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SUMMARY 

A ca!orimetric study has been made of proton ionization in diIute aqueous 

solution from cycloalkanecarboxylic acids at IO, 25, and 40’. Values of AS” are 
caIcuIated by combining the resulting AH” values with AC vaIues obtained from the 
Iiterature or determined by calorimetric measurements_ Values of ACp’ were calculated 

from the variation of the AH” vaIues with temperature. The trends in AS” and AC; 
are compared to the corresponding values for straight chain aliphatic carboxylic acids. 

lKiODUCTION 

This study was undertaken as part’ of a program to determine the thermo- 
dynamic quantities associated with proton ionization from a variety of donor-atom 

types in aqueous solution. Previously, the effects of substituents on the thermodynamic 

quantities for proton ionization from straight chain aliphatic acids have been re- 
ported2*3. The present study deais with proton ionization from cycloalkanecarboxylic 
acids and includes a comparison between the thermodynamic quantities for proton 
ionization from cycloalkane and straight chain carboxyhc acids. 

EXPERIMENTAL 

Malerids. - The following compounds were obtained in the best grade 

avaifable from the indicated sources: Baker grade cyclobutanecarboxylic acid, 

cycIopentanecarboxyIic acid, and cycIohexanecarboxyIic acid (Baker); practical 
cyclopropanecarboxyhc acid (Eastman); cyclohexylacetic acid (Aldrich Chemical). 

Al! acids were fractionaliy distilled under reduced pressure_ Portions of each 

acid were then treated with sIightIy Iess than a stoichiometric amount of sodium 

*Contribution from the Departments of Chemical Engineering and Chemistry, and No- 22 from the 
Center for Thermochemical Studies. 
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hydroxide (Baker, Analyzed Reagent, carbonate free, 50% solution)_ The resuhant 
solutions of rhe salts were washed with benzene and ether, the water was sIowIy 
evaporated, and ethano1 was added untii the solutions became sIightIy turbid. FoIIow- 
ing precipitation and separation from the cooIed solutions, the saIts were recrystallized 
twice from an alcohol-water soIution and dried under vacuum. 

Procedures. -The titration caIorimeter used in this study has been described’*5. 
This calorimeter makes possible the measurement of heats of I-IO ca1 with a precision 
of 0.1%. Data for AH determinations were obtained by titrating solutions of the 
sodium saIts of the cycIocarbo?ryIic acids lvith standard perchloric acid (Baker and 
ndamson) soIutions at IO, 25, and JO’_ At Icast five calorimetric titrations were made 
$or each acid at each temperature with the ionic strength, ,v, in each case being ~0.02. 

The pK vaIues were either taken from the Iiteraturc (see Table I) or determined 
using a caiorimetric titration procedure- ‘-’ in which soIutions of the cycIoaIkane- 
carboxylic acids were titrated with standard 3-picoline (Baker) soiutions. 

Caicularions. - The genera1 method used to caIcuIate AH vaiues from the 
caIorimetric titration data has been dsscribcd’-‘-9_ Values for the heats of diIution 
of perchloric acid and 3-picoIine were determined calorimetl-ically at 10, 25, and q09. 
\‘aIues for the heat of ionization of water at IO and 10’ were determined by us * ’ to 
be 14.216 and 12.695 kcaI/moIe, rcspectiveiy, and that at 25; (13.335 kcaI/moIe) was 
taken from the literature’ I_ _4t the low - Ionic stren,oth Grt0.02) used in the calorimetric 
determinatiow, AH values do not vary si,cnificantIy*’ with p; therefore, they u-ere 
assumed to be equa1 to AH” values. The standard state to which AH’ refers is defined 
to be an ideal I .V soiution behaving as an infinitely dilute solution. The caIcuIations 
were aided by a P. E_ Liberscope L-3055 computer. The computer programs (Fortran 
IV), input data, and output data for each run are available * 3_ 

In Table 1 are presented the pi;, AG’, AN’, AS’, and AC; \-aIues determined in 
this study_ AI1 the data in Table T refer to ,u = 0. The accuracy of the AH’ values is 
estimated to be 550 cal. This estimate was obtained from a consideration of the 
accuracy of the vaIues previously obtained for the heat of ionization of water using 
the same equipment. The reported precision limits for the AH” values in Table 1 are 
given as the standard deviation of these values for each set of runs for a given acid. 
The combined uncertainties in the pK and AH’ values will result in an estimated 
precision of 50.2 callmolejdegree in the AS” vaiues. The combined uncertainties in 
the AH” values at each temperature result in an estimated precision of +5 caIimoIe/ 
drgee in the AC; values. 

DECLSSiOS 

Presented in TabIe 11 is a comparison of like data for proton ionization from 
cycIoaIkanscarbo?ryIic acids and from related straighr chain, methyl and erhyl 
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substituted aliphatic acie >_ Ionization of protons from straight chain carboxyIic acids 
resuIts in the chain being repeited from the ntpativeIy charged carboxylic group14. 
In the corresponding cycIoalkanecarboxyIic acids, the chain is fixed in place. This 
difference between straight chain and cycloalkanecarboxylic acids should be reflected 
in their respective LIH”, LIS”, and dCp v&es. The dG’ va!ues for the cycloalkane- 
carboxylic acids and the related straight chain or substituted acids are nearly the same. 
This results in the AH” vaIues compensatin, m for the Iess negative AS” values of the 
cycloaIkanecarboxyIic acids’ SW * 6. 

Statistical explanations have been used to describe the AS” effect in straight 
chain acids”_ The charged anion imposes order on the surrounding solvent moIecuIes 
which interferes with internal rotation’ ‘.I ‘_ Th’ IS effect is also interpreted as a 
“stiffening” of the chain, which occurs because the region of low dielectric constant 
is repelled from an eIectrostatic charge’ 5*1 6= lg_ This is observed in the straight chain 
acids where the AS” vaIues become more negative as the chain becomes longer. The 
cycloalkanecarboxylic acids, in which the chain cannot straighten out, have AS 

vaIues which are less negative than the corresponding AS” values for the straight 
chain acids, however the differences are small. 

The AC; values for proton ionization from the cycloalkanecarboxylic acids 
are more negative than the values for the simiIar straight chain acids. If we consider 
the reaction 

HA f (nrtn)H,O = H(HtO),’ + A(H,Oj; 

the AC; for the reaction equals the sum of the heat capacities of the products minus 
the sum of the heat capacities of the reactants. The heat capacities of the cyclic and 
straight chain carboxylic acids (HA) are nearly the same, and the heat capacity of 
H(h’,O),i is the same for aI1 acids. The heat capacity of the water which is hydrated to 
A- is lower than that of the water in the soIvent before ionization occurs. The 
cycIoaIkanecarboxyIic acids, in general, have fewer waters of hydration than do the 
straight chain acids -This results, taking into account the heat capacity of the water 
on both sides of the reaction, in the cycioaikanecarboxyiic acids having more negative 
ACE values than the corresponding straight chain, methyl and ethyl substituted acids. 
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