American Journal of Physical Chemistry
2024, Vol. 13, No. 4, pp. 72-82
https://doi.org/10.11648/j.ajpc.20241304.11

SciencePG
Science Pumng Group

Research Article

A Theoretical Framework for the Calculation of the Number
of Covalent Bonds in Unsaturated Organic Compounds

Vlad Cristian Gavrild® ©, Teodor Octavian Nicolescu

Department of Organic Chemistry, Faculty of Pharmacy, University of Medicine and Pharmacy “Carol Davila”, Bucharest,
Romania

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 s-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 s-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
n-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 ¢ 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 m-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 o-bonds and
n-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:

n, = the number of sigma bonds in a molecule n, = the
number of pi bonds in a molecule. n. = the number of rings
in a molecule. n; = the number of atoms that correspond to a
chemical element. v; = the valence of a chemical element.
ng = the number of single bonds in a molecule. ng = the
number of double bonds in a molecule. n, = 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 +%(Zini(vi -2))

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 n-bonds is equal
with the number of double bonds.

ve=4; vww=3; vo=2; vg=1

3.1.1. Calculation of n-bonds (n,; = ny)

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 n-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.

e =1+ (Zimv - 2)) (1)
Example for: C,H;,N,0,
n, =1 +%(Zini(vi —2))
N, = 1+§nc +%nN+gno—§nH
n,=1+74+1+0-7

n, =2
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3.1.2. Calculation of o-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 o-bonds will be calculated for the case in
which we have a n-bond or multiple n-bonds and one or more
than one double bond present in our chosen unsaturated
acyclic compound.

ng =n; —1 2)
Example for: C,H,,N,0,
ng=n;—1
Ny =nNc+ny+ng+ng—1
n=7+2+2+14-1
n, = 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 n-bond or multiple n-bonds and one
or more than one double bond present in our chosen unsatu-
rated acyclic compound.

n, =2+ @imi(vi - )| (3)
Example for: C,H,,N,0,
1
ng = |2 +5 Qimi(vi = 4))|

0 1 2 3
ng=|2+-nc—-ny—-ng—-n |
S | 2 C L,HN M0 L, MH

ng=12+0-1-2-21|
ng = 22

Some theoretical examples of molecular structures for un-
saturated acyclic organic compounds that contain only
n-bonds, c-bonds, single bonds and a double bond or multiple
double bonds are:

OH

|
H,C—C=C=C—C—0OH
| H
NH; NH;

Figure 1. First example of acyclic molecular structure with double
bonds.

H,C=C—OH
H H
H,C=C—C=—=C—C—OH
OH NH,

Figure 2. Second example of acyclic molecular structure with double
bonds.

N=—=NH

H
H,C=C—C—C—NH,

OH NH,

Figure 3. Third example of acyclic molecular structure with double
bonds.

NH,

Holoow ow

H,C=C—C—C=—=C—C

H |

H,N—C=C OH
OH

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 z-bonds is not
equal with the number of triple bonds.

ve=4; vww=3; vo=2; vg=1

3.2.1. Calculation of n-bonds ( n; # n; )

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 n-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.

ng =1+ % Qini(vi — 2)) “4)
Example for : CgH,NO4
np =1 +%(Zini(vi —-2))
n, = 1+§nc +%nN +gno —%nH

n,=1+8+05+0-35
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n; =6

3.2.2. Calculation of 6-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 o-bonds will be calculated for the case in which
we have a n-bond or multiple n-bonds and one or more than
one triple bond present in our chosen unsaturated acyclic
compound.

)

n;=n; —1
Example for: CgH,NO;
ng=n;—1

Ny =nNc+ny+ng+ng—1

n,=8+1+3+7-1 n, =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 n-bond or multiple n-bonds and one or more
than one triple bond present in our chosen unsaturated acyclic
compound.

n, = [+ @imi(vi - 6) (©)

Example for: CgH,NO;
3 1
ng = |§ +, Qim(vi — 6))|

3

n—|3 2rl n 4rl 5r1|
ST |z 4 C 4N L0 4, VH

ng =[1.5-4-0.75 -3 —8.75|
ng =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.

ne =+ (Cini(v; - 2)) ()

Example for: CgH,NO,

75

1
T2

+ i Qini(vi — 2))

n¢
1 2 1 0 1
nt=E+ZnC +ZnN+ZnO_ZnH
n,=05+4+025+0-175
nt=3

Some theoretical examples of molecular structures for un-
saturated acyclic organic compounds that contain only
n-bonds, ¢-bonds, single bonds and a triple bond or multiple
triple bonds are:

H NH,

Figure 5. First example of acyclic molecular structure with triple
bonds.

H
HO—C—OH
HC=C—C—C=N

C=N

Figure 6. Second example of acyclic molecular structure with triple
bonds.

NH, OH

N=C—C—C=C—CH

OH OH

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 n-bonds is equal
with the number of double bonds and the number of rings.
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Ve=4; vww=3; vg=2; vg=1

3.3.1. Calculation of n-bonds (n;, = ng = n,)

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 n-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.

N ==+ = (Zini(v; - 2)) @®)

Example for: CqH;3N30

1

n__
T 2

1
+ 5 Qini(vi = 2))
1 2 1 0 1
Ny =E+ch +ZnN+Zn0 _ZnH
n;=05+3+0754+0-3.25
n,=1

3.3.2. Calculation of s-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 o-bonds will be calculated for the case in which
we have a n-bond or multiple n-bonds and one or more than
one double bond present in our chosen unsaturated cyclic
compound.

ng = =2+ (Zim(vi +2)) ©)

Example for : CcH 3N30
Ny = —% +%(Zini(vi +2))
Ng = = +onc +>ny +3no + 21y
n,=—05+9+3.75+1+9.75
ng = 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 n-bond or multiple n-bonds and one or more
than one double bond present in our chosen unsaturated cyclic
compound.

76

ng=n;—1 (10)
Example for : C4gH;3N50
ng=n;—1
ng=nc+ny+ng+ng—1
ng=6+3+1+13—1 n, =22
Some theoretical examples of molecular structures for un-

saturated cyclic organic compounds that contain only w-bonds,
o-bonds, single bonds and a double bond or multiple double

bonds are:
NH,
HO: i :OH
H,N NH,

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

bond.
O\NH
—
o / NH,

Figure 10. Second example of cyclic molecular structure with double

bonds.
Q NH,
HO
NH
H,N

Figure 11. Third example of cyclic molecular structure with double
bonds.

HN /NN
N (6]
=
=
OH
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 n-bonds is not
equal with the number of triple bonds. However, the number
of n-bonds is equal with the number of rings.

VC=4‘; VN=3; V0=2; VH=1

3.4.1. Calculation of n-bonds (n; # n; n; =n,)

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 n-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.

+5 Eini(vi - 2)) (11)

o=l
T2

Example for : CqH;,N,0,
Ny = %4‘%(21 n;(v; — 2))
Np =>+2nc + 10y + 700 — 1Ny
n,=05+45+05+0-35
N, =2

3.4.2. Calculation of 6-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 o-bonds will be calculated for the case in which we
have a n-bond or multiple n-bonds and one or more than one
triple bond present in our chosen unsaturated cyclic compound.

1 1
ng = —->+ 2 Qini(vi +2)) (12)
Example for: CqH,,N,0,
1 1
ng = =2+ Qini(vi +2))
1 6 5 4 3

ng = —E+ZHC +ZnN +Zn0 +ZnH
ng=-05+135+25+4+105

n, = 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 n-bond or multiple n-bonds and one or more
than one triple bond present in our chosen unsaturated cyclic
compound.

3 1
ng = ——+ - (ini(v; +6)) (13)
Example for: CoH;4N,0,

ng = =2+ (Zini(v; +6))

3 10 9 8 7
ng = —Z+?nc +§nN+§nO +§nH

ng = —0.75+11.25+ 2.25 + 4 + 12.25
ng = 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.

ne =2+ (Ting(v; - 2)) (14)

Example for: CqH,,N,0,

ng = % +%(Zi n;(v; — 2))
ne=1+nc+sny+3np—sny
n, = 0.25+ 2.25+ 0.25 + 0 — 1.75
n,=1

Some theoretical examples of molecular structures for un-
saturated cyclic organic compounds that contain only w-bonds,

o-bonds, single bonds and a triple bond or multiple triple
bonds are:

C=N

NH
O

Figure 13. First example of cyclic molecular structure with a triple
bond.
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NH, C=cCH

HO OH

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

C=CH
N/\O
HN H
\/H ©

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

HO

HN

C=N

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
n-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:?); V0:2; VH=1

3.5.1. Calculation of n-bonds (ng = n; = n,)

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 n-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.

N =242 (Zini(v - 2)) (15)

Example for: CcHgN;04

+ Z Qin;(vi — 2))

ho=3
Ty

3 6 3 0 3
Ny Zz+§nc +§1'1N +§n0 —gnH
n; =0.75+45+1.125+0—-3.375
n, =3

3.5.2. Calculation of o-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 ¢-bonds will be calculated for the
case in which we have a n-bond or multiple n-bonds and one
or more than one double and triple bonds that are present in
our chosen unsaturated cyclic compound.

3 1
ng = = +-(2ini(vi +6)) (16)
Example for: C¢gHgN;04

NG = —z +§(Zini(vi +6))

3 10 9 8 7
ng = —Z+?nc +§nN+§no +EnH

n, = —0.75+7.5+3.375+ 3 + 7.875
n, =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 n-bond or multiple n-bonds and
one or more than one double and triple bonds that are present
in our chosen unsaturated cyclic compound.

ng = |2+ 2 (Timi(v; - 10)] (17)
Example for: C¢gHgN;04
ng = E +§(Zini(vi - 10))|
o= £ e = =20 = 2
ng = |1.25 — 4.5 — 2.625 — 3 — 10.125|

ng = 19
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3.5.4. Calculation of Triple Bonds n =+ (&n v — 2))
4 8
Initially, we have to count the number of atoms for every
chemical element that is found in an unsaturated cyclic or- N, =>+2nc+ny+ong —~ny
ganic molecule that also contains double bonds. When this ‘8 8 8 8
step is finished, the number of triple bonds will be calculated. ne = 0.25 + 1.5 + 0.375 + 0 — 1.125
1 1
ne =2+ - Qini(vi — 2)) (18) ne=1

Example for: CcHgN;04

Table 1. Calculation of covalent bonds for Unsaturated Acyclic Organic Compounds with double bonds ( n; = ng ).

ExamPles of U.nsatur ated Gk Single bonds n-bond/bonds Double bond/bonds
:ict)lflcl(;zlg)liflrzlclfsompounds n—1 2+ % &ini(v; —4)) 1+ %(Zi n;(v; — 2)) 1+ % &ini(v; — 2))
CsHyoN50, 18 16 2 2

C,Hy;NOs 21 18 3 3

C4HyoN,0 18 16 2 2

CgHyoN, 05 24 20 4 4

CoH15N30, 30 26 4 4

C14HysN,0, 49 46 3 3

C1oH32Ng 0, 63 56 7 7

Cy5Hu3N; 06 80 72 8 8

C30HsoNg0g 95 85 10 10

Table 2. Calculation of covalent bonds for Unsaturated Acyclic Organic Compounds with triple bonds ( n; # n; ).

ExamPles of U.nsaturated OIS Single bonds n-bonds Triple bond/bonds
:&Victyhcltlrciﬁzgtil;l(clsCompounds n;—1 % + %(Zi n;(v; — 6))| 1+ %(Zi n;(v; — 2)) % + %(Zi n; (v; — 2))
CsH:NO; 13 11 4 2

CeHaN,0, 13 10 6 3

CsHgN,04 15 13 4 2

C10HoN30, 23 19 8 4

C15H1N,O5 37 32 10 5

C15Ha0N60, 45 39 12 6

Cy6Hy7Ns Oy 63 55 16 8

Cy0Hay N, 04 75 66 18 9

Ca3H33No05, 84 73 22 11

79
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Table 3. Calculation of covalent bonds for Unsaturated Cyclic Organic Compounds with double bonds ( n; = ng = n, ).

Examples of Unsaturated
Cyclic Organic Compounds

with double bonds

CeH13N30;
CsHgN20,
CgHi3N30;
CgHgN30,
C10H14N,05
C13H17N505
C25H32Ng04
C2gH33N709
C32H30N4 06

24
16
27
24
35
43
75
84
81

c-bonds
—3 taCimi(vi +2))

Single bonds n-bond/bonds

Double bond/bonds and
Ring/Rings

n -1 RHOLICEED i@ -2)
23 1 I ng; 1 np

14 2 2 ng;2 np

25 2 2 ng; 2 ny

21 3 3 ng; 3 np

32 3 3 ng;3 ny

39 4 4 ng; 4 np

68 7 7 ng; 7 np

76 8 8 ng; 8 np

71 10 10 ng; 10 n,.

Table 4. Calculation of covalent bonds for Unsaturated Cyclic Organic Compounds with triple bonds ( ng # ng; Nz =n, ).

Examples of Unsaturated
Cyclic Organic Com-
pounds with triple bonds

CgHi2N>0;
C12H19NO,
CgHi3N30;
C16H22N403
C20H26NgO05
C27H34N100q
C30H33N1104;
C34H34N;1204;
CaoH39N13045

Some theoretical examples of molecular structures for un-
saturated cyclic organic compounds that contain z-bonds,
o-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.

o-bonds

25
35
27
48
64
87
95
103
120

C=

H,N

HO

—3 1 Cimvi +2)

Single bonds
3,1
-2 T3 Qini(vi +6))

24
34
26
46
61
83
90
97
113

OH

OH

n-bonds and
Ring/Rings

2+ Cim(vi - 2))

Triple bond/bonds
1,1
2t Qimi(vi —2))

2 ng; 2 ng 1
2 ng; 2 ng 1
2 ng; 2 ng 1
4 ng; 4 n; 2
6 ng; 6 n, 3
8 ng; 8 n, 4
10 ny; 10 n; 5
12 n;; 12 n, 6
14 ng; 14 n, 7

C=N

HC=C

H,N

@)

Figure 18. Second example of cyclic molecular structure with double
and triple bonds.

80
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HC=cC OH
=c NH,
HO OH

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

C=CH

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 ( ng = ny = n, ).

Examples of Unsaturat- Double bond/bonds,
ed Cyclic Organic o-bonds Single bonds n-bonds Triple bond/bonds and
Compounds with double — % + % in;(v; +6)) ; + %(Zi n;(v; — 10)) % + %(Ei n;(v; — 2)) i{ing/Rings

and triple bonds s Qini(vi —2))
C;H1oN,05 22 20 3 1 ng;1 ng 1 ng
Cy7H16N40, 41 35 9 3 ng;3 ng; 3 n,
C1,H;,N,0; 30 26 6 2 ng;2 ng; 2 ng
C14HgN,0, 27 23 6 2 ng; 2 ng; 2 ng
C19H13N505 45 37 12 4 ng; 4 ng; 4 n,
C6HzoNgOg 64 54 15 5ng; 5 ngS5n,
C31H25Ng0¢ 76 64 18 6 ng; 6 ng; 6 n,
C36H,0N1005 80 64 24 8 ng; 8 ng; 8 n,
C40H1gNgO11 85 67 27 9 1ng;9 ng; 9 n,

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
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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].
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