH3-> NH2NH2 ♦ NH4C1

They stated that excess of ammonia functions as • diluent for

the chloramlne, hydrazine and ammonium ion.
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sisler and coworkers * 'concluded that

the high yields of chloramine Is obtained from the gas phase

reaction of ammonia with chlorine *

Cl2(g) ♦ 2NH3 (g) —* ClNH2(g) # NH4C1 (s)

The side reaction leads to the formation of gaseous nitrogen

=>nd ammonium chloride *

8NH3 (g) ♦ 3C12 (g)-^N2(g) ♦ 6NH4C1 (s)

They further demonstrated that the yield of hydrazine Increases

as the temperature is increased and the initial concentration

of chloramine is decreased.

2C1 NH2 ♦ N2H4 -^ N2 4- 2 f^Cl

Ammonium chloride was also found to reduce the yield of

hydrazine due to the reaction *

N2 H4 ♦ NH4C1 —*• N2H5C1 ♦ NHg

They 'studied the same reaction in different solvents. In

ethyl alcohol, hydrazine is formed at room temperature and

high yield 38 % of hydrazine was also obtained In ethyl

cellosolve. They devised* 'several methods for the separation

of hydrazine.

Audrieth and coworkers 'approved the

mechanism suggested by Mauger and Soper* 'and proposed two

more reactions in alkaline medium.

NH2C1 ♦ OH"^- NHC1" • H20

NHC1" + B —*• HMI Cl"

where B * KHj, RNH2, R2NH, HgO and ROH (*?)
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Cahn and Powell*148'proposed the following mechanism between
ammonia and alkaline hypochlorite *

NH3 ♦ OC1" • NH2C1 ♦ OH" (fast)

NH2C1 ♦ NH3 * (N2H5C1) -^U UJ^ ♦ Cl" ♦ HgO
NH2C1 +N2H4 « (N3H6C1) |~r» N2 ♦ 2NH3 ♦ 2C1* ♦ 2H20

Orago and Slsler*49'studied the effect of OH"
and NH4 Ions on the reaction of chloramine with aqueous

ammonia and concluded that ammonium Ion lowers the yield of

hydrazine while gelatin Increases the yield upto 70 %. The

following mechanism was suggested *

NH3 ♦ NH2C1 -^ NH3NH2* ♦ Cl"

N2H5* * C1~ * m"—*" H2° +C1" * N2H4

The Investigations of a number of workers

66' lead to the conclusion that all the three chleremlnes

are formed at different pH values and primary amine can

easily be Isolated In alkaline region. Anbar and Yagil** '

prepared chloramine from hypochlorite - ammonia reaction. The

formation of hydroxylamine, hydrazine, NJOa N2, NH4C1 and

chloride ions was also shown.

2+
The reaction between chlorine and Fe was

discussed by Taube etal* • • ° ', who demonstrated that

Fe reduces chlorine by one electron change to produce atomic

chlorine *

F^** ♦ Cl2—•• FftCl** a Cl
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A mechan'sm through chlorine radical was

suggested,

Fe2* +Ciy—> Fe3* ♦ Cl2" ♦ Cl"

F^2* ♦ Cl2 >Fe3* ♦ Cl2"
2+ - 3+ -Fe* ♦ Cl2 —" FeJ + 2C1

Scafer and Bayer* 8'investigated in detail the chlorine -

iron (III) chloride system. The kinetics of the oxidation of

Iron (IT) by aqueous chlorine at an Ionic strength of 1,00

was Investigated recently by Crabtree and Scaefer , who

found that the rate constant Increases with increasing chloride

concentration and the rate is independent of hydrogen Ion

concentration. They pointed out that both Cl2 and Cl3" are

effective as oxidants. The following mechanism was suggested*

2Fe2* +Cl3" (or Cl2) —*• 2Fe3* ♦ 3Cl" (or 2C1")

Fe2* ♦ Cl3"~-> 3Cl" aFe (IV)

Fe2* ♦ Cl2—» 2C1" ♦ Fe (IV)

Fe2* ♦ Fe (IV) —* 2 Fe3*

The kinetic study of chlorine-nitric oxide

reaction shows that the velocity constant of the reaction

diminishes. The reaction was found to be influenced by surface

conditions, and adsorption of the nitrosyl chloride formed

during the reaction.

The reaction between H202 and chlorine was

studied by Connick* *', who proposed that for higher than

1M HC1 concentration, the following mechanism operates *

H2°2 *C12~^ H* *C1" *H00C1
HOX1-* 02 * H * Cl" (rate determining)
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but in the presence of HC1, 10 M, a change in mechanism

was observed*

HOCl « H* «• CIO"

CIO" 4 H2°2_^'H20 * °2*C1" ("to determining)

Taube • suggested the following mechanism for

44 4
the reactions of Mn and Cy with chlorine *

and

_.« 444 _. I
Mw 4 Cl —*- Mn 4 Cl
n

Cu* 4Cl^ CuCl+* 4 Cl"

CuCl** 4 Cu*--* 2 Cu** 4 Cl"

Using 018 lavellng, Taube*172' demonstrated that

atom transfer takes place in the oxidation of 603* with CIO",
C102" and C103", and In the oxidation of N02" with HOCl such
reactions can be regarded as nucleoohllic attacks on oxygen

atom acting tt a Lewis acid or electrophiie, an anion being

displaced *

N •-0 -Cl *-

n/ H

<>N_ O —Cl
LO H o*

From the detailed kinetic study of the reaction between

chlorine and nitrite in water, Anbar and Taube* 'concluded

that (i) when HOCl Is active oxidant, transfer of oxygen to

the reducing agent takes place.

The reactions between metal and non metals with

chlorine have been reviewed in brief by Sneed and coauthors \
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36

chromium (II) is treated with chlorine containing oxidizing

agents, both mononuclear and polynuclear chromium (III)

products are formed. Chlorine dioxide, chlorite Ion,

hypochlorite ion and chlorine are possible intermediates in

the reduction of chlorate Ion by Cr (III). The formation of
34 24Cr (OH2)6° and the (H20)5 CrCl" species were detected. The

24formation of (H20). CrCl was found to be small. Thomson

and Gordon* ', while studying the stoichiometry and kinetics

of the reaction between chromium (II) and the chlorine oxidants

in aqueous perchloric acid, noticed that addition of a small

amount of chloride Ion effects the stoichiometry. The amount
24 2+of (H20)5 CrCl and Cr (0^6 increases in the presence

of chloride ion in all the reactions. They concluded that the

mutual reactions between chlorine containing oxidizing agents

may further complicate the reaction of Cr (II) t

2HC102 4HCIO -» 2C102 4Cl" 4H20 4H*

HCIO ♦ C102"—» C103~ 4Cl" 4H*

2HC102 4Cl2-^ 2C102 42Cl" 4H*

The reactions between chlorine containing oxidizing agents

and Cr (II) are very complex *

Cr (II) 4 C102"-^- Cr (IV) + Cl (I)

Cr (II) 4 Cr(IV)-*- Blnuclear species.

Recently Gordon and Tewari* 'suggested that

the chlorine (III) - chlorine (I), the chlorine (III) -

chlorine (O), and the chlorine (I)- chloride reactions*175 t0
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177J are important in the uranium (IV)- chlorite*176\
iron (II)- chlorite*1765 and vanadium (II) - chlorite*117'
reactions,

2HC102 aHCIO -^ 2C102 4Cl" •H20 aH*

C102" 4HCIO « C103" 4Cl" 4H*

2HC102 +Cl2 * 2C102 42C1" 42H*

Cl" 4 HOCl « Cl2 4 OH"

The oxidation of Pu(III) to Pu(IV) by chlorine

in the oresence of chloride ions was studied by Ghosh

(17R1
Mazumdar and coworkers* '. The reaction order was found to

be first and first with respect to Pu(IIT) and chlorine

respectively. They suggested the following mechanism *

Cl2 ♦ Cl"^ Cl3"

Pu3+ *C13~-^ (Pu....Cl3)2*-> ?u3* 4 Cl3"
(PU....C13)2* 4ci3"-^Pu3* 42C13"

(PU....C13)2* 4Pu3*-> 2Pu3* 4Cl3"

(PU....C1.J)2* aPu3*-^ PUC13+ +Cl" (Rate determining)
The reaction of chlorine molecule and potassium

(1791
iodide has been recently investigated by Harrison et al* '

In which it was noticed that KCl and I2 are the only products

of the reaction. The reaction was found to be zero order.

From the above literature survey, it is clear

that the kinetics of oxidations of simple organic molecules

by chlorine have not been investigated. Such studies -re of

prime importance for proper understanding of the mechanism of

chlorine oxidations.
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SEC. 1.4 HALOGEN CATIONS *

The halogen compounds, in which the element is

in the 41 oxidation state, can be divided into two parts *

(i) neutral or negatively charged species - the hypohalous

acids and their anions and (li) positively charged species -
4 4

the orotonated hypohalous acids, such as HgOCl , HgOBr

and H2OI , and their halogen cations, Cl , Br and I . These

species are very powerful electrophlles and can exist in

media containing only the weakest of nucleophiles and high

ionizing power.

In any interacting medium, the configuration

of the cations will be more or less perturbed. The situation

is closer to that of solvated transition - metal ions than

that of ions with a rare gas configuration. Thus, the medium

may perturb the energy levels In the cation in such a manner

that transition similar to those between the d - levels of

(180)
transition metal complexes can occur

Noyes and Lyons*1 'put forward the idea of

the existence of halogen cations for the first time while

studying the chlorine - ammonia reaction. Several workers

thereafter suggested, on the basis of theoretical considerations

., , , , .. (106,181 to 184)
that cations exist in solution* * ;

(05 121)
De la Mare and coworkers * 'indicated

e
the importance of chlorine cation, Cl , while studying the

(96)
chlorination of phenol and anisole, but Israel etal

pointed out that the calculated relative potential ease of
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ionization of chlorine monoxide, ClgO, and HCIO to give

positive chlorine Is approximately 4x10 , which causes the

former to be more reactive than the latter.

(180)
Recently Arotsky and Symons* ' discussed

critically the formation of halogen cations. They pointed
(185)

out that the thermodynamic calculations of Bell and Gelles* '

concerning the probable existence of halogen cations in

aqueous media are erroneous, because they derived the numerical

values for ionic radii and solvation energies of the cations

from partly justifiable extrapolations. In Table A, the

equilibrium constants for the reactions are presented. The

(180)values were estimated by Arotsky and Symons* from free

energy data computed by means of thermodynamic cycles

(Table B).

-u u (70,122,125, 166 to 18fc)*. .There are evidences »••••*• '•• v 'that

H20C1 or Cl Is an intermediate In the chlorination of

organic compounds, but the equilibrium constants established

by Bell and Gelles*185' for reaction (3) (Table A) lead to
the concentrations of protonated hypohalous acids so small

that they could hardly act as important Intermediate in the
(189)

chlorination. The kinetic evidences are so strong' that

many workers simply assume that chlorine cation is the main

chlorinating agent in aqueous acidic media*123'185'190'191'.
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TABLE (A)

Free Energies and Equilibrium Constants for some Reactions

(1851
of the Halogens (from Bell and Gelles* ' )

X2 (aq.) *=£• X* (aq.) ♦ x" (aq.) (l)

X Cl Br I

£>G°(KOal 84(56) 67(39) 55(27)
-11

moj.e

lo-^do"40) 10"50(10"30) 10"40(10"21)

(180)(The values in parenthesis incorporate Arotsky and ^ymons* '

approximate llgand field correction of 28 K Cal.mole" )

X2 (aq.) I H20^± H* 4 HOX 4 X" (2)

X Cl Br I

AG°(KCal.mole"1) 4.5 11.2 17

K 10"3 10"8 10"13

X2(aq.) a H20 ;=* H20X*4 x" (3)
X Cl Br I

^G^KCal.mole"1) 42 30 14

K lo"3^ 10"20 10"10

The Porn-Haber Cfcle for the Determination of the Free Energy

X2 $ao.) • X* (aq.) 4 x" (aq.)
4 «»

X« (gas) —> 2 x (gas) —> X (gas) ♦ X (gas)

f K iX2 (aq.) ^ X* (aq.) ♦ X" (aq.)
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*»ccordlng to Oe la Mare and Ridd*189', for

relatively unreactlve aromatic compounds, the rate of

chlorination Is givan by

" d *H0C1) - K. [HOCl] 4 K0 [HOCl] [H*J
dt L *

which may be interpreted in terms of a rate determining

heterolysls of the oxygen - chlorine bond, followed by a

rapid attack of the resulting chlorine cation upon the

aromatic compound. In accord with this Is the observation that

when D20 is used as solvent, th^re Is large increase in

rate- . This has been accepted as evidence for the

transient formation of chlorine cations.

In order to suporess the reaction

Cl" 4H2OCl*; * Cl2 4H20

these investigators added excess of silver perchlorate in

solutions. The reaction rates were found insensitive to small

changes in the concentration of silver perchlorate, from

which they concluded that sliver ions were not Involved in

the reaction*125'.

Arotsky and Symons* J pointed out that there
4 4are evidences for the formation of Ag 12 , Ag Br2 and

4 4AgCl2 and hence the possible participation of AgCl2 in the

chlorinations studied by Oe la Mare and coworkers '

should be considered. They suggested the following alternative

mechanism for chlorination in acidified aqueous solution of

HCIO containing an excess of silver perchlorate and some
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solid silver chloride t

,4 Kv<L
'gCl(Solid) 4 H2OCl AgCl, 4 H20

AgCl, *,rH -* ArCl 4 AgCl (Solid) 4 H*

k2

Recently In the chlorination of aromatic compounds,catalysed

by FeCl, and A1C1-, Olah and coworkers* 'suggested a
mechanism involving Cl*. Bartlett and Tarbell* \ while

discussing the mechanism of alcohol - bromine reaction,

postulated the existence of Br* as an intermediate. It was
also shown that By- ions are formed in the bromlnation of

(104)anisole - m - sulphonic acid in water by HBrO* ' through

the reaction,

HOBr aH* > ByOHv 4 H20

\ but Bradfield and Jones*195'concluded in the case of
bromlnation of phenol ethers that the electrophile reagent

Is the bromine molecule, and not Br ions. Hinshelwood

pointed out that bromine may sometimes react in water after

complete dissociation, Br2^ Br" 4Br*, and not merely as
(197)an inductively polarized molecule, while "Zeiss* put

forward the view that the simple bromine cation may exist

in add solutions of HOBr, as suggested by Shilov and

Naniaev* '.

Further researches on bromlnation of organic

compounds*196 to 212'indicated the participation of Br' or
H2O.Br* in the reactions. The presence of bromine cations
in acidified solution of HBrO was demonstrated by Gonda -

Hunwald et al*2^1' but the data of Bell and Gelles*18"



4*5showed that bare cations cannot eiist In appreciable

concentrations although solvated cation Is much more stable.

The aromatic bromlnation by HBrO? 'in presence of acids

may be represented by *

H d HOftr * forOH^

, IhrOwl -+ ArH 2t2> (RrH« &y)+ +H.O
* (ArH-for) > ay. Br -+• H^

Iodine cations have been clearly identified in

the gas phase by emission and mass spectroscopy. The spark

(213)
spectrum of Iodine 'shows lines attributed to electronically

a

excited iodine cations. The I Ions were found to stabilize

on a resin* y~ • '.A typical procedure is to pass a solution

of 0.5 gm. of iodine in 100 ml of absolute alcohol through

Amberllte IR 100H resin.

H+ to,' * I,_> I4 to." ♦ HI
+

The amount of I In the resin may be determined

by passing a saturated solution of potassium iodide through

the exchange column and titrating the liberated iodine with

thiosulphate.

I* Res" 4 KI —+ K* Res" 4 |^

A number of other evidences have now been

advanced for the existence of iodine cations**1 ° 18*

Aynsley end coworkers 'concluded from their experiments

that each molecule of Iodine, I2 gives rise to 2.5 gm.ions

of cation I .
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From the spectra of the oleum solutions, ">ymons

(1801
and coworker* ' estimated a value of about 28 K cals

mole"1 for the "llgand field stabilization" of the iodine
(220)

cation due to the oriented field of solvent molecules •

They pointed out that as a result of this extra solution

energy, the Iodine cation is sufficiently stable to be a

reasonable intermediate in chemical reactions. The
a

participation of chlorine - and bromine - cations, Cl and

Br , In halogenatlons still appears doubtful.
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INTRODUCTION

The kinetics of oxidation of alcohols by * large

number of oxidizing agents have be n studied in detail. In

general, the primary and secondary alcohols were found to

oxidize much more readily than the tertiary alcohols,
(221)especially by heterolytlc oxidants. Recently Waters*' and

Stewart*222'dlscussed critically the mechanisms of oxidation
of alcohols. They pointed out that the rate determining steo

in the oxidation of primary and secondary alcohols generally

Involve the breaking of C-H bond. The determination of

deuterium isotope effect had oroved to be o' great value for

such oxidations.

One of the earliest studies on the oxidation

(72 73)of alcohols was made by Liebenx * ', who observed the

formation of acetaldehyde from the reaction of ethyl alcohol
(223 *<with chlorine. Ch^ttaway and Backeberg* * ' demonstrated

that in this reaction ethyl hypochlorite and hydrochloric

acid are first produced and the acetaldehyde is formed from

the hypochlorite by the elimination of HC1 t

CH3.CH2.OH 4 Cl2 *- CH3CH20C1 4 HC1

CH3.CH2.OCl ^ CH3CHO 4 HC1

The other reactions of chlorine with alcohols have already
(75,77,07,101)

been described in the previous chapter

rtard*224'isolated trlmethyl ethylene dibromlde

as a final product in the reaction of bromine with t-amyl



alcohol. Later on, "Vhitmore and coworkers1 also

Isolated same products of reaction. Andrews and Keefer

studied the kinetics of the reaction between bromine and

t-amyl alcohol in carbon tetrachloride. The rate was found

to obey second order kinetics. The preliminary studies on

the reaction of bromine with methyl alcohol were made by

number of workers*227*228'. From a detailed study of the

reaction, Meinel*229'concluded that methyl hypobromlte Is
(193)the primary product. Bartlett and Tarbell* 'found that

the rate follows a second order kinetics and sodium bromide

diminishes the rate.

Br2 4CH3OH 5- CH3OBr ♦ H* <• Br"

They suggested that the initiator of the reaction is

molecular bromine, whose concentration decreases by the

addition of bromide due to formation of trlbromlde.

Br2 4 Br" —*- Br3"

The reaction between ethyl alcohol and bromine

was studied by Bugarszky*230', wh! ch was later on studied
In more detail by Perlmutter - Hayman and coworkers*

234'. According to them, (i) the reaction between the

alcohol of concentration 76 % (by weight) and bromine at

concentration O.05M is of first order with resoect to

free bromine, (11) the trlbromlde ions are inactive,

(ill) as bromine concentration Is increased, rate also

increases and (lv) in dilute alcohol, l-4<* by weight, the

following consecutive reactions occur, in which the value

of K«

46

.(226)
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CH3CH2OH 4Br2 ~M> OijCHO +2HBr

CH3CHO +Br2 4H20 ^% CH3 COOH 42HBr

increases as the oxidation proceeds. They suggested three

possible mechanisms and appear to favour mechanism(a)largely

on the grounds that alkyl hypochlorites are known to breakup

into aldehyde and HC1*235'.

(a) C2H5OH 4 Br2 —* C2H5 OBr a HBr (1) (rate determining)

C2H5 OBr —^ C2H3 CHO 4 HBr

(b) CH3CH2OH 4Br2-* [CH3 CHOH]* 4Br2H"

[CH3CHOHj*-^ CH3OiO 4H* (rate determining)

Br2H" = H* 42Br-

(c) CH3CH2OH 4 Br2 —^ CH3 C^ Br 4 HBr
^.H m

CH- C ^Br « CH-CHO 4 HBr
* oh *

The simultaneous formation of acetic acid and ethyl acetate

was explained on the assumption of the formation of hemiacetal*

^ OH
CH3CHO ♦ C2H5OH :?=* CH3- C ^ OC2H5

H

Farkas and Schachter*232'found that the total yield of
oxidation products is more than 90 % in the oxidation of

ethyl -, isobutyl-, amyl-, and hexyl- alcohol by bromine In

presence of bromate. They also noted that the oxidation rate

of secondary alcohols is faster than of primary alcohols and

benzyl alcohol gave 10.6*. benzyl benzoate, 5.6^ benzoic acid

and 79 aj benzaldehyde as products. They*231' suggested a
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mechanism for the oxidation of aliphatic alcohols by bromine

in presence of bromate, involving two reaction paths *

2 RCH20H 4 2Br2 —> RCOO CHjR 44H* ♦ 4Br"

BrO"3 a 6H* 4 9 Pr" —> ?Br2 * 3H20

The deuterium isotope effect for the oxidation

of OtjCPgW (I<h/Kd^4 in acid at 25°) showed that the rate
(2361controlling step requires cleavage of C-H bond* '. The

variation of oxidation ra\e with pH indicated that the anions

of alcohols are oxidized much more rapidly than are the

neutral molecules. The removal of a hydride ion from the

anions by molecular bromine appears to be the most satisfactory
(29,236

mechanism for the reaction between ethyl alcohol and bromine

CH3CH2OH + OH" ^> CH3CH20" 4 MJD

CH3CH20" 4 Br2 -—*- CH3CH0 + HBr * Br"

Researches on the oxidation of alcohols by

chromic acid*3*21 to 23* 237 to 258'have been extensively
carried out. All the facts determined by "estheimer and his

coworkers*21*22*242 to 246' on the chromic acid oxidation of

isopropyl alcohol may be explained by an ester mechanism in

which the chromic acid ester decomposes by proton loss to

any available base (proton acceptor) with elimination of a

Cr v ion,

(CH3)2 CHOH 4 HCr04" a 2H* —> (CH3)2 aiOCrOJd^ +H20

R,C 0 - CrO- H0* H-C
sc^ -* C • 0 + PH +H0 CrO, (Crlv)

H,C H : B l»c^ d3 ^j r3



S 4 9
followed by

CjW #Crvi jFast^ 2Crv

2CrV +2(CH3)2 CHOH S^X 2CL*** 42(CH3)2 C»0 +4H*

Further support to this type of ester mechanism

was given by Chatterji and coworkers*3*247 t0 251'. The
suggestion of Rocek and Kruplcka* '

Me „ OH OH

\ / Cy —OH r.j>.

/ ^- H**•Me

that a direct hydride transfer from alcohol to chromic acid

or to its conjugate acid, chromic acidium ion has been finally

(2gl
rejected In the year 1962 by Rocek, Westhoimer and coworkers; '

The chromic acid oxidations of alcohols have also beon

(2221
reviewed by Stewart , who supported the ester mechanism.

The behaviour of iodine in some sensitized

decompositions of gaseous organic compounds, such as CH30H

was discussed by Faull and Rollefson* '.

CH3OH 4 I • HCHO ♦ 2IH;

HCHO 4 I2 - 2HI 4 CO

2HI ♦ CH3OH t* H20 ♦ CH4 4 I j

2HI &3± H2 4 I

The oxidation of alcohols by iodic acid was Investigated

in detail by tilliams and Woods*260'.

From a careful investigation of the oxidation of

Me

>c
7v

= 0 4- Cy

Me.
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(27 2ft 2611
alcohols by potassium oermanganate, Stewart etal* * '

suggested a mechanism involving a hydride ion transfer from

alcohol to the permanganate *

fows9^oH +OU'^i (Q5Hs-\^H0" +^O
- do

Recently Banerjee and Sen Gupta* ' studied the oxidation
of methyl and ethyl alcohols by potassium permanganate. They

noticed that the rate Increases with H but retards by

addition of Mn(ll).

t$hlle studying the oxidation of cyclohexanol by

(262 to 265)quin quevalent Vanadium, ''"aters and coworkers
4 24postulated the existence of cations V02 and V (OH)3 of

Vanadium (v) in mineral acids. They proposed the following

mechanism *

VV 4R2CH(OH) —*• V111 +R2C •042H* (heterolytiij

V111 +vv—^ 2Vlv (very rapid)

The oxidation of alcohols by Co was found to
(Od€%\

occur more readily than other transition metal ions .

The rate of alcohol oxidation is Inversely proportional to

the hydrogen ion concentration and exhibits a deuterium

isotope effect.

The oxidations of alcohols by potassium

persulphate were Investigated by several workers*

Wiberg elucidated a mechanism for the persulphate

oxidation of lsopropyl alcohol in which a chain process is
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Initiated by the first order decomposition of S20g to the

sulphate radical anion. _

sdtf -f Hzo —^-+ ho* h- Kso7
H& 4-RiCMOH —-3^ M.OfR^OH

P^H+ ^O" ^ Ra.C=0 f MSO^d-SOy*
The catalytic effect of Cu Ion on the reaction has been

attributed to the action of Cu (ill) produced by a chain

reaction*268'. Levitt etal*269*271'suggested the following
mechanism *

R^CHOH -4 Sa08 ^r=: COMPLEX > R2C0 + 2HS04

The rates of oxidation of variety of phenyl

Carbinols by Mn02 in benzene was determined by Prat and
(272)

coworkers '. A mechanism in which the reaction proceeds via

free radical intermediates was suggested by them. They also

noticed that aliphatic alcohols underwent oxidation much
(273)

more slowly than did the phenyl carbinols. Konaka and Nakata

studied the oxidation of primary and secondary alcohols with

nickel peroxide in aqueous alkalihe solution. They detected

acids and ketones as products of the reaction. Recently a

study of the reaction of methanol vapour with Ag(l) oxide was

made by Allen ', who isolated formaldehyde, formic acid,

C02 and CO as oroducts.

According to Stevens and Kaman* , the

epoxldatlon of primary and secondary allylic alcohols by H 02
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In the presence of tungstic acids apoears to involve the

formation of a pertungstate ester followed by a rate

determining re-arrangement *

H2W04 * H2°2 ~~^ H2W05 * H2°

H2m5 * R0H ^^ ROWOgOH 0 H20
ROW03OH J^S R«0W020H

R»OW02OH 4 H20 i*4** R»OH 4H2W04

where R • alkenyl and R» « apoxyalkyl

The oxidation of alcohols by heterolytlc

oxidants generally takes place by way of esterlfication or by

hydride transfer. In both type of mechanisms, the cleavage of

C-H bond Involves In the rate determining step as Indicated by

Isotope effect (k^/kp). However, the Interpretation of
magnitude of these kinetic effects is still controversial.

In this Chapter the reactions of methyl-,ethyl-,

isobutyl-, isopropyl-, n-butyl-, n-propyl- and sec-butyl -

alcohol with aqueous chlorine in the presence as well as in

the absence of perchloric acid are discussed. In all the cases

besides oxidation to earbonyl compounds, the chlorinated

earbonyl compounds due to chlorination by consecutive reactions

are also formed. It will not be out of place to mention here

that chlorination should also be regarded as an oxidation, e.g.

in the reaction

CH4 a Cl2 * CH3C1 4 HC1

the two chlorine atoms are initially associated, in Cl2. with
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14 valency electron and eventually, in

CH3C1 4 HC1

with 16, Clearly chlorine has been reduced and therefore,

methane has been oxidized; the two electrons have In fact

been abstracted with the hydrogen nucleus that has been

(2211
replaced by chlorine* . Similarly, the reaction

CH3COCH3 4 Cl2 - CH3C0CH2C1 4 HC1

Is also an oxidation because chlorine Is reduced and

therefore, acetone Is oxidized.
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SEC. 2.1 OKDSn OF THE REACTION »

Introduction *- The most Important step In elucidation of

the mechanism of a reaction Is determination of the order of

reaction. It can be determined by one of the several methods

avallabia*276',provided the reaction Is not complicated by
consecutive reaction, back reaction, side reaction or other

factors which Influence the rate,

Wa started this kinetic Investigation with

the reaction of isopropyl alcohol with chlorine, and noticed

that chlorine in aqueous solution oxidizes isopropyl alcohol

to acetone and than a small portion of acetone gets

chlorinated Into monochloroacetone. This means that It Is a

consecutive reaction t

(CH^CHOH 4 Cl2 >(CH^OO 4 2HC1

(CH3)2C«0 4 Cl2 —^CH3.C0.CH2.C1 a HC1

A number of methods of handling such complex

reactions are available*277'. For example, for consecutive

reactions involving a cosraon reagent, via.

A 4 B —ig. C

kiiC 4 B 1X> 0

often k4 can be measured by working at high concentration

of B, whence a pseudo-flrat order reaction Is observed. In

addition, the Initial rate of disappearance of A or B can
(27E)provide a measure of k^* ;.

In this Investigation throughout wa

maintained large excess concentrations of alcohols and
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determined the ordere of the reactions by Ostwald's Isolation

method*279'. The pseudo-first order rate constants, k Sec" ,

were calculated for each aliquot portion titrated and the

arithmetic means of the sets of values were obtained. The

variations of the rate constants from the mean did not

exceed 5**«

Wa alao considered the Initial rates. These can

be determined by the following method t

If a is the Initial concentration of total

oxidant In moles per lit., x Is the number of moles of total

oxidant per litre consumed In time t, N Is the normality of

the thlosulphate, v is the volume of aliquot (v • 20 cc.) and

c' and c are the number of ml of thlosulphate required after

respectively zero time and time t, then

X • (C - C) N

2 V

A convenient method of finding Initial rate la to plot x/t

against x and to extrapolate to x * 0(28Ot281){ where %hi%
method has been used, satisfactory linear plots have been

obtained. In Flg.l and 2 typical plots of x/t vs x ara

shown.

The present section deals with the order of

reactions of Isopropyl-, sec-butyl-, methyl-, ethyl-,

n-propyl-, n-butyl-, »nd Iso-butyl- alcohols with chlorine

in the absence and In the presence of perchloric acid.

The Initial rates, ko, moles per lit. sec" ,

have been determined in the case of methyl-, ethyl-.
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Isopropyl- and sac.butyl- alcohols only as the procedure Is

1279)
time consuming, ano tne orders hs»ve been calculated by

uslni k„ values as well. In the case of n-propyl-, n-butyl-

»n6 Iso-butyl alcohols, the Initial rates have not been

determined.

EXPERIMENTAL

Reagents * Chlorine water solutions were preoared by

treating potassium permanganate {B.O.H., 'inalaR* with

concentrated hydrochloric acid (AnalaR) in a flask and

passing the gas thus produced In water through the bubblers

containing KMn04 solution. The concentrations of chlorine
in water were estimated lodometrically Immediately before

use.

Reagent grade n-propyl-, isopropyl-, n-butyl-,

isobutyl-, and sac. butyl- alcohols (B.D.H) were distilled,

refluxed with calcium sulphate for about eight ho» rs and

then redistilled with adequate protection from the moisture,

Methyl and ethyl alcohols were distilled,

dehydrated by adding quick lime and refluxlng the mixture

for about 8 hours and then redistilled.

AnalaR grade perchloric acid (Merck)solutions

were standardised against carbon dioxide free standard

sodium hydroxide solution.

Throughout alkaline oermanganate redistilled

water was used. All other chemicals were either B.D.H,(AnalaR)

or Merck (C.P) grade or of comparable purity.
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Kinetic Procedure t The thermostat was controlled within

4 0.05 C. Sodium perchlorate was added to the reaction mixture

to bring to the Ionic strength of 0.4. Before mixing, chlorine

solution was thermostated for only 3 to 5 minutes and other

solutions for mora than half an hour. The progress of the

reaction was followed by estimating unreactad chlorine In

20 ml aliquot portions of the reaction mixture at regular

Intervals, The sliquots were poured Into Ice cold water

containing potassium Iodide and then 2 ml of glacial acetic

add was added and the liberated Iodine was titrated agalnat

standard sodium thlosulphate solution using freshly prepared

starch as Indicator , To avoid photochemical complications,

black coloured bottles were used. Prior to each experiment,

the bottles wore cleaned with strong chromic acid, washed,

steamed and then dried In oven. The observations are presented

In the following tables, A summary of the data is given in

Tables 118 to 138,



TABLE 1

Total Oxidant 0.0248M
IsoPropyl Alcohol 0.2000M

Time

mts.

Thio

CCS.

kxio3
See"l

0 146.0 -

2 93.0 3.76

4 59.0 3.77

6 37.0 3.81

8 23.7 3.79

10 15.8 3.70

12 9.7 3.76

Mean k x io3 Sec"
ScqX io5

l* 3.76
-10.8

TABLE 3

Total Oxidant O.0132M
IsoProphyl Alcohol 0.2000M
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TABLE 2

Total Oxidant 0.0166M
IsoProphyl Alcohol 0.2000M

Time
mts.

Thio
CCS.

k x io^
Sec"1

0 100.0 —

2 73.0 2.62

4 55.0 2.49

6 40.0 2.54

8 30.0 2.51

10 22.0 2.52

12 17.1 2.45

Mean k X 103Sec*
k0x io5 «

,1« 2.52
5.00

TABLE 4

Total Oxidant 0.0099M
IsoProphyl Alcohol 0.2000M

Time
mts.

Thio
ccs.

k X 103
Sec"1

Time

mts.
Thlo
CCS.

kxio3
Sec"1

0 77.4 . 0 111.2 .

2 62.0 1.85 10 58.9 1.06

4 51.1 1.73 20 32.0 1.04

6 42.2 1.68 30 16.9 1.05

8 35.05 1.65 40 8,5 1.07

10 27.0 1.75 50 4.9 1.04

12 23.0 1.68 60 2.5 1.05

Mean

ko>
kx

tlO5

103 Sec"1 s 1.73

2.65

Mean

K
kxlO3 Sec"1
>x!05 «

* 1.05

1.50



TABLE 5

Total Oxidant 0.0O83M
IsoPropyl Alcohol 0.2000M

Time
mts.

Thlo
ecs.

T xlOJ
Sec"
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TABLE 6

Total Oxidant 0.0066M
IsoPropyl Alcohol 0.2000M

Time Thio KxlO
mts. ecs. Sec»--!

0 92,7 • 0 74.15 —

10 60,0 0.725 10 54.0 0.528

20 39.5 0.711 20 40.3 0.508

30 27.0 0.686 30 30.0 0.503

40 16.7 0.714 40 21.5 0.516

50 10.9 0.714 50 16.1 0.509

60 8.4 0.667 60 11.9 *.5Q8

Mean KxlO^ec"1 « 0.703 Mean kxio3Sec"x a 0.512

icoxio5 1.05 < xlO5 m 0.58

TABLE 7

IsoPropyl Alcohol 0.0740M
Total Oxidant 0.0034M

TABLE 8

IsoPropyl Alcohol 0.065OM
Total Oxidant 0.0034M

Time
mts.

Thlo
CCS.

kxio4
Sec"1

Time
mts.

Thlo

CCS.

kxio4,
Sec"1

0 20.4 «• 0 20.7 —

10 18.3 1.81 10 18.85 1.56

20 16.4 1.82 20 17.10 1.59

30 14.55 1.88 30 15.45 1.63

40 13.1 1.84 40 14.05 1.62

50 11.8 1.82 50 12.80 1.60

60 10.5 1.84 60 11.6 1.61

Mean k* 104Sec"x » 1.83 Mean lc,rlO4 Sec"1 • 1.60



TABLE 9

IsoPropyl Alcohol 0.0510M
Total Oxidant 0.0034M

Time
mts.

Thio
ecs

TxlO4*
Sec"1
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TABLE 10

IsoPropyl Alcohol 0.^386M
Total Oxidant 0.0034M

Time
mts.

Thlo
CCS.

KxlO**
Sec"1

0 19.75 m 0 18.05 -

10 18.4 1.18 10 17.1 0.902

20 17.15 1.18 20 16.2 0.902

30 16.0 1.17 30 15.3 0.918

40 14.9 1.17 40 14.5 0.912

50 13.8 1.19 50 13.75 0j915
60 12.9 1.18 60 12.85 0.944

Mean kxlO* Sec" • 1.18 Mean k,:104 Sec"1 « 0.910

TABLE U

IsoPropyl Alcohol 0.0321M
Total Oxidant 0.0034M

TABLE 12

IsoPropyl Alcohol 0.0257M
Total Oxidant 0.0034M

Time
mts.

Thio
CCS.

kxio4
Sec" *

Time
mts.

Thio
ecs.

kxio4
Sec"1

0 23.45 • 0 17.4 m

10 22.4 0.763 10 16.8 0.583

20 21.4 0.761 20 16.2 0.595

30 20.4 0.774 30 15.6 0.606

40 19.5 0.768 40 14.05 0.604

50 18.6 0.772 50 14.5 0.606

60 17.9 0.750 60 13.9 0.623

Mean kxlO4 Sec"1 « 0.765 Mean kxlO4 Sec"1 » 0.599
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TABLE 13

IsoPropyl Alcohol 0.0129M
Total Oxidant 0.0034M

Time Thio
mts. ecs.

kxlO4 ,
nee"1

0 21.1 m

10 20.75 0.276

20 20.3 0.322

30 20.0 0.298

40 19.55 0.318

50 19.3 0.297

60 19.0 0.291

v.ean kxlO4 Sec"1 - 0.296

IsoPropyl Alcohol 0.1066M
Total Oxidant 0.0052M
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L *BLE 14 TABLE 15
Perchloric cid 0.01M Perch lorli: Acid 0.04&1

Tirae thio KxlO3 ,
Sec" *

Time Thio kxio3 ,
mts. CCS. mts. CCS. sec"1

0 4P.45 — 0 4P, 45 —

4 41.1 0.614 4 35.7 1.27
8 36.1 0.618 8 26.3 1.27
12 31.2 0.611 12 19.4 1.27
16 27.0 0.609 16 14.3 1.27
20 23.2 0.614 20 10.4 1.28
24

k
20.0 0.614 24 7.85 1.26

Mean :103 Sec"1 • 0.613 Mean kx 103 Sec"1 • ' 1.27

ko xlC" * 0.350 K xlO5 « 0.?20



TABLE 16

Perchloric Acid 0.12M

Time
mts.

Thlo
ces.

kxio3
Sec'-1

0 48.45 —

4 28.0 2.28

8 16.2 2.28

12 9.7 2.23

16 6.1 2.16

20 3.1 2.29

24 1.5 2.41

Mean kxlO3 Sec"1 • 2.25

k0xio5 * 1.30

TABLE 18

Perchloric Acid 0.25M

Time
mts.

Thlo
CCS.

T xlO
'•ec"1

TABLE 17

Perchloric Acid 0.20M
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Time
mts.

Thlo
ces.

kxlO3
Sec"l

0 48.45 m

4 24.0 2.93

8 11.45 3.00

12 5.9 2.92

16 2.9 2.93

20 1.45 2.92

24 0.7 2.94

Mean kxlO3 Sec"1 * 2.93

koxl05 « 2.20

TABLE 19

Perchloric Acid 0.30M

Time
mts.

Thio
ces.

kxlO3
Sec"1

0 48.45 m 0 48.45 -

2 30. Z 3.94 2 27.75 4.64

4 19.0 3.90 4 16.0 4.62

6 12.0 3 . So 6 9.0 4.67

8 7.7 3.83 8 5.1 4.69

10 5.0 3.78 10 3.0 4.64

12 3.0 3.86 12 1.8 4.57

Mear\ kxlO3 Sec"1 • 3.86 Mean kxlO3 Sec"1 • ** ^ 0*e

kpxio* « 2.74 k0xio5 3.40



TABLE 20

Total Oxidant 0.0248M
Sec.Butyl Alcohol 0.2000M

TABLE 21

Total Oxidant 0.0166M
Sec.Butyl Alcohol 0.2000M
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Time
mts.

Thlo
ces.

kxlO3
Sec"1

Time
mts.

Thio
CCS.

kxio3
Sec"1

0 142.6 • 0 95.5 •

2 45.5 9.53 2 45.0 6.27

4 14.8 •• g «( fif 4 22.6 6.00

6 4.4 9.67 6 10,5 6.13

8 1.45 9.34 8 5.0 6.14

10 0.5 Q.42 10 2.4 6.14

12 - 12 1.15 6.14

Mean kxlO3 Sec"1
x!0»

• 9.48

* 31.6

Mean kxlO3 -ec"1
k0xio5

» 6.14

« 12.5

TABLE 22

Total Oxidant 0.0132M
Sec.Butyl Alcohol 0.2000M

TABLE 23

Total Oxidant 0.0099M
Sec.Butyl llcohol 0.2000M

Time
mts.

Thlo
ecs.

kxio3
Sec"1

Time
mts.

Thlo
CCS •

kxlO3 .
Sec"1

0 75.9 • 0 56,9 .

2 44,0 4.54 2 39.0 3.15

4 26.8 4.34 4 28.0 2.95

6 16.6 4.22 6 20.2 2.88

8 9.7 4.29 8 15.8 2.67

10 5.7 4.31 10 11.4 2.68

12 3.2 4.40 12 8.2 2.69

Mean kxio2
xlO5

1 Sec"1 * 4.35

« 7.15

Mean

1
kxlO3 Sec"1

CgXlO5
* 2.84

» 3.80



TABLE 24

Total Oxidant 0.0066M
Sec.Butyl Alcohol 0.2000M

Time
mts.

Thio
CCS

0 40.3

5 26.0

10 16.6

15 11.0

20 7.0

25 4.4

30 2.9

Mean kxlO3 Sec"1
LxloS

[- xlO'

Sec
-1

1.46

1.48

1.44

1.46

1.48

1.46

1.46

1.40

TABLE 26

Sec.Butyl Alcohol 0.1250M
Total Oxidant 0.0025M

Time
mts.

Thio
ces

KxlO4,
Sec"1

0 33.0 .

10 29.0 2.15

20 25.6 2.12

30 22.4 2.15

40 19.7 2.15

50 17.4 2.13

60 15.2 2.15

Mean kxlO4 Sec"1 « 2.14

TABLE 25

Total Oxidant 0.0059M
Sec.Butyl Alcohol 0.2000M
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Time
mts.

Thlo
CCS.

kxio3,
Sec"1

0 22.6 m

5 16.9 0.969

10 12.6 0.974

15 9.5 0.963

20 7.2 0.953

25 5.3 0.967

30 4.1 0.948

Mean kxio:
k^xic

1 Sec"1 * 0.962

>5 0.930

TABLE 27

Sec.Butyl Alcohol 0.1030M
Total Oxidant 0.0025M

Time
mts •

Thlo
CCS

kxio4
Sec-1

0 33.0 •

10 29.8 1.70

20 26.9 1.70

30 24.3 1.70

40 22,0 1.69

50 19.9 1.68

60 18.0 1.68

Mean kxio'* Sec"1 - 1.69



TABLE 28

Sec.Butyl Alcohol 0.0741M
Total Oxidant 0.0025M

TABLE 29

Sec.Butyl Alcohol 0.0644M
Total Oxidant 0.0025M

Time
mts.

Thio
ces.

kxlO4 .
Sec

Time
mts.

Thlo

CCS.

k KlO4
See"1

0 33.0 • 0 33.0 —

10 30.7 1.20 10 31.0 1.04

20 26.5 1.22 20 29.1 1.05

30 26.5 1.22 30 27.3 1.05

40 24.8 1.19 40 25.7 1.04

50 23.0 1.20 50 24.1 1.05

60 21.3 1.22 60 22.7 1.04

Mean k>:104 Sec" 1 . 1.21 Mean kxlO4 Sec" 1 . 1.05

TABLE 30
•

TABLE 31

Sec.Butyl Alcohol 0.0508M
Total Oxidant .0025M

Sec.Butyl Mcohol 0.0390M
Total Oxidant 0.0025M

Time
mts.

Thio

CCS

kxlO4,
^ec"1

Time
mts.

Thlo
CCS

kxio4 .
Sec"1

0 33.0 — 0 33.0

10 31.4 0.829 10 31.6 0.668

20 29.9 0.822 20 30.4 0.683

30 28.45 0.824 30 29.2 0.681

40 27.0 0.835 40 28.0 0.684

50 25.7 0.834 50 26.9 0.681

60 24.5 0.827 60 25.8 0.684

Mean b 104 Sec"1 « 0.828 Mean It,:104 Sec"1 « 0.680
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Sec.Butyl alcohol °.0800M
Total Oxidant 0.0032M

TABLE 32

Perchloric Acid 0.0100M

TABLE 33

Perchloric Acid 0.0400M
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Time
mts.

Thlo
CCS.

kxio4
Sec"1

Time
mts.

Thlo
CCS.

kxio4 ,
Sec"1

0 30.0 • 0 28.9 ea>

10 20.5 6.34 10 13.7 12.4

20 14.0 6.35 20 6.5 12.4

30 9.5 6.39 30 3.1 12.4

40 6.5 6.37 40 1.45 12.5

50 4.5 6.32 50 0.7 12.4

60 3.1 6.30 60 —

Mean kxlO4 Sec"1 a 6.34 Mean kxlO4 Sec"1 • 12.4

^c»x!05 • 0.242 KqxlO5 m 0.498

-

TABLE 34

•

TABLE 35

Perchloric Acid 0.1200M Perchloric Acid 0.2000M

Time
mts.

Thio

CCS

kxlO3
Sec"1

Time
mts.

Thio

ces.

kxlO3 .
Sec"1

0 28.9 9» 0 56.4 -

5 14.2 2.37 2 38.1 3.27

10 7.0 2.36 4 25,5 3.31

15 3.45 2.36 6 17,4 3.27

20 1.7 2.36 8 11.7 3.28

25 0.85 a*. 9 '3%} 10 7.9 3.28

30 - 12 5.3 3.28

Mean kxlO3 Sec" X* 2.36 Mean kx 103 Sec"1 » 3.28

K^IO5 9 0.867 K xlO5
** 1.20



TABLE 36 TABLE 37
Perchloric Acid 0.250OM Perchloric Acid 0,.2700M

Time
mts.

Thio
CCS

kxio3 .
Sec"1

Time
mts.

Thio
CCS.

kxio3 ,
Sec"1

0 56.4 — 0 56.4 —

2 34.5 4.10 2 32.7 4.54
4 21.0 4.12 4 19.0 4.53
6 12.8 4.12 6 11.0 4.54
8 7.85 4.11 8 6.4 4.53
10 4.8 4.11 10 3.8 4.50
12 2.9 4.12 IP- 2.15 4.53

Mean kx 103 Sec*1 • 4.11 Mean kxlO3 Sec"1 * 4.53

k.0 xlO5 * 1.50 kQxio5 1.63

TABLE 38

Total Oxidant 0.0248M
Methyl Alcohol 0.3000M

TABLE 39

Total Oxidant 0.0166M
Methyl Alcohol O.eOOOW

Time Thlo kxio4_
Sec"

Time Thlo kxio4
mts. CCS. mts. ces. Sec"

0 111.1 • 0 73.3 —

10 98.3 2.04 10 67.8 1.30
20 87.3 1.96 20 62.8 1.29
30 78.1 1.96 30 58.0 1.30
40 69.4 1.96 40 53.8 1.29
50 61.7 1.96 50 49.8 1.29
60 54.9 1.96 60 46.1 1.29

Mean kxic|4 Sec-i * 1.96 Mean kxlO4 Sec"1 * 1.29

ko>:105 0.693 k0xio2t
0.282



TABLE 40

Total Oxidant 0.0132M
Methyl Alcohol 0.8000M

Time
mts.

Thlo
CCS.

kxio4
Sec"1

0 55.6 9»

10 51.8 1.18

20 48.7 1.10

30 45.0 1.18

40 42.3 1.14

50 39.1 1.17

60 36.4 1.18

Mean kxlO4 Sec"1 « 1.16

kK0xlO5 - 0.197

TABLE 42

Total Oxidant 0.0083M
Methyl Alcohol 0.8000M

Time
mts.

Thio
ces.

1xlO*
Sec

-1

0 40.0 —

10 38.8 0.512

20 37.8 0.472

30 36.6 0.494

40 35.5 0.498

50 34.5 0.494

60 33.5 0.493

Mean kxlO4 Sec"1 * 0.494

KKlO5 - 0.062

TABLE 41

Total Oxidant 0.0099M
Methyl Alcohol 0.8000M

Time
mts.

Thlo
ecs.

kxlO4 ,
Sec"1

0 35.3 •

10 34.0 0.626

20 33.1 0.537

30 32.2 0.510

40 31.0 0.541

50 30.1 0.531

60 29.1 0.537

Mean kxlO4 sec"1 « 0.531

KxlO5 » 0.085

TABLE 43

Methyl Ucohol 0.6205M
Total Oxidant 0.0070M

Time
mts.

Thlo
CCS.

I xlO

Sec
-1

0 15.8 -

10 15.4 0.430

20 15.0 0.434

30 14.6 0.439

40 14.3 0.416

50 13.9 0.428

60 LMean Kx
a

13.55 0.427

104 Sec"1 * 0.429



TABLE 44 TABLE 45 \) t

Methyl Alcohol 0.5645M
Total Oxidant 0.0070M

Methyl
Total

. Alcohol 0.4945M
Oxidant 0.0070M

Time
mts.

Thio
CCS.

kxio4
Sec"1

Time
mts.

Thlo
CCS.

kxio4 ,
Sec"1

0 15.8 — 0 15.8 —

10 15.35 0.484 10 15.45 0.376
20 15.0 0.434 20 15,0 0.434

30 14.7 0.402 30 14.7 0,402
40 14,3 0.416 40 14.3 0.416
50 13.9 0.428 50 13.9 0.428
60 13.45 0.448 60 13.5 0.438

Mean kxlO4 Sec"1 » 0.426 Mean kxlO4 Sec" 1 . 0.416

TABLE 46 TABLE 47

Methyl Alcohol 0.4338M
Total Oxidant 0.0070M

Methyl Alcohol 0.3405M
Total Oxidant 0.0070M

Time
mts.

Thlo

ces.

kxio4 ,
Sec"1

Time
mts.

Thio
CCS.

kxio4 .
Sec"1

0 15.8 — 0 15.8 —

10 15.4 0.430 10 15.4 0.430
20 14.9 0.489 20 15.0 0.434

30 14.6 0.439 30 14.6 0.439
40 14.35 0.402 40 14.35 0.402
50 13.85 0.406 50 13.85 0.406
60 13.4 0.458 60 13.55 0.427

Mean kxlO4 Sec"1 » 0.437 Mean kxlO4 Sec"1 • C.423
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TABLE 48

Methyl Alcohol 0.2985M
Total Oxidant 0.0070M

Time Thio kxlO4 .
mts. CCS. Sec"1

0 15.8
10 15.4 0.430
20 14.9 0.489
30 14.7 0.402
40 14.3 0.416
50 13.8 0.451
60

k.
X >3 • D 0.438

Mean tlO4 Sec"1 « 0.437

Methyl Alcohol 0.1333M
Total Oxidant 0.006M
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TABLE 49

Perchloric Acid 0.0400M

Time Thlo kxlO5 .
mts. CCS. Sec"

0 20.2 e»

10 19.2 8.48
20 18.2 8.69
30 17.3 8.62
40 16.4 8.69
50 15.6 8.62
60

kxio
14.8 8.64

Mean 5 Sec"1 - 8.63

kox lO6 * 0.910

TABLE 50

Perchloric Acid O.IOOOM

Time Thlo kxio5
mts. ces. Sec"1

0 20.2
10 18.6 13.8
20 17.1 13.9
30 15.7 14.0
40 14.5 13.8
50 13.3 13.9
60 12.2 14.0

Mean kxlO5 Sec"1 » 13.9

LxlO6 9
0

1.43

TABLE 51

Perchloric Acid 0.1500M

Time
mts.

0

10
20
30
40

50
60

»ean

Thlo
CCS

20.2
18.3
16.6
15.0
13.55
12.3

D Sec"1
C*o-Sl06

kxl05
Sec"1

16.5
16.4
16.5
16.6
16.5
16.6
16.5
1.70
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TABLE 52 TABLE 53

Perchloric Add 0.2200M Total Oxidant 0.
Sthyl Alcohol 0,

Time Thlo
mts, ecs.

0248M
8000M

TTime
mts.

Thlo
CCS.

kxio5 .
oec

104 .
"^ec"1

0 20,2 — 0 94.6 —

10 17.35 25.4 10 63,5 6.64

20 14.9 25.4 20 47,0 5.83

30 12.8 25.4 30 32.3 5.97

40 11.1 25.0 40 22.6 5.97

50 9.4 25.5 50 15.7 5,99

60 8.1

kxlO5 Sec"1 •
k0xio6 »

25.4 60 11.0 5.98

Mean 25.3

2.50

Mean kxlO4 See"1
k0xio5

• at 5.95

1.30

TABLE 54 TABLE 55

Total Oxidant 0,
Ethyl Alcohol 0,

0166M

m
Total
Ethyl

Oxidant 0,
Alcohol 0,

0132V
80C0.M

1

I

Time Thio
mts, ces

kxio4 .
Sec"1

Time
mts.

Thio
CCS.

kxio4
Sec"1

0 61.8 • 0 45.0 —

10 47.S 4.30 10 38.0 2.82

20 39.9 3.65 20 33.5 2.46

30 32.4 3.59 30 29.2 2.40

40 25.6 3.67 40 25.2 2.42

50 20.6 3.66 50 21.8 2.41

60 16.5 3.67 60 18.9 2.41

Mean kxlO4 Sec"J
LxlO5

0

99

•

3.65

0.500

Mean kxlO4
k0x

Sec"1
105

9

*

2.42

0.275



TABLE 56

Total Oxidant 0.0099M
Ethyl Alcohol 0.8000M

TABLE 57

Total Oxidant 0.0083M
Ethyl Alcohol 0.8O0QM

12

Time Thlo kxlO4 .
Sec"1

Time Thlo kxio4
mts. ces. mts. ecs. Sec"1

0 25.2 m 0 22.0 —

10 23.2 1.38 10 20.5 1.17
20 22.0 1.13 20 19.6 0.962
30 20.55 1.13 30 18.6 0.933
40 19.2 1.13 40 17.6 0.930
50 18.0 1.12 50 16.7 0.919
60 16.8 1.13 60 15.8 0.919

Mean kxlO4 Sec"1 m 1.13 Mean kxlO4 Sec" 1 « 0.925
k0xio5 m 0.165

•

k0xio5 * 0.107

TABLE 58 TABLE 59

Total Oxidant 0.0066M
Hhyl Alcohol 0.8000M

Hthyl Alcohol 0.8400M
Total Oxidant 0.0065M

Time
mts.

Thlo
CCS

kxio4
Sec"1

Time
mts.

Thio
CCS.

kxlO4 ,
Sec"1

0 16.3 — 0 4.0 » o —

10 15.5 0.840 10 24.76 0.795+
20 15.0 0.693 20 23.8 0.672
30 14.3 0.728 30 22.3 0.687
40 13.8 0.694 40 21.3 0.701
50 13.2 0.703 50 21.0 0.686
60 12.7 0.693 60 20.2 0.67s

Mean kxlO4 Sec"1 •
k.xio5

0

0.702

0.060

Mean kxio4 Sec"1 » 0.685



TABLE 60

Hthyl Alcohol 0.8103M
Total Oxidant 0.0^65M

TABLE 61

Ethyl Alcohol 0.7445M
Total Oxidant 0.0065M

73

Time
mts.

Thlo
CCS.

kxio4 .
Sec"1

Time
mts.

Thlo
ces.

fexlO4 ,
Sec"1

0 25.8 — 0 25.8 —

10 24.6 0.795 10 24.6 0.795+

20 23.8 0.672 20 23.8 0.672

30 22.8 0.687 30 22.75 0.699

40 21.7 0.720 40 21.8 0.701

50 21.0 0.686 50 21.0 0.686

60 20.2 0.679 6o 20.1 0.693

Mean kxlO4 Sec"1 * 0.689 Mean kxlO4 Sec"1 « 0.690

TABLE 62 TABLE 63

Ethyl Alcohol 0.6424M
Total Oxidant 0.0065M

Ethyl Alcohol 0.5732M
Total Oxidant 0.0065*1

Time
mts.

Thlo
CCS.

kxlO4
Sec"1

Time
mts.

Thlo
CCS

kxio4
-ec"1

0 <t£S,C — 0 25.8 m

10 24.7 0.725 10 24.7 0,725

20 23.75 0.691 20 23.7 0,708

30 22.7 0.712 30 22.7 0,712

40 21,8 0.701 40 21.7 0.720
50 21.0 0.686 50 20.9 0.702

60 20.2 0.679 60 20.2 0.679

Mean KxlO4 Sec"1 » 0.690 Mean kxlO4 Sec"1 * 0.708



TABLE 64

Ethyl Alcohol 0.4345M
Total Oxidant 0.O065M

Time
mts.

Thlo
CCS.

fc xlO*1
Sec"1

0 25.3 -

10 24.7 0.725

20 23.75 0.691

30 22.3 0.687

40 21.8 D»70l

50 21.0 0.686

60 20.0 0.707

Mean k:<104 Sec"1 « 0.694

Ethyl Alcohol 0.4000M
Total Oxidant 0.0050M

74

TABLE 65 TABLE 66

Perchlorl c Acid 0. 0400M Perchlorl c Acid o..1000M

Time
mts.

Thlo
CCS,

kxio4
Sec*1

Time
mts.

Thio
ces.

kxio4
>ec"A

0 20.0 - 0 20.0 BjJ

10 17.7 2.03 10 16.2 3.51
20 15.7 2.02 20 13.2 3.46

30 13.9 2.02 30 10.7 3.47

40 12.2 2.06 40 8.8 3.42
50 10.6 2.05 50 7.1 3.45

60 9.6 2.04 60 5.8 3.44

Mean kxlO4 Sec"1 - 2.04 Mean k.tlO4 Sec"1 « 3.46

0
k10° a 2.05 lv<106 a 3.52



TABLE 67

Perchloric Add 0.1500M

75

TABLE 68

Perchloric Acid 0.2300M

Time
mts.

Thlo
CCS.

kxio4 ,
Sec"1

Tlma
mts.

Thlo
ces.

kxio4 .
Sec"1

0 20.0 • 0 20 —

10 14.8 5.02 5 15.7 8.07

20 11.8 4.40 10 14.5 5.36

30 9.4 4.19 15 12,1 5.58

40 7.4 4.14 20 10.6 5.29

50 5.6 4.24 25 9.0 5.32

60 4.4 4.20 30 7-8 5,23

Mean kxlO4 Sec"1 «
k0xio6

4.19

4.30

Mean kxio4
KQ

Sac"1 *
xlO6 •

5.36

6.60

TABLE 69 TABLE 70

Perchlori c Acid 0.2500M Perchloric -eld 0.3000M

Time
mts.

Thio
CCS,

kxlO4
Sec"1

Time
mts.

Thlo
ecs.

kxlO4 ,
Sac"1

0 16.2 m 0 17.20 m

2 14.7 8.10 2 15.6 8.14

4 14.1 5.80 4 14.75 6.40

6 13.2 5.68 6 13.55 5,63

8 12.25 5.82 8 12.25 7,07

10 X JL. DO 5.65 10 11.25 7,10

12 10.80 5.63 12 10.35 7,05

Mean KxlO4 Sec"1 «
K^xlO6 «

5.72

7.10

Mean kxio4
k0x

Sec"1 m
106

6,85

8.40



TABLE 71

Total Oxidant O.OllOM
n-Propyl Alcohol 0.1333M

Time
mts.

Thio
ces.

kxlO5 .
Sec"1

0

10

20

30

40

50

60

Mean KxlOk,

•5-5 « q -

31.5 11.7

29,5 11.3

27.6 11.3

25.5 11.7

23.9 11.5

22.2 11,7

5 Sec"1 - 11.5

TABLE 73

Total Oxidant 0.0075M
n-Propyl Alcohol 0.1333M

Time

mts.
Thio
CCS.

kxlO5
-1

Sec

TABLE 72

Total Oxidant 0.0090M
n-Propyl Alcohol 0.1333M

76

Time
mts.

Thlo
CCS.

kxio5.
Sec"1

0 27.9 —

10 26.6 7.95

20 25.4 7.83

30 24.3 7.50

40 23.1 7.82

50 22.0 7.92

60 20.95 7.96

Mean kxio5 Sec"1 * 7.84

TABLE 74

Total Oxidant 0.0060M
n-Propyl Alcohol 0.1333M

Time
mts.

Thlo
CCS

kxlO5,
sec"1

0 21.3 — 0 22.5 —

10 20.45 6.79 10 21.7 6.03

20 19.6 6.93 20 21.0 5.76

•5 18 . 8 6.93 30 20.2 5.99

40 18.05 6.89 40 19.5 5.97

50 17.2 7.13 50 18.7 6.17

60 16.6 6.93 60 16.1 6.04

Mean kxlO"5 Sec"1 • 6.94 Mean kxlO5 Sec"1 • 5.99



TABLE 75

Totsl Oxidant 0.0055M
n-Propyl Alcohol 0.1333M

TABLE 76

n-Propyl Alcohol 0.2560M
Total Oxidant 0.0060M

77

Time
mts.

Thio
ces.

kxlO5
Sec"1

Time
mts.

Thlo
CCS.

kxio5
Sec"

0 33.8 • 0 27.0 —

10 32.9 4.49 10 25.2 11.5
20 32.1 4.30 20 23.5 11.6

30 31.15 4.53 30 21.95 11.5

40 30.3 4.56 40 20.5 11.5

50 29.5 4.54 50 19.1 11.5

60 28.7 4.54 60 17.8 11.6

Mean kx 105 Sac"1 • 4.49 Mean kxio5 Sec"1 • 11.5

TABLE 77 TABLE 78

n-Propyl Alcohol 0.2180M
Total Oxidant 0.0060M

ft-Propyl Alcohol 0.1950M
Total Oxidant 0.0060M

Time
mts.

Thlo
CCS

kxlO5 .
Sec"1

Time
mts.

Thlo
CCS

kxlO5 ,
Sec"1

0 27.0 9» 0 27.0 —

10 25.45 9.87 10 25.6 8.91

20 24.0 9.83 20 24.3 8.79
30 22.6 9.89 30 23.1 8.67

40 21.3 9.88 40 21.9 8.73

50 20.1 9.84 50 20.8 8.70

60 18.95 9.84 60 19.75 8.68

Mean kxio5 Sec"1 * 9.86 Mean kxlO5 Sec"1 * 8.75



TABLE 79

n-Propyl Alcohol 0.1780
Total Oxidant 0.0060M

TABLE 80

n-Prooyl Alcohol 0.1333M
Total Oxidant 0.0060M

78

Time Thio kxlO5 .
Sac"

Time Thio kxio5
IDtSe ces mts. CCS. Sec

0 27.0 • 0 22.5 —

10 25.7 8.25 10 21.7 6.03

20 24.55 7.93 20 21.0 5.76

30 23.4 7.96 30 20.2 5.99

40 22.3 7.97 40 4.7. 5 5.97

50 21.3 7.90 5^ 18.7 6.17

60 20.3 7.93 60 18.1 6.04

Mean kxlO5 Sec"1 « 7,99 Mean kxio5 Sec"1 - 5.99

TABLE 81
-

n-Propyl Alcohol O.IOOOM
Total Oxidant 0.0060M

Time
mts.

Thio
ces

kxlO*

Sec
-1

0 33.8 -

10 32.9 4.49

20 32.1 4,30

30 31.15 4.53

40 30.3 4.56

50 29.5 **. 0"*

60 28.7 4.54

Mean kxlO^ Sec"1 a 4.49



n-Propyl Alcohol 0.1333M
Total Oxidant 0.0060M

7

TABLE 82 TABLE i33

Perchloric Acid 0.0250M Perchlorl c Acid 0.0400M

Time
mts.

Thlo kxlO5 .
ces. Sec"

Time
mts.

Thlo
ecs.

fcxl^5 .
Sec"1

0 18.7 0 18.7 .

10 17.9 7.25 10 17.7 9.13

20 17.2 6.97 20 16.7 9.42

30 16.~» 6.95 30 15.8 9.35

40 15.8 7.01 40 15.0 9.18

50 15.2 6.91 50 14.2 9.17

60 14.6 6.87 60 13.4 0.26

^Aean kxlO5 Sec"1 - 6.99 Moan kxlO5 Sec"1 9.25

TABLE 84

Perchloric %cid 0.0650M

Time
mts *

Thio
ces.

kxir>5
Sec"1

TABLE 85

Perchloric Acid O.IOOOM

Time
mts

Thlo
c %*% §

kxio5 .
Sec"1

0 14.8 — 0 17.0 m

10 13.8 11.7 10 15.6 14.3

20 12.85 11.8 20 14.3 14.4

30 12.05 11.4 30 13.1 14.5

40 11.15 11.8 40 12.0 14.5

50 10.4 11.8 50 11.0 14.5

60 9.75 11.6 60 10.1 14.5

Meari kxlO5 Sec"1 • 11.7 Mean kxio5 Sec"1 m 14.4



TABLE 86

Perchloric Acid 0.1500M

TABLE 87

Total Oxidant 0.0095M
n-Rutyl Alcohol 0.1333M

Time Thlo kxio5 .
See*

Time Thlo kxio5
mts. CCS * mts. CCS. Sec"1

0 17.0 — 0 34.8 —

10 15.3 17.5 10 32.6 10.9
20 13.9 16.8 20 30.5 11.0
30 12.5 17.1 30 28.65 10.8

40 11.3 17.0 40 26.7 11.0

50 10.3 16.7 50 25.1 10.9
60 9.3 16.7 60 23.5 10.9

Mean kxio5 i -1
988 8 17.0 Mean kxlO5 Sec"1 « 10.9

TABLE 86

Total Oxidant 0.009OM
n-Butyl Alcohol 0.1333M

kxlO*Time
mts.

Thlo
CCS

-1
Sec

TABLE 89

Total Oxidant 0.0075M
n-Butyl Alcohol 0.1333M

Time

mts.
Thio
CCS

kxlO5
k#.™ 1

s>88

0 29.7 — 0 23.8 •

10 28.1 9.25 10 22.8 7.18

20 26.7 8.89 20 21.8 7.31

30 25.3 8.92 30 20.9 7.23

40 24.0 8.88 40 20.0 7.25

50 22.8 8.82 50 19.3 6.98

60 21.6 8.85 60 18.4 7.15

Mean kxlO5 Sec"1 » 8.93 Mean kxio5 Sec"1 • 7.18

ROORKE&



TABLE 90

Total Oxidant 0.0060M
n-Butyl Alcohol 0.1333M

81
TABLE 91

Total Oxidant 0.0049M
n-Butyl Alcohol 0.1333M

Time
rats.

Thlo
CCS.

kxio5 .
Sec"1

Time
rats.

Thlo
ces.

kxio5 ,
Sec"1

0 21,0 — 0 28.0 —

10 20.2 6.45 10 27.2 4.84

20 19.5 6.18 20 26.4 4.91

30 1E.9 5.85 30 25.6 4.99

40 13.2 5.96 40 25.0 4.73

50 17.7 5.69 50 24.1 5.00

60 17.0 5.87 60 23.5 4.87

Mean kxlO5 Sec"1 - 6.00 Mean KxlO5 Sec"1 » 4.89

TABLE 92

n-Butyl Alcohol 0.2700M
Total Oxidant 0.006011

TABLE 93

n-Butyl Alcohol 0.2300M
Total Oxidant 0.0060M

Time
mts.

Thio
ces

kxlO5 .
Sec"

Time
mts.

Thio
ces.

kxio5 .
Sec"1

0 17.3 • 0 17.3 —

10 16.1 13.1 10 16.2 10.9

20 15.0 11.9 20 15.3 10.2

30 14.0 11.8 30 14.4 10.2

40 J 3.0 11.9 40 13.5 10.3

50 12.0 12.2 50 12.7 10.3

60 11.2 12.1 60 12.0 10.1

Mean k,:105 Sec"1 m 122 Mean kxlC5 Sec"1 - 10.4



TABLE 94

n-Butyl alcohol 0.2170M
Total Oxidant 0.0060M

TABLE 95

n-Butyl Alcohol 0.1750M
Total Oxidant 0.0060M

82

Time
mt s.

Thio
ces.

kxlO5 .
Sec"1

Time
mts.

Thlo
ces.

kxlO'
Sec"1

0 17.3 em 0 28.0 •

10 16.3 9.90 10 26.7 7.95

20 15.4 9.69 20 25.5 7.81

30 14.5 9,80 30 24.3 7.88

40 13.6 10.02 40 23.1 8.02

50 12.9 9.78 50 22.0 8.05

60 12.2 9.70 60 21.1 7.86

Mean KxlO5 Sec"1 a 9.82 Mean kxlO5 Sec"1 * 7.93

TABLE 96

n-Butyl Alcohol 0.1595M
Total Oxidant 0.0060M

TABLE 97

n-Butyl Alcohol 0.1088M
Total Oxidant 0.006OM

Time Thio
mts, ecs

kxlO5 .
Sec"1

Time
mts.

Thlo
CCS,

kxio5
Sec"

0 23.8 — 0 28.0 -

10 22.8 7.18 10 27.2 4.84

20 21.8 7.31 20 26.4 4.91

30 20.9 7.23 30 25.6 4.99

40 20.0 7.25 40 25.0 4.73

50 10.3 6.98 50 24.1 5.00

60 18.4 7.15 60 23.5 4.87

Mean kxlO5 Sec"1 « 7,18 Mean kxio 5 -1
3 See x • 4.89



n-Butyl Alcohol 0.1333M
Total Oxidant 0.0060M

83

TABLE 98

Perchloric Acid 0.060OM

TABLE 99

Perchloric Acid O.IOOOM

Time
mts.

Thlo
CCS

kxio4
Sec"

Time
mts.

Thlo
ces.

kxio4 .
Sec"1

0 29.3 — 0 21.2 —

10 27.0 1,36 10 19.0 1.82

20 24.9 1,36 20 17.1 1.79

30 23.0 1.35 30 A *!?#*• 1.78

40 21.3 1.33 40 13.8 1.79

50 19.6 1.34 50 12.4 1.79

60 18.1 1.34 60 11.1 1.80

Mean kxlO4 See"1 • 1.35 Mean kxlO Sec * 1.79

TABLE 100 "ABLF. 101

Perchloric Acid 0. 1300M Perchloric Acid 0.2000M

Tim®
mts.

Thio
Ces

I xlO

Sec
-1

Time
mts.

Thlo

ces

kxlO
Sec

-1

0 29.3 — 0 29.3 •

10 25.9 2.06 10 24.8 2.78

20 22.9 2.06 20 21.4 2.62

30 20.2 2.07 30 18.2 2.64

40 17.8 2.08 40 15.5 2.65

50 15.7 2.08 50 13.4 2.61

60 13.8 2.09 60 11.6 2.57

Mean kxlO4 Sec"1 » 2.07 Mean kxlO4 Sec"1 * 2.62



TABLE 102

Total Oxidant O.OilOM
IsoButyl Alcohol 0.1333M

TABLE 103

Total Oxidant 0.0O90M
IsoButyl Alcohol n.i333M

84

Time
mts.

Thio
ecs.

kxlO4 ,
Sec"1

Time
mts.

Thlo
ces.

kxio4 .
Sec"1

0 27.0 • 0 61.0 0

10 25.0 1.28 10 57.2 1.07

20 23.15 1.28 20 53.5 1.09

30 8BR*8) • ^a 1.29 30 50.15 1.09

40 19.85 1.28 40 47.0 1.09

50 18,35 1.29 50 44.0 1.08

60 l-'.O 1.28 60 41.3 1.08

Mean kxio4 Sec"1 - 1.28 Mean kx104 Sec"1 a 1.08

TABLE 104

Total Oxidant 0.0075M
IsoButyl *lcohol 0.1333M

Tlm*»
mts.

Thio
ces

kxio410

"ec
-1

TABLE 105

Total Oxidant 0.0060M
IsoSutyl Alcohol 0.1333V,

Time
rats.

Thlo

CC9 Sec-1

0 52.0 — 0 47.0 —

10 49.1 0.956 10 44.8 0.798

20 46.4 0.950 20 42.7 0.800

30 43.9 0.940 30 40.6 0.810

40 41.5 0.940 40 38.7 0.810

50 39.2 0.942 50 36.9 0.807

60 37.2 0.931 60 35.C 0.819

Meari kxio4 • -1
Sec » 0.943 Mean kx104 sec"1 - 0.807



TABLE 106

Total Oxidant 0.0055M
IsoButyl Alcohol 0.1333M

TABLE 107

IsoButyl Alcohol 0.2330M
Total Oxidant 0.0055M

85

Time
mts.

Thlo

ces.

kxio4
Sac"1

Tlma
mts.

Thlo
ecs.

kxlO5 .
Sec"1

0 36.7 • 0 60.7 *

10 35.2 0.699 10 56.5 11.98

20 33. 8 0.687 20 52.6 11.94

30 32.5 0.675 30 49.0 11.90

40 31.2 0.677 40 45.2 12.29

50 29.8 0.695 50 42.7 11.72

60

*

28.6 0.693 60 39.9 11.66

Mean rlO4 Sec"1 m 0.688 Mean kxlO5 Sec"1 - 11.9

•

TABLE 108 TABLE 109

IsoButyl Alcohol 0.1970M
Total Oxidant 0.0055M

Time

mts.

Thio
ces.

kxlO

iec"1

IsoButyl Alcohol 0.1810M
Total Oxidant 0.0055M

I xlOTime
mts.

Thlo
ces

-1
Sec

0 25.3 m 0 51.5 -

10 23.7 10.09 10 48,8 8.98

20 22.2 10.09 20 45.7 9.96

30 20.8 10.09 30 43.5 9.38

40 19.5 10.08 40 41.4 0.10

50 18.2 10.10 50 39.1 9.18

60 17.1 10.09 60 37.0 9.18

Mear» kxio5 Sec"1 « 10,09 Mean kxio5 Sec"1 « 9.30



TABLE HO

IsoButyl Alcohol 0.1333M
Total Oxidant 0.0055M

TABLE Hi

IsoButyl Alcohol 0.1212M
Total Oxidant 0.0055M

86

Time Thlo
mts. ces.

kxlO5.
Sec"1

Time
mts.

Thio

ces.

kxlO5
Sec"1

0 36.7 — 0 37.5 m

10 35.2 6.99 10 36.1 6.33

20 33.8 6.87 20 34.7 6.47

30 32.5 6.75 30 33.6 6.10

40 31.2 6.77 40 32.2 6.34

50 29.8 6.95 50 31.2 6.12

60 28.6 6.93 60 30.0 6.20

Mean kxlO4 Sec"1 a 6.88 Mean kxio5 Sec* a 6.26

IsoButyl Alcohol 0.1333M
Tot*! Oxidant 0.0060M

TABLE 112

Perchloric Add 0.05OOM

Time
mts.

Thio
ces.

k »-4
•" X

Sec'-1

TABLE 113

Perchloric Acid 0.1000%

Time
mts.

Thio
CCS.

I xlO'
Sec

-1

0 22.6 - 0 22.6 -

10 18.9 2.98 10 17.3 4.46

20 15.7 3.04 20 13.2 4.48

30 13.1 3.03 30 10.2 4.43

40 10.9 3.04 40 7.6 4.54

50 9.1 3.03 50 6.0 4.42

60 7.5 3.06 60 4.8 4.31

*£aan KxlO Sec" • 3.03 Mean kxio4 Sec" * 4.44



TABLE 114

Perchloric Acid 0.1500M

Time
mts.

Thio
ces.

kxlO"
Sec

-1

TABLE H5

Perchloric Acid 0.2000M

kxlO'

87

Time
mts.

Thio
ces.

-1
Sec

0 22.6 — 0 22.6 -

10 16.3 5.44 5 18.6 6.49

20 11.7 5.49 10 15.4 6.39

30 8.4 5.50 15 12.0 6.40

40 6.0 5.53 20 10.5 6.3P

50 4.3 D. D » 25 8.7 6,37

60 3.1 5.52 30 7.3 6,28

Mean kxlO Sec" * 5.50 Mean kxio'* Sec"1 * 6.39

TABLE 116 TABLE H7

Perchloric -*cid 0.2500M Perchloric Acid 0.3000M

Time
mts.

Thlo
CCS.

kxio4
Sec"1

Time

mts *
Thio
cc s. Sec l

0 22.6 — 0 22.6 m

5 17.7 8.14 5 16.9 9.69

10 13.9 8.10 10 12.6 9.74

15 11.0 8.00 15 9.5 9.63

20 8.7 7.96 20 7.1 9.65

25 6.7 8.14 25 5.3 9.67

30 5.30 8.06 30 4.0 9.62

Mean kxlO4 Sac"1 * 8.07
Mean kxlO4 Sec" a 9.67



TABLE (C)

The Fraction of Total Oxidant Present at Zero Time
as Molecular chlorine and Hypochlorous Acid In the
Absence of Sodium chloride.

88

(ox)0,m!, pH ,aH*XlC ♦rci"

i » i i

'cLq ,,(i-«fo)t B !{Cl2)ox'(HC10)ox; (B4C1")0
i

• i

4

• !' ; ! io4.! 10** ,
M ,

0.0248 1.8 15.85 0.664 0.7282 0.2718 0.0485 67.42 1.806 0.0666

0,0166 2.05 8.913 0.664 0.3554 0.1446 0.0862 24.00 1.420 0.1004

0.0132 2.1 7.944 0.664 0.8903 0.1097 0.0967 14.48 1.175 0.1084

0.0099 2.15 7.080 0.664 0.9193 0.0007 0.1080 7.900 0.9100 0.1171

0.<rp&3 2.2 6.310 0.664 0.9337 0.0663 0.1220 5.503 0.7750 0.1297

b.crt6t 2.25 5.624 0.664 0.9547 0.0453 0.1370 2.990 0.6300 0.1433



V
.

o
J

o
.

1
.

o
o

O
1

o
«

o
1

sO
1

8:
K

>
M

.
i

.

s
;

H
-
4

u
»

.
i

.

O
I

O
N

§
:

K

|{
i

.250
.300

8 O

M o

M i O
o o

2
8

o
o

o c

o M o
!

!
8 o

8
o 8

to
U

i
w

L
B

J
o

n
O

*
-J

«
J

0
0

0
3

1
U

l
*

*
^
i

o
o

o
»

o
u

»
I

9
>

>
o

o
»

#
1

vO
-
j

M

t
o

0
J

w
*

o
o

>
o

\
-
J

-4
0

0
J

*
.

(
$

-
4

!°
o

n
M

U
"

t
-

O
ta

o
o

»
o

0
o

to
o

-
4

0
»

I
C

J»
*

u
»

w
N

)
(O

M
M

S
S

u
»

to
W

>
©

SO
&

o
U

»
o

a
.

o
(s

j
C

O

i
s

85
S

o
ti

t
• o

8
-
J

o
$

t
1

*
£

o

M
M

I
f

-4
U

»
tO

JO
•»

'•
*

•
O

M
O
•
•
•
•
•
•

<
0

4
IO

C
D

U
«

U
M

to
o

»
f
c
>

S
5

8
o

,o
i$

$
,

t

-
4

0
N

O
N

U
»

a
>

W
W

t
O

«
O

M
M

.
.
.
.
.
.
.

w
<

o
*

a
)
«

J
k
>

o
i
j
i

o
o

o
t
x

o
o

a
o

o
A

-
o 0

»

O
i
W

O
O

O
O

N
W

W
t
O

t
O

M
M

W
U

>
~4

O
U

»
to

*
-4

vQ
fO

*>

G
O

ro
o

o
O

O
fi

t
63M

•
*

•
•

*•
M

O
O

••©
9

-
4>

o
»

W
>

o
N

>
«

4
O

O
N

<*
>

-0
A

C
O

^
0

O o -4

o

M
-4

o

I
u>

•>
!

.

a
t

w
m

O
9>

o
o

»
•O o

M
to

M
0

>
M

<
*

C
O

C
J

W
O

N

M
M

1
Q y

»
o

n
o

»

w -
4

o X T
3 9

X
X I

S
M J o M

S
I

o
to

M

«I
O

^
X a

,

M
I

x
o

f
M

—
»

o
p

W
M

I

o"
n>

9

•1
zr

•c
a

o 0
.

**
*

M
Jj

,

c
o

•i
»
♦

O
H

»
c

o
9

3

>
O

O
>■
♦»

H
"

a
.

*
-t

o
M

r
*

3
a M

•8 3
"

O
9

X H
>

•a
a*

*
i

a
9

3
9

!*
•

9 3
"
0

O
H

9
O 9

O
9

H
»

3 4
+

e
n

o
a»

Ck
>

f*
M C

N
3

a

93 M
H

O
H

*
H

3
M

9
a 9

9 9 s M 9 ♦
1 9 M O H M 3 9 3 a

r m o



90
TABLE 118

dependence of Oxidation Rate on the Concentration of
Chlorine at 35°C (IsoPropyl Alcohol) - 0.2000M, /*m 0.4

Total
Oxidant
(OX)oiM

k xio3
Sec"1

koXlO5 ,
mole.llt"1
Sec"1

k0xio3 ko xio3
laiL . Thcio)

Sec"1 Sec"1

k0 xlO2
TcT2)0

Sec"1

0.0248 3.76 10.8 4.35 5.98 1.60

.0166 2.52 5.00 3.01 3.52 2.08

.0132 1.73 2.65 2.01 2.25 1.83

.0099 1.05 1.50 1.51 1.65 1. 88

.0083 .703 1.05 1.26 1.35 1.91

.0066 .512 .560 .879 .921

Mean »V(ci2; 0 "

1.94

-2 -1
« 1.87x10 Sec

TABLE 119

Rate Constants as the Function of Isopropyl
Concentration at 35°C.

Alcohol

(ox),,* 0.0034M

(Alcohol) M 0.0129 .0257 .0321 .0386 .0510 .0650 .0740

104k,Sec"X 0.296 .599 .765 .910 1.18 1.60 1.83

Order - 1.03 1.10 .94 .93 1.25 1.04

103k/(Alcohol) 2.30 2.33 2.38 2.36 2.32 2.46 2.47

Average 103k/ (Alcohol) » 2.37 litre mole Sec



91
TABLE 120

Rate Constants as the Function of Perchloric Add Concentration
at 35®

(IsoPropyl Alcohol) * 0.1066M, (0X)Q « 0.0052M, A1* 0.4

(HC104),M 0.01 .04 .12 .20 .25 .30

106ko 3.50 7.20 13.0 22.0 27.4 34.0

Order - • o*** . 0*1 1.03 .98 1.18

10*V<H*)* 3.50 3.60 3.75 —
•

—

io4k0/(H+)
-

— 1.08 1.10 1.10 1.13

TABLE 121

Dependence of Oxidation Rate on the Concentration of Chlorine
at 350c

(Sec. Butyl Alcohol) • 0.2000M, /" * 0.4

(0X)olM k ,xlO3 t^xlO5 k0 xio3 ko xlO3 k^ xlO2
Sec"1 -1

mole.lit
Sec"1

Thcio)0
Sec"1

••» • ••••

7ox)0
c«»—1
>6C

^o ,
Sec"1

0.0248 9.48 31,6 17.5 12.7 4.69

.0166 6.14 12.5 9.80 7.53 5.21

.0132 4.35 7.15 6.08 5.42 4.94

.0099 2.84 3.8 4.18 3.84 4.76

.0066 1.46 1.4 2.22

VI*art .

2.12

ta>

4.68

4.86

(Cl~)
2'o
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TABLE 122

Rate Constants as the Function of secondary Butyl
Alcohol Concentration at 35°C

(OXL « 0.0025M

Alcohol) M 0.0390 .0508 .0644 .0741 .1030 .1250

lO^.Sec*1 0.680 .828 1.05 1.21 1.70 2.14

Order — 0.74 1.00 1.00 1.04 1.19

103k/('dcohoi; 1.74 1.63 1.63 1.63 1.65 1.71

Average 10 k/( Alcohol; a 1.66 litre mole*1
Sec"

TABLE 123

Rate Constants as the Function of Parchlorlc Acid
Concentration at 35°C

(Sec.Butyl Alcohol) - 0.0600M, (OXj0 • 0.0032M, A<« 0.4

[HC104J M 0.01 .04 .12 .20 . <uC .27

io5ko .260 .498 .867 1.20 1.50 1,63

Order • .47 .50 .64 1.00 1.00

105ko/(H+)^ 2.32 2.49 2.50 2.68 — •

lO^/tH*) aj —

-
6.00 6.00 6.04



(OX)0(M Klnt.xlO4 koxl05 k0 xlO3 k0 xio3 ko xi02
Sec"1 mole lit"1 ToxL , T?Tci0)o (CT7L ,

nee"1 S*c Sec"1 S""1

Q
TABLE 124 fJ °

Dependence of Oxidation Rate on the Concentration of
Chlorine at 35°C

(Methyl Alcohol) • 0.8000M, M- » 0.4

0.0248 1.96 .693 .279 .383 .103

.0166 1.29 .282 .170 .199 ,117

.0132 1.16 .197 .150 .168 .136

.0099 .531 .085 .086 .093 .106

.0083 .•»*»«» .062 .075 .081 .114

Mean ZQ - r

(C12)o
1.115 x 10"2 Sec*1

TABLE 125

Rate Constants as the Function of Methyl Alcohol
Concentration at 35°C

(OX) • 0.0070

(Alcohol),M .2985 .3405 .4338

io\ .437 .423 .437

Order — 0 0

.4945 .5645 .6205 .6800

.416 .426 .429 .429

0 0 0 0
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TABLE 126

Rate Constants as the Function of Perchloric Acid
Concentration at 35°c
(Methyl Alcohol; - 0.1333M, COX)0 - 0.0060, A< * 0.4

(HC104) ,M .04 .10 .15 .22

k0xio6 .910 1.43 1.70 2.50

Order .49 .43 1.01

106k/CH+J S 4.55 4.52 4.39 5.33

106ko/CH*j
-

11.4

TABLE 127

Dependence of Oxidation Rate on the Concentration
of Chlorine at 35°C

(Ethyl Alcohol) « 0.2000Ni , A* » 0.4

(OX)0M 1k X
Sec"

10* kaxio5 ,
1 mole lit x

Sec"1

ko xlO3 ko xlO3

"Ic"1 «. ilec Sec"1

ko x io2
Tcl2)0

Sac"1

0.0248 5.95 1.30 .523 .718 .193

.0166 3.65 .500 .301 .352 .208

.0132 2.42 .275 .208 .234 .190

.0099 1.13 .165 .167 .181 .206

.0083 .925 .107 .129 .138 .195

.0066 .702 .060 .091 .095 .201

k
Mean *°

CC12)
. » 0.199 x 10*2
0

Sec"1



TABLE 128 V°

Rate Constants as the Function of Ethyl Alcohol
Concentration at 35°C

(0X)0 « 0.0065M

(Alcohol) ,M .4345 .5732 .6424 .7445 .8103 .8400

lO^.Sac*1 .694 .708 .690 .690 .689 .685

Ordar 9 0 0 0 0 0

TABLE 129

Rate Constants as the Function of Perchloric
Acid Concentration at 35°C

(Sthyl Alcohol) -0.4000M. (OX) 0.O050M, /"• - 0.4

HC104),M .04 .10 .15 .23 .25 .30

io6k» 2.05 3.52 4.30 6.60 7.10 8.40

Order — .59 .49 1.00 .88 .92

105ko/(H+)^ 1.02 1.11 1.11 — • •

io5k0AH4) 99 —
•

2.87 2.84 2.80

TABLE 130

Rat# Constants as the Function of Total Oxidant
at 35°C
(n-Propyl Alcohol ) a 0.1333M

(Total OxidantLM 0.0110 .0090 .0075 .0060 .0055

10Sk, Sec"1 11.5 7.84 6.94 5.99 4.49

Order 11111



TABLE 131

Rate Constants as the Function of n-Propyl Alcohol
Concentration at 35°C

(OX) • 0.0060M

(Alcohol),M 0.1000 .1333 .1780 .1950 .2ie0 .2560

lO^.Sec"1 4.49 5.99 7.99 8.75 9.86 11.5
Order - l.CO 1.00 1.00 1.08 .94

104k/(Alcohol) 4.49 4.50 4.48 4.48 4.52 4.48

Average 104k/(Alcohol) « 4.49 litre mole"1Sec"1

TABLE 132

Rate Constants as the Function of Perchloric Acid
Corcentration at 35°C

(n-Propyl Alcohol) -0.1333M, (OX) - 0.0060M, /"-« o.4

(HC104),M 0.025 .040 .065 .100 .150

lO^.Sec"1 6.99 9.25 11.7 14.4 17.0

Order • .60 .49 .48 .41

104k/(H+)'̂ .830 1.39 2.24 3.42 4.95



TABLE 133 9 7

Rate Constants as the Function of Total Oxidant
at 35°C

(n- Butyl Alcohol) » 0.1333M

(Total Oxldant),M 0.0095 .0090 .0075 .0060 .0049

10^,Sec"1 10.9 8.93 7.18 6.00 4.89

Order 1 1111

TABLE 134

Rate Constants as the Function of n-Butyl Alcohol
Concentration at 35°C

(0X1 - 0.0060M

(.Alcohol ;,M 0.1088 .1595 .1750 .2170 .2300 .2700

lO-Hc.Sac"1, 4.89 7,18 7.93 9.82 10.4 12.2

Order - 1.00 1.07 .99 1.00 1.00

105k/(Alcohol) 4.50 4.50 4.53 4.52 4.52 4.52

Average 105k/( Alcohol) * 4.51 litre mole* Sec"



TABLE 135 ^°
Rate Constants as the Function of Perehloric Add
Concentration at 35°C

(n-Butyl Alcohol) * 0.1333M, (0Xjo a 0.0060M, /* » 0,4

HC104) ,14 .06 .10 • 13 ,20

K^k.Sec"1 1.35 1.79 2.07 2.62

Order — .55 .55 .55

V&A**)* 2.48 4.25 5.60 8.78

TABLE L36

Rate Constants as the Function of Total Oxidant
st 35°C

(IsoButyl Alcohol) • 0.1333M

(Total OxldsnV.M 0.0110 .0090 .0075 .0060 ,0055

.UenCfS8€ 1.28 1.08 .943 ,807 ,688

Order 1111 1



TABLE 137

Rate Constants as th§ Function of IsoButyl Alcohol
Concentration at 350<-

(OX)0 * 0.0055M

(Alcohol),M 0.1218 .1333 .1810 .1970 .2330

lO^.Sec"1 6.26 6.68 9.30 10.09 11.9

Order — 1.04 .99 .97 .99

105KAAlcohol) 51.4 51.7 51.4 51.2 51.1

Average 105k/( Alcohol; - 51.3 litre mole'-Sec*1

TABLE 138

Rate .Constants as the Function of Perchloric Acid
Concentration at 35°C

(IsoButyl alcohol) « 0.1333M, (OXL • 0.006^1, A*« 0.-
/ am

(HC104),M 0.05 .10 .15 .20 • 25

104k,Sec*X 3.03 4.44 5.50 6.39 8,07

Order — • O +j .53 .52 1.04

104k/ H+ * 5.10 1.05 1.59 2.14 9

io3k/ H+ a> — — 4.80 6.02
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Results and Discussion i The orders of the reactions have

been determined by Ostwald*s Isolation method . We

observed that for the system i oxidant and alcohol, the order

Is first and first, with respect to both oxidant and alcohol

in the case of isopropyl, sec.butyl, n-propyl, n-butyl, and

iso-butyl alcohols, whereas in the case of methyl and ethyl

alcohols, the order is first and zero, with respect to

oxidant and alcohol respectively. Thus, for the system :

oxidant and alcohol, the total order is second in the case

of Isopropyl, sec.butyl, n-propyl, n-butyl, and lso-butyl

alcohols, and in the case of methyl and ethyl alcohols, the

total order is first.

System : Oxidant and Alcohol

Alcohol Order with resDect.to__. Total order

Oxidant Alcohol

Methyl 1 0 1

Ethyl 1 o 1

n-Propyl 2

Iso-Propyl 2

n-Butyl 2

Iso-Butyl 2

Sec-Butyl 2

In presence of perchloric acid, I.e. for the

system » oxidant, alcohol, and hydrogen ions, the order

with respect to hydrogen ions is half and first, at lower

and higher concentrations of perchloric acid respectively,

for all the alcohols.
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From summary of the data it is clear that the

value of pseudo first order rate constant increases in all

cases with Increasing initial stoichiometric concentration

of oxidant, which is contrary to the expected trend If HOCl,

produced by the hydrolysis of chlorine, is the active oxidant.

Consideration of the hydrolytic equilibrium of

chlorine .

CJU *H20 ^=^ HOCl aH* 4Cl* U)
provides an explanation of the observed variation In the
pseudo first order rates with initial stoichiometric

concentration of oxidant. Assuming that hydrolysis Is the

sole source of initially present chloride Ions, It 1* clear

that the fraction of the total oxidant present Initially as

molecular chlorine Increases with Increasing Initial

stoichiometric concentration of oxidant. Our observations

thus Indicate that in all the cases studied, the rate of

oxidation is proportional to the molecular chlorine

concentration. This is confirmed by calculating k0/(Cl2)0

(where k0 Is the Initial rate and (Cl2)0 Is the Initial
concentration of molecular chlorine) which has been found

to be constant for all the initial stoichiometric

concentration of oxidant.

For reaction (i), the hydrolysis constant Is

given by

k„ - Sma "H* 'cA~. froi all taa .wJa-y-(11)
•CU. "H„0 TC12' rC12
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Assuming that VhocI/ *C1 becomes unity *ven at °'4 ml*T
Ionic strength, the equation (11) at constant pH can be

written as

K^ m(HOCl) (Cl")
(H+) Vci" *VH+ ^

or.

Kw (HOCl) (Cl")
...n * -

V Vci" /„♦ T^T
W

where (H+) - a+ and pH «~iogi0 a^

or B Kh . (HOCl) (Cl") (ili)

8H+ * ^Cl" (C12}
B can be calculated by substituting in values of K^, a^*

and ya-

Connlck and Chi a*53* reported the value of
K. at 35°C as equal to 5.10xl0"4. The value of aH+ has been
determined by measuring the pH of the solution with the help

of a pH meter (Beckmann Zeromatlc, No.175) using glass

electrode and calomel half cell. The value of /cl- ln KC1
solution has been calculated by extrapolation of the values

reported by Harned and Owen(283), which comes out to be
0.664 at 35°C.

The value of YH+ c*n aaslly be estimated by

assumlng(284) that Y*K+ - Y^" U °«4 moi*T solutions of
of KCl. Thus, . .

*m • »er • V and <•• " V • rci"
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*° that y2 kci - fa" . Vci" - ^Cl"
r2 hci n? • Ycr v

•*• V at frC • V2 hci (iv)
y2KCl

the values of ycl-, y2 HCi and y2 KC1 are available In
llteratura(283).

For reaction (1), the degree of hydrolysis

at zero time can be written as

X0- im^L and (l-^<0) - (g?)o
0 (OX)o (OX)o

and (Cl*)o » (HOCl)o - XQ (OX)o

where (OX)o Is the Initial stoichiometric concentration

of the oxidant.

From aquation (111), thus we have at zero

time,

B« (HJ2CJLL_LCJ-JL «^otftXra. ^0(MQP »^fe*H(Cl2) (1-c^) (OX)o (i-^)

°" ^o (OX)o +B^o " B" °
or ^ * - B4 ^B2 4 4B (OX) o (v)

2 (0X)o

We calculated the value of^Q for various initial
stoichiometric concentration of oxidant. In Table C various

data obtained by using the above equations are shown.

The specific first order rate constants, kQ1

and k,,,^,, for molecular chlorine and hypochlorus acid can

easily be calculated by knowing the values of k0 and 4%
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because

<c O

The constancy of kQ/(Cl2)o at different Initial
concentration of total oxidant Is an evidence that molecular

chlorine Is the principal effective oxidant for the oxidation

of alcohols and HOCl is playing a negligible role.

It will not be out of place to mention here that

as the calculations of k0 and other data are time consuming

and tedious, we calculated ko/(Cl2)0 in the case of

Isopropyl, sec.butyl, methyl and ethyl alcohols only. In

the case of n-propyl, n-butyl and lso-butyl alcohols we

have not calculated ko/(Cl2)0, but similar trend of data

indicates that in these cases as well, molecular chlorine Is

the principal effective oxidant.
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SEC. 2.2 IDENTIFICATION OF PRODUCTS OF THE REACTIONS

Introduction s- The starting point for any reaction mechanism

is the identification of all possible products of the

reaction in question. In this section, products of the

reactions of alcohols with aqueous chlorine have bean

isolated and identified.

In general, the primary alcohols were found

to oxidize to their corresoonding aldehydes and secondary

alcohols to their corresponding ketones by chlorine in

aqueous solution and then the alkyl groups of the earbonyl

compounds get chlorinated through consecutive reactions. In

order to know the peculiar behaviour of aqueous chlorine,

the identifications, soecially of the reaction of isopropyl

alcohol with chlorine have been made under different

conditions.

EXPERIMENTAL

(1) Analysis of the Products of the Reaction of Isopropyl

Alcohol J

Chlorine In aqueous solution oxidizes

isopropyl alcohol Into acetone and then a small portion of

scetone gets chlorinated into *K>nochloroacetons. The

reaction products were analysed as follows:-

In a typical experiment, 11.72 gms of

Isopropyl alcohol and 120 ml of 0.029M chlorine water were

taken in a conical flask. Th* solution was allowed to stand

at room temperature for tro days and then the products of
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the reaction were precipitated as 2*4 - dinitro ohenyl

hydrazone derivative^. Yield of derivative, 1.0278 gm;

m.p.l2l«122°C (m.p. of pure 2:4 -dl - nitro phenyl hydrazone

of acetone is 125-126°C).

In a portion of the above derivative, the guantity
(265)

of monochloroacetone »*as estimated by Stephnow's method.

We found that the derivative contains acetone and

monochloroacetone in the ratio of 4;1.

Similarly, we also precipitated the 2:4-dlnitro

phenyl hydrazone? of The products of the reaction of aqueous

chlorine with isopropyl alcohol In the presence of

(I) perchloric acid (m.p 122-123°C), (11) sodium chloride

(ra.pl23-124°C) and (ill) zinc chloride (m.p. 119-120^).

The preliminary estimations reveal that beside acetone, a

small portion of monochloro-, dichloro-, and trlchloro -

acetones are formed in the presence of perchloric acid,

sodium chloride and zinc chloride respectively. It may be

mentioned here that the estimations of exact amount of

chloro derivatives in this reaction by ordinary organic

estimation methods are difficult. Rodd* ' reported that

the chlorine gas, however, converts pure isopropyl alcohol

into 1 si:1:3 tetrschloro acetone .

(II) Identification of the Products of the Reaction of Other
•M9w»iMa»arwmr m»> •»'»!——i i»,i"> —nja>—,i..i nia —a aBaai —— i —i —an BRRjaaaaj aa i • - a— imaa i •••— •—"• amaaaaaaaaaaaa aai a saaaaaaaaaaaaj

Primary and Secondary Alcohols .

In the case of methyl-, ethyl-, n-propyl-,

n-butyl-, isobutyl- and secondary butyl alcohols, as
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described above, the reaction mixtures, (i) 2 gms of alcohol 4

40 ml of 0.035M total oxidant and (11) 2 gms of alcohol +

40 ml of 0.035M total oxidant 4 2 ml of 2M perchloric acid,

were allowed to stand for two days at room temperature and

the products of the reactions were precipitated as 2:4

dlnitrophenyl hydrazone derivative. In Table 139, the m.p.of

the derivatives and the m.p of pure 2:4 dinltro phenyl
(2P7^

hydrazone of the earbonyl compounds 'are given.



108
TABLE 139

Identification of the Products of the Reactions of
Alcohols with Aq, Chlorine.

Alcohol
Expected
Oxidation
Product

m.p.of pure
2:4 dlnitro
phenyl hydra
zone of the
earbonyl com
pound in oq

observed m.p.of the
rfaxlvativa

Colour of
the deri-

Methyl Formaldehyde 166*

Ethyl Acetaldehyde 147°,168

n-Propyl n-Proolonal- 155
-dehyde

IsoPropyl Acetone 126°

n-Butyl n-Butyraldehyde 126°

IsoButyl Iso-Butyralde- 187°
-hyde

Sec-Butyl Methyl-ethyl 115°
ketone

In absence
of HC104

0C

134°-135°

138°-139°

137°-138°

121°-122°

131°-132°

171°-172°

106°-107°

presence vative
of HC104

°C

132°-133° Orange-Yellow

137°-138° Orange-Yellow

134°-135°

122°-123°

128°-129°

170°-171°

105°-106°

Orange

Yellow

Orange

Yellow

Orange



109

SEC. 2.3 INFLUENCE OF IONIC STREN3TH ON THE REXTION RATE

(288)According to Lewis and Randall' ', the Ionic

strength Is a measure of the Intensity of electric field due

to the ions in solutions. They defined the ionic strength ^-

of a solution by the equation,

2
^n. • JL •£. Ci Zi

where ci Is the actual concentration (or molality) of each

ion and •% Its valence.

Ionic strength of the medium plays an important

role in the reactions occurring in solution between Ions.

It was found that the velocity of the reaction »v* may be

given by the equation

v- KC^ 10 Zazb^-
where Ca and Cb are the concentrations and Za and ZD the

(289^
valency of the each lonv v ' respectively.

This expression clearly Indicates that If the

product Za Zb Is positive, i.e., when the reacting ions

are of the same sign (either positive or negative), the

velocity of the reaction will increase with increasing ionic

strength; and when the reacting ions are of the opposite

sign, the velocity will decrease with Increasing lonle

strength. In a case when either one or both the reactants

are uncharged, the velocity will be Independent of the Ionic

strength.

Bronsted*290*291* sugiested that for ionic
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reactions in solution, it is necessary to keep the total

Ionic strength of the solution constant throughout for a

comparative study. In such cases the primary and secondary

salt effects influence the velocity of the reaction when

experiments are performed In solutions of varying Ionic

strength. The primary salt effect is concerned with the

effect of salts on the activity coefficients of the

reaetants and the activated complex formed as an Intermediate

in the reaction'292 to 294^, while the secondary salt effect
Is concerned with the Influence of Ionic strength of the

(294 295)
medium on the concentration of catalytic active ions*.

In this section the influence of ionic strength

on the rates of the reactions have been studied in the ease

of isopropyl and sec. butyl alcohols only by varying the

amounts of sodium perchlorate. The results are recorded in the

following tables.



TABLE 140

Temperature 35TJ
IsoPropyl Alcohol 0.0674M
Total Oxidant 0.0042M

Ill

1. Sodium Perchlorate O.OOOOM 2.Sodium Perchlorate 0.2000M

Time
mts

Thio
ces

kxlO
Sec-1

Time
mts.

Thio
ces

kxio'
Sec

-I

0 21.2 - 0 29.0 —

10 19.6 1.30 10 27.0 1.19

20 18.15 1.29 20 25.15 1.18

30 16.8 1.29 30 23.35 1.20

40 15.55 1.29 40 21.75 1.20

50 14.4 1.29 50 20.25 1.20

60 13.2 1.31 60 18.85 1.20

Mean KxlO4 Sec"1 * 1.29
J 4-1

Mean KxlO Sec * 1.19

3. Sodium Perchlorate 0.2700M

Time
mts.

0

10

20

30

40

50

60

Mean kxio'

Thio
ces.

I xlO
Sec'

29.0 -

27.0 1.19

25.1 1.20

23.4 1.19

21.75 1.20

20.25 1.20

18.85 1.20

Sec" • 1.20

-1

4. Sodium Perchlorate 0.3300M

Time
mts.

0

10

20

30

40

50

60

Thlo
ces.

21.2

19.85

18,6

17.4

16.3

15.25

14.3

kxio'
-1Sec'

1.09

1.09

1.10

1.09

1.10

1.09

Mean kxlO Sec" « 1.09



5. Sodium Perchlorate 0.36O0M
112

6, Sodium Perchlorate 0.380OM

Time
mts.

0

10

20

30

40

50

60

Thlo
CC S e

21.2

19.9

16.65

17.5

16.45

15.4

14.5

Mean kxlO4 Sec"1

kxio'
-1

Sec

1.05

1.07

1.06

1.06

1.07

1.05

1.06

Time
mts.

Thlo
ces

kxio4 .
Sec"1

0 21.2 «a

10 19.9 1.05

20 18.65 1.07

30 17.5 1.06

40 16.5 1.05

50 15.4 1.06

60 X*f 9 W 1.05

Mean kxio4 o -1sac " • 1.06

TABLE 141

T*)mperature 35°C
IsoPropyl Alcohol 0.0663M
Total Oxidant 0.0088M
Perchloric Acid 0.0245M

1. No Catalyst Sm sodium Perehlorate 0.0200M

Time
mts.

Thlo
ecs

kxlO4 ,
Sec"1

Time
mta.

Thio
ces

Kxl04_,

0 54.25 m 0 54.25 9»

10 33.3 8.14 10 33.3 8.14

20 20.4 8.15 20 20.5 8.11

30 12.5 8.15 30 12.6 8.11

40 7.7 8.14 40 7.8 8.08

50 4.7 8.14 50 4.7 8.14

60 2.9 8.12 60 2.9 3.12

Mean kxio4 Sec"1 a 8.14 Mean kxlO4 Sec" * 8.12



3. Sodium Perchlorate 0.0400M 4. Sodium
113

Perchlorate 0.0600M

Time
mts.

Thlo
CCS.

kxlO4 ,
Sec"1

Time
mts.

Thlo
CCS

kxio4 .
Sec"1

0 ZF* # *CO . 0 54.25 —

10 33.35 8.11 10 33.55 8.02

20 20.5 8.11 20 20.7 3.03

30 12.6 8.11 30 12.8 8.04

40 7.75 8.11 40 7.85 8.06

50 4.7 8.14 50 4.7 8.14

60 2.9 8.12 60 2.9 8.12

Mean kxio4 Sec" a 8.12 Mean kxio4• <•«-"* 1 _
i*ec » 8.07

5, Sodium Perchlorate 0.0800M

Time
mts.

Thio
ces

kxlO4
Sec"1

6, Sodium Perchlorate O.IOOOM

Time
mts.

Thlo
ces

krIO
Sec'-1

0 54.25 - 0 54.25 —

10 33.4 8.09 10 33.3 8.14

20 20.55 8.09 20 20.5 8.11

30 10.65 8.09 30 12.6 8.11

40 7.85 8.06 40 7.8 8,08

50 4.7 8,14 50 4.7 8.14

60 2.9 8.12 60 3.25 7.78

Mean kxlO4 Sac"1 « 8.10 Mean kxlO4 Sec" * 8.07



7. Sodium Perchlorate 0.1500M
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8. Sodium Perchlorate 0.2000M

Time
mts.

Thlo
ces.

kxlO4 .
Sec"1

Time
mts.

Thlo
ces.

kxio4 .
~ec"A

0 54.25 • 0 54.25 —

10 33.4 8.09 10 33.4 8,09

20 20.7 8.03 20 20.7 8.03

30 12.8 8.03 30 12.8 8.03

40 7.85 8.06 40 7,85 8.06

50 4.7 8.14 50 4.7 8.14

60 3.4 7.69 60 3.25 7.78

Mean kxlO4 Sec"1 • 8.00 Mean kxlO4 Sec"1 - 8.02

TABLE 142

Temperature 35°C
Sec.Butyl Alcohol
Total Oxidant
Perchloric Acid

0,
0,
0,

,0800M

,0030M

1. Sodium Perchlorate O.OOOOM

Time
mts.

0

4

8

12

16

20

24

Thlo
ecs.

46.4

32.8

&.0, d.

16.5

11.7

8,4

5.9

3 . -1Mean kxKT Sec

\ >3
sec

all)
C—" *

1.44

1.44

1.44

1.43

1.42

1.43

1.44

2. Sodium Perchlorate 0.2060M

Time
mts.

Thlo
ces.

CxlO"
Sec

-1

0 46.4 a»

4 31.0 1.68

8 21.2 1.63

12 14.3 1.63

16 9.9 1.61

20 6.9 1.59

24 4.4 1.63

Mean kx;103 Sec"1 » 1.63



3, Sodium Perchlorate 0.3090M

Time
mts.

0

4

8

12

16

20

24

Thlo
ces.

46.4

30.2

21.1

14.0

9.5

6.5

4.3

kMean KxlO Sac-1

IxlO
3

-1Sac

1.79

1.64

1,66

1.65

1.64

1.65

1.67

5. Sodium Perchlorate 0.5150M

Time
mts.

Thlo
ces.

kxio3
-l
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4, Sodium Perehlorate 0.4120M

Time
mts.

Thlo
ces.

kxio3
Sec"

0 46.4 9

4 30.0 1.82

8 19.9 1.76

12 13.2 1.75

16 9. 8 1.62

20 5.7 1.75

24 3.7 1.57

Mean kxlO3 Sac"1 * 1.71

6. Sodium Perchlorate 0.58O3M

Time
mts.

Thlo
ces

KxlO*
Sec

-1

0 46.4 m 0 46.4 9

4 29.0 1.96 4 ' 28.7 2.00

8 10,05 1.85 8 17.8 2.00

12 11.40 1.95 12 11.0 2.00

16 7.8 1.86 16 6.8 2.00

20 5.0 1.86 20 4.3 1.98

24 3.2 1.86 24 2.7 1.97

Mean kxlO3 Sec"1 « 1.89 Mean kxlO3 Sec"1 1.99



TABLE 143 116

Effect of Change in Ionic Strength on the Rate
of Oxidation of Isopropyl Alcohol with Total

Oxidant at 35©C

(a)(Isopropyl) * 0,0674m, (OX) « 0.0O42M, (HC104) • 0.00M
\ AlcohoC /

aaaajaaajaaaaaaaa aaaaaaMawaajaaaiaaaaaajwwsawaimaRa 9Mi»Ma»99Mww ajaaaaaajaaaaMaaamaaaaaaaa aaaaaaaaaaaaMasmaaaRaaaaaaaaaaaaaaaaaa^

NaC104 ,M 0.00 0,20 0,27 0,33 0.36 0.38

lO^.^ec"1 1.29 1.19 1.20 1.09 1.06 1.06

(b) (alcohol) « 0.0663M, (OXJo * 0.0088M, (HC104,) * 0.0245M

saaaaTaaaaaaaaaaaai •aaaajaaaaaaaaaaaaaaaaaaaafi • *m~~*mmm*imtww<mmw>~m>mm~^mm'M«<mimm*mimimMnit<mM\l 1 mK ami «•• aaaaaajaaaaajaaaaaaaaaw

NaC104 ,M 0.00 0.02 0.04 0.06 0.08 0.10 0.15 0.20

104fc .Sec"1 8.14 8.12 8.12 8.07 8.10 8.07 8.^0 8.02

TABLE 144

Effect of Change in Ionic Strength on the Rate of
Oxidation of Secondary Butyl Alcohol with Total Oxidant

at 35*C

(Mcohol) • 0.0800M, (OXJ - 0.0029M, (HC104J « 0.0533M

NaC104 ,M 0.00 0.21 0.31 0.41 0.51 0.58

103k, W1 1.44 1.63 1,67 1.71 1.89 1.99
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Results and Discussion t The effect of adding different

concentrations of sodium perchlorate solution on the reaction

rata was studied at 35°C, The data presented In Tables 143,144

Indicate that there Is no significant Influence of Ionic

strength on the reaction rates; for the system : isopropyl

alcohol, total oxidant and perchloric acid, the variation

of the rate constants being within 1 %9 whereas for the

systems t isopropyl alcohol and total oxidant; sec. butyl

alcohol, total oxidant and perchloric acid, the variation is

within 6 % and 4 "J respectively. This indicates that the

reactions are not ionic in nature.



SEC.2.4 EFFECT OF StME INORGANIC SALTS ON THE REACTION RATE:

Since long it has been observed that the rate

of a chemical reaction is altered in presence of a substance

(catalyst) which remains unaltered at the end of the reaction.

There are indications that the catalyst does undergo a chemical

change temporarily by forming transient intermediates with

the reactant (or reaetants) but In the end the catalyst is

regenerated. A catalyst may be thought of as a substance

which makes it possible for a reaction to take place by

lowering the energy of activation or the free energy of

activation reauirement of the process.

The mechanism by which a catalyst functions

depends upon the type of the reactions in which it takes

part. The mode of action of the catalyst may largely be

chemical or the catalyst may have a purely physical effect

and in some cases both the types of influence may be exerted.

Very little Is ivailable about the influence

of inorganic salts on the reactions with chlorine. Ifella
(103,104)

studying the reactions of chlorine with acetic anhydride,

aromatic compounds(110'127*192) and glucose(79), the
scientists reported that the chloride Ions accelerate the

rate of the reactions. Saxe and Llchtin^ ^observed that

In the oxidation of glucose by chlorine, besides sodium

chloride, potassium perchlorate also enhances the rate,

while sodium sulphate has only a negligible effect. Recently

Crabtree and Schaefer*169*reported that chloride ions
increases the rate of oxidation of Fe(il)by chlorine.
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In this section the oxidations of methyl, ethyl,

isopropyl and sec. butyl alcohols by chlorine water have

been studied in the presence of some inorganic salts at

constant Ionic strength of 0.4. The difference in the rate

of the reaction in the presence of a salt from that of the

reaction in the absence of the salt shows the effect of the

salt used and this difference is assumed to be proportional

to the catalysing influence of the salt.

Throughout we maintained the concentrations of

alcohols In large excess. The pseudo first order rata

constants were calculated for each aliquot portion titrated

and the arithmetic mean of the set of values were obtained

and compared.

£X; rhxMEMTAL

All the chemicals were B.D.H (AnalaR) or '^erck(c.p)

grade or of comparable purity.

The progress of the reaction was studied lodometrically

at 35°C according to the method explained in Sec.2.1.

The affects of only those salts have been studied

which do not interfere with iodoraetrlc titrations. Several

mono, dl, and trivalent metal chlorides have been used. The

concentrations of the salts and the values of pseudo first

order rate constants are shown in the following tables. A

summary of data is given in Tables 149 to 152.



TABLE 145

IsoPropyl Alcohol 0.0332M
Total Oxidant 0.0^78M
Temp. 35©C; /**• 0.4
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1. NoCatalyst 2. Silver Nitrate 0.0020M

Time
mts.

Thio
ces.

I xlO'

Soc
-1

Time
mts.

Thio
CCS.

kxio5
Sec-1

0 32.7 - 0 15.1 •

10 31.9 4.H 5 14.9 4.45

20 31.05 4.30 10 14.7 4,48

30 30.3 4.25 15 14.5 4.50

40 29.5 4.29 20 14,3 4.53

50 28.75 4.28 25 14.05 4,93

60 28.0 4.30 30 13.8 5.00

Mean kxlO6 Sec"1 a 4.28 Mean kxlO5 Sec"1 » 4.75

3. Silver Nitrate 0.0040M 4.Silver Nitrate 0.0080M

Time
mta.

Thlo
CCS.

kxio5
Sec"1

Time
mts.

Thlo
CCS.

kxio5
-1

Sec

0 17.05 - 0 11.5 •

10 16.5 5.41 10 11.05 6.68

20 16.0 5.28 20 10.6 6.79

30 15.5 5.28 30 10.2 6.67
40 15.0 5.32 40 9.8 6.67

50 14.55 5.27 50 9.4 6.72

60 14.10 5.27 60 9.05 6.66

\Mean KxlO Sec
-1

5.28 Mean kxlO5 Sec"1 6.70



5. Sllv.r Nitrate 0.0100M

Time
mts.

0

10

20

30

40

50

60

Thlo
CCS.

11.5

10.8

10.15

9.55

8.95

8.4

7.9

aMean KxlO'' Sac-1

kxlO5
Sac-1

10.5

10.4

10.3

10.4

10.5

10.4

10.4

7.Cobalt Nitrate 0.Q250M

Time
mts.

Thlo
ces

IxlO*

Sec-1
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6. Sodium Nitrate 0.32O0M

Time
mta.

Thlo
cea

kxio5 ,
Sec"1

0 25.95 —

10 25.10 5.56

20 24.25 5.65

30 23.45 5.62

40 22.7 5.58

50 21.9 5.66

60 21.2 5.62

Mean kxici5 Sec"1 * 5.61

8. Zirconium Nitrate 0.0240M

Time
mts.

Thio
ces

kxio5 ,
Sec"1

0 18.55 • 0 *3«93 •

10 18.1 4.11 10 23.9 13.7

20 17.7 3.95 20 22.0 13.8

30 17.25 4.04 ' 30 20.25 13.8

40 16.85 4.01 40 18.65 13.8

50 16.45 4.01 50 17.15 13.8

60 16.05 4.03 60 15.8 13.8

.Mean KxlO" Sac
-1 4.04 Mean kxlO5 Sac"1 - 13.8
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9. Cerous Nitrate 0.0130M 10.Sodium Chloride O.IOOOM

Time
mts.

Thlo
CCS.

kxlO5 ,
Sac*1

Time
mts.

Thlo
CCS

kxlO5 ,
Sec"1

0 25.9 — 0 23.15 —

10 24.65 8.24 10 17.05 51.0

20 a»*) # 0 8.10 20 12.6 50.7

30 22.4 8.07 30 9.3 50.7

40 21.3 8.15 40 6.85 50.7

50 20.3 o. \.£. 50 5.05 50.7

60 19.35 8.10 60 3.75 50.6

Mean b :105 Sec"1 * 3.10 Mean kxlO5 Sec* * 50.7

11.Sodium Chloride 0.2100M

Time
mts.

Thio
ces.

kxl04_j
9 © C

12.Sodium Chloride 0.320OM

Time

mts.
Thio
CCS.

kxio'
Sec

-1

0 27.3 m 0 27.3 —

10 19.0 6.04 10 18,1 0. 89

20 13.25 6.02 20 12.0 6.85

30 9.2 6.04 30 7.95 6.85

40 6.4 6.04 40 5.25 6.85

50 4.45 6.05 50 3.5 6.85

60 3.2 5.96 60 2.3 6.87

Mean Kx:104 Sec"1 » 6.04 Mean ksifi4 c -1
Sec * 6.86



13.Potassium Chloride 0.0750M

Time
mts.

Thlo
ces

kxlO
sec

-1
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14.Calcium Chloride O.IOOOM

Time
mts.

Thlo

ces.

kxlO
4

•>ee

0 25.95 — 0 18.55 a>

10 17.7 6.38 10 11.4 8.12

20 12.05 6.39 20 7.0 8.12

30 8.2 6.40 30 4.3 8.12

40 5.6 6.39 40 2.65 8.12

50 3.8 6.40 50 1.6 8.12

60 2.6 6.39 60 —

Mean kxlO4 Sec*1 6.39 Mean kxlO4 Sec*1 8,12

15.Magnesium Chloride 0.0500M 16.Strontium Chloride 0.05G0M

Time
mts.

Thlo
ces.

kxlO4 .
Sec"1

Time
mts.

Thlo
ecs.

kxio4 .
Sec*

0 15.1 9» 0 15.1

10 11.2 5.00 10 11.6 4.39

20 8.35 4,94 20 8.9 *T f)*tl

30 6.2 4.95 30 6.85 4.39

40 4.6 4.95 40 5.25 4.40

50 3.45 4.92 50 4.0 4.43

60 2.55 «*4 ^ *<f 4+ 60 3.1 4.40

Mean kxio4 r. -1
Sec • 4.95 Mean kxio4 r -1

"ec a 4.40



17. Barium Chloride 0.050OM

Time
mts.

Thlo
ces.

f >4.
>ec

xlO*
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18.Zinc Chloride 0.0500M

Time

mts.

Thlo
ces

kxio'
Sec

-1

0 15.1 - 0 15.1 -

10 11.65 4.32 10 8.85 8.91

20 9.0 4.31 20 5.2 8.89

30 7.0 4.27 30 3.05 8.89

40 5.35 4.32 40 1.8 8.86

50 4.15 4.31 50 1.05 8.90

60 .5 . 2. 4.31 60 0.6 8.95

ItMean KxlO Sac
-1

4.31

19.Cadmium Chloride 0.0500M

Time
mts.

Thlo
ecs

kx*'
580

xlO
e»»" a

Mean kxlO4 Sec"1 - 8.90

20.Aluminium Chloride 0.0500M

Time
mts.

Thlo
ces

kxio'
Sec

-1

0 15.1 • 0 23.15 ••

10 12.6 3.02 10 20.0 2.44

20 10.45 3.07 20 17.25 2.45

30 8.7 3,06 30 14.9 2.45

40 7.2 3.09 40 12.85 2,45

50 6.05 3.05 50 11.10 2.45

60 5.00 3.07 60 9.8 2.39

Mean kxlO Sec"1 a 3.06 Mean kxlO4 Sec"1 a 2.43



21. Magnesium Sulphate 0.0500M

Time
mts.

Thio

ces.

i xlO*
Sec'

-1
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22.Manganous Sulphate 0.0500M

Time
mts.

Thlo
ces

kxio*
Sec

-1

0 23.15 - 0 32.7 *»

10 22.75 2.88 10 32.2 2.53

20 22.3 3.11 20 31.7 2.57

30 21.9 3.08 30 31.2 2.60

40 21.5 3.08 40 30.7 2.63

50 21.1 3.08 50 30.25 2.59

60 20.7 3.10 60 29.75 2.62

Mean IcxlO5 Sec"1 - 3.09 Mean kxio5 Sec"1 * 2.59

23.Beryllium Sulphate 0.0250M

Time
mts.

Thlo
ces.

kxlO5 .
Sec"1

0 25.9 -

10 25.2 4.57

20 24.5 4.63

30 23.85 4.58

40 23.2 4.5V

50 22.6 *». DA

60 21.95 4.60

Mean kxlO5 Sec"1 a 4.58

24.Zinc Sulphate 0.0500J*

Time
mts.

Thlo
CCS

kxlO5
Sec

-1

0

10

20

30

40

50

60

Mean KxlO

17.05 9

16.85 1.92

16.65 1.96

16.45 1.98

16.3 1.86

16.1 1.90

15.9 1.93

5 Sec"1 - 1.92



25. Sodium Fluoride 0 .10O0M
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26.Potassium Dlhydrogen Phosphate
O.IOOOM

Tlma
mts.

Thlo
CCS.

kxio5 ,
Sec"

Time
mta.

Thlo
ces.

kxlO5 .
•_ -1588

0 17.05 • 0 17.05 —

10 16.5 5.41 10 16.1 9.52

20 16.0 5.26 20 15.15 9.83

30 15,5 5.28 30 14.3 9.76

40 15.0 5.32 40 13.5 9.72

50 14.55 5.27 50 12.7 9.80

60 14.10 5.27 60 12.0 9.73

Mean kxlO5 Sec"1 •» 5.28 Mean k>:10 Sec" * 9.77

27. Boric Acid 0.0500M

Time
mts.

Thlo
C V 3 *

kxlO5 .
Sec"1

0 23.15 m

10 22.5 4.72

20 21.75 5.18

30 21.25 4.76

40 20.65 4.74

50 20.05 4.79

60 19.5 4.77

Mean kxlO5 Sec"1 • 4.75



TABLE 146

Sec.Butyl Alcohol 0.0822M
Total Oxidant 0.0028M
Temp. 35°C , /^- 0.4
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1. NO Catalyst 2.Sliver Nitrate 0.0070M

Time Thlo kxlO5 ,
Sec"1

Time Thlo kxlO5 .
mts. ces. mts. ces. Sec

0 33.0 „ 0 26.35 -

10 31.4 8,29 10 24.9 9.44

20 29.8 8.50 20 23.5 9.54

30 28.4 8.34 30 22.2 9.52

40 27.0 8.36 40 21.0 9.46

50 25.7 8.34 50 19.4 9.44

60 24,4 8.38 60 18.8 9.38

Mean kxlO5 Sec"1a 8.37 Mean kxlO5 Sec"1 • 9.46

3.Potassium Nitrate 0.050OM 4.Cobalt Nitrate 0.0500M

Time Thlo kxlO5 .
Sec

Time Thlo kxlO5 .
mts. CCS. mts. ces. Sac

0 22.0 8jp 0 26.35 —

10 21.0 7.75 10 24.5 12.1

20 20.0 7.95 20 22.8 12.2

30 19.1 7,86 30 21.2 12.1

40 18.3 7.66 40 19.7 12.1

50 17.4 7.82 50 18.3 12.1

60 16.5 7.99 60 17.0 12.2

Mean k>;105 Sec"1 - 7.84 Mean kxlO5 Sec"1 " 12.1



S.Magnesium Sulphate 0.0500M

Time
mts.

Thlo
ecs.

kxio*
Sec

-1

12
6,Zinc Sulphate 0.0500M

Time
mts.

Thlo
CCS.

kxlO*
Sec

-1

0 33.0 BJ 0 22.0 —

10 31.8 6.18 10 21.3 5.37

20 30.65 6.16 20 20.65 5.26

30 29.5 6.23 30 20.05 5.15

40 28.45 6.18 40 19.4 5.24

50 27.4 6.19 50 18.8 5.24

60 26.3 6.30 60 18.2 5.26

-1Mean kxlO5 Sec 6.21 Mean KxlO5 Sec"1 - 5.25

7.Nickel Sulphate 0.0500M 8,Alum a 0.0500M

Time
mts.

Thlo
CCS,

kxlO5,
Sec"1

Time
mts.

Thlo
ces.

kxlO5.
Sec"1

0 22.0 • 0 21.6 —

10 21.2 6.18 10 20.5 8.71

20 20.5 5.87 20 19,4 8.96

30 19.9 5.68 30 18,4 8.92

40 19.1 5.89 40 17.4 9.02

50 18,4 5.96 50 16.6 8.78

60 17.8 5,88 60 15.6 9.04

Mean kxlO5 Sec"1 a 5.91 Mean In 5 -1
:10D See x « 8.90



9. Boric Acid 0.0500M
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10.Potassium Dlhydrogen Phosphate

0.0600M

Tine
mts.

Thlo
ces.

kxlO5 ,
Sec-

Time
mts.

Thlo
ces.

kxio5.
Sec*

0 33.0 m 0 15.5 .

10 31.25 9.06 10 14.7 8.83

20 29.6 9.06 20 13.95 8.77

30 28.15 8.83 30 13.2 8.92

40 26.55 9.07 40 12.55 8.80

50 25.2 8.99 50 11.9 8.82

60 23.9 8.96 60 11.3 8.78

Mean kxlO5 Sec"1 » 8.99 Mean kxlO5 Sac*1 « 8.81

11.Sodium Fluoride 0.0500M 12.Sodium Chloride 0.0500M

time
mts.

Thlo
CCS

kxio5 .
Sac"1

Time
mts.

Thlo

ecs.

kxlO3
Sec-1

0 33.0 • 0 37.6 —

10 31.25 9.06 5 27.3 1.07

20 29.6 9.06 10 19.9 1.06

30 28.1 8.93 15 14.5 1.06

40 26.55 9.07 20 in.5 1.06

50 25.2 8.99 25 7.6 1.07

60 23.9 8.96 30 5.6 1.06

Mean kxlO5 Sec"1 » 9.01 Mean kxlO3 Sec"1 - 1.06



13,Potassium Chloride 0.0500M
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14.Strontium Chloride 0.0500M

Time
mts.

Thlo
CCS,

kxio3 .
Sec"1

Time
mts.

Thlo
ecs.

kxlO3 .
Sec"1

0 37.6 • 0 37.6 9

5 23.9 1.51 5 22.2 1.76

10 15.2 1.51 10 13.0 1.77

15 9.6 X. P<£ 15 7.6 1.78

20 6.3 1.49 20 4.4 1.79

25 3.9 1.51 25 2.7 1.76

30 2.5 1.51 30 1.75 1.70

Mean kxlO3 Sec"1 * 1.51 Mean kxlO3 See"1 « 1,76

15.Barium Chloride 0.0500M 16,Calclum Chloride 0.0500M

Time
mts.

Thlo
CCS

KxlO3
Sec"

Time
mts.

Thlo
CCS.

kxlO3
Sec"1

0 37.6 . 0 37.6 •

5 22.3 1.74 5 22.2 1.76

10 13.2 1.74 10 13.0 1.77

15 7.8 1.75 15 7.6 1.78

20 4.45 1.78 20 4.4 1.79

25 2.75 1.74 25 2.5 1.81

30 1.8 1.69 30 1.5 1.79

Mean kxlO3 Sec"1 « 1.74 Mean kxlO3 Sec*1 « 1.78



t

17, Magnesium Chloride 0.0500^
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18.Nickel Chloride 0.0500M

Time
mts.

Thlo
ces.

kxio3,
Sec*1

Time
mts.

Thlo
CCS.

kxlO3 .
Sec"1

0 37.6 — 0 37.6 •

10 12.7 1.81 5 19.5 2.19

20 3.9 1.81 10 10.1 2.19

30 1.1 1.81 15 5.2 2.20

40 0.7 1.87 20 2.9 2.19

50 0.3 1.81 25 1.4 2.19

60 0.1 1.83 30 0.7 2.21

Mean kxlO3 Sec*1 * 1.82 Mean kxlO3 See"*** 2.20

19.Zinc Chloride 0.1170M 20.Zirconium Oxychlorlde 0.0500M

Time
mts.

Thlo

ecs.

kxlO3 ,
Sec"1

Time
mts.

Thio
CCS.

kxio3 .
Sec"1

0 38.0 — 0 38.0 •

5 23.0 1.67 2 18.4 6.04

10 14.0 1.66 4 8.8 6.10

15 8.4 1.68 6 4.4 5.99

20 5.0 1.69 8 2.05 6.08

25 3.2 1.65 10 1.0 6.06

30 2.0 1.63 12 0.5 6.02

Mean kxlO3 Sec"1 a 1.66 Mean KxlO3 See"1 • 6.05
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21, Aluminium Chloride 0.0500M

Time
mts.

Thlo
CCS.

kxio3
Sec"

0 38.0 —

5 22.0 1.82

10 13.3 1.75

15 7.4 1.82

20 4.3 1.82

25 2.45 1.83

30 1.4 1.83

Mean kxlO3 Sec"1 - 1.81

• fABLE 147

Methyl Alcohol
Total Oxidant
Temp. 35°C , /«*-•

0,
0,

0,

.4000M

.0050M

.4

32

1, No Catalyst 2.Sodium Chloride 0.0500M

Time
mts.

Thio

CCS.

kxlO;3
Sec

-1
Time
mts.

Thio
CCS.

I xlO
ec
-1

0 38.7 - 0 35.0 —

10 38.0 3.20 10 28.2 3.60

20 37.2 3.30 20 26.5 2.32

30 36.5 3.25 30 25.0 1.87

40 35.7 3.36 40 23.0 1.75

50 35.0 3.35 50 21.2 1.67

60 34.4 3.27 60 19.1 1.68

Mean k, 3 -1
10 Sec * 3.29 Mean kxlO4 Sec"1 - 1.74



3. Potassium Chloride 0.0500M
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4. Barium Chloride 0.0500M

Time
mts.

Thio
ces.

kxio4 ,
Sac"1

Time
mts.

Thlo
CCS.

kxio4
>ec

0 35.0 «• 0 35.0 •

10 27.2 4.20 10 24,9 5.68

20 25.6 2.61 20 • 24.0 3.14

30 24.1 2.07 30 *-£•» O 2.38

40 22.2 1.90 40 < 20.8 2.17

50 20.2 1.83 50 19.7 1.92

60 18.4 1.79 60 17.8 1.88

Mean kxlO4 Sec"1 a 1.90 Mean kxlO4 see"1 a 2.09

5. Strontium Chloride 0.0500M 6. Calcium Chloride 0.0500M

Time
mts.

Thlo
ces.

VxlO

Sec
Ume
mts.

Thlo
CC 5 a

I xl^
4

-1 -1
58C

0 35.0 - 0 35.0 -

10 23.5 6.64 10 24.9 5.68

20 21.5 4.06 20 24.0 3.14

30 19.7 3.19 30 22.8 2.36

40 18.2 2.72 40 18.2 2.72

50 16.7 2.35 50 16.7 2.35

60 14.8 2.39 60 14.7 2.41

Maan kxlO Sec" a 2.61 Mean kxlO4 Sec"1 « 2.46



7,Zinc Chloride 0.0500M
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8.Nlckel Chloride 0.0500M

Time
mts.

Thlo
CCS.

kxio4 ,
Sec"1

Time
mta.

Thlo
ces.

kxio4 ,
Sec"1

0 25,0 — 0 33.8 9k

10 18.1 5.38 10 22.6 6.71

20 17.0 3.21 20 21.9 3.62

30 16.5 2.31 30 20.6 2.75

40 15.6 1.96 40 19.3 2.33

50 14.1 1.91 50 18.0 2.10

60 12.5 1.92 60 17.0 1.91

«.»„ kxlO4 S.C-1 - 1.93 kMean KxlO See 2.27

9.Magnesium Chloride 0.0500M 10.Sodium Fluoride 0.0500M

Time
mts.

Thlo
CCS.

kxio4,
«~ — X
Sec

Time
mts.

Thlo
CCS.

kxlO4 ,
Sec"1

0 25.0 — 0 33.8 a>

10 18.1 5.38 10 28.9 2.61

20 17.0 3.21 20 29.0 1.28

30 16.5 2.31 30 27.0 1.08

40 15.6 1.96 40 25.6 1.16

50 14.1 1.91 50 24,0 1.14

60 12.5 1.92 60 22.5 1.13

Mean kxlO4 Sec"1 « 1.93 Mean k>tlO4 See"1 « 1.13
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11,Potassium Dlhydrogen Phosphate
0.0500M

loo

12.Silver Nitrate 0.0500M

Time
mts.

Thlo
ces.

kxio ,
Sec"1

Time

mta.

Thio
CCS.

kxlO4,
Sec" x

0 33,8 • 0 35.0 —

10 28.9 2.61 10 23.0 7.00

20 29.1 1.25 20 16.0 6.52

30 27.4 1.16 30 11.0 6.43

40 26.0 1.09 40 7.8 6.25

50 25.0 1.00 50 6.5 5.61

60 24.0 0.952 60 5.1 5.35

Mean kxlO4 Sec"1 a 1.09 Mean kxlO4 Sec"1 • 6.03

TABLE 148

Ethyl Alcohol
Total Oxidant

0.4000M
0.0050M

Cats lyst

Temp. 35°C */**a 0.4

Chloride1. No 2.Sodium 0.0500M

Time
mts.

Thlo
ces.

kxio4->1
--**t3C

Tlma
mts.

Thlo
ces.

kxio4,
Sec"1

0 18.55 • 0 27.3 —

10 18.0 0.503 10 20.8 4.53

20 17.7 0.393 20 18.9 3.07

30 17.25 0.404 30 16.6 2.76

40 - 16.85 0.401 40 14.1 2.75

50 16.45 0.401 50 12.3 2.66

60 16.05 0.403 60 10.5 2.65

Mean k,dO Sec" 1 « 0.402 Mean kxlO4 Sec"1 • 2.71



3. Potassium Chloride 0.0500M

Time
mts.

Thlo
CCS.

I xlO
Sec

-1

136
4.Barium Chloride 0.0500*1

Time
mts.

Thio
ces.

I xlO
Sac

-1

0 27.3 - 0 27.3 —

10 20.1 5.10 10 18.8 6.22

20 17.1 3.90 20 15.9 4.51

30 14.5 3.52 30 13.7 3.83

40 11.7 3.53 40 11.0 3.79

50 9.6 3.48 50 8.8 3.78

60 7.9 3.45 60 7.0 J»7c

Mean KxlO Sec" a 3.50 Mean kxlO Sec* * 3.79

5. Strontium Chloride 0.0500M 6. Calcium Chloride 0.0500M

Time
mts,

Thlo
ecs.

kxlO4 ,
sac"1

Time
mts.

Thlo
ces.

kxio4,
Sec"1

0 27.3 — 0 27.3 •

10 17.9 7.04 10 18.8 6.22

20 15.8 4.56 20 15.9 4.51

30 14.0 3.71 30 13.7 3.83

40 11.4 3.64 40 11.0 3.79

50 9.5 3.52 50 8.8 3.78

60 7.6 3.55 60 7.1 3.74

Wean kxlO4 Sec"1 - 3.61 Mean kxlO4 Sec"1 * 3.78



7. Zinc Chloride 0.0500M

Time
mts.

0

2

4

6

8

10

12

Thlo
ces.

16.65

15.8

15.35

14.75

14.05

13.50

12.80

Mean kxlO4 Sec"1

ExlO

Baa
-l

4.36

3.38

3.38

3.53

3.50

3.65

3.47

9. Cobalt Chloride 0.0500M

137
8.Nickel Chloride 0.0500M

Tlma Thlo
mts. ces.

kxlO4,
;ec"x

0 33.8 „

10 22.3 6.93

20 ie.7 4.93

30 15.6 4.29

40 12.4 4.18

50 9.8 4.13

60 7.9 4.04

Mean kxio4 Sec"1 a 4.16

10.Magnesium Chloride 0.0500M

Time
mts.

Thio
ces.

kxio4 ,
Sec"1

Time
mts.

Thlo
ecs.

kxlO4
ec '

0 20.4 • 0 27.3 9

10 14.0 6.27 10 18.0 6.94
20 12.3 4.22 20 15.7 4.61
30 9.5 4.25 30 14.0 3.71
40 7.4 4.23 40 11.4 3.64
50 5.7 4.25 50 9.5 3.52
60 4.6 4.14 60 7.5 3.59

Mean kxlO4 Sec"1 a 4.21 Mean kxlO Sec" * 3.61
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11.Sodium Fluoride 0.0500M 12.Potassium Dlhydrogen

Phosohate 0.O5or>M

Time
mts.

Thlo
CC S a

kxio'
ec

-1
Time
mts.

Thlo
ces.

0 33.8 -

10 • 32.5 0.652

20 i 32.0 0.457

30 31.3 0.427

40 . 30.5 0.428

50 29.7 0.431

60 29.0 0.425

Mean kxic 4 -1
I Sec * 0.428

0 33.8

10 31.7

20 31.2

30 30.5

40 29.5

50 28.5

60 27.5

Mean kxio4 Sec
-1

13. Silver Nitrate H.0500M

Time
mts.

Thlo
CCS.

kxlO4 ,
Sec*1

0 18.20 9»

5 14.0 8.75

10 11.05 8.32

15 8.55 8.34

20 6.60 8.35

25 5.05 8.55

30 3.90 8.43

Mean kxlO4 Sec*1 « 8.40

k xlO
*<ec

-1

1.07

0.666

0.571

0.567

0.569

0,573

0.570



TABLE 149

Pseudo-First Order Rate Constants for the Reaction of
Isopropyl Alcohol with Total Oxidant In the Presence
of Different Salts at 35°C

(Alcohol^) - 0.0332M, (OX) a 0.0078M, /U-= o.4

Salt added, M 105k .
Sec*1

AgNOg
AgN03
AgN03

0.002

.004

.008

AgN03 .010

NaN03
Co(N03)2
Zr(N03)2

.320

.025

.024

Ce(N03)3 .013

NaCl .100

NaCl .210

NaCl .320

KCl .075

MgCl2 .050

CaCl2 .100

SrCl2 .050

8aCl2 .050

ZnCl2 .050

CdCl2 .050

A1C12 .050

MgS04 .050

MnSO. .050

BeS04 .025

ZnS04 .050

NsF .100

KH2P04 .100

H3B03 .050

4.28

4.75

D. <tS

6.70

10.4

5.61

4.04

13.8

8.10

50.7

60.4

68.6

63.9

** jP9) "3

81.2

44.0

43.1

89.0

30.6

24.3

3.09

2.59

4.58

1.92

5.28

9.77

4.75

139



TABLE 150 a \* »,
HO

Pseudo -First Order Rate Constants for the Reaction of
Secondary Butyl Alcohol with Total Oxidant in the
Presence of Salts at 35°J

(Alcohol) - 0.0822M, (OXJo a 0.0028M, /«- « 0.4

Salt Added M 104k ^
Sec

AgNO- 0.007

KN03 .050

C0(N03)2 .050

MgS04 .050

Znc>04 .050

N1S04 .050

K2S04.A12(S04)3.
.050

2*jH20

H3B03 .050

KH2?04 .060

NsF .050

NaCl .050

KCl .050

SrCl2 .050

BaCl2 .050

CaCl2 .050

MgCl2 .050

N1C12 .050

ZnCl2 .117

ZrOCl2 .050

A1C13 .050

0.837

.946

.784

1.21

.621

.525

.591

.890

.899

.881

.901

1.06

1.51

1,76

1.74

1.78

1.82

2.20

1.66

6,05

1.81



141TABLE 151 X* X

Pseudo First Order Rate Constants for the Reaction
of Methyl Alcohol with Total Oxidant in the Presence
of Different Salts at 35°C

(Alcohol) a 0.4000M ( OXJo * 0.005OM /"• • 0.4
Salt a 0.050M

Salt added 104K,
Sac"

— 0,32

NaCl 1.74

KCl 1.90

BaCl2 2.09

rC12 2.61

CaCl2 2.46

ZHCIa 1.93

N1C12 2.27

MgCi2 1.93

NaF 1.13

KH2P04 1.09

AgNO, 6.03



TABLE 152 14 2

Pseudo First Order Rate Constants for the Reaction
of Ethyl Alcohol with Total Oxidant in the 'resence
of Different Salts at 35°C

(Alcohol) * O.4000M, (OX) - 0.0050M, /^«0.4

Salt « 0.05OM

i, | | r • - •- • • — in •

Salt added 104k,
Sec"

0.402

NaCl 2.71

KCl 3.50

BaCl2 3.79

SrCl2 3.61

CaCl2 3.78

ZnCl2 3.47

N1C12 4.16

CoCl2 4.21

MgCl2 3.61

NaF 0.428

KH2P04 ^.570

AaNO- 8.40
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Results and Discussion t An examination of the data

indicates that whereas in the case of isopropyl and sec-butyl

alcohols, the pseudo first order rate constant for each

aliouot portion titrated is constant within experimental

error for all the runs, but In the case of methyl and ethyl

alcohols, for all the runs, the pseudo first order rate

constant varies for each aliquot portion titrated; during

first 10 to 20 minutes the rate constant Is 30 to 50 "i

higher, then decreases and beeomes constant within experimental

error. Similar trend was also noticed by Stanley and Shorter

in other cases, who argued that such erratic results should

be obtained if the reaction also Involves chlorination and

if molecular chlorine is the chlorinating species.

For isopropyl alcohol - chlorine reaction,

we noticed that (i) sliver, zirconium and cerous nitrates

accelerate the reaction, (11) mono, dl and trivalent !*>etal

chlorides, In general, accelerate the reaction many fold.

Zinc chloride, for example, Increases the rate by about

twenty fold (In presence of 0.1M M3U the reaction mixture

turns yellow after few minutes of mixing of reaetants and

keeping it overnight as sueh, red particles appear),

(ill) sulphates have a general tendency to retard the rata

(BeS04 increases the rate), and (iv) F" and H2P04" ions

accelerate the reaction rate.

In the case of secondary butyl alcohol, the

result given in Table 150 shows that (1) sliver and cobalt

nitrate accelerate the reaction, (11) mono, dl and trivalent



14 4
metal chlorides. In general, accelerate the reaction many

fold. Nickel chloride, for example, increases the rate by

about 25 folds, (ill) the sulphates have a general tendency

to retard the reaction and (iv) F" and H2P04" ions
accelerate the rate slightly.

From Table 151 and 152 It is clear that in the

case of methyl and ethyl alcohols, (l) mono- and dl- valent

metal chlorides, In general, accelerate the reactions

(11) F", H2P0"4 and sliver nitrate also enhances the rate.

Thus, as already stated above, chloride ions

accelerate all the reactions many fold. In the case of sec.

butyl alcohol we kept the concentrations of the salts as

0.05M, with a view to find out if there is any correlation

between reaction rate and ionic radii of the cations, A

comparison of pseudo first order rate constants, particularly

in the presence of divalent metal chlorides, reveals that

as the Ionic radii of the cations increases, the rate decreases;

the rate followsthe order :

N1C12> MgCl2 > CaCl2 > SrCl2 > BaCl2

and the ionic radii of cations follow the order i

Ni"< Mg** < C.++ < to*4 < B.++

The significance of these results will be

considered in the Genoral Discussion.
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SEC. 2.5 EFFECT OF SODIUM CHLORIDE ON THS REACTION RATE

TntTftrtnctlon : We reported In the previous, section that

the chloride ions accelerate the rates many fold. In Older

to find out the role of chloride ions, the rates of the

reactions of isopropyl, sec.butyl, methyl and ethyl

alcohols with chlorine in water have been maasured in

presence of varying coneentratIons of sodium chloride at

constant ionic strength of 0,4, The observations are

reported in this section.

EXPERIMENTAL

The experimental procedure is same as applied

in the previous section.

We calculated the Initial rates, kQ moles lit"
Sec*1, by extrapolating to x « 0 of the plots of x/t against

x, (where a is the number of *»oles of total oxidant

consumed in time t) as well as the pseudo first order rate

constants for ail the cases. The results are presented In the

following tables.



Table No. 153

IsoPropyl Alcohol 0.2000M
Total Oxidant 0.0099M

Temp35°C; /"-a 0.4

1. Sodium Chloride 0.05M 2. Sodium Chloride 0.03M

Time
mt s.

Thio
CCS.

kxio'
ec

-1
Time
mts.

Thlo
CCS.

KxlO3
Sot-1

0 41.2 — 0 41.2 —

2 31.3 2.29 2 32.7 1.93

4 21.9 2.63 4 25,9 1.03

6 14.7 2.86 6 19.5 2.08

8 9.6 3.03 8 13.7 2.29

10 6.1 3.18 10 10.0 2.36

12 4.1 3.20 12 7.0 2.46

Mean kxlO3 Sec*1 « 2.86 Mean kxlO3 Sec*1 - 2.17

k xlO6
0

25.2 k,xlO6 18.5

3. Sodium Chloride 0.02M 4. Sodium Chloride 0.01M

Time
mts.

Thlo
CCS.

kxio3
Sec*1

Time
mts.

Thlo
ces.

kxio3_
Sec*

0 41.2 — 0 41.2 —

2 34.5 1.47 2 35.1 1.33

4 27.9 1.62 4 29.7 1.36

6 21.7 1.82 6 25.5 1.35

8 16.7 X. Co 8 21.7 1.33

10 12.6 1.97 10 18.5 1.33

12 9.6 2.02 12 15.7 1.34

Maan kxlO3 Sec* 1.92 Mean kxlO3 Sec*1- 1.34

K x 106 15.0
k0xio6 12.0



V

X

V

5. Sodium Chloride 0.004M

Time
mts.

Thlo
CCS.

kxlO3 ,
See*1

0 41.2 0

2 36.5 1.01

4 32.6 .976

6 29.0 .975

8 25.6 .987

10 22.8 .986

12 20.0 1.00

Mean kxlO3 Sec"1 « 0.989

k xlO6
o

a 9.00

Table No. 154

sac. Butyl Alcohol 0.2000M
Total Oxidant 0.0066M

Temp. 35°C; AA.« q.4

14 7

1. Sodium Chloride 0, 2000M 2. Sodium Chloride 0,•1500M

Time
mts.

Thio
ecs.

kxlO3 ,
Sac* x

Time
mts.

Thio
ces.

kxlO3 ,
Sec*1

0 26.4 — 0 26.4 m

2 7.1 10.9 2 10.2 7.93

4 2.1 10.5 4 4.2 7.66

6 0.6 10.5 6 1.7 7.62

8 0.15 10.8 8 0.7 7.56

Mean kxlO3 Sec"1
k0xio5 •

10.7

9.75

10

Mean

0.25

kxlO3 Sec*1
k xio5
0

m

m

7.77

7.71

7.80



>

V

3. Sodium Chloride O.OSM

Time
mts.

Thlo
CCS,

kxio3 ,
Sec*1

0 26.4 —

2 13.4 5.65

4 7.3 5.36

6 3.9 5.31

3 2.0 5.37

10 1.1 5.30

12 0.6 5.25

Mean kxlO3 Sec*1 « 5.37

KxlO5 4.2

Table No. 155

Methyl Alcohol 0.8OO0M
Total Oxidant 0.0099M

Temp. 35°C; A^a 0.4

148

1. Sodium Chloride 0.0500M 2. Sodi urn Chloride 0. 100M

Time
mts.

Thio
ces.

kxlO4 ,
Sec*1

Time
mts.

Thlo
ces.

kxio4 .
Sec"1

0 42,4 — 0 42.4 m

10 38.7 1.52 10 38.1 1.78
20 38*2 0.869 20 37.1 1.11
30 37.3 0.713 30 35.8 0.940
40 36.8 0.591 40 34.6 0.847
50 36.3 0.518 50 33.2 0.816
60 35.5 0.493 60 31.8 0.800

Mean kxio'1 Sec*1 0.534 Mean kx 10 See"1 at 0.821

k0xio6 1.50 KxlO6 • 2.10



3. Sodium Chloride 0.2000M
149

4. Sodium Chloride 0.2500M

Time
mts.

Thlo
ces.

KxlO4 ,
Sec"1

Time
mts.

Thlo
CCS.

kxio4 .
Sec"

0 42.4 . 0 42.4 9

10 37.5 2.05 4 40.5 1.91
20 36.0 1.36 8 38.9 1.80
30 34.8 1.26 12 36.8 1.97
40 33.1 1.03 16 35.0 2.00
50 31.8 0.954 20 *S<3 a 0 1.96
60 30.1 0.952 24 32.5 1.85

Mean kxlO4 Sec"1 m 0.979 Mean kxlO Sec"1 m 1.90

V KlO° 2.90 KxlO6 3.50

5. Sodium Chloride 0.30M

Time
mts.

Thio

CCS.
kxio4

Sec"1

0 42.4 —

5 38.7 3.05

10 35.8 2.82

15 34.2 2.39
20 32.9 2.11

25 31.4 2.00

30 30.2 1.88

Mean kxlO4 Sec"1 • 2.00

koxl06 9 3.82



Table No. 156 15(
Ethyl Alcohol 0.8000M

1

TotalOxldant 0.0099M

Sodium Chloric

Temp.35°C ; /W-8 0.4

odium Chloride 0,1. la 0.0500M 2. S. ,10M

Time Thlo kxio4 .
.ec"1

Time Thio kxio4,
mts • ecs. mts. CCS. Sec"1

0 38.4 m 0 38.4 —

10 32. 8 2.62 10 29.0 4.68
20 23.5 4.09 20 19.0 5.87
30 17.0 4.58 30 12.0 6.47
40 11.5 5.02 40 7.1 7.03
50 8.0 5.23 50 4.5 7.15
60 5.8 5.25 60 3.0 7.08

Mean kxlO4 Sec"1 a 5.17 Weari kxlO4 Sec"1 a 7.09
k0xio6 • 3.75 k xlO6 m

0 5.00

3. Sodium Chloride 0.15M 4. Sodium Chloride 0.20M

Time Thlo kxio4
1

Time Thlo kxio4mts. ces Sec" mts. CCS. Sec"1

0 38.4 — 0 38.4 —

10 25.2 7.02 2 34.2 9.65
20 15.4 7.62 4 31.0 8.91
30 8.8 8.18 6 27.5 9.27
40 5.5 8.10 8 24,6 9.26
50 3.2 8.28 10 22.0 9.28
60 m 12 19.5 9.41

Mean kxlO Sec" * 8.19 Mean kxlO4 Sec"1 « 9.29
k0xio° 6.80 k0xio6 8.70



5. Sodium Chloride 0,,25M 6.i Sodium Chloride
151

0.30M

Time
mts.

Thlo
ecs.

KxlO3 _
Sec"

1
Time
mts.

Thlo
CCS.

KxlO3 ,
Sec"1

0 38.4 • 0 38.4 9*

2 31.2 1.78 2 28.9 2.37

4 28.1 1.30 4 25.9 1.64

6 25.2 1.17 6 23.3 1.39

8 23.0 1.07 8 20.8 1.28

10 19.8 1.10 10 18.0 1.26

12 17.3 1.10 12 15.8 1.23

Mean kxlO3 Sec"1 a l.ll Mean kxio3 Sec" 1-1.26

*.>tlO6 a 12.0 KxlO6 s 14.6

Table No. 157

Dependence of Oxld
of Sodium Chloride

!atl
i at

on Rate
35° C,

on th
= i

e Concentration
0.4

1. (Isopropyl Alcohol) a 0.2000M, (OX"i •» 0.0099M

N«C1,M (Cl2)oxl03 k xlO
M

I xlO' i o xlO3. Sec"1
^ec"1 mole lit"1, TcT~T

Sec"1 2 °

0.004 1.05 .989 9.00 8.58
.01 1.45 1.34 12.0 3.28
•02 2.05 1.92 15.0 7.32
.03 2.50 2.17 18.5 7.40
.05 3.40 2.86 25.2 7.43

Mean KA/(C10) « 7.80 4 0.57 xlO3 Sec"1
O 4. O —



2. (Sec.Butyl Alcohol) * 0.2000M, (GX) * 0.0066M
o

52

NaCl,M (Cl2)oxl03 kxlO3 koxl06 Kq , iq3.^*1
M Sac"1 mole lit"1, TcO~

_ - — Sec*1 2 °

0.05 1.90 5.37 42.0 22.1

.15 3,45 7.71 78.0 22.6

.20 4.00 10.7 97.5 24.4

Mean ko/fClJ a 23.0 + 1.2 x 10"3 Sec*1

3. (Methyl Alcohol) « 0.8000M, (OX)o » 0.0099M

NaCl.M (Cl,,) xlO3
M

k x 104
Sac*1

ko x io6
mole lit*1,

Sec*1

.„fco xlO3, Sec"1
(ci2Jo

0.05 3.40 .534 1.50 .441

.10 4.90 •821 2.10 .429

.20 6.40 .979 2.90 .453

.25 6.90 1.90 3.50 .507

.30 7.30 2.00 3.82 .523

Maan kc/(«
d 0

471 4 0.04 x 10"'3 Sec"1
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4. (Ethyl Alcohol) a 0.8Q00M, (OX) * 0.0099M

NaCl
M

(Cl0) xlO3
£. 0

M

k x 104
Sec**1

It. x IO6
0 -1

mole lit *
Sec"1

h . x io3
<C12>o

Sec"1

0.05 3.40 5.17 3.75 1.10

.10 4.90 7.09 5.00 1.02

.15 5.85 8.19 6.80 1.16

.20 6.40 9.29 8.70 1.36

.25 6.90 11.1 12.0 1.74

.30 7.30 12.6 14.6 2.00

-3 . -1Mean koACl^ a 1.28 J 0.28 x IO"3 Sec
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Results and Discussion »

A perusal of the data reveals that during the

course of a run, the pseudo first order rate constant

varies In different cases as follows t

(a) Isopropyl Alcohol . in presence of 0.004M

to 0.01M NaCl, within experimental error, the rate constant

remains almost unaltered, but In presence of 0.02M, 0.03M

and 0.05M NaCl, the rate constant Increases with time,

(b) Sec.Butyl Alcohol • In presence of 0.05M,

0.15* and 0.20M NaCl, within experimental error, the rate

constant remains unaltered. The reaction is so fast that

we failed to measure the rates at higher concentrations

of NaCl.

(c) Methyl Alcohol » In this tat* entirely

different trend has been found; In presence of 0.05M to

0.30M NaCl, the rate constant decreases sharply.

(d) Ethyl Alcohol . In presence of 0.05M to

0.15M NaCl, the rate constant Increases, but In presence

of 0.20M to 0.30M NaCl, there Is a decreasing tendency.

The Increasing trend of the pseudo first order

rates indicates that more and more Cl2 is formed during

the reaction, which is responsible for this inerease in

rate. The decreasing trend Indicates that chlorine

substitution takes place at fast rate; the rate decreases

because chlorine substitution consumes molecular chlorine.
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We found that as the concentration of sodium

chloride Is Increased, the rate constant Increases In all

the cases. This fact may be correlated with the hydrolytlc

equilirblum of chlorine,

Cl2 4H20 8==*- HOCl 4H* 4Cl" (1)

At zero time. In presence of sodium chloride.

and Lci"J • [HOClJ 4 m, where m Is the concentration of

added chloride. Then

B- K^ - [HOCl] [C1*J
aHT7c7" CC12J

or, B ^° WiaJ <e Lox)n *> •}
d-^o] [oxJ

o

or < [OXJ ♦ [B+mJ/ - B- 0

.*. ^o «- (B 4m) 4/Nf(B4m)2 44B [oxjft (yi)

Assuming that the added chloride do not convert

a significant fraction of the oxidant to trichloride ion,

Cl3", (the formation constant of Cl3* is 0,180 at 25°C) 296*
we calculated the values of "(o for various Initial

concentrations of sodium chloride by using equation (vi).

In Table Djthe fraction of total oxidant present at zero

time as Cl2 and HOCl In presence of sodium chloride is

shown. In column 9,11 and 12 (Table D), the concentration of



chloride Ion has been calculated by assuming that

[VL~] - [HOClJ ♦ a
2

The constancy of ko/ [Cl23o for various Initial
concentration of sodium chloride In all the cases, as shown

In Table 157, Is an evidence that molecular chlorine Is the

principal oxidant. However, the values of ko/[ C1„T in
2 Jo

presence of NaCl are 40-50 % lower than that In absence of

NaCl (See Sec.2.i). Perhaps some molecular chlorine Is

consumed by chloride Ion for the formation of Cl3",which we
have not considered In our calculations.

Lichtin and Saxe '̂also showed that Cl2 Is much
more reactive than HOCl In the oxidation of glucose and the

fraction of the total oxidant present as Cl2 increases during
the course of the reaction, because

\Cl')t - 2 [0X]o - [0Xjt 4 [HOCl]
a.

4 m

and thus during the run more chloride Is formed which

displaces the hydrolytlc equilibrium to the right. This in

turn increases the pseudo first order rate during the course

of a run.
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SEC. 2.6 ISOLATION OF HYPOCHLORITE OF ALCOHOLS

Introduction s It Is now recognised that aoueous

chlorine forms hypochlorite ester with alcohols. Ethyl

hypochlorite was the first ester to be prepared by Sandmeyer.

Chattaway and Backeberg* ' prepared methyl, ethyl, n- and

Isopropyl, primary, secondary and tertiary butyl and tart,

amyl hypochlorites. They also studied the decomposition

products of the above alcohols and found that the hypochlorites

of tertiary alcohols are much more stable than those of

primary and secondary alcohols. Taylor and coworkers' ^

reinvestigated the formation and decomposition of the

hypochlorites of several alcohols and obtained esters as

yellow, unstable oils with propyl, Isopropyl, isobutyl, sec,

butyl,tar.butyl, Isoamyl, sec.amyl, tert.amyl, ethyl and

methyl alcohols. They concluded that secondary hypochlorites

ara unstable, Iso and n-prlmary hypochlorites are more stable

and tertiary hypochlorites are very stable. Other workers

have also postulated the existence of alkyl hypochlorites In

the oxidation of alcohols*101*lo2*. alttl an object to find
out If the oxidation Involves the hypochlorite ester as an

Intermediate, an attempt has been made to Isolate the esters

under various conditions. The observations ara reported In

this section.
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Table No. 158

Fflrmatlnn Of Hypochlorites of Alcohols under var-piis Conditio

S^iSyi.of. Ca rbontetjachlorlde_or_ Ben zen e_ layer
«-f!!?i. f1.71 n-Propyl Isopropyl n-Butyl Isobutyl Sec.butyl

Alcohol -aq. Cl2 Yellow

Alcohol -aq.Cl2HC104 bright
yellow

Aleohol-ao.Cl2-AgN03 yellow

Alcohol-aa.Cl2-NaCl bright
yellow

Mcohol-an. C!2-ZnCl2 bright
yellow

Mcohol-ao.Cl2-NaHC03 yellow

Alcohol-aq.Cl9-NaHCO,4
HC104 " 3 yellow

Alcohol-aq.OU-NaHOV
AgN03 ** 4 yellow

bright
yellow

bright
yellow

bright
yellow

bright
yellow

bright
yellow

very light
yellow

yellow

very light
yellow

Yellow

bright
yellow

yellow

bright
yellow

yellow

no colour

vary light
yellow

no colour

/

light
yellow

bright
yellow

bright
yellow

yellow

yellow

light
yellow

bright
yellow

bright
yellow

yellow

bright
yellow

yellow

yellow

yellow

no

colour

light
yellow

yellow

light
yellow

light
yellow

light
yellow

no

colour

very light light
yellow yellow

no colour light
yellow

X

light
yellow

light
yellow

light
yellow

light
yellow

liqht
yellow

no colour

no colour

no colour

4
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Results and Discussion j

We have Isolated the alkyl hypochlorites In

carbon tetrachloride and benzene layers by solvent extraction

technique at room temperature. Concentrated solutions of

chlorine In water and alcohol In the presence as well as In

the absence of catalyst were shaken with carbon tetrachloride

or benzene in a separating funnel. The solvent layer became

yellow at once and the yellow layer deepened as the shaking

continued for about two minutes. Prior to these experiments,

when chlorine solution was shakened with the solvent alone,

the colour of the layer changed to faint yellow but In the

presence of alcohol the colour deepened.

Wa observed that methyl and ethyl hypochlorites

are relatively stable than the other hypochlorites In the

presence as well as In the absence of catalyst. Sec. butyl

hypochlorite has been found to be the least stable. This

may be due to fast decomposition of the hypochlorite to

ketone. The relative stability of methyl hypochlorite

suggest that perhaps its rate of decomposition Is lowest.

In the section 2.5 we pointed out that chloride

Ions accelerate the rates because they Increase the Initial

concentration of molecular chlorine. From Table 158 it Is

clear that in presence of catalysts, deeper colours of

solvent layers have been noticed for all the alcohols.

In a typical experiment we removed free

chlorine by shaking with sodium bicarbonate. Then we added



leo

perchloric acid or sodium chloride. In shaking again,

bright yellow colour of the solvent layers has been

noticed. All these observations indicate that Cl2 is

responsible for hypochlorite formation. The contribution

of HOCl towards the hypochlorite formation, however,

cannot be ruled out because other investigators noticed

that hypochlorite is also formed by reaction with

hypochlorous acid (102»298)4
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SEC. 2.7 ACTIVATION PARAMETERS

Introduction t The determination of activation

parameters of chemical reactions Is very Important because

It throws light on the mechanism of chemical change. It Is

known since long that the rise in temperature accelerates

the rates of chemical,reactions and In some cases tha

acceleration in the velocity Is great. So, for the sake of

convenience, one considers the Increase of reaction velocity

for a rise of 10°C. The ratio of the velocity constants at

two temperatures differ by 10°C, e.g. x^o/k^o. Is known as
the temperature coefficient of the reaction.

Though several Investigators suggested

relation between temperature and velocity constant of

reactions, the most satisfactory relation was that proposed

by Arrhenlus' ™| he proposed the relation

k « A•"E/RT (1)

where k Is the specific rate constant, A Is the Arrhenlus

frequency factor, E Is the energy of activation and the

other quantities have their usual significance. The equation

(1) can be written as

log k m jog a - E (11)
2T303RT

Thus, a plot of logk against l/T will be a straight line,

the slope and Intercept of which Is equal to -E/2.303R and

log A, respectively, (R * 1.987 cals/oc).

In the absolute rate theory, developed by



(300) 162
Eyring* ', the species at the top of the potential

energy barrier, known as the activated complex, Is

considered In most respects an ordinary chemical species

which is in eQuilirbium with the reaetants, fhis permits

the problem to be divided Into two parts - the calculation

of the equilibrium constant for the reaction forming the

activated complex and the calculation ef the rate at which

the activated complex decomposes to form the products of

the reaction. Thus, for a simple bimolecular reaction »

A 4 B ^—as (AB) *-^ products
reaetants activated

complex

the ordinary rate constant Is given by

kobs • *- K* k* (ill)

where *- Is the transmission coefficient or the fraction

of activated complexes which give products; the rest return

to reaetants, and kob§ is the specific rate constant

of the reaction. It can be shown*301* that

k* « (KJ/2Xm)4 tM <
—j (ivl

and K, in terms of partition function, is given by

K« (2^m ^T)^ . S . QAB . e"AEo/RT (v)

By substituting the values of K and K from equations

(iv) and (v) In equation (111), the observed specific



rate constant will be given by
63

kobs" *-^n. iABl.a-AEo/RT (vi)

or, in terma of •classical'* activation energy.

«k. * xJJLH • GAB 3n - 7 m
H QA.qB u ^ .....(vii)

1 •-

where Uj a hUi/K T

Since, -AG - RT log K and AG »^H. TA s;
*w

from equation (111) we get

*ob, - *4|. .-^for MttJ
•nd.no kob$ . ij ^„ ^/R (lx)

i *where Ag is the free energy of activation, A s is the

entropy of activation, and A \\ is the heat of activation,

a quantity that is closely related to the experimental

energy of activation*302J# the transmission coefficient
being omitted for the sake of simplicity.

The thermodynamic activation parameters may be

calculated by using the equations (vlll) and (ix). From

equation (lx) smj have

i09 obs » AU* W4af h \
^T 2.303RT +i2**5o5Tf " loa TT/ **(x>

A plot of log kgbs against 1 will be a straight line,

the slope and intercept of which is equal to - A yf
2.303R
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»nd *g • iog h , respectively (h-6.624x10*27
2.303R "~

erg sec; K> 1.380x10*16 erg/mole-deg.)

In this section a general study on the temperature

coefficient of the reactions of isopropyl, sec.butyl, methyl,

and ethyl alcohols with aqueous chlorine In absence and In

presence of catalysts at constant ionic strength of 0,4,

with special reference to the effect of variation of

concentrations of the reaetants, has been made. The rates

have been measured at 25°,35°,45° and 55°C and the Initial

rates, kQ moles lit"1 Sec"1, have been determined in all
the cases. Various activation parameters have been calculated

by using kQ values and given in the following Tables.

EXPERIMENTAL

All the chemlcala were of B.D.H. (AnalaR) or

Merck (Cp) grade or of comparable purity.

The thermostat was controlled within 4 0.05°C.

The kinetics of the reaction* were studied at varloua

temperatures according to the method explained In Sec.2.1.



Table 159

Temp.25°C ©.
Total Oxidant 0.0066M
IsoPropyl Alcohol O.2000M

^*-« 0.4

Time
mts.

Thlo
CCS.

kxio'
-1

Sec

65

Table 160

Temp. 35°C
Total Oxidant 0.0066M
IsoPropyl Alcohol 0.2000M

^** 0-4

Time
mts.

Thlo

CCS.

kxlO
«.*-i

<ec

0 40.0 - 0 74.15 •

10 36.0 1.76 10 54.0 5.28

20 32.4 1.76 20 40.3 5.08

30 29,3 1.73 30 30.0 5.03

40 26.4 1.73 40 21.5 5.16

50 23.8 1.73 50 16.1 5.09

60 21.4 1.74 60 11.9 5.08
r 4 -1

*ean KxlO Sec * 1.74 Mean kxlO4 Sec*1 a 5.12

k0xio5 « 0.196 k0xio5 0.58

- Table 161

Temp.45°C
Table 162

Temp.55°C
Total Oxidant 0.0066M
IsoPropyl Alcohol 0.2000M

^-e>i-» 0.4

Total Oxidant 0.0066M
IsoPropyl Alcohol 0.2000M

^iA-m 0.4

Time
mts.

Thio
CCS.

kxlO*
©c

-1
Time
mts.

Thlo
ecs.

kxlO
3

Sec
-1

0 51.4
- 0 16.6 .

10 26.2 1.12 2 13,0 2.03.
20 X** o *~ 1.13 4 10,45 1.93

30 7.5 1.07 6 8.35 1.90

40 4.0 1.06 8 6.70 1.88

50 2.1 1.07 10 5,4 1.87

60
- 12 4.35 1.87

Mean kxlO3 Sec*1 - 1.09 Mean kx IO3 Sec"1 9 1.90

k0xio5 • 1.33 KxlO5 2.68



Table 163

Temp.25°C
Total Oxidant 0.0083M
IsoPropyl Ucohol 0.2000M

yum 0.4

Table 164

Temp. 35°C
Total Oxidant 0.0083M
IsoPropyl Alcohol 0.2000M

^ 9 0.4

66

Time
mts.

Thlo
ecs.

kxio4 ,
Sec"1

Time
mts.

Thlo
ces.

kxio4 ,
Sec"1

0 48.0 • 0 92.7 •>

10 41.7 2.34 10 60.0 7.25

20 36.2 2.35 20 39.5 7.11

30 31.3 2.38 30 27.0 6.86

40 27.6 2.30 40 16.7 7.14

50 23.9 <~»A£ 50 10.9 7.14

60 20.5 2.36 60 8.4 6.67

Mean kxlO4 Sec"*1 a 2.34 Mean kxlO4 Sec"1 at 7.03

k0xioD 0.382 k xio5
0

• 1.05

•

Table 165 Table 166

i Temp. 45°C Terap.55°C
Total Oxidant 0.0083M
IsoPropyl Alcohol 0.2000M

y4A~n 0.4

Total

IsoPrc

Time
mts.

Oxidant 0.0H83M
pyl Alcohol 0.2000M

yu- * 0.4

Time
mts.

Thlo
ces.

kxlO3 ,
Sac"1

Thlo
CCS.

kxlO3,
Sec"1

0 37.6 m 0 70.0 •

5 24.3 1.45 2 48.0 3,,14

10 15.5 1.48 4 32.6 3,.18

15 9.6 1.52 6 22.2 3,.19

20 6.3 1.49 8 15.1 3,.20

25 3.9 1.51 10 10.1 3,,23

30 2.5 1.51 12 6.7 3,,26

Mean kxlO3 Sec"1 a 1.49 -V.ean kxlO3 Sec"1- 3,,20

LxlO5
0

2.40 k0xio5 4,,83
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Table 167 Table 168

Temp.25°C Temp.35°C
Perchloric Acid
IsoPropyl Alcohol
TotalOxidant

//**- * 0.4

0

0
0

.1500M
I.0845M
.0050M

Perchloric Acid
IsoPropyl Alcohol
Total Oxidant

/M_ » o.4

0.1500M
0.0845M
0.0050M

Time
mts.

Thio
CCS.

kxlO3 ,
Sec"1

Tlma
mts.

Thlo
CCS.

kxlO3 ,
Sec"1

0 35.0 • 0 24.0 •

10 22,5 0.736 5 14.2 1.75

20 14.4 0.740 10 8.75 1.68

30 9.2 0.744 15 o# cl 1.68

40 6.0 0.735 20 3.2 1.68

50 3.3 0.741 25 1.95 1.67

60 2.4 0.744 30 1.05 1.74

Mean kxlO3 Sec"1 at 0.740 Mean kxlO Sec" « 1,70

k0xio5 • 0.423 k0xio5 a 0,965

Table 169 Table 170

Temp.45°C Temp.55°C
Perchloric Acid
IsoPropyl Alcohol
Total Oxidant

*<*-• 0,4

0.

0.
0.

1500M
0845M

0050M

Perchloric Acid
IsoPropyl Alcohol
Total Oxidant

y- a 0,

0.1500M
0.0845M
0.0050

.4

Time
mts.

Thlo
ces.

kxlO3 ,
Sec"1

Time
mts.

Thlo

CCS.

kxio3 .
ec"1

0 34.6 • 0 97.5 •

5 10.85 3.87 2 36.85 8.11

10 •j|*a •S , ts*» 4 13.7 8.12

15 1.0 3.94 6 Da f£0 8.11

20 0.35 3.83 8 1.95 8.15

25 10 0.75 8.11

Mean>10* Sec"1 m 3.87 12

kxlO3 Sec
kxl05

k xio5
o

m 2.10 Mean

K
*1*» 8.12

« 4.50
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"able 171 Table 172

Temp.25°C Temp.35°C
Perchloric Icld
IsoPropyl Alcohol
Total Oxidant

/fm 0.'

0.
0.
0.

t

1000M
0845M

0050M

Perchloric Add
IsoPropyl Alcohol
Total Oxidant

^u-« 0.4

O.IOOOM
0.0845M
0.0050M

Time
mts.

Thio
CCS.

kxio3 .
Sec"

Time
mts.

Thlo
ces.

kxio3 ,
See"1

0 40.0 — 0 27.85 —

10 26.8 0.606 5 18.6 1.34

20 19.4 0.604 10 12 .5 1.33

30 13.5 0.604 15 8.25 1.35

40 9.3 0.607 20 5.6 1.34

50 6.4 0.610 Sake 3.75 1.34

60 4.4 0.611 30 2.5 1,34

Mean kxlO3 Sec"1
k xlO5

0

m 0.607

0.351

Mean kxx03Sec"
k xlO5

0

1 • 1.34
• 0.800

Table 173 Table 174

Temp.45 C Temp.55 C

Perchloric Add 0
IsoPropyl Alcohol 0
Total Oxidant 0

/**-- 0.4

.1000M

.0845M

.O050M

Perchloric Acid
IsoPropyl Alcohol
Total Oxidant

^"*- a 0.4

O.IOOOM
0.0845M
0.0050M

Time
mts.

Thlo
CCS.

kxio3-1 Time
mts.

Thio
CCS.

kxio3,
Sec"1

0 34.6 m 0 32.6 m

5 14.5 2.90 2 15.5 6.20

10 5.85 2.96 4 7.7 6.01

15 2.6 2.88 6 3.3 6.36

20 1.1 2.87 8 1.6 6r28

25 0.45 2.97 10 0.8 6.14

30 .

Meani kxlO3 Sec"1• m 2.92 Mean kxlO3 Sec"1 a 6.20

k xio5
o

m 1.60 LxlO5
0

* 3.30



Table 175 Table 176 169
Temp.25°C Temp.35°C

Sodium Chloride 0,
IsoPropyl Alcohol 0,
Total Oxidant 0,

^« 0.4

.2000M

.0845".
,0050M

Sodium Chloride
IsoPropyl Alcohol
Total Oxidant

^^- * 0.4

0.2000M
0.0845M
0.0050M

Time
mts.

Thlo
cea.

kxio3 x
Sec—

Time
mts.

Thio

ces.

kxio3 ,
Sec-1

0 38,0 — 0 18.8 m

10 24,0 0.766 5 10.75 1,86

20 15.1 0.769 10 6.15 1.86

30 9.5 0.770 15 3.55 1.85

40 6.0 0.770 20 2.0 1.87

50 3.7 0.777 25 1.15 1.86

60 2.4 0.768 30 0.65 1.87

Mean kxlO3 Sec"1 • 0.770 Maan kxlO3 Sec"1 a 1.86

k xlO3
0

* 0.421 k xlO°
0

a 1.00

Table 177 Table 178

Temp.45°C Temp.55 C

Sodium Chloride
IsoPropyl Alcohol
Total Oxidant

/is-m 0,4

0.2O00M
0.0845M
0.0050M

Sodium Chloride
IsoPropyl Alcohol
Total Oxidant

^^- * 0.4

0.2000M
0.0845M
0.0050M

Time
mts.

Thlo

ces.

kxio3 .
Sec"

Time
mts.

Thlo

ecs.

kxlO3 .
Sec"1

0 16,7 - 0 29.7 —

2 10,1 4.20 2 11.7 7.77

4 5.8 4,41 4 4.9 7.51

6 3.7 4.18 6 1.7 7.94

8 2,2 4.22 8 0.7 7.81

10

12

Maar

1.3

0.75

i kxlO3 sac"1

4.25

4.30

« 4.26

Mean kxlO3 Sec"1
k0xio5

« 7.76

* 4.40

k0xio5 « 2.25



Table 179

Temp,25°C
Table 180

Temp.35°C
170

Sodium Chloride
IsoPropyl Alcohol
Total Oxidant

•"U- a 0,4

0,
0.
0.

,1000M
,0845M
,0050M

Sodium Chloride O.IOOOM
IsoPropyl Alcohol 0.0845M
Total Oxidant 0.0050M

^w_ • 0.4

Time
mts.

Thio
CCS.

kxio3 .
Sec"1

Time
mts.

Thio

CCS,

kxio3 .
Sec"1

0 40.0 — 0 24.0 —

10 30.8 0.435 5 16,85 1.18

20 23. 6 0.440 10 11.85 1.18

30 18.2 0.438 15 0,-5 1.18

40 13.9 0,440 20 5.85 1.18

50 10.6 0.443 25 4.1 1.18

60 8.1 0,444 30 2.9 1.17

Mean kxlO Sec"*• 0.440 Mean kxlO3 Sec"1 * 1.18

k xio5
0

at 0.297 kQxio5 as 0.700

Table 181 Table 182

Temp.45°C Temp.55°C
Sodium Chloride
IsoPropyl Alcohol
Total Oxidant

/a- a 0,

0,
0.
0,

4

,1000M
,0845M
,0050M

Sodium Chloride
IsoPropyl Alcohol
Total Oxidant

^tu * 0,4

0,
0,
0,

1

• I00OM
.0845M
.0050M

Time
mts.

Thlo
CCS.

kxlO3 j
Sec"

Time
mts.

Thio

ces.

kxio3 ,
Sec"1

0 34.6 • 0 29.7 m

5 14.55 2.89 2 14.8 5,80

10 5.85 2.96 4 7.4 5.79

15 2.65 2.85 6 3.7 5.79

20 1.1 2.87 8 1.9 5.78

25 0.45 2.96 10 0.9 5,83

Mean kxlO3 Sec"1 = 2.91 Mean kxlO Sec" at 5.79

k0xio5 • 1.59 kQxio5
* 3,15



Table 183

Terap^S^C
Total Oxidant 0.0066M
Sec.Butyl Alcohol 0.2000M

^A-« 0.4

Table 184

Temp.35°C
Total Oxidant 0.0066M

ec.Butyl Alcohol0.2000M
^t*. a. o.4
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Time
mts.

Thlo
ces.

kxio4 ,
Sec"1

Time
mts.

Thio
ces.

kxlO3 ,
Sec"1

0 63.0 — 0 40.3 „

10 46.3 5.13 5 26.0 1.46

20

30

40

50

60

34.0

25.0

18.4

13.5

9.9

5.14

5.13

5.13

5.13

5.14

10

15

20

25

30

16.6

11.0

7.0

4.4

2.9

1.4e

1.44

1.46

1.48

1.46

Me*n kxlO Sec"1 « 5,13 Mean kxlO3 Sec"1 * 1.46

k xlO5
0

^.451 k xio5
0

1.40

Table 185 Table 186

Temp. 45°C Temp. 55°C
Total Oaldant 0.

Sec. >utyl Ucoholo,
/U.m 0.4

O066M
2000M

Total Oxidant 0
M« Butyl Mcohol 0

/"• • 0.4

.0066M

.2000M

Time
mts.

Thlo
ecs.

kxio3 ,
Sec"**

Time
mts.

Thlo
CCS.

kxio3 ,
Sac"

0 16.7 • 0 40.0 —

2 10.75 3.67 2 18.65 6.35

4 7.25 3.48 4 8.65 6.37

6 4.80 3.47 6 4.0 6.38

8 3.2 3.45 8 1.85 6,40

10 2.05 3.48 10 0.60 6.50

12

Mean

1.35

kxlO3 Hpc"1 «
k xio5

_ ,9 „,

3 «^8

3.47

3.08

Mean kxlO3 Sec"1 a
k xlO5 a

o

6.40

6,20



Table 187

Temp.25°C
Total Oxidant 0.0059M

Sec. Butyl Alcohol O.2O0OM
s\x a 0,4

Table 188

Temp, 35°C
TotalOxldant 0.0059M
Sec.Butyl Alcohol 0.2000M
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Time
mts.

Thlo
ecs.

kxio4 ,
sec"1

Time
mts.

Thlo
CC5.

kxio3 ,
Sec"1

0 22.6 •9 0 22,6 9>

10 18.9 2.98 5 16.9 0.969

20 lb.7 3.04 10 12.6 0.974

30 13.1 3.03 15 9.5 0.963

40 10.9 3,04 20 7.2 0.953

50 9.1 3.03 25 5.3 0.967

60 7.5 3.06 30 4.1 0.948

Mean kxlO4 Sec"1 a 3.03 Mean KxlO3 Sec"1 a 0.962

k0xio5 0.295 k xlO5
0

* 0.930

Table 189 Table 190

Temp. 45°C Temp. 55°C
Total Oxidant

Sec.Butyl Alcohol
y^M 0.4

0.0059M
0.2O0OM

Total Oxidant
Sec.Butyl Mcohol

tyUm 0,4

0.0059M
0.2000M

Time
mts.

Thlo
ces.

kxio3 .
Sec"

Time
mts.

Thlo
ecs.

kxlO3 .
ec"

0 70.0 . 0 80.0 •

2 54.8 2.04 2 50.0 3.92

4 42.8 2.05 4 30,6 4.00

6 33.4 2.06 6 18.0 4.14

8 26.1 2.06 8 10.8 4.17

10 20.2 2.07 10 6.5 4.18

12 15.7 2.08 12 3.9 4.19

Me*n kxlO3 Sec"1 2.06 Mean kxlO Sec" 1 =4.10
k xio5

0
2.05 k xioD

*o
« 4.12



Table 191

Temp.25°C
Perchloric Acid 0.150OM
Total Oxidant 0.0035M
Sec.Butyl Alcohol 0.0825M

xu. • 0,4

Time
mts.

Thio

CCS.

kxlO* ,
>C

Table 192

Temp. 35°C
Perchloric Acid
Total Oxidant
Sec.Butyl Alcohol

/ia- » 0.4

173

0.I500M
0.0035M
0.0825M

Time
mts.

Thlc
CCS.

ItxlO*
Sac

-l

0 32.5 • 0 33.9
-

5 22.2 1.27 5 13.2 3.14

10 15.2 1.27 10 5,4 3.06

15 10.45 1.26 15 2.0 3.14

20 7.1 1.27 20, 0.8 3.12

25 4.85 1.27 25 0.35 3.05

30 3.3 1.27 30 -

Mean kxlO3 sec"1 « 1.27 Mean kxlO3 Sec"1 = 3.10

k xio5
0

0.500 k xlO5
0

1.30

Table 193 Table 194

Temp. 45°C Temp. 55° C
Perchloric Acid
Total Oxidant

Sec.Butyl Alcohol
/U. a 0,4

0.1500M
0.0035M
0.0825M

Perchloric Acid
Sec.Butyl Alcohol
Total Oxidant

/U * 0.4

0

0
0

.X500M

.0825M

.0035M

Time
mts.

Thio
CCS.

0 42.8

2 21.7

4 11.0

6 5.5

8 A, 8

10 1.4

12 0.7

'

Mean kxio3 %
k xio5

0

kxlO3,
'ec-1

5.66

5.66

5.70

5.68

5.70

5.71

5.69

2.70

Time
mts.

Thio
ces.

kxlO*
ec

-1

0 65.0 4RP

2 17.9 10.7

4 5.0 10.7

6 1.4 10.7

8 0.4 10.6

Mean R*:103 Sec"1 8 10.7

xlO5 5.30



Table 195

Temp. 25°C
Perchloric Acid
Total Oxidant

Sec.Butyl Alcohol
/"•* 0.4

Time
mts.

Thio
CCS.

O.IOOOM
0.0035M
0.0825M

10
;ec

-1

Table 196

Temp,

Perchloric Acid
Total Oxidant
Sec.Butyl Alcohol

/"-a 0.4

174
35°C

Time
mts.

Thlo
ces.

O.IOOOM
0.0035M
0.0825M

kxlO3
Sec

-1

0 32.5 0 33.9

5 23.9 1.02 5 15.8 2.54

iO 17.6 1.02 10 7.35 2.55

15 13.0 1.02 15 3.45 2.54

20 9.5 1.02 20 1.7 2.49

25 7.0 1.02 25 0#T5 2#54

30 5.15 1.02 30 88.

Mean kxlO3 Sec"1 * 1.02 Mean kxlO3 "ec"1 * 2.53
k xlO5 » 0.350

0
LxlO5 « 0.860

o

Table 197 Table 198

U.ap.45°C Temp. 55°C
Perchloric Acid O.IOOOM

Total Oxidant 0.0035M
Sec.Butyl AlcoholO,0825M

/V~ * 0,4

Perchloric Acid O.IOOOM
Sec.Butyl Alcohol 0.0825M
Total Oxidant 0.0035M

/u- » 0.4

kxlO3
Sec

Time
mts.

0

2

4

6

8

10

12

Thio
CCS.

42.8

<2.D. c

15.5

9.3

5.7

•5 a**

2.2

Mean kxlO Sec"
krtxl05

9

-1

4.22

4.23

4.24

4.20

4.22

4.12

4.20

1.80

Time
mts.

0

2

4

.6

8

10

Mean kxlO
KqXIO

Thlo
CCS.

65.0

22.9

8.0

2.9

1.0

0.35

Sec"l
5

kxlO3
• 1

8.70

8.68

8.64

8.70

8.71

8.68

3,60



Table 199

Temp. 25°C
Zlaconium Oxychlorlde O.OIOOM
Sec. Butyl Alcohol 0.0825M
Total Oxidant 0.0035M

/U-m Q,4

I».l a*

id

Table 200

Temp. 35°C
Zirconium Oxychlorlde O.OIOOM
Sec.Butyl Alcohol 0.0825M
Total Oxidant 0.0035V,

yu-m 0.4

Time
mts.

Thlo
ces.

kxio3 ,
Sec"1

Time
mts.

Thlo

ces.

kxio3 ,
Sec"1

0 32.5 m 0 33,9 •

5 25.0 0.875 5 17,8 2.15

10 19.4 0.860 10 10.7 1.92

15 14.9 0.867 15 6.4 1.85

20 11.5 0.866 20 3.3 1.94

25 8.85 0.867 25 1.9 1.92

30

Mean

6.8

kxlO3 Sec"1 -

0.870

0.868
Mean kxlO3 Sec"1 a

k XlO5 «
1.91

0,850
k Xl0° m

0
0.330

0

Table 201 Table 202

Temp. 45°C Temp. 55°C

Zirconium Oxychlorlde
See. Butyl Alcohol
Total Oxidant

/u. •* 0.4

O.OIOOM
0.0825M
0.0035M

Zirconium Oxychlorlde
Sec.Butyl Alcohol
Total Oxidant

yu~* 0.4

O.OIOOM
0.0825M
0.0035M

Time Thio kxlO3 ,
•a* •» m

Sec

Time Thlo kxlO3 ,
mts. CCS. mts. ces. ""ec

0 42.8 n 0 65.0 —

2 23.9 4.85 2 21.7 9.14

4 13.6 4.78 4 7.25 9.14

6 7.6 4.80 6 2.4 9.16

8 4.2 4.83 8 0.7 9.44

10 2.4 4.80 Mean kxlO3 Sec"1 a 9,22

12 1,3 4.85 k xio5 3.70

Mean kxlO Sec"1 a 4.82

o

K xiO5
a...

1.80



Table 203

Temp.25°C
Zirconium Oxychlorlde
Sec.Butyl Alcohol
Total Oxidant

six.* 0.4
u

Time
mt S.

Thic

CCS.

0.0150M
0.0825M
0.0*35M

i xlO*

Sec
-1

176
Table 204

Temp. 35 C

Zirconium Oxychlorlde 0.0150M
Sec.Butyl Mcohol 0.0825M
Total Oxidant 0.0035M

/u.* 0.4

Time
mts.

Thio
CCS.

kxlO3,
Sec"

0 32.5 - 0 33.9 -

5 22.15 1.28 5 14.0 2.95

10 14.1 1.39 10 5.8 2.94

15 10.3 1.28 15 2.4 2.92

20 7.7 1.20 20 1.0 2.93

•888 4.9 1.28 25 0.3 3.15

30 3.25 1.28
R*B*MRJ kx IO3 Sec"1 « 2.93

Mean kxlO3 Sec*1 « 1.23 KxlO5 1.23

k xio5
0

0.470

Table 205 Table 206

Temp. 45°C Temp. 55°C
Zirconium Oxychlorlde
Sec. Butyl Alcohol

Total Oxidant
/U- a 0.4

0.0150M
0.0825M
0.0035M

Zlrconlum Oxychlorlde
Sec.Butyl Ucohol
Total Oxidant

/VL a 0.4

0.0150M
0.0825M
0.0035M

Time
mts.

Thlo
ces.

kxlO3 a
Sec"

Time
mta.

Thio
ces.

kxlO3,
Sec"1

0 42.8 . 0 65.0 •

2 18.95 6.79 2 12.3 13.9

4 9.4 6.78 4 2.3 13.9

6 3.7 6.80 6 0.45 13.8

8 1.6 6.85 8

10 0.7 6.86
Mean kxlO3 Sec"1 « 13.9

12 •a*

Mean KxlO3 Sec*1 » 5.69
K(xi05 5.15

k *xcr
9 ..i -

2.52

/



177
T able 207 Table 208

Temp. 25°C Temp, 35 C

Total Oxidant
Methyl Alcohol

0.
0.

0132M
8000M

Total Oxidant
Methyl Alcohol

yi^m, 0.4

0.013 2M
0.8000M

Time
mts.

Thlo
ces.

kxlO5,
Sec"1

Time
mts.

Thio
CCS,

txlO4 ,
See" k

0 39.0 . 0 55.6 —

10 38.4 2.61 10 51.8 1.18

20 37.7 2.84 20 48.7 1.10

30 37.1 2.78 30 45.0 1.18

40 36.5 2.76 40 42.3 1.14

50 35.6 3.05 50 39.1 1.17

60 35.4 2.69 60 36.4 1.18

Mean kxlO5 Sec"1 = 2,79 Mean kxlO4 Sec"1 1.16

k xio5
0 * 0.051 k0xio5 0.197

Table 209 •

Table 210

Temp.45°C Temp. 55°C
Total Oxidant
Methyl Alcohol

/ia- • 0.4

0,
0,

,0132M
.8000M

Total
Methyl

Oxidant
Alcohol
/tt a 0,4

0.0132M
O.OOOOM

Time
mts.

Thlo
CCS.

kxio4,
sae"1

Time
mts.

Thlo
ces.

KxlO4 ,
Sec"1

0 28.65 • 0 18.0 m

10 22.5 4.03 2 15.9 10.3

20 19.3 3.29 4 14.3 9.60

30 15.9 3.27 6 13.3 8.40

40 12.7 3.39 8 X2.0 8.45

50 10.4 3.38 10 10.9 8.36

60 8.5 3,37 12 9,8 8.45

laafi kxlO4 Sec"1 at 3,34 Mean kxlO4 ec"1 8,41

k xioD
o

m 0.550 k xlO5
0

• 1,37



Table 211

Temp,

Total Oxidant
Methyl Alcohol

25°C

0.4

0.0248M
0.8000M

Table 212

Temo. 35°C

Total Oxidant
Methyl Alcohol

/^
0.4

178

0.0248M
0.8000M

Time
mts.

Thlo
ces.

kxio5 ,
Sec"1

Time
mta.

Thlo
CCS.

kxio4 ,
Sec*1

0 52.0 9» 0 111.1 —

10 50.4 5.22 10 98,3 2.04

20 49,0 4.95 20 87.8 1.96

30 47.4 5.14 30 78.1 1,96

40 46.0 5.10 40 69.4 1.96

50 45.0 4.82 50 61,7 1.96

60 43.7 4.83 60 "3*5| #"»j*" 1.96

Mean kxlO5 Sec" 1 - 4.97 Mean la:104 Sec"1 9 1.96

LxlO5
0

» 0.175
0

:105 0.693

Table 213 Table 214

Temp. 45°C Temp. 55 C

Total
Methyl

Oxidant (3
Jcohol G

'.0248M
I.8000M

Total Oxidant
Methyl Alcohol

/-"-a 0,4

0.0248M
0.8000M

Time
mts.

Thlo
ces.

kxio4,
sec

Time
mts,

0

Thlo
CCS,

12,9

kxio3.
Sec*1

0 60,0 . —

5 50.0 6.08 5 8.0 1.59

10 43.25 5.46 10 5.2 1.51

15 37.15 5.33 15 3.4 1.48

20 31.3 5.43 20 2.4 1.40

25 26.9 5.36 25 1.6 1.39

30 22.75 5.40 30

»

1.0 1.37

Mean kxlO4 Sec"1 a 5.39 Mean :103 Sec"1 • 1.38

k xlO5
0

» 1.92 KxlO a
i

4.79
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Ta' le 215 Table 216

Temp. 25°C Temp. 35°C
Total Oxidant
Ethyl Mcohol

/U. a 0.4

0.0099M
0.8000M

Total
Ethyl

Oxidant
Alcohol

yiA- a 0,4

0.0099M
0.8000M

Time
mts.

Thlo

ces.

kxio5,
Sec"1

Time
mts.

Thio
CCS.

kxio4 ,
Sec"1

0 47,0 • 0 25.2 —

10 46.0 3.57 10 23.2 1.38

20 45,2 3.26 20 22.0 1.13

30 44,5 3.03 30 20,55 1.13

40 43.5 3.22 40 19.2 1.13

50 42.7 3.20 50 18.0 1.12

60 41,9 3.19 60 16.8 1.13

Mean kxlO5 Sec"1 « 3.18 Mean kxlO4 Sec"1 a 1.13

k xio5
0

a 0.042 k xlO5
0

a 0.165

Table 217 Table 216

Temp. 45°C Temp. 55°C
Total
Rthyl

Oxidant 0,
Alcohol 0,

/M- a 0.4

.0099M

.8000M
Total Oxidant
Ethyl Alcohol

yU, m 0,4

0.0099M
0.8O00M

Time
mts.

Thio
CCS.

kxlO4 ,
Sec"1

Time
mts.

Thlo
CCS.

kxio4,
Sec"1

0 23.0 m 0 32.5 9

10 17.5 4.56 5 23.7 10.5

20 13.9 4.20 10 18.8 9.12

30 11.8 3.71 15 14.5 8.97

40 9.6 3.64 20 11.5 8.66

50 8.0 3.52 25 8.85 8.67

60 7.0 3.30 30 6.8 8.70

Mean kxlO4 Sec"1 3.54 Mean kxlO4 Sec"1 - 8.77

k xlO5
0

a 0.460 k^xkt « 1.14



Table 219

Terap.25°C
Total Oxidant
Ethyl Alcohol

/tea 0,4

Time
mts.

Thlo
ces.

0.0132M
0.8O00M

kxlO
Sec

-1

0 50.0 -

10 48.0 6.83

20 46.6 5.87

30 45.0 5.36

40 43.3 6.00

50 41.6 6.13

60 40.1 6.13

Mean kxlO at 6.16

k xlO5 Sec*1
0

ae 0.070

Table 221

Temp. 45°C
Total Oxidant
Ethyl Alcohol

/u. a 0,4

0.0132M
O.800OM

Time
mts.

Thio

ecs.

kxio'
Sec

-1

Table 220

Temp. 35°C
Total Oxidant 0.0132M
Ethyl Alcohol 0.8000M

/U-m 0.4

180

Time
mts.

0

10

20

30

40

50

60

Mean

Thio
CCS.

45.0

38,0

33,5

29,2

25,2

21.8

18.9

kxio'
k xlO5

o

Sec-1

I xlO
Sec

-1

2.82

2.46

2.40

2.42

2.41

2.41

2.42

0.275

Table 222

Temp, 55 C

Total Oxidant 0.0132M
Rthyl Alcohol 0.8000M

^/fcLa 0.4

Time
mts.

Thlo
ecs.

kxlO3,
sec"1

0 29.0 - 0 78.0 —

5 22,6 8.33 5 20.7 2.02

10 18.1 7.85 10 12.2 1.89

15 14.75 7.52 15 7.0 1.88

20 12.25 7.20 20 4.3 1.82

25 9.9 7.20 25 2.45 1.83

30 8.2 7.03 30 1.4 1.83

Mean kx IO4 Sec"1 - 7.36 Mean kxlO3 Sec"1 « 1.85

k xlO5
o

0.770 KXlOD *
i

1.94
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T—i Table 224

Rate Constants and Thermodynamic Activation Parameters for the Reaction
of Sec.Butyl Alcohol with Chlorine under Different Conditions, /x « o,4

Cone. Temp. io5k
°C moles

lit**1
Sec"1

a 25® 0.451
a 35o 1.40
a 45o 3.08
a 55° 6.20

b 25°, 0.295
b 35o 0.930
b 45o 2.05
b 55° 4.12

c 25° 0.500
c 35° 1.30
c 45o 2.70
c 55° 5.30

D 25?

35o
0.350

0 0.880
D 45o 1.80
D 55° 3.60

e 25°
3&«
45o

0.470
e 1.23
€ 2.52
e 55° 5.15

f 2bl 0.330
f 35° 0.850
f 45o 1.80
f 55° 3.70

0.502
1.27
2.94
6,79

0.320
0.812
1.97
4.44

0.535
1.21
2.67
5.50

0.360
0.814
1.77
3.67

0.444
1.03
2.27
4.78

.300

.727
1.61
3.46

3.10 .

2.20 16.794.05 8.60x10° 16.19+.05
2.01

3.15
2.20 16.84+.05 6.97xi06 16.324.05
2.01

2.60

2.07 15.29+.03 8.76x10° 14.57+.03
1.96

2.51

2*05 15.16+.03 3.24xl05 14.37+.03
2.00

2 62
2.05 14.444.07 6.51xl05 14.744.07
2.04

2 58

2.12 12.98+.07 2.47xl04 14.944.07
2.05

28.5 24.7

28.9 24.9

33.8 24.6

35.2 24.9

33.6 24.7

33.6 24.9

a-(Alcoho1)=0.2000M,
(OX)»0.0066M.

b-(Alcoho1} »o. 2000M,
(OX)a0.0059M

C-(Alcohol )«0.0825M,
(OX)«0.0035*4
(HC104)« 0.150OM.
d-(Alcohol)«0.0825M,
(OX)a0.0035M
(KCl04)a0.1000M
e- ( Mcohol) aO. 0825M,
(OX)-0.0035M
(2r0Cl)a0.015OM

f-(Alcohol)»0.0825M.
(0X)-0.0035M
(ZrOCl)-O.OIOOM

A
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Table 225

Rate Constants and Thermodynamic Activation Parameters for tha
Reaction of Methyl Alcohol with Chlorine.

Cone. Tamp.

°C

io5k
O i

moles lit
Sec**1

Temp.
Coff.

io5k0
moles lit*

Sec*"1

1 *r»L "ftoles lit t KCals
KCals «~ec

-AS
a.u KCals

a 25° 0.175 .180

a 35° .693 3.96 .589 21.234.06 6.82x10° 20.694.06 15.4 25.3

a 45° 1.92 2.77 1.71

a 55° 4.79 2.49 4.87

b
b

25°
35°

.061

.197
3.86
3.86

.051

.166 21.23+.07 1.82xl09 20.59+.07 18.2 26.0

b 45° .550 2.79 .482

b 55° 1.37 2.49 1.34

A - (CH^OH) « 0.8000M.(QX)o * 0.0248Mt/"-a 0.4
B - (CHgOH) a 0.8000M,(OX)o « 0.0132M /«- • 0.4
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Cone,

a

a

a

a

b

b

b

b

Temp.

°C

25*

35c

45c

55C

25'

35c

45C

55<

Table 226

Rate Constants and Thermodynamic Actlv?tlon Parameters for
the Reaction of Ethyl Alcohol with Chlorine

105ko
moles lit*1

Sec*1

0.070

.275

. .770

1.94

.042

.165

.460

1.14

Tamp. 105kin4, ,
Coeff. moles lit ,

Sec*1

Arr
KCals

-1
moles lit .

Sec"1

AH

KCals

3.93

2.80

2.52

0.067

.221

.657

1.87

9
21.21+.0tt 5.62x10 20.78+.08

3.93

2.79

2.48

.050

.165

.482

1.34

21.18+.07 3.21x10 20.654.07

a- (OjH^OH) » 0.8000M, (0X)Q a 0.0132M, /* = 0.4

b- (C2H20I1) a 0.8000M, (0X)0 • 0.0099M, /U • 0.4

-AS

e.u

17.0

18.3

AG

KCals

25.9

26.1

A



Results and Discussion :

In Tables 223 to 226, the values of Initial

rates, ko» at different temperatures together with tha

values of kxnt. temperature coefficient and various

activation parameters with their standard deviation ara

presented. The energy of activation, E , and the

frequency factor. A, of the Arrhenius equation have been

calculated from the straight line plot of log k versus

lA, and the enthalpy,AH? and entropy,A S*, of activation

have b«en calculated from the straight line plot of log

koA versus lA, by method of least squares*303* (If the
straight line equation Is y * mx + c, then by least

squares method,

» - t")Sxivi -Iy< v'

O) 2 *C - (2 xi) £

c • ^nf^Yl - ^Xl^Xj Yi,
O) Z X? - (zxi)2

where n Is the number of observations). The free energy,

AG , of activation has been calculated at 25°C from the

values of AH and^S7. The rate constants, klnt, have been
calculated by using the values of A h and A f from

equation (x). m caleulated the standard deviation, r.m,,

by using the formula'304'.

"•*• • LS ^oo 4^^/kintv2 » n
J(n-2) [(Il/T)2- nZl/T2J

185
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where n Is the number of experimental points and T Is

the absolute temperature.

Researches on the temperature coefficient of

thermal and photochemical reactions had been carried out

•xfn.lv.ly'40'249'305 t0 310>. Dh.r(306) found th.t th.r.
exists a relation between order and temperature coefficient

of a reaction. He reported the following average values

of temperature coefficient (between 25° and 35°C) for

chemical reactions. Zero order . 4.40, Unlmolecular i 4.15;

Pseudo unimoleculart 3.84; Bimoleculart 3.02; Termoleculari

202; Ouadrlmeleeulars 1.79; complex reactions t 1,78, von

Halban had also corroborated this' '.

The temperature coefficient, k3-o/k2-0, of the

reactions of methyl and athyl alcohols with aqueous chlorine

has been found to be 3,92 and 3,93 respectively, which

correspond well with the value for pseudo unlmolecular

reaction. In the case of Isopropyl and sec.butyl alcohols,

the temperature coefficient has been found to 2.96 and 3.12

respectively, which correspond well with the value for

blmolecular reaction' Oo'. These results further support the

accuracy In the determination of order of reaction,

Tha activation In a reaction Is brought about

by Increasing the temperature or by adding a positive

catalyst. The effect of temperature is less important In

presence of a positive catalyst because major portion of the

activation takes place at lower temperature. The temperature

coefficient of positively catalysed reaction should,
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therefore, be lower than that of either uncatalysed or

(308 311)negatively catalysed reaction. According to Dhar * ,

a posltve catalyst diminishes the temperature coefficient

of a reaction, the decrease being greater the higher tha

concentration of the catalyst. Data presented In Table 223

to 226 supports this view.

The energy of activation, in the absence of

catalyst, has been found to be of the order of 21.2, 21.2,

16,5 and 16,8 kcals respectively for methyl, ethyl, Isopropyl

and sec.butyl alcohols. I.e. for methyl and ethyl alcohols

the values are higher than for Isopropyl and sec.butyl

alcohols. Perhaps the mechanism of reactionsof methyl and

ethyl alcohols aT9 different from that of Iso-propyl and

sec.butyl alcohols, because we found that the total order

of reaction for methyl and ethyl alcohols Is first, whereas

second for Isopropyl and sec.butyl alcohols.

Ch.tt.rjl mi coworker.'247 te 249» 250'251>
reported that for chromic acid oxidations of aliphatic

monohydrlc alcohols, the energy of activation is about

11,0 to 13.0 k cals, which is lower than that observed for

chlorine oxidations.

Comparing the values of Arrhenlus frequency

factor, It Is seen that the frequency factor, A sec , Is

of the order of 10 , 10 , 10 and 10 respectively, for

methyl, ethyl, Isopropyl and sec.butyl alcohols.

The entropy of activation, In the absence of
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catalyst, has been found to be of the order of -17, -18,

-27,-29 cals/oC respectively, for methyl, ethyl, Isopropyl

and sec.butyl alcohols I.e. the values for primary alcohols

are different from that of secondary alcohols. The Increase

In reactivity with the substitution of CH3 group for H

may be attributed to an entropy effect. The free energy

of activation values are also different for primary and

secondary alcohols.



GENERAL DISCUSSION -*• " 9

The reactions of chlorine with monohydrlc alcohols

In water have been found to be very complex. In most of the

cases we noticed that besides oxidation to their corresponding
earbonyl compound, viz. H-C-OH-*C«0, chlorination of

the alkyl groups of the earbonyl compound follows through
consecutive reactions. This complicates the problem and we

realised after working for more than one year that the

consideration of pseudo first order rate constants only would
not lead to any conclusion.

One of the methods of dealing such complicated

reactions is to find out the Initial rates by plotting x/t

versus x, and extrapolating to x a o, where x Is the number

of moles of total oxidant per litre consumed in time t*280*281>

We arrived at most of the conclusions already mentioned in

various sections mainly by considering k values.
o

For any mechanistic study, it Is of prime

importance to find out which of the species Is principal

effective oxidant, Cl2§ HOCl, Cl* or Cl3"? In Sec.2.1 we
demonstrated by showing the constant values of ko/(Cl«)

2 o

that molecular chlorine is the principal oxidant and other

species play a negligible role. This conclusion may also be
arrived at by dealing with the problem in another way j
(•) In absence of chl^rfe imfi ,

If the initial stoichiometric concentration of

chlorine is represented by [£ci2]0 then, considering that



the two oxidizing species to be Cl2 and HOCl, *90

**<aj0 . [a& . [ma.]o

* tclJo• •£»* -[«210 (* J I

where B a [HOCl]ft \pl~]n a rl
[C!2]o *a%'

Also, (*^Ci2)o « (Cl2)o 4 (HOCl)o a (HOCl)ft (Cx*)„ 4 (HOCl),
B

Therefore,

(HOCl)o |l 4 (Cl*) 1

ko . fg*A 4 Ir (HOCl)

" *C1".'Cl2'° + ''HOCl (H0C1'„
1Cl2'0t1+7ciT-} (HOC1'o p <C*~U

" kai (C1"'» + kHOCl . B
«aBaaaMa*aa«MNBMBHa««aa>a».^H>MHBaBMBB „_, -_.

B+(ci*)o Ba (ci*)o
or, (B 4 (Cl*) 1 kp « ft , (ci*) + «, n ,.»

* °J ToxT cl2 ° H0C1* (1)

Aplot of {B 4 (Cl-)l kQ versus (CI*)o will
ToxT"

o

be a straight line, the slope and Intercept being equal to

kCl« an<* *HOCl* B* "aapectlvely.
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In Fig. 3 to 6, the plots of |B +(C1*)0J ko

o

versus (Cl") for the reactions of oxidant with isopropyl,
o

sec.butyl, methyl and ethyl alcohols are shown. The values

of JB +(Cl") I , (Cl*) etc. are given Table CX From slope and
intercept, the mean values of kQ1 and kHQC1 have been

found to be t

Alcohol kcls tSec-l *H0Clt Sec"1
Isopropyl Alcohol 1.73 x 10*' 1.47 x 10*'
Sec.Butyl Alcohol 4.66 x IO*2 1.38 x 10*'

-3 *6
Methyl Alcohol 1.20 x 10 * 2.30 x 10

Ethyl Alcohol 2.00 x IO-3 4.60 x 10*

For calculating kHQC1 from Intercept, the mean value of
B has been considered. The above data shows that in all

the cases, *cl > k *The ao-r«f*ment °f kCli*o/(C12)o)
2 HOCl a

values reported In Sec.2.1 with the above kcl values
aa

(graphical) Is within about A% in all the cases.

(b) Tn omsentft jj ChlnrlHe ions :

In presence of chloride ions, Cl"3 is formed

by the reaction,

Cl2 ♦ Cl" ;=*: Cl"3

Therefore. K3 « JSajj • wh«r* K3 is the forffl»tion
(CIa) (Cl**)

constant of Cl 3«

If we consider the three oxidizing speciea



to ba Cl2, HOCl and Cl*3, then

[*C12]0 - (Cl2)o +(HOCl)o + (Cl*3)o

* feVt +B (C12^n +™ ^Vo {Cl"K
(Cl*)

(Cl

(Cl

2L h ♦ (Cl*)o +K3 (Cl")o2|

192

also, (*£C12) » (HOCl) (C1*L + (HOCl) 4 K3(H0C1) (Cl") 2
a o a 0 o a p ft

B B

(HOCl

B

Therefore,

k

^(B+<Cl-5o+K3(Cl*)o2j

— - kc <SaV 4 kH0C1. ("ocd +k (ay.
(OX)o C12 (SCl"), (J€ Cl2yo C1 3(*£.Cl2^

C12 jgQg 4 Wl. B
B+(C1*)0 +K3 (Cl")o2 B4(a")0+ K3(C1*)02

+

•<ci * • «<3 <ci-)#J
B 4(d I 4 k3 (Cl*)

°r TMT (B* (°r)° +K3 <Cr)°2)* kci2-<cr)o +Wr
o

•*l^y K3 (CD,2 (,•(,

This is a parabolic equation, but if ClZ

species is not effective as oxidant, then the third term

of the equation may be neglected. It then reduces to

k^_ JB .(Cl-)0 ♦ K3 (Cl-)o2}. k (Cl") .k„ ,...^
(OX) L J 2 u

o
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which is a straight line equation.

In FIg.7 to 10, the plots of kQ |B4(Cl")0 4 K3
t?~xt;

9 1(Cl") [versus (Cl") for the reactions of oxidant with

Isopropyl, sec. butyl, methyl, and ethyl alcohols in presence

of varying concentrations of sodium chloride are shown

(for K3, we took the value of 0.18o'5 ,2°6't and for (Cl")Qt
its mean value, viz., (Cl") a <<o(OX) 4 m during each

2
run, taking trichloride formation into account), From the

fact that straight lines have been obtained, we conclude

the contribution of the third term in eouetion (2) to be

negligiblej furthermore, the fact that the straight lines

passes through very near to the origin shows that

kCl2 & kHOCl ^ kCl3
However, the mean values of k... in oresenee of chloridecx2

Is about 30-401* lower than that obtained In absence of

chloride. This is perhaps due to several uncertain

assumptions.

w#, thus, conclude that In chlorine water,

molecular chlorine, Cl2» is the principal effective oxidizing

agent.

The mean value of the pseudo first order rate

constants has been found to be higher than *#/(Cl2'a
value for each run. This difference in the rate accounts

for the rate of chlorination of the earbonyl compound.

Oxidation of Alcohols with Aqueous Chlorine.

In order to assign the mechanism of oxidation
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of alcohols to their corresponding earbonyl compound, as

well as the chlorination of alkyl group of the earbonyl

compounds, the following experimental facts must be taken

into consideration.

(A) In the case of methyl and ethyl alcohols, the reaction

kinetics accord the equation,

-d <Sa2 * kobs (cl2)
dt

and in presence of perchloric acid,

- d (Cl,) - k^ (Cl,) <HV
—m—

where n » 1/2 or 1. (In the case of methyl alcohol,

n a 1/2). The reaction kinetics for isopropyl and sec.

butyl alcohols accord the equation.

- d (Cl2) » kobs (Cl2) (Alcohol)
dt"""*

and in presence of perchloric acid,

" d (C12} " kobs (C12} (Alcohol> <H+)n
dt

where n » 1/2 or 1.

(B) The products of the reaction in the case of methyl and

ethyl alcohols are formaldehyde and chloroformaldehyde,

and acetaldehyde and chloro substituted acetaldehyde,

respectively.

In the case of Isopropyl and secondary butyl

alcohols, the products are acetone and monochloro acetone,

and butanone-2 and 3-chlorobutanone-2, CH3. CHC1. COCH3,



respectively.

(C) The influence of Ionic strength on the reaction rates

Is Insignificant.

(D) Chloride ions, in general, accelerate the reaction rates,

bee use these ions displace the hydrolytlc eouilibrium of

chlorine to the left and, In turn, produces more chlorine,

(E) Silver nitrate, fluoride and dlhydrogen phosphate ions

also enhance the rates.

(F) The formation of alkyl hypochlorites has been detected.

This suggests that hypochlorite ester is an essential

Intermediate in these reactions.

(!) The energy of activation has been found to be of the

order of 21.2, 21.2, 16.6 and 16.8 Kilo Cals respectively

In the case of methyl, ethyl, isopropyl and sec.butyl

alcohols.

Consistent with all the facts, the following

mechanisms may be ascribed to the chlorine oxidation of

alcohols in water to corresponding earbonyl compound j

H
1

C
\

R

R-l-OdL -f S -> I3H+ + R-l~° +*~ °{>
t

where B is a base.

The contribution of HOCl towards the alkyl hypochlorites

formation, however, cannot be ruled out. However, the rate
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of reaction with HOCl is very slow In comparison to the

rate with chlorine molecule. Here the rate controlling

step Involves the abstraction of proton from the C-H bond

by a base (e.g. water). The mechanism of electron movements

In the elimination process (11) may be represented as

follows : a©

The electron movements Involve the C-H, C-0 and O-Cl bonds
4-

simultaneously, for otherwise transient ion, R - C - 0 ,

of very high energy content would have to be formed.

Chlorine is a heterolytlc oxidant. The

oxidation of alcohols by heterolytlc oxidants generally

takes place by way of estarlfication or by hydride transfer.

We favour ester mechanism In this case.

It Is generally believed that the oxidations

of ketones occur via enols, If they are acid or base

catalysed reaction, which proceed at the enolization

rate' . Actually the chlorination of a ketone or aldehyde

should be regarded as oxidation.

The chlorination of aldehydes or ketones

may be regarded as occuring by the initial enolization of

(221)
aldehyde ' or ketone, followed by addition of chlorine

and the splitting out of a molecule of HCI i



R . Y - ^ ~ w * •* ••
r' r'
H 9 I 4R . C - C+- OH + B ^ R-C-C-OH + BH (slow) (Iv)
A* k

H Cl \\ Cl H +
R.C«C-OH +Cl2—> R-C-C- OH-*R -C-C-O +H+Cl*(v)

r' R' Cl r'

(B)

R.CH2. C. CHg +HA ^ R,CH2. C.CH3 +A~ (vi)
0 OH*

R. CH2. C. CH3 +B a"**"-? R. CH2. C - CH2 +BH (vll)
OH* OH

R. CH2. C« CH2 +Cl2 • R.CH2. C- CH2 —> R.CH^C.CHgCl 4
OH OH Cl 0

H+ 4 ci* ...(viii)

• ,•

97
(A) H H H H

C\ mo + H+ ;—*• R - C - C - OH (immediate) (Hi)

The effect of adding the proton to the earbonyl group Is

to increase its attraction for electrons and hence make

it easier for the alpha • hydrogen to leave as proton. Since

chlorine also is electron-attracting, a second hydrogen

atom is replaced still more readily than the first hydrogen

atom and the symmetrical polysubstitutlon results.

The rate of chlorination will, therefore, be

equal to the rate of enolization, which is, therefore, rate

controlling step, the subsequent addition of chlorine

being rapid.
Smith*313* pointed out that the aldehydes and

ketones which have hydrogens on the carbon alpha to the
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earbonyl group react rapidly with halogen to produce the

corresponding**- halo - substituted earbonyl compounds. If

other hydrogens are available, they too will be substituted

until no more©<- hydrogen remains.

R-CH2.CHO +X2 —» R.CHX. CHO + HX

The overall reaction mechanism, e.g. for the

reaction of isopropyl alcohol with chlorine, maybe written

as follows i

1H lH
CH3 - C- OH + Cl2 —>CH3 - C- OC1 +H + Cl* (ix)

«3 <**

CH3 -C-OC1 4B—1> (CH3)2 C«04BH+ +Cl" (x)
•

CH3

CHg.CO.CHj +H+ ^=fe CH3. C«CH2 ♦ H+ (xl)
OH

CH, -C«CH0 4 Cl0 —**• CR-. C. CH-C1 4 H+ ♦ Cl" (xll)
3 i • 2 3 u 2

OH 0

**he hydrogen Ions produced In step (Ix) ara

utilised for enolization in step (xl). Thus the pH of the

reaction mixture remains almost constant during a run.

This we have seen by measuring the pH of the reaction

mixture with the help of a pH meter during the progress of

the reaction upto about one hour.

The following arguments may be advanced in support

of the ester mechanism t

(a) The chromic acid oxidations of alcohols have now
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been shown to proceed via chromic acid ester of alcohol as

Intermediate*3*22*23*41 . Such ester mechanisms of oxidation

of alcohols by a large number of oxidizing agents have

gained maximum supportv * .

(b) Chattaway and Backeberg' ^'observed that alkyl

hypochlorites are unstable and they decomposes quietly,

yielding as primary prdducts, aldehydes or ketones t

RCHgOCl —V R.CHO 4 MCI

R2CHOCl —*r R^ CO 4 HCI

(c) Alkyl hypochlorites usually oxidize alcohols

to the corresponding earbonyl compounds. Pyridine, a proton

acce tor, catalyzes such reaction ' .

(d) The rate determining step In the oxidation of

alcohols usually Involve the cleavage of C-H bond as

indicated by C-H kinetic Isotope effect*10*21*29*236*.

(e) Although Swain et al* ' suggested that tha

oxidation of isopropyl alcohol by bromine proceeds via

hydride transfer, viz.

this does not appear to be applicable for chlorine oxidation,

because the basic difference in the chlorine and bromine

oxidations are i (i) the chlorine oxidation does involve the

alkyl hypochlorite ester formation, the bromine oxidation

does notj whereas alkyl hypochlorites have been isolated,
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the alkyl hypobromltes have not been isolated so far by

any Investigator, (11) whereas chloride ion enhances the

rate of chlorine oxidation, the bromide ion inhibits the

rate of bromine oxidation, (iii) the rates increase with

Increasing pH in bromine oxidation* ', but the rates

decrease with Increasing pH in chlorine oxidation.

While discussing the mechanism of electrophlllc

chlorination, Robertson and coworkers'111' pointed out that
chlorine reacts directly in molecular form, the rate

determining step being the formation of an Intermediate

(ArH.Cl2) with aromatic compounds. Soper at al'315* have
clearly stated that trichloride ion, Cl3" Is not an effective
chlorinating agent.

Although many workers*122 to 126* believe that
4 4

Chlorine cation, Cl or Cl ,H20 Is the main chlorinating
agent in aqueous acidic media, Arotsky and Symons*180^
showed that the concentration of these ions in aqueous

acidic media are so small that they could hardly act as

important Intermediate In chlorination. Harvey and Norman'191*

mentioned that in acidic solutions, the attacking species

is Cl ions, whereas in non acidic conditions the molecular

chlorine is the principal species.

Th e influence of chloride ions clearly shows
-*-

that the chlorination with Cl Ions does not appear to be

possible, because the equilibrium Cl* 4 ci" *j=± Cl« would

be displaced almost completely to the right and hence tha
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concentration of Cl Ions In the reaction mixture must be

il85)
•

the concentration of Cl Ions is so small In solution that

it is unlikely to be effective chlorinating agent. Further,

the possibility that there might be initially exceedingly
a

small concentration of Cl Ions may also be excluded

because In that case the HCI formed In the substitution

reaction would immediately destroy the reactive species.

Oxidation of Alcohols with Aqueous Chlorine
in Presence of Perchloric Acid

Perchloric acid functions in two ways t

(i) it suppresses the hydrolysis of chlorine, which, in turn,

Increases the concentration of Cl2 and (li) it increases

the rate of enolization of earbonyl compound. That is why

the reaction rates are faster in presence of perchloric

acid than in absence of It. We observed that in the case

of isopropyl alcohol oxidation, the percentage of

monochloroacetone increases In presence of perchloric acid.

This is a clear evidence that perchloric acid increases the

enoli zation rate.

catalytic effect of r?aUs

The chloride ions enhance the reaction rates

because they displace the hydrolytlc equilibrium of chlorine

to the left. In section 2.4 It has been shown that tha

reaction rates are faster in presence of tri or divalent

metal chlorides than in presence of monovalent metal chlorides.

201
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AlCl3,^lCl2,ZnCl2,MgCl2 etc. for example, enhance the rate

many fold. Two reaction mechanisms seem to be possible

(1) these salts have tendency to hydrolyse In water s

A1C13 + 3H20 **=*-£ A1(0H)3 + HCI

MC12 + 2H20 ^=*± M(OH)2 + 2HC1

HCI produced by hydrolysis of salt Is perhaps responsible

for acceleration in ratesj the acid may act In two ways :

(a) It Increases the concentration of molecular chlorine by

suppressing the chlorine hydrolysis (b) it increases the

rates of enolization. This may be one of the reasons why

the reaction rates in presence of AlCl3, NiCl2,2nCl2,MgCl2

etc. are higher than in presence of CaOU, e>rCl2, BaCl2

etc. The acceleration In rate and the formation of

trlchloroacetone for the reaction of chlorine with Isopropyl

alcohol In presence of 2nCl2 seems to be best explained in

this manner, (ii) the chlorine molecule forms a complex with

the substrate and then the Lewis acid, ZnCl2, A1C13 etc,

assist in breaking of the bond between chlorine atoms :

***-*> [ Z-v,cX^;A^c£i*r

The rate determining atop is a simultaneous nucleophilic

'push* by the substrate and an electrophilic 'pull* by the

catalyst on opposite ends of the chlorine molecule, with

heterolytlc cleavage of Cl-Cl bond.
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The H2P0~ and F* ions are known to act as base

(proton acceptor).The catalytic effect of these Ions Is

perhaps due to their participation as base In the removal

of H from the C-H Bond of the alkyl hypochlorite In the

rate determining step i

R2-CHOCl 4H2PO"4 •R2C »0+l^PO 4+Cl*

R2CH0C1 + F* —• R2C ao+HF +Cl*

Da la Mare and Rldd*189* found that for relatively

unreactlve aromatic compound, the reaction rates are

insensitive to small changes in concentration of AgC104. but

we notice that for the reaction of alcohols with chlorine,

the reaction rate Increases with Increasing concentration of
(iftn *i

silver nitrate. Arotsky and SymonV 'pointed out that there
a

are evidences for the formation of AgCl2 and hence the

possible participation of AgCl? In the chlorination should

be considered.

K 0
AgCl (Solid) ♦ H2OCl* *=2=± AgCl2* +H20

AgCl2+ +ArH 5L) rCl •AgCl (Solid) ♦ H

Perhaps silver Ion helps In displacing chlorine

atom from the hydroxy alkyl halide j

R.CH2.CO.CH3 +H* ^ R.CH2.C «CH2 +H*
K«*b c£ ff OH E-n*C-

%4y

R.tHrc=.(lHj.+c«v^R-<:H».-0-CHla8H>a,tH1J^<iH^ +*?*

R.o£c-CHv<*+-H
O
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This Is only a tentative suggestion.

The chlorination of oxidation product of methyl

alcohol, formaldehyde, will be considered In more detail

In the next Chapter. In the case of n-propyl, n-butyl, and

iso-butyl alcohols, we have determined the orders of the

reactions only, which follow the same pattern as we have

seen in the case of isopropyl and sec.butyl alcohols. These

alcohols also appear to follow the same mechanism.
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Tha kinetics of oxidation of aliphatic and aromatic

aldehydes by various oxidizing agents h?>ve been extensively

Investigated, but little Information la available concerning

the mechanism of their oxidation by chlorine.

i*\ 1 ft *•
Kastle and Lovenhart1' ; found that the

reaction betwa~n formaldehyde and hydrogen peroxide obey

the second order kinetics. The product of the reaction was

found to be dimethylol peroxide'317', h*2 (HO) CO 2,
Various investigators*318 t(i 322* studied the reaction In
more detail. Abel* *suggested the following mechanism

for the oxidation of formaldehyde by alkaline hydrogen

peroxide solution :

2 ( HCHO 4 OH* ^=^ HCH / • )
^OH

0 ^0
HCH< + Ho0o-^ HCH^ + OH* 4 OH

OH d * OH
M~ ^0

HO\C + OH*—> HCH C + OH*
OH

o- ? V
HCH ^ -* Ml • C -0 -0 -C -OH -^2HC00H + H0

^ f 1 2
OH M H

Wieland*3235 put forward the view that the
oxidations of aldehydes are In reality dehydrogention of

aldehyde hydrate:

R.CH (OH)2 +0 —^ RCOOH +2H*
(323)

He1 *w' suggested the following mechanism for the oxidation

OH
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of aldehydes by molecular oxygen In autoxldatlon i

R.CHO +02 —** R.C(iO) O.OH

R.C(:0)O.OH 4 RCHO —*• 2 RCOOH

R.CHO 4 HO.OC (jO)R —* RCH(OH)OC(«0)R 4 2RCOOH

or, RCH(OH)2 4 r C03H -^ 2 RCOOH 4 HjO

Conant and coworkers*3 4' studied the kinetics

of oxidation of formaldehyde, acetaldehyde, propionaldehyde,

n-butyraidehyde and isobutyraldehyde at 80° In different

media by eerie sulphate, ferricyanide, tungsticyanide and

molybdicyanlde.

The potassium permanganate oxidation of aldehydes

were studied by several Investigators'325 to 329*. Wlberg
and Stewart * ' observed that the rates of oxidations of

eight aromatic aldehydes are proportional to the first

powers of permanganate and the aldehyde concentrations. They

concluded from the magnitude of kinetic isotope effect that

the rate determining step involve the cleavage of aldehyde

C-H Bond, and the oxygen introduced into the aldehyde

was derived mainly from the oxidant. They suggested the

following mechanism for acid catalysed reaction i

RCHO 4 ftjO* ^ RCH* OH 4 H20
OH

RCH OH 4 Mn04* —>• R • c - OMn03
oH
i

i

H

R - C - H «*- iB —* RCOOH + HB + MnO *

0 -MytO^

2 Mn03* + Ho0 1?4J 2 Mn0o 4 MnO * 4 2 OH*
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A free radical mechanism was proposed by them for tha

reaction In basic solution :

Initiation- Wn04* 4 OH* > MU* + OH*
o*

x lHO* + RCHO —* R - C - OH
f h

R- C- OH 4 ?4nO/ —> RCOOH 4 Mn0o" 4 HO#
H

m

Termination t 2 HO —a> H202

H2°2 * Mn(V —* °2 * H**1^"

Ladbury and Cullla*330' reviewed In detail the
kinetics and mechanism of potassium permanganate oxidations.

The great reactivity of potassium permanganate was reflected

in Its ability to follow different reaction paths, depending

upon the structure of organic compound, and pH of the

solution.

Sugarszky*230*found that the order of the

reaction of acetaldehyde with bromine is first with respect

to both the reaetants. Various lnvestlgators*231•233•236,331'
obtained similar results and pointed out that the rate by

molecular bromine is faster than the rate by hypobromous acid.

Perlmutter-Hayman and coworkers*233' supported Kaplan's*236'
view, who claimed that the similarity of deuterium Isotope

effect (Kh/Kj) a 3.g) in the acetaldehyde oxidation to that In

ethanol oxidation by bromine was in accord with the Idea*231'

that these reactions have similar mechanism. Perlmutter-Hayman

et al proposed the following mechanism :
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I

CH3CH(OH)2 4 Br2 ^=^ CH3 - C• OBr 4 HBr
(4 oH

CH3 - C - OBr —**- CHg COOH 4 HBr
oH

Cox and Me Tigue'** • proposed a hydride abstraction

mechanism for number of aliphatic aldehydes.

R(CH)OH2 4OH* ^3" RCH (0*) OH +H20

RCH(0*) OH + Br2 • RCOOH + HBr2*

208

HBr2* =»* H* 42Br"

(333*i
Hatcher and coworkers* ' noticed that tha

rate of oxidation of acetaldehyde by oxygen Is proportional

to the aldehyde concentration and Independent of oxygen

concentration. Recently Norrish K detected the product,

H20„, of the reaction between formaldehyde and oxygen.

The researches of Spence and wild* 'concludes

that the reaction between chlorine and formaldehyde proceeds

either by an explosion or by a slow process, preceded by an

Induction period. These results axe In accord with the
(85,86)

photochemical reaction studied by Krauskopf and Reliefson,

Faull and Rollefson*259' observed that hydrogen

Iodide and carbon monoxide are the final products of tha

reaction of gaseous formaldehyde with lodlna. The reactlona

of aldehydes with Iodic acid*260' or Iodine*335 to 337)
have also been studied. The oxidations were found to

proceed rapidly in base and competes with iodination, which

is followed by hydrolytlc cleavage* J»-~w". The rate
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controlling step of the iodlnation process Is base -

catalyzed enolization i

CRjCHO ^^CR^COO* 4CHI2 CHO 4Cl3 CHO
JOH" joH*

ch2i2 4 hco2* chi3 + hco2*

Cullls and Swain* • suggested the following mechanism

for the reaction of aldehyde with hypoiodous acid i

O T

II ^X

A M

0 = r i o

C-oH I -* _ c-oh + H% r

According to Bawn and Williamson'338', tha

uncatalyzed and the tracer metal catalyzed oxidation of

acetaldehyde In solution proceeds In two well defined

stages : (a) the oxidation of the aldehyde to peracetlc

acid, (b) the reaction of peracetlc acid with acetaldehyde

to give a peroxide. They further noticed that the oxidation

of acetaldehyde In acetic acid solution is strongly catalyzed

by small amounts of cobalt salts.

Melnikov and Rckltskaya'339' studied the kinetics

of the oxidation of aldehydes by selenium dioxide and

selenlc acid and found that the velocity of the reaction

with selenic acid decreases with increasing molecular weight,

with the exception of acetaldehyde.

The kinetics of halogen addition to <P -

oleflnlc aldehydes in acetic acid solution was studied by

De la Mare and Robertson* ', who proposed the following
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mechanism t * . ^+ ^ A H+

WU&r*^=f A^,+ H+

ABnr-.3-
.!-» AGv&r

The reaction of aliphatic aldehydes with

nitrogen dioxide was studied by many workers*" '

In which different products were detected. It was found that

the slow reaction between formaldehyde and N02 becomes

explosive in the region of 180°C and this explosive reaction

becomes thermal In nature. Barton* proposed a chain

mechanism involving hydrogen abstraction for the gas phase

oxidation of formaldehyde by N02»

(3451
Bawn and White* ' investigated the oxidation

of formaldehyde by cobaltlc Ions, From a detailed study of

the reaction, Hargreaves and Sutcllffe* • proposed the

following mechanism: , ..

C0+ M^.|l U „' N«"
followed by the fast reaction, o

U) + H^C-oH ^° M
Vater and coworkers*347 to 349' studied the kinetics of

oxidations of propionaldehyde, n -butyraldehyde, acraldehyde

and formaldehyde by manganic (111) Ions and found that tha

rates are zero, first and first orders, respectively, with

respect to tetravalent manganese, aldehyde and hydrogen Ions,

with the exception of HCHO, where rate of oxidation was

found to be first order with respect to both the oxidant
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and the formaldehyde, but Independent of acid concentration.

The air oxidation of aliphatic aldehydes was

also studied In detail*350 to 353'.

«,ceordlng to Wiberg and Lepse* , the reaction

between aromatic aldehydes and chromyl acetate follows the

second order kinetics, showing a kinetic Isotope effect and

involve oxygen transfer from the oxidant to the aldehyde.

Lucchi*355 to 357' Investigated the oxidation
of substituted aromatic aldehydes by chromic acid In

acetic acid - sulphuric acid solution. He found that generally

tha reactions are blmolecular, but failed to detect the active

ion of chromium responsible for oxidation.

»iberg and coworkers*358*359' reported that
the rate determining step Involves the cleavage of aldehyde

OH Bond In the oxidation of benzaldehyde by chromic acid,

as Indicated by Isotope affect k^Ap of 4.3 at 25°C. They
suggested that a mechanism which Is analogous to that for

the permanganate oxidation of aldehydes may be operative.
(1601

Graham and Westheimer1"' found that the rate of tha

chromic acid oxidation of benzaldehyde in water at 80°C

increases with the first power of both the concentration

of benzaldehyde and acld-chromate Ion, and with a more

complicated function of the concentration of acid. They

suggested that the reaction proceeds by way ©f the chromic

acid ester of hydrated benzaldehyde as Intermediate (similar

to that of isopropyl alcohol oxidation).
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♦ faslC6H^ CHO + HCrO*4 + 2H *V*5
1

•9 ,w *»

I
oH

OCr03H 212

H
!

C6H5 * f " rc*^"4 * H2° ^^ C6H5C0OH +HjO* ♦ H^ Cr03
OH

Crlv + Criv f-2g 2Crv

Crv 4C6H5 CHO X8-*^ 111c6h5 cooh 4 Cr

The formation of an aldehyde - chromate complex of the type

AcH-HCrO*4 was detected by Klannlng*361'.
Chatterjl and Antony*249*362' Investigated the

kinetics of chromic add oxidation of acetaldehyde, n -

butyraldehyde and lsobutyraldehyde. Th© oxidation of other

aldehydes by chromic acid was investigated in detail by

various Investigators*363 to 365'. From a detailed kinetic
Investigation of the chromic acid oxidation of formaldehyde.

Chatterjl and Mukherjee*3*366' concluded that (1) the order
with respect to formaldehyde, chromic acid and H Ions Is

first, first and second, at all hydrogen Ion concentrations,

(11) the Induction factor for the Induced oxidation of

manganous sulfate to manganese dioxide Is 0.5; (111) the

energy of activation Is 9.1 K cals and (Iv) pyridine

accelerates the reaction In pyridine - pyrldlnium ion

buffers indicating a base initiated break down of the chromic

acid ester. They proposed the following ester mechanism j
H
i

—a* -h c oH14C
H

+ MoH

r flH 0 CyO
I II

-4-

H OH oH +
MC0H+2.Hf • HC-o-^°

oi "" 0H oH
•f «>o

H

i

0*4

0/4

o Jl CO
\

OH

-rB BHVHC
O

oH

-r H^y03
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A perusal of the literature reveals that the

oxidation mechanisms of monohydrlc alcohols and aldehydes

bear a formal resemblance in aany cases. The aldehydes

react In the form of their hydrate. The similarity of the

deuterium isotope effect* ' in the aldehyde oxidations

to that In alcohol oxidations is In accord with the view

that perhaps these reactions have similar mechanisms; in

both the cases, the rate controlling step Is the rupture

of C-H bond.

In the present chapter the reaction of formaldehyde

with chlorine Is discussed. An attempt has been made to

find out If there Is any similarity In the mechanisms of

reactions of alcohols and aldehydes with chlorine.
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SEC.3.1 ORDER OF THE REACTION

Introduction : The order of the reaction of formaldehyde

with chlorine In water, In absence and In presence of

perchloric acid, has been determined at constant ionic strength

of 0.4. The initial rates, k moles litre" Sec"1, have

been determined graphically ir, all the cases. The orders

with respect to chlorine, formaldehyde and hydrogen ions

have been calculated by the same method a?, applied In the

(2791
case of alcohols* '. The values of pseudo first order rate

constants have also been calculated by using the equation

k •* LataM log10 a
t 10 (aTxT

EXPERIMENTAL

All the chemicals used were either B.D.H.

(AnalaR) or Merck (Cp.) grade and were further purified if

necessary.

Since A.R.formaldehyde is not suitable for

kinetic work as it contains methyl alcohol which was found

to be reactive with aqueous chlorine, the fresh formaldehyde

solutions were prepared for each experiment by decomposing

paraformaldehyde (Merck Cp) by heating and collecting the

gas in ice cold conductivity water. The concentrations of

formaldehyde solutions were then estimated by Iodine

titration*367'.

The progress of the reaction was studied

iodometrlcally at 35°C. Throughout we maintained large

excess concentration of formaldehyde. The results are

tabulated In the following Tables.
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Table 227 Table 228

Total Oxidant
Formaldehyde

0.0166M
0.1250M

Total Oxidant
Formaldehyde

0.013 2M
0.1250M

Time
mts.

Thlo
CCS.

kxlO3.
Sec*

Time
mts.

Thlo
ces.

kxlO3,
Sec"1

0 65 m 0 *a^* 9

2 40 8.09 2 35 3.61

4 21.0 4.71 • 4 27 2.89

6 12.0 4.69 * 20.0 2.76

8 8.3 4.29 8 15.5 2.60

10 5.0 4.27 10 12.0 2,51

12 3.0 4.27 12 8.3 2,60

Mean kxlO3 Sec" 1 a 4.45 Maan kxlO3 Sec"1 « 2,67

' LxlO5
0

a 5-30 1k xlO5
0

a 3,20

Table 229 Table 230

Total Oxidant
Formaldehyde

0.0066M
0.1250M

Total Oxidant
Formaldehyde

0.0059M
0.1250M

Time
mts.

Thlo
ces.

kxio3,
Sec"1

Tlma
mts.

Thlo
CCS.

kxlO3,
Sec"

0 48.2 m 0 50.2 •

10 23.6 1.19 10 28.4 9.50

20 16.7 0.883 20 19.0 0.810

30 10,0 0.874 30 18.8 0.814

40 6.0 . 0,868 40 7.1 0.815

50 3.5 0.874 50 4.4 0.812

60 2.3 0.845 60 2.7 0.812

Mean kxlO Sec"'l a 0.869 Mean kxlO Sec" 1 a ,813
k xlO5

0
« 0.700 k xio°

o
« 0.430



Table 231

Total Oxidant 0.0049M
Formaldehyde 0.1250M

Time
mts.

Thlo
ces.

Is IO3 ,
Sec"1
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Table 232

Formaldehyde
Total Oxidant

Time

mts.

Thlo
ces.

0.2130M
0.0045M

kxlO"
Sec

-1

0 33.45 — 0 43.3 at

10 22.8 0.639 10 26.4 0.825

20 17.35 0.547 20 17.4 0.760

30 12.25 0.558 30 11.1 0.756

40 8.7 0.561 40 7.1 0.753

50 6.1 0.567 50 4.6 --.747

60 4.5 0.557 60 3.0 0.742

Mean fcxlO3 Sec"1 « 0.558 Mean KxlO3 Sec"Aa 0.752
k xlO5

0
0.300 koxioD * 0.410

Table 233 Table 234

Formaldehyde 0.1870M
Total Oxldant0.0n45M

Formaldehyde
Total Oxidant

0.1520M
0.0045M

Time
mts.

Thlo
CCS.

kxlO*
Sec

-1
Time
mts.

Thio
ces.

kxlO3.
See"1

0 43.3 «8> 0 43.3 aa

10 27.0 0.787 10 28.0 0.727

20 19.0 0.687 20 22,0 0.564

30 12.8 0.677 30 15.7 0.564

40 8.4 0.683 40 11.3 0.560

50 5.7 0.676 50 8.2 0.555

60 3.9 0.668 60 6.0 0.549

Mean kxlO^Sec"1 a 0.678 Mean KxlO3 Sec"1 « 0.558

k xlO5
0

0.360 KxlOD
i

a 0.300
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Table 235 Table 236

Formaldehyde
Total Oxidant

0.1320M
0.0045M

Formaldehyde
Total Oxidant

0.U50M
0.0045M

Time
mts.

Thlo
CCS

kxlO3 ,
Sec"

Time
mta.

Thlo
ces.

kxio3 .
^ec*1

0 43.3 « 0 43.3 at

10 31.8 0.525 10 29.2 0.657

20 24.55 0.473 20 24.55 0.473

30 18.6 0.470 30 19.5 0.443

40 13.05 0.500 40 15.3 0,433

50 9.8 0.495 50 12.2 0.422

60 7.4 0.491 60 8.9 0.439

Mean kxl03See" L* .486 Maan kxlO3 Sec"1- .442
k xKT

0
a 0.245 k xlO5 « 0.245

0

Table 237 Table 238

Formaldehyde 0,
Total Oxidant 0,

.1000M

.0045M
Formaldehyde 0.0885M
Total Oxidant 0.0045M

Time
mts.

Thlo
ces.

kxio3.
Sac"

Time
mts.

Thlo
ces.

kxlO3 .
Sec"1

0 43.3 m 0 43.3 a.

10 30.7 0.573 10 30.7 0.573

20 24.55 0.473 20 24.55 0.473

30 19.3 0.449 30 19.3 0.449

40 14.8 0.447 40 14.8 0.447

50 11.4 0.445 50 11.3 0.448

60 9.1 0.433 60 9.0 0.436

Maan kxlO Sec"'-a c449 Maan fexlO3 Sec"1 a .451

koxios -0.245
. k xlO5

0
a 0.245



Table 239

Formaldehyde
Total Oxidant

0.0634M
0.0045M

Time
mt s.

Thlo
ces.

kxio3 .
«~ — X
cec

0 43.3 —

10 30.5 0.584

20 24.55 0.473

30 19.3 0.449

40 14.9 0.444

50 11.4 0.445

60 8.8 0.443

Mean kxlC3 Sec" .451

k xlO5
0

a 0.245

Formaldehyde
Total Oxidant

0.1914M
0.0060M
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Table 240
:' Table 241

Perchloric Acid 0, 0500M Perchloric Acid 0 .1000M

Time Thio kxio3,
Sec"1

Time Thlo kxio3-x
mts. ces. mta. ces sec

0 22.4 a> 0 22.4 a,

2 18.2 1.73 2 17.7 1.96

4 15.5 1.53 4 15-2 1.62

6 13.5 1.41 6 13.5 1.41

8 11.3 1.42 € 11.15 1.45

10 9.6 1.41 10 0.7 1.39

12 8.1 1.41
12 €.25 1.39

Maan KxlO 8 ec"
-1 a 1.412 Mean KxlO3 Sec"

KQxl05
•I « 1.41

k0xio5 « 1.13 » I. 11



Table 242

Perchloric Add 0.1500M
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Table 243

Perchloric Acid 0.2000M

Tlma
mts.

Thlo
ces.

kxio3 ,
Sec

Time

mts.

Thlo
CCS.

kxio3 ,
Sec*1

0 22.4 0 22.4 —

2 17.5 2.06 2 17.3 2.15

4 15.0 A. 67 4 14.9 1.70

6 13.4 1.43 6 13.55 1.40

8 11.2 1.44 8 11.3 1.42

10 9.5 1.43 10 9.65 1.40

12 8.0 1.43 12 e.i 1.41

Mean kxlO3 Sec"1 - 1,43 Mean KxlO3 Sec"1 - 1.41

k xio5
0

a 1.12 K. xlO3
0

- 1.12

Table 244 Table 245

Perchloric Acid 0.2500M Perchloric Acid 0.280QM

Time
mts.

Thlo
ces.

kxlO3 ,
Sec"1

Time
mts.

Thlo

ces.

kxio*5 .
Sec"1

0 16.2 . 0 16.2 •

2 13.2 1.71 2 13.0 1.83

4 10.9 1.65 4 11.1 1.57

6 9,65 1.44 6 9.7 1.42

8 8.15 1.43 Z 8.15 1.43

10 6,95 1.41 10 6.95 1.41

12 5.90 1.40 12 ">»90 1.40

Mean kxlO3 Sec"1 « 1.42 Mean kxlO3 See"1 a 1.41

k xlO5
0

a 1.13 k xio3
0

• 1.12



CM

CM

(0X)0,M

0.0166

0.0132

0.0066

0.0059

0.0049

TABLE (E)

The Fraction of Total Oxidant Present at Zero Time as Molecular Chlorine and
Hypochlorous Acid In the Absence of Sodium Chloride.

pH

2.05

2.10

2.25

2.30

2.35

xlO*"
«H+ Vcr (B4C1") ^o (l-r<o) (Cl2)oxl04 (HC10)oxl0'

8.913 0.664 0.0862 0.1004

7.944 0.664 0.0967 0.1084

5.624 0.664 0.1370 0.1433

5.012 0.664 0.1532 0.1589

4.467 0.664 0.1720 0.1767

0.8554 0.1446

0.8903 0.1097

0.9547 0.0453

0.9660 0.0340

0.9695 0.0305

M

24.00 1.420

14.48 1.175

2.990 0.6300

2.006 0.5700

1.494 0.4750
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Table 246

Dependence of Oxidation rate of Formaldehyde on the Concentration
of Chlorine at 35°C
(HCHO) « 0.125AM, /Urn 0.4

Total
Oxidant
(0X)o,M

k x 103
~ -1
-*ec

k xXO5
0

moles lit"
Sec"

•1 (ox)
ec"

\

1

K x IO3
(HCIO)

° Sec"1

k 2Ko x 10*

•ag

0.0166 4.45 5.30 3.19 3.73 2.21

0,0132 2.67 3.20 2.42 2.72 2.21

.0066 0.869 0.700 1.06 1.11 2.34

.0059 0.813 0.430 0.728 0.754 2.14

.0049 0.558 0.300 0.612 0.632 2.01

Maan

1

*o - 2.18 x IO*2
C12}o

Sec"1



CM

CM

CM Table 2*7

Rata Constants as the Function of formaldehyde Concentration

at 35°C

(OX) a 0.0045M . y^m 0.4
o

0.1000 0.1150 0.1320 ^.1520 0.1870

0.442 0.486 0.558 0.678

0,245 0.245 0.300 0.360

(HCHO),M 0.0634 0.0885 0.100

K^k.Sec"1 0.451 0.451 0.449

10*Hl,moles
lit-i Sec"1

0.245 0.245 0.245

Order - 0 0

105k0/(HCHO) aj
9 ~

1.43

1.97

0.88

1.92

0.2130

0.752

0.410

1.00

1.92



cm:.
CM

(HC104) M

iO^.Sec"1

10 k0 mcles
lit-1 Sec"1

Order

Table 248

Rate Constants as the Function of Perchloric Acid

Concentration at 35°C

(HCHO) a 0.1914&, (OXl « 0.0060M, M • 0.4
o

0.05

1.41

1.13

0,10

1.41

1.11

0

0.15

1.43

1.12

0.20

1.41

1.12

0.25 0.28

1.42 1.41

1.13 1.12

0
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Results and Discussion ;

The order of the reaction has been determined by

Ostwald's Isolation method* . We found that for the

system joxidant and formaldehyde, the order is first with

respect chlorine, and zero with respect to formaldehyde at

lower concentrations of formaldehyde (0.06 to 0.13M) and

first at higher concentrations of formaldehyde (0.15 to 0.2JLM)

Thus the total order Is either first or second, depending

upon the concentration of formaldehyde.

In presence of perchloric acid i.e. for the system :

oxidant, formaldehyde and perchloric acid, the order with

respect to hydrogen Ions Is rer© at all hydrogen Ion

concentrations (0.05 to 0.28M).

As the Initial stoichiometric concentration of the

oxidant is increased, the pseudo first order rate or initial

rate, k . also Increases, This fact may be correlated with
o

the hydrolytlc equilibrium of chlorine,

Cl2 4H20 ^ HOCl 4H* 4Cl"
It Is obvious that the fraction of the total oxidant present

initially as molecular chlorine increases with Increasing

initial stoichiometric concantretlon of the oxidant. Our

observations thus clearly Indicata that the rate of oxidation

of formaldehyde is proportional to the molecular chlorine

concentration. This is confirmed by calculating k /CC1-] ,

which has been found to be constant for all the Initial

stoichiometric concentration of oxidant. It Is, therefore,

evident that molecular chlorine is the principal effective

oxidant and HOCl is playing a negligible role. Ha calculated
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the values of CClJ by the same method as explained

In See.2.1, In Tables 246 to 248, the data obtained by

applying the equations of Sec,2,1 are shown.



IDENTIFICATION OF THE PRODUCTS OF THE REACTION Oo p

SEC. 3.2 INTRODUCTION :

The products of the reactions of chlorine

with formaldehyde In aqueous solution have been identified.

The main product is chloroformaldehyde,

C1CHO. A portion of the chloroformaldehyde has been found

to get oxidized to chloroformic acid, which has been detected

by chronotropic acid reaction* .

EXPERIMENTAL

(i) Testification of Chloroformaldehyde : In a typical

experiment, chlorine, solution was taken in excess (130 cc

of 0.0420M aqueous chlorine, 14cc of 0.0119M formaldehyde)

and after an hour, two hours and four hours, the reaction

products were precipitated as 2t4 dinitro-phenyl hydrazone

derivative* ', The m.p. of all the three derivatives have

been found to be 158-159°C.

A portion of the derivative was fused with

metallic sodium and then tested for presence of chlorine

in the derivative, which gave positive test. It is obvious

that in this case the only possible chloro 2j4 dlnitrophenyl

hydrazone derivative is of chloroformaldehyde.

In another experiment the aqueous chlorine

solution was again taken in excess (130 cc of 0.0385M

aqueous chlorine and 5 cc of 0.0110M formaldehyde) and the

reaction mixture was kept for two days at room temperature.

It was then distilled (b.p.99°C). The distillate was found

to have no smell, 2:4 dlnitrophenyl -hydrazone derivative
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was prepared by reacting with the distillate (m.p.158-159 C).

(11) Detection of chloroformic add » In an experiment

formaldehyde was taken in large excess (25 cc of 0.01M and

5 cc of 0.01M of aqueous chlorine) and the reaction mixture

was distilled after four hours (b.p.99-100°C). The distillate

was found to have no smell. It was shakened with carbon

tetrachlode In a separating funnel and the carbon tetrachloride

layer was separated. The solvent layer was then shakened with

distilled water so that chloroformic acid might be extracted

in the water layer.

In a portion of the water layer, chronotropic

acid and sulphuric acid solutions were added and then hasted

on a water bath for 45 minutes, which gave no colour. In

another portion of the water layer, magnesium metal and

hydrochloric acid was added te reduce chloroformic acid to

chloroformaldehyde. Chronotropic acJd solution and sulphuric

acid was added and the mixture was heated on a water bath for

about 45 minutes, which gave a d9ep violet colour. This

indicates the formation of chloroformic acid.



228
SEC. 3.3 INFLUENCE OF IONIC STRENGTH ON THE REACTION RATE

Introduction j The effect of ionic strength In the

rate of the reaction of formaldehyde with chlorine in

presence and in absence of perchloric acid, has bean

studied at 35°cin this section. The ionic strength of the

solution has been varied by the addition of sodium

perehlorate. The difference in the rate constants of the

reaction In the presence of sodium perchlorate from that In

the absence shows the effect of lonle strength. The results

are recorded In the following Table.
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Table 249

ira Perchlor

Forti
Toti

ate 1

laldehyde
il Oxidant

0.1003M
0.^044M

Hum Perchlorat1. SodIt 5.0000M 2. Soc 9 O.IOOOM

Time Thio kxio3 ,
Sec* *

Time Thlo kxio**.
mts. CCS . mts. ces. Sec

0 19.7 — 0 19,7 —

10 15.6 0.534 10 16.2 0.326

20 14.3 0.267 20 14.45 0,258

30 12.3 0.262 30 13.1 0,227

40 10.5 0.262 40 11.45 0.226

50 8.8 0.269 50 9.9 0.229

60 7.5 0.268 eo 6.8 0.224

Mean kxlO* Sec"•1 » 0.266 Mean kxlO3 Sec"1 at 0.226

k xlO5
0

• 0.122 k xlO°
0

at 0,105

3. -odium Perchlorate 0.2000M 4. Sodium Perchlorate 0.3000M

Time Thlo kxlO3
Sec"

Time Thlo kxlO3 ,
*. — X

mts. CCS, mts. CCS. Sec

0 19.7 m 0 19a7 —

10 14.85 0.472 10 14.? 0.534

20 13,6 0.309 20 li8«9 0.334

30 13.0 0.231 30 12.0 0.275

40 U.5 0.224 40 10.2 0.274

50 9.9 0.229 50 8.5 0,280

60 8.9 0.221 60 7.3 0.275

Mean kxlO3 Sec"1 a 0.226 Mean k>tlO3 Sec"1* 0,276

k xlO5
0

0.105 *Vo do5 0.125



230

5. Sodium Perchlorate 0.340 M 6. Sodium Perchlorate 0.4000M

Time
mts.

Thlo
ces.

kxlO3
Sec

1
Time
mts.

Thio
ces

kxio3,
"ec"1

0 28.65 m 0 43.3 -

10 a&4*»a O 0.403 10 3C.7 0.573

20 19.3 0.329 20 «*£*"* a *?*•* 0.473

30 15.9 C.327 30 10.3 0,449

40 12.7 0.339 40 14.8 0.447

50 10.4 0.338 50 11.4 0.445

60 8.5 0.337 60 9.1 0.433

Mean kx»03Sac"1 a 0.334 Mean KxlO3 Sec"1 « .449

k xio5
0

a 0.152 K,xin 0.223

Tab le 25Ci

Formaldehyde O.IOOOM
Total Oxidant 0.0049M
Perchloric Acid O.IOOOM

1. Sodium Perchlorate O.OOOOM 2. Sodium Perchlo rate O.IOOOM

Time Thio kxio3 .
Sec"1

Time Thlo kxio3.
mts. ces. mts. ecs. Sec 1

0 29.6 m 0 16.5 a)

5 18.6 1.55 5 10.7 1.44

10 12,1 1.49 10 6.8 1.48

15 9.0 1.32 15 5.7 1.16

20 7.0 1.20 20 4.3 1.12

25 5.0 1.18 25 3.1 1.11

30 3.4 1.20 30 2.2 1.12

Mean k>clG3 Sec"1 a 1.23 Mean kxlO3 Sec" 1 « 1.13

K XlO 9 0.740 Kx!0D . = 0.720



3. Sodium Perchlorate 0.2000M
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4. Sodium Perchlorate 0.3000M

Time
mts.

Thio
CCS.

kxio3-i
Sec

Time
mts.

Thio
ecs.

•<xl°3-l

0 16.5 — 0 29.6 m

5 10.7 X.44 5 19.7 1.36

10 8.2 1.16 10 13.9 1.26

15 5.6 :.2o 15 9.4 1.27

20 4.0 1.18 20 7.3 1.17

25 3.0 1.14 25 5.2 1.16

30 2.6 1.17 30 3.9 1.13

Mean k>:103 Sec"1 » 1.17 Mean kxlO3 Sec"1 « 1.20

kc 5
a 10 a 0.725 k xio5 «

0
0.735

5. Sodium Perchlorate 0.4000M 6. Sodium Perchlorate 0.5000M

Time
mts.

Thlo
CCS.

kxio3,
Sec"1

Time
mts.

Thlo
ces.

kxio3 ,
Sec"

0 29.6 p 0 29.6 .

5 19.7 1.36 5 18.9 1.49

10 12.9 1.38 10 12.7 1.41

15 9.4 1.27 15 8.7 1.36

20 6.5 1.26 20 6.2 1.30

25 5.2 1.16 25 4.1 1.32

3C 4.? 1.14 30 2.7 1.33

Mean kxlO3 Sec"1 « 1.25 Wear kxlO3 Sec"1 a 1.34

kQx!05 a 0.742 k XlO5 a
O

0.840



7. Sodium Perchlorate 0.6000M

Time
rats.

Thlo

ecs

kxio3
Sec" A

0 29.6 -

5 18.9 1.49

10 12.7 1.41

15 8.7 1.36

20 6.1 1.32

25 4.1 1.32

30 2.7 1.33

Mean kxlO3 Sec"1 • 1.35

k xlO5 a 0.840
0

232
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^ Table 251

Effect of Change In Ionic Strength on the Rate of
Oxidation of Formaldehyde with Chlorine at 35°C

(a) (HCHO) • 0.1003M, (OX) » 0.0044M, <HCK>4) * O.OOOOM

(MaClO.) M 0.00 0.10 0.20 0.30 0.34 0.40
a ,

IO3 k Sec"1 0.266 0.226 0.226 0.276 0.334 0.440

IO5 K0 moles 0.122 0.105 0.105 0.125 0.152 0.223
llt*1Sec"1

(b) (HCHO) - O.IOOOM, (HC104) « O.IOOOM, (OX)* « 0.0049M

(NaC104) M 0.00 0.10 0.20 0.30 0.40 0.50 0.60
lO^.Sec'1 1.23 1.13 1.17 1.20 1.25 1.34 0.840
I05k moles 0.740 0.725 0.725 0.735 0.742 0.840 0.840

lit*-Sec"1
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Results and Discussion s

The effect of adding different concentrations of

sodium perehlorate solution on the rate of reaction of

formaldehyde with chlorine has been investigated at 35°C.

The data given in Table 251 reveals that In absence of

parchlorlc acid, there Is no significant influence of

ionie strength on the reaction rate upto /" - 0.30, but

the rate Increases with ionic strength from x" * 0.34 to

0.40. In presence of perchloric acid also the effect of

variation of Ionic strength on reaction rate Is

Insignificant upto *M • 0.4, but the rate increases with

ionic strength from /^ • 0.5 to 0.6.

Tha observed increase in rate may be due to

Salt affect*369'. Perhaps the higher concentrations of

sodium perchlorate altar the factor 2 HOCl. ^Cl* *H

of the hydrolysis equilibrium constant,

[cij - O_LH0CiJ [H+J [ci*J vHQ^cftr/H*
h 2

This results in the increase in concentration of Cl2,

which in turn enhances the rate.
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SEC. 3.4 EFFECT OF SOME IN0R3ANIC SALTS

Introduction $ In this section the formaldehyde -

chlorine reaction has been studied In presence of small

quantities of Inorganic salts at constant ionic strength

of 0.4 at 35°C. This study was undertaken in aneffort to

find out the difference in the behaviour of metallic salts

In the reactions of alcohols and aldehyde with aqueous

chlorine.

The difference of the rate inpresence of the

salt from that In absence of the salt shows the effect of

the used,

EXPERIMENTAL

All the chemleals used were of Merck (Cp)

or B.D.H. (AnalaR) grade and were further purified, if

necessary. Formaldehyde was prepared by decomposing

paraformaldehyde. Generally 0.05M concentration of salts

were used. Those salts have been avoided which affect tha

lodometrlc titrations.



Table 252

Temp.35°C
Formaldehyde 0.1250M
Total Oxidant 0.0049M

so-* 0,4

23 6

1. No Catalyst 2. Lithium Chloride 0.500V,

Time
mts.

Thio k
ces

<103
Sec"

Time
mts.

Thlo
ces.

kxio3.
Sec"1

0 33.45 a) 0 31.6 -

10 22.8 0.639 5 22.0 1.21

20 17.35 0.547 10 17.0 1.03

30 12.25 0.558 15 12.4 1.04

40 8.7 0,561 20 9.5 1.00

50 6.1 0.567 25 7.2 0.986

60 4.5 0.557 30 5.2 1.00

PI ©3 n kxlO3 Sec"1* 0.558 Mean kxlO3 Sec"1 » 1.01

k xlO5
0

0.300 k xlO5
0

0.560

3. Sodium Chloride 0.0500M 4. Potassium Chloride 0.0500M

Time Thlo kxlO3 ,
Sec"1

Time Thlo kxio3.
•» — X

mts. ces. mta. CCS * Sec

0 14.0 • 0 14.0 -

5 9.8 1.19 5 8.0 1.86

10 6.4 1.30 10 4.5 1.89

15 4.3 1.31 15 i.9 2.11

20 2.6 1.40 20

25 1.9 1.33 25

30 — 30

Mean kxlO3 Sec"1 - 1.31 Mearl kxlO3 Sec"1 » 1.95

k0xio5 « 0.660 k XlO5 a
0

0.860



5. Barium Chloride 0.0500M

23 7
6. Strontium Chloride 0.0500M

Time Thlo kxio3
Sec"

Time Thlo kxlO3,
mts. ces. mts. ces. Sec

0 16.0 . 0 16.0 —

10 "7.6 1.24 10 9.2 0.922

20 3.5 1.27 BO 4.5 0.969

30 1.6 1.28 30 2.9 0.949

40 0.75 1.27 40 1.7 0.934

50 50 1.0 0.924

60 60 —

Mean kxlO3 Sec"•*a 1.26 Mean kxIO3 Sec"1 » 0.940

k xlO5
0

a 0.665 k0xio** 0.650

7. Calcium Chloride 0.0500M 8. Nickel Chloride 0.0500M

Time Thlo kxio3,
Sec"A

Time Thlo kxio3.
mts. CCS. mts. ces. Sec

0 20.S . 0 14.C • .

5 14.2 1.27 5 • 8.4 1.70

10 9.6 1.29 10 4.4 1.93

15 6.6 1.27 15 2.5 1.91

20 4.5 1.28 20 1.4 1.92

25 3.1 1.27 25 0.3 2.00

30 2.0 1.30 30

Maan kxlO3 nee"1 « 1.28 Mean p(>tlO3 Sec" 1 » 1.89

k XlO5 -
0

0.665 k xlO5
0

a 0.970



9, Manganese Chloride 0.0500M

Tlma
mts.

Thio
ces

0 20,8

5 14.3

10 10.2

15 6.95

20 4.8

25 3.35

30 2.3

Mean kxlO3 1
k xio5

0

ec
.-1

cxlO-
-ec

-1

1.25

1.22

1.22

1.22

1.22

1.22

1.22

0.620

11. Magnesium Chloride 0.050*"**

238

lO.Elne Chloride 0.0500M

Time
mts.

Thlo
CCS

kxio3 ,
Sec"

0 18.0 •

2 16.3 0.827

4 14.7 0.844

6 13.3 0.840

8 12.0 0.845

10 10.9 0,836

12 9.8 0.845

Mean kxlO Sec" •"a 0.840

k xio5
0

a 0.405

12. Aluminium Chloride 0.0500s"

Time
mts.

Thlo
ces

kxio3 .
Sec"1

Time
mts.

Thlo
CCS.

kxio3,
see"1

0 12.9 • 0 27.7 4»

5 8,5 1.39 5 13.1 2.50

10 5.6 1.39 10 6.3 2,47

15 3.7 1.39 15 3.1 2.43

20 2.4 1.40 20 1.4 2.49

25 1,6 1.39 25 • m

30 1.0 1.37 30 —

Mea n kxlO3 Sec"1 - 1.39 Maan k:<103 Sec"1 » 2.47

k xlO5
0

0,810 iv<105 1.78
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13. Dlsodium Hydrogen

0.0500M
phosphate 14. Beryllium Sulphate

0.0500M

Time
mts.

Thlo
ces.

kxlO3 ,
Sec"1

Time
mts.

Thlo

ces

kxio4..
Sec 1

0 11.8 — 0 14.5 —

10 3.3 0,086 10 13.6 1.07

20 5.75 0.599 20 12.75 1.07

30 4.1 0.588 30 12,0 1.05

40 2.9 0.585 40 11.2 1.08

50 2.0 0.592 50 10.5 1.08

60 1.4 0.592 60 9.8 1.09

Maan kxlO3 Sec"1 a 0.590 Maan kxlO4 Sec"1 * 1.07

k xlO5
0

a 0.340 KqXIO3 0.052

15. Sodium Fluoride 0.1500M 16. Sliver Nitrate 0.0500M

Time
mts.

Thlo
CCS.

kxlO3,
ec

Time
mts.

Thlo
ces.

kxlO3,
Sec*1

0 22.6 M 0 24.3 m

5 16.8 0.989 5 16.1 1.37

10 12.6 0.974 10 11.5 1.25

15 9.5 0.963 15 7.9 1.25

20 7.2 0.953 20 5.4 1.25

25 5.3 0.967 25 3.8 1.24

30 4.1 0.948 30 2.8 1.20

Mean kxlO3 Sec*1* 0.961 Mean kxlO3 Sec*1 a 1.24

k xio5
0

0.500 k^xio" 0.840



Table 253

Rate Constants for the Reaction of Formaldehyde with
Chlorine In the Presence of Different Salts at 35 C
(HCHO) « 0.1250M, (OX) « 0.0049M, h • 0.4

iO

Salt added. M k xlO3
Sec*1

k xio5
O mi

moles lit ,
Sec"

k0 x 105
(HCHO)

a> 0.558 0.300 2.40

L1C1 0.05 1.01 .560 4.48

NaCl .05 1.31 .660 5.28

KCl .05 1.95 .660 6.88

BaCl2 .05 1.26 ,665 5.32

SrCl2 .05 0.940 .650 5.20

CaClg .05 1.28 .665 5.32

N1C12 .05 1.89 .970 7.76

MnCl„
a.

.05 1.22 .620 4.96

ZnCl2 .05 0.840 .405 3.24

MgCl2 .05 1.39 .810 6.48

A1C13 .05 2.47 1.78 14,2

Na2HP04 .05 0.590 .340 2.72

BeS04 .05 0.107 .052 0,416

MaF .15 0.961 .500 4,00

AgN03 .05 1.24 .840 6.72



Results and Discussion i ^41

An examination of the data reveals that the

pseudo first order rate constant for each aliquot portion

titrated during a run Is unaltered within experimental error,

for ail the runs. To calculate the pseudo first order constant

from the Integrated rate expression, It Is necessary to

evaluate the f.nltial stoichiometric concentration of chlorine.

This was accomplished by extrapolation of log (OX) to zero

time. We calculated the Initial rates as well for all the

runs. Comparison of either Initial rates or pseudo first order

rate constants for various runs indicates that chloride Ion,

In gen ral, enhances the rate. We kept the concentrations of

the salts as equal to 0.05M with a view to find out if there

is any correlation between reaction rate and Ionic radii or

charge density of the cations. In presence of divalent metal

chlorides, the rate follow the order t

N1C12 > MgCl2 > CaCl2 ^ BeClp > SrCl2 > MnCl2 > ZnCl2

and the ionic radii of cations follow the order

Ml**< Mg++C Ca*V Ba** <C |/*>
However, the transition metals (That Is, 3d structure) do not

seem to oboy above correlation. In presence of monovalent

metal chlorides, the rate follow the order

KCl > NaCl > L1C1

whereas the lonle radii follow the order

LI* <C Na* C K*
The maximum rate has been found with A1C13.

AgN03#NaF,HP04" enhances whereas Bel»04 inhibits the rate.

The significance of these results will be

considered in the General Discussion.
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SEC. 3,5 ACTIVATION PARAMETERS

Introduction • A general study of the temperature

Coefficient of the reaction of formaldehyde with chlorine

at constant ionic strength of 0,4 has been made. The

velocities have been measured at 25°, 35°, 45° and 55°C.

The Initial rates, ko moles lit.* Sec"1, and tha

activation parameters have been calculated. The thermostat

was controlled within ♦ 0.05°C, The results are shown In

Table 266.



Table 254

Temp.25°
Total Oxidant
Formaldehyde

Thlo
ecs.

0.0059*4
0.125OM

TxlO

Sac'
-1

Table 255

Te«p,35°
Total Oxidant
Formaldehyde

Time
mts.

Thlo
ces.

243

0.0059M
0.1250M

kxlO4tlO
"rC"-.*.•!

0 10.5 - 0 50.2 —

10 8.9 2.75 10 28.4 9.50

20 7.75 2.53 20 19.0 8.10

30 6.6 2.58 30 18.8 8.14

40 5.75 2.51 40 7.1 8.15

50 4.90 48*8 O*^ 50 4.4 8.12

60 4.2 2a 55 60 2.7 8.12

Mean kxlO4 Sec*1 a
k xlO5 »

0

<*t "*/** Maan kxlO4 Sec"1 at 8.13

0.122 k xio5
0 *

0.430

Table 256

Temp.45°
Table 257

Temp .55°
Total Oxidant 0.0059M
Formaldehyde 0.1250M

Total Oxidant
Formaldehyde

0,
o,

,0059M
.1250M

Time
mts.

Thio
ces.

kxlO4
See"

Time
mts.

Thlo
CCS.

kxlO3.
"ec"1

0 16.6 a> 0 16.65 —

2 12.9 21.0 2 10.2 4.08

4 10.3 19.9 4 6.6 3.85

6 8.3 19.2 6 . 4.1 3.89

8 6.70 18.8 8 2.8 3.72

10 5.40 18.7 10 1.8 3.72

12 4.35 18.7 12 1.20 3.65

Mean kxlO Sec" a 19.1 Maan k>tlO3 Sec*1 « 3.77

koxl05 1.03 k xlO5
o

2,05



Table 258

Temp.25°
Total Oxidant
Formaldehyde

0.0049M
0.1250M

Time
mta.

Thlo
CC s«

kxio4 .
Sec"l

0 20.4 .

10 17.25 2.79

20 16.3 1.87

30 14.55 1.88

40 13.1 1.64

50 11.8 1.82

60 10.5 1.84

Mean kxlO4 Sec" 1
- 1.85

k xio5
0

a 0.085

Table 260

Temp.45°
Total Oxidant
Formaldehyde

0,
0,

,0049m
,1250M

Time
mts.

Thlo
ecs.

kxlO3,
Sec"1

0 22.55 —

2 19.0 1.43

4 17.0 1.18

6 14.7 1.19

8 12.6 1.21

10 10.7 1.24

12 9.2 1.24

Mean kxlO Sec"• 1 » 1.21

L xlO5
0

a 0.710

Table 259

Temp• 35
Total Oxidant

. Formaldehyde

mts.

0

10

20

30

40

50

60

Thlo
ecs.

33,45

22,8

17.35

12.25

8.7

6.1

4.5

Mean kxlO4 Sec"1*
k xlO5

o
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0.0049M
0.1250M

i xlO ,
Sec"1

6.39

5.47

5.58

5.61

5.67

5.57

5.58

0.300

Table 261

Temp.55°
Total Oxidant 0.0049M
Formaldehyde 0.1250M

Time
mta.

Thlo
ces.

kxlO

Sec
-1

0 22.55 9

2 14.7 3.57

4 12.0 2.63

6 9.2 2.48

8 6.7 2.53

10 4.9 2.55

12 3.5 2.58

Mean kxlO3 Sec"1* 2.55

kxlO5
0

1.53



Table 262 Table 263 245
Temp,25° Temp.35°

Perchloric Acid O.IOOOM Perchloric Acid 0 ,1000M

Formaldehyde 0.1250M Formaldehyde 0 .1250M

Total Oxidant 0.0049M Total Oxidant 0 .0049M

Time Thlo kxio4 ,
"ec"1

Time Thio kxio3,
mts. ecs mts. CCS. Sec

0 20.4 9* 0 29,6 -

10 14.6 5.57 5 18.9 1.49

20 12.3 A$ dCdt 10 12.7 1.41

30 9.5 4.25 15 8.7 1.36

40 7.4 4.23 20 6.2 1.30

50 5.7 4.25 25 4.1 1.32

60 4.6 4.14 30 2.7 1.33

Mean kxlO4 Sec" i« 4.22 Mean kxlO3 Sec"1 » 1.34

k xlO5
0

a 0.230 k xlO°
0

« 0.800

Table 264 Table 265

Temp.45° Temp.55

Perchloric Acid O.IOOOM Perchloric Acid O.IOOOM

Formald«»hvde 0.1250M Formaldehyde 0.1250M

Total Oxidant 0.0049M Total Oxidant 0.0049M

Time Thio kxlO3 .
Sac"

Time Thio kxio3
mts. CCS. mts. CCS Sec

0 15.25 at 0 25.0 —

2 9.5 3.94 2 10.0 7.63

4 6.8 3.37 4 5.4 6.38

6 4.85 3.18 6 2.4 6.51

8 3.25 3.25 8 1.1 6.50

10 2.15 3.27 10 0.6 6.22

12 1.55 3.18 12 0.3 6.14

Mean kxlO3 Sec;"1-3.25 Mean kxlO3 Sec"1 a 6.35

k xlO5
0

-1.90 1V10 « 4.05
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Results and Discussion :

In Table 266 the values of initial rate, Ir ,
o

at different temperatures together with the values of

Klnt* temperature coefficient and various activation

parameters with their standard deviation are given. All

these values have been calculated by tha method already

explained in Sec.2.7,

The temperature coefficient, K35°A25°* oi
the reaction has been found to be 3,52, which corresponds

well with the value for pseudo unmolecular reaction. The

results further support the accuracy in the determination

of order of reaction.

The energy of activation, in the absence of

perchloric acid, has been found to ba of the order of

18,5 kcals and the Arrhtmlus frequency factor, A moles

-1 -1 7
litre x Sec , Is of the order of 10 . The value of energy

of activation is lower than that observed for primary

alcohols but greater than that observed for secondary

alcohols. Chatterjl and Mukherjee ' found that for

chromic acid oxidation of formaldehyde, the energy of

activation Is about 9,1 Kcals, which Is lower than that

observed for chlorine oxidation.

The entropy of activation has be«n found to

be of the order of 26 Cals/°C, which is again, higher than

for primary alcohols but lower than that for secondary

alcohols.



40

SYSTEM. FORMALDEHYDE-CHLORINE

Kcl =2.25 x102 Sec1

[cTjx 10*

FIG.12-GRAPHICAL CALCULATION OF Kcl AND KH0C,
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QEN3AA. DISCUSSION

The reaction of chlorine with formaldehyde has

also been found to be very complex, because both chlorination

and oxidation takes place. 88 tried to arrive at the

conclusions by considering mainly k values, which we have

calculated throughout In this case.

In Section 3.1, it has been shown that molecular

chlorine Is the principal effective species and HOCl plays

a negligible role In this reaction. In Fig.12, the plot

of (b 4 (Cl")( k versus (Cl*) Is shown. The fact that
ToxT";

the straight line passes through the origin shows that

kHOCl l8 8^'noSt "aro. From the slope, kc* has been found

to be 2.25 x 1Q See* and the mean value of kcl (• k ,.\

-2-1 z °
has been found to be 2.18 x 10 Sec . These values

agree very well. It can be concluded that molecular chlorine

is the main reactive species in chlorine water.

The present Investigation provides sufficient data

which contribute towards an understanding of the mechanism

of the reaction of formaldehyde with aqueous chlorine. The

main results achieved In this study are *

(A) The reaction kinetics follow the equation

-d(Cl2) * k v (Cl2)# at lower concentrations of HCHO
dt

-d(Cl2) «k^b§ (Cl2) (HCHO), at higher concentrations of HCHO.
dt

-d(Cl2) » k^b§ (Cl2) (HCHO)
-"fs—
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In presence of perchloric acid, when concentration of

formaldehyde Is high,

(B) The products of the reaction are chloroformaldehyde,

CICHO, and chloroformic add, C1COOH.

(C) There Is no significant Influence of Ionic strength

on the reaction rate in absence of perchloric acid upto

,#=0.30, but the rate increases with lonle strength from

M.-0,3A to 0.40. In presence of perchloric acid also, the effect

of variation of Ionic strength is insignificant unto ^=0.4,

but the rate increases with ionic strength from jj,: 0.5 to 0.6.

(D) Chloride ion enhances the reaction rate but the

acceleration in presence of chloride Ion Is less than that

observed In the ease of monohydrlc alcohols.

(E) Silver nitrate and fluoride Ion also accelerate the

reaction rate.

(F) The temperature coefficient, energy of activation and

entropy of activation in absence of perchloric acid are

3.52, 18.5 Kcals and 26 e.u., respectively, and in presence

of perchloric acid the temperature coefficient, energy of

activation and entropy of activation are respectively 3.48,

18.4 Kcals. and 24.5 e.u. This Indicates that perchloric acid

plays a minor role In this reaction.

It may be mentioned here that there Is a

dissimilarity In the observed kinetics of reactions of

formaldehyde and monohydrlc alcohols with chlorine.

While studying the kinetics of chlorination of
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(121)

phenol *»ftd anisole, De la Max* ani coworkers* " found

that the chlorination rate is rero order with respect to the

organic compound substituted and first order with respect

to HOCl. Schilov*•****' criticised their explanation and

argued that tha rate controlling step of these reactions

Is production of free Cl2 from HOCl and traces of Cl* Ion.

The reaction of chlorine with formaldehyde has been found

to follow the above pattern. This suggests that chlorination

la the siain reaction and the oxidation follows, In the case

of formaldehyde,

Wast and Rollefson *68'* noticed that tha

photochemical reaction of chlorine with formic acid is a

chain reaction, which proceeds partially through ehloroformle

acid to the final products, C02 and HCI t

Cl2 ♦ hi> —> Cl 4 ci

Cl • HCOOH —> COOH 4 HCI

COOH —* CO 4 H

COOH 4 Cl2 > C1COOH 4 Cl

H ♦ Cl2 —-> HCI 4 ci

CICOOH —> co2 + HCI

As we have already pointed out in tha previous

chapter, the chlorination of earbonyl compounds follow

through enolization, but formaldehyde cannot form enol ef

normal type, Iven then It is easily chlorinated to

chloroformaldehyde. *hen lookini for the mechanism of

chlorination of formaldehyde, it should be taken into
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consideration that the rate controlling step Is Independent

of formaldehyde concentration. Thus the mechanism of

chlorination may therefore be represented as t
H j

H- C * 0 ♦ H* —y H - C « OH* (1)
H H

• # * 4H - C - OH 4 Cl2 > Cl - C « 0 * H 4 CI (11)

(The H ions formed in step (ii) appear to be utilized in

step (1)

The Influence of adding the proton to the earbonyl group Is

to increase Its attraction for electrons and hence makes

It easy for the hydrogen to leave as proton.

We observed that a small percentage of Chlorofor -

-maldehyde gets oxidized to chloroformic acid. The kinetic

studies have shown that the reactions of formaldehyde are

typically those of an alcohol. Bleber and Trumpler* '

demonstrated that aqueous formaldehyde solution In

concentrations less than 1M consist almost entirely(99.99^)

of CH2(OH)2. "1th all the reagen ts as yet examined, the

Isotope molecule, CD2 (OH)2, was found to oxidize more slowly

than does CH2 (OH)2* 1'. The reaction mechanism for the
oxidation ef chloroformaldehyde may thus be represented as

H

H M OH

a-c~ov\ -+cjev^> ul~L-ocjl + n++cJT Uv)
OH OH

H »C7

CJL —c—Ot*£ 4- fj —*^ 8*H '•
*

OH

+ *-c£L +ar Cv)

(where B Is a base, e.g. water).
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The mechanism of electron movement In the

elimination process (v) may be represented by
K«r—*1*°

OH

in which the C-H, C-0 and O-Cl bonds Involve simultaneously.

This type of reaction mechanism bears a formal

resemblance with the mechanism of chromic acid oxidation

(2)
of formaldehyde, suggested by Chatterjl and Mukherjee .

Although order with respect to perchloric

acid has been fou*)d to be zero at all concentrations, the

rata constants appear to be slightly higher than in tha

absence of perchloric acid. The role of perchloric add Is

perhaps the addition of proton to the earbonyl group aa

proposed^n step (1),

The metal chlorides enhance the reaction rate,

but the magnitude of acceleration is not so high aa

observed in the case of reactions of chlorine with monohydrlc

alcohols. *?e suggested two alternative mechanisms for tha

catalysing action of chloride in the previous chapter. Tha

hydrolysis view appears to be mora reasonable because

formaldehyde cannot form enol of normal type. ThatAs why

the rates in presence of di- and trivalent metal chlorides

for formaldehyde reaction are not so high at observed for

monohydrlc alcohols.

The role of silver nitrate and fluoride ions

appears to be similar to that already mentioned in the

previous chapter.



CHAFTER 4

EFFECT OF STRUCTURE ON HEACTIVITY

• The Reactions of Chlorine with Monohydrlc Aliphatic

Alcohols in /queous Solution t Relative Activation

Parameters "

4H4-4M*9**#
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SEC. 4.1 EFFECT OF STRUCTURE OF ORGANIC MQJ.ECULH ON THE

REACTION RATE

Introduction j It Is now well known for several reactions

that the Introduction of substltuents into the parent molecule

produces definite changes In the reaction velocity, which

can frequently be correlated with the electronic properties

of the substituent group* a substituent alters the

availability of electrons at the seat of the reaction. Such

studies have been made in the oxidation of glycols by chromic

ecid{40\ lead tetracetate(37i) and periodic acid(372 t0 374)j
oxidation of substituted toluenes*280^ and substituted

benzaldehydes by potassium permanganatej oxidation of

oleflnes by perbenzoic acid* 7 , oxidation of substituted
benzaldehydes* 55 ° 357'f aliphatic monohydrlc alcohols
and aliphatic aldehydes'249' by chromic acid.

An idea of the properties of activated complex

Is essential for knowing the effect of substituent in reactivity.

The activated complex is to be regarded as an ordinary molecule

possessing all the usual thermodynamic properties. The free

energy, heat, and entropy of activation is related to the

potential energy and probability changes*378'.

Price and Hammett*379*380) and Fltzpatrlck and
Csettler* have studied the formation of semlcarbazones and
oxlmes of several earbonyl compounds. They calculated the

relative entropies, enthalpies and free energies of activation

related to that of acetone by using the following



-fuatlons :

AS* — A

*

AH —

*
AH,

4

A 0 — A <3*
s

2f" 7

2. (RT P^k/k ) (1)
*>T •

RT2 1 ( ^ k ) (11)
3T 1T"

a ~ RTj2_ k ..(Ill)

In all theae equationa symbols with subscript

s refer to the standard substance, those without subscript

to the earbonyl compound in question.

Hammett*382*3835noticed that a linear relationship
of the form

log k - log k& * f «-

holds for many reactions Involving side chains of benzene

derivatives; here f is a constant depending on the reaction

series, <r* is a constant depending on the substltuents, and

k and kg are the rate constants of the substituted and

unsubstltuted reaetants. This equation had been tasted for

a large number of aromatic reactions.

In this Chapter the relative thermodynamic

activation parameters for the reactions of aliphatic

monohydrlc alcohols with aqueous chlorine in absence and

In presence of perchloric acid, relative to that of methyl

alcohol, bave been calculated. An attempt has been made to

establish a correlation between the structure of organic

molecule and reaction rate.
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EXPERIMENTAL

All the chemicals were either Merck (C.P) or

B.D.H (AnalaR) grade.

The kinetics of the reactions of methyl, ethyl,

n-propyl, Isopropyl, n-butyl, lso-butyl and sec.butyl alcohols

with aqueous chlorine In absence and In presence of

perchloric acid at various concentrations of the reaetants

have been studied at 25° and 35°C according to the method

explained In Sec.2.1.

-1 -1
The Initial rates, k moles lit sec , have

O

been calculated from the plots of x/t versus x by

extrapolating to x * 0.

The relative thermodynamic activation parameters

have been calculated by using the equations

A^*«-2.303RT log (k/k§)

^A H a -2.303R ["log (k/k8)T - log (k/k8)Tl
l —i/t. . i/T.—yi7t2 - 17T1

AAS* « 2.303 R[t2 log (k/kg)T - f| log (kAs)T]

T2*T1

These equations have been obtained from the equations (i)

to (111). A summary of the data Is given In Tables 322,323.
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Table 267 Table 268

Tenp.?^ Tenp.35°C
Total Oxidant 0
IsoPropyl UcoholO

.0075M

.1333M
Total Oxidant
IsoPropyl Alcohol

0.0075M
0.13338

Time
mts.

Thlo
eea

kxio4.
sec"1

Tine
nta.

Thlo
eea.

kxio4 .
see*1

0 23.8 m 0 30.0 m

10 22.0 1.31 10 23.5 4.07

20 20.3 1.33 20 18.5 4.03

30 18.3 1.31 30 14.6 4.00

40 17.35 1.32 40 11.5 3.99

90 16.05 1.31 50 9.0 4.01

60 14.9 1.30 60 7.1 4.00

Maan kxlO4 Sae*1 • 1.31 Mean kxio4 sec"1 • 4.02

k xio°
0

1.34 k xio6
o

a 4.10

Table 269 Table 2*10

Tamp,25°C Tenp.35°C
Total Oxidant
IsoPropyl Alcohol

0.0060M
0.1333M

Total Oxidant
IsoPropyl Alcohol

0.0060M
0.1333M

Tina
mts.

Thlo
eea.

kxio4.
See**

Tina
nta.

Thlo
cea.

kxio4.
See*1

0 35.2 • G 27.7

10 33.2 0.975 5 25.2 3.15

20 31.2 1.00 10 22.8 3.25

30 29.4 1.00 15 20.6 3.29

40 27.7 0.998 20 18.7 3.27

50 26.1 0.997 25 17.0 3. 26

60 24.5 1.01 30 15.4 3.26

Mean kxlO4 See*1*' 0.997 Mean kxlO4 Sac*1 9 3.25
k XlO* m

0
i 0.988 * .xlO

9
9 3.29



table 271

Temp.25°C
Perchloric eld 0.1500M
Total Oxidant ^.006OM
IsoPropyl "lcohol 0.1333*

Tlma
mts.

0

5

10

15

20

•5

30

Thlo
cea.

35.2

24.0

17.3

12.4

8.5

5.95

4.2

Maan kxlO3 Sac"1
k xlO5

o

kxio3 .
See*

1.28

1.18

1.16

1.18

1.18

1.18

1.19

1.30

Table 273

Temp,25°C
Perchloric Acid O.IOOOM

IsoPropyl Ucohol 0.1333M
Total Oxidant 0.0060M

Time
mts.

Thlo
cc«.

0 16.0

10 9.2

20 5.0

30 2.9

40 l«*f

50 1.0

Mean kxlO3 -1
188

ec*1k xlO"

kxlO3 ,
Sec**

0.922

0.969

0.949

0.934

0.924

0.940

1.24
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Table 272

Temp.35°C
Perchlorle Add
IsoPropyl Meohol
Total Oxidant

0.1500a"
0.1333M
0.0060M

Tina
mts.

0

5

10

15

20

25

30

Mean

Thlo
ces.

33.9

13.2

5.4

2.0

0.8

0.35

kxio3
k xio5

-1
#»c

Table 274

Temp.35°<?
Perchloric Acid
IsoPropyl 'Meohol
Total Oxidant

- ""

Tina

mts.

Thlo
ecs.

33.9

15.8

7.35

3.45

1.7

0.75

kxio3.
"ec*1

3.14

3.06

3,14

3.12

3,05

3,10

3,40

O.IOOOM
0,x33Jn
0.0060M

kxlO
See

-1

0

5

10

15

20

25

30

Mean kxlO3 See*1

2.54

dt %!DO

2,54

2.49

2.54

2,53

2.90k xlO"
o
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Table 275 reexe dro

Temp. 25°C Temp.35 C

Total Oxidant 0,
see.Butyl Alcohol 0.

0075M
1333M

kxioj.
See*

Total
See.Bi

Oxidant
utyl Alcohol

0.0075M
0.1333M

Tina
mts.

Thlo
ces.

Tine

nta.

Thlo
eea.

kxlO4.
see**

0 22.6 a> 0 3 a£* w •

10 18.9 2.98 5 25.0 8.75

20 15.7 3.04 10 19.4 8.60

30 13.1 3.03 1ft 14.9 8.67

40 10.9 3.04 20 11.5 8.66

50 9.1 3.03 2ft 8.85 8.67

60 7.5 3.06 30 6.8 8.70

Mean kxlO4 Sec* a 3.03 Maan kxlO4 Sec*1 9 8,68

k xlO6
0

9 3.18 kxlO°
0

• 8,92

Table 277 Table 278

Tamp.25 C Tenp.35° Ci

Total Oxidant
Sac.Butyl Alcohol

O.G060M
0.1333M

Total Oxidant
Sec.Butyl Alcohol

Q.0060M
0.1333M

Tine
mts.

Thlo
cea.

k?10-lSee *
Tine
nta.

Thlo
cea.

kxio4.
«. — X
See

0 35.8 an 6 27.7 -

10 30.6 2.62 ft 22.3 7.23

20 26.1 2.63 10 18.0 7.18

30 22.3 2.63 15 14.5 7.19

40 19.0 2.64 20 11.7 7.18

50 16.4 2.60 25 9.4 7.21

60 14.0 2, 61 30 7.6 7.19

Maan kxlO4 Sec*1 a 2.62 Mean kxio4 Sec*J' 9 7.20

k xlO6
O

« 2.75 k xlO°
a

« 7.37



Table 279

Tenp.25°C
Perchloric Acid

Total Oxidant
See.Bwtyl Ucohol

Time
mts.

0

5

10

15

HO

25

30

Thlo
ecs.

35.2

16.8

8.0

3.7

1.8

0.9

0.1500M
0.0060M
0.1333M

kxlO3.
•w»*>a
f>ec

Mean kxlO3 Sac*1

2.47

2.47

2.50

2.48

2.44

2.47

2.98k xlO*
o

Table 281

Tenp.25°<-
Perchloric Acid O.IOOOM
TotalOxldant 0.0060M

See.Butyl Alcohol 0.1333M

Tine
mts.

Thlo
cea.

kxio"
ee*1

0 46.4

4 28,7 2.00

8 17.8 2.00

12 11.0 2.00

16 6.8 2.00

20 4.3 2.00

24 2.7 1.97

Mean kxlO3 See*1- 1.99
k xlO5 • 2.35

o

Table 280

Temp.

Perchloric Acid
Total Oxidant
Sec.Butyl Alcohol

35° C

259

O.IOOOM
0.0O60M
0.1333M

Thlo
ces.

ikxlO
Sec"

0 27.7

2 15.2 5.00

4 8.3 5.02

6 4.6 4.99

8 2.5 5.01

10 1.3 5.10

12 0.75 5.01

Mean kxlO3 Sec*1 • 5.02
k xlO5 • 5.88

o

Table 282

Tenp.35°<"
Perchloric Acid
Total Oxidant
see.Butyl Alcohol

Tina
mts.

0

2

4

6

8

10

12

Mean

Thlo
cea.

42,8

18.95

8.4

3.7

1.7

0.6

kxio3
k xio*

o

*•>.'•ec

0.1500M
0.0060M
0.1333M

kxio'
Sac*1

6.79

6.78

6.80

6.72

6. 63

6.74

7.68
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Table 283 laoxe 2iS* " '

Temp.25°C 1 wWp • *^o
ac

Total Oxidant 0.0O75M Total Oxidant 0.0075M

Methyl Aleohol 0.1333M Methyl Aleohol 0.1333M

Tine Thlo kxio4
See

Time Thlo kxio4.
*m _*"• a*L

nta. cea. mts. CCS See

0 40.0 88 0 33,8 —

35 39.0 0.121 10 32.9 0.449

70 38.— 0.110 20 32.1 0.430

105 37.1 0.119 30 31.15 0.453

140 36.2 0.119 40 30.3 0.456

175 35.2 0.122 50 29.5 0.454

210 34.2 0.124 60 28.7 0.454

Maan kxio4 See**« 0.119 Mean 1<xl04 See"J
xlO6

'a 0.449

k xio6
0

» 0.120
0

a 0.578

Table 285 Table 286

Tenp.25°C Tenp.SS-'C

TotalL Oxidant 0.0060M Total Oxidant O.OOOOM
9k, 8 *i<*4*tl

Methyl Alcohol 0.1333M Methyl Aleohol 0.1333m

Tine
nts.

Thlo
eea.

kxio5.
» —X
Sac * nts.

Thlo
eea.

kxio4.
See

0 40.0 . 0 38.7 at

3ft 39.2 0.965 10 37.8 0.391

70 38.3 1.04 20 36.9 0.397

105 37.3 1.11 30 36.1 0.353

140 36.45 i.il 40 35.2 0.397

175 35.6 1.11 50 34.5 0.383

210 34.7 1.13 60 33.6 0.393

Mean kxlO5 Sec"X- 1.08 Maan kxlO4 See"
,xl06

X- 0.391

k xlO6
0

9 0.110 k • 0.487



Table 287

Tenp.25°£
Perchloric Acid
Total Oxidant
Methyl Alcohol

0.1500M
0.0060M
0.1333M

Table 288

Temp.35 C

erchloric Acid 0.1500M
Methyl Alcohol 0.1333M
Total Oxidant 0.0060M

26

Time Thlo kxio5 ,
Sec*

Time Thlo kxlO5,
r —X

mts. eea. nta. cea. ai ec

0 15.9 — 0 20,2 9

10 15.3 6.41 10 18.3 16.5

20 14.8 5,97 20 16.6 16.4

30 14.3 5,90 30 15,0 16.5

40 13.8 5.90 40 13.55 16.6

50 13.3 5.95 50 12,3 16.5

60 12.85 5.92 60 11.1 16.6

Mean kxlO5 -ec"*• 5.93 Mean kxlO5 Sec*1* 16.5

k
<

xlO6
1

a 0.594 k xlo° •
o

1.70

Table 289 Table 290

Temp.25°C Temp.35°C

Perchloric Acid O.IOOOM Parchlorlc Acid O.IOOOM

Total Oxidant
Methyl Alcohol

0.0060M
0.1333M

Methyl
Total

Aleohol
Oxidant

0.1333M
0.0060M

Tina Thlo kxio5
See"

Tine Thlo kxio5..
nta. eea. nts. cea. See

0 15.3 a» 0
*

20.2 at

10 14.85 4.95 10 18.6 13.8

20 14.45 4.76 20 17.1 13.9

30 14.0 4.94 10 15.7 14.0

40 13.6 4.91 40 14.5 13.8

50 13.2 4.92 50 13.3 13.9

60 12.8 4.96 60 12.2 14.0

Mean kxlO^ec*1 a 4.91 Mean kxlO5 See"1* 13.9

a. xlO6
I

• 0.492 k xio° •
O

1.43



Table 291

Tenp.25°c
Total Oxidant
Ethyl Aleohol

Tine
mts.

Thlo
cea.

0.0075M
0.1333M

kxio4.
Sec**

0 21.6

10 21.3 0.234

20 21.1 0.196

30 20.9 0.184

40 20.6 0,198

50 20.3 0.207

60 20.1 0.200

Mean kxl04See"*» 0.203
k xlO6 • 0.212

o

Table 293

Tenp.2ft*C
Perchloric Acid 0.1500M
ethyl Meohol 0.1333M
Total Oxidant 0.006OM

Tina
nts,

Thlo
eea.

kxio
See-1

0 37.4

10 33.9 1.74

20 30.9 1.59

30 28.0 1,61

40 25.4 1.61

50 23.1 1.61

60 20.9 1.62

Mean kxl04Sec"*« 1.61
k xlO6 • 1.64

Table 292

Tamp.35°C
Total Oxidant
r*thyl Meohol

Tina
mta.

Thlo
ces

0 21,0

10 19.9

20 19.3
30 18.4

40 17.6

50 16.9

60 16,2

Mean kxlO4 See"1
k xlO6

o

262

0.0075M
0.1333M

kxio'
-l

»ee

o.i

0.702

0.734

0.736

0.724

0.721

0.723

0.735

Table 294

Tenp,35° C
Perchloric Acid 0.1500M
Fthyl Meohol 0.1333M
Total Oxidant O.OOOOM

a aV—l T"f

mta.

Thlo
eea.

0 20.0

10 14.8

20 11.8

30 9.4

40 7.4

50 5.6

60 4.4

Mean kxlO4 Sac"'
k xio6

kxio
Sac'

-1

5.02

4.40

4.19

4.14

4.24

4.20

4.23

4.32



Table 295

Tenp.25°C
Perchloric Aeld O.IOOOM
~thyl Meohol 0.1333M
Total Oxidant 0.0060M

Tine
mta.

Thio
eea.

kxio4..
Sac

0 Z3.8 a>

10 21.8 1.46

20 20.3 1.33

30 18.8 1.31

40 17.35 1.32

50 16.05 1.31

60 14.9 1.30

Mean kxlO4 Sec"1* 1.31

kxlO6
o

1.34

Table 297

Temp. 25 <"-

Total Oxidant 0.0075M
IsoButyl Alcohol 0.1333M

Time
nta.

Thlo
ces.

kxio4,
Sac"*

0 10.2 -

10 10.0 0.330

20 9.8 0.334

•Jew 9.6 0.336

40 9.4 0.341

50 9.2 0.344

60 9.0 0.348

Mean kxlO4 Sac*1 4» 0.339

W xlO6
0

m 0.340

263
Table 296

** \y tf

Tonp.350C

Perchloric Acid
Ethyl Alcohol
Total Oxidant

0.1000M
0.133M
0.0060M

Time Thio
mta. cea.

kxio4.
Sac*

0 20.0 at

10 16.2 3.51

20 13.2 3.46

30 10.7 3.47

40 8.6 3.42

50 7.1 3.45

60 5.8 3.44

Mean kxlO4 Sec** « 3.46

kxio6
0

* 3.53

Table 298

Teap.35°<*
Total Oxidant
IsoButyl Alcohol

0.0075M
0.1333M

4 8*8*874*0

nta.

0

10

20

30

40

50

60

Thlo
eea.

52.0

49,1

46,4

43.9

41.5

39.2

37.2

Mean kxlO4 Iec"1
k xlO*

o

kxio
-1

See

0.956

0.950

0.940

0.940

0.942

0.931

0.943

0.952



264Tab*, a 299 Table 300

Temp. 25**' Tenp.35 c

Total Oxidant
I aoftutyl Alcohol

D.0060M
D,1333M

Total Oxidant
IsoButyl Aleohol

0.0060M
0.1333M

Tina
nta.

Thlo
eea.

kxio ,
n <*X
888

Tina
III V w 8

Thlo
cea.

kxlO4 ,
see"1

0 38.7 at 0 47.0 at

10 36.1 0.261 10 44.8 0.798

20 37.5 0.263 20 42.7 0.800

30 36.9 0.265 30 40.6 0.810

40 36.3 0.267 40 36.7 0.810

50 35.7 0.269 50 36.9 0.807

60 35.1 0.271 60 35,0 0.819

Mean J*xl04Sec"* n 0.266 Mean kxlO4 Sac"1 « 0.807

k xio0
o

* 0.265 K(XlO 9 0.809

Table 301 Table 302

Temp,25 C Tamp.35°c
Parchlorlc -\eld
Total Oxidant
laoButyl Alcohol

Xj 8 alOy^JMa^

0.0060M
0.1333M

Perchloric Acid
Total Oxidant
laoButyl Aleohol

O.IOOOM
0.0060M
0.1333M

Time
mta.

Thlo
cea.

kxio4,
Sec

Tine
ate.

Thlo
eea.

kxlO4
Sac-1

0 33,0 a> 0 22.6 9

10 29.8 1.70 10 17.3 4.46

20 26.9 1.70 20 13.2 4.4f

30 24.3 1.70 30 10.2 4.43

40 22.0 1.69 40 7.6 ***8 *«***

50 19.9 1.68 50 6.0 4.42

60 18.0 1.68 60 4.8 4.31

Mean kxlO4 Sac"'*• 1.69 Mean kxlO4 Sac*1* 4.44

k xlO6
a

* 1.73 k xlO5
0

4.56



-r'

Table 303 Yanta 304 265
Tamp. 25°c Tamp.35°c

Perchloric Acid
Total Oxidant
laoButyl Meohol

0.15O0M
0.0060M
0.13338

Parchlorlc Add 0.150OM
Total Oxidant 0.0060M
IsoPropyl Meohol 0.1333M

Tlma
nta.

Thlo
cea

kxio4 ,
•*

Sec
Tine Thia
ate. eea.

kxio4 .
Sac*

0 33.0 9 0 22.6 a>

10 29.0 2.15 10 16.3 5.44

20 25.6 2.12 20 11,7 5.49

30 22.4 2.15 30 8.4 5.50

40 19.7 2.15 40 6.0 5.53

50 17.4 2.13 50 4.3 5.53

60 15.2 2.15 60 3.1 5.52

M«an kxlO Sec*1 » 2.14 Maan kxlO Sec" 9 5.50

k xlO6
0

« 2.19 k xio5
0

5.63

Table 305

*

Table 306

Tanp.25*,c Tamp.35°C
Total Oxidant
n-Butyl Aleohol

0.0075M
0.1333M

Total Oxidant 0.0075M
n-Butyl Aleohol 0.1333M

Tina
nta.

Thlo
cea.

kxio5 ,
Sac*1

Tina Thio
nta. eea.

kxio5
Sac"

0 51.7 at 0 23.3 •

10 51,0 2.26 10 22.8 7.18

20 50.5 1.96 20 21.8 7.31

30 49.6 2.30 30 20.9 7.23

40 48.9 2.32 40 20.0 7.25

50 99.4 2.27 50 19.3 6.98

60 47.6 2.30 60 18.4 7.15

Maan kxlO5 Sec*** 2.23 Maan kxlO5 Sec"1 1• 7.18

k xio7
o

- 2.22 k xlO6
0

• 0.720



Table 307

Tenp.25°<:
Total Oxidant
n-Butyl Aleohol

Tine
nta.

Thlo
ces.

0.0060M
0.1333M

kxio*
Sec

-1

Table 308

Temp.35°c
Total Oxidant
n»Butyl Alcohol

Tine
mta.

Thlo
cea.

266

O.CK>60M
0.1333M

kxio5,
sec**

0 16.8 9 0 21.0 at

10 16.6 2.00 10 20,2 6.45

20 16.4 2.01 20 19.5 6.18

30 16.2 2.02 30 X8,9 5.85

40 16.0 2.03 40 18.2 5.96

50 15.8 2.04 50 17.7 5.69

60 15.6 2.06 60 17.0 5.87

Maen kxlO Sec • 2.03 Mean kxlO Sec" • 6.00

k„xl07 »
0

2.02 k xio0 •
0

0.617

Table 309

Tenp.25°c
Perchloric Acid 0.1500M
Total Oxidant 0.0060M
n-Butyl Alcohol 0.1333M

Tlma
nts.

Thlo
ces.

kxio'
Sec

-1

Table 310

Tanp.35°c
Perchloric Aeld 0.1500M
Total Oxidant 0.0060M
n-Butyl Meohol 0.1333M

Time
mta.

Thlo
cea.

kxio4,
•~.*i
see

0 47.0 - 0 •%U'*T 8 f -

10 44.8 0.798 10 30.5 2.10

20 42.7 0.800 20 26.6 2.21

30 40.6 0.810 30 23.5 2.16

40 38.7 0.810 40 20.5 2.19

50 36.9 0.807 50 18.1 2.17

60 35.0 0.819 60 15.9 2.17

Mean kxlO4 See*1- 0.807 Maan kxio "*-ee * 2.17

k xio6
o

0.910 k x!0° •
o

2.29



Table 311

Te*p.250<?
Perchloric Acid
Total Oxidant
n-Butyl Alcohol

Tina
mts.

Thlo
cea.

O.IOOOM
0.0O60M
0,1333M

kxlO"
Sec-1

0 33.0 —

10 31.6 0,668

20 30.5 0.656

30 29.2 0.679

40 28.2 0.655

50 26.9 0.681

60 26.1 0.652

Mean kxlO4 889*'** 0.665
k xio4-

0
* 0.754

Table 313

T#mp.25°C
Total Oxidant 0.0075M

n-fvof)j£ Alcohol 0.1333M

Tlma
mts.

Thlo
cea.

kxlO
-1Sax

0 51.7

10 51,1 1.96

20 50.5 1.96

30 49.6 2.30

40 48.9 2.32

50 48.3 2.27

60 47.6 2.30

Mean kxlO5 Sac*1 * 2.18
koxl06 • 0.220

Table 312

Temp, 35° <*
Perchloric Kid O.IOOOM
Total Oxidant 0.0060M
n-Butyl Aleohol 0.1333M

267

Tina
mts.

Thlo
ces.

kxio'
»C**

0 21.2

10 19.0

20 17.1

30 15.4

40 13.8

50 12.4

60 11. i

8888 kxlO &
k xio6

a

ec
•1.

1.82

1.79

1.78

1.79

1.79

1.80

1.79

1.88

Table 314

Temp.35 C

Total Oxidant 0.0075M
n-Propyl Alcohol 0.1333M

Tine
mta.

0

10

20

30

40

50

60

Thlo
ecs.

21.3

20.45

19.6

Acs. C

18.05

17.2

16.6

Mean kxio5 Sec*1 *
6

k xlO
o

kxlO5.
Sec*1

6.79

6.93

6.93

6.89

7.13

6.93

6.94

0.697



Table 315

Temp.25°C
Total Oxidant
n-Propyl Alcohol

Tine
mta.

Thlo
CCS.

n.0060M
0.1333M

kxlO*
ec

-1

Table 316

Temp.35° c
Total Oxidant
n-Propyl Meohol

Time
nta.

Thlo
eea.

268

0.0060M
0.1333M

kxio5
Sec

-I

0 16.8 at 0 22,5

10 16.6 2.00 10 21,7 6,03

20 16.4 2.01 20 21.0 5.76

30 16.2 2.02 30 20.2 5.99

40 16.0 2.03 40 19.5 5.97

50 15.8 2.04 50 18.7 6.17

60 15.6 1.88 60 18.1 6.04

Mean kxl05See"* 9 2.00 Mean kxlO Sec* * 5.99
k xlO6 • 0.201 kQxl06 • 0.601

Table 317 Table 318

T#mp.25°£ Temp.35°C
Perchloric Add
Total Oxidant
n-Propyl Alcohol

0
0
0

.1500M

.0O60M

. 1333M

Perchloric *cid 0.1500M
Total Oxidant 0.0060M
n-Propyl alcohol 0.1333M

Time
mts.

Thle
cea.

kxio5
iac

-1
Time
mts.

Thlo
ces.

kxio*
See-1

0 15.9 - 0 17.0 -

10 15.3 6.41 10 15.3 17,5

20 14.8 5.97 20 13.9 16,3

30 14.3 5.90 30 12.5 17.1

40 13.8 5.90 40 11.3 17.0

50 13.3 5.95 50 10.3 16.7

60 12.8 6.03 60 9.3 16.7

Mean kxl05Sec** * 5.95 Mean kxlO Sec* * 17.0

kQx!06 • 0.603 k xlO6
0

1.72



Table 319

Tamp,25°t
Perchloric *eld
Total Oxidant
n-Propyl Alcohol

Tine
nts.

0

10

20

30

40

50

60

Thlo
eea

15.3

14.85

14.4

14.0

13.6

13.2

12.8

O.IOOOM
O.OOOOM
0.1333M

kxio
,—i

aec

Maan kxio Sec*1 9
k0xio*

4.95

5.05

4.94

4.91

4.92

4.96

4.95

0.502

Table 320

Temp.35°c
Perchloric Aeid
Total Oxidant
n-Propyl Alcohol

O.IOOOM
0.0060M
0.1333M

Tina
nta.

Thlo
eea.

kxio5.,
See *

0 17.0 •

10 15.6 14.3

20 14.3 14.4

30 13.1 14.5

40 12.0 14.5

50 11.0 14.5

60 10.1 14.5

Mean kxlO5 Sec"*a 14.4

k0xio* 1.45

269



CLZ>

4>*

CM Table 321

Initial Rates K^xlO6 moles lltra*1 Sec*1 of various Alcohols at 25°c ft 35°C
o

Methyl Alcohol 0.120

Ethyl Alcohol 0.212

n-Propyl Alcohol 0.220

IsoPropyl Meohol 1.34

n-Butyl Alcohol 0.222

IsoButyl Alcohol 0.340

Sec.Butyl
Alcohol 3.18

0.578 0.110 0.487 0.594 1.70 0.492

0.735 - - 1.64 4.32 1.34

0.697 0.201 0.601 0.603 1.72 0.502

4.30 1.10 3.29 13.0 34.0 12.4

0.720 0.202 0.617 0.910 2.29 0.754

0.952 0.265 0.809 2.19 5.63 1.73

8.92 2.75 7.37 29.8 7ft.8 23.5

1.43 a- (Alcohol )*0.1333M,
(OX) * 0.0075M

3,53
b-( Meohol5«0,1333M,

1.45 (OX) -0.0060M
o

32.8 C-(Alcohol)-0.1333M,
(OX)c*0.0O60M,

lM (HC104)« 0.1500M
4'56 d-(Alcohol)-0.1333M,

58.8

(OX)o*0.0060M,
(HC104)-O.IOOOM
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T**LE 333

Reaction of Monohydrlc Alcohols with Aqueous Chlorine In Presence of Perchloric
Acid t Energy of Activation, Frequency Factor; Relative Entropy, Enthalpy and
Free Energy of Activation at 30°C

Alcohol Cone. c Conc.d Conc.c Conc.d Conc.c Conc.d Conc.c Conc.d Cone. c Conc.d

EArr. .KCals
log A, ,
moles lit. ,

A s* - ASJ A H - AH
+

s

+

AG -
4

-^Gs
Sec"* Cals/oc Kcals. Cal.

Methyl 19.2 19.5 7.852 7.998 0 0 0 0 0 0
Ethyl 17.7 17.7 7.195 7.107 -2.9 -4.1 -1.5 —1.8 -590 -570

n-Propyl 19.1 19.4 7.788 7.926 -0.2 -0.3 -0.1 -0.1 -8.0 -10.2
IsoPropyl 17.5 17.8 7.943 8.145 ■♦0.5 +0.7 -1.6 -1.7 -1830 -1920
n-Butyl 16. B 16.7 6.279 6.121 -7.0 -8.5 -2.3 -2.8 -220 -210

IsoButyl 17.3 18.1 7.035 7.503 -3.8 -3.5 -1.9 -1.8 -750 -730
Sec.Butyl 17.3 16.8 8.169 7.690 41.4 -1.4 -1.9 -2.7 -2320 -2280

Cone,,c : - (Alcohol) a 0.1333M; (0X)o a 0.0060M, (KC104) » 0.1500Mi> - 0.4

Cone,td : - (Alcohol) a 0.1333Mj (0X)Q - 0.0060M, (HC104) » O.IOOOM , /U a 0.4



2 •/ o
agaH-TS AMD DISCUSSION ' °

H

In alcohol molecules, B - C - 0 - H, both the

C-0 and O-H bonds are polarised with negative end of the

bond dipoles at oxygen. Moreover, the oxygen has two

unshared pairs of electrons. It Is these features that

determine the chemical reactions of tha u tsaturated

aleohola<385).

In Table 321, the values of Initial rates under

different conditions are given, an measured the Initial

rates of tha reactions by keeping the concentrations of

the reaetants flxad In all the cases. Tha data Indicates

that in absence of perchloric acid, the rate of reaction

Increases regularly with the substitution of nathyl -jroup

for hydrogen, I.e., the reaction rate of methyl <. ethyl^
n propyl ^n butyl < i*obutyl ^isopropyl <sec.butyl,
whereas In presence of perchloric acid, the reaction rate

of methyl <n-propyl <n-butyl <^ ethyl <isobutyl <isopropyl<
sec.butyl. This Is the expected order for electron release

at the C-H bond of the earblnol group, since the methyl

group will tend to Increase the electron density at the
carbon atom by their general Inductive effect, CH3 CHOH.

The polarlxablllty of the molecule Increases as the number
of electrons In the molecule Increases and as their distance

fron the nucleus Increases. Thus by Increasing hydrocarbon

chain length, tha attractive forces resulting from the
polerlrabllity of the molacule increases, lnce chlorine
Is electron attracting, the increase in chain length
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facilitates the formation of alkyl hypochlorite, which.

In turn, Increase the rates of reactions. However, the

reactions of ethyl and Isopropyl alcohols have been found

to deviate from the above trend.

It appears that dielectric constant of the

alcohols also play a role on the rates of reactions,

because the increasing order of dielectrle constant Is

methyl > ethyl*> n-propyl fe isobutyl^ isopropyl > n-butyl

sec.butyl.

In Tables 322 and 323, the data In absence and

In presence of perchloric acid on energy of activation,

frequency factor and relative thermodynamic activation

parameters are shown.

Tha enthalpy may be considered to reside in the

bond energies. A decrease in enthalpy Is a driving force

for a reaction. In absence of perchloric acid, the enthalpy

decreases significantly, but In presence of perchloric acid,

the decrease In enthalpy Is not much. Sometimes it Is found

that the substltuents exert their effect primarily on the

enthalpy of activation. The changes in the entropy of

activation or the frequency factor being rather incidental.

It appears that enthalpy Is a rate controlling factor in

absence of perchloric acid.

Entropy Is a measure of the probability for

the existence of a ^ivan state. The ability of a process

to take olace with an increase in entropy is a driving

force that causes the process to take place, in absence of

perchloric add the negative entropy increases with
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substitution of methyl group significantly, whereae in

presence of perchloric acid, the negative entropy shows

an erratic trend. The direction and extent of • reaction

are determined by two driving forces, (I) the tendency

to react In a state of lowest enthalpy, (11) tha tendency

to reach a state of highest entropy. Perhapa both entropy

and enthalpy of activation ara the main rata controlling

factors.

Tha free energy of aetivation representa

the reactivity, Tha more reactive one will have a lower

free energy of activation. The observed rate data shows

a fairly good parallelism,

A factor that Influences the activation

energy i« the steric condition In the transition state.

Any structural feature that lead to greater crowding In

the transition state, that is, greater repulsion among

tha electrons of the bonding orbltals increases the

activation energy, whereas reduction of repulsive forces

decreases activation energy. The observed decreasing

trend in the activation energy seems to be explained In

this manner.

Arrhenlue* Frequency Factor i

Many reactions have been found to take

place very much slowly than that would be expected fron

the simple collision theory, and in order to overcome

the difficulty raised by the existence of slow reactions,
— **/RT

the collision theory eouation, k a 2t w , wae modified
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by tha Introduction of a faetor P, that is, k• ?2e* ^ ,

where P is referred to as tha 'probability* or 'steric*

factor. The valua of P is a measure of the deviation of an

actual reaction from the Mdeai* behaviour of th<* simple

collision theory.

The data presented in column 2 of Tables 322 and

323 indicates that these reactions are characterised by low

values of the frequency factor and negative entropies of

activation. This is because of a conversion of a rotational

degree of freedom Into vibrational in the activated complex.

In absence of perchloric acid, the frequency factor Is rather

high in the case of methyl alcohol, which indicates that

perhaps it follows a different reaction path at lower

concentrations of methyl alcohol. Other reactions have

similar values af frequency factor. In presence of perchloric

acid, the values of frequency factor agree fairly wall. On

the basis of the collision theory these reactions reouira an

-1 -2
assignment of a probability factor of about 10 or 10 •

It Is not clear to us at this stage why In absence

of perchloric acid, the values of energy of activation at

lower concentrations of alcohols are higher than at higher

concentrations of alcohol. Perhaps the consecutive reactlona

aggravate the problem and so the above trend has been

noticed.
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