Exercices 6

Exercice 6.1
Give the Lewis formulas of the following molecules and ions and indicate the oxidation
numbers of the atoms .

a) CH4 b) CQHG C) 02H4 d) CzHQ
e) CO ) PCl; g) SeO h) CO2™
i) NaOH j) CaO k) PCls ) NOT
m) Oq n) 03~ o) NO p) CaCOg3
Solution:
a) H b) ¢) q
l-v 1 | | I H By | d)
H—C—H B—O— N B =
H H H
Dl +p=-mIq-
— g, n -1 Na ['Q_H
D cu Se=0 I _
e) +II i o | ) | b 4 10
1IC=0) ICl—P—Cl| 2N
e : e o T h) /C=O/ IJI) 24+ __121-
IC=0I To) Ca 10l
Do, -1t -
k) = =1 IN=O> n_ g
ICLI 11 - 1I0—0| P) — I 2
_ \P/V IN=O0| - = |Q\IV I
—P = IL. 2+ \
Il |“\gl m) 0 o) 1 I Ca' | _C=0,
IC VARTIAN P X To)
= 0=0 ‘N=0, £

When the oxidation number is given only once, it means that elements of the same type have
the same oxidation number.

Specie k) do not respect the octet or duet rule. For specie m), O», Lewis structures do not allow
both the double bond and the biradical character to be represented. This is one of their
limitations.

Species 1), j) and p) have ionic bonds.

Two possibilities have been drawn for species e) and 1).

One of these possibilities violates the octet rule, but the other places a positive formal charge
on O (the oxidation numbers remain the same) and implies a triple bond for this atom. Neither
of these possibilities is therefore ideal, but we generally prefer the one that respects the octet
rule for elements in the first two periods. This is another example of a limitation of Lewis
structures.

Exercice 6.2
In general, which is more easily polarizable, an anion or a cation?

Solution:



An anion is generally larger than a cation, so it has a larger electron cloud. The latter therefore
deforms more easily, and an anion is generally more easily polarizable than a cation.

Exercice 6.3
Without looking up the electronegativities, but based on the trends of the periodic table, which
atom(s) attract electrons the most in the following molecules: CO», NO, LiH, HCI, BFs.

Solution:

The trends for electronegativities are: 1) a continuous decrease going left and down the periodic
table, 2) F therefore has the greatest electronegativity.

So the atom that attracts the most electrons is:

O (more to the right than C) for CO> ;

O (more to the right than N) for NO;

H (higher than Li) for LiH;

Cl (more to the right than H) for HCI,

F (the most electronegative element) for BFs.

Exercice 6.4
What type of bond do you expect for the following substances: 1) NaBr, 2) P4, 3) SiO; and 4)
CaCly?

Solution:
The atoms of 1) and 4) differ widely in their electronegativity. The bonds are therefore ionic.
In 2) and 3), the electronegativities are close (identical for 2). Their bonds are therefore
covalent.

Exercice 6.5
What type of bond do you expect in an alloy of titanium and zinc ?

Solution:

Zinc and titanium have low and comparable electronegativities. There will therefore be metallic
connections between the atoms. (A metallic bond involves a very large number of atoms, on
the order of several million.)

Exercice 6.6
Which of the following molecules and ions are radicals? Nitric oxide NO, dioxygen Oz,
ammonia NHj3, peroxynitrite NOs, lime CaO and superoxide ion Oz .

Solution:

Just count the number of valence electrons. If this is odd, which is the case for NO, NO3 and
027, we have a radical. O is a special case, it is a biradical. The oxygen atom has two single
electrons, its electronic configuration is [He]2s?2px*2py'2p,..



