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The Multifunctional Autocorrelation Method (MAM) derived from the autocorrelation method of Moreau el al. was 
used to calculate molar volumes for 300 linear or branched alkanes from c6 to C11 and 104 oxygenated compounds 
including 40 alcohols, 30 ethers and 34 ketones. Components Ci of a MAM connectivity vector were compared with 
several topological descriptors. MAM descriptors were generally more efficient than topological descriptors but good 
regressions were obtained for alkanes only when more than two components Ci were used. An excellent regression 
was obtained with four components (Co to C4): 

Vm = 4.4920 + 6.44C1- 3.33C2 + 0.46C4 + 52.9 (n = 300, r = 0.999, s = 0.81) 

Models obtained using descriptors based on connectivity were good enough for many practical purposes. However, 
to derive models adapted to estimate molar volumes for alkanes, an autocorrelation vector Y based on Van der Waals 
volumes (as given by Bondi) was considered. The best equation obtained again includes three components: 

V~=1~750Y0-0~123Y~-0~037Y~+17~97 (n=300, r=0*999, ~ = 0 * 8 5 )  

To extend the use of MAM to compounds containing heteroatoms, a set of alcohols, ketones and ethers, where each 
functional group represents a different interaction type, was considered. Chemical families were first studied 
individually, then the total set was considered. The components of an autocorrelation vector Y based on Van der 
Waals volumes were used as molecular descriptors. Oxygenated compounds are correctly described by only one 
component Yo. The correlation coefficient is 0.993 for all the chemical families studied, and the standard error of the 
estimate is low (s=2*56). Comparison of standard errors of the estimate for Wiener’s indices (s=17*38) and 
autocorrelation components (s = 3*95), for all chemical families, shows that components of MAM are more efficient 
as molecular descriptors. The quality of regression equations was not significantly changed when 104 oxygenated 
compounds and 141 alkanes were studied in a global set. 

particularly in drug design, in environmental toxicity 
problems and in the estimation of solubilities and parti- 
tion coefficients. Estimation of molecular and molar 
volumes from chemical structure is therefore of great 
interest. Molecular volumes are estimated from bond 

INTRODUCTION 
Molecular volume is an important parameter in quanti- 
tative structure-activity relationship (QSAR) and quan- 
titative structure-property relationship (QSPR) studies, 
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lengths and Van der Waals radii in Bondi’s’ and 
M e y e r ’ ~ ~ ’ ~  methods. In other methods, a molecule is 
put in a grid and its volume calculated. Molar volumes 
can be estimated from other physical properties such as 
the parachor4 or from characteristic constants. In 
other approaches, molar volumes are estimated from 
topological indices or other molecular descriptors. 

A very important step when establishing QSPR is a 
correct description of molecular structures. Among the 
methods used to describe molecular structures, many 
are based on topological information contained in mol- 
ecular graphs, usually hydrogen-depleted graphs, which 
may be seen according to different points of view. 

In approaches based on topological indices (Tls), the 
structural information contained in the distance 
matrices and connectivity matrices is condensed into 
descriptors, called topologkal indices, accounting for 
the topology and the connectivity of the molecule. 
Numerous topological indices have been proposed (for 
reviews, see Refs 6 and 7) and many used successfully 
in QSAR and QSPR studies.’ 

Some topological indices are only based on distances 
in the graph. The Wiener numbers Wand P were intro- 
duced in 1947.’ W is the number of bonds between 
every pair of atoms in an acyclic molecule. Variants of 
the Wiener index such as W, (reduced Wiener index)g 
and Wexp (expanded Wiener index)’ were also intro- 
duced. P was defined as the number of unique paths of 
three bonds lengths in the molecule and later associated 
with steric crowding. The Balaban index J was intro- 
duced later. losll 

Other indices are based on distances and connec- 
tivities. The highly successful Randic connectivity index 
x (also called the molecular connectivity index)” is 
defined as an additive quantity based on the connec- 
tivities of all non-hydrogen atoms in a molecule. Mol- 
ecular connectivity indices of order h ( h ~ )  have been 
proposed as extensions of the x index. 

These last two types of indices were found to be 
limited when electron distribution or hydrogen bonding 
interactions must be considered in QSPR. To improve 
the efficiency of topological indices, Kier and Hall13 
introduced the valence connectivity indices, including 
information not present in the graph such as the 
number of electrons and valence electrons in an atom. 
Balaban proposed l4 local vertex invariants (LOVI) 
based on the adjacency or distance matrices. 

In the DARC system,I5 a molecular graph is con- 
sidered as a structural environment around a focus 
which can be an atom, a group of atoms or a bond. In 
addition to this topological description, the DARC 
system introduces a progressive chromatic description 
of the molecule by considering several atomic proper- 
ties. More recently a local description of the graph 
based on the same concept was introduced by elabor- 
ating FREL descriptors. l6 

With the autocorrelation method (AM), Moreau and 

Broto introduced into the field of structure-activity 
relationships the mathematical autocorrelation function 
F(0) of a function f(x), defined as 

Fw = C .mim + X) d x  (1) 

where 0 is a distance eventually determining periodicity. 
Considering the hydrogen-depleted graph of the mol- 

ecule as a topological space where a discrete autocor- 
relation function can be defined, the analogue of the 
distance 0 is the topological distance k between two 
atoms i and j ,  taken as the smallest number of bonds 
connecting them. The analogue of the product 
f(xlf(0 + x) is the product f(i)f(j), where i and j rep- 
resent the nodes of the graph (atoms of the molecule) 
and f ( i )  and f(j) represent contributions or properties 
of the atoms i and j .  

The sum calculated for all pairs of atoms in the graph 
separated by a distance d of k bonds is considered as 
the component of order k (Pk) of an autocorrelation 
vector P corresponding to the specific property 
described by f ( i )  and defined as 

AB 

p k  = f ( i l f ( i )  d =  k (2) 
j > i  

An autocorrelation vector can be calculated for every 
type of atomic pro erty. Moreau et al. used Pauling’s 
electronegativity, I Van der Waals volume, zo connec- 
tivity (number of non-hydrogen neighbours or vertex 
degree of the atom i ) ,  r functionality, hydrogen 
bonding acceptor and donor ability. More recently, the 
octanol-water partition coefficient was also success- 
fully used.21 In several recent QSAR ~ t u d i e s ~ ” - ’ ~  the 
components of autocorrelation vectors were used as 
molecular descriptors. 

However, it is very difficult to give a satisfactory 
physical interpretation of the components. For 
example, estimation of roughly additive molecular pro- 
perties is difficult because the component zero of the 
autocorrelation vector is not the sum of atomic contri- 
butions. To reduce these drawbacks, Chastrette and 
Tiyal” modified the autocorrelation method in several 
important respects (see description and example under 
Experimental) to obtain the multifunctional autocor- 
relation method (o-sMAM). 

In this paper, the most widely used topological 
indices (excluding the DARC descriptors) are compared 
with autocorrelation descriptors for the estimation of 
molar volumes. 

r 

EXPERIMENTAL 

Materials 

Molar volumes at 25°C were obtained from the API 
projectz6 for a set including all alkanes from c6 to CII ,  
except 2,2,3,3-tetramethylbutane, which is a solid at 
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25 "C. This set of 300 alkanes is called set 1. All values 
were consistent with those of a set of 69 alkanes from 
CS to CS (called set 2), used by Needham et al." in a 
comparison of different descriptors in structure-pro- 
perty correlations. Volumes of 36 linear alkanes from 
C5 to C40 (set 3) were taken from the API project.26 
Molar volumes of 104 oxygenated compounds including 
40 alcohols, 30 ethers and 34 ketones were calculated 
from data in the Handbook of Chemistry and 
Physics. 28 

Methods 
All equations relating molecular descriptors and molar 
volumes were established using a linear regression 
analysis program included in STATITCF software. 29 

Components Ci of autocorrelation connectivity vectors 
and components Vi of a MAM volume vector were used 
as molecular descriptors. 

Multifunctional Autocorrelation Method (MAM). 
The autocorrelation method AM was modified as 
follows: 

(i) The notion of expanded atoms was introduced, as 
the hydrogen-suppressed graph where all carbon atoms 
are considered as equivalent was not suitable for pro- 
perties such as molar volume. Using MAM, carbon 
atoms are coded as C, CH, CHZ or CH3 to take into 
account hydrogen atoms in the description of the mol- 
ecule. Oxygen atoms are coded into several types 
depending on environment and hybridization state. 

(ii) As it was very difficult to find correct atomic pro- 
perties for atoms included in specific groups, such as 
oxygen or nitrogen in nitro group, some groups of 
atoms were considered as pseudo-atoms (Figure 1). In 
this study the only pseudo-atom is the carbonyl group. 

(iii) The components Pk of the autocorrelation 
vectors are calculated as 

Pk= C f ( P i ) f @ j )  d = k  (3) 
,2 t  

where f ( p i )  is a function of the property pi of the atom 
or group i. Any function of any property can be used 

and several known TIs can be calculated as particular 
cases of components of a vector P .  In the particular 
case where f@i )=(p i ) '" ,  different versions of the 
MAM method will be denoted mMAM. 

To give a physical meaning to the vector components, 
f b i )  was taken as (pi)'". In this way, the first compo- 
nent PO is the sum of atomic properties. For a roughly 
additive molecular property, PO can be considered as a 
first approximation and the other components Pi as 
measures of interactions between atoms and pseudo- 
atoms in the molecule. This corresponds to O'jMAM. 
For the sake of comparison, another version of MAM 
called 'MAM in which the function f ( i )  was the prop- 
erty itself as in the classical Moreau autocorrelation 
method was also used to study the influence of the 
function. 

In this study, six components Ci ( i  = 0-5) of a con- 
nectivity vector C were calculated using classical con- 
nectivity. Six components Vi (i=O-5) of a volume 
vector V were calculated using Bondi's contributions ' 
for four types of expanded carbon atoms, two types of 
sp3 oxygen atoms and the pseudo-atom carbonyl group. 
No attempt was made to optimize atomic or group 
contributions. 

Example. 2-Methylhexanol (Figure 2)  was chosen to 
illustrate the calculation of components of autocorre- 
lation vectors, using the MAM method. The properties 
of the different groups present in the molecule (i.e. 
CH3, CH2, CH and OH) are given in Table 1. Some 
components of the autocorrelation vectors, calculated 
using equation (3). are shown in Table 2. 

2-hZelhyl hexaiiot corl-espontiing graph 

Figure 2. Structural formula and graph of 2-methyl hexanol 

Classical graph Siiiiptified graph 

Figure 1. Classical and simplified graphs of 3-nitro benzonitrile 
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Table 1. Contributions of the atoms and groups to some molecular properties 

No. of atom or expanded atom 

Property 1 2 3 4 5 6 7 8 
~ ~~~ 

Connectivity, Ca 1 2 3 2 2 2 1 1 
Van der Waals volume, V (cm3 m01-I)~ 6-99  10.23 6.78 10.23 10.23 10.23 13.67 13.67 
Van der Waalssurface, S (x109cm2mol - ’ ‘  1.46 1.35 0.57 1.35 1-35 1-35 2.12 2.12 

‘Number of non-hydrogen neighbours of the atom or expanded atom 
b.CValue~ taken or estimated from Bondi’s work’. 

Example: calculation of VO for 2-methylhexanol: 

Vo= E ~ ( L J , ) ~ ( u , )  = E (LJ, )”~(LJ,)”*  = E LJ,. 

VO = LJI + LJZ + ... + ug = 6.99 + 10.23 + ... + 13.67 = 82.03 cm’mol-’. 

Table 2. Some components of three MAM vectors for 2-methylhexanol 

Components Pi 

Property Po PI Ps P6 

Connectivity, C 14 13.46 3.83 1 
Van der Waals volume, V (cm3 mol-’) 82.03 67.03 33.95 9 - 7 8  
Van der Waals surface, S ( x  109cm2mol-’) 11.67 8-65 5.22 1.76 

RESULTS AND DISCUSSION 

Estimation of the molar volume of alkanes 
Needham et al.” compared several structural par- 
ameters used in the molecular modelling of physical 
properties, including molar volumes for 69 alkanes. 
Here the components of o’5MAM and ‘MAM vectors 
based on the same structural parameters are compared 
using Needham’s et al. sample (set 2) and the larger set 
1. 

Structural in formation limited to connectivities and 
topological distances 
To compare MAM components with molecular descrip- 
tors discussed by Needham et components of 
autocorrelation vectors were calculated using only con- 
nectivity. To assess the performance of different 
descriptors, results are discussed first for separate sets 
of isomers and then for both sets 1 and 2. 

Regressions for isomers 
When isomers were considered separately, good 
regressions using one descriptor were obtained with the 
Wiener number p and component C3 (connectivity 
vector). Both descriptors account for interactions 
between atoms (or groups) separated by three bonds 

When two descriptors were used, all regressions were 
good except those using ad hoc descriptors (Table 3). 

Regressions on set 1 

Comparison between o’5MAM and ‘MAM. Regres- 
sions obtained with set 1 (300 alkanes) using one par- 
ameter [Table 4(a)l, two parameters [Table 4(b)] and 
more than two parameters [Table 4(c)] are compared 
for components Ci of the autocorrelation connectivity 
vectors calculated with both O”MAM and ‘MAM 
methods. 

These results show that the components Ci of the 
o’SMAM connectivity vector are successful in the esti- 
mation of the molar volume of this set of alkanes and 
present clear advantages over components of the 
IMAM vector. 

Comparison between MAM descriptors and other 
descriptors. Regressions obtained with sets 1 (300 
alkanes) and 2 (69 alkanes) using Wiener indices, 
valence connectivity indices, ad hoc descriptors and 
components Ci of the MAM autocorrelation connec- 
tivity vector were then compared (Table 5 ) .  

All regressions using one or two descriptors were 
significantly worse with sets 1 and 2 than with separate 
sets of isomers. o’5MAM descriptors were often more 
efficient than Wiener indices but good regressions were 
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Table 3. Comparison of correlation coefficients ( r )  and standard errors of the estimates (s) 
obtained in the estimation of molar volume of alkanes using MAM connectivity vector and 

volume vector components, topological indices and ud hoc descriptors 

Descriptor 

Ad hoc: X :  Wiener: MAM: Ci MAM: Vi 
Alkane T,, T3,' Nb O X ,  I x ~  Xr W, W,, p e  ( i  = 0-4)' ( i  = 0-4)' 

c6 
(n = 5) 
c7 
(n = 9) 
c s  
(n = 18) 

c 9  
(n = 35) 

ClO 
(n = 75) 

c11 
(n = 159) 

Not signif. 

Not signif. 

T3 
0.740 (1.81) 

T3 
0.640 (2.54) 

T3 
0.695 (2.80) 

Tm T3 
0-653 (3.30) 

Not signif. w, P 

O x 9  I x  w, P 

O x ,  I X  w, P 

0,993 (0.23) 

0.887 (1.07) 0.994 (0.25) 

0.923 (1.07) 0-995 (0.28) 

l x ,  xt P 
0.971 (0.80) 0.979 (0-68) 

I X .  XI 
0.949 (1-23) 

P 
0.976 (0.84) 

O x ,  I X  w, P 
0.904 (1.87) 0.980 (0.86) 

0.960 (1.22) 
O x ,  I X 9  XI 

Not signif. 

Not signif. 

c3, c4 
0.949 (0.88) 
c3, c4, cs 

0.995 (0.30) 
CY, c4 

0.978 (0.70) 
CI, c3. c4 

0.982 (0.64) 
c1, cz 

0.961 (1.09) 
CI, c2, c4 

0.980 (0-79) 
CI, c2 

0.966 (1.12) 
CI, c2, c4 

0.981 (0-85) 

v2, v3 
0.997 (0.14) 

v2, v3 
0.991 (0-30) 

VZ, VY 
0.987 (0.45) 

v3. v4 
0.980 (0.66) 

v3, v4 
0.976 (0.86) 

vl- v4 
0.983 (0.81) 

a T,,, is the number of terminal methyl groups and T3 is the number of terminal methyl groups separated by 
three bonds. 
N, is the number of carbon atoms of the compound. 
Values given are correlation coefficient and (in parentheses) standard error of the estimate in the regression 

(cm3 mot-') (the best standard errors of the estimates are indicated in bold type). 

obtained only when more than two components Ci were 
used. An excellent regression (n = 300, r = 0.999, 
s = 0.81) was obtained with four components (CO-c4). 

All regressions were improved by introducing 
descriptors such as C3, p or T3 that account for butane- 
type interactions. With set 1 the contributions of CO and 

Table 4. Quality of regressions using a single 
parameter (a), two parameters (b) or more than two 
parameters (c) in the estimation of the molar volume of 

300 alkanes from the MAM connectivity vector C 

Method 

Parameters 0 , 5 ~ ~ ~  IMAM 

(a) One descriptor CO co 

(b) two descriptors CO, C3 CO, c3 
ma 0.976 (3.92) 0.814 (10.56) 

ma 0.995 (1.86) 0.862 (9.22) 

ma 0.999 (0.81) 0-979 (3.74) 
(c) > 2 descriptors CO-c4 C0-G 

a r = Correlation coefficient; s = Standard error of the estimate. 

C3 calculated according to Gore3' are 78% and 22070, 
respectively. CO contributes positively and C3 nega- 
tively, as expected for a rough measure of branching. 
Working on a more restricted sample, Needham et at. *' 
obtained very significant models (r = 0.988, s = 2.73) 
by using ad hoc descriptors (Nc, Tm). Actually, N, is 
well correlated with C3 (r = 0.929, s = 1.41). 

Autocorrelation descriptors based on 
volumes. Generally, models obtained using descriptors 
based on connectivity are good enough for practical 
purposes. However, to derive more significant models 
to estimate molar volumes, it seemed logical to consider 
components of an autocorrelation vector based on Van 
der Wads volumes. In the following, we compare 
OV5MAM or 'MAM descriptors and topological 
indices, first on Needham's et al. set of 69 alkanes and 
then on set 1 (300 alkanes). Results are reported in 
Tables 6 and 7. 

Vo (o'sMAM and IMAM) as a first approximation of 
molar volume 

Linear alkanes (set 3 ) .  For a set of 36 linear alkanes 
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Table 5. Comparison of correlation coefficients ( r )  and (in parentheses) standard errors of the 
estimates (s) (cm3 mol-I) obtained in the estimation of molar volume of alkanes in sets 1 and 

2 using MAM connectivity vector components and some topological descriptors 

No. of Ad hoc: X: Wiener: MAM: Cib 
Set descriptors T,, T3, Nc Ox. Ix, XI w, wr, P (i = 0-4) 

1 N c  a X w" co 

1 T3, N c a  Ox, I X B  w, P a  co, c3 

2 1 Nc X Wb co 

2 2 T3, N c b  Ox. 'Xb w, P b  c o ,  c3 

(n = 300) 
2 T m ,  T3, N C b  Ox. Ix, Xtb co, CI, c2 

O a  

crc9 1 0.987 (2.81) 0.961 (4.80) 0-972 (4.08) 0.987 (2.81) 
(n = 69) 

CrC9 2 0.988 (2.73) 0.982 (3.33) 0.976 (3.78) 0.996 (1.57) 
(n = 69) 

O b  

CS-CI I 0.976 (3.92) 0.962 (4.80) 0.962 (4.80) 0.987 (2-81) 
(n = 300) 

CS-CI I 0.986 (3.05) 0.973 (4.17) 0.977 (3.92) 0.995 (1.86) 

CS-CI 1 0.998 (1 *07) 

0.999 (0.81) 
(n = 300) 2 3  0-987 (2.99) 0.975 (4.04) CO-c4 

"Results from Ref. 27. 
bThis work. 

(CS-C~O) an excellent correlation was obtained3' 
between the molar volume and component VO of the 
MAM. 

Volume vector: 

Vm=1~605Vo+20.911 
(n = 36, r = 0.999, s = 0.53) (4) 

Analysis of the distribution of residuals suggested the 
introduction of a zariable Dmp, defined as Dmp = melt- 
ing point -25 ( C). A two-variable equation was 
obtained: 

V m =  1*615V0~0*0230mp+ 19.003 
(n=36, r=0.9999, s=0.14) ( 5 )  

This excellent equation shows that even in the very 
simple case of linear alkanes other molecular proper- 
ties, not accounted for by descriptors, can play a role 
in the determination of molar volumes and limit the 
quality to be expected in simple QSPR. 

hug gin^'^ calculated the molar volume of n-alkanes 
(C5-c20) using a two-variable equation including Nc 
and l/Nc. On our set 3 a similar equation gave good 
results (n  = 36, r=0.9999, s =  0.06) but no clear 
physico-chemical interpretation could be given to l/Nc. 

Sets I and 2. The following equations were obtained: 

'"MAM: Vm = 1 *467 Vo + 31.765 
(n = 300, r = 0.977, s = 3.910) (6) 

'MAM: Vm = 0 * 1 17 Vo + 41 * 196 
(n = 300, r = 0.910, s = 7.325) (7) 

'"MAM: Vm= 1*444Vo+33.011 
(n = 69, r = 0.987, s = 2.81 1 )  (8) 

'MAM: ~ ~ = 0 ~ 1 2 0 ~ ~ + 3 4 . i ~ 8  
(n=69, r=0-951, s=5-368) (9) 

Equations using '. 5MAM volume descriptors are 
very similar to those obtained using connectivity 
descriptors because of the high correlation between cor- 
responding components. As o'SMAM vectors are 
clearly superior to 'MAM vectors in both sets, the latter 
will not be considered in the following discussion. 

Comparison of MAM (using several Vi) and 
topological indices 
To obtain better regressions it was necessary to consider 
several components of a volume vector V. Results are 
presented first for separate families and then for mixed 
sets. 

Regressions on isomers. Results in Table 6 show that 
MAM components and Wiener's indices led to compar- 
able regressions while connectivity indices and ad hoc 
descriptors were less adequate. 

Regression on set 2 (Table 6) .  When higher compo- 
nents of the MAM vector were introduced to account 
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Table 6. Comparison of correlation coefficients ( r )  and (in parentheses) 
standard errors of the estimates (s) (cm’ mol-I) obtained in the estimation of 
molar volume using MAM volume vector components or topological indices 

Descriptors 

Ad hoe: X :  Wiener MAM: 
O x .  IX, Xt W ,  W,, p V ,  (i=0-4)= Alkanes Tm, T39 Nc 

cs-c9 T39 Nc Ox, IX w, P vo, v3 

C6-C I I w, P vo, v3 
(n = 69)” 0.988 (2.73) 0.982 (3.33) 0.976 (3.78) 0.998 (0.97) 

(n = 300) 0.977 (3.92) 0.998 (1.23) 

0.987 (2.99) 0.975 (4.04) 0.942 (6.09) 0.999 (0.85) 
Tm, T3, Nc O x ,  ‘x. xi wr, P vo v3, v4 

‘The best standard errors of the estimates are indicated in bold type. 

for molecular branching, the best equation obtained 
with set 2 was 

Vm = 1 a724 VO - 0.12 V3 - 0.038 V4 + 19.305 
(n  = 69, r = 0.999, s = 0.764) (10) 

The contribution of each variable was estimated 
using Gore’s method.3o Molar volume appears as an 
approximately additive property, largely determined by 
VO (which has a contribution of 81%). However, the 
contributions of V3 and V4 were 15% and 4%, respect- 
ively, suggesting that branching plays a role, especially 
for atoms separated by three or four bonds. This corre- 
sponds to the well known butane and pentane interac- 
t i o n ~ . ~ ~  For this set other descriptors (including 
Wiener’s indices) were clearly inferior in dual par- 
ameter regressions. 

Regression on set I (Table 6). The best equation 
obtained includes three components: 

Vm = 1 *75oVo - 0.123 V3 - 0.037 V4 + 17 -97 
(n = 300, r = 0.999, s = 0.85)  (11) 

MAM vector components based on only four dif- 
ferent contributions of atoms or expanded atoms 
describing microscopic properties enabled us to corre- 
late a macroscopic property such as the molar volume. 
This means that somehow the higher components of V 
account for both molecular shapes and interactions in 
the liquid phase. Van der Waals volume, which is a spe- 
cific atomic property, is more appropriate than connec- 
tivity (a non-specific atomic property) to derive 
molecular descriptors useful in the estimation of molar 
volumes. 

Estimation of molar volumes of oxygenated 
compounds 
To extend the comparison between MAM and other 

approaches to compounds containing heteroatoms, we 
have considered34 a set of 104 oxygenated compounds 
including 40 alcohols, 34 ketones and 30 ethers, where 
each functional group represents a different interaction 
type. Chemical families were first studied separately, 
then the total set was considered. Only the components 
of an autocorrelation vector based on Van der Waals 
volume were used as molecular descriptors. A summary 
of results obtained when comparing MAM descriptors 
with other topological descriptors is given in Table 7. 

Alcohols 

A population of 40 alcohols (linear or branched) was 
used to establish a structure-volume relationship. For 
this set an excellent regression [Equation (12)] was 
obtained between the molar volume and components of 
the volume vector V. The contributions of components 
calculated according to Gore3’ were 88%, 7% and 5% 
for VO, Vl and V3, respectively. 

Vm = 1.86Vo - 9-14V1 - 0.097V3 + 3.67 
(n  = 40, r = 0.999, s = 0.40) (12) 

Ethers 

A population of 30 ethers (linear or branched) was 
used. For this set higher components of the volume 
vector V were not significant. The contributions calcu- 
lated according to Gore3’ were 73%, 20% and 7% for 
VO, VI and VZ, respectively. 

V m  = 2.52 VO - 0.64 VI - 0.26 VZ + 2.95 
( n = 3 0 ,  r=0*999, s =  1.51) (13) 

Ketones 

For this population of 34 ketones (linear or branched) 
an excellent regression was obtained using the same 
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Table 7. Comparison of correlation coefficients ( r )  and (in parentheses) standard errors of the 
estimates (s) (cm3 mol-') obtained in the estimation of molar volume of oxygenated compounds using 

MAM components or topological indices 

No. of xu: X: Wiener: MAM: Vi 
Compounds descriptors x 9  I x Ox. IX w, wr, P ( i  = 0-4)a 

Alcohols 
(n = 40) 

Ketones 
(n = 34) 

Ethers 
(n = 30) 

Alcohols 
+ ketones 
(n = 74) 

Alkanes 
+ alcohols 
+ ketones 
+ ethers 
(n = 245) 

1 

> I  

1 

> 1  

1 

> 1  

1 

> I  

1 

2 

I U  X 
0.994 (3.88) 

o u  I U  x ,  x 
0.999 (1.59) 

I U  X 
0.990 (4.85) 

o u  I U  x ,  x 
0.999 (1 ~ 4 3 )  

I U  X 
0.996 (4-19) 

O U  I U  x .  x 
0.999 (1.05) 

I U  X 
0.990 (5.20) 

o u  I U  
x 9  x 

0.998 (2.14) 

1 u  
X 

0.980 (6.67) 
o u  1 u  x ,  x 

0.992 (4.26) 

O X  

Ox. Ix 
0-994 (3.99) 

0-999 (1.44) 

OX 

Ox, 'x 

OX 

Ox. Ix 

0-994 (3.84) 

0.999 (1.17) 

0.997 (3.30) 

0.999, ( 1  * 59) 
X 

0.994 (4.11) 

0.999 (1.46) 
Ox, Ix 

OX 

Ox7 IX 
0-963 (9.02) 

0-968 (8.49) 

W 
0.907 (14.97 

0-970 (8.81) 
w9 P 

W 
0.953 (10.56) 

w* P 
0.976 (7.75) 

P 
0.995 (4.55) 

w, P 
W non-signif. 

W 
0.921 (14.46) 

w9 P 
0-967 (9.53) 

W 
0-766 (21.59) 

0.856 (17.38) 
w, P 

vo 
0.999 (1.05) 

vo, v3 
0.999 (0.74) 
vo, VI, v3 

0.999 (0.40) 
vo 

0.999 (1.06) 
vo, vs 

0.999 (0.98) 
vo 

0-999 (1.61) 
vo, VI, v2 

0.999 (1.52) 
vo 

0.993 (1.49) 
vo, VI, v2, v3 
0.999 (1.12) 

vo 
0.991 (4.49) 

vo, v3 
0.993 (3.95) 

aThe best standard errors of the estimate are indicated in bold type. 

three components of the volume vector. The contri- 
butions calculated according to Gore3' were 75%, 15% 
and 10% for VO. VI and V2, respectively. 

V m =  1.22Vo-O.24V1 -O*14V2+ 17.22 
(n = 34, r = 0.9996, s = 0.99) (14) 

Alkanes and oxygenated compounds 
A set of 245 compounds including 141 alkanes 
(C6-C10), 40 alcohols, 30 ethers and 34 ketones (linear 
and branched) was finally used to establish a struc- 
ture-volume relationship. A good correlation was 
obtained as above between the molar vofume and com- 
ponents of the volume vector. Contributions of compo- 
nents Vi calculated using Gore's method3' were 60%, 
20'70, 13% and 7% for VO, VI, V2 and V3, respectively. 

V m  = 3.77 Vo - 1 *36V1- 0.55 1 V2 - O'24V3 - 22.81 1 
( n  = 245, r = 0.997, s = 2.56) (15) 

The results in Table 7 demonstrate that MAM com- 
ponent VO is sufficient to describe oxygenated com- 
pounds. Indeed, the correlation coefficient is higher 
than 0.993 for all chemical families and in addition the 
standard error is very low. The quality of the equation 

did not change when oxygenated compounds and 
alkanes were grouped into a global set. 

Comparison of standard errors of the estimate for 
Wiener's indices (s = 17.38) and autocorrelation com- 
ponents (s = 3.95) for all chemical families shows that 
the components of MAM are more adequate as mol- 
ecular descriptors. Connectivity indices appear as good 
descriptors, especially in the case of ethers. This could 
be ascribed to a good description of the polarity of the 
molecule b the atomic property used in the calcu- 
lation of xu. However, further study is needed to 
understand why these indices do not work so well with 
alcohols and ketones. 

K 

CONCLUSION 
On the whole, good results were obtained using MAM 
to estimate molar volumes of alkanes and oxygenated 
compounds. 

Wiener indices (W,p) and their variants ( W,) turned 
out to be more efficient than MAM components when 
sets of isomeric alkanes were considered, while connec- 
tivity indices and ad hoc descriptors were less useful. 
However, for ethers (Table 7) MAM descriptors clearly 
became more adequate when alkanes were considered in 
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sets 1 and 2. For example, with set 2 the standard devi- 
ation was 0.77 using MAM and 3.92 using Wiener 
indices. 

It seems that the success of MAM is related to the 
amount of information brought by each component. 
Thus VO, for example, was found to be highly corre- 
lated with the size of the molecule, whereas V3 and C3 
(or V4 and C4) take into account interactions between 
atoms or groups separated by three (or four) bonds. 
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