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ABSTRACT

The proton ionization in (Na, H)ClO, 0.1 M agueous solution of cycloalkane-
1,1-dicarboxylic acids at 25°C was studied by means of potentiometric and calori-
metric measurements. The thermodynamic functions pK, AG, AH and AS were
obtained. The AS values were discussed in terms of solute-solvent interaction changes
related to the conformational features of the acids.

INTRODUCTION

The ability of Cu (2,2’-dipyridyl)?>* to coordinate, in aqueous solution,
cycloalkzne-1,1-dicarboxylic acids was recently investigated by means of potentio-
metric measurements®-2.

In order to continue the thermodynamic study of these complexes we report the
results of potentiometric and calorimetric investigations on the proton ionization of
the cycloalkane-1,1-dicarboxylic acids previously employed as ligands: cyclopropane
(CPRD), cyclobutane (CBUD), cvclopentane (CPED) and cyclohexane (CHED). The
results are discussed on the basis of the entropy change values and are related both
with the molecular conformational features of the acids and with the solute-solvent
interaction changes during the ionization.

EXPERIMENTAL

Materials

Reagent grade reactants and solvents (Fluka or C. Erba) were employed; when
necessary they were purified by conventional methods. CPRD, CBUD and CPED
were obtained by basic hydrolysis of the respective diethyl esters*. CHED was
prepared by treating 1,5-dibromopentane with malonic acid diethyl ester®. All the
products were crystallized several times from diethyl ether; their purity, checked by
potentiometric titrations, was always better than 99.5% and the melting points were:
135°C (CPRD), 162°C (CBUD), 196°C (CPED) and 183°C (CHED).
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Potentiometric measurements

Potentiometric measurements for determining the proton ionization constants
of the alicyclic acids were carried out under nitrogen constant flow in a thermostated
100-ml glass cell equipped with a magnetic stirrer. A Radiometer potentiometric
assembly, composed of a potentiometer Model PHM 52, a glass electrode Model
G 2025 C and a calomel electrode Model K 4025, was employved. The temperature
was regulated at 25+0.1°C by means of a Colora NB/DS-997 thermostat. The
electrodic system was calibrated by titrating HCIO, with carbonate-free NaOH. The
1-5-1073* M alicyclic acid solutions were titrated with a carbonate-free NaOH
solution. For each alicyclic acid at least five independent titrations were carried out.
CPRD has a low pK, value, in order to increase the concentration of H,A species
before each titration, HCIO; was added to the CPRD solutions, so that their
molaritics were 0.2-2.5-1072 M in HCIO,. All the titrations were carried out in
(Na, H) C10, 0.1 M aqueous solutions.

Calorimetric measurements

The calorimetric measurements were performed at 254-0.001 °C employing a
LKB precision calorimeter Model 8700, and a 100-ml LKB titration vessel Model
8726-1, equipped with 2 50-Q standard resistance and a 2000-2 thermistor. The change
of thermistor resistance during the titration was recorded by means of a Leeds &
Northrup recorder Mcdel Speedomax W. Several series of electrical calibrations were
carried out to test th= reproducibility of the calorimetric system; the standard
deviation of the ¢, mean value was always better than 0.1%. In order to check the
accuracy of the calorimeter, a THAM buffer solution was titrated with HCI standard
solution; the found enthaipy change value of 11.33+0.05 kcal mol™ ! was in good
agreement with the value obtained by Grenthe et al.* under the same experimental
conditions.

In order to estimate the proton ionization heats, the alicyclic acid solutions
(~ 10~ % M), neutralized until 95% with NaOH standard solution and thermostated
until stabilization of the calorimetric system, were titrated stepwise with a HCIO,
solution (~ 10~ * M) having thc same temperature as the titration vessel. The titrant
was delivered from a Radiometer motor burette Model ABU 12b, at 1.25 ml min~*!
with a 2.5-ul accuracy. The heat equivalent, ¢,, was determined by electrical calibration
after each titrant addition. Three sclutions of each alicyclic acid were prepared and
for each of them at least three titrations were carried out.

Calzulations
The dissociation constants were calculated by means of the PMGZ computer
program® which minimizes the errer squares sum: U(K;, 5) = Z (fiy i obs. —

fg.i calc.) > Where i1, ; is the average number of protons bound per ligand. The reaction
heat calculations were performed by Dickinson’s method®; the calorimetric curves
were extrapolated to the time for half the temperature rise in all cases, being the heat
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evolution linear with time both in the calibrations and in the titrations. The reaction
heats, corrected for the dilution heat of HCIO, in NaClOg 0.1 M (Q; o), WeIE
calculated considering the calorie unit equivalent to 4.1840 abs. Joules. For each
titrant addition the foilowing equilibria were considered:

HZA(,q, = H(tq)-i- HA(',q, (K,,AH)) (1N
HALy =HGg+ALy (K2, AH ) (2
H,A,q =2H(q+AGg (B2, AH>) 3)

The enthalpy change values were calculated by means of the PMGQ computer pro-
gram? which minimizes the error squares sum: U(AH, , AH,) = X (Q; core.— O carc) %
where: — Q; = Any._AH, +Any AH,, being Ang,_ and Any,, the HA™ and H,A
mmoles increment during the ith titrant addition. The entropy change values were
calculated from the relationship: AG;=AH;—TAS;. The PMGZ and PMGQ
computer programs are based on a direct search of minimum. The iy and QO standard
deviation values were better than 0.003 and 0.008, respectively. The uncertainties in
the thermodynamic function values were also calculated in terms of standard
deviation.

RESULTS AND DISCUSSION

The pK, AG, AH and AS values found for the dissociation reactions (1) and (2)
of cycloalkane-1,1-dicarboxylic acids are reported in Table 1.

The low CPRD AS, value accords with the presence in the CPRD acid molecule
both of “conjugation”®-? and of intramolecular hydrogen bonding. The latter might
be supposed to be due to: (a) the difference between pK;, and pK; values!®,
(b) X-rays datal!, (c) the closeness of the AS, value to that of maleic acid
(—8.5e.u.mol™?) (ref. 12), for which there are spectroscopic evidences of intra-
molecular hydrogen bonding!3.

The AS, values of CBUD and CPED are close to each other (as in the case of the
corresponding monocarboxylic acids)!* and to the value (AS; = —12.0 c.u.mol™?)
reported for the malonic acid!2.

The CBUD and CPED acids have different steric features of the skeleton
because the CBUD acid ring is substantially planar!® whereas that of the CPED acid
is half chair'®; moreover, by increasing cycloalkane ring terms, the bond angle
between the carbexylic groups decreases.

Presumably the typical conformation features of the five-membered ring reduce
ilie interaction between the carboxylic groups as a consequence of “non-bonded
interactions”!”. These, however are not present in the CBUD acid because its ring is
planar, and therefore permit the CPED and CBUD acids to behave similarly in their
ability to change the orientation of the solvent molecules during the first ionization
step.

The AS; value of the CHED acid, which is higher than those of CBUD and
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CPED, may be accounted for by the increasing orientation abilities on the solvent
molecules, owing to the “stiffening” effect!4-18 and to non-bonded interactions due
to the chair conformation of the cyclohexane ring. This behaviour accerds with the
AS, value of succinic acid (—16.6 e.u.mol™ ') (ref. 12) where the two carboxylic
groups are separated by two carbon atoms.

The AS,, values, reported for the second ionization step, agree with the trends
evidenced for the AS, values.
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