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-33EHAVIOUR OF AMPH~LYTEs M FORMAMIDE 

-I.:THE IONIZAtiON CONSTANTS AND RELATED THEtiODyNAMIC 
-Qtim OF o-, rrr-, AND pAMlNOBENZOIC~ ACIDS AT 
DIFFER!!WI’ TEMPERATURES 

U. ?‘I- DASH 

Dcpmrrnurl of Chivnisrw,. C&U. Glkge. Sanzbdpu~~ &ksa (I.) 

(RaeSal 8 March 1976) 

The ionization constants of orrho-, meza-, and para-aminobenzoic aci& have 

been determined, in fo rmamide, at different temperatures ranging &om 5 ti 45”C, 
using cells without liquid ju@ion potential. From the- values of the ioriization 
constants of these acids, thermodynamic parameters as&i&i with the ionization 
processes of these acids have been cvaltitexl. 

INfRoDUClTON 

NO work ems to have b&n done on the study of the behz&iour of ampholytes 

in formamide, a solvent closely resembling water from the standpoint of dielectric 
constant and viscosity. The present work deaIs with simiiar studies on the behaviour 
of the ampholytes, such as, ortho-, meta-, and para-aminobenzoic acids in fo rmamige. 

The first ionization constants of these acids have been determined in this solvent at 
the temperatures +ging from. 5 to 45°C using the cells of typej 

W WHZ(ml), H~CWmr)lAgCI-Ag 
. 

(A) 

where Hz--stands for the o-, M-, or p-aminobenzoic acid, and HZHCI for its hy&- 

chloride- ‘_ : 

T&.-&c&d- ionizati& b&ants of the&. &CT& h&e b&en &ported -in for- 

m&&e’ ovef &is t&mp&ature tige’us&g the cells of type; 

k WHZ(m3, n(m3, ~~~m,)l&Kl-& @) 

From the v+xes of the first and second ionization c011+1ts of these acids, @e 

ejdstcnce; jn :the~~struchual ;sense, of these acids, iti f0 rximnhe me&u& has b&n 

investigated. 

.- The yinobhzoic acids (B.D.H:, L.R.), were recrystallize thrice ficlm not 
w&r ~&~de&i&&sing jhe &l&01& with _.. ac@e charcoaL Hyd&chlorides of these ,- . 
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acids were prepared by passing hydrochloric acid gas, obtained Born concentrated 
sulphuric acid and sod&m chloride @D-H., AnalaRs) into the hot aqueous solutions 

of the corresponding amino acids. The needle-shaped crystals of the hydrochlorides 
of these acids thus obtained on cooling, were fiuther recrysta.%zed from hot water 
after decolourising with active charcoal. The crystals, in each case were dried in a 
bottle through which dry, pu.ril?ed air was passed, The pnri@ of these acids was 
checked by titrations against a carbonate-free sodium hydroxide solution. Formamide 
was pnrified as described in our earlier article?. 

Sdutions for e_mf. measurements for the ceII (A) were prepared by dissolving 

appropriate weighed amounts of acids and acid hydrochlorides in known weights of 
formamide, 

Ceil measurements. were carried out with ehzctrodes prepared in the same 
manner as those used by Agarwal and Nayak3. 

RBULXS AND DISCUSSION 

The results of the e_mX measurements for cell (A) for aminobenzoic acids at 
25X together with other data are presented in Table 1, Similar experimental values 

were obtained at each of the 5°C temperature intervals throughout the range. 
The first ionization reaction of the aminohenzoic acids n&y he represented by4 

- HzH+fHzHZ+H+ - 

and ac&miingl~, the first ionization constant, Kr,by 

m(H+) _ ?(HZ) -YW+) 
m(H2X-P) YfHzH*)..- 

where HZ represents the neuti-mole&e structure of aminohenxoic acid, aud m and 

y are the molahties and the.activity coefficients of the species designated in 

parentheses- 
The e.mf., E, of the cell 

is given by eqn (1) as suegested by Hamed and Owen4 for ampholytes. 



e of m, and in= and that of m-(W) as obtained from eqn (3) 
. L 

(E-mF -&m(H+) =2303 RT.+ logm(C1-)-2A(&)“2‘- - --- (3) 

tieretheionicstrengtb_pis’givenby : 
*. .: 

p.=m, . . -_ 

The values of EO(AeAgCl) and L& needed for ,thh cahlations at di&ent 
temperatmes in f-de were obtained from the empirical equations available in 
the litcra~5*6. The vahwsof the Deby&Huckel contant, R; were either obtained 
Tom the litezature’ or cahlated in the moIal scale by the usual method using the 

exact vahes of density, dielectiic constant*, etc, of. the sohrent, formanu ‘de for 

difhznt temperatures_ The values of logKi* thus calcd&ed were found tb vy 
Binearlyg-10 with p at difkent temperatures and the linear extrapolation to zero 

TABLE 2 

‘VALUES FOR’ p& OF 0;; m-m AND pAMINOBENZOIC ACIDS- IN 
FORMAMIDE AT DIFFERENT TEMPERATURES 

tFAmio0 3-m* 3_53* 3.52i 3.33~ 3.085~ 286&t. 3.07s 3.365 3_+!8* 
O-OS- 0.04 O-08 o_o!i- ‘0.08 om -0.08 O-09 0.09 .-- 

m- 389s 3595 3.64f 3.6If- 3.64* 3.66& 351f 3SIf 336f 
O-08 O-01 0_02 o-04 0.04 0.09 0.08 . 0.09 0.09 

Jimin 294f 255f 2.%f 2.4Of 2.41f’. 249f -3.03; iS6k 3.18f 
_- .o_o8 ._0_09. O-08 ODS. -. om :._.0-08 ._ O-09.:. _o_* cm__ 

.. .-. ._ _-2 ‘_ ^..- 

TABLE 3 
: 

n 
VALUES OF THE EXPERIMENTAL SLOPES OF THE SiTUiGHT LINES OF ’ ” 
BEST FXT FOR THE ACIDS AT DIFFER@iT TEMPERATURES ., 



ionic strength of the values of log K:, yields log K,, at the uxresponding tem*ratuies. 
Extrapolation of log K;, to corresponding zero ionic&q@ was done ky__tlre me&xl 

of least squares. Vahxes of pK,, for the aminohenzoic acids are- shown iC&ble -2 
aiolig I%@_ thcE acqracies. Val_u%s tif the slope% Ofthe -@it Iiqe of TxSfliffd~@GB 
acid at &fkre~t te&xkat& aie found &bk &gative’&id.are p&&d in TabIe 3; ;_ 

;-A comparison -of the-t-data with the- axrcsponding3rah1cs in water is 
difficult hecause of the iack of relevant data in water at all temperatures. However, 
availkble data at 25°C in watef l l: (the pKi vaIu& for thesk_acids in f&r&mid& at-all 
texne are presented in Table 4 al&g with those i&water at 25V) sh;;d;l‘&.t _ _ . _ _ _ _ _ the pK. .~ues are -hi&&Yin i’o;ma&_& .than;n&ter, .__;KtS‘in..a_greement with a 

general behaviour shown by weak acids in soivents of this cIasss~g*l.?. Comparing the 

p&,. and pK2, vaks~for these acids in water and fo rmamide; it is found that: in 
changing the solyentr from water. to fo rm&mide, the second ionizatiqn,.qonstants of 
these-acids aredepressed more than the fjrst, poiking to the, fact that the”ampholytes 
behave in a manner sim&r tq that of the dicarboxyiic acids in formamide? “* f ’ SS$@ 
respect~otheirsecondionizationpro&ss. _ :. -. it_ _‘.__ _ -_ 

__- ’ ;-. _ --_ -.. 

TABLE 4: :. ;. _ : _ 
: 7 

.’ __ ..i I : ‘~ 
_ . 

YALUES OF p& AND pK_ FOR- u-, &. AND pAMINOBENZOIC ACIDS IN ._ ’ . . .: 
FORM+MIDE AT D lFFEREKT ..-lEMPERA . . . TqRIS _. -.‘ -I -_ -. - I ._* . _.,: ;- _.T-i.: -‘. 

3_70 ’ k_$j ~ _. .-, 2.9il - : : 7;o,. :- it : 6_& :- ,jI : :-I 

_- -3.53 :-’ 3.59: 1 : ~2.55 : 
3.52 3.64 258-S ..;-. 

.. 3.33 3.61 2&o’- 
3.08 3.64 2.41 
2.86 3.66 249 
3.07 3.51 3.03 
3.36 3.51 2.86 
3.28 3.36 3.18 

:- 697 ‘ -683. ._ .-: 7.45 _ 1‘_ T.- 
6.85 : =.~.+.89-, :--.- :7.27 * - 

.. 
_- 

7.05 .- 6.65 c -7.4s 

6.65 6.42 6.94 
6.65 I 6%~ : 7;14.1’ 
6.55. 6.28 7.08 
6%‘ 6.99-- . 
654 6.36 6.97 :I:, 

., ;:. -. ::_ . ‘; .._ .- 

Increase of t.emper+ure has a general effect of lowering th&pK,, vahz&of these 
acids. However, irregularities are noticed at higher temperatures fm$+iqh t&re_is J.I_O. 
ready explan&ion; These might he due to structural changes 

occurrins;h gk hfditi&. 

bonded solvent with the change of temperature. A ssuming the heat of ionization to 
be constant over the entire tempemture range< the AZ7: v&es ftir the first ibniiation 
of thcsc acids have bqm evaluated from the slopes of the plots of log ICI, against l/T. .._-- 
The standard free:‘&nergy change, AGq for the- ionization process of the acids -ii 
obtained from the. reMion+ AGg = -RTInKi, ad the sta~M_ entropy change, 
m is evaluated Born the relation, ds;: = (q-AFa/T, These%&lues are piejentea 
in -Table-J alckig with @ose for the second ionization process evaluated in formamide? 
at.z”C fL &e s&e <If~mparisqp;l~_-. z+-_L:: ,--;:T:.- ;.:’ -11 ;-::_s _z-‘. : -_ i_ --A’ .L.-.. __ _:. .-.__. II 
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TABIES- _ . ‘. 

-i-KERMODYNAMIC QUANTTIXES FOR AMINOBEmOIC ACIDS M 
FORMAMIDE AT 25.C 

.tkJt& Ac; x IO-.’ AGf x IO-’ AH,‘x IO-= A& IO-= aSy ds;xzo= 

- m Q 0) Q VQk?-‘1 oak?-‘) 

I@-- 1x57 3723 2024 35-04 8.96 -q-70-- 
mamino 20-77 3663 . 24.13 2753 11-28 -3054 

JP-. 13.81 39.62 -8.77 29.62 -X.7? -33.56 

.- _‘. 

Aq and AG”, vaIu& are both positive indicating that iotition k not 
.!spoxItaIEons in the two processes_ The positive values of A.& in cases of urtho and 
nreto, and that of AH; in O&D; and park acids show that the reaction is endothermic, 
Yin the-kt and second ionization pr-, respectively; where the negative vatues 
,of AI?: suggest tk reaction to be exothermic in the Grstionization of pmo-amino- 
benzoic acid. The negative values of & for Pma, and that of Wz for orlho, me24 
andpmtlacidsindicatcthatthereismoreorderintheio~fo~thaninthe 
unionized form in the comsponding ionization processes of these acids, while-the 
reverse is the case in thk first-ionization prousses of orth+ and~nzet~aminobenzoic 
acjds bexzuse of their me w yalaes. Consider& these facts, it is e$kcted that 
punz-a&no&&c acid be&es ik a.difEerent manner in f&&amide & com@rison 
withtlle0rihoalldnz4?tfzacid!x 

1t.k of intqest to examixie the +ect of-tpe ori&t+ions on the stnzngth of 
aminobenzoic acid in forkami &_ medium and,to compare .it with that in water. 
Considering the pK,, and pK,-values for the ortio-, n&a-, and para-aminobenwic 
acids at 25% their strengths appear in the order 

metQ > ortho ’ PQ 
3.64 3-08 241 

and : -. 

meirr < ortho -= pma 
6.42.: -6-65 . 625 

;nf~d 
: -_ 

. . . .’ 

meza ,> .pat&z ‘S. orlho .~ 

3-12 .-.- 241 .;- 211 :_ .: 
_. and --.;- . _- .- .: __ 
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It is interesting to note a reverse order of the pK,, and the pK% vaIues in both 
formamide and water medium at 25°C. The tabulated pK,, and pKz, v&es for these 
acids in foimaml ‘de seem to indicate that these trends actually exist over the temper- 
ature range employed, 5 to 45°C. 

The order of the strength of or&-, and pus-aminobenzoic acids is found to be 
different in formarm ‘de from that in water_ This discrepancy is reasonable, since 

formami&,despite its high diekcfric constant is less basic than water_ The amino 
substituent in the o&o po#ion increases the basicity of the acid by a f&or of 45 in 
formamide, while an amino gr6up in the-Fur& position enhances the basicity c@y by 
a f&&r’of 25 in water mWInp~~-&obenzoic acid the decrease in hydrogen 
ion aflinity, or basicity, in formanu ‘de, may be due to the fact that the acid undergoing 
dissociation is in neutral f- with a smaIler portion of the dipolar species in this 
soIvent than in water in &mpar.ison with t.& oitho substituent amino aci& I- 

According- to the qualitative theory,- the amino substituent is expected -to be 
electron donating &I nature as it has a w&k-!-l, &zct and also a strong+ T effect, 

whichstabl&stheacid(~)mc+&&itsanion (b). .- 

CO) 

This effect is exp&ed to be more from ortho, or para than from meta positions. 

Consequentiy; o- andpaminobenzoic acids are expected to be weaker than mamino- 
bcnzoic acid. The results in formamx ‘de amply support this view. However, between 
the ortho andpura substituted amjno benzoic acids, the ortho substituted acid is found 
t6 be-stronger than the para substituted acid, This is probably again due to intra- 
molecular hydrogen bonding as shown in (c) which partially compensates the +I 
and +Te@zts of the amino group stabiiizing the anion 

Cbl 

Klotz and Gmenx3 have shown that paminobenzoic acid exists in solution 
predominantly (9X-97%) in the neutral .molecule form. Deviney et al.lL have also 
reported from the values of pK,, and pK, for this acid, the existence of pamino- 
henzoic acid in solution predo minantly in the neutral molecule species with a small 
portion of the dipoIar species. pK,, and pK, as determined in fo rmamide realiy 



Iqmsent .a mixtnre, in the structuraI sense, of. the predominant neutral moIecule 
qxsiestitha_smaBpoxtionof~thcdi I po ar species. As&e basicity incnascs,-the 
d&x&-oftheacidshm in the order, meta>orfho>para in formamide 
medillm- . . . __. 
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