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ABSTBACT OF I\f .SC. TI{ESIS

SUB}ÌÏTTED BY

THOMAS L. PENNER

The Eelatlve_Acldltles o_f Substltuted_ SaLlcvll-c Aql-ds

ln Benzqne Correlated wlth the Hamnlett EqUatlon

The relatlve aclclltles of fifteen 4- antl 5-substltuüed

saIlcyllc acl-ils were determlned. ln benzene solutlon by

potentloraetri.c tltratlon, The potentlals at half-neutrallza-

tlon relaùlve to tlnat of sallcyIlc acld" were consld"ered. to

meâsure the acldlty of the substltuted. acld.s relatl-ve to

the parent actd" These potentlals, deslgnated by AHNPe

gave a slgntflcantly better correlatlon wlth HammetËrs

stgma constants Ln an equatlon of the form A HNP = P t 6t *PZÚâ

ühan ln a slnpJ-e Hanrnett equaùlon ( A HNP =P o'I) " In these

equatlons Õt refers to the posltlon of a substltuenü rela-

tlve to the carboxyl group a:nd úZ refers to tts poslülon

reLatlve to the phenol groups

The value of P2/pa was found to loe 0.4, lnd.lcatLng

that the el-ecüronlc effect oî a substLtuent on the ac10

strength vla the phenollc hyd.rogen-boncLed. path ls 2/J as

great as the dlrect effect through the benzene rlng.

These results, together wlth the fací ühat Ln aqueous

solutlon there ls very llttle lf any transmlsslon vla ühe

11.1



phenollc group, are

hy'd.rogen bond.ing of

d.iscussed ln terms

satlcylic acld.s in

iv

of iniramolecular

benzene and i^iater.
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TNTRODUCTION

The hon!-zatlon constanüs of a series of sixteen sub-

sÈituted. salloy}lc acliLs have recently been d'eüerralned auil

satlsfacËorlly correlated. wlth Hammettr s sÍgma oonstanüs

(6?) i.n a slmp1e Hammetü eþuaülon tn the forn:

K
loE- =oÍI.ro

where K ls the lonlzatlon constant for a substltuted' sallcyllc

acLd- and. Ko ls Eïtat for salicyllc acld. ltself , SJ"gna (ø) ls

c1raracterlstic of the substltuent and. of 1-ts posltlon ln the

þenzene r 1n8,

Sallcyllc acld' and, sallcylate lon are generally coIl-

sid-ered. to possess â1.I tntraraolecular hyd.rogen bond' between

the carboxyl group oxygera and- the hyd.rogen of the phenollc

group ortho to 1t (2,8). Tt has been suggeÊtecL (55) thab

a system wi.th such an lntramolecular hyd'rogen bond- should'

obey a mod.lfled form of the llamnett equatlon:

II

log ã = p^Ç+e-Í.- Ito t1-1 t22

The symbOls have the Ëane slgnlflcanoe as 1n the o1}o-

pararneter equatlon except that q refers to the posltlon

of the substltuent relatlve to the carboxyl group and' ÚZ

refers to lts posltlon relative to the phenol groupo

lhe fallure of substltuted- sallcyllo acld.s to obey

this nod.lfleè, two-parameter form of the ilammett equatlon

3.n ;oreferetloe to the slmple forn coul-cl be d.ue to one of two

(1)

(2\



2

reasons, I'lrst1y, the modifieÖ equatlon, orlglnally pro-

posed. for the case in which two ortho groups actually reacÙ

No form corventiona] che¡nlcal bonds, mlghü not apply 1n a

case where the interactlon of ortho groups ls relatlvely

weak, as ln lntramolecula:' h¡rd'rogen bondlng" secondff ¡

lf the eclua.tlon ls appi-lca.ble ln such a ca$en the faill-uv"e

ofthesallcylicacld.-salicylatesystemtoobeyltln

aqueous soluùlon ls pro'bably an lndleatlon that here the

J.ntrarnolì_eci-r1a"r. hyd.rogen bond. ls only qriite weak or noll*

exi-stenf .

It vla.s therefo¡e decid-ed. to test the modlfled, two-

pa.rameter eqnatl-on on a system slmllar bo that fOr aqueous

salicyll c acid. but un.d-er cond,ltlons where an lntramolecul-ar

hyd-rogenbond-wasknowntoexistbydirectevl.dence"Thls

ls bhe case for sa,llcyllc a.cld in solvents of low d"lelectrlc

constant such as benzene (26t6Ll) 
"

Tt Wa,S therefore decldeð to measure the re].atlve

acirlitles of a seri"es of salicyllc acid-s ln benzene by a'

poüentlometric bitratlon method- and to determine whether

a. better fit is oþta1ned. to ectrua-t]-on (2) or to equatlon (]) 
"

The re.sult,s are disoussed in terms of h.ydrogen bond--

J.fIg o



LITERATUBE BEV]E}{

HY.DROGEI'I BOI\IDING I\I ACIDS.

Slncethlslnvestlgattonlslargelyconoerrred.wlth
hyd-rogenbond.inglnaqueoussolutionsofcarboxylicacld.s,a

summary of some of the llterature evld'enoe concernlng such

hyd-rogen bondlng ls glven. I1r ad.dltion to salicyl'lc aciil

thlswlllinclud.ethecaseofd.lcarboxy}lcacid.sslnce
bheyresemblesallcyllcacld.qulteclose}ywlthregard.to
thefactorsElùàtlnfluencehydrogenbonclformatlonn

DICITIìBOXYLIC A.CTDS

Theconceptoflntrarnolecularhyd.rogenbond.ingln

aqueoìrs solutions of d.icarboxylLc acids was orlglnally

proposed- as an ercplanatlon of the very hlgh ratto of first

toseoond"l-onlzatlonconsüantsfortheclsfornofunsab[rfã-
ted or cyclic acld. as compared. with the trans form (?5t58) 

"

It has also been extend.ed. to lnclud.e saturated- d'lcarboxyllc

acids (30r31'32'101) '
Itwasproposed,ELTatmonoanionoftheseacld.swou].d'

be able to form more süable lni;ramoJecular hyd'rogen bond's

than the acld" This should- staþil-ize the monoanlon relative

bo the acid. or d'1-anion and' as a resulto Kl' the first

Lo:nl:za'lon constanE should, inorease arrr]d K2 should. decrease

{?5) . StrucËure s sr-r'ch as:

o-H' '-o\ /o-H o\
O=C C=O

\ _./
H c-C..-Ç-- , ,-¡- !f. tç L ñ¡

TT"

C=O
//--(-\-- VH l-l

ï
3

,/
O=C
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were proposed.. In the acld. maleaüe ( I) , ühe double bonil

would. create a conformatlon farcrable to hyd"rogen bond.lng,

In ühe acld" anlon of tetra¡ethylsucclnlc acld lt was suggestecl

that the nethyl groups wou1d. push ühe carboxyl and. carboxy-

late groups closer together thus enhanclng hyd.rogen bond.

format lonn

A nunber of attenpts have been made to estlmaüe the

extent to which hyilrogen boncllng contributes to the strength

of d.lbaslc acld.s"

One approaoh to the problem ls by means of a calcula-

tlon of the electrostatlc effect a negatlvely charged. câF-

boxylate group can have on the value of Ka/K2. Then the

d.evlatlon of the observed- vaLue from Ëhe oalculatecl one ts

assuned. to be d.ue to hydrogen boncll*g. The most st¡ccess-

fnl of such meühoils of oaloulatlng ühe elecürosbat1-c facËor

ln d.etermining K¡/KZ is that of KLrkwood. and- Westhelner

(6L16?) ln v¡hloh the molecule ls üreated. Itke a spherlcal

or el}lpsold-al cavlty whose d"le1ectrlc oonstant ls d.lfferent

than that of the solvent. Calculatlons mad-e on the basls

of thts theory (27\ have shorv:e that, contrary to prevlous

suggestlons (75), el-ectrostatlo effects are sufflclent to

accounù for the hlgh value of Ka/K2 tn malele acld-.

In an aütempt to estlmate the maxlmum extent whlch

hyd.rogen bond.lng could. contrlbute to the value of K¡/K2t

}'Iesthelmer and. Benfey (99, carrled out calculatlons based-

on the values of K1 for the unlonlzed. acld. and. Kgr the
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d-lssociatlon constant for the correspond-lng mono-acld ester.

By asswalng thaü the monoester had. no lnüramolecular hydro-

gen bond., they were able to caloul-ate tbe maxlmum factor

ln the value ot K¡/K, for the acld. that could be atËributed.

to hydrogen bond.lng" Thelr treatnent lnd.lcates ühat ln

malelo, tetrametþlsucclnlc, and. Ölethylnalonlc aclds

hyd.rogen bond.lng can aocount for a maxlmum factor of 28 t

!ïz,arrd. 256 respectlvely la the values of KL/KZ. However,

the ratlo of first to second. lonlzatlon constants ln these

acld.s |s found- to be 2O2OO, 6130, and. 121000 respectlvely

Q5l" Thus, although hyd_rogen bondS.ng couId. have an effect,

lt cannoü aeoount for the hlgh value of Ka/K2 for these

aold.s" However a stmllar calculatlon ln the ease of 2r)-

dl- (ü-butyl)-succtnlc acld. lnd.lcates that hyd"rogen bonÖlng

would. be able to account for essentlally the whole value

of Ka/K, whlch,at I08 ln water, ls the hlghest suoh ratlo

oþserved" (30).

fn connectlon wlth thls, lt has þeen found- (4) that

for a serles of dicarboxytlo acld.s wlth four, slx, nlne,

and. ten carbon atomsn Kr of the nono-methyl ester ls one-

hal_f K1 of the d.lbaslc aold" Thls ts the statlstlcally

expected. value anil lnd.lcateg that lntramolecul-ar hyÖrogen

bond.lng 1s absent ln these acld.so

Thermod.ynanlc treatment of the |onLzaþton of d.lcar-

boxyllo aeld.s has also been carrled. out u The nethod useil

ls to determlne whefher AH or AS of lonlzatlon of the acld
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und.er lnvestlgatlon d.evlates slgnlflcantly from the trend.

establlshed. by acld.s v,rhlch could. not form intranolecular
hyd.rogen"bond.so Devlatlons are then attrlbuted. to hyd.rogen

bond-lng" The lnterpretatlon of the results ls not unamblguollso

Thus Das and. Ives (ZZ¡ conclud.e that the acld- nalonate lon

contalns an lntramolecular hyd-rogen bond whlle Eberson and.

ldad.sö, ln an extenslve lnvestigaülon uslng therrnod-¡rnamlos

ß2) , d.eold-e thaü Lf such a hydrogen bond. ls present lt ls
qulte weâko Thls latter lnvestlgatlon also lnd.lcates that

the monoanion of 2r3-d1- (t-þutyl)-suoolnlc acld. iloes seem to
possess an lntramolecular hyd.rogen bond.. On the basls of

thelr d.ata these authors reach the generallzed. concluslon

tlrat hyd.rogen bond.ing ls a mlnor factor ln affectlng K1.fi{z

when this ratio ls less than I04 and. that 1n ühls case lüs

value can be accor.¡nted" for by electrostatlc consld.erationsn

As the ratlo of flrst to second lonlzatlon constanfs lncreases

above thls, the lnportance of hyd.rogen bond"lng also lncreaseso

I{ost present lnd-Icatlons are tlnat, âs sterlc orowd,lng

of the carboxyl groups lncreases, so d-oes the value of Ky/

KZ, Thls has been shourn to be the case ln saturateil d"1-

carboxyllc acld.s such as hlghly substltutect succlnlc and" malonlc

acld.s (30r31 ,32sIoL) and ln 3-substltuted.-cls,-1 ,Z-cyclo-
propaned.lcarboxyllc aoLÖs (64) " The usual lnterpretatlon of

thls ls that sterl-c crowd.lng of the carboxyl groups forces

Èhen closer together and. thus favors hyd.rogen bond. formatlon"

However ln the ease of 1r2-d.lsubstltuted--c1s-1 ,2-cyclopropane-
d.lcarþoxylLc acj.d.s the value of K¡/KZ d.ecreases on lncreaslng
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the slze of substltuüents (74r. It ls suggesteÖ that thls

ls d¡¡e to the carboxyl- a¡rcl carboxy]ate groups belng foo

olose together ln the monoe¡lon to form a strong lntra-

uoleoular hyd.rogen boncl anil that lnereaslng the slze of the

substttuents aggravates thls sltuatloa.

A number of stuctles on the rate of proton Loss from

the nonoanlons of sone dlearboxyllo aelds have been oarrlect

ouü by a üenpera,ture-Junp reLaxatlon method. It ls founcl

thaü fne rate of proton loss ls ln the lnverse ord"er to the

values of fr/Í{2 wlthln a gl-ven serles for a nu¡nber of sub-

stltuteð suoolnlc, Ealonlc, aad 3-substlÈuted cyclopropan'e-

cls;l ,}-dhcarboxylle acld.s (48r/,+9r?6r. Theee results have

been lnterpreted. as lnd.loatlng thatr ãÊ hyd¡ogea bond'lng

lnereases (assumedl to be measured Vy K¡/Kgl t proton removal

becones more d.lfflault.
Ïn the case of 3-substltutecl- cycloproBane-c1s-lr2-d.1-

carboxyllc aciils an l-sotope-effeeü lnvestlgatlon has been

carrletl out on the rate of proton reBoval fron the monoanlon,

uslng d.euterlr¡n (49). The results were not tn agreenent

wlth preðlcted" isotope effeets ÏÙhlch hacl been ealculated' on

the þasls of hyd-rogen bond.lng occurrlng ln the aold a¡olon

(33).

0n1y a 1lmltecl anor¡nt of lnfrared speetrophotometrlc

d,Eta ls avaJ-Iable for ct-euterlun oxld.e solutlons of d"lcarboxy-

Ilc aclðs, but nosü of lt seems to be ln agreement wlth übe

general trencls obtalnecl by other nethods of lnvestlgatlon'

i : ..';
l.:: ,,ç :.'
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Tbe Lnfrared ùaþa. ind-lcate that a'n lntranolecular hyorogen

bonö ls d.eüectable ln acld. maleate 10n ln Öeuürerium oxld'e

(2?I but that 1t ls qulte weak (13)" Evldence for hyd-rogen

bondlnglndl-lsopropylhyd.rogenmalonatelsalsoforrnd-ln
the Same so}vent, a,lthough acld' malonaÙe ltself d.oes not

seer0 to have such a bond' (13). A numþer of raoenlo d'lsub-

stltuteÕ suocinlc acld.s and. their monoanlons also appear to

bechelatedbyhydrogenbondlnglnÐ20,althoughtetranethyl-
succinlc acld ls not (31).

Iülslmportanttonotetheeffectachangelnsolvent
oan have on rntramoreourar hyd.rogen bonding rn a d"ibaslc

acld. Thls.v¡lll be ll_lustrated by malelc acid, whloh Ls the

most ùhoroughly lnvestlgated example"

Both so]ld. malelc acld' (65r90) and solld- acld maleafe

(81) have an lnþtanoleoular hydrogen bond as indlcated by

X-ray and. lnfrared- stud-Ies" Thls bond" appears to be

symmetrioln.themonoanl-on;thatlsthehyd-rogenatomlsnJ'cL-
way between the ti^ro oxygen atoms to whlch. lt Is bound', thus

lnd-lcatt:ng a strong hydrogen bond. It d-oes not appear fo

be bond.ed- to thls extent ln the acld (tz)" In carbon teüra-

ci:.lorlde, monomethylnaleic acid shows lnfrared speotral

ind.icatLons of possesslng an lntramolecular hydrogen bond",

but these disappear on the addltlon of ether (25, 
"

Nuclear magnetlc resonance studles ln d-imethylsulfox-

iÖeshowtirraþüheacld.maleatelonappearstoretalnlts
symmetrica,l hyd,rogelL bond, whereas no hyd.rogen bond' ls
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ðetectaþIe for maleic aclÔ (36r4f ). fn d-euterlum oxlde

soluttonthehyd"rogenbonÖformaleloaoid-cannotbedetec-

ted. by infrared. spectrophotometry, anÖ that for hyd'rogen

maleate ls weak and unsy¡nm'etrlo (13)' F1na1ly' 1B Ôloxa'ne

solutlon the monoanlon appears to have lost lts hyd"rogen

bond-conip}etely(27)"Thus,lncreaslngthepolarltyand"
hyd-rogenbond.lngabilltyofthesolvenüareverylnportant
factors Ln d-etermlnlng whether or not an lntramolecular

tryd"rogenbond-v¡llloccur"Justbecausesuohabond'ls
present tn one solvent d-oes not mean that lt u111 necessarlly

occu'rlnasoluti.onoftheSamecompound"inamorepolar
solvenü o

The results of the ðlscusslon on dlbaslc carboxyllc

aoldscan be summarfzed- as follol'¡sl

(1) For u:rsubstltuted acld-s such as malelc anÕ malonlc,

for 1r 2-d.isubstj.tuteð-c1s-1n Z-d.lcarboxyllo aoid.s, and' f or

succlnj-e aclcls suþstltuted. wlth snall groups such as methylt

süaþIllzati"on of the monoanlon by the formatlon of an lntra-

moleeular hyd,rogen bond. does not appear to be lrnportant In

a.queous s olution"

(z) For hlghly substituted malonic and- succlnlc aclds

and. for 3-substltuted cyclopropane-c1s -! o}-ð'Icarboxyllc

acld-s, electrostatic effects are lnsufflcient to accou¡f

for the high value of Ka/K2 observed- in these acld-s 1n

water" Hydrogen bond.ing ls proposed- as a conÛrlbutlng factor"



10

(3) In the solld- state both malelc acld. and hyd.rogen

maleate have lntranolecular hyd"rogen bonds tbrat are quite

Êtrong, As they are dissolved- ln increaslngfy polar sol--

vents, f lrst tlre aold. 8¡d, then the monoanlon I ose these

hyd-rogen bond"s u

It should. be noteð that ln the use of the Klrkwood'-

ÞIesthelmer bheory, the I¡festhelrner-Benfey treatment, and"

thermooynamlc method.s, lt ls orrly posslble to shovi that

electrostatlc effects are ullable to account completely for

the value of Ka/K2" Any estlna.tes of the extent of hydro-

gen bond-tng are based on the assumptLon that the d.lfference

þetween observed acid. strengths end. those expected on the

basls of electrostatLc factors a.re due to hyd.rogen bond'lng"

Even in the case of lnfrared. spectra.l measurements, the

actual results only shovü t:nàt tLTe Carboxylaüe group of ar'

acld- ls partlally bonÔed" to a proton or d.euteron l¡rhlle a'nother

acld., r.rhlch ls structurally unable to form lntra'molecular

tryclrogen þond.s, le xtot, Slnce the measurements are 'oelng

mad.e ln deuterlum oxlde, lt cannot be unequlvocally stated'

tyøþ the effect ls lntramolecular rather than lnter¡nolecu-

Layg especlally slnoe the acid.s which strtlcturally cou10

forrn kryd.rogen bonds are also the ones 1n whloh the solvenË

molecules that surround. one carboxyl grolrp could lnterfere

wlth tfre other carboxYl groups
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Tkle case of sallcyllc acld !s more closely relatect

to the d-lcarboxyllc acld-s wlth rlgld. struotures such as

nalelo and. cyclopropane-l, 2-dlcarboxyllc acld-s than to the

non-rlgld saturated acld.s o Thls 1s so because the groups

whlch can und-ergo hyd.rogen bond.tng are attached to ad'Jacent

posltlons on the rlgld. benzene rlng,

It ls therefore posslble that here too, as 1n malelc

acld., the hyd.rogen boncl whlch has been oloserveil ln soIld

sallcyllc acld- (15) may be weakened. or lost ln aqueous

solutlotl, Some of the llterature evldence ln favor of and'

agalnst thls hypothesls ls therefore glvenn

Evidence for lntramolecular hydrogen bond'|ng ln aprotf-c

sol-utlons of saIlcyllc actd has been founcl by lnfrared',

uLtravlolet, and nuclear nagnetlc resonance Spectroscopy

(2613516+r?0r?8). If was found. þ|'at a change ln solvent from

carbon betrachl-orid"e to benzene resulted ln a measurable

although small clecrease ln the chelaülon of the aclcl, as lndl-

cated. by lnfrared- specbrophotometry (78), Thus even a

smal} change ln the abl]lty of a solvent to lnteract wlth

the acld. causes a notlceable d.eorease ln hydrogen bondlngu

Direct evld.ence for the situa.tlon 1n water !s qulte

limlted, d.ue to the dlff lculty ln measurlng eff ects ' Ït

has, however, been proposed on the basls of lnfrared" measure-

ments E|iat both sallcy]lc acld and satlcylate lon retaln

strong lntramolecular hyd-rogen bonds 1n ùeuterlun oxld'e
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solutlon (13). IIJtravlolet speotrophotometrlc measurements

ofsa}loy}lcaold.and'sod.lunsa}lcylatelnethanolhave
beenlnterpreted-asshowlngbheretentlonofanlntrannolecu-
larhyd"rogenbond-lntheanlonlcformlfltlsassumedto
bepresentlntheactcl(98).Thesetwostudleswl}Ibe
deal-t wlth in greater d'etalI ln a later sectl-on"

Sonreofþnelnd'lrectevld.enceaval]ableconcernlng

hyd.rogen bond.i:rg ls also of lnterest' The orlglnal proposal

ofahyd.rogenbond-asafactorlnthestabl}lzatlonof
saIlcy}lcacld.wasbased'onthelargevalueofltsloniza-
üion constant relatlve to that of para-hydroxybenzole acld'

(z) ,

Itlswe]lkrrovnrthatortho-substltuted-benzolc
acld.sareustrallystrongerthanthecorrespondl.ngpara*

lsomer (11), Thls ls usually explalned. ln the follov¡Lng wâll'

Thegrouporthotothecarboxylgrouplntheacld.lnterferes
wlühltsterlcallyrturnlngltoutoftheplaneofthe
benzene ring, Thls results in the loss of resonance stablllza-

tionlntheacld.duetothe}ossofstructuressuchas:

whlch

boxyl

thls

arenotverylmportantlntheanlonslnceherethecall-
group alread.y has a negatlve charge' AÊ a result of

loss of resonance, the anlon ls süablllzed relatlve to
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the acld. and acld strength i¡"creases (If ,80) '
Hourever, the acid enhancemenü by the ortho-hyd.roxy

group ls larger than t]¡¡at for any other case, while the

OII group ls snall-er than many of them and, should- tberefore

have a smaller effect.
In ord-er to account for thls, It has þeen proposed.

( Z ) tbat the formatlon of an lntra¡nolecular hyd-rogen bond.

tinaL would. be stronger ln the anlon than the acld occurso

Thls would. stabillze the anlon relaülve to tbe acld, since

süructures such as (fV) would. be more lmportant t]1an (III) 
"

TIf

It has been for.md- experlmentally that ühe strength

of sa}icyllc actd decreases l-ess rapld"Iy than that of p-

hyd-roxybenzoic acid- as the solvent pola-rlty 1s decreased, for

example by lncreasLng the etha:rol concentratlon ln water-

ethanol Soluüions of the actd.s ( B )" Thls can reasonably be

lnterpreted. as lncreased. lntramolecular hyd.rogen bond"3-ng

ln the sallcy}lo acid. as Èhe solvent polarlty ls d'ecreased-,

tend"lng to offset the loss in stabilizatlon Öue to d'ecreased'

solvatlon" ThlS also implles t]nat on naklng the solvent

more polar such hyd-rogen bond-ing decreases" Now thls

lncrease ln hyd.rogen bond.lng ln salicyllc aeid- on d"ecrease

Ln the solvent polanity has, ln some cases (B), been Ea]Ken

e\tY

tl

-lltl

IV
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aS evld-eilce of Such hydrogen bondl4g !n water. As seen

from the above argunerrt, thls iloes not necessarlly fo]Iolv"

A comparlson of the relatlve strengths of a serles

of benzolc acld. d.etermJ-ned ln irenzene wlth thelr relative str-

engths in alcohol, water and- water-d-loxane has been mad-e (23) 
"

Tù v¡as found- ln a plot of relatLve acld.lty Ln benzene versLrs

tlrat ln the oüher solvents t]nàt when the other solvent was

an- aloohol, sallcyllc acld. d.1d. not deviate from ühe straighË

Ilne estalol1shed. by the meta-suþstituted- a-cld-s' Hovüever,

when the second. sol-vent was water or water-d'loxanet Sa'11-

cylic acid was stronger in these solvents than expected' on

the basi.s of the norm estaþIlshed by the meta-substituted-

acid.s, a possible explanaülon suggested. for these results

Qj) ls t|at,ln the polar aqueous solventsrmolecules of

solvent hyd.rogen bond. to the ortho group thus lncreaslng

lüs effectlve slze and" as a result the sterlc effect pre-

vlously described-o This r¡ould. lncrease the acld-lty ln

these polar solvents relatlve to that ln benzene or the

alcohols "

A comparlson of the cond.uotlonetrlc tl-bratloll' curveg

of sallcy]lc and. 2r6-aiiryaroxy'oenzolc a'cid-s ln acetonltrlle

wtth those ln water reveals that they are qulte d-ifferent

ln the two medla, The curves obtai-nefl ln acetoni'trl}e have

been lnËerpreted. 1n terms of greater chel-atlon in thls

solvent (f6) 
"
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The effeot of solvent polarlüy on the ohelaülon of

other ortbo-substituted. benzene d.erlvatlves, notably phenols,

ls lnclloated. ln ord.er to lllusürate sueh solvent effeets

more c1early.

Iü has been shorro"n by lnfrared- measurenenÚs tlnat chang-

lng the solvent from cyelohexane to d.loxane ilecreaseS the

nole fraetlon of orÈho-lod.opheno} ln the cls form (presunabLy

largely hyilrogea bondeð) fron .Bl- to .27 (102).

The obange Ln nuelear inagnetlc resonance ohemleal shlfts

for ortho-nltro phenols, resultlng fron a ohange ln sol-venü

from chloroforn to a.cetone tras been lnterpreted. as beirlg d"ue

to a d.eerease 1n lntranolecu].ar hyd.rogen bond.ing (85).

Bhe anomalously lor¡ aeld.ltles of 2.4- anÖ lrJ-dhrrlbro-

phenol ln benzene relatlve to vsaüer ls attrlþuted" to chelatlon

(?l+l . Thts concluslsu ls supporteð by a d.lfferentlal- vapor

pressure study ( 1,7) ln v¡hlch ortho-nltrophenol ls shown to

þe ohelateù ln 1r2-d.lohloroettmne. Other stucl[es show thaü

o-nltrophenol tmd.ergoes IlütIe or no lnüranolecular hyd.rogen

boncLlng ln aqueous soluülon (7lr7?'l .

Ehese results lncl-leate that on golng from a 4on-po}ar

solvent to one whloh 1s polar, lntramolecular hyd-rogen bonct-

lng beeomes less lnportaat as competlülon from solvent

molecules lncreases.

i":
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POTåi\íTf 9rviETRI_C Tr TBATIONS

The e)¡'perimental object of this invesf lgation was

the determina.t,ion of ihe rel-a.tlve sl;rengths of a series of

sr-rbstitutecl sal-icyl-ic acids in benzene sol-ution" Of ihe

more common methods of detersrining sr-lch rel-ative aciditi.es,

tLtab of potentiometric titration is well- esta.blished and

cornparatively rapld- and, v,ras therefore the methorl usecl i-n

thi s inrrest iga.t ion 
"

Tn aOir.eotr"s sol-ution potentio¡aetrl c t ltra.f i-on, using

Ð.!. ind-icatoi: e-Lectrocle tina|. responds io pH in conjunction

with a, refe::ence elecürr:de, j"s a comnon pra-cbice* The

potentla-I at half-n.euttal.ization ca.n read.il-y be shown to 'be

proportiona.l- to the J-ogarlthm r:f the :oniza"tion consia-nt of

an acid titra"ted., if it ls a,ssu,med tha-t the poiential of

the glass el-ectrode follows the theoretical- eqlla.tion:

BT
Ë=Eo* F lna¡1+

v¡here E is the glass el-ecl,ror1e poteniial, Eo is the poten-

tial when âH* = 1a-nd F is the -Farada.y consÛant* ffl combj-na--

tion wiih a reference electrod.e;

Fi = CI + Ç2 l-og a^+

In'ooth these ec¡-ia-tions a.g+ is the hydrogen ion activity of

th-e solution" 'Ihe co:nstants C] a,nð- C2 which arise as a

resul-t of standarci potentia-Ls and constants ii: theoretical

potential eqllations v¡i]J not be defined sinee oilJ-¡r 3' pro-

por.tionality is bei-ng established betlrieen the poten-tial a't
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half-neutrallzatlon and- lonlzatlon constants e

For an acld. which d-lssoclates accord.lng to:

HA =- H++A-

the expresslon for the lonlzatlon constartb, K, ls:
âH* aA-

aHA

Ttren the expresslon for potentlal þeeones:

K â,,, n

s = Cr + C, 1og ''¿å'
.l-

âo-
ât

or lf the concentratlon of acld- ls not hlgh and K 1s not

taken to be ühe thermod.ynamlo lonlzatlon constant:

K lHAlE=cr+c, 1og 

'- 

(3)

Then at half-neutrallzatLon, where [Hd = IAJ

å = CI + Cz 1og K (4)

It has also been shor'nr that the behavlour of the

glass electrode Ln an aprotl-c solvent such as acetonltrlle

ls slmllar to that ln water, anÖ such an electrod.e has ln

faat been callbrated. ln thls solvent (63).

In aprotlc solvents of fow dlelectrlc oonstartt, such

ca]_|bratlon has not been carrled. out' But here too, evidence

exisüs thaï thte glass el-ectrod.e behaviour ls stmllar to that
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ln waüer lnsofar as lts respoÌlge to hydrogen lon actlvlty

ls concerned.o Tltratlon curves are normal except for

d_evlatlons whlch occur as the result of a change ln effectlve

acld conoentratlon because of molecular assoclatlons (46J.

AIso, it has been found t:nalv a plot of the potential of half

neutral Lzatlon HI\IP of a serles of substltuted. benzolc acld-s ln

a tLtraElon stud.y ln bromobenzene (dlêlectrlc consüant = 5.1+)

agalnst the logarlthm of the lonlzatlo¡¡ constants ln water

ls a stralght llne Q?\ " SlmLlar llnear correlatlons of

potentlaL at half neutrallzaþLon ln a given solvent versus

logarlthrn of the tonlzatlon constant in water have been found'

for a large numþer of acld.s and bases |n Solventg wlth a

wlfle range of d.lelectrtc constants, both protonlc ancl aprotlc

(14r18 ,3Bt?? og2r93rg4\ - Thls can be taken as an lndlcaf lon

that In ühese solvents the potential at half-neutrallzatlon

ls a measure of the strength of an ac1d, or base, àt leasf

lf taken wlth reference to some stand'ard. compound, and that

such relatlve acldlty or baslclty ln those sol-vents where

such a llnear relatlonshlp hold.s ls ln the same order as

ln aqueous solutlon, It should. be noted tlnat lf a serles

of acld-s or bases that obeys Hammettrs equatlon (Equatlon f)

ln water exhlblts a ]lnear relatlonshlp between potentlal

at half-neutrallzatlon 1-n another solvent and. Iogarlühm of

the lontzatton constant ln water, then the values of poten-

ELaI at half-neutta|izatlon ln thls soLvent also obey
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Hanmettrs equationo

From equatlon (3) iÙ can be seen that a plot of poten-

tlal (E) versus rog * should_ be a stralght llne ln aqueous

solution, tog ä "å ou wrltten log ry where ve i's the

volune of tltrant ad,d.ed up to the end. polnt and v ls the

volume titrant at the potentlal- E" It has been shown ln a

tltratlon sbud-y ( t+2 ) ùhat a plot ana'logous to that of E

versus log k# for organlo bases ln ethylene dichlorld-e was

not a stralght Ilne, but curved" over the whole range shor'rn,

lnclud-ing the region of half-neuürallzatLovt" on the basls

of thls, lt was conclud.ed" bhat the potential, at half-

neutrali zalwkon d.oes not measure the d-lssoclatlon constant of

the acld_ in thls solvent. ft therefore appears neoessary üo

d-osuchaplotlnbenzeneso}utloninordertoshowthat
these concluslons d-o not apply in thls soJvent' It should'

be recognized, that lf a stralght Ilne plot Is obtalned- ln

benzene,thlsd"oesnotprovethatthepotentlalathalf-
neutral iza.lvl0n ls a mea.sure of the dl-ssoclatl0n constant in

tLtat solvent, Ib d-oes, however, inorease the plauslblItty

of an lnterpretatlon of such potentlals ln a maÏl]1er sl-mllar

to that in water, Such a l-lnear plot of E verÊìr's log H
r¡ras found, for anrlnes ln solvents s'"lCh as nltrobenzeneu

aeetonitrlle an¿ ethyl aoetate | 42J an¿ in these cases the

potentlaL at hal-f-neuEra:J.j:zatlon was taken as a measLrre of base

strengtÏr. Iil connectlon wlth the same lnvestLgatlon lt v¡as

stated" toa.. a lrnear reratlon between potentral at half-
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rreutraL lza-tLon ¿und- ilammett sigma eonstants in a given solvent

was evid-ence tinat in tha.t solvent the glass electroo-e Is

measuring the activiüy of H+, slnce otherwlse such ]1near1ty

could- not hold, (Thls is ln effect stating {;hat lf the

potential at half neutralizatLon of a serles of acld-s in a

solvellt is llnearly rel-a.ted- to pK6 ln water, the glass el-ect-

rod-e is respond.ing to the same property in. the two solvents

and therefore HNP measu.res the same characterlstlc ln the

two solvents, namely acld strength, ) If thls 1s lnd'eed" the

ca.se, thl5 l-ends further support to the posbula.te that HNP

measures acid. strength in at least Some low d-iel-ectrlc

constant SoIVerrtS slncer âs has been mentloned, the HI'{P

valu-es of benzolc acid-s follow a llnear rel¿itlonship ln

bromobenzerre o

In practice lt ls found. that the valu-es of potentlal

at half-neutra\Izaflon vary with time due to changes 1n

11quld. jr¡rctlon potenttals and- assymetry potentlals of

the glass el-ectrod"e, It is therefore common practioe (77,

9l+) to deslgnate one partlcular acid, or base as a. reference

compound. and- to d-etermlne lts potential- at half-neutraliza-

tion v¡henever a,nother compou.nd- ls tltrated" It 1s then the

d.lf f erence in ha-lf-neutral Lza.tS"on potential-s between the

measured. compou:rd. and" the reference compound., d-eslgna-ted

by ¡HNP, tnat ls consld-ered. a measllre of the aclå strength

of that conpound relative to the referenceo III thls way
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errors due to cban8lng electrode characteristics are largely

ellninated-n

Thetitra,ntuseðinnonaqLreoustitratlonsofacids
is most commonly a quaternary anmonlum hydroxlde' þ"lrst

used by Cund-Iff and ]'iarkunas (19), these titrants have

alnosË completely supplanteå the alkaIl alkoxtd-es prevlously

used,slncethelrsa]-tsarequlteso}ubleinlnertso}vents.
AÏ].umberofmebhod.sofpreparationofbhesequater-

nary ammonlum hyd.roxld-es have been proposed (2Q e47 e73) "

These titrants have been qulte well charaoterized^, lnvestl-

gatlonsintostabil-ity(45Iand-possibleimpur'ltles(73)
havlng þeen oarried outu

Severalmod.ificationsofthebaslctltratlonmeth.od-s
have been proposed for titratlons ln lovs d-leleCtrlc solvents

where high solution resistance causes measurement d'lfflcu]-

tles,
Theconventionaltlürometersand'pHmetersused.ln

mostpotentlometrlctlüratlonspassanamountofcurrent
þetweenthee}ectrod'esinthecourseofameasurement"Irt
so]vents such a.s benzene this amount' of current' although

usually less than 10-10 arûperes, iS suffl-cle¡'t to cause a

d"etectablepobentia'ld.ropacrossthee}ectrod-esbecauseof

the hlgh resisiance of the solvent'

onenethod-ofovercomlngthishasbeentou-gespecial

lnstrumenEs known as vlþratlr¡g-reed- electrorneters which pass
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even ]ess current, about 10-14 amperes, through the solutlon

(46) " tílth such a system, satlsfactory titratlons can be

obtained" an alternatlve rnethod of lowering this potentlal

drop across the measurlng electrod-es has been to place these

electrod.es very close together, thus lourerlng the reslsfance

between them (83) 
"

['hus lt can be seen t:nat satisfactory methods and'

titrants are avallable for potentlometric titratlons in low

d,ielectrlc sol-vents, and. the d,eterminatlon of the rel-atlve

acicl"lties of a serles of substltuteô sallcylic acld-s ln

benzene ls experlmentally posslble'

In the Introd-uctf-on, the Hammett equatlon was nert-

tioned. as the method. used to cor=rel-ate the a'ciÔ strengths

of a serles of substituted sa,Ilcyllc acld-s wlth the CofI¡eS-

pond.lng su'ostituents o I11 ad.dltlon, a mod-if 1ed' form of thls

equationwaslnd-lcated-asbelngappllcabletointramolecu-

larly hyd.rogen bond-ed sYsteüso

TheHammettequatlonprovid.esameansofrelating

thereactlonrateorequlllbriumconstantsofsubstituted
benzene Ôerivaüives to thelr strucfu'res'

Hammett (43 r.l;t+) proposed' a quantitabive relatlonshlp

beüween the i:.ature of a substltuent R and- the reactlvlty of

thereactingsldechainYforcornpound.softheforn;



23

fhe equation ls nosÙ w1d-e1Y applled. in the form:

log Pt (1)

where K and" Ko are the rate or equlllbrlu¡n oonstants for the

substttuted and unsubsüituted. benzene derivatlve respeotlvely*

Sigrna ( cf ) ls the substituent constant and depend-s sole]y

on the nature and positlon of ühe substltuent Ru Rho ( P )

ls the reaction oonsta-nt anrl- depend-s on the reactlon, the

cond-ltions und.er whlch it takes pla-ce, and the nature of

the s ld.e chaln Y.

slgma, vlhlch ls a measure of the electronic effect

of the substltuent group B on the rea-ctlon center Y, ls

glven numerlcal val-ues by setting rho equ-al to one for

the reactl-on In whlch Y ls the carboxyl group and K and Ko

refer to the therrnodynamlc loi:lzatlon constants of sub-

stituted and- unsubstltuted- þenzolc acld. ln a.queous solutlon

at 25oC respectlvelY*

Then: t Kl
6 =lLog- |

L no-l 
".nro,.

K

Ao

Ac rd

(5)



The basic equa'tion (5) has been mod-lfled'

ln whlch d-irect resonallce lnteractlon þetween

group and. the reaction center can' occuro !-or

4-nitroanillne structures such as:

24

for cases

the substituenf

examPle, lrl

NO;

whioh wil]- increase the acld'lty of the anlllnlum ion are

posslble.Suohstructureshavenocounterpartln4-nitro-
benzolc acld and consequently slgna for the &-nltro group

will not ad.equately account for the strength of 4-n1tro-

anllln1um lon as an acld''

Thereforernevrvaluesofslgmaaredeftnedforsuch
situa.tlons. slgma mlnus (o--) val-ues are d-efined- for cases

inwhichtbereactloncenterlsstrong}yelectron-releasing
and" the suþstituent para to it is strongly erectron-wlth-

dre?üing.Jtsvaluesareobtained.fromreactlonslnwhioh
thlsisthecase(10,34)a,naitlsusedrinôerthesamecondl-
tlons. SLnllar1y, slgma plus (cr+) values are d'eftned and

used 1n the case ltihere the substltuent 1s strongly elecfron-

releaslngand.thereactloncenterlsstronglyelectron-
rrrithd.rawing (96) 

"

IrloolflcatlonsofthisbasicHanrmettequatlonhave

l¡een proposed (55r56) for more complex molecules"

Whenthereareseveralsubstituentsonthebenzene

ringlnposJ-tlonswhichdonotin|erferewiththereacülon
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center, the equation -oecomes:

los Y = Ptrc-llg t-

In conpound.s of the tYPe:
X

LaF,? =ol+ x
-r\6t

R

(6)

(7)

(2)

where }(remains the same throughout the serles of compou:ed.s

and. d.oes not :/leact d.irectly wlth Y, tl'Èe proposed' equatlon ls:

rrnere x is a constant (sil " 'i'hls eqLlatlon ls obeyed" by

ihe ionizà1ti-3n coirstants of a series of substltu-tecl ortho-

tolirtc aclds (86).

Another possiblllty arises tn¡hen two ortho groups

rezcb to form the reactlon center:

Y =W
Tn tiris case the substltuent R can e.ffect the reactlon center

by two pa.ths" The ecluatlon for sucir a' sltuation ls:

Kto8 n = PtT* Pz%

where sigma 1(O-1) refers to the posltlon of Ë. rela.tlve i;o

one point of atta.ohment oî Z to the benzene ring and' s lgma 2

( lZ) refers to the other point of atba.chment {56)" As

R
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me]l.floned- 1n the lntrod.uctlon this equatlon has also been

proposed for the case ln whlch the ortho interaction ls the

formatlon of a Lrydrogen bond (56), althou-gh no examples of

such a sltuatlon have been found",

The appllcablllty of equatlon (2) has been shown in

the case of the al-kaline hyd-rolysls of substituted. phthalld.e

and. 1ts d-erivatives (51þ) 
"

OH

Equatlon (2)

(8)

has also been suggested, for the case where several substltuted.

aromatlc rings are in non-equlvalenü posftlons relative to the

reaction s1te" Iiere cÉ = dl ,62r"nn refer to the substltuents

ln the varlous rlngs anð- pl, "p:-rf}, ô c o measure the susceptl-

blllty of the reactlon to ihe effeot of the substltuents ln

the correspond.lng rlngs, [he relative rates of d.ecompositlon

of potasslum salts of certaln meta and. para substltuted

dlbenzhyd"roxamlc aeld-s are reported" to follott thls equatlon

( 84),

In the present lnvestigation of the relatlve acid"lties

of substituùed sallcyIlc aciös ln benzene, equatJ-on (1) and.

equatlon (2) àr.e coyrel-ated. wlth the data to see whioh gives

Klos-- )p¡qKo t-i
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are conpared with
ühe

the

more slgnificant fitt

situatlon ln aqueous

and. the results

solutiono



E}CPBBTMEIITIIJ,

I{ATEBIALS AhiD PB..EPAB¿ITIONS

Table I llsts the acid-s used- ln thls lnvestlgatlon,

üogether witb. thelr source of preparationrmeltlng polnt,

and- literature meltlng polnts" Al-1 commerelally aval1able

ac1d.s were recrystalllzed from water whlle the solvent used"

ln those prepared. ls given in the preparation descrlpblon"

I[eltlng polnts were d"etermlned- uslng Anschutz immersLon

thermometers u

The s¡mtheses of a.cld.s preparecl in the process of thls
investlgatLon are d.eserlbecl below"

4-IuiethylsaLicyl-le ac-ld was prepared. by the dLazotizaíLon

and" sutosequent hydrolysls of 4-nethylanthranlllc acl-d., The

sutfate sa.lt of 4-methylanthranilic acld (¿tArfch Chemloal-s)

was niad.e by d-lsso1vl-ng 7"1 gm ("047 moles) of the actd. in a

mlxture of 70 mJ of water and. 70 ml- of sulfurlc acld.. The

salt mlxbure was cooled. to OoC and. was treated with a solutlon

of 4,J gm of sod.lum nltrlte ln 12 ml of water, added. slowly

over a perlod. of an hour." iÏhe cl-iazotized. solutlon was pourecl

lnto 250 nl of boll-tng water, boiled, for 10 mlnutes, ar:d.

then cooledu The crude prod.uct was col1ected., 6 gn betng

obfainedu Two recrystaLlizatlons from water, the fi:"sü uslng

Oecol-orlzi:ng charcoal, were carrlecl ou-t. The flna1 y1e1d was

2.L gm ßOl¿ of theorettcal) wlth a melttng polnt of l?6'B'l??"BoC

28
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(1rù"r69-r?roc (Bz), r??oc (1oo) ) "

&-Methoxysalicylls_egld- uias prepared- by methylaflng

4-hyd.roxysalicyllc a.cld-. A solution of ?"1 gm ( "046) moles

of &-hydroxysallcyllc acid. (Atflrtcn Chemicals) waÊ refluxed

in &0 nI of l-Qfi sodium hydroxlde. Flfteen nrl of dlmethyl-

sulfate anÖ 4.0 mI of IO!á sodium hyd.ro>llde vìiere ad-dedu

alternatlvely, in small portlons over a perlod of three

hours, The solutlon was a.cidif led and" the crud-e prod'uct

obtalned- was refluxed for an hour 1i:. 50 mI of 10Í6 sod"iust

hyd.roxlfle ln order to decornpose any ester lnpurltles. The

product was recrystalflzeû from water and then water*ethanol"

The ftna] yleld. was 2.6 gm (33F" of theoretlcal) wlth a nelt-

ing potnt or 161 "l-L62,?oC (]1t . Ls?oC (40), 160-161oC(6)) '
The prep aratlon of 4-bronosalicyllc acid- u¡as v¡-a a

Sand.neyer reaction 1n whlch ðiazøþLzed' 4-amlnosal1cylla acld'

was allowed to react wlth cuprous bromld-e.

Theprepatatl.oylofihecuprousbromid'e,ana}ogousto

tTtat, for cuprous chlorid-e ln reference (1), was carrled out

as followsr A hot solutlon consistlng of 78 8m copper

sulfate pentahyd.r¿¡.te and 38"5 gm ("3? moles) of sod'lum bro-

mlde tn 4OO mJ of water was treated wlth 25"5 gm sod'lum

bisulfLte and, l-8 gm of sodlurn hydroxld.e in I00 m} of wateru

The solution was cooled, filtered-, and- the washed. prectpl-

tate was d"issolved. !n 120 mI of fseshly èlstilled 487;

hydrobrornlc acid. anil 35 nI of wateru Thls cuprous þromld'e

soLubion v¡as used lmned-latelf"
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To carry ouü the Sandmeyer rea.ctlon, 38.5 grtr (.25 moles)

of l-aminosa]lcyllc acld- (¿.lO-rion ChemLoals) ln a solutlon

of 40 mI water and.120 nI of freshly d.istl]led. hydrobromlc

acld at OoC were treateð v¡ith. 18 gn of sod"lum nitrlte ln

50 ml of water. Ad,dtÙIon of the sod-lum nitrlte solutlon was

ca.rrie¿ out over a perlod of I"5 hours and. ltas contLnued. llr}tll

a positive starch-lodid-e test was obtalned," The clear,

dia.zotlzed solutlon. was poured. Into a solutlon of cuprous

bromicl-e at OoC. The resulting mlxture was stirred for' 10 mln-

utes and. then ¡n¡'armed to 5oo for 15 mlnutes' Iü was oooled

anð- fll-tered., and the SolLd. was allowed- to Ôryn The crud-e

yield was 36,5 gm, One half of thls amount was d.issolved ln

ether and flltered o a Latge amounË of solid. renaining lnsol-

urble" The ether soLution i¡las twice treated wlth charcoal and.

flltered.. The ether l¡ias evaporated and the resLdue wag

recrystallized, tnlce from water-eühanol. The Jrleld was 4'0

gm (f5% üheorettcal) wlth a meltlng polnt of 2!2n6-2I4"OoC

(Irt, 2!2oC n,Ð, 206.0-207"0oC (B?))u A nlxed rnelülng poinü

wlth some prevlously prepared þ-bromosa.llcylic acld. (87)

showed no d-epresslon.

4-Chlorosallcy]lc acjld was prepa.red from 4-chloroantktra]a*

i]lc acld by diazotiza-tlon and. hydrolysis" The sulfaüe salt

of 4-anirrosalicyllc actd. was prepared. by the slovE addltlon of

concentrated, sulfurlc acid- !o a suspenslon of 10 gn (,058

moles) of the acld. (¡¡.IOrtcn Chemlcals) 1n 100 mI of wateru
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The resulting clear sol-ut1on precipltated the salt on coollng"

This solutlon, cooled. to OoC, vias treated wlth 5"0 gm of

sod.ium nitrlte ln ]5 nI of ¡vater, ad.d-ed d.ropvrise over a

pe::1od of t hour" The clear dlazonlum solution was poured,

lnto 200 rn] of bolllng water, boiled- for lJ mlnutes, cooled,

and. flltered. Flve gu of crude product were obtalned." This

was d.lssolved 1n ether, treated. wlth clør"coal.-, and" flltered-"

The ether solutlon was extracted- with aqueous sodium hyd.ro-

xlde, which v¡as then acid.Lfled. v¡1bh d.l}ute sulfurlc acld.u

The product was reerysta"lllzed from water-etha.no], glvlng a

flnal yleld of I "5 gm (15fr of theoretical) with a meltlng

polnt of 2L?"t-zt?"5oc (ltt " ?o?oc ng), 211oC (51)).

5-Fluorosallcyl-ic acid. lras prepared" by a modlf ied-

Reimer-llema:nreauctlon (tO5¡, A mlxture of 22 gm (,20 moles)

of 4-fluorophenol (etArtcfr Chenlcals) o 100 gm of carbon

tetraohlorid-e, 66 nl of 3O/" potasslum hyd.roxld.e, and, 2 gm of

oopper (Britlsh Drug House trprecipitated,n ) was stirred und-er

reflux for two daysu The excess carbon tetrachloride was

distilled off after aold"lficatlon of the solul,ion wlüh diluËe

hydrochlorlc acld. The remainlng hot solutlon had- a brovrn

oily layer of the phenol at the bottom of the flask" fhe

âqueous layer was d.ecanted., cooled., and flltered.u Product

which was dissolved. 1n the phenol was recovered. by retrleated-

extractions of the phenol layer wlth bo!1lng water untll

the aqLleous solution failed. to yield produtct on coolinga
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The phenol was separated. from eacLt aqu.eous extract by fil-
þraþion, The total yle1d, of crude prod.uct was 6"0 glo. The

dry prod-uct v¡as dis solved" ln ether and a sma]} amounü of

resld-ue was flltered. off" The ether was evaporated and. the

prod.uct was recrystalllzed from water. A flnal yleld. of 2.5

gm (B"l of theoretlcal) was obüalned, wlth a meLtlng point

of 1g0.3-]81 .ZoC (Ilt, 1?8.5-W9,5oC (9il.

4-81-t¡eË'osallcylic aold. was prepared. by the oxld-atlon

of the cuprio salt of 4-fluorobenzolc acld (59), Thls cuprlq

salt was prepared by treating 4-fluorobenzolc acld wlth baslc

cuprlc carbonate, the l-atter compound belng prepared by

alternative method. (a) ln reference (39).

The þ-fluorobenzoic acid used was prepared. by the oxl-

d.atlon of ¿1.-fluoroüo1uene. A suspenslon of 10 gu ('091 moles)

of 4-fl-uoroüol-uene (iuiatheson, Coleman & BelI) ln a soluülon

of 10 gm of magnesium sulfate and Lþ5 8m of potasslum permar.-

ganate in 1"5 llters of water, was stlrred at ?5-80oC for

two days, The solut|on was treated with sodlum blsulflte to

d.estroy excess potasslum pernanganate, flltered., and. acidl-

fled. Slx and a half gm of prod.uct were obtaj-ned. whlch

melüed. at 184-lB6oC,unrecrystallized (}lt' for 4-fluoroþen-

zo;c acld- ts 186oc ( 89Ð.

'Ihe {-fluorosalicyllc acl-d. was prepared" by d.lssolvlng

5,0 gm (.036 moles)of 4-fluorobenzolc acld 1n 100 nI of

d.iphenyl ethero The solutlon was heated- üo 180oC u¡lrere 5 gn
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of basls cuprtc cerponaþe were slovrly ad.d"ed. with stirrlng

over a perlod of 10 mlnutes, A blue-green precl;cltate l^ias

formed. nhlch turned bro-vun on heatlng to 23OoC" Stirrlng v'ras

contiltued. at this tenperature for 1"5 hours, after whlch

the nixÉure was eooled., d.lIuted. wlth ether, and. filtereÖu

The þror¡n copper complex t]nab remalned. was d.ecomposed- by

treatlng |t with hyd.rogen chlorld.e-saturated. ethern The

ether solu'Þlon was fl]Ëered., washed wlth sod.lum blcarbonate

solution, then v¡lth water,rand- rvas evaporated. after d'rylng

wiüh calclua chlorld.e"

The salicyllc acld. was separated. from the benzolc

acld. 1n the resldue by an extracüioll processe The acld.

mixture was dlssolved. ia 50 mI of chloroform and' agltated"

rvlth 200 mt of .3 molar Aqueous ferric chlorid.e' The organio

layer was separated. and. the vlolet-black aqueous solutlon

wag ex-tracted. l.rlth ti:ree 30 ml portlons of chloroformu The

aqu.eous solution was acld-if1ed. with hydrogen chlorid'e gas

and- exÈracted. wlth two 25 nI portions of chloroformu The

chloroform 'hlas evaporated.o The tirree chloroform extracts

of the ferrlc chlorlde soluüion were coi'ibined", evaporated- to

50 mL and. exÙracted. ln the same manner as the orlginal

chtoroform solutionn The residues obtalned from the two

sets of extractlons ÍIere comblned. and. recrysùalllzed' from

ethanol-rriater, wlth the use of d.ecolor3-zing charcoal' The

flnal y1e10 was 0"4 gn (?fr of theoreüioal) r'¡lth a melting
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potnr of 188 ,l-t}g.Boc (11t. l86oc (53), t85oc (106) ) " A

mlxed melbing polnt wlÙh the 4-fluorobenzoj-c acld" showed.

a l loc depresslon"

4--0;raeg-qBliqy=L:L-c ac:LÔ vras prepared by a Sandmeyer

reaction on 4-arninosalicyllc acld'' Twenty-five gn ('16 nol-es)

of 4-amlnosallcyllc acld- (Ald.rieh Chenicals) were treated-

with 150 nl of 1:1 sulfurle actd and- v¡ater and- sülrred for

an hour" illhe resultlng salt was cooled to less than 5oC

a3d. d.lazoftzed. by the slow ad.d.ltlon of ]t gm of sod-lun

nitrite d.J.ssolved. ln 30 n} of water, A suspenslon of 7"5 gm

cuprous eyanld.e ln 200 ml of water. was d.issolved" by fhe

addltlon of poÙasslum cyanlde" The cold. diazonlum solutlon

lias rapidly poured- into the cyanid-e soluÈlon at room tempera-

ture. The mixture was heated- to 6OoC v¡lth stlrrlng for l/2

hour, coo]ed", filbered., and allowed to dry" The solld was

extracted- wlth four portlons of 150 ml ether, The extracüs

were ccmblned., evaporated to 100 nI, and- extracted. wlth

aqueous K2C03" The carbonate solution inlas acldifled- and.

filtered., yle1d.lng 0.8 gm of prod"uctn Becrystallizatlon from

water uslng decoloriz|ng charcoal resulted- ln 0.2 gm (li,Á of

theoretlcal) of prod.ucü wlth a meltlng poLnt of 224"6'ZZ6"0oC

(11t . 22?-22go} e), 228.0-229"0oC (6?))"

5-Cyan-gralicyllc acld was prepared by refluxing s'iod"o-

salieyll c acld. with cuprous oyanld.e in dinethyl formamld.e (37) .
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A ¡olxture of 100 m} of dlmethylformamid"e, 9.0 gm cuprou8

eyaniðerand.23"Qgm("08?moles)of5-iod'osalicylioacld-
(.aldrlch chemicals) vqas refluxed. for two d"ays. The result-

lngbrown-greenmj.xtureÏ'raspoìrreÖlntoasolutlonofz0gm
of ferrlc chlorlde hexahyd-rate , 60 nl' of concenËrated' hydro-

chr-oric acr-d_ and_ 60 ml of wateru The mlxture was heateil-

aEbhebol}lngpolnüforbalfanhour,cooleÕ,and.extraated.
wlthfourportlonsof200m]-ether.Theextracfsl^fere
comblneÖ and_ the ether vÍas evaporated." The solld- was washed'

wlth sodlurn blsulfite to remove iod.lneu The cruùe yleId was

?,5 gm, The product v¡as recrystal-l-l-zed' from watern The

yleld. was 6,0 grïr @Zrt of theoretl-cal) wLth a meltlng polnt

of ?ZO}C wlth apparent lmmed.late resolldtficatlon of the

1Iquld. (l-lt" 22t+-225oT (2s) ).
Ðurlngttbratlonstheneutra]lzaþLonequlvalentwas

for.md to be low, onl-y 92% of the expected. value" Speclal

attempts were mad"e to purlfy the prod'ucüo several recrystalll-

zations from water or water-ethanol were carrled- outo Also'

since lt was observed tttat 5-1od.osa11cy11o 1S mUCh more

solubLe ln þenzene than ls J-cyanosallcyllc acld, the cyano-

acLd. was exbracted' with boillng benzene" After a flnaj-

recrystallLzatlor:. from water the neltlng polnt was 22!"6-

Z?Z"9oC. The melt appeared. to resolld-lfy almost lmmed'latel- y

arrd- decomposeô at 26OoC, It hlas found that the tltratlon

was stllI Low üo the same extent as þefore these purlflcatlons'
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The benzene used. as the solvent for the ac1d.s ln the

Ëitratlons was purlfled- ln the followlng wây" An amount of

benzene (1,5 llters) was shaken wlth 150 nl portlons of sul--

furlc acld. until ühe benzene layer was colourless. The

benzene was washed- repeateôly wlth dlstlll-ed- water untll the

latter was neutral- to lltmus " It was drled. over calclum

chlorld.e for üwo hours üo remove most of the water and- then

stored. for two d.ays over d,rlerlten Dlstlllatlon was carried"

out, the flrsü 100 mI belng d.lscard.ed. and. the fraetlon bolI-
lng over â 0.5oC temperature ra:nge belng collected.n

Tetrabutylammo-nlqm hyd-rox1de, the baslc tltrant useil

ln the titratf-onso was prepared" ln a methanol-benzene solu-

tlono ft was prepared. by the silver oxid"e method. mod-i-fled.

to prevent any sllver oxld.e from dlssolvlng (20). Forty

gm ("L5 noles) of tetrabutylammonium iodld.e (Eastnan Organlc

0hernlcals) were dlssolved. Ln 100 ml of absolute methanol

(Flsher reagent) ln a flask fllled. wlth ni.trogeno The solu*

ülon was cooled. to OoC and- 21 gm ("091 moles) of sLlver

oxliLe (Flsher purJ-fled.) were ad.d-ed- to the cold. solutlon"

It was stlrred. for two hours after whlch 400 mI of d.ry ben-

zerae were ad.d-ed., The solutlon was then flltered. through a

sintered- porcelaln filter und.er a nltrogen atmosphere, It
was transferred. to a I J.lter voluinetrlc flask and^u after
warmlng to roon temperature, was ¡nade up to a fiter wlth

benzerre. The concentratlon was approxlmatel¡rO.I normal.
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POTEI\TTIOIVIETRI C TTTRATI ONS

The apparatuÊ consisted. of a Ead.loneter pH-þ p¡f meter

set to read. voltage d.lrectly, a Bad.f.ometer G2028 glass

electrod.e, and" a Radlometer K-100 calonoel el-ectrod.eo The

calomel electrod.e vlas mod.lfied by replaclng the aqueous

KCI in the salt brJ-d.ge wlth KÇl-saturated- methanol" The

ta}l-form þeaker used- as the titratlon vessel was kept at

oonstant temperature tn a water bath thermostated- at

z5*o t uloco

In ord.er to shLeld. the electrod.es from eLectrlca]

lnterfererrce, a perforated. steel cyltnÖer was placed around-

ühe tltratlon vesselu Ill ad.d-lü1on, sod"lum chlorld"e was

ad.d-ed. to the temperature baüh Þo make the water a cond.ucüor

and, therefore an add.ltlona} electrlcal sh}eld " Both the

metaL shleld. and. the þath water were ground"ed., âS were the

electrod-e holder and the pH meter.

In orcler to red-uce the reslstance of the tl-tratlon

soIutlon, the electrod-es were plaoed. tn thelr holders af ail

angle whlch brought the bulb of the glass electrod,e to withln

one or two mllllmeters of the tlp of the llquid junctlon of

the calonel electrod"e, The tlürations were d-one wlth the

electrod.es in thls Posltlon"
An aÕd,j-tJ.onal prooedure for reducing the solvenf

resistance was the aÔd-l-tlon of a quantity of tetrabutyl-

ammonium 1o01de to the solutloa to be titrateÔ. fhis served.



both to increase the conductance of

fore to stabll-1ze the rneasurements,

envlror:ment more constant 
"
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the solutlon, and- there-

and- to make the 1onlo

Tttrations were carried. out with a 10 mI auüomatlcal}y-

zerolng buretüe callbrated, ln unlts of "05 mI" The þurette

was protecbed from atmospherlc molsture a¡nd carþon d'loxlde

l¡y ôrierite and asoarlte-flllefl tubes and- was fl}led from a

reËervolr containi-ng the tltrant, whlch was slml}arly

protected. 'Ihe tltrated. solutlon was stirued. wlth a magnetlc

st irrer,
In many cases, the tltrated acl-d, was d.tssolvect ln the

þenzene by vrarmi.ng the solutlon, whlch was afterwarcL cooled

and" a}]owed- to equlllbrate ln the eonstant ternperature bath'

In some cases, speclf lcally the 5-nitro, S-cratto, anil ll-chloro-

salicyLj-c acld-s, the acld. dld not d.lssolve completely t¡ntl!

one or þwo mI of tltrant had- been ad-d'edo

TheglasseleetrodgWâSstored-ind-lstl}}ed.waterwhen

not ln use" Before belng used, it was carefully wlped' dry"

after a tltratlon, the glass electrode was washed' wlth

eühanol, fhen distllled- water, and placed- in d-lsttI}ed' water

untll further usea The calomel eleotrod.e was flushed- wlth a

srnall amount of methanollc KCl solutlon both before and' after

a t|tra?lon, It was also washed. wlth ethanol and' drled-

after a E:-tratlono

fhe tLüratlons were carrled- out by ad.d'lng an anount of
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tltrant bo 'bhe solutlon of a-c1d ln benzene, stlrring for

one to two nlnutes, d.ependtng on the a¡nount of tltrant ad"d'ed"t

and. thelx balancing the lnstrument wlth the stlrrer turir.ed- off "

The balance button was kept on long enough to conflrm the

fact that no change ln potentlal v'ias occllrrlrrgs

The end- polnt coul-d. easlly þe d.ete¡'mlned by lrrspeotlon

since the potentlal change here was of the ord'er of 100 m11]t-

volts for the add.ltlon of l drop of tltrant' The volume of

tltrant aþ hal-f-neutral lzaþlon could" then be d-etermlned' from

that at the end- polnt" From the half-neuÞta|Lza'blon volune,

the hal-f-neutxa|izatlon potentla.l (Hlip) was obtalned' by

lnterpolating betvreen the potentials for the volumes o11

either srd-e of half-neutrallzatLon'n Speclal precautlons

were taken to add only small amounts of tltrant in the vl-

clnlty of half neut¡allza|Lq¡ ln ord.er to reduce the error

J-n lrrterpolatlng betvreen two volumes.

As ind.icated ln the theoretlcal sectlon, the potentlals

at half'-neutl':a!!.zatLon are taken rel-atlr¡e to a reference com-

pou:td-" !.or the sallcyllc aclds measureð ln these e:perl-

mejlts, the parent acld- was the reference compound- and fwo or

three tltratlons of lt were carrled. out on each d.ay that

neasurements were mad-e, They were averaged' for any one day

and_ the d.ifferenoe betv¡een the half-neutralizal:Lon potenÙla]-

of this reference acld asrd. that of a substltt'lted acld- v¡as

deslgnated as AHNP' The value of AHNP was then consld'ered

a measLlre of the strength of the substltuted. ac10 rel
LIBRAÍlY
.oF unNrro$l

the unsubsËituted parent compound'n
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E}PEB IVIENTAI !¿U]A

The d.ata obùained. from the tltratlons are glven ln
this seotiono

An exanple of a typlcal titratLon of sallcy}lc acld"

l-n benzene ls glven. The curves for the substituted acld.s

reser¿ble those of the parent compounÖ ln every respect and.

are therefore not lncluded." The d.aþa for the tltratLon ls
glven ln Table 2 and- ühe graph of potentlal (E) versus

volume of tltrant ad.d-ed is glven ln !'lgure I" Flgure 2

ls a plot of potentlal versus log ry where vs ls the

volume of tltrant aôded at the end. poi-nt and. V ls the volume

add"ed ab potentlal E, The data are plotted to 80% tlüratlon
slnce after thls, poùentlal beglns to cha:ege falr'ly rapldly
and" the values are not too rel-lable" Table J, Flgure J,

and Flgure 4 gJ-ve the correspond^lng lnforniatlon for a tltra-
tlon caruied- out on salicyllc acld 1n aqueous solution uslng

aqueous sod.lum hyd.roxide as the Ei-trant and. the sane

electrodes as 1n the benzene tltratlonso Thls tltratlon in
aqueous solutlon was d"one so tb'at a comparlson could. be

made vrlth the tltratlons Ln benzene,

As seen from Flguræ 2 and Ll, nelther plot ls actually

a completely stralghü llne as predtcted by equation (3),

Deviablon from llnearlty could. perhaps be attrlbuted to
changes ln lonlc strength d.uring titra.tlon" The stralght

11nes dra-wn irr the two fLgur.es allow a better eomparison

Ltz
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to be made of the extent of devlatlon from ltnearlty ln

the bwo sol-vents but are not ln themselves conslðered'

s lg,i"f icant ' 
, J ^.r ve-v 

=Up to approxlmately 65% neutra-]lzaþlon (1og

0"251 , Flgure 2ls as near to belng llnea'r as Flgure l+'

Beyond, thiS, tbe ploü ln þenzene shor¡¡s lncreaslng d'evlatlOn

from llnearlty while Flgure 4, the plot ln aqueous solu-

tton, d.oes not d.evlate slgnlflcantly untll lJ"l neutta]-l'zattonu

s¡ sltuatlon sfunllar to that ln Flgure 2 was found- wlth

obher tltratlons of sallcyllc aclð ln benzene rtrhloh were

tested. !n thls ma.ffirer" Thus, lfl contrast to the situati'on

in ebhylene ðichlorld-e previously d-lscr'r'ssed¡ lt can be con*

cludeð that Lhe behavlour of the glass electrod-e ln benzene

ls sinllar to that ln- vuater up to arid. beyond. the half-

neutra-l lzat|-or- Polnt "

In con-nectl0a wl-th ühese titrati-on curves 1t should'

be nentioned. tnat, à8 can be seen fron Table 2, sallcyIlc

acld exhlblts two large potentlal breaks near the end-

polnt, separated. by a reglon of approxlnately 0"1 ml where

the potentla-I cha-nge ls less rapld." thls also occurred'

for a}l the substltuted sallcyllc aclds albhough lt did

not appear in the tltratlon ln aqLleous solutlon or ln a

titration of ioenzoic aciÖ ln benzene, whioh was carrled out

for comparison wlth the saIlcyllc aclds, Jn the case of

the sallcyllc acld-s, the Second. potential change was generally
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thelarger,anùwastheonetakenastheendpolnt,No
erçIanation for this behavlour has been found'

Thetltrationdataa.ndthetltratloncurvefortbe
benzoLc acld. are given ln Table 4 and- Flgure 5o It can be

seenfromthedatathattherelson}yone}argepotentlal
changeattheendpolnt"Alsotheshapeofthetltratlon
curvelssllght}ydifferenttharrforsalloylloacld.

TABLE 2" The tltratlon d.ata' for sallcyllc
aclô ln þenze4e at a coneentratlon
of i "jg x 10-3 nolar and wlth a
i:arilááu rra-Lzatlon potential of

-LZl"3 mllllvolfs'

Volune
tttrant (m})

Potenblal-
(nlll"lvolt s )

l€00

1.50

2"O0

2,5?

3,01

3.50

3,7 5

3 "90
4. oo

4"10

t+.25

l+ 
"50

+ 36.3

+ L2,3

* 13"1

- 37"7

- 66,3

9I '?
-104.4

-LL? s?

*]-;.6,3

-121 . B

-L27 "2
¡ol e

'L)V o )

contlnueiL
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TABLE 2 CO}ITIiI¡-IJED

Volune
tttrant (nl)

Potent laI
(m111lvolts )

5,00

5 "5t
6"Q5

6.50

7 "OA

7,50

7,75

7"80

7 "Bt+

?,86

7 "9L

7,93

7.96

7 "99
I "03
8,06

8,08

8.11

8"51

-l-52.2

-L66 "5

-J'?9 "5
-1go 

" 
I

-206 "I+

-2?9 '6
-255,7

-260 "3

-27Lt "Ll'

-282,8

-302,1

-31+3,5

-t+27,3

-479 *2

-513.1
*537.7

*6jo

-645,5
*666,9



FIGIIBT] 1. The ti-tratlon curve of sallcyllc
acj.d. J-n benzene from data Ln
TaþIe 2u Potentlal (E) versus
volume of tlt,rant aÖded (V) ,
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FÏGURE 2, A plot of poùentlal versus

log Veo--V for salicyltc acld. ln
V

benzene from d"ata 1n Table 2,
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TABLE 3" [he titra-tlon of sallcyIlc acid'
ln water a.t a concentratlon of
22"?6 x 10-3 mola'ru

Volume
tltrant (ml)

Potentlal
(nv)

0"0

0r50

1,00

I "99
2 "50

3,00

3 "50
&. oo

4.zo

4"40

4" 80

5,00

5,5L

6.oz

?"00

7 "50
B" oo

8"50

B "6Lt

+l9l+ "2
+¡-92"2

+190.3

+l-85,6

+L81. B

+l-l9,2

+174,11

+170 
" 
I

+l-68 "5
+166.9

+16J .9

+L6z,z

+L57,9

+]-53.2

+L42,3

+¡=35 "L
+!?7 ,L

+114u0

+109.7

conti.nueð
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TABLE 3 CONTINUED

Volune
tltrant (ml)

Potentlal
(nv)

9u00

g.16

9 "21!
g 

"36
g.4L

9.47

9 "5L
g 

"57
g,6L

9,9Q

lo 
"50

+ 95.9

+ 83"0

+ ?2,8

+ 5L+ "2
+ 35"8

- r0n3

*r6t 
"g

-22J. " 5

-2+3,Q

'283 "t+

-309,6



FIGTJBE 3" The titratlon curve of salicy.Ilc acj.d.
1n water from d.ata ln Table 3,Potential (E) versus volume oftitrant (V) 

"
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FïGII8E Å¡, A plot of poüentlal versus

1og ç for sallcyttc actd. l-n

water fron daïa ln Table 3"
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TABLE 4" The tltratl-on of benzolc acid' ln
benzene ab a concentratlon of
l-3,6/"+ x 10-3 nolaru

Vo1ume
titrant (nI)

PoüenblaI
(nv)

1.00

2oOO

2,50

2.7 0

?.9I

3,10

3 "25

3 "LYo

3 "50

3 "6r
3 "76
L+.zo

5.01

6 "or
6.52

6,7L

6,83

6,87

6.Bg

6.gl

-ZL¡I+.2

-2Bg "3

-3LO "5

-3L9 "9
-327 "o
-335,2
*34r 

"2
-3u5 "5
-31+9 "2
-352,t+

-360.3

-366 "8
-378 "3

-394.9

-r+ri "j
-+jo "3
-t*5e u 5

-l+66.t+

-t+26. j
^4Bg,g

contlnued
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rABLE ¿I" CONTINIJED

Volume
ültrant (ml)

Potent lal
( mv)

6"93

6 "95
6.97

7"oo

7,Qz

7 "05

7 "t7
7,50

-506.8

-527 "5
-557.9

-663

-7oB .5

-72L"?

-T6t+.2

-778,9

Taþle 5 llsts ühe results of the tltratlons done

Ln the course of ühls work" The titratlons have been

cllvlðed. lnto sebs, each set havlng been ültrated ln a

slngle day. All the subsültuted- acld.s ln a set have as

thelr reference potential the average of the parent acld.rs

HNP values i.vhlch were ûetermlned- ln that Êeb, [he syrnbol

TBAI ls used. üo represent tetrabutylamrnonlun lodliLe, The

head.lng rrVol. titrantrr represents the amount of tltrant
ad"d.ed" ùo the end point" The nConcu acld"rr and rrConc,TBAIn

headlngs represent fhe lnitLal concentratlons of these

compounds ln moles per liter x tO3, whil-e the rtVol,benzenett

1s the amount of benzene 1n whlch the acld and ihe loÖld.e

were dlssolvecl"



FIGIIEE 5" The tltrailon curve of benzolc acld in
benzene from Table &. potentlal (E)
versus voLume of tlürant (V) 

"
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The val-uesof Ah'IüP for the varlous su-'ostituted aclds

were de.bermlned. as prevlously d.escriþeÖ" Table 6 glves

the mean values of AHNP for these acld-s together wlth thelr

stand-ard. devlatlons d,ef lned- by:

Stand.ard. d-ev- -iatlon

where n ls the number of val-ues of AHNP for a glven acld'

anA ffi is the mean value of AH'IVP for that acld"'

Tn the ca.se of A-cyanosallcyllc acld., where n = 2e

the d-eviatlon was taken as the d-lfference between the two

va.lues of AHi\TP,

In the course of these tltratloils a number of varlable

cond,itiolls were encountered which mlght concelvably affect

the resulüs"

fa.ble ? shows HNP and- aHIIP values for a numþer of

salic¡rlic a-cld.s tltrated und.er dlfferent e xperlroental co11-

diüions. The trconc"acidtr and. rrconc.uBAIrr head.lngs refer

to the lniti-al concentration of the titrated acid- and' the

tetrabutylaromonlum lod lÕe respectlrtely " The rtConc omethanolrl

refers to the methanol lntrod-uced into the tltrated

soltrùlon by the tltrant solvent whicb., for pLlrposes of

preparatlon and- stabillt¡r, contains LOo/" methanol. The

concentratlon glven is tinat aE the haLf-neutrallzatlon

point in m1 per n} of solutlonu The seb number refers to

the Set ln Table 5 from irhleh each titratlon wa.s ta16eno
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IA¡LE 6 " The rnean value
sa1icyllo acld-s
Table 5,

of AI{I{P for
ðetermlned

substltttted
fron

Substituenf tî. AHNP (nv)
Sta,ndard.
Ðevlatlon

J-Brono

4-Bromo

5-Chloro
ll.-cbloro

5-Fluoro

4-Fruoro

5-Iod.o

5-Nitro
4-Nltro

5-Cyano

4-Cyano

5-l'iethyl

4-Iviethyl

5-lvlethoxy

4-Methoxy

LV

l+

6

6

6

3

Lt.

6

2

l+

l+

6

+ 76"8

+ 70.3

+ 7Z.B

+ 60 
"Lþ

+ 57,5

+ 37"6

+ 71"1

+179 
"B

+138 "5

+LL+5 "4
+I33.6

2l,6
* 3t+ '6
+ 0.6

* 43"2

2,1

r,7
2"1

3.0

2.9

1.5

3.0

2"7

1 ":Ì
c1

0rB

oQ

1,8

2"5

2"7
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The examples chosen represent the maxlmum variatlon ln the

concentratlon o f a.cldrmetha.nol, a¿¡.d tetrabutyla,mmonlum

iodi-d"e that occurred d-uring these titratlons"
A change ln the concentra-tion of the acld- belng

titrated has been reported (9?) to change the value of HNP"

[ab]-e ? ind.lcates that l;b.is in¡as al-so the case ln the present

lnvestigation, In a-dåltlon üo acld concentratlon other

variables that might affect the value of I{NP are the cols-

centra.tion of tetraþutyla.rnmonlum loc1|de and the amou-nt of

methanol introd.uced by the tj.tra:rt. These three varlables

generally aII change when cond-itlons vary, For example,

if the concentrai,lon of acld, l-q changed, a diff erent voL-

ume of tltranÙ is requlred to neutraLlze 1t and. therefore

a different amount of rnethanol ls added to the solution"

The value of HirIP tends to change even if ùhe same e)Ãperl-

mental cond.ltlons are nal;nþalnefl. Thls ls especlally

pronounceô 1f the titrations were d-etermlned a consld,erable

tlnre apart" For example, the tltratlons of 5-chlorosallcyIlc

aclds ind_lcated. ln sets L? 9¡'d L7 of Table f were done

und-er the Sa.me experlnrental cond.itions but thelr IíNP va]ues

Õiffer by almost 12 ml]llvolts" These two sets were d-eter-

mlned. almost two ¡aonths apart rihlle sets 23 and- 25 for J-cyano-

sa]lcyI1c acld 1n v¡hlch the HNP values dlffer by less than

3 mllllvol-ts, were tltra'ted two d-ays apart'

In ord.er to d.etermlne whether the values of aHNP for
+ì,r^ ^â+.:¡o {n Q-ro}r'ì a Y1 a'l sn ç r,.â 

^ff 
onf.ed bv vafi.ai;iOnS lnvr!'f: dvrq.u +¡¡ ¡øv+v , Ù*vv '-!
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cond-1t10ns,

differences

1s necessary to know to wha.t extent

these values can be attributed, to experl-

mental error. fn ord-er to make an estime,tion of the

experlnental error whlch can be assoclated wlthAHNP,

the reproduclþl]-lty of I{i\lP for sallcy}1o acld r^rlthln lnd-l-

vld-ua1 sets ls examlned-" Since experlmentaL condltlons

are the same within a given set, and- the tlme facfor ls

not lmportanf , any d.evlatlon ln H}{p valu-es musb be attributed-

to experimental error lnherent ln the method.' The followlng

procedure i^IaS used to obtaht an estlmatlon of this erroro

[lhe d.evla.tlon of eaeh HNf) value for sallcyIlc acld.

in a set from the mean value in that set was calcula.ted-"

These d.evlatlons were summed and averaged- for al-I values

of sal-lcyllc acld. ln alL sets. Thls mean d.evla-tJ-on of

HluP ln the d"lfferent sets from the mean HNP ln those sets

was found üo be 1"5 nilltvolts" 'Ihen, maklng the r€âsolx-

able assumpblon that a slmllar e:çerlmental error exists

ln the substlüuted salicyllc acld.s, âü experlmental error

oî 3 ¡nl}Ilvol-ts ls estlmated- for AHNP, fhls devlatlon |s

lnherent ln the apparatus and- method and" is not a result

of ohanges ln experlnental co::.dltlons.

't'hus lf two values of ÂHIIP for a slngle acld- do not

d.lffer by nore than 6 mlllivolts, lt can be concluded ühat

the rlevlatlon 1s due to experimental ercor and- not changes

1n ùlüration condltLons. Occasionally two values of AHNP

1t

1n
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for a given aci d. rnay not agree within 6 nilllvo}ts " Thls

larger ilevlatlon may st1l] be the result of experlnental

error since ln orfler to llLusüraËe the }argeet such

deviatlons thaü coulÖ occur, the maximum d.eviatlons in

HIIP wlthln each set shou]d- be used. ln the ealcu]atlons

ra.Elter than devj-ations from the mean value" Thls fatter

proced-ure, however, glves a better lndlcatlon of the

eqperlme:ntal- error that ca.n usually be expectedo

From TabLe ? It can be Êeen that in all these

exanples, excepü for the &-nethoxysalJ-cyllc acld- ln sefs

? md 2l!, the values of AHNP for a given acld agree wlthln

6 mllllvolts, In the excepti.on mentl-oned-, ühere are

1nd"lcatlons that th.i.s larger devtatlon ls d.ue to large

experf-mental error ln the vaJue !n set 7 nather ühan the

result of dlfferent cond-ltions ln sets ? anö' 2l*" Thls

can be seen fro¡n the facts thaü AHNP for set 6, In whleh

Ëhe cond.ltlons are the same as ln set 7, dlffers from

that of the latter by J"J mllllvolts whlle lts d'enlatton

from set 24 ls only 2,0 ml-I1tvolüs. AIso set J-f, 1Ír

whlch acld- and. meÈhanol concentratlons as well as HNP

d-lffer from these values ln set 2l+ even lnore than they

do Ln sets 6 arad ?, has a value of AHNP whlch d.lffers from

tt;¿t of set ?l+ øy only 1"9 mllllvolüs" Thus the large

devlatlon tnAHlJP bebween sets I and.2L+ cannot be d-ue to

d.lfferenü experlmental cond.ltlons, bu-t |s probably the
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reõuIt of a }arge experlmental error, and" slnce lt Is set

I ¿oab deviates most from sets 6 ao.ð, L? rather t1aan 24, the error

ls prolrablY ln set 7 "

In co]}rrectlon wlth thls lt should' be noteÔ that the

lnportant thtng In these tests ls not that these varlables

w111 not affecËaHtsP at a'I}, but ratltet that any change in

them as a result of the dj-fferent cond-ltl0ns encountered'

ln the present tnvestlgatton can be neglected" For examplet

lt ls to þe expected Elaat the lntrod'uctlon of a large anount

of methanol into the tlürated. solutlon wlII change the

value of AHNP, s5.noe the solvent 1s effeotlvely d'tfferent"

However,ashasalread-ybeenconclud-ed.,thechangesln

methanol concentratlon enoountered. ln the exannples tn'

Table f d-o not change AI{IVP slgnlf icantlyn

Thus,slncethed.lfferentextrlerlmentaloond.ltlons

for the tltratlons ln Table ? represenÙ bhe naxlnum varla-

tlon ln these cond.tblons encot¡ntered- ln thls lnvestigablon,

the fact that ühe AIüIP values obtalned' und'er these d'lffe-

renÈclroumstancesgenera}lyagreewlth.lnexperlmenüal

error, means that the cond-itions for all tltratlons can

þeconsld.ered.tobeeffectlvelyüheSamel.nsofaras

f:nfluencing AHNP ls concerned.

ThevaluesofAillrlPforthesalloylloaold-sIn
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Table 6 were fltted to the mod.lfLed. HammetË equatlon ln

the form:

(e)A r{NP :Prrr +Pz tz

urhere, for a 4-substlbuted sa1lcyllc acld-, slgina 1 (ff ) ls

slgna para (dp) and. sf-gna 2 t6ù ls sLgroa meta (d*) for the

substltuent, Slnl1arly, for a 5-substltuüed' saIlcyIlc

acldrdl lr 6^ aord 6, ls oínu In the case of the 5-nltro and.

J-cya]rlo acld_s ,62 was d- (sigua nlnus), slnce here these

strongly electron-r^ilthdrawlng groupÊ are para to ühe elec-

tron-releaslng hyd-roxy group" The values of slgma constants

were taken from the conpllatlon of HLne (50)' Jn ord'er

to f lt the data. to equatton (9) , the normal regressl-oþ-

equatlons ln ttnro varlables (5) were solved.' For equatlon

(9) 
' these take the form

-2 t = Itr¡irllppr Lør + Pz L6ro z LuLu
(10)

- r-2 r-p, tor 6, * PrLt, = Lo-, auur

where the summatlon ls carrleÔ out over all the acids"

These equatLons were solved- uslng the d"ata ln Table 8"

It was found, thaË PI was 148"1 mllIi-volts and p, was

59,3 ml]Ii.volts,
The varlance,S3* ¡ of the calcuLated from the

exnerlmentaL values of AHNP was obta.ined- from the equatlon:
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IABLE 8. Va1ues of AHNP (from Table 6)
and the substltuent coilstants of
substltuted sa1lcyltc acld-s usecl
ln the one and. two-Parameter
HamneËt equaflons"

SubsËltuent A HI\P lzúl

J-Bromo

4-Bromo

5-thloro
4-chloro

5-Fluoro

4-Fluoro

5-foao

5-Nltro
4-Nltro

5-Cyano

4-Cyano

5-Meühy1

¿l-uetYryl

5-tlethoxy

4-ivlethoxy

+ 76,8

+ 70"3

+ 72,8

+ 60.4

+ 57"5

+ 37,6

+ ?I"L
+1?9 "8

+L3B ,5

+]-l+5.4

+t33,6

ZL,6

- 3Lþ,6

+ 0,6

- 43,2

+0.391

+0.232

+o "373
+0.227

+Q.337

+a "062
+O "352
+0.710

+O "778
+o "56
+0.660

-o,069

-0.170

+0.115

*o 
"268

+o "23?
+0,39L

+Q.227

+o,373

+0 o062

+o.337

+o 
"276

+L.27

+.7]-0

+1"000

+0.56

-0,1?0

-o "069
-0.268

+0 
"115
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2
Slm1larly Soo can

lÁ'
Ln equatlon (13) 

"

-lYK2 -\¿¿ I \-/ vex

;)

be calctlIated by exchanglng

[he values obtained" utere:

( 11)

( ]2)

59"3 respectively, A value

(13)

An anð, 12

2sext =

where n ls the nunber of acld-s, y 1s the elq)erlnental

value of AHirlP for a glven acld., and i, the calculated. value

of AHNP for the same acld, 1s glven bY:

i =Prrr *Pznz

whereo. and. oô are I4Bul a.nd.-l I t t'

of 63.0 was fot¡:ad. for S3*t"

Tab1e p gives experlmental and. calculated. values

of AHNP" The d-evtatlons ln Í lìrere calculated from the

d.evlattons loPf anð,p2" The calculatlon of these devla-

f.ions ltPf and"p2 ls glven ln the follor¡lng treatmentn

Figure 6 ls a plot of the erperlnenËal- values of AHNP

versus the calculated values, uslng the data. Ln Table 9"

fhls figure glves a graphlcal lnd.icatlon of how well

equation (9) fits the d,atau

The deviations lnPf arrdp2t d-eslgnated" bJr Sp1

and So., respeeËlveIyn can be calcula.ted. fron equatlonsvá

of tne form:

(v,)7^
-2

r1
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,TABLE 9. Valu.es of ANP, experlmen:þal-
(Table 6I and. calculated. on the
basis of equatlon (l.2), A1]
values are ln mlllivoltsn

Sr"rbstituenf A Hi\IP
Experimental

DevlatLon A HifP Devlatlon
CaIculateè

5-Brono

4-Bromo

5-Cbloro

4-chloro

5-Fluoro

4-F1uoro

5-Tod.o

5-Nltro
ll-iiiltro

5-Cyano

4-Cyano

5-Methyl

4-Iviethyl

5-Metlroxy

l*-Mefhoxy

+ 76,8

+ 70"3

+ 72"8

+ 6o"4

+ 57,5

+ 37"6

+ 71"1

+I79 
" 

B

+l-3B "5
+L45"4

+l33 "6
2L "6

- 34"6

+ 0"6

- l+3,z

2rl

L,7

2"L

3"0

2"9

!,5
3,0

217

1,3

2uI

0r8

2"8

1.8

2.5

2"7

+ 7L,7

+ 52"6

+ 68"7

+ 55"7

+ 53,6

+ 29,L
/^ ¿+ bö")

+180.5

+L57 "3
+14Z- "2
+130 ,9

'2o'3
29.3

+ 1o1

- 32.9

5,9

5"4

)no

5"?

4,0

?2
Jgþ

)"Ó

17 .2

IJ"Þ

L3 "6
lL,2

2"O

2,4

).J

3"7



}-IGUBE 6. A plot of expe::lnnental values of
AHI\IP versus val-ues calculated on the

basls of the two-parameter Hammetü
equatlonn Data from Table 9.
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Spf = ]0"3

Spz = 7.8

Therefore tbe Hammeit equatlon becomes:

AHNP = (r,r+e,1 i Io.3) dr o (sg,j ! 7,8)lz (1&)

A similar treatment was carrled" out for the slmple

Hammeùt equatlon ln the form :

AHNP =PIL

uslng the equatlon PtrI =IAHI{P to obtaln P " A. value

of 2?A.2 millivolbs was obtalned. for p " The variance was

d-efined. in a marlner sj-mllar to that for the two parameter

eouaü1on:
\-, -t '2t. /-W 'Y )-

S'' = n-2 (16)
exf

(15)

where the symbols have ühe same meanlng as ln equatlon (10)

-¡except bhat y' o the caloulated- value of AHIilP, ls d,eflned.

by: -t ^ .¿t = P6:- (17)

where P Ls 2,20,2.

The deviatlon Lo P v'ras found from:
.,1 2

s2 = 
ogt (]g)*P lñr| u

n

Tbe val-ue of ,'"1, was 33 ? .4 and Sp was 15 "6" Table 10
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TABLE 10" Values of AHNP, experLrnental
(Table 6) and. calculated on the
basls of equatlon (17). All
values are 1n mlllltroltsn

Suþstltuent AHNP Dev1aflon
Experlmental

AHNP Devlatlon
CaIculaüed.

5-Brono

il-Bromo

5-Chloro

4-chloro

5-l'l-uoro

4--F-luoro

5-Iod-o

5-Nttro
4-Nltro

5-Çyano

ll-cya.no

5-l4ethy1

4-i'tethyl

5-UIethoxy

4-j'iethoxy

+ 76.8

+ 70,3

+ 72.8

+ 6e 
"l+

+ 57,5

+ 37,6

+ 71.1

+L79,B

+138,5

+l45.4

+l-33,6

zr.6

- 34"6

+ Q.6

* 43'2,

2'l
l,?
2"1

3.0

2,9

L,5

3"0

2.7

1"3

2rl-

0"8

2,8

l.B
2"5

2"7

86"1

51 "1
82 "1
50 "0

74.2

13 "6

77 "5
t56"3

171.3

L23 "3
tt+5.4

-!5.2
*37.+

+25,3

*59,o

6'!
)øQ

5,8

3,5

5.2

1,0

5"5

Il" o

T?.L

8,7

10 "3
IuI

2"6

1.8

be
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glves the experlmental and- calculated values of AHNP.

The clevlatlon in the ca]culated value was obtalned. from

the d.eviation ln P "

Figure 7 ls a plot of the e:qrerimental value of AHIIP

versus lL, using the data 1n Table B, a.nð a val.ue fot p

of 220 "2o

It has been indicated (56) thaù if lt ana S
aye llnearly correlated., d.ata whlch i¡¡ould- be ad"equately

represented- by a one-para¡neüer equatlon w111 flt a two-

parameter equaùion" If d, and- l, are llnearly rel-ated-"

lz=clt

Then if bhe d.a"ta flt the equatlon

aHNP = Pq/L
a fi.L w111 also be obbalned- for the equatlon

AHNP = pr dl * pz 6z

in which

the

ha.s

( 19)

{1.5)

(e)

( zr¡pr * cpz =p

Jaffe {56) proposed that thls would. be the case 1f

Iinear coryelatlon coefftcl-ent between la and 12

a. vaJue grea.ter tlnan 0 n 9 "

The llnear correlatlon coefflcient between d¡ and-

r { c def lned. by:'qú e --

r R
-l

("

ú,

46r- (^ - (&)')' L.--z2-(v)2 )

(,22)



tr'rGuRE 7" A plot of AHI\P
uslng the dafa

(experiruental ) versus
ln Table 8"

crt



/o

+200

+1 60

,120

+go

AHNP
(mv)

+40

o

-40

r-
I
I

i

I

I

I

I
If-
:

i

;
¡

f
t"-

5-No2o

5-cN o o-ö,
va -CN

o-t.O ')
+-crQ O r-t

5-Br
5-C I

t-
I

f

i

I

I
I

I
I

I a-ol7-\
I \-/
It/

4-FO

6-a L.l

3

Q s-oc u.



values of

ln TaþIe B,

77

cf1 and q. (I04 ) .

lt was found-

where

Us irg
thaf

used

n ls the number of sets of

the substituent constants

lnn = 0.7 56uulwg

¡':-gur-e B ls a graPh of c[
ln the present sÈud.Yn

versus 12 for tlne values



FIGURE 8. A plot lndlcatlng the extent of ll-near
correlaùlon between Cn and. q*
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DISCUSSTON ANÐ CONCI,USIOT{S

In comparlng the applLcablllty of the one and- two-

parameüer Hamrnett equations to the relatlve acld-itles of

the serles of substltuted sallcyllc acLd determ.lned- ln

thls lnvestigatlon, it should. be noted that ühe forner

equatlon wlL1 always correLate the d.ata at l-east as v¡ell as

the latter. Thls can read-lly be seen sLnce, rnathenatically,

the one-parameter eqLlatiorl iS only a specla"l case of ùhe two-

parameter fornn, wlbli p- eqvâ-J- to zetoø

The crlterion that must be exaxûined. ln d-etermlning

whether the two-paraneter, mod.lfled Haminett equatlon 1s

necessary, !s the extent to whlch lts use lnproves on the

flt to ühe data provid-ed. by the slmple HammetÈ equatlottu

A ctruantltatlve ind.icatlon of thls fs obtalned by a

comparlson of the d.evla-tlons of the observeð values of

À fimp from the values calculated on the basls of the two

Hammett equatlonso In obtalnlng the calcu.la-ted values,

the statistlcally derlved values of rho are used ln thelr

respeotive Hammett equatlong as has been d.one in the pro*

ceed-lng sectton on Results" A. mean value of these devia-

tlons between experlmental axd" calculated AHNP values,

sext, is glrrsn 'by equatlon (lf ) " As d.erlved, ln the

preceÕlng sectlon, thj-s value 1s l.j for the two-paramefer

equatlon and. lB,4 for the one-parameter equatlon"

Therefore, the two-parameter Hammett equatlon (2)

79
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actually fits the d.ata much better th.an the one-parameter

equatlon (1), If the l-atter were a sufficient relatlon-

shlp, the two equa.tlons should have slmllar values of

Sexü u

Another quantitatlve estima-tion of the vaIld.l-by of

the two-parameter Hammett equat,lon is the value and-

rellablllt,y of p2, As has been mentloned, lf the Ùwo-

paraneter equatlon Ls used. to correlate Qata that coulo

actual-ly be equally welf represented by a flt to a one-

par.a.meter equatl oo, p2 should- be very close to zeto " The

further p2 Is from zevo, the more lmportant the seeond

term ln equatlon (2t beeomes. It has been proposed (56')

thaù 1n order to be consld-ereÖ a valid representatl"on of

the d.ata, a two-parameter equatlon must ha.ve a valì.¡-e whlch

ls dlfferent from zero at a confldence level greater than

95"Á as d^etermlned by a Studentts t-tesü" fn the present

ease such a test, whlch measures the probablllty Elnaþ a

number wlth a glven devlatlon is greater þlna:n a deslgnafed.

value, in,d.icates E:na.t Sg,i t f ,B whlch has been d.erlved

aE the value of pZ ln the present investlgatl,on ls d.iffe-

rent from zero at a conf idence l-evel colls lcierably greater

t|la,n gg"s'/,n As a matter of interest, the value of p2 at

the 957á eonfid.ence ]evel is 59,3 t t?'t; t:nat ls at the

gJii confidence fevel t+2,2 ( PZ

Therefore, on ühe basts of the flÙ of the experlnental-
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data to the two-parameter equa-tlon compared wlth the one-

pa-rameter equation, as measured by Sexü, and on the basls

of the extent to which p2 dlffers from zeTo, lt can be

coircluded tbat the actd.ltles of a Serles of substltuted

sallcyl-te acld.s In benzene relatlve to sallcyllc acld- obey

a tirio*parameter Hammett equatlon ra.ther than tbe slmple

one-paremeter form" Thls ls !n agreement with the pred'lc*

ti.on (56\ t]nat substltuteÕ benzene Ôerlvatlves In which

the reactlon center ls hydrogen bond.ed to a vtclnal group

should- obey Such a two-parameter equatlon ln ühelr r€âG*

t lons,

That such a. flt to the two-parameier eqi¡atlon is a

resìf,}t of ühe lntroductlon of the ortho hydroxy group and'

not Just d.ue to changes 1n slgma val-ues on changlng sol-

ver.rü, Soute other solvent effect, or the method- of mea"sure-

ment can be seen from the facb that the rela.tlve acldltLes

of benzolo actÔs deternlned. by potentlonetrlc tltratlon

in solvents of low dieLeotrlc constant Such aS bromo- and-

chlorobenzerae obey a slnßp}e Hammett equatlon (77)"

Although the ,sal-lcyllc aclds d-o ln general obey the

tvüo-parameter llammett equatlon, there are SOme devlatlons,

aS can be seen from Flgure 6u The most notable of these

|s the 4-nitrosalleyllc acld for whlch the calculated

val-ue of AHITTP ls approxlmately 20 mll]lvo1ts hi"gher than

tire experlmental va1ueG

The devlabion of the 4-nli;rosallc]'].lc acid" cou-t0- be
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d.ue to resoita-nce effects. fn benzene solutlon the hydrogen

bond- between hyôroxy and- carboxyl groups wl]l- hold- the

l-atter 1n the plane of the benzene rlng and., aS a resulü,

wlll alLow an lncrease ln resonâflce i-ntera.ctlons between

a substltu.ent such as 4-nitro and" the carboxyl group over

flnat whlch could. occur lf no hyd.rogen bond. were present6

The 4-nitrosalicyllc acl-d" ls weaker than the equatlon pre-

d-icts, a condltion whlch cor^lld. be attrlbuted to structures

which are more important ln ühe acld-, such as:

o-Ho-H
/-\J \-n1 r\'
\_,/

-o..N

o'
p.
'o-u

liere, the anionio structure alread.y has a, charge on the

hyd.roxy oxygen and ühe introd-uctlon of anothet clnarge on

the carboxyl oxygen w1l-1. be energetically unfavourablen

As a result thls structure wllL be }ess lnportant than ln

the uncllssoclated aciö- and. therefore thls resonance ureakens

the acld u

It ls found- that 5-nitrosalicylic acld ùoes not

d-eviate fron the two-parameter Hannmett plot, thus lenð-lng

support to the hypothesls tha-t the devlatlon of the 4-n1tro

acid- is d.ue to resonance effects since a 5-substltuted" acid-

cannot üake part ln suoh resonance interactlon to an apprec*

lable extent. It is aLso found that 4-nitrobenzolc acld-

does not d"eviate from the slmple Hammett plot for 4-substl-
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tuüed benzoic aclds 1n benzene (23), ThIs lndlcates that,
as suggested, the effeot ln 4-nltrosallcyllc acld. ls a

resul-ü of l-ncreased coplanarlty of the carboxyl group and.

the benzene rlng as a result of hydrogen bond.ing, It is
signlflcant that 4*nltrosallcylic acid d.oes not d.eviaüe

from the simple i{anmeüf equatlon 1n aqueous solutl-on"

Slnce d-evlatlon d-oes occur in benzene for both the s lmple

and- mod"lfled Hammett equatlons, thls suggests t}:at hyd.rogen

bond.lng ln salicylic acld. ls not strong enough ln water to

cause the necessary carboxyl group - benzene rlng oopla:aarity"

A drawback to the resonance explanatl"on for the

d.evlatlon of 4*nltrosallcyllc acld from the two-parameÙer

Hammett ecluatlon ls the fact that 4-cyanosallcyllc acld

d.oes not d.evlate although resonance lnteractlons shouLd-

also be possi-b1e with thls groupo

From Flgure 7 lt can be seen. þk7at, omltti-ng the

aþnormal 4-n1tro acld", 5-ni-tro and- 5-cyanosallcyllc acld.s

deviate nore from ühe slnnple Hanmett equation than the

other acld.s" Thls ls the result tlnaiu wouLd- be expected. lf
a falrly }arge fra.ctlon of the effect of a substitue:rt oll

acidlty were ührough the hydrogen bond, slnee these

strongly electron-wlthdrawlng substltuenÈs para to the

h¡rdroxy groirp would. be expected. to have the largest effecb

ol1 such hyd.rogen bonding through the phenoLlc group" Jri

correlatlng the acldltles of the sallcyllc acld-s measured.

ln thts lnvestlgatlon wlth the two-parameter HammeÙt equatlon,
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ii r^ias found that sig.ma minus va,Lues ío:: 12 gave a breüüer

f it to the eqi.la.tion thair. ortìinar.¡i sigma values for these

sutbstituents and the former" were therefor.e u-qed" This is
a.l-so th.e case in a líammett ploi of the aciclities of phenols

in waier and suggests that resonance structures simj-la.r to
tho--e ihat increase the acidlüy of 4-nitrophenol. (50)

sial:il-ize the anion. Such a strr:r.cture for' 4-nitrophenol
anion anc- by a.nalogy for J-nitrosalicyla.te are indlcated

bel-ow: ot,

5-nltro sal ieyl-a te 4-ni.trophenola te

Although most other electron-lvithdrawlng groLtpsr v¡:*_l_l- noü be

a.bl-e to form stru.ctr.iz.es su"ch as tLtat tndicated. for S-nitro-
salicylate, and iherefore si-¿.ma minus values wll1 not

generally be required. for 12 f'or J-su.trstituted acid,s u tTte

teird-ency ir'ilI be in the sâme dii,ection " that, is, Ð,11

increase in the acidity of the phenolic hydrogen r,vj.fl-

occur, strensthening its hydrogen bond to ihe ca.r'bori¡r1a-te

oxy€en a.nd increasinFr' a.nion siability"
In connect ion t,¡ith t he 5-c)'¿inosalicylic aci d ii shoul-d_

be rneir.tion.ed +.YÊ.t its neutral.ïzaiion eclulval_ent wa.s lov¡er

tha:r. r'va.s to be en:ected- on the basis of the 'bltration of

the oth.er acid-s" Uhe titration indicated tha.i ihe aold"

tlr-l

ô
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i4ras only 91"i" pure (see set 25, Table 5) " Efforts at

puriflcatlon d.ld- not have a11 appreclaþ]e effect' It wag

a.lso found vhat à sample of this acld prepared. lndepend-ently

from t|nt synthesized- in the present lnvestlgatlon (28)

gave a þltra|lon equlvalent to 89fr purlty (see set 23, [ab1e

5) which ls very simllar to that obtalneÔ from the acld.

prepa.red- ln this work. 'Ihe two sanples also gave essentlally

the same AHi{P va1ue. The facþ that pLlriflcatlon efforts

resulted- ln no notlceairle change ln the tltrat"lon and t]nat'

two tnd-epenclenb preparations gave the same per cent purlfy

casüs some d,oubt on the explanatlon of thls result on the

basls of l-ack of purlty" The alternative explanatlon, tlnat

neither of these samples, which rlrlere prepared" by the same

method., !s J-cyanosallcyllc acid. ls also d-oubtful since ar.

lnfrared. specùra] stud.y on the sample in reference (Ze¡

lnfllcaËed. ühe presenoe of a cya11o group and an elemental

analysls lndicated" the correct per centage of nltrogen,,

for J-c¡¡anosalicyllc acld-n Althou-gh the acld- prepared

}n thls lnvestigatton was not examlned- in thls manner,

the fact 'ELtat lts ÂHl{P value ls the sane as for the

other sanple indlcates that the two are the same acld."

No satisfactory explanatlon for thls low titration of the

S-cya:nosallcyllc acid 1s avall-ables

fn the two-pa.rameter llammett equatlon the va-]-ues of

Pflf a.nd pZlZ refer to the effect ot a substituenf oÏ1

tir¡e acid.lty of sallcy]lc acld, through two d.lfferent paths*
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These are the d.lrect effect on the carboxyl group and

the effect through the phenol-lc grorlpu The former stabL-

lJ.zes the carboxylate ion through electron-wlthdrawa.l by a

su'ostj-tuent and- the latter oocu.rs as the result of changes

in the strength of the lntramolecular hyd-rogen bond. caused-

by the electronlc lnfluence of substutuenüs" Therefore,

the values of P f and"f , should, give a c¡uantÍtatlve neasllre

of the relatlve importanee the two paths w111 have ln

transmitting bhe effect of a substltuent on the strength

of the saIlcy}lc acld-, The value of Pr/ P, was found- to be

0,40, ,llhls lnd.lcates þ]nat the effect of a substltuent o]1

actdlty by the pheno]-lc path ls 2/5 the effect by the

ca.rboxyl path" Thus the effecb vj-a the phenolic path, vrhlch.

is d.ue to hyd.rogen bond"lng, ls quite lmportant and" repre-

sents a falr)-y large tractlon of the effecL of a substltuent

on the acld.lty of sa}loyllc aclds ln be.nzene"

In ord-er to arrlve at more genera.l concluslons lt
ls necessary to colnpare the results ln benzene solutlon

lvith those 1n watero

Inarec€nt süud.y of the thernoci.ynamlc Lonlza.tlon con-

stants of s1xüeen substltuted- saIicyllc acids in water (67j

ib was found blnat a slmp1e one*parameter Flammett equation

r¡ias sufflclent to glve a good correlation wlth the daüa,

A sùatisticaL ftt to a turo-parameter equatlon gave values

of "820: "038 and. .101"t "OL+6 
forf , and.f2 respectlvely

(28) , The value of P 2 d-ld not dif fer from zero at a
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confideïrce l-evel greater than 95"Á on the basls of the

Studentrs t-test" It was therefore oonclud-ed. that fhe

flt of the d-ata to the two-paraneÈer equatlon d.ld not

constltute a slgnificant improvement over the oile-parameber

equatlon and. that the effect of a substltueni; through the

phenollc group was very small- or nonexlstent (28).

Obvlously, then,'the sltuati.on ls dlfferent in the

solvents benzene and. water. In the former An llltramolecu-

lar hyd.rogen bond between the phenol-lc and- carboxyl groups

ls knoi¡nr to exlst, whl}e ln water very llmlted evld.ence

is availaþIe on the hydrogen, bond-lng sltuation. The only

reasonable explanatlon for the experlmental observafion

tlnaþ two d-lfferent Ha.mmeüt equatlons are obeyed by sallcy1lc

aclds ln bhe two solvents, and. that the equatlon obeyed ln

benzene where hydrogen bonding is knovrn to exist 1s fhe one

pred.lcte'd- for such hyd"rogen bonding (56), ls that any

lntramolecular hyd,rogen bond-lng i-n aqueous solutlon 1s too

weak for a substiÙuent to have an effect on the acldlty of

a compound by tlnat path"

In rela.tlon to the d"iÊeìrssLon of the experlmental

results of thls lnvestigatlon and. the conclusions d"erlved-

from them, a somewhat more d.efalled. d-iseusslon of some

of bhe literature evid.ence on the subJ ecb of lntrarnolecul-ar

hydrogen bond.lng as lt pertalns to these concluslons lE

glven"

The only lmportanb evld.encerother tlnan acld" s¡¡sngths,
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ln favor of lntramolecu.lar hydrogen bond"ing ln aqueous

solutlon of salicylic acid. ls based. on an lnfrared- stud.y

in d.euterlum oxld.e (f3) " The basls of the lnvestigatlon

ls tlnat the C = Q stretchlng frequency of a carboxyl

group 1s l-40 "*-1 hlgher than the assymetrl-c stretchl-ng

frequency of the carboxylate ion. Therefore, any tend.arlcy

f or the carboxylate group to protonaüe, lnclud.ing hyd.rogen

bond.lng, would shlft lts frequency toward" tlnat of the car-

boxyl group" It was found that the assymetrlc frequency

of the carboxylate lon was 68 "*-1 hlgher and the C=O car-

boxyl stretching frequency was 25 "*-] lower in salicyllc
acid. þlna:n ln benzolc acld.. Slnee the ]atter cannot form

inËramoLecular hyd.rogen bond"s, lt was conclud.ed bhat these

spectral d.lfferences, whlch lnd-lcate more protonation ln

saficyllc than benzolc acld., v¡ere d,ue to strong lntra-
molecular hyd.rogen bond.lng 1n the salicylio acld. and.

salioylate lonu These concluslons are baseC. on the

tmpllclt assumption thrat solvatlon 1s siml]ar for the fwo

types of acids,

The concl-usl-on that a sfrong hyd.rogen bond exisfs

ln aqueous soLutlons of sali-cyI1c acld and. sallcylate

1on is very dlffloult to correl-ate wlth the results of

the present investlgatlon" Such a. sltuatlon would- mean

that sallcylic acld ls very sfunll-ar' ln benzene and water,

excepË for sol-vatton whlch does not have all appreclable
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effecü on the type of Hammett equation that appll-es (si-nce

benzolc acid-s obe¡' ¿ slmpl-e Hanmett equatj.on in 'r:enzene

(23)), and. tlnat sa.Iicylic acid shoulc therefore obey the

two-parameter liammett equatlon ln water as weLl a.s 1n

benzene 
"

It is felt that although such ii:frared spectral

studles ln D20 may well become the rnost important method

of lnvestlgatlon of hydrogen bond-ing effects J-n wa.ter,

further stud.y of fa,ctors i¡rhlch mf-ght influence th.e spectra

and- their J-nterpretatlon J-s necessâry" For exampJ-e, tt

a^opears to be hlghly desLrable to compare the spectrt:.m

of benzol-c acl-d- wtth a.n ortho-substltuted benzoi-o a.cld, sueh

as o-bromobenzoic acf.d-, whlch canir.ot hydrogen bond. v¡l-th

the carboxyl group to a.n J-mportant extent but which

a.f f ects the acid-it¡r through steric fa,ctors, It could-

then be seen vrhether the spectral shifts in sa.Iicyllc

acld- attributed to hyd.rogen bond"ing could- be d-ue to steri.c

effects.

It rnras mentioned- in the Literature Revi.ew that an

ul-traviolet spectrophotometric stud.y of the hyd.roxybenzolc

aci-ðs had been interpretetL as lnd.icatlng thaù salic;rlic

a.cid has a,t1 1nt::amolecul-ar hyd"rogen bond" in etha.nol t¡ihi.ch

perslstç ln the monoÞqodiurn salt (98), The results d.o not

,seen io vrarvØnt thi-s concluslon anð, a discusslon ls glven

here ln supporü of üh1s oplnionu
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The erperlments measure the uli;ravlolet spectra of

sa}lcyllc acld and- sod-lum saJ-lcylate ln ethanol ln the
o

reglon of 3000A., vrhere phenol shows a peak" On the basls

of these spectra lt 1s concluded. that on golng from the

acld to the monosod-lum salt, the meta and para hydroxyben-

zolc acld.s und.ergo a s lgnif lcantly larger spectral shlft

than the salicyllc acid-" From thls lt ls d"educed. þlnat ln

sallcy1lc acid. an intramolecular hyd.rogen bond-, which

appears to be assumed. to exlst in the acid.ic form, ls retalned.

ln the monoanlonu Hyd.rogen bonding ln the other hyd.roxy-

benzolc acid-s, whlch 1s consid.ered- to be intermolecular, is

broken in the monoanlono The spectral- shlfts for the

hyci-roxybeîzolc acld.s, estlmated" from ùhe spectral d-iagrams

ln this study (98) are glven ln fable l-1" Although these

estlma"tions are not highly accuraüe, 1t can be seen that

the shlfts of the maxlma in the spectra on golng from acld.

to rnonoa.nion are not verJr dlfferent for the three hyd.roxy-

benzolc acld.s. Such srnall spectral shifts, together with

the inltial requirement of a-ssuming an lntramolecular

hyd.rogen bond ln ihe acid f orm in ethanol, make aþy corl*

cluslons concerning changes in the state of hyd-rogen bond--

ing in salicyl-ic a.cld- ra.ther unre}la.ble.

Of riore lnterest ln thls partictilar stud.y ls an

examlnation of the spectra of the h]'droxybenzolc acid-s ln

various solvents whlch fhe au|hors lnave obüaLned., but not
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TÄBLE 11. The ultraviolet spectrophotometrlo
wavelength shifts on changlng cotl-
d.i-tions for 'che hydroxybenzolc
ac 1d_í,, * ,*

o _Éq].1qent ChAEÊied ----=-Acl-d- (*)

Sallcylic -1L0 ÇZH1OH CTH5OH+ 2 n:oles

C2H5ONa

a -hydroxyben-
zolc -140 Çzr.joÍr c2H5oH + 2 moles

C2H5ONa

3 -hydroxyben-
zolc -100 CZHSOH C2H5OH + 2 moles

C2H5OItIa

Sa1lcyllc -200 CCl¿¡ water

Sallcyllc -140 d.loxane water

a-hydroxyben-
zolc 20 dioxane water

3-hydroxyben-
zo3"c ^ 50 cc14 wafer

:-hyd.roxyben-
zoic 9O dloxane water

* Data taken from ref'er.ence (98)
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d-lscusSed, The wavelength shlfts of the spectral maxlma

have been estlmated for a change ln solvenü from carbon

tetrachlorld-e or dLoxane to water a:ed. are given In Table

11" ft can be seen that sa}lcy]lc acld- exhiblts a signlfl-

cantly larger spectral shift as t]ae result of such a sol-

vent change than d-o the other hydroxybervolc acid.so As

mentioned- in the Literature Revlevr, other lnvestlgatlons

have shown the presence of arl intranolecular hyd"rogen bond.

ln solu.tions of salicyllc acld- ln solvents of low dlelec-

trlc constant. Thus the speetral results can reasonably

be lnterpreted. as irrd.icating a loss in hydrogen bonding

irr salicyl-ic acid. on golng to water whiLe meta and para hydroxy-

benzoic acld.s whlch have no such chelate hydrogen bond- d.o

not exhlblt such a spectral shift"
An lnvestigatton into the NI{R proton shifts of the

OH group Ln a serles of substituted. 2-hyd-roxyacetophenones

has been caryled out 1n carbon tetrachlorld.e solutlon

(103), The results, together wlth lnfrared spectral

frequency data obtai-necl at the same time, have been lnter-
preted, ln terms of substituent effecüs on the strengüh of

the intramolecul-a.r hyrårogen bonÔ between the carbonyl

oxygen and. the phenollc hydrogen" The observatl-ons are

inter"preüed as tnd.tcatlng thab electron-vrJ-ühdrawlng sub:

stltuents Ln the 5-positlon relatlve to the carbonyl Sroup

d"ecrease the electron denslty on the phenollc ox¡rgen and

thus lncrease hyd-rogen bond-ing" Such substltu-enüs ln the
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4-positLon d-ecrease the electron d-ensity on the carbonyl

oxygen a.nd. therefore reduce hyö-rogen bond strengtho

It Is of lnterest to conpare these conclusions with

the results obËained. 1n the present lnvestlgatlon ln ord-er

to oþtaln lnslght lnto the method. r¡rhereby a substituenf ln-

creases or d"ecreases hydrogen bond. strength, a.nd therefore

acid. strength, ixl sallcylic acid.s. ft musÙ be remembered,

that tn sal-lcy}lc acids there ls the ad.dltional- Ôlrect

effeot on acld.ity, simila.r to that in benzoic acld'"

If , as 1s lnd-icated by the 2-hyd-roxl¡acetophenones,

a substituent affects the strei:gth of a hyd.rogen bond. only

by changlng the eLectron denslty on the hyd.rogen bond.ed-

groLip pa.ra to lt, a substituenÙ ln the 4-posf-tlon wlll
affect hydrogen bond.lng only through the carboxyl grolrp6

In add-1f,ion, an electron withd.ra-wlng substltuent will

d-ecrease the hyd,rogen bond. strengthu A 5-substltuted

sa}lcyIlc acld-, on the oËher hand, wl-1I have a hyd.rogen

bond effect vla Lhe phenolio group and.ln bhis case all

efectron withd.rawing group wl-Il lncrease the strength of

this bond.n

The result,s of such a sttuatlon would. be as follows"

The 5-substituted acld-s would obey a }-parameter iíammett

eo.Ltration wltln a positive value of p2t since the substltuent

effect would- taixe place vla two groupsà The 4-substltuted

aelds would. obey a one-parameter equatlon wlth a value of

f tess tha¡r f a obbaineÕ for the two-para-meter equatlon
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followed. by the 5-substltuted acids" This 1s so because

here there ls only one path through which both the nornal

substltuent effecü and- the hyd.rogen bond"ing effect occLlre

Also, in. bhis oaûe the hydrogen bond,lng effect wlll þe

acld weakenlng lf the normal effect Ls acld- sürengthening;

that is, the substituent is electron-wlthdrawlng, However,

Figure 7 shows that the 4-substituted- acld-s d.o not obey

thelr ourra simple Hammetb equatlon any better tha¡r they

obey the one for all su-ostituents. ALso, ihls value of

P Iu larger tnanf f for the ùwo-pa.raneter equatton (22O"2

versus ]-48,1) " t{ith the exception of the 4-nitro acid",

the salicylic acid. wlth substlÞuents j-n the 4 posltl-on obey

the same two-parameter Hammett equa.tion as the 5-Fubstltuted

aci-ds (Figure 6) 
"

It Ëherefore appears tlnaþ ln the case of the sallcy}lc
acid-s ln benzene, the hypothesis tlnaþ the strength of a

hydrogen bond- between two ortho groupÊ 1s only ln.fluenced

by a change ln electron denslty on ühe group para to the

substutuent Ls not va1id, Alternative possibilitles are

that the substltuent only influences the hydrogen bond.

strength through the phenolic group, or Elnat the electron

d-ensltles of both phenollc and. carboxylic oxygens a.re

affected, The first of these possibil-itles 1s very unllkely

slnce 1t is difflcult to see how a 5 -substituent carr

ohange the acidiüy of the carboxyl group by changlng the
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electron d-enslty wlthout th.is also cha.nglng the hyd-roge:l

bondlrrg ablllty of this group" Thus lt appears probable

þinat a substituent affects hydrogen bond- strength by

changlng the eLectron d-enslty on both carboxyl and- phenollc

groups" It should- be noted that these are opposlng effects

for any glven substituent 
"

slnce a substltuenb has two opposing electronic

effeots on the strength of a hyd.rogen bond, lt 1s posslble

that under Some clrcumstances or 1n, certaln compounds the

effects rnlght cancel eackl other and. no net change ln hyd'ro-

gen bond. strength wou]d. oceì¿r on changlng substltuents"

As a regult a system could have a Strong hydrogen bond

r¡iithout a. substituent eauslng a cLtange ln }t" It mlght

therefore be argued bhat ln a system such as sallcy}j-o

acið ln water this ls the reasoll for the flt to a olfe-

pararueter equatiols., Ya-tlner than the two-pa.ra,meter equation,

r¡hich takes lnto account changes ln hyd-rogen bond.lng

brought abouü by a substltuent, and. that a strong hyd"rogen

bond- could- still extst ln this systen withouË lt obeylng

the Z-parameber eqLrati-ono

Tha"t thls ls not so can be seen from the following

considerations, The tenm PZIZ tha.t is considered- to be

the term due to hyd-rogen bondlng ln the two-parameter

equatl-on for salicylS.c acid-s actually represents that portlon

of the effeet of a substituent oil the hyd"rogen bond- strengüh

tbat occurs through the phenoiio group o Tl1e.-v iS, since 12
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refers to the positlon of the substltuenü relatlve to the

phenollc group, P ZÚZ üakes lnto account only changes ln
acid. strength that result from the lilfluence of a substlüuent

on thls group and. the only such effects are due to hyd"ro-

gen bond.lng" The change ln hydrogen bond- strength due to

changes 1n carboxyl group electron d.enslty are incorporaüed

lrrto f flI" Therefore PZ6i ls actu-aI}y a term descrlbing

the hydrogen bond- effect on acid.lty vla the pheno]lc group

ra.ther than the conplete hydrogen bond-lng effect,
Thus lt ls not only posslble but required Elnat, for

the two opposlng influences on hyd-rogen bond-lng to canceJ

a"nd as a resu-lt no net change ln hyd,rogen bond.ing fo occure

the effect via the phenolic group and therefore p t should-

not be zeyo. It PZ is zero, this means tlnab the effect
of any substltuent on the strength of the hydrogen bond.

by way of the OH group ls zero" Thls w111 occur only lf
there ls no hydrogen bond.

The fact that the val-ue of pr ls quite smaLl ln
sallcyllc acld. in water mearls that the hydrogen þond- is
very vüeak, or absent, not thlaþ lt ls of alnost eonstant

sbrength as ühe result of opposing effects, Thus the

concluslons prevLously d.erlved, for the hydrogen bond-lng

in water on the basis of a very small P Z Ln that solvent

are sti}l val1d"

The preced,i.ng d-lscusslon could. be lnd.lcated- 1n a
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mathematical form by d-lvid,ing the expressíon for fhe üwo-

parameter Hammett equation lnto sepâ.rate terms for each

effect" I'he equatlon ùhen becomes;

1og = Pîú:- 
* 

P,u 11 + pzúz
K
Ko

(23)

or

log = tpi +pH)ty +fz ú (zt+¡

The berm D'-ú. refers to the normal- dlrect effect of a
]LI

substituent on carboxyl acidity, The ternpR clt 1s the

effect on acldlty d.ue to changes in hydrogen bond. strength

resulting fron a ohange 1n car'ooxyl group el-ectron d.enslty

by a suþstitrrelLt u Slmilarlv p 212 Is the correspond.lng

hJrdrogen bond effect d"ue lo a change in the electron den-

slty on the phenollc oxygene The values ofPt and pZ are

impllcltely posi-tive tn¡hlIe Pg 1s negatlve" It can l¡e seen

üÏ:at the net vaLue off1 = (pî +fn\ shoulÖ be less than

pî" The term ¡l should- have a value very slmllar to that

for a simple Hammett equa.tlon of þenzolc aclds in benzene

d.efermlned- ln the same ma-nner. It can be seel:¡. tlnat when

the net eff ect on hyd"rogen bond.ing ls zero, the term pn lt
ls equal to p2ú2r rather than the l-atter being zevoø- t'

Tt should be possible to d-etermine the value of plt

by coi-r.structlng a Hamnett plot of þenzole acld"s ln benzene

d-etermlned by potentio¡netrle ti-tration u.nd.er cond.ltions

K
Ko
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simllar to those used. for the saricyrlc acrd-s ln thls
lnvesf igation" a comparison of p z md p n, the hydrogen

bond. effecÞs orr acidity resulti¡g from substltuenü effects
on the phenollc a-nd- carboxyl groups respectively, could.

then be mad.eo

Since the concluslons þased, on the results of the

presenf investiga.tlon ùogether vrith those for aqu_eous

solutlons of salicyllc aclds indicaüe t]nat in the laüter
case any intrarnolecul-ar h¡rdrogen bond_ appears to be quite

weak, âB alternaËlve explanatlon is requlred- to account

for the hlgh acid.lty of salicylic acld. ln water.

The only reasonable alterna-tlve explanatlon tha.t

appears to be avallable at present is that of the sterl-c

effects of orth.o-substituted. benzoic acids d.lscussed. ln
the Literature Revlew, As lnd.icated. in Table 12 this
effect can be qurlte J-arge 1n cases lvhere lntramolecular

hydrogen bond.lng could not be an lmporþant factor" Ib is
ühe vaLues of Kortho/Kpaya that are of greatest slgniflcarLce

since electronlc effects are similar ln the two lsoners,

and. the greater strength of the ortho Ísomer is due to

lts steric interaction with tlr"e carboxyl groirpn As seen

ln this table, this rrortho effecttt, measured. by Ko3,¿¿s/

Kpara, is largesü for the hyd-roxy grou.pû If sterlc hfnd.-

rlrLce of the earboxyl group by the phenol grou-p ls the cause

of the high acldlty of salicyllc acld, an lncrease in ühe



99

TABLE 12, Ionlzatlon constants of
substlùuted" benzolc ac1d.s#

L40

L0,7

3"0

6"6

13"1

år Data taken from reference (66).

Tt /'rr

subsülruenü iç x ro5 ,"Ï:":l;iiÏii:,.,.

Z-llydroxy 101
3t+.2

4-Hyd,roxy

2-iviethyl
l. --¿+-ivieEnyl

2-Bromo

4-Bromo

2-tert-Butyl 29,L

4-tert.-Buty1 l+.1+

2 "95

12,Ll

4r?
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effecÈIve size of the phenollc group through solvatlon

wou}d. lnave to be of major importance sinoe the actual slze

of the hyd.roxy group is much smaller than many of the

others, such aS bromo, in whlch the ortho effect ls 1ess"

Such an erplanatlon is supported by suggesti-ons which have

been made (23) on the basl-s of a comparison of rela.tlve

strengths of a serles of benzoic acid.s ln benzene, alcohols,

and" water, as d.escribed in the Llterature Revlewu
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f n The re]atlve acldlties of a series of flfteen sub-

stltuted- sallcyl1c acid.s have been deterralned ln benzene

solution þy potentioraetrl c tLtrabion.

2, These relatlve acldlties, with sallcylic acld- as a

referenee compound", have been shoi,v-n to obey the two-

parameter Hammett equatioTl

AHNP = Pl q + Pp-lZlL!/u

signlficantly better than a slmple Hanmebt equa"tlon

AHNP =p6t

ln such solution., wh.ere a strong lntramol'ecular hyd-rogen

bond" occurs e

3. These results, together with the experim.ental- obs'erva'-

tlons that the slmp]e equatlon is an ad.equate F€pr€s€l3-

tatl_on of the d-ata ln water, lead- to the concluslon

Eh¡at in the l.atter solvent the intramolecul-ar hyd-rogen

bond. is too weak for a cLrange Ln lts strength by a

substltuent acting through the phenollc group to affeet

the acld"lty of saI1cyllc acid- appreclably'

l+u A possible nechanlsm whereby a substltuent affects the

strength of the hyd.rogen bond, and through lt the

acld- strength, of salicyltc a.cid ln benzene l-s d-i-seussed-o

5, 431 alterna.tlve explanatton to t]nat of hyd-rogen bond-lng

which might cause the high acldity of salicyllc acid' ln vsater

1s suggested"
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