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PREFACE

" The present investigation on the "Mechanism of
Oxidations by Chlorine" has been undertaken under the guidance
and supervision of Dr. 5,K.Mukherjee, M,S5c.,Ph.D. He pointed
out that although chlorine is frequently used for the
disinfection of drinking water and waste watewxs, the detailed

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

The Sanitary Chemists advanced twe views to
account for the action of chlorine upon bacteria. According
to the first view, chlorine on hydrolysis ylelds HOCl and
HCl, and HOCl oxidizes some of the essential constituents
of the bacteriel cell. The second view is that the destructioen
of living organisms is brought about by direct chemical
combination of chlorine with the protoplasm of the
ﬁicrworglnisnu. More data thus seems to be necessery in order
to arrive at definite conclusions, Dr. Mukherjee suggested
that a systematic kinetlic study of the reactions of chlerine
with simple organic molecules would throw light en the
mechanism and with this view a general research scheme was

prepared,

Chlorine is » powerful oxidizing agent. Its
reversible electrode potential for the two electron reduction
to C1” 1s 1.3583 Volts. It is known to hydrolyse in water to
yleld HOCL,H and C1™. Beside these, C1* and CL,” 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 asction 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
dehydrogenation of the organic compound, (c) to identify
which of the species of chlorine in water, Cl,, Hocl,cl,
Cig. or C17, is the principal effective vxidant, (d) to
know 1f the reaction is of electron-transfer type. If so,
whether the reaction takes place by one electron or twe

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 monohydric alcohols and formaldehyde was
alloted to the author by fir.Mukherjee 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 orgenic molecule, and
with aliphatic compounds, complicated reactions, invelving
both oxidation and chlorination, take place. For example,
Hodd(A) pointed out that chlorine attacks agueous methyl
alcohol quite easily, The dichloro di-methyl ether,
(C1 Cﬂz)zo. is first produced 2s an intermediate,which is

(A) E.H.Rodd," Chemistry of Carbon Compounds,” Elsever Publ,
Co., Amsterdam (1961), Vol,I, Part A, p.298, 305.



(111)

converted by water to formaldehyde and hydrochloric acid,
Similarly, ethyl alcohol gets oxidized to acetaldehyde,which
forms acetal with excess of alcohol. Further chlorination
leads to the formation of mono and dichlorocacetal, finally
to chloral 2lcoholate. These complications further

aggravate the kinetic investigations.

The following is the brief summary of the
pressnt investigation reported in this thesis :

The kinetics of reactions of

1, Methyl Alcohol . CH30H

2., Fthyl Alcohol cénsou

3, IsoPropyl Alcohol CI-|3> CHOH
|

4, Sec,Butyl Alcohol
CH3 :>
CHg

and 5. Formaldehyde HCHO

with chlorine in aqueous selution has been studied in
detail, With all the above compounds the following

investigations have been made

(1) The 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,



(iv)

(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,

(%) 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 alse
follows through consecutive reactions, VWe established that
molecular chlorine is the principal effective oxidant and

hypochlorous acid plays a2 minor role in all the cases,

Consistent with the observed facts the mechanism
of reactions oF monohydric alcohols and formaldehyde with

chlorine in acqueous solution have been proposed.

The initial rates of the reactions of seven
aliphatic alcohols (Methyl, Fthyl, n-Propyl, Iso-Propyl,
n-Butyl , IsoButyl and Sec,Butyl Alcohols) with chlorine
in agueous 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 an attempt has been

made to interpret the data in a proper way. The orders of
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the reactions of chlorine in agueous 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,
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SEC. 1.1 URGANIC OXIDATIONS :

On the basis of electronic theory, the statement
that gxidation 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.9.

F.2* Oxidation, F.3+ P
Teduction

is adequate for describing reactions of ionizable substances,
By developing this concept, electro chemists compare the
oxldizing powers of different ions by reference to redox
potentials, which are measures of free enerjy changes in
thermodynamically reversible equilibris, These concepts,
howaver, are not so clearly applicable in organic chemistry,
for when carbon compounds are oxidized, thelr component atoms
are very seldom deprived of thelr surrounding complete
electron shells, e.3. no electronic or wave mechanic
formulation of the structure of X - 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 alr and
water, snd 2t the allylic methylene group 'C' or .dﬂ by

selenium dioxide : eﬁc

7 8 (e

ii:: N e

W {2
o — p\Y\éY\Q
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
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surrounded by a skin of hydrogen and consequently, have few
superficial electrons accessible for direct attack by colliding
reagents,

The covalent bond ruptﬁre is an essential feature
of organic reactions, which can be effected by two different
ways, viz, lHomolvsis, in which the electron - palr 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 Hoterolysis, in which
the electron = pair bond is broken unsymmetrically so that
the two fragments become oppositely charged lons :

AtB — A® 4+ B {(Homolysis)

AtB —— A" & (1B)"  (Heterolysis)
electron removals by these two ways have clearly distinguishe
able characteristics,

In Homolytic oxidations, the elécirons are
removed singly from organic molecules by active atoms or by
active free radicals. They usually invelve the removal from
an organic molecule of one electron together with a hydrogen

nucleus, @.g.
HO,CMe, . Cie, . OH + un* 2 #0,Cite, . O, O + un2t o oY

The initlal organic product necessarily has an unpaired
1)

elactron and so must perforce underge a reaction :

*0,CMe, . QMe, . OH Fasy Me, G=0 +B . Me, OH

un3t + *C.Me. . OH Fast Me, C=0 + Mn2* + '
2 et 2
a e’

*0.CMe, . OMey0 ——2  Mey C=0



Heterolytic oxidations lmvolve the attack on
organic compounds of electrophilic reagents which can, by 8
single process, gain control of a further electron pair,
Heterolytic oxidents, therefore, attack the exposed electron
pairs of atoms such 8s oxygen, nitrogen or sulphur, or the
loosely held T electrons of olefines, rather than the hurled
electron pairs of C-H, O-H or N-H bonds, A heterolytic oxidant
thus approaches an organic molecule towards the region in
which its valency electrons are most exposed., Further,
heterolytic 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
heterolytic reaction is the chromic acid oxidation of
formaldehyde. Chatterji and Mukherjee(2'3’suggested the
following mechanism : H

]
H
et H = H,-C~OH
™1 H C:Qo + HO e ‘

oH H oH
’;' C‘), f > C| =) é—y —0 4 1.0
by e o+ Ho_C»—o] +2¢4~+[H— & ] + Hy
! " ! !
oH O oH OH
i :
/ il ~on
OH oH

where B is a proton acceptor. In the eliminatien process
(111), the electron movements involve the C-H, C-0O and O-Cr03HL
bonds simultaneously, for¥$therwiso transient ions of very

! *

high en2r9yy content, e,3. Y*’ﬁ"o ,» Wwould have to be formed,
oH

A count of electrons shows that whereas hydrated formaldehyde

has 20 valence electrons in its molecule, formic acid has oniy

1g electrons, Thus two hydrogen nuclel together with twe
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electrons have been removed by the oxidizer,

Criegee and cowarkers(A's}pIOposqd the following

mechanism of oxidation of alkenes to glycols with osmium

tetroxide 1 H ?
. C’H R—-C o \OSO H,0 Q—-C’—OH . HZOSO(]L
7 s s N c o// Q—?—OH
R—§ é H
H

The hydrolytic cleavage presumably occurs at the O-O bonds
in view of the stereospecificity of the reaction, This 1s a

simple example of olefine oxidation,

The stereochemical considerations are of much
greater significnncg in heterolytic than in homolytic
relctlens. For example, Bulqrin(é)and Buist et al(v)studied
the rates of periodate oxidation of cis and trans - cyclopene
~tanediol 1:2 and cis - and trans-cyclohexanediol 132 and
showed that the greater reactivity of the c¢ls - than the
trang -isomers was csused, not by a greater ease of complex
formation, but by a much more rapid break-down of the cyclic
complex i ﬁ» fl

c—0 £ 3
REGOELEN L ST Npgpiie 20 E a0 ST

|
IOt gdon = R-c~0”

R k.

However, Zonls asnd Pesina

(8)

observed that there
is no significant difference in the manganese tetrascetate
oxidation rates of cis- 2ncd transecyclohexanecdiol 1:2 elther
in acetic acid or in tetrachlorcethane, Similarly, Yaters et
al(g)found that cis - 1:2 dimethyl cyclohexanediol 132 {s
oxidized by manganic pyrophosphate much more slowly than its
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trans-1somer. They polnted 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 elther 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(la’ll'lz). Few examples of C-H bond cleavage are

given below 1

(a) C-H Bond Cleavage by Hydrogen Atom “bstraction :

Wiberg and Fostur(ls)suggacted that in the
chromic acid oxidation of hydrocarbons, a hydrogen atom
transfer occurs, giving two radicels in a solvent cage,which

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

ester ¢ e CYI A

Y_.T i t“F L5 * N C
e e | ReC =i
selyent cose : l

it R,COH
o R.COHAC 3
RgC-O~C Ao lgtis 3 : ¢ Olefine
The latter, which was also considered as a reaction inter-
(14)

-mediate by Slack and Waters , can cleave either at the
Cr-0 bond to give the alcohel with retension of conflguration
or at the C-0 Bond to give partial racemization.

(15)

Recently Candlin and Halpern sujgjested a

hydrogen atom transfer meghanism for permanganate oxidation



of formate ion complexed to cobalt (ITT) i
C”“B)gc'rf (HcoB) + MnOy —— [(NH3)5 C(S(L_(C OO—*)} + HMn O
MnOG
C: ++ il v 1 FL NHz) Com H, 0] +C0, M%r
Only two ex2mples of homolytic C-H bonc cleavage
are given here. The reader is referred to other works for

discussion of reactions that proceed by this praccsstlb'ZG).

(b} CeH Bond Cleavage by Proton Abstraction :

Chromic acid oxidation of isopropyl alcohol is
an example in which the rate determining step 1s the proten

(21=23) ced the tracer

abstraction, Westheimer and coworkers
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, kﬁ/kﬂ' of 6,7 at 25°c.‘fhey sungested a mechanism,
in which the chromate ester decomposes by proten loss to any

available base with elimlnation of a crtY ton
T o 0, HT + H,0
<C’(—‘3)Z CHOH + H CYOL, 4+~ 2H —— (QH3)2_CHO -C’*( 3 ) 2

CH '/3 0 T

QG v o N
= A 3 N
)C\/f’\‘, s o T c,H-Z\C:O + BH++H7_C'Y OS
CH4 NHs B CHg//

followed by, celV + oevt _fas§ 20z’

+
2ceV + 2(CH,), CHOH fast  2Cr' 'l + 2(CHy), C=0 ¢+ 4H

er, in presence of Mn++ fons, by

orl¥ o uall . ot o it

Criv 111 11%

+ Mn"=—>Cr & Hnoz



?

Recently Chat@rjl and Mukherjoo(3)c0ncluded that the chromic
acid oxidation of alechols proceed via chromate ester as
intermediate, by showing that pyridine, a proton sccepter,

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
produce benzaldehyde and nitrite 1an(24)

H 0
e K =
@—éro —,i—/%\!oz o gt \> 4 BH N0y (B=GHO )
" A —— \H
H
B~
Buncel and Bourns(zs)nhowod that « C=H bond rupture occurs
in the rate controlling step, as indicated by isotope offect,

ky/ko, of 5.04 at 60°C for the reaction of CgHy CD,ONO,

(¢) C=H Bond Cleavage by Hydride Abstraction :

Hydride transfer now seems to be the general
route for the heterolytic oxidation of alcohols by reagents
which cannot react by way of esterificationn, A clear cut

example 1s the oxidation of an alecohol by triaryl carboenium

ion, which eccurs in mineral acid solution(Qﬁ)t
S + 4
(CgHg )y C-OH +H£:—ﬂc655)3c + 2H,0
+ ER ey +
(CeHe)aC * He C & 0eH—{C.Hg)y CH + {(H,) C=0 + H
o S R | 6'5'3 3’2
My

?tewnrt(zv'ﬁa)suggostad a hydride ion
transfer mechanism for the oxidation of bamzhydrol,(cﬁﬂs)z-

CHOM, by potassium permanganate in neutral and basie solutions:



(CgHg ), CHOH + OHS=(CgHg), CHO™ + H,0 (rapid equilibrium)

(C6H5)2 CHO™ + Mn0£—>(c6H5)2 C=0 + HinO, (Slow)

- - : - »
HMnO4 + \ﬁno4 + GH—%>2MnO4 + H2

He also noted an isotope effect, Ky/k,, of 6.6 at 25°C fer the

n (fast)

cleavage of secondary C-H Bond,

For the oxidation of isopropyl alcohol by
bromine, Swain et 11(29) proposed a hydride abstraction

mechanism : ., ?Hg
| o~ A - )
Bvﬂ'-Bq@c‘:—OH o, BFFHBy ¥ GO0
CH, CHo,

on the theoretical grounds that isopropyl a2lcohol exhibits
C=H and O=H isotope effects of 2.94 and 1.49, whereas 1 -
Fluoro « 2 propanol sxhibits C-H and 0«4 1sotope effects of
2,83 and 2,06, The constoncy of the value for C-H suggests »

hydride transfer.

C-C Bond Cleavage :

The cleavage of C-C bond of 1:2 glycols by cold
solutlion of lead tetrascetate in glacial acetic aclid was first
noticed by Criegee, From a very careful kinetic investigation,

(31-33) ;rived at the conclusion that

Criegee and coworkers
the glycoel splitting invelves a rate determining bimolecular
reaction, which they represented 2= a cyclic heterolytic

process, for they found that the cis - glycols of 5 and 6 -
membered alicyclic rings were oxidized very much more easily

than their transg-isomers 1

| { (
—_c—~oH Slow <0 - PBLOAC)
I + Be(08C)s Ser i, T 5 L HOAC
~¢ —OH = GH
J[‘«(e versible
* ! oAC
—é”oﬁP\oCOAC),&“"Jt e O s e

'l T E—



Seversl oxidizing agents, such as perlodic

acid(’4), aryl 1odosoacetates(35) (1)

(8)

. manganic pyrophosphate

5)
manganese tetraacetate (36)

inns{37), sodium bismuthate

, c¢chromyl chioride
(38)

, cerkc

etc. ¢an break the C-C

bonds of even primsry and secondary glycols, e.g. HO.CH,.
CHaaDH, but more recently it has been found that several
oxidants of monchydric alcohele ean effect C-C bond rupture
of di-tertiary alcohels, such as pinacel, though they tend
preferably to oxidize primary and secondary 1:2 glycols by
C=H bond rupture, For example, Chatterji and Mukharjee‘ao“‘l)
- suggested the following mechanism for chromic acid oxidatlon

nf'ethylene and methylated uthylenm glyeonls @

fl" OH + i R’f—zo s
¥ & 4 st _ Stage2a - H.6d
[HO—CV } M PRy —%TR’C 0 = G- O}“Hzo ol e
” %ﬁ—OH p:c oH OH H
+oton atc {:a\’)
H H (1o) {68 proeithive GAEGE
o)
i Ji
Gl -0
ol i ? r’ =iy
b ot R—?—OH oH
H
1) B
b ob gplitlin
L g dag 20| [ (gbyeet spltting)
! R-C-0* E. . H 9
=('= Err e
R 0 e—q K"C' o*—\- Ce M ‘ ! >C~/\ + H,0
i Stag : R-C ~O 0
R—C‘::O H ’ll
H bster

They suygested the following mechanism of electron

digplacement in the activated complex
!
0 =06 HOH

H
{
| o ~
—C7 il = / 5 + + &80
_c._o JED/ R —q=0 HOH
H

'T:,m.nc;j;'é-u M



Rocek and wclthoinor(‘ﬂ)found that cis - 112
dimethyl cyclopentane 1312 diol oxldizes 1700 times as
fast as its trans - isomer and 47 times as fast as does
pinacol, This difference in reaction rates provides the

best evidence for the formation of acyclic intermediate

compound,

10



SEC. 1.2 THE OLYSIS UF CH NE

The gaseous chlorine hydrolyses in pure
water to yield HOC1, n* and Cl™, Since long ther= had been
disaqreement of views rsgarding the mechanism of the
hydrolysis and asctual walue of hydrolysis constant, Jnkowkin(43)
measured the hydrolysis constant at various temperatures as
early as in 1899, Llobhaflky(4‘)pointod out that the heat of
hydrolysis of chlorine varies with temperature. He interpreted
the results of Jokowkin as indicating the existence of
hydrated chlorine in ecoullibrium with non hydrated or less
hydrated chlorine, with the equilibrium shifting with

temperature,

Shilov and Soloﬂushenkov(‘b)noticad that the
reaction substantially completes in less than a second even
at 1%, Morria“ﬁjfound that the rate constant for the
reaction is 2bout % x 1014, indicating that reaction occurs
at almost every eollision, He nroposed a mechanisem in which

the hydroxyl ion reacts with chlorine :

Cl, + OH = Ho C1 + C1”
He pointed out that the results of Solodushenkov and Shilov

can be explained properly by this type mechanism,

Several 1nvesttqators{‘5'47"B)determinod
the hydrolysis constant by different methods but thelr values
vary from 2,09 x 10" upto the value close to Jakowkin at
25°C (4,48 x 10’4). A large number of 1nv¢stiqatorl(‘6"9'52)
recrleulated the volues of the hydrolysis constant at

different temperatures obtained by Jakowkin by making
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different assumptions, The recalculated values at 25°C were
found to be in the range of 4,84 to 3,90 x 1074,

Recently Connick and chia(bsj

repeated the
Jakowkin's measurements 2nd determined more accurstely the
values of hydrolysis constant at various temperatures from 0°
to 45°C, using gonductivity method, In 2greement with the
observations of earlier investigators, Connick and Chia found
the reaction teo have a positive A H?, which changes quickly
with tenpe:liurg. corresponding to a value of A&Cp° of approxi=-
-mately - 93 cals, nole'l deg'l. They argued that the properties
of 612 (ag) are responsible for this value and discussed the
significance of the large heat capacity of this specles in
terms of plausible models, In calculation, they took into

consideration the following 1

(1) in addition to the formstion of H C10, H
and C17, a minute quantity of 6120 which also forms through
the volatility of HC10 in the preparation of 012. and

2 HC10 (aq) — 6120(9) + H0
(11) the formation of Cl,  from Cl, and (-
cl, + CI"— Cly”
The equilibrium constent ef this reaction was reported teo be
0.18 at 25%C.

The values of the hydrolysis constant K.
(3.94 + 0.02) x 10”4 at 25°C and (5.104 + 0,021) at 35°,
obtained by Connlck and Chia(sa} agrees well with the values
obtained by Zimmerman and Strong(sz) by recalculation of

Jakowkin's data,
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Frank and Evans(54) have proposed that non polar
gases dissolved in water cause the formation of ordered
arrangements of water around them - “fceberg” -« whose
"melting" with increasing temperature is 2 source of large
Cp°. Such configurations might correspond to partlally formed
gas hydrate structuroa(ﬁs b 58) 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 Perlmutter

Hayman(bg)reportod data on kinetics and mechanism of

hydrolysis of chlorine., They argued that the mechanism (1)

is correct and not the {2) originally suggested by Morris(‘e)
Cl, + H0=HOCl + H' + C1” (1)
OH™ + CL~"HOCl + C1~ (2)

They discussed two possible schemes of the

reaction mechanism

SCHEME A:
Cl, + A" —> Agl + C1° (a)
ACl + H,0 —> AH + HOGL {b)
where A~ is the anion of weak acid, HA,
SCHEME B3 k
H,0 + Cl, + A;'R—K—Aa HOC1 + C1™ + HA (c)
Cl, + H0 + K — Hoc12" + HA (d)

H0012'—+ HOClL + CI1° (e)



14

They discarded the scheme C:
S = _
Cl, *+ H0°H, Cl0° + Cl (f)

Hy €107 + A" — HA + HOCL (9)

because’it does not account for the accelerating influence of
A" unless (f) is 2 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
fommed during the reactlon, which they had not observed. Their
results support the scheme B to represent the mechanism of the
reaction, |

Independently, Eigen and Kustin‘ﬁo) also
studied the Kinetics of chlorine hydrolysis by the temperature
jump relaxation technique. They found the rate constant Kc12

of the overall reaction mechanism :

-

. +

Cl, + Hioiit Cl™ +H + HOCL
to be 11,0 soc'l. The following possible mechanism were
proposed, (L)+
<;§?|4loci + €L 53&::3 y) + —
7 Ct 4 H,O CLOH + H'+ 2

i T I

U +OHFH — g oH™+H?

(0) (3

but the arguments put forward by them support the view that
the hydrolysis occurs via the intermediate Cl,. OH™ as was
also suggested by Lifshitz and Perlmutter - Hayman (That {s,

the reaction proceeds via Cl, + H,0 —» Cl,. OH" + H' —>HoC1
= H+ +Cl™ )
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It appears that the hydrolysis constant values

(as)are accurate, becruse

now reported by Comnick and Chia
they took inte considerstion various factors responsible for

influencing the values of Ky, at different temperatures,
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SEC. 1,3 SURVEY OF LITERATURE ON REACTIONS WITH CHLORINE:

Chlorine is a powerful oxidizing agent, Tts
reversible electrode potential for the 2 - electron reduction
to C1°” 1s 1.3%83 Vbltu(Ol). A survey of the literature reveals
that although a large number of oxidizing agents have been
used to oxldize organic and inorganic compounds, the 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, particularly of organlc compounds,

Among the earlier studies, one was on the
oxidation of acueous methyl alcohol by Ghlorlmn‘ﬁz). in which
it was demonstrated that the intermediate compound is
dichloro dimethyl ether (ClCHzlao, which converts by water
into formaldehyde and hydrochloric acid, Griffith and
cowarkers‘ba)r!pﬁrtod the reactivity of HOCl in the oxidation
of scld oxalate ion by aqueous chlorine,

T-ube(e‘ and €5) studied the kinetics of the

reactisn of oxalic acid with chlorine, induced by ferrous (64)

(65)

and manganic ions over a wide range of conditions and

suggested a chain mechanism, involving atomic chlorine :

Chain initisting step®)

e E

Fo'* ¢ cly—Fe""* 4+ C1)" or recl*t ¢ c1
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Chain carrylng steps

H2C204——* HC204' ¢ W (rapid equilibrium)

» + @ o
Cl + H0204 Ka H +Cl + 0204

6204 + 612 _E%' ClL +Cl + 2002

Chain breaking steps
Cl + Czn4 K, C1° + 2 CO

4 2
Cl +#+ Cl J&; Ci,
In the presence of manganic lon, ho(sa)oblorved

that (i) 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

ecquation

~4@) ek [w (xm),
dt
{11) at low oxalic acid concentrations, the rate is decreased

because the complex Mn 0204+ is appreciably dissociated into
a chloro manjanic complexion and oxallc acid, Hochhauser and
Tauba(eb) proposed the following mechanism for the direct
and ferric ion sensitlized photochemical reaction of chlorine
with oxalic acid :

Chain initiasting steps

Fe++ & 012~%>Fe01++ + Cl

Cl2 + hL+2Cl

Fo*++ + a nion—*?e** + Cl or Fe+++ + Czod’
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Chain carrylng steps
+ -
H C 0= H" + HC,0, (rapid)

- + - -
ClL + HC0,”=H  +Cl1” + C 0,

C04 ¢ Cl;=2CO, +Cl +CI”

Chain breaking
Cl + Cl——"Cl2

(67)observod that the oxidation of

Chapman
chioroform with chlorine proceeds without accompanying thermal
or chlorination reactions; the products formed are phosgene

and hydrogen chloride.

West and Rollefsontﬁs)found that the photo -
=chemical reaction of chlorine with formic acid is a chain
reaction, which proceeds at least partially through chloroformic
acld; the final products are cnz and HCl

012 + ho—~Cl + Cl

Cl + HCOOH —=CO™H + HC1
COH = an + H

COOH + Cli—? CICOH + C1
H + Clz~HCl + Cl

CICOH = CO, + HCL

Shilov et 81(6“,70) as well as Thaasen(7l)

found that the formic 2c¢id 1s oxidized readily to carbon
dloxide by chlorine 1In acueous solution, The path invelving

formate lon is about 104 times faster than that involving
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neutral formic acid, Since 2 1 -equivalent reaction between
chiorine and formate ion is unlikely, a hydrate transfer

appears to be the most satisfactory mechanism in this case :

H CO0™ « Cly;—= CO, + HCl + o

In basic solution, chlorine forms C10", which
appears to be unable to oxidize formate ion at all. In neutral
solution, the oresence of 2 second order term in OC1” in the
rate law suggests that Clzﬂ. which is known to be in equilibrium
with HOCl is the active oxidant, They demonstrated that

chloride ions accelerate the reaction,

The reaction between ethyl alcohol and chlorine
was studled under various experimental conditions by several

investiqntors(72 to 77)  1geben72:73)

pointed out thot the
chlorinaglon of ethyl alecohol yields acetaldehyde as an
intermediate, Fritzsch(74) detected the formation bf diethyl
acetal as an intermediate in the chlorination of ethyl alecohol,
Malhotra(77) 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 that the chlorination of acetaldehyde, which is formed
during the resction, proceeds through its polymers to sym, -

trichloro paraldehyde and then to monochloroaceta2ldehyde ;

c2H50H Cl . CH, CHO g_l)z CH, C1 CHO
4
(C:H:‘(:Hﬁ)3 Cl.‘z (01201 CHO):!
The finak product of the chlorination of acetaldehyde,

paraldehyde and dichloroacetaldehyde was found to be 02616
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in 2il the cases,

Shilov and Yasnikovc7a)studied the oxidation of
9lycol aldehyde and D-glucase 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 corncluded that in
the aclid medium the active agent is chlorine and in neutral
or weakly alkaline medium, it 1s HOCL.

The oxidation of glucose with chlorine in acid
aqueous solution was investigated by Lichtin and Saxe€79),
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 HOCI.

At pH 2.2, the reaction follows the rate law :
v =K, {Qli} [glucosel

They suigested a mechanism, which involves the attack of =

base of complex of halogen and carbogydrate.

i ‘0 —R
:C']"R« vopd (]:
H-¢ + X2 Sewwensible Hﬂ( 2
o o
QZ_
: 4+ :N
‘0 Rt ?’ — 1 ~+
- s(ew it +2%X +R:IN
/\I| .. ca it & 3 BT U
B HB) ¢ ) o
O

I
Here B: and N: represent any base, including water, or for
the glycosides N: represents any nucleophilic reagent, R is

either hydrogen or alkyl group.
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i(ao)sugqest!d a new method of

Bognar and Somoqy
isolation of Defructose and D-mannose from the oxidation of
Demannitol by chlorine,

¥ozinenko and Shilov studied the oxidation of

mebenzaldehyde sulfonate 10“(81)

(82)

» p» and o -benzaldehyde
sulfonate ion and mehydroxy methyl benzene sulfonate
1on(83) by active chlorine. They obtained the following rate

ecuation :
(1) In 0.1M HCI, _g% = k [1] [a,)

where 1= concentration of organic compound,

(11) At pH 4=13 in presence of buffers,

- 9€ = kA [Hoch) + kA [Hocy) B) ¢ kg™ (A] [Hocl] g,

where A = cencentration of organic compound,

and B = concentration of buffer lon,

Spence and Wild‘84}&tudied the thermal reaction
between formaldehyde and chlorine. The reactlon was found to
proceec 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 periocd and that an excess of
formaldehyde present ie decomposed into carbon monoxide and
hydrogen,

Krauskopf and Hollefscnteb)naticcd that the
photochemical reaction hetween chlorine and formaldehyde is

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

of phosgene from corbon monoxide and excess of chlorine,
Formaldehyde polymerises during the reaction et 80°, A
possibility of the formation of dichloro methyl e-ther with
hydrogen chloride and formaldehyde was also suspected, They
preferred the mechanism (c) »mong the different possibilities

of chlorine - formaldehyde reaction :

CHy0 ¢ 012-—-> 00012 + H, {a)
CH,0 + 2012——v u::f)c12 + 2 HCl (b}
CHy0 + c12~—=r COHMCl + HC1 (c)

The formation of formyl chloride was detected
by the preparation of an asynn@trical form « m - xylidide
derivative, They(as)furthcr polnted 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 HCLO to
olefinic compounds in aqueous solution have been carried
out by Séhilov and coworkors(87’88)uho studied the rates of
addition of HOCl to crotonic acid, ethylcncteq-to o1) and

(92

but <2« ene - 114 - diol, Israel and coworkers ’qalfuund

that the reaction between HNCl and crotonic acid or croton-te

fon follow the rate eaquation :

vekot [Hoc1) [Reco] + [Recoy] + (k1T + iyt [n.co,‘,H]) (How)*

where R = 013. CHs: CH
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11 II

2 and k3 are interpreted as being the

specific rates of formation of C120 from HCl0, the latter
being specific rate of formation of catalysed by crotonic acid,
The reaction of HCIO with ethyl crotonate in acueous solutions
in the presence of sodium acetate acetic acid buffer of pH
4,74 conforms to the velocity equation

V= |<I [ Hoet) [E.R] + b(f[Hocxl]l[Et R] + Kf [Hocg) [ HoACT [ER]

Taft(94)

suggested an ionic mechanism for the
substitution in the low temperature non activated chlorination

of olefins,

| | -y
H-—Cl:C‘—-Cl——H + C’QZ '——S'{_Zrﬁ H : é :
)
e o | bl I~ Ay
Cl— |—C!~H _—iﬂ———? H——C——C-~--C---H—i£‘7H’*C'CC'
H—=S 1t Logs of HY fvor : : 5
Q{O_ Coﬁ%/reaiut ed. L
Toranmsibion stals
pty e” —» Ha
{95)

De la “lare, Yughes and Vernon studied the
kinetics of the reaction of chlorine with olefins by treating
olefins with 0,002M HOCl1l in the presence of 0,1M HClo4 and
A9Clo, at 25%, They proposed the following mechanism ;

>c:c<H+cf LC >c+__$Hc1L ¢ vola controlling)

6y ~e(oH)—¢ Hee (Fast)

/ op &
%:C:Ci + Hz0 ('faS(’)

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

+ M
=c-get R0

giving the reasonable stabilized structure, ArCl.

’ $ |
- # ey S E N
—c=¢c_ +00H, —> —C —C &
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According te lsrael and coworkorltge'gv). the

addition of HClO to allyl alcohol in aqueous solution and in
the presence of sodium acetate - acetic acid buffers conform
to the kinetic equations (1) and {2) respectively :

v = k' [Hoct) [caHg0H] + kM1 [Hoca ]2 (1)

II

where kzx and k,” " are interpreted as being the specific

rates of two simultaneous reactions, k21 being that for

9 4

direct addition of HC1D to allyl alecohol, and k2 - that for

formation of 5120 from HC10 in solution, and

vkt [H0C1) [C M 0H) + [k2u+ kanmnac) (Hoc1) 2+ ky T T (HocL)- (HoAC

(HOAC)
where k21 = specific rate for direct addition of HClO to

allyl alcohol

1T 11

ko"" and k" = specific rates of formation of chlorine

monoxide from HOCl in solution, the latter representing the
catalytic effect of the acetic acid present and k3III
represents the specific rate of formation of acetyl

hypochlorite by the reaction :
Ac OH + HOC1 —> Aec OCl + H,0

Verbanc and Hannioncea) observed that the
chlorination of l-hexyne in methanol at 0-5° yielded a
mixture of 1,2 dichloro -l hexene and 1l,l-dichlore-2,
2-dimethoxy hexane. At 25—300. l,l-dichloro~-2 hexanone was
obtained in addition to the above products,

Johnson and qpragu.(gq) found that
(1) nitrogen substituted iso thiourea salts interact with
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chlorine in aqueous solution to form a sulphonyl chloride
and cyanamide hydrochloride, (11) N-alkyl substituted
f{sothioureas yield sulphonyl chloride and the corresponding
alkyl cyanamide derivatives,

Baum, Vogt and Hlnnion(loolaolatcd the
products, methyl chloride, l-chloro-2 methn;y =1,3-butadiene,
1,1,4 trichloro-2 butanone, and 1,1,4 -trichloroe-2,
2-dimethoxy butane of the chlorination of vinyl acetylene in

methanol.

Anbar and cowurkors(lol'loz)found that the
reaction between t-butyl alcohol and HC10 is subject to
general acld-base catalysis and that the rate of reaction is

independent of alcohol concentration, By uge of ol8

as tracer,
they demonstrated that in both the formation of ester and its
hydrojtic reactions under alkaline and acid conditions, the
bond between tertiary butyl group and the oxygen atom remains
intact. They interpreted the kinetics and isotopic reactions
in terms of the following generalized mechanism :

HOCl + HA = ACl + H20 )
) Acid region

ACl + Bu DH— BuOCl + HA )

HOCL + C1° = ACl + OH™ )
& ) alkaline region
ACl + Bu0” = BudOCl + A )

Jungers and Coworkarg(1°3-1°4)

found that the
reaction between chlorine and acetic anhydride in presence of
1C1, FnCla and SnCl, as catalyst is first order with respect

to the catalyst and zero order with respect to chlorine,
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A detalled kinetic study of the chlorination of
acetone in amueous selution was made by Bell and thoqflos)
who demonstrated that at higher chlorine concentrations, the
reaction is of zero order with respect to chlorine, both in
solutions of strong acids snd in acetate buffers and at low
chlorine concentrations, the veloclity in acid solutions
becomes proportional to the chlorine concentration, They
suggested the following reaction mechanlism :

K\

+
= HS + H

SH o+ M

K, :
HS ¢ Cl, —> SCI + W e

where °H and HS are keto-and enol-form of acetone, respectively
(The formation of the enol- 1s actually believed to involve
the rapld reversible addition of a proton fo oxygen, féllowod
by transfer of a proton from carbon to 2 water molecule),

The kinetic investigations on chlorinatlon'of

aromatic compounds were made by a number of 1nvestigatorl(l06

to 118) in which a simple law

o B K, [aH] [e1,)

was establigshed for many systems of widely different
structures and reactivities, The influence of added
electrolytes shows that the olcetrOphlle(llq t0120) 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 rocognlsabie structural

complications) the effects of substituents on the rate are



independent and additive, It h2s also been reported that
hydrogen chloride generated in the reaction, results in
small autocatalysis(llo).

(121) , Wwhile studying

De la Mare and coworkers
the kinetics of the chlorination of phenol and anisole,

suggested the importance of chlorine cation in the reaction,

a1’ + At —  ArHCl
ATHCl —> AxCl + 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 HOCI,

(121)

The results of De la Mare and coworkers

were criticized by Shilov(lzz)

» Who interpreted these results
in terms of rate controlling production of free chlorine from
HOCl and traces of chloride ion.

(123) 1 udied the kinetics

Derbyshire and Waters
of chlorination of sodium toluene - @Wesulphonate by HOCl in
presence of sulphuric or perchloric acid 2s catalyst. The
reaction was found to be second order, involving catlons,

c1t or (H2001)+.

In a detalled kinetic investigation of
anisole with HOCl, De la Mare and others(lzg)found the rate
to be dependent on acidity and independent of the concentratlon
of 2romatic compound over the range of 0,004 - 0,01M, The
formation of Cl2 from HC10 by the reaction: ClOH + 1" Late
Cl, + Hy0 was prevented by the addition of sufficient silver
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perchlorate, The following mechanism was suggested by them

clon == c1¥ + ow”
Clon + H'= cim-ilz"'
S 1T
c1t ¢ Ar— arcl + ut
The cations react with anlons C1- or OC1™ as follows :
+ - :
CL OHy" + €1™— Cl, + H,0
+ o Y ]
Cl 0H2 + OCl — L&zo + Hzo

The chlorination of phenol, anisole, methyl
p= or metolyl ether or mesitylene by HCl0 ih aguegus or
agueous dioxane solution containing excess silver perchlorate

at 282 were found to obey the kinetic 1aw(125>.

" g___%g_o_g]_ k [Hoc1) + k! (W')(woc)) « K (') (woc1) (amm)

Stanley and Shorter mucceodad‘lzﬁ) in measuring
the initial rates for the chlorination by HOCl of p-anisic
acid (pemethoxybenzoic 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 : K
Eb Ky En G. + D e Product
c & e f

where E, represents the bulk form and Ea 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 benzeic acids
and with p =chloroanisole and methyl anisate, the kinetlecs and

mechanism were found similar to those of anisic acid,

Andrews and Keefartl:v)investigﬁted the reaction
kinetics of pentamethyl benzene with chlorine in carbon
tetrachloride, The disappesrance 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 halide.

The reaction of chlorine with ammonia is very
important for public health engineers. Noyes and Lyon(lzs)
showed that a considerable amount of nitrogen trichloride may be
formed by the action of chlorine on a dilute solution of
ammonia, Bray and Dowell(lzq) found that nitrogen and nitrogen
trichloride are formed in independent reactions and N013 can be
prepared from ammonia2 and HOCl, Investigations due to Noyes
otal‘lso’lal) have led to the conclusion that (il anhydrous
ammonia and chlorine react to form nitregen trichloride and
ammonium chloride; 4 NH, ¢ 3C1j¢f 3 NH, Cl + N613; (11) a
part of the trichloride always decomposes by intraction

between the trichloride and ammonia :

NCl, ¢ NHy; = 3 HCL + N,

(i11) the chlorine reacts primarily with ammonia, It does not
react with solid ammonium chloride; (iv) dry HCl converts
nitrogen trichloride quantitatively to ammonium chloride;

{v) monochloroamine or dichloroamine are also formed together
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with trichloride when ammonium sa2lts are treated with chlorine.

According to Chapintla?), dichloroamine is
produced by chlorination of excess ammonium ions at pH 4,4 to
8.9, belng practically the solid ultimate product at pH 4.5 to
5.0, and likewise, by corresponding acidificatlion of
monochloroamine solutions, Ho(lss)polnt.d out that the hydrogen
ion induces the formation of ammonium ion from each chlorcamline,

practically below a characteristic pH 4,0 ,

NH,CL + ut 4 H0 —> :«mf + HCLO

Nﬁzcl + HC10 — NH012 + HiD

the resulting HNCl then reacts %o produce 2 more highly
chlorinated derivative, The hydroxyl ion found to induce the

formation of chloride ion :
2 NHC1, + 4 OH" — 3 C17 + Clo” + 3H,0 + N,

2 NC1, ¢+ 6 O — 3 Cl- +3Cl0" +3 H0 + N,

A number of workers (134 t0 139) 44 cicsed the
various aspects of the purification of water by adding ammonla
and chlorine at different pH values, Mauger and SOpcr(laO}

suggested the following mechanism of Ne chlorinations i

i i ) )
3 b -N~ o)
H-\ll—i-OCJZ,————)- H-N+0H . H-N + QH — > H-N-C + Hy
| I |
H H H

Fair and coworkars(14l)concluded that in the
reaction of chlorine and ammonia, hypochlorous acid is

responsible for producing mono-, di-, and tri-chloramine in

dhe ctrtoanmul e nTrarsea o



NH *HOCl—>NHCl+H20

2
NH2C1 * HOCl — NHC12 + H20

3

NI'{\TZ.l2 + HOCL '—"'\1013 + H20

They observed that the rate of reaction is strongly dependent
on pH; 2 maximum rate is observed at about pH 7.5 (where
monochloramine {s formed) and decreases rapidly at high and
low pH values (where dichloramine is formed). They explained

the formation of NH012 in terms of the equilibrium :

4 +
2 NH201 ot et U NHClZ

(142)

Well and Morris studied the kinetics of the

formation of NH,Cl, CH,NHCl and (CH3)2NCI from HOCl and
appropriate amine.

Mattair and Sislor(l43)deuonstratud the
formation of hydrazine by the reaction of chlorine with
ammonia, They carried out the reaction in three ways :{i) the
reaction of gaseous chlorine with liquid ammonia;{ii) the

reaction in a solution of carbon tetrachloride with liquid

31

ammonib; and (1i1) the reaction of gaseous chlorine diluted with

nitrogen, gaseous ammonins followed by condensation of the
gaseous products to the liquid state. The reactions were as
follows :
Cl2 + 2NH3
NH,Cl + 2 NHy — NH,NH, + NH,C)

—_— NH2C1 + NH4C].

They stated that excess of ammonia functions as » diluent for

the chloramine, hydrazine and ammonium ion.



(144’145)conc1udod that

Sisler and coworkers
the high ylelds of chloramine is obtained from the gas phase

reaction of ammonia with chlorine
c12(g) + 204, (g) —= ClNH,(g) + NH,Cl (s)

The side reaction leads to the formation of gaseous nitrogen

and ammonium chloride :
8NH, (g) + 3012 (g)~+-N2(g) + 6NH4CI (s)

They further demonstrated that the yleld of hydrazine increases
as the temperature i{s increased and the initial concentration

of chloramine is decreased.
2C1 NH, + N2H4 —= Ny + 2 NH401
Ammonium chloride was also found to reduce the yleld of

hydrazine due to the reaction :

Ny H‘ + NH4CI = N2H5Cl + NH3

They(l46)

studied the same reaction in different solvents, In
ethyl alcohol, hydrazine is formed at room temperature and

high yield 38 % of hydrazine was 2lso obtained in ethyl
cellosolve, They devlsed(l46)sevoral methods for the separation
of hydrazine.

(147)

Audrieth and coworkers approved the

(140)

mechani sm suggested by Mauger and Soper and proposed twe

more reactions in alkaline medium,.
NH,Cl + OH™ — NHC1™ + H,0

NHC1™ +« B — HNB + C1~
where B = NHg, RNHz, R2NH. H20 and ROH (?)
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Cahn and Pow011(148)prupos¢d the following mechanism between

ammonia and alkaline hypochlorite :

NH, + oCcl”™ = NH,C1 + OH" (fast)

oH™

NHQCI + NH3 = (N2H5Cd) — ”2”4 + Cl + H20
2. oH™ : =
NH2C1 + N2H‘ = (N3H6Cl) _N_W N2 + 2“13 + 2C1 + 2H20
(149)

Drago and Sisler studied the effect of OH

and HH4+ ions on the reaction of chloramine with aqueous
ammonia and concluded that ammonium ion lowers the yield of
hydrazine while gelatin increases the yleld upto 70 %. The

following mechanism was suggested :

+ -
NH. + NH201-—> NH3NH2 + Cl

3

N vt e o — Hg0 + C1™ + NH

25 4

The investigations of 2 number of workors(lso by

166) lead to the conclusion that all the three chloramines
are formed at different pH values and primary amine can
easily be isolated in alkaline region, Anbar and Yaqil(loz)
prepared chloramine from hypochlorite - ammonia reaction. The
formation of hydroxylamine, hydrazine, NQO, N2. NH4CI and
chloride ions was also shown,

2+

The reaction between chlorine and Fe“ was

1(64, 65, 167)

discussed by Taube eta » who demonstrated that

Fe+* reduces chlorine by one electron change to produce atomic

chlorine :

+4 i+
F‘ + 012———> F.Cl + Cl



A mechan’sm through chlorine radical was

suggested,

2+ 3

* . c1,” + C1°
KL 3

Fe + Cla-—<> Fe

. 2+
re

e2

# Cl,— Fe" + c1.2'

re?* + c1,"— reot & 201°

Scafer and Bayer(lbe)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 rocéntly by Crabtree and Scaefer(léq). 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 612 and 613 are

effective as oxidants, The following mechonism was suggested:

2 Fe2t & cl,” (or Cl,) — 2Fe>" 4+ 361" (or 2C17)
 JEL N €1,"—> 3€1° + Fe (1V)
Feo' + Cl, —= 2C17 + Fe (IV)

Fe?' + Fe (IV) — 2 Fe3'

The kinetic study of chlorine-nitric oxide
reaction shows that the velecity 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(l71), who proposed that for higher than
1M HCl concentration, the following mechanism operates

& -
H202 + Clﬁ—+ H ++ Cl + HOOC1
HOC1— 0, * H * Cl™ (rate determining)



39

but in the presence of HCl, 10’4M, a change in mechanism

was observed:

HoGl = H' + clo”

Cl0” + H0,—>H,0 + 02+<:1" (rate determining)

2°2
Taube(167) suggested the following mechanism for
the reactions of Mn'' and Cu* with chlorine :

Mn++ +Cl —mn* + a-
and

ot o+ L~ cua*t + -

ccl®™ + at—= 2" s

(172)

Using ol8 laveling, Taube demonstrated that

atom transfer takes place in the oxidation of 503-Vuith c10°,

c102" and c103‘, and in the oxidation of NO,‘,' with HOCl such

reactions can be regarded as nucleophilic attacks on oxygen
atom acting #s 2 Lewis acid or electrophile, an anien belng
displaced :

=i =¥ 4
OQN_..I;;—CQ] Y AN O§N_g....a — O§N—O + HC
S B

0 H

From the detailed kinetic study of the resction between

(173)concludcd

that (§) when HOC1l is active oxidant, transfer of oxygen to

chlorine and nitrite in water, Anbar and Taube

the reducing agent takes place.

The reactions between metal and non metals with

chlorine have been reviewed in brief by Sneed and coauthors(174)



Ardon and Plane(nb)havo shown that when 3()
chromium (II) is treated with chlorine containing oxidizing
agents, both mononuclear and polynuclear chromium {IIT)
products are formed. Chlorine dioxide, chlorite ion,
hypochlorite ion and chlorine are possible intermediates in
the reduction of chlorate ion by Cr {(11I), The formation of
Cr (0H2)63+ and the (H20)5 CrClz* species were detected, The
formation of (Hzo)5 crcl?’ was found to be small, Thomson

(176’, while studying the stoichiometry and kinetics

and Gordon
of the reaction between chromium (IT) and the chlorine oxidants
in aqueous perchloric acid, noticed that addition of a small
amount of chloride ifon effects the stoichiometry, The amount

2+
of (H20)5 CxCl

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

and Cr (OH2)62+ increases in the presence

mutual reactions between chlorine cont2ining oxidizing agents

may further complicate the reaction of Cr (IT) :
2HC10, + HC10 —> 2C10, + C1™ + H,0 + H'

HC10 + Cl0,"—> Clo,” + C1” + HY

+

2 HCIO2 +Cl;—~2Clo, + 2Cl1l" + H

2 2
The reactions between chlorine containing oxidizing agents

and Cr (IT) asre very complex :
Cr (I1) + c102‘——+ cr (Iv) + c1 (1)
Cr (II) + Cr(IV)— Binuclear species,

Recently Gordon and Towar1(l77)suggostod that
the chlorine (III) - chlorine (I), the chlorine (III) -
chlorine (0), and the chlorine (I)- chloride reactions(l75 to



177) (176)

(117)

are important in the uranium (IV)- chlorite
iron (I1)- chlorito(l76) and vanadium (II) - chlorite

reactions,

2 HC10, + HC10 —» 2C10, + €17 + H,0 + u'

2
€10,” + HCl0 = Cl0,” + €17 + H

+

2 HCl0, + 012 = 2 ClO2 + 2C1° + 2H

2

Cl™ + HOCL = 012 + OH

The oxidation of Pu(III) to Pu(IV) by chlorine
in the presence of chloride ions was studied by Ghosh
Mazumdar and coworkers‘lTa). The reaction order was found to
be first and first with respect to Pu(IXY) and chlorine
respectively. They suggested the following mechanism :

Cla * Q= Q.

3
it 3* + c13-'———'> (puqoooc13)2t—+ »

u
3+

2

I+ -
. + Cl3

2+ = -
(PuontQCIS} + Clsapu + 2613

2+ 3+ 3+
(pu-locc13) + pu = 2 Pu + (:13

(PyeessCly)? « p 3> p C13* 4 €17 (Rote determining)

The reaction of chlorine molecule and potassium
fodide has been recently investigated by Harrison et a1(179)
in which it was noticed that KCl and I, 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 oxidotions of simple organic molecules
by chlorine have not been investigated. Such studies are 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 1s
in the +1 oxidation state, can be divided into two parts :
(1) neutral or negatively charged species - the hypohalous
acids and their anions and (ii) positively charged species -
the protonated hypohalous aclds, such as H20C1+, H203r+
and H201+, and their halogen cations, Cl+. Br+ and I+. These
specles are very powerful electrophiles and can exist in
media containing'only the weakest of nucleophiles and high
ionizing power,

In any interacting medium, the configuratlon
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 a2 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

transition metsl complexes can occur(lso).

Noyes and Lyons(lzs)put forward the idea of
the existence of halogen cations for the first time while
studying the chlorine - ammonlia reaction, Several workers
thereafter suggested, on the basis of theoretical conslderations

that cations exist in telution(los’lal to 18‘2

De la Mare and cowwrkers(qﬁ'lzl)1nd1catod
the importance of chlorine cation, Gl+. while studying the
chlorination of phenol and anisole, but Israel etml‘gé)

pointed out that the calculated relative potential ease of
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ionization of chlorine monoxide, C1,0, and HC1l0 to give
positive chlorine 15 approximately axxoq, which causes the

former to be more reactive than the latter.

Recently Arotsky and Synona(lao) discussed
critically the formation of halegen cations, They pointed
out that the thermodynamic calculations of Bell and thlos(lsbj
cnnc@rninq the probable existence of halogen cations in
aqueous media are erroneous, because they derived the numerical
values for lonic radii and saolvation cnerglies of the cations
from partly justifiable extrapolations. In Table A, the
equilibrium constants for the reactions are presented. The
values were estimated by Arotsky and Symons(lao) from free
energy data computed by means of thermodynamic cycles
(Table B).

There are evidoncos(7°'122'125’ 166 to lae’thnt

H, 061" or C1* 1s an intermediate in the ehlorination of
organic compounds, but the ecuilibrium constants established
by Bell and Gmlles‘las} 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
chlorination. The kinetiec evidences are so strong(lag) that
many workers simply assume that chlorine cation is the main

chlorinatiog agent in aqueous acldic medx.(123.135.190.19l).
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TABLE (A)
Free Fnergies and Fquilibrium Constants for some Reactions
of the Halogens (from Bell and Golloa(185) )
X, (aa.) == X' (aq.) + X (aq.) (1)
X Cl Br I
& 62 (kcal 84(56) 67(39) 55(27)
mole-l}
K T i T7 s B 7 s TR s
e (180)
{The values in parenthesis incorporate Arotsky and Symons
approximate ligand field correction of 28 K Cll.mole'l)
+ -
X2 lagq.) + Hzo;—_“_ H 4+« HOX + X (2)
X Cl : Br 1
o G%(kCal.mole™d) 4,9 11,2 17
K 1073 1078 1013
g ¥ -
Xylaa.) + H0 == HOX'+ X _ (3)
X Cl Br 1
A 6%°(Keal.mole™d) 42 30 14
K 10730 10720 10719
ABLE

The PForn-Haber Cycle for the Determination of the Free Fnergy

X, faa.) = X' (sa.) + X (aa.)

Xy (gas) — 2 x (gas) — x* (gas) + X (gas)

X {aqg,) x* (aq.) + X (aq.)

4



According to De 1a Mare and Ridd‘189) gor

relatively unreactive aromatic compounds, the rate of

chlorination is given by

-4 (0Cl) . g Twocy] + k, [woel] [w"
dt

which maf be interpreted in terms of a rate determining
heterolysis of the oxygen -« chlorine bond, followed by 2
rapid attack of the resulting chlorine cation upon the
aromatic compound, In accord with this is the observation that
when sz is used as solvent, there is large increase in
rate£125). This has been accepted as evidence for the

transient formation of chlorine cations,
In order to suppress the reaction

- " + |
Cl + HEOGI P —— Cl2 + H20

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 silver ions were not involved in
the raactian(lzﬁ).

Arotsky and Symons(lao)

pointed out that there
are evidences for the formation of Ag 12*, Ag Br2+ and
&9612+ and hence the possible participation of AgClz+ in the
chlorinations studied by De la Mare and coworkers(124)
should be considered, They suggested the followlng alternative
mechanism for chlorination in acidified agueous solution of

HC10 containing an excess of silver perchlorate and some



solld silver chloride : 4:2

+ K +
gCl(Selld) + H,0CL — AgCl, ¢+ H0

agcl,’ + ArH 5 Arcl # AgCl (Solld) ¢ u

Recently in the chlorination of aromatic compounds,catalysed

by FeCl (192)

- and &1613. Olah and coworkers suggested a
mechanism involving Cl*. Rartlett and Tarbe11(193). while
discussing the mechanism of alcohol - bromine reaction,
postulated the existence of Br+ as an intermediate., It was
also shown that Byf ions are formed in the bromination of
anisole « m - sulphonic acid in water by HBv0(194) through

the reaction,
% +
HOBr + H 5 ByH, + H20

but Bradfield and Jones(lqs)concludmd in the case of
bromination of phenol ethers that the electrophile reagent
is the bromine molecule, and not Br+ ions, Hinshalwood(lqé)
pointed out that bromine may sometimes react in water after
complete dissociation, BrQ;:i Br~ + Br*, and not merely as
an inductively polarized molecule, while ﬂeiss(197) put

| forward the view that the simple bromine cation may exist
" in acid solutions of HOBr, as suggested by Shilov and

' Nlniaev(194).

Further researches on bromination of organic
colpounds(lqa to 212); sicated the participation of Br or
H20.8r+ in the reactions, The presence of bromine cations
in acldified solution of HRr0D was demonstrated by Gonda -
tunwald ot 21(271) but the data of Bell and Gelles'!8®)
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concentrations although selvated cation is much more stable.

showed that bare cations cannot edst in appreciable

The aromatic bromination by HBrO'zOT’in presence of aclds

may be represented by :

el +
Hf+ HO By ;EEZZfL 5y OH,

Alows

+
By OH: ~+ ArH 222, (ATH‘&f) + H.0

(AYH- PDY>+ 5 Av. Br + HY

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

excited lodine catlons, The I' ions were found to stabilize

on 2 resin‘zoa'zns)

« A typical procedure is to pass a solution
of 0,5 gm, of lodine in 100 ml of absolute 2lcohaol through

Amberlite IR 100H resin,
H' Res™ + I, . 1" Res” + MI

The amount of I  in the resin may be determined
by passing a saturated solution of potassium lodide through
the exchange column and titrating the liberated iodine with
thiosulphate,

1" Res” + KI —s K' Res” + 1,

A number of other evidences have now been

advanced for the existence of fodine °'tions(214 to 218)

(zlg)concluded from their experiments

Aynsley a2nd coworkers
that each molecule of 1lodine, 12 gives rise to 2.5 gm.ions

of cation I+.
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From the spectra of the oleum solutions, Symons

(180}

and coworker estimated a value of about 28 K cals

mole”! for the "ligand fleld stabilization® of the lodine
cation due to the orlented field of solvent molecules(zgo).
They pointed out that as a2 result of this extra solution
energy, the iodine cation is sufficiently stable to be 2
reasonable intermediate in chemi¢al reactions, The
participation of chlorine - and bronine - cations, Cl+ and

Br+. in halogenations still appears doubtful,
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INTRODUCTION

The kinetics of oxidation of 2lcohols by » large
number of oxidizing agents have bern studied in detall. In
general, the primary and secondary alcohols were found to
oxidize much more readily than the tertiary alcohols,
especially by heterolytic oxidants, Recently w»tcrs(zzl)lnd
Stewart(zzz)discussod critically the mechanisms of oxidation
of alcohols, They pointed out that the rate determlning step
in the oxidation of primary and secondary alcohols generally
involve the breakini of C-H bond, The determination of
deuterium 1sotope effect had proved to be of great value for

such oxidations.

One of the earliest studies on the oxidation

of alcohols was made by Liebon(72'73)

, who cbserved the
formation of acetaldehyde from the reaction of ethyl alcohol
with chlorine. Chottaway and Backebirq(223) demonstrated
that in this reactlon ethyl hypochlorite and hydrochloric
acid are first produced and the acetaldehyde is formed from

the hypochlorite by the elimination of HCl :
CHS.CH2.0H + C12—~—*- CH3€H2OCI + HC1
CHB.CHE.OCI-——e» CH3CH0 + HCl

The other reactions of chlorine with alcohols have already

been described in the previous chaptor(?5'77'97'lol),

rtard 224)5.01ated trimethyl ethylene dibromide

as a final product in the reaction of bromine with t-amyl
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(225)

alcohol. Later on, Whitmore and coworkers also

1solated same products of reaction, Andrews and Kee!’ortz‘%)
studied the kinetics of the reaction between bromine and
t-amyl alecohol 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

(227,228)  rrom » detailed study of the

number of workers
reaction, Moinol(zag)concludod that methyl hypobromite 1is
the primary product., Bartlett and Tarball‘lqa)found that
the rate follows a second order kinetics and sodium bromide

diminishes the rate.
e -
Br2 > CHSFH —_— (:HaOBr + 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 tribromide.
The reaction between ethyl alcohol and bromine

(230), which was later on studied

(231 to

was studied by Bugarszky
in more detail by Perlmutter - Hayman and coworkers
23‘). According to them, (1) the reaction between the
aleohol of concentration 76 % (by weight) and bromine at
concentration 0,054 is of first order with respect to
free bromine, (1i) the tribromide lons are inactive,
(111) as bromine concentration is increased, rate also
increases and (iv) in dilute alcohol, 1-4%¥ by weight, the

following consecutive reactions occur, in which the value

of K,
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k
mswzm + Br2 —3> Gﬁg

CHyCHO + Br, + H,0 2. CHy COOH + 2HBr

CHO + 2HBr

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{(23%),

(a) CHgOH + Br, —> C,H

5 OBr + HBr (1) (rate determining)

+
(b) CHaCH,OH + Br, — [g:H3 CHOM " + Br H
[cHyCHOH]™ — cHaHO + HT (rate determining)

Brzﬂ' = H' + 2ps"
/‘H
(¢) CH,CH,OH + Br, — CH, C <" Br + HPr
372 2 3 M
H
CHy C <TBr = CHaCHO + HBr

H :

The simultanecous formation of acetic acid and ethyl acetate

was explained on the assumption of the formation of hemiacetal:
CH36H0 + C2H50H == Cﬂj c ‘\\;SC2H5

Farkas and Schachter‘zaz)feund that the total yleld 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

(231)

and 79 % benzaldehyde as procducts, They suggested a
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mechanism for the oxidation of aliphatic alcohols by bromine

in presence of bromate, inwvolving two reaction paths :

2 RCH,OM + 2Br, —> RCOO CH,R + an' + apy”

2

Br0”. ¢+ 6" o v B IBr, + 3H,0

3

The deuterium isotope effect for the oxidation

of CHaCD,O0H (Ky/ky 4 1n actd at 25°) showed that the rate
controlling step requires cleavage of C-H bond(zab). The
variation of oxidation rate with pH indicated that the anions
of alcohols are oxidized much more rapidly than are the

neutral molecules. The removal of 2 hydride ion from the

anions by molecular bromine appe2rs to be the most satisfuctoiy

(29,236)
mechanism for the reaction between ethyl alcohol and bromine

CHSCHQOH + O — CH36H20 + HZO

CH30H20 + Br2 — CH3CHO + HBr ¢+ Br

Researches on the oxidation of alcohols by

chromic acid‘a'21 te 23, 237 %o 25a)have been extensively
carried out, All the facts determined by Westheimer and his

co“tk.n(u.zz.zu to 246)

on the chromic acid oxidation of
isopropyl alcohol may be explalned by an ester mechanism in
which the chromic 2cid ester decomposes by proton loss to

any available base (proton acceptor) with elimination of a

Crlv ion,
= 4 _ : Y
(CHy), CHOH + HCr04™ + 20" —> (CH,), CHOCXOH, + H0
+
HaC . _0 = Cr0, H, HaC P L
Y — € =0 + BH #H, Cro, (cx*V)
HaC H,Ua B H, C



'
followed by 4 9

Cr1v + Crv1 —iﬂ!sr 2 CrY

2¢,Y +2 (cHy), CHOM fast 2cr“i+2(cn c=0 + au’

r 3)2
Further support to this type of ester mechanism

was given by Chatterji and caworkers{a'a‘T " 251). The

suggestion of Rocek and KtuPick,(256)
Me OH OH
H \/
\C/_) C\\/"”_._-QH R.D. Me \C O_’_C;L‘T
Me/ \g\_HJ—‘ Me/

that a direct hydride transfer from alcohol to chromic acid

or to its conjugate acid, chromic acidium ifon has been finally
rejected in the year 1962 by Nocek, Westheimer and cownrktrsszs)
'The chromic acid oxidations of alcohols have also been

(222)

reviewed by Stewart , who supported the ester mechanism.

The behaviour of fodine in some sensitized
decompositions of gaseous organic compounds, such =2s CH30H

was discussed by Faull and Rollefson(zsq).

C-T'iSOH + I, = HCHO + 2IH;

2
HCHO + 12 = 2HI + CO

2HI + CH30H ‘F’HQO + CH4 + 12 }

I —H, *+ 1

2 2

The oxidation of alcohols by lodic acld was investigated
in detail by Williams and Woods(zéo).

From a careful investigation of the oxidation of
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alcohols by potassium permanganate, Stewart ota] (27,28,261)
suggested a mechanism involving a hydride fon transfer from

alcohol to the pcrmanganﬁze :
(¢, Hs),cHOH + OH™ = (( Hs) cH o +H,O

MOy +(GHs) CHO Re Producte

(262) studled the oxidation

Recently Banerjee and Sen Gupta
of methyl and ethyl alcohols by potassium permanganate. Thoy
noticed that the rate increases with H but retards by
addition of Mn(1ll).

While studying the oxidation of cyclohexanol by
(262 to 265)

2+

quin quevalent Vanadium, Waters and coworkers

postulated the existence of cations vnz* and V (OH)3 of

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

L LI
QAhb L,
( .\."a ‘

[0
Ve R CH(OH) —> i, R,C =0 + 2H" (heterolyti Qﬂg‘““?';

mechanism :

1ii iv

v sV oY (very rapid)

1i1

The oxidation of alcohols by Co was found to

occur more readily than other transition metal ions(266).

The rate of alcohol oxidation is inversely proportional to
the hydrogen ion concentration and exhibits a deuterium
isotope effect.

The oxibtlions of alcohols by potassium

persulphate were investigated by several workers (267 to 271)

(267)

Wiberg elucidated a mechanism for the persulphate

oxidation of isopropyl alcohol in which a chain process 1s
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initiated by the first order decomposition of 5208- to the

sulphate radical anion, .
Hor — B 2 sE

SO+ H0 — 2 g+ HSop
H& +R,CHOH ——=> H,0 + R,COH
R,COH + S, O e R,C=O + HSOy + SNy
The catalytic effect of Cu ion on the reaction has been
attributed to the action of Cu (iil) produced by a chain
reaction(268). Levitt etal(269’271)8uggosted the following

mechanism :
R2CHOH + 9208 === COMPLEX —> R,C0 + 2HSG,

The rates of oxidation of variety of phenyl
Carbinols by MnO.,, in benzene was determined by Prat and
qoworkers(272)
free radical intermedistes 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

(274). who isolated formaldehyde, formic acld,

made by Allen
002 and CO as products,

According to Stevens and Kaman(275), the

epoxidation of primary and secondary allylic alcohols by H202

« A mechanism in which the reaction proceeds via

)
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in the presence of tungstic acids appears to invelve the
formation of a pertungstate ester followed by a rate

determining re-arrangement :

HW0, + H,0, —> HW0, + H,0
fast

HpWOg + ROH 255 ROWO,OH + Hn0

ROWO,0H _slow RYOWO,0H

fast
RIOWO0H + H,0 I9%8% ReoH + H WO,

where R = alkenyl and R' = apoxyalkyl

The oxidation of alcohols by heterolytic
oxidants generally takes place by way of esterification 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 (kH/kD). However, the interpretation of
magnitude of these kinetic effects is stlll controversial,

In this Chapter the reactions of methyl-,ethyl.,
isobutyl-, isopropyl-, n-butyl-, nepropyl- 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 carbonyl compounds, the chlorinated
carbonyl compoundes 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, €.g.

in the reaction
CH4 + C12 = CH3C1 + HC1

the two chlorine atoms are initially associated, in Clz. with
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14 valency electron and eventu2lly, in
CH3C1 + HCl

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

(221)

replaced by chlorine o Similarly, the reaction

CHSCDCH3 + Cl2 - CH3CUCH261 + HCl

is also an oxidation because chlorine i{is reduced and

therefore, acetone is oxidized.
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Introduction s 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
cvalxlhlo(ZTO).provid.d the resction is not complicated by
consecutive reaction, back reaction, side reaction or other

factors which influence the rate,

Ve started this kinetic investigation with
the reaction of isopropyl alcohel with chlorine, and noticed
that chlorine in aqueous solution oxidizes isopropyl alcohol
to acetone and then 2 small portion of acetone gets
chlorinated into monochloroacetone. This means that it is a

consecutive reaction 13
(CH,) ,CHOM + Cl, —> (CHy) ,C=0 + 2HC1

A number of methods of handling such complex

(277)

reactions ere avasilable . For example, for consecutive

reactions invelving » common reagent, viz.

ky
A+ B .._--)C

kig

C+B — N

often k; can be measured by working at high concentraetion
of B, whence a pseudo=-first order reaction is observed, In
addition, the initial rate of disappearance of A or B can

provide a measure of k1(278).

In this investigation throughout we

mainteined large excess concentrations of alcohols and
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determined the orders of the reactions by Ostwald's isolation
nothod(279). The pseudo-first order rate constants, k Soc'x.
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 net

exceed 5%,

We also considered the initiesl rates, These can
be determined by the following method :

If a is the initial concentration of total
oxidant in moles per 1lit,, x is the number of moles of total
oxidant per litre consumed in time t, N is the normality of
the thiosulphate, v is the volume of aliquot (v = 20 cec.) and
¢' and ¢ are the number of ml of thiosulphate required after
respectively zero time and time t, then

x = {c' - ¢c) N
2V

A convenlent method of finding initial rate is to plet »x/t
against x and to extrapolate to x = 0(230'231’3 where this
method has been used, satisfactory linear plots have been
obtained, In Fig.l and 2 typical plots of %/t vs x are

shown,

The present section deals with the order of
reactions of 1sopropyl-, sec-butyl-, methyl-, ethyl-,
nepropyl-, n=butyl-, and iso-butyl- alcohols with chlorine
in the absence and in the presence of perchloric scid,

The initial rates, ko, moles per lit, soc'l.

have been determined in the case of methyl-, ethyle,
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isopropyl- and sec.butyl- alcohols only 2s the procedure is

time consuming, and the orders have been cnlﬁulutmdtz,ql by
usiny ko values as well. In the case of nepropyl-, nebutyle
and iso-butyl alcohols, the initial rates have not been

determined,

EXPERIMENTAL

Reagents : Chlorine water solutions were prepared by

treating potassium permanganate (B.D.H,, AnalaR} with
concentrated hydrochloric acid (AnalaR) in a flask and
passing the gas thus produced in water through the bubblers
containing KMnO, solution. The concentrations of chlorine
in water were estimated iodometrically immediately before

use,

56

Reagent grade nepropyl-, isopropyle, nebutyle,

{sobutyl-, and sec. butyle alcohols (B.D.H) were distilled,
refluxed with calcium sulphate for about eight hours and

then redistilled with adequate protection from the moisture.

Methyl and ethyl alcohols were distllled,
dehydrated by adding quick lime and refluxing the mixture
for about 8 hours and then redistilled.

AnslaR grade perchloric acid (Merck)solutions

were standardised against carbon dioxide free standard
sodium hydroxide solution,

Throughout alkaline permanganate redistilled

water was used, All other chemicéls were elther B.D.,H.(AnalaR)

or Merck (C.P) grade or of comparable purity.
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Kinetic Procedure i The thermostat was controlled within
k3 o.oa°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 more than half an hour, The progress of the
reaction was followed by estimating unreacted chlorine in

20 ml aliquot portions of the reasction mixture at regular
intervals, The aliquots were poured into ice cold water
containing potassium iodide and then 2 ml of glaclial acetic
acid was added and the liberated iodine was titrated against
standard sodium thiosulphate solution using freshly prepared
starch as 1ndicatort232). To aveld photochemical complications,
black coloured bottles were used, Prior to each experiment,
the bottles were 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 )

Total Oxidant 0,0248M
IsoPropyl Alcoheol 0,2000M

Time Thio  KXl03
mts. cCs. Sec~l
0 14600 -
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 10° sec™i= 3.76
kX 10% =10,8
TABLE 3

Total "xidant 0,0132M
IsoProphyl Alcohol 0,2000M

Time Thie k X 10°
mts. ccs, Sec~1
0 77.4 -
2 62,0 1.8%
4 51.1 1.73
6 42,2 1,68
e 3%5.05 1.65
10 27.0 1.75
12 23,0 1.68
Mean k x 10° sec™! = 1.73
k°x105 = 2,6%

TABLE 2

Total Oxidant 0,0166M
IsoProphyl Alcohol 0.2000M

L

Time Thio K X io3
mts. ccs, Sec”
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 2,952
12 17.1 2,4%
Mean k X 1035ec‘1- 2,52
kox 190° = 5.00
TABLE 4

Total Oxidant 0,0099M
IsoProphyl Alcochol 0,2000M

Time Thio kx103

mts, ccs. Sec”
0 111.2 -
10 58,9 1.06
20 32.0 1.04
30 16.9 1.05
40 8.5 1.07
50 4.9 1.04
60 2,% 1.05

Mean kx10% Sec=l = 1.0%
k°x105 - 1.50
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TABLE § TABLE 6

Total Oxidant 0,0083M Total Oxidant 0,0066M
IsoPropyl Alcohol 0.2000M IsoPropyl Alcohol 0,2000M
Time Thio kx103 Time Thio 4kx103
mts., ccs. Sec~1 mts. ces. Sec™ !
0 92,7 - 0 74.1% -
10 60,0 0.72% 10 54,0 0,928
20 39.% 0.711 20 40,3 0.508
30 27,0 0.686 30 30,0 0,903
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 0,508
Mean kx103sec™! = 0,703 Mean kxlo350c'1 = 0.512

kox10% = 1.0% kox10° = 0,58

TABLE 7 TABLE g

IsoPropyl Alcohol 0.0740M IsoPropyl Alecohel 0,0650M
Total Oxldant 0,0034M Total Oxidant Q,0034M
Time Thio kx104 Time Thio  kx10*
mts. ccs., Sec~i mts., ccs. 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 1%.4% 1,63
40 13,1 1.84 40 14,05 1.62
50 11,8 1.82 S0 12,80 1.60
60 10,5 1.84 60 11.6 1.61

Mean kxlﬂ‘ﬁec'l = 1.83 Mean kxlﬂ‘ Sec”!l = 1.60
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TABLE o TABLE 10
IsoPropyl Alcohol 0,0510M IsoPropyl Alcohol 0,03B6M
Total Oxidant 0.0034M Total Oxidant 0,0034M
Time Thio kxlo‘ Time Thio 4kx104
mts, ccs Sec=1 mts. cCcs. Sec”
0 19.75 - 0 18.05 -
10 18.4 1.18 10 17.1 0.902
20 17.1% 1.18 20 16,2 0,902
30 16,0 1.17 30 15,3 0.918
40 14.9 1.17 40 14.% 0.912
50 13.8 1.19 50 13,75 0;91%
60 12.9 1.18 60 12,85 0.944
Mean kx10% sec™! =  1.18 Mean Kx10? See"} = 0,910

TABLE 11 TABLE 12
IsoPropyl Alcohol 0,0321M IsoPropyl Alcohol 0,0257TM
Total Oxidant 0,.0034M Total Oxidant 0,.0034M
Time Thio kx10% Time Thio  kx10%
mts, ccs. Sec~1 mts, ccs. Sec”
0 23.4% - 0 17 .4 &
10 22,4 0,763 10 16.8 0.583

21.4 0,761 20 16,2 0.%9%
30 20,4 0.774 30 15.6 0.606
19.% 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 kx10? Sec™! = 0,765 Mean kx10? Sec=! =  0.500




TABLE 13

IsoPropyl Alcohol 0,0120M
Total Oxidant 0,0034M

Time Thio kxlO‘_l

mts. ces, Sec
0 21.1 =

10 20,75 0.276
0 20.3 0,322
30 0.0 0,298
40 19,55 0,318
0 19,3 0.297
&0 19,0 0.291

wean kx10? sec-l = 0.296

IsoPropyl Alcohol O,1066M
Total Oxidant 0.00%2M

61

TABLE )4 TABLE 1%
Perchloric “cid 0,01M Perchloric Acld 0.04M
Time Thio kx10®_, Time Thie keo3 |
mts. © €CB, S5ec mts. cCs, sec
0 40,48 - 0 ag 4% .
4 aL.e 0.614 4 38,7 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 0.60¢ 16 14,3 1.27
20 23,2 0.614 20 10.4 1.28
24 20,0 0.614 24 7.88 1.26
vean kx103 sec™! « 0.612 Mean kx10° Sec=l = 1.27

kg x10° = 0.3% kyx10° 0. 720
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TABLE 16 TABLE 17
Perchleric Acid 0.12M Perchloric Acid 0,20M
Time Thio kx103 Time Thio kx103
mts. ces. See~! mts. ces. See~1
0 48 .45 - 0 48,45 -
4 28.0 2,28 & 24,0 2,93
8 16,2 2,28 8 11.45 3.00
12 Q.7 2.23 12 5.9 2,92
16 6.1 2,16 16 2.9 2,93
20 3.1 2,29 - 20 1.45 2,92
24 1.5 2,41 - 24 0.7 2.94
Mean kxl(ﬁ Sec=1 = 2,25 Mean kxm3 se¢™d = 2,93
kyx10% = 1.30 kox10° = 2,20
TABLE 18 TABLE }o
Perchloric Acid 0.25W Perchloric Acid 0,30M
Time Thie kx103 Time Thio  kx103
mts, cee, Sec~1 mts. cecs. See~1
0 48,45 . 0 48 .45 o
2 0.2 3.94 2 27.75 4,64
.} 19,0 3.90 4 16.0 4,62
'5 12.0 3.88 6 9.0 ‘067
8 7.7 3.83 = 5.1 4,69
10 5.0 3,78 10 3.0 4,64
12 3.0 3,86 12 1.8 4,57
Mean kxlﬁa SQc'l = 3,86 Mean kxlba Sec™l = 4,64

kox10° = 2,74 ko x10° = 3,40




TABLE 20

Total Oxidant 0,0248M
Sec.Butyl Alcohol 0.2000M

Time Thio kx103
mtse, cCs. Sec™
0 142.6 -
2 45.5 92,53
4 14,8 9,44
6 4,4 9.67
g 1,45 9.34
10 0.5 Q.42
12 - ‘
Mean kx10® Sec~l = 0,48
k%108 = 31.6
TABLE 22.

Total Oxidant 0,0132M
Sec.Butyl Alcohol 0.2000M

Time Thio kx103

mts. CCS. Sec~l
0 75.9 -
2 44,0 4,54
4 26,8 4,34
& 16.6 4,22
8 9.7 4,29
10 9.7 4,31
12 3.2 4,40

Mean kx103 Sec™l = 4,35
k°x105 = 7.1%
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TABLE 21

Total Oxidant 0.0166M
Sec.Butyl Alcohol 0.2000M

Time Thio kx103
mts, ccs. See~l
ﬁ 95¢5 -
2 45.0 6.27
4 2206 6.00
6 10,9 6,13
8 5.0 6,14
10 2.4 6,14
12 1,15 6,14
Mean kxlt)3 Sec™! =  6.14
kg x10% - 12.%
TABLE 23

Total Oxidant 0,0099M
Sec.Butyl Alcoheal 0,2000M

Time Thio kx103
mts, ces. Sec™ !
0 56,9 -
2 39,0 3,15
4 28,0 2,95
6 20,2 2.88
3 15.8 2,67
10 1i.4 2,68
12 8.2 2.69
Ylean kx103 Sec™l = 2,84
kgx10% = 3,80
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TABLE 24 TABLE 2%

Total Oxidant n,0066M Total Oxidant 0,00%9M

Sec,.Butyl Alcohol 0.2000M Sec.Butyl Alcohol 0,2000M
Time Thio kx103 : Time Thio k:m”l
mts, ccs Sec” mts, cecs. ~ Sec”
0 40,3 - 0 22.6 -
o) 26,0 1.46 3 16,9 0,969
10 16,6 1,48 10 12,6 0.974
15 11.0 l.44 1% 9.5 0,963
20 7.0 1,46 20 7.2 0,953
2% 4.4 1.48 2% 5.3 0,967
30 | 2.9 1.46 30 4,1 0.948
Mean kx103 sec™! = 1.46 Mean kx103 Sec~l = 0.962

X108 = 1,40 kox103 = 0,930
TABLE 26 TABLE 27

Sec.Butyl Alecohol 0, 1250M Sec,Butyl Alcohol 0,1030M
Total Oxidant 0,0025M Total Oxidant 0.002%u
Time Thio kx10% Time Thio kx10
mts, ccs cec™1 mts. ccs Sec=1
0 3300 - 0 33.0 -
10 29.0 2,1% 10 29,8 1.70
20 2.6 2.12 20 26.9 1,70
30 22,4 2.,1% 30 24.3 1,70
40 19,7 2.1% 40 22,0 1.69
50 17.4 2,13 50 19,9 1.68
60 15,2 2.1% 60 18,0 1,68

Mean kxlﬂ‘ Sec™! w 2,14 Mean k1104 Soc'1 = 1,60




TABLE 28

Sec,Butyl Alcohol 0,0741M
Total Oxidant 0.0025M

Time Thio  Kx1o*_
mts, [ o1 X - Sec

0 33.0 -
10 30,7 1,20
20 28,5 1,22
30 26,5 1,22
40 24,8 1.19
50 23,0 1,20
60 21.3 1,22

Mean kxlo4 Sec'l = 1,21

TABLE 30

Total Oxidant .0025M

Time Thio kx104
mts. cce cec~l
0 33,0 -
10 31.4 0.829
20 29.9 0.822
30 28,45 0.824
40 27.0 0.83%
S50 25,7 0.824
60 24,% 0,827

Mean kx10? sec™! = o0.828

TABLE 29 {;5

Sec.Putyl Alcohol 0,0644M
Tota)l Oxidant 0,0025M

Time Thio kx104
mts, ces. See~l
0 33.0 o

10 31,0 1,04
20 29.1 1.0%
30 27.3 1.05
40 25,7 1,04
50 24,1 1,05
60 22,7 1,04

Mean kx10® secl s 1,08

TABLE 31

Sec.Butyl Alcohol 0,0390M
Total Oxidant 0,0025M

Time Thio kx.lo4 1
mts. ccs Sec”

0 33,0 -

10 31.6 0.668

20 30,4 0.683

30 29,2 0.681

40 28,0 0,684

30 26,9 0.681

60 25,8 0.684

Mean kx10% sec”l = 0,680
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Sec,Butyl alcohol 7.0800M
Total Oxidant 0,0032M

TABLE 32
Perchloric Acid 0.0100M

Time Thie  kxi0%

mts, ccs. Sec=1
0 30.0 -
10 20,5 6,34
20 14,0 6.3%
30 9.5 6.39
40 6.5 6,37
50 4,5 6.32
60 Jsd 6.30
Mean kxlo4 Sec™! = 6.34
kox10% = 0,242
TABLE 34

Perchloric Acid 0,1200M

Time Thio kx103

mts, ccs See~1
0 28.9 =

5 14,2 2,37

10 7.0 2,36

15 3.45 2,36

20 1.7 2,36

25 0,85 2,3%

30 -

Mean kx103 sec™l= 2,36
kox10° = 0,867

TABLE 33
Perchloric Acid 0,0400M

Time Thio kx10% :

mts, ccs, Sec”

0 23.9 -»

10 13.7 12.4

20 6.5 12,4

30 3.1 12,4

40 1.45 12,5

50 0.7 12.4

) o

Mean kx10? Sec™! = 12,4
kox10° = 0,498

TAELE 3%

Perchleric Acid 0,2000M

Time Thio kx10®

mts. cCs. Sec

0 56.4 -

2 38.1 3,27

4 25,9 3.31

6 17,4 3.27

B 11.7 3.28

10 7.9 3,28

12 He3 3.28

Mean kx103 seec~l = 3,28
kox10% = 1,20




TABLE 236 TABLE 137
Perchloric Acid 0.2%0nM Perchloric Aeid 0,2700M

Time Thioe kx103_l Time Thio 4E¥103 1
mts. ccs Sec mts, ccs, Sec”
0 56.4 -~ O 56.4 -
2 34.5 4,10 2 3z.7 4,54
) 21.0 4,12 4 16,0 4,53
6 12.8 4,12 6 11.0 4,54
a 7.88% 4.11 B8 €.4 4,53
10 4.8 4,11 10 3.8 4,50
12 2.9 4,12 12 2.1% 4,53
Mean kxlo3 Sec™! = 4,11 Mean kx103 Sec~! = 4,53

k,x10° = 1,50 ko x10° = 1,63

TABLE 138 TABLE 39

Total Oxidant 0,0248M Total Oxidant 0,0166M
Methyl Alcohol 0,8000M Methyl Aleohol 0.2000M
Time Thio kx104 A Time Thio keo*_|
mts. ccs, Se¢” mts, ces. Sec”
0 111.1 E 0 73,3 -
10 98.3 2,04 10 67.8 1.30
20 87.8 1,06 20 62,8 1.29
30 78.1 1.96 30 58.0 1.30
40 69.4 1,96 40 %53.68 1.29
50 61.7 1.96 : S0 49,8 1.29
60 54,9 1.96 60 46,1 1.29
Mean kx104 Sec-1 = 1.96 Mean kx10% Sec™! = 1.29

kox105 = 0,603 k,x10% = 0.282
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TABLE 40 TABLE 4)
Total Oxidant 0.0132M Total Oxidant 0,0D00M
Methyl Alcohol 0,8000M Methyl Alcchol 0.8000M
Time Thio kx104 3 Time Thio kx104 .
mts, ces. Sec” mts, cecs, Sec”
0 55.6 - 0 3%.3 -
10 51.8 1.18 10 34.0 0,626
20 48,7 1.10 20 33.1 0.537
30 4%,0 1.18 30 32.2 0,510
40 42,3 1,14 40 31.0 D.541
60 36.4 1.18B 60 29,1 0,537
Mean kxlﬂ‘ See~l = 1,16 Mean kx104 Sec'l = 0,531
kox109 = 0,197 k,x105 = 0,083
TABLE 42 TABLE 43

Total Oxidant 0,0N83M Methyl Alcohol 0,6205M
Methyl Althol 0.8000M Total Oxidant 0,0070M
Time Thio kxlo‘_l Time Thio kxlo4 1
mts,  ccs, Sec mts, ccs, Sec”
. 0 . 0 15.8 -
10 38.8 0.512 10 15.4 0.430
20 37.8 0.472 20 15.0 0.434
30 36,6 0.494 20 14.6 0.439
0 35.5 0.498 40 14,3 0,416
80 | 34.5 0.494 50 13.9 0.428
60 33.9 0.493 60 13,55 0.427
" Mean l(xlo4 Soc'l = (0,494 Mean kxl@“ Soc'l = (0,429

k2;105 - 0.062




TABLE 44 TABLE 4% t}g

Mothxl Aleohol 0,5645M Methyl Alcohol 0,4945M
Total Oxidant 0,0070M Total Oxidant 0.0070M
Time Thio keto? Time  Thio  kxio*
mts, cce., Sec mts, ccs., Sec
0 15.8 - 0 15.8 o
10 1%.3% 0.484 10 15.49 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 30 13.9 0,428
é0 13.4% 0,448 60 13.% 0,438
Mean kx104 sec! = 0.426 mean kx10* sec™! = 0,416
TABLE 46 TABLE 47
Methyl Alcohol 0,4338M Methyl Alcohol 0.3405M
Total Oxidant 0.0070OM Total Oxidant 0O.0070M
Time Thio kxlﬂ‘ 1 Time Thio kxl@‘
mts, ccs, Sec” mts, ccs. See=1
0 15.|B " 0 1508 -
10 1%.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
80 13.85 0,406 80 13.8% 0,406
60 13.4 0.458 60 13,95% 0.427

Mean kx104 Snc“l = 0.437 Mean kxlﬂ‘ Sec'l = 0.423




TABLE 48 70

Methyl Alcohol 0,2985M
Total Oxidant 0,0070M

Time Thio ‘(xlO‘_1
mts. ccs, Sec
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

69 13.5 0.438
Mean kx104 See~l = 0.437

Methyl Alcohol 0,1333M
Total Oxidant 0,006M

TABLE 49 TABLE ' 50
Perchloric Acid 0.0400M Perchloric Acid 0.1000M
Time Thio kxlob 1 Time Thio kxlo5
mts., ccs., Sec¢” mts, ccs., Sec~l
0 20,2 - 0 20,2 -
10 19, 8,48 10 18.6 13.8
20 18.2 8.69 20 17,1 13.9
30 17.3 8.62 30 18,7 14,0
40 16,4 8.69 40 14,5 13.8
50 15,6 8,62 50 13,3 13.9
60 . 14.8 8,64 60 12,2 14,0
Mean kx105 Sac'l = 8,63 Mean kx105 Scc'l = 13.9

koxmé = 0.910 k,x106 = 1,43
TABLE s)

Perchloric Acid 0.1%00M
Time Thie kx105

mts. ccs Sec~1

0 e 50.2- VoI ! :- :
10 18.3 16,5
20 16,6 16,4
30 15.0 16,5
40 13,59 16,6
50 12,3 16,5
60 1.1 16,6

-1 .
Vean kg;g,n§°° he 16,3



TABLE 82
Perchloric Acid 0,.2200M
Time Thio  kx10°
mts, cCs, Sec
0 20,2 &
10 17.3% 25,4
20 14,9 25,4
30 12,8 25.4
40 11.1 25,0
50 9.4 25,%
60 8.1 25.4

Mean ll(x.lob Sec”! = 25,3
kox106 = 2,80

TABLE %4

Total Oxidant 0,0166M
Ethyl Alcohol 0,8M

Time Thio kx10%_ :
mts., ccs Sec

0 61,8 e

10 47,.8 4,30
20 35.9 3.65
30 32.4 3.59
40 25,6 3.67
50 20,6 3,66
60 16,5 3.67

Mean kx10% sec™} =  3.68
k,x10% «  0.500

=3

TABLE 53

Total Oxidant 0.0248M
Ethyl Alcohol 0,8000M

Time Thio kxlﬁ‘ 1
mts, ccs, Sec”
0 M.G -
10 63.9 6,64
20 47,0 5.83
30 32.3 5.97
40 22,6 5.97
S0 15.7 5.99
60 11.0 5,98
Vean kxlo‘ Sec”l = 5,95
kyx10® = 1,3
TABLE %%

Total Oxidant 0,0132%
Ethyl Aleohal 0,.8000M

Time Thio Kx10% y
mts. ccs, See”
0 45,0 -
10 38.0 2,82
20 33,5 2,46
30 29,2 2,40
40 25,2 2,42
%0 21.8 2,41
(%) 18.9 2,41

Mean kx10% sec™! = 2,42
kyx10> = 0,278
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TABLE 56 TABLE &7
Total Oxidant 0,0090M Total Oxidant 0.,0083M
Ethyl Aleohol 0,8000M _ Ethyl Alcohol 0,8000M
Time Thio kxlo4 1 Time Thio kxlﬁ4 1
mts. ces, Sec” mtg. ces., Sec”™*
0 25,2 - 0 22,0 -
10 23,2 1.38 10 20,5 1.17
20 22.0 1,13 20 19,6 0,962
30 20,955 1,13 30 18,6 N.933
40 19,2 1,13 40 17,6 0,930
- 80 18,0 1.12 50 16,7 0.919
60 16,8 1.13 60 15.8 0,919
 Mean kx.lo4 Sec”l = 1.13 ‘ Masn kx104 Sec”! = 0.92%
5 = 5 =
kyx10 0,165 Ky x10 0.107
TABLE &g TABLE s9
Total Oxidant 0,0066M Ethyl Alcchol 0,8400M
Ethyl Alcohal 0.8000M Total Oxidant 0,0065M
Time Thio kx104 Time Thio kx10%
mts, ccs Sec~1 mts, ces, See~l
0 15,3 - 0 29,8 =
10 13,5 0,840 10 24,76 0.795+
20 1%.9 0.693 20 23.8 0.672
30 14.3 0,728 30 22,8 0.687
40 13.8 0,654 40 21.8 0,701
50 13,2 0.703 50 21.0 0.686
60 12,7 0,693 €0 20,2 0.679
Mean kxlo4 Sec™! = 0,702 Mean kxlﬁ‘ sec”l = 0,68%

k°x105 = 0,060
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TABLE 60 TABLE 6}

Ethyl Alcohol 0,8103M Ethyl Alecohol 0,744%M
Total Oxidant 0.0765M Total Oxidant 0,0065M
Time Thio kx10% : Time Thie kx10%
mts, ces. Sec™ mts, ces. See~1
0 25.8 - G 25.8 -
10 24,6 0.79% 10 24,6 0,795+
20 23,8 0.672 20 23.8 0,672
30 22.8 0,687 e 22,75 0,699
40 21.7 0.720 40 21.8 0,701
50 21.0 0.686 Lo ls) 2.0 0,686
60 20,2 0,679 60 20,1 0,693
Mean kxlo‘ Stc'l = 0,689 Mean kxm4 Sac”l = 0.690
TADLE 62 TABLE 63
Ethyl Alcchol 0,6424M Ethyl Alcohel 0,5732M
Totzl Oxidant 0.0065M Total Oxidant 0O,0065M
Time Thio kxm“ Time Thioe kxlo‘ 1
mts, ccs, sec~d mts., ces Sec”
O 25.8 - 0’ 25.8 -
10 24,7 0.72% 10 24,7 0.72%
20 23,7% 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 kx10% Sec=l = 0.690 Mean Kx10% sec”l = 0,708




TABLE 64

Ethyl Alcohol 0,4345M
Total Oxidant 0,0063M

.
Ay

Time Thio kx104
mts, ccs. See~!
0 25,8 -

10 24,7 0,725
20 23,79 0.691
30 22,8 0.587
40 21.8 0.701
S0 21,0 0.686
60 20,0 0,707

Mean kxlo‘ Sec”! = 0,694

Ethyl Alcohel 0,.4000M
Total Oxidant 0.0050M

TABLE &5
Perchloric Acid 0.0400M

Time  Thio kx10%
mts. - ces. See~1
0 20,0 "

10 17.7 2,03

20 15,7 2,02

30 13.9 2,02
40 12,2 2,06

) 10,8 2,05

60 9.6 2,04

Mean kxlo4 Sec”l = 2.04
kox10° = 2,08

TABLE 66

Perchloric Acid 0,1000M
Time Thio kx10%
mts. ccs, See~l
0 Z‘.O . -
10 16,2 3,51
20 13,2 3.46
30 10,7 3.47
40 2.8 3.42
%0 T.1 3.4%
60 5.8 3.44
Mesan kx104 Sec~! = 3.46

k x106 = 3,52
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TABLE &7 TABLE ¢é8
Perchloric Acia 0.1500M Perchloric Acid 0.2300M
Time  Thio  Kkxlo* Time Thio kngo?_|
mts, ccs, Sec~1 mts, ccs, Sec
0 20.0 - 0 m -
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 1n,6 5.29
50 5.6 4,24 2% 2.0 95.32
60 4,4 4,20 30 7-8 5.23
Mean kxlo‘ Scc'l = 4,19 Mean kxlo‘ Sec”d = 536

kox10®° = 4,30 k,x106 = 6,60

TABLE 69 TABLE 70

Perchloric Acid 0.2500M Perchloric Aeid 0,.3000M
Time Thio kx10% Time Thio keo® |
mts, ccs., See~! mts. ccs, Sec
0 16,2 - 0 17.20 -
2 14,7 8.10 “ 15,6 8.14
4 14,1 %, 80 4 14,75 6,40
) 13,2 5.68 6 13,55 65.63
8 12,2% 5.682 8 12,25 7.07
10 11.5% 5.65 10 11.2% 7.10
12 10,80 5.63 12 10.35 7.05
Mean kxxo“ Sec'l = 5.72 Mean kxlo4 Soc'l = 6,85

Ko*106 e 7.10 k5x105 = 8.40




TABLE 71

Total Oxidant 0.0110M
n-Propyl Alcohol 0,1333M

Time Thie kxlo5
mts., ccs. Sec~1
0 33.8 -

10 31.5% 11.7
20 29,5 11,3
30 27.6 11.3
40 25,.% 11.7
30 23.9 11,5
60 22,2 11,7

Mean kx105 Sec! = 11.%

TABLE 73

Total Oxidant 0,0075M
n-Propyl Alcohol 0.1333M

Time Thio kxlobﬂl
mts. ces, Sec

0 2].3 -

10 20.4% 6.79
20 19.6 6.93
30 18.8 6.93
40 18.05% 6.89
50 17.2 7.13
60 16.6 6.93

Mean kx10~9 sec~! = 6.94

“‘:)
TABLE 72

Total Oxidant 0.0090M
n-Propyl Alcohol 0.1333M

Time Thio  kx10°

mts, ccs, See~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

Mesn kx10® Sec~l =  7.p4

TABLE 74

Total Oxidant 0,0060M
n=Propyl Alcohol ©.1333M

Time Thio kxlofl
mts. ccs Seec

0 22.9 =

10 21.7 6.03
20 21.0 5.76
30 20,2 5.99
40 19,5 5.97
50 16.7 6.17
60 18,1 6.04

Mean kx10° sec™! = 5.99
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TABLE 7% TABLE 76
Total Oxidant 0,0055M n-Propyl Alcohol 0,2560M
n-Propyl Alcohol 0,1333M Total Oxidant 0.0060M
Time Thie kx10% Time Thio kx10%_
mts. ccs. Sec~1 mts. ccs. Sec
0 33.8 = 0 27.0 -
10 32.9 4,49 10 25,2 11.%
20 32,1 4,30 20 23,5 11.6
30 31.1% 4,53 30 21.9% 11.9
40 30,3 4,%6 40 20.5 11.%
50 29,9 4,%4 50 19.1 11,9
60 28,7 4,54 60 17.8 11.6
Mean kx105 Soc'l = 4,49 Mean kxl@ﬁ Sec™! = 11.%
TABLE 77 TABLE 78
n=Fropyl Alcohol 0.2180M fa-Propyl Alcohol 0,1950M
Total Oxidant 0O,0060M Total Oxidant 0,0060M
Time  Thio ka0, Time Thie kx10%_
mts, ccs Sec mte, ccs ' Sec™
0 2700 - 0 27.0 -
10 25,45 9.87 10 25,6 8.91
20 24,0 9.83 20 24,3 8,79
a0 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 2.84 60 19.7% 8.68

Mean kxl05 Sec~l = 9.86 Mean kx105 Sec™! = 8.7%




TABLE 79

n«Propyl Alcohol 0.1780
Total Oxidant 0,0060M

Time Thio
mte. ccs

0 27.0
10 25,7
20 24,5%
30 23.4
40 22,3
50 21.3
60 20,3

Vlean kxlﬂs Sec™! =

k1105 =
Sec

8.25
7.93
7,96
7.97
7,90
7.93

7.99

TABLE g1

n-Propyl Alcohol 0,1000M
Total Oxidant 0,0060M

Time Thio
mis. €CS
0 33.8
10 32,9
20 32.1
30 31.1%
40 30,3
50 29,5
&0 28.7

Moan Kx10° Sec™! =

-F
GO

TABLE 80

n=-Propyl Alcohol 0,1333M
Total Oxidant 0,.0060M

Time Thio kxlo5
mts. ccs., See~!
0 22.% -

10 21,7 6.03
20 21,0 5.76
30 20,2 5.99
40 19.5 5.97
0 18,7 6.17
60 18.1 6.04
Mean Kx10® Sec™! = 9.99




P
n-Propyl Alcohol 0.1333M ‘)9
Total Oxidant 0.0060M

TABLE 82 TABLE 83
Perchloric Acid 0.0250M Perchloric Acid 0,0400M
Time Thio  kx10°_, Time Thie kx10°_|
mts., cts, Sec mts, cCs., Sec”
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 16,5 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
Mean kx10® Sec”! = 6,99 Mean kx10° Sec™! = 9.25

TABLE g4 TABLE 8%

Perchloric Acid 0.0630M Perchloric Acid 0.10070M

Time Thio kx10® Time Thio kx10°
mts. ccs. See~1 mts ccs, Sec~1
0 14,8 = 0 17.0 -
10 13.8 11.7 10 15,6 14,3
20 12,85 11.8 20 14,3 14,4
30 12,0% 11.4 30 13,1 14,5
40 11.15 11,8 40 12,0 14,5
%0 10,4 11.8 o0 11.0 14,5
60 9.75 11.6 60 10,1 14,5

Mean kxlob Sec™! = 11.7 Mean kxlﬂb Scc'1 = 14, .4
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TABLE 86 TABLE g7
Perchloric Acid 0,1%00M Total Oxidant 0,0005M
n=-Butyl Alcohol 0,1333M
Time Thio  Kx103 | Time  Thio 0%
mts, ccs, See¢ mts, cCcs, Sec”
0 17.0 - 0 34.8 -
10 15.3 17.9 10 32,6 10,9
20 13.9 16,8 20 30,95 11.0
30 12.5 i7.1 30 28,65 16.8
40 11,3 17.0 40 26,7 11.0
50 10,3 16,7 50 25.1 10,9
&0 6.3 16.7 60 23,0 10.9
Mean kx10° Sec™! = 17.0 Mean kx10® See”! =  10.9
TABLE g8 TABLE g9
Total Oxidant 0,0000M Total Oxidant 0.0075M
n-Butyl Alcohol 0,)333M n-Butyl Alcohol 0,1333M
Time Thio kxm” i Time Thio kx,m"’_l
mts, ccs Sec nts, ccs See
G 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 B.92 30 20,9 7.23
40 24,0 8.88 40 20,0 7.2%
50 2,8 g.82 50 19.3 6.98
60 21.6 8.8% 60 lg,.4 7.1%
vean kx10° Sec™! =  g,03 Mean kx10% sec™! =« 7.18
EY 785

._.'r'r'.r','f,\';)“‘ y O

ROORKEE,



TABLE 90

Total Oxidant 0,0060M
n-Butyl Alcohol 0,1333M

Time Thio lx10® |
mtsg, cCs. Sec
O 21.0 -
10 20,2 6.45
20 19,5 6,18
30 1€,9 5.85
40 18.2 5,96
g0 17.7 5.69
60 17.0 .87
Mean kxlos sec”! = 6,00
TABLE 92
n-Butyl 3lecshol 0,2700M
Total Oxidant 0,0060M
Time Thio kxm”- .
mts, ccs Sec¢
0 17. 3 -
10 16,1 13.1
20 15,0 11.9
30 14,0 11.8
40 13,0 11.9
50 12,0 12,2
60 11,2 12,1
Mean kx105 Sec'l - 122

81
TABLE 91

Total Oxidant 0,0049M
n=-Butyl Alcohol 0.1333M

Time Thio kx10%_
mts., ccs, Sec
0 28- O -
10 27.2 4,84
20 26,4 4,91
30 25.6 4,99
a0 25,0 4,73
&0 24,1 9.00
60 23.%5 4,87
Mean kﬁl@b Sec”! = 4,89
TABLE 93

n-Butyl Aleohol 0,2300M
Total Oxidant 0.0060M

Time Thio kxlob_l
mts, ccs., Sec
0 17.3 -
10 16,2 10,9
20 15,3 10,2
30 14 .4 10,2
40 13,5 10,3
50 12,7 10,3
60 12,0 10,1

Mean kxl@b Sec”! = 10,4




TABLE 94

n-Butyl Alcohol 0,2170M
Total Oxidant 0.0060M

Time Thio kx10° ol
mts, ccs, Sec
0 17.3 -

10 16,3 9.90
20 15,4 9.69
30 14.% 9.80
40 13,6 10,02
50 12,9 9.78
60 12,2 9.70

Mean kx10® sec™l =«  9.82

TABLE 96

n-Butyl Alcohol 0,1595M
Total Oxidant 0,0060M

Time Thio Kx10° _,
wts, cts Sec

0 23,8 =

10 22.8 7.18
20 21,8 7.31
30 20,9 7.23
40 20,0 7.2%
S0 19,3 6.98
60 18,4 7.15

Mean Kx107 Sec™! = 7.18

§2

TABLE o3

n-Butyl Alecohol 0.1750M
Total Oxidant 0.0060M

Time Thio Kx103 _,
mts. ccs. Sec
0 28.0 -
10 26,7 7.95
20 25,5 7.81
30 24,3 7.88
40 23,1 8,02
%0 22,0 8,09
60 21.1 7.86
Mean Kx10° Sec™! = 7.93
TABLE 97

n-Butyl Alcohol 0,l088M
Total Oxidant 0,0060M

Time Thio kk105_1
mts, ccs, Sec

0 28,0 -

10 27.2 4,84
20 26,4 4,91
30 25,6 4,99
40 23,0 4,73
50 24,1 3,00
60 23,5 4,87

Mean kx10® sec”! = 4,89
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n-Butyl Alcohol 0.1333M s
Total Oxidant 0,0060M

TABLE op TABLE 90
Perchloric Acid 0,0600M Perchloric Acid 0,1000M
Time Thio kx10®_ Time Thio kro?
mts. cecs Sec” mts. ccs. Sec
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 1.3% 30 15.4 1.78
A0 ‘21.3 1.33 40 13,8 1.79
%0 19,6 1,34 80 12.4 1.79
60 l8.1 1.34 60 11.1 1.80
Mean kx10% Sec”! = 1,38 Mean kx10? Sec™! = 1.79

TABLE 100 TABLE 1nl
Perchloric Acid 0.1300M Perchloric Acld 0,20004
Time Thio  Kx10* | Time Thio kx10® |
mts, Cecs Sec mts., cCE Sec
0 29,3 - (4] 20,3 -
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 a0 18,2 2.64
40 17.8 2,08 40 1.5 2,65
50 1%.7 2,08 30 13.4 2.61
60 13.8 2.09 60 11,6 2.57

Mean kxm4 Soe'l = 2.07 Mean kxlﬂ‘ Sec‘l = 2.62




TABLE 102 TABLE 103 814

Total Oxidant 0.0110M Total Oxidant 0.0000M
IsoButyl Alcohol 0,1333M IsoButyl Alcohol 0, 1333M
Time Thio kot | Time Thio kx104_,
mts, cecs., Sec mts, ccs, Sec
0 2700 - O 6100 -
10 25,0 1.28 10 57.2 1.07
20 23,.1% 1.28 20 53.5 1.009
30 21.4 1.29 30 50,15 1.09
40 19.8% 1.28 40 47.0 1,09
50 18,395 1.29 50 44,90 1.08
60 17,0 l1.28 €0 41,3 1.08
Mean kx10? sec™) =  1.28 Mean kx10 sec”! = 1.08
TABLE 104 TABLE 10%
Total Oxidant O,007%M Total Oxidant 0,.0060M
IsoButyl Alcohol 0,1333M IsoButyl Alcohol 92,1333
Time Thie Kx 104 i Time Thie kx1n?
mts, ces Sec” mts, ces sec~l
0 52,0 - 0 47.0 =
10 49,1 0.95%6 10 44,8 0.798
20 46.4 0,950 20 42,7 0.800
30 43,9 0.940 an 40,6 0.810
40 41,5 0,940 40 38.7 0.810
80 29,2 0.942 50 36.° 0.807
60 7.2 0.931 &0 35.0 0.819

Mean kx10? sec™) = 0,043 mean kx10? secl =  0.807




TABLE 106 TABLE 107 8
Total Oxidant 0,0035M IsoButyl Alcohol 0.2330M
IsoButyl Alcohel 0,.1333M Total Oxidant 0,0055M
Time Thio kxlO‘_l Time Thio kx105 1
mts., cecs. Sec mts., ces., Sec”
0 3607 -~ 0 6‘0.7 -
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
a0 31.2 0.677 40 45,2 12,29
50 2.8 0,.69% S0 42.7 11.72
60 28.% 0,693 6n 39.9 11,66
Mean L:x.m4 Sec~l = 0.688 Mean kxm5 Soc'l - 11,9
TABLE 108 TABLE 109

IsoButyl Alcohol 0,1810M
IsoButyl Alcchol 0,197OM
Total Oxidant 0,005%M Total Oxidant 0.00554
Time Thio kx10% _, Time Thio ke0®
mts. ccs. Sec mts, ccs Sec”
0 25,3 = 0 51.%9 -
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
490 19,5 10,08 40 41.4 92,10
50 18,2 10.10 80 39,1 9,18
60 17.1 10,09 60 37.0 9.18

Mean kx10% sec™! = 10,09 Mean kxlﬂs Snc'1 = 9,30

Ut



TABLE 110

IsoButyl Alecohol 0,1333M
Total Oxidant 0,0055M

Time Thio kxlﬂ?l
mts, ccs, Sec
4] 36,7 -

10 35,2 6.99
20 33.8 6.87
30 32.% 6,75
40 31.2 6.77
50 29,8 6,95
60 28,6 6.93

Mean kxlﬂ‘ sec”! = 6.88

TABLE 111

IsoButyl Alcohol 0,)218M
Total Oxidant 0,0055M

Time Thio k1105 1
mts., ccs. Sec”

0 37.5 -

10 36,1 6,33

20 34.7 6.47

30 33,6 6,10

40 . 32.2 6,24

50 3.2 6.12

60 30.0 6.20

Mean kx10® Sec! = 6.26

IsoPutyl Alcohol 0.1333M
Totz]l Oxidant 0.,006MM

TABLE 112
Perchleoric Acid 0.0500M

Time Thio kxio® |
mts. ccs. Sec
0 22,6 -

10 18.9 2,98

20 15,7 3.04

30 13,1 3.03

40 10,9 3,04

30 9.1 3.03

80 TeS 3.06

Mean kxlO‘ Soc”l = 3.02

TABLE 113 -
Perchlorxric Acid 00,1000
Time Thio kx104_
mts. CcCs. Sec
0 22,6 -
10 17.3 4,46
20 13.2 4.48
30 10,2 4.43
40 7.6 4,54
50 6.0 4,42
60 4.8 4,31

Mean Kx10% Sec™! = 4,44
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TABLE 114 TABLE 11%
Perchloric Acid 0.1500M Perchleric Acid 0,2000M
Time Thie kxlﬂ‘_l Time Thie kxlﬁ‘ 1
mts, ccs., Sec mts, ccs, Sec”
0 22,6 - 0 22.6 -
10 16,3 8.44 ) 18.6 6,49
20 11.7 $.49 10 15,4 6.39
30 8.4 5.50 15 lzoﬂ 60“0
40 6.0 5.953 20 10,5 €,39
50 4,3 5.53 2% 8.7 6,37
60 3,1 5.52 30 7.3 6,28
dean kx104 Soc'l - 5.5 Mean kx104 Sec'l = 6.39

TABLE 116 TABLE 117
Pexrchloric Acid 0,.2%00M Perchloric Acid 0,3000M
Time Thio kxyn® Time Thio Kx 104 R
mts, cce, Sec~1 mts. ccs. Sec”
0 22,5 - 0 22,8 -
S 17.7 B.14 S 16.9 9,69
10 13.9 8.10 10 12,6 9.74
19 11,0 8.00 13 9.9 9,63
20 8.7 7.96 20 7.1 9,63
25 6.7 8.14 5 5e3 9,67
30 5.30 8.06 30 4.0 9.62

4 -1
Botn kxlO‘ Sac-l i 8.07 Mean kxln Sec = .67




TABLE ()

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

L] t ' ' L ’ L] v !
(0X) My pH (o XIBPTC1™ 'y o(ledo) ' B ,(Cl)gx'(HCLO} X" (B4C1T),
" t v ] ' t ¢ a L ] 2 ]
] ' L} "'O (I 10 ?
. ’ 1 ] . ] : “ L] “ ¢

)
n‘--.------—--'—----d-------------’.-— - R o WD s Y R WY g s o ED NR e an VT A g e TN gy mS WS Gp WD Wy

0.,0248 1.8 15.8% 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 00,8903 0,1097 0,0967 14.48 1.17% 0,1084
0.0099 2,15 7.080 0,664 ©,9193 0,.0807 00,1080 7.990 0.9100 0,1171
0.6283 2,2 6,310 0.664 0.9337 0.0663 0,1220 5.%03 0,7750 0,1297

Bas bl 2,25 5,624 0,664 00,9547 0,0452 0,1370 2,990 00,6300 0,1433




- ’ TABLE (D)
QO The Fraction of Total Oxidant Present at Zero Time as Molecular Chlorine and

Hypochlorous Acid in the Presence of Sodium Chloride.
3 - = 2 ‘ - -2
(0X), BH agx10” TCLT  mMacl, dy  (I-kg) B (C1),x10 (0133::103 (Bec1™),  KalCl™)g
M x10
0m0066 2.25 5.62‘ 0664 -ﬂw 07120 02880 2.735 1090 .16‘3 013‘7
0.1370
150 4772 .5228 7.657 3.45 .2136 1,055
.200 .3940 6060 10.13 4,00 .2383 1.846
n.0099 2,15 7.080 .664 ,004 .B%40 ,1060 . 6425 1,05 . 1144 0074
0,1080
010 .853% .1465 « 9225 1.45 «1172 0153
L0200 ,7930 .2070 ;.392 2,05 «1219 0349
030 7475 .2525 1.969 2,50 1277 0698
040 6970 3030 2.345 3.00 1314 0990
L0500 6565 3435 2.82% 3.40 1362 -1437
<100 .5050 .49%0 5,250 4,90 « 1605 4962
<150 .4091 .5909 7.702 9.8%5 « 1850 1.068
«200 ,353% .6465 10.17 6.40 « 2097 1.861
250 .3031 .6969 12,65 6.90 « 2345 2,880

300 .2626 .7374 15,13 7.30 - 2593 4,120




TABLE 118

90

Dependence of Oxidatlon Rate on the Concentration of
Chlorine at 35°C (IsoPropyl Alcohol) = 00,2000, M= 0,4

Total k'~ x0® k,,xm:’!L o kox10® ke x10% kg w10
Oxidant Sec~ mole,lit Tox
- ox) THC10) {ci2)
(0X) g ™ e B! Sec-l Szc'l
- 0,0248 3.76 10.8 4,3% 5.98 1,60
.0166 2,52 5.00 3.01 3.92 2,08
.0132 1,73 2.65 2.0} 2.2% 1,83
. 0099 1.09 1,50 1.9 1,6% 1.88
.0083 . 703 1.0% 1.26 1,3% 1.91
0066 512 « 580 .879 .921 1.94
-2 al
Mean = ],87x10 Sec
k<=/(c:12) 5
TABLE 119

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

(OX), = 0.0034M

(Alcohol) M 0,0129
10%k, sec”!  0.296
Order =

103k/(aleohol) 2.30

0257
« 999
1.03
2,33

.0321 ,0386 .0510
768 910 1,18
1.10 .94 .93
2,38 2,36 2,32

0650 .0740
1,60 1,83

25 1.04
2,46 2,47

Average losk/ (Alcohel) = 2,37 litre mol;l Sezl
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TABLE 120

Rate sonstants as the Function of Perchloric Acid Concentration
at 3%

(IsoPropyl Alcohol) = 0,1066M, (OX)O = 0,0092M, M= 0,4

(HC104),M 0,01 .04 .12 .20 .29 .30

10%, 3.50 7.20 13.0 22,0 27,4  34.0

Order - 52 .54 1,03 .98 1.18

10% /(1% 350 .60 373 - . -

whh/m'y - - L0810 L0 1.3
TABLE 121

Dependence of Oxidation Rate on the Concentration of Chlerine
at 350¢C

(Sec. Butyl Alcohel) = 0,2000M, M = 0.4

(ox) 4 K x10% kgx10® kg x10® ko 103 ko x102

Sev*t i..a1tt (ici0), TOX), (CIy)

o
Sec™ sec! Sec™1 sec™!
0.0248 9,48 31.6 17.% 12,7 4,69
0166 6.14 12.9 9,80 7.53 5.2l
0132 4,3% 7.1% 6.08 5.42 4,94
0099 2.84 3.8 4,18 3,84 4,76
0066 1,46 1.4 2,22 2,12 4,68
Mean —ISL—- = 4,86
(c12)o
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TABLE 122

Rate Constants as the Function of Secondary Butyl
Alcohol Concentration at 35°9C

(0X), = 0.0025M

(Aleohol) M 0,0390 .0508 0644 .0741 ,1030 ,1250

10%,5ec"!  0.680  .628 1.0 121 1.70 2.14
Order = 0.74 1.00 1.00 1.04 1.19
losk/(hlcohol) 1.74 1.63 1.63 1,63 1.65% 1.7}

Average 103k/(A1cohol) = 1,66 litre nole'1

sec™

TABLE 123

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

(Sec.Butyl Alcohol) = 0,0600M, (0OX), = 0.0032M, M= 0.4

(HClo4) M 0.0l 04 12 .20 .28 27
10%k, .260  .498 .867 1.20  1.%0 1,63
Order - .47 50 .64 1.00 1,00
10%,/(H")% 2.32 2,49 2.0 2.68 . .

10%k, /(") - - - 6.00 6.00 6.04
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TABLE 124 Vi

Dependence of Oxidation Rate on the Concentration of
Chlorine st 35%°C

(Methyl Alcohol) = 0,8000M, A= 0,4

(OX)Q'M Kint.x10% koxlo5 £ ko x10° &o x103 ko %102
- sec™! mele 11t™ Tox}, _, THal0), (CL.), _,
See™ 1 Sec Sec~l Se¢
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 .494 062 075 .081 114
Mean Eh___.- 0,118 x 1072 sec”!
(€ly),
TABLE 12%

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

(0X), = 0.0070

(Alcohol) M .298% 3405 4338 ,494% ,.564% 6205 6800
10% 437 423 437 416 .426 .429 .429
Order - 0 _ 0 9 - 0 0 0
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TABLE 126

Rate Constants as the Function of Perchloric Acid
Concentration at 359C

( Methyl Alcohol) = 0.1333M, (0X), = 0.0060, M = 0.4

(HC104) M .04 " .10 .15 .22
kox108 910 1,43 170 2,50
Order " .49 .43 1.01
10% /D% aues a2 4,39 5.33
108k /(") . &7 il 11.4

TABLE 127

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

( Ethyl Alcohol) = 0,2000M , ™ = 0.4

(ox) g4k L -*}3 k"fmiu'l ko x103 ko x10® ko x 10
. Sec” mole wwm— .
‘ " (OX) (iclo), TCI3),

-1 o 1
Sec S%c Soc'l Sac‘l
00,0248 5.99 1.30 523 .718 .193
0166 3.65 « H0O 301 352 « 208
0132 2,42 275 .208 .234 .190
tﬂo‘gg 1 [ ] 13 [ 165 ] 167 [ lal Y 206
.0083 «92% « 107 «129 .138 +195
. 0066 702 ,.060 .091 .095 «201
Mean _EQ____ = 0,199 x 102 5ee™ !

(01:2) o




TABLE 128

Rate Constants as the Function of Ethyl Alcohol
Concentration at 3%0C

(0X), = 0.0065M

(Aleohol) ,M <4345 5732 ,6424 ,7445 5103 8400

10%k,5ec™? . 694 708 690 .690 .689  .68%
Order o 0 0 o 0 0
TABLE 1290

Rate Constantis as the Function of Perchloric
Acld Concentrstion at 3%°C

( ®thyl Alcohol) =0,4000M, (OX ), = 0.0050M, [“= 0.4

(HC104 ) M D4 10 «15 .23 25 « 30
10%, 2,05 3.52 4,30 6,60 7.10 8,40
Drd.l‘ - .59 049 1.00 .88 092
10%,/(H)% 102 L1 1.1 - - -

+
10%, /(0" . % A 2,87 2.84  2.80
TABLE )30
fAaste Constants as the Function of Total Oxidant
at 3%°C

(n=Propyl Alcohol ) = 0,1333M

(Total Oxident)M  0.0110 .0090 0075 ,0060  ,0058
109k, Sec™? 11,5 7.84 6,94 5,99 4,49
Order 1 1 1 1 1
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TABLE 131

Rate Constants as the Function of n-Propyl Alcohol
Concentration at 3%°C

(0X), = 0.0060M

(Aleohol) M4  0.1000 ,1333 ,1780 .195¢ .2180 .25€0
10%,5ec"! 449 599 7.99 8,75 9.86  11.5
Order - 1,60 1,00 1,00 1,08 .94
10°k/ (Alcohol) 4,49 4,50 4,48 4,48 4,52  4.48

Average 10%k/( Alcohol) = 4,49 litre mole”!sec™?

TABLE 132

Rate Constants 2s the Function of Perchleoric Acid
Cercentration at 359C

(n=Propyl Alecohol ) =0.13334, (0X), = 0.0060M, /M= 0,4

(HClo4)u 0,025 ,040 065 100 150
10%k, sec™t 6,99 9.25 11,7 14.4 17.0
Order - .60 .49 .48 41

10%/mH % 830 1.39 2,24  3.42 4,95




TABLE 133 97

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

(n- Butyl Alcohol) = 0,1333M

(Total Oxidant)M 0.009% .0090 ,007% .0060 .0049

10%,5ec™ ! 10.9 8,93 7.18  6.00 4.89
Oxrder 1 1 1l 1l l
TABLE )34

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

(0X), = 0.0060M

(Aleohol ), 0.1088 1595 ,17%0 .2170 .2300 L2700
10%,5ec"t  4.89 7.18 7.93 9.82 10.4 12,2
Order - 1.00 1,07 .99  1.00 1,00
10%k/(Alcohol) 4,50  4.80 4.33 4,52 4,52 4,52

Average lobk/(nlcohol) = 4.51 litre mole }

Sec

-1




TABLE 135 5)8

Rate Constants as the Function of Perchleric Aecid
Concentration at 3%°C

(n-Butyl Alcohol) = 0,1333M, (OX), = 0,0060M, M = 0.4

(HC104) M .06 .10 .13 .20
10%k, sec™? 1.35 1.79 2.07 2,62
Order ¢ .58 .55 .55

+
10*ksnt)% 2.48 4,25 5,60 8.76
TABLE 136

Rate Constants as the Function of Total Oxidant
at 359C

(IsoButyl Alecohol ) = 0,1333M

(Total Oxidant),M 0.0110 .0090 0075 ,0060 0055
10%,50c™2 1,28  1.08 .943 807 .688
Oxrder 1 1 1 1 1




TABLE 137 9 9

Rate Constants as the Function of IsoButyl Alcohol
Concentration at 35°

(ox ), = 0.00554

(Alcohol )l 0.1218  .1333  .18l0 .1970  ,2330
10%k,sec™t 6.26  6.88 9,30  10.09 11,9
Order . 1,04 99 .97 .99
10°k/(Alcohol) 51.4 51,7  5i.4 51,2 51,1

Average 107k/(Alcohol) = 51.3 litre mole”lSec™!

TABLE 138

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

(IsoButyl Alcohol) = 0.13334, (0X) = 0,0060M, M= 0,4

(HC104) M 0.0% .10 .15 «20 25
10%k, see™! 3,08 4,44 5,50 6,39 8.07
Order - 5. )) 53 52 1,04
10tks u' % 5,10  1.05 1.59  2.14 .

10%k/ W' ° " - 4,60 6.02
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Results and Discussion 1 The orders of the reactions have

been determined by Ostwald's isolation method(zvg). Ve
observed that for the system : oxidant and alcohol, the oxder
1s 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 iso-butyl
alcohols, and in the case of methyl and ethyl alcohols, the
total order is first.

System : Oxidant and Alcohol

Alcohol — Oprder with respect to Total order
Oxidant Alcohol
Methyl 1 0 1
Fthyl 1 0 1
n-Propyl 1 1 2
Iso-FPropyl 1 1 2
n-Butyl 1 1 2
Iso-Butyl 1 1 2
Sec-Butyl 1 1 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 initlal steichiometric concentratien
of oxidant, which is contrary to the expected trend 1f HOCI,

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

Consideration of the hydrolytic equilibrium of

chlorine ;

0 ==HOCL + H' + €7 iiveernienenen (D)

Cl2 + H
provides an‘oxplanation 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 is clear
that the fraction of the total oxidant present initially as
molecular chlorine increases with increasing initisl
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 ko/(Cly),
(where ko is the initial rate and (€1,), 1s the initial
concentration of molecular chlorine) which has been found

to be constant for sll the initial stoichiometric

concentration of oxidant,

For reaction (1), the hydrolysis constant is
given by

- Soc1, ', %ar” Wﬂm Yocl. Yc1* W'
Kh a a ” Cl 4 Y o ‘11 )
Clye *H 0 2 Ay




Assuming that Yjney/ Yélz becomes unity even at 0,4 molar

fonic strength, the equation (i1i) at constant pH can be

written as

K _ (Hoc1) (cr”)
(W) Ya~ * W' (Cl,)
or,
Ky ' (Hocl) (c17)
:_}_{_;_.YCJ.'. Yyt (C1,)
YH

where (H¢) & :ﬂ; and pH "-10910 aH+.
YH

or B = K . (HOCL) (C17) ..., (1)
l“'" ° "/Cl' (Cl2)

B can be calculated by substituting in values of K, ay*t

and Ybl'

Connick and Chia(sa) reported the value of
Ky, at 15%C as equal to 5.10x10"%. The value of a,* has been
determined by measuring the pH of the solution with the help
of a pH meter (Beckmann Zeromatlc, No.l175) using glass
electrode and calomel half cell., The value of th- in KCl
solution has been calculated by extrapolation of the values

(283)

reported by Harned and Owen , which comes out to be

n.664 at 35°C.

The value of Y,* can easlly be estimated by
amsﬁminq(284) that ka = Y&l’ in 0.4 molar solutions of
of KCl. Thus,

‘/kc1 = Vg~ + Yoo M V;c.l = Yyt Yar©
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so that Y% ey o Yguu , Yauu = Yo-
YH . Y - YH'

{2 Hel cl

or, ‘fH‘.. = Ym:_-_“ Y2 HCl es 08 esssesNeRRSE® (1V)
YZKC].

the values of Y. =, y2 Heyp 2nd 92 kel are available in

literatuil(293).

For reaction (1), the degree of hydrolysis

at zero time can be written as

Lo ® and (1=K ) = (Clz)o
. OXlo » (0X)o

and (Cl17)o = (HOCl)o = X, (0X)o

where (OX)o is the initial stoichiometric concentration
of the oxidant,

From equation (iii), thus we have at zero

B = ( = = A A ) = —Z 2
(Clzg !1-0(05 {0X)o 1 =¥,

or l?o (ox), + Blo -B=0

time,

or (o == B+ NB*+ 4B (0X),
7 (oX),

os s S RBOENENE ) AN

We calculated the value of ([ for various initial
stoichiometric concentration of oxidant. In Takble C various

data obtained by using the above equations are shown,

The specific first order rate constants, kCL
2
and kyoeys for molecular chlorine and hypochlorus aclid can

easily be calculated by knowing the values of ko and ,(°
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because

k = kg and k = k%

The constancy of k°/(612)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 1is playing a negligible role.

It will not be out of place to mention here that
as the calculations of k, and other data are time consuming
and tedious, we calculated ko-,/(Clz_)o in the case of
isopropyl, sec.butyl, methyl and ethyl alcohols only. In
the case of nepropyl, n-butyl and iso-butyl alcohols we
have not calculated ko/(Cl,) + 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 IDENTITICATION OF PRODUCTS OF THE REACTIONS

Introduction :- The starting point for any reaction mechanism
is the identification of 2ll possible products of the
reaction in question, In this sectlion, products of the
riactions of alcohols with agueous chlorine hava been

isolated and identified.

In general, the primary alcohols were found
to oxidize to their corresponding aldehydes and secondary
alcohols to their corresponding ketones by chlorine in
acqueous solution and then the alkyl groups of the carbonyl
compounds get chlorinated through consecutive reactions., In
order to know the peculiar behaviour of aqueous chlorine,
the identifications, specially of the reaction of isecpropyl
alcohol with chlorine have been made under different
conditions,

EXPERIMENTAL

(1) Analysis of the Products of the Reaction of Isepropyl
Alcohol:

Chlorine in aqueous solution oxidizes
isopropyl alcohol into acetone and then 2 small portion of
scetone gets chlorinated into monochloroacetone, The

reaction products were analysed as follows:-

In 2 typical experiment, 11,72 gns of
isopropyl alcohol and 120 ml of 0,020M chlorine water were
taken in a conical flask., The solution was allowed to stand

at room temperature for two days and then the products of
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the reactisn were precipitated as 2:4 - dinitro phenyl
hydrazone darivatlvocﬁﬂ. Yield of derivative, 1.0278 gm;
m.p.l2l-122°c {m,p. of pure 2:4 -di « nitro phenyl hydrazone
of acetone 1s 125-126°C).

Tn a portion of the above derivative, the ?gangity
&5
of monochlornacetone was estimated by Stephnow's method.
We found that the derivative contains acetone and

monachloroacetone in the ratio of 4:1.

Similarly, wa also precipitated the 2:4-dinitro
phenyl hydrazones of the products of the reaction of agueous
chlorine with isopropyl alcohol in the presence of
(1) perchleoric acid (m.p 122-1229C), (11) codium chloride
(m.p123-124°C) and (1i1) zinc chloride (m.p.119-120°C),
The preliminary estimations reveal that beside acetone, a
sméll pertion of monochloro-, dichloro-, and trichloro -
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(zao) reported that
the chlorine gas, however, converts pure isopropyl alcohol

into 1:1:1:3 tetrachloro acotoﬂe(zaé),

(i) Identification of the Products of the Reaction of Other
Primary and Secondary Alcohols

In the case of methyl-, ethyl-, n-propyl-,
n=butyl-, 1sbbuty1- and secordary butyl alcohols, as
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described above, the reaction mixtures, (1) 2 gms of alcohol +
40 ml of 0.,035M total oxidant and (ii) 2 gms of alcohol +

40 mi of 0,035M total oxidant + 2 ml of 24 perchloric acid,
were allowed to stand for two days at room temperature end
the products of the reactions were precipitated as 2:4
dinitrophenyl hydrazone derivative, In Table 139, the m.p.of
the derivatives and the m.p of pure 2:4 dinitro phenyl

(287)

hydrazone of the carbonyl compounds are given.



TABLE 139

Identification of the Products ¢of the Feacticns of
Alcohols with Aq, Chlerine.

Expactad m.p.of pure Observed m.p.of the Colour of

Alcohol Oxidation 214 dinitro- __.ﬂ121L£$1!t___._._. the deri-
Product phenyl hydra- in absence 1in presence vative
zone of the of HClo4 of HCl04

carbonyl come- oc og
pound in og
Methyl - Formaldehyde 166° 134°-138%  132°.133% Orange-Yellow
Ethyl Acetaldehyde  147°,168° 138°-139° 137°-138° Orange-Yellow
n=Prnopyl n-Frosional- 155° 137°-138°  134%-138° ﬂringe
~dehyde
IsoPropyl Acetone 126° 121%-122°%  122°.123°  vYellow
n=Butyl ne-Butyraldehyde 126° 131%-132°  128°.120°  Orange
IsoButyl Iso-Butyralde- 187° 171%-172°  170%-171°  Yellew
~hyde
Sec-Butyl Methyl-ethyl 115° 106°-107°  105%°-106°  Orange

ketone
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SEC. 2,3 LUENC ONIC STRENGTH ON THE REACTION RATE

According to Lewlis and Randall(zaa). the ifonic
strength is 2 measure of the intensity of electric field due
to the ions in solutions. They defined the ionic strength -«

of 3 solution by the equation,
2
n = 57" Z C A

where ¢f is the actual concentration (or molality) of each

fon and 23 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,G, 10 zazyffin

where Ca and Cp are the concentrations and Za and Zp the

(289)

valency of the each ion respectively.

This expression clearly indicates that 1f 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 ionic
strength, In a case when either one or both the reactants
are uncharged, the velocity will be independent of the lonic
strength,

Bronstmd‘zgo'qu) suggested that for ifonic
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reactions in solution, it 1s 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 lonic
strength. The primary salt effect is concerned with the
effect of salts on the activity coefficients of the

reactants and the activated complex formed as an intermediate

{292 to 294)

in the reaction s 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 lonic strength
on the rates of the reactions have been studied in the case
of isopropyl and sec. butyl alcohols only by varying the
amounts of sodium perchlorate. The results are recorded in the

following tables.



111

TABLE 140

Temperature st
IsoPropyl Alcohol 0,0674M
Total Oxidant 0.0042M

1. Sodium Perchlorate 0.0000M 2,50dium Perchlorate 0,2000M
Time Thio kxlo4 Time Thio kx104_l
mts ces See~1 mts, cCs . Sec

0 21.2 - O 2900 -

10 19,6 1,30 10 27,0 1.19

20 18,15 1.29 20 25,19 1,18

30 16,8 1,29 30 23.3% 1.20
40 15,95 1.29 40 21,75 1.20

50 14,4 1.29 50 20,2% 1.20

60 13.2 1.31 60 18.8%5 1,20
Mean kx10? sec™! = 1.29 Mean kx10% see”! = 1,19

3. Sodium Perchlorate 0,.2700M 4, Sodium Perchlorate 0.3300M
Time Thio kao“ Time Thio kx104
mts, ccs. Se¢~1 mts, ccs. sec™l
0 29,0 - 0 21.2 -

10 27.0 1.19 10 19.8% 1,09

20 25,1 1.20 20 18,6 1,09

30 23.4 1.19 30 17.4 1,10
40 21.7% 1.20 40 16,3 1,09

S0 20.2%5 1.20 50 15,25 1,10

60 18.85 1.20 60 14,3 1.09

Mean kx10? Sec™! = 1.20 Mean kx10? see”! =  1.00
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5. S0dium Perchlorate 0,.3600M 6, Sodium Perchlorate 0,3800M
Time Thio kxlo4 1 Time Thio kxlo4 1
mts. ccs., See¢” mts, ccs Sec”
0 21.2 - 0 2102 T -

10 19,9 1.0% 10 19.9 1.0%
20 18,65 1.07 20‘ 18.6% 1,07
30 17.5 1.06 30 17.% 1,06
40 16,45 1.06 4n 16,5 1.0%
90 15.4 - 1.07 50 . 15,4 1,06
60 14,5 1.05 60 14,5 1.0%
Mean kxlo‘ Soc'l = 1.06 Mean kx104'53c'1 = - 1,06

TABLE 14)

Temperature 35°C
IsoPropyl Alcohol 0,.0663M
Total Oxidant 0,.0088M
Perchloric Acid 0.,024%M

1. No Catalyst 2, Sedium Perchlorate 0,0200M
Time Thio kxln‘ Time Thie kxlO‘
mts. ccs Sec~ 1 mts., ccs sec™!
0 54,25 - 0 54,25 =

10 33,3 B.l4 10 . 33.3 8.14

20 20,4 8.1% 20 20,5 8,11

30 12.% 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 - 8B.14

60 2.9 8.12 60 2.9 8,12

Mean kxlo‘ Sue'l = - 8,14 Mean kxlO‘ Soc'l = 8.12
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3. Sodium Perchlorate 0.0400M 4, Sodium Perchlorate 0.0600M
Time Thio kxlo4 3 Time Thio kxlo‘ 1
mte, ccs., Sec” nts, ccs Sec”
0 54,25 = 0 54,29 -

10 33.3% 8,11 10 33,.5% 8.02
20 20.5 8.11 20 20,7 8,03
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
60 209 8012 '60 2-9 8012
Mean kx104 secl = 8.12 Mean kxlo‘ Sec~! = 8,07
5. Sodium Perchlorate 0,0800M 6., Sodium Perchlorate 0,1000M
Time Thio kxlﬂ‘ Time Thie kxlO4
mts. ccs Sec~1 - mts, ccs See™d
0 5‘.25 - O “.25 -

10 33,4 8.09 10 33.3 8.14
20 20,59 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
%0 4,7 8.14 50 4,7 8,14
60 2.9 8.12 60 3.25 7.78

Mean kx10% sec”? = 8.10 Mean kx10% Sec”! = 8.07
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7. Sodium Perchlorate 0,1500M 8. Sodium Perchlorate 0,2000M
Time Thio kxao? | Time Thio knro?_|
mts. ccs. Sec” mts, cecs. “e¢
0 54,2% - 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 7.8 g8.06
50 4,7 8.14 50 4,7 g.14
60 3.4 7.69 60 3.2 7.78
Mean Kx10* Sec"! = 8.00 uean kx10? sec™! = 8,02
TABLE 142
Temperature 38°C

Sec,Butyl Alcohol 0.0800M

Total Oxidant 0,0030M

Perchloric Acid 0.,0533M
1. Sodium Perchlorate 0.0000M 2., Sodium Perchlorate 0,2060M
Time Thio kxloa‘l Time Thie Eﬁlﬁa_l
mts, ces, Sec "~ mts, ccs, Sec
0 460" - 0 46.4 -
4 32.8 1.44 4 31.0 '1.68
& 23.2 1.44 8 21.2 1.63
12 16.5 1.44 12 14,3 1.63
16 11.7 1.43 16 9,9 1.6l
20 8.4 1.42 20 6.9 1'59
24 5.9 1.43 24 4,4 1,63

Mean kx103 ?oc'l = 1,44 Mean kx1o3 Soc'1 = 1,63
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3. Sodium Perchlorate 0,.3090M 4, Sodium Perchlorate 0,4120M

Time Thio kx103_l Time Thio kx10° A
mte. ccs., Sec mts. ccs, Sec”

0 46,4 - 0 46.4 .

4 30,2 1.79 4 30,0 1,82
8 21.1 1.64 8 19.9 1,76

12 14,0 1,66 12 13.2 1.7%

16 9.,% 1,65 16 9.8 1,62

20 6.5 1.64 20 5.7 1. 7%

24 4,3 1.65 24 3.7 1.57

Mean kx10% Sec™! = 1,67 Mean kx10® sec™l= 1,71

5. Sodium Perchlorate 0,.5150M 6. Sodium Perchlorate 0,5803M

Time Thio kx10®_| Time Thio Kx10°_
mts. ccs. See¢ mts, ‘¢Cs Sec”
0 46,4 - 0 46,4 3!

4 29,0 1.96 4 28,7 2.00

8 19.0% 1.8% 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 9.0 1,86 20 4,3 1,98
24 2,2 1,86 24 2,7 1,97
Mean kxlos Scc'l = 1.89 Viean kx103 S.c-l & 1.99




TABLE 143 1 -l 6

Effect of Change in Ionic Strenath on the Rate
of Oxidation of Isopropyl Alcohol with Total
. Oxidant at 359C

(a)KF-opropyl = 0.0674M, (0X), = 0,0042M, (HCl04) = 0.00M
A(coho(

NaClO4 M 0.00 0,20 0.27 0.33 0.36 0.38
10%,5e¢”  1.290  1.19 1.20 1.09 1,06 1,06

(b) (Alcohol) = 0,0663M, (OX) = 0.0088M, (HC104) = 0,0245M

NaClo4 M 0.00 0,02 0.04 0,06 0,08 0.10 0,15 0,20
10% ,sec”! 8.14 8.12 8.12 8.07 8.10 8.07 8.00 8.02

TABLE 144

Effect of Change in Ionic Strength on the Rate of
Oxidation of Soeondarxcautyl Alcohol with Total Oxidant
at 3%

(Aleohol) = 0.0800M, (0x) = 0.0029M, (HC104) = 0,0533M

NaClO4 ,M 0.00 0,21 0.31 0.41 0.81 0.58
10k, 5ee™t 1,44 1,63 1.67 1.71 1.89 1,99
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Results and Discussion : The effect of adding different

concentrations of sodium perchlorate solution on the reaction
rate 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 %, whereas for the
systems : isopropyl alcohol and total oxidant; sec. butyl
alcohol, total oxidant and perchloric acid, the variation is
within 6 ¥ and 4 % respectively, This indicates that the

reasctions are not ionic in nature,



SEC.2,4 EFFECI OF SUME 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 temporafily by forming transient intermediates with
the reactant {or reactants) 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 recuirement of the process.

The mechanism by which a catalyst functions
depends upon the type of the reacticns 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 influenca may be exerted.

Very little is available about the imfluence

of inorganic salts on the reactions with chlorine, While

(103,104)
studying the reactions of chlorine with acetic anhydride,
aromatic compounds(1l0’127'192) and glucoae(79). the

scientists reported that the chlorlde lons accelerate the
rate of the reactions., Saxe and Lichtln(79)obsmrved that

in the oxidation of glucose by chleorine, besides sodiuﬁ
chloride, potassium perchlorate also enharces the rate,
while sodium sulphate has only a negligible effect. Recently
Crabtree ond Schaofer(lég)reportad that chloride ions

increases the rate of oxidation of Fe{i1i)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 lonic strength of 0.4, The difference in the rate
of the rea2ction 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 proportienal
to the catalysing influence of the salt,

Throughout we maintained the concentrations of
alcohols in large excess, The pseudo first order rate
constants were calculated for each allquot portion titrated
and the arithmetic mean of the set of values were obtained

and compared,

22X cRIMENTAL
All the chemicals were B.D.H (AnalaR) or Merck(c.p)

grade or of comparable purity.

The progress of the reaction was studied iodometrically
at 35°C according to the method explained in Sec.2,1.

The effects of only those salts have been studied
which do not interfere with ipdometric titrations, Several
mono, di, 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 dota is given in Tables 149 to 152,
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TABLE 14%

IsoPropyl Alcohol 0.0332M

Total Oxidant 0,0078M

T‘p. 35003 M= 004
1, NoCatalyst '2+ Silver Nitrate 0,0020M

Kx1a® lex10®

Time Thio x10 -1 Time Thio x10 -l
mts., ccs, Sec © mts. cCcs., Sec
0 32.7 - 0 15.1 -
10 31,9 4,1) % 14.9 4,45
20 31.0% 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 28,79 4,28 25 14,05 4,93
60 28.0 4,30 30 13.8 5.00
Mean kxlo5 Soc'l = 4,28 Mean kxlﬂb Soc'l L 4,7%
3. Silver Nitrate 0,0040M 4,%11lver Nitrate 0,0080M
Time Thio kxm5 Time Thio kx105 |
mts, ccs., Sec~! mts, ccs, Sec”
0 17.05 | - 0 11,5 .
10 16.5 5.41 10 11,05 6.68
20 16.0 .28 20 10,6 6.79
30 15.5 5,28 30 10,2 6,67
40 18,0 5.32 40 9.8 6.67
50 14,.5%5 %9.27 50 2.4 6.72
60 14,10 5. 27 60 9.05 6.66

Mean kxlo5 Sec™! = 5,28 Mean kx10° Sec”! = 6.70
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%5, Silver Nitrate 0.0100M 6., Sodium Nitrate 0,3200M
Time Thio ke10®_| Time Thio kx10®
mts, ccs. Sec” mts, ccs Sec™!
0 11.% = 0 25,9% -

10 10.8 10.5 10 25,10 5,56
20 10.1% 10,4 20 24,25 5.65
30 9,% 10,3 30 23,45 5.62
40 B.95 10,4 40 22,7 5,98
50 8.4 10,9 | 90 21.9 5.66
60 7.9 10,4 60 21.2 5,62
Mean kx105 ':‘mr."'l = 10.4 Mean kxlﬂb Sod'l = 5.61
7.Cobalt Nitrate 0,0250M 8. Zirconium Nitrate 0,0240M
Time Thio kx10° Time " Thio kx10°
mts. cCs Sec~ 1 mts, ccs Sec” !
-”v-‘-u-’q-u---------k--"ﬂﬂtﬂ LR 2 T T 21 L 2 L 2 2 - a0 W & s W > -
0 18,55 - 0 29,95 -

10 18.1 4,11 10 23.9 13,7
20 17.7 3.9% 20 22,0 13,8
30 17.2% 4,04 - 30 20,2% 13,8
40 16,85 4,01 - 40 18,65 13,8
60 16,0% 4,03 60 15.8 13.8

Mean kx105 S.c'l - 4,04 Mean kxlo5 SM:"‘l = 13.8
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9, Cerous Nitrate 0.0130M 10, So0dium Chloride 0.1000M
Time Thio ke20% | Time Thio  Kkx10°_,
mts, cCs. Sec mts, ccs Sec

0 25.9 - 0 23,15 -
10 24,65 8.24 10 17.05 51.0
20 23,5 8.10 20 12,6 50,7
30 22.4 8.07 30 9,3 50.7
40 21,3 8,19 40 6.8% 50.7
90 20,3 8.12 B0 5.05 50,7
60 19.35 8,10 60 3.7% 50,6
Mean kx102 sec”! = 8.10 Mean kx10° sec™! = 50,7
11,S50dium Chloride 0,2100M 12,.50dium Chloride 0,3200M
Time Thio kxpo®_ Time Thio kx10%_
mts, ccs, Sec mts, ccs, Sec
0 21.3 - 0 27.3 -
20 13.2% 6,02 20 12,0 6.85
30 9.2 6,04 30 7.9% 6.85
40 6.4 6,04 40 5.29 6.8%
S0 4,45 6,05 %0 3,8 6.85
60 3.2 5.96 60 2,3 6,87

Mean i(xm4 Sec = 6.04 Mean kx104 Sec'l = 6,86
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13.Potassium Chloride 0,0750M 14,Calcium Chloride 0,1000M
Time Thio kxlo4 1 Time Thie leﬂ‘ 1
mts, ccs Sec” mts, ccs, Sec”
0 25,95 = 0 18.55 -
10 17.7 6.38 10 11.4 8.12
20 12,05 6.39 20 . Te0 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 6l4° 50 106 8112
w 2.6 6.39 60 -
wean kx10? sec”! = 6.39 Mean Kkx10% sec™! = 8.12
15.Magnesium Chloride 0,0500M 16,.5trontium Chloride 0,0500M
k. 4 4
Time Thio x10°_, Time Thio kxl0™_,
mts. ccs., Sec mts, cCS. Sec
0 1§.l = 0 15.1 -
10 11,2 5.00 10 11,6 4,39
20 8.3% 4,94 20 8.9 4,41
30 6.2 4,95 30 6.85 4,39
45 4,6 4,9% 40 5,29 4,40
50 3.45% 4,92 50 4,0 4,43
60 2.55 4,94 60 3.1 4,40

Mean kxlﬂ‘ Scc'l = 4,95 Mean kxlo‘ Seé'l = 4,40
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17. Barium Chloride 0,0500M 18,Zinc Chloride 0,0500M
Time Thio kx20*_ Time . Thio kaao?_
mts, ccs, Sec mts. cts Sec
- G T gy WD gn W g W en - R S e pe——— - . e L P Y T LT R e R R - gy W
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 1.0% 8.90
60 3.2 4,31 60 0.6 8.9%
Mean kuso? Sec™d »  4.31 Mean kx10? Sec™! = 8,90
19,Cadmium Chlorldo 0.0500M 20 ,Aluminium Chloride 0,0500M
Time Thio kx20®_, Time Thio kxro*_|
- mts. ccs Sec mts, cCcs Sec
0 15.1 - 0 23,18 .
10 12,6 3,02 10 20,0 2,44
20 10.4% 3,07 20 17.25 2,45
30 8.7 3,06 30 14,9 2,45
40 7.2 3,09 40 12,8% 2,45
50 6,05 3.05% %0 11.10 2,45
60 %.00 3,07 60 9.8 2,39

Mean kxlo‘ Sec-l = 3,06 Mean kxlﬂ‘ 'Stc"l‘ & 2.43
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21l. Magnesium Sulphate 0,0500M 22.Manganous Sulphate 0,0500M
Time Thio kx20%_ Time Thio kx20®_,
mts, ccs. Sec” mts, ccs See”
0 23,1% - 0 32,7 -
10 22,75 2,88 10 32,2 2.9
20 22,3 3.11 20 31,7 2,57
30 21.9 3,08 30 3.2 2,60
40 21.5 3.08 40 30,7 2,63
50 21.1 3,08 50 30,2% 2.59
60 20,7 3.10 60 29.7% 2,62
Mean kxlﬂ5 Sec-l = 3,09 Mean k1105 Soc'l = 2.9
23,Beryllium Sulphate 0,0250M 24,Zinc Sulphate 0,0500M
Time - Thie kx].O!s 1 Time : Thio kxlosLl
mts,  ces, Sec” mts, ccs Sec
0 25,9 - 0 17.0% -
10 25,2 4,57 10 16,85 1.92
20 24,5 4,63 20 16.65 1.96
30 23,85 4,58 30 16,45 1,98
40 23,2 4,5 40 16,3 1.86
50 22,6 4,54 50 16.1 1.90
60 21.9% 4,60 60 15.9 1.93

Mean Kkx10° Sec™! = 4,58 Mean kx10° Sec™! = 1.92
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25, Sodium Fluoride 0, 1000M 26.Potassium Dihydrogen Phosphate
0. 1000M
Time Thio kx10%_, Time Thio kx10®_,
mts, ccs. Sec mts. ccs, Sec
0 17.0% = 0 17.0% =
10 16.5 5.41 10 16,1 9,52
20 16,0 5,28 20 15,15 9,83
30 15,9 5,28 30 14,3 9,76
40 15,0 5.32 40 13,95 9.72
50 14,55 5,27 S0 12,7 9,80
60 14,10 5.27 60 12,0 9,73
ean kx105 s.c'l = 5,28 Mean kx105 Soc'1 = 9,77

27, Boric Acid 0,0500M

Time Thio kx10°_,
mts. ccs, Sec
0 23,15 ‘-
10 22,5 4,72
20 21,79 5,18
30 21,25 4,76
40 20,65 4,74
50 20,05 4,79
60 19.5 4,77

Mean kx10° Sec”! = 4,75




TABLE 146 19%

Sec,Butyl Alcohol 0.0822M
Total Oxidant 0,0028M
Temp, 35°C , M= 0.4

1. No Catalyst 2,541lver Nitrate 0,0070M
Time Thio kx10®_, Time Thio kx10°_,
mts., ccs. See mts. ccs. Sec”
0 33.0 - 0 26,395 o
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 0,44
60 24,4 8.38 60 18.8 9.38
Mean kxlO5 Sec’l- 8.37 Mean Kx.l.o5 Sac'l = 9,46
3,Potassium Nitrate 0,.0500M 4,Cobalt Nitrate 0,0500M
Time Thio kx105_1 Time Thio kxloa_l
mts, cCS. Sec mts. CCS. Sec
10 21,0 7.7% 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 kx105 Sec'l = 7,84 Mean kx105 Su:"l = 12,1




5, Magnesium Sulphate 0,.0500M

Time Thio kx10°
mts, ccs, Sec”
0 33.0 -

10 31.8 6.18
20 30,65 6.16
30 29,5 6,23
40 28,45 6.18
50 27.4 6,19
60 26,3 6.30

Mean kx10° Sec”l = 6.21

7.Nickel Sulphate 0,0500M

Time Thio kx102
mts, ccs, Sec

0 22,0 -

10 21.2 6.18
20 20,5 5.87
30 19,9 5,68
40 19,1 5.89
50 18.4 5,96
60 17.8 5.88

Mean Kx10° Sec™t = 5.91
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6.Zine Sulphate 0.0500M

Time Thio kx10°_,
mts, €CSs. Sec

0 22,0 .

10 21.3 5,37
20 20,65 5.26
30 20,05 5.15
40 19.4 5,24
50 18.8 5.24
60 18.2 5.26

1

8.Alum = 0,0500M

Time Thio kx102,
mts, cCs. Sec”
0. 21,6 -
10 20,59 8.71
20 19.4 8.96
30 18.4 8,92
40 17 .4 9,02
50 16,6 8,78
60 15,6 9.04

Mean kx105 Sec”t = 8.90
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9, Boric Acid 0,0500M 10 .Potassium Dihydrogen Phosphate
0.0600M
Time Thio kx10® | Time Thio kx102,
mts, ccs. Sec~ mts. ccs. Sec”
0 33.0 - 0 15.5 -
10 31.2% 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 an 12,95 8.80
50 2%,2 8.99 50 11.9 8.82
60 23.9 8.96 60 11,3 8,78
Mean kx105 sec"t = 8,99 Mean kx10°® sec™! = 8,81
11,S0dium Fluoride 0,0500M 12,.50dium Chloride 0.0500M
Time Thio kx10%_,  Time Thio kx10®
mts, ccs Sec mts., ccs. Sece
0 33,0 @ 0 37.6 -
10 31.25 2.06 S 27.3 T
20 29,6 9.06 10 19,9 1.06
30 28,1 8.93 15 14,.% 1.06
40 26,5% 9.07 20 10,5 1.06
50 29,2 8.99 25 7.6 1,07
60 23.9 8.96 30 5.6 1.06

Mean kx10° sec™! = 9,01 Wean kx10° Sec™t = 1.06
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13,Potassium Chloride 0,0500M 14,.5trontium Chloride 0,0500M
Time Thio kx20®_, Time Thio kx10®_
mts. ccs, Ses mts, ccs, Sec
P L T L T T TR T P P T ]
0 37.6 - 0 37.6 -
5 23,9 1.51 5 22.2 1,76
10 15,2 1.51 10 13,0 1,77
15 9,6 1.52 15 7.6 . 1.78
20 6.3 1.‘9 20 404 1!19
25 3.9 1,51 25 2.7 1.76
30 2.9 1.51 30 .73 1.70
Mean kx10° sec™! = 1.51 Mean kx10° Sec™! = 1.76
15.Barium Chloride 0.0500M 16.Calcium Chloride 0,0500M
Time Thio kxxnal Time Thio kx10®
mts, ccs Sec” mts, ccs. Sec~1
0 37.6 . - 0 37.6 -
5 22,3 . 1.74 5 22,2 - 1,76
10 13.2 1074 10 13‘.0 1017
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 1.9 1,79

Mean kx10° Sec™! = 1.74 Mean kx10° Sec”?! = 1.78
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17, Magnesium Chloride 0.,0500M 18.Nickel Chloride 0,0500M

Time Thio kxm3l Time Thio kxm3_l

mts. ccs. Sec” mts. cecs. Sec

0 37.6 = 0 37.6 -

10 12,7 1.81 g 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

%0 0.3 1.81 25 1.4 2,19

60 0.1 1.83 30 0.7 2.21
Mean kx10° Sec”! = 1.82 Mean kx10° sec™1= 2,20

19.Zinc Chloride 0,1170M 20,Zirconium Oxychlorlide 0,0500M

Time - Thio kx103 A Time Thio kx103 .

mts, ccs. See” mts, ccs, Se¢”

0 38.0 - 0 3800 -

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 & 4.4 5,99

20 5.0 1,69 3 2.0% 6.08

2% 3.2 1.65 10 1.0 6.06

30 2.0 1.63 12 0.9 6,02

Mean Kx10° See™! = 1.66 Mean kx10° Sec”! = 6.05




21, Aluminium Chloride 0,N500M

Time Thio kx103_l
mts, | ccs. Sec
O 3300 -
5 22,0 1.82
10 13,3 1.75
1% 7.4 1.82
20 4,3 1.82
25 2,45 1.83
30 1.4 1,83
Mean kx10® sec™® = 1.81
TABLE 147
ﬂeth 1 Alcohol 0.,4000M
Total Oxidant 0, 0050M

Temp, 3%°C , = 0.4

1. No Catalyst 2.S50dium Chloride 0,0500M
Time Thio kx10°_ Time Thio kx10®)
mts. ccs. Sec mts. ccs. Sec”

0 38,7 o 0 15,0 -

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 kx103 Sec'l = 3,29 Mean kx].O4 Sec-l = 1,74
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3, Potassium Chloride 0,0500M 4. Barium Chloride 0,.0500M
Time Thio Kx10* | Time Thio kx104 )
mts. ces. Sec ™ mts. ccs. Se¢
0 5.0 = 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 22.8 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 1,688
Mean kxm4 Sce'l = 1,90 Hnan'kxlo‘ Soc'l = 2,00
5. Strontium Chloride 0.0300M 6. Calcium Chloride 0,0500M
Time Thio kXLO" 1 Time Thio kulﬂ‘_ 1
mts, ces., Sec” mts, ccs, See
0 35,0 = 0 35,0 =
10 23,9 6.64 10 24,9 5,68
20 21,95 4,06 20 24,0 3.14
30 19.7 3.19 30 22.8 2.38
40 18,2 2,72 40 18,2 2.72
90 16,7 2.3% 50 16,7 2.3%
60 14,8 2.39 60 14.7 ‘2.41
Mean kxlo“ Soc'l = 2,61 Mean kxm" 50:‘."1 = 2,46
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7.2ine Chloride 0,0500M 8.,Nickel Chloride 0,.0500M
Time Thio kx10® | Time Thio keao? |
mts, ccs. Sec mts, ccs, Sec
D 25.0 » 0 33.3 -
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
Mean kx10? sec™! « 1,93 ~ Mean kxm4 Sec ! = 2,27

9.Magnesium Chloride 0,0500M  10.Sodium Fluoride 0.0800M

Time Thio kxi0f,  Time ~ Thio kx10?_
mts. ccs, Sec mts. cecs. Sec
0 25,0 - 0 33.8 -

10 % T 5.38 10 28,9 2,61
20 17.0 .21 20 29.0 1,28
30 16.5 R T S 27,0 1.08
40 15,6 1.96 40 25,6 1,16
50 14,1 191 %0 24,0 1.4
60 12,5 192 60 22,5 1,13

Mean kx10? sec”! = 1.93 Mean kxlo4 Sec”! = 1,13




11,Potassium Dihydrogen Phosphate
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12,Silver Nitrate 0,0500M

0.0500M
Time Thio kxro®_| Time Thio kx10%
mts, ccs. Sec” mts. ces. See™ !
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 1.00 40 7.8 6.25
50 25,0 1,00 50 6.5 5.61
60 24,0 0.952 60 5.1 5.39
Mean ‘(x.lo4 Soc'l = 1,00 Mean kxlo‘ Sec'l = 6.03
TABLE 148

Ethyl Alcohol 0.4000M

Total Oxidant 0,0050M

Temp, 35°C , %= 0.4
1, No Catalyst 2.50dium Chloride 0,0500M
Time Thio kxao?_ | Time Thio kaao?
mts., ccs, Sec mts. ccs, Sec”
0 18,55 = 0 27.3 HT .
10 18.0 0,503 10 20,8 4,53
20 17.7 0,393 20 18,9 3.07
30 17.2% 0,404 30 16,6 2.76
40 16.85 0,401 40 14,1 2,75
50 16,4% 0,401 50 12,3 2,66
60 16.05 0,403 60 10,5 2.65

Mean kxlO‘ sec”t = 0,402 Mean kxlo4 Sec”t = 2,71
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3. Potassium Chloride 0,0500M 4,Barium Chloride 0,0%00M
Time Thio &xl&fl Time Thio kx104_1
mts, cCS. See mts, ccs, See
0 27.3 = 0 27.3 o
10 20,1 $5.10 10 18,8 6.22
20 17.1 3.90 20 15.9 4,51
30 14,9 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 3.4% 60 7.0 3.78
Mean kxloa Sec'l = 3,50 Mean kxlﬂ‘ Soc'1 = 3.79
5. Strontium Chloride 0,0500M 6. Calcium Chloride 0.0500M
Time Thio kxlDA_l Time Thieo kxloal
mts, ccs. Sec mts, ccs, Sec”
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 1l.4 3,64 40 11.0 3.79
%0 9,9 3.52 50 8.8 3.78
60 7.6 3.55 60 7.1 3,74

Vean kx104 sec”l = 3,61 Mean kxlo‘ Sec”l = 3.78
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- 7o Zinc Chloride 0,0500M 8.Nickel Chloride 0,0500M
Time Thio kxxofl Time Thio kxzofl
mts, €S, Sec mts, cCs. See¢
.'*_-‘.-ﬁ-q--d- --------- o A W R o s BB W --U--!ll-n‘—--—l-——w—-—n---‘----.---
o 16.65 - 0 33.8 -
2 18,8 4,36 10 22,3 6,93
4q 15,35 3,38 20 8.7 : 4,93
6 14,75 3,38 30 15,6 4,29
8 14,05 3.53 40 12,4 4,18
10 13.50 3.50 S0 2.8 4,13
12 12,80 3.6 60 7.9 4,04

Mean kx10* Sec”! = 3.47 Mean kx10?* sec™! = 4,16
Time Thio k10 . Time - Thie Kot |

. mts, . cc8, Sec mts., , cecs, Seec
0 2004 - O 2703 -
10 . 14,0 6.27 10 : 18,0 6.94
20 12,3 4,22 20 15,7 4,61
30 9.5 4,2% 30 14,0 3,71
40 7.4 4,23 40 11.4 - 3,64
50 5.7 4,25 50 9.5 3,92
60 4,6 4,14 60 7.5 3.59

Mean kx10% sec™! = 4,2) Mean kx10% sec™! = 3,61




11,50dium Fluoride 0,0500M

Time
mts.

0

10
20
30
40

60

Thio
ccs,

29,0

k1o
5e¢c

0.425

Mean kx10? Sec! = 0.428
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12, Potassium Dihydrogen
Phosphate 0,0500M

Time Thio kxlo‘_
mts. ccs., Sec
0 33,8 E
10 31.7 1.07
20 31.2 0.666
30 30,5 0.571
40 29,5 0,567
50 28,9 0.569
60 27,5 0.573
Mean kx10® Sec”?! = 0,870

13, Silver Nitrate 0,0500M

Time
mts,

0

5

10
15
20
25
30

Thio
ccs,

18,20

14.0

11,05
8,55
6.60
5.05
3.90

Mean kxlo4 Sec

1

kx104
Sec”




TABLE )40
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Pseudo-First Order Rate Constants for the Reaction of
Isopropyl Alcohol with Total Oxidant in the Presence
of Different Salts at 35°C

(Aleohol) = 0,0332m, (0X), = 0,0078M, Ar= 0.4
Salt added, M 10% _,

Sec

a 4,28
AgNO,  0.002 4,7%
AgNOD,  .004 5.28
AgNO,  .008 6.70
AgNO,  .0l0 10.4
NaNO, = .320 5,61
Co(NO,), .025 4,04
Zr(NOy), .024 13.8
Ce(NO,), .013 8.10
NaCl «100 50,7
NaCl « 210 60,4
NaCl .320 68,6
KC1 .07% 63,9
MgCl,  .030 49,5
CaCl, 100 81.2
srCl,  .080 44,0
BaCl,  .050 43,1
nCl,  .0%0 89.0
cdcl,  .050 30.6
AICl,  .0%0 24,3
Mgso,  .050 3.09
¥nSO,  .030 2,59
BeSO,  .025 4,58
ZnS0,  ,0%0 1.92
NaF «100 5.28
KH PO, 100 9,77
HyB0, 050 4,75




TABLE 1%0
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Pseudo -First Order Rate Constants for the Reaction of
Secondary Butyl Alcohol with Total Oxident in the

Presence of Salts at 350

(Alcohol) = 0,08224, (OX )o = 0.0028M, M =0.4
Salt Added M w0 _,
Sec
- - 0.837
AgNO, 0,007 946
KNO, 050 784
Co (NO,), 050 1.2
gSs0, .050 621
2nS0, .050 525
NiSO, 050 591
Kg90,:A1,(50,)5.  os0 .890
2410
H,BO, 050 .899
KiH, PO, .060 881
NaF .050 901
NaCl 050 1,06
KC1 050 1.51
SrCl2 050 1,76
BaCl, 050 1.74
CnCl2 050 1.78
MgCl, .050 1.82
NiCl, 080 2.20
ZaCl, 117 1.66
ZroCl, 050 6,05
ALCl, 050 1.81
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TABLE 151
Pseudo First Order Rate Constants for the Reaction
of Methyl Alcohel with Total Oxidant in the Presence
of Differsnt Salts at 3%°C
(Alcohel) = 0.4000M (ox)o = 0,005M M =0,4

Salt = 0,050M

Salt added 104k.
sec™?
- 0.329
NaCl 1.74
KCl 1.90
BaClz 2.00
qr612 2,61
03012 2.46
ZnCl2 1.93
N1612 2,27
M9012 1.93
NaF 1.13
KHsz‘ 1.09




TABLE 152 149

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

(Aleohcl) = 0.4000M, (OX) = 0.0050M, fi=0,4
Salt = 0,050M
Salt added 10%k,
sec™?
- 0,402
NaCl 2.7}
KCl 3.%0
BaCl, 3.79
Sr012 3.61
CaC12 3.78
ZnClz 3.47
NiClz 4,16
COClz 4,21
MgCl, 3.61
NaF 0,428
KH,PO, 0,570
8.40

thOa
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Results and Discussion ¢ 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 aliguot portion titrated; during

first 10 to 20 minutes the rate constant 1s 30 te 50 ¥

higher, then decreases and becomes constant within experimental
error. Similar trend was also noticed by Stanley and Shorto‘lzb)
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) silver, zirconium and cerous nitrates
accelerate the reaction, (ii) mono, di and trivalent metal
chlorides, in general, accelerate the reaction manf fold,
Zine chloride, for example, increases the rate by about
twenty fold (In presence of 0.1M ZnCl, the reaction mixture
turns yellow after few mindtes of mixing of reactants and
keeping it overnight as such, red particles appear),
(141) sulphates have a general tendency to retard the rate
(BeSD4 increases the rate), and (iv) F and H2?04' ions

accelerate the reaction rate.

In the case of secondary butyl alecohol, the
result given in Table 150 shows that (i) silver and cobalt

nitrate accelerate the reaction, (ii) mono, di and trivalent
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metal chlorides, in general, accelerate the reaction many
fold, Eickol chloride, for example, increases the rate by
about 25 folds, (iii) the sulphates have a general tendency
to retard the reaction and (iv) F and HoPO,” ions
accelerate the rate slightly,

From Table 151 and 152 it is clear that in the
case of methyl and ethyl alcohols, (i) mono- and di- valent
metal chlorides, in general, accelerate the reactions

(11) ¥°, HZPO"4 and silver 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 :
NiCl, > MgCl, > CaCl, > sxCl, ) BaCl,

and the ionic radii of cations follow the order
Ni“( Mg" < Ca“ 2 eett 2
The significance of these results will be

considered in the General Discussion,
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SEC. 2,5 EFFECT OF SODIUM CHLORIDE ON THE REACTION RATE

Introduction 3 We reported in the previous section that

the chloride lons zccelerate the rates msny fold, In oxder
to find out the role of chloride ions, the rates of the
reactions of isopropyl, sec.butyl, methyl and sthyl
alcohols with ¢hloriﬁc in water have been ma2csured in
presence of varying concentrations of sodium chloride at
constant ionic strength of 0,4, The observations are

reported in this section.

EXPERIMENT AL

The experimental procedure is same as applied
in the previous section,

We calculated the initial rates, ko moles lit'l

Soc'l. by extrapolating to x = 0 of the plots of x/t agalnst
x, (where x 1is the numher of moles of total oxidant
consumed in time t) 23 well as the pseudo first order rate
constants for all the cases, The results are presented in the

fallowing tables,



T.bl. No. -‘-53
IsoPropyl Alcohol

Total Oxidant
~ Temp.3%°C;

0, 2000M
0,0099M
0,4

1. Sodium Chloride 0,0%M

Time Thio kx10® _
mts. ccs. Sec
0 41.2 -
2 31.3 2.”
4 21,9 2,63
G 14,7 2.86
8 9,6 3.03
10 6.1 3.18
12 4.1 3.m
‘lean Lxlo3 sec™! = 2.86
k,x106 - 28,2
3, Sodium Chloride 0,02
Time Thio kx103_
mts, ccs. Sec
0 41,2 -
2 34,5 1,47
4 27.9 1062
6 21.7 1.82
8 16,7 1l.88
10 12,6 1.97
12 9.6 2,02
Mean kxloa Sec™! = 1,92
k x10% = 1s.0

¢
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2, Sodium Chloride 0,03M

Time Thio Kx10%_
mts. ccs. Sec
0 41,2 "
2 32,7 1.93
€ 25,9 1,93
6 19,5 2,08
@ 13.7 2,29
10 10.0 2,36
12 7.0 2,46
Mean Kx10° Sec™! = 2,17
x108 = 18,9

4, Sodium Chloride 0,0IM

Time Thio
mts. cecs.
0 41,2
2 35,1
4 29,7
6 25,5
8 21.7
10 18,5
12 15,7
Mean kx10® Sec
koxLOG

i

kx103

Se¢™!




5, Sodium Chlaeride 0.004M 1.4 7

Time Thio kn10® _|
mts. ccs, Sec
0 41,2 -
2 36,5 1.01
& 32,6 «976
& 29,0 975
g 2%.6 987
10 22,8 986
12 20,0 1.00
Mean kx10® sec™! = 0.989
k,x108 - 9,00

Table No. 154

Sec. Butyl Alcohol 0, 2000M
Total Oxidant 0.0066M
Temp 35°C; M= 0.4

l. Sodium Chloride 0,2000M 2., Sodium Chloride 0,1500M
Time Thio kx.loa_l Time Thio kx1o3-1
mts, cCS. Sec mts, ccs, Se¢
0 26.4 = 0 26.4 -
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 0.1% 10,8 8 0.7 7.56
e 10 0.2 7.77
Mean kxlo Sec " = 10,7 k 2 ol
kﬁxlob & 9.7% Mean ﬁxo glc = 7,71
E ollO = 7.80




3. Sodium Chloride 0.05M 148
Time Thio ke10®_|
mte, cCs, Sec
) 26,4 -
2 = 13.‘ 5.65
4 7.3 5.36
6 3.9 5.31
2 2,0 8.37
10 1.1 $.30
12 0,6 5.29
Mean {(xlo3 Sec™! = 5,37
k°x105 = 4,2
Table No, 155
Methyl Alcohol 0, 8000M
Total Oxidant 0,0000M
Temp, 359C; M= 00,4
l. Sodium Chloride 0,0%00M 2. Sodium Chloride 0, l00M
Time Thio kxlﬂa_l Time Thie kxloi_l
mts, ccs, Sec mts, ccs, Sec
0 42,4 - 0 42.4 -
10 38.7 . 1,52 Al 38.1 1,76
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 39,5 0,493 60 31,8 0.800
Mean kx10* sec~! = 0.534 Mean kx10® sec! = 0,821

k, x108 - 1.50 koxlo" = 2,10




3, Sodium Chloride 0.2000M

149

4. Sodium Chloride 0,2500M

Time Thio kx10® | Time Thio kx104_
mts, ces, Sec mts, cecs, Se¢
0 42,4 - ¢} 42,4 -
10 37.5 2,05 4 40,9 1,91
20 36.0 1,36 B 38,9 1.80
30 34,8 1.26 12 36.8 1.97
40 33.1 1.03 16’ 3‘5.0 2.0’0
50 31.8 0,954 20 33.5 1,96
60 30.1 0,952 24 32.5 1,85
Mean L(x.lo4 sec”l = 0.979 Mean i(x,lo4 Sec”! = 1.90
k_x10® - 2,00 k,x10° = 3,80
S. Sodium Chleoride 0,30M
Time Thion kxlo4 1
mts, ccs, Sec”
0 42.4 -
5 38,7 3.05
10 35.8 2,82
15 34,2 2.39
20 32.9 2,11
25 3l1.4 2.00
30 30,2 1.88
Mean l(.x.lo4 sec”l = 2,00
k x10° 3,82




Table No. 156

Ethyl Alcohol
TotalOxidant

Temp.35°C ; M= 0,4

l. Sodium Chloride 0.0500M

Time Thio kxlo‘_l
mts, ccs, 3ee
0 38.4 -
10 32.8 2.62
20 23,5 4,09
30 17.0 4,58
40 11,5 5,02
50 8.0 5. 23
60 5.8 5,25
Mean kxloz Sec” 5.17
k,x10 3,75
3. Sodium Chloride 0,15M
Time Thio kx104_1
mts, cecs Se¢
0 38.4 -
10 25,2 7.02
20 15,4 7.62
30 8.8 8.18
40 He5 8.10
50 3.2 8.28
60 .
Mean L(xlo4 Sec”! = 8.19
k,x108 =  6.80

150
0. 8000M
0,0000M
2, Sodium Chloride 0, 10M
Time Thio kxlof
mts, cCSs. Sec
0 38.4 -
10 29,0 4,68
20 19,0 5.87
30 12,0 6,47
40 7.1 7.03
50 4,5 7.1%
60 3.0 7.08
Mean kx10% sec”! = 7.09
kyx108 = 5,00
4, Sodium Chloride 0,20M
Time Thio kxio?_
mts, cecs, See¢
0 38.4 >
2 34,2 9,65
4 31.0 8,91
6 27.5 .27
& 24,6 9.26
10 22,0 9,28
12 19,5 9.41
Mean kxlo‘ Sec™! = 9.29
k,x108 = 8.70
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5. Sodium Chloride 0.,25M 6. Sodium Chloride 0,30M
Time Thio Kx103 -1 Time Thio xxxo3_l
mts, cCs. Sec mts, ccs., Sec
0 38.4 © 0 38.4 -
2 31,2 1.78 2 28.9 2.37
4 28.1 l.30 4 25.9 l.'“
6 25,2 1.17 6 23.3 1,39
- 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 kx103 sec”t « 1.11 Mean kx10® sec™l=l,26
kgx10° = 12,0 kx10® = 146

Table No.157

Dependence of Oxidation gate on the Concentration
of Sodium Chloride at 35" C, M = 0.4

1. (Isopropyl Alcohol) = 0,2000M, (0)(3° = 0,0090M

3 3 6
NaCl,M  (Cl,) x107 k x10 : ko x10 ' K, x10°,5e¢~ 1
M Sec” mole lit _, -
AR A AR TR SD T up G D YR DR e N N G g WY A W S gy W g, P gy ------s-;-!E:—-- ..... ?..-_-- .......... -
0.004 1.0% .989 9.00 8.58
.01 1,45 1.34 12,0 8.28
.02 2,0% 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 ko/(Clz)° = 7.80 + 0,57 x10° Sec™?!




2, (Sec.Butyl Alcohol) = 0,2000M, (OX)° = 0,0066M

NaCl,M  (Cl,) x10° k x10® Kk, x10° T
4 -l -1 p-?
i sec™!  mole 1t™} TELTT
P PO s D Y G N D e T an WDy T ap O oy . -n.—u---—-..--,-g!S-.-”—--- ---------------- - . gy e W
0,05 1,90 5.37 42,0 22,1
o 78.0 22,6
.20 4.00 10.7 ‘ 9705 2‘0‘

Mean k@/(Clz)o = 23,0 + 1,2 x 10™ sec™?

3. (Methyl Alcohol) = 0.B8000M, foxjo = 0,0099M

. 3 L .y nl 6

NaCl,M  (Cl,) x10° K x 0 ko x 10 e Ko x10%,5ec!
M Sec mole 1it -1 1612,
---------------------------------------- §!E------- -3-‘---”-ﬂ.--ﬂ-'
0,05 3.40 ' .534 1.50 A44)

[ 10 4. 90 0821 20 1.0 048

« 20 6.40 «979 2,90 453

«25 6.90 1.90 3.50 «507

«30 7.30 2,00 3.82 D23

Mean ko/(Cl,), = 0.471 + 0.04 x 10°3 sec™?




4. (Ethyl Alcohol) = 0,8000M, (ox)° = 0,0090M

Nacl  (c1,) x10°  kx 100  k x 10° Ky ¥
M » Sec=-1 w 1 : ol
M mole 1it Cl
g.‘c".l 2 0 L= -1
=1 1
0.05 3.40 5,17 3,75 1.10
.10 4.90 7,00 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



Results and Discussion 3

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 1

(a) Isopropyl Alcohol : in presence of 0.004M
to 0.0IM NaCl, within experimental error, the rate constant
remains almost unaltered, but in presence of 0,024, 0.03M

and 0,05 NaCl, the rate constant increases with time,

(b) Sec.Butyl Alcohol : in presence of 0,0%M,
0.15% and 0.20M NaCl, within experimental error, the rate
constant remains unaltered. The reasction ie¢ so fast that
we failed to measure the rates at higher concentrations

4] £ NaCl .

{c) Methyl Alcohol 3 in this case entirely
different trend has heen found; in presence of 0.0%M to

0.30M N2Cl, the rate constant decreases sharply,

{d) Ethyl Alcohol ;3 in presence of 0,00 to
0.1%M NaCl, the rate constant increases, but in presence

of 0,20M to 0,20M NaCl, there is a decreasing tendency,

The increasing trend of the pseudo first oxder
rates indicates thai more and more Cl, 1s formed during
the reaction, which is responsible for this increase in
rate, The decreasing trend indicates that chlorine
substitution takes place at fast rate; the rate decreases

because chlorine substitution consumes.molncular chlorine,

(udbB 4
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we found that as the concentration of sodium
chloride is increased, the rate éonstant increases in all
the cases. This fact may be correlated with the hydrolytic
equilirbium of chlorine,

0 :—A—H'OCI"'H‘-"'CI-‘ TR LA R R E N Y (1)

c.12 & H2

At zero time, in presence of sodium chloride.

“ g oo - e
o

o)

and [C17] .” [HOCl]o + m, wherem 1is the concentration of
added chloride, Then

B K = [Hocl]) (c17]

aH' Yol [C15]

or, B = g [OXJJ{.,(Q [OXJQ + nf
(1=<o] [ox]o
2

or X [ox]o + [_ijp(o - B=2o0

e Noome (B +m) +J(Bm)2 + 4B '[ole
2 (Ox |
Agssuming that the added chloride do not convert

a significant fraction of the oxidant to trichloride ion,
013‘. (the formation constant of 013' is 0.180 at 25°c)(296)

assvaasinnersiVh)

we calculated the values of <o for various initial
concentrat&g;;s of sodium chloride by using equation (vi).
In Table Dithe fraction of total oxidant present at zero
time as 612 and HOCl1 4n presence of sodium chloride is

shown, In column 9,11 and 12 (Table D), the concentration of
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chloride ion has been calculated by assuming that

() = [Hocqn'v_m
2

The constancy of ko/ [612]0 for various initial

concentration of sodium chloride in all the cases, as shown
in Table 157, is an evidence that molecular chlerine is the
principal oxidant, However, the values of ko/[‘_Clz]o in
presence of NaCl are 40-50 ¥ lower than that in absence of
NaCl (See Sec.2.1)., Perhaps some molecular chlorine is
consumed by chloride ion for the formation of Cl,” ,which we

have not considered in our calculations.

Lichtin and Saxc(79)also showed that Cl, is much
more reactive than HOCl in the oxidation of glucose and the
fraction of the total oxidant present as 612 increases during

the course of the reaction, because
fer7]), = 2\:[0x)° = [ox], + (Hocl] + n}

and thus during the run more chloride is formed which
displaces the hydrolytic equilibrium to the right. This in
turn increases the pseudo first order rate during the course

of a run,



SEC., 2,6 JISOLATION OF HYPOCHLORITE OF ALCOHOLS

Introduction i It is now recognised that acueous

chlorine forms hypochlorite ester with alcohols, Ethyl (
7
hypochlorite was the first ester to be prepared by Sandme$2r2

(235) prepared methyl, ethyl, n- and

Chattaway and Backeberg
isopropyl, primary, secondary and tertiary butyl and tert.

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(zga)
reinvestigated the formation and decomposition of the
hypochlorites of several alcohols and obtained esters as
Yellow, unstable oils with propyl, isoprepyl, isobutyl, sec,.
butyl,ter.butyl, isoamyl, sec.,amyl, tert,smyl, ethyl and
methyl alcohols, They concluded that secondary hypochlorites
are unstable, iso and n-primary 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?193+102) witn an ebject to find
out i1f the oxidatlion involves the hypochlorite ester as an
intermediate, an attempt has been made to isolate the esters
under various conditions, The observations are reported in

this section,
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Table No.158

Formation of Hypochloxites of Alcohols under various Conditions

System cmmmecmen-aS010Ur_of Carbontetra
Methyl Ethyl n-Propyl
A R R WD e O 0 W P e d--‘—w--q----- -----------
Alcohol -aq, Clz Yellow bright Yellow
yellow
Alcohol -aq.CIEHCIO4 bright bright bright
vyellow vyellow yellow
Alcohol-aq.CIZ-ﬂgNUb yellow bright yellow
yellow
Aleohol—ao.CIZ-NaCI bright bright bright
vyellow yellow yellow
Alcehol-aa.012-2n612 brifht bright yellow
vyellow yellow
Aleohol-aq.012-NaH003 yellow very light no ceolour
yellow
Alcohol-aq.CIQ-NaH003+
HClO4 vyellow yellow very light
yellow
Alcohol-aq.Clz-NaHCU3+
AgNO3 yellow wvery light neo colour
vyellow

chl

oride or Benzen

g T TR AR D W an S e e W WS e e R e R P eapa—

Isopropyl

-y 4 BNy g B b G D amy gy T e A e e e

light
yellow

bright
yellow

bright
yellow

yellow
yellow

light
yellow

bright
yellow

bright
yellow

n-Butyl Isobutyl

yellow
bright
yellow
yellow
yellow
yellow

no
colour

very light
yellow

no colour

1light
yellow

yellow

light
yellow

light
yellow

light
yellow

no
colour

light
yellow

light
yellow

light
vyellow

light
vyellow

light
vyellow

light
yvyellow

light
yellow

no colour

no colour

no colour



Results and Discussion :

We have igsolated 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 carban 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 yeilow but in the

presence of alcohol the colour deepened.

We observed that methyl and ethyl hypochlorites
are relatively stable than the other hypochlorites in the
presence as well 2s 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 stabillty of methyl hypochlorite
suggest that perhaps its rate of decomposition is lowest,

In the section 2.5 we pointed out that chloride
fons accelerate the rates because they increase the initial
concentration of molecular chlorine., From Table 158 it 1is
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 sedium bicarbonate. Then we added
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perchloric acid or sodium chloride, In shaking again,
bright yellew colour of the solvent layers has been
noticed, All these observations indicate that 612 is
responsible for hypochlorite.formation. The contribution
of HOC1 towards the hypochlorite formation, however,
cannot be ruled out because other investigators neticed
that hypochlorite is also formed by reaction with
hypochlorous acid (102'298).



SEC.. 2,7 ACTIVATION PARAMETERS

Introduction : 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 leng that the rise in temperature accelerates
the rates of chemical,reactions and in some cases the
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. kyg0/koa0s 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 Arrhcniut(299); he proposed the relation

k = A e'E/RT

sesasacsscsseasennsnsse (1)

where k 1is the specific rate constant, A is the Arrhenius
frequency factor, £ is the energy of activation and the
other quantities have their usual significance. The equation

(1) can be written as

1 k =1 A e E N W ii
wE RN el Sel

Thus, a plot of logk against 1/T will be a strasight line,
the slope and intercept of which is equal to -E/2.303R and
log A, respectively, (R = 1,987 cals/on).

In the absolute fate theory, developed by
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Eyring(SQO), the species at the top of the potential
energy barrier, known as the activated complex, i
considered in most respects an ordinary chemical species
which is in equilirbium with the reactants, This permite
the problem to be divided into two parts - the calculation
of the equilibrium constant for the reaction forming the
activated complex and the calculation of the rate at which
the activatgd complex decomposes to form the products of

the reaction, Thus, for a simple bimolecular reaction i

=+ + il
A+ 325 (ap)y K products

reactants activated
complex

the ordinary rate constant is given by

# *

k = L K k ...Qc-.0.0.0.0’0.00.(111)

obs

where % is the transmission coefficient or the fraction
of activated complexes which give products; the rest return
to reactants, and kob‘ is the specific rate constant

of the reaction. It can be shoun‘aol) that

{
K = ()U’/27Vn)'5
&
and ﬁﬁ in terms of partition function, is given by

T NN £ 2.

x-m.:.&n". 5 % AB o'AEo/m......(v)
z g -

By substituting the values of K* and E# from equations
(iv) and (v) in equation (11i), the observed specific
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rate constant will be given by

# -
kOb.- L. L‘EI-)'. QA% » @ AEO/RTooonoto(v’»)
A.

or, in terms of "classical® activation energy,

" 3n - 7
K o= (K'T . AB gy
x % Q \ ¢ _AE dats RT
o . T)- A. B I[ e.% IléuéA ..0040(Vil)
i e
where u; = hDi/x T
4 + # +

Since, ~A€£- RT logeK and AG=AHa-TA §,

. from equation (11i) we get

= X
koba -%—
KT
“h

.'0.‘..0........"(v111)

and also kob =

3 QFAH#-/RT. QA'S#/R .-ooo..oo.c(iX)

where A G:# is the free energy of activation, A S¢1s the
entropy of activation, and 4 H# i1s the heat of activation,
a quantity that is closely related to the experimental

(302)

energy of activation « The transmission coefficient

being omitted for the sake of simplicity,

The thermodynamic activation parameters may be
calculated by using the equations (viii) and (ix). From
equation (ix) we have

WL s 7
- A
log i P . 5303w OHRT +<2T3'ﬁ.50 - log -K-h) oo (x)
A plot of log Eq,b_,_ against %__ will be 2 straight line,

the slope and intercept of which is equal to - A4 I-!¢
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id 27

nd AS -l s respectively (h=6.624x10"
] - R' - 0g 7 ’ p Yy

erg sec; K = 1.380x10" 16 erg/mole-deq, )

In this section 2 general study on the temperature
coefficient of the reactlions of isopropyl, sec.butyl, methyl,
and ethyl alcohols with aqueous chlorine in sbsence and in
presence of catalysts at constant ionic strength of 0.4,
with special reference to the effect of variation of
concentrations of the reactants, has been made, The rates
have been measured at 25°,35%,45° and 35°C and the initial
rates, ko moles lit'l Soc'l, have been determined in all
the cases, Various activation parameters have been calculated

by using ky values and given in the following Tables,

EXPERIMENTAL
All the chemica2ls were of B.D,H, (AnalaR) or

Merck (Cp) grade or of comparsble purity,

The thermostat was controlled within + 0.0%%.
The kinetics of the reactionsg were studied at various

temperatures according to the method explained in Sec.2,1,



Table 159
Temp. 25°C 0,

Total Oxidant 0.0066M
IsoPropyl Alcohol 0,2000M

<= 0.4
Time Thio kx10* -1
mis. cecs, Se¢
0 40,0 -
10 36.0 1.76
20 32,4 1.76
30 29,3 1.73
40 26.4 1.73
50 23,8 1.73
60 21.4 1.74
Mean kx10? sec™! = 1,74
k,x10° =  0.196
Table 16}
Tamp.45°G
Total Oxidant 0,.0066M .
IsoPropyl Alcohol 0,2000M
_etm 0,4
Time Thio kx103_ 3
mts, cCSs. See
0 5l.4 -
10 26,2 1.12
20 13.2 1.13
30 7.5 1.07
40 4,0 1.06
50 2.1 1.07
60 @
mean kx10® sec™! =  1.09
k x10° = 1.33

165

Table 160
Temp. 35°C

Total Oxidant 0,0066M
IsoPropyl Alcohol 0,2000M

w04

Time Thio kxlO‘_l

mts. cecs., Sec
0 74,15 -
10 54,0 5,28
20 40,3 5.08
30 30.0 5.03
40 21,5 5.16
50 16,1 5.09
60 11.9 5.08
Mean kx10% sec™! = 5.12

k,x10° = 0,58

Table 162
Temp.55°C

Total Oxidant 0,0066M
IsoPropyl Alcohel 0,2000M

= 0,4
Time Thio kxao? |
mts, ccs, Se¢
0 16.6 L
2 13,0 2,03,
4 10,45 1,93
6 8.3% 1.90
8 6.70 1.88
10 5.4 1.87
12 4,35 1,87

Mean kxloa Sec™! = 1,90

k°x105 = 2,68
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Table 163 Table 164
Temp, 25°C Temp, 35°C
Total Oxidant 0,0083M Total Oxidant 0,0083M
IsoPropyl Alcohol 0,200nNM IsoPropyl Alzohol 0,2000M
= 0.4 ~ = 0.4
Time Thio ke20®_, Time Thio kx10®_ |
mts, ccs, Sec mts. ccs. Sec
0 48,0 - 0 92,7 -
10 41,7 2,34 10 60,0 7.2%
20 36,2 2,3% 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 2,32 50 10,9 7.14
60 20,9 2,36 60 8.4 6.67
mean kx10* sec™! = 2,34 Mmean kx10% sec™ = 7,03
kg x10° = 0,382 k,x10° = 1,05
Table 165 Table 166
Temp, 45°C . Temp.55°C
Total Oxidant 0,0083M Total Oxidant 0,0083M
IsoPropyl Alcohol 0,2000M IsoPropyl Alcohol 0,2000M
w04 = 0.4
Time Thie kxloa_l Time Thio kxlosl
mts. ccs. Sec mts. ccs., Sec™
0 37.6 - 0 70,0 -
S 24,3 1.4% “ 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
2% 3.9 1,51 10 10.1 3,23
30 2,9 1.51 , 12 6.7 3.26
Mean kx10® sec™d = 1.49 Meap kx10° sec™la 3.20
k,x10° = 2,40 onm” = 4,83
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Table 167 Table 168
Temp.25°C Temp,.35°C
Perchloric Acid 0. 1500M Perchloric Acid 0, 1500M
IsoPropyl Alcohol 0,0845M IsoPropyl Alcohol 0.0845M
TotalOxidant 0,0050M Total Oxidant ; 0.0050M
e = 0,48 A = 0,4
Time Thio kx10® ,  Time Thio kx10®_
mts, ces, Sec mts. CCS. See
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 9.3 1.68
40 6.0 0,735 20 3.2 1,68
50 3.8 0,741 25 1,95 1,67
60 2.4 0.744 30 1.05 1.74
Mean kx10° sec”t = 0.740 Mean kx10° Sec™! = 1,70
k,x10° = 0.423 kg x20° = 0.965
Table 169 Table 170
Temp ,45°C Temp,55°C
Perchloric Acid 0. 1500M Perchloric Acid 0. 1500M
IscPropyl Alcohol 0,.0845M IsoPropyl Alcohol 0.0845M
Total Oxidant 0,0050M Total Oxidant 0,0050
A= 0,4 = 0.4
Time Thio kx10>.,  Time Thio kx10®_ |
mts, ces, See mts, ccs., See¢
0 34,6 = 0 97.5 =
5 10,85 3,87 & 36,85 8.11
10 3.4 3.84 4 13,7 8.12
1% 1,0 3.94 6 5.2% 8.11
20 0,3% 3.83 8 1.95 8.19
25 10 0,75 8,11
Mean kx10° sec™! = 3.87 12 -
kx10° = 2,10 Mesn kx10® sec”!= g.12

k°x105 = 4,50




Table 171
Temp.25°C

Perchloric Acid 0.1000M
IsoPropyl Alcohol 0,0845M

Table 172
Temp,35°C

Perchloric Acid 0. 1000M
IsoPropyl Alcohol 0.0845M

Total Oxidant 0.0050M Total Oxidant 0.0050M
o= 0,4 ~wm ), 4

kx10° kx103
Time Thio x10°_, Time Thie x10%_ 4
mts. ccs, See mts, ces, Se¢c
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 1% 8.29 1,3%
40 9.3 0.607 20 5.6 1.34
50 6.4 0.610 25 3.7% 1.34
60 4.4 0.611 30 2,5 1,34

~ Mean kxlﬁs sec” ) = 0,607

k°x105 = 0,351

Table 173
Temp,45°C

Perchloric Acid 0.1000M
IsoPropyl Alcohol 0,084%M

Total Oxidant 0. 005%0M
s = 0,4
Time Thio kx103_l
mts, cCs. Sec
0 34,6 -
5 14,5 2,90
10 S5.8% 2,96
15 2,6 2.88
20 1.1 2,87
25 0.45 2,97
30 -

Mean kxloa Sec'l = 2,92
koxm5 = 1,60

Mean kxloasoc'l = 1,34

koxm" = 0,800

Table 174
_ Temp, 55%C
Perchleric Acid 0. 1000M
IsoPropyl Alcohol 0,0845M
Total Oxidant 0,0050M
= 0,4
Time Thio kx102,
mts, cecs, See
0 32.6 -
2 15,9 6,20
4 7.7 6.01
6 3.3 6.36
g 1.6 6228
10 0.8 6.14
Mean kx103 See”! = 6.20
X107 = 3,30




Table 175 Table 176 168

Temp. 25°c Tenp.35°C
Sodium Chloride 0,2000M Sodium Chloride 0.2000M
IsoPropyl Alcohol 9,0843%M IsoPropyl Alcohol 0.0845M
Total Oxidant 0.,0050M Total Oxidant 0.0050M
~trm 0,4 e = 0.4
Time Thio kx10® | Time Thio kx10®
mts. ccs. Sece mts, ccs. See-1
0 38.0 e 0 18.8 -
10 24,0 0.766 ] 10,75 1,86
20 15.1 0,769 10 6.15 1.86
30 9.5 0.770 15 2,5 1.85
40 6.0 N.770 20 2.0 1.87
50 3.7 0. 777 25 1.1% 1.86
60 2.4 0,768 30 0,65 1.87
Mean kx10° Sec”! = 0.770 Mean kx10® sec”! = 1.86
koxlos = 0.421 k x10° = 1,00
Table 177 Table 178
Temp.45°C Temp.55°C
Sodium Chloride 0. 2000M Sodium Chloride 0, 2000M
IsoPropyl Alcchol 0,0845M IsoPropyl Alcohol 0,0845M
Total Oxidant 0.0050M Total Oxidant 0.0050M
/b". O.‘ - 094‘
Time Thio kx10> |, Time Thio kx10?_,
mts, ccs. Sec” mts, cCs. Sec
0 16,7 - 0 29,7 -
2 10,1 4,20 2 11.7 7.77
4 5.8 4,4) 4 4,9 7.51
6 3.7 4,18 ) 1.7 7.94
8 2,2 4.22 g 0.7 7.81
10 1.3 4,25 tosn ki16? 2es™d = YoVl
12 0,79 4,30 5
i x10 = 4,40
Mean kxm3 sec™! = 4,26 .

Eﬂms’ - 2,29




Table 179 Table 180 i}?(}

Temp,25°C Temp,35°C
Sodium Chloride 0. 1000M Sodium Chloride 0,1000M
IsoPropyl Alcohol 0.0845M IsoPropyl Alcohol 0,0845M
Total Oxidant 0, 0050M Total Oxidant 0,.0050M
A= Q.4 = 0.4
Time Thio kx10® ,  Time Thio kx10®_
mts, cCSs. Sec mts, ccs, Sec
0 | 40,0 - 0 24,0 -
10 30.8 0,435 5 16,8% 1.18
20 23,6 0,440 10 11.85 1.18
30 18,2 0.438 1% 8.3 1,18
40 13,9 0,440 20 5.89 1.18
‘850 10,6 0,443 25 4,1 1.18
60 8.1 0,444 30 2.9 1.17
Mean kx103 sec”la n.440 Mean kxlo3 Sec”! = 1.18
k,x10° = 0,297 koxm5 = 0,700
Table 181 Table 182
Temp,45°C Temp.55°C
Sodium Chloride 0. 1000M Sedium Chloride 0,1000M
IsoPropyl Alcohol 0,0845M IsoPropyl Alcohol 0,0845M
Total Oxidant 0.0050M Total Oxidant 0,.0050M
= 0.4 Ay . 004
Time Thio kero? | Time Thio kx10° :
mts, cecs., Sec” mts, ccs. Sec”
0 34,6 - 0 29,7 =
S5 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.,4% 2.96 10 0,9 5.83
2
Mean kxlo3 Sec'l = 2,91 Mean Kx10 $oc'l = 5.79

kox105 = 1,59 kox105 = 3,18




Table 182 Table 184 171

Temp,25°C Temp.35°C
Total Oxidant 0,00 66M Total Oxidant 0,0066M
Sec,Butyl Alecoheol 0,2000M ‘ec.Putyl Alcohol0.2000M
/Vb- 0.4 A m 004
Time Thie kxio | Time Thio kxao® |
mts, ccs., Sec” mts. ccs., Sec”
0 ‘53.0 - 0 40.3 -~
10 46,3 5.13 o 26,0 1,46
20 24,0 %, 14 10 16,6 1,48
30 25,0 5,13 1% 11.0 1.44
40 18.4 5.13 20 7.0 1.46
50 13.5 5.13 - e e
Mean kxlﬂ45ec'1 = 5,13 Mean kx103 sec™) = 1,46
kox105 = n,451 kb“l°5 = 1.40
Table 185 Table 186
Temp, 45%C Temp. 55°C
Total Ogidant 0.0066M Total Oxidant 0.0066M
Sec, Puty) Alcohol0z2000M Sed,.Putyl Alcohel 0,2000M
/“"- 0.‘ /“L ot 0.4
Time Thio kxlos_. Time Thie kx103_l
mts, ccs. Se¢” mts. ccs, Sec
0 16,7 - 0 40,0 -
10,75 3,67 2 18,65 6.3%
4 7.25% 3.48 4 8.65 6,37
6 4,80 3,47 6 4,0 6,38
10 2,05 3,48 10 0.80 6.50
12 1.3% 3.48

Mean kx103 sec”! = 6,40

, 3 -1l
Mean kxlo gec = 3.47 kbxlﬂb = 6520
k x10 = 3,08

e




Table 187 Table 186 172

Temp.25°C Temp. 35°C
Total Oxidant 0,0059M TotalOxidant 0. 0059M
Sec, Butyl Alcohol 0,2000M Sec,.Butyl Alcohol 0.2000M
- = 0,4 //b<=o¢+
Time Thio kxio* | Time Thio kx10®_
mts, ccs. Se¢ mts. ccs. Sec”
0 22,6 = 0 22,6 -
10 18.9 2,98 S 16,9 0,969
20 15,7 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 0,9%3
S0 9.1 3.03 25 5.3 0,967
60 7.5 3,06 30 4,1 0,948
Mean kxlo4 sec”! = 3.03 Mean [(xlo3 Sec” ! = 0,962
k,x10° = 0,299 k,x10° = 0,930
Table 189 ' Table 190
Temp., 45°C Temp, 55°C
Total Oxidant = 0,0059M Total Nxidant 0.0059M
Sec,Butyl Alcohol 0,2G00M Sec,Butyl Alcohol 0.2000M
u= 0.4 Me 0,4
Time Thio kx10®_ Time Thio kx10®_
mts, ccs, Sec mts, ccs, “ec
4] 70,0 - 0 80.0 -
2 54,8 2.04 2 50,0 3.02
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 - 6eD 4,18
12 15,7 2,08 12 3.9 4,19
Mesn kxl()a Scc-l = 2,06 Mean k:ll(.l.(:”3 Sac-l = 4.19

k°x105 = 2,05 k°xlo5 N Y
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Table 191 Table 192
Temp, 25°C Temp. 35°C
Perchloric Acid 0,1500M Perchloric Acid 0. 1500M
Total Oxidant 0., 0035M Total Oxidant 0,0035M
Sec.Butyl Alcohol 0.082%M Sec.Butyl Alcohol 0,0825M
L 0.4 A= 0.4
Time Thio Lxloa_l Time Thie kx10®_
mts. cCs, Sec mts, ccse, sec
3] 32,5 - 0 33.9 -
) 22,2 1.27 9 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 Te.1 1,27 20, 0.8 3.12
25 4,895 1.27 25 0.35 3.05
30 3.3 1.27 30 -
Mean Kx10® sec™t = 1,27 Mean kx10° sec™! = 3,10
Kx10° = 0,500 k,x10° = 1,30
Table 193 Table 194
Temp, 45°C Temp. 35°C
Perchloric Acid 0, 1500M Perchleric Acid 0.1500M
Total Oxidant 0,0035M Sec,Butyl Alcohol 0.0825M
Sec,Butyl Alcohol 0.0825M Total Oxidant 0,0035M
/"L - 0I4 U= D.4
Tim Th kx102 kx10°
e io x10 Time Thio x10%
mts, ccs, Sec-l mts. ccs, Sec
0 42,8 - 0 65,0 -
2 21,7 b 2 17,9 10,7
4 11.0 5,66 4 5.0 10.7
6 5.5 5.70 6 .‘..‘ 10.7
o X g 3 0.4 10.6
10 1.4 5.70
12 0.7 5. 71 Mean kxxo3bsec‘1 = 10,7
Mean kx10® sec”! = 5,69 koXLol " 5,30
k_x10° = 2,70




Table 195 Table 196 174

Temp, 25°C ‘ Temp, 35°C
Perchloric Acid 0. 1000M Perchloric Acid 0. 1000M
Total Oxidant 0,0035M Total Oxidant 0,0035M

Sec.Butyl Aleohol 0,0825M Sec,Butyl Alcohol 0,082%5M
o= Q.4 A= 0,4
Time Thio kx103,  Time Thio kx10®_,
mts, ccs. Sec” mts, ccs, Sec
n 32,5 - 0 33.9 -
5 23.9 1,02 5 15.8 2,54
10 17.6 1.02 10 T7.39 2.95
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 0.9 2,54
30 5.15 1.02 30 -
Mean kx10> sec™! =  1.02 Mean txloa sec”t = 2,53
k,x10° = 0,350 x10° = 0,860
Table 197 Table 198
T ewip ,45°C Temp, 5%°C
Perchloric Acid 0.3000M Perchloric Acid 0, 1000M
Total Oxidant 0,0025M Sec.Butyl Alcohol 0,0825M
Sec,Butyl Alcohol0,.0E25M Total Oxldant 0,0035M
o= 0,4 L= 0,4
Time Thio kx10®_, Time Thio kx10®_
mts, ccs, Sec mts, ccs, Seec
0 42,8 - 0 65.0 -
2 25.8 4,22 2 22.9 8.70
4 15.5 4,23 4 8.0 8.68
[ 9,3 4,24 6 2,9 g,64
8 5.7 4,20 8 1.0 8,70
10 3.4 4,22 10 0.35 8.71
12 2.2 4.12 Mean kxl@s Sec™! = 8.68
Mean kxlo3 Soc-l = 4,20 koxlob = 3.60
k_x10° = 1,80 :

Q




Table 199
Temp, 25°C
Ziwconium Oxychloride 0,0100M

Table 200
Temp, 38%¢c
Zirconium Oxychloride 0,0100M

Sec, Putyl Alcohol 0,0825M Sec.BPutyl Alcohol 0,0825M
Total Oxidant 0,0035M Total Oxidant 0.0035M
A m Q.4 ~us 0.4
Time Thio k10> | Time Thio kx10®_,
mts. ces, Sec” mts, cCs. Sec

0 32.% = 0 33,9 -
) 25,0 0,875 5 17,8 2.15
10 19,4 0.860 10 10,7 1,92
1% 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 6.8 0,870
10 Sec=l Mean kx10° Sec™! = 1.91
Mean Kx10 goc = 0,868 koxl05 = 0.850
k,x10 - 0,330
Table 201 Table 202
Temp, 45°C Temp. 55°C

Zirconium Oxychloride 0.0100M Zirconium Oxychloride 0,0100M

Sec, Butyl Alcohol 0,0825M Sec.Butyl Alcohol 0.0825M
. Total Oxidant 0.0035M Total Oxidant 0.,0035M
Time Thie kx10® | Time Thio kx10®_,
mts. cCS, Sec mte, cCs. Se¢
C‘ 42.8 - 0 65.0 .
2 23,9 4.85 2 21,7 9,14
4 13,6 4,78 4 7.25 0,14
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 kx10® sec™l = 9,22
12 1,3 4,85

k°x105 « 3,70

Mean kx10° Sec ! = 4.82

kn_x;o5 = 1,80




Table 203 Table 204
Temp,25°C Temp. 3%°C
Zirconium Oxychloride 0,0150M Zirconium Oxychloride 0.0150M
Sec.Butyl Alcohol 0.0825M Sec.Butyl Alcohol 0,0825M
Total Oxidant 0,0035M Total Oxidant 0,0035M
/4“-' o.‘ U /1"'. 0.‘
Time Thic kx10> Time Thio kx102,
mts. ccs, Sec mts, ccs. Sac
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 e 2.4 2,92
20 7.7 1.20 20 1.0 2.93
25 4,9 1.28 25 0.3 3.15
30 3.2% 1,28 Mean kx103 sec™d = 2,93
Mean kx10® sec™! = 1,28 K x10° - 1.2
k,x10° = 0,470
Table 2095 Table 206
Temp., 45°C Temp, 55°C
Zirconium Oxychloride 0.01%0M Zircenium Oxychloride 0.0150M
Sec. ButYJ. Alcohol 0.082“ s’c.&lty’. Alcohol 0.0825M
Total Oxidant 0,0035M Total Oxidant 0,0035M
= 0,4 L= 0,4
Time Thio kx10® ,  Time Thie kx10®
mts, cCs, Sec mts, ccs. Sec
0 42,8 - 0 65,0 -
2 18,95 6.79 2 12,3 13.9
4 8.4 6.78 4 2.3 13.9
é 3.7 6.80 6 0.4% 13,8
8 1.6 6.8% 8
10 2.7 6.86 Mean kxlﬂa gac'l = 13.9
12 x k ®i0 = 5,15
Mean kxlo3 sec”t =  5.69 "
k «10° = 2,52




Table 207
Temp. 25%¢
Total Oxidant 0.0132M
Methyl Alcohol  0,8000M
us= 0,4
Time Thio kx10®
mtg, cCs. See
0 39,0 =
10 38,4 2,61
20 37.7 2,84
30 37.1 2,78
40 3645 2,76
50 35,6 3.05
60 35,4 2,69
Mean kx10® sec™! = 2,79
K, x10° = 0,081
Table 209
Temp.45%°C
Total Oxidant 0,0132M
Methyl Aleohol 0. 8000M
P oo
Time Thio kxlofl
mts. CCS. Se¢
0 28, 69 "
10 22,9 4,03
- 19,3 3,29
30 15,9 3,27
40 12,7 3,39
50 10,4 3.38
60 8,5 3,37
Mean kx10? sec™) = 13,34
k,x20° = 0,850
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Table 208
Temp, 35°C
Total Oxidant 0.01324
Methyl Alcohol 0. 8000M
U= 0.4
Time Thie kx10?
mts, ccs, Sec
0 55.6 -
10 5l1.8 1.18
20 48,7 1.10
k1ol 45,0 1.18
40 42,3 1l.14
50 39.1 1,17
60 36.4 1,18
Mean kxlo‘ Sec'l & 1.16
kyx10° = 0,107
Table 210
Temp., %5°C
Tatal Oxidant 2.0132M
Methyi Alcohsl 0. 8000M
A = 0,4
Time Thio leﬁ‘_l
mts, ccs, Sec
o 1R, 0 -
2 15,9 10,3
4 14,3 9.60
6 13.3 8,40
8 12,0 8.4%
10 10,9 8,36
12 9.8 8,45

Mean kx10? Sec”! = 8,41
koxxo° = 1,37
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Table 211
Temp. 25°C
Total Oxidant N.0248M
Methyl Alcohel 0,8000M
| = 0.4
Time Thio kx10°_
mts. ccs. Sec
0 52,0 -
10 50.4 522
20 49,0 4,0%
30 47,4 5.14
40 46,0 5. 10
50 45,0 4,82
60 43,7 4,83
Mean kx10% sec™! = 4,97
k x10° = 0,175
()
Table 213
Temp, 45°C
Total Oxidant 0.0248M
Methyl Alcohol 0.8000M
= 0.4
Time Thio Exlﬂfl
mts. cCs. Sec
0 60,0 -
5 50.0 6.08
10 43,25 5,46
15 37.1% 5.33
20 31.3 5.43
25 26,9 5:.36
30 22,75 5.40
Mean kx10? sec™! = 5,30
k x10° 1.92

Table 212
Temp. 35°C
Total Oxidant 0.0248M
Methyl Alcohol 0,.8000M
o= 0,4
Time Thio kx10*_
mts. CCS. Sec
0 111,1 -
10 98,3 2,04
20 87.8 1,96
30 78.1 1,96
40 69.4 1.96
50 61.7 1.96
60 54,9 1,96
Mean kx10* sec"! = 1,96
k,x10° = 0,693
Table 214
Temp, 55°C
Total Oxidant 0.0248M
Methyl Alcohel 0.8000M
~u= 0,4
Time Thio kx102 |
mts, ccs, Sec
0 12,9 -
5 8.0 1.59
10 5,2 1.51
15 3.4 1,48
20 2.4 1.40
25 1.6 1.39
30 1.0 1.37
Mean Lx103 Sec™! = 1.38
k,x10° = 4,79




Table 215
Temp, 25°C
Total Oxidant 0.0099M
Ethyl Alcohol 0. 8000M
A= 0.4
Time Thio kxlO?l
mts, cCs. Sec
0 47,0 -
10 46,0 3.57
20 45,2 3,26
30 44,5 3.03
40 43.%5 3.22
50 42,7 3.20
60 41,9 3.19
Mean kx10® sec™! = 3.18
k,x10° = 0,042
Table 217
Temp. 45°C
Tot2l Oxidant 0.0099M
Ethyl Alcohol 0,8000M
M= 0.4
Time Thie kx.l()‘_.‘l
mts, ccs, Sec
0 23,0 -
10 17,5 4,56
20 13,9 4,20
30 11.8 3,71
40 9,6 3.64
50 8.0 3.52
60 7.0 3.30
Mean kxloa Sec™t = 3,34
k,x10° = 0,460

=3
o

"Table 216
Temp, 35%¢
Total Oxidant 0,0099M
Ethyl Alcohol 0.8000M
= D4
Time Thie kx10?_,
mts., ccs, Sec
0 25,2 -
10 23,2 1.38
20 22,0 1.13
30 20,55 1.13
40 19,2 1.13
50 18.0 1,12
60 16,8 1,13
Mean kx10* sec™d = 1,13
k,x10° = 0,165
Table 218
Temp., 55°C
Total Oxidant 0,0099M
Ethyl Alcohol 0.8000M
= 0,4
Time Thio kxlo‘l
mts. ccs. Sec”
0 32,5 -
5 23.7 10.9
10 18,8 9,12
15 14,5 8,97
20 11,5 B8.66
25 8.85 8,67
30 6.8 B.70

Mean kxlo‘ sec™! = 8.77
koxlos = 1,14




Table 219 Table 220 1'8(}

Temp. 25°C Temp. 35°C
Total Oxidant 0.0)32 Total Oxidant 0.,0132M
Ethyl Alcoheol 0,.8000M Ethyl Alcohol 0,.8000M
= (0,4 m= 0,4
Time Thio kx103 Time Thio kx10®_
mts, ccs. Sec¢ mts, cCS. Sec
0 50,0 - 0 45,0 -
10 48,0 6,82 10 38.0 2,82
20 46,6 5.87 20 33,9% 2,46
30 45,0 5,86 30 29,2 2,40
40 43,3 6.00 40 25,2 2.42
50 41.6 6.13 50 21,8 2.41
60 40,1 6.13 60 18,9 2.41
Mean kxlo5 = 6.16 Mean kxlO4 Sec”d = 2,42
k°x105 sec"t = 0,070 k°x105 = 0,275
Table 221 Table 222
Temp, 45°C Temp, 55°C
Total Oxidant 0.01324 Total Oxidant 0.0132¢
Ethyl Alcohol 0, 8000M Ethyl Alcohol 0.8000M
= 0.4 A= 0.4
Time Thio kxlo | Time Thio kx103
mts, cCs. Sec mts, cCs, Sec
0 29,0 - 0 78.0 -
5 22,6 8,33 5 20.7 2,02
10 18,1 7.85 1 12,2 1.689
15 14,75 7.%2 1% 7.0 1,88
20 12,25 7.20 20 4,3 1,82
25 9.9 7,20 25 2,4% 1.83
30 8,2 7.03 30 l.4 1.83
Mean kxlO‘ Scc'l = 7,36 Mean kxlos sec'l = 1,85

koxm’ = 0,770 koxmf’ e 1.94
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Rate Constants and Thermodynamic “ctivbtion Parameters for the Reaction
of Isopropyl Alcohol with Chlorine under different conditions, .« = 0.4

L [] 5 ' 5 L ] k 5' ] ] N q 1] ]
Conc. , Temp, ,10 k° x10 r+ Kintex10™, Temn, ' E ' A AH '«AS ®nG ¢
' 9%C  imple Alcohol) "(Alcohol) ' GCoef.' .~ . ' .1 'KCals' ' :
7 ']_1t'ig;“' 1.; — ] ? * s KCals ,Sec” -; - t e 2 9
2 252 0.382 1.91 1.71
. o = s St 2.75 16.60+. 1.72x10 15.86 27.1 23.9 a-(Alcohol)=0,2000
s o X . - . 1" +.11 M, (0X)=0.0083M.
a 55 4.% 2‘.1 21.6 2.01 -
b 2° 0,196 0.980 1.14 N g o - P
v 352 0.580 2.90 3.15 2.96 B
b 452 1.33 6.65 7.29 2,29 16.48 2.68x 16.08 27.0 24,1 O »
b 55 2,68 13.4 16.4 2,01 *.09 107 +.09 c—(Alcoh?l))s
5 " " 0.084%4, (0X) =
: B i@ O I ua iogmlia, -
- . . . . 0. 1500M,
c 452 2.10 24,8 24,9 2,18 15,81 1.73x 14.64 20,1 23.3
o 55 4,%0 53,2 52,% 2.14 +.01 107  *.01 d-(Alcoh?ll)-
d 25° 0,351 4,15 4,22 ot 1o boand S
d 352  0.800 9.47 9.17 2,28 g.gggg:ch1o4l
d 457 1.61 18.9 19,0 2,12 14,51 1.73x 13.70 32.6 23.4 °-
d 5 3,30 36,0 38,2 2,05 +.01 106 .01 e-(Alcohol) =
E 0.08454, (0X) =
e 259 0.421 4,98 5,17 1.0050M (NaCl )=
- 350 1.00 11.8 11.9 2.38 0. 2000M
(34 550 4.‘0 52.1 54.0 1096 :.02 106 :.02 0.08‘4& (Ox) =
£ 252 0,297 3.51 3,63 0.0050M { NaCl) =
£ 350  0.700 8.28 8.21 2.36 0. 1000M
£ 457 1.%9 18,8 18.1 2.27 15.43 6.90x 14,57 30,0 23.%
f 5% 3.1% 37.5 37.3 2,06 +.02 106 $.02
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Table 224

Rate Constants and Thermodynamic Activation Parameters for the Reaction
of Sec,Butyl Alcohol with Chlorine under Different Conditions, A = 0.4

Conc. Temp. 10°k  10%¢ Temp. e ok e 20 -AS A
oc mole nolel Coeff. KCals meles lit1 KCals e.u. KCals
lit"l it~ 1 Sec™
-,-—--——----—52&: ----- §!E:-;— ........ D o W T D W O g O A G S0 D oy A R n PO AE WS WD OB S O my WS s e s btk T R o S e —
Alcohol)=0,2000M
a 25°  0.451 0,502 , a-( '
. 33 140 1.27 3.10 . - (ox)=0.0066M.
a 452 3,08 2.94 2.20 16.79#.05 8,60x10° 16.19+.05 28,5 24,7 b={Alcohol)=0,2000M,
2 85 6.20  6.79 = 2.01 . (0X) =0, 0059M
b 25: 0.295 0,320 ¢=(Alcohol)=D.0825M,
b 359 0,930 0,812 3.15 " ' 0X )=0,003%M
T 45) 2.05 1,97 2,20 16.84%.05 6.97x10° 16.32+.05 28.9 24,9 (HClo,)= 0.1500M.
b 550 4.12 4.“ 2.01 d-(Alcohol)-0.0B2m,
¢ 250 0.500 0.535 0X)=0.,003%1
c 359 1,30 1.21 2.69’ ' . HC10, )=0., 1000M
c 45 2,70 2.67 2.07 15.29+.03 8,76x10° 14,57+.03 33.8 24,6
) - - e=( Alcohol }=0,0825M
D 325° 0.350 0,360 A ZrOCl }=0,0150M
D = 0.880 0.814 .3 & ,
D 45 LB L77 2,05 15.16+.03 3.24x10° 14.37+.03 35.2 24,9 [g(}lcoholl=0.06251,
e 250 0.470 0,444
e 3% 1.23 1,03 2.62 5
¢ 45> 2,52 2,27 2,05 14,44%.07 B8,51x10° 14,74+.07 33.6 24,7
- 55 5,15 4,78 2,04 .-
£ 25‘; 0.330 .300
1 35, D.850 .727 2.58 4
£ 452 1.80 1.61 2,12 12.98+.07 2.47x10" 14.94+.07 33,6 24,9
£ 55 3,70 3.46 2.0% -



I Table 225
Rate Constants and Thermodynamic Activation Parameters for the
Reaction of Methyl Alcohol with Chlorine.
5 5
Conc.  Temp. 10°k, Temp. 107K, Bpee A 5 AR -AS AG
o slesdtest B ettt moane WIS UE; WRls em g
Sec~1 Sec” ’
a 25° 0,175 .180
a 35° .693 3.96 589 21,23+.06 6.82x10°  20,69+.06 15.4 25,3
a 45° 1.92 2.77 1.71 '
a 559 4,79 2.49 4,87
b 252 051 3.86 .051 9
b 35 . 197 3.86 .166 21,23+4.07 1.82x10°  20.59+.07 18.2 26.0
b 45° 550 2,79 .482
b 55° 1.37 2.49 1.34

A= (cuaa-l) = o.sooon.(ox)a = 0,0248M, v = 0,4
B - (cuam) = o.aooon.[oxlo = 0,01324 = 0,4



164

Table 226

Rate Constants and Thermodynamic¢ Activation Parameters for
the Reaction of Ethyl Alcohol with Chlorine

Conc.

Temp,
°c

10%
moles 11t7)
Sec

Temp.
Coeff e

E A
moles 1
o

171

250
as°

45°

55°

0,070

.275

« o770
1.94

D42

. 165

« 460
1.14

3.93
2,80
2.52

0.067
221
- 657

1.87

020

.165

.482
1.34

9

21.21+.08 5.62x10

v

21.18+.07 3.21x10

a- (C M OH) = 0,8000M, (OX) = 0.01324, A = 0.4
b- (C H,0H) = 0,8000M, (OX) = 0,0099M, /i = 0.4

AH AS AG

KCals e.u KCals
20.,78+.08 17.0 25,9
20,65+.07 18,3 26,1
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Results and Discussion

In Tables 223 to 226, the values of initial
rates, ko’ at different temperatures together with the
values of kipnt, temperature coefficient and various
activation parameters with thelr standard deviation are

presented, The energy of activation, E and the

.
frequency factor, A, of the Arrhenius :::at:l.on have been
calculated from the straight line plot of log k, versus
L/T, and the enthalpy,AH; and entropy,As”, of activatlon
have been calculated from the straight line plot of log
ko/T versus 1/T, by method of least squares(soa) (If the
straight line equation is y = mx + ¢, then by least
squares method,

m o= M2xivi — 2 xi yi

mZEx - @Exw?

)z %2 - (zxa)?

where n 1s the number of observations). The free energy,
AG#. of activation has been calculated at 28°C from the
values ofAH# andAs%. The rate constants, kint' have been
calculated by using the values of AH¢ and A f from
equation (x). We calculated the standard deviation, r.m.,

by using the fom“l.(304)

r.m, E {1ag @ml—l—g.
(ne2) [(z /12 < nzy/1?)
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where n 1is the number of experimental points and T s

the absolute temperature,

Researches on the temperature coefficient of
thermal and photochemical reactions had been carried out
oxtcnoivcly(4°'2‘9'3°5 to 310). Dhor(396) found that there
exists a relation between order and temperature coefficient
of a reactlon, He reported the following average values
of temperature coefficient (between 2582 and 3%°C) for
chemical reactions. Zero order . 4,40, Unimolecular : 4,19;
Pseudo unimoleculer; 3.84; Bimolecular: 3.02; Termolecular:
202; Quadrimolecular: 1,79; complex reactlions i 1.78. von

Halban had also corroborated this(slo).

The temperature coefficient, ksbq/kzso. of the
reactions of methyl and ethyl alcohols with aqueous chlorine
has been found to be 3,92 and 3,93 respectively, which
correspond well with the value for pseudo unimolecular
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

(306)

bimolecular reaction « These results further support the

accuracy in the determination of order of reaction.

The activation in 2 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,



1
therefore, be lower than that of either uncatalysed or 8'7
negatively catalysed reaction. According to Dhlr(3°8'31l).
a positve catalyst diminishes the temperature coefficient
of a reaction, the decrease being greater the higher the
concentration of the catalyst, Data presented in Table 223

to 226 supports this view,

The energy of activation, in the sbsence 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 are 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 1sopropyl and sec.butyl alcohols,

Chatterji and coworkers(2‘7 to 249, 250,251)

reported that for chromic acid oxidations of aliphatic
monohydric 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 Arrhenius frequency
factor, it 1s seen that the freguency factor, A anc'l. is

9

of the order of 109. 10°, 107 and 106 respectively, for

methyl, ethyl, isopropyl and sec.butyl alcohols.

The entropy of asctivation, in the absence of



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 velues 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 enerxgy

of activation values are also different for primary and

secondary alcohols,



GENERAL DISCUSSION 1 8 9

The reactions of chlorine with monohydric alcohols
in water have been found to be very complex. In most of the
cases we noticed that besides oxidation to their corresponding
carbonyl compound, viz, H - é « OH — é = 0, chlorination of
the alkyl groups of the carb;nyl conpoand 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 = 0, where x is the number
of moles of total oxidant per litre consumed in time t(gan.zal)
We arrived at most of the conclusions already mentioned in

various sections mainly by considering ko values.

For any mechanistic study, it isg of prime
importance to find out which of the species is principal
effective oxidant, Clg. HOC1, a* or Cla-? In Sec.2,]1 we
demonstrated by showing the constant values of ko/(Clz)‘D
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 :

(3) In sbsence of chloride jons :

If the initial stoichiometric concentration of

chlorine is represented by [< (21210 then, considering that
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the two oxidizing species to be Clz and HOC1,

‘.2012]o . {mﬂo v [HML]O

= [e1,), + Bielg), =[c1,] {u B }
w2 2 -y —
Ler7], ; (eI,
where B = [Hoc1) f[c1”] = Ky
[ea,], e c1”
Also, (£ c12)° S (c:12)o + (HOCl)o = (aoc%gz(cr)o + (HOCl)'o
= (HoCL), {1 + (cl')o}
B
Therefore,
k (c1.,) . (HOG1)
TG%)‘; "k, T c:li'zI 9 " Hiocy = cizi p
" ey (Bl + yogy (HOCL)
(012) {1 "‘(—Lr} (Hocl) {1+ (c1 ) }
» k012_(°1-)o + Yoy, B
B+ (c1')o B + (61')°
or, {B + (C17) k = ke (c1”) + kHOCl. B ssuare (1)
{ °} Tﬁ%ﬁ; 2 °

A plot of {n + (01’)03 k versus (C17) = will

o
be a straight line, the slope and intercept being equal to
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in Fig. 3 to 6, the plots of {‘s + (Cl )a} !‘(%5?)

2 5
versus (Cl )o for the reactions of oxidant with isopropyl,
sec.butyl, methyl and ethyl alcohols are ahow?;ér?e values

.88
of iB + {c1” Do} ¢ (C17), etc. are given Table ¢l From slope and
intercept, the mean values of k. and  kyney have been
2

found to be 3

Alcohol k012 .Sgc'l kHOCl. Sec'l
Isopropyl Alcohol 1,73 x 1072 1,47 x 1074
Sec.Butyl Alcohol 4.66 x 10”2 1.38 x 1074
Methyl Alcohol 1.20 x 1073 2.30 x 10°8
Ethyl Alcohol 2.00 x 10™° 4.60 x 10°°

For calculating kHOCl from intercept, the mean value of

B has been considered. The above data shows that in all

the cases, k . The agreement of k., =k /(Cl,)
b e D b c12( o/ (C12),)

values reported in Sec.2.l with the above kc12 values
(graphical) is within about 4% in all the cases,

(b) In presence of Chloride ions @

In presence of chloride ions, 01'3 is formed

by the reaction,
cl, * cI” = €1,

Therefore, Ka = ((01)31 = , Where K3 is the formation
Cl cl=-
2

constant of C1-3.

1f we consider the three oxidizing species
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to be 612. HOCl and 61'3. then
[£e1,], = (e1y), + (oer), + (ar7,),
= (Cl,), + B (Cl)), + K3 (€l,) (c17),
(c17),

= (Cl) {B + (C17) + Ky (Cl')oz}
(c17)

also, (£CL,), = (HOC1), (C17) " + (HOCL), + Kg(HocL) (c1°),2
B B

= (HOC1) {n v (C17), + Ky (cl')oz}
B

Therefore,

k

(c1,) (Hocl) (c1”,)
— = k + KkHOC) . + k., -
(ox), “2 tzc1,], . (Emzio cl Ty,

= kclL(CI-)o s kﬁocl. B
BH(C17), + K3 (c17),2  Be(a1™) * Kalal") 2

kC13(- [ K3 (Cl‘)o2

B +(C17), + K3 (C17)

k - - 2 -
or Ko {m (1), + Ky (€17) }- kgy o (€17 + Kiiocy «

]
B + k‘n-a' R SRR

3
specles is not effective as oxidant, then the third temm

This is a parebolic equation, but if Cl

of the equation may be neglected, It then reduces to

I kg {B + (Cl-)o + K3 (Cl-)oz}' kClz. (Cl-)o + kHDCl.B .-.(l'l'!')
(0x)
0
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which is a straight line equation,

In Fig.7 te 10, the plots of k {s+(c1")° + Ky
(OX)

(Cl'):‘:}versus (C1”) for the reactions of oxigant wi th
isopropyl, sec. butyl, methyl, and ethyl 2lcohols in presence
of varying concentrations of sodium chloride are shown

(for Kqe we took the value of 0.180(52’296), and for (Cl')o.

its mean value, viz,, (Cl’)o = O(o(ogzn + m during each

2
run, taking trichloride formatien into accounﬁ} From the

fact that straight lines have been obtained, we conclude
the contribution of the third term in esuation (2) to be
negligible; furthermore, the fact that the straight llnes

passes through very near to the origin shows that

e > ko D "c15
However, the mean values of kCl in presence of chloride
2
is about 30-40% lower than that obtained in absence of

chloride. This is perh2ps due to several uncertsin

assumptions,

We, thus, conclude that in chlorine water,
molecular chlorine, Clz. is the principal effective oxidizing
agent.

The mean value of the pseudo first order rate
constants has been found to be higher than - k./(012)o
value for each run, This difference in the rate accounts

for the rate of chlorination of the carbonyl compound,

Oxidatjon of Alcohols with Aquegus Chlorine.

In order to assign the mechanism of oxidation
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of alcohols to their corresponding carbonyl compound, as
well as the chlorination of alkyl group of the carbonyl
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 (012) = kope (Clg)
dt
and in presence of perchloric acid,
¢ *.n
-d (Cl) =k, (cl,;) (H)
dt
where n = 1/2 or 1. (In the case of methyl alcohol,
n = 1/2), The reaction kinetics for isopropyl and sec.
butyl alcohols accord the eguation,
- d (Clz) " R (Clg) (Alcohol)
dt

and in presence of perchloric acld,

- d (cl)) = ki (Cly) (Alcohol) (H)"

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 monochloroc acetone,

and butanone-2 and 3-chlorobutanone-2, CH3. CHC1. COCH3.
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respectively,

(C) The influence of ionic strength on the reaction rates

is insignificant,

(D) Chloride ions, in general, accelerate the reaction rates,
because thece ions cdisplace the hydrolytic ecuilibrium of

chlorine to the left and, in turn, produces more chlorine.

() Silver nitrste, fluoeride and dihydrogen 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.

(3) The energy of activation has heen found to be of the
order of 21,2, 21.2, 16,6 and 16.8 Kile Cals respectively
in the case of methyl, ethyl, isopropyl and sec.butyl

alcohels,

Consistent with all the facts, the following
mechanisms may be ascribed to the chlorine oxid»tion of

alecohols in water to corrospaadihq carbonyl compound 3
H ' .
+ -
! !
R' R
? | + o +

] R’
R'

(i)

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 resction with HOCl is very slow in comparison to the
rate with chlorine molecule, Here the rate contrelling

step involves the abstraction of proton from the C-H bend
by a base (e.g. water). The mechanism of electron movements

in the elimination process (ii) may be represented as

follows e
0
H
\.l,.-'
,'Q,

The electron movements involve the C-H, C-0 and 0-Cl bonds
simultaneously, for otherwise transient ion, R~ C - 0+,

of very high energy content would have to be formed,

Chlorine is a heterclytic oxidant. The
oxidation of alcohols by heterolytic oxidants generally
takes place by way of esterification 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 englization

(312)

rate . Actually the chlorination of a ketone or aldehyde

should be regarded as oxidation.

The chlorination of aldehydes or ketones
may be regsrded as occuring by the initial enolization of
aldohydo(zzl)
and the splitting out of a molecule of HCl 3

or ketone, followed by addition of chlorine
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(A) H H H H
+ | | 4
R‘ #‘ C = o + H : R‘ ?" C - m (1".diate) sscegsace (iii)
R’ R’ |
H
H S LR | L
R" ?- C - ()H + B L R" ? = c" m + BH (’10") sessnB e (’-V)
R R
? ?1 ﬁ ?1 H
R - 9 =C=- 0OH + 612 ~—> BRe ? - G- OH—R - C = C s 0 + H +C1 (v)
R’ R’ él R/
(B)
At =
RCHZ. C. ma + HA e va}lzo ﬁc + A oot-oo-oonoo.on(Vi)

oH*

—_— H

R. c}'l20 %.+%+B . R RO 2' ? m2+B .ooitnooonoa(V11)
OH OH

&

|
Ro c}{zo 'C = C}{2 + 612 > anzo c -

—»> R,CH,.C.CH.Cl +
l 2°u' T2
OH OH

al ~

K +c1” ... (vii1)

The effect of adding the proton to the carbonyl group 1s

to increase its attraction for electrons and hence make

it easier for the alpha - hydrogen to leave as proton. Since
chlorine also is elcetron-attraeiing, a second hydrogen

atom 1s replaced still more readily than the first hydrogen
atom and the symmetrical polysubstitution 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,
Snith(Sla) pointed out that the aldehydes and

ketones which have hydrogens on the carbon alpha to the



carbonyl group react rapidly with halogen to produce the
correspondingeX~ halo - substituted carbonyl compounds, If
other hydrogens are available, they too will be substituted

until no more o - hydrogen remains,
R=CH,.CHO +X2 ~—>» R,CHX, CHO + HX
The overall reaction mechanism, e.g. for the

reaction of isopropyl alcohol with chlorine, maybe written

as follows :

H H
! 1
CH, = C = OH + Cl, —>CH, - C= OCL +H +C1” (1x)
Dt 2 S
CH, CH
H
+ -
CHy = C= 0CL + B—> (CHy), C =0 +BH +Cl (x)
1
CH,
H+._s H*
CH;.CO.CHy + H == CH,. c;, = CH, +| (x1)
oH
CHy = C = CH, + Cl, —> GHy. C. CH,Cl ¢ H + a1” (x41)
} 11
o 0

The hydrogen ions produced in step (ix) are
utilised for enolization in step {xi). Thus the pH of the
reaction mixture remains almost constant during » 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 :

(a) The chromic acid oxidations of alcohols have now
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been shown to proceed via chromic acld ester of alcohel as

(3,22,23,41)

intermediate . Such ester mechanisms of oxidation

of alcohols by a large number of oxidizing agents have
gained maximum support(222'3l4).

(b) Chattaway snd Backoborg(235)

observed that alkyl
hypochlorites are unstable and they decomposes quletly,

yielding as primary prdducts, aldehydes or ketones i

RCH,OC1 — R.CHO + HCl

2
R2CH0C1 — RQ CO + HCl

(c) Alkyl hypochlorites usually oxidize alcohols
to the corresponding carbonyl compounds. Pyridine, a proton

acceptor, catalyzes such rcactlon(loz).

(d) The rate determining step in the oxidation of
alcohols usually involve the cleavage of C-H bond as
tndicated by C-H kinetic isotope effect(10021:29,236)

(e) Although Swain et al{zq) suggested that the
oxidation of 1sopropyl alcohol by bromine proceeds via
hydride transfer, viz,

c HE— CH
”3\C_/<°/" L

i Se=o + HBs + BT+ HF
chy”  Np 3na By Mg

this does not appear to be applicable for chlorine oxidation,
because the basic difference in the chlorine and bromine
oxidations are 1 (1) the chlorine oxidation does involve the
alkyl hypochlorite ester formation, the bromine oxidation
does not; whereas alkyl hypochlorites have been isolated,



200

U
the alkyl hypobromites have not been isolated so far by
any investigator, (11) whereas chloride 1on enhances the
rate of chlorine oxidation, the bromide ion inhibits the
rate of bromine oxidation, (1ii) the rates increase with
increasing pH in bromine oxidation(233). but the rates

decrease with increasing pH in chlorine oxidation,

While discussing the mechanism of electrophilic
chlorination, Robertson and coworkera(lll) pointed out that
chlorine reacts directly in molecular form, the rate
determining step boing the formation of an intermediate
(ArH.Clz) with aromatic compounds, Soper et al(slb) have
clearly stated that trichloride ion, Cl,” is not an effective

chlorinating agent,

Although many workers(122 to 126) believe that
chlorine cation, c1’ or C1+.H29 i1s the main chlorinating
agent in aqueous acidic media, Arotsky and‘Symono(lso)
showed that the concentration of these ions in aqueous
acidic media are so small that they could hardly act as
important intermediate in chlerination, Harvey and Norman(lgl)
mentioned that in acidic solutions, the attacking species
is Cl+ ions, whereas in non acidic conditions the molecular

chlorine is the principal species.

The influence of chloride ions clearly shows
that the chlerination with Cl+ ions does not appear to be
possible, because the equilibrium Cl+ " = Cl2 would
be displaced almost completely to the right and hence the
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concentration of Cl+ fons in the reaction mixture must be
virtually zero. Moreover, according to Bell and 69119‘1852
the concentration of Cl' lons is so small in solution thet
it i1s unlikely to be effective chlorinating agent. Further,
the possibility that there might be initially exceedingly
small concentration of Cl+ ions may also be excluded
because in that case the HCl formed in the substitution

reaction would immediately destroy the reactive species,

Oxidation of Alcohols with Aqueous Chlorine
in Presence of Perchloric Acid

Perchloric »cid functions in two ways ¢

(1) it suppresses the hydrolysis of chlorine, which, in tum,
increases the concentration of Cl, and {11) it increases

the rate of enolization of carbonyl 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
monochlorocacetone increases in presence of perchleric acid.
This is a clear evidence that perchloric acid increases the

enoli zation rate,

Catalytic effect of Salis

The chloride ions enhance the reaction rates
because they displace the hydrolytic equilibrium of chlorine
to the left. In section 2,4 it has been shown that the
reaction rates are faster in presence of tri or divalent

metal chlorides than in presence of monovalent metal chlorides,



AlCl3.Mlclz.Zn012.lgCl2 etc. for example, enhance the rate

many fold, Two reaction mechaniems seem to be possible

(1) these salts have tendency to hydrolyse in water
AlCl, + 3H,0 = Al(ciﬂ)3 + HCl

MC12 + 2H0 _— m(m)2 + 2HCY

HCl produced by hydrolysis of salt is perhaps responsible
for acceleration in rates; the acid may act in two ways :
{(a) it increases the concentration of molecular chlorine by
sqpprcssinq the chlorine hydrolysis (b) 1t incresses the
rates of enolization., This may be one of the reasons why
the reaction rates in presence of AlCls, NiClz.ZnClz,MgC].2
etc, are higher than in presence of CaClz. SrClz. Ba612

etc. The acceleration in rate and the formation of
trichloroacetone for the reaction of chlorine with isopropyl
alcohol in presence of an2 seems to be best explained in
this manner. {11) the chlerine molecule forms a complex Qith
the substrate and then the Lewis acid, ZnCIQ. AlCl3 etc,

assist in breaking of the hond between chlorine atoms :

s _Incda, SRLE
SH = SHaR, ———t ALty <ie [ }
S‘&no Zmely , ARely

The rate determining step 1s 3 simultaneous nucleeophilic

'push' by the substrate and an electrophilic 'pull' by the
catalyst on opposite ends of the chlorine molecule, with

heterclytic cleavage of Cl-Cl bend,
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The HQPQZ and ¥~ 1lons are known to act as base
(proton acceptor).The catalytic effect of these fons is
perhaps due to their participstion as base in the removal
of H from the C-H Bond of the alkyl hypochlorite in the
rate determining step 13

Ry=CHOCL + HpPO", —> nzc-o+aapo4 + Cl
R2C1-IOCI+F' — aec-o+m=+c1'

De la Mare and Ridd(laq) found that for relatively
unreactive aromatic compound, the reasction rates are
fnsensitive to small changes in concentration of Aquo4; but
we notice that for the reaction of alcohols with chlorine,
the reaction rate increases with increasing concentration of
sllver nitrate. Arotsky and Synons(lao)polnted out that there
are evidences for the formation of AgCJ12+ and hence the
possible participation of thlz+ in the chlorination should

be considered.

K,0
ocl” 2= agcl,’ + HP

AgCl (Solid) + Hy N

¥ “
AgCl, + ATH X2, azCl + AgCL (Selfs) ¢ H

Perhaps silver ion helps in displacing chlorine
atom from the hydroxy alkyl halide :

L R : +
Romzocagms + H <~ R.mz.? = mz + H

5 el + Azl
R‘CH;;$:CH2_+C,Q’_-5R'CH;_-C”}-CH’_QQ 52 ey G Gl + AT
oH oH on”

+
bo



204
This 1s only a tentative suggestion.
The chlorination of oxidation product of methyl
alcohol, formsldehyde, 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,



CHAPTER 3

REACTION OF FORMALDEHYDE WITH CHLORINE IN
AQUEQUS _SOLUTION

Introduction,
Sec.3.1 Order of the Reaction
Sec.,3,2 Identification of the Products of the Reaction
Sec.3.3 Influence of Ionic Strength,
Sec.3,4 Effect of Some Inorganic Salts
Sec.3.,% Activation Parameters

General Discussion
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INTRODUCTION

The kinetics of oxidation of aliphatic and aromatic
aldehydes by varfous oxidizing agents have been extensively
investigated, but little information is available coneerning
the mechsnism of their oxidation by chlorine,

Kastle and Lovenharttalb) found that the
reaction betwesn formaldehyde and hydrogen peroxide obey
the second order kinetics. The product of the reaction was

found to be dimethylel perex1d¢(3l7). l-!2 (HO; Co

2.
(318 to 322)

studied the reaction in
more detail, Abel(azz)lquenttf the following mechanism

Varicus investigators

for the oxidation of fernaldohfde by alkaline hydrogen

peroxide solution 1

2 (HCHD + OH® =—— 1«}!\110 )

N OH
o 0
HoH{  + H0,—> HGH  + OH + oH
OH oM
3 0
HH  + O — HoH < + OW
ox OH
0- M u
f !
HOH { —~H0= € =0 =0 =G « OH —>2HCOOH + H,
OH H H

wieland'323) oyt forward the view that the
oxidations of aldehydes are in reality dehydrogention of
aldehyde hydrate:

R.CH (OH), + 0 —> RCOOM + on”

H‘(323) sugjested the following mechanism for the oxidation
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of aldehydes by molecular oxygen in autoxidation i

g =T R.C(:0) 0,0H

R.C(:0)0.0H + RCHO — 2 RCDOH

R.CHO + O

R.CHO + HO,OC (30)R —> RCH(OH)OC(:0)R + 2RCOOH

or, HCH(OH)2 + R Cﬂaﬂ-—4> 2 RCOOH + H20

(324) (tudied the kinetics

Conant and coworkers
of oxidation of formaldehyde, acetaldehyde, propionaldehyde,
n-butyraldehyde and isobutyraldehyde at 80° in different
media by ceric sulphate, ferricyanide, tungsticyanide and

molybdicyanide,

The potassium permanganate oxidation of aldehydes
were studied by several 1nvcstigator|‘325 to 329). Wiberg
and Stowart(329) observed that the rates of oxidations of
eight aromatic aldehydes are proportional te 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 sldehyde
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

RCHO + H3o+ — - reHY OH + HO

2
' o
RCH OH + Mn04™ — R =« C = OMn0O3
4 ;
R - 92, H< 1B— RCOOH + HB + Mno3'
0 —MnO;

2 Mn03™ + H,0 fast , MnO, + Mn0,” + 2 O
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A free radical mechanism was proposed by them for the

reaction in basic solution :

- =» L 3
Initiation: Mn04™ + OH —— MnO,  + OM

o*
|
HO® + RCHO — R C - OM
o* g
! 2 - »
R Ca= OH +Mn0,” — RCOOH + Mn0,~ + HO

H
Termination : 2 HO"—+ Hzpz

H202 + Uﬂ04 — 02 + HI&nC’O‘_

Ladbury and Chllis(aso) reviewed in detail the
kinetics and mechamism 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 compeund, and pH of the
solution,

Bugarszky(zgo)found that the order of the
reaction of acetaldehyde with bromine is first with respect
to both the reactants, Various invostigators(zsl’zaa’236'331)
obtained similar results and pointid out th‘t the rate by
molecular bromine is faster than the rate by hypobromous acid.

Perlmutter-iHayman and couorkeﬂ(ﬁs) s( 26)

supported Kaplan'
view, who claimed that the similarity of deuterium isotope

effect (ky/K) = 3.9) in the acetaldehyde oxidation to that in
ethanol oxidation by bromine was in accord with the 1d..(231)
that these reactions have similar mechanism, Perlmutter-Hayman

et 8l proposed the following mechanism



H
{
CHBCH(OH)2 + Br2 = CH3 - ? e OBr + HBr
? OH
CH3 - g - OBy —> CH3 COOH + HBr
OH
(332)

Cox and Mc Tigue proposed a hydride abstraction

mechanism for number of nliphatic aldehydes,

R(CH)OH, + OH" 328 Ry (07) OH + HO
RCH(O") OH + Br, ——> RCOOH + HBrz'

Her," fast % 4 2 s

Hatcher and c0workems(333) noticed that the
rate of oxldation of acetaldehyde by oxygen is proportional
to the aldehyde concentration and independent of oxygen
concentration, Recently Norrish (334)detoctod the product,
H202. of the reaction between formaldehyde and oxygen.

The researches of Spence and Wild(a4)conc1udes
that the reaction between chlorine and formaldehyde proceeds
either by an explosion or by a slow process, preceded by an
induction period. These results are in accord with the

(8%,86)
photochemical resction studied by Krauskopf and Hollcfsoé.

Faull and Rollefson'2>%) observed that hydrogen
iodide and carbon monoxide are the final products of the
reaction of gaseous formaldehyde with lodine. The resctions
of aldehydes with fodic acid‘zaﬂ) or 1od1no{33° to 337)
have 8lso been studied, The oxidatlons were found to
proceed rapidly in base and competes with lodination, which

is followed by hydrelytic cleavagc(335'336). The rate
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controlling step of the lodination process is base -

catalyzed enolization ;

CHyCHO —22.>CH,CO0” + CHI, CHO + Cl, CHO
OH
lou’ OH™
CH I, + HCO,™ CHI, + Hcoé'
Cullis and Swaln(336’ suggested the following mechanism
for the reaction of aldehyde with hypoiodous acid :

~
O:.I
i h I L 2
~c+o< 4 c —oH - —C~O0H + H ¢+ E
{ H /
H H

Accoxding to Bawn and willianson(ssa), the
uncatalyzed and the tracer metal catalyzed oxidation of
acetaldehyde in solution proceeds in two well defined
stages : (a) the oxidation of the aldehyde to peracetic
acid, (b) the reaction of peracetic 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 Rokitskaya(aaq} studied the kinetics
of the oxidation of aldehydes by selenium dioxide and
selenic aclid and found that the velecity of the reaction
with selenic acid decreases with increasing moleculasr weight,

with the exception of acetaldechyde.

The kinetics of halogen addition to < -

olefinic aldehydes in acetic acid solution was studied by

(340)

Ne la Mare and Robertson s Who proposed the following
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mechanism : + _1 o+
SR <

3
ART 4 9\’1;—? ABv, + H'

A Bry —E—> A By By

The reaction of aliphatic aldehydes with

nitrogen dioxide was studied by many work.rc(S‘l to 343)

in which different products were detected, It was found that
the slow reaction between formaldehyde and NO, becomes

explosive in the region of 180°C and this explosive reaction

(344)

becomes thermal in nature, Barton proposed a chain

mechanism invelving hydrogen abstraction for the gas phase
oxibtion of formaldehyde by Noz.

(345)

Bawn and White investigated the oxidation

of formaldehyde by cobaltic ions, From a detailed study of

(346)

the reaction, Hargreaves and Sutcliffe proposed the

felluwing mechanism:

2t 1] +
N DR \\C + H

followed by the fast reaetlan. //o
gt =" H-C + H?
CO = /C ~SoH GO < °H

(347 to 349) [i.died the kinetics of

Water and coworkers
éxihtions of propionaldehyde, n ~-butyraldehyde, acraldehyde
and formaldehyde by manganic (111) ions and found that the
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 alr oxidation of aliphatic aldehydes was
also studied in detat) (350 to 353)

(354), the reactlon

Asccording to Wiberg and Lepse
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.

Luechy (3%% to 357) investigated the oxidatien
of substituted aromatic aldehydes by chromic acid in
acetic acid - sulphuric aclid solution, He found that generally
the reactions are bimolecular, but failed to detect the active

ion of chromium responsible for oxidation,

Wiberg and coworkerstabs'aﬁq) reported that
the rate determining step involves the cleavage of aldehyde
C-H Bond in the oxidation of benzaldehyde by chromic acid,
as indicated by isotope effect kH/lD of 4,3 at 25%, They
suggested that a mechanism which is analogous to that for
the permanganate oxidation of aldehydes may be operative.
Graham and wQsthninor(36o) found that the rate of the
chromic acid oxidation of benzaldehyde in water at 80°c
increases with the first power of both the congcentration
of benzaldehyde and aclid-chromate ion, and with a more
complicated function of the concentration of acid. They
suggested that the reaction proceeds by way of the chromic
acid ester of hydrated benzaldehyde as intermediate (similar
to that of isopropyl alcohol oxidation).



H
41 ¢
CgMg CHO + HCzo™, + an* £28% CeMy - {:- ocro.H' 212

3
oH
H
|
nlow +
C‘EH5 ? OCrogﬂ + Hao 06H5GUOH + Hso + H2 Croa
OH

criV + ¢V fost . v
o' + Cghy oo fast CgHy, COOH + cetid

The formation of an aldehyde - chromate complex of the type
AcH-HCrO'4 was detected by Klannimg(aol).

Chatterji and Antany(z‘q'aéz) investigated the
kinetics of chromic acid oxidation of acetaldehyde, n -
butyraldehyde and isobutyraldehyde, The oxidation of other
aldehydes by chromic acid was investigated in detall by

(363 to 365) prom 2 detatled kinetic

various 1ﬁvestigators
investigation of the chromic acid oxidation of formaldehyde,
Chatterji and nukherjoo(3'366) concluded that (1) the order
with respedt to formaldehyde, chromic acid and H' dons is
first, first and second, at all hydrogen ion concentrations,
{i1) the induction factor for the induced oxidation of
mangsnous 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 - pyridinium ien

buffers indicating a base initiated break down of the chromic
acid ester, They proposed %?a following ester mechanism 3

H !
Ho=" 4 Bef == 4C oM

\:{ H P " T
1 S : t* 5| pc—o=~cr0 o)
@4OGOJ o+ HQOH'fZH [H’ ] iy
|0! oH OoH oH
H oH +

O
[..imi_n ;f?%x\ 1 SoleRl Late Sy B}4++-H<Z?:; -+ ”1CYCB
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A perusal of the literature reveals that the
oxidation mechanisms of monehydric alcohols and aldehydes
bear a formal resemblance inmny ca2ses, The aldehydes
react in the form of their hydrate, The similarity of the
deuterium isotope effect(lo) 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 czses, the rate controlling step is the rupture
of C-H bond,

In the present chapter the reaction of formmaldehyde
with chlorine is discussed, An attempt has been made to

find out Lif there is any similarity in the mechanisms of

reactions of alcohols and aldehydes with chlorine,
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SEC.3,1 QORDER OF THE REACTION

Intreduction : The order of the reaction of formaldehyde

with chlorine in water, in absence and in presence of
perchloric acid, has been determined at constant lonic strength
of 0,4, The initial rates, ko moles litre™! Sec’l, have

been determined graphlcally in all the cases. The orders

with respect to chlorine, formaldehyde and hydrogen ions

have been calculated by the same method as applied in the

(279)

case of alcohols o« The values of pseudo first order rate

constants have a2lso been calculated by using the eguation

k = 2,303 log a
t io {a=x)

EXPERIMENTAL

All the chemicals used were elther 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 1t contains methyl aleohol which was found
to be reactive with anqueous chlorine, the fresh formaldehyde
selutions were prepared for each experiment by decomposing
paraformaldehyde (Merck Cp) by heating and cellecting the
gas in lce cold conductivity water, The concentrations of
formaldehyde solutions were then estimated by iodine
titration(367).

The progress of the reaction was studied
fodometrically 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 0.0166M Total Oxidant 0,0132M
Formaldehyde 0, 1250M Formaldehyde 0.1250M
Time This kx10% Time Thie kx10?
mts. ccs, Se¢” mts, ccs, See
0 65 - 0 5‘ =
2 40 8,00 2 3% 3.61
4 21,0 4.71 : 4 27 2,89
6 12,0 4,69 6 20,0 2.76
2 8.3 4,29 g 19,9 2.60
10 5,0 4,27 10 12,0 2,51
12 3.0 4.27 12 8.3 2.60
Mean kx103 Sec! = 4,45 Mean kx103 Sec™ ! = 2,67
kyx10° = 5-30 k,x10° = 3,20
Table 229 Table 230
Total Oxidant 0,0066M Total Oxidant 0.0050M
Formaldehyde 0.1250M Formaldehyde 0.1250M
Time Thio kx1o31 Time Thio kx103,
mts. ces, Sec” .mts, ccs, Sec
0 48,2 = 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 N.874 30 18.8 0.814
40 6,0 . 0,868 40 7.1 0,815
50 3,9 0,874 50 4,4 0.812
60 2.3 0.845 60‘ 2.7 0.812
Mean kx103 ﬁec'l w 0,869 Mean kxxo3 Sec'l = .B13

k,x10° = 0.700 koxxos = 0,430
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Table 231 Table 232
Total Oxidant 0,0049M Formaldehyde 0.2130M
Formaldehyde 0,1250M Total Oxidant 0.0045M
Time Thio kx10®_, Time Thio kx10®_,
nts. ceS, See” mts. ccs, See
0 33,45 - 0 43,3 -
10 22.8 0.639 10 26,4 0.82%
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 N, 747

Mean kx10° Sec”! = 0,558 Mean kx10° Sec™1i= 0.752

'oxxo5 = 0,300 koxm5 = 0.410

Table 233 Table 234
Formaldehyde 0,1870M Formaldehyde 0.1520M
Total Oxidant0.0N45M Total Oxidant 0,0045M
Time Thie kx10®_, Time Thie kxlO?I
mts. ccs, Sec mts. ccs., Sec
0 43,3 - 0 43,3 -
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 n.668 60 6.0 0.549

Mean kx10°Sec™! = 0.678 Mean kx10° Sec™! = 0,558

I, x10° = 0,360 k,x10° = 0,300
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Table 23% Table 236
Formaldehyde 0,1320M Formaldehyde 0.1150M
Total Oxidant 0,0n4A5M Total Oxidant 0,004 5M

Time Thio  Kx10® |,  Time Thio kx10°_ |
mts, ccs Sec mts., ccs. See
0 43,3 - 0 43,3 -
10 31,8 0.52% 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 19,3 0,433
50 9.8 0.49% 50 12,2 0,422
60 7.4 0,491 60 8.9 0,439
mean kx10%sec™i= 486 Mean kx10® sec™l= 442
ke x10° = 0,245 k,x10> = 0,245
Table 237 Table 238
Formaldehyde 0. 1000M Formaldehyde 0,0885M
Total Oxidant 0,0045M Total Oxidant 0.0045%
Time Thio kx103 Time Thie kx10_,
mts., ccs, Sec mts, ccs, Sec
0 43,3 - 0 43,3 -
10 30,7 0.573 10 30.7 0.573
20 24,55 0,473 20 24,%5 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

Mean k;;oa Sec'ls . 449 Mean kx1o3 Sec'l = ,451

koxxo5 =0,245 - k°x105 = 0,245




Table 239
Formaldehyde 0,0634M
Total Oxidant 0,004%5M
Time Thio kxlos_ 1
mts, cCSs. See
0 43,3 -
10 30,9 0.584
20 24,55 0,473
30 19,3 0,449
40 14,9 ND.444
60 8.8 0,443
Mean kxic® sec™! = .451
koxm” - 0,245

Formaldehyde 0.1914M
Total Oxidant 0.0060M

Table 240 Table 241
Perchloric Acid 0,0200M ‘ Porchleri¢ Acid 0.1000M
Time Thio kx202 | Time Thio kx10®_,
mts, cCs. Sec” mt3, ccs sec
2 18.2 1.73 2 17.7 1.96
4 15,% 1,53 4 15-2 1,62
6 13.9 1.41 é 13,5 1.41
8 11,3 l1.42 £ 11.15 1.45
10 9.6 1.41 10 . 2.7 1.39
12 ’331 1.41 12 8.28 1.39
: 5 -l = - -
oxLD = 1,13 °x105 s K
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Table 242 Table 243
Perchloric Acid 0,1500M Perchloric Acid 0,2000M
Time Thie kx10®_,  Time Thio kx10°_,
mts. ccs, Sec” mts. ccs. Sec
0 2204 - O 2204 -
2 17.5 2.06 2 17.3 2.1%
4 15.0 1.67 4 4,9 1.70
6 13.4 1.43 6 13,55 1,40
¢ 11,2 1.44 8 11,3 1,42
10 25 1.43 10 0,65 1,40
12 8,0 1,43 12 .1 1.41
Mean kx10® sec”! = 1.43 Mean kxlﬂa Sec”! = 1,41
B
k x10% . 1.1% k x10° s 1,12
9 0
Table 244 Table 245
Perchloric Acld 0,2500M Perchloric Acid 0.2800M
Time Thio kx10°_,  Time Thio kxlos_l
mts. cCs. Sec mts, CCS. See
0 16.2 - 0 -‘-6.2 -
2 13,2 1.71 2 13,0 1.83
4 10,9 1.6% 4 11,1 1.57
6 90&5’ lo“ 6 9.7 1.42
8 8,15 1,43 2 8.1%9 1.43
10 6,95 1,41 10 6.95 1.41
12 5.90 1.40 12 5.90 1.40
Mean kx10° Sec”! = 1.42 Mean Kx10° See”! = 1.41
koxlo5 = 1,13 k x10° = 1,12

0
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TABLE (E)

The Fraction of Total Oxidant Present at Zero Time as Molecular Chlerine and
Hypochlorous Acid in the Absence of Sodium Chloride.,

(0x) M pH .H+=1°3 Yer~ B (B+c1”) Lo (1-Ko)  (Clp) x10* (#C10) %10
M H
0.0166 2.05 e.913 0.664 0,0862 0.1004 0.8554 0.1446 24,00 1,420
0,0132 2,10 7.944 0.664 0,0967 0.1084 0.8903 0.1097 14,48 LTS
0.0066 2,25 5.624  0.664 0.1370 0.1433  0.9547 0.0453  2.990 0.6300
0.00%9 2.30 S5.012  0.664 0.1532 0.1589  0.9660 0.0340  2.006 0.5700

0.0049 2,35 4,467 0.664 0.1720 0.1767 0.9695 0.0305 1.494 0.47350



Table 246

Dependence of Oxidation rate of Formaldehyde on the Concentration
of Chlorine at 35°C

(HCHO) = 0.1250M, Al= 0.4

Total
Oxidant
(0X) M

- S W S -

0.0166
0.,0132
0066
0059
.0049

3 5
k x 107 k,x10 Bl TR R
Sec molos 11t 1 IOXSO 1 IHEIOSO -1 (Cszo
Sec” Sec” Sec 3ec™ ]
Sec
4,45 5.30 3.19 3.73 2.21
2,67 3.20 2,42 2.72 2,21
0.86% 0.700 1.06 1.11 2.34
n,813 0.430 0.728 0.754 2.14
0.558 0.300 0,612 0.632 2.01
Mean k, = 2,18 x 1072 sec™?
z612,°
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Table 287

Rate Constants as the Function of Fommaldehyde Concentration
at 35°C

[0X)° = 0,0045M , U= 0.4

(HCHO) M 0.0634 0.0885  ©0.1000 ©,1150 0.1320 0,1520 0.1870  0.2130
109k, 50"} o0.am1 0.451 0.440 0.442 0.486 0.558 0.678  0.752

10k _,moles  0.24% 0.24% 0.245 0,245 0,245 0,300 0,360 0,410

11t=1 sec™?

Order - 0 0 0 0 1.43  0.88 1.00

xo5k§/(ncuo) a ; i - o 1.7  1.92 1.92
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Table 248

Rate Constants as the Function of Perchloric Acid
Concentration at 35%¢

(HCHO) = 0.1914M, (ex)o = 0.0060M, M= 0,4

(nc1o,) M 0.05 0.10 0.15 0.20 0.25 0.28
’
3 sec~!
107K, Sec 1.41 1.41 1.43 1.41 1.42 1.41
10%, meles
o 1 1,13 1,11 1.12 1.12 1.13 1.12
1it-1 Sec”
Order - 0 0 0 0 0



Results and Discussion :

The order of the reaction has been determined by
Ostwald's 1solatien mathod(zvg). We found that for the
system ioxidant 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 (0.1% to 0,2IM),
Thus the total order is elther first or second, depending
upon the concentration of formaldehyde.

In pfesenca of perchleric acid i.e. for the system :
oxidant, formaldehyde and perchloric acid, the order with
respect to hydrdgon fons is zero at all hydrogen ion
concentrations {0,05 to 0.28M).

As the initial stoichiometric concentration of the
oxidant is increased, the nseude first order rate or initial
rate, ko' also increases, This fact may be correlated with
the hydrolytic equilibrium of chlorine,

Cl, + H,0 == HOCL + H' +a1”

It is okvious that the fraction of the total oxidant present
initially as molecular chlorine increases with increasing
initial stoichliometric concentretion of the oxidant, Our
observations thus clearly indicats that the rate of oxidation
of formaldehyde is proportional to the molecular chlorine
concentration. This is confirmed by calculating k, /[Cl.] .,
which has be2en found to be zonstant for all the initial
stolichiometric concentration of oxidant, It is, therefore,
evident that melecular chlorine is the principal effective
oxidant and HOCl is playing 2 negligible role, We calculated
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the values of [Clz]-o by the same method as explained
in Sec.2,1. In Tables 246 to 248, the data obtained by
spplying the ecquations of Se¢.2.1 are shown,



IDENTIFICATION OF THE PRODUCTS OF THE REACTION 2 ;

oD
s in}

SEC, 3,2 INTRODUCTION 3

The products of the reactions of chlorine

with formaldehyde in aqueous solution have been identifled.

The main product is chloroformaldehyde,
CICHO, A portion of the chloroformaldehyde has been found
to get oxidized to chloroformic acid, which has been detected

by chromotropic acid reaction(368).

EXPERIMENTAL

(1) Identification of Chloroformaldehvde : In a typical

experiment, chlorine, solution was taken in excess (130 cc
of 0.,0420M aqueous chlorine, l4cc of 0,0119M formaldehyde)
and after an hour, two hours and four hours, the reaction

products were precipitated as 2:4 dinitro-phenyl hydrazone

(285)

derivative o 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 2:4 dinitrophenyl

hydrazone derivative is of chloroformaldehyde,

In another experiment the aqueous chlorine
solution was again taken in excess (130 c¢c 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 dinitrophenyl -hydrazone derivative
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was prepared by reacting with the distillate (m.p.158-159°C).

(11) Detection of chlaroformic acid : In an experiment
formaldehyde was taken in large excess (2% cc of 0,0IM and

5 c¢c of 0.0IM 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
tetrachlaéde 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, chromotroplc
acid and sulphuric acid solutiens were added and then heated
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 tc reduce chloroformic acid to
chloroformaldehyde, Chromotropic acid solution and sulphuric
acid was added and the mixture was heated on a water bath for
about 45 minutes, which gave a deep violet colour, This
indicates the formation of chloroformic acid.
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SEC. 3,3 INFLUENCE OF IONIC STRENGTH ON THE REACTION RATE

Introduction : The effect of ionic strength in the

rate of the reaction of formaldehyde with chlorine in
presence and in absence of perchloric acid, has been
studied at 35%cin this section, The ionic strength of the
solution has been varied by the addition of sodlium
perchlorate, The difference in the rate constants of the
reaction in the presence of sodium perchlorate from that in
the absence shows the effect of lonic strength., The results
are recorded in the following Table.,
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Table 249

Formaldehyde 0, 1003M
Tetal Oxidant 0,0044M

1, Sodium Perchlorate 0.0000M 2. Sodium Perchlorate 0,1000M
Time Thio kx10°_, Time Thio kx10®_,
mis. CCS. Sec. mts, cCSs. Sec
0 19,7 = 0 19,7 =
10 15,6 0,934 10 16,2 n,326
20 14,3 0,267 20 14,45 N.,258
30 12,3 0,262 30 13,1 N, 227
40 10,5 0,262 40 11,4% D.226 -
50 8.8 0.269 50 9.9 0,229
60 7.9 N.268 £0 8.8 D.224
Mean kx10® Sec™) = 0,266 Mean kx10° sec”! = 0,226
koxln° = 0.122 kox105 = 0,108
3, Sodium Perchlorate 0,2000M 4, Sodium Perchlorate 0,3000M
Time Thio kx10°_ Time Thio kx10®_,
mts, ccs. Sec mts, cCE., Sec
0 19.7 - 0 19.7 -
i0 14,85 0.472 10 14,32 N,534
20 13,6 0,309 20 13.2 0,334
30 13,0 0,231 30 12.0 0.27%
40 11,5 0,224 40 10.2 0,274
50 9.9 0,229 %0 8.9 N,.280
60 8.9 n,221 &0 T3 0.275
Hoanlkxlﬁ3 sec™! = 0.226 Mean kxlOa sec”l= 0,276

ox105 = 0.10% kexlf)!’ = 0,125




5, Sodium Perchlorate 0.340 M

Tine Thio kx10®_
mts, cCs, Sec
10 22.% 0.403
19.3 0.329
30 15.9 0.327
12.7 0.339
50 10.4 0.338
60 8.5 0.337
Moan kx10%sec™l = 0,234
% ;
k°x10 = 0,152
Table 250
Formaldehyde

Total Oxidant

230

6, Sodium Perchlorate 00,4000

Time Thio kxlofl
mts. ccs Sec
0 43,3 -
10 30,7 0,573
20 24,55 6.473
30 19,3 0,449
40 14.8 0,447
%0 1l.4 0,445
60 .1 0,433
Mesn kx10® See™! = 449
k x10° = 0.223
0
0, 1000M
0,0049M

Perchloric Akkd O.1000M

1. Sodium Perchlorate 0.0000M

Time Thie kxlns:;
mts. ccs. Sec

0 29.6 -

5 18,6 1,95
10 12,1 1.49
15 9.0 1,32
20 7.0 1,20
25 5.0 1.18
30 3.4 1.20

Mean kx103 sec ! = 1.23

koxxo5 = 0.740

2. Sodium Perchlorate 0,1000M

Time Thie kx10?)
mts, ccs, Sec
0 16.5 -

5 10.7 1.44.
10 6.8 1.48
15 5.7 1.18
20 4.3 112
25 3.1 1.11
30 2.2 112
Mean kx10° Sec™! = 1,13

Jx10° | = 0,720
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3. Sodium Perchlorate 0,2000M 4, Sodium Perchlorate 0,3000M
Time Thio kx10%.3 Time Thio kx10®_,
mts, cCS. Sec mts, cCs. Sec
0 16.5 - 0 20,6 =
5 10,7 1,44 ) 19.7 1,36
10 8.2 1.16 10 12,9 1.26
15 8.6 i,20 19 0.4 1.27
20 4,0 i.18 20 Tl 1.17
25 3.0 1,14 25 5.2 1.16
30 2.0 1.17 k44 2,9 1,13
Mean kx103 Scc'l = 1,17 Mean kxlO3 sec”! = 1.20
kono” = 0.72% k,x10° = 0,735
5. Sodium Perchlorate 0,4000M 6. Sodium Perchlorate 0,5000M
Time Thio kx10® | Time Thio kx10®_,
mts. ccs. Sec mis. ccs, Se¢
(4] 20,6 - 0 29,6 -
5 16,7 1.36 5 18.9 1.49
10 12,9 1.38 10 12.7 l.41
15 G.4 1.27 15 8.7 1,36
20 6,5 1.26 20 6.2 1,30
2% 5.2 1,16 25 4,1 1,32
3 4,? 1,14 30 2.7 1.33
Mean kx10° Sec™! = 1.2% Meap kxlo3 Sec™t = 1.34

koxm5 = 0,742 k, x10° = 0,840




7. Sodium Perchlorate 0,60008

Time Thio kx10® _,
mts. ccs Sec
0 29,6 -
5 18.9 1,49
10 12.7 l.41
15 Be7 1.36
20 6.1 1.32
25 4,1 1.32
30 2,7 1,33
Mean kx10® sec™! = 1.3%

k‘bxlo5 = 0,840




Table 251

Effect of Change in Ionic Strength on the Rate of
Oxidation of Formaldehyde with Chlorine at 35°C

(a) (MCHD) = 0,1003M, (OX)o = 0,0044M, (H0104) = 0,0000M

(Nacl0,) M 0,00  0.10 0.20 0.30 0.34 0.40

»

10° k sec™?! 0.266 0.226 0.226 0.276 0.334 0.449

10° k, moles  0.122 0.105 0,105  0.125  0.152 0.223
13t~ sec™d

(b} (HCHO) = 0.1000M, (HC1O,) = 0.1000M, (0X)g = 0,0040M

(NaClo,) ¥  0.00 0,10 0,20 0.30  0.40 0.50 0,60
103K, sec™t  1.23  1.13 1.17 1.20 1.2 1.34 0.840
1°5ko moles 0.740 0.725 0.725 0,735 0.742  0.840 0.840

-1
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Results and Discussion :

The effect of adding different concentrations of
sodium perchlorate solution on the rate of reaction of
formaldehyde with chlorine has been investigsted at 3s°C,
The data given in Table 251 reveals that in absence of
perchloric acld, there is no significant influence of
fonic strength on the ;onction rate upto = 0,30, but
the rate increases with ionic strength from .« = 0,34 to
0.40. In presence of perchloric acid also the effect of
variation of fonic strength on reaction rate is
insignificant upto .« = 0.4, but the rate increases with
ionic strength from _« = 0,5 te 0.6,

The observed increase in rate may be due to

Salt cffoct‘aGQ). Perhaps the higher concentrations of

sodium perchlorate alter the factor _jlﬂﬂﬁ%,é;hilljﬁ*

2
of the hydrolysis equilibrium constant,
+ - : = +
Lol = (ool (W) (a1”) woar ,Ya".H
1,
This results in the increase in concentration of 012.

which in turn enhances the rate,
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SEC, 3.4 EFFECT OF SOME INORGANIC SALTS

Introduction : In this section the formaldehyde -

chlorine reaction has been studied in presence of small
quantities of inorganic salts at constant ilonic strength
of 0.4 at 33°C, This study was undertaken in aneffort te
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 chemicals used were of Merck {C.p)
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 the

iodometric titrations,



Table 252
Temp.35°C

Formaldehyde 0O,1250M
Totzl Oxidant 0,0049M

u= 0,4
1., No Catalyst 2. Lithium Chloride 0,500M
Time Thie  kx10°_, Time Thio keao?
mt s, ccs Sec mts, ccs. See”
0 33,45 4 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 2% 7.2 0.986
60 4.5 0.557 30 8,2 1.00
Mean kx10® Sec~l= 0,598 Mean kx10® sec™! = 1,01
kmxxo5 = 0,300 k°x1n5 = 0,560
3. Sodium Chloride 0.0500M 4. Potassium Chloride 0,0500M
Time Thio kx10®_, Time Thio kx103
mis. cCs, Sec mts. cCS. Sec
0 14,0 " 0 14.0 .
5 908 1019 5 BOO 1.86
10 6.4 1.30 10 4.5 1,89
15 4,3 1.31 15 1.9 2.11
20 2.6 1.40 20
25 1.9 1.33 28
30 - 320
Mean kx10® Sec™! = 1.31 | Mean Kx10® Sec™: = 1.95
koxm5 = 0,660 k°x105 = 0,860
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8, PBarium Chloride 0,0500M 6. Strontium Chloride 0.0500M
Time Thio kxloal Time Thio kxlﬂal
mts, ccs. See” mts., ccs., Sec
0 16.0 - 0 16.0 Lo
10 7.6 1.24 10 0,2 0.922
20 3.9 1.27 20 _ 4,% 0,969
30 1.6 1.28 30 2.9 0.949
40 0.7% 1,27 40 1.7 n,234
80 - 50 1.0 N.924
60 - 60 -
Mean kx10® Seel= 1.26 mean kxlo> sec”! = 0,940
kDRL05 = 0,665 chlﬂb = 0,650
7. Calcium Chloride 0,0500M 8, Nickel Chleride 0,0500M
Time Thio kx10% Time Thio k102
mts, cCs. Sec” mts., ces, Sec
0 ?0.8 - 0 1400 -
10 0,6 1.29 10 4.4 1.93
15 6.6 1.27 15 262 1.01
20 4’.5 l.% 20 104 1692
25 3.1 1.27 25 0.3 2,00
30 2,0 1,30 30
Mean kx193 Sac'l = .28 Mean kx103 Seﬂ-l = 1,89

kox1n5 e 0,669 kmx1n° = 0,970
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9., Manganese Chloride 0.0500M 10,Zinc Chloride 0,0500M
Time Thio kx10®_) Time Thio kx10°_,
mts, cecs Sec mts. ccs Sec¢
0 20.8 - 0 18,0 -
10 10,2 1.22 4 14,7 N.844
1% 6,95 1,22 6 13,3 0,840
20 4,8 1.22 3] 12,0 0.24%
25 3.3% 1,22 10 10,9 0,836
30 2,3 1.22 12 9.8 N.84%5
Mean kx10® sec™! = 1,22 Mean kx10° sec™!= 0,840
k x10° = 0.620 k,x10° = 0,405
11, Magnesium Chloride 0,0500M 12, Aluminium Chloride 0,0500M
Time Thio kxmf‘: Time Thio kuﬁi
mts, ccs Sec mts, ccs. Se¢
G v S AR AR gn T e A e S e W W e P wen 9RO g . oe an WD - O o D g W A W e ‘---“-"-h-----
0 12.9 = 0 27,7 -
9 8,5 1,39 5 13,1 2.950
10 8.6 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 o
30 1.0 1,37 30 -
Mean kx103 Soc'l = 1.39 Mean kx103 Soc'l = 2,47

S

k x10® = 0.8l0 k_x10 1.78
0 [+]
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13, Disodium Hydrogen Phosphate 14, Beryllium Sulphate
0 . 0500M 0 .0500M
Time Thio kx10® | Time Thio kx10*_,
mts. cecs, Sec mts, ceCs Sec
0 11,8 = 0 14,5 -
10 8.3 0.586 10 12,6 1.07
20 5. 79 0,599 20 12.75 1,07
30 4ol 0.988 20 i2,0 1,09
20 2.0 n.592 0 10,9 1.08
60 1.4 0.592 60 2.8 1,09
Mean kx103 Sec'l = 0,590 Mean k&104 Soc’l = 1.07
k,x10° = 0.340 k x10° = 0,052
15. Sodium Fluoride 0, 1500M 16, Silver Nitrate 0,0500M
Time Thie kx103 Time Thio kx10?,
mts. ccsa, Sec mnts. cco., Sec
0 2206 - O 2403 -
3 16,8 0,989 5 16,1 1.37
10 12,6 0.974 10 11.% 1.2%
15 G5 0,963 15 7.9 1.25
20 T:8 0,953 20 5.4 1.2%
25 He3 0.9€7 25 3,8 1.24
30 4.1 0,948 30 2,8 1.20
Mean kxlea Soc'l- 0,961 Mean kxlo3 Sec'l = 1,24

k°x105 = 0,500 k, x10° 0.840




Table 253 240

Rate Constants for the Reaction of Formaldehyde with
Chlorine in the Presence of Different Salts at 3%°C

(HCHO) = 0,1250M, (ox)o = 0,0040M, M = 0,4

Salt added, M k xloi k x10° F b anl
Sec” moles lié :;_ 1 Tfl—Ct*llT
. 0,558 0.300 2,40
Licl 0,05 1.01 .560 4,48
NaCl .05 1.31 . 660 5,28
KCl 0% 1,95 . 860 6.88
BaCl, .05 1,26 . 665 5.32
5rCl, .05 0.940 . 650 . 5,20
cacl, .05 1.28 665 5,32
NiCL, .05 1.89 .970 7.76
MnCL., .05 1,22 .620 4,96
znCl, .09 0,840 405 3,24
MgCl, .05 1.39 L810 5.48
ALCL, .03 2,47 1.78 14,2
Na HPO, .05 0.590 .340 2,72
BesO, .09 0.107 .052 0,416
NaF 15 0,961 .500 4.00

AgNO, .05 1.24 .840 6.72

- T e e e - e e T T g gy g L T Tl E - Do gy W g W ap - WG W e " 4 an



Results and Discussion 1 2

1

(RS

An examination of the data revesls that the
pseudo first order rate constant for each aliguot portion
titrated during a run is unaltered within experimental error,
for all the runs, To calculete the pseudo first order constant
from the integrated rate expression, it 1s necessary to
evaluate the nitial stoichiometric concentration of chlorine,
This was sccomplished by extrepolation 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 consténts for various runs indicates that chloride ion,
in gencral, enhances the rate, We kept the concentrations of
the salts as eaqual to 0,05M with a view to find eut 1f there
1s 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 i
NiCl, > MgCl, > CaCl, > BaCl, > SrCl, > MaCl, > ZnCl,

and the fonic radii of cations follew the order
e me*tc ca*t<c 't < s’
However, the transition metals (That is, 3d structure) do not
seem ts obey above correlation. In presence of monovalent
metal chlorides, the rate follow the order

KCl > HNaCl >~ LiCl
whereas the ionic radii follow the order

u® - w L
The maximum rate has been found with thlz.

AgNOa.NaF,HPO4- enhances whereas BeS0, inhibits the rate.

The significance of these results will be

considered in the General Tiscussion.
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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 lonic strength of 0,4 has been made. The
velocities have been measured at 25‘. 35°, 45° and 35°¢C,
The initial rates, ko moles 1e."t Sec'l. and the
activation parameters have been calculated. The thermostat
was controlled within + 0,95°C. The results are shown in
Table 266,



Takle 254
Temp,25°
Total Oxidant 0,0059M
Formaldehyde 0.1250M
Time Thio kxlﬁ‘_l
mts, ces, Sec
0 10,5 -
10 8.9 2,75
20 7.7% 2,93
30 6.6 2,58
40 5,75 2,51
50 4,90 2,54
60 4.2 2,55
Mean kxm4 Sec”! = 2,54
,x10° = 0,122
Table 256
Temp .45°
Total Oxidant 0,0059M
Formaldehyde 0,1250M
Time Thio kxro? |
mts, ccs. Sec
0 16.6 -
2 12,9 21,0
4 10,3 19,9
6 8,3 19,2
8 6.70 18.8
10 5,40 18,7
12 4,3% 18.7
Mean kx10® sec™d = 19,1
k,x10° = 1,03
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Table 255
Temp,35°
Total Oxidant 0,005
Formaldehyde 0. 1250M
Time Thio kxod )
mts, ccs, Se¢
0 50.2 -
10 28.4 9,350
20 19.0 B.10
30 18.8 8.14
40 7.1 8.1%
50 4,4 8,12
60 2.7 8.12
Mean kxlﬁ‘ sec"l = 8,13
k,x10° = 0,430
Table 257
Tamp.55°
Total Oxidant 00,0099
Formaldehyde 0, 1250M
Time Thio kx102
mts. ccs. Sec
0 16,65 =
2 10,2 4,08
4 6.6 3.85
6 4.1 3.89
-] 2.8 3,72
10 1.8 3,72
12 1.20 3,65
Mean kx10% sec™! = 3,77
x10° = 2,05




Tahle 258
Temp.25°
Total Oxidant 0,0049M
Formaldehyde 0, 1250M
Time Thie . kxao® |
mts, ccs, Sec
0 20.4 -
10 17.25 2.79
20 16,3 1.87
30 14,955 1.88
a0 13,1 1.84
80 11,8 1,82
60 10,5 1,84
Mean kx10? sec™! = 1.8%
k, x10° = 0,085
Table 260
Temp,45°
Total Oxidant 0 ,0049M
Formaldehyde 0.1250M
Time Thio kx10°
mts. ccs, Sec
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 l1.24
12 9.2 1,24

Mean kx10° sec”! = 1.21

S ; :
konlo = 0,710

Table 259 24 4

Tenmp, 35°
Total Oxidant 0,.0049M
. Formaldehyde 0,1250M
Time ™ie  kxio® |
mts. ccs, Sec -
0 23,4% =
10 22,8 6.39
20 17.3% 5.47
30 12,2% 5,98
40 8.7 5. bl
%0 6,1 5,67
4.5 5.97

Mean kxlo‘ sec 1= 5.58
k,x10° = 0,300

Table 261
Temp.55°

Total Oxidant 0.0049M4
Formaldehyde 0,1250M

Time Tio . kxio?,
mts, ccs. Sec¢
0 22,5% =
2 14,7 3,97
4 12,0 2,63
6 9.2 2,48
8 6.7 2,53
10 4,9 2,9%
12 3.5 2,58
Mean Kx10® Sec™l= 2,58
k, x10° = 183




Teble 262 Table 263 245

Temp,25° Temp,35°

Perchloric Acid 0,1000M Perchloric Acid 0,1000M
Formaldehyde 0.1250M Formaldehyde 0,.1250M
Total Oxidant 0,00409M Total Oxident 0,.0049M
Time Thio kx10®_,  Time Thio kx103
mts. ccs Sec mts, ccs. Sec
0 20.4 - 0 29,6 =
10 14,6 5,97 b+ 18,9 1.49
20 12,3 4,22 16 12.7 1.41
30 9.5 4,2% 15 8.7 1.36
40 7.4 4,23 20 6.2 1.30
50 5.7 4,25 B 4,1 1,32
60 4.6 4,14 30 2.7 1,33

Mean kx10% sec™l= 4,22 mean kx10® Sec”! = 1,34

k,x10° = 0,230 k,x10° = 0,800
Table 264 : Table 265
Taup.dbu Tunp.55°

Perchloric Acid 0.1000M "  Perchloric Acid 0, 1000M
Formaldehyde 0. 1250M Formaldehyde 0, 1250M
Total Oxidant 0,0049M Total Oxidant 0,0049M
Time Thio kxlﬂ3_l Time Thio kxlﬂ?l
mts. cCs. Sac mts, ces Sec
0 15,25 - 0 25,0 =
2 9.5 3.94 2 10,0 7.63
4 &.8 3,37 4 5,4 6,38
6 4,85 3,18 6 2.4 6.51
8 3.2% 3.2% 8 1,1 6,50
10 2.1% 3.27 10 0.6 6.22
12 1.95 3.18 12 0.3 6.14

Magn kxlOB Sec'l-3.25 Mean kx103 s.:'l = 6,39

koxm"’ =1,90 b(oxm’ = 4,05




T
™2 Table 266
Rate Constants and Thermodynamic Activation Parsmeters for the
Reaction of Formaldehyde with Chlorine Under Different
conditions, /M = 0.4
Conc. Temp. 05[( moles Tu;f;-.% lﬂgkoj_nt - Errr A,mies AH —A§ AG
¢ 11t-1 sec™! Coe moles 11t KCals 11t’ e KCals e.u KCals
Sec”
a 25° T 0.136 ' a-{Aldehyde)=
a 35° 0.430 3.52 0.370  18.45+.07 5.41x10' 17,58+ 26.4 25,4 ?6,1(2)50".0'605,
0 939 ) .07 i
a 45° 1,03 2,39 0. b= udehyd.)-
a 55 2.05 1.99 2,27 0.1250M,
= . (ox);ﬂ.oo«u
b 25 0,085 0.091
b 35° 0.300 3.53 0.255  18.57+.06 6.04x10' 17,943 25,9 25,7 ‘a‘ﬁgﬁ’f"”'
b as°® 0,710 2.37 0.707 -06 (%) =0 0049M
b 55° 1.53 2,15 1,63 (HC10,) =
c 252 0,230 0.235 0. 10004
¢ as® 0.800 3.48 0.654  18.304.07 8,41x10’ 17.82¢ 24,5 25,1
c 45° 1.90 2.36 1.66 -07
e 55° 4,05 2.13 4,10

- e G YR G gy A OB g AR WS W ”--‘*-“—-"‘-‘----ﬂc---’---—-—--Q----------——‘----- ‘*n*—--‘---_--—--‘-----‘--—-.—_-’.-



Results and Discussion :

In Table 266 the values of initial rate, ko'
at different temperatures together with the values of
Kint» temperature coefficient and various activation
parameters with their standard deviation are given, All
these values have been calculated by the mathod already

explained in Sec.2,7.

The temperature coefficient, kaﬁo/izgo. of
the reaction has been found to be 3,52, which corresponds
well with the value for pseudo un§oleeu1ar 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 be of the order of
18,5 keals and the Arrhenius frequency factor, A moles
litre’l SQc'l, is of the order of 107. The value of energy
of activation is lower than that observed for primary
alcohols but greater than that observed for secondary
alcohols, Chatterji and Mukharjee(aeb) faund that for
chromic acid oxidation of formaldehyde, the energy of
activation is sbout 9,1 Kcals, which is lower than that

observed for chlorine oxidation,

The entropy of activation has been found te
be of the order of 26 Csls/°C, which is again, higher than
for primary alcohols but lower than that for secondary
alcohels,
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The reaction of chlorine with formaldehyde has
also been found to be very complex, because both chlorination
and oxidation takes place, We tried to arrive at the
conclusions by considering mainly ko values, which we have

calculated throughout in this case,

Tn 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.l1l2, the plet

of (B + (c1‘)} k, versus (Cl”) 1s shown, The fact that
- ToXY.
' 4]

the straight line passes through the origin shows that _
kHOCl is almost zero. From the slope, k012 has boep found

C )

has been found to be 2,18 x 1072 sec™!, These values

to be 2.2% x 10-2 Soc-"' and the mean value of kClz

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 contfibute towards an understanding of the mechanism
of the reaction of formaldehyde with aqueous chlorine, The

main results achieved in this study are i
(A) The reaction kinetics follow the eguation

-d(Cla) = Kobg (012), at lower concentrations of HCHO
dt

-d(Cl,) = K.pg (Cly) (HCHO), at higher concentrations of HCHO,
Ty
-d(Cly) = k[,  (Cl,) (HCHO)

-
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in presence of perchloric acid, when concentration of
formaldehyde 1s high,

(B) The products of the reaction are chloroformaldehyde,
C1CHO, and c:hlerofoxﬁic acid, ClCOOH.

(C) There is no significant influence of ionic strength

on the reaction rate in absence of perchloric acid upts
AM=0,30, but the rate increases with lonic strength from
/Auo.ad to 0.40. In presence of perchleoric acid also, the effect
of variation of ionic strength is insignificant upte L-0.4,
but the rate incresses with lonic strength from M= 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 case of monohydric 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.% 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 miner role in this reaction.

It may be mentioned here that there is a
dissimilarity in the observed kinetics of reactions of
formaldehyde and monohydric alcohols with chlorine,

While studving the kinetics of chlorination of
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phenol and anisole, De la Mare and cowork*rntle] found
that the chlorination rate is zere order with respect to the
organic compound substituted and first order with respect
to HOCL, Sahilov‘lzz) criticized their explanation and
argued that the rate controlling step of these reactions
is production of free Cl, from HOCl and traces of C1” 1on.
The reaction of chlorine with formaldehyde has been found
to follow the above pattern. This suggests that chlorination
is the main reaction and the oxidation follows, In the case
of formaldehyde,

West and Rollofson‘GS) noticed that the
photochemical reaction of chlorine with formic acid is »
chain reaction, which proceeds partially through chloroformic
acid to the final products, CO, and HCl

Cl 4+ HCOOH — COOH + HCl
COOH — CO + H

COOH + Cl, —> ClCOO0H + Cl

2
H+01'2——>H01+c1

ClCO0H —> c:ozi HC1

As we have 2lready pointed out ih the previous
chapter, the chlorination of carbonyl compounds follow
through enolization, but formaldehyde cannot form enol of
normal type, Even then it is pasily chlorinated to
chloroformaldehyde. "hen lookiny for the mechanism of
chlorination of formaldehyde, it ihould be taken into
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consideration that the rate controlling step is independent
of formaldehyde concentration. Thus the mechanism of

chlorination may thorofoaq be represented as i
H
}

dedessdl i Ce® (1)
H H
He C=0H +Cl,—> Cl-C=0+H +Cl (1i)

(The H' fons formed in step (ii1) appear to be utilized in
step (1)

The influence of adding the proten to the carbonyl 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. Bieber and T:ﬁnplcr(ava)
dempnstrated that aqueous formaldehyde solution in
concentrations less than IM consist almost entirely(99.99%)
of CHQ(OH)z. With all the reagents as yet examined, the
isotope molecule, CD, (0H)2. was found to oxidize more slowly
than does CH, (Oﬂ}z(zzl). The reaction mechanism for the

oxidation of chloroformaldehyde may thus be represented as
%]

H : ' ot
k- +Ho = @~ C—OH iiiy
H n oH
. ; el
c,Q——:f_-oH + . —> ci—-c\:~od  a H++C£ L)
C;H oH
. : i R (v
d—c-od +B—> BHt+ &= )

' &
OH
(where B 1s a base, e.g, water),
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The mechanism of electron movement Iin the
eliminztion process (v) may be represented by
ue—ne
L T},

a ~cZo+ e

OH
in which the C-H, C=0 and 0-Cl bonds invelve simultaneously.

This type of reaction mechanism bears a formal
resemblance with the mechanism of chromic acid exidation

of formaldehyde, sugqested by Chatterjl and Mukhcrjoo(z).

Although order with respect to porchloric
acid has been foupd to be zero at all concentrations, the
rate constants appear to ®e slightly higher than in the
sbgence of perchloric acld, The rele of perchloric acid is
perhaps the addition of proton to the carbonyl group as
propouqﬁln step (i),

The metal chlorides enhance the reaction rate,
but the magnitude of acceleration is not so high as
observed in the case of reactions of chlorine with monohydrie
alcohols, We suggested two alternative mechanisms for the
catalysing action of chloride in the previous chapter. The
hydrolysis view appears to be more reasonable because
formaldehyde cannot form enol of normal type, Thnghs why
the rates in presence of di- and trivalent metal chlorides
for formaldehyde reaction are not so high 2s chserved for
monohydric alcohols,

The role of silver nitrate and flvoride ions
appears to be simllar to that already mentioned in the

previous chapter,



CHAPTER 4

EFFECT OF STRUCTURE ON REACTIVITY

* The Reactions of Chlorine with Monohydric Aliphatic
Alcohols in /queous Solution : Relative Activation
Parameters *

e 30 0 B
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SEC. 4,1 3 OF STRUCTURE OF ORGANIC MOLECULE ON THE
AEACT

Introduction It is now well known for several reactions

that the introduction of substituents into the parent molecule
produces definite changes in the reaction velocity, which

can frequently be correlated with the electronic properties
of the substituent group; & substituent alters the
availablility of electrons at the seat of the resction. Such
studies have been made in the oxidation of glycols by chromic
acid“o). lead tetracetate{37l) and periodic acid(372 to 374);
oxidation of substituted toluenes(Qeg) and substituted
benzaldohydcs(375) by potassium permanganate; oxidation of

olefines by perbenzeic aeid(376), oxidation of subs%éxgtggv)
benzaldehydos(355 to 337) :

» 2liphatic monohydric alcohols
and aliphatic aldehydes(2‘9) by chromic acid,

An ides 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 1s related to the
potential energy and probability changes(378).

Price end Hanmottts?q'asg) and Fitzpatrick and
Gottler(sal) have studied the formation of semicarbazones and
oximes of several carbonyl compounds. They cslculated the
relative entroples, enthalpies and free energles of activation

related to that of acetone by using the following
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equations :

AS* "'AS: = '—B" (RT g'“k/k ) seescseso e s (1)
dT .
> & = 2 _2- k ssesssenean 11
AR LW N2 (J?MF'_) (11)
- ,
AG —AG = — RTg. K vesaneheis ThEE)
s

In all these equations symbols with subscript
8 Trefer to the standard substance, those without subscript
to the carbonyl compound in question.

Hanmott(aaz'aes)noticnd that & line2r relationship

of the form

log k = leg hy, * re&

holds for many reactions involving side chains of benzene
derivatives; here [ is a constant depending on the reaction
series, o~ is a constant depending on the substituents, and
k  and ks are the rate constants of the substituted and
unsubstituted reactants, 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
monohydric 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 stfucture of organic

molecule and reaction rate,
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EXPERIMENTAL

All the chemicalg were elther Merck (C.P) or
B.D,H (AnalaR) grade.

The kinetics of the reactions of methyl, c@hyl.
n-propyl, isopropyl, n-butyl, ise-butyl and sec.butyl alcohols
with aqueous chlorine in absence and in presence of
perchloric acid at varlous concentrations of the reactants
have been studied at 25% and 35°%C according to the method
explained in Sec.2.1l.

The initial rates, k, moles 11¢~1 sec'l. have
been calculated from the plots of x/t versus x by

extrapolating to x = 0O,

The relative thermodynamic activation parameters

have been calculasted by using the oquations(384)

A0S =-2,303RT log (k/k,)

AaH’ = -2,303R r\:log (k/k.).r - log (k/k.)-rl'}
1Ty = VT,

AMs” = 2,303 R [T, log (k/kg)y_ = Ty log (k/kg)r ]

=T
These equations have been obtained from the equations (i)

to (11i). A summary of the data is given in Tables 322,323,



Table 267
Temp, 26%

Totasl Oxidant 0.007T4M
IsoPropyl “lecoholo,1333M

Time Thio kxlﬁfl
mts, ces See¢
0 23.8 =
10 22,0 1.31
20 20,3 1.33
30 18,8 1.31
an 17.3% 1,32
80 16.0% 1.31
60 14,9 1.30
wean kxi0? Sn"“" e 1,31

k,x10® - 1,34

Table 269

Temp.25°%

Total Oxidant 0.0060M
IsoPropyl Alcohol 0.1333M

Time Thio kx10%,
mts. ccs, Sec
0 38,2 .
10 33.2 0.975
20 31.2 1.00
30 20.4 1.00
40 27.7 0.998
80 26.1 0.997
60 24,5 1.01
Mean kx10? sec™ls 0.997
k,x10° = 0,988

Table 268
Temp, 33°C

Total Oxidant 0.0075M
IsoPropyl Alcohol 0,1333

Time Thio kno‘_ 3
mts, ces,. “ee
0 3000 -
10 23.% 4,07
20 1B.5 4,03
30 4.6 4,00
40 1.5 3.99
S0 9.0 4,01
60 7.1 4,00
Mean kx10? sec”! « 4,02

k'nxo° = 4,10
Table 230
Temp.38%

Total Oxidant 0,0060M
IsoPropyl Alcohol 00,1333

Time Thio kx102
mts, ccs, Sec
0 27.7 .
5 28,2 3,18
19 22,8 1,28
15 20.6 2,29
20 18,7 3,27
25 17.0 3.26
30 15.4 3.26

Mean kx10? Sec™! = 3,28
k"xlo& L4 30 ”
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table 271 Table 272
Temp,25°%C Temp.35%C
Perchloric ‘cid 0.1500M rerchloric Acid 0, 1500M
Total Oxidant 0,.0060M IsoPropyl Alcohol 0,.1333M
IsoPropyl Alcohol 0.,1333M Total Oxidant 0,0060M
Time Thio kx10®_,  Time Thio kx10? |
mts, ccs. Sec nts. ccs, Sec
0 3%.2 - 0 33.9 -
S 24.0 1.28 e 13.2 3.14
10 17.3 1.18 10 D.4 3,06
15 12,4 1.16 15 2,0 3,14
20 8.9 1.18 20 0.8 3.12
2% 5.,9% l1.18 25 0.3% 3,08
30 4.2 1.18 30 -
Mesn kx10® Sec™l = 1,19 Mean kx10> sec”! = 3,10
k,x10° = 1.30 k,x10° « 3,40
& e
Table 272 Table 274
Tenp, 2% Temp,3%°C
Pexrchloric Acid 0, 1000M perchleric Acid 0. 10004
IsoPropyl Alecohol 0,1333M IsoPropyl Alcohol 0,133
Total Oxidant 0.0060M Totsl Oxidant 0,0060M
Time Thie kuo:’. 1 Time Thio kxmf'_‘ 1
mts, ccs, Sec mts, ccs. Sec
0 16.0 = 0 33.9 -
10 9,2 0.922 -] 19.8 2.%4
20 5.0 0.969 10 7.39 2.9%
30 2.9 0.949 15 3.4% 2.54
40 1.7 0.934 20 1.7 2.49
50 1.0 0,924 25 0,7% 2.%4
uean kx10® sec™! = 0,940 » L
kbxxo° sod™ w 1.8 Mean Kx10® Sec™" = 2,53

knxm” = 2,90
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Table 273 Table 276
Temp., 25°C Temp.38° C
Total Oxidant 0,00754 Total Oxidant 0.0075M
Sec,.Butyl Alcohol 0,1333M Sec.Butyl Alcohol 0,1333M
Time Thio kx1of,  Time Thio kx10f,
mts. ces. Sec mts, ccs., See
0 22.6 - 0 32.% -
10 18,9 2.98 5 25,0 8.7
20 15.7 3.04 10 19.4 8.60
30 13.1 3,03 15 14.9 8.67
40 10.9 3.04 20 11.5 8.66
20 9.1 3.03 29 B.8% 8,67
60 T 3.06 30 6,8 8,70
wean kx10* sec”! = 3,03 Mean kxao* sec™t = 8,08
k,x10° - 3,18 k, x10° . 8.92
Table 217 Table 278
Temp.28%C Temp.35° C
Total Oxidant 0. 0060M Total Oxidant 0.0060M

Sec,Butyl Aleohel 0.1333M

Sec.Putyl Alcohel 0,133

Time Thio kxm‘:l
mts, ces, Sec
0 3%5,.68 -
10 30.6 2,62
20 26.1 2.63
a0 22.3 2,60
40 19.0 2,64
S0 16.4 2,60
60 14,0 2,61
Mean Kx10® Sec™t = 2,62
k,x10® - 2,79

Time Thio kxm:l
mts. ces,. See
0 7.7 -
5 2.3 7.23
10 18,0 7.18
15 14,9 7.19
0 11.7 7.18
29 9.4 T.21
30 7.6 7.19
mean kx10* sec”d = 7,20

k,x10® - 7,37
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Table 279 Table 280
Temp. 25%°C Temp, 3%°¢C
Perchloric Acid 0. 15008 pPerchloric Acid 0.1000M
Total Oxidant 0..0060M Total "xidant 0,0060M
Sec.Butyl Alecohol  0,1333M Sec.Butyl Aleohol 0,1333M
Time Thie kx1o?,  Time Thio kx103,
mts. cecs, SeC mts. ccs. Sec”
0 3&02 - ﬁ 27.1 -

% 16.8 2.47 2 1%.2 5.00
10 3.0 2.47 4 8.3 5,02
15 3.7 2,%0 & 4,6 4,99
20 1.8 2.48 8 2.9 5.01
25 0.9 2.“ ; 410 : 103 5:10
30 - 12 0.7% %9.01

Maan kxm3 Stc'x - 2,47 Mean knm3 Sce"‘ =« 5,02
kﬂxlo"‘ - 2,98 kox.lob - 5,08
Table 281 Table 282
Temp, 25%¢ Tomp.35° C
Perchloric Acid O, 1000M Perchioric Actd 0, 15008
TotalOxidant 0,0060M Total Oxfdant 0,0060M
Sec.Butyl Alecochol 0.1333M Sec.Butyl Alcohol 0,1333M

Time Thio kx10?, Time Thio kxlﬂ§l
mts. ccs, Sec” mts. cC8. See
0 46.4 - o 3.8 >
‘! a.’ 2.m 2 1..95 6.“

8 17.8 2.00 4 8.4 6.78
12 11.0 2,00 6 3.7 g
16 t.a z.m 8 107 6.14?
20 4.3 aom 10 0-3 5.'53
24 2.7 1.97 12 .

Meaq kx10® Sec™l= 1.99 wean kx10® Sec™t = 6.74

kﬂxmoa - 2,38 keu.o5 - 7.68




Table 283
To-p.ﬁapc
Total Oxidant 0.007%M
Methyl Alcohol 0.1333M
Time Thio kx10f
mts. ccs, Sec
0 40,0 =
as 39.0 0.121
70 38.2 0.110
109 a7.1 0,119
140 36.2 0,119
175 3%.2 0,122
210 34,2 0,124
mean kxio* sec™i= 0,119
k x10° - 0,120
Table 285
T-np.?&.c
Total Oxidant 0, 0060M
Methyl Aleshol 0.1333M
Time Thio kxlﬁ?l
mts, ccs. Sec
] 40,0 -
3% 39.2 0.965
70 38.3 1.04
10% 37.3 1.11
140 36,45 1.11
17% 35,6 1.11
210 34,7 1.13
Mean kx10® sec™!= 1.08
k,x10° - 0.110

9@

Table 284 4
Tmup.&b‘C
Total Oxidant 0.0075M
Methyl Alecohol  0,1333M
Time Thie kx104,
mts. ccs Se¢
0 33.8 -
10 32.9 0,449
20 32.1 0.430
30 31.18 0,453
40 30,3 0,496
50 29,9 0,454
60 28.7 D.454
Mean kx10* sec”ls 0,449
k x10° = 0.578
Table 286
TIID.35°C
Total Oxidant 0.0060M
Methy]l Alcohol 0, 13334
Time Thio knlofl
ots. ccH. Sec
0 .7 -
10 - 37.8 0.391
20 36.9 0,397
30 36,1 0,393
40 35,2 0,397
S0 34.% 0.383
) 33,6 0.393
sean kx10? sec”i= 0,391
k,x10° . 0,467

0
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Table 287 Table 288
Temp.28°C Temp.38°C
Perchloric Acid 0. 1500M perchloric Acid 0,1500M
Total Oxidant 0,0060M Meothyl ~lcohol 0,133
Methyl Alcohol 0.1333M Total Oxidant 0,0060M
Time Thio kx10®_ Time Thio kx102,
mts. ccs. Sac mts. ces. Se¢
0 15.9 - 0 20.2 -
10 '1%5.3 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.%
4n 13.8 5.90 40 13.%% 16.6
50 13.3 .95 50 12,3 16,5
60 12.8% 5.92 60 11.1 16,6
Mean kx10® sec™ls 5.93 Mean kx10° sec”i= 16,3
k,x10° - 0,594 k,x10® = 1.7
Table 289 Table 290
Temp.2%% Temp.33%¢
Pexchloric Acid 0, 1000M Perchloric Acld 0,1000M
Total Oxidant 0,0060M Methyl Aleohol 0.1333M
Methyl Alcohol 0.1333M Total Oxldant 0,0060M
Time Thio kx102, Time Thio kx10°_,
mts. ccs. Sec mts, cCs. Sec
0 15,3 - s 2 B2 -
10 14,83 4,95 10 8.6 13.8
20 14,43 4,76 20 i7.1 13.9
30 14,0 4,94 30 1%.7 14,0
40 13,6 4,91 40 14,5 13.8
80 13.2 4,92 a0 13.3 13.9
60 12.8 4,96 60 12.2 14,0
Mean kxmb.’itc’l = 4,91 ‘fean kwa Sce"l- 13.9
kgx10® - 0,492 k, x10° . 1.43
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Table 291 Table 292
Temp.25% Temp.38%C
Total Oxidant 0.0075M Total Oxidant 0,00754
Ethyl Alecohol 0.1333 Ethyl Aleohol 0.133M
Time Thio k1o, Time Thio kx104_,
mts. ces. Sec mts. ccs See
0 21.6 - 0 21,0 -
10 21.3 0.234 10 19.9 0.894
20 21.1 0.196 20 19.3 0,702
30 20,9 0.184 30 18,4 0.734
40 20.6 0,198 40 17.6 0.736
50 20,3 0,207 50 16.9 0,724
60 20,1 0.200 60 16.2 0,721
Mean kx10*secte 0,203 Mean kx10® Sec™t = 0,72
k,x10® . 0,212 k,x10° 0.73%
Table 293 Toable 294
Temp.28°C Temp,338° C
Perchloric Acid 0, 1500M Perchloric Acid 0, 1500M
Ethyl Alcchol 0,133 Ethyl Alcghol 0,133
Total Oxidant 0,0060M Total Oxident 0.0060M
Time Thio kx10f)  Time Thio keao?_,
mta, cce. See mts. ccs. Sec
0 37.4 - 0 20,0 -
10 33,9 1.74 10 14,8 5,02
20 30,9 1.%9 20 11,8 4,40
30 28.0 1.61 30 9.4 4.19
40 25.4 1.61 40 7.4 4,04
%0 23.1 1.61 80 5.6 4,24
60 20,9 1.62 60 4.4 4.20
mesn kx10%sec™s 1.61 Mean kx1o* sec™! = 4.2
kgx10° - 1.64 k%10 - 4,32




Table 295
Temp.25°C
Perchloric Acid 0. 1000M
fthyl *le¢ohel 0,133
Total Oxidant 0 ,0060M
Time Thie kxlO‘_l
mts. e, Sec
0 2.8 e
10 1.8 1,46
20 2.3 1.33
30 18.8 1.31
an 17.3% 1.32
30 16.0% 1.31
60 14,9 1.30
Mean kx10? sec”t= 1.31
k x10® 1.34
()
Table 297
Tm..zb'c
Total Oxidant 0.0075M
IsoButyl Aleohol 0,1333M
Time Thio kxi0?,
mts. ccs. Sec
0 10,2 =
10 10,0 0.330
20 9.8 0.334
30 9,6 0,336
40 9,4 0,341
50 9,2 0,344
60 9.0 0,348

Mean kxm‘ Snc'l- 0.339

€
koxm

= 0,340
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Table 296 iy
Temp,380C
Parchloric Acld 0. 1000M
Ethyl Alcohol 0,133
Total Oxidant 0.0060M
Time Thio kxao?
nts. ccs, See¢
0 20.0 =
10 16.2 3.%1
20 13,2 3,46
30 10.7 3.47
40 8.8 3.42
50 7.1 3.4%5
&0 2.8 3.44
Mean kx10? sec™® = 3.46

il“”ul()6 = 3,953

Table 298

Temp.3%° ¢
Total Oxidant 0.,0075M
IsoButyl Alcohsl 00,1333
Time Thie kxo®_ )
mts, ces, St
0 82,0 =
10 49,1 0,956
20 46,4 0,950
30 43.9 0.940
40 41.% 0,940
50 39,2 0,942
60 a7.2 0,931

wesn kx10% cec”! = 0,943

6
koxlo

. 0,952




Table 299 Table 300 2 64

Temp. 28% Temp,35%¢

Total Oxidant 0.0060M Totsl Oxidant 0,0060M
IsoButyl Alcohol 0, 1333M TsoButyl Alcohel 0.13334
Time Thio kxm‘_ 1 Time Thio kxm‘ i
mte, ccs. Se¢ mts, ces, See”
) 0 380’ - ¢ o ‘7.6 -
10 38,1 0,261 10 44,8 0,798
20 37.% 0.263 20 42,7 0.800
30 36,9 0.265 30 40,6 n.810
40 36,3 0,267 40 368.7 0.810
%0 35,7 0,269 %0 36.9 0.807
60 35.1 0,274 2] 3%5.0 0.819

mean kx10%sec™t = 0.266 Mean kx10* sec™! = 0,807

kg u10® . 0,269 k,x10 - 0,809
Table 301 Table 302
Temp, 28% Temp.35%¢

Perchloric Acid 0.1000M Perchloric Acid 0. 10008
Total Oxidant 0. 0060M Total Oxidant 0,0060M
IsoButyl Aleohol 0.1333M isoButyl Algcohel 10,1333
Time Thio kxso?, Time Thie kgo®_,
mts. ces., Sec mts, ccs. Se¢
0 33.0 - 0 22.6 -
10 29.8 1.70 10 17.3 4,46
20 26,9 - 1,70 20 13.2 4,48
30 24,3 1.70 30 0.2 4,43
40 22.0 1.69 40 7.6 4,54
50 19.9 1.68 80 6,0 4,42
60 18.0 1.68 60 4,8 4,31

Mean kxm‘ Scc"“- 1.69 Mean kum‘ Suc'i- 4,44

kaxm" = 1.73 koxm‘ - 4,56
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Table 303 Table 304 J
Temp, 2% Temp.38°%c
Perchloric Acid 0. 1500M Perchloric Acid 0,15%00M
Total Oxidant 0.0060M Total Oxidant 0,.0060M
IsoButyl Alcochel 0.1333M IsoPropyl Alcohel 0,1333M
Time Thio kx.m‘. i Time Thie kxloi:;
mts. cecs - Sec mts. ccs, See
0 33.0 - 0 22,6 =
10 29.0 2.1% 10 16,3 5.44
20 25.6 2,12 20 11.7 5.49
30 22,4 2,1% 30 8.4 $.50
47 19.7 2.1% 40 6.0 5.53
%0 17.4 2,13 %0 4.3 5,53
60 15,2 2,1% 60 3.1 5.952
mean kx10* sec”t = 2.14 Mean kx10? sec” = 5,850
k,x10° - 2,19 k,x10® « 5,63
Table 30% Table 306
Temp. 28°C Temp.35% C
Total Oxidant 00,0075 Total Oxidant 0.00754
n=Butyl Aleohol 00,1333 n=Butyl Alcohol 10,1333
Time Thio kx10® | Time Thio kx10® 3
mte, ccs, Sec mts, ces, See
0 51,7 - 0 23.8 @
10 1.0 2,26 10 22.8 7.18
20 50.5 1,96 20 21.6 7.31
30 49.6 2.30 30 20.9 7.2
40 48.9 2.32 40 20.0 7.2%
50 48,3 2.27 30 19,3 6,98
60 47,6 2.30 60 18,4 7.1%9
mean kx10® Sec™i= 2,23 Mean kx10® sec™! « 7.18
k,x10" - 2,22 k,x10% - 0,720




Table 308 2 6 6

Table 307
Temp.25°%C Temp,38°C
Total Oxidant 0.0060M Total Oxidant 0, 0060M
n=Butyl Alechol 0,1333M n=Butyl Alcoheol 00,1333
Time Thio kx10%_,  Time Thio kx> y
mts, ccs., See mts, ces, Se¢
0 16.8 - 0 21.0 -
1n 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 18.9 )
40 16,0 2,03 40 8.2 %5.96
%0 1%.8 2.04 %0 17.7 5. 69
60 15,6 2,06 60 17.0 5.87
Mean kx10® Sec™%= 2.03 Mean kx10® Sec™? = 6,00
k,x10” - 2,02 k,x10° - 0,617
Table 309 Table 310
Temp. 2%%¢C Temp.3%%¢
Perchloric Acid 0. 1500M Perchloric Acid 0, 1500M
Total Oxidant 0,0060M Total Oxidant 0.0060M
r=Butyl Alcohol 0.1333M n=Butyl Alcohel 0, 1333
Time Thie , knm‘_ 1 Time Thio knmi: 1
mts. ccs. Sec mts, €ce, S5e¢
0 47.0 = 0 34,7 =
10 44,8 0.798 10 30.% 2,10
20 42,7 0.800 20 26,6 2,21
30 40,6 0.810 30 23.% 2.16
40 38,7 0.810 40 20.% 2,19
50 35,9 0.807 50 18,1 2.17
60 35,0 0.619 60 15.9 2,17
wean kx10* sec™l= 0,807 wean kx10* sec™? = 2,17
k,x10% = 0,910 k x10® - 2,2




Table 3]1
Temp,28%
Perchloric Acid ~ 0,1000M
Total Oxidant 0.0060M
n=-Butyl Aleohol  0,1333M
Time Thio kxlo‘_
mts, . 588, See
0 -33.0 -
10 - 3.6 0,668
20 30.9 0.656
30 29,2 0,679
40 28,2 0,.63%
50 26,9 0.681
60 26.1 0,652
Mean kx10* sed™le 0.66%
k x10° - 0,754
Table 313
Temp,28%
Total Oxidant 0.0075M
 nefvopyl Alcohol 0.1333M
Time Thio kx1 15:
mts, ccs. Sec
0 51.7 -
10 .3 W | 1.96
20 50.5 1,96
30 49.6 2.30
40 48,9 2,32
%30 48.3 2. 27
60 47.6 2.30

Mean kx10® sec”l = 2,18
koxxo" 0.220

2
- Table 312
Temp,.38%¢
Perchloric Ac¢id 0, 1000M
Tota]l Oxidant 0.0060M
neButyl Alcohol 0,13334
Time Thie kxao?_,
mts., ccs., " See
0 21,2 =
10 19.0 1.82
Nn 17.1 1. 79
30 15.4 1.78
40 13.8 1.79
50 12.4 1.7
60 11,1 1,80
wean kx10* sec™le 1.7
k o x.me = ], ge
Table 314
Temp.35%C
Total Oxidant 0.0075M

n=Propyl Alceohol 0,133
Thio kums

Time

mts. ccs. Sec”!
0 21.3 ~ =
10 20.4% 6,79
20 19,6 6,93
K [} 18.8 6.93
40 18,09 6,89
%0 17.2 7.13
60 16.6 6.93
Mean kx10® Sec”! « 6,94

k x10° 0.697

it o)



Table 319
Tonp.ﬁb’c

Table 316 268
Temp.35° C

Total Oxidant . 0060M Total Oxidant 0.,0060M
n«Propyl Alcohol 0,1233 n=Propyl Alcohol 20,1333
Time Thio kx10% . Time Thio kx10%_,
mts, ces., Sec mts. ccs, Sec”
0 16.8 o 0 22:.5 -
1o 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
80 15.8 2,04 30 18,7 6.17
én 16,6 1,88 &0 18,1 6,04

Mean k!10§30¢-1 = 2,00 Mean kx10° Sec”! = 8,99

kg xi0® = 0.201 k°x106 - 0,601
Table 317 Table 318
Temp, 23%C Tenp.35%C

Perchloric Acid 0, 1500M Perchloxic Acid 0.1500M
Totel Oxident 0,0060M Total Oxldant 0.0060M
n=Propyl Alcohol 0,1333M nePropyl Alcohol ©,13334
Time Thie kx10°_,  Time Thio kx10°_
mts, cen, Sec mts. ces. Sec¢
0 15.9 - O 17.0 =
10 15.3 6.41 10 15.3 17,5
20 14.8 5.97 20 3.9 - 16.8
30 14,3 5.90 30 12.% 17.1
40 13,8 5.90 4D 11,3 17.0
50 13.3 5.9% 50 10,3 16.7
&0 12,8 6,03 60 2,3 16,7

ﬂ.lm-k!105$0ﬂ.l w 5,9% Yean kxlcb Sﬂt-lﬂ 17,0

k,x10® - 0.603 k,x10° - 1,72




Table 319
Temp.25°%C
Perchloric Acid 0, 1000M
Total Oxident 0. 0060M
n=-Propyl Aleohol 0,133
Tine Thio kxm”_ 1
nts, cCcs Sec
0 15.3 -
10 14.8% 4,9%
20 14,4 5.09
30 14,0 4,94
40 13.6 4,91
%0 13.2 4,92
6n 12.8 4,96

Mean kx10® Sec™! = 4,9%
k,x10° . 0.302

Table 320
Temp.39%
Perchlorxic Acid 0. 1000M
Total Oxidant 0,.0060M
nePropyl Alcohol 00,1333
Time Thie kx10®_,
mts. cCs. Seec
0 17.0 -
10 15,6 14,3
20 14,3 14,4
a0 13,1 14,%
40 12.0 14,5
S0 11.0 14,%
60 10.1 14.%

Mean kx10¥ Sec” s 14.4
k(;‘um6 - 1.4%

269
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[\ Table 321

Initial Rates xoxm‘ moles 1itre~l Sec™! of various Aleohols at 2% & 38%¢

Y omp WU A M VD W D e gy M PO GR T g e WS W G W gy Ay TR Se AR T g Oy D TR U W D e B W A e A ARG NS D W WD g, WD AR TR g g B O D Y e

Concentration a b c d
Temp. o, 25 33 25 » B 3% 2 35

R TGN D T P s G A R o W e WS e O o W W W 00V e G MR g O G B WU gy W S e OBy Wap Ay T a0 a WP g By G S W G T Gy @ g A vy WD o WY

Methyl Alcohol 0.120 0,578 0.110 0.487 0.594 1.70 0.492 1,43 a={Alcohol)=0.1333M,

(OI)O" 0.00754
Ethyl Alcohol 0.212 0,735 - - 1,64 4,32 1.34 3.93
b= ("lcohol })=0,1333M,
n-Propyl Alcohol 0.220 0,697 0.201 0.601 0.603 1.72 0,%02 1.45 (0130'0.00&‘“

IsoPropyl Alcohol 1.34 4,30 1.10 3.29 13.0 34.0 12.4  32.8 c-{Alcohel)=0.1333u,

n-Butyl Alcohol 0.222 0.720 0.202 0.617 0.910 2.9 0.734 L8 (31 )u 0, 15008

IsoButyl Alcohol 0.340 0,952 0,265 0,809 2.19 5.63 1.73 4.6 4 (41 onol)eo.1333M,
Alcohol 3.18  8.92 275 7.37 29.8 76.8 23.5  56.8  (HCl0,)=0,1000M

N g WS AN A By W gy T g W gy WA Wy WG WG T gy S Ay W TS W NG WA DT N g R S W g P DT GRS B g O D W AR NS R W W AR NS G SR W R 0P A WY AR SN TS g e WP B A ANk s B U0 ap ws an T an



&= TABLE 322

Reaction of Monohydric Alcohols with Aqueous Chlorine in Absence of Perchleric

Acid : Energy of Actlvation, Frequency Factor; Relative

and Free Energy of Activation at 30°C.

Entropy, Enthalpy

Alcohol Conc.a Conc.b Conc.a Conc,b Conc.a Conc.a Conec.
“Arr YA o AF < ARt AWRAm
Kcals moles lit.”*Sec . $

14,105 12,944 0

Methyl 28.7 27.2

Ethyl 22.% - 9.826 = -18.9
n-Propyl 21.0 20.0 8.738 7.966 -24.4
Iso Propyd 21,2 20.0 9.675 8.704 -20,1
n-Butyl 21.4 20.4 9.037 8.263 -22.9
Iso Butyl 18.8 20,3 7.300 8.30% =32.%

Conc. a : = (Alcohol) = 0,1333M, (OX)Q = 0.0075M, U = 0.4
Conc. b : « (Alcohel) = 0,.1333M, (0x)° = 0.0060M, /{,{,t 0.4

Conc.a Conc.|
AGT - A 6}
Cal,

0 0
-250 -
-240 - 240
«1330 «1270
- 250 «250
- 1800 «1790

A W O G g gy WS W - e gp T an 0D SR TP gy p WS gp OO WY WS WD AS e - e PR me g W Y gy AR gy AR YD D A gn T up T NS aR TR g AR A R g Wy G5 D AW P T e W R R A W W NS -y SR D WY ur O $h O



’_\.--
i ' TABLE 323

Reaction of Monchydric A.lcohols with Aqueous Chlorine in Presence of Perchloric

Acid : Fnergy of Activation, F rgouency Factor; Nelative Entropy, Entha2lpy and

Free Fnergy of Activation at 30%C
Alecohol Cenc. Conc,.d Conc.c Conc.d Conc ¢ Conc.d Conc.c Conc.d Conc,¢c Conc,d

Arr..,KCals sates lit. fl AS - A Ss YA H - AH AG AGS
Sec Cals/oc Kcals. Cal,

fethyl 19.2 19,5 7.852 7.998 0 0 3] 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.,14% +0.5 10,7 «1,6 -1,7 -« 1830 « 1020
n—Bﬂtyl 1608 16.7 6.2‘79 6.121 -7.0 ‘8.5 -2.3 -2.8 -220 -210
ISoB\!tYI 17¢3 la.l 7.035 7.503 -3.8 "3.5 -1.9 ’l.e "750 -?30
Sec.Butyl 17.3 16.8 8,169 7.690 +l.4 -1,4 -1,9 2.7 =2320 «2280

Conc.c : = {Aleohol) = 0,1333M; (UX)O = 0.,0060M, (HClO4) = 0,1500M, /U- = 0,4
Conc.d 3 - (Alcohol) = 0,1333M; (OX)G"- 0.0060M, (HC104) = 0,1000M, A= 0,4

W ARG AT g W gy N RS AP S Wy G P T AR N A T gy W R WSS W e WD S B e B e e e D T MR s O S S O g S D A e W G- P U N MDD P G s TR R s s A g NS e T e o an A R SR Gy W A AR N g NS WP N WP W T En e A e
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In alcohol molecules, R = 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 peirs of electrons, It 1s these features that
determine the chemical reactions of the unsaturated
alcohols!3€%),

In Table 321, the values of initial rates under
different conditions are given. e measured the initial
rates of the reactions by keeping the concentrations of
the reactants fixed in all the cases, The data indicates
that in absence of perchloric acid, the rate of reaction
increases regularly with the substitution of methyl aroup
for hydrogen, i.e., the reaction rate of methyl <« othylég.
n propyl gn butyl < isobutyl < tsopropyl < sec.butyl,
whereas in presence of perchloric acid, the reaction rate
of methyl < n-propyl < n=butyl <othy1 <iaobuty1 <1|oprePYI<
sec.butyl. This is the expected order for electron relesse
at the C=-H bond of the carbinol group, since the methyl
group will tend to increase the electron dcnsitz-:E_Erc
carbon atom by their general inductive effect, CHQ-—-FHOH.
The polarizablility of the molecule increases as the number
of electrons in the molecule increases and as their distance
from the nucleus increases, Thus by increasing hydrocarbon
chein length, the attractive forces resulting from the
polarizability of the molecule increases. Since chlorine

1s 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 constont of the
alcohols also play a role on the rates of reactions,
because the increasing order of dielectric constant is
methyl > ethyl™> nepropyl = isobutyl = isopropyl > n=-butyl
sec.butyl.

In Tables 322 and 323, the data in absence and
in presence of perchloric acid on energy of sctivatien,
frequency factor and relative thermodynamic activation

parameters are shown,

The enthalpy may be considered to reside in the
bond energles, A decresse 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 1s found
that the substituents exert their effect primarlly on the
enthalpy of activation., The changes in the entropy of
activation or the freamuency 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 given state, The ability of 2 process
to take place with an increase in entropy is 2 driving
force that causes the process to take place, In absence of

perchloric acid the negative entropy incresses with



substitution of methyl group significantly, whereeas in
presence of perchloric acld, the negative entropy shows
an erratic trend. The direction and extent of 2 resction
are determined by two driving forces, (i) the tendency

to react in s state of lowest enthalpy, (ii) the tendency
to reach a state of highast entropy. Perhaps both entropy
and enthalpy of activation are the main rate controlling

factors,

The free energy of activation represents
the resctivity, The more reactive one will have a lower
free energy of sctivation. The observed rate data shows
a fairly good parallelism,

n factor that influences the activation
energy 15 the steric condition in the transition state,
Any structural ferture that lead to greater crowding in
the transition state, that is, greatof repulsion among
the electrons of the bonding orbitals increases the
activation energy, whereas reduction of repulsive forces
decreases activation energy. The observed decreasing
trend in the asctivation energy seems to be explained in

this manner,

Arrhenius' Freaquency Factor

Many reactions have been found to take
place very much slowly than that would be expected from
the simple collision theory, and in order to overcome
the difficulty raised by the existence of slow reactions,
the collision theory eauation, k = Zd'E/nT. was modi fied



276
_ - E/RT
by the introduction of a factor P, that is, k = PZe "
where P is referred to 28 the 'probability' or 'steric!
factor., The value of P 1s a measure of the deviation of an
actual reaciion from the 'ideai' behaviour of the simple

collision theory.

The data presented in column 2 of Tables 322 and
323 indicates that these reactions are characterised by low
values nf the freauency 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 aclid, the freauency factor is rather
high in the case of methyl alcohol, which indicates that
perhaps 1t follows a different reaction path at lower
concentrations of methyl alcohol. Other reactions have
similar values of freauency factor. In presence of perchloric
acid, the values of freauency factor agree fairly well, On
the basis of the collision theory these reactions reouire an

assignment of » probability factor of about 1074 or 10'2.

It is not clesr to us at this stage why in absence
of perchloric acid, the values of esnergy of activation at
lower concentrations of alcohols are higher than at higher
concentrations of alecohel. Perhaps the consecutive reactions
aggravate the problem and so the above trend has been
noticed,
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