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AB3TRHACT.

e investigation is concerned ﬁith the offect of
electrolytes on the rates of reacilon of p-methoxybenzyl chloride
nnd'banzhyd&yl chloxride in %O% acctone, where both'compounds
hydrolyse entirely by mechaniem ;1. The work wos Cesigned %o
test the possibility that better nucleophilic resgents than water
could react with p-mothoxydbenzyl chloride by the concurrent oper
ation of mechanisms Syt and Sy2, Since electrolytec haq been
previously demonstrated to have speéific effcects on the rates of
ionisation of orgenic compound329'86'87, it was aloo neccgsary
to mecasure thelr effoct on an ionisation process before thé
quantitative treatment of the firci problem was possible. Benz-
hydryl chloride, which is not susceptible to bimolecular attack§1b

~was chosen for this purpose becanice 1ts rate of lonlsation was
known to have the same sensitivity as that of p-mnethoxybenzyl
chloride {o changes in tho solvent composition and to additions
of sodium perchlorat629.

The studies have shown that the specifioc effects of elec-
trolytes on the ratec of rcaction of benzhydryl chloride in the

{_ presant solvent are consistent wlth tho operaticn of Two effects

i) a non=-gpecific accelération of the rate of reaction due to

ion-atmosphere stabjlisation of the transition state for ionipa-

tion8°, 11) a specific change in the "effective" solvent
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composition due to solvation of the electrolytesa7. The effect
is greater for p-methoxybenzyl chloride than for benzhydryl.
chloride by a constant small smount. The application of these
prineiples to the effects of electrolytes on the rate of reaction
of p-methoxybenzyl chloride, has confirmed that nzlide ions and
chloride ions react with this compound by the simultancous
operation of the Syl and Sy2 processes. This 18 probably also
‘the case for the substitutions by bromide, nitrate and fluoride
ions,. The non~electrolyte, pyridine, has aiso bean showm to
react with p-methoxybenzyl chloride by coﬁcurrqnt.Operation of
the two Sy mechanisms, but no ellowance for the medium effect
could be made in this case, because otﬁer inert non-electrolytes
were found to affect the rates of lonisation of benzhydryl
chloride and p-methoxybenzyl chlofide in different ways.
Additional evidence is provided for the validity of the
criterion61 of mechanism on which it was concluded?? thét D
methoxybenzyl chloride hydrolyses by mechaniem Sy in 70% aqueous
acetone. This mechanistic criterion requires that the value of
the ratio AC%/AS* should be independent of the nature of the
substrate for Syl reactions. The value of this ratio for the
hydrolysis of p-nitrobenzhydryl chloride in 50% aqueous acetone
'%is ghovn to0.be the same aé the corresponding values for the
structurally different compounds tert-butyl chloride, benzylidene
chloride, p-methylbenzylidene chloride and'benzotfichloride in

the'same.solventéz, where the reactions all follow the Syl path.

R S = - rr—— - - S L bac i aue
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- CHAPTER T

- UECHAMISMS OF  SUBSTITUTION AT A SATURATED CARBOW _ ATOM.

1. ‘Types of pubstitution.

Organic substitution reactions are essecntlially celectrical

‘phenomena. It is now recognlsed that chemical bonding involves

:Lnferactions between the bondcd centres and an acsociated pair
of clectrons. Formation or mupture of bonds must thercfore
bo acconpanied by modifications of the bonding electron pair. '

In cubstitutions such as

Y + R = X ——> Y =« R + X

" in vhich a single bond is exchanged, two main types of bond

"rupture are recognised.

- In homolytic or cmnmetfic ﬁasioz;, :
Yo+ RooX —m> Y ooX + X
(The dots represcnt | electrons)
the departﬂ.ﬁg group soparates with one of the bonding elcctrons
and a new bond is formed by the palring of an clectron on the
reagent yith that left on Re Such reactions, although common

in the gas phase, arc not the concern of the present studies

and .will not be given any further consideration.

In heterolytic or dissymmetrie' fission, viidch is

frequently obvscrved for reacfio_ne. in solution, the depdrting

group either leaves ‘oéh.ind, "o B

K}
O .sciencg
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"bonding“ eloctronsa‘--lt is thereforcec necessary to subdivido
- hoterolytic fisaslons into two clascsoen, |

(1) whan the reagent 1o olcctron deficicnt and makos up a
coqplete ﬁbctet" by ttiliaing the diecapded pair at the
réhction qantré, the proceas lo tormed electrophilic
-gubstitution (Sg). A -

Y + R i X —> ¥ 1 R + X

(i1) When the deficicney of electrons arisos at the reactiomm
‘centre and the product is formed by coeorﬂinﬁtioh with a palr
of electrons‘on_the roagent, the process is termecd a

nuclcophilic substitution (Sy).

¥:+ R ¢+ X ——> Y : R + :X
It can be geen that such reactions are acconpanled by a transfer

of electrons from the substituting group Y to the subotitutlon

centre and from hore to the expelled group X. In nucleophilic
substitutions, therefbre, Y becomes one.unit nore popltive and
X one unit more negqtivé and ﬁrovidod:that this condition is

fulfilled' theo chabged states of the species involved nced not
be restricted. The followlng examples, vhiich covor a varioty

of charge distributions, will serve to illustrate this point'®Z,

/

N * Rl ——> m¢3' + OL

o ' + -
R3'N + ROl  —m———> RNR; '+ Cl
H,0 + RBp ———> ROH + Br

OH" + RN ————> ROH + RN
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8incc the prosent studics are rcetricted to nuclcophilic
subctitutions, a more detailed coneidgration of this clascos of

reactiéﬁs will now be given.

24 -n,fech@isnls of nuclcophilic substitution.
C _ Two mechanlang are currontly becogniaed for nucleophilic
sub titutlon reactions. |

Vhen the product is formed from the reagents in a single
qtep, in vhich two molecules simultancouasly undefgb covalency
| change, the reactlion is a bimolecular one and ia designated SNZQ
..For an ionic reagent the reaction is
¥ o+ X —> [x- T — iﬂ —> YR + X

: transition

stato

vthen the reagént is pot ionic, the charge distributions are
suitably modified. The_hydrolysia of methyl bromidc in aquecous
ethanol follows this mechanisms.
Vhienn the rate of rcactlon is dotermined by a proliminar&

plow ionipation of the compound RX, to give a highly reactive

arbonium 1onvﬂhich thea rapidly.co-ordinﬁtes with the reagent,
the mochanism 1o Gegignated S1e  Since only one molecule ig
undergoing covalencJ change in the rate detcrmining step, uhO'

prococs is rcgqrdcd as unlmolccular ’&

+ + -
RX > D} Xﬁ] ' - R + X
' transition
+ - - stato

RN + ¥ — RY
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' The magnd tudes of the encrgles required for the
ionisation step in the gas phase, are too large to give a
reasondble rate of reaction by such a mechaniem, a fact which
haszéauséa-oonsiderabla opposition to the ionisation concepth.
However it is now recognised that in condensed systens

" solvation of the po;ar‘transition state for lonlisation can
féduce the activation energies;to-more accessible valuess.
Tert-butyl chloride in aqueoué.acetone hydrolyeea by
‘this mechanismd. o N

3. Recognition of mechanism.

The kinetic criterion is often used as a method of
determining the mechaﬁism_of a reaction. Provided that both
reacting species are in small and controllable concentration,
J;-. . the bimolecular process should lead to second-order kinetics
: while the unimolecular mechaniem requires first-order kinetics.
!f Thus,

Rate = kz[RX].[Y]e |  (sy2)
Rate = Kk, [RX] | (sy1)

However in solveolytic recactions, with vhich these
investigations are concerned, the substituting reagent is a
najor constituent of the solvent and is therefore present in
virtually congtant excens. } The rate egquation hence reduces
to a first order form, irrespective of mechani en., _The kinetic

criterion cannot therefore be used to determina‘the mechani an

.
T * i i, IR M, T ey ey il —
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of solvolytic reactions. It must be stressed, at this point,

that unimolecular reactions may exhibit small dbut characteristic

_deviationé from first-order kinetics (see Chapter III).
Several criteria of mechanism are availsble for

solvolytic reactions, cach of which has a limited range of

utility. It is the general rule to apply as many of them as

possible to the solﬁtion of a particular problem. Hugheg has

reviowed the methods in some detaile. They are listed below,

and those of most significance in these investigations will bé_

digcussced later in this chapter.

" (1) The effect of structural changes in the compound

" substituted. |
(11) The effect of variation in the substltuting reagent.
(111) The effect of solvent changes on reaction rates and
products. | .

(iv) The etereochemica; courseﬁof the substitution.

(v) The kinetic form of the substitution reaction.

(vi) The effect of salt additions on rate and products.

4. Ion-palr intermediates in solvolysis.

Since_the Sy! mechanism 1eads‘to a planar carbonium
‘1on, unimolecular substitution of an optically active compound
gshould lead to a racemic produét.' ‘Hughes, ingold &nd - their
co—wﬁ;kers7 have found 1t.necessary ﬁo postulate shielding

effects by the departing group, in crder to account for the




partial inversion of a~phenylethyl chloride during solvolysis
by the _SN1 mechanism, 6‘b;lections have been raiscd to this
proposala. H:a.mme:tt9 ﬁrst suggested that an explanation may
1ie in the formation of an "ion-pair" intermediate, prior to
the attainment of full ionisation of the substrate and that
reaction of this entity with solvent would lead to inversion.
The relative rates of reaction of the "ion-pair" and the |
carbonium ion, then control the ratio of inversion to

- racemisation. | |
| | In recent years Winstein end his -co-workers have modified
Hammett's original suggestion in order to explain the resul.ts
of thelr solvolytic studles with optically active aryl
sulphonates in acetic acid1°, vhere they believe the Syi
mechanism to operate, Racemisation was found to be ‘several
times faater than acetolyels and for compounds with long-lived
carbonium ions a two stage acceleration of the latter rate was
induced by lithium perchlorates - 1) an initial steep rise in
the first-order rate coefficient for small concentrafiqna of the
salt ("special salt effect") 11) a subsequent gradual 1ncrease'
which was almost linear with salt concentration ("normal salt
effect"). | -

: These workers bropose@ that ionisation occurs through

. two metasiable"intemediateb, an '“:Ifntemal“ ion-palr end an

o e T AT T

Rt "'{»‘i"" RN iscii ey




Mexternal® ion-palr. -The former, in which the partly
seperated entitles are'surrounded by a common solvation sheil,
can return to the initial state (internal return) with accome
.panying-racemiaation.-Q'The;aolvcnt-sepefatcd "external"
ion-pair may either form the fullyvdevelobed carbonium ion,
return to the initisl ptate through the "internal® form
(extornal return) or react with:nnoleophiiic rengents. The
Anternal form is much 1ess reactive-£ut 1t is also susceptible
to’attack1°°. .The "special salt effect" wasfexplained by
ﬁoatulating~that the'extennal 1on-paib nay be progressively

. stabalised by electrolytea@ phus preserving 1% for acetolysis |
and reducing return to the initial states - The reaction sfeps

nay be represcnted. thus,

Internal " External Dissociated

. lon-paipr ion-pair . ions
R == lRfol Rt[/.xr~‘, "+ X

~ Products

Winsieiﬁ and his co4woﬁkers11'have recently demonstrated
that the racemisation of p-chlorobenzhydryl chloride proce§es
more rapidly than substitution by radio-active chloride ions in

acetone, and more rapidly then hydrolysis and chloride exchange




in 80% aqueous acetone, Pocker'2 has rcportcd oimilar rcoults
for thc roactions of an uncymmetrical, deuterated benzhydryl
chloride in 70% aqueous acctono, Since the cubstitutions

of benzhydryl chlorides are concidered to occur entirely by
mochaniem Sy 61b, theoe recults are conslstent with “internal
rcturn" but they 4o not show that any of the substitutions
involve attaclk on ion-pair Intermediates. Indoed the only
evidence indlcating that such reactions may occur in acueousn
orgonic solvents arises from a statement by Pocker (loc. cit.)
that the rate of exchange between benzhydryl chloride and
isotoplc chloridec lons 1s somevhat greater than that normally
assoclated with e maps-law effect. No details were given
but the cflect appears' to be small and to become progrescively
less important in more aqueous media. On the other hand, it
has been concluded, from studiea of the effects of mixed
chloric/les and bromldes on the rate of hydrolysis of dichloro-
diphenylmethane in aqueous acetone, that ony ion~palrs formed
in thesc syostems 4o not react significantly compared to the
fully formecd carboniunm :l.on..'3 If this 15 the general case for

aqueous solvents, then lon«pair intemedintes have no effcct

on the overall courssa of unimolecular nuclcophilic substitution

and 1t is therefore cbncluded that they may be neglected for the

tinme being.
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5. Factors affecting rote and mechanicom,

- In reaction by mechanism Syl, the rate 1s controlled by
the. icnisation of RX and the pucleophiiic power of tho roogent
ghould therefore have no effect on the rate. In practice the
nature of the reagent may influence the rate slightly by the
operation of "mediun" offccts, which are however not related
‘to the nucleophilic power, These mcdium effects are dilscussed
in more detail in Chapters III end VI,

"' The bimolecular mechznimm requires covalent attachment
of the reagent in the rate determining step and its nucleo=-
- 'philic power is thus an importaat factor governing the rate of
reaction by this mechanisa. Tables of nucleophilicities have
.been compiled using the data f£rom a number.of sources'l,

It follows ‘/I'rom these cons;':deratione that if the addition
of a strong nucleophlile does not alter the rate of reaction of
RX, the orfginal reaction must occur unimoleculérlysc Tert-
butyl chloride and benzhydryl chloride, are sterically hindered
to bimolecular at‘ﬁacl:. and 4t has been demonstiated that the

- hydrolyses of these two compounds in aqueous ethanol are

praciically unaffected by the addition of hydroxide 1ons! 6’17'29‘

The converse of this criterion will clearly not apply-

e ¥,



10,

pinco 1t 1s quito poseible to vipuallse a compound reacting by
nechoniom 8,2 with powerful nucleophiles, but finding the SN1
 path ene:getically more favourable when onlj weakX rcagents are
prosente. Indeed it has been denonstrated that chlorodimethyl
- other, in ethanol and ether/ethanol mixtures, solvolyses by
the unimolecular mechanism in the ébsence of ethoxide ions,
but reacts predominantly by the bimolecular mechanism in the
presence of this powerful réﬁgent18.' Similarly the rate of
reaction of the trimathylsulphonium ion with various anions
in ethanol!9, follows the sequence 'OI-['> Pho,">co;\'nr'_§- c1=, -
and this has been interpreted as indicating a progressive
decrease in Sy;2 substitution as the nucleophilic power of the
reagent falls. The méchanism was regarded as SN1 for the
last threo anions, but Streitweiser'¥C hag pointed out that the
recults are equally conslstent with bimolecular attack by the

solvent which, though a weaker'nuc;eophile than these ions,

is present in much larger amounts.
|

Fipure Ieq

" In nucleophilic substltutions the departing group

carries the pair of bonding electrons away from the reaction
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centrc ané the resulting electrion deficiency is made up by
co-ordination with the reagent, =~ These procegses are indicated
clievmmutically in Figure Tt » 7The bond breaking process will
be enhianced by an inerecace of clectron release to the reaction
cantre by the groups sttached to it, It follows that the
tendency to reaci.by the ionipation process (Sy1) will increase
with iacreasing electron accepsion to tho reaction centre,
Therefore, since methyl groups 'can reclease elccirons tof:ards
- the reactlon ccatre by the inductive effect, a transition from
mechanimm 942 to Syl ip to be expected for the series

o CH, | CHy
H—CHJX, CH,— CHpX, /cux CH,— CX
' ’ | cHy 0113/

- I% has been observed for this series of bromides that the rate
of solvolysis in aqueous etha.ﬁol is 16@5'&: for the isopropyl
compound and that hydroxide lomns have no effect on the rate of
hydrolysis of the ggz_ic_-butyl compound, although the corresponding
rates for the others are affected in the ordéii methyl 7 ethyl ~>
;so-propy13 '5’20.. Tert-butyl bromide must, therefore undergo
SN1 solvolysis, and methyl and ptlxyl bromides Sy2 solvolyais_.
Bimolecular su‘dstitution of iso=-propyl bromide by water is not

" unombiguously indicated by the smell accelerating oeffect of
.ﬁydro:éidé ions (compare page 10)s The region of minimum

-H—r_ R Aok st o A U N Tl B2 L R )
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reaction rate, which approximately corresponds with iso-propyl

- bromide, marks the so-called “border-line region' vherp the _

mechanistic transition occurs. Border-line reactions will be

diacusse)cl in more detail later in this chapter,
Whereas the inductive mode of. e¢lectron releasce ié'the
important oné for alkyl compounds, phenyl groups can release

electrons by the conjugative effect. . Therefore the series

- > CHX, Pn>cx

‘Ph " : Ph

 H—CHX, -/ Ph==CHyX, .-

ghould also show en increasing tendency to react by the Syl
mechanism,. This serips has been studied sufficiently to
indicate a transition of mechanism eipproximately correspond:_Lng
to the benz:fl compoﬁnd.19°21'22. Consistent with these con=-

‘eclusions, hydroxide ions have been observed to increase the

rates of hydrolyslis of methyl halides in aqueous media3’5'2°
but to have little effect on the rates of hydrolysis of benz-
hydryl halides!7s23s

The solvolysis of benzyl chloride in aqueous solvents
displaya features of both the Sy1 and Sy2 processes, Thus
the accelaeration produced by_.hydz;oxide ionsz,u argues in favour
of mechﬁnism Sy2 but ‘does not i)reclude mechani em Syt (see
page 10). The small retardation caused by chloride 1ong2?

indicates a mass-law xjetarda'tion, the most common diagnostic




feature of Syl reactions, but it has also becn explained as a

neutral salt effect on 92 s‘u‘bstitution?6

Bensley and
‘Kohnstam?/ have concluded, from a comsideration of the avail-
able evidenoe, that the mechanism is mainly, if not entirely,
By2 in 50p aquoous acotone,

Variation of electron release to the reaction centre
can also be realised by the introduction of polar substituents
in the n}ng of aralphyl compounds. Experiments with such
éompouhdé have the advantage that steric effects, which may
arise with substituents at the reaction centre, can be avoided.
Tmus the effects of mefa— and para- substituents arise solely

from polar influences. For example the para- substituents

NO,;  H; 'cH3;

in an aralphyl halide, represent a series with increasing

p=-MeOC H PhO; MeO;
6}4’ ’ ’

Taclility of electron release towards ﬁn electron~demanding
reaction centre. It has been shown that, in aqueous acetone,
"only the last two substitucnts induce By1 solvolyeis for para-
sﬁbstituted benzyl chloridesza’zg. The para-methyl and para-
anisyl compounds are regarded as border—line'cases and the
parent compound and its para-nitro derivative appear to undergo
SN2 solvolysis.

In reaction by the bimolecular mechanisa, electron releaee
towards the reaction centre will facilitatc the fission of the
'R—x bond but will, at the same tinme, tend to inhibit the
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approach of the roagent by electrostatic intcraction with its
bond;forming eloctron pair, the effect being more proncunced
. for anionic reagents. Depending, therefore, on whether the ]
bond-forming or bond-breaking tendency predominates in the .
activation process, olectron release to the reaction centre can
' inérease or decrease the rates of Sy2 substitutions. This |
hés been demonstrated for the bimolecular oxchange between
: Para-sﬁbstituted benzyl bromides and radio-éctivé'bromide ions
in ethylene diacetate®’, and the Finkelstein reaction with
benzyl chlorides in acetone®', vhera the Sy2 mechaniem also
Qﬁerates (sce Table I=1). | ' |
TABLE I-1 | |
Relative Rates of Substitution of Benzyl Halides in
thylene Diacetate” and Acetone .

Substltucnt o
Reaction NO, CN C1 H Me +t-Bu OMe [ Refe
* RBr + Br™ | 11.210.0 = 1,0 = = 6,2 30
FROL + I | 6449, = 2.12 1,00 1.7 135 =~ 31

.It mighf'be eﬁpectéd, vith formally neutral'reagents
such.as water, that ele%gostatie interactions would be less-
than with chafgéd reagents. :In cbnsequence the main cffect

" of a change in electron relcase to the centre of substitution
would be on the bond breaking process, for such reactions. Thus

an increase of electron accession to the reaction centre
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should be accompanied by. en inercase in the rate of reaction.
This 18 substanéiatod by the progressive increase in the rates
of solvolysis of para-NOy, «~H, and =Moo benzyl chlorides in
partly aqueous solvents22:32, On the other hand the rates of
reaction of methyl, ethyl and 1so-propyl bromides with ethanol
exhibit a progressive decreases?, This has been attributed
to increasing steric hindrance to bimolecular attackol, and'is
| supported by the similar effect observed for a variety qf ‘
reactions with the alkyl serics methyl, ethyl, iso-butyl and
neopenty135. The retardation observed for the neopentyl
compounds, for which considerable steric¢ hindrance has been
theoretically demonstrated’?3, is particularly large. It is -
‘notewvorthy that in formic acid, where reactions are usually
concedéd to be SN1,_the golvolysis rates for methyl and neo-

pentyl p~-toluenesulphonates differ by only a factor of twoooP,

6. Mechanism in the border-line region.

Up to this point, although considerable attention has
been given to the extreme Sy! and Sy2 mechanisms, the border-
iine'region, where the actual transition from one to the other
occurs, has only been ﬁriefly nentionede 'The true'nature‘of
border-line reactions, which are almost, but not quite, Syt s
has been the subject of ﬁ great deal of controversy.

It is instructive to cqnaider nucleophilic substitutions

. in terms of the valence bond cohcépt36. The transition state
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~of ‘any such reactlon can be regerded as a rosonance hybrid of

the canonical forms (I), (II) and (III).
 Y: ReX Y—R :X Y: R X
(1) (1) (111)

Yhen structure (III) does not contrfbute to the transition
state the opérative'mechanism is o2 and wWhen only (I) énd
(1Im) do so it is Syle On-the other hand, if all threce canon-
fcal forms make contributions to the trangition state, the
mqphanism must be regarded as bimoleoular. since covalaent
.participation by the reagent is still an essential feature.éf
the activation procass37. _ |

Two.poésibilities must be considered for reactions
occuring in the mechanistic border-line region. Both have
-bgeﬁ propcsed by a number of diff'srent duthors36b'38’39.

(1) It has.been asserted-that such reactions proceed
through a single intermediate reaction path. The transition
state has contributions from all three canonical forms and
~ the mechanism must hence be bimolecular. The greater the
contribution from (III) relative to (11), the more does the
reaction tend to. be 8y1 in character.

(11) The second alternative postulates that the individual
acts of substitﬁtion may occur through a 'continuous spectrﬁm'

of transition states. The contributions from the canonicﬁi

férms vary for each and some may have none at all from (11).
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The SN'I' and Sy2 mechanisms can, therefore, operate concur-
rently and independently, A variant of this view is that
: penction involves separate operation of the extreme cases of
Syt end Sy2. |

At the boeglining of the present work, no unambiguouel :
evidence in favour of the two genoral alternatives was h
available,

Winstein, Grunwald and Jones6d consldered that a
J.incar Treccenorgy rclationahip applied to the effect of
solvcnt changes on the rates of solvolytic reactions and

suggested. that
1°g k - . log ke ".' m-y o & 8 o o ® I‘=1

where .Y :I.s a measure of the 1onising power of the solvent,
relative ¢o a stendard solvent (80% aqueous ethanol), to which
k° refers, and m is a constant which is independent of the
nature of the substrate but dependent on the reaction mechanism.
Values of J for various solvents were obtained by assuning |
that m wvas equal to unity for Syl reactions and studying the

| solvolysis of tert-butyl chloride with various solvents, when

log (K/k®)ipuey = _Y

"® A different mechanistic classification was actually proposed
by these womers but they showed that theilr two classes, Lirh.
‘and N, closely correspond to the Syl and Sy 2 mechanisms.
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Values of m for 8y2 reactions (mo) were obtained from the
application of cquation I-1 to studies on n-alkyl halides.
These wore found to be appreciably less than unity,
If a mechanistically border~line eolvolyais ;nvolves
| the concurrence of mochanisms S8yl and 8y2, then
k a kq + ko
'Theréfore. from ecuation I-_-1
k antilogyp-may = kI antilogio(i-mp)) + k3 . . I-2
T_he solvolysis of 1so-propy1' bromide in aqueous ethanol was
. chosen as & possible border=line reaction and studied in a
-series of solvents which varied from pure éthanol to water.
The results cshowed that k did not vary in the manner predicted
by equation I-2 and much better agroement with their observa=-
tions was obtained by using equation I-1 with a value for m
intermediate between my, and unity. It was therefore concluded
that this reaction involved a single reaction path intermediate
between Syl and the extreme form of Sy2. |
" ’ | This approach, 'i:hox;gh not necessarily the conclusion
about the nature of border-line reactions, has beeﬁ. severcly
criticised. Streltwicser'd® has pointed out that m is not
independent of the nature of the substrate for Syi reactions
and Bird, Hughes and Ingold? have shown that log k, for the
‘solvolysis of methyl of ethyl bronmide, does not vary linearly
with Y , as required by equation I-i. Winstein and his co-

-
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workers have accepted these criticiemsl® but thelr revised
views ol the effoct of solvent changes on the rates of
solvolytic reactions do not contribute to the interpretation
of border-line reactions.: '

" The roactions of m-chlorobenzhydryl chloride in liquid
gulphur dioxide>?. with fluoride ions and also triethylamine
and pyridine, have been studicd. The substitutions dy the
aminés ghowed "maas-laﬁ" retardations with added“bhloride ions, .
a feature usually associated with the unimolecular mechanism
- (see chapter-III, page L41). However the dependence of ratec
on the rezgent and the variation of rate with reagent concenw-
_tration werc inconsistent with substitution by mechanism Syl
or by the concurrent operation of the Syl and extreme Sy2
Processes. It Waslsuggested that the reactions occurred
through transition states which were intermediate to various
‘degrees between those for the'two mechanistic extremes. The
suggestion was only a - qualitative one and, morecover, no
_élloyance was made for medium effects (see Chapter VI). This
worl cannot therefore, be regarded as meking a valid contribu-
tion to the border-line problem.

The solvoiytic reactions of benzyl chloride in partially
aqueous solvents have ﬁecn:discussed in terms of the two
meghanistic alternatives for border-line reactionsz7. The

kinetic data were consistent with either of the views alread&

put forward (sce page 15) but 1t was‘considered unlikely .that
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the extreme 8Sy1 and 842 mechanlams were operating together.
| Nair'! has studied the effect of cyanide ions on the
reactions of benzyl chloride in SO%Iaqueous ethanol. The
considerable increase in the'rate, which depcnded on the conccne-
tration of the reagent, could not be explained as a salt-effect,
However the constant first-order rates, obtained with a slight
excess of the reagent, precluded the possibility of direot
bimolecular subastitution by eyénide ions. An unstable penta-
valent state was postulated for carbon, analogous to similar
suggestions made by Doering and Zeiss2, Gillespielt3 has alse
suggested that carbon may utilise its 34 orbitals in bond
formation but Dewar* has shown that'an& such contributions
frém the 34 orbitals would leave thé genefal coniiguration 6f
carbon unchanged. Nalr's assumption of Sy!1 solvolysis for
benzyl clhloride in 89% aqueous ethanol is open to serious
eriticism, since Bensley and Kohastam?! found that the reaction
was mainly Sy2 in 50% aqueous ethanol, a better ionising medium. -
It cannot thercfore be'maintained that' this work makes a
valuable contribution to. the knowledge of "border-line" mechan-
lesms and in the author's view an analycis of the products of
reaction is required before Nair's postulates are seriously
considered. | i‘

The exchange between radioactive bromide ion.and tert-
butyl dbromide in anhydrous acetone has been interpreted as the

‘ 57
concurrent operation of the Byl and Sy2 processes, dut later
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worlt by d¢ la Mare has not confirned the lkinetilc datauG.
The validdty of the conclusions dram by both scta of workers
has been ques?ioned recently'by winsteinld? vho has shovn that
el?imination o the prcdominating reaction occurring in the
presence of lithiwn bronide or chloride., The results sugcest
that eliminatlon and exchange Involve the same rate determining
stage, probably 1nnisaﬁion of tert-butyl chloride. ©r0ma'fc. .
Several sots of workers have considercd the hydrolysis

of benzoyl chloride as a border=linc muclcecophilic substitution

reaction and the results have been interpreted in terms of the
concurrent operation of ?gohapisms 3y! and 3Sy2.

Crunden and Hudsoﬁuasmumed that the rcactions of para-
subgtitutecd benzoyl chloridea in anhydrous formic acld involved
only mechanign Syl and that the rate was the same as for the
3y1 reaction in.GS% aqueous acetone, a solvent of the sane
ionlsing pover (sce page 17). Any difference between the
rate observed in this solvent and that calculated for the Syt

reaction was asswied to arise from the incursion of mechanign

SN2. On this view the parent compound and ils pnra-metiyl
derivative hydrolyesed wninmolecularly, the para-nitro compound
bimolecularly and the para-bromo compound by both mechanismg,

LY

It must bc streoscd that thls approach, even 1f valld, does not

conclder the possibllity of a single reaction path intermediate
between mechanism Syl and the extreme form of mechanism Si2.

The concurrence of the two moechanisms 1a therefore assumed at
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tho outset. Similar obJections apnly to Kelly and Watson'sh9
conclusion of simultancous 8;;1 and Syx2 hydrolysis of benzoyl
chloride in agqueous acetone. These workers found that the
obgerved rates were consistent with the assumption that the SN1
" rate was proportional to [1-120] 9 and the 82 rate to [Iizo]n+1,
wvhere n and q were indcbendent of solvent composition. The
propGrtionality constants were obtained by assuming oniy the
Si2 reaction to occur in solvents of low water content. It
must be stresscd, howeve:, that thereo 1s no reason why an
expression cuch as k o< [Hzo]q gshould hold over a large range
_ of solvent variation, even for the operation of a single
nechanism.

Gold, lHilton and Jefferson®® gtudicd the intervention of
_aromapic anines in the reaction between benzoyl chloride and
aqueous acetone, pointing out that the concurrence of the two
mechaniems would result in a décrecase in the rate of hydrolysis
and z2n lacrease in the overall rate of decoaposition of the
chloride on addition of the basc. They concluded that each
mechanicn was rccponslble Lfor about half the observed rate in
50% acetone. Although thece workors were not able té make an

allowance for the medium elfect caused by the addition of the

amine (see Chapter VI), thelr conclusion of concurrent operation

~ of the unimolccular and blmolecular mechanisns would be unas-
sailable if the hydrolyecis of benzoyl chloride involved only

the SN mechanisms, Recent work51 has shown that the reaction




of bénzq&l c@loride with water cen, however, involve other
paths.. “Unreacted" chloride, isolated from exporiments con-
 dueted in acqueous golvents containing H2018, were found to
contailn isotoplc oxygen. The interpretation of this observa-
tion-is analogous to that previously proposed’? for the
hydrolysis of carboxylic esters by mechanliem Bpc2. It is
aogumed that the first step in the recactlon involves the addi-
tion of a water molecule to form the intermediate (IV), which
is sufficiently stable to undergo rapid proton exchange before

it decomposes to the initial state. >

0 0" 0
™ ” ) o+ 1 ) . + .- ) ”
H;0 + ?—-01 === H,0 -=-=c|:--01 == gt + 10 --cl; + C1™

R T R R
N (Iv)
| Al
. ' +
i ?Hz - ?H
0Z=Cc—Cl + H,0 === 0=—C=Cl == H* + o“=c|; + C1~
R | R R

The original acid chloride may thercfore coatain 018. t must
be streamsed that these results do not show that the hydrolysis
of benzoyl chloride procedes exclusively by this mechaniem,
‘but they do show that the reaction Goes not only involve SN
Procecsses., As a result, conclusions based on the study of
acyl chlorides are not considered!to provide information about

the mechanism in the border-line region of nucleophilio sub-
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stitution. It must be held, tﬁerefore, that there is no
evidenco favouring either of the alternative views of the
nature of tho operative mechanism (sce page 15)..

-The prosent thesls describes an attempt to obtain évi-
dence for, or against, the concurrent operation of the two SN'
mecchanisms in such reactions. After this worﬁ had been
comnmenced, Pocker53 reported reaction by simultanecous first-

'anq second-order processecs between benzhydryl bromide and
. bromide, chloride and azlde ions as well as triethylamine,
-aniline.and pyridine in polvent nitromethane, These results
suggest the concurraent operation of mechaniéma 81 and Syx2 but
it must be stressed that reactions in this solvent have been
consldored to involve the participation of partially heterolysed
specles?™,  These may, or may not, be the lon-pairs postulated
by Winstein and his collaborators aanintermediatos in reactions
carried out in medlia of low dielectric constant.(aee page 5)e.
Information about the possible concurrenée of the two
mechanisms has now becen gought by studying the intervention of
added substances in the Syl hydrolysis of an organic halide
(p-methoxybenszyl chloride) whose structure did not render it
sterically unfavourable to bimolecular'attack.. Since carbonium
ions must be-formed in the present reacting system, reaction
between these ions and the added material may occur; this
corresponds to unimolecular substitution, If however the added

substance is a better nucleophile than water, direct reaction
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with the unionlsed substrate is also possible, leading to
bimolecular cubstitution.

- Most of the organic halides which are recogniscd to
undergo 951 solvolysis are algo sterically hihdered to oubsgti-
tution by the bimolecular mcchanlsm end could not, therefore,

- be used in the present studies.: Examples'of'such compounds
are teri-butyl chloridg5and benzhydnyl_chloride7b. p-Hethoxy«
benzyl chloride does not suffer from this drawback but paft of
the evidence from which 1t-wae_concluded that its hydrolysis

| occuré by mechanism S 29 depended on the value of the ratio

' AC"/AS*® for this reaction, vhere AC® and AS” are the heat
capacity and eantropy of activation, respectively. _ Bensley and
Kohnstam?/ had previously proposed that this ratio should be
independent of the substrate in Syl reactians but confirmatory
evidence for this hypothesis was s8tlll required at the beginning
of the present studiese The reievant experimental wﬁrk which
was carried out for this purpose, 1s dlscussed in Chapter II
together with the hypothescis on which it is based.

It must also be stressed that the addition of substances

.to the reaction mixture will alter the rate of ioﬁisation of
organic halides. Parallel experiments were also carried out
"with benzhydryl chloride as the substrate in an attempt to
meagure the magnitude of the effects Qf added materials on the
rate of an Syl reaction, It is generally accepted that this

compdund reacts entirely'by this mechanism in aqueous soiventsf’
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/ Foot-note to page'25,

The evidence for this view has been recently mumnarieed28=

anaj;reliminary expoerimentis had showa that it behaved in a
similar 'manner to p-metho:qf’oemzvl chloride when the solvent
composition was changed, or when weakly nucleophilic electro-
JJtés were added. Most of the reagents employed in the
Aprese.nt experiments were ionlc and previous work on the effect
of electrolytes on nucleophilic substitution reactions is
discussed in Chapter III, The rosults now obtained are sum—
narised and discusced in Chapters IV and V. It was also
necescary to study the'_ effecte of unreactive non~clectrolytes
on the SN‘I solvolyses of benzhydryl chloride and p-methoxybenzyl
'chipride-. G‘napter"VI deals with this aspect of the work.
Full experimental detalls are gi.veﬁ in Chapter VII,
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CHAPTER II

ACTIVATION PARAMETERS IN 8y SOLVOLYSIS,

The temperaturo dependence of the Arrhenius parameters.

The Arrhenius equation®® defines the variation of
reaction rate with temperature by the relationship

lnk = B = E— : ©o o o o ¢ oll~
‘* RT |

vhere k is the rate constant, R the gas constant, T the absolute
tenperature, B a constant and E another constant with the dimen- -
sipns of energy. _

Experimental resuits usﬁally indicate that E, thé energy
of activation, is independent of temperature buf several -
workoers have concluded on theoretical grounds that the activa-
tion energy chould vary with temperature57 It is therefore
better to dofine the activation energy by the differential form

of aqnation II-1,

da ln k E B 5 '
; ar = I-{T_E ' 1 ': ® o o o o 0;1-2

Equation II-1 is then still valid if it is recognised that E

and B maj not be constant and'that

- as 1 @k .
4 h — = — ? e . ‘" e e @ o_.II"'3

4T’ RT 4T
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Eyring's absolute rate equation may be written in the

form -
£ as®  an®
lnk = ln— + —— Lad L] e o o .II‘L‘.

" h R RT
vhere It ig the Boltzmann constant, h is Plank's constant,
R is the gas constant, T is the absolute températurc.
.

as® is the entropy of activation,

AH® is the enthalpy of activation,

The energy of activation, E, oan be expressed in terms of these

parometers by diffcrentiating equation 1I-L with respect to

temperature and remembering that

a aH® a as®
—————nem = T 9 e ] Ac'5= o o o o 011-5

art - : at
vhere AC® 1 the heat capacity of activation. Therefore,
E' = aH® + R . } . o JII-6

Malking this substitution for ai® in ‘equation II-4 and

comparison with equation II-{ leads to . L R

KT as®
B = 1N — % — + 1

h R
The Arrhenius parameters can therefors be expressed in terms

of the entropy and enthalpy of activation.

It also follows from equations II-5 and II-6 that the
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temperature dependence of the activation'ahergy is given by
the relationship |

an ' "
- an . AC + R
aT

8o that sny detectable variation in the value of E with tem-
perature must be due to a difference in the heat capacities of
the initial end transition states. |

Temperature dependent activation mer&ies-for;-reactions
in solution have been reporied on a number of occa?.";ésion327'59v63
end the earlier reports have becn reviewed 1n,la number of
place829'6°’61 « Despite the considerable number of atudies
"that have been made of the effeot of temperature on reaction
rates, many of the meastrmmits were not accurate enough to
reveal variations in E and this applies to some cases where
temperature dependence has been reported59g’ ,6'*. Nearly all the
reliable results rofer to a‘ol_volyses of organic halldes, nitrates
and arlysulphonates, for which the transition states are more
polar" than the initial states.- In all cases the energy of -
activation decreased wlth temperature.

Possible causes for the finite heat capacities of
activation will now be considered. .

Causcs for changes in heat capacity. -

1. Electrostatic approach,

e e s sae o oan  owe  w=tt

freactions which involve a change in polarity on passage
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into the activated compléx have often been diseussed on a oimple

clcetrostatic basls, by assuning that the solvent merely acts

as a continuous diclectric and that solvent changes alter the

rate by changlng thé atabilitien of dipoles in thc dlelectric,
Kirkwood's cqpation65 gives -the change in free enorgy,

AG, for the transfer of a dipole from a continuous nedium of

unit dielcetric constant to one of dielectiric constant D; thus

| u?  (D~1) ‘
AG w = e o e o ¢ o » oII"‘?
r’ (2D#1) '

vhere p is the dipole moment, r the radiua.of the molecule
containing the dipole and D the dielectric constant of the
rediume. Differentiation of this expression with respect to
temperature gives the electrostatic contribution to tﬁe entropy

of activation by the expression

" n ) -'.. . -
a ad , wg - ng ' 3D d In D-
- -————]-)——g ASB = — —l— ° " ] : . .II-S
ar - r? 3. (2p+1)2 ar

"

D always decreases with increasing tempcraturc so that ASD_
nust be temperature dependégt. If (4 In D)/aT is not temper-
ature dependent,'which is the case for aqueous ethanoi and
agueous ace¢tone aolutionsss. the electrostatic contribution to
the hecat capacity of activation ls obtainedgby differentiatiaon
- of equation II-8 with respect t6 temperature and gpplication
of equation II-5. '




Thus,

T 3DT(2D~1 ) ainD|?2
ACh m == = S| e o oII-9
r13; z-i (2p+4)> | - ar

For the reactions under consideration, uy 1s greater than py
and the theory therefore predicts a negative value for the
heat capacity of activation, in agreement with experiment.

The observed values of AC* and AS* for the ionisation
of the c-ac; linkage, however, show serious'discrepancies from

those calculated using ecuations II-8 snd II-9 %  The theory

predicts that the entropy and heat capacity of activation should

be affected in the same manner by a change of solvent. For benze

ylidene chloride and benzotrichloride, the two compounds studied,
an increase in AS” was accompanied by an appreciable decrcase
in_ACg on changing from 50% acctone to 50% ethanol, The célcu-
lated values of the ratio ACE[AS% were consistghtly lower than
the observed ratio AC*/AS?. -It,must be concluded, therefore,
S that the clectrostatic approach does not account for the values
of the heat capacities of activation for reactions which involve
a transition state which is more polar than the initial state,
Other dbjections have been ralsed to the general theory.
Thus it has been repofted that only part of the heat capaclity of
-lonisation of weak acids canlbe accounted for by the electro-

.'static treatment67 and that the constant isodielectric

b e e i




activation cnergiesr predictcd by the theory are not obscrved

59¢, 68 It haa also been shown that the rates of

in practicc
1onisation of triphcnylmcthyl chloridcs and tert-butyl chloride
do not vary with D in the expected marmer$9,  Caldin and
Peacock7o have cowpared experimcntal Au and As values for a
numboer of bimolecular reactions 1nvolv1ngvan increase of polar-
1ty in the transition 'coxﬁpéiped to the initial state. They |
have reported aignifieant diecrepanciéa between the two.

The simple electrostatic treatment is therefore inado-

quate to explain the variation of the Arrhenius parameters and

an altennative approach 1s preferred in the presgnt studies.

2. Solvation hypothesis,

Gy e ks amp e

Both 8yi1 and.Sy2 reactions involve the development of

electric charges_on passage into the transition state. It is

now widely accepted that. in polar solvents such charge develop-

ment 1g facilitated by solvatlon forces which result from ithe
electrostatic interaction between solvent molecules and the
charged centres. The ex:listence of these solvation forces is
considered to reduce the large ionisation energy of carbon-
‘halogen bonds to the ‘accessible values of the activation energy
" which are observed for Syi reactions71. |

8ince solvating molecules are less free to move than

7 The solvent i varied in such a way that D remains constant
as the temperature is changed. |
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normal molccules in the bulk of the solvent, they are less able
to absorb cnergy and thus have a reduced heat capacity;
Observations of negative partial molar heat capacities for
eloctrolyteos in golution’2 and negative éhangea in the heat
capacity for the lonisation of weak acid967'73 are consistent
with this view. ,

Since both the Syl and g2 solvolyscs of organic halides
in;glve an increase in solvation on passage 1nto'the}activated
complox, it is to be expected that these reactions should also
be asgociated with negative heat capacities of activation, as
observed. - On the simplest interpretation, the heat capacity

of activation arises entirely from the increace in the nunber

of solvent molecules attached to the activated complex, relative

to the initial state2ls61,

3 e _O-ther views,

. Sp Ama  ame  SuD

Robertson and his co-wonkers75 have recently pointed
- out that the noutral substrates cmployed in solvolytic reactions
ugually have pogitive partial molar heat capacltlies in water.
They have suggested that the observed negative heat capacities
‘of activation ih solvolyeis arise from this factor and from the
‘negative heat capacit& of the highly polar complex, since

A(.‘,‘B a Cp = Cy
vhere C i1s the partial molar heat capacity and the subscripte
1 and ¢ refor to the initial and transition state, recpectively.
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Moelwvn—Hughéssgd had previoualy'cuggeated that the
activated compleox ncpreéents a state of maximim cnthalpy and
that consequently the heat capacity of actlvation should oqual
~C; , sloce dH%/dT = Cy = 0 « This interprotation is hardly
ﬁbngle vhen 1t ia realiscd that tho heat capacity of the

activated complex depends intcr alin on vibrations in parts of

-the molecule not involved in the activation process. An ecarlier

suggestion76. based on the collision theory of reactions, is -

not considered to recquire gerious comment now.

Mechonistic interpretations.

The simple solvation approach discussed on page 31
suggests that the heaf capacity of activation in Syl solvolysis
arices almost entircly from the increase in solvation on
Passage into the activated complex. Solvation results in an
increcase in the degree of order for the solvating molecules
and should, thercfore, causc a reductlion 1n4the cntrop&. It
hag been.suggested27'77 that this factor is mainly, if not
entirely, responsible for the eniropy of activation in Syl
reactions, sinee the contribution from the partially heterolysed
bond is likely to be small, This interpretation requires that,
in unimolecular reactiphs, the pame factor cbntrols the magni-
tude of tho heat capaéity and entropy of activation. Therefore
the rafio Ad?ASﬁ should be independent of the nature of the

27

substrate . S32 solvolysis is characterised by the partial
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covalent attachment of a single wator moleculo and it has 5een
assumed?? that the associated loss of heat capaclty 1n approx-
imately the same as for éolvation. However fhe greatef degrea
of ordering, which results from covalent binding, should result
in a greater loss of entropy69°'7h. Thug, for négative‘vélues
of ac”® and'AS*, a new.criterion of solvolytic mcchanism becomes
available; the ratio aC”/aS” should be independent of the
subgtrate for Syl reactions and its/value should be greater
than for'sNz polvolysis. - | |
Measurements carried out in the laboratories at Durham
have now confirmed these predictions for a varietj of chlorides-
end bromides28s62,  p-Methoxybenzyl .chloride was chosen as a
suitable compound for the present studies of the possible cone-
current operation of mechanisms Sy! and Sy2 in substitutions
by poworful mucleophiles (see Chapter I, page 23), partly on
the basls of this critcrion of mechanism. It was known that
the valuoe of the ratio AC?/AS“ for this compound in 70% aqueous
acetone29 waps the same as that for bmnzhngl chloride in the

61b.

some medlan The latter compound was known to react

55b,61b.

entirely by the unimolecular mechanism However at

the beginning of the present work, the donstancy of this ratio

~had still to be established for the Syl solvolysis of a number
of structurally different halides. Rosulin were aveilable

for the hydrolyses of tcrt-butyl chloride, bénzylidene chloride
p-methylbenzylidene chloride and benzotrichloride in 50%




aqueous acetone and the reaction of p-nitrobenzhydryl chloride

with this solvent was therefore studied in an attempt to obtain

further confirmation.

Robortson and his coawoﬁkeré75 have recently discussed
the factors contributing to the magnitude of Ac® and As8” for
solvolysis in water. Their interprctation (sce page 32) leads
to the conclusion that AG® and AS* are affected in Aifferent

ways by varlations in the stracture of the substrate, a cone=

" clusion which would invalidate the use of the ratio AC*/ABnl

as a criterion of mechanish. It may well be that the-factors
controliing the heat capacity and entropy of activation are not
the same in pure water as in aqueous organic.aolvents vhere one
of the components can “solvate" an organic substrate. Thus,
for example, the entropy of activation for the hydrolysis of
tert-butyl chloride in water decreases markedly on the additlion
of small amounts of acetone to the solvent although the change
in the partial molar entropy of water is very sm31159515&

The hydrolysis of p-nitrobenzhydryl chloride in 50% aqueous

"acetone,

The hydrolysis of p-nitrovenzhydryl chloride in 50%

-aqueous acetone was studied at five temperatures in the range

20°-60°C. Ia oxder to permit comparicon with the compounds
previously investigated in this solvent, the solvent now

enploydd was ﬁonitored.by-studying the rate of hydrolyais,df
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benzotrichloride. The runs were followed by noting the dovel-
opment of acldity; detalls are given in the exporimental
‘section (page 129). - |
The rates and activation parameters are summarised in
fdble II-1, detalls of the individual runs are given in Appendix
A, expérimen‘és 1~6, and the methods employed in the calculation

of éctiv_ation parameters and their errors in Appendix B.

. TABLE II~1

Activation Parameters for the Reaction of p-Nitrobenzhydryl
Chloride with 50% Aqueous Acetonec.

Temp. | 10° k| HMean | E kcal. -a8*
Co Tempe. ' -
°X. secmt _ Ke obs, calc;.Z obs. calcé

293.76 | 5.320
302,81 | 16.81
312,47 | 52.55
322.55 | 1581
333057 | 479.9

298.29 [ 22,430 22.479| 8.1L4 8.15
3076l | 22.187 22,187 | 9.17 9.15
317.51 | 21.839 21.879 | 10449 10.21
328006 | 21,539 21.550 | 14.34 11,34

aE B .
e =31,2 + O.t (slope) AS;ooc. = 10,81
& “3\‘1‘ + Ay O’(E) . ' : E5O°C. = 21,703
# From equation B3 | ' ' ac” .
_ ' Appendix B LT - 3,10
# From equation B=4/ - o a8" 50°C

. - =y T T R ey
Tt o e ] £ G e bt M e L e R e R B LSRR B




%0
) e

' The rea’ulta'in Table II-1 show the expectod decrease of
act*vation cnc*z;y \vith 1ncrcasing tenmperature, Fnergles and

| mtropics of activqtion, calculatcd on the aasumption. that ac®

is constant over: the experimemtal temperature range, can be seen

to Ve in good agrecnent with those ohserved.

A comparison of the present results with those previously _

obtiained for Sy1 reactions is given in Table II-2 and it can be
scen that, within the limits of experimental erfor, the ratio
ac®/as® for thése réactipns is cieafly m&@mdmt of the nature
qf the substrato. 'Ehve valﬁe of this ratio is larger than for
the Sy2 solvolysis of benzyl chloride®/.and its p-nitroderiva-.
tivezg. ‘It therefore secmed likely that a valid mechanistic
test could be based -on 'ﬁhe_values of'the' ratio AC"/AB", |

TABLE xi—z

Activation Parameters for BN‘l solvolysis in 50%
Aqueous Acetone at 50°C G‘

Substrate E —as” eac” ac”/as”

PhCGl;  £[19.315 | 16,47 | U45.8 | 2.83.% 0,28 -
FhCHCL,  A4|22.917 | 11.33 29,7 | 2.62 + 0.32

p-MCC6H)+CHCl # 200114-0 . 11 097 ' 3901 .3027 _t 0.31
p-NOCgH),CHPRCL (21,702 |10.81 | 33.5 | 3.10 £ 0,22
tert~BuCl  [19.917 |10.28 27.0 | 2.63 % 0.21

A 48° end AC“'/AS"I per replacable chlorine atom. -

TR Y o it 5 o = —
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" Rechanien in the hydrolysis of n-nothorwbcnqyl Chloride in 70%

saqueous acctono. _
| Resu;ts alrecady available at the commencement of the
present studies had shown that ac*/as® for the hydrolysis of
p-—meth oxxybeazyl chloride in 707 acuerous acetone hod the st..xme
value as for the hydrolysis of benzhydryl chloride in the mame
solvent(sce page 35 ). Mechanism Byl was thm'e:t‘or.o indicated
for the hydrolysis of the substituted benryl compound, Other
_ evidence supported t.h:_l.s view, The hydrolysls of both compounds
showed almost the same sensitivity to changes in the solvent
c.om-wosit.n.on, and to additions of sodium J;mrcllloz"xtc:?8 » and both
reactions uc:;-e 1gnif::.cantly retarded by the addltion of sodium
cnloride29_, a foct which provided clear evidence for the
olaei-:_s.tion of the mass~law effect which is specific to Sy1 reac-
tions.(compare Chapter III).

It Was therefore concluded that the reaction of p= -
methoxybenzyl chleride with 70% acueous acetone occurred

mtirély by the unimolecular mechanism (Syi).
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CHAPTER ITI

THE EFFECT OF RLECTROLYTES ON THE RATES OF S;7 REACTIONS.

1. Qualitative Alascussion,.

The hydrolysis of alkyl and aralphyl hallides can occur
either by the synchronous bimolecular mechanism‘(sNz),_Vf

+ - o
RCL -+ Hp0 == [Hzo---n---cz.] —> ROH + H' + C17
.or by the multistage unimolecular mechanism (Spt),

4o -
RCl1 & [R-—---Cl] =2 r* + "

o+

R* + H,0 —>ROH + K*

Since the rcagent is présent in virtually constant excess in
nost aqueous solvents, 5oth processes ghould lead to first-
order kinetics, provided that in the latter-the ionisatlion
step is rate deteramining, '

‘The trensition states for both mechaniems afe nore pular
than the initial ctates. It is therefore to be expected, by
enalogy with the pituvation for fully formed ions, that the
‘activated complexeé will be subject:f{o ion atmosphere sﬁabil—
"isation in the prescnce of electrolytes, irrespective of their
nature. This stabilisation,-whichlleads to. an acceleration of
the rate of reaction, is called the “ionic-gtrength effect" 80, ,

It has much less effet't on Sy2 reactions than on Syl reactions, .
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due to the more diffuse dlsposition of charge in the bimolecular
‘transition state. | |
Electrolytes contanining the common anion, X~, can couse
a reversal of the lonlsation of the organic halide, RX, and
Ahence retard the rates of Syl rcactions. This 1s called the
' "mass—law"effeét“sgnd quite obviously cannot operate in 832
éubstitﬁtions. |
| Cléariy both effects will operate'during the hydrolyeis
of an orgenic halide, even vhen no clectrolyte is initially
pregent, because acld is formed as the reaction procedes. 8ince
the two effects act in oppobité-wnys on the rate of reaction,
the_overall recult will devend on. their relative sizes., Thus
constant first-order rétes have been observed for the reaction
of benzhydryl chloride with acueous acetonea1, whereazs the
corresponding reaction of tert-butyl bromided2 is progressively
accelerated as the reaction-procedes end that of dichloro-
diphenylmethane13alis progressively rotarded. Howévcr the
effécts are usually cuite small in thé.dilute golutions which
. are normally employed in k;netic'experimcnts aﬁd can generally

be neglectied,

- 2. Quantitative treatment. . . :

The Sy1 hydrolysis of an organic hallde, RX, procedes




| ~ be very emall and 1t is therefore valid to apply the steady

Ch2,

through the following steps. : . ' | |

" 1 . ;
) RX =2"'* R+ + X- .

R* 25 ROH

Since stage 1 is slow (ratc determining) and stages 2 and 3 are

rapld, the concentration of the carbonium ion, Rf", must always

state principle to this species. It then follows that the rate
coefficient, k., for the hydrolysis is given by # -

. 1 aRX - X
kx B -— g8 — e o o o o III-q
RX at = 1 + oaX

- where g 1s called the mass-law constant end has the value kz/kj‘
The subscript numerals indicate the stage to which a given
rate coefficlent k refers,

Electrolytés accelerate the rates of unimolecular
reactlons by increasing the rates of ionisation and this is
reflected in the rate coefficient kyo The effect of clceiro-
lytes on stage 1 is glven by the qunstqé. c—:q;u.en'.:i.on's3 in the
form . . S

k1 ﬁk%’—'— . ' e_o‘.o.III-z

7 /Throughout this thesis the normal square brackets denoting
concentration are omitted. Thus for a species X, the more

usual [X7]is replaced by X~ alones
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- where L is the.éctivity coefficient relative to unit value at
zero lonic strength, to which k°, refers,:and the aubsoripté
RX and t indicate the initisl and trensition states,
‘respectively.. |

Hughes, Ingbld and their co—wofkersao have developed a
simple electrostatic theory to account for the obsefvgd effects
of uni-univalent electrolytes on Sy1 reactions. |

In treating stage 1 they proposed - that the effect of
electrolytes on the {transition state was so much more than their
effect on the initial state that the latter could be neglected.,
A value of unity was therefore assumed for fpy.

In order to calculate fy, the transition state was
regardcd a8 & permanent dipole consisting of two point charges
(+ ze) separated by a distance d. The Debye~Poisson equation
for the potential W at a point, due to any central distribution
of gharge in a diluté atmosphere of univalent ions, was applied

to this simple model to give the expression
-10g10 ft -B-(zzd)..c e o « o o 1II=3

vhere ¢ is the molar ionic-strength of the solution and B 1s
a constant for a given solvent and temperature. It has the

value . o ‘ 6
1 L1t . Nelt 1 0.912 x 10

B = - ] [

2,303 1000 K2 ) (pT)2 =T (DpT)2

where N 1s Avogadros number,
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D is the dlelactric constant ot the mediun,
'K 1s Boltmenn's constant,

T 1s the absolute temperaturc.

Equation III-3 contains one unknowvn parameter, 724 = o; .

which Hughes and Ingold'termed the “ianic-atrength“ constant.
It has the dimensions of length and 1s a measure of the ion-
atmosphere stabllisation of the transition state for ionisation.
It was pointed out that the expression is a limiting one, only
strictly applicable to very dilute solutions.: Howeﬁer, bécause'
of the relatively sﬁallef variations in fhe density of tho ion-
atmospheres around dipoles, it waég%ﬁ%%ufgagould apply over a
greater range of cdncent:ations than the corresponding limiting

'1aW'for_ions. It was_also:concluded that variations in mole-
- culapr shape would bg dbsorbed into the parameter o%
Equations III=-2 and III-3 were then combined and the

appropriate substitution made for z2d to give
' k1 ﬂ. k1° mtilog1o"Bo’b . . > ¢ 9 e @ III"’-I«

The Bronstcd equation was applied to stages 2 and 3

to give the effect of eleotrolytga on these processesa; thus

£, f
£y

. L fa
5 ko= k2 2
. 3 "3 %
+aq

= K° -

k 2

2

whéré f, and f£_ are the activity coefficients of the carbonium




-of charge, it was concluded that b

L5

ion and expclled ilon X~, respectively, relative to unit value

at zero ionic strength.' f+a§'

the transition state for the collapse of the solvation shell.

is the activity coefficient of’

Since this 1s associated with a very large spadial distribution

+aq Ruot approxipate to

unity. Therofore, since o is equal to k2/k3,‘
(¢4 = G.Q ':' ) . ) ¢ o o ¢ o III-5

It was then assumed that the activity coefficient of the anion

could be evaluated from Debye's limiting law.

=log1of_ _= =ACJ§ . 8 @ @ B ® III""G

where, . 1 ) - . I
’ 1 P W2 e3 1 1.815 x 106
) A -3 ® . ] — [} g =1 - 5
2.303 1000 kz (pT)Z (or)z

Hence thé effect of electrolytes on the mase~law constant was

obtained from equations III-3, III-4 and III=6,

o = a° antilogo(Ac¥ = Bow) .+ 4 4 o o III-7

Making the appropriate substitutions in equation III-{1 then

gave !
4 4dRrRX ' 134
kx m - cme O cssceceses . B_ : p T
RX . dat antilog, Boc + qzantilog1oAc5 R/
. o K ] T

e w o ;.. III"S
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Equation III-8 predicts that the accelerating effect of
added electrolytes is independent of their nature and depends
only on the ionic‘strength. It hés been applied with suécesa
to the Byl solvolyses of ggﬁgfbutyl chloride, benzhydryl
chloride, substituted benzhydryl chloridesd0s84 ong A1chloro-'
diphcnylu'xethanewa in aqueous acetone. Consistent with the
definltion of the lonic~strength constant, viz. o'm z2d, this
parometer was observed to have the largest values for those
compounds for vhich the greatest charge separation in the tran-
sition state was to be expected. The mass-law constant, a®,
was found to lncrease wlth increasing ctability of the carbonium
don. This was considered.reasonable since o represents the
rate of attack of the common anion on the carbonium ion, rélative
to the rate of collapse of the solvation shell around the
_caﬁboniuﬁ ion, '

Contrary to the predictions of this simple electrostatic
theory, epecific electrolyte effects have been reported on a
nurher of'occgipsiona, Most of these reports refer to experi-
~nments carried out in media of low dielectric.conétant, vhich may
vell account for some of the effects. Hughes and Ingold have
pointed outsothat' their epproacih leads to a limiting expression,
vhich is striétly only'valid at increasingly lower concentrations

of the eclectrolyte as the ionieing power of the medium decreacos.

Deviations from this limiting law may well account for small




effects in media ol low water coatent,
| Nach ond #on®6® havo pointed out that the effective
iénic-c—;trmgth co‘ul-c";. bo eltercd by cesoclation of tho ions of
clectrolytes %o glve lon-paire. They iavestigated the effects
of lﬂ.t.‘nimn, polassiun ead sodium bromides on the hydrolysis of
w-butyl"-ox"dmide in aguouuc scetone and concluded, ofter
allo's'-:ina for icn=palr asscéiation, that the ogreancnt with Hughes
and Ingold's theorotical exprossion was satisi‘actoﬁr. Hoﬁe«rer,
tho vaiidity of their conclusidns 1g somevhet impalred by unsound
nechenistlic argumants, For iastance, they compared thoir
experimental integrated ratos with 'the theorotieal inatontancous
values derived from eciuation IIT-l snd sloo neplected tho nace-
lew effect. Never-tho-less, ion~palr assoclation moy be an
Laportant factor in solventc of low dlelectric constont, ond
could account for Speith and Ola_on“s obsewationaéb that the
rates of hydrolyeis of torl-bulyl chlorlldeo and teri-butyl
bronlde stere altered to Alffzront oxténts by lithlum chloride,
1ithium bromide and Llthiua perchlorate and that the efiect of
, csch sa]lt xfaried dii‘fermti;r with ¢hanging solvent composltlon.
Ion-pair assoclation could aloso account for reperts that tetra--
butylam.zﬂozu.wn salw and lithium salts have differcnt effects on
the rates of racemioeation, chloride exchange and taolvoiyaia of
pecbd.oivbenzz'wdx*gfl cnloride in scetune and 80% aquevus ac’:étone” .
This also applies to a recent roport of cpecific clectrolyte

effccts on the rate of s0lvolysis of benzhydryl chloride in 90%

" y
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aqucous Pis (2-ethoxyethyl) e1;h<.=:::-.‘%.t However the method used

to obtain the Initial rates of reaction are opgn to criticigm,

and the results are not regarded as particulariy 1mportant.'
It is not proposod to discuss the observations of spe=-

cific electrolyte effects in acetic acid which have caused

. Winstein and his colldborators1° to postulate that the 1onication

step in Syl reactions proceecds through mota-stable ion-pair
intormediates (compare,-hdweve:;.chapter I, page 6 for a dis-

cussion of Winstein's views). The soivcnt is a poor ionisihg

-mediunm and in fact Hughes, Ingold and thelir cofworkerégu'have

criticised Winstein's proposals. on the ground.that complete
dissociation of the electrolytes is assumed. Moreover, 1t
has been shown'3 that “the 8y1 hydrolysis of alchlorodiphenyl-
meﬁhane in 70% and 75% acqueous acetone, in the presence of
nixed chlorides and bromides, is consistent with'the clectro~
static treatment of Hughes and Ingold, a fact which argues.
against active participation of intermediate ion=pairs even if
they are formed,

On the other hand the reports of specific clectrolyte
effects in good ionising solvents requireé.explqnation. Iacas
and Hammctt-zbserved that the rate of Syl hydrolysis of tert-
butyl nitrate in aqueouv dioxane was affectcd by electrolytes
in the order GLOf YN0 > CL™ > OH", the latter indeed aepros-
sing the rate, The rcsults were explained dy assuming
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different dégrees of solvatlion of the electrolytesc by water.
The'resulting changes in the effective couposition of binary
soivent were regarded as causing the specific effects on the
rcaction rate, & plausible cxplanation since unimolecular reac-
tions are highly 3%£sitive to change in solvent composition,
Hydroxide ions were postulated to abstract so much water as to
more than cancel the accelerating effect of the incrcased ionic
. strength., '

Baughmahn, Crunwald and Kohnstam88 have reccntly con=-
cluded, from lavestigations of the fugacities of the solvent
components“of agueous dioxane solutions of e%gfrolytes, that
golvation of lons by both solvenit componcnts needs to be taken
into eccount. -

Yhile adnitting the plausibility of ILucas and Hanmett's
postulate, Benfey, Hughes and Ingold?%ave shown that differcntial
solvation of ions could not account for the common znion retar—
dationg chserved in many unimolcecular solvolyezs. It was shown
that this was not concistent with the fact that bromide lons
retard the ratc of hydrolysis of benzhydryl bromide In agueous
solvents but increace the rate of hydrolysis of beazhydryl 5
chloride, On the other hand it was observed that hydroxide ions
caused a gnall decrcase in the rate of reaction in aqueous
dloxene, thus supporting Iucas end Hammctt's observatlon with {

tert-butyl nitrate,and a similar cffect wae noted with ethoxide

ions in ethanol. These were fegarded, however, as forming a
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special casc, only applicdblé to lyate lons, which were consid-
ercd to distribute thelr chargoe over a large number of eolvent
moiecules. It was proposed that the resulting nroton deficieancy
"in the solvent impsired the solvation of_the polar transition
state for ionisation, thus accounting for the retarding effect.

Pocker8§ has studied the cffect of changing ionic-strength
on the competiﬁn between water and azlde ions for the triphenyl-
methyl cation in 75% and 50% aqueous dioxane. He found that -
ionised chlorides and perchlorates increased the proportion of .
hydrolysis for the sequence NEth>- Li> Na, The problem of
the specific effects of these electrolytes was not studied by
this worker, however. | _ L _

More reccently Duynstice, Grunwald and Kaplango have
observed specific olectrolyte effects on the solvolysis of
neophyi p-toluenesulphonate snd on the racemisation of Le(+)-
threo~3=phenyl-2-butyl p-tbluenesulphonate in 50% aqueous
dioxane. These reactions follow the unimolecular path and the
measured rate repreosentcd the rate of ionisation. These authors
developed a theory to account for thelr ovservations, which is
based on an extension of ILucas and Hammetit's original suggéstian
(see pasec 48). In particular, they proposed that the effect
of clectrolytes on both the Initial snd trensition states must
be teken into accouat.

Some earlier studiesd! of the solubilities of non-

electrolytes in aqgeous dioxane had shovn that the effect of
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electrolytes on the activity coefficlents of a non-eclectrolyte
could be expressed by the equation

dln £ dng anf |
Kg = ———* o ARK + Bpy | —2% = . III-9
de - dxy /o axq

vhere K5 1s the Sctechenow conaf;nt,
Tpx 18 the molar activity coefficient of the non- ?

electrolyte, RX, relative to unit value at zero ionic—

_ptrength, |

¢ i1s the molar concentration of the eleétrolyte,

'x,I is the mole fraction of water in the solvent,

ug, 1s the standard chemical potentisl of the non-

clectrolyto,

ug is the mean standanrd ionic chenieal potential of the
electrolyte. The differentials represent their
change with variation in solvent composition.
Aﬁxand BR xare cnplrical constants,
Ains_analogoua to the electrostatic term employed by Long snd
McDev‘itt92 in discussing salting-in and salting-out, and it can
also be related to the electrostatic ionic sfrémgth term of the
Hughes/Ingold treatment of electrolyts effects in SN solvolysi-s. !
Bﬂxis rather insensitivg totthe nature of the pon—electrolyte. _ ;
8y1 processes were treated by applylng equation III-9 to
the initial state, and ascuming that a similar cxpression, with

different constanis, Ay and By, could also be applied to the

q
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transition state for ionisation. Difforentiation of the
Bronsted equation (III-2), in its logerithmic form, with respect
to electrolyte concentration and comparison with the appropriate

form of equation III-9 then gave

d& 1n Ik

v % s ¢ ¢ « III-10

ap> 'du." aug
a (ARX.. At) +<3Rx._.3_}.{.-3t._t_. —

vhere the subscripts RX and t refer to the initial and tran-

sition states, respectively, and k.I is the rate coefficient for

ionisation. _
(ARX - At) was then combined in a single constant, C', and_ a
quantity B' defined by the relationship |

B 631‘ digy 5 du{) ( d”ﬁx : du.t">
= 'LX - , - t - - - o

These values were substituted in equation III-10 to give
dlnk ans, aw? ) apd -
-———-—1- = C' + B! PRX - b E2 o » o IIXI=%%
dc dx1 dx., d?{.‘

Since the Gibb's free energy of activation, AG*, 1s given by

7]

AG" | k1
- ____. = 1nk® = in —

RT : ‘h
vhere &k, h and R are universal constants and T ig the absolute

temperature ( compare pages 27 and 43) the term in the bracket




on the right hand side of equation III-11 was modified in the
fbllowing WaY e

., | au? d ag? a In kI
L _ ~_3. & - = RT 1

at'constant tenperature. This substitution was made in

‘equation III-14 to give

a 1n k, d 1n k§\ dug
=2 C' + D " s o @ o o III-12

where D = RT,B'

It is conpidered nocessary to emphasise, at this point,
the factors goverming the empirical constants C' and D, Both

are govorned by the solvent, the temperature and the nature of

- the subsirate but are independent of the nature of the electro-

lyte. C' may be correlated with the Hughes/Ingold electro-

'static ionic-strength term and then hag the value =2.303Bo-.

(compare page 42).
Equation III-{12 predicts specific electroiyte efiects on
841 reactions if the value of duE/dx1 depends on the nature of

the clectrolyto. Mugacity measurements on solutions of

. electrolytes in 50% aqueous diozane have shown that thié is:

indeed the caseaé.

Duynstee, Grunwald and Kaplan were able to integrate .
equation III-12 by assuming that the pareameters, C' and D',
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and the differentials were independcnt of the concentration of

the electrolyte; hence they dbtained‘the exprésaion

_ 1 ey d In ki | dng
S' S e I — = C' "+ D : ' e @ o o III"13
‘e k;. dx1 dx1

Eruatlon III-13 predicts that for a given solvent,
temperature and substrate, S8' should vary in a linear fashion
with (dut/dxq)s This was confirmed with heophyl p-tolucne—
sulphonate as the substrate and simple inorganic salts, but
layge discrepanciéa were noted for eleccirolytes having 1arge
organic ions. VWith L-(+)-threo-3-phenyl-2-butyl p-toluene-
sulphonate, although most of the plotted pointas lay con a
. 8tralght 1ine,;tnappeaned thzat a second line could be.drawn
ihrough the points for the.sodium halides with that for the
chloride common to b@th. .Electrolytes'witﬁ large organlc
. fons did nét correspond with -either iine. Short range inter-
actiong botween the substrate and the elecﬁrolyte were there-
fore regarded as boconming significant Tor the exceptional cases
- and it was considered poasiblq,'but unlikely, that some degrec
ol éﬂz attack was occuring with the halide ions.and the phenyl-
butyl compound.

Thig approach is open to criticiam since it is assumed
~ that electrolytes affect the écfivitieé of non=-electrolytes

in shturated solutions in the same way as they affect their
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acfivitieu in solutions whilceh arc far from saturated. It is
further ascuwaed that the inltial state and the polar state for
ionigation are subject to similar cffecta. However, there is
1little doubt that elocirolyies have epeecific effects on SN{
roactions, and this approach repreacntﬁ the bect theory
aveilable st the ronente. It would appcar thzt electrolytcs
ney influence reactions on three woye; _

(1) ﬁy ion-atmoophere stabalisation of tho tronsition
state, This electrostatic effect io indcpendecnt of the nature
of the electrolyte and is givcen by the parameter C'(oquation
III-13).

(11) By en efiect vixich dcpends on the solvation of the
electrolyte and is dofincd by the second texm on the »ight hand
eide of cquation III~13.

(iii) By short-range interactions betwoen the electrolytes
end the substrate. These effects are not smensble to treat-
mant, since nothing is lmoua of thoir nature.

In the present work it was proposecd to examlne tho
cffccio of added electrolytes on the rate of reaction of p-
methoxybenzyl chloride in aqueous acetone. Attack by both
8y mechanlans is feasiblg vith this dompouna viien the reagents
are better nucleophiles than water, and any detailed analysio
of the resulis obta;ned iu the preseat systans clearly remuires

a knovledge of thoe effccts of eleceirolytes on the rate of




ionisation of the substrate. Shillaker29 had previouely
observéd specific electrolyte effects on the Syl reactions 6:
benZhydﬁyl chloride and p-methoxybenzyl chloride, and haa also
showm ihat both compounds were similarly affected by changes

in the solvent composition and by additlons of sodium porchlo®

rate79. An atienpt was therefore made to obtain a measure of

the effect of electrolytes on an ionisation process'by also
atudying'the effect of clectrolytes on the.rate of reaction of
benzhydryl chloride in the same solvent. It wag'assumed that
thic compound was not subject to Sy2 attack by the present
reagents (compare Chapter I, psge 25). It was hoped, incident-
iy, that these experiments would supply additional evidence for
the specific effects of electrolytes on Syl processes.. The

results are discussed in the next chapter.
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1. Hegults.

' The solvolyses oi approximately 0.02 molar solutions
of benzhydryl chloride and p-methoxybenzyl chloride in 70p
nguecus acetone were studied at 20.038°¢C, The eifeets of
added NaCl0, WADFy, PRSO,liz, NaliO,, Me i, el HaCl, KB
and Nall; on the rates of dis'mpe :rance of the halides (rate
coellicient kCl) and on the rates of hyﬂrolysis (rate
coefficient kH) vere determined. Be~ctions were followed
by noting the development of chloride jons and the developuent
of acidity. The e@ffects of lonisud ch 1orid¢ wore 2lso
studied by vorking with the organic chlorides containing Cl36

and noting the appearsnce of radio-activity in the reaction

products (rate coefficient k). Full details are given

in Choptcr VII and dotqils of the kinetiec runs in Appendix A,

ages 173=217. '
 Yhe integrated first~order Tate cogfficients'(kCI,l%{
and kE) usually stayed constant throughout the eourse of the
reaction but deéreasing values of kCl were obtalned when NaN3
was present in small amounts, probably because of the
'reductjon in the concentration of Ng' resulting from the

formation of BN3 and undissoclated HHB- . The values of kE
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also decreased slightly for the experimonts with pe~methoxybenzyl
chloride »nd O.l molar sodium chloride, probably hecsuze the
fnpid rate of chloride exchange c¢aused thne conccenirntion of
active chloride ions to approach the equilibrium valuc.
Increasing values of kH, vhich approached the constant values of
kCi’ were obtained for the resction of the came substrate in the
prescnce oi XBr and HaHOS. This probhb;y arose ironm the {orm=-
afion of significant sumounts of the orgenic bromlde ~nd nitrate,

and for these raactions only the vgluos of It (or the values of

CL
g referred to a "zerq" reading takén aftor the ronction had
procecded for some time) will be considered in this chnpter;
The e¢ffect of 0.05 molar ceconcentrations of the eleotrolytesé on
the rates of rozction of the organie hnlide‘(rate coefridients

k. =k _ork,) are summarised in Talkle IV-1l.
X Cl ) : :

8 It wag msscumed that the percentnge change in the rate due %o
the zddition of electrolyte varied in a linesr fashion with the
concentration of the elecirolyte. While this was not sirictly
the ense for the cezes where a stable product was for&ed

Y= = NB’ ¥"), the errors srising from this assumption are not
important in a qualitative discussion.

# In some casos where kCl-

the latter values are used, without comment, in the tables of

= kp'(compare Chapter VII,_pagejBS)

results given in this chapter.




TEDLE IVl

The Lifect of Elecirolytes on the Rates of Reaction of
Benzhydryl Chloride ond p-iethoxybenzyl Chloride in

90% Agueous Acetone at 20.08°C.

: % change in k., on addition of 0.0Yk. eleectrolyte
Added / b | x on add on of G.04 electroly
Electrolyte PhCH.CL ' YieOC 1, CH_C1
2 6LTT2
NaC10y, ‘ +15.086 | +15.93
NaBF), +11.96 +13.13
Ph30,Ne + 5.70 : - +10.91
IIQ}‘IO3 . + 6.85 . 12k
Me, Ii¥ | ~ 521 + 1.96
¥ s . ~
FaCl + 2438 ' +16.30
| 4 o’
HCL + 7,02 +21.62
- er * 9.15 - +25.67
Hal +11;2o# -
3
i
{ . y. y
! fiaCl (0.1) + 1.90" +13.39#
. ’ \
NaCl (0.025) | & + 2.95 o *17.67
Nal, (G.02) | + 841 | +48, 96
NaWy (0.03) +8.9Y | 60,13
| NaN, (0.04) - +62. 69
i-‘ -




e e
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4 From results obtnined by Shillalker<7,
# Referred to an initizl electrolyle concentration of 0.09 M.

elcectrolyse.

was no% 0.05 M. by assuming that thoe percentage change in kX
varics linearly with elecirolyte concentration... The initial

concentration is indleated in the brachkets.

Caleculated f£rom experiments vhere the cleetrolyte concentration

Since only SNl substituticn is possible wlth benzhydryl
chloride, the values of EX Tor this conpound are usu=lly very
nearly the same as k,, the rate (coefflelient for lonisntion (see
Avnpendix C). | The figures'ih Table IV~l thus represent the

percentage change in the rate of lonisation due to the added

eloctrolytes and hence.are a measure of the ionic-strength effcct.

It is evident that esch eléctrdlyto hag a different effect on the

rate of ionisation, contrary to the requirements of the electro-

static theory of Hughes and Ingold. Ion=~rtimosphere stabilisation

of the transition state for lonisation (fonic-strength effect)
requires:that all aiectrolytes shéuld eccelerate the rate of
donisation of organic compounds. It is impossible, therefore,
to account for the observed retardation of the raﬁe of reactlion
of benzhydryl chloride by added ﬁetramethylammonium fluorlde ;n
terms of ione-pair assbcintiqn of the eiectrolyte or depertures
from the limiting-law. o ) _

p=Methoxybenzyl chloride h&drolysés entirely by mechanisn

Syl (see Chapter II, page 37) but, unlike benzhydryl chloride,
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it 1s not stericslly unfavouradble to SH2 attock. | The
-following Interesting points emerge from a~ consideration of
the rosults given in Table IV-1. 1MaC1l0y, nnd HaBFH, whoéé'
anions are such poor nucleophiles that they rre unlikely to
renct witﬁ the substrate by oithor of the S, rnechanicns, have
‘much the sane effeot on the rates of hydreclyels of benzhydgyl
chloride znd p-methoxybenzyl chloride. Othér electrolytos,
however, accelerate the rate of reactiion of the latter cémpound
more than thet of the former, and the differonce betweeh the
elfeets produced by a glven electrolyte incresses in the order
HaC10, > Habl,  PHsOKa waro 33 Mo, IF nac1ame1xsed el :
that is in the order of increasing nucleophilic power of the
nnionslh. | This suggésts that the differences arise from zn |
ﬁincreasing degree of SN2 attack on p-methoxybenzyl chloride as
the electrolyte is changed along this series. It is intéresting
to note that this arrangenent of ‘the electrolytes 15 in no way
connected with their effccts on the rate of lonisation of
benzhydryl chloride. o :
Before it is possiblg to discuss the 5y2 substitutions of
'p-methoxybonzyl-chloride, it is necessary'to establish the effeat
of elect:ol&teé_pn S}lilonisation. The quantitative treatmgnt

of this problem will, therefore, now be diséussod;

|
!
4
>
i
”
A
1
4
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The Lffces of Elceirolyvytes on the Rates of Ionisotion of

Orgrnie ~1ides.

Duynstee, Grunwald ~nd ¥ '“'>1'*n’o considered that
electrolytes altered the rates of SNl reactions by aficeting
the activities.of both the initial and transition strtes for
ionis ation. By ossuning that the effects for both states

could be expressed hy equatlons of tihe seme form, they derived

a theoretical expréssion.(III-lz) for the effect of electrolytes

on the rate of lonisation and were'able to integrate 1t by
assunlng that the various parameters and diiferentials wers
independent of the concentration of the electrolyte. The
approach has been oi cussed in detall Iin the preceding chaﬁter.

Their final expression (I1I-13) has the forn

¢ ko ] d.x', dx;

s =1 1% = ¢ +p dink® Az

vhore ¢ is the molar concent;a*ion ol the clcctrolyne,
ky 1s the rate cocfflcient for lonisation in the presence

ol electrolyte, | |

K is the rate coofficient for lonisation at zero lonia
stfength,

X, is the molor fraction of water in the solvent,

r is the mean ionic standerd chemical potential of the

electrolyte,

C end D are constants which depend on the solvent,
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temperature and the nature of the substrate but

are independent of the nature. of the eleetrolyte.

For the purposes of the present discussion, this equation-'

may be related to the experimental data for 0.09 M. olectrolytes

vhen it may be conveniently writien in the form

d log k,? aud

= 1 k
8 log ! = C+D ceever TV1
0.09 kS - dx, dx1-~ .
with the parameter C equal to C'/2.303. -

In the present studies KX is usually equal to k1 to_a very
close approximation (see Appendix C) to that equation IV-l can
be modified %o | ' |
: d log k% du¥
s=_1 1log = c+p $1%¢%x %2

0.05 g; dx1' dx,

.l....l.IV-z

-where E; 1s the rate coefficient for the reaction in the absence
of added electrolyte. Since its value was 1nvar1abl* deternined
by observing the development of acidity, k - "]ﬁl
FX is the rate coefficient for the overall reaction of the
substrate in the presence of added electrolyte.
At conqtant temperature and with a given ,ubeurate, C, D
and (d log. k;)/dq are constant, so that'S should vary in a

linear manner with dpb/dy . (compare Chapter III, page 54).




Unfortunately no rigorous test of equatioﬁ IV-2 is possible
with the present results, since no values of dmz/dx, are
available for nqueous acetone solutions. However, it ¢an be
seen from Table IV-2 that the values for 50% aquéous dio::a-.ne88
vary in much the same menner as the prosent values of S for the
reactions of benzhydryl chloride in 70% aqueous acetone contzining
electrolytes. The only c¢lear exception ocdurs with potaséium
bromide. In Figure IV-l the values of S are plotted against

the available values of ong/dx. for 50% ﬁqueous dioxane, Yost

of the points lie on a straight 1line, but those for potnssium |

bromide and hydrochloric =cid are exceptions. It is probasbly
| incorrect to asswme.an exact correlation between the values of
| ip&/ula for aquoous acetone and aqueous dioxane solutions,
which may account for these anbmdlous results. However, Duynstee,.
Grunwald and Kaplan have noted that potassium bromide has a |
similarly anomolous effect on the rate of ionisation 6f

L = (+) = threo -_3 - phenyl = 2 - butyl p-toluene sulphonste

in 50% aqueous dioxane. Since the bromide ion is a fairly
pbwgrful nucleophile, it is possible that binolecular attack by.
ttils reagent on the phenyl-butyl conpound in aqucous dioxane
and on benzhydfyl chloride in the present solvent needs to be
cohsidered. Steric.factprs make this form of substitution
unlikoly in thoe present studiesssb,'and other ovidence leads to

17, 6lb, 89

the same conclusion Horeover, sodium perchlorate

and sodiun boroflgoride, vhose weakly nucleophilic anions

f




oo vt s et

5.

FIGURE IV-1
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probahly do not ronat with bonzhydryl c¢hlorldda by althor of the
$N maehaniomg, noaolarnto tho 1rato ol rosablon of thia aomprund
miah moro than potasslam bromide doon. IO A2 nhteale by bronlds
lons were approeiablo, 1t would be expochod that nzlido lons would
be even more eifective, since thelr nucleophilieity is preator.
Table IV-l showé, however, that tho effcet of sodium azide on the
rate of reaction 1s less then that of sodiun perchlornto. It
must be hold, therefore; that bimoloeular attack by promide ions
on bonzhydryl chloride 1s not indlaated by tho prosont rosults

and the sane nmust apply Lo nzido ions.

TAN TV =2
Tho offwat of 0.05 M. Lluatrolyto on the Nntu of Ronalilon
of Uanzhydryl Chloride in 70% Aquoous Acotono at 20.047C,

]EK Ak
iloctrolyta ;5 2'53i: kenl.
HC 10\ l.Elllé + 0.6
HaC10,, 1.1507 - 1.0
B ”b 1.1196 -
hur.,j 1. 1120 -
v 1. 0915 S Ll
1% . L QYR “ Yl
Huﬁh% LeLluy A
o} :.‘"-03'.':'.': L.unye -
HACT 1023y -1,
e, W 0.9500 -

Sy-

4 Fror: results ohtrined by Sbhillalker

# Deta for eclectrolytes in 50% agucous uiomnedb




In view of the qunlitative agreement between the
present values of S for benzhydryl chloride 1ﬁ\70% aquedous
acetone and those of dui/dxy for 50% aqueous dioxr~ne, it seoms
worth while comparing the results with other requirements of
equafion Iv.2. It has been considered convenicnt, however,
to employ a different appronch95 to - that of Duynstee, Grunwald
and Kaplah'in order to obtaln thils eguation. Lucns‘and
Hﬂmm@tt87 suggested thet electrolytes, in addition to their
electfostatic effects on reactions, slter reaction rates by
changing the "effective" solvent composition. The finsl result
is thus the sum of an effect depending only on the concentration
of the eletrolyte at constont solvent compositlon and an effect
due to ‘a change in the solvent compositilon. lMaking the plousible
assunption that, for the bresent dilute solutions, the dependence
of Tate on solvent composition iz independent of the concentration
of the electrolyte, the'total effect on the rate of ionisation

can be expressed in the form

d ln 1:1: _ <3_1n 1:1) . ax <Bxi> d 1n kf L V-3
de dc 0% de \ X fo \ 9%,

vhere c¢ is the concentration of the electrolyte,
z 1s the mole fractlon of water in the solvent

X is & measure of the effective solvent composition.
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The first tera on the right hand side of equation Iv-3
caﬁ be cprrelnted with the clectrostatic ifonic-stirengtn eifect
of Hughes and Ingold (see Chapter III, pr-ge 40), since it
exprasses the dependehce of rrnte on the concentration of the
electrolyte, independent of 1ts nsture. The second term
represents the influence of changes in the effectlve solvent-
conposition due to solvation of the eleetrolyte. It soens

reasonable to assume 2 simple relation between X and the

o7

activities of the solvent components. Grunwz1ld and Bacarella
have shown that the activities of the solvent components, a
and 2,y Are related to the mean standard lonic chemical

potential of the electrolyte,lﬂg,by the expression

d 1ln ay/az 2M12 . dug

de 1000RT  ax,

wheré R is the gas constant, T the absbluto tempernture and M12
the molar.woight of the binary solvent; dX/de is thereiore
proportional to dui/dxi . Henﬁe moaking this substitution in
equation IV=2 and integrating the resulting expression, Vith
respect to electrolyte concentration,.assuming that the
parameters and differentials are independent of this variable,-

leads to

1 Ky (3 1n k1> ' (3 X'i> (d in kfi’> anl
—-In— = {\—/)/) + P =
c  Kk° Adc  x X fo \  ax ax,

. 1 , 1 .
where P is a proportionality constant relating duy/dx, to dX¥/dc.
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For 0.05 M. electrolyte this becomes equation IV-2 with,
however, the following différence. Since D involves only
the constant P and the differential (aw /dXK)._., which doponds
only on the solvent and the temperature, this paremeter is now
‘independent of the nature of the substrate and the electrolyte.
For a given substrate, RX, and a given electrolyte, MY,
equation IV~2 can thus.be conveniently written in the form

2 = . " e 8 & @ . @ =]
Srx. My . Cpx + D- Ey Poor  » | IVl

where D 1s a constant for a given solvent and temperature and

is Sndependent of the nzture of the elecirolyie or

E_ is aqual to dui/dx1- and 1s independent of the noture
of the substrate.

Cpy and Fopy which is equal to (d log k?)/d;q,.are-
independent of the nature of the electrolyte but depend
on the nature of the substrate. |

It is now possible to'consider and test the requirements

of equation IV=4 nnd thas attempt to establish the walidity
of the present approach. This willl now be done.

The difference betweén the effects of a given electrdlyte

on two different substrates (RX and R X), which react entirely
by mechanisn SNI, is obtnained by subtraction of the corresponqing'

forms of equation IV-4; thus

- S = : - « M| ' -
smc Sy < (CRX cR. x) + D EMY (ERX FR' x)




70.
Since FRX snd FH x measure the sehsitivity of the two compounds
to chrnges in the composition of the solvent, this expression

regduces to

i
1

0
- ) = 1 . X o v ‘- P
" < Fr'x = iz e log ____..;k/“» RK = Cpe=Cry . . IVe§

for two substratos wvith the same values of F = .(d log lc°)/dx1 . 3
Under these conditions (Sp¢ = 8g'x) should therefore be
independent of the nature of the eloctrolyte.

Benzhydryl chloride, p-methoxybenéyl chiloride and

p~phenoxybenzyl chloride all hydrolyse by mechanism S
23 29, 96

N1 in aqueous

ﬂcotone solutions®¥ and it hos been shown that the rate of

each reaction 1s affacted to very nearly the same eytent by

changes in the water content of the binary solvent. This is

shown in Table IV-3.  Since perchlorate and borofluoride lons

are oven less powerful nﬁcleophiles than water, no Sﬁz attack by
these anions should occﬁr with the present systems 2nd hence
equation IV-S should be obeyod. ' The appronriste data are

available from the present studles and those of.Shillakerg? and

Kohnstam and Rlbﬁrgs, and 1t 1s shown in Teble IV-4 that the

ratio (lo /xS , RX. = p=deOC H c - :
/) py ’ with p=tie 61 an 1 and p PhOC ¢, H201,E
e/l o cxe1 | -

depends only on the nature of RC1l ss requirod by tho present
"pnr01ch# ‘
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# It is easily showm from the definition of S (sce equrtions
- [ 3 -2 2 30 A a 9 ' 5 - f‘ 1 ]
IV-l and I¥=2) that a constngt value of (oRX - Sp X) iz
) O
equivalent to a constant value of (kx/kﬁ)nx vhen the k, volues
o . ak
(l.:x/lcx)R %

refer to the same electroiyte concentrations.:

TALLE IV-3

L=

Solvent Effeocts in Unimolecular Solvolysis in Aqueous

Acetone at 20.00°C,

N Subgtrates .
\ P1'1'2CHC 1 MeOC 6HI+CIIQC 1 PhCC 6I'Ij +CH;:_!C 1
o
(k ) e . # . ;
log'__§_§9ﬂ ‘ - 1.%610 1.4041
(k\,) o
‘ 704
o .
(k) . + T _ _
L ,:3 o
log = 70+ | 0.3577 0.8750 -
CIZS ) V.Y
L 60

29

¥ ' ) . '
"+ P'roul resulis obtained by Shillaker

£ From results communicated by Kohnstam and Ribar.

g o T M AL i S Tl i S o i e W YT U Ty
H T AL . f - o



TABLE IV}

s o i
Values of the Ratio (Lx/kx)ﬁx for the effect of

. 1_.-0
Qeyg/1eg) Ph,ClICL

0.05 M. Electrolytes on Unimolecular Solvolysis in

. - -0
70% Aguoous Acetone at 20.05°C.

Substrate
Elcetrolyte +
MeOC I, CF P I Cl
10T 11, CH,CL PhOC 1 )+011201
HC10, - 0.9742
NaC 10, 1.0074 0.9761
NaBF), 1.0105 . 0.9812

T From results obtained by Kohnstam =nd Ribar96.

83

Baughman, Gruawald and Kohnstam™~ have showm that the

b

value of dup/dx, , which is designated by Eqy in the present

discussion, 1s largely controlled by the solvation of the

0

individual fons in solution. It i1s therelore ressonable to
assune, for a given electrolyte MY, that the ions independently
and additively contribute to this fretor; - hence '

E__ =1L + B
P U A

Egsimilar expression will 2pply to any other electrolyte

and if this has the some anion, Y", but a aifferent cation, M*',




. whieh have the game value for Fo.. This latter requiremcnt

(—~w wr)w and 46 ¢nn bo goon that the valuos nro conctinnt, in
-s—-—--—-——. .’

then for a glven szolvent, temperature snd substrate

1) - E [ N - § wle : e A ’( . ¢
WY Ml v U_,i*‘ EI:‘ $ N « o LYeh )

fubtroction of the approprirte forms of oquntion IV~h for the
offeats of two cloctrolytos, with the same anion, on » i fven |
substrato, nnd comprrison withh eguntion IV-6, lends %o tho

oxpresgsion

(

Sy = Sy = L log (kee/ *{")"{T" 1y = b-l" - (31‘ - E’-I'*) .
0.09 (w/]a'.,)__“ iy u it i - !
i fheld .f ' |
Thus ("'m ~ ¢y 19 indopondont of tha noturc of tho sulon

ond should, moreover, have the samo value for '\17 gubzirntos i
quds

l1a mot by bonzhydryl, =& otho"::/bc iyl and p-phonoxybeonzyl

chlorides in aquecus ncetone {compore pogo 70 en Table TVe3)o -

Approprinte experimental data ore svallablo for these throe

coi..-.pounds and tho cleetrolyte peirs ncloll}/z-;mc 10, and :IC *"-‘"1#

in 707 aquoous scotona. Tablo IV-5 gives valuas of t’*e rotio

n.gz*ecment with the prodictions of the pr,.., ent spproach.

# Vhan the addod oleei:rdlyi:e s hydrochlorie ¢ seld tho concentratLan
£ this speclos ihcrorzsés-'(‘:hroughout tho eourse of tho experitont
dua to hydrolysis of the su‘ostrate; Thée monn concontration Low
the kinotice »un will thus be highor then the initial velve. I¢
magt -he emphasisod tlm‘b Lho rate A= tn Lor tho offect of n¢ld o




.

salt must refer to the same initial value of 0.05 M. electrolyte.

TABLE IV~H

(k 4 x2) .
Values of the Ratio X X HY for the effects of

) (o]
(&..[/ kI)I‘IaY '
0.05 M. Electrolytes on Unimolecular Solvolysis in

705 Aqﬁeous-Acetone at 20.08°¢.

Substrate
Anion ‘ — :
PhCHCL 00 it cH C1 *pnoc g, c1r,01)
c10; L. o5’ - 1.0512
cL” 1.0543 1.0546 1.0433

¥ From results communicated by Kohnstem and Ribar.

4 Data for HC10, were obtained by Shillaker®’.

I{ would therefore appear that the roquirements of
equation;IV-Q are obeyed and that the treatment on which %his
-equationlis based can be aceepted. As a result, the effect
~ of eleetrolytes on the rate of 1onisation of p-methokybenzyl
| chloride can be ébtained from their effect on the rate of
lonisation of benzhydryl chloride by using equation V-5, since
the two compounds are equally'sensitive to chhnges'in the

solvent; i.e. they have the same value for Fpy (compare page 70)
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Caleulation of the Effect of Electrolytes og'Rates of

Ionisntion.

| The present discussion has so far been based on the
assunption that k,/k) = k,/kg for Syl reactions. Strietly,
this i1s not corroot (though the error caused by this
assumption is usually very small) since the overall rate (kx)_

"is a2ffocted by the operation of mass~law offects. In the

- Qquantitative treatment of the effect of electrolytes on the

rates of ionisation of the present compounds it has been found

to be more convenient to employ the Hughes/Ingold formuletion

o | MY MY L
k, = k1 antiloglo - BO' c : L [ ] [ L L] L] W"‘é
but it must be recognised that the "loniec-strength' porameter,
- . .

O , now depends on the nature of the substrate nnﬂ.dn the
‘nature of the electrolyte. Comparison of equations IVal,
IV-l and IV-6 shows that

MY - .
- = “+ » °
, P ¢ * D By Frx

snd, since Fpy has the same value for p-methoxybenzyl chloride-
and benzhydryl chloride, (compare page 70) 1t follows that

for a given glectrolyte

W oMY 1 g - ~
O - O, T - (C e ) = Constant . . IV-
R~ OR'X 7B T URX '

= f A MRS TP WLt 3 T et L e o Ve S04

KiGaE2 Ea

Mt e G S T S TS R L S ket
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%fﬁk) is therefore independent of the

The value of (o%g -
nature of the electrolyte 2nd values of o for the reactions of
p-methoxybenzyl chloride in the presence of electrolytes may
thus be obtained Irom -the corresponding values for benzhydryl
chloride, bro?idéd that the qonstant in equation IV-?mcan be
determined. - This should be possible from experiments with thege
two compounda in 70% aqueous acetone containing unreactive
eloctrolytou. '

In practice at least two electrolyte species are preSent‘
in most experiments (the added electrolyte ~nd the acid produced
by hydrolysis) and equation IV~6 must therefore be written in

' the more goneral form

1{1 = k(: anti.loglo -BZo;.Cl e o o e o s e o IV-B

- where Zoici sums the effect of all the electrolytes present.

Before discussing the application of.this cxpression to
the determination of the o parsmeters it is.necessary to consider
an etncrimental aixficultj wnich now arlses. _ The rate coeffic- -
ients so far consldered refer to Instantaneous v~1uos, as do the
theoretical rate equations derived in Chepter III. On the:
other hand, the experimental neasuremnents are mOre convenlently,
and more acgurately, reported in the form bf 1ntogratedmrate
cocfficients. Admittedly, the tQGoretical expressions could
be 1nte"rﬂted but this procedure would have to be carried out

graphical 1y for each kinetic Tun, a very lengthy task.
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Fortunately a shorter approach wes available.

. In the present studies the integrated first-order rate
coefficients were generally constant throughout the course ofw
the reactions, and whoere thils w=s not the caseﬁﬁthe variations
were only small. It scems rensonable, therefore, to assume
that the integrasted rate coefficient, k, for the time interval
0 = t represents the instantancous value et t/2. The
concentrations of the various species, to which this instantaneous
rate coeffliclent refers sre also those at t/2. The mean of the
integrated rates nay then be equated to the instantaneous value

'at'the stage vhen

-

}5. )
“/n. 2. RC1

N

13
Ay

t

vhere n is the number of determinations of E and the subscript

c1” = c1] - Kl

t refers to the experimental sampling timec. Full details of
_.the derivation and appl}cation.of these expressions are given

in the experimental section (pages 143=145 )» The va2lidity

~of the assumption is examined and confirmed in Appendix E
When the anion of the added electrolyte rescts with the |
carboniun ion to give a product, RY, the reaction scheme out~
lined previously (Chapter III, pageiiz)‘must be extehded to
- '
R +Y v——l;-“—ny

where k5 may be neglipgibly small (e.g. Y = N3 )« The

|
include the steps ' 4 ' : | %
i
!
i
!

#The exceptional cases have alresady been discussed on page 57 E.
i

r
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substituting anion, Y', therofore eompetes with water for tho
carbonium fon in the samo .way that the common snion, X", docs.
A competition factor B may thus be defined by 'l':he. ratio kh/-1:3 .‘
and is thus similar to the mass=law gonstant, a = k2/k3.
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Tha Parametors ¢, 8 and cosfor the Reactlons of Benzhydryl:

- Chloride in 70” Agueous Acetone containing Llectrolytes.

The nppropriate rate equations ~nd metheds of cnlcu}ation
used to obtain the parameters a , B and o for the resctions of )
benzhydryl chloride in 70ﬁ acetone con*ﬂininh 0.05 . electrolyteg
are fully ucgcrlbcd in Chapter VII (pages 146~156) °nd the values
are given in Table IV =6.
| TADLE IV-~6 |
The Rates of Reaction of Benzhydryl Chloride with

P0% Aqueous Acetons contnining 0.05 M. Electrolytes.

Electrolyte (kx/kg) 1030'_ a B
I»TacmLlr " 141507 1.80 - o
- NaBF), 1.1196 | L.46 - 0
PhSO;Na 140570 0.71 - -
EaH03 '1.0585 0.86 - -
;MGMHF 0.9500 | =0.68 - 0.54%
'macl 1.0237 0.30 2-35* -
HC1 1.0702 0.89 2.:35‘:h -
"EBr 1.0915 1.13. - -
Hall, 1.1120 1.81 - 6o 46

¥ These =re etporimen tl valuas.

In éalculéting the

“values a mean value of 2.30 was assumed for Q.
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It con be seen that the o“values closely follow the
same sequence as the observed values of kx/kg for 0.05 M.

electrolyte, as would be expected 'from the present treatment.

It should be nofticed that the retarding effoct of tetra-

nethylammoniun fluoride 1s reflected in a'hepativg value for o .

" This 1s 1n accord with the usual assumption that the small

fluoride ion 1s relatlively highly hydrated in aqueous media,
which would be expected to lead to an effectively "drier"

solvent 2nd hénee to a decresse in the rate of ionisntion.

It should algo be observed that 1onic'ohlorides, which also

retard the rato of resction, have positive values of o. This
means that sodium chloride and hydrochloric acid are hydrated
to a less extent than tetramethylammonium fluoride and that

. : $,
the mnss-law effect is responsible for the retardantion. The

results for these two jonie chlorldes, however, mean that

sodiuwn chloride resulis 1n an effectively "drier" solvent than
hydrochloric ncid.  This would bé surprising if solvation of
phe ions involved only water, since. the proton is usually
regarded as being highly hyd:ated in aqueoﬁs media. Howecver
aughmann, Grunwald and Kohnstamsa have shown that solvation
of electrolytes by the organic gomponent of the solvent is

Imporsant In ~queous dioxa2ne solutions. The results therefore

suggest thaf the overall effoct depends on the relative nmounts _

of the solvation of the electrolytes by =scetone and water.
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The large v2lue of o for sodium perchlorate sugg sts 2 high
degrec of solvation by reeltona and honto on effo-*;vo]ﬂ Yyettoer®

acnt, wileh iIs 1n rgreement with the observations mrde with
this electrolytc in HCH agueous dioxanQSS and is nlso consigchent
wvith its high solubility in nure ncetonec.

At Lirst glgnt the values of o and kx/kg for sodium

azide appear to be iIn poor a~greocnient. Despite the frct that
this electrolyte is nssocinted withi a value of ‘orvwhich 1s the
same 28 that for sodium perchlorate, its ~ccelernting eficet is
mach less thon thnt of the other s~lt. However, the concen=
tretion of nzide lons progressively decrerses throughout the .
course of the rercition due to lformation of unrerctive R and

3

undissocinted HN, (compare page 57 ), 50 that the value of

3

O .. . X
'kK/KX for this elestrolyte refers to ~ niean sodium nzlde

concentration which is less than 0.05 M. This faet hrs bheen

alloved for in the caleculation of o but not in the qualitative

values of k_/xC.

<w .)'l.
(11) The yrluss of ¢ znd B o

The values of the mass-law and int c;vontlon consterntc,

/

1.7

a ~nd B , reguire some comment. When the electrolytes were
PhS0.,Ha, H-;O and.KBr tne »roducts fermed by rerctlion oi the
-~ .
anions with the carboniwn ion, ionised r~gain much more ropidly

then benzshydryl chloride . It moy be resdily shown thnat when

~yry

- [ - 2
4 Yaker and Hegrs utve concluded that org=niec nitretes lonise

C~

almost as rapidly as bromides and ?obort.,on’8 hrs shown that the
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Footnote cont'd.
ratos of solvolysis of orgonic substrates decrense for the

sequence 150-.Ph, RBr, RIO,.
3 2

this situation obtains, the overnll effuet is Ikinetically
"Indistinguishsble from an *onic= trength effeet, ~nd thaf
although RY is formed i1t is not possible to cnlculate g (compare
Chapter VII, pageili). The values of oo 2nd g have heen -
determined for the other resctive electrolytes (¥~ =c17, N3 JF ).
Since these parameters mensure the ability ol the roagent to
conpete with water for the c¢rrbonium ion, it might be cexpeocted
,that_their sizes would\depend on the nuclcophilic power of the
anions.  On the other hand the highly reactive carbonium ion -
will not bYe very discriminating with respect to this broperty53’
vhich mry also be subofdinnted to the 2bility of the anion to
penetrate the solvation shell surroundingrthe carbonium ioh,
before the_collapse of this ﬁhell leads to hydrolysis produets.
The small incre~ses of the 1ntervenuion constants with nuclco=
philic power ~re therefore in accord with expectations.

It ean be seen thst the values'of g for 0.051H. sodiun
chloride »nd hydroéhloric seid ere in good ngreement, as they
should be. The vglue quoted for the salt is a mean volue of
three indenendent determinsations with different concentrations
of sodimm chloride, snd it will be shown in Chapter VII that the

experimental va lues all ﬂgree within tho linits of the oxpcrinen~?1

kb .
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errors. A value of 2.30 weg therofore nsswied for the mrss-law
constant in order to'ceiculate the values of o . These points
are fully discussed in the experimental section (psgeé 16=156 )
| 'The veiue of B8 for fluoride lons iz subject to the
possibility of large grro“ﬂ, due to uncertrintics vh;cn ATOSG
in the determination of acldity in the prescnce of tgtramethyl-"
smmonium fluoride (see page 132). However,neglect of this
parameter has been shown to have no eflect on the value of s
(compare Table VII-2) and it is difficuli to decide whether or
not fluoride lons do react with the cﬁrbohium ion in the present
system. Bateman, Hughes and Ingoldlol have concluded that

‘the chloride fon iz twenty times as remctive ns the fluoride ion
towards the p:p ~dimethylbenzhydryl carbonium ilon in liquid .
sulphur "dioxide. The value of B8 for the reaction of =zide ions
with the benzhydryl cation is also in agreenmnent with previous
“conclusions thati nhxs reagens is more'reaétive thrn chloride ions

townrds ¢arbonium lon053’ 80

The Effect oi Llectrolytes on the Rrte of Nesction of

p=Hethoxy . Chloride in 70% Aqueous Acebone.
(1) The defermination of the_ o values. |

| Since the values of o for the reactions of benzhydryl
chloridelin.70% aquoous ccetone containing electrolytee are now
available, it is poss¢ble to obt in the corresponding vo luo, for

the effect of the seme electrolytes on the raote of ionisation of
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p=mothoxybenzyl chloride in the same solvent, vin equntion IV-7

The constant in this equ~ntion c¢c~n be calculrted from the present
results with benshydryl chloride and p=methoxybenzyl chloride

in 70ﬁ aqueous acetone containing 0.0% M. sodiwa perchlorate

and 0.0% M. sodium borofluoride. Since theso two eleectrolytes

have very weakly nucleophllic anions, no rerction occurs between
them and either of the subsirstes and the o vslues may thus be

[ 1]

obtrined for both compounds by siumilar methods The nppropriate
equrtions ~nd methods of calculmtion are given in Chapter VII
(prges 156-162 ).  Both eleetrolytes yieldeé valuos of oo which
wore 0.12 x 1070 ems. graster for p-methoxybenzyl chloride than
for benzhydryl chloride, ond it wws ssswied thnt this difference
applicd to e2ll elegtrolybos. The resulting volues of o~ for

oo

the effeet of clectrolytes on the rate of fonisntion of

p-riethoxybenzyl chloriue ere given in Toble IV-7.

nation of bimolecular sub st;‘u

r"
fi
o)
.

The mass-law 2nd Intervention constants, o =nd p
(see poges L2 =nd 78 ), 1uot be first determined, using the
celcuiated values of o » The methiods of crlculation are
fully described in the experimental sectlon (Chspter VII, pages
155 = 162) and the values are discussed lster in this chapler
(page 93 ). |

The values of—ﬁ s B and or®mry nrow be used to crleulate
tha rote of substitution of n-m»tho:ybcnzyl chloride by

mechsnism Syl.  This 1§hds to a rate coelficient, (SX ealc.’

[y e rae o mwaio e

-
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vhich may be compsred with the experisientnl rnte coofiiclent,

(Ie,)

obs. " Any dirference bhetween these two volues must, on
b e

the present view, be due to bimoleculsr attsck on p-methoxybenzyl

ciiloride by the sniony ¥ . The difference is thus equal to

kX", sirce

(I{X)Obs. = ]: (l ¥ 1 ) "‘ k6Y- . 'y . . . o. ° Iv-ao

1+ aCl™ +8Y

Sul - Sy2
(compore Chapter VIL, przeilt).
where ké is the rmte coefficlent for the direet substitution
of the substrate by Y,
Y~ represents thé concentration of the rergent.
The =~ppropriate equrtions ~nd methods of erleculation n;e fully
described in the experimental section (prges 156-162) mhd tho

results sre summnrised in Tablé V-7,

G T T et



Tho Rates of Substitution of p-lMethoxybenzyl Chloride

TABLE IV-7

in 70% Aqueous Acetone at 20.08°C.

i

S e

Initinl

Electrolyte | Concentration 10%7 loh(gx)cnlc.loh(kx)obs.lohké
ﬁaClO% 0.05015 1.92  (2.981) 2.975 0
NaBF, 0.05001 - 1.58  (2.829) -2.83% 0

PhS0Na 0.0%997 0.83  2.475 2.574 1.981
HaN03 0.05021 0.98  2.586 2.750 3.253
MehNF 0.04677 . 0.56 2.396 2.554 L.23k%
1aCl 0. 028k 0.4%2  2.400 2.577 7.692
NaCl 0.05154 0.42  2.390 2,711 6. 610
NaCl ' 0.10070 ~ 0.42 2.500 2.995 '5.222
el 0.05146 1,01 2.461 2,524 7.265
KBr 0.050%1 1.25  2.629 3.026 7.898
maﬁ3 0.01983 | 1.93  2.7%0 3.160 34.01
NaN 0.0310% 1.93 2.822 3.63% . 35.89
NaN3 0.03997 1.93 2.910 3.972 33.20
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It can be seen that the Vﬂlues of k increase in the
soquence NaCl0,S NaBFy X 0 < PhSO N*<<:Nu30 vy <
HaCL }ICl<KBr<InI¢3, that isy in the order of 1ncror-.~.1ng :
pover of the anion »s a nucleophilie rengent. This should be
compnred with the differences between the values of (k x/}Sx)
for 0.05% M. ecloctrolyte for p~methoxybenzyl chlorido and ben7hydnﬂ
chloride, which also ineroaue in the some aoqucncc (see walo]y—a.;
These results arc in accord with the correlation of k6 ns a rato ;
coefficlient for'pimolecular'attack_on the substituted benzyl
- compound by Y’, since its value must depend on the nucleophilie
power of the resgent.

Comparable studies have been cerried out rgcently using

p-phenoxybenzyl chloride under.the samo-eonditions a5 those
employed in the.prescnﬁ studies’®. This conpound h~s becn
shown to undergo hydrolysls entirely by mechanism Sﬁl, but 1s
also susceptible to SN2 attack by resgents which are better

nucleochhiles than weter. The values of k, for the two compounds

are compared in Table IV-8 and 1t is pratifyilng to find that they
bdfh increase for the seme electrolyte sequence. It is
iﬁteresting to note that even such poor nucleophilic reagents

as PhSO,” ond Ho3‘ are capsble of displacing the chlorine stom é

by the bimolecular mechaniesm.




TARLE TIV-83

The Effect of Varying the Polar Substituent on the

Rates of Bimolecular Substitution of para=-Substituted

3800

O

o ,
(gX)PhO

1.856 x 10~

6

Benzyl Chlorides by Anions in 70% Aqueous Acetone at 20.06°C.
£ ¥ F y
Eloctro lyte ( 101*1;6) Meo | ¢ 106}‘.6) Pho —-—-——2:6; HeQ
6" Pho
NaCl0,, 0 0 -
NaBFl+ 0 0 -
PhSO_Ne 1.98 1.77 112
Nelio, 3.25 2.35 138
Me, NF 4,23 | 5.15 82
NaCl 6.51 8.43 77
HC1 7.29 - -
KBr 7.90 53.05 4.9
Nall, 34,37  781.3 LY
(k;) o0 - 2.500 x 10~ ¥
—_—1e0 = . = 134

¥ The data for p-phenoxybenzyl chloride were commnicated

by Kohnstan and Ribar. -

/4 The subscripts MeO and PhO Tefer to p-rethoxybenzyl

chloride and p-phenqubenzyl chloride, respectively.

. e ———— i e e .
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Theré is one feature of the results Qith the two -
substituted behzyl conmpounds which demands 2n explanstion.
~ All previous evidence suggests that bipolecﬁlar substitution
by a given negatively chafged reagent should be much less
sensitive to changes 1n the polar effects 6f su?stituents n
(compare page 14, Table I-1), than 8yl renctions (see prges
10=-14). Since the two compounds now under consideration
differ only in the identlty of the para-substituent, the ratio’é
() /(k)

6" Me0 6" Pho
bimolecular substitution to the polar effects of the substituentis.

is a measure of the sensitivity of a given

In the same way, the ratio (g;)Meol’(E;)Pho, for the solvolyses
of the two compounds in the absconce .of added electrolyte, is a
measure of the sensitividty of the ionisation process to the

polar effects of the.substituents. The§e ratios are given in

- Table IV-8 and compsarison of their vélues reveals the very
intoresting fact that the rates of bimolecular a2ttock by the
very weekest roagents (Ph803=, H03-) show almost the szme
sensltivities to polar effects as the rate of fonisatilon.
More~over, the sensitlvity decreases wlth incressing nucleophilic
o0/ Y6  po
for the attack by a;ide lons has a low value, in ressonable

pdwer of the 2nionic reagent, and the ratio'(ké)

o = mm em o — b

# The subscripts MeO and PhO refer to p-methoxybenzyl ohloride
and-p—phenoxybenzyl chlorilde, respectively;
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agroement with the data given for other sﬁz substitutions in
Table I-1. These results argue strongly ngéinst the operation
of the gxtreme form of mechanism Sma for a2ttack by the werk -
resgents, although they suggest that thls process probably
oporates in the substitution by azide ions.

It is_suggested that the processes, which_pmve been
identified as "bimolecular" in the present studles, represent“
attack by the remgent on a partially heterolysed speciles. As
the nucleophilic power of the resgent increases, this attack
¢an occur at progressively enrlier st~ges in the ionisntion
process and bimolecular attack by azido ions'most prob-bly
commences when little or no extension of the carbon-chlorine ..
h2s occurred. On the other hzsnd ionisntion is prob=bly ~lmost

complete before the benzenesulphonate ion participates in the

rerction. Since covelent attachment of the re~gent 1s still,

however, 2 feature of the netivatlon process, such rerctions

must still be regsrded rs bimolequlnrJV. The energy-profile

diagrsm (Figure IV-1) gives a qualitative representation of

- the nudleophilic substitution of a prrtiolly heterolysed

substrnte, the broken line indicating the medified energy )
requirements compared to the ionisation process (continuous
line). It is not cnvisnpged that attrck by a given re-gent
occurs only at a single stége in the bond=bre~king process,

but rether that 1t mey commence 2t some minimum stage, which




' Energ.y

will depend on the nucleophilie power of the rergont, 2nd
probably continue up to the stnage when full ionisrtlon 15
sttained. It may woll be that nesrly =1l of tho sttack by
very powerful reagents occurs with little prelininsry bond-
extension. - The overall‘fesult will thus be an.averﬁge of.the
attncks at a number of.different stoges in the fonisation

procoess.

FIGURE IV-1 - ' FIGURE IV-2

..Energy

‘Reaction Coordinate Reaction Coordinate:

- Inergy profile-diagrams for the reaction of a nucleophilic
‘reagent with a parﬁially.hetérolyéed substrate (Fig., IV-1)

and an ion-pair'(Fig;.IV-z).
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It 1s of interest to consider whether or not the

‘rasults might be better expleined 1n.terms_of the mota-sﬁnble_
ion-pairs, vhich Winstein and h;s co-workers hnvé.proposed LY ]
internediates in SNI processes (see Chapter I; page ). The
existence of such intermediates implies a degree of strhliz~tion
for each variety, which should result in a numboer of !troughs®
in the energy-profile diagram. Hitherto Winstein has only
found it necessary to invoke two forms of ion~pa2lir, ~nd the
situation is indicated diagramntically in Figure IV=2; where

I »nd E represent the "internal' and external ion=-pnir,
respeatively. Any'attnck by tho reagent on either of these
interﬁediates.must be considered a unimolecular process, since
the charges in both I and E are fully deveioped prior to the
 covalent attachment of the rengent, although in the absence of
atteck nt this stage energy is still required to form the
completelylsepprated lons. However, the bond=-brezking process .
45 the ssme for the formation of ion=-pairs and the csrbonium .
ion, and it would therefore be expected that polar substituents
would gffeét the renctivities of 2ll thése species in much the
same way.' This being so, it must bé allowed that k6 for the
substitutions by a2zlde lons meansures predominantly, if not |
entirely, attack by mechanism Sp2. Even i1f 1t 1s meintalned
that the incressing senéiti?;ty of k6 to the poler effects of

the para-substituents is due.to ion-ﬁair intervention, it must
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nevertheless be conceded that this rate coefficient for the
substitutions by chlorlde and bromide fons (~nd prob-~bly by

fluoride ions) »lso measurces a conslderable amount of attreck

" by the extreme form of mechanism 8y2. It is therefore

cdncluded that ké can be legitimately regarded ss mensuring
some forn qf bimoleculsr attack, rnd in the author's view

the present results are.more'convincingly explained.in terms
of attrek by the reagents on a portinlly heterolysed substrate,

than in terms of attsck on ion-pnir'intermédiates.

The totel rate of reaction of p-uethoxybenzyl chloride
in aqueous acetone containing an ahionﬂc reasgent, ¥, 1s given

by equation IVv-3, vhich m2y be written in the form

\ . x | | -
(kX"obs T :. = +( '? * ks) 4
1+ aCl + Y 1+aCl + g¥
for thoe purposes of the present discussion. The first-qrder

!

rate coefficient for the formation of RY is given by the seccond

term on the right hand side of this expressioq, end the uni-

molecular formation of RY thus is given by

k,pY” o i, ¥
1 + oCl + BY

vhere kP'is the first-order rate coefficlent for hydrolysis
(compare Chapter VII, pagetld ).
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~ Experimental values of a »nd g have been obtained . -
only for the casos where the electrolytes were ilCl, H=Cl,
NeN, ond Me,IF. Tho latter selt, however, gave 2 smell
nega;ive value for Bp-and, while this probebly =rosc fron
inncouracies in the experiﬁental determination of the ncidity .
of the reaction mixture (compore Chepter VII, psge'132),.no _
estimate of Sl atteck by fluoride ilons was possible.

No values of # could be determined for the reactlons of

pemethoxybenzyl chloride with PhSO3-; No3- snd Br , since the
product, RY, lonised ~gain more rapidly then the chloride, ~nd
the effect on the rate of hydrolysis wrs 1nd1st1nguishabLe {rom
an ionic strength effect (compsre Chapter VII, pége 110 .
Since the enrrbonium lon reacts with chloride ions, it must ~lso
rerct with bromide and nitrate lons (»and possibly”with benzene
sulphonate ions) ~nd B values for these reactions hsd therefore
to be assumed. Apprgximate# experiments with p-methoxybenzyl

bromide in 704 aqueous acetone at 0°C. indicated that this

. # The first-order rate cocfficlents decreased bj about 127%
throughout the course of the rerctions. The smrll effect of
added potassium bromide précluded the possibility of explrining
this as a mass-law effect. Although the bromide wss prepsred
by halogen exchange between broﬁide ion and p-rniethoxybenzyl ' 
chloride, it was considered unlikely that the product contained
any ‘unreacted chlbride. "It'is possible that the acid formed in

the hydrolysis reacted with the solvent, but there wsas no time
to investigate this possibility. ' '
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compound rescts about ten times more quickly than the

chloride ~nd that B - is equal toa .. It.wrs therefore

c1-

- assumed that theso parameters h~d the srme vrlues in the

present systons. Fo experiments were coarriled out with the

nitrate 2nd no values of'BNO_ ~hnve previously been determined,

2

.although p-mcthoxybenzyl nitrate hrs been investignted in

22 9
aqueous cthanol ;olutions . lHowever, 1t has been concluded9J

that nitrrte ions =re less rerctive than chloride ions towsrds

the pip ;dimethybenzhydryl cation in ~queous =cetone and

'similsr conclusions have been arawvnt®® from stuaies with

- p~toluene sulphonates in aqueous acetone. A value of #a was

therefore sssumed for BNOE in the present rerctions. These
values are probnbly not seriously different from the true ones,
since carbonium ions are penerally not very discriminsting with

. ' L
regsrd to the nucleophilic power oi the rengent53’ 1 b. However

‘the SNI contributions.for-these ions can only bs regnrded ap'

~rough estimntes of the true values. To sinmilar assumptions

have been mnde for the renrction of the very weakly nucleophilic
benzenesulphonate ion, but 1t is thought likely that »ny Syl
attack by this reagent on the p-methokybénzyl'cerbonipm ion

was very small.

The methods used to cglcﬁlate thoe SNI rates are described
in the experimental section (Chapter VII, pege 156) and the
values -are given in Table IV-9 together with the values of the
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paramoters o ond 8 . It cen be seen that, as the
nucleophilic power of the reagent ineresases, the percontage
of _unimoleoﬁlar attock by the anion decrenses. This is _
‘considered reasonable, since the amount of bimolecular attack
| on the unionised substrate (or partinlly heterolysed substrote)

depends directly on the nucleophiliec power of the reagent »nd

the oarbonium ion '1s much less sensitive to this property53’ lhb.
TABLE IV=9 |
The Relative Amounts of Unimolécular and Bimoleculsr
Substitution of p-iethoxybenzyl Chloride by Anions in
705 Aqueous Acetone at 20.08°C.
Electrolyte Conggﬁiiéion Intggxgg&ign 101}}{1{3‘5- 101*’%3[- “5 L
NaCl0y, 0.05015 . ° C - - - -
NalF), 0.0500L  |. = - - -
PhSO3Na |  0.04997 - - 0.099 =
Hal0, 10.65021 2.0 # [0.253  0.164 60.7
le, 1T 0.04677 -o.5w% | - o.ase -
HaCl 0.02L34 - - 3.81 0.203 0.177 531t
NaCl. 0.05154% 4,05 0.388 0.321 5h.7
MeCl 0.10070 4,22 0.677 0.%95 57.8
el . | .0.05146 3.73 0.396  0.343 53.7
KBr . - | 0.050LL 4. 0f 0.461 = 0.397 53.7
NaNy 0.01983 - 8._68fS 10.243  0.420  36.7
I‘IaNB 0.0310k4 "7 5'3 0.433 0.812 4.8
Tall 0.03997 7.68% 0.5%%  1.062  35.9
(Footnote overleaf) .
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Fobtnote :
# By~ WS neglected in the caleculation of k6. | Ho SN1 rate
| wans determined becaugse of possibly large errors in
the value of BF; ' ] o : | - i
'A mean velue of H;O wns sssuned fqr a in =zll these Caiéulationsj_
# It was assqmed that BNOE = %a
£ It was assumed that Bpp= = O L
6 A moan velue of 7.96 was assumed for g.- in all these
. 5

calculntions.

- The résults are therefore cénsidered to provide
considerable evidence for”éhe dqncurrent operation of first-
and second=-order processes, whigh'may be identified with
mechanisms SNl and SN2; in the substitution'of p~-nethoxybenzyl
chloride by azide, bromide and chlorilde ions in 70% aqueous
acetone. Both processes probably operaste for the corresponding
substitutions by nitrate end fluﬁride 19ns. .In view of the
theoreticml dnportance of this conoluslon, it is considered
necossnrf to re-ex=nine the evidence on vhich it 1s based.
This will now be done. | : '

The quanti?afive treatment,of the ionisation pchess for
pfmethoxybgnzyllchloride depends oh the elect;blyte solvdtion
approaéh, which ‘developed to account for the specific effects of

electrolytes on the réte of'reaction of benzhydryl chloride.
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In developing this approach it wes nssumed that this compound
reacts entirely by mechanism SNl, even with such poverful

reagents fs fzide ions. Kohnstamélb

hrs recently sumanarised

» considerable smount of'evidence supporting this view vhich 1s
#lso substantinted by preﬁious studies of the ratos and prodﬁcts
of 1ts rerction with sodium azide in aqueous soetone solventsal.

In ~ddition Winstein and his co-workersll have recenﬁly.

" concluded th»t only = small froction of the exchange rerction

between p-chlorobenzhydryl chloride and isotopic chloride lons
could possibly be binolecular. On the other hand thg grme
group of workers postulate that ;on-pair intermedi~tes ronct

to a significent extent in this system and thnt even in 807

aqueous acebtone the active participation ol such species-is not

negligiblellb’ llc..

Pocl:er12 hrg recently drswn simil&r
conclusions from studiés of the rates of rncemlsr~tion ~nd
chloride exchange with s»n unsymmetricsl, deuterium substituted,
benzhydryl chloride 4in OC% aqueoué acetone. However the eifect
13 very small and diminishes very ropidly »s the wrter content
of the splvent'is increased. Insufficienﬁ data were given to
allow 2ny conclusions to he drhwn.regarding'the importhnce of
lon-pair prrticiprtion in the present systems. It is quite
élemr, however, thnt éomplete ionisation of benzhydryl chloride
is the predominating rﬁte;détermining process. Thus éven if
the nssumption that this compound rencts‘splely by mechn?ism

Spl 1s‘hot quite correcect, this 6n1y means that the values of
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the o parameters ere slightly too large. This error will
boe crrried over into the velues for the reactions of

p~methoxybenzyl chloride nnd will result in =n over-esztimote

of the rate of lonisation nnd hence in ~n under-estim-ge of

the bimoleculrr substitution by the reagent, ¥~ . However

the depression of the rate 9f hydrolysis of this substrate b&

chloride Jons and =zlide ions confirms that some SNI nttnck.by

thesce re~gents oceurs. Moreover, the very lnrge ~cceler~tion

of the total rgte of renction by szide ions c¢snnot possibly

.be expleined =s rn ionic-strength effeqt, so thst SN2 attrck

by this reagent must alég occur. Concurrent operstion of

the two SH mechanlsms rust therefore be still conceded, even if
objections are raised to the method, of caleulating the releotive
proportions of ench. '

The riethod used %o calculaté'phe bimolecula' rotes
depehds on the acceptsnce of the view that the ionisstion
ﬁrocesses for benzhydryl chloride and p-methoxybenzyl chloride
ATQ affeéted in the snmme way by electrolytes, nlthough the
sizes of the effects on the.tﬁo compounds rre slightly dirlforent.

It is difficult to see why this should nof be the e¢rge. However,

on the unlikely view thatlp-methdxybenzyl-chloride rescts

entirely by mechanism Syl, values of o m~y be crlculated for
the resctlons of this substrste in 70% . aqueous ncetone

contalning electrolytes. The equations snd methods of
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cnrloulation ~re the scme ""-those onnloyed 1nlcﬂloulnting
the o- values for bonahydrjl ohloride (seo prges 116=155 )
and the v~lues rro given in Table V=10, where they »re
comprrod with those for benzhydrgl chloride. It csn be
soen that wheress Lhe values for benzhydryl chlorilde hnvé no
connection with the nﬁcleophilic power of the roageﬁt, those
-for p=-methoxybenzyl chioridé'incréase with this property.
The values for this-éompound, moreover, nre considersbly
Larger than those for benzhydryl chloride, and the vglue for-
iy is so improbably large ns to exclude the possibility
thet p-methoxybenzyl chloride rescts entirely by mechenisnm SNI

in tho presence of this reagent.

. TABLE IV~10

Vaolues of the o Parameters assuning Mochﬂnium 5; 1 for

the Decomposition of Benzhydryl Chloride =nd n-Iuchoxyben“yl |

Chloride in 70% ‘queous Ace#one at 20.008 C.;

10° o
Electrolyte Ph,CHCL | MeoGH, cn Cl
1C10, .80 1.89
NaBF),. 1.6 L.65 .
PhS0.Na 0474 1.34%
naﬁo; 0.86 2.19
le, IF ~0.68 . 0.21
1=ClL 0430 1.91
HCL 0.89 2.66
KBr 1.13 3.05
NaN3 1.84 9.67
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It is therefore concluded that althoupgh the values
of k6 and SNl percentages_may be in error by ~n unknown ~mount,
the concurrent operation of mechanisms SNl nnd,SN2>1s fifmly
established for the resctions of p=methoxybenzyl chloride with
azide snd chloride ions, 1s extremely probablé for its reaction
with bromide'ions and mey possibly also apply to the

corresponding reactions with fluoride snd nitrrte ions.

The Nature of the llechanistic Transition.

It is considered legitimate to speculate about the
nature of the mechanlstic trensition from the :extreme form
of Sy2 to Syxl. |

It was concluded earlier in this chapter that as the
nucleophilic power of.the substituting anion increases, attack
can occur at a progressively earlier stoge in ﬁhe bond-breaking
Process. It was also mentioned that, in agrcement with the
views of Bird, Hughcs and Ingold39, it was not enviéaged that
suqh attack could talke place only at a single stage, dut rather
that 1t occurs at all stages after a necessary minimum amount
of bond extension. . This would depend con the nucleophilic
powef of the attacking group, and the overall effect is thus
an average ol the reactions at all of theée stagee. The-fact
that unimolecular attack is obscrved to occur together with
SN2 attack, suggests that a contingous spectrum of transition
. states 1s‘ava11able for nucleophilic attack, some of which

A ' : ZZwam Uni,, :

)
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s8t1l1l involve covalent participation by the reagent. It has
already been stressed {see poges 15and 90) that such procesces
must be consldered to be bimoleculor. Thoee which do not |
involve covaleat attachient _of the reagent, before ion.isation
} ls complete, are uninolecular, - Thus recctiona 'oc:curing by

- mechanlstlcally bordoer~line processes are congsidored to involve

PIPr R s e T

the concurrent oreretion of the Oyl and 3;2 proceoses, whers
the latter procesees can involve varying degrees of |
bond-stretehing prior to the covelent attachment of the
reagent, 001a7%C has previously propounded compelling
argunents for the same view without, however, being able to

call upon any supporting evidence.
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of hydrolysis of p-methoxybenzyl chloride in 70%“aqueous acctone '

- with ionie reagents (compare Chapter IV). It was hoped that |

CHAPTER V

TIIE EFFECT OF PYRIDINE ON THW RATP° or REBFTTOH o1

n=HETHOXYDLENZYL CTILORI“T‘ AND DBENZHYDRYL CTILOT‘IDE YITH

P

70% AQUEQUS ACLETONE.

The effect of pyridine on the rate of reaction and rate
was studied as an gxtension of the investigations earried oﬁt E

evidence would be obtained for the concurrent operation of
mechanisns Syl and Sy2 in the substitution by. this reageﬁt.
However preliminary work had shown the reaction to be slow
corpared to hydrolysis in. 70% aqueous acetone. :This'necessitated
the use of relatively iarge amounts of pyridine with consequently
large changes in the ioniéing power of the medium. It was
therefore n@cessary to obtain an independen# estinate of the
effect of pyridine on the rate of lonisation of p-methoxybenzyl
chloride before it was possible to establish substitution by
elther méchﬂniﬂ |

29

Prelimlnﬂry work by Shillaker haad shéun *hnt'chwngev in
the ionis 1ng power of aqueous acetone solvents, vhon cquocd by
variation in the acetone content, affected the rateg of hyurqugis
of p=-methoxybenzyl ehloride-and benzhydryl chloride to tho sAme
extent. Shillaker;s work was therefore extended by studies .of
the effccts of a nunber of inert non-eleotrolytea on the rates

of hJQTOlYuio of the same two conpoundv in 70p aqueous acetone,
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in tho hopo that the similarity would contjr\uo to holde Ilind
this provod to bo the cnse it would lmva bacn rossonnblo to ngsunoc
that tho corrolation oould be oxtonded to the ¢orrogponding effoaot

added pyridino. Unfortumatoly this hope wag mot fulfilled

(00 Chaptor VI) and it has not becn possiblo, thorefors, o allowv .

quantitatively for the ¢ifect of pj?*uing on tho rnto of ionisntion

“of p-mothoxybonﬁyl ciilorida.  lievertholeoss the effeet of pjr¢din0
on tho rato of ionisntion of bonshydryl chlorido mny bo used to
giva a qualitativo estinnte of its offect on the rote ioni qtion

of tho cubstituted bonoyl compounde

Resulta.

. haactinnv wera ¢orricd out with epproxlsately 0.02 mwolar
solutions of bonzhydryl chloride and p=nethoxybenzyl chloride in
704 aguoous rectono .containing 0,29, 0e5 and 0475 rolar concen-
tratlong of pyridine. The total rates of reaction of the

aubstratos wore dotormined by observing the' production of ehlorido

inngs The rato of hydralysis of p-mothmiybonzyl chloride waz alsol

doto"mirod by obaorvinL tho dovelopment of ncaaztj. In nll cases
cnnsﬁant.rirsﬁ-¢raer integrated rate coef”’éﬂonﬁq woro obtrineds
Tho resultn nre. gummrised in Table Vel an 1 nlgo g a plot of

s D A . .
(lﬂw/! A agrinst ﬁhﬂ~ooncentrntion-ef pyridine (Fipure V-1).

Full oxperimental datnils angd methods of ealeulation are given in |

bx‘ ™ I’)n ":'; 'IT &

# & md k° are tho rsto eocd LiOJung in the prosonce and sbaonco
of pyridine res poctivo 5 Whon k reforg to the toinl rate of
raaction of RCL 4% 4ic cuﬁﬁod fhy ond when 1% refers ta the ra

o£ hydrolycis 41t is ealled My,




TABLE V-1
The Effect of Pyridine on the Rates of Reaction of
Benzhydryl Chloride and p=Methoxybonzyl Chloride

.in 70% Aqueous Acetone at 20.49°C,

2 Pyridine % change in the rate coefficients
Substrate concentration . AkCl ‘1&I
0.2502 - 4437 _ -
Benzhydryl '
0.4932 ' - 9.25 -
Chloride : :
0. 7478 -12.89 -
p-Methoxy 0.2472 + 2.63 . - 13.36
‘ benzyl '
. 04942 a + 3.95 - 25.61
Chloride .
: 0.7420 + 6,10 - 39.73

- Figure V-1 shows fhat the changes in the rates of total
reaction apd hydrolysis, for whigh thoe rate coefficients are kCl
and k, respectively, have a linear dependence on tho concentration
of the pyridine. A_it is reasonhblg to suppose that the lonising
power of the medium would vary }n such a simple fashion with the
amount'of;pyr}diﬁé,”espedia}lylgince théfrgnge of concentrations

employed waS"small wvhen considered in terms of solvent variation.
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It does not scem likely that‘bimoleculaf substitution of
bonghydryl chloride by pyridine cbuld occur ip the prescont
systems especially since such'powerful- reagents as hydroxido
ions and azide ions (compare Chapter IV) have been shown to be
incapable of promoting this mode of attack. | If this 13 =0
then k  nust correspond closely to le the rate coefficieﬁﬁ for
ionis ﬂz%on (seo Appendlx(:) I can de seen that the ra te of
reaction of benuhydrjl chloride is retaruud by added pjridine,
a fact vhieh suggests thst the additlon of this reagent lowers
the ifonising power of the mediumn.

| The rate of reaction ol p=-methoxybenzyl chloride is
accelerated By added pyridine. If it is accepted that the
addition of pyriéine %o the aqueous acetone solvent results in
a deercase in the jonising power.of the‘mediuﬁ5'then this result
is completely incdhsisfent with the view that the rengent either
" does not react at all or that any reaction which does occur
follows *ne unimolcceular path. Suh«titution by pyridine is,:
indeeq, confirmed by the Lact that the rate of hydrolysis of _
p-methoxybenzyl chloride in the presecnce of this reagent is less
than its totQL fate of reaction. It is therefore clear that
SN2 attack must be takinn pltcc.

The status of Sml_subg itution by pjr idine is not so

certain. I the whole of the attaclk by this reagent cceurs
bimoleoularly,.then virtually all of the formed cafbonium ion

" must react with watef% and the rate of hydrolysis must correspond

# The small reversal of the ionisation e¢an be neglccuca in a -
quqlitative dlscusgion.

- [P - omde ek w4 v mm
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closely %o the rate of lonilsation (se2 AppendixzC). In order
to preelude Syl atteck by pyridine, therefore, it 1s neceésary
to vostulate that the rate of ionisation of pemethoxybenzyl |
chloride is depressed 2.8 times as much- as that of behzhydryl
.¢hloride by a Jdecroasce 1n the ionising power of the medium, due
ﬁo the addition of the base. The results with inert non-
electirolyte, however, show that a decreasc in the ionising power
oi tihe solvent usually has a greater effect on the rate of
jonisation of benzhydryl chloride than on the corresponding rate
fér p~methoxybenzyl chloride and, morecover, the 1a§gest factor
observed was l.3. It is difficult to see why pyridine should
2et in a dianmoeirically opposite way to the other ndn-electroijtes,
benzene, toluenc, chlorobenzcne, nitrobenzene and acebtone. It
must be held, therelore, that the rate of hydrolysis of
p-methoxybenzyl chloride is less than the rate of ionisation,'in
the prosence of pyridine, and hence that p/rluine captu ros soue .
-of the e¢arbonium ions. nnl attack is theroioro strongly
indicated by the pre;ent'resultg and since SNa attack hug already
been concluded the concurrent operation of both mochanisms nust
be allowed. |

Unfortunately there is not en *u?h information availzable
to justify the assumptions that would be necessary in order to
obtain an estiméfe of the rolative amounﬁs ol substiltution by
the two processes. If it is assumed, however, that the efﬁcct

of pyridine on the rate of 1onisétion of p-methoxybenzyl chloride
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is tho some as its effect on the rate of ionisation of

behzhydryl chloride, then 52.6% of the substitution by this
reagent follows the Syl nath. | Details of this calculation
are given in Chapter VII (page 162). '
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CHAPTER VI

TIIE EFFECT OI UI‘IRE;_/}_:‘(:'}EJIV? "-TOF-ELJBCTHOLYTE. T THE RA TES OF

SOLVOLYSIS O —BEI}ZTIYDL{YIJ CT LORIDE AND .
et e e ot

—

B-—ME‘?HO}'YBEI"’YL CHLORIDLE.

Results. .
Interest in the problem of the effects of inert non-

electrolytes on the rates of solvolysis of benzhydryl chloride

" and p-methoxybenzyl chloride arose from tho studles of the

offects of pyridine on the rates of reaction of these two
compounds (compare Chapter V). - The substances used were
acetone, benzene, toluene, nitrobenzene and chlorobenzenc.

The same quantities (5 ml.) were made up to exactly 100 ml. with

70% aqueous acetone and the rate of hydrolysis of the two 6rgan1c

chlorides examined at 20.%9°C. Constant first-order rates were
obtained in all casess. The experimentsl detalls and methods

of calculation are given.in the experimental section (Chapter VII)
and the results summarised in Table VI-l. |

23 ha

" Proliminary work by Shillaker already shown that

variation of the acetone content of the aqueous acetone solvent”

" had the same effect on the rates .of hydrolysis of boﬁh compounds

and 1t was hoped that this would be the casse when other non-

: olectrolj es were added.

Shillnker's results have been confirmed with added

acetone but the-other non-clectrolytes had considerably

P
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different eifoets on the rates of reaction of benzhydryl
chloride and p~methoxybenzyl chloride. Each of the added

substances dccreased the iénising pover of the medium and this

.was accompanied by a retardation of the rate of hydrolysis. It

can be scen from tho results given in Table VI=1 that tho effcets
were always groater for benzhydryl chloride. Mofeover, the |
magnitudes of the retardations caused by the same volumes of
dirferent non=-electrolytes were considerably different 10r this

compound but almoet the same for p-methoxybenzyl chloriae.-

TABLE ¥I-1
The Bffecct of_Hon-Electrolytes on the Hydrolyses of:Benzhydryl
Chloride and p-Methoxybenzyl Chloride in 70% Aqueous fcetone
at 20.49°C. o

Ph,CHCL | P-1160C /1, CH.CL

Non- e i - 6% 2 <7
Electrolyte | Concentration Retardation{Concentration|Retardation
Acetone | 1.088% | 23.63 1.0890 23.98
Benzene . - 0.5606 | 36.%0 0.5606 ‘22.hl
Toluene : - '0.6276 . 39.28 "0.6271 24,39
litrobenzene| 0.4908 - | 28.5% | 0.4913 21,67
Chloro=- IO;hOIS-. 3849 O.QOEN‘ 22.18

benzene ' S :

)-.‘37{:(.-‘\.'."_' [ SN S O S
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&. Discussion.

Since the precent studies were only concerned with
the eflects of added inert non-electrolytes on unimolecular
(Sy1) solvolysis, the discussion will be rostricted to this
class of reactions. |

36

Winstelin, Grunwald and Jones™  have a2ttempted to

correlate the fates of solvolytic reactions with the ionising

pover of the medium by means of a linear free-energy relation-

ship, | L ' '
log & = log k° + nJ VI-1

vhere k and X° are the rate coefficients for reaction wvith

the given solvent and standard solvent, respectively, is

2 measure of the ioniéing pover of the solvént and m is a

constant which ;s characteristic of the reaction-méchanism.

Reactions whose rates depend only on the lonising power of

the solvent were classified as limiting and shown to correspond

closely to the unimolecular ﬁSNl) class of Hughes and Ingold.

A value of unity was assumed for the constant m for limiting

reactions. These points and the mothods used to obtain

'values of Y have been discussed 1n.Chapter I (see poage 16).

Winstein, Grunwald and théir.co-workers36’ 101 pave |

" reported linear correlations betweén log 'k and Y for a number l

of unimolecular solvolysbs, in #greement.with the requirements ‘
of equation VI-l. However the approach is 6f limited use

when it is necessary to corrclate solvolysis rates in a




101, 102 that
"often -

differcnt substrates -/ -require velues of m which differ

quantitative nmanner 101

It has been shown
appreciably from unity and that, in some cases, 2 single
substrate gave plots of log k ~gainst .Y which showed narked
dispersions into separate lines for different solvent systems.

This lattoer tendency was particularly marked for benzhydryl
101b

~ chloride and it seems likely that the present results with

this compound are exsmples of this dispersion.

Clearly thg.present results are not in aecord with the

‘requirencnts of the Gxunwzld/win stein correlation and this fact,

coupled with the other contradictory evidence, indiestes that
ionis;ng power cannot be the only factor governing'solvolysis
by the unimolecular mechanism.

The rates of solvolytic reactions might be expecﬁéd to
denend on the &ielebtric constant of the medluwn (compare

Chapter 1I, page 29). It has benn houn103 that the application

- of Xirkwood's equa tion"5 (ooe Cthter II, equation II-7) %to the

unimoleculsr process leads to

11'11: ?vlnlfo,-".:l-—.—-(-]-)-:u.o ‘!:L_:.t:‘-_ - l—i). n...tVI?‘a
' KT (2D+1) r% -ri »

vhere k and k¥° are the rate coefficients in the media of
dielectric constant D and unity, respectively.
-k is the Boltzmeonn COHSUHnuo
u and r are the dipole moment and molecular radius,

AN

respectively, and the subseripts 1 and ¢ refer to the
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In sgrecment with the predictions of oquation VI-2,

linear plots of (D=1)/(2D+1) ogainst log k have becn roported
. for a muaber of solvolytic reactions’Qr 9Ly 103, 104%. .
‘general, however, cnly a smnall ronge of solvents have been
investigated and even so marked Geviations from linearity

have been observed. Fainboerg and Winsteinlo5

plotted the ?
values of log k and (D-1)/(2D+1) for tert=-butyl chlofidevusing" '
all the avallable data, Not only was there a considerabie
dispersion into separate lines for each solvent pair, but ) ‘}
pronounced curvature of the linaes was apparent. Lincar plots |
wvore obtained only for media with high dielectric constants.
This approach could be rationalised with a non-linear variation
of log k with (D-1)/(2D+1) if the value of @2/ - ui/ed)
varied with the dielecﬁgic constant (comparg eqﬁation VIfE).
1t is difficult to see, however, why there should boe no
-correlation between the results for benzhydryl chloride and
p—meﬁhoxybenzyl chiloride when the ionisations of these two
cémpounds proceed through similar transition states.

Laidler and Landskroeneri®® have recently concluded that

log k should vary linearly with (1-D)/(14D), or nearly so with

1/D.  Hoeluyn-Hughes and K11p1'®7 have proposed similar
'relationships. However, for media of dieleciric constant : !
greater than 7 or 8, (D=1 )/(2D+ ) is linear with 1/D to an '
- excellent approximation. The felative nerits of these

alternatives cannot, therefore, be established. It follows

CEELSRMIL L DSOS Choh e ey ot /o e it 420 AL A T ST R S R W oI LB L~
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that they all exhibit the same deviations from linesr

relationship to log k.

108 ' 5 :
Bohme and Tainberg and Hinsteinlo) have concluded
that the hest function of D, so far as linearity with log k

is concerned; is log D. Conversely, Tommila and his

collaboratorsi®? have showm that such plots for the solvolytie

reaction of benzyl halides are decidedly non-linear, and in

fact that a superior straight line of'ton results from plotting-

log k against D. It 1s quite clear that the simﬁle electiro~

“ static &pproach is inadequate for the trestment of solvolytie

roactions, and the importance of the water content of ~queous
solvents, which overshadovws any variation in dielectric constant,

£
has been previously embhasisgd67“’ 110

It can be seen that
cquations VI-l and VI-2 are similar in form and yet there 1s no

clear corrclation between.y and functions of D. for instance

solvolytic rates and.Y'values are very nearly the same for

similarly aqueous acetone and dioxane solutions but the dielectrie

constants differ considerably. | _ |
The application of the Bronsted equation33 (compare

Chapter III, pagée 41) to the'rates of unimolecular solvol&tic

reacitlons leads to the expression

“where k and k° are rate coefficlents in the given solvent and

standard solvent, respectively.
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fi,and ft are thq netivity coeflicients of the initial |
and transition states, respeectively, relative to unit _
value in the standard sol&ente This n2y he econveniently
defined nas 707 agqueous acetone for the purposc of the
present discusslon.
It has been assumed in the past that the activity coefficient
of the transition stete is so much greater than that of the
1nitial state that the latter nay be taken as unityG . Mediun
effeets are thus usually considered in terms of effects on the
{ransition state only. If this assunption 1s not valld,
changes in the medium could give risce to gpecific effects on the
rates ol ionisation of different compounds if the ratio fi/ft”
does nrot vary in the sare way for all unimolecular solvolyses.
This possibility has-been previously recognisedlll but so far
there hos been no systematic investigation of the problen. It
has been concluded for reactions in agueous ethanol, however,
that this ratio is alnost independent of the substrate36a. The

analogous situntion for resnctions occuring in the presence of

'electrolytes haz alreaGy becn considered from this point of view

(conpare Chapter III).
p .
The most relevant data for the eliect of solvent variation

on activity are those derived from studies of the solubilities

of «=anino acids, which exist in solution s zwitter-ions ( I )y
and their FN-substituted derivatives { II ), which cannot fornm -
zwittor-tonsii2, From the point of view of its function as a
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dipole, a zwitter-ion is formally similar to the Sy1 tronsition
svate, although differing somewhat in havihg'fully develoPed
charge separation. The derivatives, moreover, bear foughly
the pame relation to the zwitter-ion:as the initial state of
an Syl reaction does to the transition state. The analogy muet

not be taken too far, dut can nevertheless prove a useful one,

R-CH-CO0™ ' R-?HeCOOH
NH; | NHCGR*
() ( I1 )

For saturated soluti_ons of substances of low solubility,
it may be shox'-rh. that
/s = 1/f |
vhere S and S° are the soiubilities in the given solvenit and
standard solvent, respectively, and f£ is the activity coefficient
of the dissolved substance, relative 46 unit value -in the standard
solvent., Hence, for two substanc.es, which may be called (I) ana

(II) for the purposes of the present discussion,

(/%) /lo/8%)y = 2/t

The solubility data for the amino acids glycine (I; R=H)
end o~aminobutyric acid (I; R=Et) and their N-formyl d_erivativeé
(11; ReH or Et; R' = Mej have been referred to :et.ham_al as the
stendard colvent.. Table VI-2 lists values of fp/fy; for these

et
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substances, relative %o the standnrd solvent. It e¢rn be

seen tnat tho valucs are dependent on the structure oi' the
substances. It een be argued, by analogy,.that the rrtio
ft/fi, for unimolecular reanctions, might be expected‘to show a
dependence on the nature of the subctrote and henece that solvent

changes nay have specific effects on differens 5.1 solvolysese

TADLE VI=2

Values of fI/fII for a=Amino Aecids (I) ~nd their Ii=-Formyl

Derivatives (II) in Aqueous Bthanol Solutions, Relative to

-~

Bthanol a2s the Standard Solkvent.

Agueous cthirnol solvente
Prrent _
ncid (0 - 50g G0%
GlyCine 8l.2 ]-9'9 5.91
denpinashutyric 5043 12 3,95
acid :

Unfariunrtely no comparable dsta are available for three
component solvents. It does not seem likeoly, however, that
such solvents wlll nrove any less complicated thnan bhinary
solvents. It is not nossible, in the present st~te of
knowledge, to formlate 2 quenibitative approreil to tho problen
of these medlum effects, bub it mipght prove » fruitful approach

if sufficicnt data could he obhtained.
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A Possible Explenstion of the Specific Eifect; of Ion-

slcew 101ytov on the Solvolvses of Benzhydryl Chloride nnd

p=lethoxybenzyl Chloride in 70% Aqueous Acetnnc.

It is centatively suggested that the speecilic offects
of thc non-electrolytes may arise from - solvation of ihe

iritial end transition states by the non-clectrolytes. it

1t is posgtulated that thils solvation is 2ssocinted with the

nromatic rings ol the 2ralphyl compounds, the effect should
be larger for benzhydryl ehloride than p-uethoxybenzyl chloride.

Storle Coctors in the former compound could, however, prevent

the ‘solvation being twice as much 23 for the substitubed benzyl

conipound. On presage into the trznsition state, which tends
to the plrpar configuration of the fully dovelosned enrboniun
ion, steric hindrance would be reduced. Sueh considerrtions

do  not arise to any grest extont for p-methexybonzyl chleride.
In consequence the transition "L"Lb of ionig~tion for benzhydryl

chloride could bo more golvated, relative to the initilsl siatc,

than the corresponding tronsitisn state for p-methoxybenzyl
ehloride, with a consequent greater retarding
solvolysis of tho former ecompound. It ig likely that this

eiiect with =cotonc is =~lready at » meximum {or the pres

‘solvents, so tiart chianpes in the acetone content of agqueous

acetong solvents will make little or no diffcerence, as observed.




CHAPTFER VIIX

EXPERIMENTAL

Preparation and purification of materials,

p-Nitrobenzhydrol .

p-Nitrodiphenylmethane was prepared by Fricdal-Cralts
réaction.between p-nitrobenzyl chloride and ‘racnzendHB and the
crude prqduct purified by distillation under reduced pressure.
It was converted into p-nitrobenzhydryl bromidc by refluxing
a oolutlon in dry carbon tetrachloride with N-bromosuccinimide
and a small quantity of benzoyl veroxide fov 3 hours ' ' ‘i After
Tiltration and evaporation of the solvent, the product was
refluxed for 2 hours wiih 50% aqueous acctone, the aéetone fhen
renoved and the alcohol extracied with ether. It was purified
by recrystallicsation fronm netroieum ether (140%/60°) and haa
n.pe 73—7L°C. A sample was also prepared bJ ucerwcin-xonnaorf
ro&uctlon of p-nitrobenzophenone and had the same m.p. and

mixed m.pe.

p~litrobenzhydryl chloridc.

A strecan of.dry hydrogen chloride gas was bubbled into
a solution of p—nitroﬁenzhydrol in 5enzene/ether (8:1), in the
Jpresence of anhydrous zinc chloride for 8 hours. The solution
‘was was shed with waber and 5% sodium bicarbonate solution} dricd

over anhydrous magnesium gulphate and the crudc product
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obtained by evaporation of the solvent. It was purificd by
repeated recrystallisation from petroleum ether (40°/60°) and
had m.p. 43.5—L4s5°C. The hydrolysable chloride content was
100% of the theoretical amount.

Benzhydryl chloride,

Dry hydrogen chloride gas was passed through a solution

of benzhydrol (BDH., 25 gm.) in dry ether (200 ml.) in the
presence of granular calcium‘chloride, for 410 hours at 0°C,
The excess HCl and most of the ether were removed at the water
punp and dry petfoleum ether (40°/60°) (200 ml.) was added to
thé residuc. After washing with water, 5% sodium bicarbonate
solution and water, the solution was dried over potassium
cafbonaté. The solvent was then removed on the water~bath
and the residual oil purified by distillation vnder reduccd
ﬁressure, the product being a colourlea:z liquid, B.P. 10&—-105°C
at 0.4 nm. The hydrolysable chloride content of a sample was
never less than 99.2% of the theoretlcal amount.

Radioactive bonzhydryl chloride,

This wac prepared iﬁ cmall samples, as required, by the
exchange between a pure inactive sanple of benzhydryl chloride
and a large excess of active tetpamethylammonium chloride in
liquid sulphur dioxide at -10°C,  The solvent was prepared in
" the anhydrous state in the followlng way: The gas from a |
commercial cylinder was bubbled through coﬁcentrated sulphuric"

. acld, then over molecular seives (Linde, type 4A) and finally

- - o e e e il e 3 4ot O i st M
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over P205.' It was condeneéd onto the dry salt by cooling the
receiver in an ice/salt mixture at =20°C. and the benzhydryl
chloride then introduced. After 2 hours the solvent was
allowed to evaporate at room temperature and petroleum ether
(40°/60°; 200ml) added. The precipitated salt was filtered
off, the solution washed with ice-cold water and dfied with
anhydrous magnesium su;phate. Theicbncentration and specific-
activity of the benzhydryi chloride in this solution were
detefmined By hydrolysing a sample in ﬁqueoua acetone, after .
. removal of the petroleum ether, and then making up to a known

. volume. A 10ml. somple was counted in a liquid counter end
the acidity detormined with standard sodium hydroxide solution.,
Inactive benzhydryl chloride was added to gilve the required

6

specific activity (about 3.5 x 10° counts/mole/minute in the
apparatus used in these studies).. Samples were prepared for
kinetic runs by evaporating the required volume of the petrol
solution on a water bath at 70°C. and removing the last traces

" of solvent at uoéc.'and O.,5mm. pressurc.

p-Methoxybenzyl chloridec.
Thig was prepared from anisyl alcohol by a method similar
to that used for benzhydryl chloride. Distillation under
reduced pressure yielde& a co;ourleéé oil, B.P. 8&-86°Q/O,umm.
| The hydrolysable chloride content was never less than 99.4% of

the theorectical amount.
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Radloactive p-methoxybenzyl chloride.

The preparation of this was exactly the samne as for
benzh#dryl chloride except that the exchange was carricd out
for L4 days in dry acetone at roon tenperature, using active
lithiuﬁ chloride instead of the tetramethylammonium salt,.

p-Methoxybenzyl bromide.

p~Kethoxybenzyl chloride (4 gm.) was reacted for 8 days
with a large excess of dry sodium bromide in boiling anhydrous
acctonc (25 mle.)e. The mixture wac allowed to cool and the
solution decanted from the crystals which formed. These were
washed with a little dry acetone (5 ml.) and the solution
refluxed with more sodium bromide for a further 18 hours.

Petroleun ether (L40O°/609; 200 ml.) was then added, the solution

filtered snd the solvent removed on a water bath at 80°C. The

residue was dissolved in petroi (50 ml,), this solution washed
with water, dried over anhydrous magncgium sulphate and worked
up in the usual way. The crude yellow product was distilled

under reduced pressure, to give a slightly yellow light-

pensitive oll, B.P. 93°C/0.2mm. The hydrolysable bromide content’

wag 99,9%_of the theoretical amount. A sample was hydrolysed
in 70% aqueous acetone and the solution tested for traces of
chloride ion '3  The test indicated that this ion was absent.
However a trial run in 70% aqueous acetonc at 0°C. gave first

order rate coefficients which decreased as the reaction »ro-
ceded. The product was therefore refluxed for a further 44
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days ‘with dry lithium bromide, in case the falling rates wére
due to small anounte of unrcacted chloride, The product vas

vorlzed up as belfore.

Anhydrous scctone was prepared for the exchange rceactions by

. standing the purified Mplar grade over molecular ceives -

( Linde, type 4A) for ceveral days.

Sodium perchlorate (B.D.H.) was recrystallised from aqueous

dioxanc and dried to constant welght in a pistol at 100°C. and

a pressurc of 0.5 mm.

Sodium borofluoride was recrystallised from water and dried in

a pistol at 100°C. and a pressurc of 0.5 mn. for § hours.

Sodiwe aszide (lopkin and Williams) was recrystallised from
water and dried in the oven at 120°C. for 2L hours.

Potassium dbromide (B.D.H;m Analar) was dried in the oven at

- 120°C, for 12 hours.

Sodium _chloride (Analar) was dried in the oven at 120°C. for
12 hours.

Sodium nitrate(Analar) waa dried in the oven at 120°C. for

I. hourse.

Sodiur henzcnesulphonate wes recrystallised from ethanol (955

and dried at 100°C. znd O.5mae. pressure for 6 hours.

Tetranethylammoniun flucrlide was nrepared in the following waye.

Silver carbonate was propared (in a darkened room) from a
solution of silver nitrate (10%) and an equivalent amount of

sodium hydroxlde solutioh'(10%), through.whichla clow stream
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of coarbon dioxide had been panpsed for 12 hours, After filter-

- ing and washing wiith water, tho silver carbonate was cuspended

in water and treated with an equivalent amount of 5% hydro-
116
fluoric acid. Thoe resulting solution was evaporated in a’

platinum dish to about 50 ml. and then treated with nethanol

- (200 ml.) and ether (1 litre). The precipitated silver flu-

oride was isolated by decanting the liquid and waghed several .
times with a mixturc of methanol and ether (1:2)., It was
dissolved in water (250 ml.) and the solution filtered. The
etrength was determined 1ln two ways, after diluting a 5.0 nl.-
sample to 500.0 ml.,

(1) 5.0 ml. was treated with a measurcd excess of standard
hydrochloric acid solution and the cxcess chloridc-ionc deter-—
nined by potentiometric titration with eilver nitrate solution.

(i1) 5.0 ml, was passed down a column containing a cationic
exchange resin (Amberlite IR120) znd titrating the liberated
hydrofluoric acid with standard sodium hydroxide solution,
using mixed methyl red/mothylene bluc as indicatorj17.

Both methods gave tho same result and the solution contained
no free hydrofluoric acild, .

The solution of silver fluoride was treatcd with an
equivalent amnount of teﬁramothylammonium bromide, the silver
bromide precipltate filtored off and the solution saturated
with hydrogen sulphidgce. No ellver sulphide was formed.

After filtration the solution was evaporated to a viscous oil,
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vhich gave crystals of tetrametaylammonium fluoride on trlit- .
urating with a 1little accionc. These were drled ia a pilstol

for 12 hours at 150°C. and 0.5 mm, pressure. . The fluoride

“ion content, determined by method (119, was 99% of the thcore

oetical amount.

Iydrochloric ocid was Introduced into the 70% aqueous acctone

vy passing a clow stream of the ayy gas, prepered by dropping
concentrated sulphuric acid onto 'voltoids', intc a small
volune of the sclvent at 0°C. and then adding sufficicnt 70%
acetone to nake the final strongth 0.65 molare Shillake§9h§é
shown that this procedure does not cause any signlficant change

in the proportions of the solvent components.

Redionctive lithiun chlofidg viag pfepared fron the sanple of
actlve hydrochloric acid ( Radiocheumical Centre, Amcrshem.) by
treating it with an ecauivalent amount of lithlum carbonate and
cVaporating the solution to drynegs. The salt was dried at
100°C. and 0.5 mm. prescurc.

Rndioactive tetramethylamronitm chloride was prepared by

precipliating the active chlorine as silver chloride and shaking
this with an equivalent amount of a'10%.solutibn of tetra-
nethylemuonium dbroalde for 2 dayé. The solution, which con-
tained no brouide jon, wés evaporated dowa aad the salt aried

as for the lithium salt.

70% acgueous acetone wae made up made up by mixing 70 volumes of

acetone and 30 volumeg of water and 50% aqueous acectone by

. " oot ) = o e A Ml arrincr JOnitiea ot aaliE R Ol LA
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nixing cqual volunes. The acetone was the Analar grade solveni
which had been refluxed with sodium hydroxide and protassciunm
permanganate for four hours118 and distilled, beforc being
fractionated from hydroquinonc. The water was distilled water
which had boen passed down a column containing mixed ion-
exchange resin. | ‘

- Solvents were standardised by determining the rate of
hydrolysis of benzhydryl chloride or p-methoxybenzyl chloride
at 20.08°C., in the absence of added electrolyta.

Titration acetone was prepared from the commercilial grade solvent
by refluxing with sodium hydroxide and potasslom permanganate
for four hours and then distillihg. Vhen acidity was to be
determined lacmoid indicator was added and the solution
neutralised.

Benzene was the analarlgrade wnich was extracted scveral times
with conceatrated sulphuric acid, washed with wvater, 10%% sodium
blecarbonate solution and water, andvdried over anhydrous
potassiunm carbbnate. It vas then‘fractiouatcd through a small
columnn. The other inert non-electrolytes were Analar grade
toluene, nitrobenzene and chlorobenzene, which-were used with-
out further treatmént.

giridine was the analar grade reagent-which was fractionated -
several times, after drying over Analar potassium hydroxide.

It was stored over this compound and samples distilled prior to

usCe

Petroleun ether L0°/60°was the Analar grade which had been
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extracted scveral times with concentrated sulphuric acid, washed
with water, 10% sodium bicarbonate solution and then pure water.

It was dried over anhydrous magnesium sulphate and filtercd,

—

Estimation of Added Electrolytes.

Sodiun perchlorate, solium borofluoride, sodium azide,

‘potassium bromide, sodium chloride,. sodium nitrate and sodium

. bengencsulphonate were weighed into a standard grade A flask.

and made up to the required volume with 70% aqueous acetone, at

the thermostat temperature. The concentration of podium azide

.1as also estimated by pbtentiometric titration of the azlde ion

with standard silver nitrate solution. Tetramethylammonjun
fluoride was estimated by rapidly adding about the reduircd
armmount of the salt tp 70% aqueous acetone and determining the
fluoride ion by the method described on page 125, Hydrochloric
acld was determined by titration with standard sodium hydroxide

solution.

Preparation of Solutions of Non-Electrolytes.

The hon—electrolytes employed were pyridine, acetone,
benzene, toluence, niirobenzene and chlorobenzene.' Samples
were measured by means of a pipetite, weighed and nmade up to-
100 ml, in a standard flask with 70% aqueous acctone at the

thermostat temperature.




Therinoatats.

The thermostiats were of conventional design and consisted
of a large, well-lagged tank containing water, a large stirrer,
| a xyiene/mercury rogulator, a permanent heater varying in size .
for tho different temperatures and a G0-100 watt intermittent
electric lamp buld heater. Temperatures were constant within

+ 0.01°C.

Rate Measpurcmenis

Kinetic runs were carried out in the thermostats de- -
scribed. The reactions were always allowed to procede for at
least ton ‘helf-lives' in order t§ obtain 'infinity' vaolues.
Velocity constants were therefore calculated from a knowledge
of the acidity after various tine infervals and at 1005 reaction
without the necess ty-of using weighqd amounts of the chlorides.
Two methods were used for the kinetic runs. |

This method was only used at temperatures aboce 30°C
where there was a possibility of evaporation of the solvent
during the course of the kihetic ™mn. p=-Hitrobenzhydryl
‘chloride was added to about 150 ml. of the solvent and well
shaken. Thé reaction mixture was run into tubes using the
apparatus shown in figure VII-i. The tubes were scaled off,
.attached to sinkers and placed in the thermostat and well

shaken for about two minutes, After sulitable time intervals




RE _VI[{-1

——

_Ficu

BE FILLER.

U

Attt e SRS A A S

224




131,

tubes were withdrawm from the thermostat and plunged into a
nixture of acetone and “dri-cold" in order to atop the reéction.
Tﬂey were then cleaned, breken under neutrallsed acetone and'
the acidity dctermined as detalled below.

© About 100 ml. of the solvent was ?rought to thermostat
temperatu:e, the organic c¢hloride added and the flask thoroughly
shaken. A zero sample of 5 ml, was removed as soon as possible,.
and other samples at éonvenient tine intervals. The reaction
wes quenched by running the samples into about 150 mls .of cold
acetone. |

Runs contalning NaCi0OlL, KBr, NaC1, NaNOE, Na0_SPh and HCY

3

were followed by measuring the devclopment of acidity in the

solution. Runs containing NaBFg, NaNOB, NaNf, and Meuﬂﬁfwere
2 _

Tollowed by deteruining the change in chloride ion concentration.

‘The rate of veaction of azide ion was determined by potentiometric

determination of azide ion plus chloride ion. This was

#Tt was found that the BFZ ion was slowly hydrolysedjﬂg and .

that the resulting-hydrofluoric acid caused a buffering effcct

at the end-point of the titration with sodium hydroxide solutlon.

/4 Azide ions reacted with the carboniun ion forming a product
which did not ioniso. The rate of formation of hydrogen ion

was therefore less than the rate of reaction of the substrate.

tThis also applied to fluoride ions,

!
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ncecesary because the development of acldiity (ecuivalent to the
amount of ROH Formed) could not be accurately deternined. It
has been reported120 that a suitable indicator for thia purpose
in the presence of azide ion is bromothywmol blue, but the end--
points vith thoe weak solufions ﬁsed in present work werec found

to be fugative. ' In consequeace of the adoption of the pqtentioe
metric method of determining RN3, the large titres (appnrox-
imately 35ml. for initially 0.05M sodium azide) could lead to
lérge inaccuracies in the integrated rates of hydrolysis.

then HGQNF was the electrolyte, development of acidity

was also followed by quenching samples in ice-cold petroleun

ether (40°/60°), extracting with carbon dioxide free water and
titrating with standard sodium hydroxide solution using methyl
red/methylene blue as indicator. It was confirmed that no
hydrolysis occurcd during this extraction. Hovever 1t was
found that an acidlc solution of e NT in 70% agueous acetone
becanos 1esé acid at a rate wiilch depended on the acidlity of the
solution. The reason for this was not investigated but
independent'experiments (Appendix A, experimentsS0 and 5% )

were carried out with 0.05 M. sclutions of tetramethylammdnium

" fluoride in 70%anueous acetone coantaining hydrochloric acid.

The rate of decrease of acidity was Tound to be almost propor=
tiongl to the time and the concentration of the acid. A mean

rate of loss of acidity, equivalent to 0.10 ml. of 0.01036 N.

certmant cmmes b restem + me aie s ammmm = s s e n
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sodiun hydroxide solution per hour in the presence of an 0.01 M.
concentration of acid, was cstimated from these experimento,

Hence,

a mt 01 x 0,01036
. at. 36

ml. of N NaOH/5 ml. sample/scc.

' .
in a 1.0 M. solution of hydrochloric acid.

Thérefore, _ C :
aHt . = 2,88 % 10‘5/ ot ag
: 0

where aH' is in ml..of normal sodiunm hydroxide solution ﬁer
5 ml. sample of the rgaction nixture and_H+ is the molar
concentration of dcid.l |

It was assumeq.that this correction could be applied to
the kinetic experimenﬁs with benzhydryl chlopide and p-mcthozy-~
bénzyl chloride and the appropriate corrections in the acidity

titrations accordingly made.

Potentiometric Dotermination of Chloride ion, Azide ion and

‘Hydrogen lon Concentratlons

The apparatus is showm diagramatically in Figure ViI-é.
_The acectone containing the sample had a volume-of about 300 ml.
and was‘contained in a beaker ctanding in ice-cold water. The
solution was well stirped. If only chloride ion was to be

deternined, a few drops of concentrated nitric acid wore added,
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and standard silver nitrate added from a burette until within
O.5ml. of the end-point. The e.m.f, between the glass elec-
trode and the silver (or Ag/AgCt) electrode was determined using
a Doran pH. meter (model ). The procedure was repeated
aftér each addition of O.iml. of silver nitrate solution until
the equivalence point was passed. At the end-point the change
of e.m.f. per unit titre, was a maximua,
| Vhen both chloride and azide ions were to be determined
the procedurs was modified as follows. A single drop of
lacmoid indicator in acetone solution was added to the solution
wﬁich was to be titrated. 0.1 nitric acid was added until it
was slightly acid and chloride ion then determined as above.
2nl. of a saturated solufion of sodium fluoride wvas then added
from a pipette and the eecond equivalence point determined in a
similar way. - The changes of e.m.f. por unit titre.(ﬁ§ﬁ were
very much smaller than for the chloride ion dctermination.

VWhen hydrogen lon vas determined, in the prescnco of
pyridine, tho procedurc was exactly the pame, oxcept that sodium
hydroxlide solution was added instead of silver nitrate solution.
If chloride ion was also to be determined this was carried out

as detailed above, after the determination of the acidity.

Rate Measurements with Radloactive Comnounds.

Sml. samples of the reaction mixture were withdrawvm at

suitable times and the reaction stopped by running them into
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petrolcun ether (LO°/60°; 25 ml.) and water (approximately
almi..accurately meaaﬁred from a dispenser - seec fipure VII-{),
cooled in an ico-salt mixtuvre, After shaking for three ninutes,
most df the aqueous layer was scpqrated and stored in a stoppered
teat;tube until ready for counting. ,A 10 ml. samploc of the
“aqubous extract, after standing for a half hour in a thermostat
at 20°C, was counted for ons hour. A standard halogen-quenched
liquid counter, a thernostated lead-lined "castle" and standard
counting equipment were used. The background count was
determined several times, for periods of a half hour, The
procedures were standard oncs and have been adequately described
in several publications dealing with radioéchemical-tcchniqpes121
The counted samples were then run into neutral acetone containing
lacmoid indicator end the acidity determined with stondard

sodiun hydroxide solution. = Any slight hydrolysis of the sub-
strate during extraction was shovn to make no difference to the
value of (kEka)° This iz showm in appeﬁdix D.. In general,
goecd first-order hydrolysis rates were obtained, indicating that
hydrolyels during extraction was unimportant and this was cone-

firmed by independent experiments.




Thooreticrl Rote Exnressions.

The different processes which concern the present

investigatlons are represented by the‘following steps.

RC1 . R* + c1°
2
¥
R" 3, Roxm
R" +«+ v~ _% =&y
5

RCL + Y~ S mr o+ C1”
7-. _

Since stages 1 and 9 are slow (rate determining) and stageé 3
and 4 sre very fa=st, the carbonium jon must Alw~ys have n very
small concentration, so that i1t is valid to rpply the
' "stepdy-sfate” prineiple to this species. It is then possible
to derive expressions for the rate of hydrolysis of the substrate
(rete coefficient k) =nd for its total rate of disappe~rsnce

(rate coefficient k..). Thus®,

c1

aRt _— - .

PP | - ERCL - kR - KRY & kR = Q
o+ 7

therefore, R* = L . MRl keRY

k3 1+ oCl™ + Y™

Z Throughout this thesis the, normal squnre brrckets denoting
concentration have been omitted, in order to avold overcrowding
the rate equations. Thus, for example, where-ever 2 term X

appesrs it-is_equivalent:to the more usual [Xﬁ] .
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and/_ A RCL _ IGRCL(L + BY7) = xkgCL7.RY

158

and 1t follows that

d ROH _ kjRCL + kiny' ' .
at L+ «Cl™ + gY7

, + k,RC1l.Y" X RY.CL.|
at : L+ oCl”™ + @Y 6 . k'7R

where, o is the mass-law constant, defined =as k2/1:3

p 1s similarly defined as lc!.*/k3

Y 4s the ~nion of the electrolyte MY.

Therefore
' . RC1 RY
' . et rme—— ccemeepa—— )
g = 1 SR _KRT Ry KSROT A RY oo,
- RC1 + RY at | 1L + aCl™ + p¥
and/ K = e 1 ‘ aRCl_
cl .
RC1 at

. | . RY
.kl(l + BY") -~ ksCl RCT
1 + aCl™ + 3Y”

v kY -k BY 7 yrren
6 R

1% is.convenient'to cénsider separately several distinct
cases, which arise as a result 6f the differences in the
nucleophilic power and identity;of'the rnions of the ndded
élecﬁrblytes. This will now be done.

. (1) When the electrolyte is either nn ionised chloride or the
anion does not recact with the substrate, steps L, 5, 6 and 7

are not espplicable, a2nd the rate coefficients, kp and-kCI,

become equal. They are given by the expression

- K
1( = -——-—-—-1'—;- e ® e e 2 e & 8 * e e o e @ e » VII-3
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(11) A special cnse srises when the substrate contains

radlo-active chlorine and the electrolyte is an inective

chloride. Y becomes CL', where the superscript star indicates

& Tadio-nctive spocles, k; = Iy, k= xg end It ='.1c7. The'

 rnte of hydrolysis is still given by VII-3 but the rate of

- disappearsnce of RCl (rate coefficienﬁ kE) involves‘k6.
‘The concentration of corbonium lon is given by

X, (RC1 + RC1* :
gt - ¥ (RC1 ' 1¥) L hRcl
1+ o(Cl + CL%) 1+ aCl™

'since the inactive specles is always present in great excess.

. Therefore, _
kE Z e 1 .. d RCY'
 RCI*  at

: ' ' #0071 « RO <

L +aCl  RCL® RCL®
ko RC1%C1” - RCICLF i, 1

= ° 1 + R oy
L+ €L | RC1" ky /(1 +aC1) /|

In addition | o o
C1™ = Cl7 + RClL - RClL = Clg,=- RCl

vhere the subscript 'of refors to the experimental zero of

time and '1' refers to';nitial values.




1 l':On

Therefore,
S . c -
kp = .__f_l.__: L+ (g * 6 _]|Cly - fiCli._I:_(i.
| 1+ aCl L _ k, /(L + Cl ) RC1®
- a :
= 1{1 + ClR. kl +. 1{6 ‘¢ e e e v e VII"')f
1 + aCl 1+ oCl |

' vhere, Cl;; = Clg, - Rel*, RCL
RCl:::

(111) When reaction between the anion =nd the substrate leads to

~a product (RY) which lonises again rmuch more rapidly uhwn the

chloride (e.g. ¥ = Ph003 . 103 and Br ), another speciml cnce

arisese. The concentration of RY must slways bo very sm~ll ~nd
the lest term on the right hond side of equation VII-2 c¢an
therefore be neglected, -since the amount chloride ion produced
.in the reaction 1s also small. DlMoreover, RY/RCl is much less

than unity so that it is possible to write,
RY
B

5 FCT
L4+ cCl +B Y
- RY . .
and/ Xk = k(1 + gY") - & Kgmey CL . 1’.’6Y-
1+ aCl” + BY

When kH and kCl are equal

k +

k1+kP_‘Y__=k(1+3Y)-a1r' + 1Y (1 + oC17 + g¥7)
-2 RCL 5Rci'l 6 g
or/ o B _ 1 e,BY" + k¥ (L 4 aCl™ + BY')J
RCL 1+ aCl”




Therefore,

., + &.X°
kH = _._]'._____6_. ' a ® ® © e o 5 e VII-’5

1 +aCl”
This is identical with equation VII-3 when k6=o s which 1s the
casé whon beonzhydryl chloride ié the suﬁstrate. The overall
affect on SNl substitution is therefore.kinetically indisting-
uishable from an ionic-strength foect,.and it 1s not possible'
to calculate a  for thalreactions of such =nions with c¢arbonium
lons.
When kH and kCI are not equel, it is necessary to moke some
ass unptions ~bout the size of g. It will be showa later in
this chapter that this situation need only be considered for
the reactions between p-nethoxybenzyl chloride snd nitrate =nd
bromide ions.
(iv) The final cnse t§ be considered arises when the reaction
yields a product (RY) which does not react significantly compared

to the chloride (¥~ = N3 ’ T ). The rate coefficients, ky and

kCl’ are then not equal and are given by the equations

kl
kII = — - e o o o s o° e s o VII-6
1+ oCl + pgY¥ ' : :

(L + Y7 -
and/ kCl = l + kéY - ® l » e ® e Y ° VII"7

1+ oCl™ + 8Y |
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Tonic=Stronrth Effects.

The theoreticsl treatment described in Chapter IV
(pages 75 - 78 ) defincs the effecct of =2 Single electrolyte
‘on the'rate of lonisation by the expressidn

Xp = k] antilog -Bov

whore, k. 1s the rate of lonisation at the molar ionie

1
strength, c.

o]

k. 1s the rate of ionisation 2t zero ionic strength.

U

is n parameter with the dimensions of longth (cms),

which is characteristic of the olectrolyte‘for a

given substrate.
B 1s = constsnt with the vzlue glven on prge 13 ,
‘In practice, at iépst tﬁb electrolyte specles are'presentm

in most runs (the olectrolyte =nd the ncid produced by pydrolysiﬁ.
A nmore genernl cuprescsion for the effect of electrolytes_on the |
rate determinipg 1onisatiqn 1s therefore necessary; thus

ky = k?_ antiloglo-B 2.01(:1 e e e e e e e . VII-E
in vhich Zbici suns the effect of =ll-the electrolytes present.
This value of kl’ in the form appropriate.to the conditlons of

the experiment, 1s substituted in the rate equetions derived in

the preceding pagps}‘
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Tnstantaneous osnd Interrsted Rotes.

The theoretical rate equations derivod'enrlier in this
chapter, refer to instantancous rates, whereas the volues
determined in the present studies ﬁere all integrated onqs{

It was found to be more convenlent to use these equstions in
their prgsentlform then to attempt the tnsk of integrating then,
a2 process whiech would have o be repeated for esch experiment
(compare Chapter IV, page 76 ). The integrated rate
coefficlents were therefore converted to instnntaneous values
in the followlng wry.

The observed first-order integrated rate coofficients,

apsrt from » few excoptlonsl crses (compsre Chapter IV, poge 57),

were constant throughout the course of the res~ctions. It was
therefore assumed-thgt the integrated ra2te coefficilent, Ek,

for the time interval o - t, renresented the instantsncous
value at t{é. The concentration of chloride ions at this time
is given by |

Cléé =
= Cl;o - RCl.% . .
~Agsumlng thet the reaction of the substrate follows first-order
kinetics, the concentration of RCl at time ¥/2 is given by
kt/2 o -
RClt/2= RClO .G :

= ot (mor,.e )7

1

(RClO. RCL, )4
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The chloride ion concentration ~t t/o 15 thorefore
1y, = Clyp = (Rol,.Ra1,)®
'(.)C:, (0 ¢ * o'* 1t
The menn of the integrated rate coecfficients therefore

corresponds to an instanta=noous value nt 2 mosn chloride-ion

concentration which has the value

3 X
Cl” = 15¢C1., = c1o, - RCL,° dRreid - -G
n Z t4 oo -—Q.n . g+ e+ o+ VII-9

where n is the number of determinntiog; of E& ~nd the subscript
t refers to the experimental times =t which the individual
values were determined.

The valldity of this =ssumption is exrmined and confirmed
in Appendix E 3 for an extreme crse where constmnt first order
rato coefficignts were not observed.

A quentity ClI; was defined esrlier in this chepter
(see page 110) for the experiments with substrates contrining

0136. If the srme assumptions regarding the rel-tion between

integrated =2nd inctantaneous rates is sccepted for the coefficient:

kg, the value of Cl;, to which the mern of the integrated values

of k_ refer, is given by
a~d

(1) L (R’Cl) :
Cl7),, = Cl,, - RCLi.{—_ !
% e S RCL 7y,

e e e e e e
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T T R B

If the reaction of RCl follows first-order kinctics,

g 5=t . .
(RC 1°) = ) o L 2 = oy 2
A RC1 e | (RCLS RCLY )

and therefore

- rar? /rel W S V/noy W o
Cl, = CLZ - L [é) L " o '
) ” no\RCL3 \Rc17 s oroe e VIO

| b
More=-over,
(RCIO.R01t)= _ Ra, (kg - )t/
RC1}.RC1Y RC1} .
RClo
= —— 1+ Al m k)b e e
RC1q L HT

wvhen (1{E - ELE'I) is very mueh less then unity, only the first -

two terms of the expansion in the square brocket are significsnt.

For such c¢nses the value of C].I; con be calculnted fron

" A= o ..% RCL [ (K, ~ Yo : :
Cl, = Cl, = RCL . 0 [1 + B T *H ] VII-i1 !
1 RC1® 2 ’

an




Ionic Strengths.

The ionic strengths to which these instantancous rates
refer, were calculated from the following equations;

For most electrolytes, the lonic strength, ¢, 1s given by

JCL _ HL - i
Z l_IC:L I‘-'IY S e » ® e -. . VII-12
(] = (¢] - Ci

When the elcctrolytes were Me) NF and NaN3, the ~nions were
| removed from the solution by reaction with the oubstr te and
also as undissociated hydrofluqrie and hydrazoic rclds. For

these e¢rses the ionic strengths are given by,

ML - , ] »
MY c;{Y-— o1 e ¢ o o« o VII-13
2}3 _ Cm& R cs::Cl - Ciﬁ J

It can be seen that the ionic strengths, in the presence of

these salts, stey constant throughout the course of the reﬂctlons.

'Me Beternination of tiie Parancters o, £ and o-for the Reactionsa

.

of Denzhydryl Chloride in 70% Aqueous Acetcnc in the Presence

ol Electrolytec.

In this section, the folilowing nomenclature will be usede
¢ is the molar iohic-strchgfh of the solution for a given
electrolyte, MY,

The subscript o refers to cxperiments carried out in the

s ammaor - [P N VRIS S : - - o cmm et ame mmmtt 4 = 4 n w v s ctmes bty e [, e
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cbsence of cdded clectrolyte,

L]

I

&

ie the rats coefficlent for the hydrolysis of the subd

L]

strate in the obscace of added electrolyte.
_k; 15 the rate coefficient for the ionisation of the sub-=

strate at zero ionic-strength.

1 d RCl
k ] = - o'
c RCL  at
1 d RI1*
kE = e »
neL® dt
, i d ROH
RCL at

vhere RCI* indicaten a subatrate containing 0136 (c1#), The
rate coefficient kg is zero for the reactions of benzhydryl

c¢hloride,

(1) o ond e.

The calculatioa of the foects of' electrolytes on the
rate of lonisation requires a knowledge of the parometer o
(defined in equation IV-6). It was first mecessary to
calculate the mass~law constant,‘u, énd this was done by using
the data from experimeats with benzhydryl chloride containing
0136, in the presence of ionised chlorides. Equations VII-3
and YIl-l were combined to give.the expression

kp - ky

@ = —
kgCly




et e

Four cstimates of a werc obtained from the ezperiménta
with added HCL (0.05M) and NaCl (0.1, 0.05 end 0.025 M). The
values aro given in Table VII-1 and it can ﬁe seen that they
do not vary vith the ionic-étrength. This point will be
discucssed after o dosoriptibn of the method used to calculate _
oH&, '
In the abscnce of added clectrolyte equation VII-3 takes .

the form

' HC1 HCL

o~ ¢ :

) ' aceoaVII-1l-|-

. k;vantilog1o - B
kH = =
1 + a,Cly
With added hydrochloric acld it becomes
1~ Al
k2 antilog10-— Bégl QhCl _
kH [ ] ! - ) ) o o o » e VII"'15

1 + aQl”

and with added sodium chloride

k; antilog10 - B(bgaClcNa01_ <+ OECch01). VII-16

. =
" 1 % oCl™

It was assuued that a did not veary with ionic strength (compare
vage 149). Therefore for addcd HCl, ccuations VII-1L and VII-15

vere bombincd to glve

.. (4 + aCll) - | :
_H' = 9 mtilOEJ‘O - BOLICl CHCI - clgcl)i o 9 o VII"17
kg (4 + oCl™) T

and for added sodium chlorideﬂequations'VII-1u and VII=16
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- sinilarly gave

I {1+ aln) .
“H . 2 antilog.io - BloS NaCl NaCl. + C.".( cHCl_ chCI )
kg o (4 +ed”)

e 9 ¢ o e VII"18
The mean value of o wad insorited in these cquatlons to give

NaCl and 6ac of o;IGl. The values are given

. . ) . NaCl
Tuble VII-1. X can be seea that the values of o~ decrease

thrce eatimates of o

s the lonic streagth iacreases, waich is unexpecied. This
ulaw e rcal, but it scemws more lilkcly that the variations are
within the lixqits o the cxperizental errors and that the drift
' is artificial. - This nay be easily demonstaated. The o-values

i

are scn.;it:va to érrours in il particularly for suall concene
. ',Z{ .

&

trationg of elcctrolyte,. If the cmerimental err»or in I:‘H
x%, the error in o iz givea by 10"('  z/100) , (see
BC.LT"I.CJ.

Lppendix F),
Table VII=4 givé- the mesn value of these errora, assumizig' a
value of 0,05 for . ‘”‘"“c discrepancies are scerious for the
addition of 0.025M. electrolyto and signiflcant at 0.05u.

he apparont constancy of « 1s more serious. The treat-
ment doveloped by Hugnes and Ingold, and adopted wvith variations
in the present studiés. reclates the mass-law constant at a |
".éivm ionio strengin to its value éﬁ zero ionic strength by the
express: ion | ' '

a = o° antilogm(z\.zc - BZoici)
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(gee Chapter IIX, page U15). The parameter a should thercfore
decrcasec with increasing lonic strengtih. Values of o.°,
calculated from the present data using a mean value of 0.30 for
HPC e included in Table VII-1. It can De secn that they
are markedly different. Values of k; are algo calculated,
asswaing that a® = 5 and <>§[ac:L = 0,30, and ere very different
from the experimental vzlues,.

Hughes and Ingold assumed that the activity coefficient
| of the anion, X, could be e¢xpressed by the Debye-Huckel

liniting expression

-3 ° %

Jicoe k% (oT)

Considerztion of the more cextcnded form of the Debye-Huckel

cquation,
1

' I o 2\ -1
n lie? ¢ &< o
“ln £ = [—— ¢ —3— * —3(1 + o e
1000 @ 2 (D)2 10001z (DT)ﬁ

vhere Ya’® is a measure of the distance of closest poszible

-

approacli, shows that significent departures from the predictions
of the linitlng law should aride at the ionic strengths coployed
in the prcsent work. From sgtudlies of acfivity coefficients

of sodium chloride in water it appears that 'a' should be of the
order of L} «— 4.8 Kngstrom units122. Accepting the lower figure-
as a mean value for tho presént situation, the appropriatc

modification of the Hughes/Ingold %treatment leads to

It



, .
A(Dey )¥
a = a° antilog, 4 = — - 320101
1 + C(}Sci)“
8mNe L B
viiere C = . 1.06 Tox 70/% aqueous acetone

1000k (DT)
at 20°C.

The aew valuce for a° and calculated ky, assuming a

valuc of 4.0 for a®, are also given in Table VII-i. The agree=-

nent ia wow acceptable, :md it ié. rrobable that it could have
been much improved elither by uscing the valuc of 4.8 A for 'al,
or by enploying onc of the empirical activity coefficient
relationchlps vhich have besn projose 123,

Since nost di’ the femaining work was carried out with
0.05 molar solutions of the electirolytes, the constant values
vere accepted for a. The valucs cre 1a any case very cnall and
o considercble relinement of the present technicues v.'ou..ld be
reguircd in order to eliminate the uncertcintics due to
experinental error.

A mean valuc of 2.3 wos accented for o, O.E% X 10"8cm's. |
for o¥Cl ana 0.30 x’ 10™%ens, for o¥2%l, It vas now possible
to trezt the remaini'ng electrolytes by onzlogous procedures.

' Vhen the anion of the 2dded wlwetrolyte wasc unreactive
(Y = NaC10),, NaBF),), or vhen it rescted to give a product which

ionised faster than benzhydryl chliride (MY = Fh303zNa, NalNO
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KBr) the procedure was exactly the fame as thnt in nectlon (1), |
beoesuse the rnte cquations.were the same (see pages 1357-140).
Equation VII-18 was thus caployed, with oHaCl mid cNaCl replaced

£

by the corresponding values for the clectrolyte, MY,

(i1) orend g

It was only possible to calculate values of the inter-
vention constant, B, for the reactions of the benzhydryl cation

with fluoride lons and azides ions.  Equations VII- and VII-7

were conbined to give !

o = o1~ km ]
kY~ '

Where ¥~ = F or Ng. The values of B, calculated from this

expression, are given in Table VII-2 and they will be discussed
after a description of the method used to obtain the o-values.
The concenitrations of the elec‘érolytes were given by
equations VII-13. Since Shillaker2) had shown that He) NBr p
and NaBr sccelerated the rate of reaction of benzhydryl chlori&ci];,-/j ’
it was assuned that MeLchl and NaCl were equivalent. Equationll

VII-7 thus took the form,

A Since ks and not ki was determined for the recaction 1h the
addect” ' _
presence of this/NaBF), the ratio is kgy /i for this

electrolyte.

e e et s

N IS Y T Ty 4 tEe L R i e a2 i L A S0
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(1 + pY7) .
ke = k, antilog;q ~B(HY MY aHaClcNaCI)
.1+ aC1l™ + gY

vhere MY = 1 cuITII‘ or I‘IaN3°

Conbination of this eguatlion and ecquation VII-1L4 then gave

k (1 + a@3)(1.+ gY™) ﬂm: NCJ.N Cl.

oL _ ° mtilog10-B(o' c AR

kg 1 + aCl™ + pY™ : HCJ. HC1
R - 0~ Cp )

6 © ©° o VII=19
Values of o¥®NF ang o_lij were then calculated from thibss

 expression by inserting the other known values, and they are.

shown in Table ViI-2,

TABLE VII-2

Values of B and o for the Reactions of Ben::.‘i:-.yclryl Cnloride
with Sodium Azide and Tetramethylommonium Mluoride in 70%

A-r_ueous Acctone 4% 20.08°C.

rolyte. cMY B 10804 , Q,¢ R’d 1080~ | 1080
He NF | 0.04530 | 0054 | 0468 | - - | =0.68 | -

NalNy | 0.01254 | 5.02| 2.01 [1,0003| 0.9983| 2,06 | £0
FaNy | 0.01965 | 5.07| 2.01 |0.9955 | 0.9934| 2.08 | & 0.16
0

NaNz | 0.04121 | 6.L&| 1.74 | 0,599 | 0.9357 | 1.81 | + 0.08
g (4 +eciD)(1 +0YT) 4 1 + aCl]
1 + aCl™ + BY™ 1 + aCl”™

# Values obtained by n_églecting Be
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It con be seen fron Table VII-? that the values of BN:
arc nuch greater than By~+ Since fluoride ions are rather
poor nuclecphilic rengents, the gnall velue of 3~ 18 not
unrcasonablc.’ However, the values of ky from vhich it was
dcternined werg prohably not very zccurate {compare page 152)
but it can be scen that neglect of £ has no effect on the value
of the o perramcter. Since this is dctemined fron koys vhich
is not subJect %o the same inaccuracics as kp, the experimental
value céh be accepted without reserve. Azlde ions are gener-
2lly recgarded as rather powerful nucleophilen and the values of
ﬂmg are in agrecment with previous conclusions thot these ions
are more reactive then chloride ions (compare Table IV-1)
towards carbonium ions. Sodium azidc was used at 1;11r_ee'
different concentrations (0.02M, 0.03K and 0.05K).gnd thercfore
three estimates of {3;_.;3 were obtained (sce Table VIiI-2)., The
value at the highest{ concentration is in poor agreement with
thosc ot the lower conémtrations. This probably originated
in the values of kH vhich are open to the possibility of large
errors (see page 132). lowever, it is obvious from the

resulis given in Table VII-2. that

(1 + aC15)(1 + pN3) 1 + Cly
- - - and —————
1+ aCl” + O 0 AT

a

differ by less than the experimental error in 2C1

[ U P tn e e A At = m e e e M e aeas maecmw e e 4 et bemaiaras

repry - e e b " vy el
i iy prar 3 g Y YPF I P LI P ke ot e R e o e b A
D T er e h o TIPS = PRt AT VAR e g e W R e i b RS Wi RS R SO "

: 3 - s

bt o
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Conparison of values of NaN3 ealculated using the experimcntpl

values of 8 and those obtained by neglecting BH, show that the

differences are unimnportant, and the second method avoids the

- uncertainty of errors in Kpe The differences in the o-values

may be attributed to the experimental errors in the rate

coefficients, Kq e It the“ratibnk01/kﬁ is in error by x%,
the error in £ is given by =2 ;Gfaf31oo » (see Appendix F).

Table VII-2 gives the values of these errors, assuming a value
of 0.5 for x, and it can be séen that such a small error in the
experimantal value of kg could account for the observed differ-
ences in the o-values. It was thercfore declded that the best
value of o3 was that for initially 0.05M electrolyte, calcule
ated on the assumption that B was. zero. The value of 1.81

vrvag therefore accepted.

The DetGTMinmtion of the Parameters ¢,8 ond o for the Reactions

of p-~lMcthovvbensyl Chloride in 7 7% Atacous Acctone in the Prece

ence of Flectrolytea,

‘ The nomenclature uscd in this section is the same as
that cmplbyea in the preceding section'(gee page L#é).
(1) gmis. | "

Any calculation of tho effects of elgétrolytes on the
> of ilonisation (SN1) of p-methoxybenzyl chloride re&uires

i)
o]
(2
(o]

a knowvledge of the paramcter o—(defined in equation IVLG); In
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general, this paraneter cannot be detcmijned directly from
observed rates of reactiion since added nucleophilie may r‘eact_
directly (Sy2) with the substrate. This objection does not,
however, apply to reactlons in the prescnce of the very weakly
nucleophilic sodium porchlorate and modium boroflunride. Values
of o-were thereafore obtained directly from experiments with these
compoundé and o-velues for all electrolyic werc obtaincd by
utilieing the relation

c}hx- oRtx = Conztent = A e o < v & VII=20
vhere RX and R'X refcr to p-methoxybeazyl chloricle_ and benze
hydryl chloride, respectively (compare Chapter IV, page 75)
Vie thus have, by anclogy with equation VII-4i3

k 1+ aCly Y MY cl o1
H | 2 antilog,, = B[o!'ﬂc + 5 (cHCJ' - ch )]
l:ﬁ 1 + aCl ' ’

Vhence in view of equation IV~20

1’: 1 + C!.Cl- 1Y . N : - 5
it = 2 antilog1o - B[o%YcMY + oIiICl(cHCl - CLICI)]
kﬁ 1 + ol ' _
entilog,, - Ba(c'’ + i o oHOL) e e e e o VII-2f

where' o%ﬂ refers to the effect of the electrolytes on the rate

of ionisation of benzhydryl chloride, _Equation VII-21 contains

# Since X ond not ky was determined for the reaction in the

presence of NaBFj,, this ratio is ke /kf for this electrolyte.

£

LR bl
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two wimovn paramevers, 4 oand o, e uace-law constaat for the
p-ucthorybensyl covione. IHowever, the appropriate chloride

ionn concentrotion igc mnll) in the s vwitn these clcecetrolyics

o
| ¥)
€
)
e
<
©
K
§:
()
O
o]

cnd moreover, not greatly differaat 5 (=zco

Appendix A, Toblos M and A2 As o first approxination the

- terms iavolving a in equaticn VII-21 con boe oxpeetsd o concel,

L R 3 i
i . atlloz, , = B[OT,{YGLSY + %ICI(GHCJ. - 0}01.01]
[ ' '

i

My | el ML

antilogyq - Ba(e ) e o o o o VII-22

Application of this equation to the resulis with 0,05 ¥, sodiun
perchlorate and 0.05 M. sodium borofluoride gave 1054 as 0411
and 0.12, respectively. A value of 0.12 x 10 Cens. was
thercforoc accepted'for A and o’ for thc other electrolytcs were
calculated froa equation IV-20 on this basic. |
It nuct be stressed that the neglect of the teras
containing o causes NO Crrore. Valuea of o were caleulated on
the aspunption that 1084 15 cgual to 0.12 (seec next scction)
and thelr substitutitonin cquation VII-B did not alter the value

of A

(ii) Zee detezminabtion of «

2 Yyar

Tae rates ol nyirvolysis of peaothorxybenzyl ciloride in
the precsence of_ndded hydrochloric acid or sodiwr ciloride are

ziven by equations V'I;t—-j'; :::..-.Thei:ratiqs:'.-kH_/lc'l?I are therefore
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given by oguuaiionu VL.-'I/ ond VII-18, respectlvely. Oace the

valuos of o are kunown, G caa be calculated without difficulty.

The volues obtuined arc given-in Table VII—_,,

TABLE VII~3

Masgs-law Constands for the Reaction of p=Hethoxybenzyl
Chloride in 70% Aqueoas Acctone at 20,08°C,

Tlectrolyto cMCl a
HC1 0.05146 1 3473
RaCl 0.02L48L 3.81
NaCi | 0.05154 L4405
NaCl 0.10070 Le22

. It can De seen that the values of « arc constant within
the linits of experincental e;.z'ror. - Vhile a variation of this
parancter with changing lonle~strength is to be expected
(comparc page 149)., the present recults are completely analogous
to those obtained with bc,n"h rdArr). chlorlde, and the constancy
of thec valuc of a Zor 't.’l_.s connowd. na y alroady been discusered
( ce page 154 ). It must be stregsed that although the a
values ore nov aliost cwm(‘ an lorze ans those with nm«:h:rdryl

caloride, . they are still saall and quite unsuitadble for any

detailed dlscussion of the effect of changing experimental




160.

conditionec on the nag g=law constant. A nean volue of L4.00
wes accepted for «, and assumed to be the same for all the

‘othor erperimantss

| It is readlly shovn Tfrom equation VII-6 that:the ratio
’ 1'.:H/'kn , Pox %he hydrolysis of p-methozybenzyl chloride in tho i

presence o codium azide or tetramethylammonium fluoride, is

given by

k (4 + aCl,) : HC
Br o _ o _ atitogy - a(o! MY MY | HCL MCL _ HOL
R (1 + a7+ pYT)

H iy g

. vacpe MY = Moy NT or NoNz. Since £ 1s the only unknowm
paraneter in this expression 1t nay readily he Fdetermined, and

the valuecs obtnined are listed in Teble VII-L.

TABLE VII-f)

Volucs of £ for the Reaction of p-Mcthoyybenryl Chloride
with Sodium Azide and Tetramethylammonium Fluoride in 70%

Acqucous Acctone at 20.03°C.

R ectrolyte ciﬂ 8 A8
Halig 0.0123h | 8.68 + 0.91
NalN., 0.02263 7453 | £ 0.5
NoN 0.03199 7468 + 0.40

P

P —
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Foot-note to page 160, '
g It wao assumed that Me) Cl and NaCl were equivalent (compare

page 153)

It con be seen that the 8 values for the azide ion mﬁly
agree tolerably well with each other; but the agrecment is
within the limits of experimentsl error. A sm2ll error in the
observed hydrolysis rate has the most serious effect on the
value of B, particularly those determined from experiments with
the most dilute solutions. It may easily be showmn: that an
error of +x% in the ratio ky/kf leads to an error of

 x ( 4+ qcn‘)
A mw o +— (B —m

100 Ng

‘These errors are showa in Table VII-L assuming a value of 7.96
for @ and an error of 1% in ky/k3 . They entirely account
for the obsérved differences in the value of this parameter
and the mean value of 7,96 was therefore accepied for 8 for the
reaction between azide ions and the p-methoxybenzyl cation.

The results in Teble VII=L shéw a small negatiive valua.
Tor B fbf the reaction in the presence of tetramethylammonium,
fluoride. It scems likely that this value arises from the
experimental error in the determination of kﬁ; eince en
~allowance had to be mado for the-disabpearance of acid Lrom the

reaction mnixture.
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Cslculated Valuea of kx for the Reactions of p-icecthorxybenzyl

Chloride in the Presence of Flectrolytes. Ascumine only Syl

Reaction.

The rates of decomposition of p-methoxybenzyl chloride
(kx), cxpected on tho aszumption that thiere vas no Ony2 substi-
tution of the cubstrate, wvierc calculatcd by inscrting the
appropriate voalucs of o, B and ovin thce uxpressions for Ky, 15201

ond Ity vhich have alrcady beecn derxrived for benzhydryl chiordde.

The Calculation of the Relative Amounts of Unimolecular and

Bimolecular Attack by Pyridine on p=Methoxybenzyl Chloride in

70% Armucous Acetone at 20.49°C.

- The rate of hydrolysis (SN1) and rate of total reaction
(Sy1+ Sy2) of p-methorybenzyl chloride by water and pyridine
are given by

| ey
ICH = -
1 4 aCl™ + BP
, k, (1 + 8P)
and k = kP
_ a 1 + aCl™ + pP 6
= kH(/l + ﬂP) + kéP e ®w o & » VII"ZS

regpectively, (compare equations VII-6 snd VII-?), where P is
the concentration of the reagent.
Thus attack by pyridine is given by
kcl - kH ‘w2 _I'CHﬁP + ICGP
Syl + 8y2 -,

B o e e e b e R B i T U SOV T N S ) ok T e e e T T T T L, T
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Asouning that the atiack o this substrate followed only
mechaniem Syl, a value (Xg)egix could be determined ffom
equation VII-23, omitting kg; .thﬁs
(Gcideaze. = km(1 + gP)

Therefore

| (kgydeare, = kg = kP o o o o o VII-25

Syt "

The value of (kél)caln could not be determined directly, since
the effect of pyridine on the rate of ionisation of p-methoxy=
benzyl chloride could not be determined (Compare Chapter V).
It wis assumed, however, that this effect was the same as the
cbrrespoﬁding effect on the rate of ionisation 6f'benzhydryl
chloride, The effect éf pyridine on the rate of reaction of
benzhydryl chloride is given by the ratio k01/E§ » where kf
is the rate coefficient for the hydrolysis of this compound in
the abzence of pyridine; | |

Therefore,

kcz.) (Ko doate |
= —_— e s X

-] . k -] )

53 | emomycr - |

and comparison with equation ViI-25 gives

Iﬂiﬁ - I{H = HEVP _ .- '. e & o ¢ o VII"26
Byt

vhere kg is the rate coefficient for the hydrolysis of p-

i s i e S et g B




nethoxybenzyl chloride in the ~bsence of pyridine, The
nercontage of the attack by pyridine on this conpound which

procceds by mechaniam Syl can be readily caleculated from

cquations VII-2L and VII-26. The valucs obtained arc given in

TableVII-5 and can be scen to be constant within the limits of

exporincntal error.

TABLE VII=5

The Reaction of Pyridine with p-Methoxybenzyl Chloride
in 70% Aqueous Acetone at 20.39°C.

Pyridine b, albrn VA
Concentration 10)41:01 10 <H K, 16 (‘{Cl) 7% SN1
‘ calce
0.21.72 2.573 2.172 | 0,948 | 2.369 19«1
0,L9h2 2,606 | 1.8465 | 0.9093 | 2,280 5640
0.7420 2,660 1.611 | 0,867 | 2.169 52.8

£ 10Mkg = 2.507

Calculation of Results.

Yeozna rate coefficionts, lzm_. were obtalaed for each run.

The standard deviation of{k) was obtained from the relation

ofk) = [Z‘mi

a

-vhere n is the number of soperate determinations of k. -




Mrsit-order rate coofficicntc were obtained from the

cguantions
t
1]
k = w | e o QRCL
cL tJ RCL

t
11
b = - —_cdROH'
TE T g ra
t

1 (1
K = = = |—— . dRC1®
L t J, RCL®

where ithe star indicates a radlo-active species.
The kinetic runs are shown in detail in Appendlix A at
the end of this chapler and are summarised in Tables A1, A2

and A3 (pages 236—245).

i
!
;
i
R o - . o e btz som - e . - e
B = = o~ a s FES T v reSEy e pryey g v s e
| R e M i L e e e e el e ot Bt el i ol S s P A g R mt ATy o Dy

TR Ay 5
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CHAPTER VII. APPENDIX A.

1. MYDROLYSIS OF p-NITRODINZIYDRYIL CHLORIDE IN 50% AQUEOUS

ACETON .

2. REACTIONS OF BENZHYDRYL CiILORIDE AND p-METHOXYBENZLL

CHLORIDE IN 70% AQUEOUS ACETONE IN THE PRESERCE OF ELECTROLYTES,

AND NON-ELECTROLYTESs.

Details of kinctic runs . i

Rate coefficients are all first-érder values calculated by
the cquations given on page 165. In each case full details
of onc run is glven and the mean rate coefficients k', k" etc.
of the duplicate runs are quoted.

A list of solvents is given at the end of this section and

also o sunmary of the mean vzlues of the rate coefficients

and the ionic-strengths of each coxperiment.
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Ezptets p-Kitrobenzhydryl Chiloride in 50% an.Acetone nt 20,50°C

6 ml. titrated with 0,003273 N IaOH,

‘Time* - Titro 10" X
o 137 -
1119 4e55 50340
36 5421 5.252
1765 5.95 59375
3052 7493 5,309
B270 9.21 54305

S e D BNk WE e e MG G M e G GI0 Smb MG Gm wu dEm S

0 o 0.20 : -
363 147 5,265
2618 676 5,22l
2924 7435 54574
3969 8.52 5322
! ® 11492

Lk = 56307 ( 9 readings)

Puplicate Fxpcerimcent. k! = -_5.332 (10 readings)

 Mean k- = 50320 + 060124

% Time in minutéa_.'

1

b |

i i S e e O
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Fxpt.2. p-iitrobenzhydryl Chloride in 50% ag.Acetone at 29,55°C
6 nle titrated with 0.003286 i NaOH.

Tino® Comtre 0 1020k
o . S 0.1 - |
700 : GeliG 1.680 i
8L2 - 730 1.696 ‘
1018 © 8a16 1.697
1200 - 8490 1697
it 9465 1,681
/ 0 00.29 - |
123 171 . 1.673 |
o . 2,92 B WM
%63 ' 11,02 14669
183 - 14499 1672
. 603 . B.82 1.662
725 . 6.68 1.697
775 - 7.01 . 1.678
o | 12453
K= 1.681 + 0.0013 |
| (12 readings)
| |

SV P Yt ST T IO i SR e B4R




Eamte3. pefilirobenuhydryl Chlorido in 50% aq.Acobone at 39.31°C

eommonmntn;

6 ml. titrated with 0.003333 W Halil.

Timom PLtro - 10° 12
0 0.25 -
52 150 5.228
61 2,51 5.192

102 3580 5.18L
12k L.52 5323
157 5433 5.251
202 6.33 5.17h
262 7:57 5235
302 8:61 56295
102 968 5.316
L33 . %050 5319
563 11443 5.310
| co 13430

B = 5.25 ('h readlngs)
Dunlicate Nxporincont. S 5.256 ( 2 ;»acd.np:s)
Hean I3 = 5.25 oL

® Time in minutes. .

169,
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Txot.l. p-Hitrobenshydryl Chloride in 50% aq.Acetono at 19.79°C |
6 ml., titrated with 0.003373 N NaOH,

Tiae - Titre oot | |
e 0.36 - : - :
360 . - 0.99 4.580 | |
60 1.50 ' 1.589 }
1440 2,22 " 1.557 }
1860 3y 1.577
2580 . 419 1,579
3120 5.10 14563
4360 Ge10 4.590
5400 - 6.89 1.565
680 . 7.70 1.502
7650 3 815 1,597
5000 N 9,04 1.577
- 10kho 19.65 1.597
‘42240 © - 10419 | 1.598
B : 11.81 . o
B k= 1,581 (13 readings)
. Duplicate Experiment. | o k¥ = 4,582 (1=3 readings) 3

Mean & = 1,581 * 0.0023

o B e oy e S R e T e vt « i i S0 o o0 AT ST iGN HT 5 o it ot = amey




Expte5. p-Nitrobenzlyrdryl Chlo

6 nls titrated with 04003333 N NaOH.

Limo - Titve 10t x
0 | 0.80 -
21,0 2.01 . 44,760
630 371 L1«780
2290 8.2l L. 784
2890 9.21 1.828
3600 104,03 1852

L1425 10.65 L.811
0 . 1.10 -
no. . 2.99 be773
7m0 Le214+ . LJTLS
1105 o 5.586 - L.80L

- 4140 R, 14810
1605 7,18 B.787
oo 11.98

k= 4797 (11 readings)
Duplicate Experimcnt. - | k' = 1..801 (11 readings)

' Mean k- = 4.799 + 0.0087

[T —
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Expt. 6. Benzotrichloride in 507 ag.Acetone at 20.59°C
" No added salts.

5 ml. titrated with 0.009259 N NaOH.

mne ., . Mire . . ok
0 ' 0.10 | -
w95 . L . 1d4z2 5,900
320 i - - - 243 . 5,889
b720 . . 3,02 - 5.856
680 .. 3.90  5.818
8160 .. L.69 . - 5.8u8
10080 . . 5.5 . 5,792
11820 . .- f 6.08 : 5.776
12990 .. .°. - 6,51 © 5.808
k = 5,835 ( 8 readings)




Expte 7. Benshydryl Chlorido in 707 ac.Acctone V ot 20.08°C

o added salts.

5 nl, titratcd with 0.007893 N HaOH,

Ting
0
125
850
1350
17u5
23U5

29295

T4 470 10! x
0.20 -
1.48 : 2.498
2.65 2,522
3.88 2.540
Lo74 2.515
5488 2.533
6.90 2.506
7.81 2.510
8.77 T 24534
9.52 24523

10.25 2.535

10.83 2.515

12.89

WP W G G b eI Gl Ut Wk e GNP SRE W W

k = 2,524 + 0,0040 (11 readings)
k' = 2,530 # 0.0064 (11 roadings)
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Fxpt.8. Bonshydryl Chloride in 70% ag.Acctone I at 20.08°C
Added HCL 0,04762 M.
5 nl, titrated with 0.02215 N NaOH. .

o) 10,81 ’ -
495 ; ERTIN R (2.433
1055 ‘ 12,07 - - ' 2.537
1585 L 12,62 2.592
2060 o 12499 . 2.528
2615 2.2 2,546
3255 . 43,86 - 2,578
. 14000 . be27 2,585
L7L5 L 12458 2.552
5395 . 14,85 2,588
6390 .. 1543 . 2,554
7070 . 15.39 2.543
é ® . 16.18‘ '

--——ﬂﬂ-.—————u-“-h'———-

k = 2,560 % 0.0070 (10 readings)

Duplicatc Experiment.

Added HCL 0.05086 M. k' = 2,566 + 0.0105 ( 9 rea'cu_ngs)

Ay h = 2963 ' ..Losr/lg a2 24%d




Expt.9. Denshydryl Chloride in 705 an.Acatong II nt 20.08°C
Added NaCl 0.02519.
5 ml., titratcd wvith 0,008726 N NaOH.

o _ 0.20 -
L35 140 . 2,435
865 : 2,19 2.062
1275 30 2,119

1735 ' lte30 2.427
2285 ; 5430 2.1
2890 _ Ga2ls 2,442
3610 . 7.20 2.8
L35 _ 8410 244447
535 385 2416
6395 9400 2.425
7620 | 10.31 2,465
@ 12.13

k = 2.441 + 0.0043 (11 readings)

Dupllicato Experimnont.

Added NaCl 0.02503 Me X' m 2457 + 0.0056 (11 -readings)

A R= T (06 = 1'V9
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Expt.10. Benzhydryl Chloride in 70% ag.Acetone IIX at 20.08°C
Added NaCl 0.051Ld M.
5 ml. titrated with 0,008726 I NaOH.

Time, - . Iitro ok x
o 0. -
500 . .52 . 2,372
895 - 1 I 24396
1385 3438 2,368
2200 14,90 2,353
2865 _ 5074 2,345
3520 6450 2,334
1,260 L. T2 2,342
5040 ' 7499 2,351
6025 ) 8.69 2,350
7290 S 9w 2,360

Ik = 2.358 % 0,0 (90 readings)

Dunlieate Experiments.

0. ( 9 readings)

Added NaCl 0.05149 U, k* = 2,365 + 0,
0.0 (10 readings)
Os

0.05092 M. k" = 2,360

- 0405138 H. k"= 2,375 + 0,00 (42 readings)

Avr. R= 235 e vel
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Expt.11. Bonshydryl Chloride in 70% aa.Acetone V at 20.08°C
Added NaCl 0,1004 M. '
5 nl, titrated with_0.0QZB93 N NaOH.

Tino o mtre - adhtx
o . . 05 -
N75 1 2.149
980 | , 2470 2446
1505 382 . 2u2
1980 Be77 7 2422
2665 5495 2,113
3435 _ 7.15 2.135
4280 L 8.30 2.171
5225 9.y 2.107
5940 981 2.07
6795 . toam 20114
7855 | 11410 2.133

o - 43.62

k = 2,127 + 0.0054 (11 readings)

Duplicate Experiments.

Added NaCl 0.1003 M. k' m 2,140 # 0.0056 (11 readings)

0.1003 Ko k" = 2.115 + 0.0039 (11 readinges)

Ao R i sl 1L '_3."“0., WA L5q .

AR S e T,
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Expt.12. Benzhydryl Chloride in 70% .agq.Acetone I at 20.08°C
Added HCL 0.05000 M. |

10 ml. of aqueous extract counted for 4 hour and titrated
with 0.02215 N NaOH.

Time Count/min, Iitre ' ]_9_1_‘__1_:_3 j_Q_"_‘_lc_H
0 175 9.92 . -
- 465 893  10.39 24764 2.496
870 1450 10.76 2,793 2+509
1270 . 1950 1141 2,813 2.566
1700 2549 - 1.5 2.846 2.582
2150 ' 2863- 11.70 2,809 2.501
2630 3316- 12.04 2.868 2.600
3105 3664 12.28  2.859  2.582
3590 3946 12.50 - 2,814 . 2,573
1200 1285 12.73 2.813 . 2.545
1,885 4623 . 12.95 2.83L 2,520
5400 LB18. - 13.0  2.830 2,516
6105 5059 - 13,30 2,842 2.555
© = 6105 14,20 |

kp = 2.824; kg = 2.545.
(kg= kg)= 0.279 + 0,0066 (12 readings)
Duplicate Experiment. '

Added HCL 0.05000. M. (kg= kg)= 0277 # 0.0166 ( 9 rendings)
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Exptei3. Benzhydryl Chloride in 70% mq.Acotone XXX at 20,08°C
Added NaCl 0,02513 M. ' o | '
10 ml. of aqueous extract counted for 4 hour and titrated
with O, 008726 W NaOH.

Tne  Gount/mtn, Mire . 104z 104y
o . 23 - 0.20 - -
155 1083 1.2 2,551 2190
980 1965 2,20 2,592 2.432
W85 2697 3,05 2.585 - 2.148
1945 3277 3.8L 24572 2,507
2420 3815 L.57T  2.569 2,489
2910 4300 5.00 - 2,563 2,449
3555 . L873 5462 2574 2,401
w60 5302 6.22 2,559 2.4
Lgoo - 5726 T 6.1 2.577 2,438 .
5615 6139 7.19 2.565 2,402
6LL5 6L97 7.67 24574 2.432
- 7600 6872 8420 2,567 2.475

@ 7973 9.64 |

kp = 2.570; ky = 2.148. |
(kg= kyl)= 0.122 + 0.0108 (12 roadings)
Duplicate Experiments - S

Added NaCl 0,02511 Me (ki= k})=m 0,463 % 0.0077 (10 readings)




180.

Expt.il4. Benzhydryl Chloride in 70% ag.Acotone IV at 20.08°C
Added NaCl 0,05150 M.

10 ml. of agueous extract counted for 1 hour and titrated-
with 0.009560 N NaOiH. |
. Time . Count/min, Titro 104 xp 10" 1y
0 20 0.23 - - o
755 1549 . 4,40 - 2.875 (2.709)
1210 2173 . 1.94 - 2.854 2,606
1565 . 2653 2.0 2.876 2.649
2065 3169 - 2,86 2,861  2.601
2545 3670 - . 3.32 2,915 2,632
2980 b0BO 3.7 2,969 2,679
3610 1359 14,01 (2.757) 2,589
MR W L0 2,863 2.597
b69O° . 5086 - Le70 2.902 2.611
5655° . 5456 5,07 2.89L  2.559 |
6655 - 5778 5.40 2.85l 2,551 4
o 65 . 6.56 -
| kp =-2.881; Xy = 2.607.
(kp= ky) » 0.274 + 0.0092 (10 readings)
Duplicate Experiment. | o R
Added NaCl 0.05133 M. (kg Ijj) = 0.286 + 0.0137 ( 9 readings)
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Expt.15. Benzhydryl Chloride in 707 ans.Acetone II at Q___&__
Added NaCl 0.,1005 I, |

10 ml. of aqueous extract counted for 4 hour and titrated
with 0.008726 N NaOH.

o 269 0426 - -

155 1097 1.05 2,769 24136

985 . 191G C 1.92. 2,717 2.191
1585 " 2699 2478 . 2.680 2,190
2030 . 3205 . 3«31 . 2.683 2.171
2650 - 3804 - 3.97 2,660  2.47

" 35u0- L5390 169 2.667 . 2.186

1225 - 4956 5.1 2,630 ©  (2.003)—%h’
5060 5MOL . B.8L . 2.622 2.090
5945 - 5815 - 6.2 24653 2.145
6885 6104 6.87 2.615 2,155
775C 6325 ' 717 2.598 2.131
8760 6555 © 750 2,621 2.142

o - 7259 8.81

'Mean”k_E ='2'.6(54" Ly = 2.153,

(kg= kH) = 0,505 # 0.0135 (14 readings)
\lq

o ¢ bl 2
he = 2689 “”%-"“”_




‘Expt.16. Benzhydryl Chloride in 70% aa.Acetone VI at 20.08°C

Added WaBFy 0.05082 M.
5 ml. titratcd with 0.009560 N AgNOz.

Ting . Titro ot
o . 049 -
300 1,48 3,101
605 2409  3.09
925 - 2,97 - 3.102
1275 . 3.82 - 3,09
1705 be?h . 3,077
2165 5¢65 3_ 34109
£ 2705 . 6+56 3.132
3335 7.3k " 3.075
60 8.23 - 3.070
5040 : 8,97 | .3.07h4
5335 - 9.23 34121
. 6050 © 9.62 . 3.089

" 11.34

X = 3,094 + 0.0054 (12 readings)

Duplicate Txperimonts. 7 : B

Addod WaBF,, 0.05036 . k' = 3.040 # 0.0029 ( 9 roadings)

0.05082 M. k" = 3,055 # 0.0067 (11 readings)

Ar A= 3.0‘,-' ' -/tf'_"t/é:- 37
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Expt.17. Benzhydryl Chloride in 70% ag.Acetone VIXI at 20,08°C
Added MG&NF 0.03752 M.

\

(1) 5 ml. titrated with 0.009775 N AgNOy
" (41)5 ml. titrated with 0.01036 X NaOH.

Mme

Cl.

0
660

4265

1905

2575

3255

3990

165

1 5315
6010
6690
7290

o

0.33
1.92
3.13
L.25
5.2

6.08 '

6.86
743
7493

8435

8.73
8.92
10035

- SD W Gt S T b san

Duplicale Experiment,

U
10 km

' 2,620

2.,592
2.606
2,593
2,621
2.6L1
2,656
2,674
2.682
(2.718)
2,672

Mme* (p-x)

0
660

1255
1905

2490
3300

3990
4640
5225

5995

6680
7270 -

9.18
772
6.60

5456

Le76

3.85
3021

2.70

2,32
4.89

1.58
1.35

HHyyg,
1.42

2.59
3.66
4.65
5050
6.26
6.89
7304
774
8,04
8.35
8.50

+
E-COI‘I"

1412

2.60

- .68

1t 68
5.55
6.33
6.99

7.16
- 786

8.22
8.57
8.7

10 1y

2,672
2.615
2,592

2,642

2.577
2.592
2.579
2.590
2,567
2.584
2,565

Ko = 2,636 + 0.0102 (10 readings)

Xy = 2,596 % 0.0095 (11 readings) - o

kCl'é 2;570-;{0;0055 (11 resdings) .
. (T4me®* » Time + 115 seconds) |
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Expt.18. Benzhydryl Chloride in 70% aq.Acetone X at 20,08°C
Added PhSOsNa. 004983 M. ’
5 ml. titrated with 0.009398::d NaOH.

Tino  Mtro - 104 x
0 - 0.21 : -
150 1.8 . 2,677
800 S 2+36 2,660
1200 3.26 2.637
1695  he30 2,673 _'
2195 549 2,674
2860 6420 . 2.665
3590 _ 7.14 2.655
4365 | 7.92 2,658
5200  8.63 2,665
G120 . 9.28 . 2.69L
7220~ 90.82 2,682

o TR

k = 2,667 + 0.0043 (11 readings)

Dunlicate Experiment.

Added PhSOsNa., '0,05003 M, D
kY = 2,679 + 0.003L (11 readings)
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- Expt.19. Benzhydryl Chloride in 70% aq.Acetong IX at 20,08°C
Added NQN03 0.05015 IK.

5 ml. titrated with 0.01008 N NaOH,

Tinme Titre  qobx
0 0.20 | -
380 f 1438 3,122
825 R 2457 34107
1300 370 34120
1675 belio 30130
2115 . 5.28 34127
2575 5.98 © 3.107

315 6.8 Su16l
5725 7.48 3170
w530 8.2 3,166
5L00 : ~ 8.80 3166
6560  9.36 3,139

o0 o | | 10,70 )

k= 3,444 £ 0.0079 (11 readings)
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Expts. 20. Benzhydryl Chloride in zo% ag.Acetone IX at 20,08°C

Added NaNO3 0.05032 d. -
5 nl, titrated with 0,008170 N AgNOz 4

Time _ Iitre 10tk
o . | 0.47 - ;
370 I :7 2 3.062 ;
8130 s, 3450 §
1930 632 34180 ‘
2400  Te24 " 34155
2825 7.9 ' 3.435
3550 . 9405 ' 3.148
220 9.8 - 3.405
14845 T L 3Ly
545 10.90 3,147
6325 - 41.38 3,065
(¢ - : 13.22 '

k= 3.129 + 0.0105 (10 readings)
| Duplicate Exporiment.

Added NaNOg 0.05025 M. k' & 3,447 & 0,0082 (10 resdings)

——
O TN T N At o 9 v L ‘

o EY IR {) e, At £
o e e TR ST T T SRS sy iagrernd ,.vr. s 1) e ¥,
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Expte21. Denzhydryl Chloride in 0% aq.Acctone IX at 20,08°C
. Added KBr 0,05008 M. - ' |
5 ml, titrated with 0,009560 N NaOH,

Tine mire 10tk

0 L oe2t -
| W70 478 34459
i 830 S 2489 3022l
) 0 3,75 3114
| 1530 | be62 - 34191
1900 . 5Jl0 34190
2355 6.28 . 3e22
2855 . 7.06 34195
5395 . . 7480 3,220
4295 . 8.8 . 3.232
s00 90 3,20
5805 ©  9.88 .  3.232
6500 © 40.23 34229

o T 11663 |

i k 34206 % 00089 (12 readings)
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Expt.22. Benzhydryl Chlordde in 70% ag.Acetone IX at 20,08°C

Added KBr 0.05010 M.

10 ml. of aqueous extract counted for 1 hour and titrated
with 0.009560 N NaOH.

Timg

0
L30
830

1220

1525 -
1995 -
2430 -

30L5

3705 -
1565 -
5470 -

6L85
o

Count/min,

266
1113
1880
21409
2828
3431
3838

L4387
4850
5350 .

. 5761
6063

7133

Titre

0.33
1.56
2,64
343
L.00
L.90

5.4

6.26
6.83
7.58

8.18

8459
- 40416

10l xp

3.069
3.22)
3.069
3.063

. 3.097

3.022
3.011
2,972
2,954
2,95

2,867

10% 1

3.412
Se22L
3.109
3.063
3135
24993
3.036
2.922
2,931
2.934
2,829

--~~~-—~--—--~-~--------‘-.




Expt.23. Benzhydryl Chloride in_YO% ag,Acctone VIII at gQ,1Q°

Added NaNz O. 02026 M,

.

)

O )[O"

5 ml, titrated with 0.009132 N AgN03

K

o,

(7 o Iime | cL= o1+ W3~ Ny
0 0.39 14,89 2
825 - 2.84 Gz 1D
1295 4403 15.29 01t
1670 485 16,05 1)
2250 6.03 1701 Mo
2815 6.86 17.87
3470 7.83 18,72 "
L210 8.64 19.67 "™
L965 9434 20.34 "%’
5950 10,10 21,05
6940 10.66 21056
() 12e75,
g o Koy = 24640 %

Duplicate Experiments.

Added NaN3 .01980 Me

kﬁ = 2 oll-79

k& = 2.640

'kﬁ = 2.489

l‘k

489,

2.410

0.0163 (10 readings)

0.0110 (10 readings)

+ 0.,0154 (10 regdings)
+ 0.0109 ( 7 readings)

'.9__.01 104 xy

- 2.677 2,457 7
2.698 2,473 .
2.682 2.524
2,708 2,522
2.63h 2.6
2.657 2.4
2.615 2.516 4
2,577 2.494
2,589 2,180
24562
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Expt.24. Benzhydryl Chloride in 70% ag.Acetone VIII at 20,10°C
Added NaNy 0.02966 M. |
5 ml. titrated with 0.009132 N AgNO; -

Time a~ G+ K- 104 x4 10% 1y

0 -« 472 - - 1847 - -
10 - - . 2485 .19.20 24691 2,454
825 393 0 120445 2,766 2.u81
1315 Lok 21.05 - 2.685  2.403
1850 6.03,  21.99 . 2.7uh 2,132
22,90 7.02 22.95 2,700  2.451
3120 7.84 7 2374 2.670 - 2.454
38L5° 8460 - 2.625 - 2,397

1615 09036 0 24,98 2,609 -
5530 10,07 . - 25.64 2.666 . 24396
6480 - 10.66 -, 2_6;2{ | 2.695 241455

? 0. - 12455

%’Mfm - kg = 2,689 + 0.0125 (10 readings)

ky = 2.436 % 0.0122 ( 9 readings)
 Duplicate Experiments, '

Added NaNy 0502983 Mo ___ kCl = 2,692 + O. 0134 ( 9 resaings)
| ki = 2.&56 0:0225 ( 7 readings)
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Expts25. Benzhydryl Chloride in 70% ad.Acctone I at 20,08°C
Added Nally; 0,050187 U
5 ml. titrated with 0,009461 H AgNOz.

 Hme - Iitre 1otk |
o . o34 .. - 3
w20 4.1 (3.038) |
7200 2,86 '. 2,965 . |
115 o6 24993 \
ATI5 L 561 - 3.008
2270 | 6.6 2,968
2685 . 7,55 2,966
3275 . B.lB 24966
2995 9.38 2,953
- U630 :...'; 10,06 . 2,927
Gar5 . 41T CEaM
T £ A e
y

cm——t

k= 2,962 % 0,0083 ( 9 rcadings)

Duplicate Experiment.

Added Nally 0.05023 M. k' = 2,945 % 0,0147 (11 readings)

’
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Mpe26. Denzhydiyl Chloride in 707 ag.Acotone I at 20.,10°
Added NaN- 0.,05017 M.

5 mle titratod with 0.009461 N AZHOz.

Timg @ azewy  1hkm 1oty
Y 0427 26.97 - -
425 1466 . - 2,996 -
815 . 283  28.85 34049 2,289

- 1225 . 3.34 2965 24990 2,287

1715 L.88 (30.1:4) 2.0 -

2360 613 (31.36)  2.968. -

045 7416 32.22 , 2,94 24331

3710 8402 . 32,95 2,955 2.373

4390 8473 . 33.52 2,956 2.377

5105 9.26 33496 2.899 2.342

5065 977 .37 . 2.889 2,330

6695 10.25 1y 3 2.941 2.356
@ 11,91 '

S W G CEh GNP At SN AN YED WS MR G Mk G wal b AN NP CuR EAS NP AN GES GRS WY WA S

Koy = 2954 % 0,0134 (11 readings)
Kjp = 24336 & 0,0141 ( 8 rcadings)

Duplicnte Experiments, . , _
Added NaNs 0,05059 U Ky = 24936 % 0,0226 (11 roadinga)
| K = 2,321 % 0,0029 ( 8 readings)
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Lxpt.27.p~Mcthoxybenzyl Chloride in 70% ag.Acotone XIII at 20,08°C
No added salts. | '
5 nle titrated vith 0,0038381 N NaOl.

Timg. . . Itre Coaokx
o 0.19 -
355. .. 1.25 | 2.297
725 . . 2,28 .. . 2,354
1150 L3429 - 2,308
' 1680 . Lo . 2,324
275 . 550 2.336
2850 | | 660 . 24302
34L0 Y %1 , 2,319
4070 ..' - 8,30 2.306
1820 9.2 . 2.303
5635 ... 9.90 - 24317
6520 . " 10,60 24298
75 11,10 . 2.306
" 1351

Ik -wm 2,313 + 0,0048 (412 rcadings)
k' = 2,315 + 0.0054 (141 readinga)

—~t
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Expt.28.p-Mothoxybensyl Chiorirlo in 70% aon.Acetone XIIXI at 20.Q.§°C
Added HGL 0.05477 M.
5 ml. titrated wilth 0.02168 N NaOH.
 mme. . Ttre 10t x
S PO
490 oL 12,31 2.002
910 . 1275 2,075
g 1330 4340 20076
1865 . 1351 2,055
ongs - 13494 2,06l
3275. . b7 . 24106
38WO . k75 2.083
1680 y TR 2.099 -
5525 . . 45449 24415
6395 . 4572 2,061
7300 16,00 - 2404
. e 1745

k= 2,072 # 0.0092 (11 readings)
Duplicate Exporiments .. = 2:084¢ £ 9064 (10, by, 2F)

Aceepk
 Added HCL 0,05153 M. k' a 2,059 5”0ﬁ01h;-(fbfiéﬁdingsi//?///“ |

-~

P

2-066 X 0034 e
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Expt.29.p-Mothoxybonzyl Chlordde in 70% aqge.Acotone XIV at 20,08°C
Added NaCl 0,02477 K.
5 ml, titrated with '0._008013 N NaOll,

‘Time . Dutre 10"
o - 0.21 - - ;
1480 : 158 2.269
930 2.7 . 2.253 |
1m5 5679 2220 |
2060 5,00 2211
2430 5.72 2.203
2940 Ge56 . 2.203
3555 , 7410 2,189 ;
oo 8.20 2,196 |
5165 9.2 2.9
6250 0.1 2,197
7510 10,95 2.484 |
e 13,51 |

—--n—c‘--—“——“--——-ﬁ-n

.~k = 2.211 £ 0.0075 (11 readings)
Mrawe 287 , (er17).

- buplicate Experinent.

Added NaCL 0502512 s k' = 2,212 % 0,004l (14 readings)

Ar Q-2 E 0043 _
Chregi 2090 =2 Qu=. 199 /f-w,;l- - Ay enm ov k3 .
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Expt .30 .p_-uotho;g;bcnq_yl Chlom.de 4n zo’" gg.Aeetone XV at 20,0§°C

Added NaCl 0.05202 M.

j ml, titrated with o.oo9398 N NaOH. |
Tine . Titro | . j_o_"_‘__l_:_
o ”’ 0420 »' B
500 a2 1.973
856 2,05 1.991
1320 2,90 1.992
1935 | 3.95 2,002
2595 . h92 1.995
3325 5.0 2,007
| w65 . 6470 2,001
| o 1860 7451 - 2.022
5995 . 835 . 1.996
6910 g.oy 14996
7910 950 2,012
;oo 11.88
K =1.999 + 0.0036 (11 readings)
Duplicate Experiment, _ L
Added NaCl 0.05140 He k" m 1,994 + 00065 (41 readings)

I-99¢t 0033
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Expt .31 .p=-Methoxybensyl Chloride in ZO% ag.Acetone XVI gt 20,08°C
Added NaCl 0.1003 M. - ‘ E

D ml. titrated with 0.008881 N NaoOl,

Ting . Titre otk ‘ ;
o . 0.21 - ,
460 1.18 1.012 -
955 T 2414 1.777 |

1460 3.02 4.001 | 2

2015 3090 1.797

2700 | .88 14796

3430 577 1,763 |

4235 . 6463 1.77h

5125 743 1,760

6120 - 8.27 1.780

7320 | 9.0 - 14760

8815 9,83 1,780

. @ 12,56

_ kK =1,784 + 0. 00u7 (11 readings)
Duplicate Taporinent .

Kaded Tacl 0.1008 M, C K a 1e79L % % 0.0021 (11 readings)

1739 % o0t o
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Expb.32.p-Methoxybonzyl Chloride in 70% aq.Acotone XVII at 20,08°C
Added TaCl 0.,1008 M.
5 ml. titrated with 0.008013 N NaOH.

Tirg . Titre 1otk
0 . 0.20 -
uo 1.21 1735 |
955 221 1777 o
1515 ‘ 3625 1.783 o 1
2095 L b9 1,769
| | 2765 N | 5420 T
3500 Gab . 1.763
- u5h0 _"- 7.10 O 1.76Y
5095 7.86  1.769
6120 SR 8.70 - . 1.758
7328 < 9.5 1,747
860 - 10631 . 1764
o 4340

K = 1.76u .0039 (14 ‘readings)
Duplicate Experiment.

_ Added NaCl 0.1012 M.~ k' = 1,762 £ 0.0025 (14 readings)

. : ) %
- |.‘_763_i|°°‘_"-_ .
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Expte33.p-lothoxybenzyl Chloride in 70% ag,Acetone XIIT at 20.08°C ;
Added HC1 0.05142 M, | B '
" '40 nl. of aqueous extract counted Tfor 4 hour and titrated !
" with 0.02168 N NaOH. o B

‘Time ' Count/min, = Ttre . ot xp - 1041y
R R T L -

| 975 2008 - - 10,91 24759 . 2,048
| a3 2609 . 1148 - 2,782 2.017
| 1810 33 111 2978 2,051
2395 3614 4.t 2,825 2,048
5100 WA 11,98 2772 1.972

5785 Lo28 | 42,30 2971 2,052

W35 ' 5355 12,51 2,795 - 2,035

5140 . 5697 427h . 2766 2.064

5870 5987 . 12.85 2,739 1,951

6585 6265 13416 2,774 24182

TL60 6516 © 13,30 2,783 2,147

® 702 B8

kg = 2.777; kg = 2,052,

| (g~ k)= 0.72L + 0.0186 (11 resdings)
Duplicate Experimént. - S |

- Added HCL 0.05133 . (kf= k)= 0.703 + 0.0180 (14 readings)

Spat e o LN ] A e T e

TSI R U T T R T
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Expt.3l.p~Methoxybenzyl Chloridc in 707 aq.Acetone XIV at 20.08°C
Added NaCl 0.02462 M. - -

- 40 ml. of aqueocus extract counted for 4 hour and titrated

‘with 0.008013 N NaOH. | . |

Time - ° Count/min., 'g;g;g; 192;5@ 192;53
o 397 . 051 - -

960 1687 - ., 2,38 2,538 2,233
1420 | 2272 | 3.6 2,655 2,218
1915 2757 388 24623 2,230
2480 3265 L.65 | . 2,646 2.250
3050 3685 5.30 © 2,627 2.2L0
36900 L4033 | 5.83.  2.545 2,162
W55 W43 650 2,528 2.165
5270 4910 7.29 - 2,675 2.287
6210 5172..  7.80 2590, 2.253
| 7045 5356 8.10 2,520 2.176
7840 5547 - 8.38 2,531 2.148
© . 6363 - 40.19 .. | B

M alp Wy g e G b G G AN WP IR G GNP S @ WD e SdD D W VED we and S M e

kE L 2-589; kH = 2.210.
~ (g~ kg)= 0.37% % 0.0088 (11 readings)

~ln

i ' Duplicate Experiment.

m em et v ——— ————— T = ——
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~

Expt.35.p-Methoxybenzyl Chloride in 70% ag.Acetone XV st 20.08°C ‘

Added NaCl 0,05428 Ma - - . - - R

10 ml., of aqueous extract counted for 1 hour and titrated '
~ with 0,008881 N NaOH.

|

|

i

. Tme  Count/min.é’ Tiltre 1ol kg oM Ey |
|

-« f

i -0 448 s 0.33 -
ﬁ 435 137 6% 4,34 g9 3.3y 2.377
890 214k - N 2.42.%1% 2,955 2,215
L3I 271 Y 2080 7P 2,824 . 24430
1805- 3312 v 3.2 3 o808 20198
2375 3871 VP 46 oY 2,71y 2.042
3060 - W73 wa 4.90 V¥ 2,671 2.003
3775 s030 % 5.8 ¥ 2 686 '1.925
11485 susk 470 6.9 W 2,676 1.976
6ooo - 6236 ™3 743 30 2,710 1.910.
6680 66 WP 7.62 b 2.637 1,967
7370 6673 "' 7.90 2 2,706 1.932
o 7654 - 10.30
| (kp= ki7) = 0,714 + 0.0168 (11 readings)
Duplicate Experiment. o o | -
7 Added NaCl 0.051L5 e (g~ k;) = 0.714 + 0.0223 (10 readinés)
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Expt.36.p~-Methoxybenzyl Chloride in 70% aa.Acetone XVI at 20,08°C i
Added NaCl 0.1006 H.

10 ml, of aqueous extract counted for 1 ho'u.r and ﬁitrated o '
 with 0.008881 N NaOH.

™Mme . Count/min.  Titre ol xn 10 3y

0 2l 0.35 - -
475 . 1500 . 4.22 3447 1.775
1490 - 3244 279 '3.0L0 1,747
2040 4059 3.69 . 3.06 . . 1.845
2760 . - L4795 Le51 3,014 - 1,795
3495 5460 5439 "3.005 | 1.836
4275 5990 6.09 2.965  1.812
5150 6419 - 6,70 2887 1.761
6175 6900 ' 7.2 . 2,928 1.766
7245 7188 8.02 | 2.856 1.766
S 8sW0. - TS0L 8.68 2,872 1.785

® 8171 1400

Mean kg = 2.982; ky = 1.789. .
| (= k)= 14193 £ 0.0277 (10 readings)
Duplicate Experiment. | '

Added NaCl 0.1005 Mo  (kf= k)= 1422l % 0.0246 ( 9 readings)
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e

Expt.37.p-Mothoxybenzyl Chloride in zoﬁ aq.Acetone XI at 20.08°C
Added NaGlOu 0.05015 M.

5 ml. titrated with 0.01001 N NaOH.

Timo Titro 104
0 0.34 -
425 , 1.56 2.959
880 : 2.78 2,982
1350 - 3.86 2,999
1855 : L.l 2,989
4,285 - 5489 2,995
3085 ' 6.69 2.977
3805 : 7.51 2,981
585 8,22 . 2984
5576 = - 8,89 2,968
6435 - 9.31 2,935 °
710 - 9.73 2.959

®© 10.91

G G GO R L NP CEP W GEd WA EAD b G ew oD G G aw anp

k = 2,975 + 0.00% (11 readinga)

- Duplicate IExperiment.
Added Naclou 0.05015 M.

k' = 2,975 + 0,00 % (11 readings)

047 -
Ar 297 £ 0033 (¢ Vk‘




Ezpte38.p-~lNothoxybenayl Chlowrids in 70% anl.Acotono XVIII at 20,08°C
Addcd NoBF) 0,05127 U. |
5 nl. titrated with 0.009560 N AgNO3.

' .‘Ll_‘:_l_._r_rx_g_. Titre 1otk
0 0.32 -
565 - 2.09 2.817
885 2499 2.839
1255 3,96 2.876
1675 L8 2.841
2090 | 5.76 2.883
2600 ' 6.65 2.877
3265 . 755 2.819
1,070 ' 8.8 2.791
5010 ° 92 2.826
6230 ‘ 10.35 2.821

o - 12.34

X = 2.839 + 0.0092 (10 rosdings)

Duplicatc Experiment.
Addcd NaDF, 0.04875 M. X' = 2,831 # 0.0076 (10 readings)

- " ".' 3 2
Uo. 233 :oogo-a -'°Z= LIt
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i

Expt«39.p-Methoxybenzyl Chlorids in 70% aa.Acetone XIX at 20.08°C
Added MeyNF 0.0L5LL M. |
5 nl. titrated with 0.01071 N A3N03

Tmo . Ditre 1ot 1
e e o
360 72 24613
70 283 2637
1080 | 3.89 2:619
1500 ' b7 - 24601
1920  5.93 2,506

| 2430 | 7.01 24600
3030 . 8.0L - 2457
3755 C 9d3 2.571
4655 " 40.28. 2593
5735 - 11.25 2,564
690 12.11 24546

; S B TR

kK = 2,591 % 0,0076 (11 readinga)
Duplicate Experiment. '

Addcd Me, NF 0.05089 e X' = 2,607 + 0.0080 (10 readings)
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Expt.uO.prMethogybengyl Chloride in 70% ag.Acetone XX at 20,0850‘
Added Me NF 0,0L4584 M. o

(1) 5 ml. titrated with 0,009569 N AgNOs.

(11)5 ml, titrated with 0,01044 N NaOH,

Time(»») G17 104 ky Time* (ax)} Hina, Hiope, 104k
0  0.57 - 0 . 9.51 140 10 -
71 5 2627 2.577 720 7-91 3s05 @ = -

1395 . 3.63 24587 1390  6e67 108" Lao10 2,429
2125  Le82 2,569 2115 5,54 = 5.05 5.09 2.375
2830  5.75 2,542  2815.. 463  5.97 6.05 2.42h
3520 6,55 24548 3485  3.91 6,69 6.77  2.450
4290  7.33 2,579 U275 3.49 7439 7.50  2.466
5015 7.86 2.552 L4980 2.67 7482 © T7.96 2,451
B715 8428 2,523 5670 2423  8.23 8.40 2.457
6545 8475 2,549 6510 1.80  8.60 8.81  2.1489
7325  9.08  2.524 7295  1.47  8.89 9.k 249l
co 10.67 00 |

kci = 2,555 + 0.0067 (10 readings)
‘_ Xy = 2.448 } 0.0113 ( 9 readings)

 Duplicate Experiment, . | o '
© Added Me NF 0.04584 "M. k' = 2,548 3 0,0120 ( 8 raedings)
o X' = 2,439 # 040090 (10 readings)

( Time® = TMme=-95) - .
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Expt.4i«p=llothoxybenzyl Chloride in 70% aag.Acotonc XV at 20,08°C
Added PhSO3Nu 0.0L978 M.
5 ml. titrated with .0.009398. N NaCi.

Tino TLtro 10k x
0. . 0.2 - -
380 £ 431 . 24582
765 232 24601
1180 330 24606

1660 _ | 130 2.601
2130 523 2.578
2810 _ 6420 2.560
3510 . 7.2 2.554
320 8.01 2,553
5145 | . 875 2,556
6055 | 9439 24550
7020 _ 9.92 24501
o 11,88

K = 2,571 + 0,0067 (11 roadings)
Dunlicatec Exnerincnd. :

4433 PhSO,Na 0.05016 M. X' = 2,577 £ 0.0079 (41 roadings)
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Expt.li2.p-Mothoxybonzyl Chloride in 704 na.Aeetong XV nb 20.00°0
Added: NaNOy 0.05026 M., -
© 5 ml. titratod with 0.009398 N NaOH.

o . . .. 0.2 -
160 1.50 . 2,360
915 .. 263 24431
1250 B 340 - 2473
e T 2.186
2160 . 549 2,509
2760 . 6415 T 24513 .
3860 . . 7.23 © 2,522
L35 . 8.20 24539
5270 8,90 20502
680 . 9.9 2,562
6155 9490 2,545
o . 12,00
zérq.at 915 seconds. k - 2.557 :_010039 ( 9 readings)

bunlicate Experinent.

Added NalOz 0.05019 Me  k* m 24562 # 0.0065 ( 9 readings)
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Expt.U3l.p-tethoxybenayl Chloride in 70% eqcAcetonc XV at 20,08°C
Added NaNOy 0405039 M. | | |
5 mle titrated with 0,009200 N AgNOs,

Tine mire | 1otk

B - EE

Cos0 a2 2.2
780 250 | 246U5
1285 mm 24605
183 18 2,678
2500 - 5097  2.69
3395 735 - 2,706
11135 85 24691
5055 - .. 8.9 24658
5000 - 9:5h 24696
6705 S 9496 24614
7475 __ 1037 - 2,648
0 11,98 |

———-&—vﬁcﬂ——ﬂn—”-d--

K = 2,667 + 0,0082 (11 readings)

Duplicate umerinmconte

Addod Fali0z 0405015 M. kY = 2,665 + 0.0082 (11 readings)

g
0.0503L M, K" = 2,643 +

. 0.0166 (10 reoadings)

,q 81




Expt.lli.p=Mothoxybenzyl Chloride in 70% aq.Acetone XXI at 20.08°C
Added NaNO5 0.05041 M. :

5 ml. titrated with (1) 0,008772 N NaOH. (11) 0.009050 N AgNOs.

mme - B @ - iohky 1oty
0 - 0432 0.36 - -
355 © 4.28 145 2,485 (2.128)
760 2,31 C2.l 2,530 2,791
1195 331 3 2.552 2,786
. 1670 Be31 . .. La39 2.587 2,776
£ 2285 0 ¢ 5430 - - BJ43 . - 2,578 7 2,746
3000 . 650 . 6.5 - 2,612 . 2,735
3730 734 7.28 2,572 - 2.710
- L570 8.20 8416 . 2.581 . 2.762
~ 55L5 ©9.00 8.80 2,595 2.696
6Qu5 9470 93 2,607 2.604
7505 1040 9.83 . 2,614, 2,723
. 0 11,70 . 11.24
1 u

. kg ® 2.742 % 0.0109 (10 readings)
Duplicate Experiment. . , R

Added NaNOg 0.05038 M. Xkl = 2.750 % 0,0109 (10 readings)
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ExpteUbp=ilcthoxybenayl Chloridc in 70/ ansAcctono XV at 20,08°C

211,

AdGed KiBr 0.,05007 U.

5 ml, titratcd with 0.009L38 I 11a0Il,

Hng Titro

0 0.18
355 1«10
780 2.730
1165 331
1600 o3l
2020 5423
2515 Ga20
3250 | 7425
3955 ' 8410
735 8486
5730 9.63
6735 | 10421
o e] 11,88

108 10

24297
24560
24674

2743
2.779

2801

2.853
2.859
2.861
2.378
2.891

—-—o—-.---u-u.-n-.-——-—-.—

Zero at 780 sccondo, k = 2,931 # 0.0052 ( 9 readings)

Duplicate Experimcentae

AdGed KBr 0405025 U k' w 2,94l + 0.0077 { 7 readings)
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Expt 46 .pllothoxybenzyl Chloride in 70% ag.Acetone XXI at 20,08°C
Addod KBr 0.05028 M. ' |
5 ml, titrated with (1) 0.008772 N NaoH. (41) 0.01878 N AgliOz.

Time Ht Br +CL~ 104 1o 104 Xem
o 1.24 14.33 - -
850 - 3.60 - 1543 2,882 3.050
1285 LeB6 ¢ 15,84 0 2.943 2,93L
1785 5.70 16.35 2.963 3.05%
2260 6.60 1673 3.010 3.059
3000 '7.60 1716 2.938 2,942

3735 8450 17.60 2.956 3,050
U485 9.26 1793 2,990 3.077
5390 9492 . 18.24 2,960 (3.110)
6555 . 10.55 18.55 2,972 (3.151)

® 12,10 19.19 - '

koy = 3024 + 0.0215 ( 7 readings)

Zero at 850 seconds. kg = 3.011 % 0.0125 ( 8 readings)

Duplicate Experiments. ° | '

Added KBr 0.05030 M. k} = 3.010 % 0,0148 ( 8 readings)
0.05033 M. kY% = 3.028 % 0,024 ( 8 readings)

a
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Expt.47.p-Mcthoxybenzyl Chloride in 70% ag.Acetone XII at_20,08°C

Added NaN3 0.01977 M.

5 ml. titratod with 0.008711 I AgNOs.

Timo . o el C1 7+ M5
. 0 043 11,53
530 . 2,37 . 12.94
770 3013 13456
1070 - 3.97  14.20
14355 . 486 14.92 .
1895 - 5.90 15.75
S ahno - 6.87 16.58
3070 7.80 17.37
3830 8.6L 1815
4770 949 . 18.87
5815 10:27 . 49.58
o0 1216 _ -
Koan ko = 34139 L kg = 2,478
‘Duplicate Exneriments. -
Solvent.,  Added Waly; kg I
XIT 0.01983 M+ © 34138 2,465

Xz 0.01990 Ms 34906 = 2,406

oot ke 10M kg
3.3 2.1425
3308 2.14,99
3.259 21471
32024 2.1468
34199 2.491
LRI 2,493
34090 - 2,192
2.995 2.482
2.958 2.466
2.930 2,190
(10 rendings)
Number of
readings,
10

11
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| Expt.b8.p~othoxybenzyl Chloride in 70% an.Acctone XI at 20.08°C
| Addod NoNj 0.03131 M.

}5 ml, titrated with 0.0086711 ¥ AgNOs.
Ting e~ awry  1otky oty
0 0.6L4 - 10.45 - -
285 2,02 19.26 4,040 2,362
555 5410 19.88 3.886 2,267
850 L.42 20,56 3.762 . 24307
1185 5.12 21.21 34603 2,289
1560 6420 21.92 34708 2.337
2045 - 7.25 22.65 34665 2,364
2550 8.1 25453 3+521 2,360
3135 9.00 23499 3445 2,368
5785 ¢ 9.79 2l4.56 3,300 2,354
4510 ° 10.5% 25,08 3.354 2,351
5415 11413 25.56 34258 2,314
o) 1330 '
Mean ko = 3.612 7 ' kg = 2,335 - - (14 readings)
Duplicate Evperiments,
Solvent,  Added Nalz.  km Iy §2§Z§§ggf
XI 0.03006 M. 3.382 2,336 | 10

XII 0403176 M, 3.088 2:.412 19

L
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Expt.49.p=Hothoxybenzyl Chloride in 70% aq.Acotone XIX at 20,08°C

5 ml. titrated with 0.0C8711 N AgNOz. -

Time . 7 asenz- totkn 10 ky
0 0.78 22,89 - -
300 - 2.27 . 23.75 4,076 2.350
563 . - 3.42 25.142 14,033 2.546
905 4,67 . 2519 3.939 . 2.338
1225 5.79 . 25.85 30984 2,362
1550 - 6.6¢8 26.37  3.911° - 2.3
1915 - 7.56 - 26,99 3.859 2.263
2302 8.33 27.50 3.788 2.348
2785 9.18 - 28.02 3,704 2,317
3355 | 10,00 28,52 369U 2,284
4040 10.80 .  29.1C 3.660 - 2,330
4895 14 .61 29.59 34674 2,325
00 13.76
Mean ko = 3.851 kg w 2,334 (11 recadings)
Duplicate Experinents. '

. ' Number of
- . Solvcat. - Added NaN3 15_31 = Xy :‘ T peadings,
XII 0.,04067 M.  L.0O34 2.3L0 Lo 10
X1 0.03993 M. 34909 24259 1"
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 Expt.50. The Reaction of Hydrochloric Acid and Totramethyl-
ammonium Fiuoride with 70% aquouus acetone at 20.,08°C

' 45 ml, of a stock solution of hydrochloric acid.

35 ml, of pure acid.

ie)NF 0. 2640 gram.

- These were mixed at thermostat temperature to give a solution

| . contﬂimm 0005678 Mn'

5 ml, titrated with 0.01036 N NaCH using screencd methyl red/

methylene blue indicator in conjunction with a rapid stream of

nitrogen. -
B Time © - ‘Mtre . B
0 o 9423 -
e 9.23 0
280 . 9.2 402
3L05 - '- 9.12 -11
weo 9.06 | “17
; 5570 8,98 . | ~25
6930 8.80 -3
11380 R W S -83
- ”""4~-“4m&sﬁﬁa;immn

‘'m 0.24 ml. per hour. . NMean  HF = 0.01867
at o .
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Erpt.51. The Renction of lydrochlorie Aeid end Tetronethryl-

P Geta .S Tot

The stock solution ured in eperimentnS0 wac diluted to tilce
the voluae of solvent and o solution mado up an before using
O0.2413 groms of UoyNF.

Molarity of Mc)NF 0.05189,

5 ml. titreted with 0.01036 N NaOH.

0 L.87 -

690 1L.90 +03

1710 14488 +01

2970 . L4.86 -01

LoL5 ) .. La80 -07

6280 . 473 . -4

7750 - ha70 -17

9235 465 .22

A S
an”* Moan - titre = 4.80 ml.

= 0,10 ml, per hour.
at HF = 0,009946

. —— o e e & o
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Expt.52. Benzhydryl Chloride in 70% aq.Acctone XXVII at 20,49°C

Added pyridine 0.2502 M.

5 ml. titratod with 0.009050 N AgNOs.

Tiag
0
515
910
4300
4725
2190
2700
3330
L020
U915
6055
7U95
Q0

o

)

Titro 10t x
0.37 -
1494 2,611
2.99 2.589
3,95 2,601
4.86 2,586
5486 2.647
6.75 2,652
7464 2.62Y
8.53 2.640
946 2.653

10.42 2.641

1114 2.653

12.85

o Wik Al Sie GAP e b BE Ve AP AW S Vb Gk cald SR W Ak Sus

kK = 2,627 £ 0.0075 (11 readings)




Expt.53. Benzhydryl Chloride in 70% aq.Acetone XXVII at 20.49°C
Added pyridine 0.4922 M.
5 ml. titrated with 0.009050 N AgNO-:,.

Timo ~ Titre - 10tk
0 0.34 -

o 485 ' 1.82 . 2.522

| 920 . 2497 2,494

1325 3.94 2.485

1745 L.8L . 2.476

| 2235 5077 2,462

2790 6.76 2,487

f 3420 773 - 24509

uoss 8.8 2.1463

: 1870 9.35 2.1488

1 5725 10,07 2.481

!7 660 10.81 2.531
© | 1317

b k = 2,491 + 0.0064 (41 readings)
Duplicate Experiment.
Added pyridine 0.4942 M.

k' o 2,494 + Q..OO75 ‘(10 réadinga)
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| Expt.54. Benzhydryl Chloride in 70% aa. Acetone XXVIII at 20,L9°C
Added pyridine 0.7450 M.
5 ml. titrated vith 0,009050 N AgNOs. -

Time - Titro Jond
o 0 0433 -
S 505 1o7lh 2,575
. 925 2,76 2,346
1395 3.85 2,363
1940 4.86 2.342
2545 594 2,352
3205 - 6.95 2.364
3980 7495 2,376
L9LO ' 8.89 2.352
6095 - . 983 2.356
mes 10.72 2,305
8800 11.29 2.306
i. @ 12,79 |
;

k = 2.367 # 0.0088 (41 readings)

- Duplieate Experiment.

Added pyridine 047506 ‘U. ' L ;
. k' = 2,381 + 0.0048 ( 9 readings)

™Y r,.sv,--.--.svnﬂ_,__,;. AR EIC b 1, Gt R i oL ol b el G’ SN o Ny < AT
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Expt.55.p~-Methoxybenzyl Chloride in 70% ag.Acetone XXIX at 20.49°C
Added pyridine 0.2473 M.
5 ml, titrated with (1) 0.01010 N NaOH. (11) 0.009050 N AgNOs.

Time H a” 1% ke 104 xy
0 o 0.27 0.35 - - -
- 520 1.43 1.88 2.599 2,203
940 2.20 2,95 2.570 2,132
1395 3405 -~ L.02 2.588 2,197
1880 3.80  5.02 2.590 2.201
2380 Lt 5.91  2.583. 2,442
2985 5.4 6.86 2.581 2.160
3695 5479 - 7.80  2.584 2,131
1,590 6.56 - 8.T7 ' 2.589 2.170
5885 7435 . 9481 . 2,582 24179
7255 7.96 10.58 2,568 2.193
8810 8.45 11.18 2,554 2.215
@ 42,46

km = 2.581 % 0.0038 (14 readings)
kg =2.175 % 0.0086 (11 readings)
Duplicate IExperiment. - -

Added pyridine 0.2470 M. kg = 2.565 + 0.0070 (11 readings)
Kg = 2.168 + 0,0066 (10 readings)
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Expt .56 .p-Methorybenzyl Chloride in 70% ag.Acetona XXIX at 20,49°C
Added pyridine 0.4943 M. ,
5 ml, titrated with (1) 0.01010 N NaOH. (1i) 0.009050 N AgNO3

Time - - EHY a- 1% ke 1% kg
o o022 - 038 . = -
< 513 1.22 1.95 2.631 1.867

933 - 3.08 - 2.621 -
143 2.67 . Lot 2.603 - 1.869
1903 - 3.35  5.26-  2.615 1.870
2LL8 - 3495 6.21 - 2,581 1.853
3053 - 463 7.23 - 2,617 . 1.89
3768 - 5444 8ol 2.592 1.833
L668 - 5.79 9.06 - 2.620 1.848
5808 6435  10.08 - 2.601 1.827

7163 6.91 10.85 © 24567 1.857
8708 - 7.32 11.53 2.595 1.864
@ : {2n83-

kg = 2.604 # 0.0055 (11 readings)
ky = 1.860 + 0,0060 (10 readings)
Dunii cate -Expefimént o ' |
Added pyridine 0.4941 Me kg & 2.607 % 0.0056 (10 readings)
Ky ‘= 1.870 % 0.0057 (10 readings)




Expd.57 .p~Methox
Added pyridine 0.7422 M.
5 ml. titrated with (1) 0.01010 X NaOH. (i1) 0.009050 N AgHO3.

henzyl Chloride in 707 ac.Accetone XXIX nt 20,L9°C

. Time - Ef ca~ 1% Ky iy
J 0 0.20 0433 - -
' 570 1,14 2.06 2.659 1.617
5 1055 1.83 C3.36 'é5677_ 1.610
| 1570 2.3 LSl . 2.66L 1.57h
§ 2115 3.0L 5.6l 2.667 1.582
i 2800 3.68 - 6a79 2,655 14595
3510 4.26 7.83 . 2.674 | 1.624
4305 4469 8s70 2,667 1.581
5260 5.20  9.60 2,655 1.608
6560 . 5e6lh . 40453 2.683 14589
7640 5.96 1400 2,665 . 1.621

. m . : 12965
ey = 2,667 # 0.0028 (10 readings)
ky = 1.600 % 0.0053 (10 readings) .

Duplicate Experiment, _
Added pyridine 0.7418 M. k@ = 2.653 +.0,0027 (41 readings)
- Xg = 1:622 ¥ 0.0088 (10 readings)
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Expt.58. Benzhydryl Chlorido in 70% aq.Agetone XXII at 20.49°C .
- Added acotonec 1.0884 M.
5 ml, tltrated with 0,01010 N NaOH.

; Iine © Titre 104 x
; 0 0.23 -
2 430 1.25 2.147
: 810 T 24 2,144
; 1285 o299 2,165
; 1765 © 3.82 2,156
g 2310 . ha7h 2.180
; 2015 5459 2.189
3690 . 649 2.185
4645 7ol - 2.174
5905 . 8.2 2.185
7585 9433 . 2,160
9885 " 10.16 2,140
g o ' 1%.525

k = 2.165 # 0.0048 (11 readingo)
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Expt.59. Benzhydryl Chloride in 70% aq.Acetone XXII at 20,49°C
Added benzene 00,5592 M. '
5 mls titrated with 0.01010 X NaOH.

Time . Titre 10l x -
) | 0.20 -
420 : 1,01 1,799
8yo - 1.78 1.821
1320 E 2.58 1.820
1860 a 3.40 - 1.819
21,60 e L.20 1.807
3145 : 5.05 1.817
3920 - 5.83 1,795
L,885 o 6.71 . 1.796
5975  ©  7.53 1,795
‘ 1335 o 8.40 . 1.81