
DISSOCIATION CONSTANTS OF ORTHO-IISI)ll( ,SI" 
BENZOIC ACID AND Y-RESORCY1,IC ACID 

The walk of Ostwald on the d~ssao~dlon  const,tnt\ of substl- 
tuted cxb07~yI1c a ~ l d s  hCks shornt~ tlut the wh~ t l tu t~on  or group5 or 
atoms cllmges the strength of the w d  Ostn nld ~h,~r,ictei  IXCI the 
g ~ o u p s  as possessmg negative or po\~tive propertle\, ,icccrrdmg :is 

they ~ncreased or decreased the d ~ \ s o c ~ t l o n  ~on4t,11it Such g r o ~ p  or 
atoms m:ky be regxcled as possessing electlnn ;ztt~nc;ti~~g or electron 
repellmg drpo1e;s ( (  In the d~ssocrdron of .t sul,strtntcd ncrt'l thc uifhr- 
ence of a subslitucnt lelatlve to Iiydlogen 1s exprt.\wd Iy t h  catwt 
to ~vh~c l i  t lx  equil~bnuni 
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"w 

It1 the subst~tutecl bensoi~ ,~c~cIs the ~ I ~ S O L I ~ ~ ~ I U I ~  ~0114~ ir l t l r  vdry 
wlCh the mtrrre ancl posltlon of the wJ>\tl@xlt gr01q) w~fh I t y x ~ t  to 
the c a ~  hoxyl The hyc11 ox j  1 group, w h 1 ~  11 posrt\zcs ,in c 1c~t.r on  
'zttincting dipule, inLic,iws t l i ~  htrength of thc , i~ ld  thnnrmdl~  when 
present In thc 01 thv pos~tion In tht coursc of I 5) steii~~rtrc research 
on the d l s s o ~ ~ ~ t t ~ o n  ~ o n s t ~ t n h  of 11: druxj brnmc, ,tends (Abich,uld.tnr 
m d  J a t h  This Jox~rnal l!)dS, 2 1 4  11 7 )  t t  ha\ I x t  13 h ~ t ~ l  thrit 
the order of stlcugth of thc i~rsl rhrwu,itwn tund,rnt\, orthu> 
mcLt > I-I> &it ti h ~ l c  h i  thc \ e ~ t r ~ ~ c l  d ~ s , c ~ c ~ , i t ~ l  const,tilt\, 15 Iht. 
relerw Gnl l~c  ;rc~cl, whi~l i  h,ks two hjdt c~xj1 gt at1p az metti pjs~tions 
and O I ~ C  LII p ' i ~ . ~  po\~tlon, 1s .I senker a c d  th.m i)ceroii acid To 

expl.tin these ~h;inge\ 111 tlic \treni:tll ot thc ; \ ~~d i ,  11 x ~ m d  tntel~stirri: 
to stud! lla d ~ v , u ~ ~ ~ ~ t r a ~  ~tu~\t;itrt, rll o i ~ d r ~ ) x y  hcunm .krd . t i i d  -i 



y-resorcyllc aLlcl\ The pievmus VJUC\ of chib0~1dtko11 C ( J ~ C ~ ; L ~ I ~ S  

for these nctds were dete~mmed by conductlvlty ~nctllocl mcl were not 
corrected for interlonic athact~ons 

In a prevlous mvestigatlon (Ab~chandnni and Jatlm , loc ut ) 
the dissociatioti conslmts of vartous acids were cletelmlncd by the 
potentlometnc tttratlon i~lethod The pN[ at any point W L L ~  ~ornputed 
from the electromot~ve forces of the cells, 

Pt, H, I Solutton x 11 KC1 (sat) I Sat Caloinel electrode 
The junct~on potentlal 111 the above cell between solutions c~t~cl  satmated 
calomel was assumed to be liegllglble Burtou H m u n e r  a i d  Aciee 
(J Bureau Standa~ds, 1936, 16, 575) have, however, sliown that thls 
assumptioll is not collect Due to the u n c e r t a ~ n t ~ c ~  of junction 
potelitla1 tnvolved in the use of a ground glass stoppered salt bticlge 111 

the previous xnvestigatton, ~t was thought necessai y to use a method, 
111 which junct~on potelltidl can be avoided 

The method cons~sts of n ~ e a s u r ~ n g  the elcctromotlve forces of 
the cells of the type 

H, I HAn (m,), NaAn(m,), NaCl(m,) [ AgCI-Ag 
(Harned and co-wo~kers J Amer Chem Soc 1930, 52, 5079 , 1982, 
54, 350) 
The dissoctdtioi~ constant I i  rs calculated accordmg to the equc~hon 

where E is the electiomotrve force 01 the cell, the terms m repre- 
sent the ioiuc concentl;~tions 01 the salts in solution and Y is the 
activlty coefficient of the ions At Aero 10111~ concentratlon, the term 

~HAI,~, ,  111 ----- becomes ~ e r o ,  so that I<' is equal to I< the true thermo- 
y*, 

dynamical cl~ssocmtloil constant 111 pul e wate~  at thCtt tempel ature 

The value ol E, the itiii~d.u d poteliti.J 01 the cell Ag-AgCl(s) 1 
HCl I H2(Pt) 1s cletermll~ed hy  masulrng the ele~lro~nollve kolce of 
the cell contammg hyclt ochloi x i d  of cliffet ant coiicct~traiions, E, 



RT 
being given by the equation E = E, - - In m2P,  

whele d l  the Iclms h a w  t l w  u s u ~ l  signlfic,mcc 'I'hc v ~ l u c  of r , ~ t  
:M0C c a n  I3c cnlcdated by i h ~  method of Slleldlo~ d v  m r l  fi!,l~Il~lle~ 
(J Amel Chem SOL 193G, 58, 19%) Thc iesult\ ,ire given 111 

(Table A) The value obtained IS In good agreement with that re- 
ported (0 21912 volts) by Harned and Eldels (J Ainer Chem 
Soc 1933, 55, 2179) 

The results fol /3 leso~cylic a c ~ d  are publ~shed by the authors 
elsewhere (Jour Ind Chein Soc 1939,16, 355) 

EXPERIMENTAL 

Mate? zals -01 tho-hydroxy benzo~c ,iclcl (M P 149")) [b'-resor- 
cylic acid (M P 213") 1 and 7-resorcylic acid (&I P lGliO-167') 
were purdied by two crystallmt~orl of the pure salts flom dlstriled 
water Sod~um chlorlde of A R quallty was recrystnllmd The 
solutions were prepared 111 resistance (Jena) glass bottles by add- 
ing a welghed quantity of the mate~lals to conductivltj water A 
welghed quantity of standard sodluin hydrox~de solntrori (prepared 
by the actloll of the watel vclpour on metallic sodmm) mas run 
mto the above solution and the quantity of sodium salt foimed was 
calculated 

Cell -The Cell (cf authors loc a t )  used for measurements was 
made of pyrex glass The silvel-silver chlor~de electrode sealed to 
the bottom of the cell was prepared according to the direct~ons 
of Carinody (J Am Chem Soc 1929, 51, 2901) The hydrogen 
electrode was prepa~ed zccording to the method of Branch, Yabroff 
and Bettman (J Amer Chem Soc , 1934, 56, 937) A clean platinum 
fod (1 5 x 2 cin ) was first elect~olysed m 100: sulphuric a c ~ d  and was 
then platmzed 111 3% platinic chloride solut~on for five minutes, uslng a 
curl ent density of 0 03 amperes per sq cm Hydrogen was prepdred 
by the electrolysis of 10yi caustic soda solution wlth nlckel electrodes 
and was purified by passlng it through a stamless steel tube (three feet 
long and one mch In d~arneter) contaln~ng palad~nlzed asbestos and 
heated to about 220% It w,i\ found to be 99 9% pure The g~ 



befole admittrng to the cell, wac bubbled th~ough w,l te~ kcllt :kt the 
salllc tetnperatul e as the cell to insul e agatnst cont ~ n l  I dlon cllangcl, 

Before e6ich expenment the e lec t ro tb  mrl thc tolls W L I ~  

rlnsed w ~ t h  the solutxon to be used and the hycllogctl n ~ i s  ,dlowecl 
to bubble thlough 11 foi about t l~ree  hours Two cells w c ~  c u w l  m d  
the measurements with each solutton wele repeated t s v u  'l'lic  ells 
were kept in n thermostat malntalnecl at 30" =I, 0 02 ;uld lhc clccllo- 
motlve force measureinentc were taken 011 ,I Tmsley's Vcr nlc1 f'olen- 
tlornetel, u s~ng  a mirl or as a llull mshumenl 

The hydrogen 1011 concentratlou (m,,) of e x h  solullon \vas 
detel inmed flom the elect~omotivc force I eaclmgs of Lllc  ell 
H, I Solut~on 11 KC1 (sat) I HgC1 -Hg at 30°C 'rlx high \ l~cngth 
of the aclds did not wallant the usc 01 method. aclvocc~tecl by I-Iar~iccl 
and Ernblee (J Amer Chem S o c ,  1934, 58,1042) 

The values of E,, as  cleterin~ned by the ineasul emcnt of the 
cell H, 1 HCl(m), AgCl- Ag at 30°C are glven 111 the following Table A 
in the concentiat~on of hydrochloi~c acid solutloi~s was clctel m~necl by 
the electrometrlc tltration of the each a c ~ d  solution 

The values of ionlc concentrattons of vat 10~1s salts along wlth 
the observed electromotive forces of cells are glveil m the lollowmg 
tables l. and 2 for each acid, 



I 

I1 

I11 

IV 

V 

VI 

VII 

VIII 

Solut~on 

I 000219 

I1 . 00195 

111 00138 

IV 00135 

V 00148 

VI 00110 

VII ,00141 

VIII  / 00098 

Extrapolated value of I<'= K = 1.25 x loJ 



I 

I1 

I11 

IV 

V 

v I 

VII 

Calczilatzorn of dzssocznt.~on constant  

111 

IV 

V 

VI  

VII 

- - 

log I<' 
-- - - - - . 

-1 2447 

-1 2491 

-1 2579 ' 

-1 2654 

-1 2832 

-1 3048 

-1 2342 
---- 

Extrapolated value of Kt = K = 6 00 x lo-%, 



In Fig 1 the ionic coilcentrattons 11 llaw been plotted  g gain st 
the con espondmg d issoc~at~oi~  constant of each acld This plot mrhen 
extlapolatecl fol zelo ion~c  concentr~d~on gives the raluc of I.;, the true 
~hetmoclynamicd dissociation constant of each acid 111 pure water ,it 
30°C Follocving values of K have been obtained 

I Authors (3VC ) j Clthei b (25'C ) 
I 

Y-Resoi cyhc actd / 6 00 x lo- '  5 0 x 10"'(b) 

(a) T he1 and Iiocme~, Z Phqsikal Chem, 1 W8, 63, $31 

(b) Ostwald, ibid , 1889, 3, 219 

(c) Suss, Monatsh 1905, 26, 1331, 



Tile lower values obtained by prevlous worket s n ~ c  due 
pnnc~pally to (1) the ass~11nptlon oI mcompletc C I I S ~ O L M ~ I O I ~  01 socll~un 
salt, a mew prevelant at the tune of thci~ ctctciinlnatlons mil (2) the use 
of Siemens unit of ~es~stance, accoldmg to wl~~cl l  thc value of A In 
older lltesatare is lowel than that calcnlated from the plesent definition 
of ohm The old results have not been coriected for the effect of 
mtenon~c attractions. 

Drscussro~ 
The values of dlssoc~atzon constmts of varlous hyclroxy 

cdrboxyllc acids show that the hydroxyl group owing to its elcctton 
attractmg d~pole mcreases the strength of the acd  T h ~ s  electrostatic 
~nduction (-I) 1s tiansmitted through thc inolecule nnd Ldso thiough 
space (cf Ingold J Chenl SOL , 1933, 1120) In d u l  ;~lctl ~onlugaie 
systems, dong w~th the e l e ~ l ~ o n i c  clisplacemenl oC illc iucluctlve type, 
a ~nigr~~tion of. the elecllor~s, bllnging about cov;tlency chmges, takes 
place (cf Lowry J Chein Soc 1923, 522) Thls electronic ~ m g ~ a t i o n  
is the outcome of resonance, and is called the mesomesic effect (M) 
In o? tho- and pal a-hydroxy benzo~c acds, ihe presence oi an unshat ed 
electron pax on the oxygen atom b~lngs  about a tesonmce wluch 1n 
the lattel compound 1s expessed by the st~ucture 

This resonance decreases the strength of the yay a acid The 
effect in the ortho a c ~ d  being counter-acted by the electrostat~c 
induct~on (-I) In m-hydroxy benzorc aczd, there bemg no possib~l~ty 
of a resonat~ng structure, the only Eacto~ which contnhutes towalds the 
increase In acid strength, is the electrostatic mduction (-I), 

Jenk~ns (J Chem Soc , 1939, 640) has calculated ihis factor 
(I) m the case of o-, m- and p-halogeno bei~zo~c aclds and has 
shown that for these aads, F the field stlength at the c;ulson atom 
of C COOH group, due to a small dlpole situated at a distance I ,  is 
proportional to the logar~thm of the dlssoclatlon constant The value of 
F 1s gven by the expression, Fall 1 + 3 cos2 B/r3 



The val~les of F calculated for the thiee liydroxy b e n a o ~ ~  a~idil 
a1 e given in the follosving table ni~d ale plotted ag,~inst log I< 111 h ig I? 

The centre of the dipole 111 these nclds has been t d m ~  m~d-w,hy 
between C and 0, and the OH group has been assumed to be inore 01 

less a pelfect conductor The value of p for phenol which 11,~s been 
determ~ned In benzene solution is corrected lor the vapoul by 

p vapour 
multiplying by a factor 

p solut~on for chlorobenzene (cf Groves and 

Sugden J Chem Soc, 1937, 1992) 'r' and 8 have been ccdculated 
trignometrically from the values of mterionic distances glven by 
Paulmg and I-luggms (2 Krlst , 1934, 84, 205) 

- 

I i  x lo6 
-- 

6 31 

- 

log I i  
- - - - - -- - 

-4 200 

125 0 I -2 902 

8 3 -4.08 1 



The abnoimally high cl~ssoclat~on consla~it of (I-hyclroxy benzo~c 
acid, however cannot be ent~rely nccounted foi on the n ~ d u ~ l i v c  (-I) 
and lnesoineric (+M)  eflects B ~ a n c h  ~ 1 1 ~ 1  Yabioif (J Amel Cllern. 
Soc , 3 934, 5 4  2568) l ~ v c  pomted out that this momalous 11e11,wioui of 
the 01 tho suhst~tuteci acid 14 duc to the resonance, w h ~ c h  l e su l l s  ~n 
the foirnation of the chelate zing The ;lad may he co~~s ide i cd  to 
exist ds d td~lloineilc e q ~ d ~ b i ~ ~ m  between the clhsslcckl cmci chelate 
structui es  

Bake1 (Nature, 1936) 137, 236) has suggested that ~t is the 
chelation of the anton, wluch hundets the return of the proton m d  
increases the acid strength He has suggested a presence of an 
mternal hydiogen bond m the n~olecr~le 

,f3-Resorcylic acld has two hydioxyl goups,  m ortho and 
para positions The Qssociation constant of the acld shows that both 
thc groupsexel t an infl~mlce on the stlength of the a c d ,  mdepen- 
dently of each other, one mcreasmg the d~ssociat io~~ whde the other 
decreasmg ~t The effect of chelation 01 the internal hydrogen bond 
111 ortho position 1s smllar to that in o-hyclroxy benzoic acld Tllis 
effect is stdl more plotlounccd 111 r-lesoicyl~c acid, whlch has two 
hyd~oxyl groups 111 oltho positions to the cailsoxyl 



This coinpo~mcl has two inteinal I~ycIrogen bonds mcl 11,~s the 
following structure 

H 

Accoi ding to Sinallwood (J  Amer Cllem Soc , 1933, 54, 3048) 
the increased dcidity of the ortho substituted clc~d is due to the 
dlrnlnlshed free rotation of the cai boxyl 1~1th lespect to the substitnent 
group It  may however be pomted out that, thl\ d~m~ri i~hccl  free 
rotation is mamly duc to thc i i ~ t c ~ i ~ : ~ l  0 H honcl p l ~ s t n t  ltl thc 
molecule, whlch makes the oxygen of the cxboxyl group cllrwted 
towards the phenolic OH 

The factors wh~ch change the stretlgth of the hjdroxy 
substituted benzolc aclds c m  be ~umm,iri~ect 35 (I) electrostntlc 
tncluction (2) rnesomerlc efiect due to I Lson,uice m d  (3) m t e ~  ,ltomlc 
0 H bondmg present 111 the molecule The fx to is  iol all these 
three effccls as calculatecl from the grCiph of F L~gatnst log K :ire given 
below 

p- -- - - ---. 

The vnlues of 1; for \clnou\ CII- ' t i d  t t  I -  I I J ~ I O X J  I ~ J ~ L  < L L K ~ ,  

calculdted oil thc basis oi thr .tbove f L c t o ~  ,, ,uc t , h l d ~ d  .dt)rlq w t l l  
the obselved v h e s  111 tIic follonmg t,Me 

! Inductlon Substituent Mesomeiic 
effect 

Internal hond Totdl 
e f f e~ t  eflect 



Number of groups 

Ortho 
-- 

1 

1 

1 

2 

- 
- 

i 

- 
a 

Meta Para 

1 - 
- 1 

1 - 
-.. - 

1 1 

2 - 

1 1 

2 1 

- 1 

U 

Calculated Obscrved 
I( K 

Aclcl 

----- -- --- 
1 14 x 1 0 - y ~ )  2 3 cl~bydtoxy bcwolc 

acid 
607x10- ' (a)24 ,, I I 

108 x IO-~(C) 2 5 ,, I )  

G 0 0 ~ 1 0 - ~ ( a ) 2 G  ,, 11 

3 3 x10-6(c) 3 4 ,, ,) 

9 1  ~ 1 0 - ~ ( ~ ) 3 5  ,, I )  

5.5 x10-'(c) 2 3 4  tn- 
4 6 x 10" (b) 
3 8 x (c) I ,  

I I 

2 2  ~ 1 0 - ~ ( ~ ) 2 4 G  ,, I I 

(a) PI esent ~nvestig at~on 

(b) Abicha~ldmi and Jathal (loc a t  ) 

(c) Values EI om Lanclolt Bol~lstein 

A scrutiny of the various expermental values of dlssoc~atlon 
constants of Q- and tn-hyd~oxy benzolc aclds, given ln the above 
table shows that the effect of substitution by hyclroxyl group depends 
on the positlon and number of groups The observcd values of 
dissociation constants for 2 6 l~ydroxy and 2 4 6 tri-hydroxy benzoic 
acids ale approximately twice the calculated valuer; T h ~ s  is significant 
m view of the fact that both the aclds possess the two ortho g~oups,  
and l w e  the same stluctural configuration, possessing two l~iternal 
0 H bo~ldings T l m  for an acid contailling n immbcr of inteinal 
0 . H bondlngs the ~alculated value of the drssociation constant 111ust 
be ~nultiplied by the number of O....H bonds present in the molecule 
On this assumption, we have for oltlzo hydroxy benzo~c acid 
K =  1 x 1 353 x and f o ~  2 6 dl-llydioxy benzoic acid I<= 2 x 2 8 x 

,mcl for 2,4,(5 tli-hyclloxy benzolc acld K=2 x 1 3  x lo-" 



The c a l ~ u l ~ ~ t e d  values for rest of the u d s  art: 111 f,111 :lgrt:en~e~~t 
wlth those determmed expenmentally, the sl~ght dlBerences belng 
due to the mutual influence, which the groups exert on e ~ c h  other 
and on carboxyl gi oup 

Recently Jenkins (Nature, 1940, 145, 149) has shown the 
influence of degeneracy n, (wh~ch IS defined in terms ot number of 
gos31ble lesonating structures) on the strength of the ncids m W ~ I L I ~  
the inductive effect is small or can be calculated He has shown that 
in the case of: acetlc acld (11 = 2)) pbenyl a ~ e t i c  acid (n-4) dnd dlpl~enyl 
x e t i c  ;icld (n=8),  a stra~ght line relat~onship exists between 11 the 
degeneracy and the d~ssoclat~on constant 

T lm iden can be extended to b e n ~ o ~ c  acid, 0-13 droxy beilzol~ 
r ~ ~ i d  and 2 6 dhyclroxy benzoic a c ~ d  (Y-re\orcyl~c acid), IP the ~nductive 
and inesomerlc mfluences ( p g e  85)  ,ire ,rllowed ior According to 
Branch Y h o f i  md Bettmhn (loc c ~ t  ) the ,moinL\lous d~ssoc~dt~on 
constant of o-hydroxy beiuo~c acid is due to the resonmce between 
the class~cal and chelate stlucture5 On this basis mcl t,ikulg mto 
account the P,i~~ling's resonatmg structures for x , ~ t d ,  tlic value ot n 
1s 2 fol ben~olc acd ,  4 f o ~  o-hydroxy hen~oic  acid and S for 2 b 

clihycl~oxy beilzo~c dad,  after neglecting the resomnLe structure5 due 
tu  the ine\omenc mfl-luence 



Fig 3 shows the relatlonshlp between log 11 a i d  log K after 
allowlng for the induct~ve and rnesonleric ~nfluences 

SUMMARY 
The dissociation constants of o-hydroxy bemolc acid and 

r-resorcyhc acid have been deterrn~ned at 30°C, by the measure- 
J 

ment of the electromotive force of the cells without hqmd junction 
of the type 

1-31? I H An, NaAn, NaCI AgC1-Ag 
The values of I< for vmous acxds In pure water are found to 

be as follows 
o-Hydroxy benzolc acid K =  1 25 x 10- '  
Y- I?esorcylic acid K = 6 0 x lo- '  

F, the field xntensxty at the carbon atonl d~zc to the substitution 
of hydroxyl gi ouys in varlous ortho, s?z.tstn, and pcu n posltxoils has been 
calculated The eAect of varlous factors, such AS inductwe eftect, 
n l e s o m e i ~  effect and ~nternal bond effect, on the strength of the 
acld has been determined 

The cl~sso~latlon constants of the J /  -and t.1 z-hydroxy benzoic 
acids hme been calculated on the assuinptlo~z that the change 111 
drssuc~atlon constant depends on the posltion dnd number of the 
hydroxyl groups The expermentally observed values f o ~  all acids 
a1 e 111 good q ~ e e r n e n t  with the calculated values, except f o ~  2 6 d h -  
hydroxy and 2 4 6 ih 2-hyclroxy benzoic ac~ds, for which the o b s e ~  ved 
values ~ u e  approxiimtely tw~ce the c a l c ~ l ~ ~ t e d  rctlues This 1s S I ~ I I I -  

ficailt in vlew of the fact that both the aclds possess two orrtl~o groups, 
and h p e  the same structural coi-thguration, possessing two ~n te rnd  
0 R ho~ldmgs 

The exirtence of OH 0 bo~zdmg in catechol and pyrogallol I? 

: h o  acrd meaken~ng in chara~ter as the se~oncl dissociation constant of 
these con~po~~rzds is of the order of 10-l-n o-hydtoxybenzoic a c ~ d  
also this OH 0 boiiclil~g is responsible lot the remarkably low value 
01 the seconcl dissoclat~on constant 


