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Every molecule has two or more atoms linked to each other through a bond. The
number of bonds between two atoms is called bond order. Hence, the bond order
gives information about the total number of bonds between two atoms. Besides,
different methods and definitions have been given to find out an exact bond
order based on various theories. The most acceptable theory to find an exact
bond order is the molecular orbital theory. Using this theory, the whole electronic
configuration of the molecule is written first, then total electrons present in
bonding orbitals as well as antibonding orbitals are counted. After that, the bond
order is calculated using an old and time-consuming formula. The presented
paper describes an advanced, easy, and time-saving method, named as an
advanced trick/method, with a new formula to find out an exact bond order. In
this trick, only total electrons and the number of antibonding electrons is
considered to calculate the bond order using developed strategy with practical
examples.

© 2021 International Scientific Organization: All rights reserved.

Capsule Summary: The presented paper describes an easy method to find out the total number of bonds, i.e., bond order in a

molecule or ion.
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INTRODUCTION

number of 1.5. Bond order does not cause any change in the
stereochemistry of carbon atom (Alajmi et al., 2016; (Ali, et
al., 2016a; 2016b; 2016¢c; 2017b; 2017c; 2017d; 2018a;

In chemistry, there are many concepts to be made ease in
calculations related to chemical functions (Ali et al, 2017a;
Suhail and Ali 2020a; Suhail 2020b; 2020c). The calculation
for bond order is one of them. Basically, bond order is the
number of bonds present between two atoms in a molecule.
In molecules having resonance or nonclassical bonding, bond
numbers may not be an integer. In benzene, the delocalized
molecular orbitals contain 6 pi electrons over six carbons
essentially yielding half a pi bond together with the sigma
bond for each pair of carbon atoms, giving a calculated bond

2018b; 2018c; 2019; 2020; 2021a; 2021b).

Furthermore, bond numbers of 1.1, for example, can
arise under complex scenarios and essentially refer to bond
strength relative to bonds with order 1. Many definitions
have been given to define bond order. Some scientists have
given a formula-based definition, while someone described it
as an index of bond strength (March, 1985). On the other
hand, it has also been defined as the stability of a molecule in
some textbooks. Some other old definitions about the bond
order are as follows (i-iv).
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ols<o*ls<02s<0*2s<(n2p =r2p)<02p, < (m*2p = ff*?pnl <0*2p, 'UptO N2
(a)

0ls<6*ls< 025 <0*2s<02p<(n2p = 12p)< (1*2p=1*2p )<d*2p, Above N2
(b)

Fig. 1: Orbitals filling pattern, (a) up to 14 electrons and (b) above 14 electrons

number of bonding electrons — number of antibonding electrons

B.O. =

Fig. 2: An old formula to find out a bond order

2

Bond
order 2

__| Total electrons

— Antibonding electrons

Fig. 3: Formula to find out a bond order

i. Bond order, as introduced by Linus Pauling, is defined as
the difference between the number of bonds and anti-
bonds.

ii. The bond number itself is the number of electron pairs
(bonds) between a pair of atoms (IUPAC). For example,
in diatomic nitrogen N=N the bond number is 3, in
acetylene H-C=C-H the bond number between the two
carbon atoms is also 3, and the C-H bond orderis 1.

iii. Bond order gives an indication of the stability of a bond.
Isoelectronic species have the same bond number.

iv. In molecular orbital theory, bond order is defined as half
of the difference between the number of bonding
electrons and the number of antibonding electrons as per
the formula given in Fig. 2 (Clayden et al, 2012;
Housecroft and Sharpe, 2012).

An old method to find a bond order

As per molecular orbital theory, every molecule has its own
molecular orbitals and a definite electronic configuration as
well. Hence, the bond order is obtained by following the steps
which are as follows:

i. A correct electronic configuration is written first for a
given molecule in which the bond order is to be found.

ii. The molecular energy orbitals are filled according to
Afbau principle (Fig. 1a and 1b).

iii. After filling electrons in the different molecular orbitals,
all the electrons present in bonding and antibonding
orbitals are counted.

iv. In the last step, bond order is calculated with the help of
a formula given in fig. 2.

Hence, there are four steps involved in finding of bond order.

MATERIAL AND METHODS
A new method for bond order calculation

I have given a new method with a new formula to find out an
exact bond order in a molecule in a very short time. Based on
formula given in (fig. 3), the bond order can be defined as the
difference between half of the total electrons and
antibonding electrons. For applying this method, the total
number of electrons present in the molecule as well as
antibonding orbitals, should be known. Antibonding
electrons in a molecule are identified using Fig. 1a and 1b.
Therefore, if the presented method is being followed, no need
to,

i. Write the total bonding electrons.

ii. remember an especial case given in Fig. 1a and 1b.
iii. remember an old formula.
iv. remember an old trick.

Application of developed trick for bond order calculation
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Table 1: Calculated values of bond orders of different molecules and ions using proposed trick

Molecules/ions Total electrons Antibonding electrons Calculated bond order
Ha* 1 0 0.5
Hz 2 0 1
Hz-, Hex+ 3 1 0.5
*He: 4 2 0
Liz* 5 2 0.5
Liz 6 2 1
Liz;, Bez* 7 3 0.5
*Bez 8 4 0
B2* 9 4 0.5
B2 10 4 1
B2 11 4 1.5
C2 12 4 2
N2+, CO* etc. 13 4 2.5
N3z, CO, CN- etc. 14 4 3
02+ 15 5 2.5
02 16 6 2
Oz 17 7 1.5
022, F2 18 8 1
F2 19 9 0.5
*F22 20 10 0

* not exist because of zero bond order

The most important point during the calculation for bond
order was the comparison of both methods, i.e., old method
and new one. This comparison clearly showed that the time
taken was very shorter as compared to the old method after
the calculation for bond order in a molecule using the
presented trick. Hence, the presented trick makes the
calculation to find out an exact bond order in a
molecule/ion easy. Besides, another point noted after
calculation, was the similarity in the answers which makes
the presented trick reliable.

CONCLUSIONS

The calculation to find out bond order has been made easy
and simple in the presented method without writing the
whole electronic configuration. Besides, this method saves
time and also gives an exact value of bond order. The
presented method of calculating bond order with a new
definition, will be useful to the scientific community. The
proposed method of finding bond order will be valuable in
the learning any process/system, as it is a fast and easy
method.
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