The name's Bond, - Chemical bond. 1.6

1. The hydrogen - oxygen bond in water is polarised as shown in the diagram below

o+ O-
H—O

(a) Explain why the bond is polarised as shown above.
(b) For any of the following bonds which is polar, draw similar diagram to show the bond

polarity.
(i) hydrogen to chlorine (i1) nitrogen to chlorine (iii) hydrogen to sulphur
(iv) sulphur to chlorine (v) phosphorous to chlorine (vi) phosphorous to hydrogen

2. Whilst methane (CHy ) and ammonia (NH3 ) both contain polar bonds the methane
molecule is non polar and the ammonia molecule is polar. The effect of the polarity can be
seen if we compare molecular masses and boiling points. Although both molecules have
similar masses methane boils at 109 K and ammonia boils at 240 K.

(a) (i) Draw diagrams showing the molecular shape of methane and ammonia.
(i1) Explain using the diagrams why methane is non polar and ammonia is polar.
(b) Why must we consider molecular mass when examining the boiling point of covalent
compounds?

3. On the basis of standard grade work we would expect that sodium chloride and titanium
chloride would both be typical ionic solids. Sodium chloride is a solid which melts at
1074 K while titanium chloride is a liquid at room temperature which boils at 450 K.

(a) What type of bonding exists in each compound.
(b) Explain why not all metal - non metal compounds are ionic.

4.  An anhydrous chloride of iron is a volatile red solid which dissolves in hexane.
It also dissolves in water forming an aqueous solution from which a hydrated salt can be
crystallised. The percentage composition by mass of the salt is shown in the table below.

Element 90 by Mass
Iron 20-7
Chlorine 30.4
Hydrogen 4-4
Oxygen 355

(a) What type of bonding is present in the chloride of iron? Explain your answer.

(b) Calculate the empirical formula for the crystalline salt.

(¢) Suggest the formula which would be used, along with the name, on the label of a bottle
of the crystalline salt.
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Shapes of Species 1.7

1.

Draw Lewis dot cross diagrams for the following substances:

(a) fluorine (b) methane

(c)water (d) ammonia

Ammonia can act as a proton acceptor and form an ammonium ion.

(a) Use VSEPR theory to draw the shape of the following
(1) Ammonia (it) an ammonium ion
(b) Ammonium ions contain a dative covalent bond. Explain this term.
(c) Although theory would predict that the dative NH bond in ammonium ions would be of
a different length from the covalent NH bonds, we find that all the NH bonds are the
same length. Explain this fact.

Fluorine is the most reactive non metal. It forms compounds with most other elements.
Five of the compounds of fluorine are ~ BF3, NF3 CF4, PFg and SFg.
For each comound

(a) Calculate the number of bonding and non bonding electron pairs.

(b) Name and draw the shape of the molecules.

(c) In CF4 the bond angle is 109-5%, whereas in NF5 the bond angle is 107°. Explain this.

(d) There are two different bond angles in PF5. Draw a molecule of PF5 with the angles
labelled and the size of each angle shown.

Chlorine and fluorine react together to produce a compound of formula CIF3. This
molecule contains three chlorine-fluorine single bonds. Each fluorine atom contributes one
electron to the bonding.

(a) How many bonding and non bonding clectron pairs surround the central chlorine atom
in the molecule?

(b) What would be the three dimensional arrangement of electron pairs ( both bonded and
non bonded) around the chlorine atom?

(¢) The fluorine atoms may occupy different positions in this shape giving three possible
shapes for each molecule. Draw two of these showing the angles between the bonds.
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