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The effest of tlectrolyten on the rates of SNL yeactions
wes aftributed by the Hughes-ingold elsotrostatis thesry .
to thelr effect on the stability of the transition stete,
their effect on the Anitis) state being considered as
neglgitly emall. Hero récently Gruivald put forvasd o
&emﬂ.nwhich the effoat of eleotmlytes on the fndtial
a0 weoll as, the tranaition state was mmaama %o be
fmportant, 1 el auppmmthe lottor theory wms
rether weak os 4t omieteﬂ golely of vesults obtained uning
differunt omn:lc acupmnﬂa for the anhbm'hy and rate
determinations (the eolubildty Gato chowing the effect of
cleotrolytes on the didtial stato),

- Ttwes thereﬁ'orethoueht desirable to study the effect
of electrolytes on the m\mmw and on the yede of
chloride). Tho yemulte ghow that tho effect of eleotrolytos
on the solubility of the inftinl gtate is certainly not
nogliglbly smadl, and that ho yoquirenents of Grumald's
quentitative tasatuent oro ¢bayed for meny of the
" eleotrolytes studled, Howover fagtore nob taken Anto ascount
by thie treatment appear to bo of iuportance for ecue of
the elostrolytes employed (o.g. a0, s mm#).__._ _ These
fectors may ardse froui short-yangs interections betwee
the eleotrolyte end the aubstrate,

(4v)



ﬁeumﬂing ) Ingold(l) (2) organio substitution reactions may
poocuy in cne of two ways, depending on the electron gistribution en
fission of the bomd R » X, vizy

(1) -n-%-x —> R- +X- Homolytic fission
(1) mi--x — & .xf Deteralytic fissicn

where the dots roprescit electrona,
conditions, and the mature of R, X, and the subetituting atom, or
group, Y. In homolysis the Gistribution of the bomiing electrons
facilitates sttack by a free redical (Y- ), i.e.

X- oR‘.':'X —> Y~R #+ X-
Although comnon in the geacous state, this type of substitution is rarely
fevoured in solution,

Substitution in solution usually involves heterolysis ; there are

twvo poasibilitics, If the group R retains the bonding slectrons the
reaction is termed electrophilio, i.e.

Y+ R- X —/ ¥Y--2 + x*
substitution(au)

On the other hand if the bonding electrons are retained by the
aepmsngmxmmh tegnﬁ mclegphilic, i.e.

Yo . ——— -
I + Bie =X —> %R + X: BNucleoptilic
m‘bsﬁ.tutim(ﬂif)

As this theais is conceyned with mucleophilic eubstitution, only the
latter type of reaction will o Giscussed,
In SH reactions thé expollod-mrenn carries the bonding electrons
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Wwithit, eheattwlm:g alecphilic m:pmking@theelm
defieienay on By The overell sesction therefere involves the Jesing
wmdeﬁmw!,mmmwmammxa
cmWMamtomw“amle@mm
sabstitution yeactiom, it is ixrelevant whether the substituting atas,
wm, is a charged or neatral entity, as long as the trensfer of

clisrge ensues, €&
Hensohuticin :eanmn m3 + mz—*a.ms .

cencerning gubstitution at o
saturated carbon stam hed bech put forwerd before Highes, Irgold,
mmmmmpmnematimmmm. Experimental date
wtmmmmmmmmmmeeammeorm
mechanisms, o

The Bimolesular mechardsn (Si2) involves anly cne stages the two

mm&mmmmm, b P -1
f } - r-’\
/‘zi—w—--a---x-»! R & X (st2)
'mmmmummmmmmmmwdmtmof

molecular cxditale (-8). and the se:uctu:e written as follows ¢

Gn this view there is o rehybridisation of the four original sps orbitals
wm-émmatw-mmwgé-mommimtedemlex The
tmaboﬁsmmgdngrmﬂimcmﬁstwtmsp carbitals -

eftheoentnlcurbmutm,the' ining p crbital being perpendiculsy
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to the plane of these thwes, Pirally an cybital of both the
entering and leaving groups cmmim with this p crbltal an showhs

mumtiwmmmmmmee. he first stage
Mvesaheter&ytin ﬁs&oncfthen « X J3runge i '
parucipatm by the mwoleopbtlic reagent ¥, The resulting carbemdun
mmmwmmmmm%mmmmmmme,
1.6:

(4) R = X —<:_—> ' 2 o

(14) T « e 2 3 T
The rate of reastion is eatirely coptiq
the donsstian, stage (1), s comsiderable,  However in selurtion the
wmwmﬂmmmﬁmmabymfm,
‘uwhich inevease as the clargs transfer dmreasest®, Tt 4o cvisaged

that tmmummtemmammwwemmmm

between R and X, and @ partial charge tmnsﬁer, fios
§+ 5- ' :

ol via.mstage, mm
bothRXenathemmleophﬁ.le, smhareasﬁonehmm follov scoond order
ﬁneﬁca,m.,

Rate = % (¥].[mx]
@n the other hand, the fomisetion of RX is the rato-deteruining stage
in the anincleculay mechanien, Gonsequently & reaction of this typs
should follow first order kinetics, yig.,
. Rate = I [m]

(3)



This Kipetio criterion of mechenism 15 anly applicable 4f the
roactants arepreaent in emall and centrollable concentrations,
In salvolytic reastions, vhere the conoentration of the substituting
agent may be regarded as ccnstant, both iechaniszs should yield first
crder kinetics, However, small deviations froo first order kinetics
ey cooup in the unimoleculsr mechendsn aue to the reversidility of
the rete-deternining denisation (sce page §).

Several indirect nmethods for determining the mechanisn of
solvolytic reaetiona bave bem digeusecd 'wfmshm. Ingold oxd
thetr comurkers, (IR o these Arvalves the efpoct
of electrolytes on the yate 6 yeastion, AS the present imvostigation
entailed a study of eloctrolyto effects in SN reactions, thedr views
are discussed in seme detall below, ' |

afdition of en clectrolyte altored the mte of an 85 sclvolysis by
invcking cne (or both) of twe effects ¢ the Sonio strength effect
(shomn by 6l electrolytes) and the mse-hw effect (shoun by o limited
muthor of amions and enly pessitle in S soivolyeis),

The Aonig staensth offect. - It wes assumed that the trensition state
4n 8 readtions wes so much moyve polar '&hat the indtial state that

the effect of electrolytes on the stability of the latter could be

The addition of eloctrolytes was considered to profute

an ionic atmosphere round the polar transition state aralsgous to the
icnic atmosphere postulated by Debye and Hickel for a fully developed
lon, This don atmosphere stabilises the transition state in tho samo
Wy as it atabiiimanianinaolutimamﬂhemeallelecﬁm]stes should

accelerate the yesotion by thda agfwb.




Acaeléufaﬁcn of SHl and SH2 remtsms differ in that sdded selts
have & wesker effeet. on the ].atter because of the g.'eater dttﬁmton

\

of utmge in the mmition state, -
ﬂ?ﬂ@é --em - The petesd
mmwwmmcmmwmm,Wth
co-wurkm to ‘be reversﬂ.ble, f.ee |

(1) 8o z%—? -y | :

(u)n —i-’-'L—>mn+aii
R meonsiﬁwedea‘heee!ﬂghlyreacﬁvetmtnmaaww
prosess (2) or (3) s soon as 4t was formed, ‘s the coroentration
d‘R mmnatmtimsu:ﬂthestauermmmpﬂmiplecm
thmfombeayplﬁ.eé

feee &[RRI = 0

- donisation atep in

Asthemoﬁmweeﬂscﬂoriﬂeimmwme&am&heaemuﬂmtm
in equation (1.1) therefore ‘mse's, leading to retardation of the
resctiom, - This effect, ubich erises fram the reversibility of the
retomdetermning mum, is callod the mass-law effeot, and the
pammeter oL (eaned the masseiav cunstant) is a measure. ofj.ts
mgnitu&e. Iftheeﬁ‘eet 1sh:'getheﬁmtmﬂermtefblloasthe
. reaction proceeds, siidlarly the addition of a chlcride fon emctmlyte
will rednce the rate, ' o

(5)



The reacticn of othier doms wit.hthe mbonim 1on will only
hwea smll effect on the rate of aissppearance of FOL but may
'Mﬁa sdgnificant rodustion in ‘ﬁ_:e rate of hydrelycias - For
exaaplo 3¢ n 64ded don ¥ 48 eush that FY s nob ydrolyood, tho
rate of hydrolysis 4s decreased becouse some carboniun dons foxm
smamm. af_ﬂwa-m and deamg etmma - In prectice
Inon-law mﬂ Sondc etrength effcota cannot bé considered separately,
With adfed cdmanei6n elestiolytas the maoe=low effect yeduses the
rete in uninslecular yeactians, biss this redustion nay or may nct
be greater than the scaeleration due to the donis strength sffeot.
Thue the addition af comanedon é‘ Jytes to benshylryl holides

caused o retardation of hgdmil.vaal, vhile with twwm roaide
on eccelevetion vas obaewéﬂ (M‘)

Adoarding to the transition state theory the epeqifio yate in

the presence of an electmlwte is ?Ven by the cguation,
. K J l’ X* | |

where kl ia the rate constant 4s the absenoe of elcoty 3y ODA
Yax , ¥+ » the sctivity cosfficionts of BX aod the transition state
in tho prosonce of the 'eileomlyte, reila‘eﬂ.ve to unity vhen no
cleotrolyte :ls prepent, 4

Hughes, Ingold end thei: comkara(m, assumed that the effect
of elootrolytes on ORX was rogldgibly spalis They caloulated Y+
by treating the tratieition stote as two point charges , TZe ,

scparatod by a fixed dmtmo, d, an& then procosded 4in a manncr
similar to that employod by Debyo i‘w the caloulation of the aots.vity

. coofficiente of fully Geveloped 1?255



log ‘(k.i'?qu)‘ = 0,612 x 1015‘32 "

vmnmtnemelm@mm; T (-7'8) 15 eall=md tho temlo
strensthcmm.m/u istheiomeetrength. _ '

Ehmfcragd.venmounﬂmundmgoinganﬂﬂmtmw
a congtant set of conditians, the mmweof the iondo strength
effeot {(i.e, the wcelemtinnamweﬁ by &dded, elsotrolytes) should
depmﬂm]ymtheimiostmngbh,anﬁbeinﬂwﬂmtofthemm
of the uni-umivalent electmlyke.

This conclusion has bean the subject of mch disousslon and,
cantrary to tho requirenents of eqmation (1,2), e muber of workers
have reparted spead.ﬂc dlectraiyte afreats in snlvolysis and mhted .
reactions. Hughes, Ingedd, mmesrmm,hmmwaemae&
that equation (1,2) arises frem a8 limiting law which is, strictly,
only spplicatle to very dilute solations $33), This sold acoount fur
emall @ifferences in the accelerating effects of électrolytes at
experiméntal concentretions. Horeover, assooistien of the electrolyte
into ian pairs may cocur, particularly in solvents of relatively low.
alelectrio constant (%),  Under these conditions the "true® temic
stmagthafthsaohﬁmﬂuﬁepmﬂmthemﬁmeoftheelmyhe
as well as on its concentration, This msy ecocount for the cbscrwation
MWWeMM%h&acetﬂg&sﬂfesﬁmeﬂW

p~sulphonic acid (35)(26) s in the racen:.sation and ra.d:.o—chlonde '

(1.2)

exchange of p-chlorobenzhydryl chlonde (17) and in the hydrolysis

of tert. ~butyl brom:l.de in mixed solvents of 1ow water content, (18)

(7



The suggestion of & linear relation botween . emt k{39, tnstess
oﬁ'}.& anamsn,malsobecwm&withaemﬁﬁcmaeme
thatmeeffectofvemngamcm:taefm&eionsonthemte
of hyGrolynis of m.«mtyl chloride in 90% aqueciss ‘acotone is
given by eguation’(1.2) A€ the a.ssoedat!.an of the éleetmlyte is
takien into account (207} 4¢ must however be stressed that this
oamlud.an vas reached by negiecting the Mﬁng mes-:lem effeot
whiehshmldalsobeimokeeintmsystm, thmghtlﬁsaffectmay
well bave been smll. Y .
Kobmsten, Bensley, and ShitiateriZ3(22), stuntea the renctions
of dichlorodiphenylnethans vAth aquequs aostoms and ecncludel that
the observed elestrolyte effccts were consistent with the quantitative
treatument of Bughes and JIngoid, However these workers were mainly
aancerned with the mage+last effest which was very lawge in their
systen, = Consequently the fact that the fonie stremgth con t,d b
diinte solnﬂ.ens) m&y well dave cbscurcd a specificity of electzvlyte
effects on the rate of im:isation. '
On the other hend, there is some evidenoe for epecific electrolyte
effects in good domising ‘soivents, Imcms and Hemmett (2%) faund the
hydroxide jans, while cther anions had intermediate effects. These

observations led them t6 suggest on alterpative theory to thnt of
Bughes and Ingold. They pivposed that the diffevent degrees of
hydration of different electrolytes would alter the "effeptive® solvemt

eampoaiﬁm, and thus affect ﬂm r%§§.




mmsﬁmthemtuﬁingmmwtmlvﬁrmimsﬂwsmﬁe

"arying" eﬁ'ect o tho colvent, nw‘ay. Sughes and Tngold. (2)
showdthw umPWMemwwwmmmtmmm,
it could nae womm'a fm:- the rotaxdaticn of Sm solvolysis by - wmnm»
1ona to the emlusﬁ.on of the mss-zaw effaot. ‘l‘hﬂy 444 bowever
¢onfiym the retarﬂing efreut af hurﬁ.t'bxlde icus, tut proposcd that lyate
1onawereaspeoialme. beingwmmadﬂmm‘la or azide fon
in penctrating the eolvation shell around a carbondum ien,

Papther evueme of epecific electrolyte offeats sn goaa 4cmiedng
* solvents has reemt}ar become avalleble. Finstein, Hojo and Smith (25)
" chearved that mhmm and tetrabutyl-ammondam sodte bad widsly dm'erent
cffects on the eolvolyels of pechlarcbenahyiryd chlaride in BO%
aquosus boctone.  Diynstee, Grummla ent Keplan (29) | pouni that
the effect of mdm calts on thie 871 galvalysis end radeidsetion
of suﬂphm esters 4n 5% aquems dimms on the natm‘e of
the enion, Mer(aﬂ has alao reportcd specsifio slestrolyte effeats
for the twdmlysﬁs oi' m.plmlmeehvl chlaride in aqueocus dioians, and
similer effects havo boen obeéxved by qucon’®®), ana entarakert®for
~ the resction of beaghydryl halidcs vith aquscus agetonc,

smeamﬂfmmwmmimfwmwm
has recently been proposcll, it do nocossary to conalder it briafly
in arder to sec whether it can encount for the epeoific elestrolyte
- effosts that have been veported. '

'.(9)_ |



 Cinstein and his mm(so)(nxsz)css)m),b,m tnat
rasemization ccourred mope rapldly than chemical veastion for a variety
of compounds in nen-squecus solvents, This phenomencn has slss been
reparted by Pocker'>>) gor the S reactions of eralkyl halides in
nitromcthane and. sulpbux Glcxide 88 solvents, Regeutly exaess
racemization has also been deionstrated for reactions carried out in
agueous ,selvmts(gsﬂ;s ) {3?)«.; Tinstein concluded fyom these
ctservations thet ionisation procecded via & metewstable intermediste,
the interpmal iom pair, in viich the caxbonium and ¢hloride ions are
in contact. It was enviserad that this intemediate could unmiergo
racemization but could not react with any other reagent.

4 study of electrolyte effects on the Si7) agetolysis of sulphonie
esters 1ed Winstein' ) to postulate the existence of a further mstes
stable inteswedsate, the soiventesepavated or extermal iom pedr which
couls yeact with added miclecphdles in acetic acld, The acetolyeis
of & mmber of systems has afforded Wirsteln and his co-vorkers with
evidenge for the existence of this ladter thmiggg)(”}{mxum'zxw)
The reac‘b,!.m schemg epvisaged by these workers can therefare te represented
aes follows t~

. = ol a4 a//"" '+|x"'
Intermal Ekte.tml Digsociated
ion pair 2om pady icns
¥ Y
RCH ROH
However the evidence for the indcxwertion of the extexrmal ion pair in
solvalysis is based almoct crtirely on wopk in systems fewouwrabis to the

formaticn of fon-pairs,
(20)
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There 4s no ovidense for this effect in hydroxylio solvento, Indecd
' Kehmstan and Shillaker (.32’@1@@ fran their wirk on the hydrolysis
of dichlorodiphenylmethane in aguetis acetone that any rcaatﬂ.ou '
bmam water, or am.pns, apd the extersinl ion pair amtﬂhﬁoﬁ
ncthing to the total ate, It will thervofore bo acsuncd that SN

reactions in aqueous ae:Wents ocmr visa the fully developed carbonium
don, an the internal don pair is not envicaged tounﬁergoo!wniml
reaotions

mlahea, Ingola, ond f.hea.r comopkers anouned that elestrolytes
only affooted the atability of ho toredtian etate(13) Grunmid
and his co~workers have recmw at‘l;esnptod to acemum for the opecifio
nature of elcotralyte offects 3 thole tmbnam allowa the eicotroldyte
to affect the stabilitics of both tho initdal and the trancition
(2'6) %eh- studdes of th‘e cifent of electrolytes on the
solubility of cwganio mbstmteﬁ ahowed thet the ionenon=cleotrelyto
Antermotion coeffioient, k_ i given by the meaas.m(“*)

| -kamf;'om.%;? X m | (2e3)

. atatea

where A4 and B4 ore constamte charaoterfstio of the colvent and the
nomweleotralyte, 6% end GO axe the standard oharleal potentials
of tho nen-elostyolyte and elostrelyte raspvtively, end 2v So the
mdle fraction of water in the sdlvent. The ione-noneclestrolyte
interastion coofficlent 1o rolated to tho aotivity coeffioient of the
non-cléctrolyte by the expression

n¥i = ky Oy

where § 4 4s the activity ooeffiedent of the non-electrolyte relative

to unity at zero ionic strength, and C, is the concentration of the

electrolyte. (12)



Equation (1.3) therefore shows that the activity coefficient of an
awﬁcmmtedspaﬁam%hetm% » 1.2, on the pature of the
electrolyte, .
Wmmmbcmkmasmathatasmmmmhm
mmmmﬁwmt«meweimtﬁmmanm
resction (25) Substitution in the .&mtea. equation then .:yieldea

Sy = AeHX Q_L;\_Eg.ﬂ . &S ¢ Y
where sG:-.-l-; ug(szkf),ana;nmammpm@s |
sharacteristio of the reactant, the transitien state, end. the solvent.
.mtmsemmmn(m)um@mmmvmemw
electrolyte adaiticns 8 tho rate of reactian, Sincethemgnihﬂe
wsuaepmmmmgnimof—f-& mmma@mmm
nature of the electrolyte, oquation (1.4) predicts specd.fic elechalyte
effeetsentheraeeaefsmmcﬁm,_

This epproach requires a re]ationshﬂ.p bet.ween §, ond 5_1&_9_

The latter tem had been evaluated independently fran fugasity
measuremsnts W.Gmmlx_l, Baughuen, and Koimstan ¥5) and therofore
the validity of the equation conld Se tested, Tho rosilts of Crvrrmld
uﬂhﬁseo—wwkmfortheeffeetofsmlehwnicehatrﬂmesw
the &1 aolvolyeis of a su:l.phmﬁc eatermvethepmieteﬁm:aﬁ.m
those obtained on the recemization of a similar compound were not in

swhgoodayem.

(12)



The fnvestigetions of Crumsald and bis cowworkers involved the
use of two diffevent noneeloctyolytes for the solubllity measurcuents,
ani a further two for the zute dotemminations, It was thercfore
thought desirable to doterming the effoct of electroiytes on the
solubility end the rate of reacticm of the same material.
p-Fitrobenghydryl chloride was suitable for this purpose. Hydrolysis
. proceeds by mechanien @1l 4%} sna tne reaction at 0°C 1s suPfictently
elow to allow the solubility to be determined, This tcmperature is
below the melting point of the campound ani there ig therefore no
uncertninty abiut the composition of the undissdived neterisl,

However befere the remilts of this investipntion ¢an be discussed,
it is necessary to consider the effect of electrolytes on the
solubility of non-electrolytes, i.c. on thelr activity coefficients,

(23)



lectrolytes ob the activity cocffiedent

of a ron-clectrolyte, preseny in low canc B, 15 given by the

equations, (‘#7)' g
log e = zosg-;- = K, +-xi(sa'-.- ) __(22)

where 4% and 1mmemuwmmmmmmaam
and in the aolveu& with added elecemlyte, reapeotivel,v, Si“ ard 5§
are the cmeepmﬂiug solubilities; K 45 the ioneno
mtemtﬂ.onaoemem, end ¥, that for the irtepaction of the
non~slectrolyte with itself,

I 81 and 53° are smell the last temm can be meglected and
eguation (2.1) reduces to, |

loggs = hg-s-}- = KG, - __(2.2)

which is a farm of the well kmowm Setaehm equation (48) | op gne
other havd if E4 and 81° are large, thén aquation {2:2) can often
be applicd by replacing K, by ancthor constant K,

Values of K, and X have been intaypretated in e variety of ways

dielestris, and any dspartures fran ideality are assured to artse
fron electrostatie interacticn invalving domic charges, The most
videly knom of these theorics are thoss of Debye and Hosulay $49)
and Debye (50) The forner related eleetmme effects to the
influsnce of the non-elsctrolyte on the dlelectyic constant of the
solvent, and gredicted & linear depenienco of log ¥4 en eloc
concem&ml, Q ) (1)




[n x,i =z -8-'-—5—2—— Z 3z'1 e _..___(2.5)

wnmSusaeﬁnedbynano(x-Sm), Dn,Darethe

dielmtﬁcmtanﬁaofthemmewlvenﬁmﬂthesoluﬁmemmmg

the mn-elecbrc],yte. respectively, G 415 the molar concentration of

: ionicspeo:lesa, Zjistbe\mlamemﬁbathemdiusofimiospeciead.
mehtammtmmymnemtmkutommtem

hebetageneityefthemixtureufsoIthenﬂmutMaohzte,

and ramzireﬂ 8 Hnmr depandence 05‘1/8.' Of electrol.vte ememm,

g - }_ )
where Jd= [ (1~ ’)/”'"*) 2 a{'r s T repwesenta’the

possible aepamtion between an ion and & molecule of the nm&-electrnlyte.

anan;*i;aaeﬁmabx
: 2
'n"' s s’Z looo .Y
8“& Do .
Simdlar approaches have heen proposed byAltshnI..er and Svepson (53')

 puttor 920 on Batten 53, 4'lsnear depercnoe of Jog § 4 an
the dutrolyte comenmtion wes nlso predicted by Kirkvood (&’)
' Aocording totheelectmtaticappmachx should be entively

inﬂ@eniemofthenatmoftheeleetmlstefermaoftheme

lorecver the addition of el.ectx'elytea should give r.lse to a salting
Mafﬂwmmelwﬁm]gteifthelaﬁwdmsthsﬁm
congtant of the selvent, while salting-in ehould ooour 1€ the

dielectrio constant of the solm is msreaseﬁ by the non-eleotrolyte.
(The terms "Balti.ng-mr!."anél “mting—i.n'* are used to dencto an

inorease and a dacm_ease in the activity coefficient of the naneclectrolyte

reapect:ively ) N
. (15)



| Albraght ama vatisams (95)(5) goterninea the aselestric
constents of aguecus aystoms for which relisble salting-odt data
were available, At low electmlyte concentration they found
salubAlitics, ciloulated from Gd.electrie constant measurenents,

to be in goﬁﬂ. agreenent wﬂ.th the ohaewed valnes. Wright,
Stiber, and Albright (57) noted timt the sdaition of phenylibicures
to ethenol dnoreased the ddelectrio canstont. of the latter,

Thas 4f equationa (2,3) and (2:4) are eox':rect then the addition of
eleétrolytes w1l salt-inphexwlﬂﬂ.mrea, an effect ohserved in
groctice. Howover Long, HcDevit, and Dutkle 50, fmma that the
'reqdzanemsofthe eleetmtatieammehmem obeyed i.nthe

x-tmzymhatmter systan. Tius vhile some m-univalent
eleatrol,ytes cauge saltingegut of Y~tutyrolactone others give rise
to salting~dn, -
Peviations of this ki 1
between dons and the nonseloo
electzogtatic‘thearies.

The e&'oﬁomm theories cammot explain the marked veriation in
the effects ef diffexrent électrolytes on the activity coefficients ofy
for exsuple, the anidinevamter\®%), and Gissstene elocholmater ¢ 60)
| aystane, mmrmwmmmsmﬂagmtemwmiaam@e
from saltdngeout to salting-in of the noneelectrolyte in the same
aysten (98),

(16)



(61)

MceDevit and Long. tte;mptedtoexphinsueho’bsemtions

by postulating s_hertwmuge.- intmntions between eleotrolytes and
the noneelectrdlyte; in agreement with the' earlier ideas of xmm(fz)
On thia bagis McDev:lt and I.on.g aarivaa the equat:lon 3 -

| 1egl$1=~. AZ = BZ,zjcd_-_(z.s)

-.whmAandBmpmmatwsvmichdmammthemlwtme
matoemumententueelmmme, anaoé.g is the
polarigability of Son Ju ..

Amaredel:aﬂedequatimt.ban (2.5) was later pmpoaeaby
Bockrisanﬂhia-mm&m(-s’)-mtthetwoeqmﬁonsmsﬁm
!nthattheseeonﬁtemﬁ.neaehmakesallommeforasaltﬁm-in

- effest, It_mnws thepefore tha.t the mam obsemtiens of salt:hg-

in by lame cations or vy large andons (&)(65)(66)(67)(68) then.
saltingeout. vould be prwicted by the eleutrastatﬂ.e theor:les, ean ve
. accanodated by equation (2.5) weverthelass the short-mnge interaction
mmsmﬂmmatemmmﬂymmmm effect of
a mch smaller salting-ut effect tbe.n sod.'uln or potasai\m mns(s’)
,wmzeammuwmm,g—m effect wm&:egeuionshasbeenreported
far bordo, mm’ and sal m(?ﬂ)(n) '

It would thexwefawe appear that the slm*t-range interaoﬁ.on theories
oi‘feranluq:mamm-immtatheefmctofelmmMesm
- solubility; although they aspnot. aecm&ate an the emmmal results.

..(17)



The shart-range interaotion appronch eannot account for the
fact that the semquence of slestrolyte effects, for simple inarganio
Slestrelytes, 1s almost. imiependent of the nan-clectivlyte. Varius
worksrs have a.ttanpteﬁ to W for this by assuring that the

- addition of electwlybes alta'e the proparties of the aalvent,
which 4n turn effect tho soz:ms.myofmmamme. Such
agpmo&smybeﬁswsedwﬂmmemwalmmmﬁmﬂ
effeots, _ '

One of the earliest approaches involved the assurption of
preferential attreotion of water by iens (72,  Rowever as this
work dnvolved aguecus sclutions it is difficult to envieage a change

' 4n solvont resulting from the remcval of water molecules by lons.
Latzy Lucas and Bommett: (23) -sxtggesfeﬂ that a change of composition in
& twoecouponont eystem may be brought about by the strong attraction
of water by electrolytes. This dn effect would dncreasc the
consentration of the organic selvent, and oculd therefare ecconodate
the phenonenon of alting-in in a two-panponent; system,

A a4fferent approsch ws proposed by Hobevit end fong (8 who
aasuned thet the effect of the non-electyulyte Was simply ene of
cecupying volwne. 'i'hey dex—lved a Mt.’mg Jas7 which related the
regrituds of the eleotrolyts effects ¢o the volume changes which occur
4n the uterml Pressupe uf thé solverit and hence can accanodate
salting-cut or seltingwin of tha non-electrolyte, Applieation of
their limiting lew to the Lonzenc-uater system satisfactorily fitted
the low salting-out obsarvod vith lithim and hySrogen fons, and the

(18)




mtwmwmemm%mmtamwmmmwa
m&\miom,asmllasthemlsalﬁng-mmmnyobsm
in agueous solutions with sodiun end potassiwn selts. These
Wﬁalreaﬂtaqf@mitmmmvamm

vy other warkere, V(™) pesite gvteined by Poud (%) grom nts
study of the solubilities of napl meanﬂds.pherwiiuaq_m |
solutions of elecercl.wesmein . . with loDevit and Long's
thew'y. Befomﬂthat foragivene!ecmuthemmi-tnae of the
Mtwmmmmaﬁvehﬁmhmmto..

of the g )
. The addition of sodhun ohlawﬁe to deneolc scid in vater resulted
in salting-cut of the Grganic coupound, but the presence of orgale
solvents resilted in salting-in, the effect incrensing vith decreasing
water content of the solvent, ﬂuek;dsamm(m expladned this
ghenmambymingaprefmm selvation of the soildun and
<hloride lons by water molecules, thus increasing the effeotive
mmentmﬁm of the organic solva'nt § this would elesrly incrense
the solubility of the nomeslecticiyte. Confirmation of thie view
was provided ty Dutler end Grumsdd (%), ' hey obscrved 4int whereas
the sddition of sodiun end potassium ah}m-iaes to the mephthalenc-mater
systen resulted in saltsng-out, saltingwin ooourred with 5053 aguecus

. dioxzane as solveut

electrolytesanthesolubﬂmiead‘ yephthalene and lenaphthoic ecid -
inso”aqumsdiome.-

{19) |



This work again jllustrsted the mariteed differences in the propertles
of cne~ and two-component systeus, Previous cbservaticns (&7} 4,
water had shown that electrolyte effects en solubility could e
‘@emcribed by the Setschenou equation up to quite lawe electrolyte
concentyations { >im )« This was not found ¢o be the case in the
tuo-capanient aystens studied by Crursald and Sutlers In suock gystems
4% was Found that the Setachenow equation enly held for elcotrolyte
concentreticns of the order of O,1 I, |

Hioerever cbservations made in aguectn () ()(7) exd in partially
agueous SN goprens bave inlicated that local sclvent structuze
is a significant faotor when the effect of clectrolytes on the
solubAlity of non-electrclytes is considered. A4 solvation effect
together with an electrostatic effect was incorporated in Grumald’s
recent treatment of salt effecte. This treatment led to cquation
(1.3) g,

L mﬁ)
R esemEs 2R

where AL allows for electrostatic effecte and the Jast texm for
solvation effects, ks angd Ks are related bty the expression
kﬂﬂ & g-& QE l
8
vhere C4 4s the concentration of the none-clectrolyte 4 4n o salé sclutiom,
mkszxawhmthemmumorthemﬂmtrdytcmmlw.
oF wher the wvalue of Ki itself is smell, If has been pointed out
previma!y(seepage ) ) that since
l'nXi @ zacs
the activity coefficient of the non-electrolyte is depenient on the
tem%:g.a.e.mm.mmofmmmmm

(20)



) The validity of eq_uatﬂ.on (1.3) could be teate& by the linearity
of & plot of k_ a@mu . An independent mesti@ts,m(‘ﬁ)
baddetemineﬁv&lnesefth:.slatt@tmmdhaﬂalsa shorn that some
ions were preferent:lany mlvatea ty watey malecules others by

wganic molec\ues. A plat of the izﬂepemﬁemly obtainea values
'ofm a.gainstk @veastmmmmmr sin;phinm'genic
elect:mlytes, as required by equation (1.3). -

Crumrld apd Butler found the saleﬂ.ngou-aerquplamganie
electrolytes to be aluost the Teverse of that found in water (W63,
. ‘Hewever el s with large arganis ians were found to give
negative k values :Lnaqueousdﬁ.cm:e edmﬂarto thosb prmu:sly
cbtatned with vater WIB), @y qugpesten tmat shart-range

eleatml\we-mn-eleatmlate iﬂteractien could amom for the

zesults o‘baerved with large mr@.nic jons ‘hulz asa not e.tten:pt a

qumts.tative explamt:lon. _ At preeem tha'efm no- simple thenr,v
_hasheenpostnlatedthatcaaamnm fcm'allthe obaervedchanges '

in the solubility of nm-aleotxplyte.s on t_he addition of eleotrolytes,

(2i)



memmwammeamuwmtecrmtmof |
p-nitm'bmzhgdzyl chlcri.ﬁe with 507 aqiieous aoetone was studied aﬂ
29-.05’6 and 59.75"6. In exder to eli:tﬂnate the possi'bil‘lty of a
change mthesolvem Wim&meammnmtheaealed
ampmle technique ms a:ployed The low aolnbﬂity of soﬂm
flucride in 508 aqueous acetane énd of p-nitrobenatwaxwl ohleriae
in 457 nquem 'eoctons neoessitatea the use uf stoppered flacks

for these runs; mmmmmmteaemmmnmte,
thsmctimsfonmeabyabsezmgthedevelmemefacmty
orohlnrme.‘.ens n the mlm:t!.uns.

for the éiaappaarame of p-mtmbena!wﬂwl chloride with 507 agueous
destons at 39.75°C 4s stmﬁse& in i?able T: The gexmoen

. 40 mmte an the additich of lests |
isgivenbylﬁﬁ 1:;.'_. - ) whsmtheklsmthemmqoei‘ﬁcimta
for the rete of dl;lsappwme of pendtrobenchyiryl chlcride, and 0

xaremt.ot.heabsemeorezemmea.'

(22)



Zahlg X, The effect of elentrolyt

penitrebenshydryl ehlaride in 5024 aquecus acetone at 39i75°c. ‘
('!'he ﬁgm'ea reparted vefer to the peroentage charge in rate ceused

. ®EROy
| :.a:uok_' ]

', = 2493 & 0,19

- 2,6 £ 0,20

* L7 & 0,27

+ 143 & 0.2
b3 029 |

+ 3:28 3 027

| 463 2033
. *5.834 0,28

+ 357 4 0.3
+ 5450 2 0,20

& 4.63;0'51 :
 * 5 g02
| 10185 0,38

&157-36'- 3 Osﬁs

=572 2 0,23
8402 % 0,35
L 857 2.0.35
4 8:72 2 0.33
| + 9:05 3 (8 8

| eva 202

cmﬁtaﬁm
0.1 by

R

- 6,52 2 0,25

4 2,25 4 0,16
+ 7.78 2 0,32

*8.552 0,38

+ oy & 02

fmammnememm obtained anazmeiana@o.ozsmm.
‘M@ﬂmmwwmmgﬂ@pm&wﬁmdcw.mb
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The results in Puble I shov-tiet electrelytes generally o not
have a large effect on-the rate, Doubling the eleot '
. concentrstion often doubles the dhange in rete tut this does ot
aluays apply, ceg¢ EOL; Faildy, NeBr, 14Br, 010, It is |
notevorthy that the acceleratien ceuse@ by 8.1 I electydlyte
1a sametimes ware ani sametines less thon twice the aceeleration
ceused by 0,05 Ui, ef, raasr-mok, 14Br - Kre -

The apparently anomelous obscrvations ray remult frou the fact
that X, (€he first order rete constant | ytes)
ves not determined at the same time ao ¥, (the first order rete constent
in the presence of electrolytes with the eame solvent). The
coposition of the solvent eltered on standing apd elthough attempts
were made €0 compensate for this by firequent monitoring, smell chengss
in composition cocurring over & pexdod Of a few days may have been
sissed, If the values taken for ky° exe in error by 0.57 this would
tring the 0,05 If remilts in line vith the 0,1 B results, Ap 0,37
crrar in the k,° mmawxwmmemmwobsm
for 0.1 Ui eleotrolyte solntioss than for 0,05 ¥, ard the fomer results
will therefore be uped in the discussion of salt effects ;
of less than 17 will be neglected. |

T¢ con be seen in Tablo I that the allald mstal tromides, nitrates,
end perchlarates, have much the same effect, although the tromides
probebly ececlerate more than the othars. Lithiun salts apoear to
have e grester scoelerating effest thon sodium or potassiun salts.
sulphoznte lon is not as accelerating as other anionms, opd hydrogen
_ jons accelerate much more than Mthé;\pn,sodiﬁm, or pota.ss:i.ﬁm ions.

Chloride ions retard but this is probebly due to the operation of the

mass-law effeqt.
() ..



The effect of Yemperature ch the change in rate coused by the
addition of electrolytes te the reaction of penitrobenahydryl ohloride
Zable IX. The effect of slts on the rete of reacticn of p-
xﬂttnbenszm'yl chloride in 507 aqueous acetone at 20,03°C amd 39.75°C,
(Zhe figares reported refer to the percentage change in rate caused by

Eleotrolyte . cmmmtim cenegxﬁa;ﬁun
(]

WOl 20.03° | w535 20,26 - 5@83- 20,26 |

39,75 | -28202 | 652208

NaRO, 20,05 e 2.6 & 0.36 + 6:58 2 0340

- 39.75% + 473 & 0429 [ +7mgo3e
RallQ, 20,03°0 + 3489 2 0,31 + Tobly 3 0,38

39:75°0 .+ 328 & 0:27 | + 8,02 2 0,35

 BaBr- 20,03% I +6469 & 041 o 12,08 & 043

"39.75°c' 1 435.85;;0.128"' B "*e'-.-?z_..-;o.ss

- The resnltsin'za‘bleﬁ shwthat, in geneyal, the effect of
eleotrolytes on.the yate is fas.rl\v insensitive to changes in
temperature; Sodium chloride, nitrate, and pe_re_hlm'ate,-. ‘seem €0

 bave the same effects on the sate at 20,03°C and 39,75° within the

limits of experimental exror. The mreater aceeleration caused by
sodiun bromide at the lover temperature appears to be ancmslous,
ﬁlshea and Ingold's eleotrostatic treaﬁnent of the ianic styength

effect has been @dscussed previously (see page 6 ).

(25)



Iﬁmmﬂatmracuﬂpmnﬂ\nﬂmﬂmgmm:eaoﬁmmﬁwa
given set of conditions, the aeceleration cansea by added elwtmlytes
chould depepl cnly on the dendc strength, and be indepeident

mture of the uni-univalent electtolibe._ Thereaﬂtsoht&ineﬂm »
the pregent systems eannnt, hmever, be &pm.na& by thm 'breatmmzt.
Admittedly this txeatment ﬁs strictly only applicable %o very dilute
sahﬂhmaﬁmmespecﬁﬁmwwme@eetedmeddiﬁonofﬂ.lm

eleatrolvke.‘ Howevar it is st unli.kely that thia Mtationmn
mmfmmmwam%mumwmﬂwmem

electrolyte ismtemmgeammmes-wmm

Nevertheleas for muny 8imle nm-cmm don eleetrolytea the
incresse in rate is spprostimately comtant. These .x'esnlta are thercfore
in ascordance with eqution (1.2) demaa by Hughes and Tngold,
 This oqustion iniicstes that there should be & logaritinic depen

ofklonthemlarcmtmﬁmcftham-mﬂvﬂm elaebrolyte.'
. Faluberg and Ginstein ug)mvehowem»cwmmt'- should vary
lirearly vith electralyts concentration dut the present resiits 85 not
aliow this difference of cpinion to Ve regolved; since the addition
- of electrolytes gemses only relativoly sualdd changes in the rete,
Hence equation (1.2) my be expresced as follozs 3

k]_/ a = antileg - B a'/.e =g ™2¢303 Bou

s 1 2-303 Bd’/&-
eince 2303 Bom K 13 Bisa sonstant dependent cnly on the solvent
and tenperature, B ' ' ' ' -

(26)



snw.akeu- (29) have stuifed the offect of
electro!.vtea o the reaction of ’benzh;ydryl chleride in 7% agueous
acetorne at 29”6 ‘I’heir resalts, tagetber with those obtainod in the
mﬁ investigation at 59.75"0 are given in Table I3,

le XIX o ﬁ‘heaffeotofeleetrelytes mhhemteofreaationof
(a) beuzhyﬁ:wl am.m-s.ae in 70*’ agueais scetone at 20°, ami (b)
ponﬂ.tmbenahy&zwl cuw.ae in 507 aqueaus acetone ot 59.75°C. (The
ﬂgumarepurbedrefer to ﬁhcpementagedmngeinmtecausedbythe
addition of electrolytee).

| mectrolgte mﬂ‘“ ehloride P*ﬁitmbenahwﬂz:vl chleride
' 703 ﬁ‘c‘-‘m“s Mﬂﬁﬂm, 20°C . 50% aqueous acotons, 39.75°¢

..a:f-s" [ - 6.52
-nes | -6
| #--'_5._.6_5' o . =
- . =928

6,85 1 - +up
-+ 6,95 | - +20405
+8.60 s
. o ..9.15' - '49#1-
Ml% ol caser o e eBe2
SDIO" | +21-.06 _ . 22242

‘%mhzmemmabtﬁne&madﬂiﬁmofo.%mw.
(z7)




"‘he resulta in Table m clearly a!wthat the eleotmlyea
_-,.;1 chloz-s.e.e syetem but thﬂ.s my

arisa, at least portly, fron thé chaage in solvent composition.

Appnnatm of the Pughes-Ingeld theory indicates that the decrease in

@ielectrio constant could ecomint for this, end the possibility of s

greater charge distance (O = Zd} mstalsobetakanintoeunaidmﬁm. |

The greater reta‘zﬂatienbydﬂwﬁe ionsalsoevidem in the

Benzhyiryl chleride systw is eonsistent with a stabler carboniun

jon, 4i€i a longer time interval between the stages of the

unino}ecular sn;bsgituﬁon z'eaction. . & deccyease in diclectyie

constant hoe also been observed $o incresse the nosoedaw cffect (22,
 However epecific electrolyte effects are cleorly @mﬁ in

Table IIT and moreover the two systems Jield a sizilar pattern for

such effects. In puticular ﬂum.ﬁe ions :'eﬁaxd, replacanent of B

sodiumn m by a Kyirogen icm calses mrked mela'atian, and sodiun

benzere sulphonate deesnotaeeelemte aswchas otheralkalimetal

salte, ‘i'he apperent anomol:les inthe two syatans are the 101':

accelerationeausedbylﬁmﬂmmae inthebenawaryl ehim'ide systen

(probadly due to ion-asscolsticn begause of the deerease tn dielsctiic

cunatant of the so.‘wene), a.n& the i wcelewation cansea by scdiun

Anmwmmmaamﬁmwmmmmve
' o'hserved speci.ﬁo salt eﬁ'eets (seepage V4 ). The most z-eaem
sttanpt toaccmmt fwmeheffectsmmdebycmmldanahis

sG=A+m§.‘J'-k-L2 . _'E;

vhere 3@ ”"0"; ].Qg (kl/kle Jo



This equation demands that the accoleration cnused by sdded
electmlytedepemsmthetamm ' fs6. on the mature of the
eleostrolyte. Valuecs of this tem were svailable fer electrolytes
in 50% equecus dioxane (”5);. ard as this solvent was used by Grumwald
in his work he was able to amstmeé the validity of equation '('-x.:..)-.-‘
@_g values were fot available for clectrolytes in 507 agquemis

acetone, the salvert used 1n'ﬁhe.present investigation, However 1f;§£§
values mm;«mmmmmmemmemm I :
507 aquecus as.omne Queen and Shinaker's results are in qualitative
agrecnent vith this recent treatuent, and therefare the resilts fron
the present fnvestigation (emcept those with soiiun perehlarnte)

. are also in qualitative egreament, ®¥hus although the retardaticn
bty fiuoride Sons cannot be accountéd for By the Hughes-Ingnld theory,
the recent treatinent which allows for salt~Anduced mediun effects

highly hydrated fluoride fon,

chlwiﬂeaﬁrﬂtmbmwleﬂwﬁehW&mac&mmem
at 0°C, Mm-mmmwmzmwwdmmmme

end & known concentration of an electyolyte to 50 md, of 507 aguecus
acetoneinastappereawbe. ?het\memsthenstmmedmtaam
which rotated bencath the surface of an iseebath, Somples were renoved
after equilibrivm had been yoached and analysed by titreting vith
edther 0,005 I sodiun hydroxide solution ar 0,005 ¥ sllver mitrate
soluticn, | .

(29)



The effects of elestrolytes cn the eqlubiﬁt‘y of p-nitrobenzhydryl
. chlaride in 507 aguecus scetone at 0°C are sumorised in Teble .

The porcentage increase in solubility 100(8/3" - 1) is quoted.

Seble IV. The effect of electrolytes on the solubAlity of penitro-
Yenshydryl chleride in 5073 aqueous scotone at O°C, (The figures reparted
Fefer to the percentage change in solubility csused by the adaition of
electrolytes). |

Concéntzyation

Rleotrolyte sén ;
o5 | Q.2

- - 606 0.35

LiCcl

s

ENOy
KBr
.
Kl

0,00 3 0.50
1313 0.20
- Oulh ¢ 0,50
3432 & 047
L3363 £ 0,20

3209 & 0,20
3.10 2 027 -
12426 ¥ 0,38 |

1.31 & 0,27

. 158 & 0.27

'3.52 2 0,28
4.39 3 0,18

- he€2 2 0,22

468 2 0,22

- 7429 % 0:56

- A Eao, - 6832033 10,79 & 049
# Fe? | ®asgor |- o

_ Naﬂl% : 80‘&5 & 0.2 1‘&.85 -0" 0,22

'Msmtwiee thevahxeabtaﬂxmﬁonaﬁditionof&%him.

>

#0.13&01%&11& 0.%5 M"’Mmmt canpletsly solubleins(bg

aguecus acetone at 0°c and premmy have a larger wvalue than that
reported. (30)


http://chloxfl.de
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The results in Table IV show thet the effect of electrolytes on

the solubility of the nen~electrviyte in this systen ave small, however

it is noteworthy that a doubling of the electyolyte concentration
approximately doubles the effect on solubility. litric acid causes
aaltﬁ.mvem the alkali metal nitrates, bromides, and chlorides, 211
have a saltug-i.n effect, sodium dengene sulphonate salts~in rether
more, while sodium perchlarate, potassium perchiorate, and sodium
fluordde kave a much larger saliing-in effect, Replecement of an
alkali metsl 1mnth&mmglmimmmlym&mu the salting~in
effect.

The effect of eleatrol,vtes on the sclubility of p-mitrobenzyl
ahloﬂdemalse awﬂied, the results ave given in Table V,
Jeble V. The effeot of electrvlyies on the solubility of p-nitro-
benzyl chloride in 507 agueous asetv:me at 0°C, (The figures reported
refer to the percentage change in aalubi.hty caused by the addition
of electrolytes). '

Hectrolyte Concentration Concentration
0.05 ¥ 0.1 H
eno, T 0,20 & 0,18 . - 2.451 20,16
LaFO, 0.65 2 0,13 1,15 2 0,10
£ tasl  — 1.7
mloa 1.87 & 0. 1% 354 3 0,20
# FaC10, 3.9 920
WP ‘7.62;+0.23 L aee——

* This was twice the value ¢btained on addition of 0,025 U
£ Veasurezents by J. Foz (7-9).'
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The xesults in Table V show that the et‘feota are less maried
then with pdnitrebenzhw:ﬂ. ch:.mae. en observation parallieled by
measurements of the solu‘bﬂitiea of* tha arganic halﬂﬂes in solvemts
of varsing ca@ositim Athout addeﬂ elecﬁolytes. The results in
Table VI a!mwthat eha.ngesi.nsolvent conpositionhnveamner
effect on the salnhmty oi' p-nitrebaazvl ehlnrﬂﬁe than on the
eemmity or p-nitrobenzhydryl chloride,

Zsble VI, The effect of & charge in solvent camposition on the
sohzbﬂities of p-!dtmbenﬂwdz:yl chiloride and p-mltrobenzyl chloride -
. at 0°C,

_ o ) 'Sollibi.lﬂ.‘hyatO"cin” ‘

. | 55% aquesus | 50% aquecus | 455 aqueaus
. . |  sostome | ‘acetane | scetono
p-nitrobenghydryl ohlorfds | 0.02000 & @.00513 -3 -0;—00172 u
p-uitrobenayl chloride ] 002270 u 0’.-01472 1 00655 N

e

A eompaﬁsanof the ramﬂesin'l'ablesw an:lv showe that althuugh
the electralyte effeots. arve. leaa marked in the rzﬁtmbmyl chloﬂde
systen they follow roughly the szme sequense as in the p-nitrobenzhyiryl
chleride system., It !msbem sheam f:hat with 5C; Ja.quem:s socetone as
golvent; hs&rdlssis of p-!ﬂ.tm‘bemwl ‘ehiarice proceeﬂs by mechanien
EN2 end that of p-nitrobamrwaxwl chiod by mecharssn. S ("5)
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Hughes and Ingold considercd that eleatz-olytee would eccelerate
resotion by mechanisn S more thon SH2 sclvolysis because the

Jatterr mﬁmi&a&sucﬂataﬂrdthamtermm&ohargein
the tranaaﬁm state. Howeyer the remilts from the two aysteas above

inﬂica.tetmtthe effectmthemeeemndbeatleastpuﬂy&mto
an initial state effect, as proposed by Grummld and his co-workers,
The similer pattern of electrolyte effects en selubility observable
in the two systens my be éve to the sixdlarity in structure of the
e organto compounds, |

Crummld and Butler ("‘*) 'avemmklydmanedmsults for the
effects of electmlytes on the snlubﬂit? of mplrbhslene and l-napmhn&q
acid in 507 aquems aiome. ' The remlts obtained with penityobenze .
hydryl chilcride in 50% aquecus adetone in the present investigation
were found to follow a similer pattern to that olgerved Ly these
workers. Thus alkald metal hmmes and chlorides haﬂ about the ssme
salting-in effect; while HX bad a esmaller seltingein effect than 1O,

Hovever the results onthe&ﬂﬂitionof sodiun and patassiun perchlorates
| differed widely, & muh greater salting-in effect being observed in
the presert investigation. ‘his conld possibly be due t6 complex
formation with the argenic compound, end it is noteworthy that
attragtive interaction betveen perchlarete fons and crgands coupounis
is well knoem, €.g.; 8odiun perchleate 1s very goluble in acetone(eo)
ng lorete salts orystellise from agueous diorare with diozane of
mstaiusation.u"s’
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Pogaibly, attrasctive intepaction occurs with o phenyl group carrying
& slight posStive charge, the result of electron vithirewal by a
p-ritrde asubstituent.

ralytes on the mteoi’reactmam ealumity
efanwgamcewm, mnbemessedasfonm t=

(=) lnkl./kl“ = :mXRx.,- infqa

® 157 - ¥y,

Jyte tn tho sotivity cveffiofent of the Yramsition
state can therefare be found by eomparing equations (a) end (D), fse:
w ¥ o "‘1‘1’:3? = nY¥s

Tho varistion of activity coafficients with teuperature are uswiliy
small snd censequently & camparison of the kinetic results at 39:75%
and solublnty reasurcnents at. °C obta&ne& in the present work will
affouﬁagandappxmﬁmﬁmafﬁmemweleﬁr&ytesmtm
ectivity mﬁicient of the txe tion state. ‘Teble VII gives ¥csulte
cbtained on the ad&itiuu @f alectmlytea to p-nimbenzhwaryl ¢hlarige

meecueacetma.

¥l



TIsbie YIX. The effects of electrolytes on (s) the rate of yesction of
penitrobenshydryl chlorige at 39.75°C, and (b} the solubility of
prodtrobenshycryl chloride at 0°C, in 507 aqueous scetane.

Hectrolyte | in "3/, I in /s Mm mly ‘%f
0,3509% | = 0,1508 | = 0,0535 | 2,82
Tia%i0, 0076 | 0.z |- 0,0029 | - 0,067 | 0.4
Ha0,5Fh 0,0221 | 0.0705 | = 0.0705 | = 0.0926 | 0,76
R0, 0.0822 | 0,082 |- 0.0052 | - 0,097 | .16
50y 0.1808 | -0.0624 0,062 |~ 0,138, | -0.53
EEr 0,0503 0.0343 - 0033 |~ 02254 | 0.28
Falr 0,083, | O.G3Y | - Q.OA3: |« 02265 [ 0.34
+ K010, 0.0852 | €125 |~ 0.1025 |~ 0.2577 | 0.55
Ball0, 0.0769 0,132 | = G,1382 | = 0,251 | 0,64
B30, 0,202z | 0.0550 |~ 0,580 |~ 0,257z | 0.z3
"l - 0.0587 | c.u56 |~ 0.m56 | 0.131 | <347

FaCl - 0,0675 | 0,451 |-o.s2 | 0.0225 | -2.02
1403 - 0,007 | 0.0067 |~ 0,0067 | 0.,0840 |~0.22

* Prom 4X the peroest change in k., end S 4n the presence of 0,025 I

NaF,

+ 0,025 ¥ MaP and 0,1 mlq"m net completely acluble 4n 507
ammmmmat@canﬂ.mmpmmmwmx# are
therefore subject to a positive error,
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The vesnlts in Tadle VII shov that dn X,: is clways negative, ise.
eleotrolytes stabilise the activétecl compler, ('i‘he results vith

-amnmtalehloﬁdesaremlym;ﬁaﬂforcanpletenesa In these

caces, as k) is subject to & mss-lav effect, values of In Y2 exe
not real) Gentrary to ﬁhe elecmm appivech of Hughes and
Ingols the eﬂ’ects of electrrds tes on tho stability of tho transition
state are not uﬂepmm of the slestrolyte, mX; ircreasing fran
Ty to mmk Hamver ‘hhe ei'f‘eats of electrolyees on the activity

~ coefficient ae the initiel mate (mxm) are not. negﬁ@bla (the ofPect

st;te than on the activiiﬁy:' ceeéﬂeiam. of the transiticn state) and

m an important factm- in cmtrollins the x-ate. Acgeleyation of the
re.te of resction is cmxparable for perchiorate, brmﬂﬁe, and m.tm.te
fons, hovever the former have & larger effect on the solubility, possidly
duo to & shart-range interactien effeot. (see page33 )s  b? also bas

a relatively iarge e:i'feeecn the initial state tut vetords iha rate of
maction xax is large for peschlcarate ani ber.i...'ene sulphonate ions,
Inmemsedthefomthtswmteammeffm on

the stability of, the initied state, with the Jatter it arises mainly

from their camparatively anall accelerating effect on the rate of resction.

It is of interest to fee how the results fit the quantitative
treatment of Crumveld and his co-workerat2o? ) o ronase thet the
effeats. of electrolytes on the rote of reaction and sodudility of an
arganic campouris cowld be maes 4n the form 3

- Gl SRESLL: ¥
8 . B‘ y N
= . 2 ¥ ] _— a2

- (36)



()2 g s Lin)f =4a- w%‘ - Gz
Cs S Cy RX

It follews from the equations that

| in J, = a0 o (BoukSfez) L .1a 8

G, ki 8

Thus & styaight line plet oflnkJ/kl“ againgt Ins'lsg'ﬂmﬁd $1lustrate
the existence of a relaticnship between the effcots of electrolytes on

the stabilitics of the transition-apd initialestates, as well
the validity of the Crurwald approcch,

as proving

. [ & {3 . . )
The terms %‘— and %—- bave teen evaluated, seo Teble VIIL,

feble VIII. The effect of o changé én solvent compooition on

tho rate

of reaction at 39.75°C end sclubility at 0°C of p-nitrobenghydryl chloride,

'Ssﬁmmmmmmmm

% agueous accotene

| Uelght £ B,0 50,82 . 55.51
2w 0.7693 - 0.7989
2,683 54522

60,68

a2 " -« 2heds ’ * 224

The resulte in Table VIII show that the variation of rete with solvent
esompoaition is entirely & conssguence of the effcct en the stability of
- the initisl state. 0P course, the remults yefer to differcnt

temperatures but as variation of activity coofficicnts with tempereture

areuamuysmu,thisfaotermbeaame&tchwemy&mneffm. ‘

1)
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Aplotafln!&ﬂz_‘ againstlns/s°1ashaﬂninmta:ﬂit
is evident that the results with pitric ecid, sodiun and potassiun nitrates,
sodium bengene suphmntg, am godium flueride are consistent with
Grummald‘s spproach, and those vith elkald metal brevddes are in
reasonsblc agreement (anght variameam.yarisa becamse of donspaiv
tntervention), The rosulto with perchlorate 3oas are’ tn edplote
dlsagrecucnt, possibly due to shopt~range interection effeote which
mmm@mmmmmeﬂmmﬁmﬁ.
Thaslmpeofthes‘uaishtliminﬁaml,' |
L._= "‘1,'35' -

Substituting mean valnes af al"k:l Jazr exd é‘:“""5°/=1m 1% follows that,

.@-_’_, -] 1-%0
)

This value is reasemble as Gnmﬂd ‘(26)&2’) oonsmm that B, p’ are .
‘not very amaitive to the species iaquestimm& depetﬂm.inx.ycnthe
salvm and tenperatm‘ ’ _

Thus, eassuning the var!ntm of ac'bivity eoefﬁeients with
tesperature to be amall, s.z can be corcluled that the results are
consistent with tho quantita‘bﬂ.ve treatmem: baaea. én salt-ﬂ.nﬁme& mediun
etfeots, at least for zany aleutmlgeea. Emepticna ‘do occur (e.g. with
| perchlorete lons) possidly Que to sherterange interngtion effcota uhich
were not alloved for 4n this treatoent,
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(a) 08 céﬂkcm . c&—m 6}2?1‘ G, oo ‘36*15 + K01

2(a (] '3)3 0,71 O, Gt O
-PW (82)

(o) O CgH, CHOM C.H, ﬂe» Ot CgB, CHCL CjHs +H,0

(v) 0,8 aénb co 9'6"5

Several preparations werc carrded out, details of a typical one.&re as
follows, A mixture of 80z, of penitrobenzoy) chleride, 70z, of freshly
sublimed aluniniun chloride, end 400 ml. of sodsun arsed 4.8, benzene
was reflukel for 4 bours, The resilting benzene soluticn g poured
 into 500 nl, of sn leevwmtershydrochloric acid mixture froo thich it
was later scparated; vached with soddun hydrezide solution, folloved
by water, end dried over calciun chloride; - Removal of the bonsene
by aistillation yielded p-nitrobenzophencne which vas purified by
refluzing with activated chamal in scetone, filtering, and
mystslﬁahgﬁmacetone. ~ Tho £inal profuct bad o m. pt. of
137°¢ (uncorrected), the literatuse vaiue bedng 136°%¢, (833

Amwmiaoprepoaide for stage (b) was prepored by refiuxing
50 go of aluminium foil ws.thmﬂogm of iso xopanal (previcusly aried
over caleiun oxide) for 6 hours, 2:5 . of mevcuric anlorsde being
added to facilitato the resction, |

(39)




1.0 an ammmtelw 1 M solutien, 92 e of this solution were then
refluzed with 35 g, of p-nitrobenzopheione for 20 minutes, The soetone
produced in the reaction was distilled over glevly, the aistillation
being stopped 'when the distillate no longer gave & precipitate with

2:4 dinitrophenylhydrazine BMW. The :'esiﬂue was refluxed for

6 hours, the excess isopropanol distilled off under reduced pressure,
and dilute sulphurie a6id sdded to the cooled residue, Wﬁww
this mixture with ether renoved thep-nttmhenzhwwl, chish wp
isolated after washing with sodium bitcarbomate solution, water,

and distilling ofP the ether; Beveral .
" alcohol fron benzene yielded a produst of mpts 7h = 75,5% (),
Infra-red analysis of thei‘imlprodnct Micatedthepm's‘.tytobe

> 9%
Stage (o) involved dissclving 10 g. of p-nitrobenshydrol in 100 gl,

. o:t‘ benzene, adding appmximtely 10 g of zino chlevide, ond pesaing
ﬁ:vlwﬂmgendﬂmi&egmthrwghfwéhmm& The benzene solution
wvas then scparated, washed vith soddum bicarbotnte sclution; water;

anﬂﬁriedwercalcimcmmide Bis'f;ill_m?ﬂ-onafthe‘bemeneleﬂ
2 yellow, viscous oil which wae dissolved 4n & potreleun ether
(5;9 - 80 B,P,) « diethyl ethor solvent, This sclution was pasged
down & amall glaes eolum (10" x 2*) packed with celite, and after
distilling off the solvent, the oil was dried in vacuo. eooling
with Drikeld caused the oil to solidify, On standing in a dessicater
at roon tenperature most of the solid melted and then slovdy

Almost colourless neeﬁle-like crystals were fosued vhich o
erushing yielded an off-vhite solid, mpt. 415 - 42,5% (lmem-rected)

the Itersture valus being b.% )az°e (e5)
14,0
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-mmm,awmawmm,mmmweme% m.

pwmtrobml ch‘l.orme ma p o2

ystall ',.-ﬁwet!mmlanadrieﬂ
 4n vacuo, Depts 7he2 °0 (ummectea), literature alus 7a%c (%6)
Eieeﬁvlytes were usual.‘ly dried sitber in air or in vacuo at
‘elevated temperatures, AR, products being used when possible,
Sodium pemhlorate was reerystallised from aguecus d:loxam and arded in
vacuo at an elevated tenperature to constant weight, ° Sodium benzene
gulphonate was muystalliae& from ethanol am aried in air at en
clevated temperntire, |
mwwmwwmamwmﬁm
cfaoidofkmum s’mengthtoaknmnwhm of 504 aquesus acetone, |
Avohmefzmmecetone, em:altoﬂmamemﬁoﬁ'mtermﬁheacm,

was them aﬂﬂaﬁ, 8o that the £iral sclution om-espmﬁea to the
artiydrous ecid ih 50"6 aqueous acotone, '

and petaasmn pemngamte fm- ‘two hours. am‘i then distilicd, the
aistillate being distilled again from hMydroquil
mmonat:lngwlmmo - Geneyous bead s tall fyectisns were
'i'he addition of 50, 55 amd 45 volumes of distilled water to
50, 45 and 55 volumes of acetons, respectively, gave 50T, 45 and
557 aquecus acetone, | " |

(Y
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cmmmmmmﬂmfummwmmm
hydroxide penets and potassium peruanganate and then distilied,
Leacmoid mmmmammmewmmim.mm‘

Ki-nnﬁc uns were oarried out at 20,03°C amd 39.75"0. A mercury
toluene regulated type of themostat was usod and amperstures were |
constent to & 0,02°C, Aieyerofailmﬁumt@prmt evapmtinn
of water from the bath at ths higher tazperature, An eppreximately
0,01 ¥ solution of the arganic halide in 100 ml, of 50 aguecua
wetonempxepuee,amthemmmmofdmmetesiw
a 0,05 ar 0.1 i solution sdded, Runs with sodiun fluoride contadsied
mo.msmw’wem&mmwitammmnwm%wm
acetone, mmtaelMemMeinthemiﬂma&‘tm
solvent by evaporaticn of acetans, the sealed ampoule techuique s
'anpzweafmummsnm. However the rups eontaining sodwn
fhmrﬁehaﬁtobeeamwmmwmmnmeafmam
_mmnwdmmtmseﬂammmmatwtmmm
.&sﬁm&hradnbility mohlem with a 0,01 1 solutdos arp-mmmmryl
Momw%mmmmmommmmuseer
stoppered flasks for theaa- runss The results Gbteined from runs earrich
mwmnaskamﬂhsmleﬂempmﬂcagavemmmstmmte
coefticients,

(a2)



For runs carried cut at _39.7_.5'% the tubes were introtuced into &
Path at 35% for 3~ mimtes before being placed inte the thermostat,
for rans at 20.@;‘@ the tubes were placed into the tharmostat without
prehestizg, The tubes were shaken in the themostat far 3= mimstes
Gurirg which tine 20 tubes were renoved, tws giving the thernostat
timete regein its nowinal value and the tubss to reach the terperatuye
of the themostat, Tubes wero vithirem from $he themestat frem
'bime ".ts_'e"tim and the reaction stepped by froezing in an acetone=
Drikold mixture; After clesming, the tubei were trcken under about
200 ml, of neutral acetonss The reaction was followed elther by
determining the develepment of acidity by titration with 0,005 §
sedium hydroxide selution .uslng' laemoid a9 indicator, o by deeemhﬁng
the productien of chloride dons by potenticaotric tityations using
0,005 § silver nitsate solution with a glass electrode and o ellver
Usualdy two semples were takin in eech kinetis run ¢o Qedteimine
the first ar "zeyo tine” reading, and three to dctarmine the
"infinity reading or initial concentration of the erganic halide, the
lstter after heating seversl tubes in a bedling watcawbath for at lcest ten
kalf-lives, Tveive tubes, removed b Gifferent {imes, enabled values
of ki to be caleulated, ki being theﬁ.rst srder vate coefficient, |
0o average ten ar cleven of thete ki's woro vithin §7 of the mean valub,
k,*s for the run, k¢ and K° fron iderticel runs agr '
057 . ”

coing to within

@3)



As severnl btatches of solvent were used, each batch was standardised

' by examining the yate of aolvemas of penitrobenzhydryl chloride
without added electrolyte, the k ° value thus obtained being used _

in deterntrdng the “1/k,° 'vq,tioa; for runs carried gt with this solvemt,

themtewtmtsmthmfamcﬂmhmﬂmmmﬂrﬂ-
order intemted rate equation, m-,

mh’g-&—

a=x
where t is the time, et 45 the inttial concentratien of the organio
relide (¢ = 0), avd a~x is the conpentratien of the orgando halide
remaining sfter tine t. .
The first reading wis taken as "gero tinc", and ‘s’ was calculated from

Solubdlity runs wore carried cut et 6°G. Ho va.rﬁatichs fwors this
temperature could be measured on using a well-stirred ath of crushed
ice. 4n excess of the erganic halide was introduced into each of four
mmmmsemmmsou.ofm’éwmaeetemm
pleced in the ice-bath, Suffhimelectmlgtetogivaac.%ﬂw
0.1Msahztienmad&edtothreeofthetubmamaufmtubes
stoppered, (Solubility runs with added sodiun fluoride contained only
04025 I1 of the salt in order that s conparisen with the corresponding
‘Kdnetic runs could be made. It vms moted that 0,025 I soddun fluoride
and Q.1 II potassiun perchlordte ware not campletely soluble in this
solvent at 0°C), After stopporing the tubes they were strapped on to

e ubeel which rotated at 40 fs per mdn, beneath the surface of




the 0°C themmostat.

After 6 bours (and after 24 hours) ﬂaetubeewmremveam
the wheol, clamped in the ;iae-:-bai,;h,_ and the stoppers removed, care
being taken that no vater emtercd the tube end tias changed the
composition of the solvent, Approxirately 25 ml, of the supernatant
liquia were pipetted for smolysis through a sintered glass filter,
the pipetts then being invertes into & bottls clamped in the Soo-beths
5 nl, of this solution were pipetted into sbout 200 ml, of noutvel
acetone end titrated immediately, It was found thet after 2, hours

4n 507 aquecus acstons et 0°C prritrobenshyiryl chlarfide hod undergone
solvolyeis to an citent $5:’7. Under identical conditions solvolysis
of p—nﬂ.trehemyl chlordde IZWBs non-detectables Appropriate corrections
for solvolybic reastions were applied to the solutdlity results in the
pruitrobenziydryl chloride eystem. The ¢ensentyation of the organic
mmpmmmmmnmmsaewmme \.
following menner, ‘fhree Bealed tubes ¢ach containing 5 ml, of the |
liquid were plaged into eboinngmwmth 03? into sn ofbbath,
depending upon whether tho sohbﬂity ei‘ pruitrcbonshydryl chleride

or p=nitrobengyl chlaride m being investﬂ.gat&, for at least ten
bhalf-ldves; ©On wnoving, and aﬂer emonng, eaah tube was broken
under about 200 ml. of neutml acettme and titmted w:lth gither 0,005 ¥
sodiun hydroxide solution or 0,005 I silver nitrate solution,

Thiis for each solubility run six results were obtaiued (three
sfter 6 hours and three after 2, hours in the therumstat) of which at
least five were usually within 2% of the mean, the mean valués of two

s).



The tube containing enly the organic halide in the eolvent wae
& “blank", anﬂonemuﬂmysmnaiﬂew side with each set of
‘cloctrolyte solutions, The mean solubility formd 4n Ah4s run vas
then used to caloulate the 3/5° veluen for the electrolyte salutions,
the sodubility of which hed been determined atv the game time,
Thems°whwadmznﬁmafrmammb@refmsemmdmtm
dii‘ferwt days were withdn_gis‘af themwnvalue(s%), for a

y In_tlie ealealation of the errovs in the sute coefficlents all
kinetic results for one act -of conditions (temporature, solvent, and
the mature am cansemtration of the electyalyte) were concidered as
one gor statistical purposcs. 'Thaaifémseeofe:geﬁml
corditions gave n ds.ffereut rate coefficients k.!., tho final mean yate
coa‘ﬁcient is @.vm ’bw ’

where k; is tho statistical mean rate cocfficient, For Gauesian
afatritution of errors mare than 957 of alil the ki's should be within
30 of kyo Any i value not within this 2imit was discarded and
e newklm 0 ecaleulated, This wos only rarcly Receasaxy.

The standard error of the final mesn is given by

n¥
(46)




In all the yuns cayried out (with the exceptien of those with
added sodiun bromdde at 20,03°C), ;
In . 003
g
Tho effect of electrolyte additicn on the rato of hydrolyeis
1s caprossed by the retic "W ® , where O yefers to the sbacnos of
amws. Thia nﬁa 4s gubject to a sta‘nﬂiard‘ m- |

@) )]t

The percentage change in rate cansod tw the addition of electrolytes
is given by 100(!‘1/%1“ 1) anﬂﬁ.ssub;ecttoastanﬂa:ﬂm
of 2000 m S

In the colubility runs the results neeled to caloulate the mean
solubilities §*, S, were obtainied on the seme day (the subscript O
refcrs to the abserce of electrolytes).  The value of 57, in the ratio
. _ s'/s"?é was variabls (sse pnge 46) even thm:gh the sene solvent vas used,
If n? mepﬁablesdubmtymmsmmﬁefwmemmﬁn“
Mmmmmlm(mmsmnmngemme) then the mean
solubﬁitymm, 8/8°, 1a given by

% = nt _S_ + o 'g':"
st ol L B0
' . B . n' ‘ nﬂ T ’

ivﬂxems‘ S"mthemeansohﬂﬁlﬂti&sofﬁenﬁcalmmntdnug _
: aﬂdedeleehulytes,arﬁs' S“ttwaeoftheemmspondingmmthmt
'eddedeleetml,ytee,.

w7)



$he standard érrurs of the fimal médns (d'. G5y 0% 6‘2,“)

~

_Iwerecalmhteﬂinthesammamasinthedxmseoﬁm, €iZe.

where s', 'is sn acceptable, aexubﬂity mmlt-

However the tvesnlta ﬁ'm Adentical rune weze trozted eeparately
as the values of S0, S0 v!u-iea ightly, The ratio %sto 15 sabjeot
to a ataaﬁmﬁ ex_'vpr

mﬂslﬁﬁhﬂytﬂesmmexmrofsn/‘o“ isglvenhg

o, agf'-;,[(—é-'-'-) ( )J

O'_za = (0'1

2%
Zr)

The pexmtage clzacge ai‘ sehxbillt:,r eaussa bg the anﬂition of
electm].vtes is given w

(g -3

and this is subject %o a stantard ervor of 1000m.

- (48)



AEEEDIX
First oxdex rate oonatants, kﬂ.. were ealculaﬁeﬂ from the
integrated rate eqmtinn, !

. aw .3
mﬁs-mhmwmnwm. : |
nmmwmmrwmhsetofemeﬁmmmnw:sm@m :
end the mean rate coefiicient, k.l",- of the duplicate run quoted;
tagethaﬂththestatistioumnklaftmawoms.

Dnless stated otherwise the eelvent vefers tﬁSﬂ aguesus acetene.
he initial consentration reported in ench run g S of the

(%9)



Solvent O

¢ (secs)

o
3267
5087
6910
8762

uS37

296,

29268

(=)

7:78

7.00
6.28

. 5.62

5,00
3.9

346

3,06

L9

4 -. 1,

: 2.59

2.23

1,56

{s5:788)
sy
5,68,
5939
§.006 "
5.92%
6,013
6,025

5.935 x 10"Psec"
5:928 x J,D"5m-1 :
5.952 x 107%sec™?

K



Initial cancontimtion = O,01036 H

t {secs)
2o

4780
6378
- 9728

13502

15600
17890
20522
-y

{a . x)
10,00
B9
789
6,89
6.20
j 5.65
507
a9
" 3.96
5 EIN
2.9
242

k' = 5929 2207 ees

N 5 509222207 s

'54559
54903
- 64008
5.933
5902
8002



Initdal concentration = 0.01014 M
t (secs)  faes) k x 1050es™
wm e o sam
sm AR X 587
225, ' - 50
BEmy Y | 5909
138 - IR - 54869
17676 o . 346 o 5¢927
T 5o
" 22297 T e 5.978
5288 236 6,006

k].. & 50931 x m!g
. kz'-' ) 50915 = 10-5 ‘1
X s 5908 x207se™

(5_2)



Run 85

Initial concentration = 0,00966

+ (secs)
Q
3310
5236
R
ens
20840
. 24999
102
. am@
-
g0
31755

(a- X
5489
5.6
5,33 '
3-&3
283
2,33
) %

mt o 5:362 x 1008e60
o>

" & 5,40 x 10

-7 )

E, & 5:083 2 2075

. K xm -5%0.1

54058
5.9
| 5,206 -
571 .
5el22 -
5-152 .
- BelSh
5.139

sz

5.222 "
- 5,208
- Bu.2hd



2957

" (a«- z)

Fu32
R
et
Bl
e
375
: 2.89
. 2483
B
k' = 5697 x 200ses
K e 5702 x 10 Fseg"
X = 5.0 % 30%gec™

ol ..

kx 10-5590'1

5,02
54635
 5.709
5.707
. 5670
5749
S
54659
Ss727
'Be667
5728
5,689



- p=Nitrobenshydryl chloride +.0,05 M NaBr at 39,75°C
Solvet ¢ . Run53

Initial cencentration = 0,00978 M -

t(secs) . | SR (a-I:I:)' ' B .I Exi-ssec.
o e
3340 S 189 - sq8
516 N . 12 506
68 . 6wz - 5.685
'8785'_ - - 5.6 o . ' 5.757
o1 - 517 - 5.8
12531 . mse s
1801 ke 5.830.
17204 L 349 5,853
19617 . R ) 3.06 o .- | ' 5.803
23085 T 2 o sap
69 28 sam

= 5,778 x 10'5sec'-]__'
. 5,769 x 100560t

' 5.77% x 10 98801

T

)



Solvent G |
Initial comcémtration = 0,00857

¢ (s008)
Y
3313
5192
6999.
8789
10601
12538
17763
20763

790

-ﬁmﬂ

(asx)
_'7,;70.
6%
e
5467
sae
R
3%
36
28
229
2.86

RN & - 54708 3'16“5:' o

xy® 5 5,749 x 300

k: “ 507!#319‘5 *1

% x 10Psec™

54626
5,67

5,720
5957
54735
Se732
5,772



16833

s 5627 x 0%

kl' ¥ 5,603 % W 0ges

S o= 54635 x 30™%000

T N




Intial congentration = 0,00363

t(sece) o (a«x) - k=x 10'55&"1
me - 780 5.579
5154, R | 7200 530
87 o em. 56
9010 L sB . 5,360
mue 533 - . 54357
1243 e 5332
WAS " 3.08 | . 54350
17787 3459 . 5e36h
20722 o - % - | 5,353
2710 | Bt . Bu423
30313 B X T

A 5,567 x 1079565}

) k].“ - 5,370 x l@'sm"l |
By, = 5.368 x 10 95001

(s8)



Solvent J

Initial cmenmtion = 0,005 B

t (secos)
<
6605
8402

10212

26649
18301
21927
25888
2956,

(a -x
e
- 703

| 6e3h . |

Sells

517

. b6
he08

3.62

337

, 2.68
EX:

kl' = 5-,5’09. x 10‘58“-1
kili '.q 5-6“? x m.sseod
kl. -'gﬁ 5.65!; 319.55&.1

(59)

st 10"'5

5,637
5,689
* 5:,676
5,620
54635
54639
5.654
54643
5.665




Solvent H " Run 160
Iritisl concentration = 0,00975 M

t{sece) - (aewn) | k%2090
° o6 . -
05 . 800 . 5a3%
5756 C.m . saa
6523 - e - . 5.298
B30 B L
o5 0 . Ba6 . s3m
12167 S z..91 . . 533
uezs o wB - san
aess . . 388 . 508
19317 R X . sask
22269 . 28 T
228 - . 23 . 5
g o am - (5.567)

| 5,576 % 1005e0™
= 5039 x 20050

LA
n i}

 (60).



soiventd

Ran 76

Initial cencentration = 0,009 3

t (seos)
0

373
5176
6990
12653
U520
18677

27965

it

(a=%).
| 9432
e
€82
621

- el

02
¥ N

6.084, x 20"%5ec"2
B 6,09 x- 10"‘53%"1 :
. 65067 = 10-55@3"1

(@)

k%2000

597
6000
- 64026
6084,
652
" 64135
6,129
6,081
6,096
64249
6,212

i



. Solvent & . ) Run 63
Initial concentration = 8;00970 ¥

t (sb0e) - faexn) T T

B3 Tnme (sam)y
5233 705 D03

& ek (s6&)
em9 B89 . 5.08%
10622 . a0 5,806
T 2 s
U8 | b0 - sl
16285 3.6 . o BEs
132 R R 5,84
20,8 2,80 . . sa9m
2550 o me L 5o
R S

| E* & 5:930 x ;g-Smez

: (e2)



N 1l chl e + 0.1 M KT at 8%
Solvent D ' Rm 70

Initial concentration = 0,00962 M

t (zecs) {a = x) | X x 10 2gec ™t
0 9.0l -
2972 | 7.57 5,97
46T 6.61 6,964,
€501 6.08 6402
8328 5.4 6101
10167 4.82 6.189
11968 428 (6.250)
13813 3.92 6.050
15555 3.53 : 6,046
17590 o mes 6,12
20060 271 | 6,008
22787 2,50 . 6.020
25795 B ¥ B 6.047
29295 s 5.998
- G e
k" = 6:0?9 & J.dd‘f.ssec'l
ky = 6.035% 30%aes™

CR

[ '

Y



 SelvetC . . RmS55
Initisl comcentration = 0,00972

t (secs) - ' o (a_-':;) A Tk 31_10-58.%'-1

° - a0 -
3330 - B X S 5,181
525 . a  basz
698, | U ks1 . 5,126
8957 . 5% a7
0% 0 53 5.212
208 Cn0 - sam
1537 R 5.152
17568 e ERY
20080 - 336 . 5.2
252n, . N 2-.'83__ R '_ - 5.170

6907 . - . a3 s.089
sum EER . 5a63

5.150 x 107sec™)

n

5135 x 10Pge0 2
k= 5.43 x 10sec™

o
i

(&)



Ioitisl cancentration = 0,00065 1

" (sees) - | o '.-(-g.i-..- x) | o & x 10 Pses™ |
0 U ¥~ S -
s . ne (e
5407 T e R ¥ X
wmes . &m 5
' 9025 - 5.63 . - 5.716
091 503 54
13098 o heh2 | 5,785
493 . see . 5833
a6 R e x
56 S Y ¥
| ¥ ) - a8y ; | | | 54856
" S 7 S . 5.838

o kl' @ 5.791 x m-sgm.l N
| e Wl 5"733 x 10‘55&01



tloese) . fawd)  xx20ed™
3302 S B0 (5,426)
sug , 3 78 | Bl
8o 58 Gsa1)
20705 | - Bae2 < BlSeR
w2 | b6 5,62
w99 S s

| 17287 . 351 5708

Comiss B L BB

' 23303 . S * ]

26183 B R - sz

k' 569 '16‘*-5- o

= §:720 5302600
Loe 5.7@9 > 3.0.5



Solvet D o mm72

. Initisl concentsatien = 0,00957 M

t (secs) ! (ew .x)__‘_ o x xm"'seao"'l
e am o

5572 el 5w
I X
57 YO sam

9% a8y | 5775
BEE 38 5.806
A - o S
w85 A’ s
L S 50785
78 206 - 5835
oma A& sea

k' = 5769 x 307pec™

gt s 5 = 2070
ok B 576 = 2070



Scvent € © Bms7

Initisl covcentration o 0,00983 M
¢ (eccs) o e m) k & 20™%500™
o | | 9,57 ' -
s . mm s
7086 B 54352
es87 - 5:93 : - 54387
13222 . 69 . . 5403
B35 C L a6 5442
17507 osm . 5369
2008 . 3@ 532
26342 T jaesr | 5:299
. men S e 5380
k' 5 5,359 x 10 0ses™
kl" ® 5.362 = E'ﬁsea'l
g e 556 x 100

(€8)



Solvent D '- . Rm 8o

Enitisl concentretion = 0,000 X

o) e b2 3P
27 TE . 59%
€883 o ' 6,‘°7 _ . 6,078
O W - 6037
1m9 s eem
1997 o am . dam
2@ am 6
26270 S 1.w L G

o

'%1' © G.m & m‘5

E® & 6.1:8::0‘5
EY
By s 6.129:19‘5

, (6,9) |



Selvent E - Run 89

Irdtial concentration & qu}g

b (eese) O R T L
0 BRI X "I S
sa - s (5+76)
. T
L S ¥ R X
8736 3 sz © . o
20620 R ¥ 2 X%
e - omse . 6,07
w302 T el . 60z
e . 348 e
20252 S am - 6o
2 ) 6o
28092 S 580

. N 6:027 % 10%Psec™>
B 5 599 % 107%™

(70)



" Solvent D

-- Run 75

Initinl concentration = 0,006 U

t (seces)
0
3372

5291

g
8960
125%
25225
17935
20805

- 27h0

@a=x)
7.61
€489
G
 5.67

&t
" hai0
35-555-'_ -
303 .
" 259
2.18

kl. = 5017)0 z m"s
kln ;a 5.176 = 10.5

& 5.-175 z ;'07.5- see

1

kxlﬂ-s

5.075
5,170
- 54195
dasi
5,288
5e222
- 5.248
s
5.6



Solvent D
Initfal concentration = O,00%8Y

t (seos)
0
3306
5126
. 6ge2
8727

12326
16198

20080

28890

kl' = 5,903 2:10'5 .1
klll = 5.@ x m.s -1
* 54892 x 20"Pge0”

o

Run 83

. A{a - x)

9:22
7:63

6edb
5‘52 '
596
b8
3498
3455
2-31

BB
. 205
| 165

~(72)

(575D
5.%
5889
5856
5.8%2
54927
50902
5937

" B+955

k= 2008eg™>



Solvent &

Initsal concentration .= 0500959 1

 aex)

t (secs)

)
3323

- 12570

aesz7

39253
o

e

762

' -.64.--53

629

5a7

e

596
3056
s
2459
2440

k £ 30"%506™
57
15-532)
B9
sema
34759
5e762
5786

| 'kl' & 5578 ;._-10*5@-.-'1_
B" 2 5,768 & 10‘55&-1 |

Cw



Initial concentration = 0,00%9 X

t(secs)
0
350
518
6921
9003
10793
13586
15957
18640
21335

| 26672
30219

(o-2. ¥ x 200gec™t
Ge2h .
Talh 5,35
o 5:315
637 5.376
5469 50
536 s
S 5439
3% 56358
336 5430
2,91 5.'47
2,59 ssi0
2.8 ot

- 1,80 5434

' = 5.386 x 207sec™
B w533 x 105 0ec™t
E = 5.40x 165 gect

()



Initial concentyation = 0,00987 ¥

+ (secs)
.. 0
2549
- 3547
7857 "
13293

SR,

37338

2052

952
Bz
L Bae

. B2
.
TN
%

RN

6535

64620
6t

 sany
683

8a537
6.3

64636
6,739

65704

5-7‘«5 |

k ‘u. 64616 x 107Dpee ¥




5858
7065
857

15803

%Y

I

6:760 = 10‘5'1 - |

s
64605
Y
| 6736

6653

, “ sn
e

6,823
6,848

6873



' Solvent B -

' xmem cmentmﬁon = 0.0GQTS u

t (sms)

0

8898

10647
12358
537
16525
22394

(aa a)
.9‘.-'+3 .
790
739
6.58 a
&.02

XY

we

3,34

© 2,83

kl'. a! 6099#35'5863

| ?6'59

1.5

" = 6,078 = 10"5

k!

s 6,08, x 162k

(r

1

6,290




t (seos)

0
3005

SUB

7250

8568
10372
11963
18674
22785
2533

¢

Inttisl concentretion = 0,00986 M

| 952
&
6459
609

5461

i

399
" Bobli
2,92

240
2.83

% x 10Bsest
6363
6,384
6.363
6370
6273

- 64303
6.279
6352 -
633
\'63299
(6.454)

k' = 6.253 =20 Psec™t
”f = 6,269 % 10ees™
By & 6,260 x 3006

)



535280

B e 5621 % 10™0ee

.
$,00
b4B6
3‘26
2:02

m

K = 5460 x 10“6

| K e 5.512 :meéseo

.' (79) |

1

(5.320)
(?o;’)ﬁ})‘ |
5.546
54552
5.9
5.6
e
5739

s

5.739



 Bm 29

Initisl concentration = 0,00935 M

% (secs)
0
LO70
60300
76860
92880
152220
17900
213660
231900
. oo

| sumo

ki“ = 55% = 1@

L (aewm)
- aa
% .
6:36 -
5463
| nee
hs;d?
585
2,93
2,37
.82
| '1;59 |

k:" ﬁ 56330 x 1@*‘6

-6

= 5¢3§3 x 19‘69&

.»i‘_a@_

1

5.207
5.302
- Bub
539
50326
5363
54598

849

B 5463
5«33



Solvent G

B 125

Initial e&cenmtim a 0;,@3’9,:!

t {secs)
o
30240

40320
75360
112780

161880
189600

2990

3370

Ceen
9,26 o |
X
B ¥ O
sz
R
EX U
336
292
nw

l‘l’ = 5,323 _xj._..m'abeef"'l ‘

S TR §

Ky = 50330 x 106es™

(@)

-l wl

' k = m 'uis.e.s

-

- 5282
9323 :
5.302
| 5-250
5282
50348

B 5.283
5.362



Initial conoentration = G002 H -

"t (seos) -
",
. o600

(ae®) .k xlo'ssee‘l

. 953
170

B = 475 2 30Fe?

hi687

\ 4 709
 (4.588)
2591

BTt
$s739

e AT e 0P



Solvent F

Initiad concentratbon = 0,00939 M

+ (aeos)

o0

m !
131760
167520
195620

TR 3

(eex) . - Bx16Ce

925
788
T2
X
s
. BB
Bl

283
2,30
! ,2’17 .

B & 5.8 x 10762

(4+825)
50320
5.2

- 5:39

5593

g = 5388 x 310%™

Xy = 5.3 = 20700ec™

(e3)



Solvent F

Bun 133

Initial comoentration = 0,01000 i

¢t (aecs)
o0
39660
57560

91980. .

156120 -
233060 .

265260

2990 .
320820 . . -

9.9
8.5
Lol
6:77 -
620 .
5,16 -
585 .
B9
2085
207

k"‘ 3 50345810.6
ke o= 5133::10'6

.

(&)

= )Jw x lﬂ.sm

X % 310 ged™

54050
5:17%
.50‘17.5_-

5,370

2.

*1

| 5-35b
5157

" 5,229

5156



Initisl comcentration =» 0,00938 H

t (secs) |

0

15240
97320

135360

BT
IMH00
33950

Bun 220

RSN
9,26
787,
L5 |
640
. 566 ..
bl -
390
' .'-‘2;-11..8.'- .
262
k90

k&” '-h 3, m 310.6 .1_. .
kl E2 5015’&310’6

5.7959

| 5,163

5153

- 5:368

5.8
54382
5207



Solvent #

Initial concentretion = §,00969 i

%t (secs)
0
42120
58,0
7790
94800
960
177840
253280
268260
327060

(a -2
952
776
7.4’
6u5h
‘?bo’ .
. 5,10
kel
4.0
3.32
307
2.58
2.18
2.96
k' s A8 2 10°6g0s”?
ki“ » 563 = m’saee’l

K = 4841 x 16"6gec~2

(86)

kx 10 sec

%850
L7582
4.868
. 483
o856
he818
 heB33
3900
4851
24,870
4.887
4853



Run 35

Initiol concentration = 0,00983 M

't; {secs)

0
3512
5309
7093
850,

20696

WS

16760

1900

22407
26066

29837

(& = x) k x 107500
9.59 | -
297 (5266)
7017 5479
6B 54526
5,89 5475
5.33 549
h78 X N
ko8 5809
3479 5053
529 5,513
2,65 ‘ £5+689)
2,27 5530
.67 54537

k‘" = 5481 x 10‘5303.1

-]

¥

® 5.495 x 10™7g0a™

(82)



S ¥
e

¢am)

5524
54550
54520
5a4m

B* = 5l = 20%5s0"2

kl 3 Sit56 x;oémol



Initial ccnoentration = 0,00973 M

¢ (s008)

.0
3289
© 5719

9328

sz

1960

22047
2792

a8’

< awx) k x 1 Pgec™

9450
7495
. 6.96 3
. 6uli§
5465
5,30
)
Chelg
T
L B2y
T 2479
235
203

Bt & SS5Tx 1075502

| 5.589
5.573
54590
5547
54568

' 54525
5559
(5:723)
54605
5.672.

(89)



Fun 83

Tpitial concentretion = 0,00968 #

t (ecos)

3320
5109
68g7

12673

1593

2283
27252 ¥

(a«3)
G2

567"

s
4527
372

33z

2,85 :

242’

S:kbd
g
54933

553
5+539

- .'5'.55'.9
5:530

- 58054
56573

Y ” 5519 x 10Pse0"
E," ‘5. 5,506 x 100ses™

(50)

P = 5535 22000



. initial comcentretion = 0,00586 it

t (ceca)

L

1918
6700

22059 -

U338
16652

18935 -

26298 -

9453

Se03
33

3493
X

| k:.' & 5-5292]9‘5
K" = 556 10"55e0
g° = 552 w'f'm

--(91):-. |

Cteem exatee?

. BeSA
. 5083

. 54619

. 54566
. 9505

. 55



Initie) comoentration = 0,00972 M o
tlee) (aem  kxweedt
0 o 9,56 e

. S 54857
suy S 5i525
s 58 5
Wer Bk B0
9. . BSEE
s | 5e530°
26939 2408 , 54623
299%2 o um - ssn

B o 5562 x10"%ees™t
kln = 5585 x 10Vged™
. k-lo ‘3 55575» = 19‘55&'1

- (o2).



4938
673
8433

19633

25580

8.5%

" 7408

] lll .a.w

b

T 2A7
w

k' = 5479 & 10550

B #5458 am‘5

k;" = 53569 x 10

RN

B5:.373
5393
5059

54562
5498



Indtial concentration = O,00935 M

t(eers)  fasm) & % 2076600
| o | . -
560 S ne
a0 T C b9t
smee 561 5000
wio Cwm o sas
20 BT 979
a8 s . 5B
295380 T a6, 5036
B0 S e 0 sam

%3 = 5.999310—63“.1
. k)f'- 8 .:5.-' x 10“5“-1 |
» 0'6 -3,

g s 5,008 2 20%es

()




ad6
3.2
269
206

kl' = 596 x 10500}
R i

(%5)

AB7
hisey

5,906

4978

5a955
hem3

5031



Initial concentyation = 0,00989 H

¢ (seon)
o.
530

27600

(a=-x)

| 9T
% S
XN
7.8
657
e
565
A.a.a .
370
s
2,89
g5
2,20

kl' =" 20651 = 15"5%-},
By o 2,686 x 36 Pees?

% x 16F500"F

26l
. 24682

(2,509

2.6
24663
Ex- .3
2:79
2,698 -
2.A7

klo & 2:683 = 10'55@‘1 -

| .
(96



Initial cencentrmtion = 0.0M84 I

t (eecs)
o
138

3568
5280
7329

13
173

(a = %)
4462
3%

- 363

s

Cseg
5T
24,0

223

1.9

369

i FTA

130
o

kf & 1-132 alﬁ""
H"’ h 1.179 = m* 1

kf. & 1.180 x mam

kﬁl""‘ "1

3.380
1,269
2.165
285
2,179
2,168
2177
.27
3,189
{3.236)



The mean solubilities, 8”a1ﬂ3°°, of & émncate mnand
"dlonk", myeetimlaare reparted, togoﬁ;er with the standard
arror ef the fival mean in eadh casa, R




A1 runs were carried out at 0°C, end unless stated oherwlsc the
solvent was 507 aquesus dcetonss | '
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