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desired physicochemical parameters
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A new method for computer searching for energy-consuming organic compounds (EOC)
with desired physicochemical properties has been developed. The method is based on a
specific multilevel system of efficient parametric and "quasi-structural” selection criteria
specially oriented to the search for EOC. This method makes it possible to perform the
search in the area of practically significant empirical formulae (not less than 15 atoms).
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Using computers to search for new compounds with
desired properties based on the quantitative modeling of
the compounds is one of the most important applied
aspects of the general chemical problem of the interrela-
tion between the structure and properties of a com-
pound. Work in this area, including some energy-con-
suming organic compounds (EOC),!=7 began rather
long ago, and some success has been already achieved.
However, in the area of EOC, the main efforts have
been directed to the development of computer methods
for the calculation of various physicochemical param-
eters for particular classes of compounds rather than to
using computers to search for particular compounds
with desired properties. The experimental search for
new energy-consuming structures requires great time
and material expenses and rarely leads to noticeable
results. Therefore, there is a real need to apply computer
search methods such as those used, for example, in the
area of physiologically active compounds and drugs, to
EOC. In this work, a method for a computer search for

EOC that takes into account the specific nature of these
compounds has been suggested.

Specific nature of EOC as objects of a computer search

The ladder of combinatorial objects studied in detail
from axiomatic positions8 includes two main steps cor-
responding to two types of chemical combinatorial ob-
jects: empirical formulae (EF) and structural formulae
(SF). The authors of Ref. 8 pointed out the possibility
of including new steps that depend on specific properties
of the particular search problem, which can almost
always be found in practice. At the corresponding stage
of the search, formulae of each type are selected by
using these properties. These properties (parameters)
will be called rarget parameters (TP).

In this work, the main TP is one of the most
important characteristics of EOC, the detonation rate
(D). A significant feature of the parameter D is that its
value is determined to a great extent by the elemental
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composition of the compound, which makes it possible
to select EOC even at the EF level. It should be kept
in mind that this specific feature of D is not unique and
is inherent in many physicochemical parameters, which
is evidenced by the great number of additive methods for
their calculation (e.g., density (p), enthalpy of formation
(AcHP), boiling point, efc.) based on elemental composi-
tion, sometimes with corrections for structural peculiari-
ties of molecules and sometimes without them. This fact
allows one to use values of physicochemical parameters
as selection criteria (filters) for EOC at all stages of the
search.

For clarity, the search area in this work is restricted
to C,H,N,O-containing substances. This does not imply
that the compound must contain each of these elements,
although at least one stoichiometric coefficient (SC) in
the EF C, H_ N,,O,, should not be equal to zero. In
principle, {-‘, &l, 13, Al, S, and other elements can be
included with the elements indicated.

Normed compositions. Empirical tetrahedron.
"Target parameter—normed composition™ diagrams

Each coefficient x; in the EF CX!HXZNXJOM can take
any nonnegative integer value. This eliminates the ex-
haustive selection of EF and makes it necessary to select
chemical formulae, which are less informative than EF,
at the beginning of the search.

We will use a procedure that has been previously
introduced into thermodynamics? and metallurgy!® and
has found wide application in materials technology. For
this purpose, let us transform the EF CleszxBO,q into

the form C7| H.nNnO,,‘, where

v; = 100 x;/Ex;. )
Formulae of this type will be called normed composi-

tions (NC). For all NC, the following equations are
evident:

YWY = X%, @
0 sy < 100, (3)
Ty; = 100. (4)

Equation (2) means that the same NC corresponds to
any two similar EF C, H,,N,,0,, and Cy‘HyanOy‘.
Equations (1), (3), amdl (42) mean that each index vy;
represents the relative content of the corresponding
element expressed in atomic per cents. Thus, any NC
determines an infinite family of similar EF.

It is evident that NC are inappropriate for the ex-
haustive selection as EF, because they form a set of the
same power as an EF set. However, Egs. (3) and (5)
make it possible to use the method mentioned above.
They provide a way to represent the whole set of NC to
the final geometric object, which, in our case, is a
regular tetrahedron 100 in height, hereinafter called an
empirical tetrahedron (ET).

N

Fig. 1. Empirical tetrahedron. Point P corresponds to the
normed composition C"HUN"O,‘. Reversely: the normed
composition Cn Hy,N,0,, corresponds to the point P.

It is known that the sum of the distances from any
point of a regular tetrahedron to each of its facets is
constant and is equal to the tetrahedron height. There-
fore, if the ET vertices correspond to the elements C,
H, N, and O, any point of the ET corresponds to one
and only one NC (Fig. 1). Each 7y; is equal to the
distance from a given point to the facet lying opposite
the corresponding vertex. And conversely one and only
one point of the ET corresponds to any NC.

Then, using the calculation methods, let us plot
“target parameter—normed composition™ diagrams (in
the given case, D—NC) analogous to the constitution
diagrams used in materials technology. For this purpose,
let us rotate the ET points by a specified increment and
calculate the D values for the corresponding NC. A
known method!1—13 was used for calculating D, in terms
of which D is a continuous function of all SC, p, and
AcH®. At the same p and the same A¢H°, the values of D
determined by this method coincide for any two sub-
stances with similar EF, i.e., they are sensitive only to
relative, but not to absolute values of SC. For the
determination of p, the method of calculation of this
value based on NC, which gives the same results for
similar EF,1415 was also used. Although this method is
very limitedly appropriate for the evaluation of the
density of particular compounds, its accuracy is quite
enough for the rough determination of tendencies of
changes in p depending on the relative content of differ-
ent elements in the compound, which is required at this
stage of the search. Since the calculation of AfH° based
only on elemental composition is impossible in prin-
ciple, the ET points were calculated at different fixed
values of AcH° from —500 to 1500 kcal kg™' and with an
increment of 100 kcal kg™!. The chosen region of the
change in AcH° easily overlaps the region of the real
values of this parameter for EOC, and this increment
makes it possible to determine the tendency of D to
change for fixed NC at various A¢H°.
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Fig. 2. Surfaces of equal D values at AH® = 0: D/km s™! =
7 (N and 9 (2.

The increment Ay; = | for all i was accepted for the
calculation of the ET points. Larger increments gave too
few points for plotting diagrams by interpolation. The
expense of computer time increased at smaller incre-
ments, and D varied from point to point within the
experimental error.

It is evident that the increment Ay; should be chosen
in such a way that it divides 100 evenly, thus the number

(N,) of ET points for which TP was calculated is the
following!®

_ Aloozay; 31007471
Ny = C11007av, = 31100/ a7) " ®)

and at Ay; = I, N, = 176851.
The TP—NC diagrams plotted by the data of these
calculations are families of surfaces, each of which is

Fig. 3. Lines of equal values of D/km s~} in the ET cross
section corresponding to the 20% content of C (y; = 20) at
AgHe = 100 kcal kg™t.

A3 (15, = 100 = 2)

A W, A
(y;, = 100 - 2 (y, = 100 — 3

Fig. 4. Determination of coefficients y;, (k = 1, 2, 3; ji = I,
2, 3, 4) for the NC corresponding to ﬁle point P in the ET
cross section corresponding to the fixed values of the coeffi-
cient y; = z = const (i # jy, jp, /3):

AAy = Ay Ay = A4 = 100 — 5

PW\ || ApAs; PW, || A3Ay; PW; || AiAy;

Yj‘ = A3Wl; 7]2 = Al "/2; YJJ = AZWJ'

formed by the ET points corresponding to some con-
stant value of TP (Fig. 2). These diagrams demonstrate
the general tendencies of the change in TP depending
on NC at a fixed value of AcHP.

To determine the particular NC of desired com-
pounds, the cross sections of the ET in the planes
corresponding to the constant relative content of one of
the elements were plotted (Fig. 3). The edge of the ET,
but not its height, is accepted to be 100. These diagrams
have the form of topographic maps. Any y; for each
point of this diagram can be easily determined, as is
shown in Fig. 4.

Thus, at a given stage of the search, a computer is
used for plotting TP—NC diagrams rather than for select-
ing particular NC. Diagrams analogous to those pre-
sented in Fig. 2 serve as demonstration material, and
those presented in Fig. 3 are tools for determining NC of
the desired compounds. Working with diagrams of the
second type is entirely similar to working with topo-
graphic maps.!” Normed compositions of desired com-
pounds are determined as points of horizontals corre-
sponding to the demanded TP values. Obviously, in the
general case, the same TP value corresponds to different
NC, which provides considerable freedom of choice for
the user. The factors limiting this freedom are manifested
only at the next stage of the search (selection of EF).

When the relative elemental composition is expressed
not in per cents, but in some other fractions, a different
edge of the ET should be used. For example, a stereo-
scopic image of a unit ET, on which several tens of
points correspond to known C,H,N,O-containing EOC,
has been obtained previously.18
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One more fact should be mentioned. At any Ay, the
values of TP are calculated, of course, only for rational
ET points (at integer A¥,; for integer points only). When
TP—NC diagrams are plotted (see Fig. 3), each hori-
zontal in each cross section of the ET is drawn, accord-
ing to these calculations, as a continuous curve through
any points of the cross section plane. The latter circum-
stance cannot lead to errors in the search, because all
TP are described!1—15 by continuous functions of all v,,
and the set of the points corresponding to these NC is
everywhere compact. It is noteworthy that an increase in
the number of possible elements composing EOC will
not create additional difficulties, although a geometric
object with dimensionality higher than 3 will be required
for mapping the set of NC.

Empirical formulae

The normed composition corresponding to the de-
sired values of TP determines only the atomic propor-
tions of the elements in the desired compound at a
specified value of ApH®. This information is insufficient
for determining the possibility of the existence of at least
one compound with an appropriate value of A in
terms of the given NC (the TP—NC diagrams are
plotted at arbitrary ApH°), and for determining the suit-
ability of the corresponding EF for further processing.

At the stage of the selection of the EF corresponding
to the chosen NC, the AiAP value still cannot be calcu-
lated and is specified by convention (more exactly, the
AcH® value at which the NC was selected is used).
However, for some TP, for example, for p,!415 there are
calculation methods sensitive to absolute values of SC
and more exact than those used at the previous stage.
This makes it possible to make parametric filters more
"rigid,” thus narrowing the ranges of acceptable values of
the parameters calculated.

In addition to parameteric filters, "quasi-structural®
filters can also be included at this stage. Their action is
presented schematically in Fig. 5 using as an example
the EF with the fixed sum of SC (S8SC; hereinafter the
expression SSC is used instead of the "number of atoms
in the molecule™), Zx; = 12, and the fixed SC at the
carbon atom x; = 2. It is evident that, unlike NC, the
empirical formulae of C,H,N,O-containing compounds
correspond not to arbitrary points of the continuous
finite ET, but to the nodes of the infinite regular tetra-
hedral network with a unit distance between any two
adjacent nodes. The regular tetrahedral segment with
the edge equal to 12 containing the plane corresponding
to x; = 2 (see Fig. 5, a) was chosen in our exampie.

The first and obvious "quasi-structural” filter is the
evenness of the sum Zxv;, where v; is the formal valence
of the ith element (see Fig. S, b).

The next is the connectedness of the molecular
graph (MQ), /e, in the given case, the formal possibility
of designing at least one SF of an individual compound
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Fig. 5. Subsequent exclusion of empirical formulae (a) by
evenness (b), connectedness (c), and active oxygen (d) filters
at the sum of SC Zx; = 12 and x; = 2 (points and circles
indicate arrested and passed EF, respectively).

based on the specified EF. This filter is based on the
cyclicity index:1?

r =1+ Zx{v;— 2)/2, (6)
where I' is the number of independent cycles of the
corresponding SF, which is known in graph theory as
the cyclomatic number.2® Multiple bonds also relate for-
mally to cycles: a double bond is a degenerate cycle and
a tripie bond is two conjugated degenerate cycles. There
is an analogy between Eq. (6) and the Euler formula for
simple polyhedrons,2! on the basis of which this filter
has appeared.

A necessary condition of connectedness is the
nonnegativity of I'. This means that only at T 2 0 can at
least one SF of an individual compound be designed (con-
nected MG). Then the number of cycles and (or) multiple
bonds is equal to I. This, however, does not imply that in
the given case all possible EF are exhausted by individual
compounds (i.e., by connected MG). Let us consider, for
example, the EF CgH s (I = 1), which can correspond
to at least two structures:

<:>——CH2-—CH3 and O + H,C=CH,,

The first variant is the SF of an individual compound
(connected MG) of the specified EF, and the second
structure is two structural formulae of two individual
compounds (unconnected MG), for which only the
sums of the corresponding SC satisfy the specified EF.
In the case of, e.g, the EF CgHyy (' = —1), only
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variants of the second type are possible, and none of the
variants of the first type is possible. These EF are
excluded by the connectedness filter (see Fig. 5, ¢) from
further consideration.

It is likely that the evenness and connectedness
filters do not even exhaust all possible "quasi-structural”
restrictions of a formal character that can follow directly
from EF. The search for these restrictions is a separate
problem of independent interest. However, in addition
to formal restrictions of a general character, various
"quasi-structural” restrictions following from the speci-
ficity of the particular search problem should be taken
into account. In the case of C,H,N,O-containing EOC,
the "active oxygen" rule is quite appropriate. This means
that there must be at least enough N atoms to link them
and only them with all O atoms, which is expressed by
the inequality x; 2 x4/2. The action of this filter is shown
in Fig. §, 4.

Only the EF that satisfy each of the "quasi-struc-
tural” filters reach the parameteric filters. The latter are
the intervals of acceptable values of TP calculated on
the basis of EF. The usefulness of the inclusion of
“quasi-structural” filters in the search procedure at the
stage of the selection of EF is demonstrated clearly in
Fig. 5.

Expanded empirical formulae

The selection of SF based on expanded empirical
formulae is the most important stage of the search (after
choosing EF that satisfy the desired values of TP).
Several unsuccessful attempts at a direct transition to
the design and selection of SF based on the selected EF
presented very clearly a combinatorial explosion, i.e., a
cumulative increase in the number of SF as the SSC
increases. To avoid the combinatorial explosion, we
used a known method (see, e.g., Refs. 8 and 22) that
involves the use of an intermediate stage, at which
intermediate formulae are selected between the selec-
tion of EF and selection of SF. These formulae must
satisfy the following conditions.

1. In terms of the specified EF, the number of
intermediate formulae (IF) must be less than that of SF
so that the computer search for IF should occur in the
appropriate computer time, and the number of IF should
not require much time for manual analysis.

2. A number of SF satisfying the preceding condi-
tion must correspond to each [F selected.

3. All TP that can be calculated on the basis of NC
and EF should also be calculated (and with at least the
same or higher accuracy) on the basis of the IF.

Expanded empirical formulae*® (EEF) turned out to
be the most appropriate type of IF for EOC. The
concept of EEF was based to a considerable extent on a
previously suggested method? for the calculation of p
based on an additional classification of atoms of each
element by type depending on the types of bonds formed
by these atoms with adjacent atoms and on the struc-

tural fragments containing these atoms. Each type of
atom was put in correspondence with a certain contribu-
tion to the molar volume? (a similar approach was
described in a known monograph?%). For C, H, N, and
O atoms, the following types were determined:24

——(}: e P 42\ =C%— =Ci=
—H
>
1 2___ 3
>O' =0?

”

An expanded empirical formula is an EF in which
the distribution of the atoms of each element by type is
reflected. For example, for the EF C4Hj, for cyclobutane
(1) and H,C—HC=CH—CH; (2) molecules, the fol-
lowing EEF were determined by the given set of atomic
types (7): Cl4Hg (1) and C!;,C%,H; (2). Here, in the
case of EEF 1, cyclobutane is composed of four methyl-
ene fragments, each of which is formed by a C! type
atom and two H atoms. In the case of EEF 2, two C!
type atoms and six H atoms form two methyl groups,
while two C2 atoms and two H atoms form an ethylene
unit.

The development of methods for the calculation of p
and AcHP adapted to the computer search for EOC14:15.26
required the modernization of the set of atomic types
(7). The minimum average absolute errors, the maxi-
mum correlation coefficients, and the best parameters
for error distribution for p and AA° were achieved when
C, H, N, and O atoms were grouped as the following
types:

“"%‘“‘ /Jz\ J‘L‘\ \\C‘\ \

(C)—H' (N, 0)—H?2

!‘ l | \ \\‘5
M AN gp(:s\) NV

>o' =0? —e0? J(l‘

L 8)

o

Unlike the initial set (7), in the modernized set of
atomic types (8), atoms included in aromatic cycles
(C3, N3, 0%) are separated; semipolar N—O bonds with
O? type atoms are taken into consideration, and H
atoms linked with N and O atoms are distinguished as
H2. C* atoms forming allene structures are excluded
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from consideration because they generally do not occur
in EOC.

Let us describe various structural isomers using the
modernized set of atomic types (8) with the EF
C,H;3N,0; as an example. Three SF of the given EF,
which correspond to three EEF (indicated near the
corresponding SF), are shown below.

]

7 Ty
N \
0? A\ =P \~O'/'N\o HN&N//O
3

201 22
CZH2N2O2

1 34 T2 2012
CgHZNgO‘OI C\ ClHiHlNINI

Now, using EEF 3 as an example, let us show that in
the general case some array of SF corresponds to each
expanded empirical formula. Three more SF corre-
sponding to the EEF C%,H!,N%,02, (in addition to that

indicated in the previous example) are presented below.

O=N O O=N
\—;—N _\JzN \N —
\.:.'..o EO —\:o
Thus, EEF make it possible to shorten the exhaustive
search for combinatorial objects in the "selection of
EF—selection of SF” region (the most "narrow point” of
the whole search procedure) due both to their relatively
small number compared to SF (remember that we deal
with orders of magnitude in both cases) and to the fact
that they contain direct indications of allowable (and
often necessary) structural fragments of the desired SF.
For example, in the case of the EF C;H4N;Oq¢
(trotyl and its structural isomers), the EEF
C!,C3¥H!sN2;02,03; corresponding to D = 7 km s7!
immediately points to the existence of a benzene ring
(C%) and three nitro groups (—NO,, —N2,02,03,, or

—Ngo ) as necessary fragments, and methyl, mono-,

di-, and trinitromethyl groups as acceptable ones. Some
of the SF designed on a computer taking into account
these restrictions are presented below.

NO,
O,N” i “NO,
Me

Trotyl

OZNQNO2
NO,
NO, NO,
O,N
2
\@ ’/©\N02
NO, NO,

In this case, all “structural possibilities” of EF at the
specified D value are reduced to the arrangement of the
same three substituents on the toluene skeleton and are
exhausted by 15 variants. The working time of the
program, which is a structure generator (SG), including
the displaying of the results, is comparable with the
duration of the initial data entry from the keyboard.

When restrictions similar to those presented above
were not specified, the SG in our computer did not
reach the design of the SF of trotyl (and other known
EOC based on the corresponding EF), and no evidence
of approaching the design of the desired SF were ob-
served.

For any fixed EF, the number of expanded empirical
formulae (Ng) in terms of the specified set of atomic
types is determined exactly, and for the EF C, H,,N,O,,
it is the following:

N = Col 3Gl G i Gy ®

It can be easily seen that each of the cofactors in the
right part of Eq. (9) is analogous to the right part of
Eq. (5). The exhaustive search for EEF is performed in
the same way as that for NC. Like EF, EEF pass
through "quasi-structural” and parameteric filters. The
compatibility of atomic types plays the role of the
"quasi-structural” filter. Let us clarify this using the EF
C,HsNO,, which has passed a fortiori through the even-
ness, connectedness, and "active oxygen" filters and has
at least one SF, as an example.

CH3;—CH,—NO, (EEF Cl,H!sN2,02,0%)).

There are other EEF appropriate for the design of
SF; however, there are some EEF that involve incom-
patible combinations of atomic types. For example, the
EEF C%,H2N!,0%,. Here the O* type atoms in aro-
matic heterocycles have no corresponding C? and N3
atoms (see set (8)), there are not enough N!, N2, and O!
atoms for the arrangement of all H? type atoms, and the
C? type atoms are unsuitable. The compatibility filter in
the EEF selection program acts similarly to the "active
oxygen" filter in the EF selection program, excluding
EEF with a deficiency or excess of mutually comple-
mentary atoms from further consideration. Expanded
empirical formulae that have passed through the com-
patibility filter undergo the action of parametric filters.
The latter work in the same manner as at the preceding
stages and transmit only the formulae for which calcu-
lated values of all TP lie within the specified intervals.
The difference is that at this stage, unlike preceding
stages, A¢H°, which now is one of the TP, can also be
calculated, i.e., the number of parametric filters in-
creases. In addition, the accuracy of the calculation of p
and, hence, that of D, increases. Thus, the efficiency of
the selection of chemical formulae increases from stage
to stage in parallel with the progressive increase in their
information content.
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The selection of EEF eliminates from consideration
the majority of the SF of the specified EF. None of the
SF is designed in the explicit form at this stage, and if
the EEF is eliminated by any of the parametric filters,
the corresponding SF will not appear further anywhere in
any form, which prevents the combinatorial explosion.

As shown above using the EF C;HgN;O¢ as an
example, the selection of EEF results in the formation
of a small number of formulae (in the ideal case, one
formula), which contain in the explicit form such de-
tailed information about the desired SF that the work of
the SG begins immediately from the design of the latter.
No forbidden fragments are included in the initial data
for the 5G.

A computer search for C,H,N,O-containing EOC
with a required value of the detonation rate

We have not discussed the reliability of the method
suggested. Final conclusions can only be drawn from the
results of experimental studies of new EOC found by
this method. First one must be convinced that the
already known EOC are not missed at any stage of the
search, at least in terms of the actually achieved TP
values. Let us show this using the following as an
example.

Let us specify the value D = 91+0.2 km s, At
A¢HP = 100 kcal kg™! on a diagram similar to that
presented in Fig. 3 and corresponding to x; = const =
14%, fet us choose the NC Cl4H28.(6)N28.(6)028.(6)’
which satisfies the specified range of D values. Among
the EF approximately corresponding to this NC and
passed through "quasi-structural” and parameteric fil-
ters, we choose C H¢N¢O¢ (hexogen and its structural
isomers). Among the EEF of this EF passed through the
compatibility filter, the one whose value is closest to
D =9 km s~!, is Cl3H!(NI;N2;02,03;, which corre-
sponds to D = 8.9 km s~!.

Based on the set of atomic types (8), let us deter-
mine the structural restrictions on SF following from
this EEF.

. The nine atoms N2,02,03; indicate that there
must be three nitro groups that can be linked to C! and
N! atoms.

2. In the absence of [-{2 and O! atoms, the three N!
atoms can form bonds only with one another, with C!
atoms, and with nitro groups.

3. The H! atoms can be linked only with C! atoms.

4. The C! atoms can form bonds only with one
another, with H! and N! atoms, and with nitro groups.

S. If the nitro group is considered to be a univalent
atom, the connectedness criterion (see Eq. (7)) is [ = 1.
This implies the necessary existence of one and only one
cycle formed by C! and N! atoms and containing from 3
to 3 + 3 = 6 atoms, or of one and only one double
C=C, N=N, or C=N bond involving the same atoms.
The latter, however, is excluded, because the atoms of
the types indicated do not form multiple bonds.

Scheme 1

(Noz Ve ,\(No2 Me, NO,
N N
w0, o AW

NO, NO,

0,N O,N
O,N
‘N —2 2 —-N)
_r e jmi
o, No, Me” WO,
©2 Me NO,
0,N N\ NO, {j/wo2 O N S —NO
/ AY
o,N  'No, Me
0N /j bkw/\| S 02
0 N’N N’N\/N\N ku/l
No, No,

Hexogen

Thus, the initial data for the SG includes the EF and
the following information about the number of frag-
ments in the structure: —NOZ, 3; —C;H, from 0 to 2;

=CH, , from 0to3; —CH from 0 to [; —NH,, 0

=NH , 0; N 3; and a three- to sxx«mcmbcred
cycle, 1. Bascd on thcsc restrictions, the SG designs 134
SF, including 72 with three-membered cycles, 46 with
four-membered cycles, 13 with five-membered cycles,
and 3 with six-membered cycles. Some of them are
presented in Scheme 1. These are all the SF the SG
designs with these restrictions. The SF with six-mem-
bered cycles include the SF of the known EOC hexogen
(see Scheme 1), for which D,,, = 8.84 km s™!.

This example, along with the example for trotyl (see
above), makes it possible to draw the preliminary conclu-
sion that the reliability of the method suggested is

sufficient, and to begin the computer search for new
EOC.Y?

General scheme and specific aspects
of the computer search for EOC

Thus, the search for EOC with desired physico-
chemical properties by the method suggested is per-
formed in four stages according to the scheme presented
in Fig. 6. An active role of the user at each stage is
implied.
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Normed compositions

b Empirical formulae

: EYpanded empirical formulac i

Structural formulae

Fig. 6. General scheme of a computer search for EOC with
desired physicochemical parameters.

At the first stage (selection of NC), the user provided
with the necessary TP—NC diagrams can work without
a computer, can use one if necessary for designing
lacking programs, or can use a computer to rotate the
region of the diagram in which he or she is interested, by
a finer increment.

Going to the second stage (selection of EF), the user
must determine the upper and lower values of the SSC
for the computer search for similar EF in terms of the
NC chosen or (if the search is performed without the
first stage) to specify the fixed SSC. In any case, the user
specifies the range of acceptable values for each TP.

At the third stage, the user specifies EF and ranges of
acceptable TP values at the input of the program. At the
output, the user obtains the EEF satisfying the specified
TP values and, based on these EEF, determines possible
and necessary fragments of desired structures. These
fragments together with EF form the initial data, which
make use of the SG efficient and, as has been shown
above using trotyl and hexogen as examples, shorten the
work of the SG to the minimum. Thus, the efficiency of
the SG becomes independent of its quality, and it
becomes possible to perform the search almost indepen-
dently of the number of skeleton atoms in the molecules of
the desired compounds.

It can be concluded that in the case of target param-
eters that can be calculated on the basis of low-informa-
tion chemical formulae of the NC and EF types, the
initial data that makes use of the SG efficient can be
obtained by the selection of formulae whose complexity
exceeds slightly that of EF, and by a procedure as simple
as that for EF. The selection becomes more rigid due to
the fact that not only does the number of TP that can be
calculated increase from stage to stage, but also the
accuracy of the corresponding calculation methods in-
creases, /[.e., the increase in the number of parametric

filters is accompanied by an increase in their efficiency.
Only formulae that have passed through "quasi-struc-
tural” filters reach the parametric filters. In other words,
the specifics of EOC in the computer search makes it
possible to realize to a considerable extent the very
attractive principle of negative selection.

It should be kept in mind that the results obtained at
the final stage of the search according to the scheme
suggested (Fig. 6) are not final. They should be pro-
cessed additionally using refined TP values and the
possibility of existence and synthesis. This requires an
expert’s evaluation and more complicated and expensive
calculations (compared to additive calculations) by quan-
tum-chemical, molecular mechanics, and other meth-
ods. However, the purpose of this work was to design a
general strategy, and was restricted to the provision of
methods and software for a computer search for the
material for this analysis.

Software for the search procedure

For the design of the "detonation rate—normed composi-
tion" diagrams, the selection of EF, and the selection of EEF,
we designed (in the same sequence) the GEPARD, IRBIS,
and TIGER programs adapted to IBM-compatible computers,
and designed procedures and "quasi-structural” and parametric
filters of chemical formulae of the corresponding types.

The program-structure generator GIOS was used for the
design of structural formulae.*

* %%

The efficiency of the suggested method for the com-
puter search for EOC is determined to a considerable
extent by their specific character. It should be empha-
sized that target parameters of EOC can be estimated
quantitatively based on any form of description of the
compound: its empirical formula, expanded empirical
formula, or structural formula.

This gives grounds to believe that the method sug-
gested can also be used for a computer search for
compounds with other functions and useful properties, if
these properties can be calculated on the basis of low-
information chemical formulae, which reflect only the
elemental composition of the substance.

The authors are grateful to Mrs. 1. D. Solodukhina
for help in designing the graphic material.
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