
DISSOCIATION CONSTANTS OF crs AND T R A N S  
CARONIC AND PIBRPINIC ACIDS. 

, , I he !)utcntiomclric titrations of ci.7 anrl ti-ciils-c;rronic. and nor- 
pinic acid.; have been carried out in order to determine the nature of 
the 1311 tirralitm curves anit to calculate the priniai-y ant1 secondary dis- 
sociation constants. 'rhe distance betiveen the lkvo iouising carboxyl 
~ r o u p s  I n s  been calculated xvitli the help I I[ Ejerrum's ( 2. Pllysikul 
Cl~ciii. ,  1923, 106, 219 ) enq)ii-ical formula. 

EXPERIMENTAL. 

The  pII  n~easureinents Lvere niacle with a hydrogcn electrode in 
a cell rlcscribctl prc~riously ( T h i s  Jozrixal, 1938. ZIA, 345). A 
saturated caloixl half-cell was used as a reference electrode. The 
elccrro iimtive force measuremc~?ts \yere made on a 'I'iilsley's T-crnier 
potentiometer using. a mirror g-alvanometer as  a null instrument. .411 
the titrations werc carried out a t  rooin telnperaturc. 

I-lpdrog-en prepared bq. electrolysis of 107; caustic soda solution 
with niclcel electrodes, was purified by passing through a tube contain- 
ing pallaclinizecl asbestos. 4 stainless steel tube 3 ft. long and one 
inch in diarr~eter, heated to about 433OC, was used for  this purpose. 
Before aclmitting the gas to the titration vessel, it n x s  passed through 
water to avoid concentration changes. 

All the acids were prepared in the Organic Chemistry Depart- 
ment of the Institute. Tl-011s-caronic acid ( 111.p. 212-13" ) was pre- 
paretl by condensation of dimetl~yldiazomethane with fumaric o r  
maleic ester (Bei-., 1937, 70, 1688). The ester obtained was hydro- 
lysed with alkali, aciclifiecl and extracted with ether. Cis-caronic 
acid (rn.1,. 176" ) was obiained by treatnlenl of the ti-aus-acid with 
acetic anhyclridc in a sealed tube Eor s i s  hours. The prodl~ct was 
distilled and acid separated by crystallization from hot water. Tifa?ts- 

norpillic acid jm.1). 146" j was prepared by Kerr's method starling 
with Guareshi inlick and n~ethylene iodide (Jolci-. Allzer. CJzem. Soc., 
1 ~ 9 ,  51, 611). Cis-norpinic acid (111.p. 175") was prepared from 
tl-alls, by the same inetllocl as in the case of cis-caronic acid. 



r * l h e  solution tu be titrated was 1)reparcd by dissoI\-ing. a h o r n  
n-c~ight iri the acid in tlistilletl water alitl tlilutcil to 2.50 C.C. 'l'he t\vo 
carol~ic acicls dissolved easily in water, n-hiie the two iioiq)i~~ic :tcids 
tvclit cot~~pletcly in solution oiily a t tc r  the additiim o f  a l~out  2 c.c. 
of 0 .  1 iY alliali. 

Standard sodium hytirosicle solution uras 111-cl~aretl 11y tllr action 
oT water vapour 0 1 1  imtallic sodium, taking- all l~rcc:i.uticins to 
exclutlc carbon dioxicle. 'The solntion w;ts stored in a foul- litre 
bottle coated inside with parafin was  ant1 fittetl will1 X I  ciuilet t ihe  
con~~ecteil  to a burette and an inlet tube containing so:la liine. 

P'rn:-cdrwc.-AIter placing the .solution in thc titmtion ~ c i s d .  
hydrogen was bubbled through ihe elrctrode syslei~i fot- a i~ou t  tw:) 
hours till the cijuilibrium mas reachecl. The electrodes \wrc  chcc1;cd 
against 0.0.5 AT potassium phthalate hutier, the pJ1 valuc found l x i n ~  
3: 9.i \rliicli tvas in good agreement with 3.96 obtained l ~ v  !:urtot~, 
H a ~ n e r  and Acree (Joli7-. RZITCOII of S f a ~ d n ~ r k >  11.36, 16, 7.5 i . When 
ecjuilibrim~ was set up bctween the electrodes, a certain cluantity cif 
stamlard nllirtli was added and elccti-olnotive forcc I-ecortlcd. This 
procedi~re was repeatetl till the end point o I  titration n;rs 1-caclied. 

I Jc tc~mii inf io~~ of pH 1~nliic.--The pIT value a t  any ~ ~ o i n t  was -- -. 
E -- J 2  

co~np~~ta tec l  11-om the equation pH = 2.302 RT,F where 5: is the 

observed potential of the cell : F't ; H, I Solution X KC1 ( sa t )  I refcrencc 
electrode, E, is the potential of satarated calomel elcctrodc and R, T 
and F have t l~ei r  usual sigliifica~ice. 

The ji~nction potential EL between soltltion X :mtl KC1 ( sa t ) ,  
beini: very small. was 'neglected. liales and \losburg-11 (.lolrr. .-iiiiCr. 
C!~cm. Sor. .  1918, 40, 1291) wl~ile s tudpi i~g the ap1)licahility (if 
Plat11i m d  Hendersen formula for the calculation of RL have conw to 
the coliclusioii that there is 110 measurable potential tiiffercncc he- 
tween saturated solt~tion of potassium cllloride and hytlrr)cl?loi-ic acid 
solutions ranging f rom 0. 1 N to 1 .0 i'J. Due to the incoi~vcnie~ice 
of calcukrtion of EL, MacTnnes, Relclier and Shedlorsky (.Iozw. 
A ? m r .  Than. Soc.,  1938, 60, 1093-) hare  iiicorporatcd this in the 
value of Eo and modified the latter. Takinq their valnes for  0 . 1  N 
calonlel c.lectrode and lor the cell H g  ; I-T~CI) ~ ~ l ( s a t )  / KC1 ( 0 .1  N ) .  
HgCl ;  Hz:., the ~ a l u e  of E, for snturatcd cnlonicl at  30" C. is 0.2418 
~ o l t s ,  being- 0 .2  111.v. j ,003 pEI units) lower than CIuk's valuc 
( D d c ~ ~ ~ ~ ~ ~ z a f i o ~ ~  o j  I ~ ~ l d r o g c ~ !  10?75, \3r(l Ell., 1923).  , 

'J%e litration data and the dissociation constants are  given in the 
following tables :-- 



( 1 ) Cis-CARONIC ACID. 
T-~BLE I . Stoichmmetnca! oonoentrations prerailinf- in the titration of 250 c.o. 

of 0-002705 X acid by 0 ,0718 S sodlum hrdroxide. 

Xales 
0 4 7 l S  S S R O H  

S a O H  pe mole 

TABLE 11. Data for the Titrailon of 0.00220BErl cis-Caronic dcid  at 26.5" C. 
Fmt Equivalent of Eod~um Hydroxide 

'2::"pe' ',"::P," E.3I.F. / pB 1 C', x 10" Kf X I I i 

Sscnnd Eqmvalent of Sodcum Eydrosidc. 



Yolcs 
X8.OH 

1"' "0k 
aoid 

- 

0 .0000 
.I330 
-2519 
.3325 
4 1  b5 
,5835 
.8650 
,7481 
,8354 
-914", 
,9975 

1.0SOfi 
1.11337 
1~3406  
1.3209 
1.4120 
1.4681 
1 ..5792 
1.7556 
1.8288 
1.9119 
1.9950 

- 
Calomel 
temp. 

Scoond Equivalent of 



vcilmein rhc t ~ r r n t m n  of 260 c c. 
S aodlum hydrosde. 

TanLE 11. Deta far the Tltrsfion of 0.003167 31 eid-Xorxrinlo Amd at  21.8' C, 
Firat Eqmralent of Sodium Hvdroride. 

Second Equivalent at Sodium Hydrox~de. 

i I 1 I KIC X 10-6 



(4) T r a n s - N o ~ ~ r ~ ~ c  ACID. 
T a s w  I. Stoiohiornetr~od ooncentrations prevallilig in  the tltralmn of 260 c.c 

of 0402720 M acid bv 0,089 ssod~um h,-dmsde. - 
Moles 
NaOK 

per mole 
acid 

TABLE 11. Data far the Titrstion of 0 .O09720 M tinns-Norpmic Aold a t  22 C. 

- 
Cdome 
t,emp. 

Second Equivalent of Sodium H~droxide. 

I I I I K2C x 10-8 I 
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DISCUSSION. 
I n  Figs. 1 to 1 the titration curves of the v;~riilus acids arc 

shown along with those indicating the change of mole fraction of the 
mono-sodium salt formed, with pH. The values of stoichion~etrical 
concentrations of the adclerl alkali, total acid, ~mneutralized acid, mono- 
sodium salt and the di-salt, are given in Table I for each acid. The 
dissociation constants K: and KY given in the last colunm in 'Sable I1  
have been calculated from ionic concentrations and correctecl for 
ionic strength P,  according to the method which ~vill be discussed in 
a later communication. The calculations of E;", and I(: are based on 
the assumption that each acid group behaves like a monobasic' acid 
and the neutralization of the first a11d second group proceeds sepa- 
rately. This, however, is not true throughout the whole range of 
titration, as is evident from the apparent values of E;E and Ii- obtained 
in the middle portion of the titration. It is well known that a dibasic 

9 -  

B - 

J 



acid may be titratecl as a monobasic acid within 10jc, if the ratio 
I<:/K: is 5000. Since in our case the ratio is much smaller, an  error 
approximately of 35% is introduced in this region. I t  is observed 
that in the case of cis acicls, a constant value of K: is obtained until 
about 65% of the acid is neutralized, and beyond these limits, the valuc 
increases rapidly, indicating the titration of the second group before 
the first group is completely neutralized. I n  the seconcl half of the 
titration, the values of vary, ~ultil about 35%, of the second group 
has been ne~~tralizecl. Thus there is a range of 7Q'j;, over which 
both the acid groups titrate simultaneously. I.'ronz PiR-s. 2 and 4 it 
is seen that the curves for cis acicls show a slight inflection in the 
middle, which can be seen more clearly if a differential graph is 
plotted. This inflection is not so prominent in trans acids, in which, 
the region over which both the groups titrate simultaneously is over 
75%. 



-4 coniparison of the dissuciativn constants of caronic and nor- 
pink acid; \;,itll t!mjc of the elm-respunding cycltr-prolnne and cyc!o- 
butane dicarbosylic acids obtained bx Wasserman (E-lcl:,.  chin^. 
A c t n .  1930, 13, 707. 323 ) is yiven below: 

I t  will be seen that the introd~~ction of grmdinlethyl 2-roup in 
cis caronic acid, tends to decrease the first dissociation constant and 
to increase the second, so that the ratio K:/l<; for the isomer. bccon~rs 
much snlaller than the value of the unsubstituted acid. I n  other acids 
the gemdimethyl group affects the order of the dissociation constants 
in such a manner that the ratio KT/& increases in all isomers. A 
similar increase in ratio has also been observed by Gane and Ingold 
(Jot iv .  Chenr. Sor., 1928, 2267) in methyl substituted glutaric acids. 
It is surprising to see that the ratio K/K", in the case of cis c y c b  
butane acid obtained by Wasserma~i, is lower than the corresponding- 
trmzs acid. which seems to be an error. 



I t  is fui-tlier e~.itlent t ln t  in cis acids, the ratio I<:/K: is always 
hjg1-rc.r than that fol- fmiis acids. The larger value oT this ratio for 
crs acids is us~vally esl~hined by the mutual influence of the adjacent 
carboxyl groups, so that. when one of the group dissociaies, the nega- 
live charge carried by the anion, exerts a force of 1-e~>uliic~n on the 
nc@ve charge carried by thc. otl~cr carboxyl group, and the secontl 
stage iiT ii~nisation is very much ilq~ressccl. In i.i,nlis acids, the 
txro carhosyl gyoups, being- wide apart, ionise l~ractically i~ltle~~end- 
erltly of caach other so that K: and I;': al-i. not very different. 

Recenrly German, Jeffery aiid V o ~ c l  ( . l o ~ i ~ .  Chevl. Soc.. 1937, 
1604) II:ITC illso talcen the I-atiil K!ll<4 as a criterion for diflerentiat- 
iug- beiwee!l cis and il-crlis acids. 

p'..- ,]it,um (Z. Plzysilztri Clzcii~.. 1923, 106, 219) has s11,rrgested a 
semi-quantitative t~-eatr~~cnt of the relation of ratio %/I<; and the 
distance betwecn tlic tu.o carboxyl groups. In a symmelriral acid of 
the type IT--1-3-11 in n.hic11 the two stages o-E ionisation proceed in- 
d~~endent ly .  the ratio I<:/K; is 4 (Adams, .(our. Amri-. Clzrm. Soc., 
1916, 38. 1503 ) . In cascs where there is a mutual influence between 
the t w o  yl-onps, the relation is given by the hjerrum's lormula, 

where T) is the dielectric consia~lt of the medium, l' the absol~~tc 
ternperati~i-c and 1- the distance betwecn the two ionising groups, t 

is the electro~~ic charge n i ~ i l  K ,  the r7oltzman's constmlt. 
For aqueous s111:1iions where I1 -- 78.5 the ec1u:ition rrduces to 

?L = (log I<, - - log K,) - 0 .6  = 3 .  I x 10-'/r. 
Hp applyinq- the a1,rn-c equation, the vaiuc.; ( ~ i  i- have L>ecn calcu- 

lated for the acids 1111der co~isideration atid arc give11 in thc following 
iah!c :- 

Aoid I 1 g o  1 1 0  1 2 I ir 
- -- 

( ' i d  c a r o m ~  . ./ i.2. / 7 ,.I06 I 2.80 

Trans ,. .. 1401 6.74s 1.053 2.94 

The results show that the value of r for trulzs acids is greater 
than in the case of cis acids. Wasse rma~~  (Ncl:~, Chi?iz. Acta., 



1930. 13. 207, 223) has also obiained similar rcsults in c~'clu-propane, 
cjclo-butane and cycio-pentane dicarboxylic acids. He has hoxvcver 
taken thc value of 11 as  a measure of ring tensivn anil has :lut c!k- 
cussctl tlic \slut..\ from the puint of \iexr 01 (.is-irtriis co~llig-~~~-;t~iotl .  
r1ccortling- tto him (log- KI - log K,) - 0. h = ii -t .I-, \\.licre x de- 
pends on the atomic chain and the binding streng-th of thc r i n g  

The  ~ a l ~ l e s  of log K: and log KI of these acicls aloug --it11 those 
of ~naleic and funiaric acids are  ploiLetl against the number o l  carbon 
atoms in the ring in Fig. .i n and b. I t  is seen that for  cis acicls the 

first dissociation constant decreases with an increase in carbon atoms 
from 2 to 3, and then 1-emai11s almost constant and tile second dihso- 
ciation cmistant5 increases. with the nuinher (I-f  carbon xloms. -1 
reverse nf this is obserx-ed in ti-a12.r acids. 

I t  should ordinarily be expected that the cyclic polymethylene di- 
carboxylic acid should have nearly the same dissociation constants as  
the corresponding straight chain ~)olgmetl~ylme dicarbouplic acids. 
This, however, is not true becausc of the influence of strain in the 
ring in the former. I a comparison of the dissociation coilstants of 
these acitls is made with thaw nf glutaric acid, ivl~icl~ arc gixetl 
by Gane and Ingold ( .TOZIT .  Cl~cii2. SUC.. 1928, 1.594). it is seen that 
the strain in the ring alters the order of the second dissociation con- 
stant only in the casc of cis cyclo-propane clicarbosylic acid, where 
ihr  strain is maximun~ and the two carboxyl groups are quite mar .  
The  strain in the ring, howev~r ,  tends to increase the first stage of 
ionisation. Proceeding to higher honmlogous derivatires, the acids 
become more strainless, and in the cyclo-peniane acids, both the disso- 
ciation constants are  of the same order as ~ l u t a r i c  a d  adipic acids 



( c f .  Wasserman, lac. cit. ; Ingold ancl Mohrhenn, Jorw. (,'/?em. Soc., 
1935, 949). 

Thanks of the authors are due to Dr. P. C. Guha for supplying 
the samples of acids used in this investigation. 

SUMMARY. 

The primary and secondary dissociation constants of cis and 
t r a m  caronic, cis ancl t r a m  norpinic acids have been measured from 
the potentiometric titration data. The range over which the two acid 
groups titrate sin~ultaneously is found to he 70% in the case of cis 
acids and 75 % in trans acids. 

The value of r, the distance between the two ionising 2-r-roups, has 
been calculated by applying Bjerrum's formula and is found to be less 
in cis acids than in traws acids. 

The importance of the ratio K:/K; as a criterion for disting-uish- 
ing the cis-bvaizs acids has been pointed out. 

Departnzc~tt of Grnc?,al CJzemist~y,  
Jndiaw, Iwtitzatc of Scicncc, 

Railgalo~c (Ifzdia).  
[Received, 10-10-1938.1 

-. - 
18iZJS-Pri~ted at The Bangdore P r m ,  Banpalore City, by G.  SrinivarilRao, Superintendent 




