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The thermodynamic properties AG,>, AH?, and ACP‘?h associated with the trans-
fer of non-ionic organic compounds from gas to dilute aqueous solution and the
limiting partial molar properties 'C_p‘fz and 72° of these compounds in water are
described through a simple scheme of group contributions. A distinction is made
between groups made only of carbon and hydrogen, and functional groups i.e.
groups containing at least one atom different from carbon and hydrogen. FEach
group is assigned a contribution, for each property, through a least squares proce-
dure which utilizes only molecules containing at most one functional group.
Finally, for compounds containing more than one functional group, correction
parameters are evaluated as the differences between the experimental values and
those calculated by means of the group contributions. The different behavior of
hydrophilic compared with hydrophobic groups is discussed for the various proper-
ties. A rationale for the correction parameters, ie. for the effects of the inter-
actions among hydrophilic groups on the thermodynamic properties, is attempted.

KEY WORDS: Group contributions; partial molar heat capacity; partial molar
volume; free energy of hydration; enthalpy of hydration; dilute aqueous
solutions; non-electrolytes.

1. INTRODUCTION

For some time considerable interest has been shown in such
properties as gas solubility in water, structure of water and aqueous
solutions of non-electrolytes, the effect of water in determining the
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conformation of biological molecules, and the role of solvation in equi-
libria and kinetics of reactions. This interest, coupled with the develop-
ment of apparatus which permit the rapid measurement of highly pre-
cise data, explains the large number of recent data for the standard
thermodynamic functions of hydration AGy’, AHy, ASy, AC), and the
partial molar properties C °o and Vy (of non-charged organic
compounds) in water. Data are presently known for the following
number_of compounds: 350 for AGY, 197 for AH?, 272 for C%;, and
425 for V°

These data represent a substantial reservoir of information on
water-organic solutes interactions. Unfortunately, in the absence of a
rigorous statistical thermodynamic theory for aqueous solutions to
provide a rationale for these interactions, it is not easy to predict how
the changes of the thermodynamic properties of water are related to
the molecular structure of the solute molecules. Thus it appears
justified to search for such a correlation adopting empirical procedures.

Three methods can be identified for this purpose. In the most
commonly used, the contribution of a repetitive unit to each molar
thermodynamic property is calculated as a difference between the
property values for two consecutive members of a homologous series.
In the second method, the molecules are subdivided into groups, each
of which is assumed to contribute a constant amount to the thermo-
dynamic quantity. These contributions are calculated using a least
squares method. Finally, in a third procedure the hydrocarbons are
selected as reference molecules and the effects of substituting some
hydrocarbon surface area (or volume) with a like surface area (or
volume) of hydrophilic nature are evaluated.®*

The second method was used some years ago by Hine and
Mookerjee®® and by Guthrie® to rationalize the free energies of hydra-
tion and the partial molar heat capacities, respectively. In this paper we
apply such a procedure to the partial molar volumes and to the enthal-
pies of hydration. For the sake of homogeneity, the calculations are
also performed for AGy and Cp"z, including recent experimental data.
Heat capacities of hydration A C;, and partial molal volumes V° are also
considered.

The aim of this work is to give a compact picture of the state of
our present knowledge of the main thermodynamic properties of dilute
aqueous solutions of non-electrolytes and to test to what extent these
properties can be reproduced by means of a simple scheme of group
contributions.
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Fig. 1. Ranges of experimental EP?Z’ T’;", AGy, and A Hy? for non-electrolytes
in water at 25°C and ranges of corresponding gas molar heat capacities
(€2, and van der Waals volumes (Vy,).

2. MEASURED PROPERTIES AND EXPERIMENTAL DATA

In general, each value of C,,, V2, AG?, or AHY was found in a
single literature source and was converted, where necessary, to the
units and standard states used in this paper. Some values were obtain-
ed by combining data from different literature sources. In particular, a
few —C—p‘fz data were evaluated from the heat capacity of hydration AC,
and the molar heat capacity of the gas, or from the heat capacity of
solution of the pure condensed substance, AC,, and its molar heat
capacity. Many A Gy were calcuiated from data for water solubility and
vapor pressure of the pure compounds. Finally, some AH? values
were obtained from solution and vaporization heats.

The standard free energy changes for the isothermal transfer of
molecules from gas to water were calculated assuming as standard
states the ideal gas at 1M concentration and the hypothetical 1M ideal
aqueous solution. SI units were used except for volumes which were
expressed in cm>mol*. The factor of 4.184 was used to convert
calories to joules. In Fig. 1 are illustrated the ranges of known experi-
mental data for C,, V2, AGY, and AH? of non-ionic organic com-
pounds in water at 25°C,

We wish to emphasize that a substantial difference exists between
the transfer properties, AG,’ and AH,’, and the partial molar properties,

C,, and Ve, While the former are determined essentially by the
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changes the solvent structure undergoes in the vicinity of the solute
molecule, the latter also include internal contributions due to atoms
and bonds of the molecule. The ranges of these internal contributions
i.e. gas molar heat capacities, C,,, and intrinsic volumes, as measured
by van der Waals volumes, Vy, are also shown for comparison in Fig.
1. For the single molecules, Cy, ranges from 20 to 60% of C),
whereas Vy, represents 50 to 80% of V7.

Because of this large internal contribution, the heat capacity of
hydration ACy, = Cyy — Cy, and the volume function AV" = V> —Vy
were also examined as more significant quantities. The gas heat capac-
ities and the van der Waals volumes were estimated by group contri-
butions according to Benson” and to Bondi,® respectively.

The quantity AV" has no evident thermodynamic meaning.
Moreover, its value depends on the model chosen to evaluate the
intrinsic volume. Nevertheless, we deemed it interesting to correlate
this quantity with the solute molecular structure, since it should be
more sensitive than V5’ to the changes that the solute molecule induces
in the structure of the surrounding water.

The full list of experimental data for CS,, V7, AGy, and AHY
with the corresponding sources is given in the Appendix together with
C;, and Vy used for calculating AC,, and A V', respectively.

3. STRUCTURAL PARAMETERS

The molecular structures were described through a scheme of
group contributions as follows:

1) A group is defined as an arrangement of one or more atoms con-
taining no carbon-carbon bond, except for muitiple bonds of alkenes
and alkynes. The contribution the j/® group gives to a thermodynamic
property Z is indicated ‘as B,(j). A group containing at least one atom
different from carbon and hydrogen is called a functional group and is
indicated as Y.

2) Each group is characterized only by its constituent atoms, ie. is
independent of the nature of neighboring atoms. Thus, the propane
methylene group is considered equal to the methylene of ethanol. Y
groups directly attached to an aromatic or heteroaromatic ring are the
only exceptions in that they are distinguished from the corresponding
groups bonded to aliphatic or alicyclic frames.

3) Groups which are part of the ring skeleton of cyclic compounds are
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Table IA. Group Contributions BZ to the Partial Molar Heat
Capacity and Partial Molar Volume of Non-Ionic Organic

Compounds in Water at 25°C=1

B, Contribution

B, Contribution

Group” Cya vy Group® Cpa vy
J-mol K cm®-mol’ Jmol™ K em®-mol”
CH, 110.1 (68)  19.06 86)  .NH -27.0 (6) 7.76 (7)
CH, 87.549) 1580 (62) N -35.0 () 8.04 (2)
CH 714 (10) 123338 N, 4.0 (5) 719 (5)
C 28.3 (1) 9544 O -51.9 (1) 7.28 (1)
c=C 89.1 (4) 2051(2)  OH -10.1 24) 6.74 (31)
Cc=C 74.0 (2) - 0 -68.4 (4) 7.23 (6)
H(C)®  224(D 278 S - 16.38 (1)
CH, 71.9 (15 1409 33) SO -114.1 (1) 17.40 (1)
CH 79.6 (1) 1176 17 F -0.1 (1) 3.44 (1)
e - 9.54¢ c 354 (1) 13.74 (1)
c=C 65.9 (1) - Br 53.5 (1) 19.04 (3)
CH,, 456 (15 1146 (9) 1 272.0 (1) 31.24 (1)
Cy -0.6 (13) 828 (7)  NH,CONH - 30.84°3)
Coond 8.6 (1) 737(1)  NHCONH  -52.0 (1) 28.52 (1)
CHO -43.7 (1) - NH,CON  -254 (1) 27.36 (1)
co -52.0 (3) 1518 (4)  NCON -85.5 (1) 25.67 (1)
Coo 38 (2 2139(3)  0COO - 28.02 (2)
COOH  -231 (D 20.34 (8)  ,0CO0 - 20.71 (1)
CONH, -244(3) 23.11 (5) CONHCO - 30.71 (1)
CONH  -47.1(12)  2231(9  NH,C00 - 30.61 (1)
CON -97.1 (1) 1983 (8)  CHO($) - 17.11 (D)
CSNH, - 3395(1)  COOH($) 653 (1) 19.81 (1)
co 1558 (6)  NH,(¢) 03 (M 10.34 (1)
co0 . 1861(2)  NO,(¢) - 18.74 (1)
CONH  -714(2) 2084 (2)  OH(p) 9.4°(3) 7.20 (1)
CON -98.9 (2) 1566 (1)  SH(g) - 15.13 (1)
CN - 1494 (1)
NH, -338 (12) 989 (15) A, 79.6 (93)  13.41 (118)
NH 93 (3) 8.57 (4) s
N -42.5 (3) 317 @ 132 0.70

tSee Table 1B for footnotes.
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Table IB. Group Contributions B, to the Hydration Functions
of Non-Ionic Organic Compounds at 25°C

B, Contribution

Group” AGE AHY AC, NG
KJ-mol™ kJ-mol™! J-mol 'K ! cm3-mol'1
CH, 3.17 (186) -2.39 (80) 66.4 (68) 6.01 (86)
CH, 0.74 (131) -3.24 (45) 64.5 (49) 5.57 (62)
CH -1.06 (38) 3.07 (17 67.8 (10) 4.90 (18)
C -3.87 9) -4.56 (6) 44.7 () 495 (4)
c=C -9.81 (22) -6.63 (3) 100.8 (4) 9.17 (2)
Cc=C -8.68 (8) 0.10 (4) 443 (2) -
H(C )¢ 3.60 (38) 118 (D 02 -0.03 (7)
‘CH, 0.75 (22) -3.07 (16) 47.3 (15) 4.45 (33)
‘cH -1.58 (8) 523 (7) 741 (7) 504 (17)
Cc=C -8.64 (3) - 64.3 (1) -
CH,, -0.83 (26) 292 (19) 26.0 (15) 3.60 (9)
C, -3.92 (24) -5.70 (17) 0.0 (13) 233 (D
ond -2.59%(9) -3.57%(4) 0.1 (1) 243 (1)
CHO -18.83 (12) - 91.0 (1) -
co -23.06 (14) -23.18 (13) 79.5 (3) 3.48 (4)
Co0 -20.34 (27) 2277 () -37.0 () 6.24 (3)
COOH 3221 3) -35.46 (5) -84.7 (D 1.43 (8)
CONH, -44.85 (1) - -84.6 (3) 1.72 (5)
CONH . -59.93 (1) -87.4 (12) 3.32 (9)
CON - 4542 (1) 1124 ) 3.42 (8)
[els) - -25.08 (2) . 4.55 (6)
'co0 - - y 5.65 (2)
"CONH - - -108.2 (2) 3.83 ()
‘CON - . -109.3 (2) 1.49 (1)
CN -20.83 (3) -19.31 2) - 0.83 (1)
NH, -24.13 (6) -33.21 (8) -75.5 (12) -0.01 15)
NH -25.67 (4) -39.46 (5) 7.7 (3) 1.08 (4)
N 24.79 (2) -38.92 (1) -39.0 (3) -1L17 )
'NH -25.97 (6) -36.54 (4) -45.1 (6) 1.54 (7)
N -24.08 (2) -34.52 (2) 337 () 4.64 ()
N, -17.02 (13) -20.57 (12) 12,0 (5) 2.23 (5)
NO, -19.88 (3) -19.47 (1) - -
0 -15.77 (6) -21.88 (1) 626 (1) 3.59 (1)
OH -25.95 (25) -36.38 (16) -44.4 (24) -0.67 (31)
0 -18.29 (4) 22062 (4) -90.6 (4) 5.00 (6)
S -14.36 2) - . 5.59 (1)
SH 991 (2)

50 i 53.07 (1) 152.0 (1) 1.84 (1)
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Table IB. (Continued)

By Contribution

Group® AG® AHY ACHh AV
kJ-mol ™ kJ-mol” J-mol K cm’-mol !
F -5.14 (1) -1.87 (1) -30.3 (1) -1.67 (1)
Ci -7.26 (8) -6.90 (1) 2.0 (1) 2.73 (1)
Br 2175 () 927 (1) 18.4 (1) 5.26 (3)
I -7.98 (5) 9.64 (1) 235.2 (1) 12.63 (D
NH,CONH - - - 1.93°3)
NHCONH - - -81.0 (1) 2.06 (1)
NH,CON - - -99.9 (1) 1.00 (1)
NCON . - -88.4 (D 4.30 (1)
CHO(p) -9.83 (1) - - 2.68 (1)
CO@) -15.34 (1) - - -
CO0($) -14.08 (1) - - -
COOH{$) - - 22.8 (1) 0.67 (1)
NH,(¢) - - 472 (1) 0.40 (1)
NO, (#) -8.60°(3) - - 2.61 (1)
0e) -0.50 (1) - - -
OH(¢) -19.35%4) -21.94%(4) -32.3°(3) -0.23 (1)
S(g) -7.58 (1) - - -
SH($) -3.66 (1) - - 0.90 (1)
Cl(¢) 232 (1) - - -
Br(g) 1.13°(4) - - -
4, 1.06 (209) -13.87 (97) 115.9 (93) 12.17 (118)
o’ 0.51 1.63 13.4 0.71

“The parameters Az and B, were obtained by solving Eq. (2) by a linear least squares
analysis which considered only monofunctional compounds including hydrocarbons.
Within the parentheses are indicated the number of compounds in which the group is
present. When this number was less than 3, the corresponding compounds were not
included. in the regression analysis and the BZ value was calculated as a difference (see
text). “An asterisk indicates a group inserted in a cyclic non-aromatic structure, while the
subscript ar indicates a group which is a part of an aromatic or heteroaromatic ring. The
subscript cond was added to a C group to indicate a carbon atom common to two or more
aromatic rings. The symbol ¢ denotes a group directly bonded to an aromatic or hetero-
aromatic ring. “Hydrogen atom on olefinic or acetylenic carbon and hydrogen atom of
formic acid and its derivatives. dAssumed equal to the corresponding non—cychc param-
eter. “Calculated from compounds not included in the regression analysis. Standard
deviation o2 = ¥ [Z(cale) — Z (exp)] / (N-P), N and P being the number of compounds
and parameters, respectively. “Standard states: 1M ideal gas and hypothetical 1M ideal
solution. 4, depends on tl}e standard states chosen1 while B; does not. For example, a
value 4, ; = 18.94 kI-mol ™, instead of 1.06 kJ-mol ", should be used when the standard
states are ideal gas at 1 atm and the hypothetical ideal solution at unit mole fraction.
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distinguished from the corresponding groups in open chains. They are
marked with an asterisk; for example, 'CH, represents the methylene
group of cyclohexane. This distinction eliminates any need for ring
corrections.

4) A constant 4, is introduced, common to all molecules, whose value
depends only on the Z property.

5) Molecules containing more than one Y group, ie. polyfunctional,
were described by adding one correction parameter C, (Y,,Y,~ Y,).

Following the above rules, the Z property of any RY,Y,"Y, mol-
ecule, R being its hydrocarbon moiety, can be expressed as

Z=4,+Z;nB,() + C,(Y,Y,"Y,) 1)

where p, is the number of times the j™ group appears in the molecule
under consideration.

The A, constant term was introduced by Traube® in a scheme of
atomic additivities for partial molar volumes of organic compounds in
water. It was suggested here by the non-zero intercept of a plot of the
thermodynamic properties for a homologous series of organic com-
pounds against any extensive quantity characterizing the solute such as
molecular weight or intrinsic volume.!”? A non-zero value of the ther-
modynamic functions of solvation as well as of some of the partial
molar properties (for point like inert molecules) are predicted by
theories such as the SPT.'Y Introduction of the A4, term leads to a
description of the experimental data which is better than can be obtain-
ed by addition of any other type of parameter, as shown by a few pre-
liminary calculations. One further advantage is the fact that this term
includes all information concerning standard states, thereby permitting
B, e.g. to be calculated independent of the choice of standard states.

As far as the near-nearest effect is concerned, we think that a
scheme of group contributions which also takes into account this effect
should be recommended for the description of thermodynamic proper-
ties which are directly related to the internal structure of the molecules,
such as heats of formation. The different nature of the properties we
are dealing within this paper, mostly determined by the changes that
the solute surface induces in the structure of surrounding water, should
justify our simplification.
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4. CALCULATION PROCEDURE

Parameters of Eq. (1) were determined in successive steps using
the following procedure. First, only hydrocarbons and monofunctional
compounds were considered, for which Eq. (1) reduces to

Z = AZ + Ejnsz (]) (2)

A least squares procedure applied to this equation yielded a first set of
B; values and the constant term A, In this step, groups contained in
less than three compounds were not considered. Compounds for which
the least squares value differed from the experimental value by more
than three times the standard deviation o were discarded.

In the second step, the B, contributions of the groups not con-
sidered in the regression analysis were calculated, one at a time, as a
difference between the experimental value and that calculated by
inserting into Eq. (2) the set of B, values already determined.

Finally, an analogous procedure was applied to determine the cor-
rection terms C; (Y,,Y,”Y,) for polyfunctional compounds. Their
values were in fact calculated by fitting, one parameter at a time, the
differences

A = Z(exp) — Z(calc) (3)

where Z(calc) is calculated through Eq. (2) using all the B, values pre-
viously determined.

5. RESULTS

Table I summarizes the values of the 4, constant and B, param-
eters for all properties examined in this work. Table IA refers to partial
molar properties C;, and ¥y, while Table IB refers to the hydration
functions AGy, AHY, and ACp,, including also AV". The standard
deviation o relative to the compounds which entered the regression
analysis is finally reported for each property. Standard deviations of
single B, values determined through the regression analysis and the
average deviations of the remaining B, parameters are generally lower
than the standard deviation o reported in the table. In particular their
values range as follows: 0.50 — lo for the 4, constant and terminal
groups; 0.0 — 0.2¢ for CH,, 'CH, and CH,,; intermediate values for
other groups.

A comparison with similar studies by Hine® and by Guthrie® is
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not straightforward owing to the different schemes used for group con-
tributions and because of the different number and type of compounds
taken into consideration. However, we would like to mention that
Hine handled 212 AG,’ values using 51 parameters, with a standard
deviation of 0.7, while we described 209 compounds (hydrocarbons and
monofunctional molecules) using 28 parameters, with a o value of 0.5
kJ-mol. Moreover, Guthrie obtained a weighted o value of 6 using
12 parameters for 48 C,, values, while our scheme required 21 struc-
tural parameters in order to reproduce Cy, values of 93 compounds
with an unweighted o value of 13 J-mol™-K™.

Though the ability to reproduce experimental data is comparable
in our and Hine’s or Guthrie’s schemes, quite different contributions
are reported for the same groups, particularly terminal groups such as
CH,, OH, COOH, etc. This is mainly due to the presence in our
scheme of the constant term 4, which does not produce the anomalous
large values attributed to these groups by the additivity schemes so far
adopted.“? For repetitive internal groups, such as CH,, our scheme
yields practically the same value found by others.

Table II summarizes some typical correction parameters
C,(Y,,Y,) for bifunctional saturated compounds of the type Y,-(C),-Y,,
aliphatic as well as alicyclic. We choose to report parameters deter-
mined by several compounds or defined for many Z properties. The
majority of the values reported refer to n=2, which is the most
frequent case. Values for n#2 can be satisfactorily calculated through
the relationship

lnCZ,n = lnCZ,z - ')'Z(n'z) (4)

where vy, is a constant depending only on the Z property. Equation 4)
was found not to hold for Z = CJ,. In this case, the deviations A of
the experimental data from those calculated using Eq. (2) show no
regular trend when plotted against the number » of intermediate
carbon atoms. Correction parameters for this property, for each Y,,Y,
pair, were computed as the average A value over the various Y, " Y,
distances.

The reliability of C,(Y,,Y,), as well as of B, in cases where they
are defined by a single compound, cannot obviously be ascertained.
These numbers may only be accepted as provisional.

A few C, parameters for selected classes of polyfunctional com-
pounds having particular structures, are finally collected in Table 1L
These correction terms may be constants (see for example the C, value
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Table II. Selected Correction Parameters C,(Y ,Y,) for
Saturated Bifunctional Compounds Y -(C) -Y,°

C, Correction Parameter

Groups Ch' vyt AGy AHY
Y, Y, Jmol 'K cm’-mol™ kJ-mol! kJ-mol™

OH OH  -549°(6) 38370 1733Q) 2082 (1)

OH O -133 (5) -2.76 (4 7.65 (4) 17.81 ()

OH NH,  -441°(5 -2.387 (1) - -

OH NH 702 (2) 228 2) - -

OH N -65.3 (2) 2,18 (1) - -

OH  COOH - -2.58° (7) - -

OH CONH, 174°Q) -1.647 (4) - -

OH SO - -0.69% (2) - -

0 ) 42°(8) -1.90% 2) 442 2) 6.10 (6)

o NH,  -264°Q) -1.64% (1) 6807 (1)  14.327(1)

NH, NH,  -225°0) 209 1394 (D 10.677 (1)

co” co -14.1 (1) -1.87 (1) - -

COOH COOH 166 (1) -2.74% (1) - -

CONH, CONH, - 2437 (1) - -

x¢ X’ - - 4.41 (5) -

o OH -36.6 (2) 331 (2) - 20.72 (2)

0 0 6.5°4) -3.52° (3) 11.36 (1) 19.43 (1)

0 NH 372D -2.20 (1) 10.18 (1) 13.86 (1)

0 N -55.7 (1) -2.82 (1) 8.62 (1) 15.02 (1)

NH NH 724 (3) -1.76 (1) 17.02 (1) 8.85 (1)

NH N -72.0 (1) -2.32 (1) 10.29 (1) 9.18 (1)
N N 719 (1) -2.96 (1) 6.05 (1) 9.26 (1)
v, - 025 (31) 0.44 (10) 0.73 (4)

“Unless otherwise indicated, the data refer to molecules with Y, and Y, groups separated
by two carbon atoms (n==2). The number of compounds which determined each param-
eter is indicated within parentheses. % alues of the parameters listed for f:z and ¥, are
3150 valid for ACp‘fh and AV , respectively (see text). ‘Average over different n values.
Data are also available for n#=2. They have been used to estimate the y z parameter of
Eq. (4). °The value refers to compounds with n=1. "The value refers to compounds
with n=3. Data are also available for n=~3. They have been used to estimate the Yz
parameter of Eq. (4). *X,X'=F, Cl, Br. hDecay constant of Eq. (4).
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for C"p‘fz of polyols) or linear functions of the number of Y groups char-
acterizing the considered class of compounds (see for example the C;
for ¥y of polyols). Parameters of Table III are not to be used in
addition to parameters of Table II, i.e. compounds with three or more
functional groups have been characterized by a single correction param-
eter Cz(Y.,Y; "Y,), all the interactions among Y groups being included
in this parameter according to Eq. (1). '

We would like to note that the correction parameters C; reported
for the partial molar properties a,‘fz and 75 in Tables II and III are also
valid for AC,} and A V', respectively. This is a consequence of the fact
that the intrinsic terms (Cy, and Vy) are additive quantities.

The degree of success with which parameters reported in Tables I
‘to III describe the thermodynamic properties of organic compounds in
water, may be appreciated by observing the differences between experi-
mental and calculated values reported in the Appendix.

The number of compounds utilized as well as the corresponding
structural parameters determined in each single step of the calculation
procedure are summarized in Table IV for all properties. Since several
parameters were calculated from only one compound, we thought it
useful to specify, in the same table, the total number of parameters
which offer a mimimum of reliability, ie. parameters determined by at
least two compounds. The number of compounds they are generated
from, and the corresponding standard deviation, are also indicated. It
may be noticed that the o value practically equals the value observed
in the regression analysis (see Table I).

6. DISCUSSION

Table IV shows that the group additivity scheme proposed here is
valid for AG,; and V7, for which properties the standard deviation over
a large number of compounds is of the order of magnitude of the dis-
agreement which may be found among different authors or even com-
parable to the experimental error. A lower reproducibility is obtained
for AHyY and _p‘; data. Poor precision of many experimental data,
expecially for hydrocarbons, is possibly responsible in the case of C,),.

Although the values of the parameters have a purely empirical
meaning owing to the way they were calculated, we nevertheless wish
to comment on their values since they seem indicative of the kind of
influence that different solutes exert on the structure of the sur-
rounding solvent. In this respect, B, may yield a relative estimate of
the thermodynamic effects involved in the interaction of hydrophobic
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Table I11. Correction Parameters CZ(Yl,Yz"'Ym) for Selected
Classes of Polyfunctional Compounds and for Compounds
with Particular Structures

No. of

Z Property Class of Compounds C; Cpds
Con'” Polyols: € H,,, ,(OH),, (n=3-6) -48.4 8
Diazines” -59.7 3

(J-mol -k 2,4-Pyrimidinediones 79.4 8
2,5-Piperazinediones 45.8 3

vyl RO(CHR CH,0),R " (R,R 'R "= H,CH;; n=2-8) -1.84.n 17
Polyols: C H, | ,(OH)  (n=3-6) -2.52:n 8

(cm®mol)  NH,(CH,CH,NH) H (n=2-4) 2340 4
Carbohydrates (nOH——3 20)°¢ -3.71.ny, 38

Benzenediols -1.98 3

Pyridinamines -2.46 3

Diazines’ -2.80 4

Adamantane ring system -12.98 3

AG, RCX;X,X, (R=H,R; X;=F,CLBr) 17.27 5
CX,X,X;X, (X;=F,Cl,Br) 34.58 5

(kJ-mol™) CX (XX, —CX XX, (X, =F,Cl) 51.23 5
2-Alkylpyrazines 12.67 3

*Values of the parameters listed for C 2 and V are also valid for AC° h and AV’ , Tespec-
tively (see text). "The correction parameter is vahd independently of the relative position
of the two Y groups. “This class includes mono- and polysaccharides as well as glyco-
sides. The value of the correction parameter is obtained by multiplying -3.71 by the
.number of hydroxyl groups (nOH), independently of the number of ether oxygens.

and hydrophilic groups with water. C;, derived from differences
between experimental data and data calculated for hypothetical mol-
ecules containing functional groups completely independent of each
other, give an idea of the extra effects which arise from the interactions
between two or more functional groups.

6.1. Hydrophobic and Hydrophilic Groups

Values of main group contributions, B,, found for the various
properties, are represented in Fig. 2. The entropy of hydration was here
also considered. Group contributions to this property were calculated
through the relationship By, = B,y — B,g. The internal consistency



576 Cabani, Gianni, Mollica, and Lepori

Table IV. Summary of the Number of Compounds Examined
and Parameters Determined®

Compound Co, VP AGY  AHY
Monofunctional - 93 118 209 97
in the regression analysis 22) (24) (29) 1
Monofunctional - 28 37 37 24
for calculation of B, Q1 (29) an (15)
Polyfunctional - 73 55 48 26
for calculation of C, 22) (30) a7 (13)
Not utilized? - monofunctional 33 15 21 19
- polyfunctional 45 100 35 31
Total 272 425 350 197
Compounds which generated 174 277 276 128
‘reliable’ parameters® (45) (50 45) (30)
o 136 0.91 072 166

“The number of parameters determined in each calculation step are in parentheses.

ere are included compounds for which |Z(exp)—Z(calc)| > 30 and compounds which
may be considered as a single group or which contain one or more structural features not
included in Tables I-IIl. “The term ‘reliable’ is used to indicate a parameter determined
by at least two compounds. %Standard deviation obtained for ‘reliable’ parameters. Units
as in Table 1.

of AH?, AGY, and ASy functions is thus preserved.

Fig. 2 shows the most important features of the thermodynamic
behavior of monofunctional compounds in water:

) A sharp separation exists between the values of the B, param-
eters relative to the hydration functions AH?, AGY and AC},, accord-
ing to whether a hydrophobic or hydrophilic group is involved. The
separation is not found for ASy, and is feebly shown by A V. When
the C;, and ¥y properties are considered, the above separation is
reduced compared to the corresponding transfer quantities. This
appears to be due to the intrinsic term which contributes a large
amount to the partial molar properties (see Fig. 1) and thus may mask
solvation effects.

i) Hydration enthalpies clearly distinguish hydrophilic groups
containing hydrogen atoms from other hydrophilic groups, the former
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Fig. 2. Selected values of group contributions, Bz, to the thermodynamic properties
of non-ionic organic compounds in water at 25°C. (Hydrophobic groups: -------- ;
hydrophilic groups: - - - - - ).

being characterized by far more negative B,, values. This distinction
may also be observed for AGy, A V" and, to a lesser extent, for 7AS®,
but is absent in Cy, ACZ,, and V5.

i) The contributions of CH,, CH, and CH groups fall in a narrow
range for all transfer quantities. The number of hydrogen atoms would
thus seem to deserve a negligible importance in hydrophobic hydration
contrary to the opinion expressed elsewhere."®

iv) The hydration entropy is always negative whatever group is
considered and its value is not significantly dependent on the nature of
the group. Therefore, entropy does not appear the proper function to
characterize the behavior of organic compounds in dilute aqueous solu-
tion. It seems the importance given to the entropy term in order to
explain the thermodynamics of nonpolar solutes in water is
exaggerated. ' In fact, the enthalpy is the most suitable function to
distinguish polar from nonpolar groups.

6.2. Interaction Between Hydrophilic Centers

For saturated bifunctional compounds of the type Y,-(C) Y, the
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Fig. 3 Comparison between the ranges of values of correction parameters Cz(Y,Y,) and
the ranges of the sums Bz(Y ) + Bz(Y,) for bifunctional saturated aliphatic
compounds of the type Y;-C-C-Y, (Y,Y, = O,0H,NH,).

values of correction parameters C, are always large and for each
property generally possess the same sign independent of the nature of
the Y, Y, pair. As seen in Fig. 3, where the cases of Y,Y,
=0,0H,NH, and n=2 are taken into consideration, the interactions
give a systematically positive contribution (C; > 0) to AGy, AHy, and
TASY,’ but a negative contribution to ACy, and AV". If the C; values
are compared with the sum B,(Y,)+ B,(Y,), it may be noticed (Fig. 3)
that the interactions enhance the action of the hydrophilic groups in the
case of AC,, while they generally oppose it for other properties. The
C, values decrease with increasing distance between Y, and Y, groups
following an exponential law. The values of the decay constant y, are
not large (see Table II) indicating a slow rate of decrease: particularly
for partial molar volumes, the interactions are still clearly appreciable,
as observed by others,"” when Y, and Y, are separated by 5 or 6
carbon atoms.

No general behavior may be identified when the Y, and Y,
groups are inserted in an unsaturated backbone (olefines, aromatics,
and heteroaromatics). This is possibly due to the insufficient number
of experimental data and also, perhaps, to a higher sensitivity of sol-
vation to the internal structure of these molecules. Examination of the
differences between experimental values and those calculated under the
hypothesis of no interference between the hydrophilic groups (see A

3Entropy effects were calculated, analogously to Bras values, from the corresponding
enthalpy and free energy parameters.
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polyfunctional moiecules RYY,Y,. The number of compounds yielding
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regression analysis, and the corresponding range + 3o, are reported.

values of the Appendix) permits recognition of ‘singular’ effects of
interaction such as, for example: i) contrary to the general trend shown
in Table II, the free energy of hydration of most disubstituted benzene
derivatives is lower than that calculated considering Y, and Y, as inde-
pendent groups; ii) the relative position of the hydrophilic groups
proves sometimes unimportant thus allowing the definition of a single
correction parameter for a certain Y,, Y, couple (see the C, values
reported in Table III for benzenediols, pyridinamines, and diazines).
Importance seems instead to be given to the overall structure of the
unsaturated hydrocarbon moiety. The A values observed in the case of
¥y and C;, for quinazoline and quinoxaline result in fact sensibly dif-
ferent from the corresponding C, values of simple diazines mentioned
above,

When the molecules contain more than two functional groups the
situation may be very complex. Fig. 4 shows the ranges of A values
[Eq. (3)] for polyfunctional molecules plotted against the number of
functional groups ny. Despite the large spread of data at a fixed ny, it
may be qualitatively observed that the interaction effects, inside each
property, have generally the same sign and increase in magnitude with
increasing. number of functional groups. General rules which permit
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the description of the thermodynamic behavior in water of all these
molecules taking into account the number, type and relative position of
the Y groups are evidently not possible at this time. A quantitative
description appears to be possible only when the molecules contain
some repetitive structural feature. For instance, the ¥, values of
polymers such as poly(ethylene glycols) may be predicted by use of a
single correction parameter (Table III).

7. CONCLUSION

This analysis of thermodynamic data for non-ionic organic mol-
ecules in aqueous solution reveals that water reacts in a very specific
way with respect to organic solutes and, as a consequence, the thermo-
dynamic properties in water of molecules showing many different struc-
tural features differ appreciably from those calculated as a sum of the
contributions of each single feature. Therefore, the hope of achieving
a good knowledge of the thermodynamic state in water of very complex
molecules by using the information obtained from the study of small
and simple molecules should be abandoned. However, the knowledge
of group contributions is still useful in order to i) give a quantitative,
although relative, estimate of the thermodynamic effects arising from
the interaction of hydrophobic and hydrophilic groups with water, and
i) give a qualitative estimate of the effects caused by the presence of
two or more functional groups.

Therefore, even in the absence of an accepted theory of hydra-
tion at the molecular level, the above information may assist studies of
solvation of organic compounds in water, and thus may shed some
light on the role played by solvation in equilibria and in rates of reac-
tions in aqueous solution.
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APPENDIX

Tables V-VIII summarize the experimental data for the thermo-
dynamic properties C_p‘fz, V3 AGy and AH, In each table monofunc-
tional and polyfunctional compounds are considered separately and are
given in the order: hydrocarbons, alcohols and phenols, ethers, amines
and pyridines, ketones, aldehydes, carboxylic acids, esters, amides,
hydroxyethers, hydroxyamines, hydroxyacids, hydroxyamides, amino-
ethers, halo-compounds, thio-compounds, sugars, and miscellaneous
compounds. Inside each class the compounds are subdivided into
aliphatic, alicyclic, unsaturated, aromatic and ordered according to the
number of carbon atoms. IUPAC nomenclature®” has been generally
used, except in a few cases where the common name was reported for
the sake of simplicity.

The tables provide for each compound the experimental value,
the relative source, and the difference A = Z(exp)-Z(calc), where the
calculated value is obtained from the group contributions of Table 1. In
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the case of polyfunctional compounds, one more A value is reported,
where Z(calc) was computed using the data of Tables I to III. For
reasons of uniformity, A values are sometimes reported with a number
of figures which are inconsistent with the actual precision of the experi-
mental data. In Tables V and VI values of the gas molar heat capac-
ities, Cp:’g, and van der Waals volumes, Vy, utilized to calculate AC),
and AV values are also given.

Sources of additional experimental data, not utilized in the calcu-
lations, are given within parentheses. The bibliography covers all liter-
ature up to December 1979.
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TABLE V. Molar Heat Capacities of Gases ICy yac) and Partial Mofar Hgat Capacitles (5, o)
in Water at 25°C?

583

MONOFUNCTIONAL. COMPOUND c;_w‘ T o) Ref. MONFUNCTIONAL COMPOUND E;V‘"b T jtesn) et I
1 e o et 1@ me . 78. Benzenenethananine 64 35 10 143
R 525 303.5‘ 4 (le1.183) 3.5 ;Z Benzeneethanamine 'IIE.; ":: 140 -3.0
: . 8enzenepropananine w23 s 140 1.4
3. Propane st aea,;: 4 {121,183} 18 81, N-M:thy:me:nanlmme 6.0% 2628 3 -46.9
4. Batane 97.5° "0'5f 18 e "‘3,. B2. N-Methylethananine 9.3 3.4 35 -65.6
5. 2-Methylpropane s6.8° -ar6t 183 a2 83, N-Ethylethanamine 15.7° 4.6 35 (1) 23
6. Pentane .t s . 8 9‘9,, 84, N-Fihyi-l-propemanime 1363 563.8 3 1.8
7. 2.2-Dinethylpropare et 662 8.7 85, N-Propyi=l-propammine 1593 6586 35 0.8
8. Hexane st 63 . 0 4“1- 8. N-{)-Hethylethyl}+2-propanamine w03 st 77,18 -158.8"
‘: iyc:n:v‘wu! 1:-;: -::3 ;:3 ’55:': 8. N-Batyl-i-butanamsne ESN I S R 2317
. Cyclohexsne - 8
. Ethene LI T AR -15.3 = il ma et mas -208.5"
12. 1-Propene 53.5° -5.0f 183 -a32.4° 89. H-(1-Methylpropy])-2-butanamine 06.3 6795 77,181 ~168.5"
12, 2-Methyl-1-propene 89.1°  s2.5° a3 718" 0. pyrralidine 81.0° 335 35 54
W, 1,3-Butadiene 79.55 s60.2° 183 267.7 1. Piperidine 1068 4287 35 (g 12.9
. Ethyne EEREE .5 2. Wexahydro-TH-azepine m.f sy s 01
6. 1-Propyne 600 st 1"7-2: 93. 2-Methylpiperidine 125.6¢ 531 Y 1.3
7. 1-Butyne aat -nstom 4186 4. d-Methylpiperidine 12665 515 39 1.7
18, 1-Buten-3-yne 12 et 2137 5. Octahydroazocine 1840 552 5 38
1. Benzene 81.7° L 50 (104,081 7.9 9. N,N-Dimethy Imethanamine N 3 s 2 2.3
20, Methylbenzene 103.6° a0 a0 (an 12.8 97. N-thyl-H-nethylethananine w62 w35 3 0.0
21, Etnylbenzene 128.4° 54  (181) 0.8 9. N,N-DiethyTethanawine 160.5° 609 15 -20.8
22. 1,3-Dinethylbenzene 127.6° st e 56.7 9. I-Methylpyrrolidine 0e.t e 3 8.0
23, 1.4-Dinethylbenzene .9t szt -19.3 100, 1-Methylpiperidine 120.5° s s 8.0
24, Fropylbenzene 152.3° 606 . [ 144\" 100, Pyridine 728.1° 3057 7 5.5
25, (1-Methylethyl)benzene w17t esset 18 ‘“’93" 02, 2-HethyIpyridine 100.0° 3700 70 5.3
2. 9H-Fluorene vz szt mo.a 303, 3-Methylpyridine 99.6° w02 70 ER]
27. Naphtnalene 132.5° are! 181 wsh 104.  4-Methylpyridine 02.2 3789 70 3.5
2. Acenaphthene w5 st m 4.0 105, 2,6-Dinethylpyridine 257 s 7 2.4
2. Anthracene wla et -1s.0" 106, Quinoline e M6 7 0.0
30. Phenathrene w2 m 722.0° 107 p-propanne me s n3 5.8
3. Pyrene mez et . 08, 2-Butanane 102.9° 3.6 155 1.2
2. Methanol 43.9% 1582 108 (3.7,8.67) -21.4 109, 3-Pentanane 1270 a3 155 5.6
33. Ethanol 85.4° 7603 105 (3,7,867) 6.6 0. 4-Methy-2-pentanane w0 a6 s BER
4. 1-Propanal B7.1° 352,9° 105 (3,8,67) 14 111, 2-Heptanane 170.2 a3 E3 -159.5"
5. 2-Propanal Be.7° 381" 3,165 (7,8,142) -0.2 2. 4-Heptanane 1731 46 8 1815
36, 1-Butano) T0.0° 7.0 105 (3.8) 47 113, 2,4-Divethy1-3-pentanone s a2 189,28
37, 2-Methyl-1-propanol 109.8 435 105 (8) -16.0 114, Acetaldehyde 50.6° 146 8 a.0f
3. 2-Butanol N3 4es1 105 (8,50) 0.6 115, Formic acid 45.2° 955 114 (67,157) 16.7
39. 2-Methyl-2-propanol N3.4° 3820 1051537,5,51, 35.9 196, Acetic acid 66.5° 165 1 (67,157,177) 1.8
- sagt sme 105 e 5o V7. Propanoic acid 2.8 23 114 (67,157) -1
o wea sme 1 e0) e 8. sutanoic acid VEE 3 1M (67,57) 45
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5. 2-Methyl tetranydrofuran 9.3 4350 35 18.7 143 1-Hethyl-2-pyrrolidinone 9.8 367 45 0.4
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72. 2+Methyl-1-propananive 6.7 416 112 2.1 149 ladome thane w1 w7t 0.0
73. 2-Mathyl-2-propananine 120,0° 403 14 1.6 150. 5“};::1:;?:1‘2::‘:&) .t 1w 30 ool
74, 1-Pentananine 0.8 5l5 N4 9.4 151 tren .5 875 e (67, .
75, 1-Hexanamine 3.9 602 114 (16) o1 152. N.N-Dinethylurea 9.0 2478 e 0.0?
76.  Cyclohexanamine 343 48 % -3 153, K '~ Dinethylurea 06.7 2744 Ta@ 0.03
7. Benzemamine 08.4° 307 o 0.0’ 154 Tetranethylurea uLe 436 Tes 0.0
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POLYFUNCTIONAL COMPOUND E;,z““) RetS a POLYFUNCTIONAL COMPOUND ;"__ C;'z(exp) Ref.® & IS
185, 1,2-Etnanedial 70 1919 WS (65,141) 420 Tt 2 -Afno-lhestal s sz 106 7.9 58
156, 1 2-propanedial wa aze s b mg" W5 Z(ethlaminclethenal w4 289 4 3 a8
W7, 1.3-propamediol W w8 e ) ez 19 B0 E(Ethylaine)ethinol 64 3 M 5.3 4.8
156, V.d-Butanedtol 1280 346.8 105 (1e1) w1 g B REmtylaietin 1.3 %0 M 620 28
19, 1.5-entanedol W me e s e B 2(Ftetlamiooleshanol ma s o w7 28
160, 2,2-Direthyl-1,3-propanediol a1l 2.3 108 0.0 4q 9 22-Inirobtsethanol 1995 a2 106 .z -
o1, 1.6-tecanedion o0 sz s (1) g ere B 22y ato)bisethrel e 823 106 s -
162, 1,2,3-Propanetriol N6.2 202 &8 (67) s 14 O z'ﬁa,pmpfzﬁ;:"‘"{?:;‘g:]' se 26 % P
183 Z"(’,‘gf;‘:m";m'z““y" W2 w3 10 b ngr B 22MElotrisetnancl 197.4 4380 106 2.9 —
I —— 27, 3-Hytrowbenzolc actd 120.8 36 8 20—
(Mesverythritol) 5.4 0.0 8 2 12 28 Aydroxgbensote acld 48 3 8% IR
165, 2,2-B1s{hydroxymethyl)-1,3-propa- . Q9. 2eHydronvacetantde o wee  a 1.3
nedfol  {Pentaerythrital} 743 38 s 00" adrogpropnantde we s 8 i
166, D-Arabimito] 192.6 a6 6 M7 4T a1 pethowethommine s om0 4 e
167, L-Arabsnitol w2 ps e W5 29 a0 aEmexyetnanemne e s 4 s
168, Ribitol 1826 5.6 65 ST 5T s emethonysTpropsnantne 1298 a5 4 a8
9. Dxylitel W26 MEA 65 I B e wat w0 e
170, D-annitol 0.8 4554 65 BBy methyinorsho oe wet as s -55.6
1. Slucstol PR R A B0 L uoramethene G mod wea -
2. Dinethoxymethane s w5 TS EZ o fetrafluorcethens w.d 71t e w1 -
173, Bietnoxymethane e ey M B4 8 e L2333 Hexeoro-T-propene. 12,6 160.0° 183 58—
178, 1,2-Dimethoxyethane wee %8 4 (US) e thsne ot e e~
175, 1-Ethoxy-2-vethoxyothane Mz a3 NS A 0T chtoroui Fluaramethane 53,25 a03.0° 183 w3 -
176, 1.2-Diethoxycthane w3868 S B8O 8T g begiucose w2 51 67 RECIS
177, 1-{2-Methoxyethaxy)propare 15,9 563 ns VO 2T sucrse 5.2 6454 65 (67,82) 8.5 —
178, 1-(Z-Hethoxyethaxy Jbutane a9 ez TS B2 WE e ds-Hexanedtone w05 37 45 ‘39 ool
179. 1~(2-Propaxyethaxy)propane 9.8 700 s TETBE e styctanesanedione Nes a0 & L
160, 1,3-Diokalane N6 s B 87100 . ki trophenol 25 736 104 3 -~
T8l 1,3-Dioxane 6w M 90 B4 6. s-Mitrophenal 128 %77 10k 0o -
946" 2224 112 (21,35} T M shydronybenzonitrite %.9 3623 104 o =
7.6 310 4 8.2 16 258, g-Hydroxybenzonitrile 9.9 1636 104 o -
184, 1,1°-Oxybis(2-ethoxyethane) 219.7  697.8 155 8.8 - 259, 2,4(1H,3H)-Pyrimidinedione (Uracyl) 75.1 137 7 8.4 0.0
185 1,3,5-Trioxane B5.7 180 “ 0.3 - 260. 1-Methyl-2,4(1H,3H)-pyrimidinedione 90.4  205.0 174 .8 -4.5
186, 2,8.6-Trinethy-1,3,5-trioxane wia o a6 STE T gp 5-Methyl-2,4(1H,3K)-pyrindinedione
187, 2,5-Dimethoxytetrahydrofuran 165.1 410 4 -20.9 - ) 0.7 20 174 8.5 5.2
183, 1,2-Ethanediamine sre e e A o -7 %2 1,:;5;m?i;f;:£m,3ny e o oo 2s
19, 1,3-Propenediamine e 28 4 [83 40
190, 1,4-Butenediamine 137.8 30 1 a7 os B ":y‘f;l:;""’:mz"““'“)' B4 e 23 14
191, Piperazine m.et 26 3 (D) BT B gy 1y Trimethy1-2, 8B
192, 2-Methylpiperazine R R E) 7.1 Syrinidinedione 1BLE 372 56.5 -22.8
193, 2,5-Divethylpiperazine 179.4% 442 39 S105.2 -32.8 265 SEthy]-),3-Dimethyl-2,4{1H,3H)-
194, 1-Methylpiperazine s 39 e oo pyrimidinedione 1528 4734 1 8.3 6.0
195, 1,4-DinethyIpiperazine wd s n e ool B ";;3}:“:{::’;:§”"2""”'3")' vse s W 8.6 102
196 Pyrozole 675 202 71 7.2 = . 2.5-Pperarinedione 22 w8 8 689 230
197, Imidozole 7.5 1wzl 7 705 = 68, 3,6-Dimethyl2,5-piperszinedione 1671 335 45 Ba -2.8
198, Pyridazine 60 s 71 67.9 B8 69 ) a-pimethyl-2,5-piperezinedione 1501 295 45 501 43
199, Pyrinidine we a3 7 B 12 o 4 kise-2(ysyrinidinone
200. Pyrazine %0 w4 7 2.0 1.3 {Cytosine) o3 mes 10 we o~
201, 4-Phanylpyrimidine BE 4s1E 91 M3 08" 21 TeophyThine 0.5 s 10 w2a
202. 2,2"-Bipyridine 1581 498.3 n 477 - 272. caffeine 8 669 7o 443.6 -
203. 4,4'-Bipyridine 158.1 445.9 n -4.7 -
204 H-Benzimidazale 1251 38 71 i (8) A1) quentities ars given in J m1™ K
205, Quinezoline B0 sl 7N -12.7 466" (5) Caleulated from group contributions according o Benson (Refs. 14,15) unless otherwise
206, Quinoxaline Bl W7 N e a2t indi cated.
207. 1,10-Phenanthroline 185.9  537.9 71 5.6 - (c) Sources of experimental data. Sources of data not utilized in this work are enclosed in
208. 1,3,5-Triazine 73.3 13.9 n ~213.6 - parentheses.
29, H-Benzotriszole 2.8 38 71 2 = (d) 8= glew) - € (ea1c). Caloulate values were obtained from Eq.2 using paraneters
210, IH-Pyrjn-G-amine (Adenine) 139.7 226,0 ie 2.7 - reported in Table I,
211, Propanediofc acid 105.3 0.8 m -120.0 - (e) Experimental value from Stull (Ref.172).
212, Sutamedioic acid 133.7 225 4 16.8 0.0 {f) Evaivated by vs as AC;’h + c;'gas, where the hydration heat capacity is the experimental
213, pentanedivic acid 6.7 271 191 (09) s - valve.
214, Hexanegfofc acid 179.4 336 141 5.3 - {9) The whole molecule may be considered as a unique single graup.
215, Heptanedioic acid w28 410 14 -60.3 - (n} Compound not used to determine any parameter of Tables [ to [11.
216. 2-Methoxyethanol 100.2 286.7 156 (115) -15.9 1) Evalusted by us as AC;‘S + C;vlr The heat capacity of solution, AC;,S' and the molar
217, 2-Ethoxyethanol 1209 3835 156 (115) 1 heat cspacity of the pure 1iquid, (3 ,, were taken from the first and second quoted
218, 2-Propoxyethanc] WL 4.8 156 (115) i 56 reference, respectively.
219, 2«(1-Methylethoxy}ethanol 146.0 457 s -2r.2 -14.2 (i) Single compound used to calculate one parameter of Table [ or II.
220, 2-Butogyethanol 166.9 555.6 156 (115) -9.0 4.0 (k) Experimental value from Benson (Ref.1d4).
221, Tetrahydro-2-furanmethanol 122.4 333 21 -50.4 -14.1 {1) Celculated accoraing to Rihani {Ref.153).
222, Tetrahydro-ZH-pyran-2-methancl 145.3 433 21 -2z A my &= E;‘Z(ew) - E; pfcale). Caleilated values were obtained from £q.1 using parameters
23, 2-Pheroxyethano) we.2 459 140 o - reportad in Tables 1 to L.
224. 2-Aminoethanol 84.9 176 44 -34.4 9.3 {n) Calewlated ysing the correction parameter of polyols (Tavle [11}.
225. 3-Amino-1-propano? 107.8 243 a4 -54.8 -1 {0} This campound contadns one or more groups net included in Table I.
226, 4-Amino-)-butano] 130.8 343.2 106 -4z 1.5

227, S-Amino-1-pentanoi 1839 4233 106 -84 5.7
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2l M) T i op @
TABLE V). van der Waals Volumes {V, and Partial Molar Volumes (V3) in Water at 25°C
= B B -
NONOFUHCTIONAL COMPOUND vo o Vylew)  Ref o HONFUCTIONAL CORPOUND o Tew)  wert K
1. Metnane a3 1% (1) . 7. 2.6-DimethyIptperidine %0 1244 13
2. Ethane 2.3 512 130 (176) .32 78, N.N-Dimethylmethanaatne 453 8.8 35 (87.178) wast
3. Propame 7.6 6.0 110 ~0.32 79.  N-Ethyl-N-methyl etharamine &5.8 106.77 3% 0.84
4. Benzene 8.4 831 130 0.95 80, H.N-Diethyletharamine 7.0 120.9 35 (178) -0.84
5. Methylbenzene 5.5 9171 58 0.1 81, T-Methyipyrral(dine 5.2 97.29 34 0.42
6. Wetnanol 217 3825 105 (2,76,92, ~0.95 32, 1-Methylpiperiding 6.0 1059 3 (117) -0.42
128,134,175 8. Pyridine #5730 13 (51,70,71, -0.59
7. Ethano} s sz WS (276,82, 002 ~
128,134,175) 8. 2-Hethyipyridine S8 WA W50 0.3
8. 1-propenol 22 706 @I, 0N 85, 3-Metnylpyridine s6.6 937 133 (70) 0.0
wy 8. 4-Methylpyridine s6.6 97 133 () -0.05
3. 2-Properel 2.2 Ne s 6D 1.3 . 2.5-Dinethyloyridive s2.8 100 WL 0%
10, 1-8utanod 524 8645 W05 (276,52, -0.12 . quinolive ntopss N 0,008
?:;;“""- 8, Z-Propaone .00 668 59 (17,113) 0.0
0. 2-3utarore 9.3 829 69 (17,155) 0.%
V1. 2-Methyl-1-properol 524 B6.75 W05 (72,76) 0.3% o D ( } -
. 2-pentanore X X -0.
12, 2-Butarel s2.4 86.65 98 (36,7276, 0.2 e
92,105) 2. 3-Pentanone 595 %08 155 0.1
13, 2-ethyl-2-propanol s2.4 B3 105 (61,7282, 0.8 93, 3-Hethyl-2-butanone 595 %50 69 -2.08*
136) 4. Cyclobutanone e 709 69 -0.3
4. i-pantanol s s 08, 048 5. Cyclapentanone s Bs 6o ots
" 9. Cyclahexanone s0.4 997 5 0.2
1. 2,2-Dimethy)-1-propanc] 62.6 10187 105 -0.78 9
7. Cycloheptanane 700 M8 8 0.27
16. 2-Pentanol 62.5 10255 98 0.3
B 9. Cyclooctanone 79.9 1280 6 0.3
17, 3-pentanol 62.6 10128 36 (98,005) 0.9
+ 9. Cyclonomanone a8 120 6 0.2
18, 2-Hethyl-2-butanol s2.6 w025t 1% Fat .
100, Benzaldehyde 6.5 9%.08 5 0.00
19, VoHoxans] 79 UTSE 128 (98) 060 A
101, Formtc actd 2.0 W7 W3 (5,62001) -1.88
20. 2-Hexanol 728 188 sk 050 02, Acettc actd B2 HLY 13 (S5,67011) 0.9
L Acettc K 87.011) -0,
20, 3-Hexanal 7.8 M4 36 0.8 2. Acetic act ¢
103, Propamic acid 534 6.9 wl(s.En 070
2. 1-heptanol B0 1345z ot . T acld 557 86 143 (S5.9L01) 0.2
23, 2-Heptanol g1 1M4.m 98 0.60 - Butandic ac - - (5587, -
L9 0.5 o.m
2. 3-Heptancl R 'S -0.48 105, Pentanatc acid 6.9 10 143 (%) 3
5. 4-Heptana] a1 w2 % 0,59 106, 2-Methylbutanoic acid 6.9 w5 o5t
2. 2-Propen-iatl w1 e3 -0.50 7. 3-Kethyloutarotc acid 6.9 1005 43 0.51
27, Cyctobutanol %3 756 & Lz 108, 2.2-Dtaethyiprapanoic actd e W5 W o5
. Cyctopentatol $3.6  89.05 36 {63) 0.7% 105, Hexamolc scts 1 160 %5 0.0
29, {yclohexanol 63,5 103.54 36 (89) 1.18 10, Benroic 2c3d 65.6 9877 S8 0.00%
30. Cycloheptanol 3 N % (69) on 1. Formic actd ethy] ester s 28 6 5.3
3. cyelooctanal (RN 0.8 1z, Acetic actd metny) ester 25 72 15 -0.45
32, Cyclopropanemethanal ss %o 6 o N3, Acetfc acid ethyl ester s2.7 B8 69 (1s5) 0.0
33, a-Methylcycloprapanessthano] 0 924 & 0.92 1. Ditygo-2 UM urinone
-Butyrolact R ] 0.
3. Cyclopentanenethanal 635 1036 & 0.7 , o "‘;" ny:’:)a BT 6 0.99
15. Dihydra-5-methy1-2(3H)- 3 920 .
36, u-Hethylcyciopentanemethanol w1 182 69 146 e """": - (39)-furanane - 53.3 69 0.92
. Formamid § 523 55,64, 0.
3. Cyclohexansnethanol 737 181 68 -0.06 orvantde A
.
37, Phenol 9 BT e 000 0.0 N7, Acetamide B 5.4 79 (559,18, 0.3
38, Benzenenethanol 6.1 1008 76 69
39. 10-Oxbisethane (Ethyl etner) 515 9.4 69 8. Propananide 5.9 TL50 79 (55,922, 0.7
155
40, 2,2"-0xybispropane 720 M50 6 . m s )
: . Buta i . o,
A1, oxirane as a5t 6 . v ""‘M‘ g3 92 (55) 0.07
52, Oxetane 25 SLE 119 (69) 12':' :’:"“ . 6.6 1182 58 0.4
21, N-Methy! formanide 1 se.m o
4. Tetrahydrofuran N3 768 3 (69.74) . "L a1 78 63) 0.77
L N-Ew X ¥
4. Tetrahydro-2H-pyran ST SLTS 34 (69,74,112) ‘z Ryt formaide 6.3 78,019 79 0.57
23, Ko a . . .
45. 2-Methyltetrahydrofuran 520 a0 3 (69) . “‘m’:‘“ ide 4.3 74.039 79 (13,17) L
. K-Prooyle . . R
. Oneone s sk 1 () ‘24 K-ronyl formanide 5.5 8.0 79 1.2
. W-Etnylace tami . . K
47. 2,5-Dimethy]tetrahydrofuran 623 1000 34 (63) 0.54 ‘15 Eenylacetanide s6.6 80718 79 {13) 1.09
5. nomania e zhs % @) ‘ 2. N-Methylpropanantde 6.6 8.2 79 013
127, KProgyl i . 5
49, Hethsaamine 2.2 AL6s 36 (87.107)78) -0.67 27 K-Fropylacetanide 6.8 10500 79 .33
28, X 2 X X -0.1
50, Ethamusine wa s % o oz 3. a-Ethyioropsnanide 6.8 105350 79 0.0
S Wy m % g0 129, WFropylproppnamide N0 wss 78 0.3
52, 2-Propavontoe wr om0 130, 2-Pipertdinone 5.8 9.3 6 -
131, Hexshyaro-2i-azepi ¥ ¥ .
1. 1-Butananine s wma w00 31 Hexthpro-Bi-szepin-one 8.5 1.0 163 231
Sh, 2-Methy)-1-propansmine s ms w08 132, W N-Dimethy formsmide %6 7450 62 (79.92) 0.3
S5, 2-Bucsnamine s e o 133, KN-Dimethylaceiamide $6.5 9.5 79 15,17,64,  0.10
%
56. 2-Nethyl-2-propanasine ses 932" 108 !
136, NN-Diethy] formmide 67.0 107146 79 (33)
57 1-Pentanamine 6.0 1057 %
135, NN-DimethyTpropanantde 67.1 105,34 79
6. 1-Hexammine 54126 36
136, NA-Diethylacecanide 7.3 121681 78 (13)
49, 1-Heptanamine .6 136 % 137, WH-Diethy} o &7.5 137667 13
. N.K-Diethytpropanamide . X
60. Cyclopentanamine 5. %098 163 prov 709
138, NN-Dipropylacetanide 5.7 14216 79 (13)
61, Cyclohexanaming 8.0 105,35 161
g 139, WA-Bis(l-nethylethyljacetamide 977 1520 13
§2. Cytioheptanamine A MBS 163 o 1At 2myerr ot
0. 1-Methyl-2-pyrralidinone 574 0.
63. Cyclooctanamine w6 104 16 i 2pyere L, B
. TR
64, Tricyclo[3,3,1,1" ") decan-l-avine 1. Fluorosethane e ®S 0
i ne) 920 185 163 2. Chlorosethane 5.3 %2 10
&5. Benzenamine (Anfline) s6.4 W 171 (87 143 Brosometnane 81 530 W
66, Benzeneme thananine 6.6 00" 107 44, [odomethane 2 6.7 10
67. N-Methylme thananine M8 S.E 36 (87,107,178 145, Srometrane B3 67 s
68, N-Ethylethananine 6.0 9148 % (01 146 1-Bromaprapane ws w2 15
9. N-Propyl-1-propananine s.e 12808 3% 167, 3-Bromo-1-propent %50 76 s
70 N-Butyt-1-butamsnive 9.2 1854 % 145, T Thichisethane (Dietiol sulfide) 58.6  99.5 175
71, miridine 73 se u S, SulfinyTbtsnethane (Dinetny] N
Toxsds . ¥
72, Aztidine 3#.3 8RN 3 \ sulfoxide) 2.9 @92 113 (8 om‘
thiot 2w
73, Pyrrolidine 5.6 77 3408 0.2 50, Benzene : 0.7 edl0 iz °'°°‘
. Roetomitri . X
78, Piperidine $5.5 922 41 (87,108, 0.51 151, Acetonitrile 8.4 4740 64 0,00
112,117} 152, Ethanethioamide (Thioacetamide) 410 66.42 125 (163) 0,008
75, Hexahydro-1t-azeptne 653 g5 3 016 153, Carbonic scid dinethyl ester %o M6 8 1.5
7. Detahydronzocine w0 Te0.08 3 0. 154, Carbonic acid diethy) ester 6.5 1130 68 1.98
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MOHOFUNCTIORAL COMPOUND ¥ Tgew)  werS I POLYFUNCTIONAL COMPOUND G Tpewy  merS 4 at
185. 1,3-Diexolan-2-one ®’7 623 6 0.00% 221, 2.5-Dimthoxytetrabydrofuran 6.7 12234 19 () 269~
156, 2,6-Fyrratidinedione LS R o.00f 220, Tatramethoxymathane .8 W2 6 ERTIN
157, Nitrobenzene bz.6 9771 59 0.0t 223, 2,5,8,01-Tatraxadodecene 1035 169.63 120 (90,980}  +5.61 0,29
158, Urea 326 A28 B9 (17,8592, e 226, 2.5,8.11,14-Pantaokapuntadecane 1227 206.66 120 (90) -1.66 -0.30
133) ‘ 5. 2,5-0lamthoxy-2- (dtne thoxymethyl}«
5. Thtoures pa s @ gEus. e totranydroturan wa e BT —
363) 226, 3,4,7,16,13,)6-Huxsorscyslo-
160. Carbamic acid ethyl ester (Urethane) 49.6 78.886 103 0.00% octadacans {18-Crown-6) 5D 2234 120 -2.50 -
0. Methylures 32 52.2 92 (128) RRT 227. Hydragine 2. 30.13 164 -3.06 0.39
Y2, thytures a4 w2 s 1o 228, 1.2-Ethanedfomine 05 sees ulé;;n,nm -1.80 009
€1 Propylures €7 %5 R 0.0 228, V.2-Propscediumine sis 181" igs 222 -8.19
e, (1-Methylethylures 637 %9.0 W AR 230, 1,3-Fropanediznsne 5.8 78.83 42 {163) RIS
165, utylurea a8 Mea sz 5.40 231, 1,4-Butanedsamine 620 83.6 163 (108) 2.1 st
166, N,N-Dimethylures 5.7 8.8 000t 232 {,5-Pentanedtanine 7.2 .40 63 27wt
167 N.H-Diethylurea 72 149 52 2. 1.6-Hexanedtamine 62.5 1248 63 BRIESY
165, KN -Dimethyiuren i - a0t 230, 1, 7-ieptansdtantre 2.7 wLsz 8 22 -lest
15, XA Diechylares wa msa st gt 235, 1,8-Dctanedsamine w173 %3 Ex Ay.so':
170, Tetramethylurea 2.8 5.3 18 (92,125) 0,008 236, 1,9-Konanedianine 1wz i2.es 183 -2.52 »Z.|6i
237. 1,10-Decanediamine 1214 188.3 181 ~2.58
POLYFONCTIONAL COMFOUND ‘,b 7“(txv) Ref.© B‘ 238, rans-l,4-Cycloheranediamine 731 1089 183 -vai
v 2 239, Piperszine 521 8353 41 (N12,163)  -1.7%6 0.00%
1. 1.2-Ethanediol 6.5 5460 120 (65,69,90, -3.89 -0.0 0. 1-Nethylpiperazine e 1m0 Al 2.2 0.a0d
92,105, 124, 1. 1.4-Dieethylpiperazine 71 1l 8 2.9 0.00%
:g’g::g;;‘”' U2 LeOuwmigciofeadecane |63 30689 41 (3le) a0~
132, 1,2-Propanedio} 8.8 71.22 98 (65,136)  -2.85  0.97 243 ‘-di;:e(;;::umcyna[s.:,|.| ]—7“ -~ ¢
173, 1,3-Propanedisl %.8 7.8 134 éﬁf;gg,ﬁi -2.3 .59 288, Dlethylenerriantre 8.5 10L2 Ve Sa74 0.9
4. 2,3-Butsnediol 57.0 B6.56 9 ’ .30 0.73 245. Triethylenetetranine 97.5 1376 ne -7.51  -n.49
175, 1.3-Butanediol 57.0 88,32 98 (136) .1.86 l.lli 246. Tetraethylenepentamine 1254 175.% ns -9.38 -I}.DZ‘i
6. 1,4-Butanediol 57,0 88.35 9B (63,105,129, -1.73 0.5 247, foly(ethyleneiming) 5‘”00 L 26 01T
134,13,175) 248, Poly(ethyleneimine} 1200 z8.1 38,08 18 -2.61  -0.10
177, 2,2-Bimethyl-1,3-propanedio? 67,2 102.34 05 -3.79 -ﬂ.E‘» 249, Poly(ethyleneimine) !500” 28.0 37.85 118 -2.52 —0.30!
178, 2,4-Pentanediol 67.2 104.64 98 0.8 2.6 250. Poly(ethyleneimine} 50000 8.0 3716 118 302 0.8t
124, 1,5-Pentanediol 67.2 104,35 98 (69,129, -1.53 0.28 251, Paly(ethyleneimine} 75000 22.0 .42 18 235 0.t
13450 i 252. Paly(ethyleneimine) monomeric unit  28.0 7.5 s -2.67  -0.33
180, 2,5-fexarediol s 208 & -0.16 L.56° 253._2~Pynd§unnine 535 3.0 s 206 a4
1. YE-Hexanediol 1.5 120,49 05 (59,136} -1 D.22 255, 3-Pyricimmine 536 2 5 285 -6.50
182, 1,7-Heptanediol g7 lwk %8 Ko 0.0 25, a-Pyriginanine 516 27 8 2% .10
183, 1,8-Octanediol or.8 1626 69 -o.ee 0.z 256, Pyracole %2 622 7 IR
1841, 10-Decanediol VA 1468 o 00 7. Intdazoe B2 585 7 2 =
186, cds-1,2-Cyclohexanediol 8.7 w13 6 548 188 258, Pyridazine 26 7042 7N 2w -0.40
786, trang-1.2-Cyclohexanedial 8.1 10 e -8 0.08 259, pyrimidine s 0w, 7 3.2 -0.49
187, "fﬁ"ﬁﬁ'ﬁ?iﬁlm) sl 1 w0 C1ee 0.8 260. fycazine 2.6 7082 71 -2 0.9
168, 1-Hethy1-tuans-1,2-cyclo- ; 267, 4-Phenylpyrimidine 8.3 13408 7 SLe 0.8
hexanediol 78.3  116.6 59 ~7.01 -3.18 262. 2.2°-gipyridine 8.9 134.29 71 -7 -
169, thana-1,2-Cycloneptanediot 7.8 1.0 &9 287 004 263, 4,4 -igyridine a9 1w N 2 -
190, eds-3.5-Cyclonctanesdiol 9.7 1325 69 -2.68  -0.85 266, 1H-Benzimidazole §1.9 98.53 n -3.67 -
191, Tricycio(3.3,1,3% Jgecane- " 265. Quinezotine 0.2 088 71 PRI
La-dial (1,3-Asmnuanesiol) 941 182 B czss 02 266, Quisoxatine B2 10905 7 .83 Lt
192, Triaelofh 1,1 decare s 13 8 et ogs 267, 1.10-Prenanthrolice 5.8 W24z 71 oy —
163, 1,2-Benssnediol 9.4 8n.065 103 RAYRERT 28, 1.3,5-Triazine %7 s 7 s -
RE— 5.4 8% 102 .28 0.69 263. iM-Benzotriazale 58.9 94,43 7 ~3.44 ~
) A-Benzenadiol 59.0 88.69 103 L5t 0.47 270. Erhanedicic acid 8.2 49.12 97 ~4.96 »u.ui
1.2,3-Propaetricl 14 10.95% 65 (92,124 _6.51 0.5 271 Fyapnuliiﬂic afid 4.3 67.22 87 ~2.66 D.ES'
197, 2 (rydroxymethyl)-2-nechyl- . 272, Butanedioic acid 59.5 82.94 97 {128} -2.74 0.00°
1.3-groganediol 7.8 10230 105 SL® 024 273, Penuanedisic acid §9.1 9314 97 2.9
58, (513,23, s-Butsartenrad 276, Hexanediose 3id 8.6 1566 97 -1 0.5
{Mesoerythritol) 6.2 8.0 6 (129) 853 0.5 75, Heptamedioic acid .2 193 W ERIEERT
199, "ﬁiliﬁii?é‘x’“ﬂ“i.f"éll;l;fimn B4 000 IS 2 -0 276. Poly(acrylic acid) monomericunit  38.8  46.2 ked 2% -
A S0 wLn® 6 a2 o2 277, Exnanedimide 4.z 550 163 463 -0.62
L. Lavesiaitol oo o 88 (65) a2 -0 278, Propacedianide 543 2.6 163 2.8 0.29‘
202, Ribitol 0o 1082 95 (65) 12,50 0.10 279, Butanediswide ) 4.5 83.8 163 ~2.43 0.00°
205, Doxyiitel a0 2.4 20 (162 s 0.7 280. 2»ACEfamtﬂD-N-mmy‘perinAmde 8.8 1261 ” ~1.42 -
208, Galactitol 958 M3 9 1548 -0.36 B e T heptane 1w 2 B wn -
205, D-Manni ol 95.8 119.33 98 (65.69.99) -15.45 0.3 282, NN N -Tetrametnyloctane-
206, Glucitol (Sorbital} 96.8 1199 99 (65.69) 1488 0.7 dianice 7.y 224 57 009 —
207, myo-Tmsital 8.5 171 37 -3.42 - 283. MKW, ¥ -Tetrazethylnonane-
209, Poly(viny] aleshol) moroner unit 2.1 33.3° 3 157 0. - m"“:f 5 X e s i haul
209, Dimethoxmethane 5.0 .42 119 (68) R ECH e et 1680 250 57 N -
210, Diethoxynethane 6.4 U388 19 040 280 g o eimidazctitivesions 4.8 650 163 -ale -
211, 1,2-Dimethoxyethane $5.2 95.88 119 (69,9,  -1.80  0.10 285, Cihydro-2,8-(14,34)-
%) pyrimdinedione 5.6 76.3 163 697 —
212, 1,2-Diethoxyethane 53 2 e -2.00 -0.10 287, 2.5-Piperazinesione 8.1 787 S 687 -
218, 1,3-D1ox0lane .7 8537 M (69) 428 -2 28. 3.6-Dimethyl-z,5-piperazinedione  75.6 11z.4 65 O
214, 1,3-Dloxane .5 8.8 19 s34z 00 288, 1,4-Oimethyl-2,5~-piperazinedions et N4 8 2.1 -
215, 1,4-Dioxane 485 80.96 34 (89,74, s - 290 Poly(N-methylacrylantde}
nzy Monomeric w 4.5 6.6 7
216, 1.3-Bloxepare 543 95,98 19 (59) 2.3 291, 2-Methoxyethano) £8 w198 (90
217, 1,1'-Oxybis(2-methoxye thane) 79.4 132.69 ‘2“‘522-50» il 292. 2-Ttnoxyethanal 561 00.97 156 (90)
S e wmo 55 055 a6 osz | 29 t-Proposethinst 6.2 10710 186 (80)
:‘; ::;,5‘.’7:";:::‘""""‘“"” s st ,,,{(59) e e ratoetel B 1291 156 (50)
220, 2,4,6-Trimethyl-1,3,5- triorane 6.0 12371 M9 -aes - 296, Tetrahyaro-2-furamethanol 7 ;e
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POLYFUNCTIONAL COMPOUND Vo Tem)  Reft N & POLYFUNCTIONAL COMPOUND I Voterp)  er.® N ot
296. Tetrahydro-2h-pyran-z-sethanol 6.5 1081 74 EX AN 370, Trehalose 187.4 2069 162 L7
297, Diethylene glycol §0.7 9217 120 (%,158) -5.20 -1.52 371, Cetlatriose 29.9 3wz 162 8.5 2.3
288, Triethylene glycol 8.9 129,27 120 (30,158) -6.98 -1.4 372. 4-0-B-lamtnaribiosyl-D-glucose 2209 212.2 162 5.5 536"
209, Tetraethylene glycol 109.0 16625 120 (30,158) -8.88 -1.52 373, Maltotriose 2.9 M8 162 ~42.8  -2.08
300. Pentaethylene glycol 133.2 203.85 158 -10.16  -0.9 374. ¥elezitose 230.3  310.0 99 (162) -3%.46 1.3
301, Hexethylene glycol monadodecy! 375. D-Raffinose 230.3. 307.0 99 (62) 1246 1.6
ether 2732 4356 91 sle.er 0.y 376, 2-0-g-Cellotriosylglycers! 2889 3695 162 -86.10  -1.58
302. Heptaethylene glycol monododecyl 377. Cellotetraose 302.5  509.0 162 -48.00  3.94
ether EFR TR AT -l2.45 0.3 ;
. 378, 3-0-g-Cellatriosyl-b-glucose 302.5 405 ez 4550 5.8¢
303. Octaethyleve glycol monadodecyl o A
ether w5 5w 9 Sam 0. 379. 4-0-g-Limimribiosyicellobiose 3025 4105 162 -46.50 5.4
304, Poly{ethylene glycol) 284 05 a1 158 2,05 380, swachyose 028 4010 162 7.8 s
305, Poly(sthylene glycol) 600 © 0.3 w.as 10 (5B .02 381, Cellopentsose W50 46 162 6674 -3.67
306. Poly(ethylene glycal) 1000 ° 2.3 37,03 120 (158) -2.02 382. Cellohexaose 47.5 6017 62 7399 0.2
307. Poly(ethylene glycol) 2000 ¢ 4.2 3%.% 0 -2.00 383. Soluble starch monomeric unit 725 975 162 -1.85 0,72
308. Poly(ethylene giycol) 15000 ° w2 B8 1 -2.02 385, Anylose monoweric unit 2.5 9.0 162 [l 078
109, Poty(ethylene giycol) 20000 © u2 s 2.0 38, a-Cyclodextrin 455 6020 162 6750 -0.72
310, Poly(ethylene glycal) monomeric 386. B-Cyclodextrin 507.6 710.8 162 -68.04  9.87°
unit #2369 120 (90,158)  -1.98 -0.14 387.  Methyl-a-D-galactopyranoside 9.2 1326 162 ~15.95  -1.11
311, Dipropylene glycol 811 124.64 158 390 -0.22 386, Hethyl-5-D-galactopyranaside %2 B9 62 1565 -0.81
312. Tripropylene glycol M55 177.61 158 <540 0.12 3839, Methyl-o~D-glucopyranaside 94.2 1326 162 {24,75)  -15.85  -1.01
313, Tetrapropylete glycot . 23136 156 02 1.2 390, Methyl-5-D-glucopyranoside s.2 1336 162 (75) S8 -0
314. Pentapropylene glycel 184.3 283,75 158 -8.20 1.00 391. 3-0-Methyl-D-glucose 94,2 1340 162 ~14.55 0.29
315. Poly(propylene glycol) 313 © 3.7 533 18 .00 1.2 392, Wethyl-a-D-manropyrancside 9.2 1329 ez 585 0.8
316, Poly(propylene glycol) 410 © W6 537 188 a7 393, Etnyl-a-b-glucopyrancs ide M5 945 24 BIRINT
317. Paly(propylene giyeol) 940 © s s 18 150 3H.  Hexyl-o-U-glucamyranaside w2156 2 Ss 290
318, Paly(propylene glycol) mnomeric 395. Octyl-u-D-glucapyranoside 166.8 246.8 2 “2.3 250
unit 4 5309 1% clae 048 3%.  Cyclohexyls-0-glucopyranaside 160 974 2 -S43 983
318, 2-#nincethand] 0 5925 42 (06008 238 0.00° 397 Cocionexyl-a--manmopyranoside ueo 1927 @ <1400 .83
326. 3-Anino-1-gropasol .3 7521 42 (306) 22 .3 398. Phenyl-p-D-glucopyranoside w64 W5 162 s 272
321, 4-Amino-1-butanel 9.5 917106 -2.07 -0.83 399, Methyl-g-cellobiossde w67 2810 162 26,90 -0.93
322 5-Anino-1-pentano} 9.7 07,07 106 17 088 400, Pheny1-g-cellobioside 8.5 2836 62 0.8 507
323, 6-Anino-1-hexanol 8.0 123,36 108 hae o -0.80 401, Phenyl-g-Tactoside 198.9 2833 162 -0 .87
324, 2~(Methylaminojethano) 4.7 707 2.3 -0.02 402. Permethylated g-cyclodextrin 703.6 1077 162 RO T -
325. 2-(Ethylaming)ethano] 599 w4z 2. 0.02 203, Galacturanic acid %2 .8 9 95—
326, 2-(Dimethylamino)ethanal 6.2 w17 @ o5 272 404, Glucuronic acid 8.2 102 99 6.5 -
327, 2-(Diethylamino)ethanol 806 123.08 42 (106) 218 00® 5 (eylsutring)jetsenod W89 1665 52 089 0.00
328. 3-Pyridinol 5.0 754 133 651 — 206 3-(Hexylsulfinyl)=-propanol nel ey s -0.69  -0.15
328, 2,2'-Iminobisethanol 407, 4-(Hexylsulfinyl)-1-butanol 1293 1983 %2 049 -0.06
{Diethanolanine) 545 9435 106 4n -
330, 2,2'~{Ethy]imino)bisethanol 8.2 125.01 06 3 _ 408.  2-(Octylsulfinyl)ethanol 129.3  198.1 52 -0.69 0.00
5, 2.2 2Kt Totrisethano] 409, 3-(Octylsuifiny1)-1-propanc] e 235 52 -0.69 -0.15
(Triethano amine} 8.8 12176 106 - 410, a-(octylsuifing))-1-butanol Mg 2289 2 049 -0.06
312, Z-Hydronyacetic acid 7.8 515 % 453 -1.95 a1, 2,5-Hexanedione N2 Me 6 2.8 0.008
333, 2-Hydroxypropanoic aci 8.0 69,38 % 2.48  0.09 412, 1,4-Cyclohexanedione 6.9 928 6 R
334, 2-Hydroxybutancic acid 58.3 95.45 96 -2.22 0.36 413, Ethanedioic acid dimethyl ester 57.9 91.4 89 -2.90 -
35, 2Hydrowy-2-methylpropanoic acid  56.3 .78 9 s s 31, Methoxyacetic acid methyl ester 564 93.3 69 EX
336. 2-Hydroxypentanoic acid 68.5  100.47 96 -2.00 -0.42 415, Acetic acid methaxymethy? ester 86.4 9.4 69 -1.59 -
337, 2-Hydrowy-3-methylbutatotc acid  68.5  100.83 96 -2.43  0.15 416, S-Hydrowytricyclo[3,3.1,17 ]
3B, 2-ydrotyhexanoic actd w7 Mz % 200 0.57 decanone (2-Adanantanone) e w2 89 ot -
339, L-Tartaric acid 6.7 .85 13 sy - 417, hydrazinecarbothioamide %4 600 163 . -
340, meso-Tartaric acid 5.7 S0 13 632 - 418, 2-Thivxo-a-imidazoldinone 5.0 76,5 163 ° -
341, Z-Hydroxyacetamide 0.3 56.2 4 (84,124)  -2.85 -0.16 419, 3-Hydroxybenzaldehyde 6.5 97.87 120 2 -
2. 2-Hydroxypropanamide 505 7302 64 (85) ERTEERRT 420, 4-Hydroxybenzaldenyde 6.6 96.94 121 g -
343, 4-Hydroxybutanamide 60.7  83.90 164 BRIIRL 421, a-Aitrophenol .2 w71 an o —
304, 6-Hydroxypentananide 0 w0sa 16 BRI 422, &-Aitrophenot oz se.23 121 sz —
345, 5-Hydroxypentanamide 7.0 5.4 154 S5 0.2 42, 3-Hydroxybenzonitrite 861 97.5 01 v -
346.  G-Hydroxyhexanamide 8.2 1211 s EREIRT 424, a-tydraxybenzon trile 6.3 883 0l P -
347, 4-Hydroxyoctanamide W7 Le te L7 010 5. tatfeine .3 W2 46 e -
348.  4-Hydroxydecanamide 1221 1833 164 -1.94  -0.30 3 a
349, 2-Methoxyethsmamine 84 S 82 Slss opob (@) AT quentities are given in e mol
350, 3-bethory-1-propantaine s6  wss &2 tag 020 (0) Van der Waals volumes were evaluated using group contribution reported by Bondi (Refs.
w1, Horphotine 3 w0 0@ 2z 000 1,20}, except for H(C), O(ether), COD, B, and C5 groups, whase values were taken from
382, d-Methylnorpholine 5.8 w0l a1 282 0.008 Edward (Ref.68). Ring corrections weve applied following Edard (Ref.69) and Shanidi
353, Dichloranethane W7 o506 2 JE (Ref.163)-
166, Trichloranethane ws 123w s — (c) Sources of experimental date. Sources of data not utilized in this work are anclosed in
385, L~Arabinose 0 B2 B (62 [i6.54 -0.70 parentheses.
366, D-Rtboss o0 w2 s sy 13ss g (98- Falew) - Flealo). Calculated values were obtatned from €0, using paraveters re-
357, 2-Desxy-O-ribase 5.5 838 162 -10.53 0.60 ported in Table 1.
32, Dexylose 5 es.a w6y S3as 1sg (e} The whole molecule may be considered a¢ a unique single group.
385, D-Fructose B9 1.4 182 Ssgs -0y (D) AT -
360, D-Galactose 8.3 1102 5 (5067 1675 -g.zp  (9) Single comaun used to calculate one parameter of Table 1 or 11
361, D-Glucose 8.9 TZ.4 125 (75,99, -l6.91 1y (P} AL G
124,152) {7} Compound not used to determine any parameter of Tables I ta 111,
362, 2-Deoxy-D-glucose 8.3 0.4 162 Slele 070 (5) At T0°C
363. D-Mannose 8.9 1.7 62 (99) “17.25 L3 (k) falculated using the correction parameter for the admantane ring system (Table [11).
364. L-Sorbose 84.9 106 162 1846 0.09 (1) & = Tytexp) - Vy(cale). Caleulated values were obtained from Eq.1 using parometer: re-
365. Cellobiose 157.4 2136 162 -24.70 a.98" ported in Tables 1 to 1I1.
366. Lactose B4 280 9 (162) 2920 048 (m) At 2eC
367. Maltose 157.4  208.8 162 (99) -29.50 0.18 (n} Calculated using the correction parameter of polyols (Table I1I).
368. Melibiose 157.4  204.0 162 3430 -4.62 (o) The number next to the name is the molecular weloht givem by the authors. Reported
369, Sucrose 157.8 26 99 (658, 2851 107 quantities refer to ane mole of monomer unit.
125,159 362)

{p) This compound contains one ar more groups mot included in Table 1.
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TABLE VII. Free Engrgles of Hydration (M;) at 5°c?

HONGFUNCTIONAL COMPOLKD aewr  Rer® a® POADFURCTIONAL COMPIURD o) et
1. Methane 8.37 183 (15:7;:3).91. 4 :;. :nmmm -17.70% 23,27 (93,187) -0.10
4 . Phenanthreoe -16.53% 23,727 (94,181) 1.07
2. Ethane 766 18 (:ssz;ﬁiu. 0.2 85, Pyrere desst oz 81 ot
3. Propane 818 183 (h94,13,181)  0.04 o4 ethanot 240 26 (34) 0.32
4. Butene 870 188 (4,27,29,94, €. Ethanol 20.98 26 (34) 0.00
8. 1-Propanc) 2019 2%
5. 2-Methylpropane 9.70 183 (94) 87. 2-Prapanal -15.90 2%
6. Pentave 8.76 94 (138) 88, 1-Butanol -19.73 2 {30)
7. 2-Metnylbutsne 5.97" 22,132 89. 2-Methyi-T-propanal -18.93 2%
8. 2.2-Uinetnyigragane 0.8 183 (94) 9. 2-Butanal -19.05 38 (26)
3. texsne 10.40% 68,127 (94,)38) 91, 2-Nethyl-2-propancl <1889 %
10, 2-HethyTpentane 055 9 9. M-Fentamal w
1. 3-ethylpentane w5 % 93, I-Mathyl-1-butanel 21850 26
12 2,2-Dinethylbutane 0.8 94 9. 2-Pentanol -8 2%
13, Heptane 0.6 54 (138) 9. -pentanol sz 38
16 2.4-DimethyToentane o % 96. 2-Methyt-2-butarol -18.5a 26
1. octane e 37, I-seanot ~18.26 26 (30)
8. 2.2,4-Triretnylpentane s s 6. 2,3-Binethyl-2-bytatol S8 %
V7. 2,2,5-Tristhylhexane N30 22,132 99, 3-Hexano) S5 38 (99)
1. Cyclopropane s e 0. 4-Hethy1-2-pentane) S5 m
19, Cyclopentane 5.00 94 100, 2-Methyl-3-pentanal -16.26 oM
2. Cyclohexane PRI 102, 2-Metnyl-2-pentanol EIRTIY
21, Hethylcyclopentane 6.68 % 103, I-Heptana) 17,76 %
2. Cycioneptane R R 04, -Heptamo] RIS T
23. Xethyloyclohexane [RTEIE 105, I-Detanol -12.03 26 (30
28, Cyclooctane 3.58°  ezam BN 106, 2-Propen-1-o7 2106 W
5. eisw] 2-Dimethyleyclohexane 562 o o3 107, tyelopentanol 288 B
2. Ethere sz esem) 0. 108, - Cyclohexanol 281 3 ()
27, 1-Propene 531 94 (18 oo 108. Cycloheptanc 295 3
8. V-Butene s % 08 0. Phenot -2768 s
29. 2-Methyl-1-propene 4.87 183 (94) 0.09 N1, 2-Hethylpherol -4.58 46
30. I-Pentene 696 98 027 12, 4-HetnyIphenal 567 M6
3L tuam-2-Pentene 550 9 0.06 13, 4-(1.]-Dimetnyletay1phenol EZE I
3. 2-Methyl-Z-butene sds % 12 T4, Oxybismethane (Metny! ether) 793 94
32, 3-Metnyl-1-butene 765 % 0.3 15, 11"-Dgbisethane 165(27)
36, 1-Hexere .02 94 -0.41 6. 1-Kethoxypropane 9
35, 2-Metnyl-1-pentene 6.15° 66,12 -0.12 117, 2-Hethoxypropane 4
36, 4-Metnyl-i-pentens [E -0.07 8. 1-Etaxypropane u
3. rans-d-Hegtene 656 9 -0.05 9. 2-Methaxy-2-aethylpropane “
38, 1-Octene 9.08 94 0.6 120, 1,1'-Oxybispropane (Propy) ether) -4.83 27
3. Cyelopentene 234 9 0.ar 121 2,2'-Ogybispropane 2z AN
0. Cyclonexene 156 9 e 122, 1,1-0xgntshutane ENI
41, 1-teetyleycloherens 200 5 0.61 123, Yetrahyarofuran SMsz 3 (1es)
2. 1,3-Butadten 257 8 8 o5 128, Tetrahydeo-2i-gyean RENS AN
8. 1a-pentsdiene 196w w18 5. 2-Hethyltetrarydrofuran RERI
40 2-MewmyieT,3-butadiene 28 0.26 325, 2,5-Dinethyl tetranydrofuran -2z R
15, 1,5-Hexadtene w2 s 0.28 127, Kethoxyvenzene FETI)
6. 2.3-Dimetnyl-13-butadiene 166 94 -0.51 128.  Methananine qlg.0e 8
2. 1,3.5-Crcloneptatriens PRTCEPPREYS 161 129, Ethananine -les 48 (2)
8. Ethme 05 18 (30 0.38 130, 1-Propananine -18.37 48 (27}
. 1-propyme Sz w3 8 sz 131, 1-Butananine -i7e7 2 (@)
0. 1-Butyne -0.68 99 (183) 0.56 192, 1-Pentamasine ETRTEN )
51 1-Pentyne o069 0.56 133, 1-Hexanoatne I
52, 1-Hexye Lo 017 134, N-Methylnethanasine EERTIN']
53, 1-Heptye 250 0.40 135, N-Ethylethanamine S0z 48 3)
54, 1-Octyne T o2 136.  N-Propy1-1-propsnani ne SEa 8 ()
5. 1-Konyne [ .81 17, N-Butyl-1-butanamine Sz e8 (79)
56, )-Buten-I-yne R 322 138, Axiridine 286 B
are o a6z 11 (4,8,99) 0.30 138, Aetidine BRI )
58. Methylbenzens =371 181 {6,94) 140 Pyrrolidice -22.94 Ed
59. Ethylbenzene SLm I (6,99) 141, Piperidine IR
60, 1,2-Divethylbenzens -3.77 94 182, Hexahydro-ZH-azeptne -20.54 32
1. 1,3-0inethyloenzens S50 181 (6,98) a2 143, Gctahydroszocine Sea 38
62, 1,4-Dinethylbenzens -3.37 81 (6,94) 0.1 184, H.H-Dimethylmethznimine -13.56 a8
63. ProgyToenzene RE R [R3 145, K.R-Dlethylethanantne szes W
64, (1-tiethylethy) Jbenzene -1.26 94 (B} 0. 5. 1-Metrylpyrroltdine EIT I )
5. 1,2,4-Trimetnylpenzene ER .08 147, 1-Metiglpspertdine e 32
6. Sutylbenzene Sles W 18, Pyridine S5 6 02,32
67, (1-Hethylprapy) oenzene BRI 0.6 U9, 2-Hethyloyridine EEE I
68. (l.1-Dimethylethyi)benzene s -5.46 150, 3-Methylpyridine T
69, {1,1-Dimethyiprapy)Jbenzene 078 98 T 1. 4-Ketbylpyridine ~20.65 6
70, 1.0 -gsphenyl RIR 7] 202 182, 2-Eehylpyridine BRI
71, 1,1'-Kethylenedishenzene -7t )58 2.56F 153, 3-Ethydpiridine S8 6
72. M-Fluorene ~18.41° 23,027 (181) 510" 154, 4-Ebhylpiridine -19.82 6
73, Naphthalene 10.01° 23,127 (38,181 o 165, 2,3-Dinechylpyridine 2009 6
4. )-Hethylnaphtnalens 9.91° 66127 o 156, 2.4-Dimetnylpyridine 203 6
75, 1-Ethylnsphthslene o0zt sz 6.08 157, 2.5-Dinethylpyridine BIRTI
6. 1,3-DinthyInaphtnalene 0.3t e6.127 2z 159, 2,6-Dimethylpyridine BEET
2. 1,8-Dinetnyinaphtnalene et esa2r o 189, 3,4-DimethyIpyridine IR
78. 2,3-Dimethylnaphthalens e 17 S 160, 3,6-Dinetrylpyriaine 2026 6
9. 2.6-Diretnynaphthatene RIR L RNT] _0.40 161, 4-(1,1-Dimethylethyl)pyridine  <18.68 12 RRH
80. Acemaphthene RER AR R RN 2.0 2. s stmethrlethy)) B 1t
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ONOFUNCTIONAL COMPCUND aGlexp)  Ret.” N NONOFUNCTIORAL COMPOUND wplen)  Ref.> N
163.  2-Propanone. -16.12 45 (27,28,30) -0.45 243, 1-Bromo-3-methylbutane 0.86 94 0.79
164, 2-Butanone <522 4 (30) -0.30 74, Broschenzene ER ) -0.23
185. 2-Pentanone Sl 30 (81) -0.58 285, 1-Brono-4-methybenzene -5.82 %4 -0.02
166.  3~Pentamne -la.z8 45 (81) -0.10 246. 1-Bromo-2-ethylhenzene -4.97 94 0.09
167.  3-Methyl-2-butanone -13.56° 5,81 (81) -0.01 247, 1-Bromo-2-(1-methylethyl)benzene  -3.54 9 0.15
168, 2-Hexanone -13.76° s (81) -0.33 48, lodomethane -an o4 (4) 0.04
165, Aevethyl-2-pentadne Azt s ey 0.00 9. fodoethene EERER Y .62
WA, 2Keptamone -12.72 3 280) -0 250, 1-ledopropane -2.45 9 ~0.78
1. A-Keptancre -12.265 5,80 (8,00} £.45 251, 2-lodopropane -1.54 L3 ~0.30
172, 2,4-Dimethy)-3-pentanane 1146 25,980 (160 -n.02 252, 1-Todobutane BRI D.4§
173, 2-Detamne -l2.06 3 .41 253, Methanethiol ERTI.Y 0.49
174, 2-Nonanone S04l %0 0.8 254, Ethanethiol 542 % -0.49
175, 5-Nomanone Nt s {8 0.03 255, Benzenetnio) -10.67 %4 0.00%
V6. 2etindecanane 905 3. 0.68 236, Thicbismetnane (Dinethylsulfide) -6.45 94 a.s1
17, Tricycle[3,3,1,1%7]decanone 257, 1,1'-Thichisethane -5.99 94 ~0.51
(z-Mamancanone) e 5. b 258 Methyl thicbenzene Nz s 0.00%
178. T-Phenylethanane (Acetophenone) 19,78 94 0.00% 259, Acetonitrile 626 e o1
175 Acetsldetyde slaes 3 0% 260 Propenenitrile RIFT I -0.22
180. - Propane] S0 30 054 251, Butanenitrile RO ) -0.13
1. Butanal s atid 252 Nitroathane Ss52 o -0.81
162. Pentanal Clags -0.30 263, 1-Nitropropane RER I 0.0
183 Hexanal RISLI 02 264, 2-Nftropropane EEREI) 0.41
196, Heptanal e s -2 265, Nitrobenzene A w 162
1. fctaazl 988 a0 0.57 266, 1-Hsthy)-2-ni trobenzene REX TR 0.5z
185 Honanal 885 W 0.2 267, THethyl-3-nitrobentene s st oo
197, trans-2-Butenal S7ess 3 -0.46
188.  Duans-2-Hexenal -15.40 3 0.32 ;
189, tmans-Z-Octenal ese 3 o POLYFURCTIONAL COMPOUND aesenpy  met. IS IS
190, buans dxang -2,4-Hexadienal B I .44
191 Benzatdehyde 6.8 o 0.008 268. 1,2-Ethanediol s00 @ 17.33 0.00%
192, Acetic acid 2805 27 (34084 -0.06 269, 1,2,3-Propanetriol -38.56 28 (27) 7.8 -
192, Propanotc acid a7 (s 016 270. Dimethoxynethane -z nae a8t
194, Butanoic 2cid 2685 27 (30) 0.5 271. 1,2-Dinethoxyethane 0.3 @ 243 199
195. Formic acid methy] ester Jes s .58 22, 1,1-Diethoxyethane R 6.8 -0.01
196, Formic acid ethy? ester M e o1 273, 1,2-Dietoxyethane LR ] 640 1.9
197, Acetic acid methy? ester R, 693 74, 1,3-Dioxolane RERTEN 16.13 -
198, Formic acid progy! ester RUE I 0.65 275, 14-Dioxane a3 .3
99, Formic acid I-methylethyl ester  -8.45  9¢ 1.96¢ 6. 1,2-Ethanedianine S3LIE 4 (o) .94
200, Acetic acid ethyl ester S5 7 0 -ars 27, Piperazine R 17.02
201, Propancic acid methy) ester REE- ) -a.07 78, 1-Hethylpiperazine S 10.28
202. Formic actd 2-ethylpropyl ester 9.3 94 0.3 29, 1,4-Dimthyipinerazine ey £.05
203 Acetie acid propyl ester NI -0.48 0. 2-Hethylpyrazice -0 3 3.2
204, Acerse seia d-netiylethl ester  ~1L07 9t 0. 21, 2Ethyipyrazine 2283 3 1E:64
205. Propaneic acid ethyl aster e w .24 282, 2-{2-Wethylpropy))pyrazine a3 12.28
206, Butanoic actd methyl ester s - 0.3 283, 2-Ethy)-3-methoxypyrazine -18.39 2 12.50 -
207. Formic acid 3-methylbutyi ester  -8.90 9 0.0z 284, 2-(2-Methylpropy!}-3-methoxy-
pyrazine 15,41 a 18.37 -
208. Acetfc acid butyl ester 10,67 9% 0.05
209. Acetic acid 2-methylpropylester -9.87 94 0.22 25, 2-Hethoyethznal s W o 008
200. Propanoic acid propy! ester 0w e 0.5 2. 2-Etbonyethanal b 783 -0.02
291, Propanoic actd 1-hethylethyl 287, 2-Propaxyetharal e84 7.68 o.08
ester -9.30 9 078 288, 2-Butoxyethanol .22 @ 78 -0.07
dutanpit acd ethy) ester ~10.44 9 n.28 . 283, 2-Methoxyethanamine ~27.3% 43 6.80 0.00%
Pentancic acid methyl ester ~10.77 30 -0,05 290.  3-Methoxy-1-propanamine -28.98 43 4.47 0.09
3 Acetic acid penty] ester -10.27 94 -0.29 281, Morpholine -30.02 37 10.18 0.00%
215, Acetic acid 3-methylbuty] ester  -9.25 94 0.10 292, 4-Methylmorpholine -26.51 37 8.62 0.00%
216, Butanoic acid propy] ester 953 o 0.45 293, 1,1-Difuoroethane 045 94 666  -0.19
117, Pentanoic acid ethyl ester ~10.56 £ -0.58 294, Dichloromethane -5.88 9 6.84 -0.01
218, Hexandic acid methyl ester ~10.41 39 -0.43 295. 1,1-Dichloroethane 9% 7.8 0.96
Acetic acid hexyl ester EX AR -0.23 2965, 1,1-bichlarabutane 2 696 0.1
Propanoic acid penty} ester -8.33 96 6.31 297, Dibromomethane 94 3.48 37
Reptanoit acid eIN) ester -9.54 9a L 298, . {htorofiuoromethane -2 183 (94) 7.97 .52
Detandit acid methyl ester -8.53 E -0.m 299, 1,2-Dichioroethane B % 473 0.32
223. Benzoic acid methy] ester s om; 0008 300. 1,2-Dichlaropropane EEC 5.3 0.95
228,  Acetamide 063 s o.00% 301, 1,2-Dibronoethane . 2 7
225. Fieoronethane 188 (4:59) 5.00% 362, 1,2-ibronopropane B0 94 .8 0%
226. thioromethane 183 (4,90} o7 303, 1-Bromo-2-Chioroethane 8.6 94 431 00
227, thioroethane ™ 0.3 305, 1,3-Dichlorepropane 5 RS 0.47
228. \-Chloropropane 98 0.a1 305 1,3-Cibromopropane 94 4.00 116
229. 2-Chloropropane 9% -0t 306. e¢is-1,2-Dichloroethene EL) n.az -
230, 1-Chiorobutane % o2 307, taana-1,2-Bichloroethere -2 9 12.88 —
231, 1-Chloropentane 5 0.3 308, 1,2-Dichlorcbenzene -5 1) -0.25 -
232. 2-Chloropentane 93 -0.27 309. 1,3-Dichlorobenzene 94 1.3 -
233.  3-Chloropentane 58 -0.39 310, 1,4-Dichiorobenzene 94 y.z8 -
239, Chioroethene 183 (34) PR 3N 1,4-Dibronobenzene 9 -1.80 —
235, 3-Chlora-1-propene % 2.08t 312, Trifluoromethane 18w 1880 143
136, chlorcbenzens 86,127 (34) 0.00¢ 313, Trichloronethane 446 28 () Va2 008
237. Bromomethane 183 (4,96) 0.09 316, 1,1, -Trichloroethane -1.02 94 0.9
238, Bronoetnane 36 -6.13 315 Tribromonethane a0 9 1.3
739. 1-Bromopropane 98 -5.30 316. Cnlorodifluoromethane ~2.08 183 {94) 15.47
230, 2-Brompropane 8 0.9 37. 1,1,2-Trichlorozthone 806 e 12.88 -
781, 1-Bronobutane N -0, 318, Trichlorosthene e s 2.0 -
242. 1-Bromo-Z-methylpropane -0.11 94 D.56 319, Tetrafluoramethane 13.03 183 (94) 36.42 1.84
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POLYFUNCTIONAL CONPOUND seplexpy  Rer.? 8 s POLYFUNCTIONAL COMPOUND agp(exp)  Ref.” I
320, Tetrachloromethare 0.40 94 az.2s -2.33 345. 1,1'-Thichis{2-Chloroethne) -16.40 94 8.45
321, Chloratrifluoromethane 10.56 w4 3.0 1.48 346, 2,2,2-Trifluproethanal 18,02 154 5.4
322, Dichlorodifluoramethane 708 % 34.70 0.12 347. 1.1,1-Trifluorapropan-Z-o1 ~17.40 154 24.68
323, Bromotrifluoronethane 7.48 94 33.47 -1 348. 2,2,3,3-Tetrafluoropropan-1-o1  ~20.41 154 29.18
324. 1,1,2,2-Tetrachloroethane -9.87 % 20.23 - 349 2,2,3,3.3-Pentafluoro-
325, 2-Chloros,],l-trifluorcethane  0.23 94 24.99 - prepon-i-ol e .2
350, 1,1,1,3,3,3-Hexafluoro~
3%. Tetrafluoroethene 5. 83 35.09 - propanez-ol 5.7 1 8,78
322, Tetrachloroethene 0.z 9% 38.02 -
328, Pentachloroethane S e 3645 -
329, Hexachloroethane -5.88 M 4.3 - a )
30, 1.1,2,2-Tetrachloro-1,2- (a) A1 quantities are given in ki mol”'. 867 refers to the isotherna) transfer of the
difluoroethane 3.42 o4 4343 -1.80 molecule from the ideal M gas state to the hypothetical ideal aqueous solution at
331, 1,1,2-Trickloro-1,2.2- the same concentration.
trifiuoroethae Tz %4 siar 008 (b) Sources of experimental data. Sources of data not utilized in this work are enclosed
332. 1,1-Bichlorotetraf luoroethane 0.0 % 52.28 1.05 1o parentheses.
333 'i;z‘_:*;::;ﬁ;t;iif' o709 a5 0.2 (€) 8 = 863(éxp) - ap(calc). Calculated values were obtained from Eq.2 using paramters
334, Chioropentafiuoroethane ne W 5165 0.42 reported in Table 1. o
35, 112855 HexafluareTpropane 9.67 183 53,05 () Tre whole Rolecule my be considered as  uricue siogle group.
536, $-Bronophenol 985 s 183 _ (e) Evaluated by us as 837 (exp) = RTIn P/X - 1788 (k) a0l ). The vapar pressure P(atn}
537, 3Nitrophenol oz 2.2 _ of the pure cazpound and the solute mole fraction X in saturated aqueous solution were
398, A-K1 traghenol e s (12) 653 _ taken from the First and second quoted reference, respectively.
339, 3-Hydranybenzaldshyde w22 0,53 - {F) Compound not used to determing any parameter of Tables I to [II.
360, A-Hydroxybenzaldehyde -a3.83 W5 (122) -4.55 - {g) Single conpound used to calculate one parameter of Table 1 or 11.
341, 3-hyaroxgbenzonitriTe s 12 N _ (h) This comound contains one or more groups not included in Taple I.
Se2. 4-tydrongbenzonivriTe sz N (1) & = aG;(exp) - aG7(calc). Calaulated values wers cotained from £q.1 using paraneters
343 2-Chloropyridine -B39 12 2.49 - regorted in Tables I to 11
344, 3-Chloropyridine F16.80 12 4.08 -
TABLE VIiI. Enthalpies of Hydration (AH,‘:) at 25°¢ @
MONOFUNCTIONAL COMPOUND “sifr(exp) et IS MONOFUNCTIONAL COMPOUND b2 (exp) Ref I
1. Methane .79 183 (4,29,139,181) d 31. Anthracene 58.58 181 -l.27
2. Ethane 19.76 183 (4,28,139,181)  -1.1) 32. Phenanthrene s4.39 18] 2.92
3. Propane 22.50 183 (4,133,181) -0.61 33. Pyrene 63.60 g 0.86
4. Butane 26,97 183 (4,139,181) -0.83 34. Methanol sz 71 (3,28 812"
5. z-Methylpropane 2249 183 1.6 35, Ethanol s2.40 71 (3,28
6. pentane 2.70 80 (138) 3.67 3. 1-Propanot §7.45 7 (3,28
7. 2.2-Dimethylpropane 27.84 183 (81 37. 2-Propanc) s8.21 7 (3,28)
8. Hexare 3160 80 (138) 0.02 3. 1-Butano! 6168 71 {3,29)
9. Heptane .89 e 0.97 39, 2-Methyi-1-propanol 50.15 71 (28)
10. Octane .75 13 0. 2-Butanol 62.12 38 (29,71)
M. tyelopropane 372 e 41, 2-Methyl-2-propanol 63.92 7 (3,28)
12. Cyclohexane 33.20 80 42. I-Pentanol 64.75 71 (29)
13. Ethene 15,33 183 (4,181) 43, 3-Pentanol 65.98 38
4. 1-Prapene w21 18 4. 2-Methy)-2-butanol 6565 28
15, 2-Méthyl-1-propene 68 1 45, 1-fexanol 6.0 71
6. 1,3-Butadiene 37.68 183 4. 3-Hexanol 69.58 38
17. Ethyne 14.79 183 47, 4-Heptanol 75.31 38
18, 1-Propyne .62 183 48. Ccyclopentanol 6.8 38
19, 1-Butyne 15.51 183 49.  Cyclohexanol 70.50 38
20. 1-Buten-3-yne 14.40 183 50. Gycloheptanal 74.56 38
21, Benzene NTT B0 (4,6,181) 51, phenot 56.94 M5
22. Methylbenzene 3.2 80 {6,187) 52.  2-Methylphenol 62.685 10,58 (106)
23. Ethylbenzene 0.2 80 (5,181} 53. 3-Hethylphenol s8.65° 10,59
2 Dinethytbenzene as1 6 (181 54, 4-Methylphenol 163" . 10,54 (186)
25 imethyibenzene 40.96 6 (181) 55, 4-{1,1-Dimethylethyl)phenol 63.81 146
2. Propylbenzene 4390 80 6. 1,1'-Obisethane (Ethyl ether)  47.017 9,136 (29,766) 0.00°
27, (1-Methylethyl)benzene .45 8 57. Tetrahydrofuran a3 (74) -0.49
28, Naphthalene .8 181 58. Tetrahydro-2H-pyran 48.88 33 (19) 0.97
28, 9H-Fluorene s3.14 181 59.  2-Methyltetranydrofuran 513 33 -0.06
30, Acemsphthene 4562 181 60 2,5-Dimethy] tetrahydrofuran 5630 3 -0.43
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HONOFUNCTLONAL COMPOUND - (exp)  Ret.” POLYFUNCTIONAL COMPOUND - (exp) Ref K 4
§1. Ethanamine 5402 28 -1.3 181, 1,2-Ethanediol 72.30f 53372 20.82 a.00%
62. 1-Propanamine s5.75 71 0. 42, 1,2,3-Fropanetriol 0347 28 s -
65, 2-Propanamine s5.05 71 -0.13 143, 1,2-Dimethaxyethane 59.33 115 955 3.5
64, 1-Butanamine ss.08 71 0.1 U4, 1-Ethoxy-2-methoxyethane .04 115 509 -0.01
5. 5703 N 1.03 5. 1-(2-Methoxyethoxy)propane 69,00 115 629 0.9
6. 58.98 T -0.18 146. 1,2-Diethoxyethane 7.2 15 346 -2.66
$7. 1-Pentananine 6.2 N 0.32 147 1-{2-Methoxyethoxy)butane 72.48 15 614 p.04
8. 1-Hexanamine 6.7 71 ~0.08 T48. 1-(2-Propexyethoxy)propane 6.7 N5 5.07  -1.03
69, H-Ethylethananine 6502 73 -0.52 9. 1,3-Dioxolane 992 3 wa -
0. N-Propyl-1-propananine 7.3 1679 (73) B 1850 4797 33 (74 19.05  0.00%
7. H-{1-Methyletnyl)-2-propanamine  69.58 73 -0.56 181. Hydrazine s1.00° 49,172 1919 -26.74°
72, N-Butyl-1-butanamine 599 7 1.5 152 Methylhydrazine 66.36° 49,54 287 —
. Z-DK’:::'I‘;:‘T:I:-MW'vapyI)-\- oz 7 163+ 1,1-Dimethylhydrazine 55.37i 49,50 24—
78, N-(1-Hethylpropyl)-2-butenamine  74.77 73 153 1.2-Dinethylhydrazine Hos s, .61 -
185, 1,2-Ethonediamine 76005 144,179 (128) 0,67 0.00°%
75, Aziridine 997 32 166. 1,3-Propanediamine a5.65° 144,178 (124) % -0.78
76, Azetidine 59.66 32 -
7. Pyrroligine §357 % 157 1ut-Butamedianine 1.9 e 167 -0.8
o Poestine o % ::: :’jwﬂ.:ammmsm 95.05 144 M 0s
! - Piperazine %y ¥ 885  0.00
Rl e Te )
o1, Kb ptethytethamanine oest 16,179 161, 1,4-Dimethylpigerazine 9.1 37 8.2  0.00%
o v atatttine o 162, 2-Methoxyethanol 60,44 115 0.8 2.7
. g wr 163 2-Ethoxyethanel 6.3 115 .89 0.08
. ot P, 164, 2-Propoxyethanal 63,95 115 1756 -0.27
v ottritine o @ 165, 2-(1-Methylethory)ethanal 0.5 115 591 -1.88
. samtriaine e 6 166, 2-Butoxyethanol 7. s 730 -0
167. Tetrahydro-2-furamethanol 732 7 N 0b2
8. A-Hethylpyridine s 1) 168, Tetrahydro-ZH-pyran-z-methanol  71.43 74 020 -0.52
o s e v
50 tEthyToyricie sz 6 170, 3-Methoxypropananine 7230 4 a1
o 2 mmenyToyeidine e 6 171 Morpholine 69,45 37 3.8 0.0
52, 2.4-Dimethylpyridine o @ 172, 4-Hethylmorphol ine 68.66 37 15.02 0.00%
o 2.5-Divethylpyridine s 16 173, d-Methoxypyridine 5.2 N 6.9~
o4 2.6 Dimethylnyridine a1 ® 174, Tetrafluaromethane 5.5 18 0.8 -
55, 3.4-Dimethylpyridine o o 175, Trichloramethane [IREI] a4 =
s 3.5-DimthyToyridiee w0 16 176, hiorof luoromethane a0 w8 s -
o7, 4{1, -DimethyTethypyridine w12 177, ChiorodiFiuoromethane .59 183 5.01 -
8. 2,6-Bis(1,1-dimethylethyl)pyridine 57,03 12 178 Tetrafluoroethere 2ee a8 eu -
. 2.propanone ot a5 28 178, 1,,2,3,3,3-Hexaf uoro-1-propene 2108 183 wa -
(0. 2-sutanone st e 6 180, 3-Hydroxybenzaldehyde 66.04 122 i -
101 2-pentanone o 5 @5 181, 4-Hydroxybenzaldehyde 68.20 122 (145) i -
102, 3-Pentanone 19457 45,50 (25.56.81) 182, 3-Hitrophenc 67.88 122 i -
03, 3-Methyl-2-butanone 47.40 56 (81) 183, 4-Nitrophenol 68.62 122 (145) i -
106, 2-Hexanone S0 s @) 188, 3-Hydroxybenzonitrile 2 B -
105, 3,3-Dimethyl-2-butanone ®.90 56 :;:: ;:::::::::::"'“'”' Z:z, ::23254 1 -
106. 4-Methyl-2-pentanone 4770 81 7
107, 2-Heptanore 0 25 (160) 187, 4-Chloraphenol 35.90° 10,84 i -
108, 4-teptanone 60.%5 25 (81,160) 545" 188, 4-Brosophencl €807 15 ! -
109, 2,4-Dimethyl-2-pentanone 53.00 56 (25,160 -0.26 189, 4-Pyridinecarbonitrile aerm K -
0. 2-Moganone P s 1%0. 2-Chlorapyridine LRI i -
111 s-Nonanone a2 e e 191, 3-Chloropyridine .23 12 (1 i -
o, 1-CycTopropyletnanore w0 s Lt 192, 4-(Trif luoronethyl )pyridine w9 N LERC I
13, Bleyclopropytmethanone S0 56 o0 193, 2,2,2-Trifluorosthanol 50.07 154 e —
116 tycTopentanone ot a6 . 194 1,1,1,-Trifluoropropan-2-0t 53.60 154 [ER
115, cyclonesnane st 15060 o4 1%, 2,233 TetrafluoropropancT-o1 5795 sk 6~
6. Teieyelofd a1, 12 decarone i 196, 2,2,3.3,3-Pentafluoropropan-l-ol 5187 154 2.1 -
(2-Adanantanane) 57,32 25 7.9 197, 1,1,1,3,3,3-Hexafluropropan-2-01  57.10 154 w57 —
117, Forate acid 70 N 108
18, Acetic acid s2.8 71 -1.08
119, Propancie acid 6.5 71 -1.54
120, Botanoic actd 5.5 7 -1.30
121, 2-Methylpropanoic actd LRI 2.7 {a) W11 quantities are given {n ki mol” ', &H: refers ta the fsothernal transfer of the
122, Acetic actd methy] ester 4250 182 -1.08 rotecule fron the fdeal gas state to ideal aqueous solution.
123. Acetlc actd ethyl ester 45.60 152 (28) -0.94 {b) Sources of experinental data. Saurces of data not utilized in this work are enclosed
124, Acetic acid buty} ester 900 182 2.5 in parentheses.
125. Butanoic acid methy) ester .10 56 -0.20 {e) & - ae(exp) - @p{cale]. Calculated values were obtained from 1.2 using pareneters
- 2‘:2::?:::::0“ e .50 56 053 reported in Tatle 1.
127, bentanoic acid methy! ester s s (d} The whole malecule my he considered as 3 unfque single group.
16, 2,2-Dinethylproporots acid {2} Conpound not. used to determine any paraweter of Tables [ to III.
thy} ester w0 5% s (F) The experimental value was calculated by us as ae = AH? = AH7, The enthalpy of
128, N.N-Dimethy)formamide sz.oa® 126,54 0.008 solution, 843, and vaporization (or sublimation), 243, both at 25°C, were taken from
130, N-Butylacetamide P 0.00% the first and second quoted reference, respectively.
131, Fluoromethane I3 18 (8 0.00°% (5) Single conpound used to calculate one parameter af Table [ or 11.
132, Chloromethane 205 183 (4 0.008 (h) & = MHpexp) ~ MH3(calc). Calculated values were obtatned from E9.] using parameters
133, Chloroethene .57 183 -2.64° reported in Tables 1 and II.
136, Brovamethane .59 183 (4) 0.008 (4) This comound contains ome or more groups mot included in Table I.
135, [odomethane 25,90 4 0.008
136, Sulfinilbismethane
(Dimethylsul foxide) .ot 35 0.008
137, Acetanttrile sa.69" 85,102 0.88
138, Propanenitrile 3a.68" 45,702 -0.88
139, Nitrmethane 35.73° 169,54 0.00%

0. Urea 72,25 173,54 Il
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