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Aqueous enthalpies of solution have been
determined for p-mannitol, p-sorbitol, meso-inositol
and a-p-glucose. Heat capacities were determined
for the pure compounds leading to partial molar
heat capacity values for the dilute aqueous
solutions.

Heat capacity values for polyols in aqueous
solution are discussed in relation to empirical group
additivity parameters. It is concluded that the values
for sugars and sugar alcohols are significantly
higher than expected from the empirical scheme.

A few years ago we reported a simple group
additivity scheme for the prediction of partial molar
heat capacities of non-ionic compounds in dilute
aqueous solutions, C,,,.! A very good agreement
was obtained between experimental and calculated
values for hydrocarbons and monosubstituted alkyl
compounds such as alcohols, amines, carboxylic
acids, amides and ethers. It was also shown that the
scheme could be applied to different types of cyclic
compounds and that branching of the alkyl chains
had only a small influence on the C, ,-values. The
results supported the view that solvation effects
involving non-ionic groups have the nature of short-
range effects.

One important use of such additivity schemes is
to detect compounds, or groups of compounds, for
which there is a substantial deviation between
experimental and calculated values. It is likely that
such deviations reflect solute —water interactions
which do not exist for the compounds from which
the additivity parameters were derived.

It was noted that the scheme predicted quite
accurate values for a few simple polyhydroxy
compounds, also for those with neighbouring
hydroxyl groups. However, a very marked deviation

0302-4377/82/090735-05$02.50
© 1982 Acta Chemica Scandinavica

was noted for sucrose for which the experimental
value was found to be more than twice the predicted
value, suggesting a specific interaction between
sucrose and water.! Heat capacity values for other
sugars and for sugar alcohols point in the same
direction.? ™3 Specific interactions between polyols
and water have also been inferred from other
observations such as dielectric and NMR
relaxation® and partial molar volumes and
compressibilities.” ~® Substantial differences have
been observed for structurally closely related
compounds such as mannitol and sorbitol which
differ only in the position of one of their six hydroxyl
groups.

In order to describe further the thermodynamic
properties of polyols, we report here results from
calorimetric measurements on bp-mannitol, b-
sorbitol, meso-inositol and a-p-glucose. Aqueous
solution enthalpies have been determined at 288.15,
298.15 and 308.15 K, leading to AC, ,-values for the
solution processes. To arrive at C,, ,-values [eqn.
(1)1, heat capacities were also determined for the

pure compounds, C¥, at 298.15 K.

Coz2 = ACP,2+C: (1)

EXPERIMENTAL

Materials. o-Mannitol was obtained from BDH
(organic analytical standard). p-sorbitol, meso-
inositol and a-p-glucose (anhydrous), of puriss
quality, were from Fluka. Sorbitol was recrystallized
twice from 99.5%, ethanol. The other compounds
were used without further purification. All samples
were dried under vacuum at 80 °C before use in the
calorimetric experiments. Reagent-grade water
prepared by Milli-Q system was used in the solution
calorimetric experiments.
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Table 1. Solution calorimetric measurements in water for some polyols. n=number of experiments.

Solute AH=,/kJ mol ™ ACZ, (298.15 K)
n T=288.15 n T=29815 n T=30815 JK* mol
p-Mannitol 6 19884005 7 21924003 6 24124007 21246
p-Sorbitol 4 17071003 4  1866+006 5 20444004  169+5
meso-Inositol 4 14214005 5 15294005 5 16641002 12245
a-p-Glucose 4 9674001 6  1088+003 6 12224003 12843

Calorimetry. Enthalpy of solution measurements
was made with an LKB 8721-1 Precision
Calorimeter using a 100 cm? glass vessel. Electrical
calibrations were made for each solution
experiment. Small corrections were applied in order
to bring the AH,,, values to the stated temperature
(£0.01 K).

The heat capacity measurements on the pure
samples were performed with a micro-drop heat
capacity calorimeter.'® The sample ampoule was
charged with ca. 0.3 g of material. The ampoules
were thermostated at 303 K and were then
transferred by free fall to the calorimeter kept at 292
K. The mean temperature in all cases was 298.15
+0.03 K. The calorimeter was calibrated with water
using the C-value 75.300 J K™ mol~'. For each
compound, measurements were made on 4—5
different ampoule fillings. Measurements on each
ampoule were repeated ca. 5 times.

RESULTS AND DISCUSSION

Final concentrations in the solution calorimetric
determinations were in the range of 0.01 —0.04 mol
dm~3. No consistent trend in AH-values versus

AH3g) /kJ-mol™!
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final concentration was observed. Therefore, rather
than extrapolating the obtained AH-values to zero
concentration, average values were calculated and
are considered as equal to AHZ,. Results are
summarized in Table 1. Uncertainties given for
AHZ, are twice the standard deviation of the mean.

Sturtevant !! has reported a slightly lower value
for the enthalpy of solution of a-p-glucose at 298.15
K, 1071 kJ mol™!, whereas Taylor and
Rowlingson !2 found a slightly higher value, 11.00kJ
mol ™, than that reported here. Sturtevant’s value
obtained at 308.15 K is in exact agreement with the
present result.

Fig. 1 shows a plot of the AH-values versus T. A

weak curvature is observed and the results for AHZ,
were represented by eqns. (2) and (3).

AH®, = a+bT+cT? 2)
ACT i =b+2T (3)
ACY -values are given in Table 1. Uncertainties are

estimates.
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Fig. 1. Enthalpies of solution of some polyols in water. a, p-mannitol; b, p-sorbitol; ¢, meso-inositol;

d, a-p-glucose.
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Table 2. Heat capacity values for some polyols.

Compound  C}/JK™' mol™'CZ,/J K™! mol™!
p-Mannitol  239.00+0.16 45146
p-Sorbitol 241.43+0.31 41045
meso-Inositol 218314025  340+5
a-p-Glucose  219.79+0.17 34743

Results of the heat capacity measurements on the
pure samples, C,*, and values calculated for the
partial molar heat capacities at infinitely dilute
aqueous solution, C7,, are given in Table 2.

Our C,-value for mannitol is slightly lower than
the value which can be derived from the
measurements by Spaght et al.,!3 241 JK ™! mol ™1,
For glucose, Kawaizumi et al.# recently reported the
value C,=224+3JK ™' mol ™" at 298.15K, whichis
slightly higher than that obtained here.

In aqueous solution a-p-glucose will form an
equilibrium mixture of the « and § forms. However,
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the main period of the calorimetric solution
experiment was short (<2 min), and only a small
fraction of the glucose was converted to the -form
(ca. 3% at 298 K). The enthalpy change for glucose
mutarotation is small, AH(x— )= —1.16 kJ mol ~*
at 298.15 K!' and we therefore consider the
enthalpy and heat capacity values reported here for
glucose as referring to the pure a-form.

Table 3 summarizes aqueous C;,-values for some
sugar alcohols and sugars. In the table, values are
also given which were predicted by our additivity
scheme ! and the corresponding deviations (A) from
the experimental values. In the last column a value
expressing the relative deviation from the ex-
perimental valueis given, A, = [A/C7’, (exp)] x 100.
Pentoses and hexoses are considered as cyclic
compounds *# and the cyclization parameter® of
—20J K~ ! mol ™! was added to the value calculated
from the group parameters. For the disaccharides
and for the trisaccharide, —40 and —60 J K~!
mol !, respectively, were added. These latter values

Table 3. Partial molar heat capacities for some polyols in aqueous solution at 298.15 K.

Cy/T K™ mol™!

Compound AY A ©
This Literature Preferred Calc. JK ' mol™!
work value® value®

Ethanediol 193,4 192,¢ 1957 19342 198 -5 -3

Glycerol 279,9 2269 2407 240+4 230 10 4

meso-Erythriol 310/ 31042 262 48 15

p-Xylitol 3467 34642 294 52 15

p-Arabitol 3754 37542 294 81 22

L-Arabitol 373/ 37342 294 79 21

Ribitol 3764 37642 294 82 22

p-Xylose 2814 28142 141 140 50

p-Ribose 271+ 271 +2 141 130 48

p-Arabinose 278" 278+3 141 137 49

L-Arabinose 270" 270+4 141 129 48

p-Mannitol 451 4557 440, 4417 452+4 326 126 28

p-Sorbitol 410 4237 4137/ 41245 326 86 21

meso-Inositol 340 34045 172 168 49

o-D-Glucose 347 3230 331 k1 34743 173 174 50

Fructose 352¢% 352+8 173 179 51

Galactose 324 324410 173 151 47

Mannose 337*% 337+5 173 164 49

Lactose 619* 619+16 271 348 56

Maltose 614* 614420 271 343 56

Sucrose 649,7 655™ 650+2 271 379 58

Raffinose 931k 931+7 369 562 60

4Uncertainties are estimates or were taken from the references indicated. ®Calculated from group parameter

scheme." A= CY,(exp)—

J(calc). A, =[A/CT,(exp)] x 100. “Ref. 15. °Ref. 16. / Ref. 3. ¢ Calculated from AC, values

CQ)
given in Ref. 17, ¢f. Ref. 1. * Ref 5. 'Ref. 18. CalCulated from data in Ref. 2. * o, equilibrium mixture. ' Ref. 4. ™ Ref. 19.
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are considered as very uncertain but on a relative
basis the cyclization parameters will influence the
differences between experimental and calculated
values (A,,,) to only a small extent. For instance, if
the cyclization parameter for raffinose is neglected,
A,., will be 54 rather than 60.

The present C°,-value for mannitol is in excellent
agreement with that reported by Di Paola and
Bellau,? whereas their value for sorbitol is higher
than the present result. For this substance our value
agrees with that derived from the measurements by
Bonner and Cerutti.? For glucose the present value
is significantly higher than those obtained from heat
capacity measurements on glucose solutions, which
presumbaly were «,f equilibrium mixtures. From
Sturtevant’s mutarotation studies '! the value AC,
=—9JK~! mol~* can be derived for the process

a-p-glucose(aq) = f-p-glucose(aq).

Thus, the C7,-values obtained for the equilibrium
mixture (37, « form) 2° should be increased by 5J
K™ ! mol™* in order to refer to the pure a-form,
which will somewhat decrease the difference
between the earlier and the present results.

The AC},-values (Table 1) are all large and
positive, suggesting a substantial interaction with
the water, as has been pointed out in earlier
studies.>~ 3 However, we do not consider the AC,-
values well-suited for comparison of solute
—solvent interactions, as they also will reflect
properties of the crystalline compounds. We
therefore rather chose to compare the differences
between experimental Cg’,-values and values
predicted from our group-parameter scheme, cf.
recent work by Kawaizumi et al.**

From Table 3 it can be seen that the agreement
between predicted and experimental values for
ethylene glycol and glycerol is good, which suggests
that the presence of neighbouring hydroxyl groups
in itself does not impair the additivity scheme.
However, for the C, —C, sugar alcohols and for the
sugars listed in Table 1, A-values are all large. As
might be expected, the deviations increase with the
size of the solute molecules, but it is interesting to
note that there is also a marked relative increase,
A,.. We note that A_,, is substantially larger for the
pentoses than for the C, straight-chain alcohols.
The situation is similar for corresponding series of
C¢ compounds.

Further, it is interesting to note that the A -value
for the cyclic hexahydroxyl compound meso-inositol

is much larger than the A -values for the
corresponding open-chain hexahydroxyl com-
pounds mannitol and sorbitol. The value for meso-
inositol is, in fact, the same as those found for the
(cyclic) pentoses and hexoses.

The A, -values for the disaccharides and the
trisaccharide are higher than those for the pentoses
and the hexoses, but with the uncertain cyclization
parameter in mind we do not consider the difference
significant. In summary, it seems as if the high C?,-
values are partly due to a cooperative effect and that
the ring structures give significant contributions. We
interpret the observed positive A-values as caused
by endothermic “melting” processes taking place
when extensive interactions (hydrogen bonding)
between solutes and water decrease with increasing
temperature.

Large negative values for AC, in binding
reactions involving e.g. proteins are often taken as a
sign of hydrophobic interactions. The large C3,-
values for polyols suggest that binding reactions
involving sugar moieties being transferred from
aqueous solution into a water deficient binding site
possibly are also characterized by a negative AC,-
value.
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