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ABSTRACT

The ionization constants of somc fally acids, such as propionic, n-butyric,
n-valeric, n-hexoie, iso-butyric, 1so-valeric and iso-hexoic, have been determined in
formamide over the temperature range 343 “C. The thermodynamic quantitics as-
sociated with the ionization processes of these acids have been cvaluated. These
quantitics are discussed in relation to the structure of the acid and the onientation of
solvent moleciiles by the jons.

INTRODUCTION

In a previous communication®, we reported the effect of substituents on the
strength of acetic acid in formamidc from the 1omzation constants of acetic acid and
of chloro- and phenyl- substituied acetic acids in this solvent. This work has now been
extended to obtain a reliable assessment of the thermodynamics of ionization of acids
of acctic acid series, such as propionic, n-butsTic, n-valeric, n-hexoic, iso-butyric. i1so-
valeric and iso-hexoic acids in this solvent. The method involves measurement of the
e.m.f. of cells of type,

Ag-AgCl | KCi(m,), KA(m,), HA(m,), QH,-Q | Pt (A)

where HA stands for the fatty acids, and KA for their potassium salts.
EXPERIMENTAL

Propionic (B.D.H., L_R.), n-butyric, n-valeric, n-hexoic, iso-butyric, iso-valeric
and iso-hexoic acids (C.P) were puorified by distillation®. The purity of these acids was
checked by titrations against standard alkali. Potassium salts of these acids were
prepared by the method described earlier®. Mcthods of purification of formamide
{Reidel, pure) and potassium chloride (B.D.H, AnalsR) have been described in
previous communications®-*. The potassium salis were kept in a vacuum desiccator
over calcium chloride until required.
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The detailed description of the apparatus, preparation of the clectrodes, design
of the cells. preparation of the czll solutions, and e.m.f. measurements have been
discussed in earlier work®. The reproducibility of the results was of the order of 0.2 mV.

RESULTS AND DISCUSSION

As usual®>-®, values of pK, were obtained from the e.m.f. of cell (A) by extra-
polation of pK,’ to zcro ionic strength, x where g == m, + m,. The pK’, is then
defined by*-*

PK," = [E— E" (Ag-AgCh) + E’ (QH.-Q)] F12303 RT < log (m,myfm;) M

where E is the observed e.m.f.. £°7s are the standard e.m.f’s, which are known® over
the temperature range under investigation, and m,;, m,, and m, are the molalities of
acad, potassium salt and potazsium chloride, respectively.

The pK, values of these faity acids at different temperatures in formamide are
presented in Table | along with their accuracies. For completeness, data for acetic
acid” in formamide are also included. It is abserved that an increase in temperature
has the gencral effect of lowering the pK, values of these acids. However, irregularitics
are noticed at higher temperatures*-*=—** for which there is no ready explanation.
These might be due to structural changes occurming in the hydrozen bonded solvent
with the change of temperature. A comparison of the present data with the corre-
sponding value< in water=-** shows that the pK, values are higher in formamide than
water. This is consistent with the behaviour of other weak acids studied in solvents of
this class*-3-5-15,

The thermodynamic functions for dissociation of the moaocarboxylic aliphatic

TABLE |

¥ALUES FOR PpKa OF FATTY ACIDS IN FORMAMIDE AT DIFFERENT TEMPERATURES

R = e - e s e —

Acid b 10 15 20 25 30 33 30 a5
Acctic 7.2 7.13 6.53 692 6.96 6.33 6.79 6.71 6.73
Propeonic 736 TA s T3 I T T2EE FWs T2 TA6 = TAF =
002 0.03 Q03 003 Q.03 002 003 003 003
Butyric FAS &= T36 = T3 = 736+ T3 7295 1262 M35 T4
0.03 002 0.03 0.03 002 [+ X1 24 (1112 0.04 0.02
Vakeric 792+ 7858 = TI3% 79 TR E T67= T63x T8 = T6l =
003 ol 003 0.03 Q.03 002 0.03 0.03 0.04
Hexoic T33 & 743 T T3l 723 207 715 711 = 708 :
o0l (110 2 003 0.06 0.07 0.06 002 0.0 0.01
so-Butyrxc 766 = T63= 765 136 T4 = 733= 7263 730 7.32=
00} 002 (111~ ] a0z 002 0.91 0.01 0.01 0.01
iso-Valeric 710 760 769 TE2:E I53: TA9s T4T S T3S T2
0007 002 002 002 0.008 0.003 002 0.02 0.02
iso-Hexoic Tz 729 = T719<% T720= 716 69% 3 7.00 = = 679 =

008 002 002 .02 0003 001 0003 0.006 0.006
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acids in aqucous solutions have been reported®. No work appears to have been car-
ried out in formamide medium. However, the pK, value (7.02) of propionic acid'?
nas only been determined in this solvent at 23 “C. The agreement with our value (7.26)
is, however. rather less satisfactory. There scems no obvious explanation of this
discrepancy. Such differences exist even in very accurate determinations of equilibrium
constants by different, or the same, paysical methods, examples arc plentiful in the
literature®-'*. Since it is found from Table 1 that the pK, values obtained in the
present study agreed within 0.05 to 0.13 units at different temperztures, it scems fairly
certain that the present set of data on the pK, values appears to be more reliable.

It is of inierest lo examine Lhe relative strength of fatty acids in formamide
medium and to compare it with that in water. Considering the pK, values for these
fauy acids at 25 “C, their strengths appear in the order: valeric ) iso-valeric ) iso-
butyric ) bulyric ) propionic ) hexoic ) iso-hexoic ) acctic. i formamide; and
propionic ) hexoic ) iso-butyric ) iso-hexoic ) valeric  butyric ) iso-valeric ) acetic,
in waler.

It is interesting to note a similar behaviour of acetic acid in this series in both
formamide and water media. Further, it is observed that the pK, values in formamide
increase as the chain length increases, hexoic acid being an exception. Such a trend is
also obscrved in water, excepling propionic acid, for the n-acid series. It seems.
therefore, that hexoie and proponic acids are anomalous in this scrics but the sequence
propionic ) hexoic appears more promising in both media.

Table 2 gives the thermodynamic functions of these acids in formamide at 25 °C,
tozcther with the corresponding values in water for the sake of comparison. Assuming
the heat of jonization to be constant over the entire temperature range, the 1~
valucs for the iomization of these acids have been evaluated from the slopes of the
plots of pK, versus 1/T. The standard frce encrgy change, .1G™ for the ionization
process of the acids is obtained from the relation

AG® = 2303 RTpK,

TABLE 2

THERMODYNAMIC OUANTITIES O MONOCARBOXYLIC ALIPHATIC ACTDS IN (a) FORMAMIDE AND (5) WATER
AT 23 °c

-IG* K/ 18
Acid fdmole=*j fdmole™ ] £ dese™ Y mole="')

faf th} far ehy - faj [{.]]
Acclic 397,10 271,35 200,50 - 439 — 6597 - 925
Propionic 413,22 27828 157,59 = 962 —86.02 - 96.5
Buliyric 318,78 275,04 136,90 — 2996 - 87.58 — 1023
Valeric 443,59 27638 158,30 —3012 —-958% —1028
Hexoie 412,50 277,21 195,45 - 2923 —72.83 —102.8
so-Butyric 436,20 276,13 190 33 = 3343 = 79.13 - 104.0
rso-Valeric 429,62 272,55 132,38 - 5100 99 75 —108.6

iso-Hexoic 408.51 275.56 17087 - 2596 ~79.75 - 102.3
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and the standard entropy change. 15" is cvaluated from the relaticn
AS® = (AH" — JG")T.

From Table 2, it is evident that the increase in standard free energy of iomization from
water to formamide is duc to an increase in the electrostatic free energies of the ions in
formamide in comparison with that in water. It is seen that the change in free energy
varies with the chain length in the n-acids, reaching a2 maximum value at valeric acid,
and pointing to the fact that valeric acid is more solvated than the other n-acids in
formamide. The change in entropy of ionization also varies with the chain length in
the n-acids and reaches 2 minimum value at valeric acid.

The values of :15° in both formamide and water are expected 10 be negative,
but in formamide they appear to be less negative. The reason for this might be that
the degree of re-orientation and partial immobilization of the formamide molecules
by anions is not greater in formamide than in water. Further, the negative values of
£1S” for valeric and iso-valeric acids in formamidc as comparced with the other acids
in the series. might indicate that the stabilization of the solvent structure causes an
increased order in the proximity of molecules of the iomzed form of valeric and iso-
valeric acids only. The contrary variation of A/ in formamidc and water indicates
that the ionization reaction is significantly altered when the aqueous medium is
replaced by formamide.
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