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Abstract-The molecule surface area accessible for a solvent is considered as a property apparently related
to the molecular conformation. With this[ideal] property as example, the methodological aspects are con-
sidered of choosing an analytical expression for the structure3property correlation equation and of determining
the parameters of this equation.

At present, many molecular properties cannot be
calculated without using empirical data, and in the
overwhelming majority of cases they are calculated
approximately using structure3property correlation
equations chosen, at best, semiempirically. As a rule,
such equations contain certain parameters to be deter-
mined from experimental data.

However, experimental data on systems under con-
sideration are often insufficient, and it becomes nec-
essary to make reasonable assumptions. For example,
any data on molecular properties refer to an equilibri-
um mixture of various conformers. In most cases their
relative content is unknown, and even if such data are
available, the contributions of particular conformers
to a property should be known, etc.

Such problems could be avoided if it were possible
to determine a certain property for fixed conformation
of any set of molecules. In this case, a directed exper-
iment could be performed, based on reasonable as-
sumptions, to reveal the physicochemical sense of
parameters entering into the structure3property corre-
lation equation and find the ways to evaluate them.

However, actually there are no such systems, but
there are properties that can be calculated with a high
accuracy for any fixed molecular conformation,e.g.,
accessible surface area (S). The accessible surface area
is the area of the surface circumscribed by the center
of a test sphere of radius 1.4A (simulating a solvent
molecule) rolling over the surface of the test molecule.
It can be calculated fairly accurately for specific
molecular conformations and used for choosing the

ÄÄÄÄÄÄÄÄÄÄÄÄ
1 For communiction V, see [1].

analytical form of the structure3property correlation
equation and determining its parameters.

There are reasonable hypotheses that the accessible
surface area determines such molecular characteristics
as the heats of vaporization, boiling points,free ener-
gies of transfer from the gas phase to water, and dis-
tribution factors between the organic phase and water
[239]. It turns out that the accessible surface area
correlates well with a large number of molecular char-
acteristics. Below are given as examples the factorsr
characterizing correlation of molecular properties of
hydrocarbons with their accessible surface areas (the
correlations include the molecules given in the first
column of Table 1; data on properties are taken from
[9]; designations:a`, polarizability; c, diamagnetic
susceptibility;Tb, boiling point; Pc, critical pressure;
Vc, critical volume; Tc, critical temperature,cp, heat
capacity;S, entropy of formation;DG, free energy of
formation; andDH, enthalpy of formation). It is seen
that data on the accessible surface areas of hydrocar-
bon molecules allow evaluation of a number of their
characteristics; therefore, we chose as[ideal] property
the accessible surface areas of molecules.

a` 0.9986 Tc 0.9443
c 0.9822 cp 0.9724
Tb 0.9722 S 0.9966
Pc 0.9544 DG 0.9551
Vc 0.9972 DH 30.9513

The procedures for calculating accessible surface
areas are described elsewhere [3, 10, 11]. Here we
used the program based on the approach in [10].

For approximate reproduction of theS values, we
will use the following relation [12, 13]:
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Table 1. Accessible surface areas of some hydrocarbon molecules
ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÒÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄ

Molecule
³

Confor-
³ Experi-³

Approximate
º

Molecule
³

Confor-
³ Experi-³

Approximate
³

mation
³ mental³

estimatea
º ³

mation
³ mental³

estimatea
³ ³ value ³ º ³ ³ value ³

ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄ×ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄ
CH4 ³ ³ 153.9 ³ 154.1 º C7H16 ³ tttt ³ 338.0 ³ 337.6
C2H6 ³ ³ 188.6 ³ 188.3 º C7H16 ³ tttg ³ 331.8 ³ 331.6
C3H8 ³ ³ 218.1 ³ 218.2 º C7H16 ³ tgtt ³ 332.5 ³ 330.7
(CH3)3CH ³ ³ 243.5 ³ 243.7 º C7H16 ³ tgtg ³ 327.3 ³ 325.3
(CH3)4C ³ ³ 264.9 ³ 264.8 º C7H16 ³ g* tgt ³ 328.3 ³ 326.3
H3C3C(CH3)23C2H5 ³ t ³ 286.7 ³ 286.9 º C7H16 ³ gttg ³ 326.6 ³ 325.5
H3C3C(CH3)23C2H5 ³ c ³ 286.1 ³ 286.8 º C7H16 ³ gtg* t ³ 327.9 ³ 326.3
H3C3C(CH3)2CH(CH3)CH3³ t ³ 304.9 ³ 304.6 º C7H16 ³ ttgg ³ 326.2 ³ 324.3
H3C3C(CH3)2CH(CH3)CH3³ c ³ 303.6 ³ 304.4 º C7H16 ³ gggg ³ 315.5 ³ 314.2
H3C3C(CH3)2C(CH3)2CH3³ t ³ 319.9 ³ 317.9 º C7H16 ³ g* ttg ³ 326.3 ³ 325.0
H3C3C(CH3)2C(CH3)2CH3³ c ³ 317.5 ³ 317.7 º C7H16 ³ tggt ³ 324.8 ³ 323.3
C4H10 ³ t ³ 248.6 ³ 248.0 º C7H16 ³ tgg* t ³ 317.9 ³ 320.8
C4H10 ³ g ³ 242.9 ³ 244.2 º C2H53C(Et)2C2H5 ³ t ³ 346.7 ³ 348.4
C5H12 ³ tt ³ 278.1 ³ 277.9 º C2H53C(Et)2C2H5 ³ g ³ 348.5 ³ 348.6
C5H12 ³ tg ³ 273.0 ³ 273.5 º C8H18 ³ ttttt ³ 368.5 ³ 367.5
C5H12 ³ gg ³ 266.4 ³ 269.0 º C8H18 ³ tggtg ³ 344.2 ³ 343.0
C5H12 ³ gg* ³ 259.2 ³ 268.1 º C9H20 ³ tttttt ³ 398.0 ³ 397.4
C6H14 ³ ttt ³ 308.5 ³ 307.8 º C9H20 ³ tggtgg ³ 356.1 ³ 358.3
C6H14 ³ ttg ³ 302.9 ³ 302.5 º C9H20 ³ ttggtt ³ 383.6 ³ 376.0
C6H14 ³ tgt ³ 303.4 ³ 302.4 º C9H20 ³ ttgg* tt ³ 368.9 ³ 368.0
C6H14 ³ gtg ³ 296.9 ³ 297.5 º C9H20 ³ gtggtg ³ 362.8 ³ 360.6
C6H14 ³ tgg ³ 296.3 ³ 296.9 º C9H20 ³ gtgg* tg ³ 364.6 ³ 361.3
C6H14 ³ g* tg ³ 298.4 ³ 298.1 º C12H26 ³ tttttt ³ 488.5 ³ 486.9
C6H14 ³ ggg ³ 291.5 ³ 292.4 º C12H26 ³ tggtgg ³ 392.8 ³ 394.8
C6H14 ³ gg* t ³ 308.5 ³ 307.8 º ³ ³ ³
ÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÐÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄ

n34 n35
a The accessible surface area was calculated by the equationS = na + (n 3 1)b + n1...3g + b1 S (3.863 Ri,i+4) + b2 S (5.0 3 Ri,i+5) +

i = 1 i = 1n36 n31n31
S (6.32 3 Ri,i+6) + S S (7.5 3 Ri,i+l); a 154.1+0.2812,b 3119.8+0.3525,g 34.37+0.0775,b1 34.21+0.015,b2 30.81+0.0085.

i = 1 i = 7 i = 1

Correlation factorr 0.9993, rms deviations 0.2990.

S = SSii + SSSij , (1)

whereSii is the contribution of theith molecular frag-
ment and Sij is the contribution corresponding to
interaction of theith and jth fragments. The goal of
this study is to find simple methods for evaluating
these contributions.

In what follows we will consider accessible surface
areas for hydrocarbon molecules with[erased] H at-
oms. The C atoms, CC bond lengths, and CCC bond
angles will be assumed to be equivalent. ThenSii =
Sjj = a, Si,i+1 = Sj,j+1 = b, Si,i+2 = Sj,j+2 = g will be
constant, and the contributions corresponding to inter-
action of more remote fragmentsdi,i+k (k = 3, 4, 5...)
will depend on the molecular conformation, i.e., on
the distance between the fragmentsi and i + k.

Apparently, having calculatedS for a series of
molecules Cn is the trans conformations and having
found the first differencesD1 = SCn + 1 3 SCn

, we can
estimate various contributionsSij. Table 2 gives as
example the data for a series of linear hydrocarbons
in the trans conformation. Since the first differences
starting from C3 are practically equal, all the contribu-
tions of typeS1m starting fromm = 4 are zero. Hence,
to estimateS for the trans conformers, it is sufficient
to determinea, b, andg. The set of test examples for
determining these parameters should include CH4,
C2H6, C3H8, CH(CH3)3, and C(CH3)4. In the two
latter molecules the number of contributionsg is in-
creased relative to the linear isomers, and their inclu-
sion into the set of test examples allows more accurate
evaluation of g. From these data we obtaineda =
154.06, b = 3119.82, andg = 4.37.
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Table 2. Accessible surface areas of linear hydrocarbon molecules
ÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÂÄÄÄÄÄ
Molecule ³ Representation ofS by relation (3) ³ D1 ³ Sexp, A

2 ³ D1
ÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄ

CH4 ³ a ³ ³ 153.9 ³³ ³ ³ ³
C2H6 ³ 2a + b ³ a + b ³ 188.6 ³ 34.7³ ³ ³ ³
C3H7 ³ 3a + 2b + g ³ a + 2b + g ³ 218.1 ³ 29.5³ ³ ³ ³
n-C4H10 ³ 4a + 3b + 2g + d14

trans ³ a + b + g + d14
trans ³ 248.6 ³ 30.5³ ³ ³ ³

n-C5H12 ³ 5a + 4b + 3g + 2d14
trans + d15

trans ³ a + b + g + d14
trans + d15

trans ³ 278.1 ³ 29.5³ ³ ³ ³
n-C6H14 ³ 6a + 5b + 4g + 3d14

trans + 2d15
trans + ... ³ ³ ³³ ³ a + b + g + d14

trans + d15
trans ³ 308.0 ³ 30.4³ ³ ³ ³

n-C7H16 ³ 7a + 6b + 5g + 4d14
trans + 3d15

trans + ... ³ ³ ³³ ³ a + b + g + d14
trans + d15

trans + d16
trans ³ 338.0 ³ 29.5³ ³ ³ ³

n-C8H18 ³ 8a + 7b + 6g + 5d14
trans + 4d15

trans + ... ³ ³ ³³ ³ a + b + g + d14
trans + d15

trans + d16
trans + d17

trans ³ 368.5 ³ 29.5
ÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄ

To calculateS by relation (1), it is necessary to
find the dependence ofS1m on the distance between
the fragments. To maximally simplify the problem,
we can first obtain separate expressions for eachm.
For example, to determineS14, it is appropriate to
consider the following set of test examples:trans-n-
C4H10, gauche-n-C4H10, 2,2-dimethylbutane, 2,2,3-
trimethylbutane, and 2,2,3,3-tetramethylbutane. Al-
though the latter three molecules under equilibrium
conditions exist in the form of a single (staggered)
conformation, it is quite feasible to calculate the
accessible surface areas for the other (e.g.,eclipsed)
conformations produced by rotation around the central
CC bond. Experimental data for these molecules show
that the conformers that are more compact than the
transconformers have smaller accessible surface areas.
For butane, according to (1), the following relations
are valid:

Strans = 4a + 3b + 2g + d14
trans,

Sgauche = 4a + 3b + 2g + d14
gauche.

Since the value ofS14
trans corresponding to the

maximal distance between fragments 1 and 4 (R14) is
zero, in any other conformation with smallerR14 a
negativeS14 should be observed. The plot ofS14 vs.
R14 is shown in the figure. Atb = 34.209, the experi-
mental values are reproduced to the third decimal
place.

Similar data treatment with a larger set of param-
eters (and experimental data for their determination)
will result in a very good agreement of the calculated
values with the experiment.

However, the experimental data required to esti-
mate particular properties are few, and therefore the
parameters involved should also be few. For estimat-
ing S, let us assume that the contributions correspond-
ing to interaction of remote (m = 4, 5...) fragments are
defined similarly:

km(R1m
trans

3 R1m) at R1m < R1m
trans

,
0 atR1m > R1m

trans.

�
�
�

S1m = (2)

The values ofR1m
trans are determined on the basis

of geometric considerations:R14
trans = 3.86, R15

trans =
5.0, R16

trans = 6.32 A; for all m > 7 R1m
trans = 7.50 A.

The parameterb1 = k4 for the contribution 1...4 is
34.209. All the contributions from more remote
fragments can be reproduced with a single parameter
b2 = 30.81.

Apparently, such an approach (estimation of the
contributionsa, b, and g from data for a series of
small molecules and then choice of the contribution
P1...m in the form of a function of distance between
the first andmth fragments) is general. Practically all
the problems are related to the choice of the function
P1...m = f (R1m) and determination of its parameters.
Available separate experimental data for[large] mole-
cules suggest the type of this function. An example
is given in [13].

Let us illustrate the possibilities of this approach
to estimation of the accessible surface areas of com-
plexes of hydrocarbon molecules.

Complexes consisting of hydrocarbon molecules
can be considered as supermolecules; however, in this
case it is difficult to determine the corrections for
intermolecular interactions which are complex func-
tionals depending on the mutual arrangement of the
interacting fragments and their neighbors. Since, when
a complexAB is formed, the accessible surface area
decreases by the quantityDSAB = SAB 3 SA 3 SB
(where SAB, SA, and SB are the accessible surface
areas of the complex and its components, respective-
ly), it is reasonable to look for correlation betweenDS
and the sum of contributions from intermolecular
interactions of the fragments of molecules composing
the complex.
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S14

R14 3.86A
trans

R

ContributionS14 vs. distance between fragments 1 and 4.

S14 =
�
�
�

b(R14 3 3.86) atR14 < 3.86,
0 atR14 > 3.86.

The value ofDSAB will be different for different
types of complexes. First, data for complexes C1...C1
with various distances between the centers show that
the corrections for intermolecular interactions of type
132, hereinafter denoted asb*, have a form similar
to that shown in the figure:

b* =
�
�
�

22(Rij 3 7.0) atRj < 7.0A,
0 atRij > 7.0A.

At R12 > 7.0A, a water molecule can be accommo-
dated between the centers, andDS = 0. As R12 de-
creases by 1A, DSAB decreases by~22 A2. The same
result is obtained asR12 decreases to zero (when one
molecule is[pressed] into the other), andDSAB be-
comes equal to the accessible surface area of the
methane molecule.

In all linear complexes of types C1...Cn and Cn...Cn
(n = 138) DS is the same; therefore, we should assume
that only the contributionsb* (of type 132) are signif-
icant, and the more remote contributions (g*, corre-

sponding to 133 contribution) at such distances can be
neglected.

In perpendicular complexes of type C1...Cn the
values ofDSAB differ from those in linear complexes.
These differences can be described as contributions
from interaction with the second C atom of the C2
molecule and correction for the fact that these C
atoms are not independent and form a bond. The dif-
ferences between these complexes can be schematical-
ly represented as follows.

Complex C1...C1 C--------C
b*

n* = 0 if R13 > R

Linear complex C1...C2 C C C

R0

Perpendicular complex C1...C2
C

C

C

b*

b*

D

In the perpendicular complex C1...C2 the two cen-
ters of the C2 molecule are linked with each other;
taking into account the correction for their interaction,
DSC1...C2

= 2b* + D. To estimate the value ofDSC2...C2
in the parallel complex, these contributions are insuf-
ficient. Then, it is appropriate to introduce another
correctionD` for interaction between the bonds, deter-
mined by the distance between the bond centers.

D`
D

g*

b*

D

This is already sufficient for describingDSAB in
parallel complexes Cn...Cn. For such complexes we
obtain

DSCn...Cn
= nb* + 2(n 3 31)g* + 2(n 3 1)D + (n 3 1)D`. (3)

It can be readily seen that the first differences for
the complexes Cn...Cn are equal; this means that the
value of DSAB is determined by only two significant
parameters. It follows from relation (3) thatDSCn...Cn
can be represented as

DSCn...Cn
= b* + (n 3 1)[b* + 2g* + 2D + D`]

= b* + (n 3 1)g** . (3̀ )

Hereg** = b* + 2g* +2D + D`, and for equilibrium
distances (RCC = 4.0A) g** is equal to320A2.

Relation (3̀) can be interpreted as follows: (1) The
molecule Cn is represented by two types of centers:
center C and (n 3 1) centers C̀(the position of C in
the chain is arbitrary); (2) in the parallel complex the
position can be represented as

C C̀ C` C` C`

C C̀ C` C` C` C` C` C C̀ C`

C` C` C C̀ C`

b* g** g** g** g** or g** g** b* g** g**
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In this case,DSAB is determined by the sum of
independent interactions C...C and C̀...C``.

Since the quantitiesb* and g** can be readily
determined, in terms of this approach it is easy to
estimateDSAB. Indeed, the parallel complexes Cn...Cn
can be of two types:

b* g** g** g** g** b* g** g** g** g**

However, since the respective distances Ci...Ci (de-
noted by dashed lines in the scheme) are approximate-
ly equal in both types of complexes, the contributions
b* and g** and hence the values ofDSAB will also be
equal. The difference between theDSAB values for
these complexes is very small (for C8...C8, it is about
1 A2). In many cases such differences can be neg-
lected, and it can be assumed that in any parallel com-
plexes Cn...Cn the values ofDSAB are equal and can
be calculated by relation (3`).

We can formulate also some other useful rules
based on relation (3`). For example, it is obvious that
DSAB for a parallel complex Cn...Cn can be estimated
from data on complexes Cn31...Cn31 and Cn+ 1...Cn+ 1:

DSCn...Cn
= 0.5(DSCn31...Cn31

+ DSCn+1...Cn+1
). (4)

For example, from data for complexes C1...C1 and
C2...C2 we obtainDSC1...C2

= 378 A2, whereas esti-
mation by Eq. (4) gives 74A2. In many other cases
the agreement is still better. For example,DSC4...C4

is
equal to 3125 A2, and estimation by Eq. (4) gives
3126 A2, etc.

These simple approaches supplemented by obvious
reasonings allow estimation ofDS for complexes of
arbitrary configuration.

Consider, for example, cross-shaped complexes in
which the molecules are located in different planes
and their axes are perpendicular. At largen, the mole-
cule can be represented as a folded cylinder

with the diameter equal to 7A2 (2rC +

2rH2O
), which coincides with the length of the C7

molecule. Therefore, the maximal value ofDSCn...Cn
in perpendicular complexes should be attained for
molecules containing seven carbon atoms, and with
increasing their numberDS should not change, since
the fragments that lie beyond the crossing site are
accessible for interaction with water. Assuming that
in such complexesDSAB varies linearly from366
(C1...C1) to 3140 A2 (C7...C7), we can estimateDSAB
fairly accurately. For example, for C5...C5 the cal-

culated value is3130A2, whereas the estimation gives
3118 A2.

Such reasoning is very useful when estimatingDS
for the case of transition of a polymeric molecule Cn
from one conformation to another. Consider, e.g.,
transition of a Cn molecule from thetrans conforma-
tion to a hair-pin-shaped conformation:

The curved part of the pin consists of six CH2
groups, and the remaining groups form parallel sec-
tions structurally similar to the complexes Cm...Cm
in which all the atoms are C` centers and the C center
is located in the curved part. Apparently, the change
in the accessible surface area in going from thetrans
to hair-pin conformation is approximately equal to
mg** (e.g., 93 A2 for C14). The linear sections of the
pin in the case of C14 contain four C fragments each;
therefore,DS ~ 4g** ~ 80 A2. For the dimer C4...C4,
DS is 126A2; however, in this dimer one of the inter-
actions (b*) significantly differs from the other inter-
actions, which is not the case in the pin. An additional
empirical correction can be introduced for more accu-
rate estimation ofDS. In this case, for transition from
the trans to hair-pin conformation we obtain

DS = mg** + 13. (5)

Using Eq. (5), we obtain a very good agreement
with the accurately calculatedDS values for C16, C18,
C20, and C22.

Since the accessible surface areas of hydrocarbon
molecules correlate with many of their properties,
approximate approaches used for their estimation will
be in many cases similar to approaches used for esti-
mating the other properties. Such a property as the
accessible surface area can be chosen as a criterion for
testing various relations for determining the contribu-
tions of Sii and Sij.
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