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Abstract: Currently in order to calculate the number of covalent bonds for cyclic unsaturated organic 

molecules there are equations that include the index of hydrogen deficiency (IHD), a σ-bonds derivation 

from the Euler characteristic for planar graphs and other empirical formulations. However the IHD 

which is also known as the degree of unsaturation (DOU) requires to assign a numerical value for the 

pi(π) bonds and rings without knowing their precise number in a molecule, and all the other equations 

that are used to determine the numerical value of sigma(σ) and single bonds are made up of variables 

such as the number of rings, double and triple bonds. In this manuscript we present a novel type of 

mathematical model that was deduced by using chemical graph theory and can be applied to calculate 

the value of covalent bonds and rings for cyclic organic molecules with double or triple bonds only 

knowing the number of atoms, their corresponding valences and a new chemical concept which we 

called total unsaturation (TU) that represents the degree of unsaturation expressed as a percentage. The 

objective of this study is to highlight a deeper mathematical relationship formed by multiple structural 

elements of a molecule in order to enhance the correlations between graph theory and organic chemistry 

from a different perspective that is primarly focused on the number of bonds. 

Keywords: Chemical graph theory; Bonds; Molecules; Novel equations; Inequalities 

 

1. Introduction 

For decades now, chemical graph theory [1–4] is used to deepen our understanding of molecular 

structures, chemical reactions, stereochemistry mechanisms, and many other chemical phenomena that 

take place at both microscopic and macroscopic levels. This study aims to present a novel mathematical 

model that utilizes chemical graph theory for the calculation of the number of covalent bonds and rings 

for the vast majority of cyclic unsaturated molecules. First of all, our model is based on Lewis theory of 

chemical bonding [5] and valence bond theory [6], and can only be applied to neutral molecules that are 

made up by non-metallic elements. The current formalisms that are used in order to calculate the 

number of bonds and rings for organic compounds which adheres to the previous enumerated chemical 

restraints include: the index of hydrogen deficiency also known as the degree of unsaturation [7], an 

equation to calculate the number of sigma(σ) bonds based on the number of atoms and rings within a 

molecule [8], a theoretical framework for the calculation of the number of covalent bonds in unsaturated 

organic compounds [9], and two particular models for the calculation of covalent bonds in aliphatic 

unsaturated open chain and cycloalkynes [10], and for the calculation of covalent bonds in open chain 

alcohols and cycloamines [11]. In our last publication that treated this subject [9], we have presented 

original equations for all acyclic unsaturated molecules with double or triple bonds and a few specific 

general equations for cyclic molecules with double or triple bonds where the number of pi(π) bonds is 
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equal to the number of rings. However for the vast majority of organic molecules the number of pi(π) 

bonds is not equal to the number of rings, therefore in this manuscript we will show thirteen novel 

equations that were used to deduce more than thirty new specific general equations for multiple cases 

of inequalities between pi (π) bonds and rings. Additionally our equations can potentially offer novel 

insights in areas such as computational chemistry applications [12] for: IR spectroscopy [13,14], NMR 

spectroscopy [15,16], mass spectrometry [17,18] and aromaticity predictions [19,20] by integrating them 

with the currently existing techniques. 

2. Materials and Methods 

At present all the existing equations that include the IHD [7] and any other formulas for sigma(σ) 

[8] or single bonds have multiple downsides both chemically and mathematically speaking. 

IHD = 1 +
1

2
(∑ ni(vi − 2))i   and  nπ + nr = 1 +

1

2
(∑ ni(vi − 2))i    

nσ = ni + nr − 1  and  ns = ni + nr − nd − 1  or  ns = ni + nr − nt − 1  

Every single equation from above has two particular downsides and they share a common general 

one. First the index of hydrogen deficiency equation cannot be used to differentiate between the number 

of pi(π) bonds and the number of rings, moreover, it doesn’t work for sigma(σ) and single bonds. 

Second the equations for sigma(σ) and single bonds do not include the valences of the chemical elements 

of a molecule and also they require to exactly know the number of rings, double or triple bonds in order 

to be applied. The general downside is represented by the fact that these equations have different kind 

of structures and do not share the same variables between all of them. However in this manuscript we 

have managed to solve these five problems by inventing 12 novel equations for covalent bonds and 

rings alongside a new chemical concept which we called total unsaturation. The total unsaturation is 

the index of hydrogen deficiency expressed as a percentage where TU is always equal with 100% and 

the sum between the percentage of pi(π) bonds and the percentage of rings is equal with TU. In the 

upcoming section of this article, all of these equations will be applied to deduce 36 new specific general 

equations for sigma(σ) bonds, pi(π) bonds, single bonds, double bonds, triple bonds and rings. 

Furthermore, to validate and verify our equations we used computer programs [21,22] alongside 

manual calculations [23,24] and both of these methods were applied on many molecular formulas that 

correspond to real and theoretical cyclic unsaturated organic compounds. Therefore in this research we 

will present a total of 49 original equations in a simple and elegant manner that can unlock novel ideas 

related to molecular structures [25]. 

3. Results and Discussion 

Firstly, this section will contain many variables that have the following meanings and notations: 

the number of sigma bonds in a molecule ( 𝐧𝛔 ), the number of single bonds in a molecule ( 𝐧𝐬 ), the 

number of pi bonds in a molecule ( 𝐧𝛑 ), the number of double bonds in a molecule ( 𝐧
𝐝

 ), the number 

of triple bonds in a molecule ( 𝐧
𝐭
 ), the number of chemical elements in a molecule ( 𝐢 ), the number of 

atoms that correspond to a chemical element ( 𝐧𝐢 ), the valence of a chemical element ( 𝐯𝐢 ), the number 

of rings in a molecule ( 𝐧𝐫 ), the percentage of pi bonds from TU in a molecule ( 𝐩𝛑 ), the percentage of 

rings from TU in a molecule ( 𝐩𝐫 ). Also, all the molecular formulas will have two ( C, H are mandatory), 

or more of the following chemical elements: S, P, C, N, O, H, Cl. For each element we chose a fixed 

valence in order to keep our calculations as simple as possible:  

vS = 6  ;   vP = 5  ;   vC = 4  ;   vN = 3  ;   vO = 2  ;   vH = 1  ;   vCl = 1  

Additionally, thirteen novel mathematical equations ( including the total unsaturation ) that we 

used to calculate the number of covalent bonds and rings for cyclic molecules with double or triple 

bonds by deducing thirty-six specific general equations which have as variables the number of atoms 
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and their valences will be presented in four cases throghout this section with two solved examples for 

each one of them and a total of eight tables, one for every ratio established between pπ and pr from TU. 

1) For cyclic unsaturated molecules with double bonds in which  pπ > pr 

pπ + pr = TU  and  pπ + pr = 100%    

0% < pr < 50%  and  50% < pπ < 100%    

2) For cyclic unsaturated molecules with double bonds in which  pr > pπ 

pπ + pr = TU  and  pπ + pr = 100%    

0% < pπ < 50%  and  50% < pr < 100%    

3) For cyclic unsaturated molecules with triple bonds in which  pπ > pr 

pπ + pr = TU  and  pπ + pr = 100%    

0% < pr < 50%  and  50% < pπ < 100%    

4) For cyclic unsaturated molecules with triple bonds in which  pr > pπ 

pπ + pr = TU  and  pπ + pr = 100%    

0% < pπ < 50%  and  50% < pr < 100%    

3.1. Cyclic unsaturated molecules with double bonds in which 𝑝𝜋 > 𝑝𝑟  

For all the cyclic unsaturated molecules that contain σ-bonds, π-bonds, single bonds and double 

bonds where the number of π-bonds is always greater than the number of rings, we have invented four 

mathematical equations to be able to deduce many other specific general equations for covalent bonds 

and rings: 

nσ =
∑ ni(vi + 2) + 2 (

pπ
pr

− 1) (ni − 1) − 2i

4 + 2 (
pπ
pr

− 1)
 (1) 

ns =
4(ni − 1) − (

pπ
pr

− 1) (∑ ni(vi − 4) + 4i )

4 + 2 (
pπ
pr

− 1)
 (2) 

nπ = nd =
∑ ni(vi − 2)i + (

pπ
pr

− 1) (∑ ni(vi − 2) + 2i ) + 2

4 + 2 (
pπ
pr

− 1)
 (3) 

nr =
∑ ni(vi − 2)i + 2

4 + 2 (
pπ
pr

− 1)
 (4) 

In order to find any percentages for π-bonds and rings that correspond to cyclic unsaturated 

molecules with double bonds in which pπ > pr ;  0% < pr < 50%  and  50% < pπ < 100%, we can start 

by choosing a molecular structure where nπ > nr , write it’s molecular formula and calculate the 

correlated degree of unsaturation. Afterwards, the number of π-bonds and rings will be converted into 

percentages using the rule of three, and those numerical values will be substituted into the main 

mathematical equations to deduce other specific general equations that have as variables only the 

number of atoms and their valences, and work for molecules that share the same values of pπ and pr as 

our chosen molecular structure. 
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3.1.1. First example 

 

Figure 1. 1,3,5-Cyclohexatriene  𝐂𝟔𝐇𝟔 

nπ + nr = DOU   and   nπ + nr = 1 +
1

2
∑ ni(vi − 2)i    

nπ + nr = 1 +
1

2
nC(4 − 2) +

1

2
nH(1 − 2)  =>  nπ + nr = 4  and  nπ = 3  ;   nr = 1  

pπ + pr = TU   and   pπ + pr = 100% (5) 

pπ =
3 ∙ 100%

4
= 75%  and  pr =

1 ∙ 100%

4
= 25%  

Now we will substitute pπ and pr in all the presented equations with percentages using the total 

unsaturation formula, where  pπ = 75% of TU and pr = 25% of TU. 

pπ + pr = TU (5) 

pπ + pr = 100%   ;    75% + 25% = 100%  

nσ =
∑ ni(vi + 2) + 2 (

75%
25%

− 1) (ni − 1) − 2i

4 + 2 (
75%
25%

− 1)
  

nσ =
∑ ni(vi + 2)i + 4ni − 4 − 2

4 + 2 ∙ 2
  

𝐧𝛔 =
∑ 𝐧𝐢(𝐯𝐢 + 𝟔) − 𝟔𝐢

𝟖
 (6) 

ns =
4(ni − 1) − (

75%
25%

− 1) (∑ ni(vi − 4) + 4i )

4 + 2 (
75%
25%

− 1)
  

ns =
4ni − 4 − 2 ∑ ni(vi − 4) − 8i

4 + 2 ∙ 2
  

ns =
−2 ∑ ni(vi − 6) − 12i

8
=> 𝐧𝐬 =

− ∑ 𝐧𝐢(𝐯𝐢 − 𝟔) − 𝟔𝐢

𝟒
 (7) 

nπ = nd =
∑ ni(vi − 2)i + (

75%
25%

− 1) (∑ ni(vi − 2) + 2i ) + 2

4 + 2 (
75%
25%

− 1)
  

nπ = nd =
∑ ni(vi − 2)i + 2 ∑ ni(vi − 2) + 4i + 2

4 + 2 ∙ 2
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nπ = nd =
3 ∑ ni(vi − 2)i + 6

8
=> 𝐧𝛑 = 𝐧𝐝 =

∑ 𝐧𝐢(𝐯𝐢 − 𝟐)𝐢 + 𝟐

𝟐. 𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟕
 (8) 

nr =
∑ ni(vi − 2)i + 2

4 + 2 (
75%
25%

− 1)
  

nr =
∑ ni(vi − 2)i + 2

4 + 2 ∙ 2
  

𝐧𝐫 =
∑ 𝐧𝐢(𝐯𝐢 − 𝟐)𝐢 + 𝟐

𝟖
 (9) 

After deducing the specific general equations for the calculation of the number of covalent bonds 

and rings for all the cyclic unsaturated organic molecules with double bonds where pπ = 75% and 

pr = 25%, we will apply them on a molecular formula as an example:  C12H12N2O3 

nσ =
∑ ni(vi + 6) − 6i

8
 (6) 

nσ =
nC(4 + 6) + nN(3 + 6) + nO(2 + 6) + nH(1 + 6) − 6

8
  

nσ =
120 + 18 + 24 + 84 − 6

8
  =>  𝐧𝛔 =  𝟑𝟎  

ns =
− ∑ ni(vi − 6) − 6i

4
 (7) 

ns =
−nC(4 − 6) − nN(3 − 6) − nO(2 − 6) − nH(1 − 6) − 6

4
  

ns =
24 + 6 + 12 + 60 − 6

4
  =>  𝐧𝐬 = 𝟐𝟒  

nπ = nd =
∑ ni(vi − 2)i + 2

2.666666667
 (8) 

nπ = nd =
nC(4 − 2) + nN(3 − 2) + nO(2 − 2) + nH(1 − 2) + 2

2.666666667
  

nπ = nd =
24 + 2 + 0 − 12 + 2

2.666666667
  =>  𝐧𝛑 = 𝐧𝐝 = 𝟔  

nr =
∑ ni(vi − 2)i + 2

8
 (9) 

nr =
nC(4 − 2) + nN(3 − 2) + nO(2 − 2) + nH(1 − 2) + 2

8
  

nr =
24 + 2 + 0 − 12 + 2

8
  =>   𝐧𝐫 = 𝟐  

Other molecular formulas where their corresponding molecules can have pπ = 75%  of TU and 

pr = 25% of TU, will be presented in the following table: 

Table 1. Calculation of covalent bonds and rings for unsaturated cyclic molecules with double bonds  
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𝑝𝜋 = 75%  𝑎𝑛𝑑 𝑝𝑟 = 25% 

 

Examples of 

Unsaturated 

Cyclic 

Molecules with    

double bonds 

σ-bonds 

−
𝟑

𝟒
+

𝟏

𝟖
(∑ 𝐧𝐢(𝐯𝐢 +𝐢

𝟔))   

Single bonds 

|
𝟑

𝟐
+

𝟏

𝟒
(∑ 𝐧𝐢(𝐯𝐢 −𝐢

𝟔))|   

 π-bonds and 

double bonds 

𝟐

𝟐.𝟔̅
+

𝟏

𝟐.𝟔̅
(∑ 𝐧𝐢(𝐯𝐢 −𝐢

𝟐))  

Ring/Rings 

  
𝟏

𝟒
+

𝟏

𝟖
(∑ 𝐧𝐢(𝐯𝐢 −𝐢

𝟐)) 

C6H6 12 9 3 n π ; 3 nd 1 

C12H12N2O3 30 24 6 n π ; 6 nd 2  

C12H13N3 29 23 6 n π ; 6 nd 2  

C14H10S2O6Cl4 38 29 9 n π ; 9 nd 3  

C16H10O5 33 24 9 n π ; 9 nd 3  

C22H12N3O3Cl5 48 36 12 n π ; 12 nd 4  

C20H22P4O8 57 45 12 n π ; 12 nd 4  

C24H26S4O9 67 52 15 n π ; 15 nd 5 

C27H16O10 57 42 15 n π ; 15 nd 5  

 

Some examples of molecular structures for cyclic unsaturated molecules with double bonds where   

𝑝𝜋 > 𝑝𝑟   and  𝑝𝜋 = 75%  ;  𝑝𝑟 = 25% from the total unsaturation are the following ones: 

 

Figure 2. 2-amino benzene-1,3-diol. 

 

Figure 3. 1-Ethyl-7-methyl-4-oxo-1,8-naphthyridine-3-carboxylic acid. 
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Figure 4. 3-Methyl-4-oxo-2-phenyl-4H-chromene-8-carboxylic acid. 

 

 

3.1.2. Second example 

 

Figure 5. 2H-Chromen-2-one  𝐂𝟗𝐇𝟔𝐎𝟐. 

nπ + nr = DOU   and   nπ + nr = 1 +
1

2
∑ ni(vi − 2)i    

nπ + nr = 1 +
1

2
nC(4 − 2) +

1

2
 nO(2 − 2) +

1

2
nH(1 − 2) =>  nπ + nr = 7  and  nπ

= 5  ;   nr = 2 

 

pπ + pr = TU   and   pπ + pr = 100% (5) 

pπ =
5 ∙ 100%

7
= 71.42857143%  and  pr =

2 ∙ 100%

7
= 28,57142857%  

Now we will substitute pπ and pr in all the presented equations with percentages using the total 

unsaturation formula, where pπ = 71.42857143% of TU and pr = 28.57142857% of TU. 

pπ + pr = TU (5) 

pπ + pr = 100%   ;    71.42857143% + 28.57142857% = 100%  

nσ =
∑ ni(vi + 2) + 2 (

71.42857143%
28.57142857%

− 1) (ni − 1) − 2i

4 + 2 (
71.42857143%
28.57142857%

− 1)
  

nσ =
∑ ni(vi + 2)i + 3ni − 3 − 2

4 + 2 ∙ 1.5
  

𝐧𝛔 =
∑ 𝐧𝐢(𝐯𝐢 + 𝟓) − 𝟓𝐢

𝟕
 (10) 
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ns =
4(ni − 1) − (

71.42857143%
28.57142857%

− 1) (∑ ni(vi − 4) + 4i )

4 + 2 (
71.42857143%
28.57142857%

− 1)
  

ns =
4ni − 4 − 1.5 ∑ ni(vi − 4) − 6i

4 + 2 ∙ 1.5
  

ns =
−1.5 ∑ ni(vi − 6.666666667) − 10i

7
=> 𝐧𝐬 =

− ∑ 𝐧𝐢(𝐯𝐢 − 𝟔. 𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟕) − 𝟔. 𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟕𝐢

𝟒. 𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟕
(𝟏𝟏) (11) 

nπ = nd =
∑ ni(vi − 2)i + (

71.42857143%
28.57142857%

− 1) (∑ ni(vi − 2) + 2i ) + 2

4 + 2 (
71.42857143%
28.57142857%

− 1)
  

nπ = nd =
∑ ni(vi − 2)i + 1.5 ∑ ni(vi − 2) + 3i + 2

4 + 2 ∙ 1.5
  

nπ = nd =
2.5 ∑ ni(vi − 2)i + 5

7
=> 𝐧𝛑 = 𝐧𝐝 =

∑ 𝐧𝐢(𝐯𝐢 − 𝟐)𝐢 + 𝟐

𝟐. 𝟖
 (12) 

nr =
∑ ni(vi − 2)i + 2

4 + 2 (
71.42857143%
28.57142857%

− 1)
  

nr =
∑ ni(vi − 2)i + 2

4 + 2 ∙ 1.5
  

𝐧𝐫 =
∑ 𝐧𝐢(𝐯𝐢 − 𝟐)𝐢 + 𝟐

𝟕
 (13) 

After deducing the general equations for the calculation of the number of covalent bonds and rings 

for all the cyclic unsaturated organic molecules with double bonds where pπ = 71.42857143% and 

pr = 28.57142857%, we will apply them on a molecular formula as an example:  C8H4O3 

nσ =
∑ ni(vi + 5) − 5i

7
 (10) 

nσ =
nC(4 + 5) + nO(2 + 5) + nH(1 + 5) − 5

7
  

nσ =
72 + +21 + 24 − 5

7
  =>  𝐧𝛔 =  𝟏𝟔  

ns =
− ∑ ni(vi − 6.666666667) − 6.666666667i

4.666666667
 (11) 

ns

=
−nC(4 − 6.666666667) − nO(2 − 6.666666667) − nH(1 − 6.666666667) − 6.666666667

4.666666667
 

 

ns =
21.33333334 + 14 + 22.66666667 − 6.666666667

4.666666667
  =>  𝐧𝐬 = 𝟏𝟏 
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nπ = nd =
∑ ni(vi − 2)i + 2

2.8
 (12) 

nπ = nd =
nC(4 − 2) + nO(2 − 2) + nH(1 − 2) + 2

2.8
  

nπ = nd =
16 + 0 − 4 + 2

2.8
  =>  𝐧𝛑 = 𝐧𝐝 = 𝟓  

nr =
∑ ni(vi − 2)i + 2

7
 (13) 

nr =
nC(4 − 2) + nO(2 − 2) + nH(1 − 2) + 2

7
  

nr =
16 + 0 − 4 + 2

7
  =>   𝐧𝐫 = 𝟐  

Other molecular formulas where their corresponding molecules can have pπ = 71.42857143% 

of TU and pr = 28.57142857% of TU, will be presented in the following table: 

 

Table 2. Calculation of covalent bonds and rings for unsaturated cyclic molecules with double bonds  

𝑝𝜋 = 71.42857143%   𝑎𝑛𝑑   𝑝𝑟 = 28.57142857% 

Examples of 

Unsaturated 

Cyclic 

Molecules 

with double 

bonds 

σ-bonds 

−
𝟓

𝟕
+

𝟏

𝟕
(∑ 𝐧𝐢(𝐯𝐢 +𝐢

𝟓))   

Single bonds 

|
𝟔.𝟔̅

𝟒.𝟔̅
+

𝟏

𝟒.𝟔̅
(∑ 𝐧𝐢(𝐯𝐢 −𝐢

𝟔. 𝟔̅))|   

 π-bonds and 

double bonds 

𝟐

𝟐.𝟖
+

𝟏

𝟐.𝟖
(∑ 𝐧𝐢(𝐯𝐢 − 𝟐))𝐢   

Ring/Rings 

  
𝟐

𝟕
+

𝟏

𝟕
(∑ 𝐧𝐢(𝐯𝐢 − 𝟐))𝐢  

C9H5NOCl2 19 14 5 n π ; 5 nd 2 

C19H12O4 38 28 10 n π ; 10 nd 4  

C16H10N4O3 36 26 10 n π ; 10 nd 4  

C30H10Cl10 55 40 15 n π ; 15 nd 6  

C33H42S4O9 93 78 15 n π ; 15 nd 6  

C33H29P4N5O8 86 66 20 n π ; 20 nd 8  

C37H32N12 88 68 20 n π ; 20 nd 8  

C46H46P8O13 122 97 25 n π ; 25 nd 10  

C54H32O7Cl8 110 85 25 n π ; 25 nd 10  

Some examples of molecular structures for cyclic unsaturated molecules with double bonds where   

𝑝𝜋 > 𝑝𝑟   and 𝑝𝜋 = 71.42857143%  ;  𝑝𝑟 = 28.57142857%  from the total unsaturation are the 

following ones: 
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Figure 6. 8-quinolinol. 

 

Figure 7.  6-hydroxy-9-(2-hydroxyphenyl)xanthen-3-one. 

 

Figure 8.  5,7-dichloro-8-quinolinol. 

3.2. Cyclic unsaturated molecules with double bonds in which 𝑝𝑟 > 𝑝𝜋 

For all the cyclic unsaturated molecules that contain σ-bonds, π-bonds, single bonds and double 

bonds where the number of rings is always greater than the number of π-bonds, we have invented four 

mathematical equations to be able to deduce many other specific general equations for covalent bonds 

and rings: 

nσ =
∑ ni(vi + 2) + (

pr
pπ

− 1) ∑ nivii − 2i

4 + 2 (
pr
pπ

− 1)
 (14) 

ns =
4(ni − 1) + (

pr
pπ

− 1) ∑ nivii

4 + 2 (
pr
pπ

− 1)
 (15) 

nπ = nd =
∑ ni(vi − 2)i + 2

4 + 2 (
pr
pπ

− 1)
 (16) 

nr =
∑ ni(vi − 2)i + (

pr
pπ

− 1) (∑ ni(vi − 2) + 2i ) + 2

4 + 2 (
pr
pπ

− 1)
 (17) 

In order to find any percentages for π-bonds and rings that correspond to cyclic unsaturated 

molecules with double bonds in which pr > pπ ;  0% < pπ < 50%  and  50% < pr < 100%, we can start 
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by choosing a molecular structure where nr > nπ , write it’s molecular formula and calculate the 

correlated degree of unsaturation. Afterwards, the number of π-bonds and rings will be converted into 

percentages using the rule of three, and those numerical values will be substituted into the main 

mathematical equations to deduce other specific general equations that have as variables only the 

number of atoms and their valences, and work for molecules that share the same values of pπ and pr as 

our chosen molecular structure. 

3.2.1. First example 

 

Figure 9.  3,4,4a,5,6,7,8a,9,9a,10a-decahydro-2H-xanthene-1,8-dione  𝐂𝟏𝟑𝐇𝟏𝟖𝐎𝟑. 

nπ + nr = DOU   and   nπ + nr = 1 +
1

2
∑ ni(vi − 2)i    

nπ + nr = 1 +
1

2
nC(4 − 2) +

1

2
 nO(2 − 2) +

1

2
nH(1 − 2) =>  nπ + nr = 5  and  nπ

= 2  ;   nr = 3 
 

pπ + pr = TU   and   pπ + pr = 100% (5) 

pπ =
2 ∙ 100%

5
= 40%  and  pr =

3 ∙ 100%

5
= 60%  

 

Now we will substitute pπ and pr in all the presented equations with percentages using the total 

unsaturation formula, where  pπ = 40% of TU and pr = 60% of TU. 

pπ + pr = TU (5) 

pπ + pr = 100%   ;    40% + 60% = 100%  

nσ =
∑ ni(vi + 2) + (

60%
40% − 1) ∑ nivii − 2i

4 + 2 (
60%
40% − 1)

  

nσ =
∑ ni(vi + 2)i + 0.5 ∑ nivii − 2

4 + 2 ∙ 0.5
  

𝐧𝛔 =
∑ 𝐧𝐢(𝟏. 𝟓𝐯𝐢 + 𝟐) − 𝟐𝐢

𝟓
 (18) 

ns =
4(ni − 1) + (

60%
40% − 1) ∑ nivii

4 + 2 (
60%
40% − 1)

  

ns =
4ni − 4 + 0.5 ∑ nivii

4 + 2 ∙ 0.5
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ns =
0.5 ∑ ni(vi + 8) − 4i

5
=> 𝐧𝐬 =

∑ 𝐧𝐢(𝐯𝐢 + 𝟖) − 𝟖𝐢

𝟏𝟎
 (19) 

nπ = nd =
∑ ni(vi − 2)i + 2

4 + 2 (
60%
40%

− 1)
  

nπ = nd =
∑ ni(vi − 2)i + 2

4 + 2 ∙ 0.5
  

𝐧𝛑 = 𝐧𝐝 =
∑ 𝐧𝐢(𝐯𝐢 − 𝟐)𝐢 + 𝟐

𝟓
 (20) 

nr =
∑ ni(vi − 2) + (

60%
40%

− 1) (∑ ni(vi − 2) + 2i )i + 2

4 + 2 (
60%
40%

− 1)
  

nr =
∑ ni(vi − 2)i + 0.5 ∑ ni(vi − 2)i + 1 + 2

4 + 2 ∙ 0.5
  

nr =
1.5 ∑ ni(vi − 2)i + 3

5
=> 𝐧𝐫 =

∑ 𝐧𝐢(𝐯𝐢 − 𝟐)𝐢 + 𝟐

𝟑. 𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑
 (21) 

After deducing the general equations for the calculation of the number of covalent bonds and rings 

for all the cyclic unsaturated organic molecules with double bonds where pπ = 40% and pr = 60%, 

we will apply them on a molecular formula as an example:  C14H20O2 

nσ =
∑ ni(1.5vi + 2) − 2i

5
 (18) 

nσ =
nC(1.5 ∙ 4 + 2) + nO(1.5 ∙ 2 + 2) + nH(1.5 ∙ 1 + 2) − 2

5
  

nσ =
112 + 10 + 70 − 2

5
  =>  𝐧𝛔 =  𝟑𝟖  

ns =
∑ ni(vi + 8) − 8i

10
 (19) 

ns =
nC(4 + 8) + nO(2 + 8) + nH(1 + 8) − 8

10
  

ns =
168 + 20 + 180 − 8

10
  =>  𝐧𝐬 = 𝟑𝟔  

nπ = nd =
∑ ni(vi − 2)i + 2

5
 (20) 

nπ = nd =
nC(4 − 2) + nO(2 − 2) + nH(1 − 2) + 2

5
  

nπ = nd =
28 + 0 − 20 + 2

5
  =>  𝐧𝛑 = 𝐧𝐝 = 𝟐  

nr =
∑ ni(vi − 2)i + 2

3.333333333
 (21) 
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nr =
nC(4 − 2) + nO(2 − 2) + nH(1 − 2) + 2

3.333333333
  

nr =
28 + 0 − 20 + 2

3.333333333
  =>   𝐧𝐫 = 𝟑  

Other molecular formulas where their corresponding molecules can have pπ = 40% of TU and 

pr = 60% of TU, will be presented in the following table: 

Table 3. Calculation of covalent bonds and rings for unsaturated cyclic molecules with double bonds  

𝑝𝜋 = 40%   𝑎𝑛𝑑   𝑝𝑟 = 60% 

Examples of 

Unsaturated 

Cyclic 

Molecules with             

double bonds 

σ-bonds 

−
𝟐

𝟓
+

𝟏

𝟓
(∑ 𝐧𝐢(𝟏. 𝟓𝐯𝐢 + 𝟐))𝐢    

Single bonds 

−
𝟒

𝟓
+

𝟏

𝟏𝟎
(∑ 𝐧𝐢(𝐯𝐢 + 𝟖))𝐢    

 π-bonds and 

double bonds 

𝟐

𝟓
+

𝟏

𝟓
(∑ 𝐧𝐢(𝐯𝐢 −𝐢

𝟐))  

Ring/Rings 

  
𝟐

𝟑.𝟑̅
+

𝟏

𝟑.𝟑̅
(∑ 𝐧𝐢(𝐯𝐢 − 𝟐))𝐢  

C14H20O2 38 36 2 n π ; 2 nd 3 

C14H20 36 34 2 n π ; 2 nd 3  

C13H19NO2 37 35 2 n π ; 2 nd 3 

C25H28O5Cl4 67 63 4 n π ; 4 nd 6 

C24H36N6 71 67 4 n π ; 4 nd 6  

C38H68S5O14 133 127 6 n π ; 6 nd 9 

C32H57P5N6O17 125 119 6 n π ; 6 nd 9  

C50H86P8O16 171 163 8 n π ; 8 nd 12  

C46H79S9O19Cl11 175 167 8 n π ; 8 nd 12  

Some examples of molecular structures for cyclic unsaturated molecules with double bonds where   

𝑝𝑟 > 𝑝𝜋 and 𝑝𝜋 = 40%  ;  𝑝𝑟 = 60% from the total unsaturation are the following ones: 

 

Figure 10.  1,2,3,4,4a,5,6,7,8,8a,9a,10a-dodecahydroanthracene-9,10-dione. 
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Figure 11.  1,4,4a,5,8,8a,9,9a,10,10a-decahydroanthracene. 

 

Figure 12.  2,3,4,4a,5,6,7,8a,9,9a,10,10a-dodecahydroacridine-1,8-dione. 

3.2.2. Second example 

 

Figure 13. 2,3,3a,4,7,7a-hexahydro-1H-isoindole  𝐂𝟖𝐇𝟏𝟑𝐍. 

nπ + nr = DOU   and   nπ + nr = 1 +
1

2
∑ ni(vi − 2)i    

nπ + nr = 1 +
1

2
nC(4 − 2) +

1

2
 nO(2 − 2) +

1

2
nH(1 − 2) =>  nπ + nr = 3  and  nπ

= 1  ;   nr = 2 
 

pπ + pr = TU   and   pπ + pr = 100% (5) 

pπ =
1 ∙ 100%

3
= 33.33333333%  and  pr =

2 ∙ 100%

3
= 66.66666667%  

Now we will substitute pπ and pr in all the presented equations with percentages using the total 

unsaturation formula, where pπ = 33.33333333% of TU and pr = 66.66666667% of TU. 

pπ + pr = TU (5) 

pπ + pr = 100%   ;    33.33333333% + 66.66666667% = 100%  

nσ =
∑ ni(vi + 2) + (

66.66666667%
33.33333333% − 1) ∑ nivii − 2i

4 + 2 (
66.66666667%
33.33333333% − 1)

  

nσ =
∑ ni(vi + 2)i + ∑ nivii − 2

4 + 2 ∙ 1
  

nσ =
2 ∑ ni(vi + 1) − 2i

6
=> 𝐧𝛔 =

∑ 𝐧𝐢(𝐯𝐢 + 𝟏) − 𝟏𝐢

𝟑
 (22) 
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ns =
4(ni − 1) + (

66.66666667%
33.33333333%

− 1) ∑ nivii

4 + 2 (
66.66666667%
33.33333333% − 1)

  

ns =
4ni − 4 + ∑ nivii

4 + 2 ∙ 1
  

𝐧𝐬 =
∑ 𝐧𝐢(𝐯𝐢 + 𝟒) − 𝟒𝐢

𝟔
 (23) 

nπ = nd =
∑ ni(vi − 2)i + 2

4 + 2 (
66.66666667%
33.33333333%

− 1)
  

nπ = nd =
∑ ni(vi − 2)i + 2

4 + 2 ∙ 1
  

𝐧𝛑 = 𝐧𝐝 =
∑ 𝐧𝐢(𝐯𝐢 − 𝟐)𝐢 + 𝟐

𝟔
 (24) 

nr =
∑ ni(vi − 2) +i (

66.66666667%
33.33333333%

− 1) (∑ ni(vi − 2) + 2i ) + 2

4 + 2 (
66.66666667%
33.33333333% − 1)

  

nr =
∑ ni(vi − 2)i + ∑ ni(vi − 2)i + 2 + 2

4 + 2 ∙ 1
  

nr =
2 ∑ ni(vi − 2)i + 4

6
=> 𝐧𝐫 =

∑ 𝐧𝐢(𝐯𝐢 − 𝟐)𝐢 + 𝟐

𝟑
 (25) 

After deducing the general equations for the calculation of the number of covalent bonds and rings 

for all the cyclic unsaturated organic molecules with double bonds where pπ = 33.33333333% and 

pr = 66.66666667%, we will apply them on a molecular formula as an example:  C9H16N2 

nσ =
∑ ni(vi + 1) − 1i

3
 (22) 

nσ =
nC(4 + 1) + nN(3 + 1) + nH(1 + 1) − 1

3
  

nσ =
45 + 8 + 32 − 1

3
  =>  𝐧𝛔 =  𝟐𝟖  

ns =
∑ ni(vi + 4) − 4i

6
 (23) 

ns =
nC(4 + 4) + nN(3 + 4) + nH(1 + 4) − 4

6
  

ns =
72 + 14 + 80 − 4

6
  =>  𝐧𝐬 = 𝟐𝟕  

nπ = nd =
∑ ni(vi − 2)i + 2

6
 (24) 
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nπ = nd =
nC(4 − 2) + nN(3 − 2) + nH(1 − 2) + 2

6
  

nπ = nd =
18 + 2 − 16 + 2

6
  =>  𝐧𝛑 = 𝐧𝐝 = 𝟏 

 
 

nr =
∑ ni(vi − 2)i + 2

3
 (25) 

nr =
nC(4 − 2) + nN(3 − 2) + nH(1 − 2) + 2

3
  

nr =
18 + 2 − 16 + 2

3
  =>   𝐧𝐫 = 𝟐  

Other molecular formulas where their corresponding molecules can have pπ = 33.33333333% 

of TU and pr = 66.66666667% of TU, will be presented in the following table: 

Table 4. Calculation of covalent bonds and rings for unsaturated cyclic molecules with double bonds  

𝑝𝜋 = 33.33333333%   𝑎𝑛𝑑   𝑝𝑟 = 66.66666667% 

Examples of 

Unsaturated 

Cyclic 

Molecules 

with    double 

bonds 

σ-bonds 

−
𝟏

𝟑
+

𝟏

𝟑
(∑ 𝐧𝐢(𝐯𝐢 +𝐢

𝟏))   

Single bonds 

−
𝟐

𝟑
+

𝟏

𝟔
(∑ 𝐧𝐢(𝐯𝐢 +𝐢

𝟒))   

 π-bonds and 

double bonds 

𝟏

𝟑
+

𝟏

𝟔
(∑ 𝐧𝐢(𝐯𝐢 −𝐢

𝟐))  

Ring/Rings 

  
𝟐

𝟑
+

𝟏

𝟑
(∑ 𝐧𝐢(𝐯𝐢 −𝐢

𝟐)) 

C8H12O 22 21 1 n π ; 1 nd 2 

C11H18O2 32 31 1 n π ; 1 nd 2  

C9H14O2 26 25 1 n π ; 1 nd 2  

C15H29P2N3O4 56 54 2 n π ; 2 nd 4 

C18H32S2O6Cl2 63 61 2 n π ; 2 nd 4  

C24H37N5 71 68 3 n π ; 3 nd 6 

C26H48P4O12 95 92 3 n π ; 3 nd 6  

C34H38Cl8 87 83 4 n π ; 4 nd 8  

C30H42N4O7 90 86 4 n π ; 4 nd 8 

Some examples of molecular structures for cyclic unsaturated molecules with double bonds where   

𝑝𝑟 > 𝑝𝜋  and 𝑝𝜋 = 33.33333333%  ;  𝑝𝑟 = 66.66666667%  from the total unsaturation are the 

following ones: 
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Figure 14.  1,3,3a,4,7,7a-hexahydro-2-benzofuran. 

 

Figure 15.  1,2,3,4,4a,5,6,7,8,8a-decahydronaphthalene-1-carboxylic acid. 

 

Figure 16.  2,3,3a,4,7,7a-hexahydro-1H-indene-1,2-diol. 

3.3. Cyclic unsaturated molecules with triple bonds in which 𝑝𝜋 > 𝑝𝑟 

For all the cyclic unsaturated molecules that contain σ-bonds, π-bonds, single bonds and triple 

bonds where the number of π-bonds is always greater than the number of rings, we used two newly 

invented mathematical equations and another three previously shown for cyclic unsaturated molecules 

with double bonds (pπ > pr) to deduce many other specific general equations for covalent bonds and 

rings: 

nσ =
∑ ni(vi + 2) + 2 (

pπ
pr

− 1) (ni − 1) − 2i

4 + 2 (
pπ
pr

− 1)
 (1) 

ns =
∑ ni(vi + 6)i + (

pπ
pr

− 1) (∑ ni(6 − vi) − 6i ) − 6

8 + 4 (
pπ
pr

− 1)
 (26) 

nπ =
∑ ni(vi − 2)i + (

pπ
pr

− 1) (∑ ni(vi − 2) + 2i ) + 2

4 + 2 (
pπ
pr

− 1)
 (3) 

nr =
∑ ni(vi − 2)i + 2

4 + 2 (
pπ
pr

− 1)
 (4) 

nt =
∑ ni(vi − 2)i + (

pπ
pr

− 1) (∑ ni(vi − 2) + 2i ) + 2

8 + 4 (
pπ
pr

− 1)
 (27) 
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In order to find any percentages for π-bonds and rings that correspond to cyclic unsaturated 

molecules with triple bonds in which pπ > pr ;  0% < pr < 50%  and  50% < pπ < 100%, we can start 

by choosing a molecular structure where nπ > nr , write it’s molecular formula and calculate the 

correlated degree of unsaturation. Afterwards, the number of π-bonds and rings will be converted into 

percentages using the rule of three, and those numerical values will be substituted into the main 

mathematical equations to deduce other specific general equations that have as variables only the 

number of atoms and their valences, and work for molecules that share the same values of pπ and pr as 

our chosen molecular structure. 

3.3.1. First example 

 

Figure 17.  cyclohexane-1,4-dicarbonitrile  𝐂𝟖𝐇𝟏𝟎𝐍𝟐 

nπ + nr = DOU   and   nπ + nr = 1 +
1

2
∑ ni(vi − 2)i    

nπ + nr = 1 +
1

2
nC(4 − 2) +

1

2
nH(1 − 2)  =>  nπ + nr = 5  and  nπ = 4  ;   nr = 1  

pπ + pr = TU   and   pπ + pr = 100% (5) 

pπ =
4 ∙ 100%

5
= 80%  and  pr =

1 ∙ 100%

5
= 20%  

Now we will substitute pπ and pr in all the presented equations with percentages using the total 

unsaturation formula, where  pπ = 80% of TU and pr = 20% of TU. 

pπ + pr = TU (5) 

pπ + pr = 100%   ;    80% + 20% = 100%  

nσ =
∑ ni(vi + 2) + 2 (

80%
20% − 1) (ni − 1) − 2i

4 + 2 (
80%
20% − 1)

  

nσ =
∑ ni(vi + 2)i + 6ni − 6 − 2

4 + 2 ∙ 3
  

𝐧𝛔 =
∑ 𝐧𝐢(𝐯𝐢 + 𝟖) − 𝟖𝐢

𝟏𝟎
 (28) 

ns =
∑ ni(vi + 6)i + (

80%
20% − 1) (∑ ni(6 − vi) − 6i ) − 6

8 + 4 (
80%
20% − 1)
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ns =
∑ ni(vi + 6)i + 3 ∑ ni(6 − vi) − 18 − 6i

8 + 4 ∙ 3
  

ns =
2 ∑ ni(12 − vi) − 24i

20
=> 𝐧𝐬 =

∑ 𝐧𝐢(𝟏𝟐 − 𝐯𝐢) − 𝟏𝟐𝐢

𝟏𝟎
 (29) 

nπ =
∑ ni(vi − 2)i + (

80%
20%

− 1) (∑ ni(vi − 2) + 2i ) + 2

4 + 2 (
80%
20%

− 1)
  

nπ =
∑ ni(vi − 2)i + 3 ∑ ni(vi − 2) + 6i + 2

4 + 2 ∙ 3
  

nπ =
4 ∑ ni(vi − 2)i + 8

10
=> 𝐧𝛑 =

∑ 𝐧𝐢(𝐯𝐢 − 𝟐)𝐢 + 𝟐

𝟐. 𝟓
 (30) 

nr =
∑ ni(vi − 2)i + 2

4 + 2 (
80%
20%

− 1)
  

nr =
∑ ni(vi − 2)i + 2

4 + 2 ∙ 3
  

𝐧𝐫 =
∑ 𝐧𝐢(𝐯𝐢 − 𝟐)𝐢 + 𝟐

𝟏𝟎
 (31) 

nt =
∑ ni(vi − 2)i + (

80%
20%

− 1) (∑ ni(vi − 2) + 2i ) + 2

8 + 4 (
80%
20% − 1)

  

nt =
∑ ni(vi − 2)i + 3 ∑ ni(vi − 2) + 6i + 2

8 + 4 ∙ 3
  

nt =
4 ∑ ni(vi − 2) + 8i

20
=> 𝐧𝐭 =

∑ 𝐧𝐢(𝐯𝐢 − 𝟐) + 𝟐𝐢

𝟓
 (32) 

After deducing the specific general equations for the calculation of the number of covalent bonds 

and rings for all the cyclic unsaturated organic molecules with triple bonds where pπ = 80% and pr =

20%, we will apply them on a molecular formula as an example:  C8H10N2 

nσ =
∑ ni(vi + 8) − 8i

10
 (28) 

nσ =
nC(4 + 8) + nN(3 + 8) + nH(1 + 8) − 8

10
  

nσ =
96 + 22 + 90 − 8

10
  =>  𝐧𝛔 =  𝟐𝟎  

ns =
∑ ni(12 − vi) − 12i

10
 (29) 

ns =
nC(12 − 4) + nN(12 − 3) + nH(12 − 1) − 12

10
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ns =
64 + 18 + 110 − 12

10
  =>  𝐧𝐬 = 𝟏𝟖  

nπ =
∑ ni(vi − 2)i + 2

2.5
 (30) 

nπ =
nC(4 − 2) + nN(3 − 2) + nH(1 − 2) + 2

2.5
  

nπ =
16 + 2 − 10 + 2

2.5
  =>  𝐧𝛑 = 𝟒  

nr =
∑ ni(vi − 2)i + 2

10
 (31) 

nr =
nC(4 − 2) + nN(3 − 2) + nH(1 − 2) + 2

10
  

nr =
16 + 2 − 10 + 2

10
  =>   𝐧𝐫 = 𝟏  

nt =
∑ ni(vi − 2) + 2i

5
 (32) 

nt =
nC(4 − 2) + nN(3 − 2) + nH(1 − 2) + 2

5
  

nt =
16 + 2 − 10 + 2

5
  =>  𝐧𝐭 = 𝟐  

Other molecular formulas where their corresponding molecules can have pπ = 80% of TU and 

pr = 20% of TU, will be presented in the following table: 

Table 5. Calculation of covalent bonds and rings for unsaturated cyclic molecules with triple bonds  

𝑝𝜋 = 80%   𝑎𝑛𝑑   𝑝𝑟 = 20% 

Examples of 

Unsaturated 

Cyclic 

Molecules 

with triple 

bonds 

σ-bonds 

−
𝟒

𝟓
+

𝟏

𝟏𝟎
(∑ 𝐧𝐢(𝐯𝐢 +𝐢

𝟖))   

Single bonds 

−
𝟔

𝟓
+

𝟏

𝟏𝟎
(∑ 𝐧𝐢(𝟏𝟐 − 𝐯𝐢))𝐢    

 π-bonds and 

triple bonds 

𝟐

𝟐.𝟓
+

𝟏

𝟐.𝟓
(∑ 𝐧𝐢(𝐯𝐢 − 𝟐))𝐢   

𝟐

𝟓
+

𝟏

𝟓
(∑ 𝐧𝐢(𝐯𝐢 −𝐢

𝟐))  

Ring/Rings 

  
𝟐

𝟏𝟎
+

𝟏

𝟏𝟎
(∑ 𝐧𝐢(𝐯𝐢 −𝐢

𝟐)) 

C9H12N2 23 21 4 n π ; 2 nt 1  

C6H4 10 8 4 n π ; 2 nt 1  

C7H7N 15 13 4 n π ; 2 nt 1 

C12H8N2O2 25 21 8 n π ; 4 nt 2 

C14H7O2Cl3 27 23 8 n π ; 4 nt 2 
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C18H24S4O8 56 50 12 n π ; 6 nt 3 

C20H16N4O5 47 41 12 n π ; 6 nt 3 

C30H16Cl6 55 47 16 n π ; 8 nt 4 

C36H34O11 84 76 16 n π ; 8 nt 4  

Some examples of molecular structures for cyclic unsaturated molecules with triple bonds where   

𝑝𝜋 > 𝑝𝑟   and  𝑝𝜋 = 80%  ;  𝑝𝑟 = 20% from the total unsaturation are the following ones: 

 

Figure 18.  2-cyclohexyl propanedinitrile. 

 

Figure19.  cyclohexa-1,4-diyne. 

 

Figure 20.  cyclohex2-yne-1-carbonitrile. 

3.3.2. Second example 

 

Figure 21.  cyclohexanecarbonitrile  𝐂𝟕𝐇𝟏𝟏𝐍 

nπ + nr = DOU   and   nπ + nr = 1 +
1

2
∑ ni(vi − 2)i    

nπ + nr = 1 +
1

2
nC(4 − 2) +

1

2
 nN(3 − 2) +

1

2
nH(1 − 2) =>  nπ + nr = 3  and  nπ

= 2  ;   nr = 1 
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pπ + pr = TU   and   pπ + pr = 100% (5) 

pπ =
2 ∙ 100%

3
= 66.66666667%  and  pr =

1 ∙ 100%

3
= 33.33333333%  

Now we will substitute pπ and pr in all the presented equations with percentages using the total 

unsaturation formula, where pπ = 66.66666667% of TU and pr = 33.33333333% of TU. 

pπ + pr = TU (5) 

pπ + pr = 100%   ;    66.66666667% + 33.33333333% = 100%  

nσ =
∑ ni(vi + 2) + 2 (

66.66666667%
33.33333333%

− 1) (ni − 1) − 2i

4 + 2 (
66.66666667%
33.33333333%

− 1)
  

nσ =
∑ ni(vi + 2)i + 2ni − 2 − 2

4 + 2 ∙ 1
  

𝐧𝛔 =
∑ 𝐧𝐢(𝐯𝐢 + 𝟒) − 𝟒𝐢

𝟔
  

ns =
∑ ni(vi + 6)i + (

66.66666667%
33.33333333% − 1) (∑ ni(6 − vi) − 6i ) − 6

8 + 4 (
66.66666667%
33.33333333% − 1)

  

ns =
∑ ni(vi + 6)i + ∑ ni(6 − vi) − 6 − 6i

8 + 4 ∙ 1
  

ns =
12ni − 12

12
=> 𝐧𝐬 = 𝐧𝐢 − 𝟏 (34) 

nπ =
∑ ni(vi − 2)i + (

66.66666667%
33.33333333% − 1) (∑ ni(vi − 2) + 2i ) + 2

4 + 2 (
66.66666667%
33.33333333% − 1)

  

nπ =
∑ ni(vi − 2)i + ∑ ni(vi − 2) + 2i + 2

4 + 2 ∙ 1
  

nπ =
2 ∑ ni(vi − 2)i + 4

6
=> 𝐧𝛑 =

∑ 𝐧𝐢(𝐯𝐢 − 𝟐)𝐢 + 𝟐

𝟑
 (35) 

nr =
∑ ni(vi − 2)i + 2

4 + 2 (
66.66666667%
33.33333333% − 1)

  

nr =
∑ ni(vi − 2)i + 2

4 + 2 ∙ 1
  

𝐧𝐫 =
∑ 𝐧𝐢(𝐯𝐢 − 𝟐)𝐢 + 𝟐

𝟔
 (36) 

nt =
∑ ni(vi − 2)i + (

66.66666667%
33.33333333% − 1) (∑ ni(vi − 2) + 2i ) + 2

8 + 4 (
66.66666667%
33.33333333% − 1)
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nt =
∑ ni(vi − 2)i + ∑ ni(vi − 2) + 2i + 2

8 + 4 ∙ 1
  

nt =
2 ∑ ni(vi − 2)i + 4

12
=> 𝐧𝐭 =

∑ 𝐧𝐢(𝐯𝐢 − 𝟐)𝐢 + 𝟐

𝟔
 (37) 

After deducing the general equations for the calculation of the number of covalent bonds and rings 

for all the cyclic unsaturated organic molecules with triple bonds where pπ = 66.66666667%  and 

pr = 33.33333333%, we will apply them on a molecular formula as an example:  C6H12O3S 

nσ =
∑ ni(vi + 4) − 4i

6
 (33) 

nσ =
nS(6 + 4) + nC(4 + 4) + nO(2 + 4) + nH(1 + 4) − 4

6
  

nσ =
10 + 48 + 18 + 60 − 4

6
  =>  𝐧𝛔 =  𝟐𝟐  

ns = ni − 1 (34) 

ns = nS + nC + nO + nH − 1  

ns = 1 + 6 + 3 + 12 − 1 =>  𝐧𝐬 = 𝟐𝟏  

nπ =
∑ ni(vi − 2)i + 2

3
 (35) 

nπ =
nS(6 − 2) + nC(4 − 2) + nO(2 − 2) + nH(1 − 2) + 2

3
  

nπ =
4 + 12 + 0 − 12 + 2

3
  =>  𝐧𝛑 = 𝟐  

nr =
∑ ni(vi − 2)i + 2

6
 (36) 

nr =
nS(6 − 2) + nC(4 − 2) + nO(2 − 2) + nH(1 − 2) + 2

6
  

nr =
4 + 12 + 0 − 12 + 2

6
  =>   𝐧𝐫 = 𝟏  

nt =
∑ ni(vi − 2)i + 2

6
 (37) 

nt =
nS(6 − 2) + nC(4 − 2) + nO(2 − 2) + nH(1 − 2) + 2

6
  

nt =
4 + 12 + 0 − 12 + 2

6
  =>   𝐧𝐭 = 𝟏  

Other molecular formulas where their corresponding molecules can have pπ = 66.66666667% 

of TU and pr = 33.33333333% of TU, will be presented in the following table: 

Table 6. Calculation of covalent bonds and rings for unsaturated cyclic molecules with triple bonds  
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𝑝𝜋 = 66.66666667%   𝑎𝑛𝑑   𝑝𝑟 = 33.33333333% 

Examples of 

Unsaturated 

Cyclic 

Molecules 

with triple 

bonds 

σ-bonds 

−
𝟐

𝟑
+

𝟏

𝟔
(∑ 𝐧𝐢(𝐯𝐢 +𝐢

𝟒))   

Single bonds 

𝐧𝐢 − 𝟏 

 π-bonds and triple 

bonds 

𝟐

𝟑
+

𝟏

𝟑
(∑ 𝐧𝐢(𝐯𝐢 − 𝟐))𝐢   

𝟏

𝟑
+

𝟏

𝟔
(∑ 𝐧𝐢(𝐯𝐢 − 𝟐))𝐢   

Ring/Rings 

  
𝟏

𝟑
+

𝟏

𝟔
(∑ 𝐧𝐢(𝐯𝐢 −𝐢

𝟐)) 

C6H8O2 16 15 2 n π ; 1 nt 1  

C7H9NCl2 19 18 2 n π ; 1 nt 1  

C7H10O 18 17 2 n π ; 1 nt 1  

C11H15N3O2 32 30 4 n π ; 2 nt 2  

C14H14Cl4 33 31 4 n π ; 2 nt 2  

C16H22P2O2 44 41 6 n π ; 3 nt 3  

C18H28S2O5 55 52 6 n π ; 3 nt 3  

C21H23N3 50 46 8 n π ; 4 nt 4 

C21H23N3O8 58 54 8 n π ; 4 nt 4 

Some examples of molecular structures for cyclic unsaturated molecules with triple bonds where   

𝑝𝜋 > 𝑝𝑟   and 𝑝𝜋 = 66.66666667%  ;  𝑝𝑟 = 33.33333333%  from the total unsaturation are the 

following ones: 

 

Figure 22. cyclohex-2-yne-1,4-diol. 

 

Figure 23. 2,6-dichloro cyclohexane-1-carbonitrile. 
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Figure 24. 4-ethynyloxane 

3.4. Cyclic unsaturated molecules with triple bonds in which 𝑝𝑟 > 𝑝𝜋 

For all the cyclic unsaturated molecules that contain σ-bonds, π-bonds, single bonds and triple 

bonds where the number of rings is always greater than the number of π-bonds, we used two newly 

invented mathematical equations and another three previously shown for cyclic unsaturated molecules 

with double bonds (pr > pπ) to deduce many other specific general equations for covalent bonds and 

rings: 

nσ =
∑ ni(vi + 2) + (

pr
pπ

− 1) ∑ nivii − 2i

4 + 2 (
pr
pπ

− 1)
 (14) 

ns =
∑ ni(vi + 6)i + 2 (

pr
pπ

− 1) ∑ nivii − 6

8 + 4 (
pr
pπ

− 1)
 (38) 

nπ =
∑ ni(vi − 2)i + 2

4 + 2 (
pr
pπ

− 1)
 (16) 

nr =
∑ ni(vi − 2)i + (

pr
pπ

− 1) (∑ ni(vi − 2) + 2i ) + 2

4 + 2 (
pr
pπ

− 1)
 (17) 

nt =
∑ ni(vi − 2)i + 2

8 + 4 (
pr
pπ

− 1)
 (39) 

In order to find any percentages for π-bonds and rings that correspond to cyclic unsaturated 

molecules with triple bonds in which pr > pπ ;  0% < pπ < 50%  and  50% < pr < 100%, we can start 

by choosing a molecular structure where nr > nπ , write it’s molecular formula and calculate the 

correlated degree of unsaturation. Afterwards, the number of π-bonds and rings will be converted into 

percentages using the rule of three, and those numerical values will be substituted into the main 

mathematical equations to deduce other specific general equations that have as variables only the 

number of atoms and their valences, and work for molecules that share the same values of pπ and pr as 

our chosen molecular structure. Additionally, because cyclic unsaturated molecules with triple bonds 

where nr > nπ are less common, we will be using theoretical molecular structures as examples instead 

of real organic compounds. 

3.4.1. First example 
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Figure 25.  First theoretical molecular structure with rings and triple bonds  𝐂𝟐𝟖𝐇𝟑𝟓𝐍𝟑. 

nπ + nr = DOU   and   nπ + nr = 1 +
1

2
∑ ni(vi − 2)i    

nπ + nr = 1 +
1

2
nC(4 − 2) +

1

2
 nN(3 − 2) +

1

2
nH(1 − 2) =>  nπ + nr

= 13  and  nπ = 6  ;   nr = 7 
 

pπ + pr = TU   and   pπ + pr = 100% (5) 

pπ =
6 ∙ 100%

13
= 46.15384615%  and  pr =

7 ∙ 100%

13
= 53.84615385%  

Now we will substitute pπ and pr in all the presented equations with percentages using the total 

unsaturation formula, where  pπ = 46.15384615% of TU and pr = 53.84615385% of TU. 

pπ + pr = TU (5) 

pπ + pr = 100%   ;    46.15384615% + 53.84615385% = 100%  

nσ =
∑ ni(vi + 2) + (

53.84615385%
46.15384615%

− 1) ∑ nivii − 2i

4 + 2 (
53.84615385%
46.15384615%

− 1)
  

nσ =
∑ ni(vi + 2)i + 0.166666667 ∑ nivii − 2

4 + 2 ∙ 0.166666667
  

𝐧𝛔 =
∑ 𝐧𝐢(𝟏. 𝟏𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟕𝐯𝐢 + 𝟐) − 𝟐𝐢

𝟒. 𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟒
 (40) 

ns =
∑ ni(vi + 6)i + 2 (

53.84615385%
46.15384615%

− 1) ∑ nivii − 6

8 + 4 (
53.84615385%
46.15384615%

− 1)
  

ns =
∑ ni(vi + 6)i + 0.333333334 ∑ nivii − 6

8 + 4 ∙ 0.166666667
  

𝐧𝐬 =
∑ 𝐧𝐢(𝟏. 𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟒𝐯𝐢 + 𝟔) − 𝟔𝐢

𝟖. 𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟖
 (41) 

nπ =
∑ ni(vi − 2)i + 2

4 + 2 (
53.84615385%
46.15384615%

− 1)
  

nπ =
∑ ni(vi − 2)i + 2

4 + 2 ∙ 0.166666667
  

𝐧𝛑 =
∑ 𝐧𝐢(𝐯𝐢 − 𝟐)𝐢 + 𝟐

𝟒. 𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟒
 (42) 

nr =
∑ ni(vi − 2) + (

53.84615385%
46.15384615%

− 1) (∑ ni(vi − 2) + 2i )i + 2

4 + 2 (
53.84615385%
46.15384615%

− 1)
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nr =
∑ ni(vi − 2)i + 0.166666667 ∑ ni(vi − 2)i + 0.333333334 + 2

4 + 2 ∙ 0.166666667
  

nr =
1.166666667 ∑ ni(vi − 2)i + 2.333333334

4.333333334
=> 𝐧𝐫 =

∑ 𝐧𝐢(𝐯𝐢 − 𝟐)𝐢 + 𝟐

𝟑. 𝟕𝟏𝟒𝟐𝟖𝟓𝟕𝟏𝟒
 (43) 

nt =
∑ ni(vi − 2)i + 2

8 + 4 (
53.84615385%
46.15384615%

− 1)
  

nt =
∑ ni(vi − 2)i + 2

8 + 4 ∙ 0.166666667
  

𝐧𝐭 =
∑ 𝐧𝐢(𝐯𝐢 − 𝟐)𝐢 + 𝟐

𝟖. 𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟖
 (44) 

After deducing the general equations for the calculation of the number of covalent bonds and rings 

for all the cyclic unsaturated organic molecules with triple bonds where pπ = 46.15384615%  and 

pr = 53.84615385%, we will apply them on a molecular formula as an example:  C28H35N3 

nσ =
∑ ni(1.166666667vi + 2) − 2i

4.333333334
 (40) 

nσ

=
nC(1.166666667 ∙ 4 + 2) + nN(1.166666667 ∙ 3 + 2) + nH(1.166666667 ∙ 1 + 2) − 2

4.333333334
 

 

nσ =
186.6666667 + 16.500000003 + 110.8333333 − 2

4.333333334
  =>  𝐧𝛔 =  𝟕𝟐  

ns =
∑ ni(1.333333334vi + 6) − 6i

8.666666668
 (41) 

ns

=
nC(1.333333334 ∙ 4 + 6) + nN(1.333333334 ∙ 3 + 6) + nH(1.333333334 ∙ 1 + 6) − 6

8.666666668
 

 

ns =
317.3333334 + 30.00000001 + 256.6666667 − 6

8.666666668
  =>  𝐧𝐬 = 𝟔𝟗  

nπ =
∑ ni(vi − 2)i + 2

4.333333334
 (42) 

nπ =
nC(4 − 2) + nN(3 − 2) + nH(1 − 2) + 2

4.333333334
  

nπ =
56 + 3 − 35 + 2

4.333333334
  =>  𝐧𝛑 = 𝟔  

nr =
∑ ni(vi − 2)i + 2

3.714285714
 (43) 

nr =
nC(4 − 2) + nN(3 − 2) + nH(1 − 2) + 2

3.714285714
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nr =
56 + 3 − 35 + 2

3.714285714
  =>   𝐧𝐫 = 𝟕  

nt =
∑ ni(vi − 2)i + 2

8.666666668
 (44) 

nt =
nC(4 − 2) + nN(3 − 2) + nH(1 − 2) + 2

8.666666668
  

nt =
56 + 3 − 35 + 2

8.666666668
  =>   𝐧𝐭 = 𝟑  

Other molecular formulas where their corresponding molecules can have pπ = 46.15384615% 

of TU and pr = 53.84615385% of TU, will be presented in the following table: 

Table 7. Calculation of covalent bonds and rings for unsaturated cyclic molecules with triple bonds  

𝑝𝜋 = 46.15384615%   𝑎𝑛𝑑   𝑝𝑟 = 53.84615385% 

Examples of 

Unsaturated 

Cyclic 

Molecules 

with triple 

bonds 

σ-bonds 

−2

 4.3̅
+

1

4.3̅
(∑ ni(1.16̅vi +i

2))  

Single bonds 

−6

 8.6̅
+

1

8.6̅
(∑ ni(1. 3̅vi +i

6))   

 π-bonds and 

triple bonds 

2

4.3̅
+

1

4.3̅
(∑ ni(vi − 2))i   

2

8.6̅
+

1

8.6̅
(∑ ni(vi − 2))i   

Ring/Rings 

  
2.3̅

4.3̅
+

1.16̅

4.3̅
(∑ ni(vi − 2))i  

C24H31N7 68 65 6 n π ; 3 nt 7 

C62H83P3O8 169 163 12 n π ; 6 nt 14 

C58H75N9O6 161 155 12 n π ; 6 nt 14  

C63H53S2Cl5 143 134 18 n π ; 9 nt 21  

C57H39N4Cl3 123 114 18 n π ; 9 nt 21  

C110H118O12 267 255 24 n π ; 12 nt 28  

C114H118Cl8 267 255 24 n π ; 12 nt 28 

C135H163P7 339 324 30 n π ; 15 nt 35  

C142H192S9 377 362 30 n π ; 15 nt 35  

 

Some examples of molecular structures for cyclic unsaturated molecules with triple bonds where   

𝑝𝑟 > 𝑝𝜋  and 𝑝𝜋 = 46.15384615%  ;  𝑝𝑟 = 53.84615385%  from the total unsaturation are the 

following ones: 
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Figure 26.  Second theoretical molecular structure with rings and triple bonds. 

 

Figure 27.  Third theoretical molecular structure with rings and triple bonds. 

 

Figure 28.  Fourth theoretical molecular structure with rings and triple bonds. 

3.4.2. Second example 
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Figure 29.  First theoretical molecular structure with rings and triple bonds  𝐂𝟐𝟎𝐇𝟐𝟎𝐂𝐥𝟒 

nπ + nr = DOU   and   nπ + nr = 1 +
1

2
∑ ni(vi − 2)i    

nπ + nr = 1 +
1

2
nC(4 − 2) +

1

2
 nCl(1 − 2) +

1

2
nH(1 − 2) =>  nπ + nr =

9  and  nπ = 4  ;   nr = 5  
 

pπ + pr = TU   and   pπ + pr = 100% (5) 

pπ =
4 ∙ 100%

9
= 44.44444444%  and  pr =

5 ∙ 100%

9
= 55.55555556%  

Now we will substitute pπ and pr in all the presented equations with percentages using the total 

unsaturation formula, where pπ = 44.44444444% of TU and pr = 55.55555556% of TU. 

pπ + pr = TU (5) 

pπ + pr = 100%   ;    44.44444444% + 55.55555556% = 100%  

nσ =
∑ ni(vi + 2) + (

55.55555556%
44.44444444%

− 1) ∑ nivii − 2i

4 + 2 (
55.55555556%
44.44444444%

− 1)
  

nσ =
∑ ni(vi + 2)i + 0.25 ∑ nivii − 2

4 + 2 ∙ 0.25
  

𝐧𝛔 =
∑ 𝐧𝐢(𝟏. 𝟐𝟓𝐯𝐢 + 𝟐) − 𝟐𝐢

𝟒. 𝟓
 (45) 

ns =
∑ ni(vi + 6)i + 2 (

55.55555556%
44.44444444%

− 1) ∑ nivii − 6

8 + 4 (
55.55555556%
44.44444444%

− 1)
  

ns =
∑ ni(vi + 6)i + 0.5 ∑ nivii − 6

8 + 4 ∙ 0.25
 

 
 

𝐧𝐬 =
∑ 𝐧𝐢(𝟏. 𝟓𝐯𝐢 + 𝟔) − 𝟔𝐢

𝟗
 (46) 

nπ =
∑ ni(vi − 2)i + 2

4 + 2 (
55.55555556%
44.44444444% − 1)

  

nπ =
∑ ni(vi − 2)i + 2

4 + 2 ∙ 0.25
  

𝐧𝛑 =
∑ 𝐧𝐢(𝐯𝐢 − 𝟐)𝐢 + 𝟐

𝟒. 𝟓
 (47) 

nr =
∑ ni(vi − 2) +i (

55.55555556%
44.44444444% − 1) (∑ ni(vi − 2) + 2i ) + 2

4 + 2 (
55.55555556%
44.44444444%

− 1)
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nr =
∑ ni(vi − 2)i + 0.25 ∑ ni(vi − 2)i + 0.5 + 2

4 + 2 ∙ 0.25
  

nr =
1.25 ∑ ni(vi − 2)i + 2.5

4.5
=> 𝐧𝐫 =

∑ 𝐧𝐢(𝐯𝐢 − 𝟐)𝐢 + 𝟐

𝟑. 𝟔
 (48) 

nt =
∑ ni(vi − 2)i + 2

8 + 4 (
55.55555556%
44.44444444% − 1)

  

nt =
∑ ni(vi − 2)i + 2

8 + 4 ∙ 0.25
  

𝐧𝐭 =
∑ 𝐧𝐢(𝐯𝐢 − 𝟐)𝐢 + 𝟐

𝟗
 (49) 

After deducing the general equations for the calculation of the number of covalent bonds and rings 

for all the cyclic unsaturated organic molecules with triple bonds where pπ = 44.44444444%  and 

pr = 55.55555556%, we will apply them on a molecular formula as an example:  C23H36P2O4 

nσ =
∑ ni(1.25vi + 2) − 2i

4.5
 (45) 

nσ

=
nP(1.25 ∙ 5 + 2) + nC(1.25 ∙ 4 + 2) + nO(1.25 ∙ 2 + 2) + nH(1.25 ∙ 1 + 2) − 2

4.5
 

 

nσ =
16.5 + 161 + 18 + 117 − 2

4.5
  =>  𝐧𝛔 =  𝟔𝟗  

ns =
∑ ni(1.5vi + 6) − 6i

9
 (46) 

ns =
nP(1.5 ∙ 5 + 6) + nC(1.5 ∙ 4 + 6) + nO(1.5 ∙ 2 + 6) + nH(1.5 ∙ 1 + 6) − 6

9
  

ns =
27 + 276 + 36 + 270 − 6

9
  =>  𝐧𝐬 = 𝟔𝟕  

nπ =
∑ ni(vi − 2)i + 2

4.5
 (47) 

nπ =
nP(5 − 2) + nC(4 − 2) + nO(2 − 2) + nH(1 − 2) + 2

4.5
  

nπ =
6 + 46 + 0 − 36 + 2

4.5
  =>  𝐧𝛑 = 𝟒  

nr =
∑ ni(vi − 2)i + 2

3.6
 (48) 

nr =
nP(5 − 2) + nC(4 − 2) + nO(2 − 2) + nH(1 − 2) + 2

3.6
  

nr =
6 + 46 + 0 − 36 + 2

3.6
  =>   𝐧𝐫 = 𝟓  
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nt =
∑ ni(vi − 2)i + 2

9
 (49) 

nt =
nP(5 − 2) + nC(4 − 2) + nO(2 − 2) + nH(1 − 2) + 2

9
  

nt =
6 + 46 + 0 − 36 + 2

9
  =>  𝐧𝐭 = 𝟐  

Other molecular formulas where their corresponding molecules can have pπ = 44.44444444% 
of TU and pr = 55.55555556% of TU, will be presented in the following table: 

Table 8. Calculation of covalent bonds and rings for unsaturated cyclic molecules with triple bonds  

𝑝𝜋 = 44.44444444%   𝑎𝑛𝑑   𝑝𝑟 = 55.55555556% 

Examples of 

Unsaturated 

Cyclic 

Molecules 

with triple 

bonds 

σ-bonds 

−2

 4.5
+

1

4.5
(∑ ni(1.25vi +i

2))  

Single bonds 

−2

   3
+

1

9
(∑ ni(1.5vi + 6))i    

 π-bonds and 

triple bonds 

2

4.5
+

1

4.5
(∑ ni(vi − 2))i   

2

9
+

1

9
(∑ ni(vi −i

2))  

Ring/Rings 

  
2

3.6
+

1

3.6
(∑ ni(vi − 2))i  

C21H28N2O2 57 55 4 n π ; 2 nt 5  

C35H47P3N2 96 92 8 n π ; 4 nt 10  

C35H49S2N5 100 96 8 n π ; 4 nt 10  

C50H52N4 120 114 12 n π ; 6 nt 15 

C54H54Cl2 124 118 12 n π ; 6 nt 15 

C62H74S5O10 170 162 16 n π ; 8 nt 20 

C63H71P5O10 168 160 16 n π ; 8 nt 20 

C78H68O3 173 163 20 n π ; 10 nt 25 

C71H57N7Cl4 163 153 20 n π ; 10 nt 25  

Some examples of molecular structures for cyclic unsaturated molecules with triple bonds where   

𝑝𝑟 > 𝑝𝜋  and 𝑝𝜋 = 44.44444444%  ;  𝑝𝑟 = 55.55555556%  from the total unsaturation are the 

following ones: 
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Figure 30.  Second theoretical molecular structure with rings and triple bonds. 

 

Figure 31.  Third theoretical molecular structure with rings and triple bonds. 

 

Figure 32.  Fourth theoretical molecular structure with rings and triple bonds. 

4. Conclusions 

In this manuscript we have presented a new mathematical model for the calculation of covalent 

bonds and rings that can be used for any type of inequality established between pπ  and pr  in cyclic 

unsaturated molecules with double or triple bonds, moreover, the model also works when pπ and pr 

have the same values. Therefore, this research highlights a new methodology [26] that could serve as a 

starting point for multiple future studies based on ideas such as: similar equations for the calculation of 

covalent bonds in acyclic and cyclic unsaturated molecules with both double and triple bonds [27,28], 

integration of electric charges in order to account for anionic and cationic molecular species [29,30], 

taking into consideration delocalized π electrons [31,32] by modifying the numerical value of pπ from 

the total unsaturation and the possibility of inventing other equations for ionic and coordinate covalent 

bonds [33,34]. Another important aspect of this study is represented by the complexity that arises from 

the simmetry [35] and simplicity of the primary twelve novel equations which are made up by the 

number of atoms, their valences, and the percentages of pi(π) bonds and rings from TU in a molecule. 

These equations share a common structure in order to be easy to understand and simplified for any type 

of real or theoretical cyclic unsaturated compound [36]. Lastly, the mathematical model that was shown 

in this article could be used in computational chemistry to create tables and databases [37,38] that rely 

solely on the molecular formula of an organic compound and it’s total unsaturation for the calculation 

of the number of covalent bonds and rings or to combine these equations with computer programs that 

already exist [39,40] in order to enhance the possibility of getting better results for certain theoretical 

approaches. 
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