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Abstract: The first Gourava index GO{(G) is defined as sum(d, + d,,)) + d,d,, for all edges uv in the graph, while the first
hyper-Gourava index HGO(G) squares this sum. In this paper first, second Gourava indices, first and second hyper-Gourava
indices of LLHAC5CsC), T(G), some transformation graphsG*Y, G*Y*and their complements of L(HACsCsC?) are studied.
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1. Introduction

Let G = (V,E) be a graph with order |V(G)| = n and size
|[E(G)| = m. The degree of a vertex is denoted by d, and is
defined as the number of vertices adjacent to u€V(G). The
edge connecting the vertices u and v is denoted by uv
[1].Let G=(V,E) be a graph and x,y,z be three variables
taking values [+ or -].The total graph T(G) of a graph G is
the graph whose vertex set is V(G)UE(G),such that two
vertices are adjacent if and only if they are either adjacent or
incident in G [2].In a non-empty graph G,if each edge is
considered as a vertex and the vertices are connected if the
corresponding edges of the two vertices are adjacent in G,
the resulting graph is denoted by L(G) and is called the line
graph of G [3-4].Complement of the graph G is a simple
graph (G) with same vertex set and there is an edge between
the vertex u and v in G. The point vertex represents the
same vertex v of the original graph but its edges now reflect
more complex relationships. A topological index is a
numeric value associated with a chemical compound graph,
that describes its topology while being invariant under
graph automorphism [5]. Gourava indices find applications
in chemical graph theory for predicting the physico-
chemical properties of molecules and nanostructures by
QSPR. Zagreb indices, Randic indices, Gourava indices
when computed from point vertex degree of transformation
graphs, measure how reactivity, branching and stability vary
across the molecules. Higher values of such indices often
correlate with increased polarizability, greater chemical
reactivity, lower stability. Chemical reactivity depends on
local atomic environments (number of bonds, types of
neighbours), bond adjacencies, all these are encoded in the
topology of the molecular graph.

The second Gourava index and hyper-Gourava index of line
graph of subdivision graph of a triangular benzenoid were
computed in [6]. The ReZG3(G) redefined third Zagreb
index which was introduced in [7] is actually second
Gourava index [8]. Leap Zagreb polynomials of generalized
transformation graphs of triangle with pendant graph and
path graph P4 were studied in [9]. The F-index and F-
coindex of the line graphs of the subdivision graphs were
studied in [10]. The Gourava coindices are expressed in
terms of first and second Zagreb coindices in [11] and first
and second Gourava indices for trees with acyclic structures

were studied in [12]. In HACsCsC7 nanotube 2-D structure,
which is hexagonal-alternate (HA) lattice made of carbon
rings with size 5,6 and 7. HACsCsC7 means the unit cell
contains pentagons(Cs), hexagons(Cs) and heptagons(C7)
arranged in alternating pattern. The 2-D lattice of
HACsCeC7[p,q] consists of p rows and q periods. The more
Cs/C7 defects are present, the higher the curvature stress. In
nanotubes, this stress influences stability, electronic
properties and mechanical strength. There are three
partitions of edge set corresponding to their degrees of end
vertices, as E23=4p, E13=2p and Es3=24pq-6p [13-15].
Different types of Gourava indices of graphs were studied
in [16-18]. Gourava indices and hyper-Gourava indices are
degree-based topological indices defined [19-24] as

1) First Gourava index = GO;(G)= Xyvege)[(dy +dy) +

d,d,].
2) Second Gourava index = GO,(G) = Yyver[(dy +

dy)dydy]-

3) First hyper-Gourava index = HGO,(G) =
ZuVEE(G)[(du + dv) + dudV]Z-

4) Second hyper-Gourava index = HGO,(G) =

ZquE(G) [(du + dv) du dv]z-

All the symbols and notations used in this paper are
standard and mainly taken from books of graph theory [25-
27]. The different transformation graphs of line graph of
HACsCsC7[p,q] carbon nanotubes are considered. In this
paper first, second Gourava indices, first and second hyper-
Gourava indices of L(HACsCsC7) =L(G),complement of
L(HACsC6C7)=L(G), total graph T(L(G)), complement of
total graph = T(L(G)), G**(L(G)), G**(L(G)), G~
L(Q) , 6~ (L(6) , T+(L(Q) , T**(L(G)) ,T*(L(G))
andT%1(L(G))transformation graphs are studied.

2. Materials and Methods

Let G = (V, E) be a graph then the point vertex degree is
denoted by dc(u) and line vertex degree by da(e)
respectively. Let the line graph L(G) = L(HA CsC4C,).By
applying graph operation, a new graph is obtained. The
transformation graphs in G¥¥, G¥, G*¥? and G*Zare used
to get the point, line vertex degrees and edge partition of
line graph of HACsCeC7[p,q] carbon nanotube. The edge
partition for these graphs is defined in terms of: E;-point-
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point pair, E;-point-line pair and Es-line-line pair. 2-D
graph of HACsCsCr[p,q] carbon nanotube, line graph and
some transformation graphs of line graph of HACsCeéC7 are
shown in figure (1). To compute Gourava indices and
hyper-Gourava indices of line graph of HACsCsC7, some
transformation graphs and their complements their point,
line vertex degrees and edge partition-E1, E2 and Esz are
observed from corresponding graphs.

3. Results and Discussion

The vertex of G¥ corresponding to a vertex v of G is
referred as a point vertex and the vertex of G
corresponding to an edge e of G is referred as a line vertex.
The degrees of point de(u)and line vertices dc(e)and
partition of the edge set as E1, E2 and Es where E;: edge
joining point-point, E»: edge joining point-line and Es: edge
joining line-line vertices are represented in table (1). Graphs
between Gourava indices and hyper-Gourava indices with
L(HACsCeC7) and some transformation graphs of it is
represented in figure (2). Some Gourava and hyper-Gourava
indices of these graphs are computed as follows.

Theorem 1.1: The first Gourava index of L(G) is 470.

Proof. By using table (1), point, line vertex degrees and E;,
E, and E; values for L(G), we have
GolL(G)=ZuVEE(G)[(du + dv) + du X dv]

= Duwer, [(4+4) +4x4]  +
4 X 2]+ Yyver,[(2 +2) + 2 X 2]

= 10[(4+ 4) + 4 x 4] +5[
20[(2 + 2) + 2 x 2] = 470.

ZquEZ[(4 + 2) +

(4+2)+4x2]+

Theorem 1.2: The second Gourava index of L(G) is 1840.

Proof. By using table (1), de(u), de(e) and E;, E, and E;
values for L(G) graph, we have

GOZL(G) =ZuVEE(G)[(du + dv)du X dv]

= ZuVEEl[(4‘ + 4)4 X 4‘] + ZquEz[(4 +2)4 X 2] +
ZuveE3[(2 + 2)2 X 2]

= 10[(4+4)4 x4] +5[ (4+2)4x2]+20[(2+2)2x%
2] = 1840.

Theorem 1.3: The first hyper-Gourava index of L(G) is
8020.

Proof. By using table (1), dc(u),dc(e) and Eq, E, and E;
values for L(G) graph, we have

HGOlL(G) =Zuv€E(G)[(du + dv) + du X dv]2

= ZquEl[(4’ + 4’) +4 % 4‘]2 + ZquEz[(4 + 2) +4 % 2]2 +
ZuveE3[(2 + 2) +2x 2]2

= 10[(4 +4) + 4 x 4]? +
+20[(2 +2) + 2 x 2]*> = 8020.

5[(4+2) + 4 x 2]?

Theorem 1.4: The second hyper-Gourava index of L(QG) is
180480.

Proof. By using table (1), de(u), de(e) and E;, E, and E;
values for L(G), we have
HGO,L(G) =ZquE(G)[(du +d,)d, x dv]2

ZquEl[(4 + 4)4‘ X 4]2 +
2]2+Zuv€E3 [(2 + 2)2 X 2]2

10[(4 + 4)4 X 4]2 + 5[(4 + 2)4 x 2]*> +20[ (2 + 2)2 X
2]2 = 180480.

ZuveEz[(4‘ + 2)4 X

Theorem 2.1: The first Gourava index of complement of
total graph of L(G) is 827.

Proof. By using table (1), point, line vertex degrees and E;,
E, and E; values for complement of total graph of L(G)
graph, we have

GOlT(L(G))ZZuVEE(G)[(du + dv) + du X dv]

= ZuVEEl[(z +2)+2x2] + ZquEz [2+3)+
2 X 3] + Xuver,[(3 +3) + 3 X 3]
=  14[(2+2)+2x2] +50]
11[(3 + 3) + 3 x 3] = 827.

(2+3)+2x3]+

Theorem 2.2: The second Gourava index of complement of
total graph of L(G) is 2318.

Proof. By using table (1), de(u), dc(e)and E;, E, andE;
values for complement of total graph of L(G), we have
GOZT(L(G))ZZUVEE(G)[(du + dV)du X dv]

= ZquEl[(z +2)2x2] + ZquEZ [(2+3)2x3]+
ZquEg [(3 + 3)3 X 3]

=14[(2+2)2x 2] +50[ (2+3)2x3]+11[(3+3)3 x
3] = 2318.

Theorem 2.3: The first hyper-Gourava index of

complement of total graphof L(G) is 9421.

Proof. By using table (1), de(u), de(e) and E;, E; and E;
values for complement of total graph of L(G) graph, we
have

HGOlT(L(G))=ZuVEE(G)[(du + dv) + du X dv]2

= ZuveEl[(z + 2) +2Xx 2]2 + ZUVEEZ[(Z + 3) +2 X 3]2 +
ZUVEE3 [(3 + 3) +3X 3]2

= 14[2+2)+2x2]* +
+11[(3 + 3) + 3 x 3]*> = 9421.

50[(2 +3) + 2 x 3]

Theorem 2.4: The second hyper-Gourava index of
complement of total graph of L(G) is 80660.

Proof. By using table (1),dc(u), dc(e)and E;, E, andE;
values for complement of total graph of L(G) graph, we
have

HGOZT(L(G))=ZuVEE(G)[(du + dV)du X dv]2

= ZuVEEl[(Z + 2)2 X 2]2 + ZuveEz[(Z + 3)2 X
3]2+Zuv€E3 [(3 + 3)3 X 3]2

=14[(2 + 2)2 X 2] + 50[(2 + 3)2 X 3]?+11[(3 + 3)3 X
3]? = 80660.

Theorem 3.1: The first Gourava index of graph G**(L(G))
is 334.

Proof. By using table (1), point, line vertex degrees and E;,
E, and E; values for G**(L(G)), we have

G01G++(L(G)) =Zuv€E(G)[(du + dv) + du X dv]

=ZuVEE2 [2+3)+2x 3]+Zuv€E3 [B+3)+3x3]
=14[(2+3) + 2 x 3]+12[(3 + 3) + 3 x 3] = 334.

Volume 14 Issue 11, November 2025
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal

www.ijsr.net

Paper ID: MR251112134122

DOI: https://dx.doi.org/10.21275/MR251112134122 881


http://www.ijsr.net/

International Journal of Science and Research (IJSR)
ISSN: 2319-7064
Impact Factor 2024: 7.101

Theorem 3.2: The second Gourava index of G**(L(G)) is
1068.

Proof. By using table (1), de(u), dec(e)and E;, E, andE;
values for G**(L(G), we have

G02G++(L(G)) ZZuveE(G) [(du + dv)du X dv]

ZZUVEEZ[(Z +3)2 x 3] +ZUVEE3[(3 +3)3 x 3]

=14[(2 + 3)2 x 3]+12[(3 + 3)3 x 3] = 1068.

Theorem 3.3: The first hyper-Gourava index of G**(L(G))
is 4394.

Proof. By using table (1), de(u), dc(e) and E4, E, and E;
values for G**(L(G)), we have

HGOIG++ (L(G)) ZZuveE(G)[(du + dv) + du X dv]z
ZZUVEEZ[(Z + 3) +2 X 3]2+ZUVEE3[(3 + 3) +3 X 3]2

= 14[(2+3) + 2 x 3]* +12[ (3+3) + 3 x 3]* = 4394.

Theorem 3.4: The second hyper-Gourava index of
GT*(L(G)) is 47592.

Proof. By using table (1), dc(u), de(e)and E;, E, and E;
values for G**(L(G)), we have

HGO,G™* (L(G))=Euver([(du + dy)dy X dy]?
=Yuver,[(2 +3)2 X 3124+ Zyyer, [(3 +3)3 x 3]°

=14[(2 + 3)2 x 3]2+12[(3 + 3)3 x 3]% = 47592.

Theorem 4.1: The first Gourava index of T**1(L(G)) is
732.

Proof. By using table (1), point, line vertex degrees and E;,
E, andE; values for T**1(L(G)), we have
G01T++1(L(G))ZZuVEE(G)[(du +dy) +dy X dy]

= ZquEl[(4’ + 4’) +4 X 4‘] + ZUVEEZ[(4 + 2) +4 X 2] +
ZuveE3[(2 + 2) +2X 2]

=16(4+4) +4x4]+18[ (4 +2) +4 x 2]+12[(2+ 2) +
2 x2] =732

Theorem 4.2: The second Gourava index of T**1(L(G))is
3104.

Proof. By using table (1), de(u), de(e)and E;, E, andE;
values for T**1(L(G)), we have

G02T++1(L(G))ZZquE(G)[(du + dv)duﬁ X dv]

LI LI
LTI L

HAC;C4C;
N PAVAS

T++1(L(G))

T“lv(-LA(‘G))

= ZuveEl [(4 + 4)4 X 4] +
ZUVEE?, [(2 + 2)2 X 2]

= 16[(4 +4)4 x 4] +18[ (4 +2)4 x 2] + 12[(2 + 2)2 x
2] = 3104

ZuVEEz [(4 + 2)4’ X 2] +

Theorem 4.3: The (first index of

TH1(L(G)) is 13512.

hyper-Gourava

Proof. By using table (1), de(u), de(e) and E;, E, and E;
values forT**1(L(G)), we have
HG01T++1(L(G))ZZuVEE(G)[(du + dv) + du X dv]2

= ZuVEEl[(4 + 4) +4 X 4]2 + ZUVEEZ[(4 + 2) +4x 2]2 +
ZUVEE?, [(2 + 2) +2x 2]2

= 16[(4+4)+4x4]* +1§]
12[(2 + 2) + 2 x 2]? = 13512.

(4+2)+4x2]%+

Theorem 4.4: The second hyper-Gourava index of
T**1(L(G)) is 306688.

Proof. By using table (1), de(u), dc(e) and Eq, E, andE;
values forT**1(L(G)), we have
HG02T++1(L(G)):ZquE(G)[(du +d,)d, X dv]2

ZquEl [(4' + 4’)4 X 4]2 + ZuveEz[(4 + 2)4’ X 2]2 +
Tuver,[(2 +2)2 x 2]?
= 16[(4 + 4)4 x 4]2 +18[ (4 + 2)4 X 2]? + 12[(2 + 2)2 X
2]? = 306688.

Table 1: Point, line vertex degrees and edge partition for
L(HACsC6C7), transformation graphs of L(HACsCeC7) and
their complements

Graph de(u) da(e) E1 E2 Es
L(G) 4 2,3 10 5 20
LG 3 4 12 | 18 | 20
T(L(G)) 34 2,3 00 [ oo | 36
TLG) 2,3 2,34 14 | 50 | 11
GHL(G) 2 3 00 | 14 | 12
GHL(G) 2 3 12 | 16 | 18
G—L(G) 2,3 4 10 | 16 3
G LG 2 3,4 4 6 8
THILG) | 46 2,34 16 | 18 | 12
THIL(G) 2 3,6 00 | 24 | 12
TOOIL(G) | 2,3 2,3 00 [ 42 [ 18
TOOTL(G) | 34,6 2 8 24 | 12
T(L(G)) T(L(G))
GT(L(G) TOUL(G))

Figure 1.2: D graph of HACsCsC7[p,q]carbon nanotube, L(HACsCesC7), total graph of L(HACsCeC7), complement graph
of total graph of L(HACsCsC7), T**1(L(G)), T+*1L((G)), G++(L(G)) and T1(L(G)) graphs.
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Graph between transformation graph and Gourava index
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Figure 2: Graphical representation L(HACsCsC7) and transformation graphs of L(HACsCe¢C7) and their complements
with GO1(G), GO2(G), HGO1(G) and HGO2(G) indices.

4. Conclusion

In this paper first, second Gourava indices, first and second
hyper-Gourava indices of L(HACsCsC7), complement of
L(HACsCeC7),total graph T(L(G)),
T(L(6)),G**(L(G)), 6" (L(G)), 6™~ (L(G)), G~ (L(G)),
T++1(L(G)), T**1(L(G)), T1(L(G))and T°1(L(G)) are
obtained. Gourava indices and hyper-Gourava indices
studied graphically for these graphs. Second hyper-Gourava
indices has larger values among these transformation
graphs.

References

[1] M. R. R. Kanna, S. Roopa and H. L. Parashivmurthy,
Topological indices of Vitamin D3, International
Journal of Engineering and Technology, 7 (4) (2018)
6276-6284.

[2] S. M. Hosamani, I. Gutman, Zagreb indices of
transformation graphs and total transformation graphs,
Applied Mathematics and Computation, 247 (2014)
1156-1160.

[3] M. Elaisi, B. Taeri, Four new sums of graphs and their
Wiener indices, Discrete Appl. Math., 157 (2021) 794-
803.

[4] J. R. Tousi, M. Ghods, Calculation of Gourava
topological indices in HACsCsC; [p, q] nanotubes,
Journal of Information and Optimization, 5 (44)
(2021) 823-834.

[5] B. Basavanagoud, G. Veerapur, Computation of
Sombor indices of OTIS (Bi-swapped) networks,
Journal of Chungcheong Mathematical Society, 35 (3)
(2022) 205-225.

(6]

[7]

[8]

[10]

[11]

[12]

[13]

[14]

[15]

K. G. Mirajkar, B. Pooja, On Gourava indices of some
chemical graphs, International Journal of Applied
Engineering Research, 14 (3) (2019) 743-749.

P. S. Rajini, V. Lokesha and A. Usha, Relation
between phenylene and hexagonal squeeze using
harmonic index, International Journal of Graph
Theory, 1 (2013) 116-121.

I. Gutman, E. Milovanovic and I. Milovanovic,
Beyond Zagreb indices, AKCE International Journal
of Graphs and Combinatorics, (2018) http: //doi.
org/10.1016/j. akcej 2018.05.002.

N. K. Raut, On leap Zagreb polynomials of
generalized transformation graphs, International
Journal of Science and Research, 14 (10) (2025) 25-
29.

R. Amin, S. M. D. Ab. Nayeem, arXive-1608.01503v
[math. COJ4 August 2016, 1-12.

R. P. Somani, V. Jethwani, The Gourava coindices of
graph, International Journal of Innovative and
Research Technology, 9 (4) (2024) 21-26.

Y. Yang, A. Aslam, N. Idrees, S. Kanwal, N, Imran
and A. Rassaque, On trees with given independence
numbers with maximum Gourava indices, Symmetry,
15 (2) (2023) /103390/sym15020308.

A. U. Rehman, W. Khalid, Zagreb polynomials and
redefined Zagreb indices of line graph HACsCsC7 [p,
g]nanotube, Open J. Chem., 1 (1) (2018) 26-35.

Y. Gao, W. Sajid, A. Q. Baig and M. R. Farahani, The
edge version of Randic, Zagreb, Atom-bond
connectivity and Geometric—arithmetic indices of
HACsCsC7 [p, q] nanotube, International Journal of
Pure and Applied Mathematics, 115 (2) (2017) 465-
478.

LiYingfang, L. Yan, M. K. Jamil, M. R, Farahani, W.
Gao and J. B. Liu, Four new/old vertex-degree-based
topological indices of HACsC; [p, q] and HACsCeC5

Volume 14 Issue 11, November 2025
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal

WwWww.ijsr.net

Paper ID: MR251112134122

DOI: https://dx.doi.org/10.21275/MR251112134122 883


http://www.ijsr.net/
http://doi.org/10.1016/j.akcej%202018.05.002
http://doi.org/10.1016/j.akcej%202018.05.002

International Journal of Science and Research (IJSR)
ISSN: 2319-7064
Impact Factor 2024: 7.101

[p, q] nanotubes, Journal of Computational and
Theoretical Nanoscience, 14 (2017) 796-799.

[16] R. P. Somani, V. Jethwani, Introducing new
exponential indices of graphs, International Journal of
Mathematics and Statistics Invention, 11 (3) (2023) 1-
5.

[17] K. Sarwar, S. Kanwal and A. Razzaque, QSPR
analysis of amino acids for the family of Gourava
indices, PloS One, 2025Apr 29; 20 (4): ¢0319029.

[18] N. K. Raut, Gourava indices of product graphs,
International Journal of Creative Thoughts, 11 (8)
(2023) 566-571.

[19] V. R. Kulli, The Gourava indices and coincides of
graphs, Annals of Pure and Applied Mathematics, 14
(1) (2017) 33-38.

[20] V. R. Kulli, The product connectivity Gourava index,
Journal of Computer and Mathematical Sciences, 8 (6)
(2017) 235-242.

[21] V. R. Kulli, On the sum connectivity Gourava index,
International Journal of Mathematical Archive, 8 (6)
(2017) 211-217.

[22] V. R. Kulli, On hyper-Gourava indices and coincides,
International Journal of Mathematical archive, 89 (12)
(2017) 116-120.

[23] S. Kanwal, A. Riasat, M. K. Siddiqi, S. Malik, K.
Sarwar, A. Ammara and A. T. Anton, On topological
indices of total graph and its line graph for Kragujevac
tree networks, Hindawi, Complexity, Volume 2021,
Article ID-8695121, 32pages.

[24] B. Basavanagoud, S. Policepatil, Chemical
applicability of Gourava and hyper-Gourava indices,
Nanosystems: Physics, Chemistry, Mathematics, 12
(2) (2021) 142-150.

[25] Narsing Deo, Graph Theory, Prentice-Hall of India,
New Delhi (2007).

[26] F. Harary, Graph Theory, Narosa Publishing House,
New Delhi, 1969.

[27] N. Trinajsti¢, Chemical Graph Theory, CRC Press,
Boca Raton, FL., 1992.

Volume 14 Issue 11, November 2025
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal

Paper ID: MR251112134122 DOI: https://dx.doi.org/10.21275/MR251112134122


http://www.ijsr.net/



