
THE THERMODYNAMICS OF lONlZA=l-lON OF SOME FATTY ACIDS IN 
FORk4ARQIDE 

The ioniza!ion constants of some fatty acids, such as propionic, n-butyriq 
n-valcric, n-hcxoic, iso-but+, iso-~&Tic and iso-hexoic, have been dclcrmincd in 
formamide over lhe temperature range 545 ‘C- The thermodynamic quantities as- 
sociated with the ianiwlion processes of thw acids have been c\aluatcd, Thcsc 
quantitia arc discuss& in relation to the structure of the acid and the orientation of 
solvent mokcules by the ions- 

In a previous communication’. WC reported the cffixt of substituents on the 
strength of acetic acid in formamidc from the ionization constants of acetic acid and 
of chloro- and phmyl- substituted acetic acids in this solvent- This work has now been 
extended to obtain 3 rlhbk zwcssmcnt of lhc thermodynamics of ionization of acids 
of astic gcid sriq such zu propionic, n-but)rie, n-~-aferic, n-hcxoic iso-butyic, iso- 

\alcric and iSQ-hexok acids in this solvent. The method involves mcasurcrmcnt of the 
c_mX of ceils of fypc. 

As-AgC! 1 KC’l(~~r,,, KA(m,L HA+& OHS-Q 1 Pt 

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

(A) 

Propionic (B_D_H_, LR.), n-butyric, n-xMic, n-hcxoic, iso-butyriq iso-valetic 
and iso-hcxoic acids (C-P) were purified by distillation=_ The purity of these acids was 
checked by titrations against standard alkali- Potassium salts of thcsc acids were 
prepxcd by the method described earlier-f- Methods of purification of formamide 
(Reidel, purr) and potassium chloride (B.D.H, AnalaR) have been described in 
previous communication+“. The potassium salts wwc kept in a vacuum dticcator 
owx calcium chloride until nequircd, 



The detailed description of the apparatus. preparation of the clmrodes, d&n 
of the cells_ preparation of the cell sofutie~ and cm-f_ measurements have been 
discussd in earlier H-oaks, The rcproducibili~y of the results w-as of the order of O-2 mV_ 

The p& ~alua of these fatty acids at diK=cnt tcmpcwurcs in formamide arc 
prcsenwd iin Tabk 1 alon g with Itrcir accuracies For complclw data for acetic 
acid’ in formam-ide are also included- lt is obrnrd that an i ucrease in temperalurc 
has the snwzral effect of lowering the ph’, \glucs of thes acids Howcvcr. irrqgkritics 
arc noricxd at higher ~tmpemturcz~-~-~ ’ for which there k no ready esplanatkw 
These mi&t be due to structural &an_= occurring in the hydrogen bonded solwnt 
with the change of tcmpcncure. A comparison of the present dala with the corm- 
spondin~ values in wale+ ” shows that the pK %aIutrr art higher in farmamide rhan 
wafer_ This; is consistent with the bchwiouc of other w-eak acids studied in solvent of 
thb da’ .1-s- 1 a r 

The rhermociynamic functions for dissociation of the monocarboxylic aliphatic 
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acids in aqueous solutions have been rcpoflcd’- No work appears to have been car- 
ried out in formamidc medium, Howc\ver, the p& value (7.02) of propionic acid’3 
itas only hccn dctcrmined in this solvent a1 25 ‘C_ The agrccmenl with our value (726) 
;?c, how-ever_ rather luw satisE~to~_ There seems no obviaus explanation of (his 
dkcrcpancy- Such dilkenccs exist cvcn in wry axura3!c dctcrminations of equilibrium 
cowanw by diNerent, or the urn% physical methods, examples arc plentiful in the 
litcraturc*-‘*, Since it is found from Table I [hat rhc plc’, values obtained in the 
present study agccd within O-05 CO O_ 13 units at difkrcnt fcmpcclturfs, it seems fairly 

certain thar the present set of data on [Ire pKS wlues appears IO bc more rcliablc, 
It is of Werest to cxzminc Ihe rclatiw strength of fat& acids in formamidc 

medium and to compare it with char in water, Considering the pAY v~~lucs for these 
fatly acids al 25 “C, rhcir strcnsths appear in the order; Aeric > iso-\;aleric ) iso- 
butyrie ) burysic > propionic ) hmoic > iso-hcxoic ) acetic. in formamidc; and 
propionic ) hlrxoic > isa-burl-tic > iso-hcrroic ) ~~lcric ) burytic > iso-valcric > acetic, 
in wtcr. 

It is intcrestin,c to note a similar hchaviour of acetic acid in this se&s in both 
formamide and \\gtcr media, Further, it is observed that the pk”, vaiucs in formamide 
incrcasc as rhc chain length incrcawr, hexoic acid beins an cxccprion- Such a trend is 
also o-cd in \\-;Lkr, cvccpling propionic acid, for the n-acid srriu It seems, 
therefore. that hcxoie and proponic acids are anomalous in this scriu but the scqucncc 
propionic ) hexair appears more promising in both media, 

table 2 giwrs the rhcrmodynamis functions of rhcx: acids in formamide at 25 ‘C, 
tosUwr with the corresponding values in water for the sake ofcomparison. Assuming 
the heat of ionization lo bc constant owr [he emire temperature ran%* ~hc _JN 
x&xs for the ionization of rhtst acids have been rxgluarcd from the slopes of the 
plots of p& versus I:T- The standard free encr_~ change+ JG’ Tar the ionization 
protas of the acids is obraincd from the rclalion 

JG = 2203 RTpA:, 



and the standard entropy &an_- Js” is evaluated from the relation 

AS” S (.&$” - dGqT_ 

From Table 2, it is evident that the increase in standard frcsr enerzT of ionization from 
water to formamide is due to an i ncrea~ in the electrostatic free energies of the ions in 
bmamidc in comparison with that in water- It is seen that the change in fret energy 
varies with the chain length in the n-acids~ reachins a maximum value at talcric acid, 
and pointing to the fact that taleric acid is mare sol~-atcd 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 a minimum value at ualcric acid. 

The tdues of AS” in both formamide and water arc expected to be negative, 
but in farmamide they appear to be less negative- The reason for this mifit be that 
the degree of re-orientation and partial immobilization of the formamide molecules 
by anions is not _geater in formamide than in \\7;1ter_ Further. the ne&ve values of 
4s” for taleric and iso-t~lcric acids in formamide as compared =-ith the other acids 
in the series. mi@t indicate that the stabilization of the solvent structure causes an 
increaxd order in the proximity of molcculcs of the ion&d form of valeric and ko- 
ualeric acids only- The contrary lariation of LIH’ in formamidc and water indiatcs 
that the ionization reaction is sigtificantly altered when the aqueous medium is 
repfaced by formamide, 


