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A topological index is a real number calculated from the structure of a chemical compound to describe its topology. The use of molecular descriptors has been increasing in recent years, helping to determine the physicochemical and biological properties of drugs. The main purpose of this article is to investigate the properties of the octane isomers using the theoretical method. To study the structures of octane isomers, we have introduced a new approach called “neighborhood product degree” to calculate all the classical degree-based topological indices. The np-degree approach is applied to approximate eight properties of octane isomers, such as the acentric factor, density, refractive index, critical volume, molar volume, radius of curvature, critical pressure, and LogP. The np-degree-based topological indices are the estimated values of the properties of octane structures, so the linear and quadratic regression models and correlation coefficients are applied to check the validity of the estimated results. The quantitative structure property relation are obtained by using the linear, quadratic, exponential, logarithmic and sinusoidal regression methods with the help of SPSS. Two models are applied to all the compuations and three regression models are applied to the np-degree Randic index. The computation showed that quadratic regression model is suitable for study octane isomers and np-degree based graph invariants. If the values of the correlation coefficient r ⩾ 0.7, p-values ⩽ 0.05, and F-values ⩾ 2.5, then the results are significant. The results of np-degree-based topological indices satisfy all the criteria for being significant, so these newly introduced indices are valid to study octane isomers. The information determined in this article is beneficial for chemists and pharmacists.
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1 INTRODUCTION
Octane isomers are hydrocarbons that have different molecular structures but the same chemical formula. These isomers have several uses in industries such as oil and gas, automotive, and chemical manufacturing. They can improve engine performance and reduce harmful emissions. For example, iso-octane has a high resistance to knocking in engines, while n-heptane has a low resistance to knocking. Blending these two isomers together produces gasoline with an octane rating that matches the needs of a specific engine. In addition to improving engine performance, using octane isomers can also lead to more efficient fuel usage and decreased carbon monoxide emissions. One of the main uses of octane isomers is as a reference point for measuring the quality of gasoline. Gasoline with higher octane ratings burns more efficiently and produces fewer emissions. Octane isomers are also used in the production of solvents, plastics, and detergents. Octane isomers are valuable tools in organic chemistry, serving as model compounds for studying chemical reactions and mechanisms. They are used in laboratory settings and research to investigate molecular structure and function and to develop new synthetic methodologies. They also have applications in aerospace engineering, serving as reference fuels for evaluating jet and rocket engine performance and combustion characteristics, ensuring safety and reliability in aviation and space exploration. Additionally, some isomers of octane have medical applications, such as in the treatment of cancer and as an anesthetic. With the versatile properties of octane isomers, they continue to have a significant impact on various industries and fields [1].
Chemical graph theory is a fascinating and important field of study that has significant applications in a variety of fields. Its use of graph theory to model chemical phenomena has led to significant advancements in drug design, material science, and nanotechnology. Isomers of a chemical compound rely on graph theory as they have the same chemical formula but are distinguished by their structures. Graph theory helps understand the isomers of octane. A chemical graph is a labeled graph whose vertices correspond to the atoms of the compound and whose edges correspond to chemical bonds. This branch of mathematics applies chemical graph theory to model molecules and study their various physical properties. Chemical graph theory is a critical tool for understanding molecular structure, designing compounds, understanding reaction mechanisms, and guiding computational simulations in various chemistry fields, contributing to advancements in theoretical understanding and practical applications in drug discovery, materials science, and environmental remediation. The study of chemical graph theory is essential to understanding molecules’ behavior of molecules and their interactions with other molecules, making it a critical area of research in the field of chemistry. QSPR modeling employs graph theory to predict a drug’s properties based on its molecular structure. Researchers develop QSPR models using statistical and mathematical methods to quantify the relationship between the molecular structure and the properties of interest [2–5].
Topological indices are essential mathematical descriptors that provide valuable insights into the structure of chemical compounds. These indices provide quantitative information about various structural features such as size, shape, branching, symmetry, and connectivity, derived from the compound’s molecular graph. Degree-based indices are used in various fields, including quantitative structure-activity relationship (QSAR), chemical reactivity, drug design and discovery, material science, network analysis, predictive modeling, toxicity prediction, and graph theory applications. They help to correlate the structure of molecules with their biological activities, predict chemical reactivity, aid in drug design and discovery, characterize material structure-property relationships, analyze complex systems, train predictive models in machine learning, and predict chemical toxicity profiles in chemicals. They also contribute to graph theory applications in computer science, mathematics, and sociology. Chemists commonly use various topological indices in their field, such as the Wiener index, the Randic index, and the Zagreb index. Each of these indices calculates a different aspect of the molecular structure, providing a unique perspective on the compound’s properties. Topological indices are an important tool for understanding the structure and properties of chemical compounds, allowing chemists to make predictions about a compound’s behavior without having to perform time-consuming experimental measurements. For more information about the significance and applications of the TIs, see [6–8].
The octane isomers are analyzed by different types of numerical descriptors. The atom bond connectivity index and forgotten index are the numerical descriptors that are introduced for the determination of the properties of octane isomers. Researchers mostly use a new index to understand the characteristics of alkanes, benzene derivatives, and octane isomers. Due to the simple nature and great importance of the octane isomers, we applied the newly introduced approach to explore these structures. Below are the main points of our contribution to this article.
• This manuscript studies the physical and chemical characteristics of the octane isomers. There are eight properties, such as acentric factors, density, refractive index, critical volume, molar volume, radius of curvature, critical pressure, and logP. The np-degree approach theoretically analyzes these properties.
• The experimental values of these characteristics of the octane isomers have already been calculated with lab experiments and some theoretical techniques. Computing properties through lab experiments is challenging, time-consuming, expensive, and demands expertise. So, we provide an easy method using a numerical descriptor and some statistical tools.
• Six numerical descriptors are used to determine the properties of octane. The edge partition technique is used for the determination of the results of TIs. The np-degree TIs are the calculated or approximated values of the octane isomers, and the validity of these calculations is checked by the linear and quadratic regression models.
• SPSS software computes the correlation values, p-test values, and F-test values, making it an amazing tool for statistical computations. The correlation coefficients are positive and negative.
• Line graphs graphically represent the data. This is another method to analyze and compare the correlation coefficients. We draw the graphs in MS Excel. Line graphs are a valuable tool for visually representing data. They provide a clear and concise way to analyze and compare correlation coefficients. Plotting data points on a graph allows for easy identification and interpretation of trends and patterns.
The purpose of this article is to explore the characteristics of octane isomers using a theoretical method. A large number of chemical structures have already been examined using topological indices and regression analysis. This work has motivated us to further investigate the properties of octane structures using np-degree indices and regression analysis. Regression analysis is an effective way to determine the suitability of topological indices for specific properties of chemical structures’ properties.
The first topological index was a distance-based index; however, degree-based indices are more useful and applicable to graph invariants. Today, researchers have introduced many types of degree-based numerical descriptors. The degree of vertex work is increasing day by day. The np-degree-based indices will also prove to be a good addition to the progress of degree-based indices. In 2017, Chellali et al. proposed two new degree concepts in topological indices, called ve-degree and ev-degree [9]. The concepts of ev-degree and ve-degree are very simple yet beneficial. These indices showed a very good correlation with the benzene derivatives. In chemistry, benzene derivatives have a very important chemical structure. Rauf et al. investigated the properties of benzene derivatives using six ev-degree and ve-degree numerical descriptors [10]. These indices showed an excellent correlation with experimental values. The multi-linear regression model is used to check the significance of the results. These indices proved to be equally effective for organic and inorganic compounds, such as silicon carbides. In 2020, Jamil et al. introduced a different degree-based index called the face index [11]. It is computed by adding the internal and external degrees of the graphs. This index analyzes the structures of benzene derivatives. It observed from the computations that the new topological index can be use multiple linear regression to accurately predict the pi-electron energy and boiling points of benzenoid hydrocarbons, with a correlation coefficient of r > 0.99. The correlation of face index for some structures was approximately 1, which is a very strong correlation. Mahboob et al. [12] proposed a novel concept related to the degree known as “bi-distant.” In this concept, two edges are considered to be one edge, and we count their degrees using the classical method. The eigenvalue indices have recently been used to explore the properties of COVID-19 drug structures [13]. Entropy, first introduced in Shannon’s paper, measures the uncertainty of information content in probability distributions [14]. It was later applied to graphs and chemical networks to measure structural information. It has been widely applied in fields like chemistry, biology, ecology, and sociology. Graph entropy measures, which associate probability distributions with graph elements, can be classified as intrinsic and extrinsic measures. There are a variety of graph entropy measures. The ve-degree of end vertices of each edge-based entropy index is first proposed to investigate the two-dimensional structure of breast cancer drugs [15]. The QSPR was established using linear and cubic regression methods with SPSS, revealing a strong correlation between entropy indices and the physical properties of the drugs. The results show that the entropy indices under study have a strong correlation with the physical characteristics. All the degree-based indices are proposed to analyze the different structures. There are different types of chemical structures. To get more and more information about the properties of different structures, researchers are using more and more indices with the passage of time. The graph invariants reinforce the connection between chemistry and mathematics.
Recently, Huang et al. studied the characteristics of Lyme drugs using three types of regression models and degree-related TIs [16]. They examined six properties of lyme drugs using ten degree-related TIs, which were degree-based. Our article, however, focuses on np-degree-based indices. Rasheed et al. used TIs and regression analysis to study the properties of heart attack drugs [17]. They calculated the boiling point, enthalpy of vaporization, flash point, and molar refractivity of heart attack drugs based on a strong correlation greater than 0.8 with these properties. Hui et al. examined the physicochemical properties of antiemetics used to treat nausea or vomiting [18]. They investigated six properties of anti-emetics drugs using 13 degree-related TIs and analyzed the results using simple and multi-linear regression models. Mahboob et al. investigated the two-dimensional structures of blood cancer drugs using the newly introduced degree-based topological indices [19]. Three different types of regression models, including linear, logarithmic, and exponential regression, analyze the results. Multiple times, researchers have evaluated and studied octane isomers multiple times to introduce new numerical descriptors. These articles are based on degree-based topological indices as well as the verification of results by different regressions. The advancement of theoretical work in the field of chemical graph theory motivated us to write and explore the various chemical structures with the help of numerical descriptors.
The article divides into nine sections. Section 1 introduces the topic and provides basic definitions, including an overview of np-degree. Section 2 delves into the methods and software used for computations, as well as the procedure for estimating the properties of octane isomers. Section 3 explores the experimental and calculated values of parameters, while Section 4 explains the validity of the two-regression model. Section 5 examines the graphical approach for understanding the results and compares them with those in the literature. Section 6 consists of the data related to the three regression models and analyzes the results. Section 7 provides a detailed analysis of the results obtained from both linear and quadratic regressions, whereas Section 8 highlights the various applications of numerical descriptors in different fields and in describing the properties of octane structures. Finally, Section 9 discusses the conclusion and future scope of our work. A list of references at the end of the article provides readers with access to all relevant information.
1.1 Basic definitions and literature review
Let G = (V, E) be a simple, planar, and connected graph representing the structures of octane isomers. In chemical graphs, atoms are indicated by nodes, and bonds are represented by lines. The structures of octane isomers do not have cycles. There are two concepts related to degrees discussed in this article. The first one is the simple degree of any node v that is formed by counting the number of edges attached to it. The degree of a node v is represented by dv. This is the classical degree of the nodes of chemical graphs. The neighborhood product degree of a node v is the product of the degrees of vertices attached to v. It is denoted by Pv. Various formulas of np-degree-based topological indices are defined in Eqs 1–8.
The general definition of np-degree-related indices is:
[image: image]
where Pu and Pv are the inputs, and F is a function. The terms Pu and Pv are not simple vertex degrees, but these are neighborhood product degrees. The np-degree of vertex u is given below.
[image: image]
Milan Randic, a chemist from Croatia, dedicated his efforts to constructing a mathematical model in 1975 that could accurately describe the degree of branching in organic compounds, specifically in the carbon-atom skeleton of alkanes [20]. Randic proposed a branching index, which has since been named after him in recognition of his exceptional contributions to the field. Chemists use the R-index, one of the oldest degree-related indices, to estimate the properties of many chemical structures. Randic proposed replacing the simple vertex degrees with the np-degrees Pv and Pu. A new version of the R-index calculated by np-degree is given below.
[image: image]
A large number of structures and their properties are estimated by the Randic index. Zhou et al. approximate the seven properties of the narcotic drugs by the R-index [21]. Parveen et al. applied the R-index to study the information about the drugs used to treat blood cancer [22]. The significance of the R-index can be measured by the fact that it is the most useful index for understanding chemical structures theoretically. Gayathri et al. applied the different indices, particularly the R-index, to study the properties of the circumcoronene series of benzenoid [23]. The Randic index is a tool that provides structural information about molecules, enabling understanding of their properties and activities. It correlates well with physicochemical properties, making it useful in QSPR studies. In medicinal chemistry, it aids in drug design and discovery by quantifying molecular branching patterns. It also aids in toxicity prediction by identifying structural features that correlate with toxicological endpoints. The index also provides insights into chemical reactivity, helping predict reaction outcomes. It also finds applications in graph theory and network analysis.
Lingping Zhong introduced a formula to study the properties of trees and general graphs in 2013, named the harmonic index [24]. The formula for the H-index is formed by the inspiring Randic and sum connectivity indices. Zhong introduced this index in graph theory, but it was first studied by Fajtlowicz to study the computer program [25]. The np-degree form of H-index is defined as:
[image: image]
The H-index is very easy to calculate and is highly significant because of its applications in various fields. Due to its success, many approaches have been taken to take advantage of this index. The harmonic index is very simple and easy to calculate. First, it did not catch the attention of many researchers, but with the passage of time, its applications are increasing day by day. The harmonic index is utilized to study the characteristics of asthma drugs [26]. There are different forms and approaches to the classical degree-based indices that are being introduced due to the success of these indices. Applying the np-degree approach to the harmonic index has led to its success. Khan et al. examine the drugs used to treat skin cancer by degree-related TIs, especially H-index [27]. The harmonic index measures a molecule’s structural complexity by considering the distances between atoms. Higher indices indicate more complex molecules. The index correlates with physicochemical properties, making it useful in QSPR studies. By identifying patterns associated with biological activities, medicinal chemistry, it aids in drug design and discovery by identifying patterns associated with biological activities. It also helps predict toxicity by comparing structural features with endpoints. The index also provides insights into chemical reactivity, helping predict reactions.
Gutman and Trinajstic introduced a formula to study hydrocarbons in 1972, represented by M1 [28]. The parameter M2 was introduced by Gutman et al. to study acyclic polyenes in 1975 [29]. These parameters are collectively called Zagreb indices due to the name of the city where the authors introduce them. The first index involves the sum of the vertex degrees of an edge, and the second index is formed by the product of the vertex degrees of an edge. The np-degree version of these indices is given below.
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Shanmukha et al. recently analyzed the 11 properties of the octane isomers by using different types of Zagreb indices and three regression models [30]. After 1 year, Tamilarasi increased the progress of Zagreb indices to study the octane isomers [31]. Parveen et al. use Zagreb indices [32] to determine the QSPR modeling of the structures of diabetes drugs for the treatment of this fatal disease.
Ivan Gutman proposed the Reciprocal Randic Index (RR) and introduced three indices in his 2014 paper [33]. These indices were initially utilized to estimate the characteristics of alkanes, a group of hydrocarbons. The results showed that the indices were highly effective in this regard. The RR index has proven to be a valuable tool for predicting the properties of various chemical compounds, and its applications are in different fields. The np-degree-based RR index is defined as:
[image: image]
In 2010, Vukicevic proposed the inverse sum index [34]. The IS index includes both the product and sum of the terminal degrees of an edge. The np-degree inverse sum index is defined as:
[image: image]
Researchers have conducted limited research on this index; however, it remains a highly effective tool for approximating the characteristics of various chemical structures. Das and Mondal recently applied the IS index and neighborhood IS index to a study of trees and unicyclic graphs [35]. For more information on how to determine the properties of different chemical structures using TIs and regression models, see [36, 37]. Definition of np-degree and its comparison with vertex degree and sum neighborhood degree based topological indices.
The term “np-degree-based topological indices” refers to neighborhood product degree-based topological indices. The np-degree of a vertex “v” is defined as the product of the neighborhood degrees of vertex “v.” The np-degree of a vertex v is the product of the degrees of two other vertices, u and w, to which v is connected. The np-degree of an edge e = uv is defined by the separate product degrees of u and v. The np-degree method is a simple approach to finding the topological indices using a new method. The concept of neighborhood sum degree is similar to that of neighborhood product degree. Researchers use both methods to estimate the properties of chemical structures. Figure 1 shows the np-degrees of the naphthalene structure.
[image: Figure 1]FIGURE 1 | Computation of three types of degrees for Naphthalene. (A) Simple vertex degrees. (B) Sum Neighborhood degrees. (C) Neighborhood product degrees.
The comparison of the different approaches to calculating the topological indices for a particular structure of naphthalene is given in Table 1, and degrees are mentioned in Figure 1. The simple degree of a vertex v is the number of edges connected to it, denoted by dv. The sum neighborhood degree of a vertex v is the sum of all degrees of the vertices attached to v, denoted by Sv. The neighborhood product degree of a vertex v is the product of the degrees of vertices attached to v and is denoted by Pv. The concept of simple degree-related TIs was introduced in 1972 with the introduction of the first degree-related indices, called Zagreb indices. The concept of sum neighborhoods related to TIs was introduced in 2019. The idea of neighborhood product-related TIs is introduced in the present article and applied to six classical numerical descriptors. 
Below are the values of the first Zagreb index computed for the structure of naphthalene using three different types of degree approaches.
[image: image]
TABLE 1 | Comparison of three types of degrees.
[image: Table 1]2 METHOD AND MATERIAL USED FOR COMPUTATIONS
There are two types of computations done here: computation of numerical descriptors and statistical computations. The degree-counting technique is used to count the degrees and np-degrees. Vertex partitioning, np-degree edge partitioning, and computational techniques are used to calculate the estimated values (np-degree TIs). The calculations are done using a scientific calculator and verified by MATLAB software. The software SPSS uses for statistical computations such as regression equations and statistical parameters The 2D graphs of comparison and correlation are drawn by Microsoft Excel. The experimental data is taken from chemSpider. The procedure for estimating the properties of octane isomers by np-degree-based TIs is given below in Figure 2.
[image: Figure 2]FIGURE 2 | Procedure for estimating the octane properties.
3 DETERMINATION OF RESULTS FOR OCTANE ISOMERS
The values of T-indices are the estimated values of the properties of octane isomers. The accuracy of these numerical values is predicted by using correlation coefficients. A strong relationship between estimated values and the values calculated by experiments shows the validity of T-indices. There are two types of computations included in the section. The first part discusses the experimental values that are taken from ChemSpider and Stenutz. The second part deals with the computation of degree-related T-indices for the 18 structures of the octane isomers.
3.1 Experimental values for properties of octane isomer
There are eight properties of octane isomers that are predicted by using six np-degree-related indices. All eight characteristics for all octane isomers are given in Table 2. A parameter can be calculated in different units, so the units of the parameters are also mentioned in Table 2. The acentric factor (AF) is a crucial metric that measures the extent to which a substance’s thermodynamic properties deviate from the predictions of the Principle of Corresponding States. The acentric factor is a dimensionless quantity that characterizes a substance’s molecular structure and its ability to interact with other molecules. Density (D) is a physical characteristic that can be calculated by dividing an object’s mass by its volume. It is a constant property that remains the same regardless of the size of the sample. There are different units used to measure density, but we use g/cm3 in this manuscript. The refractive index (RI) is a fundamental property of a material that describes how much the speed of light is reduced when it passes through it. It is calculated by dividing the speed of light in a vacuum by the speed of light in a medium with a higher density. Interestingly, this ratio has no units, making it a dimensionless quantity. The critical volume (CV) refers to the volume occupied by 1 mol of gas at a specific critical temperature and pressure. It is important to note that the critical volume is not a fixed value and varies depending on the gas being studied. The eight properties that are determined with the help of np-degree related T-indices are acentric factor (AF), density (D), refractive index (RI), critical pressure (CP), molar volume (MV), radius of curvature (RC), critical pressure (CP), and LogP. The chemical structures of octane isomers are given in Figure 3.
TABLE 2 | Characteristics of octane isomers.
[image: Table 2][image: Figure 3]FIGURE 3 | Chemical graphs of octane isomers. (A) Octane. (B) 2-Methylheptane. (C) 3-methylheptane. (D) 4-Methylheptane. (E) 2,3-Dimethylhexane. (F) 2,4-Dimethylhexane. (G) 2,5-Dimethylhexane. (H) 3,4-Dimethylhexane. (I) 2,2-dimethylhexane. (J) 3,3-Dimethylhexane. (K) 3-Ethylhexane. (L) 2,2,3,3-tetramethylbutane. (M) 2,3,4-trimethylpentane. (N) 2,2,3-Trimethylpentane. (O) 2,2,4-trimethylpentane. (P) 2,3,3-trimethylpentane. (Q) 3-Ethyl-3-methylpentane. (R) 2-methyl-3-ethylpentane.
3.2 Estimated values for properties of octane isomers
There are six estimated or calculated values used for the study of octane isomers. These numerical values are computed by using simple degree edge partitions and np-degree edge partitions. According to vertex degree, there are eight edge divisions according to the vertex degree. The six numerical descriptors used for estimation of properties of octane structures are np-degree Randic index [image: image], np-harmonic index [image: image], np-degree first Zagreb index [image: image], np-degree second Zagreb index [image: image], np-degree reciprocal Randic index [image: image], np-degree inverse sum inverse [image: image]. The maximum and minimum degrees of graph G are four and one, respectively. The edge bundles are:
[image: image]
There are 19 possible edge bundles of chemical graphs of the octane isomer according to the np-degree. The highest and lowest possible np-degrees are 12 and 2, respectively.
[image: image]
3.2.1 Example for explanation of computations
To determine all the vertex degrees and np-degrees is a very lengthy process. So we just mentioned the results of these indices in Table 3. Here we discuss the process of finding the np-degree topological indices for the structure of octane. The structure of octane is very simple. There are eight vertices and seven edges in this structure. The graph of octane consists of only two edge parcels with cardinality |E(1,2)| = 2, and |E(2,2)| = 5. There are three edge bundles in the octane graph according to the np-degrees. The cardinalities of these bundles are |E(2,2)| = 2, |E(2,4)| = 2, and |E(4,4)| = 3. By using these values, the np-degree T-indices are computed as:
[image: image]
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TABLE 3 | Estimated values of the physicochemical parameters of octane structures.
[image: Table 3]All the computations related to the 18 structures and 6 np-degree-based indices are done using the similar method given in Table 3.
4 STATISTICAL COMPUTATIONS
The np-degree T-indices values and the experimental values of the octane isomer properties are what both linear and quadratic regression models use as inputs. The main difference between regression and correlation is that in regression, one parameter is dependent and the other is independent, whereas in correlation, no parameter depends on the other.
4.1 Linear and quadratic regressions
Linear regression is a powerful statistical tool that allows us to model the relationship between a dependent variable and one or more independent variables. This method assumes that the relationship between the two variables is linear, meaning that as one variable increases, the other increases or decreases proportionally. On the other hand, quadratic regression is a type of nonlinear regression that models the relationship between a dependent variable and one independent variable using a quadratic equation. This method is particularly useful when the relationship between the variables is curved rather than linear. Both linear and quadratic regression can be used to analyze data and make predictions, but the choice between them depends on the nature of the data and the research question at hand. Linear regression is appropriate when the relationship between the variables is linear, while quadratic regression is used when the relationship is curved. The equations of the linear and quadratic regressions are given below Eqs 9, 10.
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Where Y is dependent and X is an independent variable. There are two coefficients used in linear regression as “a” and “b,” but three coefficients are used in quadratic regression as “a,” “b,” and “c.” The variable Y stands for the chemical or physical properties of the octane isomers, and the variable X stands for the estimated or calculated values of the octane isomers. The regression equations for all the np-degree indices are computed by the SPSS software. The regression equations of six np-degree indices and eight properties of octane isomers are given below.
• Randic Index [image: image]
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• Harmonic Index [image: image]
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• First Zagreb Index [image: image]
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• Second Zagreb Index [image: image]
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• Reciprocal Randic Index [image: image]
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• Inverse Sum Index [image: image]
[image: image]
4.2 Computations of statistical parameters
Statistical parameters summarize and describe data, making inferences about the population from which it was drawn. There are four main statistical parameters used in this article. The first one is N, which represents the sample’s population of the sample. In our work, the value of N is 18, 17, or 16 in our work. There are two types of regression models used to get accurate results, so there are two correlation coefficients, rl and rq. The parameters rl, Fl, and pl stand for the linear correlation, F-values, and p-values, and rq, Fq, and pq are the quadratic parameters. Correlation coefficients are statistical measures that determine the relationship between two variables. They range from −1 to 1, with −1 indicating a perfect negative correlation, 0 indicating no correlation, and 1 indicating a perfect positive correlation. Professionals in fields like economics, mathematics, and chemistry use them to analyze the strength and direction of relationships between different variables.
It is clear from Tables 4–9 that the magnitude of all the correlation values is greater than 0.5581 and less than 0.9811. The correlation values, both positive and negative, show the nature of the relationship, but strength is independent of the sign of correlation. The p-test and F-test values of all the indices and properties of the octane isomers are also mentioned in Tables 4–9. These tests are used to reject the null hypothesis. If the value of p is less than 0.05 and the value of F is greater than 2.5, then the results will be valid and significant. The minimum and maximum values of the F-test are 4.38 and 340.8214, respectively. The highest and lowest values of the linear correlations are | − 0.5581| = 0.5581 and | − 0.9787| = 0.9787 respectively. The highest and lowest values of the quadratic correlations are | − 0.6854| = 0.6854 and | − 0.9811| = 0.9811, respectively. All the indicators are significant; the significant values are useful to understand the structures of octane isomers, so we do not include the non-significant results.
TABLE 4 | Statistical parameters of linear and quadratic QSPR model for [image: image] index.
[image: Table 4]TABLE 5 | Statistical parameters of linear and quadratic QSPR model for [image: image] index.
[image: Table 5]TABLE 6 | Statistical parameters of linear and quadratic QSPR model for [image: image]
[image: Table 6]TABLE 7 | Statistical parameters of linear and quadratic QSPR model for [image: image]
[image: Table 7]TABLE 8 | Statistical parameters of linear and quadratic QSPR model for [image: image]
[image: Table 8]TABLE 9 | Statistical parameters of linear and quadratic QSPR model for [image: image]
[image: Table 9]5 NUMERICAL AND GRAPHICAL ANALYSIS OF CORRELATION COEFFICIENTS
This section deals with the graphical representation of the correlation coefficients. A graph is a unique type of diagram that is commonly used to visually represent collected data. Graphs can serve a multitude of purposes, as they can be used to display both quantitative and qualitative data. There are different types of graphs, according to the nature of the data and the required representations. The line graphs with points are used for the representation and comparison of the correlations. There are two types of regression models that are used for the computations and get accurate results. So there are two lines in all the graphs. Bar graphs and scatter point graphs can also be used for the analysis of the relationship between estimated and experimental values. Eight graphs are formed for the eight properties of octane isomers, and the ninth graph shows the relationship between these physicochemical properties. The values of the correlation coefficients are taken on the y-axis, and the names of the np-degree-based indices are shown on the x-axis.
The correlation of the acentric factor with all six properties of both linear and quadratic compounds is shown in (a) part of Figure 4. The correlation is negative as well as positive, representing the inverse and direct relationship between the estimated and experimental values of the octane isomers. The graphs of the positive correlations are above the x-axis, and the graphs of the negative correlations are below the x-axis. The green and blue color graphs in (b) part of Figure 4 represent the quadratic and linear correlations. The np-degree Randic and harmonic indices have an inverse relationship with the density, and the other four indices have a direct relationship with the density of octane isomers. The blue and dark brown color graphs in the (c) part of Figure 4 represent the variation of correlations between np-degree T-indices and refractive index. The correlation of critical volume is indicated by the orange and sky blue colors in (d) part of Figure 4. The np-degree Randic and harmonic indices have a direct relationship with the molar volume, and other indices have an inverse relationship with the molar volume, as shown in (e) part of Figure 4. The red and green color lines represent the quadratic and linear correlations between T-indices and the radius of curvature. The correlation between the critical pressure and LogP is represented in the (g) and (h) parts of Figure 4. The comparison of all the correlations is given in (i) part of Figure 4. In all the graphs, it is important to note that all the properties have a direct and inverse relationship with the np-degree-related indices. The numerical data is given in Table 10.
[image: Figure 4]FIGURE 4 | Graphical comparison of calculations. (A) Correlation of acentric factor. (B) Correlation of density. (C) Correlation of refractive index. (D) Correlation of critical volume. (E) Correlation molar volume. (F) Correlation of radius of curvature. (G) Correlation of critical pressure. (H) Correlation of LogP. (I) Correlation of all indices.
TABLE 10 | Numerical data.
[image: Table 10]5.1 Comparison of results with literature
In this section, we compare the results of octane structures with the structures of different drugs. The comparison is also based on the simple vertex degree and np-degree topological indices. There are a large number of calculations done in these articles, but we just compare the common ones to show the validity and significance of the present results. The validity of the correlations depends on the values of the correlation coefficients, the F-test, and the p-test. Here, the comparison is performed between the correlation coefficients. The correlations are significant if they are higher than 0.7. We used the most commonly used and powerful indices for the comparison of results, such as the first Zagreb index, the second Zagreb index, the reciprocal Randic index, and the Randic index. The lyme structures gave high as well as moderate correlation values. The maximum and minimum values of correlation for Lyme drugs in Table 11 are 0.9151 and 0.4618, respectively. The correlation values of the heart attack drugs vary from 0.7539 to 0.9664, as given in Table 11. The range of correlation for octane structures changes from 0.6197 to 0.9544. It is important to observe that the correlation in this manuscript is negative as well as positive.
TABLE 11 | Comparison of results with literature.
[image: Table 11]The last section of Table 11 compares the vertex degree-based indices and np-degree-based indices. Researchers have extensively analyzed the properties of octane isomers. When researchers propose a new topological index or formula, they often apply it to octane isomers or alkane structures due to their simplicity in two dimensions. The octane isomers discussed in the last part of the table have four properties, namely, entropy, acentric factor, enthalpy of vaporization (HVAP), and standard enthalpy of vaporization (DHVAP). The correlation for the vertex degree indices ranges from 0.6590 to 0.9729. The correlation for the np-degree indices ranges from 0.6197 to 0.9544. Both types of indices show a good correlation with the properties of octane isomers, so both are effective for determining the results.
6 ANALYSIS OF NP-RANDIC INDEX BY DIFFERENT REGRESSION MODELS
There are two types of regression models are used to check the significance of the calculated values. Three type of more models are applied to check the best line fit with the results. It is clear from Table 12 that quadratic regression is best for the computation of the properties of octane isomers. A type of regression called logarithmic regression is used to model situations in which growth or decay starts quickly and then slows down over time. The logarithmic regression Eq. 11 is defined as:
[image: image]
Where X and Y are parameters, X represents the input or independent variable, and Y represents the output or dependent variable. The constant a stands for the line or curve that always passes through a point, and b represents the control rate of growth.
[image: image]
TABLE 12 | Statistical data of five regressions.
[image: Table 12]Sinusoidal regression is a mathematical model that utilizes trigonometric functions to determine the curve that best fits a set of data points. This regression’s resulting graph of this regression takes the form of a sine function. This method is similar to linear regression in that it aims to find the best-fitting curve, but instead of a straight line, it seeks a sinusoidal curve. The regression equation for sinusoidal data Eq. 12 is provided below.
[image: image]
The parameters X and Y are variables; X is used for the np-degree Randic index, and Y is used for the eight properties of the octane isomers. The sine curve is repeated over time in different forms of linear regression, in which a is amplitude, c is phase shift, and d is vertical shift.
[image: image]
Exponential regression is considered one of the most simple nonlinear regression models. It represents scenarios where growth starts slowly and then rapidly accelerates without limit, or where decay initiates quickly and then gradually decelerates towards zero. The general equation of exponential regression is given below Eq. 13.
[image: image]
In this equation, Y represents the eight properties, while X represents the np-degree Randic index. When the value of b exceeds 1, exponential growth occurs. An exponential decay model occurs when b is between 0 and 1.
[image: image]
Sections four and five present the correlation coefficients of polynomial regression (both linear and quadratic) for all six neighborhood product-based topological indices. Three nonlinear regression models—logarithmic, exponential, and sinusoidal—apply to the np-degree Randic index and eight properties of octane isomers. Table 12; Figure 5 clearly demonstrate that the results of quadratic regression are the most favorable among the regression models, with logarithmic regression also yielding impressive results. However, the outcomes of the other regression models are less satisfactory.
[image: Figure 5]FIGURE 5 | Correlations of different regression models.
7 DISCUSSION
In this section, we discuss the results about octane structures and their significance. The QSPR modeling of the octane structures is done by using two regression models, namely, linear and quadratic. The np-degree-related T-indices are computed by using the edge partitions. The results are extracted from Tables 4–9. The isomers of octane are used in many industries to make drugs and other chemicals. To make useful products from octane, it is necessary to understand the characteristics of these structures. To understand these physicochemical properties, we applied the np-degree-based topological indices. These numerical descriptors are an easy and effective way to understand the properties of many chemicals and drugs.
• According to the linear regression model, the np-degree Randic index is most suitable for the estimation of the critical pressure and critical volume of the octane isomers, with correlation values of 0.9544 and −0.9787, respectively. This index is also called the branching index and is one of the oldest degree-related indices used to study chemical structures. The Randic index is a useful tool when conducting QSPR studies. It has been found to have a minimum correlation coefficient for octane refractive index and a maximum correlation coefficient for octane critical pressure. The correlation coefficient value for the linear model ranges from 0.7552 to 0.9787, indicating a strong inverse relationship between the Randic index and these properties. This information can be valuable in predicting the physical properties of octane isomers and can aid in the development of new materials and compounds. The quadratic model exhibits a correlation coefficient value that falls within the range of −0.7574 to −0.9811 given in Table 4. The refractive index has the minimum correlation coefficient value, while the critical pressure of octane has the maximum correlation value. These correlation coefficient values indicate the strength of the relationship between the variables. A negative sign signifies an inverse correlation, while a positive sign indicates a direct relationship. The relationship of np-degree R-index with all six properties is strong enough to estimate their values theoretically.
• The np-degree harmonic index is useful for the QSPR study of the acentric factor, radius of curvature, and LogP, with the values of the correlations being 0.8417, 0.919, and 0.8185. The np-degree harmonic index is a suitable predictor for the properties of isomers of octanes. The correlation ranges from −0.7089 to −0.9581 for the linear model, with the refractive index of octanes having the lowest correlation coefficient value and the critical pressure of octanes having the highest. Similarly, the correlation coefficient varies from −0.7517 to −0.9728 for the quadratic model, with the refractive index of octanes having the lowest correlation coefficient value and the critical pressure of octanes having the highest. The quadratic regression yields significantly better results as it is a modified version of the linear regression.
• The M1 index is an amazing degree-based index that has been used for many years in QSPR modeling of drugs and medicines. This work shows that the np-degree-based index is useful in predicting the properties of octane isomers. Specifically, this index has a direct relationship with three properties of octane isomers: density, refractive index, and critical pressure. However, the np-degree-based M1 index has an inverse relationship with five other characteristics of octane structures, including AF, CV, MV, RC, and LogP. These correlations are quite strong, with values ranging from −0.6786 to −0.8459. While the Zagreb indices are generally effective in estimating physical and chemical parameters, they are not nearly as accurate when it comes to predicting the properties of octane isomers. Instead, the harmonic and Randic indices proved to be much more effective in this regard. In fact, when using a quadratic model, the correlation coefficient values can range from 0.6204 to −0.9054, with the refractive index and radius of curvature of octane showing the highest and lowest correlation values, respectively, given in Table 6.
• The np-degree second Zagreb index is a valuable tool in predicting the properties of organic compounds. In analyzing its correlation with various properties, we found that it has the highest correlation with the radius of curvature (−0.8582) and the lowest correlation with the acentric factor (−0.6107). It is important to note that a correlation above 0.7 is considered strong, while a correlation above 0.5 is moderate. Upon further analysis, it was discovered that the M2 index shows a moderate correlation with the acentric factor and logP. However, for the other six properties analyzed, it shows a stronger correlation above the 0.7 given in Table 8. The correlation value for the quadratic model varies from −0.6685 to −0.9115, with the acentric factor of octane having the lowest correlation value and the radius of curvature of octanes having the highest correlation value.
• The reciprocal Randic Index is an advanced version of the Randic Index, which is widely used in the field of chemistry. While the results of the RR-index may not be as strong as those of the Randic Index for octane structures, it has a range of correlation that varies from −0.5581 to −0.9195. This index is particularly useful for estimating density and molar volume due to its higher correlations. In the case of the quadratic model, three properties, critical volume, molar volume, and radius of curvature, have correlation coefficients greater than 0.9, indicating an excellent relationship between these properties and the np-degree-based RR-index. The correlation coefficient for the quadratic model ranges from −0.6854 to −0.9209, with the acentric factor of octane showing the least correlation coefficient and the molar volume of octane showing the highest correlation coefficient.
• The np-degree inverse sum index is the most suitable index for approximating the properties of octane isomers. This index shows the highest correlation values with three key properties: density (0.9226), refractive index (0.8073), and molar volume (−0.9488). However, the quadratic model surpasses the np-degree inverse sum index in terms of correlation values, with a correlation of 0.9398, 0.8093, and −0.9549 for density, refractive index, and molar volume, respectively. The correlation values for the linear model range from −0.6414 to −0.9488. The acentric factor of octane has the lowest correlation value, while the molar volume of octane has the highest correlation value. In contrast, the correlation coefficient for the quadratic model ranges from −0.8027 to −0.9549. The acentric factor of octane and the molar volume of octanes have the lowest and highest correlation coefficient values, respectively.
8 APPLICATIONS AND SIGNIFICANCE OF WORK
This manuscript numerically explains how to estimate the properties of the octane isomers. Octane isomers are highly useful hydrocarbons with a wide range of applications in the chemical industry, particularly in petrochemicals. The data in this manuscript is applicable to chemistry researchers. Various industries utilize octane isomers, such as fuel additives (fuel industry), solvents (paint industry), research and testing, chemical intermediates (plastics, pharmaceutical), refrigerants (to decrease ozone depletion), standardization, and cosmetics. Various fields utilizing octane isomers can benefit from understanding their properties. This article presents a theoretical method for estimating the properties of octane isomers, making it a valuable resource for researchers in the field of chemistry. This article introduces a new approach to finding the topological indices to explore the properties of octane isomers. The results of np-degree-based topological indices are good. These indices can be used to determine the properties of other chemical structures using numerical methods. Some properties of the drugs used to treat many diseases, such as asthma or malaria, can be analyzed with the help of np-degree-based topological indices, which can help progress the pharmacological industry. The np-degree-based indices can be used in different fields, as given in Figure 6. 
The results and their significance demonstrate that the newly defined approach to determining the degree-related TIs is very useful for understanding the properties of octane structures. Tables 4–9 show that critical pressure and critical volume exhibit the strongest correlation with the np-degree Randic index, leading to its utilization in calculating these parameters. The np-degree harmonic index is also the best way to find out about three important features of octane isomers: the acentric factor, the radius of curvature, and logP. Meanwhile, the np-degree inverse sum index is a valuable tool for predicting the density, refractive index, and molar volume of octane isomers. The remaining three indices also provide valuable insights into the compounds’ structures of these compounds. The quadratic regression model is more suitable than the linear model for studying octane isomers. These indices have the potential to be useful in understanding the structures of other chemical compounds and medicines. The np-degree harmonic and IS index are highly significant due to their strong correlation with three essential properties. The np-degree Randic is also important, as it shows the strongest correlation with two properties. Although the remaining three indices do not demonstrate the highest correlation with any physicochemical property of the octane structure, their correlations are still reliable in approximating the values of octane isomers. To better understand the sequence of np-degree indices according to their importance, refer to Figure 7, which presents a flow chart.
[image: Figure 6]FIGURE 6 | Applications of np-degree based in different fields.
[image: Figure 7]FIGURE 7 | Sequence of np-degree TIs according to their significance.
9 CONCLUSION
This article investigates the eight properties of the isomers of octane by using six np-degree topological indices. We introduced a new approach for determination of the classic vertex degree based indices. The main objective of the research is to use topological indices to quickly and cheaply gather information about the topology of structures. It can be observed from Tables 4–9 that all the correlation coefficients are good and most of the correlations are higher than 0.7 indicating a very strong relationship between newly introduced indices and eight properties of isomers of octanes. Due to great importance and use of the octane isomers, we applied the newly introduced indices to study these structures. There are two tests are also used to check the validity of the results. All the p-values are less than 0.05 and F-values greater than 2.5, which indicates that all estimated values are significant. Some properties have direct relationship with the np-degree indices and some indices have inverse relationship with these indices. This paper can help chemists, pharmacists, and industrialists use the octane isomers and study their properties theoretically.
The np-degree sum connectivity index is not suitable for studying the properties of octane isomers due to their low correlation values and non-significant p-test and F-test values. The indices used in this article are not enough to determine the critical temperature, flash point, heat of formation, heat of vaporization, surface tension, or entropy of octane isomers. To accurately study these properties, alternative indices must be utilized. The results of these properties are not mentioned in this article due to low correlation values.
9.1 Future work
The distinct characteristics of the chemical compounds presented in the paper [39] can be investigated using our proposed method, which would be helpful for chemists in further research.
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