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ABSTRACÎ OF M. Sc.ÍfESlS

Sr¡.bnitted by Fei-tin Kung

THE IONTZATTOIü CONSTA}TSS OF SUBSTIfiITED

S¡AICYLIC ACIÐS AND TEE I{AMMETT RH,AîIONSHÍP

The ionization eonsta.nts of l¡- and !-substiÈuÈed
sal-icylic aeids were deteruined tn agìreoÈs soLution at 2$o A

by an lnproved ul t:cevLol.ot absor?ùion spec ùrophotometrle

mothod. ltre fu' pKt s were plotted agaf.nst tbe Hamreüt

gubstituents. A good oorrelatLon waa obtaineé ¡¡l th the

s5mple Eawrett equaüion (1og K/X6 = f d ) ustng d^
fo¡r subslltuents 1n the !-position and d fo¡r substl.tuonts

in the l¡-posltion relative to the carboxyl. group. llhe

reactlon coastanü, f r lrag ealculaüed to be ( +0.89810.039 ).
Tho result¡ indleate that eleotrsnto effeats a¡t'e transs¡itted

to t'he aeLd oentne tlrrough tbe benzene rlng and tb,at

virüBall"y rlo transnissl.on occurs ùh:r.ough the pbenollc

hydnogen bond. At tbe lsoel-Ectrio potnt \-arnlnosalioylic
acid is almos t entS.rely in tho neutral f o¡¡n r¡hereas

!-aminooalicyllc is alnost eonp3.etely zl¡itüerion.
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${rRoDucTr0}¡

ïonization eonsta¡rts of aromaÈic aol.dls, in partlcular
salicylie acids, have been dete¡øLned by a number of ro:r,kers.

Í1oe lnvestigations of these authors (pnion to I93O) we¡re

determined chlef,Iy by oonducti.metrLc mothods (34, 57, l-Ð.
Hoûevê¡r, potontiometrle (lfO) and epeetrophoùometrlc (f9, b3)
methods have also beon uged.

Valuee obtalned r¡aden differont çonditioos vary
consido¡rably, ed in onder to eetablish sny correlations
for a ssrios of, eoupoo'rds the same conditiong ¡st be used.

Ttre sco¡re of the pneoenü LnvesÈigalion ls to deternlne tlle
LonizaüLon coRsta¡rts of a family of subsËituted salieyl.ie aeids
by an lmproved spectnophotometric ne thod (7, 8) a¡¡d to
correlate the experf.mental dsëa, aldlett by an IBM 162O

Compuüer, ul ùtrr ttrre Lntenùl.on of, examlning the eleotronl,e

¡rropertles of valrious gubsÈituenÈg in the benzene nf.ng.

She naln advantages of speetnopbotomêtrie nethods of deüernln-
lng aoidt dlssoel,ation eonstant¡ a¡:e that opülcal rnðasure-

mgnts måcle at very lor¡ concentrations a¡re nol.atively as

accurafe as those mgdo å.t hlghen eoncantratloru, end that
evEn for. ver:y omall dlgsociation consta:ats quiùe rellable
results ean b6 obtained ur¡der favourabLe condíÈions (19).

An appllcation of tJre Aarurett equation (?$, 291 tø

the ionízatlon consùants sho¡rs a satisfaetory oorrolaÈion

r¡ith Harmettt s gigg const¡nÈs. A discussion of a tr¡o -



pararn€,têr Hamrett relationshlp ( 31) Ls aLso given.



IJITERAIURE REVIE!'¡

fbê cpeetrophotonot¡riG determinaülon of tho Lonlza-

tLon constsnta of a¡romatic aeLdg ls bagod on Èbe fact tbaÈ

different Lonic speciea t¡avê dlfforent r¡ltnavLolet absorp-

tion speeüra.

Ílre êquatlon of ËÌrê cpeotropbotometric determination

of ionlzatlon oongtants ls derlved bøIow. Boe¡rrg larr (12)

of tight absorpùlon stat€s that tùre amo unt of llght absorbsd Ls

¡ra:oportlonal. to ül¡o aumber of åbaorbing molocul.es thro¡rgh

whlch the l,lgbt passes. Ilre absorption of ttre solution,
tf t}re aboonbJ.ng subgta¡¡oe is allssoLved Ln a transparent medi-

u¡n, wilJ. be propo:rùional- to iùs coneentratLon. fbe nathema-

tical etatement of B6ert s Lau 1s as folLor¡g:

dP

dn

lP ¿p

)"o *

-kF

ÅL

-k[ ch
)o

(1)

P
1n-

Po
= -kn



l+

D

].n'o =hß
P

Þ

logjg = krn (2)
P

whêre Pn : power inclôent on sam¡rle.

P : power leavlng the sa.nple.

n : tlre number of absorblng e€ntrês in a. volume

of unlt crosa sêctlon.

tôü

Porol
log 

-- 
=1oB - =1og-=d (3)

PIT

r¡Ïrere Iu : the intensity of incldent lighü.
I : the inüenslty of light tressmi.tüed.

d : opùleaI densltg ( absorbance ) ¡¡hioh ls
aetual.ly neagured with the spêctrophotometer.

T : transmitt¡¡nce.

Ítren the r.elationship betwoen absorbar¡ee a¡d eoncentration

will be given by

T

d=Iog o= É0c (l+)
T

where e : nolar e¡rtinction coeffieient.

I : the Ëhichress of tb.€ cell, om.

C ¡ molarity of tho solution, moles por liter.



Consider now the monobasio acld oqu11.5.br.ir.rn ¡rl.th an

equllibrlum conotant K¿

whore a ! aetivity.
¡r t activLty coefficient.
C: concent:ration.

In sufficiently dlilutê solution,
Fr* t--]-=I (6)

fx¡

Fo¡l apeet¡rophotometnic mearurements on a pantly

ionized ecid eÈ a selêotêal wavelength, Beert s law uay be

app]-leal in the follouing form:

du = q[ Cp

ôy = É, !. Cy

dn ='é^I Ct

Iúhe¡?o dp, { , dr. ! optlcål densl.tl.es of pu¡r6 EA., pure A- ,

ar¡d of e mlxture of HA and A-, respeetlvely.

ç. .. e. ! mole¡r exülncùLon coefficientð of pur3e!þ r çY , -r^

HA, pure A-r a¡d a mixùurs of fiá. srdA-,

(7)

(B)

(e)



re spec tlvely.
Cp , Cru Cr" : gorrcent¡?a'tion of purê HA, pure A-

ar¡d a mixtune of HA, aftd A-,

ne spec üf.vely.

!. : the thiclmess of tbe oe1l.

ldtren the two eonJugate" f,onms, EA andt A-r coexist
Ln solution, the obeerved optical donsity for the solutE
af any navolengt}r ls equal to the sum of optical densi.ty

of HA ån¿l A- ol' equal. to the gum of Ëhe pnoducts of mo1è

fractlon and opÈloaL dens5.ty of eash pure formr. Thus,

e^ !- ( c¡¡+ ca- ) = ( 6"0 cr^ + ee- ce-l .l'

Dividing boùh sldes by ¡ and rearnang5.ng

sLnce

or

Therefone,

dn=d¡lAtd¡-

Én .Q. cn = êr¡!. cH^+ eA- !- cÃ.

Cn = G¡A + CA-

to- 
= 

enA - ên

C"¡ ê^ - êe-

fAJ - €uA- €,."

LHAI én - éA-

o" _ [fJ (¿ll 
= 1r+1 

€'n - én

(sAl - - en-eo-



= [fft"]

tr^ - uo

-!. cr¡ ! cr,
( 10)

dn 
- 

do-

Ico !oo-

For a singLe solutlon of acid, meagurEd sueeessively

under aoidie (P), basie (r), and inte¡rmediate (n) conttttiona,

tho three concenùnaülons alpe equal,

C."=^t, 'r - vlt

lltrerefore, Eq. 10 becomes

. .. d*¡ - dn
Ãa = . n-,, 

-

do - d^-

, , duo _ {, .t

- rog K* = _ los lr*r;fr I

PKa = PE + 1og 
dn - dR-

dr¡¡ - do

,or
pt(a = pH + 1og 

de- - dn 
(r2)

dn-dm
One method (ZL.ZJ for caLcul-atJ.ng ionizatlon

j constants from spectroph.otometnic data is Èo Beasure th6

optlca1 densitios of the pure HA( d¡¡ ), pune A:( alA- )

and a solutlon cont¿lning both specles aü an intôr$ediatê

(11)



I

eondition (¿" ). lheae valueg are ùhen substltuted in
equatlon 12, togethen nith ühe pË at r¡hl.ch dn ¡rêr de ter.raLned,

to glve pKs. llhi s me ùhod LnvoLvEs only three determlnations
of optical densit5.es, buÈ. rtwo of ühese must be nade wlth the
puro conJugate fo:rms.

ArxoÈher approach (5h) ¿oee not requine pufe conJugaÈe

fo¡¡nos. Any three eolutfons with anffi.cient diff,srences La

pg and optloal densÍty eaJ¡ gl,vo the ionizaÈLon eoôEtant.

Equatl.on lL can be r¡¡rltten as follows:

1u+¡ ¡ ag¡-arr;
dn -dA-=

Ka

and

frr+j d¡r¿, [E+] dn
on -GA-=

Ka Ka

Flnally, r- . dr¡,r

[u*þ"t -) 
-tf]

Kå Ka

Equatlon 13 ls a llnear equation ln for¡r ùerng and

three r:nhrowns(tlrey 
"o. d , #, and /¡- ), olace d*

ana[II+J are neasurab].o quantltles. Sslutlon fon the ¡rnhoown

K* t?ruc can be obtalned from ührsê s Ím¡rL t a¿e or¡o equ.ations

uhfch may be golved wl tlr detenalnanÈg, thaü fs



ßa=

uiar u'1 1

ttÞde É2 r
sla¡ 4 r.

( IL)

Ia t'he presgnt work, sÍxteea solutlone wene used ' :. ',','l

and the LonLzaùion constantg r¡e ¡re ealøulatad. flrom the

IBM 1620 Conputer. lbege are dl.seusaed, la the Experlnenùal-

Sec tion.
Ia tlre oaEe of rlteÈerrnlnlng the ovonlappf.ng lonlza-

tl.on coaeterxts 6f ¡¡rnl ¡esalicyllc aclds, tho ionic equlllb¡rla
of tho aeids in aquoor¡s so}¡tLon Ls consLdened flret. In
açluoous solutioa foun speeLes are Ln equlllbrlum witb eacb

other ar¡d tbêy are prescBt ln a proportioa depoadlng on übe

hydronl-un lon oonoent¡ration. fhe eqra,l).t brla may bo repre-

senüed as foLlors, where bydnonf.r¡m Lon ls omitted f¡rom

the tll.agram. for slmplleiËy. : ,:::. 
..,

Speoles : Hå- Neatr"al noleoul.e.

He¡l= DiProtic acid'

nÀi - zïiÈtorion.
ii..., :ìA- - AnLon.

Hidl 1

rfa dz r.

q d3 1
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(*Hz¡ )

COOH

/'o, rHnr

. t( )t

çoor/.Ð/ Ñ Çoo-

,0:' l[^'@-o',',*NH3 
N :oo .4 *rrl

rò'í*
-¿+*NH3 ( HA- )

Flg. l. Schsmatic neprosor¡tation of SpocieE
ånd, Ionlc Equtllbr.la of \-Arnino aud,
$-Aruinosalicytlc Aoids in Agueous
SoLution.

ff lU J refers to the total ooncentratLsn of
anpholyte, i.e.

tHn) * lHnt) = (NJ
Then,

ûzf: 5 t¡rl I r¡- )
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(r¡l (it'l
K1 = (15a)

( 15b)

(1.6a)

(16b)

(16c)

(].6d)

(16e)

ß'z =

Irz*f J

f¡-ifir+l
"(r 

J

Fr.om Fígure 2 the Íonlzatlon of lndlvldual speciee

( r¡¿J (n+i
"a 

ftrz¿*J

f HA'lfIf l
K-" lfizl+I

fn-J fn*J
"c 

fs¿ l

f¿-ì fr+'l
^d f ,rari-

It foLlo¡¡s that

Kc K6

- 

= 

-=
Kd Ka

f ¡¡¡rt J
tL

f u¿l



L2

K"Kc - Kt Ka

Ka+Kb=Kl

111
Kc Kd 1t2

( 16f)

( 17a)

(17b)

(âoa)

( zob)

(20c)

(20d)

Let C bo the Èota1 conoonùration of, acùd ia eoLutÍon¡

6 = lnre+ì + f NJ + fa-l (r.g)

From Eq. 16,

. -(ueJfn+l+ fn*l . ft*:. -#
Ka

. tld'¡ K" K",
fCÂ]= C / ( --- + I +- +- I' ' o" K¿ (rf*)'

[ndþ c / r9* r *5 *il J- K¡ Kc (IÍr)

ÍH2A"'J= c/lt.ï#r t.ffil
l¡t+t2 t tf¿-l=c/L- *(fX:+ )+rj
K.Ko Kc Kd

(19)

TÌrerefore

Simllarly
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,(H+) - Kaì
fNJ=c/L-+r+-J

Kl (H-)

fhe concenù¡ration of HA reaches a maxLmum when

(20e)

l-@= >f ( ¡tt' r"' lça' H+)
= Q (2I)

)fn*l )f f l
fhus¿¡,¡¡' 

f n¿Jr*. rrûh.en [ä+¡ = 1 KsKd )å

Slnll-arLy

fni)*"*. ïher¡ tn+¡= 1 r6n¿ )å

= (r"Ks)å

From ùbe relaüionship of Eq. lgf,

K¡Ka ( rr - Ka )KdKa=- =. - (ZZl
Kc Ke

Arom Eqs. 17a ancl 16f,

KlK¿
Aa--

Kc+Kd

K.K" = K1K2

(23\

( 24)



Ll+

lberefore, (m+J , [rurJ , ana f r] have â naxlm¡r¡r coâcen-

t¡ratLon at

sl =(K1Ka)È

or
pH=å(pK1 +pK2) (251

l1hls particular pH lg called the lsoêlootrio pol.nü.

lhe above general e:çnessLons of equil.Lb:ria have been appLled

to þ-methoxyanùhranllto aoid by Sehefflet (55j.
Tha.mer aacl Volgt ( !p) first deeo¡ribed tlre deËermLna-

tÍon of the overlap¡rl.ng ionization eonstante of dibaslo

aclds by using the spo@trophoùomsÈ¡rLc meùbod. Ilhls uo thod

was úodLfle<l by Kok-Pêng ¿ng (37) and furÈhe¡r by Dnnn andt

Leegate (L8). The LonisatLon of anlnosalleyllc acid
(onttùtng tfl ) may be expressedl by

tn2etJ-$ furj i1l":¡

ïr d,, d,¡ d¡ ere rhe oprteêt dgnsftie{fl'îlÏ"
pure speciee E2A+, N arrat Á,- nespectivoJ.y, then, âÈ

a flxed. wavelength, tho opüloal denslÈy d of a golutlon

oontalning a mixüure sf these speeies in a cell, of one

oeaÈLmetre length is gJ.ven by

d=dt(na¿*J+ o2fn) + a,[a-J taet



t5

r¡he¡pe ütre total- coneenÈration is assused ùo be 1t1, i.e.
frat+l+[u]+[e-þr. From Eqs. 15 and 26, the optieal

density , d , of a sol-utlon of the acid may be expressed in
ùhe f orm,

[fJ't ¿ - dr ) + fu+lKt( d - da ) + KlKa(d - dr) = 0

--- (271

A vaLue of, d deterqínes two valuos of pH , pfiI

and pII2 (see nig. 2) and lrenoe two vaLues, lnlj an¿ L¡tÍ].
These may be substltutod in tunn inùo Eg. 27 and a

combination of the t¡¡o resultlng equations yields the

foLLowlng expression :

d=
d2 + K2d3A

( 28)
L+ K2Ã,

where 1 I
a = 

- 
+_- lIfJ Éz\

d.' + K. d^B
en¿l C =

1+KIB
where

1
B=

1n+r) +{rf2)

fhe general forrn of Eqs. 28 and 29 1s

(2e)

A+BCÏ
Y=-

1+BX
(30)
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r¡here ï and Y are variables ancl ,4., B and C are constant paxeüeters.

Equation J0 was solveC on the IBl,t 1620 Cornput,er by usín€l

the methoC of Ðun¡ and f,eggate (f8) å&d Seheffler (;¡) as briefly
outlíned below. A plot shor.,n in Figure 2 r,¡as constructed.

Ex¡eri,nental points ( d, pH1 ) r,¡ere used together vrith interpolated.

values for pl{a ( correspondi::g to d ) for the calcullation of Kar and

si-rri-1ar1y, for tlie cal-cuf-ation of K, exnerimental drs ând Jrli2 r s were

used together with the corresponding interpolateê pHrts. The best

curve i;hrough the given points was obtaÍned from the Computer.

In eaeh case ',,he 5rrterpolated value of the pFì appear€d in the least

sígnifÍcant temr in Eq. 28 or 2c; . The Fortran Frogram is shorlrr in

Appendix Iï.

TT]]¡ HÁ]"JI4¡TT RT]L.{T ÏOT{SHIP

The quentitative relationship between the stmcture of

orgenic coapou-nds and their cheftical reactiwit;r has been of nÂjor

in'r,erest to physical-orgenic chemists. Itanraett {26, Z5) t:,yst

related str.ucture to both equilibriurn



eongtantg aJ¡d ratê constar¡üs for the reaetions of meta-

and para-subEtituted benzene derLvatlveg by the etd-1930ts.

lhLs relatloa is kr¡oÍn as ùhe Eammê tt equation.

18

o¡l

Klos- = f ¿
i(o

ktos- = fó
ko

(31)

The firsÈ par"ameüorrglgg ( / I, ta chanaete:rlstle

only of the substituenü a¡rd repnoaenùs ùhe abtltty of the

group to attraet or repel olecÈrons by a comblnatlon of
Its lncluctíve and rêsonanoe effects. The Eeoonô parameùen,

rho ( f ), eharacùeristle of tbe reactlon serieE at hand,)'
Ls a measurê of, th6 sensitlvlty of tùlte tyge of reacüilon

se?l.es to ring subEtl-tûtLon. K and K6 are tl¡e Lonlzatfon

sonstanùs of thê eubgtltuted snd unsubsÈitr¡ted eorn¡)olmd,

resllecüLveLy ¡ k a¡¡d kn are the rate constants fon reaotion of
the gubsÈi,Èuted and un'srbstitrltod oonpoundr. respeo ùively.
Log 4,/ro ia l{xopo:rtLooal to the cllffeneneê Ln standard

fnee energy beùwêen tlee ¡reacùion of ühe E¡¡bstltuteat coryountl

ar¡it the unsubstituÈed compound i log t/*" ts proportLonal

to the dLfference ln standar¿I free enorgy of a@ùLvaÈion

r¡hea tho trangitioa staùe thoory Ls assuned.

Eamrett chose ühê dLssoeiatLon of subsùiÈEted

beazoic aciôs að the standard reaction for wl:ich ¡rho wae



I9

set arbLtrarily equal Ëo one. The glggg vaLue for a

s¡¡bstituent r¡as obtained by ûreas u¡1ng the effeet of ttrat
gubstituent on ùh6 LonLsation eons tant of bonzolo acLal

ln waten at 25oC and definlng lt th:r.ough the rolatloaship,

/ = .'og 
K*-c'HucooH

ß2\
K ç6 ¡.¡¡¿ooFl

wb.ere Kr-o'1nsr¿¡ â¡d Kcs1rcootl are the Lonl.zatLon eonetantE

for the gubstltuted and tl¡o u¡¡su.bstltuÈed benzoie aeLd,

rea¡rectLvely. A large sertes of reaetions uiÈh vs.¡rlous

g¡ror¡ps on tt¡.o benzens nuoleus travs been veny well @orrêlatê(l

nlth equatlon il uslng lla¡mottrs g!4g conste¡Ètõ.

Ttre dl¡reet resonence Lnteraction botueen the substl"-

tuent g:noup ånd the reaotLon centtre hag leal to üre moélflea-
tf.on of the HafiBett equation by us lng alterrlaÈe sets of.

glgg ponstants (25). ftre ordinary glg for électnon

wlthdrawing groups tlrnough resonanee in the para ¡loeitlon
(e.f. p-nltro, p-eyeno) caused Large deviatLons when used

ia oonJunction wlth ð t¡rong electron ôonating groups (c.f.
-t{82, -6-1 ¡rhlch wene present at tbe reactLen cer¡tre.

Largo deviatioag were aLso found l¡i th substituenùs oapable

of €Lectron donating by rêsonance when tt¡E reactLon centre

1s ono of sùnong oloetron wltbdrawal. Stsnå nt¡ug ( dì
congtsnt¡ (21) refer to those para substiüuentE oapable of
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strong electron wí thdraral thn ough ¡rêsonaneo and have been

used Ln reac tLons of a¡riline and phenol derlvativee. Ia a

oornespondLng man¡rêr gåggg plSC (J+) oonsta¡¡ts (ll) were

used fo¡r s trong el-ectron donating para substltuents Ln g ¡¡ch

reactions aa åromatLc nl.trEtion.
Extonsfons of the Hamne tü equaüion to more eompllcat-

ed types of coapouods have been reportecl by Jaffo (3O, Z9).

fbe effeets of several subgtituentg Ln the 3, l+ a¡¡d 5
posS.tlons relatlvo Ëo tbo reaotlng sfde ohain Ìrave been

observeè üo be additLve, tbat is

K^toe- = Y2ó
-Ko

(33)

Eguation 33 is a gooct approximaùl"on to ùhê effect êf, nulùl-
ple eubstltuente. Eorevor, substiùueaùs wbloh lo,üeraot

etron¡lÍ wL tl¡ eacb othô¡p nust be oxcepted f¡pon thiE gen6!a1-

izetLon.

Compounds of the type

R\a:1(oÞq
'X

have beea r¡eagured on a f,e¡r reacùlsn gerl.ee (23, ?J4, 7l
nher6 R ie a substiùuent ln tno þ- o:r l-posl.tlon¡Nio ühe

samo throughout tho se¡rLes. Two slÈuatioûa må.y be poeelble.

Itbo fLrst ease fg that Y ancl 'l elo not react r¡l üh each other.
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fhe reactlon constants are reported almogt alrays equal

¡¡l thin experl.mental enor whon oomparf.ng several_ groupg

X ¡rhieh may Ln@lude N=f,tr. Tlre geeond ease Ls tbat in whioh

Y anal X wl].L react rlth each othêr as ahornr belor¡r

Ílre reaeting gíde ebaia elre rrow attaohed fn t¡¡o plaoes üo

Ëhe ring beening tho gubgtltuent. flre eubstltuent effeeü
ls transmlttêd Ëo th.e roactfon sLte by tro pathsr,,ratrcl

separaü€ ¡reaotl.on oongta¡rte are nequíred. Ihe genera;l

forn of the ¡nodlfled Harnne tt €qration (31) ie

K
log 

- 
= l, f, + d,fz (31+)

T{,-o

îhls sltuatLon is encountered ln the alkeliae hyatt olyse I
tL¡ ¡-L¡'ti l*te d

of,^phthaLiclê and lùs derivatives.

*(õu
\X

-o

_jqp /coo

-Olnz-Hzo--@Bi,OH
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Íhis two-panameter Eanne tt equation Lras been plropos-

ed also by Jaffe (11) to be appJ-icable to fused ring syotems.

C our¡rounds in whieh the reacting group is hydrogen bonded

to a vicLnal subetituent are classlffed of thls t¡rp6 and

proposed to flt the tno-parameto:r ¡r'ather than t}:e one-

¡ra"ame üer Eamm€ tt êquation. Anong tbe oxamples to have

been coasidered ¡¡ere the pKts of the o- ( hydroxynethyl ) -
benzolo aeids ånd the cateohols.

If a ¡reactÍon gerieg ig eonsldereê of the Èype
Rt-o>Y.-\ x ùrhe¡?e X:l.s the ehanging substS.tuenù, üh.e

followlng equation may be 6apreas6d:

22

K
l-os _ -yd+ X

l\o
ß5)

Vh¡era X ls ühe effect the subetltuent X in ühe ortb.o

posiÈion exerts on ühe reaotlvity of r¡¡¡subsÈftuted oon¡lound

C6E5Y , t.e. X=9"1K*/K". fl¡ø applicabLllty of thls oquaùion

is subJeet üo the limltation ùhat tJre subctituent J( does

oot effeot t'he neohani sm of the roaetion. Equation 35 ea¡r

be applledl Èo nuoleer oÌ¡Io¡rlnatl.ons of benzyJ- phonyl etbers

(33) wnere j( r6pr.6sents the eumulaùive effeot of tbo geveral

subsÈltueats 1n the phenyl group.

tlhen soveral aro¡natie rings are in nonequLvalenü

poeltions rêlativo to the reaetlon slte, the followin6
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equåüion Ls proposed:

K
1og 

- 
= ?, d,+ 9, lr* ---- * (.io)

Ko

where f, ,?r, - Éeasure tbo suscopttbillty of tbÊ reactLon

to tlre effect of, gubstlùuents in ¡i-gg 1, 2¡ -_- 
"¡r¿ d, , ór,,--

refer Èo;the substLtuents ù! the nespectlve ringa. Ilre

relativê rate¡ sf decoryosá.tion of ùhe potasaf.un saltg of

ce¡r.tain ne ta- a¡¡d pars.-substLtuted dibenzhydroxanlc aeido

(53) have been reporteet to f,lt eguatlon 'J6,.

Sunsrous detalled ¡.evle¡¡s have þeen publlshedl wltå

regard to tho appLicability of Hamrettr s equatlon in its
nany noellfloations as ïo11 as other related llaea¡r f,:roe

ene¡rg¡r relatl.oashlpa (29, 30, l+9, 64).

Pa¡ra- a¡¡d meta-substituÈed salLcylic aeida have

been nepontedl by Jaffe (29) noÈ to fit equatlon 3b.

ffoweyer, he had data for only slx dÊbstlüuted salleylic
aoidg. fhe purltose of thi¡ lnvestlgatLoa Ls to examlne

thê co¡rrêIâtlon of ùho sffeet of sr¡.bgtLtuents on tbe

LonizatLoo equllibrla of pe¡'a- and nsta-eubstlüuted

salloyJ-ic aalds witb t'he nattre of, ÈÌre subsüLtuents.
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Ð(PERIMHSTAI

sêgE5æ
fable I llsts ùhe subetituüed salicyJ-ic aciclg used

ln thls lnvestigatlon together ¡¡ith tJ¡elr óource of prepa-

ratíon. Most aoide werô r€o¡rygtalLlzed f¡rom rater unlesg

otb.er'IùLso noteal. All ne}tlng polnta were ale toræf.nod by

uslng the oonventl.onal. short Anschutz encloeed-saa:.ê

the r¡nometens in a Ëershberg neltfng polnù appanetus.

l4ethoels for eynthesie of, the aubstituted salicyli@ acLds

propared ln thLe laboratory arê dosc¡ribed below.

b:gg!$Isåtlcylio acicl sas preparecl by troatlag

\-net'hylanthranillo acid ulth nLt¡ro¡rs ael.d. A solutl.on of

7.6 gn. ( O.O5 noLe ) \-nothylanthnanil.le aetd ( Aliluioh

Obemlaal ) 1n 33 ml. eon@entratod suLfu¡rLc acld a¡¡d b5 ¡nl.

water wae cooLed to 0 - 5oC a¡¡O stinred wlth a nagnetLo

gtl¡rrer. À sÞlutlon of l+ g$. aodiun nÍtrite 1n 10 nl. uater

was added drop¡rise over a period of eight to ten minutes.

å,fÈer stlrring ühe soLution for asottren ten to fifüeen

mlnutes, Lt was poureô into 20O nl. of, bolling watEr. Í.lre

solution nas boilêd b:riskly and ooolsd. 4-nethylgalioylie
acld pneelpitatedl on eool.l.ng, a¡¡dl afte:r trro neeryatalliza-
tioas from wate¡r L.l ge. ¡ras reoovêred ( Ll+.sfi of thooretÍoal)

riübnelting point 177.0 - 177.80 c ( 1iù. L72o c (63)).
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lr-Uethoryg¡tcy1l.e acld rras p¡pepared by eeùhylåting

l¡-hydroxysal.lcylie actd (12). A solutlon of 7.1 eB. (0.052

mole ) þ-bytt¡roxysaltoylie actd ( Eastnan Onganlc Ohemioat )

in \0 ml. 101 sodiun hydroxlde goluü1on (0.1 nole) nag

bnought to reflux r¡tth 9 nl. ritlnethyLsulSaùe (I2.1 gn., 0.1

nole ) . .A¡¡o the¡r l+0 nl. 101 aodlun h¡rctnoxlde solutlon wag

added dropwlge Èo the ¡efLu¡ing sol-ution ovêr a perlod. of
f,our bours. Impure l¡-methoxysaLtcyltc aeLd preoipitateil
from the oooled colqtlon on aoldlflcatl.on ¡¡i th hydrochlorie

aeld. ÍÌ¡ls acldl was fflterod aad refl¡¡xed with J.Ol eodir:n

hydrox5.de eolution üo br¡rdroLyos ost6r lmpurltlea. I'tre acid

llaa reeoverecl by aeldlfioation arnd af,ta¡ neorys talllzaùl.on
from wate¡r tbe ytelrl ras l¡.0 æ. ( l+6fi of theo¡retleal )

wtth nelùing potat 159.0 - 160.5oc (1fü. 155.9 - Ll6,3oç

ß21, L57ac (12) ).

5'Meùborvsalleylic gciq was propared by the samê

aothod useat la tbe pneparaùLon of \-meüroxysalieytie aeid.

The s tantLng nraterl.al, l-bqrcþoxyoalieylic aof.d, uae an

Eastmam Onganic Cbomloal. fhe ylelGt ras 2.I W. ( 24fr ot
Èheoreùieal ) r¡lth nêltlag poÍnt 1l¡{.1 - L,l+ó.Ooo (1tÈ.

145.7 - th6.20c ß21, t43.5ac {zz)).



:,.: :r-::i:a::ll:,:.:;:..::::.t:r::-j'..:'ri:.:.j.¡.aì::.r::r"{:.:-¡r:ì¿ r:;.;;j::¡:ì:.-ì;

¡+-Cyangggliallig_acid ¡ùas preparêd by diazotlzlng
p-aninosalloyllo acld and subsequently treatlng the diazo-
niun soluül.on wi th potaaal.u.m eyanLde anê ouprous eyanlde.

A goluÈLon of lO.0 Sn. (0.065 mole) p-o'ninoealicyllc aeld
( Mathesoa CoLEman & BeIl ) fn 30 n1. of eorxceaù¡rs.têd

s¡¡Lfurla aeid and 60 nl. watsr ras oooled to 0 - 5oC ¡rf üh

atlrring. A solution ot ZO gø. sodium nlt¡.lte ln I00 n¡l.

tûêüer uas added sLorly untll the nixture gave a posltive
teet wlth potassLum loditto starch test paper. Tt¡o laùüer
waa pouned into anothor solutl_on wbÍch eontained J.t¡.! gn.
(O.Lól+ mole) cuprous cyanide, AOO nl. ¡úater a¡rd ag mueh

potassiu.nn cyanido ag needed to aid dlssoluùion. Tbe tesuLt-
ing nlxture r¡as wamedl on a water bath at 60oC rl t*r stiri,Ín.g
fo¡. half a¡r Ìroun. flle solld was filtered ând exù¡?acted

wlÈh ethe¡r. three tLmee (2OO n1. eaeh) from whlch \-oyano-
aalÍcyllc acld ras ¡:ooove¡ed by evaporation of the ether.
After reonystallisatlon fleou rater, the yieltt was 0.2 gn.
( L.9É of tlreoreúieal) wlùh nelting point 228.0 - ZZg.OoA

( 1rr. 227 - 22goc (10)).

3-MethyLsalioylLc acl,d : îhe acfd obtathed from
a¡¡d labelled by the lqfatheson Co1emen & Bell- as 2,þ-s¡sr6¡1.
acld wag itlenùifledt as J-methylsalleyll.o acLd( z,]-cr¿s,J¡¿ acì/ ).

A number of golld derlvatJ.ves ûere måde from the

28
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aotd. Tbe p-bromophenacy} esÈer, tbô p-nitrobenzyL ester

and ühe dinitro de¡rLvatLve wêrpe propered aeeo:rdllng to

Sh¡rlner (568). S¡'eatment of tho aeld rith acetic antrydrlcle

and a anall amount of phoÊphoric aeld Eecuned Èhs acetyl
derlvative (18).

ConclusL*e evLdenca r¡as obüained by decanborylating

the acid in qui.nolÍne asslated by the presenco of eoppen

po!ùdsr (268). lfhe resulting orosrol ¡¡as tneaùed lriùh bronine

(568) to forn the dLbromo derl.vaÈLve. A mixed nôltlng
point with the dlbromo d,erivatl.ve of a¡¡ authenÈio eampl.e

of o-ereEo1 gav6 no depression.

PentinenË info¡r¡¡ation on the rnel-è lng points of übe

substances êessribed Lg su¡marLzed fu fable 24.
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sPEo.îRoPHoToMEgRrC SWpg,Eé

Íhe spoc È?ophoto¡aet¡rlc ne Èhod r¡as utillzed in thls !.nvostl-
gation for determining overì. app ing lonizatl,on oonstant¡ of rrr,:,,

l+- anð !-antnosaLloyllc acids as well as tlt€ fi¡:st ionLzation
constants of othe¡r gr¡bsùituted salicyl_io acids.

.......
thoore tical

One me thod of determlnatfon of th6 flrst iouizatLon
oonstants t¡as beon to må.ke a so¡rLeg of dete!'nlnations of
optieal den¡ltl.es at a pa¡rtioulan ravelàngth end et va¡rlous

hyclronium Lon concent¡'aÈlons. Ítre lryrdnolrlum ion ooncenÈ¡ra-

tion con¡responcllag to tJre polnÈ nldway betueon tbø ma¡lmr¡m

a¡¡d mlnlawn vaLaes fo¡r ùtio optieal density is th6n equLva-

1ênt to ttre lonizatfo"tjjt3åt" Ffe. 3). Ttris metb.od uas fLrst
suggestod by BJernrur (8) fn f915. A. aignlficant f.nrprovo- ,

monÈ to thê p¡eoeedure ia madê poesible by the uge of an

eLeot¡ronio conputen. Working withln tbo Debye-Huckel 
:

.:l:,:t,l
eonoenÈ¡råtion rangê optl,o al. densltlsg are measured at vary- i1.,,.1 ,¡.

lng pI{ but a cons,tant lonlc str.ength. Ibe ex¡rer!.mental 
:::r':

polnts of optleaL density $¡d eö¡?responding pE are ineer'üed

into equatlon 3? whloh Ls derived ag follo¡rs. 
':..,..:,:,,,1Fnom. equation 1.1 , the follo¡¡ing erprossion oån ' ':¡r1il

be wniüten:

i:!¡,,lr.;
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Fie. 3. A hypothetical plot of optical density vêrsus
pH dhowlng the inflection polnt between tho
¡naximum and minLmu:n vaLues of the optical
density to be equa1 to the Lonization constant.
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(dr, - de-¡r, = (tf) (dHA - dn)

dnKa - %-K" = LH+J d"¿ - f H+l dn

do (K" + [n1)= dA-Ka + fu+Jaro

d"¿ [¡t+J + d¡- . Ka
dn=

K" + (Hll ß7J

:: *" gonenal foru of L?re above equatlon is

AX+BCY (38)c+x
where X and Y are the varLablos o.d Ar B q¡¡d C are

oonatanù peraroete:rs whl.ch ca¡¡ be obtained by fitütng a

, ooove to the expe:ri-mental pointe ( An, [f+J ). Eguatioa J8

was actuaLly fittetl on tho ooryuter by Dolttölets n6 thod

(11+), welgbtlng the valuss of d' and [n+l fu"veruêl¡r ai th6

, ostlmatod oxperlnentel error (sEe Appendix I).
15iE methoô sf ealcnlatioa lrag ttree advanüagos ovôr

p-revious mê ttrods that elr¡ and da- , as tlfsposabLo pa¡rameËen!,

are not subJect to erpcr5.oeaÈal er'¡ror ancl ùhat tlrs cu¡i'vo-

flttrag procêdure per.nlto a reliebl-E estimaÈion of thê

, s tar¡dard e rro¡r ln Kâ to be made. In Dollttlêrs nethod an

estiüatisn of tbe approxf.nate vaLues of A, B andl 0 ls
, neeesaary ln orde¡ to computê thel¡r bost values. the estL-

33
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matsd value of A ( opÈleal density of pure I{A ) is Èhs

optieal denslty meagured in aeidic ueetia ( pH=0 ) ln whlch

onLy neutral noleaulee of HA c a¡¡ exiet. Tlre estlnated valuê

of B le ttro opÈioål denolty noaeu¡ed ln alkallne meclia ( pg=

9 ) in which only tbe anion À- can exlst. Flgure I outlllr€s
tbo ma¡¡no¡ ln rhieh the va1eo C nay be estlmated. It 1g

equivalont to thÊ pfi eornespontling to tbs lnfleoüion point
of, ths pH vorsuõ optícal denaity oury6. lbo meån optieal
densiùy at thlg poinÈ nepresentg a condlÈLon rhere tho ü¡¡o

forøo, HA and A-, arre prea€nt Ín Èhe sol.ution l,n equal

conceatratl.ons. Sinas from equatloa t2; when HA a:¡tl Â.- er€

Ir¡resent ln oqual cor¡eentratíon¡ dn wlIl_ be balf sf tbe sun

of, dA- and dx¡ ¡ ênd tlrer.efone d¡ - d,,,= d, - d"¡ , ttrua
do- - ð"

pKa=pH+1ogj-=pII+o=pE
ÞggggS_Êg},¡tlogg dn - ct"¿

A series sf buffs¡ sol¡rtlons of varioug pE values

rrere fLrgt prêparôd. Buff,er solutfoas uged to dete¡url.ne

fL¡rst lonLzation oonstaate naaged fron pf= 2.0 to pE=l¡.O

¡¡i th lnÈervals of O.2 pH ¡¡nita. Each buffer solution was

kept fo a conata¡rt isaLe strengÈh of 0.0Ì. In Ëhe c&ae of
lþs ¡r¡lsogsltcylfo aclds' buffere rangod f¡rom p¡trêl. O to
pH-6.0 ¡riÈh conotant lonLo strength of 0.1.
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ûp üo pH=2.\, Èhe buffer eolutione were prepared

from hydroohlorto aald and potassium chloride. An exampLe

of rneking thls klndl of gslution ls shora ir¡ Appendix fV.

lifonocbJ-oroaoetaüe, formate a¡ld aeeèate buffers, uaed

f,or tho pH ?alues above 2.1¡, were nade aacortll,ng üo the

suggootlona of Bates (5). .lln exanple of tbs preparaùíon of

a buffer solutlon of pH= 3.6 wÍth ionÍc stnength of 0.01. is
sho¡Er Ln Àppendlx V.

Aold Stock Solutlong

Stock solutions of nosù of Èïs substituted salicylic
aeldE were prêparêd by uarmÍng a suffieiEnt quantity of tho

aeid ln approrimately 100 nL. of disÈ11Led uater for one

mlnutg, Ðeoa¡lboxyilatloa of, tho apidl r¡aE asgumed ùo be

aegllgi.b1e at thls tenqreraturo ( about SooC ). llbe soLution

raq cltLuted to 100 nI. in o¡rder üo nake tlre concent¡ration of
the aold abor¡t 1.0¡10-3 to 3.0x10-3u ar¡d ü¡renefered to the

i?,_tgiTtit of a 10 ntl. au1na35,3_bu¡etto. sone of tho aclcl

solutlons ¡rers preparcal by,èlqsolvfng Ëhe aeld ln 0.005fi

tgdlq,q thyd"ocldc soh¡tloa.

9e!f$.-P"t¡eltLes ånd pH Meg¡uremenùE

Moasu¡ements of optical density wene made rith a

Beolonan }fodè1 DK $pee Ë:rophotome ùe¡r. tltatcbe¿ silíca colls



36

of lom. length w€re usêd thnoughout. The tenpenature sf
Ëhê oeII eompantmsnt belng kept et 2511oC by baLanolng of
tho hoaten adJustment andl the f,Low of cooltog wator.

Ehe ehange of absorbellce lLno ôue to tho ôevlaÈfon of
lo0 ¡¡aa so gmåll that it eould be negleoüeå.

In order to socu$ð a sr¡iùable xayeLêngtb for otudy,

coüplote ulüraviolot abeor1ltion spooÈ¡ra of each sf, tbe

aclds we¡e obtafned at pS valuea approxlnettng ¡tro¡rg1y

eoldlfo, l¡¡te¡nediate and strongly alkaline oonditlons Ln

tho reglon of 200 -þ00 np. lhe e¡rectra of òhe aoida that
we¡re reoonded are gf.ven in Ftg, 5 Èhrougþ 21. A suiüaþle

navelongth. wag ohoson rlrhere thê opËieal denelty dLfferoncoo

beù¡¡eon Èb€ thÌee absonpülon eurvês sere tbe largeat.
Onee ssleeËeil, ttro waveleagth d¡rum waa set at üho GhoEeD

value Èhroughout al,I ùhô measursneaÈa of, ono partLcular

aeld.

A serlos of cletemLnaÈlons of, opÈlcal densiüleE

at this raveJ.ength and at yarloB¡r \ydronlum lon ooneentraùions

¡rere made in ùhe follorlng ntanûe¡p. Ftve nllllltten pontions

of thê aold stock solutioa we¡re ôelLverêd lnto 50 nl.
voh¡ootrl.e flasks andl dl]-uteê ùo ths nerk rltb thg buff,e¡r

soluù1oÌls pnavlously preparod. trfiùhout unduô ðeLe¡r the

abgonbenco of eaeb neaulËlag soLuÈion uag ¡reeordeil and its
pH tmodfâÈe1y neasurecl,by uslng a RadlonsÈer (pE !fl+C
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Kopenhagen ) equippecl ¡ûlth a glass (0.202 a ) anA a tal.omel

electroile ( Kf00 ). llre golution üo be nea¡ureal ras oo,ntain-

ed in a u-Èube suependod Ln a oonatånt temperaturc ( 25 ! o.lo0)

saüer bath. $Bg (National Buneau of Standarðs) potasslum

tet¡:oralate buffor (pE=1.68 at 25o c) r¡as usod a¡ a s tandard

for measurenonts below pI{=2.80. Fof th6 ûoastrromontô of
hlghor pA tbo n6ter ïaa staaderdiaed wlth NBS poÈaôsLun

hyitnogea phthåIat€ buffo¡r (pn=l+.01 at 25oG).
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AESTIETS

The ¡pegulte of the deüerninaËion of Lonl.sation

constanta of sûbetltutedl oalieyllo aclds at ZloC a¡re sborrn

1n tbis lootl-on.

Tlre ultravlolet abeonption speotra of subsùltuted

såIl@yllo acids ln aquêous solutior ia va¡rlous br¡fferg are

glven ln Figunês ! through 21.

In Table 2 through fable 16 ùhe pt and con:respon¿lfng

absorbar-¡ce of the varl-ous buffored solutions are gLvea toge-

ùhe¡ wiÈh a s¡rnboL deaoting tbÞ kiral of buffer usedr; GlA,,

F, Åc and Sfi3 lefer to ehloroaoeùatê, fornate, acetate anê

anmonie, buffers, ¡rospooülyely. For a.mínosel.lcylic aolde

ühe lnterpolateê pII valuos from FLgune 22 and Flgure 23 ane

slso reeordoô. Tbe pH vs¡rsua abgo¡rbanoe of, eminosaLLoylio

acl.ds plots eongtruetod from tho ex¡rer5-mentaL daùa are sholrn

ln Flgure 22 aad, Flgur.e 2J.

fho ionlzatÍon ôoRste7,'ts coqrutod fnom Equatioa j8

by tbê lrorÈra¡¡ Prog¡ram of Appendix I ¿re llctedl ia Table 19.

A" congidoratlon of ths values of pK shows tbat olocùnon

rithdrawlng subgtLtuents aid ln thê loni¿ation of the

aal-ieyl1o aeldg. Funther appraieal wiJ-l be glven ln ùhe

Ðiseus sion.

The overla¡rping lontzaÈion oonstants of tbe 4- aad



39

l-¡nr¿esalloylle acLds eomputed by the methoat of Ðunn and

Leggaüe ( ApBentllx II ) from Equationa 28 a¡¡el 29 arø listed
in TabLe 20.

As far as the uncontaÍnty ln the computatlon of
ionizaùion eonstante ig concerrnedt, a pnobablê error of
10.01 nag taken fo¡r alL vaLuee of the measurod abeorbånee

( d ) a¡¡d of the measu:rod pH. Errora ln Ëbe data of absor-

ba¡roe rere duo to the fluotr¡atisn ln the performence of the

ine ùrunent, Èhe readlng of a noisyf line on graph pap6¡r or
the 0 - 1O0f adJustnentc. Errorg in tbe dtata of, pH arose

frono the os,llbretisn of the lnstrumenÈ. lhe squares of the

rôclprooals of thege uncoltainüLes rúo!!¡e used aa ûeigþting
factore for d a¡rd pH in aolvl.ng EquatLons 28129 and J8 for
Ka. It wae obsêrvêd tåaÈ changLng tbs rmcertaLnüy fnom

r0.0Ol to tO.02 fo¡ both. optS.eaL tlenslty andt pfi prodtrcod

ûo signlfleå¡¡È @ha¡rge Ln tbe computcê values of t.be loniz¿-
üioa constants. The uJ!¡oertainties sh.owrr for K anct pß fn
Sablgg 19 snd 20 a?e üba stsridard orrora ín tho aolutl.on of
Equaüion 38, 28 or 2i aa appnoprlate.
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Flgures ! through 21

Itlt"åyiolst absorptlon spoctra of aqueous

solutioac of substlüuùed aalioyllo aelds

at 2!oÇ.

(1) 1.0tr HcL (pu-o), ..'-'-.,"----
(2) Forqrato br¡ffen (pE=3), /\_/^
(3) .åruuonia buffo¡r (pH=9)r ./- -._,,^,_,,
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?ables 2 ùhroueb 16

Erperlnental date of pH antl c orr€ sponding

abcorbanco of the v¿rioug buff,e¡ect

solutiots,

;r: ionic strength

o : concenÈ¡lation

t : temperature

\: wavelongth 
Io .d : optical. d.ensiüy ( absorbance, Log - )

CI.A. : eonochloroacsùete buffen 
I

F : formaüê buffer
Ac: aoeÈate buffer

lliI3 : ammonia buff er
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?ABIE 2

SAT¡TCYTIC ACTD

u=0. 0I

c=2.|x;;e4vt

t=25'@,

^ =3I3 4I¡

&

t
2

3

lt

5

6

7

E

9

10

11

L2

13

rb

L9

16

B

Bgffer_
l.oIIHCI
HCl

ECl

tcl
$cl
ECI

tcl
cla
c1Â

cla

clÅ
cla

F

F

F

A€

Ao

il83

pE

æo

0.6þ9t s.916

1.1r5

L.538

2.065

2.29L

2.1+89

2.702

2.897

3.o75

" 3.276

3.1+82

3-628

3.BrZ

3.999

b.çzo

5.832

9

o-653

o.652r0.010

0.648

o.639

0.6u
o.t93

0.570

o.533

0.500

o'h7o

o'432

o.¡+05

0.387

0.369

o.357

0.328

0.328

0.328
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TABTE 3

h-METfio)rysAlr gyLrc aorD

u=0.0I t=25oC

À-305qr

A

I
2

3

4

5

6

7

I
9

t0
11

t2

r3

llr
L5

16

B

d--
o.575

0.575r0.010

a.566

o.56t

o.550

0.5¡+0

o.522

o.505

o.w5
o.h5s

a.l+25

0.385

0.347

o.325

0.308

o.2gg

0.29L

0.289

o=l.l+xlO-4u

Buffgr

l.oNHcl

ECU

HCI

HC1

HCI

H01

c1Á.

c1À

cla
cla

CTå

F

F

F

Ao

Â.o

Ac

NH3

DHÈ-æ
,-o

0.630r0.010

1.153

L.650

2.108

2.332

2.552
2.763

2.g78

3,Lle

3,3br

3.564

3.818

4.056

4.tos

5.o29

5.854

9
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TABT,E I+

b-¡rcÐRoxrsa¡rcyLrc acrÐ

u=0. 01
o=0. q.flo-l+$f

t-25oc
>'=255ßlL

A

I
2

3

¡+

5

6

7

I
9

10

1l
T2

r3

rl+

L5

r6

B

suffg3_-
I.0rHc1
HCl

HCl

ficL

HCL

HC1

ECl

91a

c1¡,

clA

c1.û,

q1å.

F

F

T

Ao

Ac

NH3

DH

"wQ

o . 6j6t o..ot o

1'r4¡
L.624

4.068
2.275

2.467

2.611+

2,855

3.000

g.Ll1.5

3.1+00

3.605

3.7e4

3.99L

4.gsz

6.556

9

o.5l+2

0.51+210.010

o.542

o.Sls

o.t27
o.52L

0.5r.o

o.500

o.47 6

o.460

o.U¡l
0.4r.1

0.388

o-3zr

o.355

0.330

o.329

0.328
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TABIE 5

h-E[rrorrysALrrErc a.otD

u-0.01

a-L.6x1o-l+M

t=25oc

\ =3O5nF

Buff,Er

t.or{Ecl
H0t

ECl

HCl

HCI

HCl

c1.a,

cla

cla
cla
qrA

F

F

F

pI{- -
,.., 0

0.659r0.01.0

û.148

L.566

2.085

2.303

2.'LL
2.725

2.882

3. o98

3.308

3.548

3.752

3.982

\.zto
4.r03

5. B3lr

9

e-_-.--
0.698

o.698 J0. o10

o.697

o.696

o.665

o.653

0.638

0.609

o.575

o.541

0.1+Sg

0.458

o.I+23

0.399

0.385

o.353

o.353

o.353

A

t
2

3

l+

5

6

7

I
9

l0
L1

L2

r-3

1¡+

L5

L6

B

Ac

Ac

Ac

NH3
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ÎABLE 6

4-MEIïtrLSA],ICYLI C ACID

u=0. OL

o=1.8x1o-4!4

t=25oc

¡ =30gnp

å

I
¿

3

¡+

5

6

7

I
9

L0

Buffer -
]..ONIICI

HCl

HCI

ECL

HC1

HCl

HCt.

0la
clA

clA
01a

cLa

F

F

F

Ae

Ac

NII.)

pfl __
,..1Q

0.627 r0. oLo

1.092

1.630

2.081

2.297

2.481

2.634

?.893

3,996

3.2o2

.3.h87

3.678

3.863

l+.071

5.o53

6.028

9

d_-.
o.763

o.763r0.010

0.760

o.758

0.730

o.720

0.701

o.682

o.655

o.625

0.603

o.565

o.5l+4

o.52ll

o.5L5

0.483

o.4ze

o'4zg

11

L2

r3

1l+

L5

L6

B
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TABLE 68

5-l¿rETEÍtsÁaIcïLIc acID

A

1

2

3

l+

5

6

7

I
9

L0

11

L2

13

14

L5

r6

B

u=0. 01

c=2.5xl0-l+M

Buffer.

L.oNIICl

HCl

HCl

HC1

HCI-

ECl

c1A

c1A

c1¡.

cla
cI¿.

F

F

F

Ao

Ac

Ac

NH3

i=z5oc

\=3z|qt

Ë_-- d ____
.wQ o.681

0.680!0.010 0.678!0.010

1.174

1.642

2.L35

2.31+5

2.555

2.759

2.9L3

3.L26

3.337

3.575

3.774

4.024

4.zeb

4.ee3

5.855

9

0.666

o.65s

o.632

0.613

0.585

o.tl+7

o.507

0.1+61+

0.424

0.388

o.365

o.342

o.327

0.307

0.306

o.306
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TABTJE ?

3-MEITÍyLSALICYËIC ACID

u=0. 01

c=2.¡¡rclO-h

þ=250c

.\ =31BnF

Â

x

2

3

4

5

6

7

I
9

10

I1
L2

r3

14

t5

16

3

Buffe¡ -
1.0NHC1

ECl

HCl

HCl

$c!.

EC1

clA

6ra
cL4.

cL¿.

c1,A

clA

F

F

F

Ac

Ac

NH^)

PE----
,\,0

0 . 659 r0. 010

r. U+8

t-568

2-o76

2.300

2.5OO

2.732

2.882

3.08r

3,298

3-'.1+9É

3.631r

3.832

l+.016

4. e81

5.8t+5

9

o.720

0.7r6 !0.010

o.7L7

o.7r1

0.683

0.660

o.633

o.5e5

a.550

0.508

o.4zo

0.4:e

0.b10

o.3gz

0.382

0.31+6

0.346

o.3b5
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rABTE 8

'-rrmRotgsAtrcrl,rc 
acrD

u=0.01

o=2.2x10-\"f

t=25oc

À=337mF

Buf f e¡c

1.0NHC1

ECI

HCl

HCL

HC1

HC¡.

ñc1

clA

clA

c1.å.

clA.

cl-a

clA

F

F

F

Ac

Ãe

NH3

pH---

"-0
O. 621¡t0 . 010

1.1r.3

L.É58

2.060

2.278

2'l+72

e.680

2.883

3.071+

3.278

3.488

3.500

3.65!

3.826

3.982

4.e03

5.852

9

o.Bt9

o.818t0. 010

o.8tZ

0.804

0.786

0.77o

0.746

o.7tll

o.683

o.øtrZ

0.618

o.585

0.583

o.569

0.557

0.549

0.522

o.522

0.52L

A

I
2

3

4

5

6

7

I
9

10

11

L2

13

r.4

$
r6

L7

B
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TABI,E 9

5-ME$roJCysAtr cylr c acr D

u=0.01

c=2.0xto-4 u

b=zf c

\=li¡zrn¡r

A

I
2

3

4

5

6

7

I
9

l0
L].

L2

r.3

14

L5

r.6

B

Es€rer--
L.oNrlcl

HCI

HCL

HCl

HCI

HC1

õ1A

cla
cla
cla
c1.a

cla
F

F

F

Ao

Ac

NE:

DHÊ-Ð-É-

,\,0

o.616r0.010

r..130

L.62L

2.073

2.3o2

2.5L3

2.7L4

2.926

3.11o

3.335

3.553

3.822

tl. o43

l+.35L

5.o25

5.842

I

o.5ge

o.598to.o1o

o.5gø

o.582

0.560

a.532

0.501+

0.1+ó5

0.426

0.388

o.362

o-327

0.300

o.285

o.275

o.262

o.262

o.262
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IABT,E ].O

I+-BROI¡ÍO SAII C]IIC ¡.CID

u=O.Ol

c=2.0x10-h

t=250c

-\=flJn¡

A

L

2

3

l¡.

5

6

?

I
9

t0
l1
12

Ì3

1l+

t5
16

B

Buffen_
1.oNricl

HC1

HCl

ECl

ECl

ECl

clA

cla
cla
c1À

CIA

F

F

Ao

Ac

Ac

Ae

NHa

Ë___
.wQ

o.61610.010

1.1110

1.640

2.r06

2.348

?'594

2.801+

3.o47

3.266

3.400

3.998

4.105

4.!.2e

5.043

5.X5
5.840

9

0.583

0.583r0.0r0

o.578

o.56'+

0.531

o.506

o'4zo

o.4i+z

0.411

o.376

0.369

0.348

0.340

0.33r

o.329

o.329

o.329

o.329
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TABI,E T.1

5-cHr,oRo sai,I cYLIc A,cID

r¡=0. 0l
c-3.onLo-h

l=25oc

tr=325ry¡

A

I
2

3

4

5

6

7

I
9

10

11

t2
13

1l+

r5

r6

B

Buffer

l.ONITCT

HCt

HCl

HCI

HC1

HCt

HCI

CIA

çra
c1A.

clA

c1A

F

F

F'

Ac

Ac

sH3

pE

,^., o

0.6!1tO.010

1 . r¡+Z

L.62J+

2.r4o

2.277

2.1¡46

2.70a

2.892

3.033

j.az7

3.46e

3.552

3.696

3.865

5. o19

5.813

9

0.817

0.8L7 ¿0. o10

0.803

0.780

o.729

o.7r2

o.693

o. ó15

o.5ze

o.5119

o.52O

o.bgr

0.482

0.1+Zr

o.l+65

o.4l+?

0.41+r

0.441
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TABLE ]-2

5-IoDosarrcyLrc AcIÐ

u=0.01

e=3,0x10-\4

t=zíoa

¡=j2$n¡t

A

I
2

3

l+

5

6

7

I
9

10

1L

L2

13

1l+

15

B

ES€er -
1.or{Hcl

HC].

HCl

$cL

ECl

ECl

c1Å

c1a.

cla
01A

cla
cLA

F

F

Ac

Ao

NE^t

DH¡-_--
..., Q

o. 616 i0 . 010

1 .149

t.652

2.O95

2.310

2.5?J

2.673

2.86r

3.064

3.273

3.488

3.872

l+.062

5.O2O

5.8h0

9

0.805

0.804 !o.010

o.797

o.782

o.7l+5

o.72L

0.689

o.660

o.630

o.601+

o.585

o.567

o.5t+5

o.540

o.520

o-5L7

o.5t7
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TABLE ¡,3

5-BRoMOSALIgyLIC ACID

u=0.01 þ=25oc

s=3.0x10-h 
^=328rr¡r

A

1

2

3

¿t

5

6

7

I
9

10

11

L2

13

l-¡+

L5

16

B

Buff o¡r

1.0NHC1

HCI

HCt

HCl

¡fc1

HC1

c1À

sla

cla

c1a

cla
ct a.

F

F

rl

Ac

Ac

NE..)

pH

'.¿ O

o.6l+5 r0.010

1. rt+¡

1.600

2.09L

2.294

2.50O

2.702

,!' 2.845

3.o't
3,264

3.478

3-7ø5

3.e65

l+.2]-3

4.e86

5.840

9

o.670

0.6701o.010

0.660

0.638

o.5sr

o.552

o.5L2

0.469

0.429

o.393

ø.372

o.352

o.33ll

o.323

0.319

0.308

0.308

o.308



73

TABLE 14

4-oyaNosAl,rcyÊrc AcrD

r¡=0. 01

c=2.0x10-\
t=zíoc

^=334.rl0,1

A

t

2

3

l+

6

7

I
9

IO

1l
t2
13

1l+

r5

t6
B

Buffer __
1.0NEC1

ECI

HCl

HC1

IfcI

HCI_

HCl

cla
c1À

c1.å.

0tA

c1Â

F

F

F

Ac

Ac

NR.

pH

'r, Q

0.658to.010

1.15o

L.627

2.08o

2'z7B

2'4z:-

2.604

2.841

3.a65

3.115

3.35L

3.566

3.760

3.e46

4.930

6.o80

9

o.6l+5

0.64010.010

o.632

o.607

0.56r

o.5tl0

o.520

0.501

0.1+83

0.4611

0.458

o.h5o

o -hlt
0.434

0.4:r
0.4:o

o.h3o

o.L3o
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TABLE 15

5-NIÎROSAJ,ICYLIC A,CIÐ

u=0. 0L

c=o.9xro-h
t=250c

¡=JlOnp

A

1

2

3

¡+

5

6

7

I
9

10

1t
t2
L3

1l+

L5

16

B

Buffer _
l.0NEC1

ECI

ECL

ficL

ifcL

$c1

HCl.

c1À

cl.a

cla
cla
cla
F

I'

F

*{c

Ac

NH.)

PI' --do

0.652ù0.010

1.145

L.562

2.O82

2.285

2.474

2.69L

2.884

3.060

3.27 6

3.4e7

3.658

3. 860

l+.130

)+.995

5.8t5
9

o.9h6

0. 938!0.010

o.933

o.921+

0.9o2

o.890

0.880

0.869

0.858

0.851+

0.850

0.81+6

0.8h5

0.844

o,S¡+¡

o.8ho

o.8¡+0

0.840
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TABLE 16

l+-NI TROSAJ,ICYLIC ACID

u=o.01 l=25oc

o=0.8x10-\,Í ¡=288nF

A

L

2

3

¡r

5

6

7

I
9

lo
11

12

13

14

L5

1ó

B

Buff,er d_

0.405

0. ¿125!0.010

o.!¡s
o.45t

o.h8r

o.l+93

0.508

0.519

0.528

0.538

o.5l+3

o.5l+9

o.551+

0.558

o.560

o.566

o-5lo

o.5zs

1.O¡{gcI

ECI

HCl

frcL

ECl

HCL

EC1

cLa

c1A

cla
cla
cla
F

F

F

A,c

Ac

NE¡

pE-

^v0

0. 6l+110.010

1. r38

1.610

2.065

2.269

2.,+57

2.6A3

2'85t

3.o33

3.150

3. tloCI

3. ó06

3,798

4.ooo

4.ços

5.800

9
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llablêÊ 1? a¡¡il t8

En¡renluental anel tnterpolated data of
pE andl oonrespondlng absorbanco of

buff er.ed soluÈlone of amlnosalicylie

aoids for the caleulaùion of the fl¡rst
lonlaation coastrnts ( TabLce 174 a¡¡tl

tBA) en<t for the caleulation of the

aooondl ionfzatlsa eoasÈaats ( fable L78

an¡l 188).
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Tå,BLE 17A

I+-.0MII{O SAJ,I CÍLI C AC ID

u=0.L

e=t.6*0-h

Errperlmental

þF250c

¡ =f J.l¡nlr

Buffer DHr

L.Ol{H0l -O
r..150!o.010

L.327

L.533

t.736
1.9r4

2.02L

2.L60

2.260

2.358

2.51o

2.W4

2,637

0.280

0.323:O.010

0.340

o.3zz

0.¿r05

0.445

o'l+zs

o.l+9¡+

o.5L2

0.5rh

o.533

o.533

o.545

Intorpolated

---Ë2--

5.00

4.63

¡+.¡r

l+. oS

3.80

3.63

3.h4

3.30

3.29

3.L2

3.r2

A

I
2

3

4

5

6

7

I
9

10

11

L2

HC1

HCl

HC1

HCl

EC¡.

HCt

ficl.

ECt

ECl

cla
ct.a

clA
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TABLE 178

I¡-AMINOSAÍIICYÍ,IC ACTD

u=0.L

c=t.6xt0-\q

ExperinsnüaL

l=25oc

\ -314í¡,¡

r.3

tl+

t5
1ó

L7

18

r9

20

2L

22

23

B

c1Â

cta

F

__B*gþ_ p}fp _
3.20010.010

3.tlJ+S

3.631t

3.71+4

3.840

3.931+

3.966

l+.265

4.480

h.690

l+.861

9

Interpolated

--Èr--
2.1+1

2.14

2.02

L.95

r.88

1.82

1.81

1.58

L.42

x.28

1.20

F

F

F

F

Âe

Àc

0.525!0.010

o.lgr
0.l+Zo

o.l+53

o'l+n

o.1425

o.422

o.379

o.352

a.fiþ
o.328

o.297

Ao

Ao

NH3
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TABIE 18A

5-Á¡,[NOSALI CYI-,Í C ACIÐ

.u=0.1

c=2.3x10-\"I

ExoerLmenÈsl.

F25oc

^ 
=315nF

A

1

2

3

4

5

6

7

I
9

10

¡.1

L2

r3

llr

-*PgI€e¡r
1.0NHC1

801

HCl

HCl

HCL

HC1

rct
ECl

HC1

c1Â,

cLa

cla
cla
cla
c1.A.

JHr -
,vo

1.53410.01o

L.75à.

1.908

2.01ó

2.L66

2.260

2.31+9

2,W5

2'5ls
2.630

2.858

3.005

3.189

3.1+38

0.580

o.530 r0.010

0.506

o.4ze

o.466

0.4¡g

a.425

0.1+L3

o.3gs

o.¡zo

0.370

0.3¡+8

o,333

o.322

0.311

Intô¡!.Do1stêd

-eÞ--
6.31+

6.06

5.8¡+

5.76

5.6t
5.51+

5.1+7

5.32

9.21+

5.18

,+. sg

l+.81

l+.63

l+. ¡+0
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ÎABLE 188

5.AMINOSAITCYIJIC ACID

u=o.l

o=2.3xt0-\,f

Experl.mental

t=zia c

À =Jlln¡r

t5
I6
17

18

19

2A

2t

22

23

eb

25

26

B

Buffer pHo -_g-__
0.3O1+lO.0L0

0.316

o.323

o.337

o.360

o.365

o.377

0.391+

0.1+2lr

o-t+55

o.4so

o.525

o.5ço

Inferpolated

- 
ÞHr

3.63

3.3X

3.L7

2.95

2'7t
2.66

2.5?

2'l+5

2.25

2.Og

L.77

r'57

Ao

Le

Ac

Ac

Ao

Ac

Ac

Ac

Ac

Ao

Ac

Ae

Nn3

11.257 r0.0r0

4.1+82

l+.686

l+.860

5.o80

5.L50

5.233

5.353

5.5W

5.685

5.r03

6,25\

9
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Figures 22 aîd 23

Plottetl exl¡crLncnùaL dåùa of
lÍables 17 anit 18 of a¡rlno-

oalicylle aeid.s.



F
Lg

. 
2?

. 
l¡-

A
nl

no
s*

J.
tc

yl
tc

 A
cI

d
@ N



.4
4 -r
J

A
O

:::
l:, ri:
;

,1
,¡

,.1
i,

F
fg

. 
2J

. 
!-

A
ni

no
sa

llo
yl

fc
 A

cl
d

4 
5 

pH
@



84

Table 19

Computed first ionization coostants of
sÌrbstitutsd salicylic aeids.

Substituenù _
ll-cË3o

Ì+-0H

lt-cAE5o

4_ca3

5_cH3

3_cH3

Salicylic acid

5-oE

l-cH3o

4-Br

5-ÇL

5-t
5'B¡

4-cN

5-t{o¿

h-soz

_e¡r--
3.271+! a.oLÉ

3.1971 o.006

3.168 t o.011+

3.081t 0.019

2.999 r o.o14

2.986 r 0.013

2.956 ! o.oLz

2.952t O.aLO

2.907 J 0.o11

2.7011 0.017

2.668 ! o.o22

2.667 ! o.OL9

2.582 J 0.or4

2.3181 0.016

2.285 t O.O].L

2.27t ! O.O32
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DISCUSSION

The appa¡rent ionl.zaülon eonstenùs sf sr¡.bsùltuüed

sallcylie acids co¡lpr¡ted from thê lBM 1620 Ooryuter Íor€

eorocted aoeordl.ng to Klsllqnd (35) to givê übor¡rnoilynanlo

Lonlzatlon ooneta¡¡t¡.

â,.*' âo- CH* fH* CA- fA-
Kth."r. = of = ,* r* 

(42)

ïh6¡rô 4 : actlvlty.
C : conoenÈretion.

f : actlvlty coefflcienÈ.
Ktheror. ! thernodJmamlo Lonl.zatlon constânt.

f1l6 va]-us of, c¡* f". ¡¡¿E detonnlned from the pH of tho

soLutlon. fhe aetivity eoeffieienù of nEutral molocule, j*,

was a¡sumed to be unity. fhenefone, Equaüion l¡2 becomee

G"* f"* C,q-r = -----j-------j---- t_= Kobg. fn_ (43)"the¡:m. 
CH¡

and PKttsrn. = PKobs. - log fo-

r¡he¡re Kobsi observed { apparenù ) lonizatloa oons tanÈ.

(41+)
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Sill'ce no deta ar.e avalLable for tÌ¡e actlvity coeffi-
olentg for eaob of the substltuted salicyLato arrions, al1
oo¡r¡reo tLoas ¡rere based on tbe aetiviùy ooefflefenü of üre

saÌicylate anioû ( C6II40HCO0- ). Fo¡r ùhe soLEtlsn ioaic
strength 0.0I, lr=0.929 a¡rd logl*= -O.O3a ¡ for f.onf.c strêng-
tb. 0.L, te-=O.835 and logfo-= -CI.080 (35). Bhese ïere gubstl-

üuted firto Equation \þ.
Sable 21 sl¡o¡rs the thornodynqnt c S,onizatLon consta.nts

determLneê ia ùhia laboratony Èogether ¡¡f th tho¡e f,rom

pnevious papors . f!¡e Table wês arra¡¡ged aceordlng to thô

order of lnareasing aaid atrength.

Conparlng preoent work r¡1. tb previoue data, a fairly
good agneoment ls evidênt lrith tJae erceptlo¡l of tb.e niÈro-
sallcyllc aoldls. The sü¡:onger åcldity of \-¡11¡o"ualloylle
aoid eoaparned to tb.at of Èbe l-nf.tnosa3.Loyl.lo acid obsêrned

in the p"6ssnt rork agreet r¡fùh tho geaeral obaervatlon

tbat a nitro group at tbe para-posiÈion ¡¡lth respêot to tbê

oanbo:yl l,n an arenatlc aold onharieos tlre strength nore th¡a
¡rhen 1ü occupiee thê mêta-posltion.

[he p¡revlous va].ues of K.t s of, nitrosalicyl-le ao5.de

we¡re obtaLned from oonductlvfty daùe ( 17115116 ) and tt ie
probable tbat tlrey are too lange because thE at tro gnoup

increasos the aeldlty of the phênol-le -0H to suob. a¡ß exÈent

thaü it coatnLbutes signlffoantly to the conduotivity.
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flae possibLe exigtence of, bytlrogen bondlng betroen

the e arboxyl group and ortho-hydroxy group of para- or meta-

substlüutedl aallcyllo aol.d has led Jaffe (31) to suggêrt

that th.e effeeü of the l+- or 5-substituent on tbê lonizatLon

conEtâ¡rt of salfcylie aoid nay be €xerted through two paths ;
one patle ts Èhrough to tlre pb.enolio hydrogen bond ¡ the

other one Ls centered oa the oanboxyl group. Aecordlag to

thls theor¡r ùhe pKt s of tbose aoidg sboBld flt üho two-

parameùor Ha¡rsetù equatlon.

Klog-=?rd,+frJ,
Ko

(l+B)

where /, a'ad d¿ r6fer to the gubctitrlont consta¡rta of tJ¡e

Eubeti.ùuent ( 5- end 4- ) ralattve to th6 points of attaeh-

¡eents I andt 2 of tbe slde chaLn, ¡reepêctivêly. n¡g I ( Pr)

snd Iþg Z (Prl'are thel:r respeotlvo reaeülon oonatanùs.

Jaffe (31) found that the daùa of Shorter et g!. (58)

for eLx gubstitutad ea1leyJ-le acltls fit the siryle Effieùt
reJ.ationehLp, Eguation 31., bottêr ttran the t!úo-paramet6r

one, Equation l¡8. I{e attrlbuted thls to Èhe faet that,

fpn his ei:c acids, dr a¡¡d ó2 waîe tineanly relatetl rith a

aorrelatlon coefriclenålo"$ 0.918. 8e proposed ùÌraù li,>o.øf

lg the Lintt of ugefulness of BEuatloB l¡8, i.e. if l, >o.¿l ,

Equation l¡8 oan not be distingulshed from Equatloa Jl..
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lfhls le beear¡ge d, æd /, are linearly rolated rhen Y0,6, > o.{

Eenco,

d'= C d'

rhêr€ C is a oonstanü.

K
1og 

- 
=

Ko

(50)

(51)

I t fol.Lows that

9,d, * 1.d,

f,c ór+ f, /,
(f,c+ f,l d,

Ure above êE¡re.tion is obvlously a ùJrpe of olre-paranêter

Hamôùt eEuetlon.

$3!Eg l's (6i') a¡¡d glgg 2ts (óis)( ZT ) f,or the

fif,toea substl.Èuted saLleylic aclds of tho presenÛ I'nvesÈi-

gatl,on are lf.sted ln Tebl-e 22. fbe eorrelatLon coefficlenÈ,

Y4r,, betueen d, a¡rd (7 uaa oalosLateê accorijling Èo Ðoning

(rt*1.

Ye,6, = Z
( 6,- 7, )( ¿.- a,) (4e)

[he ôata ln Tab].e 22 re¡e substituted ínto Equatioa l¡9 aad

the correlatlon coeff,lcieat f4 6rwas calsulated to be 0.6711.

.& graph of J, versus /r in f,lre present study is sbosr¡ in

Fieure 2¡+.

'(z 6,'-n-6i1< z <r'-^il)
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[able 22

Substitusnt eonstanùa of sr¡bstltuted
saLieyllo aoids ursed in ths tro-¡r anarae to r
traene tt êquation.

92

Subgtituent

SallcgtÍo Aoi€l

l+-Methoxy

þ-Brono

l¡-etboxy

l¡-cyano

þ-rlt:ro
þ-uyilrory

þ-tfetbyl

l-Metboxy

5-ch].ono

$-Brono

5-stÈ¡"o

5-IOöo

5-t{ethyl

l-tlytlroxy

d' --
0

-0.268

+o.232

'o.a+
+0.66

+o.778

-o.3?

-0.1?0

+0.115

+0.373

+0.39r

+o.7to

+o.352

-0.069

+0.121

/,-

0

+0.1r5

+0.39t

+O.1

+o.56

+0.710

+0.12I

-0.069

-0.268

+o,227

+o.232

+L.27

+o.276

-0.170

-a.32
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Becauss ttre l¿, ¿., was celaulatôd to be 4uch lesg than

0.9 our data can be thr¡e used to test the ¡elatlve fits of

Eguation 118 and Eguatloa 31 to the ionlzatlon eonstanùs of

subatltuted sallcyllc acitts.

Equation l¡8 ras tested by noa¡rrar¡ging it into übe

fora

1.ogK-logKo
$?,

llho genonal form of Equattoa 52 ls y=a:Ê+b r¡hiob ls a

sùraigbt line. If a pLot of y versus r colTeaponctfng to

eacb substituted óal.lcyl-ie acitt ls construoted, ttre alope

of the line glves f, *ê the dlsùarlce betweon the orlgin and

the lnÈerseet of the line on the y axis gtves fi . {the

oalculated yts and xrs åre llsËeô Ln Table 2J. Ttrese values

are plotùed in Figu::e 2!. If Equatlon !2 should be app15.-

cable to eorrelaùe the pKts of substltuÈe.d gal'ieyJ.le acids,

aU points in Figure 2J wouJ.d be on a single sÈralght llne.
llcê randowre g s of those points d.isprovos ühs useful.nass of

Equatlon l¡8.

Eaving proved that Equation þ8 does aot fiÈ the pKts

of substítuted eal-lay1ie aoÍds, a elaplo Sanneüt equation

lt = 9,r*) + ft

K
l-os - = 9l

Ko
(3r)
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Íab1e 2J

Valuos of y and x f,or teaùing
Equatlon 5?.

Substituted
saLlcvlLc Acld

l4-Methoxy

\-Bromo

l¡-Uttroxy

4-oyano

l1-Nitno

þ-nydrory

þMeübyl

l-!4ethoxy

l-chLoro

l-Bromo

5-¡titro
5-Iodo

l-Meübyt

!-nyaroxy

ùoa K/v, l,
v= ---¿- x= 7;
1.18?

1.099

o.883

0'966

0.875

0.651

a.735

o.L+26

o.772

ø.956

0.91+5

0.82r.

o.623

0.05o

-0.¡+29

L.685

-0.h1-?

0.848

0.913

-o.327

0.406

-2.330

0.609

a.593

r.?89

0.784

2.t+64

-3,O58
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tes t6sÈeô anA the pLot of llånmÊtt s lgma vorsus log K shorn

la Flgure 26 gives a very good. cor.relatlon. Tho corrolation
coeffielEnt betrieen log K andl d , Yr.tr.¿ , was ealculåÈêd to
be 0.984 as eonpared to Jaffers value of 0.978 (29) ubioh

rras êstlnated by using daüa f¡rom the work of Shorter et aI.
(58).

lÍbe loast sqr¡eres !N6 thedl ( Appeadtx III ) ¡rag usêd to

oompute ttre slope of Èhe line ( | ) through Èhê givon poiata

e¡rel tJrls el.lmlnatea a eortein arbiÈre¡¡'fnegg wi th whlcb ùhe

sane llne ntghù be drann vlsually. Íhe rho ras ognputed to

be +0.898 t 0.039. This ag:r.eeo fairly well wlth Jaffsrs
nequ5.roment tbaü | f@r ortho-substituüod bên¿oLe acids le
equal to 1. A rho of, 1.L0J waa neponted from the informstion
obtalned from S!¡orterr r slx subetLtuted salicylio aetdg (58)

by Jaffe (â9).

Befone oonEideratlon caa bo given to the questloa

wby the pKrs of subsËltuÈedl sal-lcyllo aeids fit the oao-

Pa¡aJ¡¡otsr llametè eq¡¡atloR, one shonld ox.rn{ nê the evLèonce

fon inüranolecular hydrogen boncllng of salicylle acld botreen

tlre hydroxy group and the oarboxyJ.lc oxygen aton (l¡, 39, 5ù,
Tab1e 2\ prêseaÈð data f:ron neference.(51j . IhE abno¡maL

acld stnongühs of ortho-hydroxy benzolc acLds oan noù bê

predicüed soLoly from s sonsLderatLsn of the dlecÈronfe

ef,feets of th6 gubstiùuents and rterio factorsi intramolecula¡r

i:¡
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Íab1e 2\

Ionization eortstânts of hydroxybenzoic
aeids as eon¡rared to the parent aeld (51).

Sr,rbstitìrent fO5f-- 
-@(benzoicl

Benzolc Àcld 6.n 1

o-Eyctroxy 101 16.L

m-Hydrory 8.33* 1.33

p-Hydlrony 2.95 CI.42

2,6-Ðlbydlroxy 52OO 830

* Data üekea from SeferoÊoe (39).
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hydrogen bondtlâg between the bydnory gror:.p and the carboxylfc

oxygen atom wag poetulated to stablÍze the carboxylato ânion

(h).

Ã\ ^oo<( l)-r-\ \-./ ./ \Yl-
\}J

0-H

The reeent evidenco of inùramol-ecular byôrogen bonding of sa:.i-

aylic aeld ls dre to Shtgo¡rlr¡ (21+). IIe sbowed the IR speetro-

scopic characteristics of the hydnogen bond b€ twoên 3200 antl

3600 o¡r-1 of . salíeylic acid and s i¡¡llan oornpor.mds. ftrls

klad of oharacüerigtie inÈramolear¡lar bydrogen bonding of

salicylie aclat ls al6o abown by Korobkov (38) fn organlc

solvánùs, sueh as CCI4, <lloxane åad êtherl.

There are at lsast tno posslble rayn to elpl.aln why

tho dtgsociation of gubstltuted salloylic acids oan be oorre-

Lêted rith Equation 31.

One way üo iater¡)råÈ tbe data ls to assune thaÈ ao

bydnogon bond exigte beü¡resn the bydroxy gnoup anê tlre oanbo-

xyLio oeygea atom. fba effoct of thê ortho-hydroxtrr Srorp

on t*r€ acid s ünengtb ls tlrên oonsidered to be throug\h

no¡mal elêctronlo dleplaoomenË. lherefore, the folLorfng

¡rElatlonsbip could Þo e:cP:ressed :
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$3)log

rhere d is ùhe gubstituent oonsûårßt of para- or meÈa-

¡ubstituont rel.atlve to ùhe rôaatfu.rg sit€ at¡d /,¡.¡ re¡rreaents

thE offeeË of OE gnoup on th6 reactLng síte, lou ls a

Gonstant beoause l.t is såae througthout the reaetlon genies.

Equatlon 53 nay be also B¡ritten

log tç = | d + tldoH+ log Ko ) ( 5l+)

Sincê th6 last üern, lè"y+9-o7 K" , in Equat1on ![ is a

cor¡süant, ä?re rholo oxpnesaion belongs ùo the type of one-

peraneter Eemett equaÈfon. flowovol., if thls inter¡rreta-
tlon ig oor¡recù lt is very cllffloulù ùo explaln the data of

îabLe 2þ prevfously ¡referred Èo.

Ihe second in terpneùation of our nesuLte is to

assumo t'baÈ the hydnogea bondllng be tween tlr€ hyd¡ro¡y gnoup and

the oarboxylie- oxygen aËsm ls so strong thaù thê ef,fect of
para- or meta-substLÈuents on thâ ionLsation equillbrium

tbrough ùbe patb of, b¡rdlrogea bondl Ls c6nstal¡ü. Thts nlgbü

be tlro oaee lf tbe laflueaoe of ühe- hydnogoa bond on eold

etrengtb is tbo resu1t of it holdlnå tJx6 eanboryl group ln
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tùre plane of thô rlng andl thuE eatrar¡oil¡g mesomorle ef,feots.

lhen tbe effect sf tlre orüÌro-hydroxyl gnoup lroÈal bs ooastånË

so long as the hydrog€n bond ls etrong enough Èo uaLnüal.a

oo-planarity. ConsequenÈLy, the pKrs of gubsÈituted

salloyllo aoLds nouLd. give a goodl eornelation r¡lth Equa,Ë1on

(31).

no¡¡ovor, the carboxylate anion of bensol.o aoid

rould have nore f¡reedon üban tbåÈ of, aal-loylte acld to
assumø any spatial arrangemenù rolativo üo the benzeno

rl.ng. fl¡ua Ln üho casê of benzole aold mesomenic offeots
eü ühe eanboryl oenter would be expected to bo lees pronoun-

a6d tha:r 1n the ceso of salleyliE acLd r¡hleh ls a stablized
hyd:r.ogea bondled epeeLes, Itr5. s interpreÈstlon uould pnedict

that rho sbould bo larger fon oallcylic acf.ds ùhan thaÈ f,or

benzoic aolais so that tlre second tnterpnetaËion oa¡¡ handly

be eonneet.

Ií[o aingle lntor"¡rretaùion ig available at present

whioh ean lneLude both the previous ovidorrce fon chelaüion

in salleyl.le aolals anci ol¡r evidenoe agaS.nst iÈ.
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Itlttr :regard to the 4- sn¿t J-aminosallcylle aeide'

tho ionl,zatl.on constants of thê free aeidg ( K" (Fie.26))

aro obtainotl by Lnterpolation in Èbe Ha¡lame tt plot uslng tho

irorto:rn /, ana d¡ of ard.aosalloylle asiôs aE showr¡ in Fignre

26. Tho íonlzatloo oonsùante of tho indtviêua3- specf.es,

üho lsoêlecÈrlo polnts ar¡d ùbo poroontago of, zrittenlons

aù the ieoelacùrio points wc¡e ealculateil from the nelatio'r¡-

ships given ln Equatl,oa 15 through Equatlon 21 antt shor¡n Ln

Table 2! togoüher rûlth s tandard devlatloae ag oaloulated

aocordLng to Topp ing (62). fhe l1te¡¡atune valueg of pKts

of aminoealicylle aalds are also given ln lable 21. Eho

lonl.zatlon oonstants de ternlneê ln ÈhE pfeoonù r¡onk a¡re

probably nore ¡reliable than ¡¡revlous values because tl¡e

eomputer êr¡&bles oB€ to tako aeeou¡tt of ùhe u]robtallrablo

ê¡perln€nËêl data fo¡r the ovenLappûng portloas of tho ffr6ü

and seoond lonlzatisn songtaots. lllilo ùlre rlûoè5maml c ionlza-

tion ooastantg, K5, [¿, and K , of \-a.alnosalleyLic aold

w€re GâlcuLaÈeit to be någaülve wlth omors larger t'han tho

oor¡reslrondlia8 values. Slnco Ëbo iont zetion oonEtant san

noÈ bs negatLvo ln reality lte valuo anrs t lle between zero

and tl¡s uaxlnun value ïhleh ls obtaineê by subtreoùion of

tbe oelouLetsô loalzaÈ!.on oonstan! from the positlvô valuo

sf the eîroro Tbose are also listed in garentboses la

Table ?5.
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tab.lø 25 reveals the laterssting andt ¡rrevlously
unbloun faoÈ that et tho teoeLeoünlc poinù l+-a.ninosalloyllc

aold ls alnoõù eatirely ln ùhe neutral. form l¡he ne as 5-ânlno-
salt eylie aold ls aluosù co¡rpletely zrLtterion.
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llable 25

llhe tho rmodya^nic lonizatLon oonstootsr
the igoeleotrio pol.nta and ühe pêrcon-
Ëage of ãritte¡elonð of anLnosal.leyllo
acl.de .

____krEL__ __5-us2__
rokl ?9.5 i. 1.1 57 .9 ! 8.2

ÞKr 2.10 t O.OI 2.2t+ t O.O5- 1.99(b3) 2.7¡aeol
1.7 (20)

3.80 r 0.93 0.0201+ r 0.oor.5

3.lra t 0.09 5.69 J O.o3
3 .92 ( h3 ) 5.81+( 20 )
3.9 (20)'

loke 1Ih.5 t 43.2 o.loo t 0.o2?

:.oka
pK2

1s\"

xolhfu

-35.0 tl+l+r3 57.4t8.?(0-8.3)
2.6h r 0.2b 7.31 r0.33

ro¿k'd -8.63 ù Lo.o5 o.o2o4 t o.oor5* (o-1.h2)-
r (-o.3o5ro.l+95)xro-t+

( 3.58io.31)xlo2(0-0.19x10-4)
PHisoo. 2.76 3.92

ØEAruo.. (0-0.0019) 96.L5t3.7o
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t. llho flrsË lonlaêül,on eoosta¡îùs of sf.¡teea
tubotiüotoð oaltoyll,o acl.ds have beea deternLned f.n equeous

goluËton at Z$oC uatag an iarproved ult¡ravlolet absorptlon

spectropho tsmetrlo me thod.

2. Ílhe fi"¡tt anô seeond loaization oo¡rgtants of

l+- anê 5-aninoeallcylio aeid.s have eLso bosn deterrinott by

uolng the neühod of Dunn aratf Leggate (18).

3. l.lre fþst Lonigatlon sonstaatð of eixüeen

subctituted salloylie aeida üero sell oorrolå.toil ¡rltb tho

siryle Ha¡mðtt êquatlo@ betÈer than tbe tro-paramotôr

oquat!.on.

4. Cafoulations of the zr¡ltterLon conoenüratÍon

of a¡ninosalleyLlc aoido pointed ouÈ ùhaü, nhenoas !-anlno-
salloy1lc aold Ls almost eaüirely 1n the aeutral f,orn,

5-a"nlnosaLieyl.io aeid is alnost conpleùely ln üÌ¡e s!ûitter-

ion forn.
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APPEI{DIX
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1
2

3
4

5
6
7

APPffiDfX I
THE 1620 IBM FORIRAI{ PROGRA},Í FOR

SOTVING gEg GEÞTERATJ EQÛÀTION: Y=(AJT+BC)/(C+X)

FOR SITE FIRST IOÑTZASION CO}TSTA}IÍ OF A

SUBSTllUTtsD SAÍ.,TCÍIIC ACID

Ðr¡.fEt{sroN PH( 20), D( 20)
REAÐ 2,N, EDEA, EDA, EPK, JA,I]Pfi , ITD
FOnM^ilr (13,F6.3, F6.3, Fó.3, rh,F7.3, F7.3)
IF (sENsE sffircH 1)3,1+
accEPr 2rN, ÐHA, EDA, EPK, JATUPH,ItD
C=EXP ( -2.3o3.*nPK)
DO ! J=l,Jj'
REAÐ 6,PH(J),D(J)
FoBMAT (Fó.3,F6.3)
AA3O.
.AI¡=0. .: .Ì j

ACEO.
.a,o-o.
BB=0.
BC=o.
BO=0.
cC=0.
CO=o.
00=O.
DO B J=]-,JA
X=EJG)(-2.303r$pH(J) )
sx=x- ( sxp ( -4. 3o3{" ( pr{( J) +upH) ) )
CX=C+X
p¡=_4/CX
Iíra=-¡'r /ô ra

i'õ=xi't Ëi¡'ne-EDA),/ ( cxr*2)
p¡=6-:r ( EDA-EDHA) / ( C)(,t*z)
FY=l.
FO=D(J) -(EDE¡tril(+ (EDAxc) ),/cï
Frl,=L./( ( (FX-þ)sz)-x-(UX+Ê&2) )+( (¡'r'râr2)*(UÞËsz) ) )
All=AA+ (FAåqFA*!Í.,)
A3=AB+ ( FS*PB/*F[)
trÇ={Ç+ ( !'¡,*FC*FL,)
ao=ao+ ( FArlFO.rÉFL)
BB=BB+ ( FBâ1E&,tFL}
3g=S,Ç+ ( !'ÞrFCxFt )
BO=BO+ ( FB*FOå¡FL)
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9
10

1Ì
l2
13

(fl:HlÍä"i
CC=cc+ (FC*FCr-)3FL)
co=co+ ( FcåFor1Ft)
O0=0O+ ( ForsFoâtFL)
CONTÏNUE
PT=-LB/AA.
Pz=-Ld/AA
p3=BB+ ( pl1ßAB)
P4=Bc+ (PlxAC)
P5=80+ ( PlrrÀo)
P6=-PvP3
P7=CC+ ( P2.,EAC) + ( P6*Plf )
P8=co+Pe*Ao ) + ( P6lsp5 )p9=pft(ptxP6)
vç=P8/P7
1¡B=(Pt- (plr*vcl]' /p3
vA= ( Aô- ( Ad*vc ) | ( aB¡rvB) )/AÁ
A=SDHA.VA
B=EDA-VB
C=C-VC
IF (C**z;Voxxzlg19,LL
PRINÎ Io,N
FORMAT (I2r{N0 sorrîroN 13)
eo ro 18IF (SS\ISE SIfITCH 2\L2,L3
fF ( VC*ìrz- . O0002tr ( Cll't 2) lL3 ,13 ,7
C)I=P9/P7
c21=( Pr- (P4¿rc3L\ \ /P3
c11=( 1..- { AC,,rc3I) - ( aBårc 2L} I / A
ciz=P6/P7
cza=( r'. - ( p[¿+ c3z) t /p 3
cIæ- ( (.A8.È3c¿2) + ( Ãc-;Ê c,32') ) / AA,
c33-L./P7
c23=-@l+xc331ft3
c13=- ¡ ( ¡iB¡rCe3)+ ( ¿cy.c a 3) ) / AA.
s=þþ- ( ( eo.**6 ¡7*r - ( (p 5*p 5\ /p 3) - ( ( p8å3p8 ) /p? )
AJ=JA
Exr=s/(Ar-3.0)
sEA=Sq¡Í( CllirEl$)
S,EB=SQIÌI ( CAZTSEXI)
SEC=SQRT( C33TFEXT)
p6=-¡6ç( s)/a.Jol
55p6=ffi+ ( L0 c( C+sEc )/2. 303
PRIIIT ll+,N,JA
FORMAT (6UNW NO T3,138 NO POINTS 13)
PRr$r 15,TDHA,EDA,EPK

th
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tf;"åHîiå"i
L5 F0 fiMAT ( 5HEDHA=F5. 3, þriÐA=F5. 3, 4HEPK=F5. 3 )

PRTNT 16,A,B,PK
16 FoRMÀT (þDHÀ=F6,1¡r7Il D.l=F6.\r7Ii PK=F6.h)

PRTITT 17,SEA,SB,SEPK
l-7 FOnMAT (6I,ISEDEA=F6.¡+,9H SEDA=F6.4,9II SEPK=F6.h)
1.8 PAÛSE

GOTO1
END



1
2
3

l+
28

5

6
7I

t10

APPEBIDI]T II
TIIE 1620 TBM FONTRAN PROGRAM FOR

soLvlNG gHE GE!$ERAL EQüATIoN: v=1g4gg¡)/(r+nx)

FON lHE OVEATA?PI$G TONIZATION CONSÍANTS OF

AI{ A}4II{OSAIICYTJIC A,CID

Drl,fENsloN PHr ( 20) , PEz( 20) , D( 20)
rF (sElrsE slfrTcH 1)2,4
REITD 3, EDI, EDz, EPK].,UPE,IJD, JA,N
FonMAT (F7 .2,W .2,F6.2rF6.2rî5.1, 13r 13)
A=ED1
B=Ð2
o=Êle ( -2.3o3rsEPKL)
GOTo5
REAÐ 28, EDz, ED3, EPK2rtPErtD, JA, N
FOnMAT (T7 .2,F7 .2rF6.2,96.2rF5.1, 13, 13 )
A=ED2
B=ED3
C=TXP (.2.3O3JTEPKz)
AJ=JA
Ð0 6 J=lrJA
READ 7,PI{t ( J), Pnz(J),D( J)
FonMAT (F5.3,F5.3,F6.3 )
AÂ=0.0
.AB=0.0
AC=O.0
Â0=0.0
BB=O.0
B0=0.0
BO:.0.O
CC=0.0
C0=0.O
00=0.0
D0 1.2 J=lrJA
TF (SEilTSE SWITCII 1)9.10
x=r-. 0/( EKp ( -2. 303rspsi ( J ) )+Ðc ( -2. 303*PE2( J ) ) )
IF (SsssE swlrcü l¿)3o.31
U¡= ( 1. o/ ( ErF ( -2. 3d3* ( ÞHl ( J ) +upH) ) +Ere ( -2. 303* ( pHz ( J ) +IrpH) ) ) ) -x
GO T0 11
ûxc.lc-t . o/( Ð(P ( -2. 303* ( ?H!- ( J) -u?H) ) +EXP ( -2. 303* ( PEz ( J ) -rrPË ) ) )
GO tÐ IL

9

30

31
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10

32

APPEIIIDÏX II
( continued)

X=EXp (2.303xpHr(J) )+EXp( 4.303r$pir2(J) )
IF (SE['TSE SWITCII l+132.33
rx=( Etc' ( 2.303ìl ( pHI ( i )+uÞH) ) +Ðe ( 2.303* ( prra ( J )+upE) ) ) -x
GO rO tt

tr1 ( J ) -upH) )+Exp ( 2.303* ( p¡12( J ) -r'PE) ) )33
11

ux=x-(EXP( 2.303*(P
FA=-l.O/(1.O+(X*C)
FBÊFÀ¿s)CrÈC
FC=X*(A-B)*(FA**¿)
FD=L.0
FX=Cài(a-80/(FAf.lsz)
Fo=D ( J )+ ( FArÊ ( A+ ( B,¡Ê'crsx) ) )
Ft=L. 0/ ( ( ¡'xn*z ) xux+ ( ro*xe¡ xgD¡
AAÉA.&T ( FA*FAi$FÎJ)
ÀR=AR+ ( F&$FBnFL)
¿g=¿ga(p{*FG*FL)
AO=40+ ( F.&*FO*'FT,)
BBãBB} ( FB¿}I'B,*FL)
BCÉBS+ ( FB,¡+FGrstL)
BO=80+ ( Fg,t+lþr$S'L)
oC=CC+ ( FC.ltFCiçFL)
66=ç9+ ( pe*FO*FE)
oo=00+ ( FolsF0|FT,)

12 qONTTNUE
P1=-AB,/ÀÀ
P2=-Lc/a,a,
P3-RB+(PIési,B)
PI+=BC+ ( PInAC )
P5=BOf(P1+.40)
p6=-il)h3
P7=0C+( P2*AC )+ (P6,¡sPl+)
P8=c0+ ( P2*Ao ) + ( P6"P5)p9=p2+(pt*p6)
vc=P8/P7

r¡¡= ( A0- (ÀC*VC ) - ( A¡*vB) )/t¡.
À=A-VA
BÉB.VB
c=c-vc
IF ( C,;þ*e-VC¿s*e) 13, 13, 15

13 PRIUE l¡r.N
L4 FoRMAT (ie¡wo soI,uTroN 13)

e0 ro 26
1.5 rF (sErrsE slrrfcH 2l].6,17
I-6 IF (VC*rÉ2-1.8-06rþ(c|tråz) )17, 17, I
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L7

APPÐIDIX I1(continuod)

Ç3L=P9/P7
c21=(P1- ( Pl+*c3l) \ /P3
c11= ( 1. 0- ( ¡rcr?c3l) - ( aBrÉ cZLl I / aa
c12=P6/P7
s22= 1 1'. 6- ( el+"cazlI / P 3
c12=- ( ( ABârc22) + ( AC#C32) ) / a
c33=L.o/P7
c23=-eb*c33)/p3
c13=- 1 (Áe,*c2:)+ ( tcr$c33',, I / LL
s=00-(.(Aor¡Ao )/AA) - ( (p5s]?51/p3l -( (p8råp8)/p7 )
EKT=S/(a.T-3.0)
sÉa=sQF,T( Cll*EKE)
Sr:BÊgeÃT( CZAçEXT)
SEC=Sq¡T( C33nÐ{T)
PK=-IJoG( c)/2.303
PRIUT t8,t{,JA
FonMAl (6HRU$ N0 r3,13H r{0 PorNrS 13)
IF (SENSE SrJrrCn Ll2O,23
PSII{T 19,8Ð1.Ð2,EPtrT
FORMAII (l¡lrFrti=rl+.0rlH ÞD2=Fb.Or8H sI'KI=Fh.2)
PRTNT 21^A,.B.C.PK
FoRT,IAT (3uof;'r6.0,0H D2=F6.0,68 I(L=EIO.b,?H PK1=F6.4)

L8

20
t9
2L

22

23
27

2l+

2ç
26

?RI$T 22,98À,SEB,SEC
F0RM$Î (5HSED1=F6.1+, 8E
GO r0 26
PRÏNT 27,EDz,Fij=3,EPKa
FORM,AT (çirO2=F11. 2,|ff
PRI¡IT 2¡+rA,B, C,?K
FORMAT (3HD2=F6.4,68
PRIIIT e5, sEA, sEB, SEC
FORMAT (5HSSD2=F6.h, 8E
PAUSE
c¡o T0 1
n{D

SED2=F6.1¡r8U SnKl=ÃIo.1¡)

EDJ=FI¡.2rBH ePß2=F4.2)

D3=F6.4r68 K2=810.4,7H PK2=F6.4)

SEDJ=r$.4,9O S¡K2=810.4)
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L
2

3
h

A?PEI{DIÏ IIT
SIIE 1620 IBM FORTRAN PNOGRAM FON

SoLVffê E'fE GH'IERA! EQIJAIIoN! y=$(+B FoR THE

REACTION CoNSÎÆ{P,RIÍOrlt{ THE XoNIZAÎION 0F

STBSTT1Î]ÎED SAÍ.,ICT:ÊTC ACIDS

DIMBISIoN ]C(l+O), Y(l+O)
READ 2, N, JA
FonMAf (r3, rh)
ÂJ=JA
DO J ¡=1.¡¿
READ 4, i(J), Y(J)
FORMAT (811.¡+,8r1. l+)
lc=o.
Yl=o.
l2=O.
Y2!-0.
nf=o.
D0 I Jal,JA
IU.=lO+l((J)
Yl=rr+Y(J)
lr2EXz+X(J)**2
yz=f2+y(J)*lt2
lcr=)Cy+ï(J)#Y(J)
to,t=xv.A.t
Bf=T]'/AJ
XS=:e'-ÂJix ( )Of*x2)
yg=y2-gix(yM*xz)
xf s=lcl-ÀI¡3lBf,rYM
a=)cys/xs
B=IM_ÀrFXM
SEA=SQRT ( ( vslxs-¿x*Z) / { N -2. ) )
SEB=SEAe+ SQ,R,I (X2/ N \
PNINT 6. N.JA
FoRs{AT l///ïnnvw No =13, 15"8 No ?orNTs =r3)
PRINT 7, Â,SEA
FoR].4AT (/2re=n1.4,7I{' sEA=811.4)
PRINT 8. B.SEE
FORMAT (2HÉ=Ð1.1+,?H sEB=8L1.4)
rF (sB{sE swrfcE 1)9,11
DO 12 J=I,üA
TC-Aå$X(J)+B
PRINT 10, X(J),Y(J),YC
FoRMAT (Él1l.4,Êrr..4,811.k)
PAÛSE
GOr0 1
END

6

'7

I
9

t2
10
II
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A?PB¡DTX IV

PREPARATION OF ECl BUFFERS

As an exampLe, consíder that a \00 nl. eoLution of,

pH=2.1¡ with ionia strongth 0.OI ûas requLred,

pH=2.1+

I r]4.0*ro-3n
Caloulating ths vsh¡¡ne (¡¡f .) of ECl gtock soJ-ûÈlon (O.I-OOON)

needeil: 
X

0.1000 

- 
= l¡.0x10-J

ll00

X=L6 nl.
Í{rê conceatraüion of KCI required ln order. to keep ionLe

strongÈh sf ùhe buffer soLutlon at 0.01 was

0.0L - 0.00\ = 0.00ó M

Calculating the vo1w0ê (m1.) of KOl stock solutlon (0.1000N)

needed:

o.].ooo Y 
= 0.006

l+00

Y=24 nl.
flrerefo:re, a l¡00 nL. br¡ffer sol-ution wtüh pH=2.þ aad lonie

strength O.0l coulð be ngdo from

f6 rô1. 0.L000N EGt
24 n.l. 0.10o0N KCL
Ðllutedt to l¡00 nl. rrLth êtsüiilea1
water.

::.1.:
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APPMDIX V

PRE?ARÀTTON OF CARBOJCTLATE BTJFFEBS

A br¡ffer golution of pE=J.6 r¡ith ionic strcngùh

0rOI was prepareð by ntxi:rg 100 n1. of a soLutlon A (0.005N

HCOONa and 0.00!N KCL) and ùhe required vol¡me of a solutisn

B (0.021{ HCL ar¡d 0.01N KCL) whLch ls caleulatêd as follords:

K
$cooH ¡.-g E+ + ltcoo-

f.n*) t ncoo-)
o" = [oo*]

rog K" = ros [n+J + los ##
fncoo-1pK.-pH-1og -
[ucoonì

, Slace PKiTCOO¡r = 3.75

n"'dðåo-l

' n""n loe ; r -- 3.6-3.75 = - 0.15
lHcooEJ

fncoonl

- 

* t.hl (h0)
LHC0O-J

Siaee HCl + ECOOI¡a ---------' HCoOE + NåCI

' "ttA HCoo- + scoofi = !x10-4 v, ot s

Hcoo- = 5xro-4 - ircoon (l+t)



Substitutíng Eq. 4f j¡to Eq. 40,

¡IUUUII

5*-4- rcpati 
=l'&1

HC00H : 2,92jXJO-l+

Therefore, 2.92yJO-l+ ¡lol-es HCf r.¡-as need.ed and the voluue (nl. ) of

O.02ll HCl required øas

o'o2 
Y = r o"-r^-4

.LUUU

X :11+.6 rtr.

S, buffer sofution with pl{ - 3.6 and i.oníc strength O.O1 r,ras, therefore,

made from

r 0.005N H00Ol:la
SolutionA:1OOm1.|

' 0.005Ì'l Ktl

( 0.02N HCl
Solution 13 : 1L.6 nrl. i

( o.ol-rJ t(cl-

The ionic stnength 0.Ol- of the a.bove buffer sofution r,Iíth

pH= j.6 r'ras checiçed a,s folloi¡s :

The contribution to the íonic strength due to the ionization

of f,o:nic acid r¡as negligíble so l-ong as l-ess than 2j m1. of Solution B

-¡¡as used ter 100 ¡nl. of Solution Ä.

The equation for the reaction in solution i.,x,s represented as

follous:

J.LO
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HCI + HC00Nâ-----'ECOOH + NaCl

The concentraùion of eaoh eorpongnt in thaü soLution wss

flcooNa : Jxtg-4 - ?.gzxuo)+

i{a0l : 2.9extO-4

Kc1 : 5xfO-4

rc1 t (2,g2/2)xLo-4

flre total coneontration ras 1I. þJxtO-hnäx by adtdì,ng up tbe

above four. Sinco tÏ¡o toüal voh¡me of the buffer sohtùioa

r"aa lll+.6 rnl. , the ionie s trengtÌ¡ wae obtained ae folLows:

11'l+6x1o-lt 
x rooo = o.o1

11h.6

l¡ro val¡¡es of, pH snd thei:r corresponêing volumes

of Solutlon B were ùhEn oalcuLated for the monochlonoaeeüate,

formate and aoetate brlffer, respectively. [lh6se deta rû6re

plotùed on a graptr of pH versus volumo of Soluùion B wlth
eo'rðùa¡rt yolwßê of SoLutlon A. By connecting tho two

poLnts for eacÌ.r buffer', throe stnaight IÍnos uere obtaíned

as ghqur¡ ln Fig. h. Shese caleulated values ¡Íêre compqredl

¡¡lùh measur.ed values of pH. Beoause th,e values of tbe

oon,eentration of Solì¡tions A and B may not have be€n exa@ùLy

as ttroEe noted in Fig. h, oorrrected lineo using ttrê moasureal

pE rúero consünucted.



l-18a

Fie. h. A plot from rhich the voh¡¡ae of

Solution B can be read which musù be

added to a 100 n1.. of So1uÈion A to give

tbe desired pE.

(1) Monoctùoroacetate Buff,er,

( 2 ) For¡aate Buff er,
(3) Aeetate 8nff,er,



Volume .of Solution B , d.
æ

.ao'

.{
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