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TOPOLOGICAL MODELING (Tim)

® Chemical systems simulated by the
minimization of distance based invariants,
namely the Wiener index W and the
topological efficiency index p or sphericithy
index (see previous talk).

® We call this elegant computational approach
Topological Modeling (TM).

See: Wiener Index Role in Topological Modeling of Hexagonal Systems
— From Fullerenes to Graphene, Ali Iranmanesh, Ali Reza Ashrafi, Ante
Graovac,Franco Cataldo, Ottorino Ori MCM13, |. Gutman, B. Furtula (Eds.),
Distance in Molecular Graphs — Applications, Univ. Kragujevac, Kragujevac,
2012, pp.135-155 AND RELATED REFERENCES




TOPOLOGICAL MODELING (Tim)

® Topological Modeling (TM) relies on the
strong approximation that similar carbon
systems tendto arrange their structures
minimizing the graph invariant W seen like
the inteartomic, long-range potential
connecting all pairs of carbon atoms.

® This potential is proportional to d’,
whereas harmonic potential is
proportional to d?




TOPOLOGICAL MODELING (Tim)

® Some inspirations help heuristically.

® One of the best example consists in C,,
fullerene which has 1812 non-isomorphic
isomers, and the physically stable isomer
with icosahedral symmetry and only isolated

pentagons corresponds to the isomer with
the minimum W value W=8340.




TOPOLOGICAL MODELING (Tim)

® Then we may sieve good candidates among
the molecules with low Wiener, which are
topologically the most compact in a set of
isomers.

W index minimum principle for similar structures:

SYSTEM COMPACTNESS |2 |CHEMICAL STABILITY

On the other side SYSTEM COMPACTNESS | = |W MINIMIZATION

then W MINIMIZATION = |CHE‘L¢EEAL STABILITY|




TOPOLOGICAL MODELING (Tim)

® The successful case of C,4 fullerene

(n/2—-10) hexagons
and 12 pentagons

Ces—2V stable isomer in Sc,@Cy,
metallofullerene




TOPOLOGICAL MODELING (Tim)

® The successful case of C,4 fullerene

Group theoretical studies assign to the Cgg fullerene 4478 distinct non-IPR cages. grouped in
six distinet families 2xDs. 1xCs. 18%Con 112xCs 211xCo. 4134xC In this large
isomeric space. the search for possible stable molecules get greatly simplified by the high
resolution “C NMR spectrum (19-lines with multiplicity 5x2: 14x4) that reduces just to 18
candidates with Cy, symmetry the choice for the Cgs cage entering i the experimentally

produced Scy@Cgs cluster The hunt for the most stable cage 1s then reduced to 18

molecules.




TOPOLOGICAL MODELING (Tim)

® The successful case of C.4 fullerene

Connectivity information stored in the Cos-C "M molecular graph.

//
Face | Ring | Connected faces | Molecular gygph nodes

1 3 214213135 12345
2 3 113213333 34678
3 5 414223235 910111213 v vo| v a1z 10 272y T
3 3 31322 34 35 11121415 16 2| 6 | 1215163133 458636162
3 5 16 25 20 30 33 1712192021 22 | 6 | 3417183234 1011146465 66
5 5 1826 2030 34 33333435 3¢ B[ 6 [ 791151927 | 303137383031
7 5 15232728 31 2728293031 2% | 6 [SI01I172007 [ 353642434847

25 | 6 | 5012161930 | 171839405556
8 3 1724 2728 32 32 33 34 35 36 %6 | 6 | 61012182030 | 262253544346
9 3 15161923 25 3738 394041 27 | 6 | 7811232428 | 273236473151
10 3 1718 2024 26 42434445 46 28 | 6 | 7814273132 | 272832335960
11 5 1920232427 4748495051 29 | 6 | 5613303334 1920242557 58
12 3 1920252630 52535455 56 0 | 6 | 5612252620 | 192518552654
13 6 2429333435 6715165758 1] 6 | 171415218 1528602061
14 3 1328313235 17013 50 60 32 | 6 | 3814172228 | 91033 393466
15 | 6 | 7916212331 29 30 37 41 61 62 3 | 6 | 2OBI6AY | 780 826
16 | 6 |5915 212533 17 21 40 41 63 62 341 6 | 4613182029 | MLA57I364
17 | 6 | 81018222432 343543 44 65 66 3] 6] 12341314 213121636
18 3] 61017222634 2223 44 45 64 65
19 6 | 92012112325 383949 5052 56
20 6 | 101112192426 49 52 48 42 46 33




TOPOLOGICAL MODELING (Tim)

® The successful case of C,4 fullerene

Fi%ure 2 The ab initio most stable isomers are all located near the W,,;,~10664 point: Cgs—
C; (circled corresponds to Wiin): Ces-Cay M (arrowed. W=10674); Cgs-C S0 (diamond.
W=10682).
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TOPOLOGICAL MODELING (Tim)

® The successful case of C,4 fullerene

Figure 3 Scattered values (W, p) for the 31 most stable Cgg 1s0mers. Cﬁﬁ—Csﬁmu (circled

corresponds to p= 1.0391): Ces-Cz M (aJl'mveclbg: 1.0268): Ces-C, %% (diamond. p=

1.0408). Experimentally stable fullerene Cge-C 1! emerges as a local mimimun in our
simulations.
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TOPOLOGICAL MODELING (Tim)

® We may resume our results in a rule:

- In the (W, p) plane, stable isomers of a
given chemical systems are located in the
local minima of the p(W) scattered curve.

@Future investigation, expecially from
Students, are most than welcome !!




DISTANCE BASED GRAPH
INVARIANTS IN INFINITE SYSTEMS

@ A very nice computational feature of distance based graph
invariants is their polynomial-like behavior. This peculiar
character has been evidence by Bonchev and Mekenyan
cubic formula for W(N) valid for all POLYMERS

D. Bonchev, O. Mekenyan, A Topological Approach to the
Calculation of the m- electron Energy and Energy Gap of
Infinite Conjugated Polymers, Z. Naturforsch.,35a (1980)
739-747.

W(N) = asN°> + aaN* + a; N + ay,.

k=3 lordy = I lattces.




DISTANCE BASED GRAPH
INVARIANTS IN INFINITE SYSTEMS

® Some simple examples:

see also Cataldo, Franco , Ori, Ottorino andlglesias-Groth, Susana
(2010) Topological lattice descriptors of graphene sheets with
fullerene-like nanostructures’, Molecular Simulation, 36: 5, 341 —
353.

(a) (b)
—— /,
————— O—@—O------ \ ]
( 3 — N) N3 — N
W(N)Lw = 6 W(N)fn = :
N3+ 50N — 144 N3 4 64N
W(N)zz = B , W(N)S, = +




DISTANCE BASED GRAPH
INVARIANTS IN INFINITE SYSTEMS

@ GENERAL SOLUTION - conjectured:

W(N) = aN* + a, N+ +aiN +ap,

withk = (2dr + 1)/dr.




APPLICATION TO INFINITE
GRAPHENE=LIKE SYSTEMS

® We compare now a graphene ribbon and a
nanocone (a portion of ..... ?).

L75 graphene NANOCONE
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APPLICATION TO INFINITE
GRAPHENE=LIKE SYSTEMS

12 same mvariants in the dua trice ZZj assume the expressions:
® ZZ5 graphene the same invariants in the dval lattice 7Z:> he expressi

w2 ()= N>/30 + 115N/6 -188
MP (N)=N/5-1

wP=N20+ 20

® NANOCONE FP N=1+5/2( 4 =0
(a portion of ?
and the distance-based invariants for dual nanocone F:

WP ()= (62f°+155f+160F+85F+18)/24

MP (= 2f




APPLICATION TO INFINITE
GRAPHENE=LIKE SYSTEMS

Topological modeling predicts that, for any size N of
the relative (dual) graphs, the fullerene-like structure
FD shows a higher compactness (hence a higher

chemical stability) of the reference graphenic layers.
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APPLICAYT

GRAPIA

EIN

E =

L.

® SOME MORE TERR
WARNING for Math addicts only

s =k/dr=2+1/dr

May be inverted to derive the new
WIENER — based DIMENSIONALITY

dw=(s-2)"

Bridges lattice topological compactness,
expressed by topological invariant W(N)=Ns
the lattice dimensionality

K

|ON TO INFINITE

£ SYST

FIC MAGICS

EMS




APPLICATION TO INFINITE
GRAPHENE=LIKE SYSTEMS

© SOME MORE TERRIFIC MAGICS
WARNING for Math addicts only & &

}Lim In, W(N)=2+ in—i for dr =2 Sierpinski gasket

In3

lmIn, W(N)=2+
N—m N ( ) ]_-[]8

for dr =2 Sierpinski carpet




APPLICAYT
GRAPHIEEN

E =

L.

® SOME MORE TERR
WARNING for Math addicts only

—_

K

|ON TO INFINITE

£ SYST

FIC MAGICS

N=

limln,

EMS

W(N -
(2)=dﬁ"l

generally applicable to any d~dimensional infinite graphs.
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