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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 thtsdeal’ property as example, the methodological aspects are con-
sidered of choosing an analytical expression for the strugtuoperty correlation equation and of determining

the parameters of this equation.

At present, many molecular properties cannot banalytical form of the structurg@roperty correlation
calculated without using empirical data, and in theequation and determining its parameters.

overwhelming majority of cases they are calculated There are reasonable hypotheses that the accessible

Zgﬁ;%)g;nsazer%s :ns ma?t bsetsrlth;frglirgﬁqeritgi/ c acl:lorrilzt;)?m gurface area determines such molecular characteristics
’ ’ P Y- s the heats of vaporization, boiling pointse ener-

fnu|(r:12 deo]llrJ:rtT;orésxggn;[glenngrtg;?aparameters to be det gri'es of transfer from the gas phase to water, and dis-

tribution factors between the organic phase and water

However, experimental data on systems under corj2-9]. It turns out that the accessible surface area
sideration are often insufficient, and it becomes neceorrelates well with a large number of molecular char-
essary to make reasonable assumptions. For exampéeteristics. Below are given as examples the faators
any data on molecular properties refer to an equilibricharacterizing correlation of molecular properties of
um mixture of various conformers. In most cases theihydrocarbons with their accessible surface areas (the
relative content is unknown, and even if such data areorrelations include the molecules given in the first
available, the contributions of particular conformerscolumn of Table 1; data on properties are taken from
to a property should be known, etc. [9]; designations:a', polarizability; ¥, diamagnetic

Such problems could be avoided if it were possiblef/uscept'b'“ty;Tb’ boiling point; P, critical pressure;

to determine a certain property for fixed conformation g pggﬁ[l;aé Veor:l:r?;;%]; f%?:ﬁcﬁzotﬁgge;fégrgﬁ% rg;a(;[f
-Of any set of molecules. In this case, a directed eXpefbrmatioﬁ' andAH, enthalpy of form’ation). It is seen
Ier?nnttigﬁgldtg ere[i/eergl)r;?\id, Ea;igcﬁgn:izsloggr?i at?(a'at data on the accessible surface areas of hydrocar-

b ! P phy Yon molecules allow evaluation of a number of their
parameters entering into the structypeoperty corre- characteristics; therefore, we chose ‘aeal’ property
lation equation and find the ways to evaluate themthe accessible’ surface ,areas of molecules

However, actually there are no such systems, but

there are properties that can be calculated with a high o 0.9986 T. 0.9443
accuracy for any fixed molecular conformatiomg., % 0.9822 Co 0.9724
accessible surface areg).(The accessible surface area T, 0.9722 S 0.9966
is the area of the surface circumscribed by the center P. 0.9544 AG 0.9551
of a test sphere of radius 14 (simulating a solvent V. 0.9972 AH -0.9513

molecule) rolling over the surface of the test molecule. , ,
It can be calculated fairly accurately for specific The procedures for calculating accessible surface

molecular conformations and used for choosing th@reas are described elsewhere [3, 10, 11]. Here we
used the program based on the approach in [10].

For approximate reproduction of tHgvalues, we
1 For communiction V, see [1]. will use the following relation [12, 13]:
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834 GOLOVANOV, TSYGANKOVA

Table 1. Accessible surface areas of some hydrocarbon molecules

Molecule Con_f or- IrEnXepnettalll Apprpximate Molecule Con_f or- ixgrigl Appr_oximate

mation estimaté mation estimaté
value value
CH, 153.9 154.1 CHyg tttt 338.0 337.6
C,Hg 188.6 188.3 CHyg titg | 331.8 331.6
C3Hg 218.1 218.2 CHyg tgtt 332.5 330.7
(CHg)sCH 243.5 243.7 CHyg tgtg | 327.3 325.3
(CHy),C 264.9 264.8 CHyg gtgt | 328.3 326.3
H3C—C(CHy),~CoHs t 286.7 286.9 CHyg gttg | 326.6 3255
H,C-C(CHy),~CoHs c 286.1 286.8 CHyg gtg't | 327.9 326.3
H,C-C(CHg),CH(CHg)CH,| t 304.9 304.6 CHyg ttgg | 326.2 324.3
H,C-C(CHy),CH(CH)CH,| ¢ 303.6 304.4 CHyg gggg | 315.5 314.2
H,C-C(CHy),C(CHy),CH5 |t 319.9 317.9 CHyg gttg | 326.3 325.0
H,C-C(CHy),C(CHy),CH; | ¢ 317.5 317.7 CHyg tggt | 324.8 323.3
C4H1 t 248.6 248.0 CHyg tgg't | 317.9 320.8
C,H1o g 242.9 244.2 C,H—C(Et),C,Hsg t 346.7 348.4
CgHyp, it 278.1 277.9 C,H—C(Et),C,Hg g 348.5 348.6
CgHyq, tg 273.0 2735 CgHig ettt 368.5 367.5
CgHyq, 99 266.4 269.0 CgHig tggtg | 344.2 343.0
CgHyq, a9’ 259.2 268.1 CoHopg ttittt | 398.0 397.4
CeHyg ttt 308.5 307.8 CoHag tggtgg | 356.1 358.3
CeH14 ttg 302.9 302.5 CoHog ttggtt | 383.6 376.0
CgH14 tgt 303.4 302.4 CoHop ttgg'tt | 368.9 368.0
CeH14 gtg 296.9 297.5 CyHyg gtggtg | 362.8 360.6
CeHyg tgg | 296.3 296.9 CoHag gtgd'tg | 364.6 361.3
CeH14 gtg | 298.4 298.1 CioHog ttittt | 488.5 486.9
CeH14 ggg | 2915 292.4 CioHog tggtgg | 392.8 394.8
CgH14 ggt | 3085 307.8

a The accessible surface area was calculated by the equatiam + (n— 1)B + ny. a7 + bl E (3 86-Rii+a) + b2 E (5 0-Rijsp) +
n-1n-1
2 (6 32-Rijsp) * Z z (7 5- Rijy); @ 154.140.2812, -119.8+0.3525,7y -4.37£0. 0775 b, —4.21+0.015, bz —O 81+0.0085.

Correlatlon factorr 0.9993, rms deviatiors 0.2990.

S = 1§ + It (1) Apparently, having calculated for a series of
molecules G is the trans conformations and having
whereS; is the contribution of théth molecular frag- found the first differences\; = & ,; - &, we can
ment and §; is the contribution corresponding to estimate various COI‘ItI’IbUtIOﬂS Table 2 gives as
interaction of theith andjth fragments. The goal of example the data for a series of linear hydrocarbons
this study is to find simple methods for evaluatingin the trans conformation. Since the first differences
these contributions. starting from G are practically equal, all the contribu-
tions of typeS,,, starting fromm = 4 are zero. Hence,

In what follows we will consider accessible surfaceto estimateS for the trans conformers, it is sufficient
areas for hydrocarbon molecules witarasetd H at-  to determinen, B, andy. The set of test examples for
oms. The C atoms, CC bond lengths, and CCC bondetermining these parameters should include,,CH
angles will be assumed to be equivalent. Tign=  C,Hg, C3Hg, CH(CHg);, and C(CH),. In the two

i =0 Siv1 = §j41 = By Sjs2 = G2 = v Will be  latter molecules the number of contributiopss in-
constant and the contrlbutlons corresponding to inteicreased relative to the linear isomers, and their inclu-
action of more remote fragmends,,, (k = 3, 4, 5...) sion into the set of test examples allows more accurate
will depend on the molecular conformation, i.e., onevaluation ofy. From these data we obtained =
the distance between the fragmentsand i + k. 154.06, B = -119.82, andy = 4.37.
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STRUCTUREPROPERTY CORRELATION EQUATION: VI. 835

Table 2. Accessible surface areas of linear hydrocarbon molecules

Molecule | Representation ofS by relation (3) Aq Sexp A2 A
CH, o 153.9

CHg 200 + o+ B 188.6 | 34.7
CgH7 Bo + 2B+ y o+ 2B +y 218.1 | 295
n-C4H1o 4o + 3B + 2y + 3RS o+ B+ y + dlans 2486 | 30.5
n-CoHyp, | 5o + 48 + 3y + 28Yans + slans o + B+ y + sians 4 glans 2781 | 295
N-CgHyy | 6o + 5B + 4y + 3BIANS + 2pf@ns 4 o + P+ y + slans 4 glans 308.0 | 304
n-CHyg | 7o + 6B + 5y + 43J/2S + plans 4+ o + B+ y + dffans 4 glans 4 glrans 338.0 | 295
N-CgHyg | 8o + 7B + 6y + 53Y@NS + 4318 4+ | o + B + y + dJfans 4 lans 4 slians 4 slans | 3685 | 29.5

To calculateS by relation (1), it is necessary to ans ans
find the dependence d,,, on the distance between Sy = 4 km(Rim = Rim) atRim < Rim @)
the fragments. To maximally simplify the problem, 0 atRyy, > RIS
we can first obtain separate expressions for each
For example, to determin&,,, it is appropriate to The values ofRI®™ are determined on the basis
EOESIdeg;hihfglL%W:-Tg S‘;tzo‘;_ﬁseﬁ[heﬁ”:g'nef”;'QB of geometric considerations®Ra" = 3.86, RI@"s =

) u - , £,2-0l yibu v £,4,0° trans — A - trans — A

trflmé?hylbutane, afndlo2,2,3,3-tetramethylbutane. AI-E"O’ Rig~ = 6.32A; forallm=7 Rl_m a 750 A,'
though the latter three molecules under equilibriuml N€_parameteb, = k, for the contribution 1-4 is
conditions exist in the form of a singlestaggered -4.209. All the contributions _from more remote
conformation, it is quite feasible to calculate theff@gments can be reproduced with a single parameter
accessible surface areas for the other (eglipseg P2 = —0.81.
conformations produced by rotation around the central Apparently, such an approach (estimation of the
CC bond. Experimental data for these molecules showontributionsa, B, andy from data for a series of
that the conformers that are more compact than themall molecules and then choice of the contribution
transconformers have smaller accessible surface ared, .., in the form of a function of distance between
For butane, according to (1), the following relationsthe first andmth fragments) is general. Practically all

are valid: the problems are related to the choice of the function
ans rans P...m = f(Ry,) and determination of its parameters.

SN = da + 3B+ 2y + B Available separate experimental data ftarge’ mole-
gauche = 45 + 38 + 2y + nguch? cules suggest the type of this function. An example

is given in [13].

Since the value ofS[F" corresponding to the | et ys illustrate the possibilities of this approach

maximal distance between fragments 1 anR)(is g estimation of the accessible surface areas of com-
zero, in any other conformation with small&;, a plexes of hydrocarbon molecules.

negativeS;, should be observed. The plot &f, vs. -
Ry, is shown in the figure. Ab = —4.209, the experi- Complexes consisting of hydrocarbon molecules

mental values are reproduced to the third decimdfan be considered as supermolecules; however, in this
place case it is difficult to determine the corrections for

. _ intermolecular interactions which are complex func-

Similar data treatment with a larger set of paramyionals depending on the mutual arrangement of the
eters (and experimental data for their determinationhyeracting fragments and their neighbors. Since, when
will result_ln a very goo_d agreement of the calculated, complexAB is formed, the accessible surface area
values with the experiment. decreases by the quantidS,s = Sag — S - S

However, the experimental data required to estiiwhere S5z, S5, and S; are the accessible surface
mate particular properties are few, and therefore thareas of the complex and its components, respective-
parameters involved should also be few. For estimaty), it is reasonable to look for correlation betwes8
ing S let us assume that the contributions correspondand the sum of contributions from intermolecular
ing to interaction of remotent = 4, 5...) fragments are interactions of the fragments of molecules composing
defined similarly: the complex.
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ST14 Complex G--C; (_:B*C
R{Tns 3.86A v =0if Rig>R
| Linear complex G-C, CC—-— C
R~ ~R
g --C
Perpendicular complex &-C, Gl ]
B ~C

ContributionS, 4 vs. distance between fragments 1 and 4. In the perpendicular complex,GC, the two cen-

ters of the G molecule are linked with each other;
Sia= {g(;lé 3;%6332@14 < 3.86, taking into account the correction for their interaction,
147 280 A& .c, = 2B* + A. To estimate the value iS¢,
in the parallel complex, these contributions are insuf-
ficient. Then, it is appropriate to introduce another
The value ofAS,g will be different for different correctionA’ for interaction between the bonds, deter-
types of Comp|exes_ First, data for Comp|ex%..cl mined by the distance between the bond centers.
with various distances between the centers show that
the corrections for intermolecular interactions of type P Y
1-2, hereinafter denoted &, have a form similar Al [ : I A
to that shown in the figure: A e

B = 22(R;j - 7.0) atR < 7.0A, This is already sufficient for describingS,g in
0 atRj > 7.0A. parallel complexes &-C,. For such complexes we
obtain

At R;,> 7.0 A, a water molecule can be accommo-
dated between the centers, an8 = 0. As Ry, de-
creases by A, AS,; decreases by22 A%, The same
result is obtained aR,, decreases to zero (when one
molecule is“pressed into the other), andAS,z be-
comes equal to the accessible surface area of t
methane molecule.

AS..c, =NB +2( =31 +2(0- 1A+ (n- 1A (3)

It can be readily seen that the first differences for
the complexes G--C, are equal; this means that the
r\]/éalue of AS,g is determined by only two significant
parameters. It follows from relation (3) thalS- ...
can be represented as "

In all linear complexes of types,&C, and G,--C, AS.c =B+ (- DB+ 2 + 24 + Al
(n = 1-8) ASis the same; therefore, we should assume e . " '
that only the contribution§* (of type 1-2) are signif- =p + -1y . 3)

icant, and the more remote contributiong, (corre- Herey™ = B* + 2y* +2A + A, and for equilibrium

, m e ) .
sponding to 13 contribution) at such distances can bedistancesRec = 4.0 A) y** is equal to-20 A”.

neglected. Relation (3 can be interpreted as follows: (1) The
_ molecule G is represented by two types of centers:
In perpendicular complexes of type,-CC, the center C andr( - 1) centers C(the position of C in

values ofAS,g differ from those in linear complexes. the chain is arbitrary); (2) in the parallel complex the
These differences can be described as contributiofpsition can be represented as

from interaction with the second C atom of thg C

molecule and correction for the fact that these C C C C C C c cc cc
atoms are not independent and form a bond. The dif- 5.7 O T T i o oo Tor T Tor Do Tows
ferences between these complexes can be schematical- NP SR A LSS N S U
ly represented as follows. c cccc ccc cc
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In this case,AS,g is determined by the sum of culated value is130 A%, whereas the estimation gives
independent interactions -&C and C--C". -118 A2

Since the quantitie* and y** can be readily Such reasoning is very useful when estimatixfg
determined, in terms of this approach it is easy tdor the case of transition of a polymeric moleculg C
estimateAS,g. Indeed, the parallel complexes:GC, from one conformation to another. Consider, e.g.,

can be of two types: transition of a GG molecule from thetrans conforma-
. . tion to a hair-pin-shaped conformation:
RN ]
! ! ______

b* ,Y** ,YJc* ,Y** ,Y** [IS* ,Yilc* ,Y;r* ,Yig* ,Y** . . .
The curved part of the pin consists of six €H
However, since the respective distances G (de- groups, and the remaining groups form parallel sec-
noted by dashed lines in the scheme) are approximatgens structurally similar to the complexes,€C,,
ly equal in both types of complexes, the contributiondn which all the atoms are 'Centers and the C center
B* and v** and hence the values afS,g will also be is located in the curved part. Apparently, the change
equal. The difference between th€S,; values for in the accessible surface area in going fromttia@s
these complexes is very small (fog€Cg, it is about to hair-pin conformation is approximately equal to
1 A?). In many cases such differences can be negw** (e.g., 93 A? for C,4). The linear sections of the
lected, and it can be assumed that in any parallel conpin in the case of G, contain four C fragments each;
plexes G-C, the values ofAS,; are equal and can therefore,AS ~ 4y** ~ 80 A%, For the dimer G--C,,
be calculated by relation {3 AS is 126A% however, in this dimer one of the inter-
@ctions 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 oAS In this case, for transition from
the trans to hair-pin conformation we obtain

A&:n"'cn = OIS(A%n—l"'Cn—l + A&:n+l"'cn+l ' (4) AS = nTY** + 13. (5)

We can formulate also some other useful rule
based on relation (B For example, it is obvious that
AS,g for a parallel complex G--C, can be estimated
from data on complexes,C;---C,,_; and G, ;---C. 1

For example, from data for corpgjlexeq-GI:1 and
C,--C, we obtain A = 78 A“, whereas esti- .
mzatiorzw by Eq. (4) ;?,%554&2. In many other caztas \é:wth thedaccurately calculatesiS values for G, Cys,
the agreement is still better. For exampes. .. is 20 and Gy
equal to-125 A% and estimation by Eq. (4) gives Since the accessible surface areas of hydrocarbon
~126 A?, etc. molecules correlate with many of their properties,

approximate approaches used for their estimation will

These simple approaches supplemented by obvioli® in many cases similar to approaches used for esti-
reasonings allow estimation ofS for complexes of mating the other properties. Such a property as the
arbitrary configuration. accessible surface area can be chosen as a criterion for

testing various relations for determining the contribu-

Consider, for example, cross-shaped complexes ifions of §; and S
which the molecules are located in different planes
and their axes are perpendicular. At largghe mole- REFERENCES
cule can be represented as a folded cylinder

Using Eqg. (5), we obtain a very good agreement

e i . 22 1. Golovanov, I.B. and Tsygankova, |.&GZh. Obshch.
coywith the diameter equal to A% (2rg + Khim., 2001, vol. 71, no. 5, pp. 75964.
2ry,0). which coincides with the length of the;C 5 yigebrand, J.H., Prausnitz, .M., and Scott, R.L.,
_molecule. 'I_'herefore, the maximal value ASCn,..C Regular and Related SolutiondYew York: Van
in perpendicular complexes should be attained for  Norstrand Reinhold, 1970.
molecules containing seven carbon atoms, and withy - emann R.B.J. Phys. Chem1972, vol. 76, no. 19,
increasing their numbeAS should not change, since

) . ’ pp. 2754-2759.
the fragments that lie beyond the crossing site are
accessible for interaction with water. Assuming that 4- Hermann, R.B.J. Phys. Chem.1975, vol. 79, no. 2,

in such complexesAS,g varies linearly from-66 pp. 163-169.
(C,C,) to —140 A? (C,--C,), we can estimatéS,g 5. Chotia, C.Nature,1974, vol. 248, no. 5446, pp. 338
fairly accurately. For example, for :C-Cy the cal- 339.
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