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Abstract : In QSAR/QSPR study, topological indices are used to predict the physiochemical
and bioactivity of chemical compounds. A large number of such indices depend only on
vertex degree of the molecular graph. In this paper, we compute few degree based
topological indices for a new type of 2D Carbon Crystal prepared from 1,3,5-trihydroxy
benzene and a possible 2D crystal pattern in the 4-6 carbophene family. Also, we compute the
Sanskrutiindex for graphene and its line graph.
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Introduction : According to the IUPAC definition [21], a topological index (or molecular
structure descriptor) is a numerical value associated with the chemical constitution for the
correlation of chemical structure with various physical properties, chemical reactivity or
biological activity. There is a strong and natural correspondence between chemical and
graph theoretical notions. An atom and bond of a Molecule correspond to vertex and edge of
the molecular graph. The significant correlation to topological indices and physiochemical
properties of the molecules stimulate to find many topological indices based on distances
between pairs of vertices and degree of a vertex. More precisely, given nonnegative numbers
7(i,j) a vertex-degree-based topological index is expressed as

TLG) = z mij}’(l—; i) (1)
l=fi=fan—1

12i<j<n=1
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Where G 1s a molecular graph with n vertices and m;; 1s the number of edges of &

connccting a vertex of degree § with a vertex degrec j. For instance, y (i, /) = { + j pertain,
to the first Zagreb index [8] M (G), y(i,j) = 2““%_2 to the atom-bond connectivity

Sgu)Se(v)
Selu)+Sg(v)-2

. 3
index ABC(G) [19], where as if, |i — j|. (i + /)2 (=) ( ) respectively,

j+j-2
1o the second Zagreb M,(G) [8], third Zagreb M,(G), Hyper Zagreb HM(G) [19],

Augmented Zagreb AM(G) [6] and Sanskruti index S(G) [5]. Similarly, u(i,j) =i +j
pertain, to first multiple Zagreb index PM,(G) [4], where as u(i, ) = ij, % respectively

into second multiple Zagreb PM,(G) [20] and harmonic index H(G) [22]. Fora collection
of degree based topological indices, we refer the [ollowing books [5,6,7] and the articles
[2,3.7,11,12,16,17,14,20],

2. Modeling of Chemical Compounds:

Graphene as the most stable two-dimensional (2D} form of carbon which ¢xhibits a
number of unusual physical and chemical properties, such as spintronics, high electrical
and thermal conductivity, huge specific surface area, good optical transparency, high
carrier mobility quantum Hall effect. Iis honeycomb latlice, which has perfect hexagonal
symmetry, plays a prominent role in the formation of the 2D carbon crystal with linear
dispersion. Successful preparation of graphene in 2004 has inspired a further search for
other 2D carbon crystal. Among the predicted 2D Dirac matcrials are silicene, silicon
germanide monolayer, germanene, graphynes, and so forth, while only Dirac cones in
graphene have been actually confirmed experimentally. The stable and robust 2D carbon
backbone motivate the searches for other 2D carbon crystal allotropes.

2.1 2D 4-6 Carbophene Family:

Qi-Shi Du et al [18] Prepared a new two dimensional (2D) carbon crystal different
from graphene, from 1, 3, 5-trihydroxybenene, consisting of 4-carbon and 6 carbon rings
1:1 ratio, named 4-6 Carbophene in which all carbon atoms possess sp? hybrid orbitals
with some distortion, forming an extensive conjugated m bonding planar structure. The
4-6 Carbophenes can be synthetized through dehydration and polymerization reactions

of 1. 3, 5-trihydroxybenzene or other benzene derivatives. Figure 1{a) shows the
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polymerization reaction could happen through intra-molecular dehydration of 1, 3, 5-

irthydroxybenzene. Figure 1(b) shows the polymerization reaction also could happen

through inter-molecular dchydration between 1, 3, S-trihydroxybenzenc molccules.,

(e}

Figure 1. Ilustration of chemical reaction mechanism from 1, 3, 5-

trihydroxybenzene to 4-6 carbophene 2D crystal.

(L8]

Figure 2. (A) The structural pattern of the new 2D carbon crystal prepared from 1, 3, 5
trihydroxybenzene with 4 rows and 3 columns. (B) Each side of the hexagonal unit is
linearly ranged (6C-ring)-(4C-ring)-(6C-ring). (C) In each hexagonal hole, there are six
carbon vertexes, on which a single valence atom or an atomic group. (D} The 2D carbon

crystal consists of joining hexagonal units is bonded.

2.2 2D Nanotube-Graphene
Graphene 1s an atomic-scale honeycomb lattice made of carbon atoms. It is one

of the most important Nanomaterials because of its unique combination of excellent
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properties, which opens a way for its exploitation in a wide spectrum of applications
ranging from clectronics to optics, sensors, and biodevices. Denoted by G[s, t] and

LG[s, t] respectively to 2D graphene and its line graph. Figure 3 shows 2D graphene G[7,7]
and its LG[7,7]
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Figure 3. Two-dimensional slructure of graphene and its line graph with ¢ rows and s
benzene rings in each row.

In this paper we use LC[mCq: 2¢], C[s, €], and CC[s, t] respectively to denole the
molecular graph of each side of the hexagonal unit is linearly ranged (6C-ring)-(4C-ring)-
(6C-ring} as shown in Figure 2(B) , 2D carbon crystal prepared [rom 1, 3, 5
trihydroxybenzene with s rows and t columns, shown in Figure 1 and the 2D carbon
crystal consists of joining hexagonal units is bonded as shown Figure 2 (D) later, we
compute the First Zagreb indices, Second Zagreb indices, Third Zagreb indices, hyper
Zagreb index, First multiple Zagreb indices, Second multiple Zagreb indices,
Harmonic index, Atom bond connectivity index, Augmented Zagreb index and
Sanskruti index of 2D crystal pattern of 4, 6 Carbophene family and line graph of
graphene.

3. Results and discussions:

Let G be a simple, finite and undirected graph. For a graph G, the veriex set and
edge set of G will be denoted by V () and E£() respectively. The degree of a vertex
u € V (G) will be denoted by d, while the edge connecting the vertices # and v will be
denoted by uv. Let Ng(u) be the set of all neighbors of u € V(G). For any d, define
Vo ={u € V(G)| Se(u) = d}, in which Sg(tt) = Xoe ngay de(v) and Ne(w) = {v €
V(G) | uv € E(G)}. We introduce the following definition to interpret the linearly

ranged molecules.
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Definition: Linearly ranged cycles LC[mCq: 2e]is obtained from m copies of cycles
CLCZ, ..., C™ by joining C& and Ci*! by two non-adjacent edges. (i.e} If xy € E(C}) and
uv € E(CEM™) then (xu, yv) € E(LC[CE, CitY: 2e].
For example a linearly ranged cycles LC[3Cs: 2e] is the molecular graph of each side of
the hexagonal unit is linearly ranged (6C-ring)-(4C-ring)-(6C-ring) as shown in Figure 3 (A).
Theorem 1 Let G = LC[m{,: 2¢e] be the linearly ranged cycles obtained from m copies
of eycles C1, €2, ..., CIP by joining CL and CL*! by two non-adjacent edges then,
M, (G) = 4nm + 16m — 84
My(G) = 4nm + 26m — 94
M3(G) = 4(m—1)

ABC(G) = (nm — 17)\/% +%(2m ~-1)

AZ(G) = 8(nm) + %[m —-1]—-136

HM(G) = 16nm + 108m — 380
PM(G) = 4"m—4m=13 5 27500~
PM,(G) = 4Pm—4m-13 » 104976(M-1)
H(G) = 28m-nm+9 5 gga5(-m+1)
Proof. We noticed that in structure of mC,, vertices have degree two or three. Hence we
can partite the edge set £, = {uv|d, = 2;d, =2}, E;, ={wv|d, =2;d,=3}LE; =
{uv|d, = 3;d, =3} which is shown in the Table 1. From TL{G)=
Zuvery My ¥ (0 0), Th{G) = Xyver(eyMiji(u, v) where y(u,v) and p(u,v) are
respective topological indices of G and my; is equal to |E}|, |E;| and |E3|.
(uw,v) (2,2) (2.3) (3.3}
No. of edges nm-4m-13 4(m-1) 2Z(m-1)

Table 1. Edge partition of G = mC,, + 2e based on vertex degree

Y vy = ) v+ Y yan+ Y ywo)

UVEE(Q) UVEE, UVEE, UVEE:

Hence,
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= Bl y(u,v) + |Ex| y(u,v) + |E5| y(u, v) (3)
Similarly,
[ www =[] e@oyx || uwnx | ] wwn
UVEE(G) UVEE; UVEES urely
= p(u, )P % p(u, v)Fl X p(u, v)lEl )

By using Table 1 and substituting respective function for y(u, v), p(u, v) of topological
index in (3) and (4) one can compute the topological index.
Theorem 2: Let ¢ = LC[mC,;: 2e]n > 6,m > 2 be the linearly ranged cycles obtained
from m copies of cycles €1, €2, ..., C* by joining CL and Ci*! by two non-adjacent edges
then, Sanskruti index S(G) = 18.96296mn + 516.0615m — 478.1335
Proof We observed that in structure of LC[mC,;: 2e] vertices have degree two or three.
we denote the set of vertices with degree two and three as V, = { v € V(G)|sq(v) = 4},
Vs = {v € V(G)[se(v) = ShVs = {v € V(G)lsg(v) = 6},Vs = {v € V(G)|se(v) =
8, From V,, Vs, Vg, Vg we can pariite the edge set based on Vy, Vs, Vg, Vg such as £y5 =
fuviu € Vv €V u + vi, E4s = {uvjue Vv e Vsl Egg =
fuviu € Vg;v € Vgl Egg = {uv|u € Vg, v € Vgl Egg = {uv|u € Vg v € Vg u # v}
Se(u,v) (4.4) 4,5) (5,8) (8,8)
No. of Edges mn-10m+10 4(m-1} 4(m-1} 4{(m-1)
Table 2, Edge partition of G = mC,, + 2e based on S;(u).

Table 2 shows the cardinality of 44, Eys ,Ess, Egg, Egs-

Hence,
3

S(6) = (mn—-8m+ 10) (i)g + 4m-1) (i)
4442 5+4-2
5x8 \? 8x8 \°
#40m =1 (555=3) + 40~ 1 (g55=5)
= 18.96296mn + 516.0615m — 478.1335
Which complete the proof.
Corollary 3: Let LC[mCy: 2e], m > 3 Each side of the hexagonal unit is linearly

ranged (6C-ring)-(4C-ring)-(6C-ring), then,
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M,(G) = 40m — 84
M,(6) = 50m — 94
Ma(G) = 4(m — 1)

ABC(G) = (6m — 17)\@ +%(2m -1

729
AZ(G) = 48m +—[m ~ 1] - 136

HM(G) = 204m — 380
PM(6) = 42™713 x 22500(m-1
PM,(G) = 42™713 x 104976001
H(G) = 22M%9 x 5625(-m+1)

By substituting # = 6 in Theorem 1 we get the result.
Theorem 4: Lel C[s, t] be the siructural pattern of the 2D carbon crystal prepared from
1, 3, 3-trihydroxybenzene, Then

M (C[s,t] ) = 104¢ — 2145t + 232

M,(C[s,t])) = 153st — 341t + 325 + 333
Ma(C[s.t]) =8t + 4s

1 1
ABC(C[s,t]) = (12t+6s)\/;+5[175t—453t+37]

AZ(C[s,t]) = 8(12t + 6s) + % [17st — 45t + 37]

HM(C[s,t] ) = 6125t — 1356¢ + 1325 + 1132

PM,(C[s,t]) = 43t+25 x 5B+ds y g17st-45437

PM,(C[s, t] ) = 44+25 5 gBIF4s 5 QL7st-451437

H(C[s,1]) = 43t x §(8t+4s) 5 3450-175t-37
Proof. We noticed that in the structure of 2D carbon crystal prepared from I, 3, 5-
trihydroxybenzene vertices have degree two or three. Hence we can partite the edge set
Ei=fuv|d,=2;d, =2}, E, ={uv|d,=2;d, =3}, E: ={uv|d, =3:d, =3}
which is shown in the Table 3. From T1(G) = Xpepay MY, v), ThH(G) =
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Zuver(e) Miji{u, v) where y(u, v) and u(w, v) arc respective topological indices of G
and m;; is cqual to [Ey |, |E,| and |E5].
(u,v) (2,2) (2,3) (3,3)
No. of edges 41+25 Stt+ds 751+3651-8s+64

Table 3. Edge partition of C[s,t] 2D carbon crystal ot prepared from 1, 3, 5-

trihydroxybenzenc based on vertex degree

Y= Z viw,v) + Z yu,v) + Z y(u,v)

weEE(C[s,t]) UVEE, UvEE, uvEE,
= £ yQuw) + £ y(wv) + £ y(wv) (5)
Similarly,
]_[ p(u,v) = l_[ p(u, v) X l_[ (U, v) X l_[ u(u, 1)
wreE () ULEE, UVEES UPEE,
=, )IF % g, )P X g ) (6)

By using Table 3 and subsliluting respective lunction for y{u, v), p(u, v) of lopological
index in (5) and (6) one can compule the topological index.

Theorem 5: Let C[s,t] be the structural pattern of the 21 carbon crystal prepared from
1.3.5-trihydroxybenzene. Then Sankruti index S(C[s,t] = 4670.8668st +
7884.917s + 208.4658t — 11790.5301,

Proof. We observed that in the structure of 21D carbon crystal prepared from 1, 3, 5-
trihydroxybenzene vertices have degree two or three. We denote the set of vertices of
Mscse) (W)=5), Vg={vE
VC[s, t] Mscrs,q () =8}, Vg ={v € V(C[s. t] )scpsr (v) = 9}. We can partite the

degree two and three as Ve ={v eV((]s,t]

edge set Ess, Esg. Egg, Egg and fgo based on Vs, Vg, Vg and cardinality of the edge set
shown n table 4.

Seis,t) (v)  (5.5) (5,8) (8,8) (8,9 (9.9)

No. of Edges H+2s  Bitds 2t+4 12t+8s-8  306st+525-141-87

Table 4. Edge partition of {[s, ] 2D carbon crystal of prepared from 1.3,5-
trihydroxybenzene based on s¢ps ¢ (1).

Now,
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S(G)—‘4t+2)( ks )3+('8t+4'( > %8 )3' 2t+4( 88 )3
sI=t SINEx s34 T* Nsre—z) "¢ Ner8-_2

3
3 (12t+85—8)(m) + (365t + 525 — 14t
a7 9x9 )3
)(9+9—2

= 4670.8668st + 7884.917s + 208.4658t — 11790.5301.
Which completes the proof.
Theorem 6: Lel CC[s,¢] be 2D carbon crystal consists of joining hexagonal units is
bended. Then
M, (CC[s.t]) = 468st —40s — 2t — 60
M,(CC[s.t]) = 666st —64s — 29t — 90
M, (CCls, t]) =12t(2s + 1)

.

fr— Z
ABC(CCTs.t]) = (125t + 8t + s)VZ + 3 [58st — 13t — 85 — 10]

729
AZ(CC[s.t]) = B(2Ast + 16t + 25) + ——[585t — 13¢ — 85 — 10]

HM(CC[s,t]) = 8(336st — 13t — 645 — 45)

PM, (CC[s, t]) = 434+25 x GL2(2511) 5 gS8st-13¢-85-10

PM,(CC[s, t]) = 431428 x Gl2L2s+1) 5 g58si-13t-85-10

H{CC[s,t]) = 495T=16=5 ¢ 5126(2541) 5 3130+85=585t-10
Proof. Consider CC[s,t] be 2D carbon crystal consists of joining hexagonal units 1s
bonded whose vertex degree partition based on vertex degree £, = {uv|d, = 2; d, =
2y E={uv|d,=2;d,=3), E:={uv|d,=3;d,=3}. From TL(G)=
Zuvere) My (W v), Th(G) = Xyverey mijp(w, v) where y(uw,v) and p(w,v) are
respective topological indices of & and my; is equal to |Ey|, |E;| and |E5].

(u, v7) (2,2) (2.3) 3.3)

No. of edges 4425 12t(2s+1) 58st-13t-8s-10

Table 5. Edge partitton of 2D carbon crystal of prepared from 1.3,5-trihydroxybenzene

based on verlex degree.
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y(uv)— Z y(w,v) + Z y(u,v) + Z y(u.v)

UVEE(C|5t] HVEFR, uveR, wreER,;
= Byl y(uv) + |E5] y(u, v) + |E5] ¥ (i, v) (7
Similarly,
1_[ plu,v) = H ulu, v) X 1_[ uu, v) X 1_[ ulu, v)
UvEE(G) uveE, UveE, UVEE;
= plu, B X p(u, v)%l x plu, v)I5 (8)

By using Table 5 and substituting respective function for y(u, v), u(u, v) of topological
index in (3) and (4) one can compute the topological index.

Theorem 7; Let CC[s,¢] be 2D carbon crystal consists of joining hexagonal units is
bonded. Then S(CC[s, t]) = 1899.837st + 3961.383s + 5689.961¢ + 3380.644
Proof. We observed that in the structure of 2D carbon c¢rystal consists of joining
hexagonal units 1s bonded. We denote the set ol vertices of degree two and three as
Vs = {v € V(CC[s, 8] )Iscepsq(v) = 5}, Vg = {v € V(CCs, t] )[Sces e (V) =83 Vo =
{v e V(CC[s,t] )Sceysey (¥) = 9} We can partitc the cdge set
Ess, Esg, Esg, Egg Egg and Egg basced on Vs, Vi, Vg and cardinality of the cdge sct shown in
table 6.

se(u,v (3,5)  (5.8) (6.8) (8,8) (8.9) (9.9)

Total 2s+4t  ds+12t 24si-4s 14st+2s+61+6  4st+325+40t+16  24st-65-61+8

Table 6. Edge partition of CC[s, t] 2D carbon crystal of prepared from 1,3,5 trihydroxy-
benzene based on Seeps (1).
Hence

S(CC[s,t]) = 1899.837st + 3961.383s + 5689.961t + 3380.644
Which complete the proof
Theorem 8; Let G s, t] be the 2D graphene with ¢ rows of benzene rings and s benzene
in each row then S(G) = 389.239st + 649.161s — 383.6373t — 2290.13.
Proof. The 2D graphene of G| s, t]. Further notice that the vertices of degree is two and
three only therefore we can partition the edge set of G[s, t|based on the degree sum of

neighborhood vertices of each vertex is obtained. as shown in Table 7.
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Seisef(v) (54 (5.5) (57 (58) (67 (7.9) (88) (9,9)
No. of edges 4 T +2 24 4s-8  2s-1 -2 3st-2s-5t-10

Table 7. Edge partition of 21D graphene based on sgps 7(1).

using table one can deduced that

S(G[s,t]) = 389.239st + 649.161s — 383.6373t — 2290.13
Which complete the prool.
Theorem 9: Let G be a 2D Line Graph of graphene LG[s,t], then
S(LG[s, t])=4349.649s1-3176.46451+2677.7241-9600.355,
Proof> We observed that in the structure of line graph of graphene LG |[s, t] vertices have
degree two three and four. We denote the set of vertices with degree two and three as
Vs = {v € VAGIs DIstase(®) =5} Ve = (v € V(LG[5,t] )lsyise(v) = 6},
Vo ={v € V(LG[s,t])Isie(se) (v) = 9}.Vig = {v € V(LG]s, t] }|sipps0(w) = 10},
Vig = {v € V(LG[s,t] )sigisq(v) = 14}, Vis ={v € V(LG[s.t] )lspgsg(v) =
15}, Vig = {v € V(LG[s.t] }|Sigs,(P) = 16}. We partite the edge set Vs, Vi, Vg, Vi,

Vi1, Via, Vis, Vi based on s,4(5 ) (1) as shown in table 8. Using the same technique as in

theorem 1.
Sigise) (W) (5,3) (5,9) (5,10) (6,9) (6,10)  (9,9) (9,10)
No.ofedges 2 2 2 3 21-6 2 4

55,‘0'51“(1&.1?) (10,14)  (10,15) (14,15) (14,16) (15,16) (16,16)

No.of edges 6s-10 2t-5 2t 4s-5 4-7 Tst-12s-2t

Table 8. Edge partition of 2D line graph of graphene LG [s,t] based on spg sy
Using table one can deduced that,

S(LG|[s, t]) = 4349.649st — 3176.464s + 2677.724t — 9600.355
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4. Conclusion:

The results obtained in our study can be applied for predicting certain physiochemical

properties of 2D crystal pattern 4, 6 Carbophene. Computing the distance based Topological

indices of 2D crystal pattern 4, 6 Carbophene family will be our future work.

Reference:

[1]

[2]

3]

[4]

[10]

[11]

[12]
[13]

Borovicanin, On the extremal Zagreb indices of trees with given number of segments
or given number of branching vertices, MATCH Commun. Math. Comput. Chem. 74
(1) (2015), 57-79.

T. Dehghan-Zadeh, Habibi, Maximum and second maximum of Randic index in the
class of tricyclic graphs, MATCH Commun. Math. Comput. Chem.74(1) (2015), 137-
144.

T. B. Furtula , A. Graovac, I. Gutman, S. Moradi, Z. Yarahmadi, On vertex degree-
based molecular structure descriptors, MATCH Commun. Math. Comput. Chem. 66
(2)(2011), 613 - 626.

M. Eliasi, A. Iranmanesh A and I. Gutman Multiplicative versions of first Zagreb
index. MATCH Commun. Math.Comput.Chem 68 (2012), 217-230.

E -bond connectivity index: Modelling the enthalpy of formation of alkanes, IndianJ.
Chem., 37A (1998), 849-855.

B. Furtula, A. Graovac, D. Vukicevic, Augmented Zagreb index, J. Math. Chem. 48
(2010), 370-380.

B. Furtula, I. Gutman, M. Dehmer, On structure-sensitivity of degree-based
topological indices, Appl. Math. Comput. 219 (2013), 8973-8978.

I. Gutman, N. Trinajstic, Graph theory and molecular orbitals. Total electron energy
of alternant hydrocarbons, Chem.Phys.Lett. 17 (1972), 535-538.

I. Gutman, B. Furtula (Eds.), Recent Results in the Theory of Randic Index, University
of Kragujevac, Kragujevac, 2008.

I. Gutman, B. Furtula(Eds.), Novel Molecular Structure Descriptors Theory and
ApplicationsI, University of Karagujevac, Kragujevac, 2010.

I. Gutman, J., Testing the quality of molecular structure descriptors. vertex-degree-
based topological indices, J. Serb. Chem. Soc. 78 (6) (2013), 805-810.

I. Gutman, Degree-based topological indices, Croat.Chem.Acta 86 (2013), 351-361.

. Gutman, Multiplicative Zagreb indices of trees. Bull Soc Math Banja Luka, 18 (2011)
17-23.



Topological Indices for Some New Type of Carbon Crystal 63

[14]

[15]

[16]
[17]

[18]

[19]

[20]

[21]

[22]

J.M.R. Guez, ] M. Sigarreta, On the geometric arithmetic index, MATCH Commun.
Math. Comput. Chem. 74 (1) (2015), 103 -120.

S. M.Hosamani, Computing Sanskruti index of certain nanostructures, Journal of
Applied Mathematics and Computing (2016) d0i:10.1007/s12190-016-1016-9.

S.M.Hosam MATCH Commun.Math.Comput.Chem.74 (1) (2015), 97-101.

J. L. Palacios, A new lower bound for the multiplicative degree-Kirchhoff index,
MATCH Commun. Math. Comput. Chem. 76 (1) (2016), 251-254.

Qi-Shi Du, Pei-Duo, Lin Huang, Fang Du, Kai Huang, NengZhong Xie, SiYu Long,
Yan-Ming Li, Jie-Shan Qiu Ri-Bo Huang, A new type of two dimensional carbon

crystal prepared from 1,3,5-trihydroxybenzene, Scientific reports (2016) DOI:
10.1038/srep 40796

G.H. Shirdel, H.Rezapour and A.M Sayadi The hyper-Zagreb index of graph
operations. Iran. J]. Math Chem, 4 (2013), 213-220.

Y. Shi, Note on two generalizations of the Randic index, Appl. Math. Comput. 265
(2015) 1019-1025.

H. van de Waterbeemd, R.E carter, G. Grassy, H.Kubiny, Y.C. Martin. M.S. Tutte, .
Willet, Pure Appl. Chem. 691137 (1997).

L. Zhong, The harmonicindex for graphs, Appl. Math.Lett. 25, 561-566 (2012).



64

South Fast Asian J. of Mathematics and Mathematical Sciences



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14

