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Worked example

.‘

Urea HzN—p_'—NHz is present in solution in animal urine. What is the
hybridization of Cand N in the molecule, and what are the approximate bond
angles?

Solution

February 19, 2015

Start with the Lewis (electron dot) structure.

:C“):
H—iif—c—if—u
H H

Because there are three electron domains around the C atom, they are arranged in a
triangular planar shape with angles of 120°. The C atom must be sp? hybridized to

give this shape. There are four electron domains around each N atom, so they are

arranged tetrahedrally. The N atoms must be sp® hybridized to give this shape.

43 What is the difference in spatial distribution between electrons in a pi bond and electrons in a sigma
bond?

44 Give examples of sigma bonds in molecules that form from overlap of the following orbitals. The first
one is completed for you as an example.

(a) s-s:answer H-HinH;

(b) s-p (c) p-pend-on (d) sp’-s (e) sp*-s
(f) sp-s (8) sp*-p
45 What hybridization would you expect for the coloured atom in each of the following?
(a) H,C-0O (b) BH (c) SO,
(d) Bedl, (@) CH,COOH
H H
H 7 H
\ /
H—Cc” Cc—H
46 Cydohexane CoHy, | | has a puckered, non-planar shape whereas benzene
H—C C—H
/ >c”
H ,\ H
H H
H
l-[\ cl /H
C7\C
CH, | | is planar.
C (s
o
H” Cl “H
H

Explain this difference by making reference to the C- C-C bond angles and the type of hybridization of
carbon in each molecule.
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1 Which bonds are arranged in order of increasing polarity?
A H-F<H-Cl<H-Br<H-l
B H-l<H-Br<H-F<H-C
C H-l<H-Br<H-Cl<H-F
D H-Br<H- <H-Cl<H-Ff

2 Which row correctly describes the bonding type and melting point of carbon and carbon

dioxide?
Carbon Carbon dioxide
A covalent high melting covalent low melting
bonding point bonding point
g | ionic bonding low melting ionic bonding high melting
point point
¢ | ionic bonding high melting ionic bonding low melting
point point
D covalent low melting covalent high melting
bonding point bonding point

6 Which compound forms hydrogen bonds in the liquid state?

A GH,0H B CHCl C CH,CHO D (CHCH)N
7 Which molecule has a non-bonding (lone) pair of electrons around the central atom?

A BF; B 50, C PCl D SiF,
8  Which species does not have delocalized electrons?

A NOs B NO,; C 0 D CHg
9 Which species contain a dative covalent bond?

I HCHO

I co

Il H,0*

A landllonly B land il only C lland Il only D I l,and il
10 Which molecule has an octahedral shape?

A Sk B PCl C  XeF, D BF;
11 Which statements about & and n bonds are correct?

| o bonds result from the axial overlap of orbitals.

Il & bonds only form from s orbitals.
Il 7 bonds result from the sideways overlap of parallel p orbitals.

A landllonly B Iand Il only C lland Il only D 11l and Il

12 In which substance does a carbon atom have sp? hybridization?
A 2-methybutan-1-ol B propyne, CH;CCH € Cg, fullerene D diamond

13 The Lewis structure of XeF, contains two bonding pairs of electrons and three non-bonding pairs
of electrons (lone pairs) around the central xenon atom. What is the shape of the XeF, molecule?
A bent B trigonal bipyramidal
C square planar D linear

18 Carbon and silicon belong to the same group of the periodic table.
(a) Describe and compare three features of the structure and bonding in the three allotropes

of carbon: diamond, graphite, and Cg, fullerene. (6)
(b) Both silicon and carbon form oxides.
(i) Describe the structure and bonding in Si0,. (2)
(ii) Explain why silicon dioxide is a solid and carbon dioxide is a gas at room temperature. (2)
(c) Describe the bonding within the carbon monoxide molecule. (2)
(d) Describe the delocalization of pi () electrons and explain how this can account for the
structure and stability of the carbonate ion, CO.*~. 3)
(e) Explain the meaning of the term hybridization. State the type of hybridization shown by
the carbon atoms in carbon dioxide, diamond, graphite, and the carbonate ion. (5)
(Total 20 marks)

21 SF,, SF¢ and SFg have different shapes. Draw their Lewis (electron dot) structures and use the

VSEPR theory to predict the name of the shape of each molecule. 6)
22 (a) Draw the Lewis (electron dot) structures, state the shape, and predict the bond angles for the
following species.
(i) PCl (€)]
(i) NHy~ @
(iii) XeF, @)
(b) (i) Compare the formation of a sigma (o) and a pi () bond between two carbon atoms
in a molecule. 2)
(i) Identify how many sigma and pi bonds are present in propene, C;H. 2)
(iiii) Deduce all the bond angles present in propene. 2)
(iv) Explain how the concept of hybridization can be used to explain the bonding in the
triple bond present in propyne. @)

(Total 18 marks)

23 (a) Draw the Lewis (electron dot) structures, state the shapes, and predict the bond angles for

the following spedies.

(i) SiFs* t)]

(i) NO; (t)]
(b) Explain, using diagrams, why NO, is a polar molecule but CO, is a non-polar molecule.  (3)
(<) Describe the structure and bonding in silicon dioxide. 2)
(d) Consider the molecule HCONH,.

(i) State the name of the compound and draw its structural formula, showing all the bonds

present. @)

(i) Explain the term hybridization. (1)

(iiii) Describe how sigma and pi bonds form. )

(iv) State the type of hybridization of the carbon and nitrogen atoms in HCONH.. 2)

(Total 18 marks)
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