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The correlation of dissociation constants of carboxylic acids with steric structure 
has been studied and the sign of operative primary steric effect in some compounds 
determined. Primary steric effect has been found to cause a fall. in acid strength, 
when non-aqueous solvents are used. On the basis of the latter, conformational ana-
lyses of a few compounds were carried out. It has been stated that certain anomalies, 
recorded in literature, exist only in an aqueous solution due to specific effects un-
known so far. For the detection of hydrogen bonds formation in carboxylic acids a 
new method was suggested. 

In p a r t I, t he correla t ion of steric e f fec t w i t h basicity has been s tudied in 
the f ield of /S-substituted al iphat ic amines and o r to -a romat ic amines [1]. 

Al though the correlat ion of dissociation cons tan ts w i th steric s t ruc tu re h a s 
been more intensively invest igated in t h e f ie ld of carboxylic acids t han in t h e 
case of amines, some of t h e problems remained unsolved. 

T h e quot ien t of t h e f i r s t and second dissociation cons tants of d icarboxyl ic 
acids has been appl ied la te ly to s tereochemical considera t ions [3], [4], [5], [6] ac -
cording to t h e we l l -known B J E R R U M fo rmula [2]. A f t e r l ay ing down t h e r u l i n g 
principles in the case of monocarboxyl ic acids, t h e application of t h e corres-
ponding dissociation cons tan ts was grea t ly ex t ended in order to de t e rmine the 
s ter ic re la t ion of carboxyl to the ad jacen t g roup [7], [8], [9], [10]. This could be 
carr ied out easiest in the f ield of unsa tu ra t ed carboxylic acids [11], [12], [13], [14] 
since the cis-modificat ion h a d been f o u n d to have h igher dissociation con-
s tan t s t h a n the corresponding trans s tereoisomer. Thus, on the basis of disso-
ciation constants, one can dis t inguish cis and trans modif icat ions. Da ta of s a -
tu r a t ed carboxyl ic acids, however , does n o t al low a similarly unequivocal 
deduction. T h e ques t ion is: which of the t w o stabi l i t ies m a y be suppor ted to a 
grea te r ex ten t by steric ef fects acting in an aqueous solution; in the equi l ibr ium of 

R — C O O H 4 - HOO ^ R — C O C T + H : 1 0 + 

the s tabi l i ty of the undissociated carboxylic acid o r r a t h e r t h a t of the ca rb -
oxylate anion will be m o r e promoted. In other words , w h a t will be t h e p r o -
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port ion be tween proton cleavage and reassociation. Consequent ly , t w o incon-
sis tent v iews deal ing wi th t h e p rob lem have been s imul taneous ly developed in 
t h e chemical l i t e ra ture , according to which steric h ind rance m a y increase or 
decrease, respectively, t he dissociation constant of s a t u r a t e d carboxyl ic acids. 

Obviously, t h e solvent e f f ec t h a s to be taken into account ; this p roblem, 
however , will be discussed in detai l l a te r on. 

Dissociation constants of geometrically isomeric carboxylic acid 

\. Olefinic-carboxylic acids. The e f f ec t of double bond on dissociation 
cons t an t s has b e e n the subjec t of m a n y interes t ing invest igat ions [12], [13], [16]. 
In the course of the p re sen t expe r imen t s olefinic bond h a s been f o u n d to give 
r i s e to increased acidity, owing to i ts e lec t ron-a t t rac t ive n a t u r e . This e f fec t , 
however , is w e a k e r in the f ie ld of a, ft unsa tu ra ted acids, t h a n in t he y com-
pounds, which m a y be expla ined in t e rms of mesomer i c ef fects . Similar ly 
-extensive invest igat ions on the correlat ion of steric s t r u c t u r e w i t h dissociation 
constants in t h e f ield of s tereoisomeric carboxylic acids m a d e it clear t h a t 
dissociation cons tants of /i-alkyl subs t i tu ted geometric isomers decrease as com-
pared to those of acrylic acid. INGOLD [14] explained th is t y p e of var ia t ion of 
t h e dissociation cons tants in t e r m s of secondary steric ef fects . Accordingly, 
s teric pressure would twis t carboxyl group out of the olefinic p lane in cis 
compounds. This effect , b y weaken ing t he mesomer ic e f f ec t leads to the in-
crease in s t rength of acidity, compared to t h a t of the trans compound. Obviously, 
dissociation cons tan ts depend pa r t l y on p r i m a r y s ter ic e f fec ts a n d electronic 
e f fec t s as well, t hough genera l ly no such effects a r e t aken into account in t h i s 
respect. The reason of this is t h a t t h e propor t ion of p r i m a r y and secondary 
e f fec ts can be analysed only w i t h diff iculty. This p roblem, however , is qu i t e 
impor tant , since in the knowledge of t he p r imary steric e f fec t of a given g r o u p 
the pr incipal problem, ment ioned in the in t roduc tory pa r t , m a y be solved. 

Since no m o r e data w e r e available, analysis could be carr ied out only in 
o n e case. 

R \ 
X C = C H X . 

r / x c o o h 

The increase of the bu lk of R . group in a given sys tem owing mere ly t o 
secondary steric e f f ec t ough t to increase the dissociation constant , since the. 
mesomeric e f fec t decreases. Similar results were ant ic ipated as to t he ou tcome 
of induct ive and hypercon juga t ive e f fec ts in CH.., C,Hr> order . In con t ra ry to e x -
pectation, the dissociation constants of P-cis me thy l and fi-cis e thy l c ro tonic 
ac ids were as fol lows [15]. 

C H , C H , 
X C = C H X X C = C H . 

C H / C O O H C H ; 1 — C H / x C O O H 

K = 0,76-HT' K = 0 ,7M0" 5 

These da ta indicate t h a t methy l groups, w h e n displacing ethyl groups , 
cause a decrease in acid s t reng th — instead of s t r eng then ing it — which m a k e s 
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clear t h a t p r i m a r y s ter ic e f fec ts as a dissociation h inder ing f ac to r a r e of con-
s ide rab le impor tance . 

2. Cyclo-pentane carboxylic acid. In the f ie ld of s a tu ra t ed • compounds — 
w h e n an a lky l g r o u p is f ixed by a r ing sys tem in a cis posit ion t o carboxyl 
g r o u p — acidity exh ib i t s a fa l l ing tendency. Th is may be seen f r o m t h e fol low-
i n g example . 

T h e dissociation cons tant of meso-cis-2,5-dimethyl cyclopentane ca rb-
oxylic acid conta in ing t w o cis posi t ioned m e t h y l g roups is smal ler , t h a n t h a t of 

' dl-2,5-dimethyl-cyc!o-pentane, in which compound only one cis placed m e t h y l 
g roup can b e found . The K va lue fo r meso-irans-2,5-dimethyl-cycZo-pentane 
carboxyl ic acid — hav ing no m e t h y l g roup in a cis posit ion w i t h respect to carb-
oxyl — is g r ea t e r [17]. The ' dissociation cons tant of meso-cis-dimethyl com-
p o u n d is even lower, t han tha t of e -pentane-carboxyl ic acid. Data a r e compiled 
in Fig. 1. 

The dissociation constant oi 
meso- i r ans -d ime thy l c -pentane carb-
oxyl ic acid in w a t e r is h igher t h a n 
t h a t of c -pen tane carboxyl ic acid, 
which is analogous to the examples, 
discussed in t h e f ie ld of dialkyl acetic 
acid. 

H. C. LOCHTE and P. B R O W N 
used in t h e i r e x p e r i m e n t s a-subst i -
t u t ed c -pen tane carboxylic acids 
m e a s u r i n g t h e dissociation constants 
i n aqueous d ioxane [18]. Though the 
appl icat ion of these two fac tors sim-
plif ies t he quest ion, the steric e f fec t 
ar is ing u n d e r such condition m a y be 
seen qu i te clearly f r o m the data cited 
by t he authors . 

Table 1 
Dissociation constants of some c-pentane-carboxylic acid in 25% aqueous 

dioxane a t 25" C 

Compound 105 K 

c-Pentane carboxylic acid 
1, 2, 2-Trimethyl c-pentane carboxylic acid 
1, 2, 2, 3-Tetramethyl c-pentàne carboxylic acid 

0,126 
0,0348 
0,0353 

Saturated aliphatic carboxylic acids 

The correla t ion of s ter ic s t ruc tu re w i t h dissociation constants in t he f ie ld of 
s a tu r a t ed carboxyl ic acids h a s been less s tudied. D I P P Y compared butyr ic 
acid to cis and trans crotonic acids in o r d e r to gain some exp lana t ion of t h e so 

9 

Fig. 1. 
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called »anomal« dissociation constant of the fo rmer and drew the conclusion 
tha t the constellations of carboxyl and methyl groups a r e similar to t ha t of cis 
crotonic acid, which s t rengthens acidity compared to propionic acid. Obviously, 
the increase in acid s trength in this case may 'be a t t r ibu ted e i ther t o the p r i -
m a r y steric ef fect or to the existence of hydrogen brigde between the c a r b -
oxyl and me thy l groups. Since t h e la t ter could no t be proved and olefinic ca rb -
oxylic acids have been found to decrease acidity — instead of increasing i t — 
propionic acid — and not bu tyr ic acid — has to be considered as anomalous. 
This can be interpreted nei ther in t e rms of polar nor of steric effects. The i m -
probability of the existence of a hydrogen bridge is s t rongly suppor ted b y t h e 
fac t tha t the above mentioned anomaly exists only in an aqueous solution. In 
alcohoi and also in aqueous alcohol of a certain concentration, acidity varies a c -
cording to the inductive effect . The existence of an intramolecular H-br idge 
in pure water is less probable t h a n tha t of an intermolecular H-bridge by com-
parison wi th aqueous ethanol. Changes of the dissociation' constant, however , 
show reverse effects. . 

X 
o 

alkyî cham 

Fig. 2. Correlation of dissociation constants of saturated alipliatic carboxylic acids with 
the number of carbon atoms in water (a) and in aqueous alcohol (b) 
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The fo rmat ion of a hydrogen-br idge is less p robab le in wa te r , t h a n in 
aqueous alcohol, which holds even f o r hydrogen bonds ar is ing f r o m a phenolic 
hydroxy] group. 

Table 2 . 

Dissociation constants of benzoic and o-hydroxybenzoic acids 

Compound Water 25% 
Aqueous EtOH 

Benzoic acid №.K = . 6,27 105 K = 2,29 
o-Hydroxybenzoic acid 105 K'= 105 105 K = 63,8 
o-Hydroxybenzoic acid/benzoic acid 16,8 27,9 

Above da ta indicate t h a t t h e dissociation cons tan t s of o-hydroxy-benzoic 
acid in a q u e o u s alcohol increase a g rea te r ex ten t , t h a n those of benzoic acid. 
Thus , on t h e basis of dissociation cons tants measu red in w a t e r a n d in aqueous 
alcohol of d i f f e ren t concentra t ion, t h e fo rma t ion of a H - b o n d m a y toe t raced . 

Recent ly H A M M O N T H s tudied [19] t h e corre la t ion of dissociation con-
s t an t s w i t h s ter ic e f f ec t i n s a t u r a t e d a l iphat ic carboxyl ic acids. He f o u n d t h a t 
t h e increase of t h e b u l k of subs t i tuen t s causes K t o f a l l g radual ly . T h u s t h e 
s t r eng th of me thy l i -bu ty l neopen ty l acetic acid is by 26 t imes smal ler , t h a n t h a t 
of acetic acid, a n d also essent ia l w e a k e r t h a n t r ime thy l acet ic acid. Though th is 
s t a t emen t is in ag reemen t wi th t h a t a l r eady discussed in t h e f ie ld of geometr ical ly 
isomeric carboxyl ic acids according to which p r i m a r y s ter ic e f f e c t decreases 
acidity, w e wish to add some m o r e r e m a r k s to t h i s problem. Da ta r epor ted by 
H A M M O N T H r e f e r to water-ethamol systems, in which so lvent anomalies, being 
t raceab le in p u r e water , can no t be revealed. P r i m a r y s ter ic e f f ec t s have been 
f o u n d to a p p e a r only in t h e f ie ld of t r i a lky l acet ic acids in p u r e wa t e r . In t h e 
sys tem of R,—R 2 —R.—CCOOH, by increasing t h e bu lk of a n y subs t i tuen t , a pe r -
m a n e n t d iminut ion of t h e dissociation cons tant could be observed. 

When t h e b u l k s of subs t i tuen ts a re increased in the order 

CH3 < C2Ha < HC(CH3)2 < C(CH3)3 

the induct ive e f f ec t becomes s imul taneous ly enhanced, which s imi lar ly br ings 
abou t a fal l in K. This, however , m a k e s somewha t ques t ionable t h e role of s ter ic 
e f fec t in es tabl ishing t h e p e r m a n e n t d iminut ion in dissociation constants . T h e 
exis tence of s ter ic e f fec t is s t rongly supiported by t h e fo l lowing fact . T h e in t ro- . 
duct ion of a t h i rd me thy l g roup into d imethy l acetic acid should r educe the value 
of K to an ex ten t , which corresponds to t h e induct ive e f f ec t of a m e t h y l group. 
Consequent ly — tak ing into considerat ion only t h e induct ive e f f ec t alone — t h e 
d i f ference of t h e va lues K of dimethyl- a n d t r imethyl -acet ic acids should be equa l 
or r a t h e r h igher — because of t h e d i f f e r e n t induct ive e f f ec t s of m e t h y l a n d e thy l 
groups — than in t h e f ie ld of me thy l -e thy l - and d imethyl -e thyl -ace t ic acids, resp. 
inspection of d a t a reveals, however , t h a t in the la t te r case t h e in t roduct ion of 
methyl group causes g rea te r al terat ions. 

9* 
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Table 3 

105K values of a few substituted acetic acid in water at 25° C 

Compound 

Dimethyl acetic acid 
Trimethyl acetic acid 
Ethyl, methyl acetic acid 
Dimethyl, ethyl acetic acid 

105 k 

1,38 
0,891 
1,67 
0,957 

Quotient 

1,55 

1,75 

J. F. J. Dippy : Chem. Rev., 25, 151(1939) 

Hither to only s te r ic effects , giving rise to d iminu t ion in dissociation con-
s t an t s of v a r i o u s a - t r i a lky l subs t i tu ted carboxyl ic acids, have b e e n discussed. 
These f indings, however , d o n o t hold fo r der ivat ives of d ia lkyl subs t i tu ted ace-
tic acid. The fa l l of the acid s t r e n g t h w i t h increas ing R-bu lks in a smal le r de-
gree w a s expec ted , b u t t h e reverse is ac tua l ly t h e case. T h e dissociation con-
s t an t s s h o w a n increase instead of decrease in ac id s t r eng th , b y e n h a n c i n g t h e 
bulks of t h e a lky l groups. 

Table 4 

Dissociation constants of substituted acetic acid derivatives in water at 25° C 

Compound 

Propionic acid 
Dimethyl acetic acid 
i-Valeric acid 
Diethyl acetic acid 
di-n-Propyl acetic acid 

1 QPK 

1,33 
1,38 
1,67 
1,77 
2,85 

T h e above d a t a a r e in cont ras t to t h e e f fec t as well a s to t h e induc t ive 
ef fec t . Thus , t h e genera l ly accepted o rde r of fa l l ing s t r e n g t h 

o R 
K \ I 

CH„—COOH< XCH — COOH>R—C—COOH 
R / I 

R 
i s n o m o r e valid. Moreover in t h e knowledge of a l l t h e examples on this s u b -
ject the- fo l lowing sequence of s t rength , measu red in p u r e w a t e r , has to be 
considered: 

R 
R 

Rj —CH2—COOH > ,XCH —COOH > R—C—COOH. 
I . 

RV 
R 

An exp lana t ion fo r th i s w a s given by D I P P Y in t h e case of t h e s e q u e n c e 
of propionic, i sobutyr ic a n d t r imethylace t ic acids, according to which, t h e a l -
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t e ra t ions of dissociation constants a r e s imi la r to those of the cor responding 
pa ra - subs t i t u t ed carboxyl ic acids. Th i s is t h e necessary outcome of hype rcon-
juga t ive and induct ive effects . Thus , t h e subs t i t uen t s be ing a t t ached direct ly to 
the ca rboxyl group, would r ep resen t t h e fo l lowing order of fa l l ing s t reng ths . 

CH 3 r t , 
I , / C H ; 

e — C H 3 > CH 3 > QH;, xr H C ; 
I X C H 3 

CH 3 

A p a r t f r o m th is sequence which p roved t o be correct f o r p-a lkyl subs t i tu ted 
benzoic acids, if acet ic acid is t a k e n into account a s well, t h e fo l lowing order 
is g iven r ega rd ing t h e d iminut ion of K f o r fo rmic acid 

C — C H t > C 2 H, > H e : > CH3 

I CH3 
CH3 

Even if the hypercon juga t ive e f f ec t wou ld also be considered, t h e disso-
ciat ion cons tan t of d ie thyl acetic acid h igher t h a n t h a t of d imethy l acetic acid 
could n o t b e expla ined. Accordingly, d ie thyl acetic acid should h a v e a dissociation 
cons tan t approx imate ly e q u a l to t h a t of cycîo-pentane-carboxyl ic acid. However , 
t h e p K va lues a r e a s fol lows: 

c-pentane. carboxylic acid 1,26 
diethyl acetic acid 1,77. 

These da ta show, t h a t s ter ic a n d polar effects , a s discussed in t h e f ield of t e r -
t i a r y a lkyl derivat ives, do no t give adequa t e explanat ions . Pe rhaps also t h e 
in terac t ion of so lvent e f f ec t w i th carboxyl ic acid should be considered, r ega rd -
ing the dissociation constant , wh ich resu l t s in t h e stabil ization of ionic f o r m 
and is in connect ion w i th the . polar i ty of solvent . Thus, f o r instance, the disso-
ciat ion cons tant of bu tyr ic acid in w a t e r is of h ighe r value, t han t h a t of i -va-
leric acid, whereas in water-a lcohol solut ions a l tera t ions a re a s seen below. 

Table 5. [20] 
105K-Values of butyric and i-valerdc acid in aqueous EtOH of different 

concentrations 

Compound 
EtOH o/0 Compound 

0 20,3 35 50,1 65,1 79,9 

Butyric acid 
i-Valeric acid' 

4,82 
4,78 

5,31 
5,29 

5,70 
5,75 

6,15 
6,22 

6,65 
6,76 

7,22 
7,35 

Beyond a ce r ta in concentrat ion of alcohol, t he a l tera t ion of dissociation 
cons tan ts cor responds to t h a t of t h e induct ive e f f ec t — as in the f ie ld of p r o -
pionic, bu tyr ic acids i s a l r eady observed. On t h e bas is of t h e above (mentioned 
correla t ions of th is t y p e proved t o exis t m o r e dist inct in a wàter-a lcohol solvent, 
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than in pure , water. This may be explained by the di f ferent solvent ef fec ts 
exer ted upon-H-bonds (arising e.. g. in associations of carboxilic acids). Since 
the proportion of associated molecules depends par t ly on the s t ruc ture of car'o-
oxylic acid, this may be recognized as an other in tervening factor in the de-
terminat ion of the dissociation constant. 

Thus, the correlation of dissociation constants with configuration and con-
formation, resp., reveals a lot of problems, not ye t solved, accordingly, they 
ought to be dealt wi th more criticism. In the field of «- t r i subst i tu ted carboxy-
lic acids the decrease in dissociation constant brought about by steric effects 
«seems to be generally accepted. Thus, conclusions may be drawn f rom ster ic 
features. 

For instance, the dissociation constant of te t ramethyl succinic acid 
(K = 3,14.10—4) is higher, than t h a t of succinic acid (K = 6,6.10 -5). The expla-
nat ion given is that t he molecule reflects of the two possible conformations 
of te t ramethyl succinic acid th i s one, in which carboxyl groups are close to 
each other and where the H-bridge format ion enhances the dissociation con-
stant . Similar conclusions were drawn by Mc DANIEL and BROWN [21] on com-
par ing the f i rs t dissociation constant to the second one. 

fig. 3 

In a solvent, which does not contain pure water , polar a n d steric ef fec ts 
cause smaller anomalies. The dissociation constants of cis- and trans-2,2,6-tri-
methyl c-hexane carboxylic acids, respectively, were measured by LOCHTE and 
BROWN [18]. The conformations of the compound a r e i l lustrated below, 

In both energetically stable fo rms (a, c) the increase of hindering groups f r o m 
three (being present in t rans modification) to f o u r in cis compounds br ings 
about a significant diminution in the dissociation constant. I t is wor th to men-
tion, tha t K fo r c-hexane-carboxylic acid (K = 0.174.10-r ') and for trans 2,6-
t r imethyl c-hexane carboxylic acid; exhibits smaller decrease even in the case 
of increasing number of hindering groups f rom ze ro—to three than tha t of cis 
compound by comparison wi th the trans fo rm when an increase of hindering 
groups f rom three to fou r takes place. These f indings show unequivocally tha t 
f inal confirmations regarding the correlation of steric s t ruc ture with dissocia-
tion constants and with solvent effects, respectively, require f u r t h e r extensive 
investigations. 
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cooH 

C O O H 

COOH 

•ban 
C o o w 

Fig. 4 
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