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ANNOTATION

Mass-spectirum of a molecule contains information on the
ways of moleoule fragmentation and on the probability of each
fragment to be formed as a result of intramolecular decay
occuring upon electron impact, therefore it can be used for
estimating reactive capability of a molecule.

At present, no theoretical model is available that would
permit to evaluate the reactive capability of a compound when
given its structural formula. To solve this problem one ecan use
topolegical indices that are associated with the mass-spectirum
characteristiocs.

In the present work some informaticn topological indices
based on the metric characteristics of melecular graphs and
therefore reflecting specific structural features of a molecule
are proposed along with information indices of mass-spectra
which characterize the mass-spectral properties of molecules
and their reactive capabilities under the conditions of
electron impact fragmentation. The ecorrelation cof molecular and
spectral indices is sltudied; for a set of thirty five ferrocene
derivatives CpFeCsH4R, it is established that the initial set
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-7 oompounds is divided into three subsets by linear
regression. In the cases considered the correlation factors
varied from 0.80 to 0.97.

INTRODUCTION

One of the Kkey problems of modern chemistry is to
establish a relation between the structure and reactive
capability of molecules. The traditional approach to this
problem consists of the search for quantitative characteristics
of processes (kinetic and thermodynamic parameters of
reactions) as functions of electron and structural parameters
of molecules [1]. Generalized characteristics describing both
the structure and reactive capability of molecules are of the
greatest interest. Introduction of generalized characteristics
allows to order the whole set of compounds according to their
chemical activity with respect fo molecular substituents and
special structural features of the molecular skeleton. The
compact form of presentation of the molecular structure and
reactivity can be used for predicting the reaction types for
molecules of a given class; for the search of new compounds
within the given range of reactive capability characteristics;
for the classification and identification of compounds or for
the search of structural analogs; and for the selection of
reagents when solving the problems of synthesis. At present,
the topological indices of molecular graphs are widely used as
structural invariants [2].

The choice of generalized indices of reactive capability
is a more complicated problem since, as a rule, total schema-
tiecs of liquid phase reactions including the data on either
outputs or rate constants for all the final and intermediate
products are not known. To this end, one can use the mass -
spectrum as the mapping of the series - parallel process of
intramolecular dissociation of molecular ions, because it
contains full information on the probability of appearance of
€ach product formed upon fragmentation of the studied compound
under electron impact. As the mass-spectrum generalized
characteristic one can use the information index that is
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caleulated by the formula of Shannon [3]).

The fact that there really exists a correlation between
mass-spectral characteristics and reactive capability of a
molecule is supported by the correlation between relative
intensities of ion mass-spectrum peaks and either substituent
constants or activation energies of corresponding processes
for ion intramolecular dissociation [3].

On the whole, mass-spectra reconstruct an approximate
picture for the structure and reactive capability of molecules
by displaying the “behavior" of some of the molecular
fragments, which can be interpreted as subgraphs of molecular
graphs. Topological indices [2,6]), in particular, metric
characteristics (5] allow also an approximation which describes
the molecular graphs as a whole, evaluates the graph
compactness (or branching), and describes the position of
individual subgraphs (fragments) in the molecular graph.

For predicting the molecular properties on the basis of
spectral information, the conventional integral topological
indices have some disadvantages since they are not
structurized and do not provide local characterization for
individual molecular fragments (including those corresponding
to the mass-spectirum ions).

The generalized indices, which take into account the
spectral information features, can be obtained on the basis of
new topological characteristics — graph topological spectra [7]
which provide the lccal characterization of individual
molecular fragments. In order to estimate the relation between
topological characteristics and mass-spectrum characteristics
an information approach is utilized {6,9] providing a method
to quantitatively analyze various ways of presenting ohemical
structures and compare these ways in terms of the same
quantitative scale.

TOPOLOGICAL SPECTRA OF MOLECULAR GRAPHS

Let G(V,E) be a finite non-oriented connected non-marked
graph without loops and multiple edges. The graph G
corresponding to molecular stiructure will be called the
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mclecuiar graph. A fixed set of subgraphs of the molecular
graph G is dencted as H = {Hi|i=1...k).

Let the pair <G,H> be associated to the structurized
topological index which is in fact a family F of sets of
topological characteristics F“(H) {IJ(H )s r-"'uae),...,r (H))-
Further we shall denote fJ(H )= 1'J and Fﬁ{f3|1~1--.k, j=t...n}.

Definition. A topologlcal n dimensional spectrum Sn(G) of
a graph G is a cpllection of wvalues of sets of topological
characteristics FJ(H). j=1...n , when mapping F—E" of a
family of topological characteristics to Buclidean space.

A topological two-dimensional spectrum (n=2) will be
called simply a topological spectrum and a topological two-
dimensional spectrum of a single-vertex subgraph, i.e. Hi~<vi>,
will be called a topological vertex spectrum.

In the case where metric characteristics are considered as
topological ones, the spectrum will be called the metrie
spectrum.

Fig.1 shows an example of the metric vertex spectrum 5, (G)
for a tree. The set H~{v |i= 1...5) is represented by vertlces
of a tree G and functlons f and f2 are metric characteris-
tics: mz(v) is the vertex mean sguare deviation and e(v) is the
vertex eccentricity, respectively [5].

For plotting a two- d1men51onal spectrum let us draw its
fractions [(fT(U-) fe(v )i (f (v s O)] and oall these the spec-
tral 1lines. In the case where u )= r (v ) assume that

2(Ui.v-)= fe(ui)+f2(U-) and the correspondlng line is a 2-
multiple cne. If there are k coinciding values of function I1.
the spectral line is k-multiple.

The speciral line corresponding to vertices 4 and 5, given
in Pig.1, is multiple and e(vd‘U5)=&(v4)+e(U5)=6'

Let us give one more example of the metric vertex spectrum
construction. To this end, let us consider some notions from
Ref.[5].

The layer matrix of a graph G=(V,E), |V(G)|=p , is called
a matrix A( G)-“KlJ” i=t...p , j=1...4(G) , where Aij is equal
to the number of vertices located at a distance j from vertex
i, d(G) is a diameter of graph G. The matrix 1(G) consisting of
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Fig.1. Metric vertex spectrum SE(G).

all mutually different (if arranged in pairs) rows cf the layer
matrix is called l-spectrum. The graphs G, and G, are called
isometric, 1f +there <can be established a one-to-one
correspondence on the sets of their vertices sc that distance
is conserved. As is known from Ref.[5], graphs G1 and 02 are
isometric G1< ~ >G2 , if their corresponding l-spectra are the
same, i.e.l(G1)=l{Gg). The iscmetricity ratio G1< = >G2 divides
the vertex sets of these graphs into the isometricity classes.

Fig.2 (a,b,c) shows the layer matrix with separated
classes of autometricity for the molecular graph of
methylferrocene . The matrix is canonical: its lines are length
decrease cordered and then the lines of the same length are
ordered lexicographically. The numeration of autometricity
classes Xi, i=1...8, corresponds io the line numeration in the
canonical layer matrix.

The metric vertex spectrum of graph G on the basis of
autometricity ratio can be defined for functions 11 and f2 such
that 1! corresponds tc the graph autometricity classes and 2
is the number of vertices in each class. The multiplicity of
lines of such a spectrum will coinecide with f2 5

Fig.2(d) shows the described metric vertex spectrum for
the methylferrocene melecular graph.
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The examples considered above are topological vertex
spectra where metric characteristios were used as their
functions. The use of metric characteristics of fragments
(subgraphs) of the graph [5] as £ characteristics enables one
to get metric fragmentary specira.

The degenerate case of topological n-dimensional spectrum
is a 1-dimensional spectrum for the pair <G,H>, where H={G},
whose set of topological characteristics consists of a single
element, being the characteristic of the graph G. Such charac-
teristics are ,for example, following metric characteristics:
the eccentricity of graph e(G), the distance of graph D(G), the
average distance of graph DaV(G) etc., as well as any other
integral characteristics of graphs.

Thus, here are considered some examples of a new class of
structurized topological characteristics of graphs. The use of
these characteristics for construction of information theoretic
topological indices [6], will be illustrated further for the
problem of a structure-reactive ocapability for organometallic
compounds.

INFORMATION INDICES OF METRIC VERTEX SPECTRA AND MASS-SPECTRA

The following well-known principle (6] is generally used
for the construction of information indices.
Let X be a set consisting of n elements.let us assume that

by some equivalence coriterium the elements are divided into N
N

equivalence classes Xi' so that n = ¢ n where n; is the num-
L=1
ber of elements in subset Xi. Then p = n /n is the probability

for a single element to belong to the i-th subset, and to
estimate quantitatively the information that corresponds to one
element of the set one can use the distribution entropy for the
set elements defined by the following formula of Shamnnon [3}:

N
H=-Ip.logp (1)
=1

For construction of information indices for molecular
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atructures in theoretical chemistiry atoms and ochemical bonds
are regarded as the set elements; information on the molecular
symmetry is also used.1

Information indices of molecular graphs were constructed
for various matrices of graphs (adjacency matrix, cycle matrix)
and also for some topological indices such as the Wiener,
Hosoya and Randic indices , the Balaban centric ind.ex.2

In the work presented here, correlations between the gene-
ralized spectrum characteristics and the melecular structural
invariants are studied. Information dindices of the mass-
zpectrum calculated according to formula (1) in Ref.[8] were
used to estimate of reactive capability of meclecules.

Two indices were considered:

1) HA information index of spectrum with no account of ion
masses, i.e.,

p. =4 /LA (2)

2) HS information index of spectrum, taking into account
the ion masses, i.e.,

mL.A'L
P @)

Im A

jea 44
where A; is an amplitude (intensity) of the mass-spectrum i-th
peak, my is the ion mass corresponding toc the i-th peak, N is
the number of peaks in the mass-spectrum.

The information indices cf metric vertex spectra of mole-
cular graphs were considered as structural invariants of
molecules.

Information metric index HI of the metric spectrum
deseribed above, based on the autometricity ratio,is defined by

! References to original works can be found in (2,6].

o
=

See previous footnote.
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the following formula:
2 2
N II. L
H =-E—5— - log, & (4),

1=1

where i‘% is the number of vertices in the i-th class of auto-

metricity, and n = E f? is the total number of graph vertices.
The ini'ormaticlm1metric index H2 of the metric vertex spec-
trum, for which the vertex distance of graph D(v) was used as a
function 11, with IE being equal to the number of vertices with
the same distances, coincides with that described in Ref.[6].
The index is calculated by the formula:
N D(v )'n D(v, )'n
H, = -L - log, -t (5)4
i=1 2D(G) 2D(G)

where D(G) is the graph distance, ny is the number of vertices
of distance D(vi).

Also considered was the information index H:3 defined for
the degenerate metric spectrum with I1 =Dav(G). It is calculated
by the following formula:

H, = 10g,D,,(G) (6)

In this case, since the speotrum is given by the value of
the metric characteristic Dav(G) and there is no splitting into
equivalence classes , the formula of Shannon cannot be used.

For the given indices a linear regression analysis was
carried out in order to determine correlations between these
indices and the information indices of mags-spectra.

DISCUSSION OF RESULTS

A group of mass-spectra of ferrocene derivatives
¢ FeC H R, where R is a series of substituents given in Table
1, was chosen as a subject of the study. The calculated HA in-
dices ordered in succession of their decreasing values, HS in-
dices and corresponding values of calculated values H1, H2, H3
for all 35 substituents are also given in Table 1. Fig 3 shows
some examples of HA as a function of H1 for three sets from
Table 2. HA as a function of 32 and HS , and HS as a function
of H;, H,, Hy can be recovered by Tables 1 and 2.
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An analysis of the results has shown that the whole set of
three
belonging to its corresponding regression, and for these cases,

can be

split into
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sets,

the correlation ratio ranges from 0.80 to 0.97.

each of them

Table 1. Calculated values of indices HA, HS, H,, H,, H; for
ferrocene derivatives.
N R HA HS H, H, H,
1 |QCOPh 2.5833 2.5349 8. 5788 9. 56390 7.2429
2|H 2.6041| 2.2093| 1.2286] 1.4323| S.06845
3(CN 2. 9443 2.5489| 2z.4911 2. 4484 | 5.8237
4 |CH=CHCN-trans 85.1147 2. 75%0 3.03490 3.0588 6. 3508
S |CH=CH, 9. 2164 2.7948] 2.8917| 2.8023| G6.2110
< | COOH 3.2958 2.9853 2.7807 2.7780| &6.0870
7 | OCOMe 3. 4095 2.9304| 2.9750| 2.0308| S.5142
8 CMQ:CH: 9. 4769 2.8748 3.01906) 2.9627 6. 5140
o | CHO 3.6745| 3.3840| 2.5539| 2.4952( 5.9440
io | COPh 3. 6840 | 2. 9938 3. 4898 9. 4727 ?.0615
11 |Me 3. 7455| 3.4207| 2.5826| 2.5031| G.0408
12 | CH=CHPh 3.8222| 2.9078| 3.6635| 3.6418| 7.2790
13 |COOMe 3.8757| 3.4056| 2.9750| 2.0219| O.4054
14 |COEL 4.0753| 9.6152| 3.1318| 9.0744| S.6548
15|C(Me) (OH) (CHLCN)| 4.0847| 3.7704| 3.4357| 3.4011| o.9186
16 | COMe 4.0876] 3.5524| 2.8521| 2.7923| S.3192
17 [CHL0H 4. 0909 | 3.6768| 2.8317| 2.8108| &.1785
18 |NEt, 4.2017| 9.7428| 3.10061| 2z.90810| 7.0923
19 | CH=CHCOCH=CHFPh 4.2370| 9.5820| 4.1068| 4.006c¢3| 7.8470
zo |1 4.3749| 3.080398) 1.2266| 1.1923| 5.6848
21 |CH(OH)Me 4.3807| 4.1483) 9.0010| 9.04069| o©.4884
zz2 CH(GH)CMQE 4.3870 4. 0019 9. 1995 2. 0822 7.192%5
23 |CH(DOCMe )Me 4.4%501) 4.141325| 9. 4440 9.3841| 7.0027
24 | CH=CHCOMe 4.4989| 8.90226| 8, 9050( 5.2671| S. R240
25 [CH,Ph 4.8016] 4. 9056| 38.5107 9.490890| ?7.1011
26 | C(Me )=CHMe 4.8441 | 4.4327| 8.2506| 3.1865| S.8BO074
27 | CH=CHCOPh 4.0004| 4.0742| 3.8220| 3.7032| 7.4702
z8 | COCH=CHPh 5.0484 | 4.2742| 9.8229| 9.7950| 7.4814
29 | COCF 4 5.1005| 4.8241| 2.8%521| 2.7929| ©.81902
30 | CH=CgH,, 5.26v8| 4.06130| 3.2993| 9.2608| ©.B755
EXS CH(DH)CHzPh 5.3283| 4.905c68| 3.8452 8.8127 7. 3005
32 |C(Ph )=CHCOOH 5.3380| 4.c6880| 3.8079| 3.9153| 7.3792
EE] (CH,)uCUUH 5.3770)| 4.6810| 3.7448| 3.7394| 7.20590
3< |CSPh 5.5972| 4.0702| 9.4808| 3.4727| 7.0615
35 |CH=C (CONH, ) » 6.2301| 6.0075| 3.3079| 3.2214| 7.0654
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Table 2. Correlation coefficients r for all subsets of
substituents.3

{rdices substituent numbers from -
Tables 1
1
H 2, 3, 4. 5, 6, ?, 8,10,12,19 0. 94
1
2 2. ©,11,18,14,16,47.,.108,241 ,22,
H 0. 07
H‘ 1 23,24,23,24,25,27 ,28,32
3
H’ 20,20,80,31,33,34 0. Da
1
Hz 3, 4, 5, &, 7, B,10,12,19 0. 9%
2 2, 9,144,143 ,14,16,17,18,21,22,
O. 97
HA HZ HZ zZ9,24,25,27,28,341 .32
3
Hz 20,29 ,30,31,349,134 . 05
i
Hs 2., 9, & % S, P, 8,40,42,88 c. 97
2 ©,14,18,14,15,16,17,18,21,22,
H H o.87
a 3 29,24,25,27,28
3
Ha 20,29.30,34,32,33,32 o.88
i
H 1, 3, &4, 5, 6, 7, B, ©,10,15 o.92
1
2 14,412,143 ,44,46,i7,418,19,24 ,22,
H H o.81
1 1 23,24,25.26,27
3
H’ 20,208,29,90,391,82,99,34 o. 91
1
5 i, 3, 4, 5, 6, 7, @, P,10,15 0. 01
14,12,49,14,16,17,18,19,21,22,
HS 0. 80
Hz Hz 29,24 ,25,25,27
H: 20 ,28,29,80,31,32,9%,34 [ -F
1
H3 1, 8, 4. 5, &6, 7, ¥,10,15 o. 94
2 11,12,19,14,46,17.18,19,21,22,
H H 0.8
a 3 239,24 ,206,27
3
HH 20,25,28,29,30,%341,33,34 0.902

Values Hi. i=1...8, j=1...3, are taken from Table 1 according
to the number of the substituent in the given Table.



= 227 =

This fact shows that some of substifuents belonging to the
same subset have some common properties which could be stipu-
lated by the nature and number of atoms in the subset as well
as by the substituent steric factors. The index linear depen-
dence can be considered as a criterion of adequacy for models
representing the generalized characteristics of spectrum and
structure.

CONCLUSION

In conclusion, it is worth noting that the structure-
topological analysis of molecular graphs and calculations of
metric characteristics , based on the analysis, were carried
out with no regard either for the atom's nature or molecular
bond types. Accounting for the weight factors in molecular
graphs, study of the ion element composition and neutral loss
observed during fragmentation, will provide the correction of
the studied correlations between the mass-spectral and
structural indices taking into account their partitionings on
the base of mass-spectral experiments. In addition, the
partition, observed in spaces (HA,Hi), i=1...8, and (Hsi,H),
i=1...3, of the whole set of substituents into its subsets
within the same class of compounds indicates an imperfection of
selected information metric indices. Their wuse should be
regarded merely as an attempt tc determine the dependence
between indices of different nature but reflecting one and the
the same physical essences of information sources. In this
connection, the necessity arises to develop indices which could
refer the compounds wiith different substituents to the same
class and which they would have a selectivity for various
classes of compounds. In this direction it seems very promising
to use information indices constructed on the basis of
topological fragmentary spectra for providing the
characterization of certain fragments of a mclecule and taking
into account the features of spectral information.
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