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Abstract 

Theoretical frameworks are important structures that provide novel ways of understanding unique and complex ideas related to 

many fields of science. Therefore, in this manuscript we try to present a theoretical framework with new general equations that 

share a similar structure with the index of hydrogen deficiency and can be used to calculate the number of covalent bonds for 

numerous unsaturated organic molecules. Our mathematical model is based on graph theory combined with classical organic 

chemistry concepts, and the variables that made up all the general equations are represented by the number of atoms and the 

valence of those atoms that correspond to unsaturated organic compounds which contain only simple covalent bonds. The main 

scope of this model is to be used manually by scientists that are interested in performing an easy and fast calculation of bonds and 

rings for various classes of molecules in order to deduce more information about their possible chemical structures. Other 

objectives include the possibility for future implementation of computer programs based on IHD like equations similar with the 

ones that will be presented in this manuscript to help researchers speed up the process of identification and calculation of multiple 

chemical variables. In essence, our study represents a novel comprehensive methodology for finding the number of covalent 

bonds and rings in specific chemical compounds. 
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1. Introduction 

In order to present our new mathematical equations for the 

calculation of covalent bonds in unsaturated organic com-

pounds, we have established a general model that will be 

shown in this manuscript for five categories of organic mol-

ecules. Our model is based on graph theory principles [1], 

Lewis theory of chemical bonding [2], and valence bond 

theory [3]. However, algebraic calculations and a fixed 

structure which is similar with the general formula of the 

hydrogen deficiency index [4], were also required to achieve a 

simple and effective mathematical model for unsaturated 

organic molecules that fulfill certain structural conditions. 

Besides the hydrogen deficiency index, another equation 

that uses only the number of atoms within a molecule for the 

calculation of σ-bonds exists [5]. However, this equation only 

works for acyclic organic compounds, because for the cyclic 

ones we also need to know the number of rings within a 

molecule and not just the number of atoms in order to calcu-

late the number of σ-bonds. Additionally, there are particular 
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models with certain equations for the calculation of covalent 

bonds in Aliphatic Unsaturated Open Chain and Cycloalkynes 

[6], and for the calculation of covalent bonds in Open Chain 

Alcohols and Cycloamines [7]. 

Nevertheless, right now there isn't published any other 

methodology that has general equations for the calculation of 

the number of all the simple covalent bonds in specific un-

saturated organic compounds which utilize only the molecular 

formula and respectively the number of atoms and the valence 

of those atoms for a given molecule. Therefore, in this article 

we try to present a simple and accessible theoretical frame-

work that include eleven novel examples of general equations 

and two equations that already existed for five cases of 

equalities between chemical variables such as the number of 

π-bonds, double bonds, triple bonds and rings. 

2. Materials and Methods 

For this research, we have developed and applied a new 

methodology [8] which utilize the general structure of the 

equation for index of hydrogen deficiency (also known as the 

degree of unsaturation [9]) for unsaturated organic com-

pounds. Our results include calculations performed on nu-

merous theoretical molecular formulas, and they will be 

presented in the form of five tables that are rigorously verified 

with computer programs [10, 11]. Additionally, all the equa-

tions were also verified on many organic compounds using 

other methods such as manual calculations and comparisons 

between large sets of unsaturated molecules [12]. Therefore, 

the novel model that will be shown in this article consists of 

thirteen unique equations, eleven of them were deduced by us, 

and two of them already existed: 

The general equations labeled with (3), (6), (9), (10), (12), 

(13), (16), (17) for σ and single bonds were made by precisely 

finding the value of specific numerical constants. In order to 

achieve this, we used graph theory principles and compari-

sons between large sets of molecules. 

The general equations labeled with (7), (8), (11), (14), (15), 

(18) for π-bonds, double, triple bonds and rings were made by 

integrating various calculations from the index of hydrogen 

deficiency with our own ideas [2] and applying them on 

different classes of unsaturated molecules. 

The equations labeled with (1), (2), (4), (5) for σ-bonds and 

π-bonds already existed, and we introduced them into our 

model to validate and solidify our claims. 

Finally, our novel mathematical model for unsaturated or-

ganic compounds consist of eleven unique and new equations 

(3), (6), (7), (8), (9), (10), (11), (12), (13), (14), (15), (16), (17), 

(18) and two unique equations that already existed (1), (2), (4), 

(5) which taken together allow researchers who are working 

in the fields of organic chemistry, physical chemistry and 

analytical chemistry to perform a manual or automatic rapid 

calculation of covalent bonds and rings for certain molecules, 

and also to create tables based on their molecular formulas [13, 

14]. 

3. Results and Discussion 

For starters, all the equations that will be presented 

throughout this section are made up of multiple general var-

iables. The meanings of those variables are as follows: 

nσ = the number of sigma bonds in a molecule nπ = the 

number of pi bonds in a molecule. nr = the number of rings 

in a molecule. ni = the number of atoms that correspond to a 

chemical element. vi = the valence of a chemical element. 

ns = the number of single bonds in a molecule. nd = the 

number of double bonds in a molecule. nt = the number of 

triple bonds in a molecule. i = the number of chemical ele-

ments in a molecule. 

Additionally, in this manuscript we will show examples of 

molecules that have four types of chemical elements (C, N, O, 

H) so they can be easier to understand, however any atom who 

can participate in the formation of covalent bonds can be 

integrated into the upcoming general equations in a similar 

fashion with the index of hydrogen deficiency (IHD). 

IHD = 1 +
1

2
(∑ ni(vi − 2))i   

3.1. Unsaturated Acyclic Organic Compounds 

with Double Bonds 

In order to calculate the number of covalent bonds for un-

saturated acyclic organic compounds with double bonds we 

must choose a fixed valence for every chemical element that is 

present in our molecule. Also, the number of π-bonds is equal 

with the number of double bonds. 

vC = 4; vN = 3; vO = 2; vH = 1 

3.1.1. Calculation of π-bonds (𝐧𝛑 = 𝐧𝐝) 

Initially, we have to count the number of atoms for every 

chemical element that is found in an unsaturated acyclic 

organic molecule with double bonds. When this step is fin-

ished, the number of π-bonds will be calculated for the case in 

which we have one or more than one double bond present in 

our chosen unsaturated acyclic compound. 

nπ = 1 +
1

2
(∑ ni(vi − 2))i           (1) 

Example for : C7H14N2O2 

nπ = 1 +
1

2
(∑ ni(vi − 2))i   

nπ = 1 +
2

2
nC +

1

2
nN +

0

2
nO −

1

2
nH  

nπ = 1 + 7 + 1 + 0 − 7  

nπ = 2 
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3.1.2. Calculation of σ-bonds 

Initially, we have to count the number of atoms for every 

chemical element that is found in an unsaturated acyclic 

organic molecule with double bonds. When this step is fin-

ished, the number of σ-bonds will be calculated for the case in 

which we have a π-bond or multiple π-bonds and one or more 

than one double bond present in our chosen unsaturated 

acyclic compound. 

nσ = ni − 1                (2) 

Example for : C7H14N2O2 

nσ = ni − 1  

nσ = nC + nN + nO + nH − 1 

nσ = 7 + 2 + 2 + 14 − 1 

nσ = 24 

3.1.3. Calculation of Single Bonds 

Initially, we have to count the number of atoms for every 

chemical element that is found in an unsaturated acyclic 

organic molecule with double bonds. When this step is fin-

ished, the number of single bonds will be calculated for the 

case in which we have a π-bond or multiple π-bonds and one 

or more than one double bond present in our chosen unsatu-

rated acyclic compound. 

ns = |2 +
1

2
(∑ ni(vi − 4))i |          (3) 

Example for: C7H14N2O2 

ns = |2 +
1

2
(∑ ni(vi − 4))i |  

ns = |2 +
0

2
nC −

1

2
nN −

2

2
nO −

3

2
nH|  

ns = |2 + 0 − 1 − 2 − 21| 

ns = 22 

Some theoretical examples of molecular structures for un-

saturated acyclic organic compounds that contain only 

π-bonds, σ-bonds, single bonds and a double bond or multiple 

double bonds are: 

 
Figure 1. First example of acyclic molecular structure with double 

bonds. 

 
Figure 2. Second example of acyclic molecular structure with double 

bonds. 

 
Figure 3. Third example of acyclic molecular structure with double 

bonds. 

 
Figure 4. Fourth example of acyclic molecular structure with double 

bonds. 

3.2. Unsaturated Acyclic Organic Compounds 

with Triple Bonds 

In order to calculate the number of covalent bonds for un-

saturated acyclic organic compounds with triple bonds we 

must choose a fixed valence for every chemical element that is 

present in our molecule. Also, the number of π-bonds is not 

equal with the number of triple bonds. 

vC = 4; vN = 3; vO = 2; vH = 1 

3.2.1. Calculation of π-bonds ( 𝐧𝛑 ≠ 𝐧𝐭 ) 

Initially, we have to count the number of atoms for every 

chemical element that is found in an unsaturated acyclic 

organic molecule with triple bonds. When this step is finished, 

the number of π-bonds will be calculated for the case in which 

we have one or more than one triple bond present in our 

chosen unsaturated acyclic compound. 

nπ = 1 +
1

2
(∑ ni(vi − 2))i            (4) 

Example for : C8H7NO3 

nπ = 1 +
1

2
(∑ ni(vi − 2))i   

nπ = 1 +
2

2
nC +

1

2
nN +

0

2
nO −

1

2
nH  

nπ = 1 + 8 + 0.5 + 0 − 3.5  
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nπ = 6 

3.2.2. Calculation of σ-bonds 

Initially, we have to count the number of atoms for every 

chemical element that is found in an unsaturated acyclic 

organic molecule with triple bonds. When this step is finished, 

the number of σ-bonds will be calculated for the case in which 

we have a π-bond or multiple π-bonds and one or more than 

one triple bond present in our chosen unsaturated acyclic 

compound. 

nσ = ni − 1                  (5) 

Example for: C8H7NO3 

nσ = ni − 1 

nσ = nC + nN + nO + nH − 1 

nσ = 8 + 1 + 3 + 7 − 1 nσ = 18 

3.2.3. Calculation of Single Bonds 

Initially, we have to count the number of atoms for every 

chemical element that is found in an unsaturated acyclic 

organic molecule with triple bonds. When this step is finished, 

the number of single bonds will be calculated for the case in 

which we have a π-bond or multiple π-bonds and one or more 

than one triple bond present in our chosen unsaturated acyclic 

compound. 

ns = |
3

2
+

1

4
(∑ ni(vi − 6))i |          (6) 

Example for: C8H7NO3  

ns = |
3

2
+

1

4
(∑ ni(vi − 6))i |  

ns = |
3

2
−

2

4
nC −

3

4
nN −

4

4
nO −

5

4
nH|  

ns = |1.5 − 4 − 0.75 − 3 − 8.75| 

ns = 15 

3.2.4. Calculation of Triple Bonds 

Initially, we have to count the number of atoms for every 

chemical element that is found in an unsaturated acyclic 

organic molecule. When this step is finished, the number of 

triple bonds will be calculated. 

nt =
1

2
+

1

4
(∑ ni(vi − 2))i              (7) 

Example for: C8H7NO3  

nt =
1

2
+

1

4
(∑ ni(vi − 2))i   

nt =
1

2
+

2

4
nC +

1

4
nN +

0

4
nO −

1

4
nH  

nt = 0.5 + 4 + 0.25 + 0 − 1.75  

nt = 3 

Some theoretical examples of molecular structures for un-

saturated acyclic organic compounds that contain only 

π-bonds, σ-bonds, single bonds and a triple bond or multiple 

triple bonds are: 

 
Figure 5. First example of acyclic molecular structure with triple 

bonds. 

 
Figure 6. Second example of acyclic molecular structure with triple 

bonds. 

 
Figure 7. Third example of acyclic molecular structure with triple 

bonds. 

 
Figure 8. Fourth example of acyclic molecular structure with triple 

bonds. 

3.3. Unsaturated Cyclic Organic Compounds 

with Double Bonds 

In order to calculate the number of covalent bonds for un-

saturated cyclic organic compounds with double bonds we 

must choose a fixed valence for every chemical element that is 

present in our molecule. Also, the number of π-bonds is equal 

with the number of double bonds and the number of rings. 
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vC = 4; vN = 3; vO = 2; vH = 1 

3.3.1. Calculation of π-bonds (𝐧𝛑 = 𝐧𝐝 = 𝐧𝐫) 

Initially, we have to count the number of atoms for every 

chemical element that is found in an unsaturated cyclic or-

ganic molecule with double bonds. When this step is finished, 

the number of π-bonds will be calculated for the case in which 

we have one or more than one double bond present in our 

chosen unsaturated cyclic compound. 

nπ =
1

2
+

1

4
(∑ ni(vi − 2))i              (8) 

Example for: C6H13N3O 

nπ =
1

2
+

1

4
(∑ ni(vi − 2))i   

nπ =
1

2
+

2

4
nC +

1

4
nN +

0

4
nO −

1

4
nH  

nπ = 0.5 + 3 + 0.75 + 0 − 3.25  

nπ = 1 

3.3.2. Calculation of σ-bonds 

Initially, we have to count the number of atoms for every 

chemical element that is found in an unsaturated cyclic or-

ganic molecule with double bonds. When this step is finished, 

the number of σ-bonds will be calculated for the case in which 

we have a π-bond or multiple π-bonds and one or more than 

one double bond present in our chosen unsaturated cyclic 

compound. 

nσ = −
1

2
+

1

4
(∑ ni(vi + 2))i            (9) 

Example for : C6H13N3O 

nσ = −
1

2
+

1

4
(∑ ni(vi + 2))i   

nσ = −
1

2
+

6

4
nC +

5

4
nN +

4

4
nO +

3

4
nH  

nσ = −0.5 + 9 + 3.75 + 1 + 9.75  

nσ = 23 

3.3.3. Calculation of Single Bonds 

Initially, we have to count the number of atoms for every 

chemical element that is found in an unsaturated cyclic or-

ganic molecule with double bonds. When this step is finished, 

the number of single bonds will be calculated for the case in 

which we have a π-bond or multiple π-bonds and one or more 

than one double bond present in our chosen unsaturated cyclic 

compound. 

ns = ni − 1                   (10) 

Example for : C6H13N3O 

ns = ni − 1 

ns = nC + nN + nO + nH − 1  

ns = 6 + 3 + 1 + 13 − 1 ns = 22 

Some theoretical examples of molecular structures for un-

saturated cyclic organic compounds that contain only π-bonds, 

σ-bonds, single bonds and a double bond or multiple double 

bonds are: 

 
Figure 9. First example of cyclic molecular structure with a double 

bond. 

 
Figure 10. Second example of cyclic molecular structure with double 

bonds. 

 
Figure 11. Third example of cyclic molecular structure with double 

bonds. 

 
Figure 12. Fourth example of cyclic molecular structure with double 

bonds. 

3.4. Unsaturated Cyclic Organic Compounds 

with Triple Bonds 

In order to calculate the number of covalent bonds for un-
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saturated cyclic organic compounds with triple bonds we must 

choose a fixed valence for every chemical element that is 

present in our molecule. Also, the number of π-bonds is not 

equal with the number of triple bonds. However, the number 

of π-bonds is equal with the number of rings. 

vC = 4; vN = 3; vO = 2; vH = 1 

3.4.1. Calculation of π-bonds (𝐧𝛑 ≠ 𝐧𝐭;  𝐧𝛑 = 𝐧𝐫) 

Initially, we have to count the number of atoms for every 

chemical element that is found in an unsaturated cyclic or-

ganic molecule with triple bonds. When this step is finished, 

the number of π-bonds will be calculated for the case in which 

we have one or more than one triple bond present in our 

chosen unsaturated cyclic compound. 

nπ =
1

2
+

1

4
(∑ ni(vi − 2))i           (11) 

Example for : C9H14N2O4 

nπ =
1

2
+

1

4
(∑ ni(vi − 2))i   

nπ =
1

2
+

2

4
nC +

1

4
nN +

0

4
nO −

1

4
nH  

nπ = 0.5 + 4.5 + 0.5 + 0 − 3.5  

nπ = 2 

3.4.2. Calculation of σ-bonds 

Initially, we have to count the number of atoms for every 

chemical element that is found in an unsaturated cyclic organic 

molecule with triple bonds. When this step is finished, the 

number of σ-bonds will be calculated for the case in which we 

have a π-bond or multiple π-bonds and one or more than one 

triple bond present in our chosen unsaturated cyclic compound. 

nσ = −
1

2
+

1

4
(∑ ni(vi + 2))i          (12) 

Example for: C9H14N2O4  

nσ = −
1

2
+

1

4
(∑ ni(vi + 2))i   

nσ = −
1

2
+

6

4
nC +

5

4
nN +

4

4
nO +

3

4
nH  

nσ = −0.5 + 13.5 + 2.5 + 4 + 10.5  

nσ = 30  

3.4.3. Calculation of Single Bonds 

Initially, we have to count the number of atoms for every 

chemical element that is found in an unsaturated cyclic or-

ganic molecule with triple bonds. When this step is finished, 

the number of single bonds will be calculated for the case in 

which we have a π-bond or multiple π-bonds and one or more 

than one triple bond present in our chosen unsaturated cyclic 

compound. 

ns = −
3

4
+

1

8
(∑ ni(vi + 6))i               (13) 

Example for:  C9H14N2O4 

ns = −
3

4
+

1

8
(∑ ni(vi + 6))i   

ns = −
3

4
+

10

8
nC +

9

8
nN +

8

8
nO +

7

8
nH  

ns = −0.75 + 11.25 + 2.25 + 4 + 12.25  

ns = 29 

3.4.4. Calculation of Triple Bonds 

Initially, we have to count the number of atoms for every 

chemical element that is found in an unsaturated cyclic or-

ganic molecule. When this step is finished, the number of 

triple bonds will be calculated. 

nt =
1

4
+

1

8
(∑ ni(vi − 2))i           (14) 

Example for: C9H14N2O4 

nt =
1

4
+

1

8
(∑ ni(vi − 2))i   

nt =
1

4
+

2

8
nC +

1

8
nN +

0

8
nO −

1

8
nH  

nt = 0.25 + 2.25 + 0.25 + 0 − 1.75  

nt = 1 

Some theoretical examples of molecular structures for un-

saturated cyclic organic compounds that contain only π-bonds, 

σ-bonds, single bonds and a triple bond or multiple triple 

bonds are: 

 
Figure 13. First example of cyclic molecular structure with a triple 

bond. 
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Figure 14. Second example of cyclic molecular structure with a 

triple bond. 

 
Figure 15. Third example of cyclic molecular structure with a triple 

bond. 

 
Figure 16. Fourth example of cyclic molecular structure with triple 

bonds. 

3.5. Unsaturated Cyclic Organic Compounds 

with Double and Triple Bonds 

In order to calculate the number of covalent bonds for un-

saturated cyclic organic compounds with double and triple 

bonds we must choose a fixed valence for every chemical 

element that is present in our molecule. Also, the number of 

π-bonds is not equal with the number of triple bonds. How-

ever, the number of double bonds, triple bonds and rings are 

equal. 

vC = 4; vN = 3; vO = 2; vH = 1 

3.5.1. Calculation of π-bonds (𝐧𝐝 = 𝐧𝐭 = 𝐧𝐫) 

Initially, we have to count the number of atoms for every 

chemical element that is found in an unsaturated cyclic or-

ganic molecule with double and triple bonds. When this step 

is finished, the number of π-bonds will be calculated for the 

case in which we have one or more than one double bond and 

one or more than one triple bond that are present in our chosen 

unsaturated cyclic compound. 

nπ =
3

4
+

3

8
(∑ ni(vi − 2))i               (15) 

Example for: C6H9N3O3 

nπ =
3

4
+

3

8
(∑ ni(vi − 2))i   

nπ =
3

4
+

6

8
nC +

3

8
nN +

0

8
nO −

3

8
nH  

nπ = 0.75 + 4.5 + 1.125 + 0 − 3.375  

nπ = 3 

3.5.2. Calculation of σ-bonds 

Initially, we have to count the number of atoms for every 

chemical element that is found in an unsaturated cyclic or-

ganic molecule with double and triple bonds. When this step 

is finished, the number of σ-bonds will be calculated for the 

case in which we have a π-bond or multiple π-bonds and one 

or more than one double and triple bonds that are present in 

our chosen unsaturated cyclic compound. 

nσ = −
3

4
+

1

8
(∑ ni(vi + 6))i        (16) 

Example for: C6H9N3O3 

nσ = −
3

4
+

1

8
(∑ ni(vi + 6))i   

nσ = −
3

4
+

10

8
nC +

9

8
nN +

8

8
nO +

7

8
nH  

nσ = −0.75 + 7.5 + 3.375 + 3 + 7.875  

nσ = 21 

3.5.3. Calculation of Single Bonds 

Initially, we have to count the number of atoms for every 

chemical element that is found in an unsaturated cyclic or-

ganic molecule with double and triple bonds. When this step 

is finished, the number of single bonds will be calculated for 

the case in which we have a π-bond or multiple π-bonds and 

one or more than one double and triple bonds that are present 

in our chosen unsaturated cyclic compound. 

ns = |
5

4
+

1

8
(∑ ni(vi − 10))i |        (17) 

Example for: C6H9N3O3 

ns = |
5

4
+

1

8
(∑ ni(vi − 10))i |  

ns = |
5

4
−

6

8
nC −

7

8
nN −

8

8
nO −

9

8
nH|  

ns = |1.25 − 4.5 − 2.625 − 3 − 10.125| 

ns = 19 
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3.5.4. Calculation of Triple Bonds 

Initially, we have to count the number of atoms for every 

chemical element that is found in an unsaturated cyclic or-

ganic molecule that also contains double bonds. When this 

step is finished, the number of triple bonds will be calculated. 

nt =
1

4
+

1

8
(∑ ni(vi − 2))i         (18) 

Example for: C6H9N3O3 

nt =
1

4
+

1

8
(∑ ni(vi − 2))i   

nt =
1

4
+

2

8
nC +

1

8
nN +

0

8
nO −

1

8
nH  

nt = 0.25 + 1.5 + 0.375 + 0 − 1.125  

nt = 1 

Table 1. Calculation of covalent bonds for Unsaturated Acyclic Organic Compounds with double bonds ( 𝑛𝜋 = 𝑛𝑑 ). 

Examples of Unsaturated 

Acyclic Organic Compounds 

with double bonds 

σ-bonds 

𝐧𝐢 − 𝟏  

Single bonds 

|𝟐 +
𝟏

𝟐
(∑ 𝐧𝐢(𝐯𝐢 − 𝟒))𝐢 |  

π-bond/bonds 

𝟏 +
𝟏

𝟐
(∑ 𝐧𝐢(𝐯𝐢 − 𝟐))𝐢   

Double bond/bonds 

𝟏 +
𝟏

𝟐
(∑ 𝐧𝐢(𝐯𝐢 − 𝟐))𝐢   

C5H10N2O2  18 16 2 2 

C7H11NO3  21 18 3 3 

C4H10N4O  18 16 2 2 

C8H12N2O3  24 20 4 4 

C9H15N3O4  30 26 4 4 

C14H28N4O4  49 46 3 3 

C19H32N6O7  63 56 7 7 

C25H43N7O6  80 72 8 8 

C30H50N8O8  95 85 10 10 

Table 2. Calculation of covalent bonds for Unsaturated Acyclic Organic Compounds with triple bonds ( 𝑛𝜋 ≠ 𝑛𝑡 ). 

Examples of Unsaturated 

Acyclic Organic Compounds 

with triple bonds 

σ-bonds 

𝐧𝐢 − 𝟏  

Single bonds 

|
𝟑

𝟐
+

𝟏

𝟒
(∑ 𝐧𝐢(𝐯𝐢 − 𝟔))𝐢 |  

π-bonds 

𝟏 +
𝟏

𝟐
(∑ 𝐧𝐢(𝐯𝐢 − 𝟐))𝐢   

Triple bond/bonds 
𝟏

𝟐
+

𝟏

𝟒
(∑ 𝐧𝐢(𝐯𝐢 − 𝟐))𝐢   

C5H5NO3  13 11 4 2 

C6H4N2O2  13 10 6 3 

C5H6N2O3  15 13 4 2 

C10H9N3O2  23 19 8 4 

C15H16N4O3  37 32 10 5 

C18H20N6O2  45 39 12 6 

C26H27N5O6  63 55 16 8 

C29H31N7O9  75 66 18 9 

C33H33N9O10  84 73 22 11 
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Table 3. Calculation of covalent bonds for Unsaturated Cyclic Organic Compounds with double bonds ( 𝑛𝜋 = 𝑛𝑑 = 𝑛𝑟 ). 

Examples of Unsaturated 

Cyclic Organic Compounds 

with double bonds 

σ-bonds 

−
𝟏

𝟐
+

𝟏

𝟒
(∑ 𝐧𝐢(𝐯𝐢 + 𝟐))𝐢   

Single bonds 

𝐧𝐢 − 𝟏  

π-bond/bonds 
𝟏

𝟐
+

𝟏

𝟒
(∑ 𝐧𝐢(𝐯𝐢 − 𝟐))𝐢   

Double bond/bonds and 

Ring/Rings 
𝟏

𝟐
+

𝟏

𝟒
(∑ 𝐧𝐢(𝐯𝐢 − 𝟐))𝐢   

C6H13N3O2  24 23 1 1 nd; 1 nr 

C5H6N2O2  16 14 2 2 nd; 2 nr 

C8H13N3O2  27 25 2 2 nd; 2 nr 

C8H9N3O2  24 21 3 3 nd; 3 nr 

C10H14N4O5  35 32 3 3 nd; 3 nr 

C13H17N5O5  43 39 4 4 nd; 4 nr 

C25H32N8O4  75 68 7 7 nd; 7 nr 

C28H33N7O9  84 76 8 8 nd; 8 nr 

C32H30N4O6  81 71 10 10 nd; 10 nr 

Table 4. Calculation of covalent bonds for Unsaturated Cyclic Organic Compounds with triple bonds ( 𝑛𝜋 ≠ 𝑛𝑡;  𝑛𝜋 = 𝑛𝑟  ). 

Examples of Unsaturated 

Cyclic Organic Com-

pounds with triple bonds 

σ-bonds 

−
𝟏

𝟐
+

𝟏

𝟒
(∑ 𝐧𝐢(𝐯𝐢 + 𝟐))𝐢   

Single bonds 

−
𝟑

𝟒
+

𝟏

𝟖
(∑ 𝐧𝐢(𝐯𝐢 + 𝟔))𝐢   

π-bonds and 

Ring/Rings 
𝟏

𝟐
+

𝟏

𝟒
(∑ 𝐧𝐢(𝐯𝐢 − 𝟐))𝐢   

Triple bond/bonds 
𝟏

𝟒
+

𝟏

𝟖
(∑ 𝐧𝐢(𝐯𝐢 − 𝟐))𝐢   

C8H12N2O2  25 24 2 nπ; 2 nr 1 

C12H19NO2  35 34 2 nπ; 2 nr 1 

C8H13N3O2  27 26 2 nπ; 2 nr 1 

C16H22N4O3  48 46 4 nπ; 4 nr 2 

C20H26N8O5  64 61 6 nπ; 6 nr 3 

C27H34N10O9  87 83 8 nπ; 8 nr 4 

C30H33N11O12  95 90 10 nπ; 10 nr 5 

C34H34N12O12  103 97 12 nπ; 12 nr 6 

C40H39N13O15  120 113 14 nπ; 14 nr 7 

 

Some theoretical examples of molecular structures for un-

saturated cyclic organic compounds that contain π-bonds, 

σ-bonds, single bonds, double and triple bonds are the fol-

lowing ones: 

 
Figure 17. First example of cyclic molecular structure with a double 

and a triple bond. 

 
Figure 18. Second example of cyclic molecular structure with double 

and triple bonds. 
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Figure 19. Third example of cyclic molecular structure with double 

and triple bonds. 

 
Figure 20. Fourth example of cyclic molecular structure with double 

and triple bonds. 

Table 5. Calculation of covalent bonds for Unsaturated Cyclic Organic Compounds with double and triple bonds ( 𝑛𝑑 = 𝑛𝑡 = 𝑛𝑟  ). 

Examples of Unsaturat-

ed Cyclic Organic 

Compounds with double 

and triple bonds 

σ-bonds 

−
𝟑

𝟒
+

𝟏

𝟖
(∑ 𝐧𝐢(𝐯𝐢 + 𝟔))𝐢   

Single bonds 

|
𝟓

𝟒
+

𝟏

𝟖
(∑ 𝐧𝐢(𝐯𝐢 − 𝟏𝟎))𝐢 |  

π-bonds 
𝟑

𝟒
+

𝟑

𝟖
(∑ 𝐧𝐢(𝐯𝐢 − 𝟐))𝐢   

Double bond/bonds, 

Triple bond/bonds and 

Ring/Rings 
𝟏

𝟒
+

𝟏

𝟖
(∑ 𝐧𝐢(𝐯𝐢 − 𝟐))𝐢   

C7H10N2O3  22 20 3 1 nd; 1 nt; 1 nr 

C17H16N4O2  41 35 9 3 nd; 3 nt; 3 nr 

C12H12N2O3  30 26 6 2 nd; 2 nt; 2 nr 

C14H8N2O2  27 23 6 2 nd; 2 nt; 2 nr 

C19H13N5O5  45 37 12 4 nd; 4 nt; 4 nr 

C26H20N6O8  64 54 15 5 nd; 5 nt; 5 nr 

C31H25N9O6  76 64 18 6 nd; 6 nt; 6 nr 

C36H20N10O7  80 64 24 8 nd; 8 nt; 8 nr 

C40H18N8O11  85 67 27 9 nd; 9 nt; 9 nr 

 

4. Conclusions 

In this study, a mathematical model for the calculation of 

covalent bonds in specific unsaturated organic compounds 

was presented. The model is based on Lewis theory of 

chemical bonding and valence bond theory and does not 

include molecular orbital theory [15], therefore at this mo-

ment it has limited practical applications. 

However, the equations that were shown in this article can 

be used by organic, physical and analytical chemists along-

side with the index of hydrogen deficiency to perform calcu-

lations for covalent bonds, and to potentially aid by speeding 

up the process of structural identification for specific un-

saturated molecules [16, 17]. Additionally, the theoretical 

impact of this methodology may be seen as potentially sig-

nificant due to the fact that we have demonstrated how to 

calculate all the simple covalent bonds within certain un-

saturated compounds using equations that share many simi-

larities with the index of hydrogen deficiency, therefore for 

future research studies this type of equations may have a 

chance to show their significance in measurement techniques 

such as NMR spectroscopy [18] and mass spectrometry [19] 

for chemical compounds. 

Finally, the novel theoretical framework of this manuscript 

offers a new perspective on graph theory applications for 

well-known organic chemistry principles [20, 21] and can 

open the path to other similar mathematical models [22]. 

Abbreviations 

IHD Index of Hydrogen Deficiency 

Author Contributions 

Vlad Cristian Gavrila: Conceptualization, Formal Anal-

ysis, Investigation, Methodology, Validation, Visualization, 

Writing – original draft, Writing – review & editing. 

Teodor Octavian Nicolescu: Investigation, Validation, 

Visualization, Writing – review & editing. 

http://www.sciencepg.com/journal/ajpc


American Journal of Physical Chemistry http://www.sciencepg.com/journal/ajpc 

 

82 

Conflicts of Interest 

The authors declare no conflicts of interest. 

References 

[1] J. A. Bondy, U. S. R. Murty. Graduate Texts in Mathematics, 

Graph theory. Springer London; 2008.  

https://doi.org/10.1007/978-1-84628-970-5 

[2] Zhao L., Schwarz W. H. E., Frenking G. The Lewis elec-

tron-pair bonding model: the physical background, one century 

later. Nat Rev Chem. 2019, 3(1), 35–47.  

https://doi.org/10.1038/s41570-018-0052-4 

[3] Shaik S, Danovich D, Hiberty P. C. Valence Bond Theory-Its 

Birth, Struggles with Molecular Orbital Theory, Its Present 

State and Future Prospects. Molecules. 2021, 26(6).  

https://doi.org/10.3390/molecules26061624 

[4] Badertscher M, Bischofberger K, Munk ME, Pretsch E. A 

novel formalism to characterize the degree of unsaturation of 

organic molecules. J. Chem. Inf. Comput. Sci. 2001, 41(4), 

889-893. https://doi.org/10.1021/ci000135o 

[5] Studocu. CHM 123 Hybridization and Bonds in Carbons. Edo 

University. Available from: https://www.studocu.com/ (Ac-

cessed 27 September 2024). 

[6] Arijit Das, Suman Adhikari, Debapriya Pal, Bijaya Paul, R. 

Sanjeev, V. Jagannadham. Rapid Calculation of the Number of 

π-bonds, σ-bonds, Single and Triple Bonds in Aliphatic Un-

saturated Open Chain and Cycloalkynes. World Journal of 

Chemical Education. 2014, 2(1), 1-3.  

https://dx.doi.org/10.12691/wjce-2-1-1 

[7] Gavrilă Vlad Cristian, Teodor Octavian Nicolescu. New 

Equations for Rapid Calculation of π-bonds, σ-bonds, Single, 

Double and Triple Bonds in Open Chain Alcohols and Cy-

cloamines. International Journal of Chemistry, Mathematics 

and Physics. 2024, 8(3), 9-15.  

https://dx.doi.org/10.22161/ijcmp.8.3.2 

[8] Lê J. K., Schmid T. The Practice of Innovating Research 

Methods. Organizational Research Methods. 2022, 25(2), 

308-336. https://doi.org/10.1177/1094428120935498 

[9] Kim Quach. Degree of Unsaturation. LibreTexts Chemistry. 

Available from: https://chem.libretexts.org/ (Accessed 10 Oc-

tober 2024). 

[10] Cuff E. The Effect and Importance of Technology in the Re-

search Process. Journal of Educational Technology Systems. 

2014, 43(1), 75-97. https://doi.org/10.2190/ET.43.1.f 

[11] Ryzhkov F. V, Ryzhkova Y. E, Elinson M. N. Python tools for 

structural tasks in chemistry. Mol Divers. 2024.  

https://doi.org/10.1007/s11030-024-10889-7 

[12] Kenneth López-Pérez, Juan F. Avellaneda-Tamayo, Lexin 

Chen, Edgar López-López, K. Eurídice Juárez-Mercado, José 

L. Medina-Franco, Ramón Alain Miranda-Quintana. Molecu-

lar similarity: Theory, applications, and perspectives. Artificial 

Intelligence Chemistry. 2024, 2(2).  

https://doi.org/10.1016/j.aichem.2024.100077 

[13] Koch Boris P., Dittmar Thorsten, Witt Mathias, Kattner Ger-

hard. Fundamentals of Molecular Formula Assignment to Ul-

trahigh Resolution Mass Data of Natural Organic Matter. An-

alytical Chemistry. 2007, 79(4), 1758-1763.  

https://doi.org/10.1021/ac061949s 

[14] Mitchell J. M., Flight R. M., Moseley H. N. B. Deriving Lipid 

Classification Based on Molecular Formulas. Metabolites. 

2020, 10(3), 122. https://doi.org/10.3390/metabo10030122 

[15] Murrell J. N. The origins and later developments of molecular 

orbital theory. Int. J. Quantum Chem. 2012, 112, 2875-2879. 

https://doi.org/10.1002/qua.23293 

[16] Kind Tobias., Fiehn Oliver. Advances in structure elucidation 

of small molecules using mass spectrometry. Bioanalytical re-

views. 2010, 2(1-4), 23–60.  

https://doi.org/10.1007/s12566-010-0015-9 

[17] Mikhail Elyashberg. Identification and structure elucidation by 

NMR spectroscopy. TrAC Trends in Analytical Chemistry. 

2015, 69, 88-97. https://doi.org/10.1016/j.trac.2015.02.014 

[18] Zhang J., Terayama K., Sumita M., Yoshizoe K., Ito K., 

Kikuchi J., Tsuda K. NMR-TS: de novo molecule identifica-

tion from NMR spectra. Sci Technol Adv Mater. 2020, 30, 

21(1). https://doi.org/10.1080/14686996.2020.1793382 

[19] Boris L. Milman. General principles of identification by mass 

spectrometry. TrAC Trends in Analytical Chemistry. 2015, 69, 

24-33. https://doi.org/10.1016/j.trac.2014.12.009 

[20] Ivan Gutman. Chemical Graph Theory—The Mathematical 

Connection. Advances in Quantum Chemistry. 2006, 51, 

125-138. https://doi.org/10.1016/S0065-3276(06)51003-2 

[21] Leite L. S. G., Banerjee S., Wei Y., Elowitt J., Clark A. E. 

Modern chemical graph theory. WIREs Comput Mol Sci. 2024, 

14(5). https://doi.org/10.1002/wcms.1729 

[22] Malvern David. Chapter title: Mathematical Models in Science. 

Book Title: Developing Models in Science Education. Springer 

Netherlands. 2000, 59-90.  

https://doi.org/10.1007/978-94-010-0876-1_4 

 

http://www.sciencepg.com/journal/ajpc

