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DIFFERENT TEMPERATURES
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ABSTRACT

‘The ionization constants of ortho-, meta-, and para-ammobenzoxc ac1ds have
been determined, in formamide, at different temperatures ranging from 5 to 45°C,
using cells without liquid junction potential. From the- values of the iomnization
constants of these acids, thermodynamic parameters associated wrt.h the xomzatlon
prom of these acids have been evaluated.

INTRODUCTION

No work seems to have been done on the study of the behaviour of ampholytec
in formamide, a solvent closely resembling water from the standpoint of dielectric
constant and viscosity. The present work deals with similar studies on the behaviour
of the ampholytes, such as, ortho-, meta-, and para-aminobenzoic acids in formamide.
The first ionization constants of these acids have been determined in this solvent at
the temperatures rangmg from 5 to 45°C using thc cells of type, '

P, HZlﬂz(mx)» HZHCl(m,_)[AgCl_Ag : R : o @)

where HZ stands for the o-, m-, or p-aminobenzoic acid, and HZHCI for its hydro-

chloride. . .=
- . The. second lomzauon constants of these aclds have been reported in for—

mamxde over thxs temperature range using the cells of type ' : :

- Pt, Hy|HZ(m,), KZ(m,), KCl(m;)|AgCl-Ag - ®

From the values of the first and second xonmuon constaats of these ac1ds the
existence, in the stmctural ‘sense, of these acxds in furmamlde mediun has been
mvestxgated o

EXI’ERIMBNJTAL

. The ammobenzoxc acids (B.D.H., L R.) were recrystallized thnoe from hot
.water after decolounsmg the solntlons wnth actnve charcoal. Hydrochlor-des of these:
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acids were prepared by passing hydrochloric acid gas, obtained from concentrated
sulphuric acid and sodium chloride (B.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 further recrystallized from hot water
after decolourising with active charcoal. The crystals, in each case were dried in a
bottle through which dry, purified air was passed. The purity of these acids was
checked by titrations against a carbonate-free sodium hydroxldc solution. Formamldc
was purified as described in our earlier arucle .

Solutions for e.m.f. measurements for the cell (A) were prepared by dlssolvmg
appropriate weighed amounts of a.crds and acid hydrochlondes in known weights of
formamide. ,

. Celi m&surements were mmed out thh electrods pr~pared in- the same
manner as those used by Agarwal and Nayak:"

RESULTS AND DISCUSSION

The results of the e.m.f. measurements for cell (A) for aminobenzoic acids at
25°C 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 ammobcnzoxc acids may be represented by*

HZH* =HZ+H* '
and accordingly, the first ionization constant, K;, by
mH2) mE"Y) y(H2)-y(H")

m(HZH*) 7(HZH ).
where HZ reprsents the neutral-molecule structure of ammobenzo:c acid, and m and
y are the molalities and the “activity coefficients of the species designated in
parentheses. - ’

The e.m.f., Eofthecell ,

Pt. H,|HZ (m,). HZHCl(mZ)IAgCL-Ag, - L ' @
is given by eqn (1) as suggested by Harned and Owen* for ampholjm. :

(E-E°) + lop B(C)m(HZHT) log ¥(CI7)7(HZH ) log K. ®

2303RT < mHZ) o y(HZD

Expressing the actxvny coeﬁicxents by the lumtmg Izw, eqn (l) lmds to an extrapolatlon
fanction, Kj, - : :

Krla

E-EF i m(C)mHZA") uz:__ . X
2303RT 1° m(HZ) ~ 24(dg ) log K @

Since m(Cl™)=m,, m(HZ) m,+m(H*), and m(HZH*) mz—m(H ), the
middlc term in the left-hand side of eqn (2) can be calculated from the experimental
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values ofm,' and m, and that ofm‘(H"’) as obtained from eqn e

-~ v

LN N1

. F - . s Soein -
'—logm(H )= (E— E:) + log m(C17)— 2A(udo)"2 e )
where the ionic strengtb, u is gwen by
K= mz
The values of E°(Ag—AgCl) and 4, nwded for thc calculatmns at dlﬂ'erent
temperatures in formamide were obtained from the empirical equations available in
the Iiterature-®. The values of the Debye-Huckel contant, A4, were either obtained
from the literature” or calculated in the molal scale by the usual method using the
exact values of density, die!ectric'constants “ete., of the solvent, formamide for

different temperatuns The values of log K7, thus calculated were found to vary
linearly®-1° with p at different temperatur&e and the linear extrapolation to zero

TABLE =

VALUES FOR pX;. OF o-; m-, AND p-AMDXOBENZOIC ACIDS IN
FORMAMIDE AT DIFFERENT TEMPERATURES

”Bg;;gix_:gcid ‘ Temperature (*C)
5 10 is 20 25 30 s 40 45
o-Amino 370+ 3.53% 3.52% 333% 308% 286+ 307+ 3.36%  328%
. 008 004 008 009 008 008 008 009 009
m-Amiao 389+ 359+ 3.64% 3.61+ 3.64%. 366% 35I: 35IE 336k
008 001 002 004 004 009 0038 -009 009

p-Amino 294+ 255% 258+ 240+ 241+ - 249+ 303+ 286+ 3.18%
.. 008 _009. 008 008 008 008 .009. 008 009

~“TABLE 3

VALUES OF THE EXPERIMENTAL SLOPES OF THE STRAIGHT LINES OF - -
BEST FIT FOR THE ACIDS AT DIFFERENT TEMPERATURES

co - (V=ol~*kg~Hx10~2 - : SR

5 —0.552

10 —0232 "

15 —0.551°

20 —0.628

25 —-0.577 ,
30- -0316 . - -
35 —0.340

40 —0.618 -
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ionic strength of the values of log K7} yields log K, at the corresponding temperatures.
Extrapolation of log Kj, to corresponding zero ionic strength was done by the method
of least squares. Values of pK,, for the aminobenzoic acids are’shown in “Table 2
along with theira accuracics, Values of the slopes of the straight linc of best fit for cach
acid at different temperatures are found to be negative and are presemed in Table 3. -,
- ~A-comparison of the present-data with the corresponding values in water is
difficult because of the lack of relevant data in water at all temperatures. However,
available data at 25°C in water!! (the pK, values for these acids in formamide at all
temperatum are pmented in Table 4 along thh those in’ water at 25°C) show tﬁat
the pK, values are higher in formamide than in water, which is in agreement with a
general behaviour shown by weak acids in solvents of this class®***!%. Comparing the
pK,. and pK,, values for these acids in water and formamide, it is found that: in
changing the solvent from water to formamide, the second ionization constants of
_these-acids are depressed more than the first, pointing to the fact that the ampholytes
behave in a manner similar to that of the dxmrboxyhc aelds in formamide®-1%:12 with
respect to thexrseeond 1omzanon prowes T e SIS

TABLE 4. . ‘,'

YALUES: OF PKia AND pKz. FOR o-, m-, A'ND rAMINGBEWZOIC ACIDS iN . T
FORMAMIDE AT DIFFERENT TEMPERATURES S e PP

Temp. " pKy, -7 G 1 iR T L DpK T T T s e B
o) - — — —
o-Amino  m-Amino  p-Amino e o-Amino m—Amx‘no_; - p-Amino
5370 389 294 ° o707 -7 660 151

10 - 353 359 " -'258 . -7 697 - 683 ~_~_"-'7.4s; IO
15 352 3.64 258, .. .- . 685 . . .689. 727 - -
20 " 333 3.61 2490 = 705 T 665 f 7.45

25 " 308 3.64 241 665 - 642 694

30 28 - 3.66 2.49 665 - - 635- T 71400

35 3.07 - 3.51 3.03 6:55. 6.28 - 708 -

40 336 © 3.1 286 639 622 699

4s 328 3.36 3.18 6.54 6.36 6.97 MR

Increase of temperature has a general effect of lowering the pK|, values of these
acids. However, irregularities are noticed at higher temperatures for. whxch there is no.
ready explanation. These might be due to structural changes occurring in the hydrogen\
bonded solvent with the change of temperature. Assuming the heat of ionization to
be constznt over the entire temperature range, the AH? values for the first ionization
of these acids have been evaluated from the slopes of the plots of log K,, against I/T.
The standard free energy change, AGj] for the ionization process of the acids is
obtained from the relation, AG{ = —RTIn K;, and the standard entropy change;
AS; is evaluated from the relation AST =(AH; - AGY)/T. These values are presented

.in Table 5 along with those for the second wmzztlon process evaluated in tormarmde
at25°C for the sake of comparison.: 1 gemsiay 4w N 2 B e sy

bt
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TABIE 5 :

THERMODYNAMIC QUANHTIES FOR A‘MINOBENZOIC ACIDS IN
IFORMAMIDE AT 25°C - )

Benzoic AG:x10-3 AGIx10-> AH?xI0-3® AH2xI10-®> AS} AS:x 103
acid @ 6] 6)] @ [dezTY) (Jdeg™?)
o-Amino 17.57 . 37.93 20.24 - 3504 896 —9.70- -
m-Amino 2077 . 3663 . 2413 2753 . 1128 —30.54
P-Amino 1381 39.62 877 2962  —7577  —33.56

AG; and AG3 values are both positive indicating that ionization is not
- spontaneous in the two processes. The positive values of AH7Y in cases of ortho and
meta, and that of AHZ in ortho, and para acids show that the reaction is endothermic,
in the first and second ionization processes, respectively, where the negative values
of AH{ suggest the reaction to be exothermic in the first ionization of parg-amino-
benzoic acid. The negative values of AS7 for para, and that of AS3; for ortho, meta,
and para acids indicate that there is more order in the jonized form than in the
unionized form in the corresponding ionization processes of these acids, while the
reverse is the case in the first-ionization processes of ortho-, and meta-aminobenzoic
acids because of their positive AS values. Considering these facts, it is expected that
para—ammobcnzoxc acid behaves in a different manner in formamide in comparison
with the ortho and meta acids. -

It is of interest to examine the effect of the onentatlons on the strength of
aminobenzoic acid in formamide medium and. to compare it with that in water.
Considering the pK;, and pK,, values for the ortho-, meta—, and para—ammobenzoxc
acids at 25°C, their strengths appear in the order : :

meta>ortho>para

. 364 3.08 241

and o |
meta < ortho < para
642. . 665 - 695. - -

mformam:deand ‘ R
meta > ‘para - > ortho
312 . 241 - 21

"meza < para < ortho
474 - 485 495

mwater forthepK,, andez.valuts, mpecuvely.'v v |
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‘It is interesting to note a reverse order of the pK;, and the pK;, values in both
formamide and water medium at 25°C. The tabulated pK;, and pK,, values for these
acids in formamide seem to indicate that these trends actually exist over the tempcr-
ature range employed, 5 to 45°C.

The order of the strength of ortho-, and para-aminobenzoic acids is found to be
different in formamide from that in water. This discrepancy is reasonable, since
formamide despite its high dielectric constant is less basic than water. The amino
substituent in the orfho position increases the basicity of the acid by a factor of 4.5 in
formamide, while an amino group in the para position enhances the basicity only by
a factor of 2.5 in water medinm. In para-aminobenzoic acid the decrease in hydrogen
ion affinity, or basicity, in formamide, may be due to the fact that the acid undergoing
dissociation is in neutral form with a smaller portion of the dipolar species in this
solvent than in water in comparison with the ortho substituent amino acid.

' According to the qualitative theory, the amino substituent is expected to be
electron donating in nature as it has a weak + 7, effect and also a strong+T effect,
which stablizes the acid () more tba.n its anion (b) ) :

N RN
N S

This effect is expected to be more from ortho, or para than from meta positions.
Consequently, o- and p-aminobenzoic acids are expected to be weaker than 7-amino-
benzoic acid. The results in formamide ampiy support this view. However, between
the ortho and para substituted amino benzoic acids, the ortho substituted acid is found
to 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 +7
and 4 T effects of the amino group stabilizing the anion

(=]

H H
. I
>
T~ —°
T oYm o

<)

Klotz ard Gruen®? have shown that p-aminobenzoic acid exists in solution
predominantly (91-97%) in the neutral molecule form. Deviney et al.'* have also
reported from the values of pK;, and pK,, for this acid, the existence of p-amino-
benzoic acid in solution predominantly in the neutral molecule species with a small
‘portion of the dipolar species. pK;, and pK,, as determined in formamide really
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represent a mixture, in the su'uctm'al sense, of the predominant neutral - molecule
species with a small portion of the dipolar species. As the basicity increases,- the
dipolar character of the acids increases in the order, meta> ortho >para in formamxde
xmdmm-
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