(GENERAL CHEMISTRY

Lesson 7
Electronegativity. Non-polar and polar bonds. Oxidation state. Oxidation
and reduction. Oxidation state and valence.

November 12, 2017

1 Non-polar and polar bonds. Covalent and ionic bonds

1.1 Non-polar covalent bond

When two atoms hydrogen atoms form a covalent bond, the electron pair they share
is distributed evenly among these atoms. In other words, each electron spend equal time
around the first and the second hydrogen atom. That means, electronic density, or the
“density” of electronic clouds around each atom is the same, so the effective electric charge
of both atom is also the same. There is no negatively or positively charged poles in the H,
molecule, so the bond between to hydrogen atoms is non-polar. The same is true for O,, N,
F,, Sy, and other molecules formed by the atoms of the same type.

1.2 Polar covalent bond

When the chemical bond is formed between two different atoms, the situation is different.
For example, in the HF molecule, fluorine attracts its electrons stronger that hydrogen, so
each electron in the electron pair these two atoms share will spend more time near the fluorine
atom than near the hydrogen atom. As a result, hydrogen acquires partial positive chaurgeE]7
and the fluorine atom becomes partially negative. This bond is called a polar covalent bond.

Polarity of the chemical bond can be predicted based on the property called electroneg-
ativity, i.e. the ability to attract an additional electron. Although this parameter correlates
with the ionization energy (the energy needed to take one electron from an isolated atom,
the parameter we discussed before), but these two parameters are not exactly the same. In

L “Partial positive charge” means this charge is smaller that the charge of a single electron. Although
the charge of an electron is a minimal possible charge of an individual particle, we can speak about “partial
charge” because it reflects the difference between the electronic density (which is negative) and the effective
positive charge of the nucleus. Since the electronic density of a certain part of a molecule can vary continu-
ously (provided that the whole molecule remains neutral), “partial electric charge” can take any values from
zero to the charge of a single electron.



contrast to the ionisation energy, electronegativity cannot be measured directly, it is par-
tially derived from some experimental data, and partially calculated. The electronegativity
for all elements, expressed in arbitrary units, is shown below.
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From this table, we can conclude that fluorine is the most electronegative element, and
francium is the most electropositive element (i.e. it prefers to donate electrons when it binds
to any other atom). It is also easy to see from this table that electronegativity increases
when we move from the left side of each period to the right, and when we move from the
bottom of each group to the topE|.

1.3 Ionic bond

When two elements with very different electronegativity form a chemical bond, the elec-
tron pair may migrate almost completely to the atom with greater electronegativity. For
example, in the francium fluoride (FrF), the electron pair almost is completely shifted to
fluorine. As a result, the charge of the fluorine atom becomes almost exactly -1, and the
charge of the francium atom becomes +1. Since the atoms having the positive or negative
charge (multiple of the charge on a single electron) are called ions, we can conclude that
formation of the chemical bond between the fluorine and francium atom is accompanied for
their ionization.

Since the electron pair in FrF belongs almost exclusively to fluorine, we cannot speak
about the central electronic cloud that holds two atoms together. In the compounds of that
type, the force responsible for chemical bond formation is a simple electrostatic force, i.e.
just a Coulomb attraction between the positive francium ion and the negative fluorine ion.
This type interaction is called an ionic bond.

1.4 Transition between the ionic and the covalent bond

2There are few exceptions from that observations.



Does it mean francium donates its outer electron to fluorine completely? Actually, no.
Although electronegativities of these two elements are dramatically different, francium’s
electron does spend some small fraction of time around the francium atom. However, lion’s
share of time it spend near fluorine, and that is why francium fluoride is considered an ionic
compound. The situation with other elements is more complex, because there is no strict
and sharp border between the polar covalent and ionic bonds, so each chemical bond is
partially ionic and partially covalent. The electronegativity difference of 1.7 approximately
corresponds to the parity between the ionic and the covalent nature of the chemical bond.
Accordingly, it would be correct to consider the bond between oxygen and carbon a (polar)
covalent bond (the electronegativity difference between O and C is ca 0.9), whereas the bond
between oxygen and sodium (the electronegativity difference ca 2.5) is predominantly ionic.

2 Oxidation and oxidation states.

Last year, we did the experiments with oxygen, and we found oxygen can form oxides
with many substances during the process called combustion. We also made a more general
conclusion and introduced the term “oxidation”, which we defined as “addition of oxygen
to some element or compound”. If we look at the simple example of oxidation, for example,
combustion of magnesium in an oxygen atmosphere,

Mg + O, — MgO (1)

we see that during this process the electrons are being transferred from the magnesium atom
to the oxygen atom, so the ionic compound MgO is formed.
In the another example of the oxidation reaction, combustion of carbon,

C+0, —> CO, 2)

the product is not an ionic compound. However, in that case oxygen also acquire electrons
from carbon, although it does not take away completely from the carbon atom. Nevertheless,
the electronic density becomes displaced from the carbon atom to the oxygen atom, so the
former becomes partially positive, and the latter becomes partially negative.

Analysis of many examples of oxidation demonstrates that in all case the electrons are
being transferred (completely or partially) from the atom that is being oxidized (a reducer,
or reductant), to the ozidizer atom. During this process, the oxidant is being reduced (i.e.
it acquires electrons from the reducer). Accordingly, any chemical reaction accompanied
by the transfer of electrons from the reducer to the oxidant is called oxidation reaction,
or, more correctly, a redox reaction (“Red-Ox” is a combination of two words: reduction
and oxidation). Based on this definition we can conclude that not only oxygen, but many
other chemical substances can act as oxidizers. For example, fluorine is even more active
oxidizer than oxygen: almost any element (except helium, neon and argon) can be oxidized
by fluorine, and even oxygen itself can burn in the fluorine atmosphere to form oxygen

fluoride (O,F,).



2.1 Oxidation state

To qualitatively characterize the outcome of the redox reaction, a term “oxidation state”
is used. An oxidation state of an elementary substance in a free form equals to zero. If
we consider a reaction between sodium and chlorine (sodium burns in the atmosphere of
chlorine like magnesium burns in oxygen), we will see that one electron is being transferred
from sodium to chlorine:

Na + Cl, — NaCl (3)

Obviously, sodium is being oxidized during this process, and its oxidation state equals
to its electric charge (41) in the product (NaCl). Accordingly, oxidation state of chlorine
changes from 0 (in Cl,) to -1.

For covalent compounds, for example, for CO,, calculation of the oxidation state is a
little bit more complex. The actual electric charge on each atom is much smaller that 1, so
the oxidation state is calculated assuming each bond is ionic. For example, in CO,, carbon
forms four bonds with oxygen atoms, and each of these bonds is polar. Since the electronic
density is displaced towards oxygen, we assume each bond corresponds to the oxidation state
+1. That means, oxidation state of carbon in CO, equals to +4, and the oxidaive state of
oxygen equals to -2. Of course, that does not mean this compound is ionic. oxidation state
is a formal parameter, however, it is useful for many practical purposes.

And finally, it is easy to demonstrate that the sum of all oxidation state of each atom in
a neutral molecule must be equal to zero.

Homework

1. Using the electronegativity table, tell which of the below compounds are ionic and
which are covalent:

K,O, CuCl,, IC1, BF,, Na,S, SiO,, CaBr,, PF..

2. Draw structural formulas of the compounds shown below and predict the sign of the
electric charge on each atom of their molecules’]

H,SO,, HCI, IF, GaAs, H,PO,, HNO,.

3. Calculate oxidation states for each atom in the following compoundg’}
KMnO,, CCl,, H,SeO,, PBr;.

If you have any questions, feel free to ask.
My e-mail is mark.lukin@gmail.com

3If you do not remember how to write structural formulas, look at the reading materials (HW1).
41 recommend you to draw structural formulas for that
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