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ABSTRACT. Similarity indexes for six loop configurations of zeolitic T-atoms are calculated on the basis of n-
dimensional vectors with the procedure of normalization taking into account the unitary self-similarity of each
configuration as well as the possibility of "'sliding"" for the low-dimensional vectors that topologically is considered
as an addition of apexes not connected with the graphs of loop configuration. Complicacy of loop configurations and
similarity of zeolite structures characterized by two loop configurations are considered in the frame of the proposed

approach. © 2007 Bull. Georg. Natl. Acad. Sci.
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Zeolites and zeolite-like materials do not comprise
an easily definable family of crystalline solids [1], and
description of zeolite structure includes loop configura-
tion of T-atoms (atoms of Si, Al, P, Ge, etc.). The loop
configuration is a simple graph showing how many 3- or
4-membered rings a given T-atom is involved in. In all
known structure types of zeolites and zeolite-like materi-
als, including interrupted frameworks, 16 loop configu-
rations are observed. Figure 1 shows 6 loop configura-
tions of highest frequency of occurrence in natural and
synthetic zeolites; black dots represent T-atoms, solid
lines show T-O-T linkages with rings.

The adjacency matrix having unitary non-diagonal
elements for connected apexes is an invariant of the
loop configuration graph. Structure type codes for zeo-
lites characterized by only one type of loop configura-
tion, the frequency of their occurrence, and results of

calculations - characteristic polynomial PG:a0+a1x+a2x2+
...+an_1x"'l+xn of the corresponding adjacency matrix rep-
resented as vectors (a,, a,, a,,...,a_,, 1) are given in the
Table 1.

Characteristic polynomial P can be applied for com-
parison of similarity of loop configurations in the same
way as it is proposed for quantitative assessment of the
structural similarity of organic molecules [2].

A known algorithm [4] of evaluation of the similar-
ity index SI(A-B) for two glrlz}phf1 Aand B (characterizzed
by P A=al%frlalxnw:a2.x +...+'an_lx +x anfi PB=bo+b]_x.+b2x +...
+b_,x  +x) including construction of positive frac-
tions from equivalent polynomial coefficients (|a,/b|,
la,/b, |, la,/b,|, etc., with bigger coefficient in denomina-
tor and smaller coefficient in nominator), and summing
up of the obtained fractions have been used, but normal-
ization was carried out in a different manner, taking into
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Fig. 1. Loop configurations frequently occurred in zeolite and zeolite-like structures
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Table 1
Characterization of loop configurations
Graph Structure type code Frequency Pg

I MON 38 (0,0,4,0,-2,0,1)

I CAN, MAZ 34 0,3,0,7,0,-3,0,1)

11 BIK, FER, MEP, TON, VET 31 (0,0,0,-4,0,1)
3% CHA, FAU, GIS, GME, MER, PAU, PHI, PHO 30 (3,0,-10,0,9,-2.-8,0,1)

\Y LTA 23 (0,8,0,12,0,-6,0,1)
VI ANA, LAU, SOD 9 (0,4,3,-6,7,2,-3,0,1)

consideration the self-similarity of each graph. In the frame
of an approach applied for quantitative assessment of
structural similarity of organic molecules [5] the normal-
ization by max{n,m} has been taken into account; such
procedure for loop configurations gives fractional indexes
of selfsimilarity (e.g., SI(I4) =S1(1141) =1/, S(II-TT)=1/3,
SI(IV-1V) = 3/, etc.), which is not good for quantitative
measures and causes several difficulties. It is possible to
consider the unitary self-similarity for each graph during
their comparison taking into account max{n_,, m_.},
where n_ is the number of a,#0, and m_ is the number of
b0. For example, the sum of positive fractions for graphs
Land IV, (“10+%/o+1/8) = 0.7472, is normalized by 6, the
maximum number of non-zero coefficients in the charac-

teristic polynomial of P|,,. The results obtained are given

in Table 2.

The highest indexes characterize the similarity be-
tween loop configurations Il and V, graphs IV and VI are
characterized by rather high similarity also; it is to be
mentioned that graphs in both pairs have the same di-
mensions. Comparison of graph I with graphs II, III, and
V shows an absence of similarity between the aforesaid
loop configurations - all fractions and, correspondingly,
SI(I-IT), SI(I-1IT), and SI(I-V) are equal to zero. Such re-
sult is not connected with the difference in dimensions,
because graphs II and IIT having rather different dimen-
sions (7 and 5 apexes) are characterized by a rather high
similarity index SI(II-111)=0.2262.

In spite of different dimensions, visually and intu-
itively, graph I can be considered as intermediate be-
tween graphs Il and IH, and an absence of similarity
between such loop configurations excites perplexity.

Taking into account that operation with vectors includes
shifts, it is possible to change the "position" of a "short"
vector III relatively to a "long" vector I (see Figure 2),
as a result, the similarity index increases from zero to a
rather high value of 0.5.

Shift of the vector 111=(0,0,0,-4,0,1) shown in Figure
2 may be considered as its transformation to a vector
11I'=(0,0,0,0,-4,0,1) characterized by higher dimension, or
as an addition to an apex not bonded with the initial
graph G (see Figure 3). The same procedure may be
carried out for the "short" vector 1 to compare it with
the "long" vector II (see Figure 3), again resulting in the
increase of the similarity index to 0.5595. Comparing
graphs II and III, a single-step shift (addition of one
apex) give no result - the similarity index remains the
same value of zero, but second shift (addition of two
apexes as shown in Figure 3) gives the similarity index
0f0.4375.

I{ojo]4]o]=2]0]1] SI=0
miofolo[-4]o]1

I{ofJof[4fo]=2T0]1
miojojo[4fo]1

Fig. 2. Shifting of vector III along "long" vector (IV) and
corresponding SI's

S1=0.5000

Addition of apexes not connected with the graphs
of loop configuration is always possible in zeolite struc-
tures even in interrupted frameworks. Similarity indexes
different from the values listed in Table 2 and obtained
taking into consideration the sliding of a short vector
(addition of apexes) are given in the Table 3. Graphs in

Table 2
Similarity indexes of loop configurations I - VI
Graph I 1I v \Y% VI

1 1 0 0.1245 0 0.1956

I 0 1 0.2262 0.1111 0.6146 0.3248

I 0 0.2262 0.0833 0.1250 0.1667
v 0.1245 0.1111 0.0833 1 0.0555 0.4932

v 0 0.6146 0.1250 0.0555 1 0.1905
VI 0.1956 0.3248 0.1667 0.4932 0.1905 1
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Table3
"Sliding" similarity indexes
| I Il v \ VI
1 0.5595 0.5 0.1667 0.4583 0.2381
0.2824 0.3197
I 0.5595 1 0 0.4088 0.5714
0.4375
11 0.5 0 1 0.0949 0 0.1292
0.4375 0.0833 0.4167 0.07143
0.2500 0.2500
v 0.1667 0.4088 0.0949 1 0.4167
0.2824 0.0833
0.2500
\% 0.4583 0 0.4167 1 0.3512
0.4167
VI 0.2381 0.5714 0.1292 0.3512 1
0.3197 0.07143
0.2500
Table4
Complicacy of loop configurations
Graph I 1 v \% \
Sl 0.5 0.4375 0.25 0.4167 0.3197
D 0.602 1.09 24 114 1.88

pairs1l-V and IV-VI have the same dimensions and slid-

ing is not possible.
_FI ° _FI q:I
_+_
o o

.t

Fig. 3. Comparison of graphs with additon of apexes for
smaller ones

Consideration of the results obtained reveals sev-
eral peculiarities. As a rule, shift (addition of apex) re-
sultsin higher similarity indexes, and highest val ues cor-
respond to the utmost shift, when the (..., 1) "tails" of
two vectors are in coincidence. For example, similarity
indexes for vector 111 dliding along vector IV are as fol-
lows: 0.0833, 0.0949, 0.0833 again, and 0.25000, the high-
est value. Sliding of vector Il sliding along vector V
results in the following indexes: 0.1250 - 0 - 0.4167, sO
addition of one apex in graph 111 results in deprivation
of similarity with graph V, but addition of two apexes
givesthe rather high similarity. At the sametime, single
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shift of a short vector gives the possibility to remove
above-mentioned incompatibility of graphs|, Il, and 111 -
SI'(1=11)=0.5595, and SI'(I-111)=0.5000.

Similarity indexes the give possibility of quantita-
tive evaluation of the structural complicacy of the or-
ganic molecules D=Ign/SI, where n is the number of
apexes in graph, and methane is considered as a sim-
plest reference structurewith D=0 [GNL]. From the afore-
said loop configurations of T-atoms graph 111, having
the lowest number of apexes can be considered as a
"zeolite methane" and used as a reference. Quantitative
assessement of complicacy for loop configurations is
given in Table 4 for the condition of D(111)=0.

Graph IV ischaracterized by the highest complicacy,
whereas graph V1, having the same number of apexes, is
characterized by lower complicacy. The comparatively
short graph | is characterized by the lowest complicacy;
graphs Il and V having the same number of apexes are
characterized by nearly the same complicacy.

In severa zeolite structures different T-atoms are
characterized by different loop configurations. In the
MOR type structures (mordenite and other isotypic
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Table5
Similarity indexes between constructions (P, * Py, Pg,+Pg,,) and loop configurations -V
Graph | I 11 I\ \% VI
Pai+ Pain 1 0.2262 1 0.2494 0.125 0.5071
0.5595 0.75 0.3139 0.4167 0.5143
0.4389 0.5476
Pe*Paii 0 0.06771 0.01562 0.0521 0.1146 0.03125
0.0521 0 0 0.3490 0 0.2135
0 0.2135 0.08333 0.04167 0.3542 0.13%4
0.1458 0 0 0.7812 0 0.5677
0 0.5677 0.125 0.875
0.4167 0
0.4167

frameworks) two T-atoms (T, ,) are characterized by
graph I11, whereas the other two T-atoms (T ,) are char-
acterized by graph I. At first sight, it is logical to con-
sider loop configurations | and Ill as non-connected
graphs and to use combined loop configuration described
by characteristic polynomial P.=Pg,* P, and dliding pro-
cedure for assessement of similarity indexes, but appli-
cation of such an approach results in inexplicable high
similarity indexeswith graphsV and IV whereas similar-
ity with the initial graphs is characterized by lowest in-
dexes (see Table 5).

A more conformed result is achieved by applica-
tion of the"enclosure” of graph I ingraph 111, Pg+Pg,,;
such construction is similar to the initial graphs | and

[11, itssimilarity index with graph I isthe same (0.2262)

as for theinitial graphs, and in comparison with graph
V it is characterized by the lowest similarity index.

The enclosure of graph Il in graph 1V, (3,3,-10,7,9,-
5,8,1,1), applied for the description of the loop configu-
ration of T-atomsin ERI type zeolite structures (erionite,
AIPO,-17, etc.) is characterized by high values of the
similarity index with all graphsfrom | to VI (see Table 6),
but the highest values of 0.9 are obtained for similarity
indexes with the initial graphs Il and IV and with the

simplest graph 111.

The proposed approach gives a base for quantita-
tive assessement of similarity for microporous structures
of zeolitesand zeolite-like materials.

Table 6
Similarity indexes of enclosure I1+1Vand loop configurations| - VI
Graph | ] 11 v \% Vi
H+1V 0.2491 0.9 0.3857 0.9 0.6979 0.6371
0.6571 0.6132 0.2847 0.825
0.5648 0.9
0.75
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