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Abstract. A new approach, leading to a fragmental property index family, FPIF, is presented.
Indices are calculated as local descriptors of some molecular fragments and the global values
are then obtained by summing the fragmental contributions. The modeling ability of FPIF is
demonstrated by modeling some physico-chemical properties and biological activities on
selected sets of organic compounds. The results are compared to those reported in some
previous works.

Introduction

QSPRs (Quantitative Structure-Property Relationships)} link quantitatively the
physico-chemical properties of chemical compounds with the molecular structure. They
provide mathematical models aimed to accurately predict a certain property from the
structural attributes.

Some molecular properties (i.e. those of which numerical value vary with changes in
the molecular structure) such as the normal boiling point, critical parameters, viscosity,
solubility, retention chromatographic index, are often used for characterizing chemicals in
databases. However, a certain property is not always available in tables or other reference
sources. It is just the case of newly synthesized compounds. As a consequence, methods of

estimation / prediction of physico-chemical properties from the structural features of organic
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molecules become very important. The advent of combinatorial chemistry in the last decade
required automated procedures for predicting various molecular properties.

Monitoring the environmental pollution needs the prediction of toxicity of chemicals
in air, waste waters and sole. QSARs (Quantitative Structure-Property Relationships) can be
used to predict the toxicity accurately, without using more expensive experimental methods.
Drug research and production is also related to the QSAR techniques.

QSPRs/QSARs thus relate a molecular property, shown by a series of chemicals, to
the structure encoded by a set of descriptors.

In the past works, investigators looked for easily obtainable descriptors.'” As the
computer technology developed, the attention of the descriptor designers turned toward more
elaborated descriptors, with enhanced ability in modeling a certain molecular property
factivity. Large pools of descriptors were thus created.

Nevertheless, a new problem arised: how to select, in real time, a subset of descriptors
suitable for the optimal modeling of the chosen property? An algorithm doing such a task
must be a simple one, rapid and convergent to a global optimum. Simulated annealing SA and
genetic algorithms GA are already verified procedures.’”’

In this paper a new approach, leading to a fragmental property index family, FPIF, is
presented. These indices are calculated as local descriptors of some fragments of the molecule
and, a global index is then obtained by summing the fragmental contributions. The modeling

ability of FPIF is demonstrated on selected sets of organic compounds.
Fragmentation Criteria

The fragmentation criteria define the basic topological descriptors: CJ, CF and Sz.
The fragments are just the entries in the Cluj and Szeged matrices,*'” respectively. Before
defining these matrices, some graph-theoretical background is needed.

Let G = (¥, E) be a connected graph, with ¥ being the set of vertices and E c V' x V

the set of edges.

A walk w is an alternating string of vertices and edges, wy, = (w1, €1, v2, €2, ..., Vaot,
€, Vu). Vi € V(G ), e; € E(G ), m > n -1, such that any subsequent pair of vertices (vi.y, ;) €
E(G). Revisiting of vertices and edges is allowed. Then V(wy,) = {v1, v2, ..., Va1, ¥} is the

set of vertices of wy,,. Similarly, E(wyn) = {€1, €2, ..., €m-1, €m } is the set of edges of wyq
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The length of a walk, Kwya) = [Eon )| 2 | Vwyp) |- 1, equals to the number of its
traversed edges. The walk is closed if vy = v, (i.e. its endpoints coincide) and is open
otherwise. The set of all walks in G is denoted by W(G).

A path p is a walk having all its vertices and edges distinct: v; # v}, (viy, ¥) # v, v)
for any 1 <i < j < n. As a consequence, the revisiting of vertices and edges, as well as
branching, is prohibited. The length of a path is I(py.n) = | E(pin) | = | Mp1a)|- 1. A closed
path is a cycle (i.e. circuit). The set of all paths in G is denoted by P(G).

A terminal path tp, , is the path involving a walk w = v}, €] ¥, ..,V €4, ¥, that is no
more a path in G, for any vy € V(G) such that (v, vs) = ¢, € E.

A path is Hamiltonian if n = |V(G)| . In words, a Hamiltonian path visits once all the

vertices in G. If such a path is a closed one, then it is a Hamiltonian circuit.

The distance, dyj, between two vertices v; and v; is the length of a shortest path joining
them, if exists: dj; = min I(py); otherwise dj; = . A shortest path is often called a geodesic.
The eccentricity of a vertex i, ece;, is the maximum distance between i and any vertex j of G:
ecc; = max djj. The radius of a graph, HG), is the minimum eccentricity among all vertices {
in G: HG) = min ecc; = min max dy. Conversely, the diameter, d(G), is the maximum

eccentricity in G: d(G) = max ecc; = max max dy. The set of all geodesics (i.e. distances) in G
is denoted by D(G).

The detour, 5, between two vertices v; and v; is the length of a longest path joining
these vertices, if exists: & = max I( py); otherwise &; = co. The set of all detours (i.. longest
paths) in G is denoted by A(G).

Resuming to the Cluj and Szeged matrix definition.

Let p eD(G) or p €A(G); the Chyj Fragments, CJ and CF represent the sets of vertices

obeying the relations

Clijp={v PeV(GY; d(G)yi< d(G)yyi and 3 we W, Vw)nV(p) = (i)} O

CFijp={v IveV(G); d(Gp)y,i < d(Gp)y,j; G = G—p @
Here, G, = G - p is the spanning subgraph, resulted by deleting the path p joining the

vertices i and j (except its endpoints), d(G) and d(G,) denote the topological distances

measured in G and Gy, respectively, and D(G) and A(G) have the above mentioned meaning.
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The sets CJ;j,, and CFjj, represent subgraphs (connected or not) in G, related to the
endpoint § and referred to j and path p.

In Cluj fragmentation criteria the path p plays the central role in selecting the
fragments. In cycle-containing graphs, more than one path could join the pair (i) thus
resulting more than one fragment related to i, so that we define the nondiagonal entries [UM];

in the Cluj matrices as the maximum cardinality of the sets defined by egs 1 or 2

(um), =m:.r|ViJ_p\ @

where M = CJD (Cluj-Distance, p eD(G)); CJA (Cluj-Detour, p € A(G)), CFD (Cluj-
Fragmental-Distance, p €D(G)) and CFA (Cluj-Fragmental-Detour, p € A(G)), and |V,-J_,,] is
the cardinality of the set CJj;, or CF;j;p. The diagonal entries are zero. The definitions above
hold for any connected graph.

The Cluj matrices are square arrays, of dimension N x N, usually unsymmetric
(excepting some symmetric regular graphs). They can be symmetrized, e.g., by the Hadamard
product with their transposes

SM,= UM« (UM)’ @

SM,=SM,+ A (5)
The symbol e indicates the Hadamard (pairwise) matrix producl's ([M oM ;= [M,];; [Ms] ).
For the symmetric matrices, the letter S is usually missing. In eq 5, the Hadamard product
between the path-defined matrix SM,, and the adjacency matrix A (i.e. the matrix having the
non-diagonal entries unity for two adjacent vertices and zero otherwise) provides the
corresponding edge-defined matrix, SM,, which is a weighted adjacency matrix.

In trees, CID , CJA , CFA and CFA, are identical, due to the uniqueness of the path

joining a pair of vertices (if). Some special properties of Cluj matrices were exposed

elsewhere.'*'21

As noted above, the sets CJ ;, and CF;j, represent subgraphs in G, either connected
or not, related to the endpoint i and referred to j and path p. The connectivity of CF sets was
demonstrated elsewhere.'® A case in which CJD;jp is disconnected while CFD;j, is
connected is illustrated in Figure |. Along with the Cluj matrices, the sets CJj;, and CFy;,

are presented as well,
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Figure 1.Unsymmetric Cluj matrices and fragmentation for the graph G).
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Figure 1. (continued)

An interesting property is shown by the detour-based matrices: CJA, and CFA,,. Let

consider the vertices 8 (of degree 1) and 5 (of degree 2) in G, Figure 1. The vertex 8 is an
external vertex (with a terminal path ending in it) while the vertex 5 is an infernal one
(usually a terminal path not ending in it). An external vertex, like 8, shows all its entries in the
Cluj matrices equal to 1 (see Figure I). The same entries are shown by the internal vertex 5.
This unusual property is called the internal ending of all detours joining a vertex i and the
remaining vertices in G. Such a vertex is called an internal endpoint."® There exist graphs
with all the vertices internal endpoints and their detours are Hamiltonian paths now. This kind

of graph we call the fill Hamiltonian detour graph, FHA."



According to eq 3, sets of maximal fragments CJDS,-T}, CJAS,-‘TJ’-, CFDS,“E and

CFASﬁ are expected in some graphs. This observation is important in the calculation of Cluj
property indices (see the next section).

Szeged Fragments, SZD;j and SZA;; are defined by the equations:

SZD;; = {v|ve V(G); d(G),;<d(G);} (6)
SZA;j = {v|lve V(G); A G)yi< X G)y ) &)

These fragments represent the entries in the unsymmetric Szeged matrices, USZD and
USzA." In eq 5, & G),,; represents the detour between the vertices i and v.

Note that in the definition of the Szeged fragments, the path joining the vertices i and j
is irrelevant. Thus, in Szeged fragmentation criteria, each pair (i,j) effects one and only one
fragment. It was demonstrated elsewhere'® that the Szeged sets SZD;; represent connected
subgraphs (i.e. fragments) while SZ4;; are not necessary connected.

In any graph, CJD, = CFD, = SZD,. In cyclic graphs, CJD, # CFD, = 8ZD, , CJA,
# CFA, # SZA,.

Fragmental Property Indices

Model Parameters
It is well known that the physical laws govern the natural phenomena. Macroscopic
interactions are interactions of field-type. The field is produced by a scalar function of

potential. Let flx, y, z) be such a scalar function. This function induces a field given in terms

of the gradient of f:
- d: 8. 0z of- of . of
V. =l — = —k | Vi) =— —f+—k 8
f—{axwﬁyﬁaz ]ﬂryz) axHay" B (8)
For the potential of type
fxn ) =pz 9

and applying eq 8 we obtain the associated field, in the form:



s =%f+%j+%;=€§_"f+%ﬂ;+5_‘;ﬂh w0
=0i +0j+pk=pk=p
This is the case of the well-known uniform gravitational field:

G=mg an
the potential of which is given by

E,=E,(z)=mgz (12)
where m is the mass of the probe and z is the reference coordinate.

Note that eq 10 is applicable not only to the Newtonian (gravitational) interactions but
also to the Coulombian (electrostatic) interactions. In both cases the relation is valid if the
mass m (or the charge g) that generates the potential f and associated fieldV - is far enough
(r >> z) for the approximation (r + 2)%/* = (P +2r+ ) =1 +2gr+(r)’ =1 be applied
in the equation of field produced by m or ¢ (see below).

For the potential of type:

fx, p,2) =p/ (13)
¢€q 8 leads to the associated field:

V.f :%f+§}:j+gj=a(p/z)f+a(P/Z)f+a(gz/z)f=

4 ox
=t gl _ 5 (14)
=0i +0j+—2pk :—sz =—%2=—L2
z z ./ z
This is the case of well-known (non-uniform) gravitational field given by:
é:é(m,r):—k%F (15)
P
and the associated potential of the form:
U=U(m,r)=k™ (16)
r

where m is the mass of the probe and r is the position relative to the location of the point

producing the field.

For the Coulombian ficld eq 14 becomes:
Fe =Ff(r)=-k13; a7n
r

and the potential associated to the Coulombian field:



U=U(qr)=k1 (18)
r

For fragmental property indices four models of interaction are implemented:'? two of
them are topological (dense topological and rare topological) and two others are geomerric
(dense geometric and rare geometric).

The models are related to two types of field interactions: one of weak dependence on
distance for the potential of the type (9) generating a uniform field (10), and the second, of
strong dependence on distance for the potential of the type (13) that generates a non-uniform
field (14).

The variables in the models are metrics of distance d (topological dr and geometric
dg), properties @ (mass M, electronegativity E, cardinality C, partial charge or any other
atomic property P), property descriptors £2 (p, d, pd, 1/p, 1/d, p/d, p/d2, p2/d2) and methods
of superposition ‘¥ (S, P, A, G, H).

Let xj, ..., X, be rational numbers, the (mathematical) superposition is

X
n n n

¥ 5= x;3 P=[]xi5 A=S/n; G=(sgn(PY" -tfabs(P}; H={zl} (19)
i=l i=1%i

i=l
The expressions for the property descriptors are:
2

@i p=pidmispda p-d; Vo=t et it= L= ipoap=2_
p d d d? d?

(20)
where p is any property (p € @) and 4 is any metric of distance.

These variables are most frequently used in our models by the following reasons:

- The expressions of the property descriptor £2 simulate the most occurring physical
interactions (e.g. p, pd, p/d, p/d2, p2/d2)2° and the most usual descriptors in topological and
geometric models. The property descriptor is used either in the calculation of the verrex
descriptor (when d is the distance from the vertex v to j and p is any atomic property) or in the
evaluation of the fragment descriptor (when d is the distance between the center of property
of the fragment and j, while p is a calculated fragment property).

- The (mathematical) superposition is applied upon a string of vertex descriptors for
giving a fragment descriptor. Note that ¥ means § = sum; P = product; A = arithmetic mean;
G = geometric mean and H = harmonic sum. The summation is suitable in the case of any

additive property (mass, volume, partial charges, electric capacities, ete.)’!. The multiplication
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occurs in concurrent phenomena (probabilistically governed)*. The arithmetic mean is useful
in evaluating some mean contributions (corresponding to some uniform probabilistic
distributiony™*?*. The geometric mean is used in calculating the group electronegativities****,
Finally, the harmonic sum is important in connection with the elastic forces, electric fields

and group mobility in viscous media.”’
Model Descriptions

Let (i) be a pair of vertices and Fr;; any fragment related to { and referred to j.

Dense Topological Model

Let v be a vertex in the fragment Fr;; The property descriptor applies to the vertex
property p, and topological distance dy,;. The fragmental property descriptor PD, resulting
by the vertex descriptor superposition, gives the interaction of all the points belonging to the
fragment Fr;; with the point j:

PD(Fr; ) = e'l;w(ﬂ(dmmv)) 20

v

The j point can be conceived as an internal probe atom (see the CoMFA approach)zg.

However, the chemical identity of j is not considered.

Rare Topological Model

Within this model, the property descriptor applies to the fragmental property and
topological distance dr ;. The fragmental property descriptor models the interaction of the
whole fragment Fr;; with the point j and looks the global property being concentrated in the
vertex i:

PD(Fr; )= Q(driy, ¥ (p.) @2

v
veFr;;
Dense Geometric Model

The fragmental property descriptor is the vector sum of the vertex descriptor vectors.

It applies the property descriptor to the vertex property py and the Euclidean distance g, jin

providing a point of equivalent (fragmental) property located at the Euclidean distance
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dg cp;,j (with dg cp, ; being the distance between the center of fragmental property CP, of
Fr; 7 and the vertex j). The vector of the fragmental property has the orientation of this

distance vector. The model simulates the interactions in non-uniform fields (gravitational,

electrostatic, etc):

- JEVJ
PD(Fr; j)= i Q=0—=5 P(Fr)= (py)i
"
J

v
Evj vefr;

ve%r,-‘r-n(dE v Py )

‘fs.(P,-,fQ}l(DG( Fr ),P(Fr; ), (23

where dg cp, ; is the distance that satisfies: X dg cp; j . P(Fr; j)) = PD(Fr; )

Rare Geometric Model
The scalar fragmental descriptor applies the property descriptor to the center of
fragmental property and Euclidean distance between this center and the vertex j.
The model simulates the interactions in uniform fields (uniform gravitational, electrostatic,
ete.):
PD(Fri ) =X dgcp j» ¥ (pu))i
veFr;

CPAxcp,, js Yep, jr3Ch, 5 Xcpi= %Py | 2Py (24)
veFr; veFr;;

Yerj = Zy"'p" ZPV; cp i = zzv'Pv ZP"

veFry veFry, veFr; veFr;

Some Particular Fragmental Property Models
Let i, j be two vertices in H{(G) and Fr;; any fragment related to i with respect to j.

Fragmental Mass
In evaluating the fragmental mass, the chosen property is @ = M, descriptor 2 = p,
superposition ¥ = §, and the model is rare topological, RT. The fragmental mass descriptor

takes the form:

PD(Fr)= L M, (25)
veFr;
It models the molecular mass of the fragment. The name of the associated property matrix is

RTeDAM__p__S, with the known meaning for ¢ and Dd.
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If ¢ =5 and Dd = Di then RTsDiM__p__S, it models the molecular mass of the
Szeged Distance Fragments (eq 6). If ¢ = fand Dd = Di then the matrix RTfDiM__p__§
collects mean values of mass of all the fragments belonging to ¢ (with respect to j) according
to the CF criterion (eqs 2 and 3).

Fragmental Electronegativity
The well known equalizing principle of electronegativity E, is here considered: the
fragment electronegativity is the geometric mean of electronegativities of the s atoms joined

to form that fragment.
Let the property @ = E (electronegativity); descriptor £2 = p; superposition ¥ = G,

the model is rare topological, RT. The fragmental electronegativity descriptor is:

PD(Frj)= wr,,’! n E, (26)
Friy

It models the electronegativity of the fragment Fr;;. The name of the property matrix
associated with it is RTcDdE__p__G . Note that E, is the group electronegativity for vertex v

calculated with formula:

ROV fl—l Ebr @n
jel,

where b(v, j) is the conventional bond order between v and j (e.g. 1, 1.5, 2, 3 for single,
aromatic, double and triple bonding, respectively), E, is the atomic electronegativity

(Sanderson) and je I',, is any atom ( hydrogen atoms included) consisting the group 7.

Fragmental Numbers

The property @ = C (cardinality) was introduced for recovering some graph-
theoretical quantities and/or graph theoretical analogue indices (see below).

For descriptor £2 = p, superposition ¥ = {P, A, G}, and the model rare topological,
RT. the cardinal numbering descriptor of Fr;; is:

= 1

Fr;
PD(Fr)= 0 1="""" —jp T 1=1 (28)
veFr; | Frijl veFry;

The arithmetic mean A, geometric mean G and product P applied to 1 (value for

vertex property) leave it unchanged. The mean value for all fragments belonging to i vs. j (CJ
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and CF only) is also 1. All matrices RTeDdC_p P, RTeDdC_p_ A and
RTeDAC__p__ G have all their entries unity, except the main diagonal elements that are zero.

The corresponding path-calculated indices give the number of edges in the complete
graph having the same number of vertices N, as the considered molecular graph:

RTcDdC_p_PP_=RTcDdC_p_ AP =RTcDdC_p GP_=NN-1)2
Similarly, the edge-calculated indices, RTcDdC_p PE , RTDdC_p AE_,
RTeDdC _p_ GE_ give the number of edges in the molecular structure.

Let now the property @ = C, descriptor £2 = p, superposition ¥ = § and rare
topological model. The value of cardinal numbering descriptor for Fr;j is:

PDFry= T =P ,-,,{ 29

veFroti;

It models the number of atoms in the fragment. The associated matrices are of the form
RTeDdC_p__S:

RTMIC_p__S=CFD; RTfDeC_p_S=CFA

RTjDIC_p_S=CJD;  RTjDeC_p_S=CJA

RTsDiC_p_S=SZD; RTsDeC__p_ S=SZA

and the corresponding indices are exactly the graph-theoretical descriptors corresponding to
the Cluj and Szeged criteria (eqs 1-3, 6, 7).

Uniform Field Gravity

Let the property @ = M, descriptor £2 = p/d2, superposition ¥ = § and rare

geometrical model.

The uniform gravity descriptor of Fry; is calculated by:

PD(F)’;J) i ): ‘Mz’v
veFriJ dv,j

30)

It models the value of the gravitational field induced by the fragment Fr;; in the point

J. Values given by eq 30 are collected in the matrix RGsDdM_p/d2S while averaged values
are considered in RGfDAM_p/d2S and RGjDdM_p/d2S matrices.
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Non-Uniform Field Gravity
Let the property @ = M, descriptor €2 = p/d2, superposition ¥ = § and dense

geometrical model. The distance (vs. j) of the center of equivalent fragmental gravity of Fr;;

is:
. FARE
oM, g A00) 3 B @1
veFryd; ; dy; veFrdy ; dyj

dE.cp(Frpj= [UE Ty
i

It models the distance at which a point mass equal to the fragment mass Z M, should
veFr;

be located vs. j such that the gravitational field induced by Fr;j in j be equal to the field

induced by all atoms of the fragment. The associated matrix is of the form DGeDdM_p/d2S.

Uniform Electrostatic field
Let the property @ = P (Qp implicitly, in the Cluj Program), descriptor €2 = p/d2,
superposition ¥ =S and rare geometrical model. The uniform electrostatic field descriptor of
Frijis:
2p, G2

PD(F’,J )= > 7
veFr; du,j
It models the value of electrostatic field induced by the fragment in j. The property matrix is

of the form: RGeDdP_p/d2S.

Non-Uniform Electrostatic Field
For the property @ = P (Qp implicitly), descriptor £2 = p/d2, superposition ¥ =§ and

dense geometrical model, the distance (vs. j) of the center of equivalent electrostatic field of

i gP_"@ i 33)
veFr; dsd dv,j

Frij is:
QP Ev f
d W Yy EFv v
E.CP(Fr;).j veFr; veFr, 53,,' d,;
It models the distance at which a point charge equal to the fragment charge Z Op
v
veFr ;

|
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be located vs. j such that the electrostatic fieid induced by it in j be equal to the field induced

by the all atoms of the fragment. The associated matrix is of the form: DGeDdP_p/d2S.

Uniform Field Gravitational Potential
It is obtained for the property @ = M, descriptor 2 = p/d, superposition ¥ = . and

rare geometrical model. The property descriptor of Fry; is:
(34)

M
PD(Fr;;)= £ —Y
veFr;; ‘iv ;
o
It models the value of the gravitational potential induced by the fragment in j. The property

matrix is of the form: RGeDdM_p/d_S.
Non-Uniform Field-Type Gravitational Potential
For the property @ = M descriptor (2= p/d; superposition ¥ = §; dense geometrical

model, the distance (vs. j) of the center of equivalent fragmental gravity of Fryj is:
i
d. : d. . |2
Mv_dw_ 5 MV..’.‘_"A (35)
veFr,-‘,-va. dv,j

I M
v veFr; dy; dy;

dE’CP(F"\f)’j= {vsf‘r- .
S
veFr;;

] :
It models the distance at which a point mass equal to the fragment mass ( Z M, ) should

be located vs. j such that the gravitational potential induced by it in j be equal to the potential
induced by the all atoms of the fragment. The associated matrix is of the form
DGeDdM_p/d_S.
Uniform Field Coulombian Potential
It is obtained for the property @ = P (Q, implicitly), descriptor 2 = p/d, superposition
¥'=§ and rare geometrical model. The electrostatic potential descriptor of Fry; is:
(36)

2py

PD(Frij)= X
veFr; d, J
It models the value of the electrostatic potential induced by the fragment in j. The property

matrix is of the form: RGeDdP_p/d_S.
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Non-Uniform Field Electrostatic Potential
For the property @ = P (Qp implicitly): descriptor 2 = p/d; superposition ¥ = § and
dense geometrical model, the distance (vs. j) of the center of equivalent electrostatic potential

of Fryjis:

dE cp(Fr, 3= { Z Qpy (37

vefFr;

s Qv dyjlf 5 Qv dyy
veFr;d, ; d, ;|| veFry d, d,;

It models the distance at which a point charge equal to the fragment charge ( ZQ Py )
veFr,

should be located vs. j such that the electrostatic potential induced by it in j be equat to the
potential induced by all the atoms of the fragment. The associated matrix is of the form
DGeDdP_p/d_S.

In all the above models, j appears as a virtual probe atom . In the opposite to the
CoMFA approach, whose descriptors are calculated as interactions of the molecule with
external grid probe atoms, our approach makes use of internal probe atoms: the property of
fragment Fr;; is viewed as the interaction of atoms forming the fragment Fr;; with the atom j

(with no chemical identity, however). Other particular fragmental property models

the reader can find in ref.'”

Fragmental Property Matrices

The fragmental property matrices are square matrices of the order N (i.e. the number
of non-hydrogen atoms in the molecule). The non-diagonal entries in such matrices are
fragmental properties corresponding to any pair of vertices (i) by a chosen model.

In case of Cluj criteria, the fragmentation can supply more than one maximal fragment

for the pair (iy). In such a case, the matrix entry is the arithmetic mean of the individual

values.
Thus, if ij € W(G). i =jand Pyy= { p} j, p}j.. pf '} paths joining i and , then cf. €J

or CF definition (eqs 1-3), the fragments Fr,-1 J,Fr,-%j,...,Fr,-’fj are generated. Let m be the

number of maximal fragments among all the k fragments, 1< m < &, and let oy, ...,0, be the
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index for the maximal fragments. By applying any of the above models (eqs 21-29) for all the
m maximal fragments we obtain m values (for example, by eq 29):
PD(F:r ), PD(F17), oo PD(FYS)
and consequently, the matrix entry associated to the pair (i) is the mean value:
L o
2 PD(Fr})
PD; == (38)
m
The resulting matrices are in general unsymmetric but they can be symmetrized (see eqs 4, 5).

The symbols for the fragmental property matrices will be detailed below.

Operators for Calculating Fragmental Property Indices

Fragmental property indices are calculated at any fragmental property matrices above
discussed, by applying four types of index operators: P_, P2, E , E2 according to the

relations:
P_(M)=%LZM); 3 P2AM)=%ZZ [M] M)

E_(My=%LZ [Ml;;[AL; 5 E20M) = $ZZ [M],IM];i1Aly (39
where M is any property matrix, symmetric or unsymmetric.

Name of the Fragmental Property Matrices and Indices

The name of fragmental property matrices is of the general form:

ABcDdESTffTG (40)
where:

A € {D, R}; D = Dense; R = Rare;

B € (T, G}; T = Topological; G = Geometric;

c e {f, ], s}; f= CF-type; j = CJ-type; s = Sz-type;

Dd < {Di, De}; Di = Distance; De = Detour;

E € @(i.e. Ee{M, E, C, P} where M = mass, E = electronegativity; C = cardinality,
P = other atomic property - implicitly, partial charge; explicitly, a property given by manual
input);

fffff « Q(ie fifffe{_p_ , Up_,_d_, _l/d_ _pd_ _p/d_, _p/d2, p2/d2}


































































