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Abstract: Topological indices characterize the molecular structure of a graph and are called numerical
parameters used to estimate physicochemical information. In this article, firstly the Euler Sombor
coindex and Gourava Sombor coindex are introduced. Then, bounds for Euler Sombor and Gourava
Sombor coindices depending on some other coindices were obtained and bounds in terms of
minimum degree, maximum degree, order and size of the graphs are computed for these indices of
several graph operations. Next, Euler Sombor coindex and Gourava Sombor coindex of some
chemical graphs such as polyamidoamine, graphene, carbon nanocones and caterpillar are studied.
Finally, by developing a nonlinear regression model using the QSPR approach and utilizing the Euler
Sombor and Gourava Sombor indices and their coindices, the physicochemical properties of interest
of butane derivatives were predicted. The results showed that these indices have satisfactory
performance in comparative tests.
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1. Introduction

Consider a simply connected graph, denoted &, whose vertices and edge sets are V(&) and
€(S), respectively. The graph &, whose set of vertices is the same as the V(S) and set of edges is
C(S) (IE(S)| = f) is the complement of &. For other graph-theoretical notation and terminology, we
refer to [1,2].

In this article, © will be considered as a simple connected graph with p edges and n vertices.
The degree of the vertices in this graph is wg(x), where A and d denote the maximum and minimum
degrees, respectively.

Topological indices are among the prominent subjects of Graph Theory. Chemical graph theory
generally considers various topological indices (molecular descriptors) of molecular graphs and
examines how strongly they are related to various properties of the corresponding molecules. Thus,
mathematical representations of these relationships are obtained with QSAR and QSPR studies in the
literature.

There are studies in the literature on topological indices and coindices [3-18]. In Table 1, we give
some degree based topological indices and coindices.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 1. Degree Based Topological Indices and Coindices.

Introduced by Index Name Formula
Notation
(19,201 Euler U Jost? + 0s0)? + ws@ws()
Sombor xy€E(S)
index
211 Gourava BOE N et + 0e0))” + W20
Sombor Xy EE(S)
index
[22]Doslic, 2008 First Zagreb M,(S) we(x) + we(¥)
coindex xy€E(S)
[22]Doslic, 2008  Second M,(S) we(X)we)
Zagreb xy€E(S)
coindex
[23]Pattabiraman  First Hyper- HM,(S) [we(X) + ws()]?
and Vijayaravan, Zagreb Xy 2E(S)
2017 coindex
[23]Pattabiraman  Second HM,(S) [we(X)ws (]2
and Vijayaravan, Hyper- xy€€(S)
2017 Zagreb
coindex
[24]De,N.,Abu Forgetten F(S) w0e(X)? + we(y)?
Nayeem, Sk. Md. coindex Xy€E(S)

and Pal, A. 2016

In the light of these definitions, Euler Sombor and Gourava Sombor co-indices defined as

FI@) = ) Jos? +ws()? + (0200s0))
xy¢E(S)
and

0@ = Y (0 +0:00)" + (002
xyg€(e)

The bounds for Euler Sombor and Gourava Sombor co-indices depending on the Zagreb
coindices, Hyper Zagreb coindices and forgetten topological coindex were obtained. The bounds are
computed for these indices of several graph operations like union, sum, cartesian product and
composition of graphs [25]. Euler Sombor coindex and Gourava Sombor coindex of some chemical
graphs are studied. An analysis of the physicochemical properties of butane and its derivatives was
performed to evaluate the effects of Euler Sombor and Gourava Sombor indices and co-indices in
QSPR studies. A non-linear model was developed using the QSPR approach to predict the specified
properties and the results showed that the indices have satisfactory performance in comparative tests
in predicting all the properties.

2. The Euler Sombor and Gourava Sombor Coindices

In this section, the bounds for Euler Sombor and Gourava Sombor coindices depending on the

Zagreb coindices, Hyper Zagreb coindices and forgetten topological coindex were obtained. The
bounds are computed for these indices of the graph operations like union, sum, cartesian product
and composition of graphs.
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2.1. Bounds for Euler Sombor Coindex and Gourava Sombor Coindex Depending on Some Other
Topological Coindices

First, let's give the necessary inequalities for the obtained results.

Lemma 2.1.1. (P’olya-Szegd Inequality [26])

Let x4, x5, ... x3 and yy, ¥,, ... ¥s be two sequences of positive real numbers. If there exists
real numbersx, y, X and Y suchthat 0<k<x;<K<o and 0<I<y; <L <o for
i=12,..,t then

t t
D X X v _ (kL +KL)*
X, xy]2 = 4kIKL

Lemma 2.1.2. (Radon’s inequality [26])
If x;,y;, >0 for i=1,2,...,r and p >0,

: : P+1 (Zr 1x)p+1
(El lyl)
Theorem 2.1.3. Let S be a graph on 1 vertices and p edges. Then

264 /u( F(©)+M(6))
/-Au M, (&) (2.1

(62+42)

Proof.

Letting x; = \/ ws(*)? + wg(¥)? + (ws(¥)ws(y)) and y; = § in Lemma 2.1.1, and choosing

k=+381=6 K=+v34 and L=4,weget 0<k<x;<K<owand 0<I<y,<L<oo

for i=12,..,i Applying Lemma 2.1.1 with the sums running over the edges in &, we have

Yayeee) Ws(0)? + ws()? + (0 (Dws()) Tayescs) 62 < (V382 + \/§A2)2
52[EU(S)]2 =TT 120222

Using the definitions of Forgetten and Second Zagreb coindices, we get

AF(@) +1,(®) _ (62 + 42
[EU)]Z — 46242

Hence we obtain the lower bound as

260JA(F(S) + M2(6

(52 + 47)

For the upper bound, letting x; = \/ ws(x)? + ws(¥)? + (we(x)we(y)) and y; = we(x) + wg(y) in
Lemma 2.1.2 with the sums running over the edges in S, we have

wg(x)? + ws(¥)? + (ws (D ws () - [EU(®)]*
ws(x) + wg(y) T Layes) we(X) + wg(y)

xy¢E(S)
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Notice that

wes(x)? + ws(¥)? + (ws(ws () < 3

0e(0) T 90 =74

Thus, we get

EU(S) < /%Aﬁﬂl(e).

Theorem 2.1.4. Let S be a graph on n vertices and m edges. Then

J 88AVSZ + 4 (WA% + 4(HMy(G) + HM,(S)) (4% + HF(S)
<GS0(G) < ff (2.2)

OVE2+ 4+ 24VA%2 + 4
Proof.

Letting x; = \/(we(x) + w@;(y))z + (wg(x)?wg(¥)?) and y; =1 in Lemma 2.1.1, and choosing k =

OV62+4,1=1, K=4vA2+4 and L=2, weget 0<k<x;<K<oand 0<I<y; <L <
for i = 1,2,...,i. Applying Lemma 2.1.1 with the sums running over the edges in &, we get

Yyese)(ws(x) + we)” + (We(¥)?ws()?) i - (6V62 + 4 +24VA% + 4)2
[GS0(G)]? T 88AVSZT+4AZ + 4

Using the definitions of Hyper Zagreb coindices, we have

\/86A\/62 + 4 @42 + 4(HM(S) + HM,(S))
V62 + 4 +20VA% + 4

< GS0(S)

For the upper bound, letting x; = \/ (wg(x) + a)e(y))2 + (wg(x)2we(¥)?) and y; = we(x)? +

wg(y)? in Lemma 2.1.2 with the sums running over the edges in &, we have

(@e() + 0s)” + (Ws (w0 _ [GSO(@)]*
wg(x)?* + wg(¥)? T Yayece) Ws(0)? + ws(¥)?

xy€€(S)

Notice that

(0s@) + s’ + (Ws(?ws()?) _ 4% +4
we(¥)? + ws(¥)? -2

_ ,a(AZ +HF(S)
GS0©) < [————

Hence, we get
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2.2. Bounds on the Euler Sombor Coindex and Gourava Sombor Coindex of Graph Operations

In this section, the minimum degree of the graph &; (i = 1,2) will be taken as §; and the
maximum degree will be taken as 4;.

Theorem 2.2.1. Let ©; and &, be two graphs on n; and 7, vertices, respectively. Then, the the

union of the graphs &, and &, on the Euler Sombor coindex has the lower and upper bounds as
EU(S,) + EU(S,) + mnz(6:% + 6,% + (616,) < EU(S, U S,) < EU(S,) + EU(S,)
Az (4. + 4% + (444;)  (23)
Moreover, the equality holds if &; and &, are regular.
Proof.

By the definition of Euler Sombor coindex, we have

B, US) = ) 06,200 +05,2() + we, () 03, ()
xy€€(Sq)

+Y 00200+ 05,200 + 06, () 0, )
xy¢C(S;)

sy [ D Joet@+ 0s 20 +we, s, 0)) |
xX€V(61) \YeEV(Sy,)

Using the minimum and maximum degrees, we obtain the desired result.

Theorem 2.2.2. Let ©; and &, be two graphs on n; and 7, vertices, respectively. Then, the the
union of the graphs &, and &, on the Gourava Sombor coindex has the lower and upper bounds

as

GSO0(S,) + GS0(S,) + ny1, \/ ((8; + 8,)% + 6,268, < G50(5, U G,) < GS0(S,) + GS0(S,)

+771772\/((Al +45)% + 412422 (2.4)

Moreover, the equality holds if &; and &, are regular.
Proof.

By the definition of Gourava Sombor coindex, we have

G0 Ue) = Y |(06,®+ 02,0)) toe, W0e )
xy€€(S1)

+ Z \/(“’62 (x) + wez(y))z +wg,’ (Dwe,* ()
xyg€(Sz)
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" Z Z \/(wgl(x) + we, (}’))2 + wg, 2(Nwe, () |.
xEV(S1) \YEV(S,)

Hence, we get the desired result.

Theorem 2.2.3. Let &; and &, be two graphs on n; and 7, vertices, u; and u, edges
respectively. Then, the the sum of the graphs &; and &, on the Euler Sombor coindex has the

lower and upper bounds as
V3 [ (8, +12) + (8, + )] S EU(S, + &;) < V3 [ (4 +12) + 15(4; + 1))
+771772(A12 + Azz + (A1A2) (2.5)

Here, the number of edges of the graph &; for i=1,2 is u;. Moreover, the equality holds if &; and

S, are regular.
Proof.

By the definition of Euler Sombor coindex, we get

B +6)= ) 05,20 +0e,20) + we, () 05,3)
xy€€(Sy)

+ Xxyec(s,) \/wezz(x) + wg,2(y) + we, (%) wg, (¥)

Using the definition of the sum of two graphs, we get

EU(G; +6,) = Z \/(wel(x) + 772)2 + (wel o + 7]2)2 + ((Uesl(x) + 772)(“)61(}’) +1,)
xy&E(G1)

b 00,0+ 1)+ (06,00 + 1)+ (06,60 + 1) (06,00 + 1)

xy€C€(Sy)

Using the minimum and maximum degrees, we obtain

V3 [11(8; + n2) + 12(8; + 11)] S EU(S, + &,) < V3 [1r(4y +12) + (4, + ny)]
+771772(A12 + Azz + (4142)-

Theorem 2.2.4. Let ©; and &,be two graphs on 7, and 7, vertices, u; and p, edges respectively.
Then, the the sum of the graphs &; and &, on the Gourava Sombor coindex has the lower and

upper bounds as
[, + n)Va+ (B + 107 + [72(6, +n)Va+ (6 +n.)2] < GSO(S, + &)
= [.U_1(Al + V4 + (4 + 7]2)2] + [H—z(ﬂz +nv4+ (4, + 7)1)2] (2.6)

Here, the number of edges of the graph &; for i=1,2 is m,. Moreover, the equality holds if S; and

S, are regular.
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Proof.

By the definition of Gourava Sombor coindex, we have

0@ )= Y (06,®+ 02,00) toe @z, 0)
xy€€(Sy)

£ 06,0+ 06,0)) +os @0s,2)
xyEE(S3)

Using the definition of the sum of two graphs, we get

GSO(G, +6,) = Z \/[(wel(x) + 1) + ((Uesl(J/) + 772)2] + (wel (x) + 772)2(0)@;1(37) + 772)2
XyEE(S1)

+ Y 05,0+ )+ (02,00 + 1)+ (05,00 + 1) (02,00 + m)"
xy¢€(S32)

Using the minimum and maximum degrees, we get the desired result.
Theorem 2.2.5. Let G;and S,be two graphs on 7, and 7, vertices, y; and u, edges respectively.
Then, the cartesian product of the graphs &; and &, on the Euler Sombor coindex has the lower

and upper bounds as

2 a\/ 8.2+ 68,°+(6,6,) < EU(S,06,) <2 aJ A%+ 0% + (4,4,) (2.7)

dir. Here, the number of edges of the graph &, O &, is a = nyu; + Ui1n,.

Proof.

Let x = (x1,x;) and y = (¥1,¥>). By the definition of Euler Sombor coindex, we have

U@ 0S) = ) fog,200) +05,200) + ve, (1) 0g, (1)
xy¢€(6,06;)

+ Joe,200) + 06,202 + e, 0) 0,02
Hence, we get the desired bounds.

Theorem 2.2.6. Let &; and &, Dbe two graphs on 71, and 7, vertices, y; and u, edges
respectively. Then, the the cartesian product of the graphs &; and &, on the Gourava Sombor

coindex has the lower and upper bounds as

2 a\/ (6, + 8,)%2 + 6,°6,> < GS0(6, 0 &,) < 2 a\j 4y + 4,)% + 4,242 (2.8)

Here, the number of edges of the graph &, 0 S, is a =y, + i1,.

Proof.

Let x = (x1,x;) and y = (¥1,¥2)- By the definition of Gourava Sombor coindex, we have
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0@ 080 = Y (w6t + ws,6) + (w6, 2G)s, )
xy¢€(5,0G3)

+J (06,00 + we,02) + (05,2 0)0e, ().

Hence, we get

2 aJ (6,4 6,)2 +6,°6,° < GS0(6, 0G,) <2 aJ (4, + 4,) + 4,24,

Theorem 2.2.7. Let &; and &, be two graphs on 7, and 7, vertices, u; and p, edges
respectively. Then, the the composition of the graphs &; and &, on the Euler Sombor coindex has

the lower and upper bounds as

23J’I22512 + 8, + (126,6,) < EU(G,[6,]) < 2[3\/7722412 + 4,7 + (1,0,45) (2.9

Here, the number of edges of the graph &,[G,] is B = nyu; + uyn,>.
Proof.

Let x = (x1,x;) and y = (¥4, ). By the definition of Euler Sombor coindex, we get

@ ED= Y J(nws,60) +0s,260) + nmws, Gos, ()
uvg€(S1[S;2])

+ \/(772(‘)61 ()ﬁ))z + we,2(2) + n0g, V1) we, (¥2)-

Hence, we obtain

2:3\/7722512 +68,° + (1,6,6,) < EU(&[S,)) < 2,3\]7722412 + 4,7 + (1,4,45).

Theorem 2.2.8. Let G; and &, be two graphson n, and 1, vertices, u; and u, edges respectively.
Then, the the composition of the graphs &; and &, on the Gourava Sombor coindex has the lower

and upper bounds as

23\/(77251"‘52)2 + (7]22512522) < GS0(G,[S,)) < 2.3\/(77241"‘42)2 + (7722412422) (2.10)

Here, the number of edges of the graph &,[G,] is B = nyu; + uyn,>.
Proof.

Let x = (x1,x;) and ¥y = (¥4, y,). By the definition of Gourava Sombor coindex, we get

UCHCAI Y \/mzwgl(xl)+wez<xz>)2+(n22w612<x1)w622(x2>)
uv€€(641[621)

+ 000,00 + 02,0277 + (m2205, 2 0)0s,2(02).
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Hence, we get the desired bounds.

3. The Euler Sombor and Gourava Sombor Coindices of SOME chemical Graphs

G isachemical graph if wg(x) <4 forall x € V(&). We denote by 7n; the number of vertices of
degree i.Let u;; and fi;; be the number of adjacent and non-adjacent vertex of degree i to a vertex
of degree j respectively. Here, 1;; = (Z‘) —pi; and f1;; = nnj— pyj, for 1 <1i,j < 4.

Proposition 3.1. If & is a chemical graph, then the Euler Sombor coindex and the Gourava Sombor

coindex are are as follows respectively:

EU(S) = V311 + V7t + V1333 3 + V21T 4 + 2V3ily2 + V19iIy 5 + 2V7 1y 4 + 3V3iis3 + V3713,
+4V/3]1,,4

and

GSO(S) = V51,1 + V1315 + 5uy s + VAL 4 + 4V2fi55 + V61,5 + 10T, + 3V13Ms 5 + V19315,
+8V51, .

Proof. For a chemical graph &, there exist only (1,1),(1,2), (1,3), (1,4), (2,2), (2,3), (2,4), (3,3),
(3,4), (4,4) type of vertex pairs. Using the definitions of the Euler and Gourava coindices, the

desired result can be get easily.

Dendrimer has a special structure that is generally divided into three parts: inner layer, middle
layer and surface functional group layer. If the molecular graph of porphyrin core polyamidoamine
dendrimers synthesized by microwave method[27] is shown with PDP(k), where k > 1 is the
production step, the following theorem is obtained.

Theorem 3.2. Let k > 1. Then the Euler and Gourava coindices of PDP(k) are

_ V3n 2v21 V122 3V13
EU(C) = 5 o (771 + 3 Ny — 1) +2v2n, (772 +T773 - 1) +T7l3(773 -1)
—2k+1(24v2 + V7 + 2V13 + 7V61) — 32V13 — 16V61
and
_ V51 2v/65 V122 3V13
GSO(G) = > : (m t——mt 2V5n; — 1) + 2v2n, (772 t— M- 1) + Tng(ns -1

—2k+1(24v2 + V7 + 2V/13 + 7V61) — 32V13 — 1661
where 1, = 2k+2 4 2k*1 — 4 5, = 5.2k+2 4 8,1, = 3.2k + 12,

Proof. Using the values of y; ; from [28], ji;; are found as follows:

1 = (7721) ylip =Ml — 2k+1:l11,3 =Mns — 2k*2 1 4, a2 = [(1722) —3. 2k+2],

_ _ n
Hz3 = M2M3 — 2k*4 4 2K+ — 16, Hz3z = (21) - 12.

Then the Euler and Gourava coindices of PDP(k) are

EU(G) = > ?71+T772+TT73—1 ?72+TT73—1 +TT73(773—1)

—2(41(12v/3 + V7 + 213 + 7V19) — 36V3 + 4V13 — 16,/19p

\/§n1( 2421 2v/39 >+\/§772( V57 >3x/§
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GSO(S) =

5
Yom (m + 265 133 — 1)

—2k+1(24\/§ ++/7 + 2v/13 + 7V61) — 32V13 — 16V61.

V122 ) 3v13
r]3 - 1 +

Graphene is a material with a two-dimensional honeycomb lattice structure consisting of a single
layer of atoms and is denoted by GN (1, k).

Theorem 3.3. Let G be the graphene GN(n,k) where 1 < k <. Then the Euler and Gourava
coindices of GN(n, k) are

EU(S) = 24V3n2k? + (8v19 — 24V3)n%k + (16V19 — 24vV3)nk? + (4V3 — 12V19)nk
+(10V3 — 4V19)n? + (22v3 — 8V19)k? + (16v3 — 4V19)n + (10v3 — 4V19)k + 8V19 — 20V3,
GSO(S) = 24V13n%k? + (8V61 — 24V13)n2k + (16V61 — 24V13)nk?
+(32v2 — 12v3 — 12V61)nk + (8V2 + 6V13 — 4V61)n? + (32V2 + 6V13 — 8V61)k?
+(—4V2 + 18V13 — 4v61)n + (—16V2 + 18V13 — 4V61)k — 162 + 8V61 — 12V13.

Proof. Since GN(n, k) has only (2,2),(2,3) and (3,3)-type of vertex pairs, we can see easy that
fo2 =2n%* +8k* +8nk —n — 4k — 4, {3 = 4(2 — k — 2k* —n — 3nk —n? + 4k*n + 2n°k), i35 =
2(—=2+ 3k + k% 4+ 3n — 2nk + n? — 4n%k — 4k?’n + 4n2k?), n, = 2n+ 4 and n; = 2(2nk —n — k).
If these values are written in the equations, we obtain
EU(S) = 2V31,; + V191,53 + 3V3[i33
= 2v/3(2n% + 8k% + 8nk — 1 — 4k — 4)
+V19(4(2 — k — 2k? — 5 — 3nk — % + 4k*n + 2n2k))
+3V3(2(=2 + 3k + k? + 3n — 2nk + n? — 4n%k — 4k*n + 4n°k?)
and
GS0(8) = 421y, + V61T, 5 + 3V13jI3 3
= 4N/2(2n% + 8k? + 8nk — n — 4k — 4)
+V61(4(2 — k — 2k? — 1 — 3nk — n? + 4k + 2n2k))
+3vV13(2(=2 + 3k + k2 + 3n — 2nk + n% — 4n%k — 4k?n + 4n2k?).
If the necessary calculations are made, the desired results are obtained.
Carbon nanocones are conical structures with a loop of length k at the core and n hexagonal

layers arranged on a conical surface around the center, denoted by CNCy (7).
Theorem 3.4. Let G be the carbon nanocone structure CNC, () with k >4 and n = 1. Then,

EU(G) = ‘/_ n*k? + (3V3 +V19)n3k? + <£ +2V19 > — 4n%k + (2v3 + V19)nk?
— (4V3 + 2vV19)nk + V3k? — 3V3k,
GSO(G) = %ﬁn“kz + (3V13 + V61 )n3k? + (2\/_ + L + 2\/_) - 6V13n2k
+(4V2 + V61 )nk? — (2V2 +3V13 + Zx/a)nk + 2v2k? — 6V2k.

Proof. It is easy to check thatn, = k(n + 1), ns =nk(n + 1) [, = (7722) — Uz2, H23 = Mal3-HUz3
33 = (1723) — HU3z3-
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If we calculate EU(S) = 2V3ji,, + V19fi,5 + 3V3i;3 and GS0(S) = 4V2i,, + V61,5 + 3V13is 3,
the desired results are obtained.

A tree is a caterpillar if and only if all vertex of degree greater than equal 3 are surrounded by at
most two vertices of degree two or greater.

Proposition 3.5. Let G be the caterpillar (S, S3, ..., S3,54; 21, 22, ..., Z,). Then we have

EU(S) = (4V3 + 2v21)n? — 3v3n + 5V3 — 2v21

and

GS0(®) = (10V5 + 2vV41)n? — (3V5 + 32V15)n + V5 — 2v/41 + 32V15.

Proof. It is seen from the structure of & that 7, =2n+2, n, =141 = 0,43, =20+ 2 and py, =
n — 1. Then we get

EU(S) = \/5("21) FVZI(n. — 20 — 2) + 4V3 [(772‘*) —n+1]

and
GSO(®) = V5("1) + V&L1(mn, — 27 — 2) + 8V5[("™) —n + 1].
When the values of 7; and 7, are substituted into the equations above, the desired results are

obtained.

4. The Use of Selected Sombor Topological Indices and Coindices in
QSPR Studies

QSPR studies have become an important field of study for both mathematicians and chemists
with the advantage of rapid calculation of topological indices to predict the properties of compounds.
In this section, we have shown that Euler Sombor and Gourava Sombor indices and their coindices
play an important role in the prediction of Hydrogen bond acceptor count (HBAC), Heavy atomic
count (HAC), Complexity (COMP), and Surface Tension(ST) properties.

Table 2. Experimental values of physicochemical properties of Butane derivatives [29].

Compound HBAC HAC COMP ST

1,4-butanedithiol 2 6 17.5 31.1
2-butanone 1 5 38.5 229
1,3-butanediol 2 6 28.7 34.9
butane dinitrile 2 6 92 40.7
butanediamide 2 8 96.6 53

butane-1-sulfoamide 3 8 133 419
1-butanethiol 1 5 13.1 24.8
1,4-diaminobuane 2 6 17.5 35.8
butane-1,4-disulfonic acid 6 12 266 77.9
butyraldehyde 1 5 24.8 231
2,3-butanedione 2 6 71.5 27.3
1-butanesufonylchloride 2 8 133 36.4
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Table 3. Gourava and Sombor indices(coindices) of Butane derivatives.
Compound GSO EU EU GSO
1,4-butanedithiol 24.18 15.68 27.99 40.83
2-butanone 30 17.81 17.71 25.11
1,3-butanediol 27.07 17.67 26.38 37.54
butane dinitrile 53.44 26.21 52.30 96.91
butanediamide 58.46 33.79 77.47 130.05
butane-1-sulfoamide 85.92 49.98 91.83 149.39
1-butanethiol 18.52 17.51 26.36 22.31
1,4-diaminobuane 24.18 20.97 27.99 40.83
butane-1,4-disulfonic acid 121.94 66.77 231.47 390.13
butyraldehyde 24.88 14.82 20.18 31.33
2,3-butanedione 50.69 30.13 35.52 55.12
1-butanesufonylchloride 67.40 37.76 74.23 118

Non-linear Regression Model:

Here, we based on the below non-linear regression model:
In(P) = X + Y In()
where (P) indicates the selected properties of Butane derivatives, and (I) indicates the Gourava
and Sombor indices(coindices).
The Gourava Sombor index GSO:
In(HBAC) = —1.8291 + 0.6650 In(GSO)
In(HAC) = 0.4569 + 0.3813 In(GSO)
In(COMP) = —2.0591 + 1.6116 In(GSO)
In(ST) = 1.5964 + 0.5277 In(GS0)

The Euler Sombor index EU:
In(HBAC) = —2.1247 + 0.8513 In(EU)

In(HAC) = 0.2910 + 0.4871 In(EU)
In(COMP) = —2.0480 + 1.8395 In(EU)
In(ST) = 1.6338 + 0.5919 In(EU)

The Gourava Sombor coindex GSO:
In(HBAC) = —1.4831 + 0.5106 In(GSO)

In(HAC) = 0.6819 + 0.2864 In(GSO)
In(COMP) = —0.3666 + 1.0325 In(GSO)
In(ST) = 1.9833 + 0.3782 In(GSO)

The Euler Sombor coindex EU:
In(HBAC) = —1.5213 + 0.5747 In(ED)

In(HAC) = 0.6308 + 0.3302 In(ED)
m(COMP) = —0.2987 + 1.1236 In(EU)
In(ST) = 1.936 + 0.4305 In(ED)
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When the necessary calculations are made here, it is seen that the predicted values of the
properties are as in Tables 4-7. The correlation coefficients of the experimental values and the exact
values of the selected physicochemical properties of the butane derivative are given in Table 8. The
R? values for the nonlinear QSPR model are shown in Table 9.

Table 4. The HBAC values predicted by Gourava and Euer Sombor with coindices.

Compound GSO EU EU GSO
1,4-butanedithiol 1.335459 1.244092 1.482178 1.508217
2-butanone 1.541408 1.386579 1.139355 1.176683
1,3-butanediol 1.439583 1.377295 1.432565 1.444889
butane dinitrile 2.262888 1.926617 2.122906 2.344972
butanediamide 2.402111 2.391729 2.660681 2.724976
butane-1-sulfoamide 3.103163 3.337642 2.933831 2.924869
1-butanethiol 1.118441 1.366671 1.431941 1.10775
1,4-diaminobuane 1.335459 1.593424 1.482178 1.508217
butane-1,4-disulfonic acid ~ 3.91669 4.270912 4.990947 4.774956
butyraldehyde 1.361045 1.185762 1.228135 1.317453
2,3-butanedione 2.184768 2.169334 1.69967 1.757965
1-butanesufonylchloride  2.640528 2.628947 2.59615 2.59299

Table 5. The HAC values predicted by Gourava and Euer Sombor with coindices.

Compound GSO EU EU GSO
1,4-butanedithiol 5.32036 5.112493 5.646162 5.721763
2-butanone 5.776376 5.439739 4.854167 4.978076
1,3-butanediol 5.554397 5.418869 5.536788 5.585738
butane dinitrile 7.198875 6.566213 6.940683 7.328943
butanediamide 7.449591 7.431088 7.902143 7.973089
butane-1-sulfoamide 8.627785 8.992146 8.358541 8.296045
1-butanethiol 4.805966 5.394912 5.535402 4.812333
1,4-diaminobuane 5.32036 5.890203 5.646162 5.721763
butane-1,4-disulfonic acid ~ 9.859995 10.3546 11.34251 10.92113
butyraldehyde 5.378571 4.973932 5.068015 5.303816
2,3-butanedione 7.055309 7.027489 6.108283 6.235286
1-butanesufonylchloride  7.864972 7.84426 7.79145 7.754118

Table 6. The COMP values predicted by Gourava and Euer Sombor with coindices.

Compound GSO EU EU GSO
1,4-butanedithiol 5.32036 5.112493 5.646162 5.721763
2-butanone 5.776376 5.439739 4.854167 4.978076
1,3-butanediol 5.554397 5.418869 5.536788 5.585738
butane dinitrile 7.198875 6.566213 6.940683 7.328943

butanediamide 7.449591 7.431088 7.902143 7.973089
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butane-1-sulfoamide 8.627785 8.992146 8.358541 8.296045
1-butanethiol 4.805966 5.394912 5.535402 4.812333
1,4-diaminobuane 5.32036 5.890203 5.646162 5.721763
butane-1,4-disulfonic acid  9.859995 10.3546 11.34251 10.92113
butyraldehyde 5.378571 4.973932 5.068015 5.303816
2,3-butanedione 7.055309 7.027489 6.108283 6.235286
1-butanesufonylchloride ~ 7.864972 7.84426 7.79145 7.754118
Table 7. The ST values predicted by Gourava and Euer Sombor with coindices.
Compound GSOo EU EU GSO
1,4-butanedithiol 5.32036 5.112493 5.646162 5.721763
2-butanone 5.776376 5.439739 4.854167 4.978076
1,3-butanediol 5.554397 5.418869 5.536788 5.585738
butane dinitrile 7.198875 6.566213 6.940683 7.328943
butanediamide 7.449591 7.431088 7.902143 7.973089
butane-1-sulfoamide 8.627785 8.992146 8.358541 8.296045
1-butanethiol 4.805966 5.394912 5.535402 4.812333
1,4-diaminobuane 5.32036 5.890203 5.646162 5.721763
butane-1,4-disulfonic acid  9.859995 10.3546 11.34251 10.92113
butyraldehyde 5.378571 4.973932 5.068015 5.303816
2,3-butanedione 7.055309 7.027489 6.108283 6.235286
1-butanesufonylchloride  7.864972 7.84426 7.79145 7.754118

Table 8. The correlation coefficient values of predicted physicochemical properties with its exact values.

Properties GSO EU EU GSO
HBAC 0.8419 0.8783 0.9277 0.9174
HAC 0.8897 0.9221 0.9748 0.9610
COMP 0.9855 0.9630 0.9506 0.9619
ST 0.8137 0.8306 0.9344 0.9332

Table 9. Determination coefficients(R?) for the non-linear QSPR model for the Gourava and Euler Sombor

indices(coindices).
Indices HBAC HAC COMP ST
GSO 0.7464 0.7687 0.9724 0.9840
EU 0.7840 0.8336 0.8419 0.9751
EU 0.8322 0.9287 0.7615 0.9867
GSO 0.8455 0.9091 0.8366 0.9879

The following figures indicates how much the predicted values of physio-chemical properties
are correlated with the wellknown physio-chemical properties.
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5. Results and Discussion

In this study, Gourava Sombor and Euler Sombor coindices are introduced as a new tool in
mathematical chemistry and bounds are obtained through union, sum, cartesian product and
composition graph operations. Also these indices are studied in some chemical graphs. These results
show the important relationship between graph structure and degree concept.

From Table 8, it can be seen that the Euler Sombor and Gourava Sombor topological indices and
their coindices are particularly effective in predicting the HBAC, HAC, COMP, and ST properties of
butane derivatives. It is observed that the correlation coefficient of the predicted values and the exact
values of HBAC is in the range of 0.8419 < R < 0.9277, with the Euler Sombor coindex having the best
correlation coefficient of 0.9277. In addition, the correlation coefficient of the predicted and exact
values of HAC is in the range of 0.8897 < R < 0.9748, and it gives the best correlation coefficient of
0.9748 with the Euler Sombor coindex, and it is seen that ST is in the range of 0.8137 < R < 0.9344, with
the best correlation coefficient being 0.9344 in this index. Finally, the correlation range for Comp is
0.9506 < R < 0.9855, and its best correlation is with the GSO index. It is clear that especially the EU
coindex and GSO coindex show very strong correlations with the exact values of the predicted values
of the selected physicochemical properties. These strong correlations show that the selected indices
are reliable estimators in predicting the physicochemical properties of butane derivatives.

In a related study by Shashidhara et al. [30], the correlation coefficient of predicted and exact
values for the studied domination topological indices was in the range of 0.58 < R < 0.88 for HAC,
while it was in the range of 0.8897 < R <0.9748 in our study, For ST, it was in the range of 0.53 < R <
0.83 in [30], while it was in the range of 0.8137 < R <0.9344 in our study. For Comp, it was in the range
of 0.53 < R <0.90 in [30], while it was in the range of 0.9506 < R < 0.9855 in our study. Thus, in the
literature, the highest performance results were obtained with the Gourava Sombor and Euler
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Sombor indices and especially the coindices in predicting the HAC, COMP and ST physicochemical
properties of butane derivatives.
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