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Section B
Answer all three questions in this section.
The last question is in the form of an either/or and only one of the alternatives should be attempted.

B8 The formation of a covalent bond involves the sharing of electrons between two atoms to form a
balance between attractive and repulsive forces between the two atoms being bonded.

In a hydrogen molecule, the hydrogen atoms share a valence electron each via covalent bonding.
The bond energy is the amount of energy required to break one mole of bonds. The bond energy
of aH — H bond is 432 kJ/mol.

Figure 8.1 shows how the bond energy between two hydrogen atoms varies with the distance
between their nuclei.

atoms too close; ideal distance; atoms too far_

repulsive force @ @ attractive force is O O apart; attractive

between atoms at a maximum force is weak
+

distance between
74 atoms (pm)

energy (kJ/mol)
o

—432 1

Fig. 8.1

A positive energy value means that repulsive forces between atoms are dominant, while a
negative energy value means that attractive forces between atoms are dominant.
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The bond length is the average distance between the nuclei of two bonded atoms in a molecule
where the attractive force is greatest. For a hydrogen molecule, this distance is 74 picometres.

Table 8.2 shows how the H—H bond compares with the number of bonds, average bond energy
and bond length of some elements in Period 2.

Table 8.2
type of bond number of bonds eiﬁ;‘/gg(;?:g) bond length (pm)

H-H 1 432 74
O0-0 1 142 148
0=0 2 494 121
N-N 1 167 145
N=N 2 418

N=N 3 942 110
F—F 1 155 142

(a) Describe how the bond energy of H—H changes with the distance between the two
hydrogen atoms.

(b) In terms of the forces between the subatomic particles present in the hydrogen atoms,
explain the trend of the bond energy as the distance between the hydrogen atoms increases
from 74 pm.
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(c) (i) A student makes the following statement:
“The greater the number of bonds, the shorter the bond length for an element.”

Do you agree with the student? Use the information in Table 8.2 to explain your
reasoning.

(i)  Use the information in Table 8.2 to predict the length of the N = N bond.

(d) Chlorine is in Period 3. The bond length of Cl — Cl is 199 pm.

In terms of atomic structure, suggest the difference in bond length between chlorine and
fluorine.

..................................................................................................................... [2]
(e) When lightning strikes, nitrogen and oxygen in the air react to form nitrogen dioxide.
N2(g) + 202(g) — 2NO2(g) (AH= +180 kJ/ mol.)
Calculate the energy released during bond forming.
[2]

[Total: 12]
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B9 Polylactic acid (PLA) is a biodegradable plastic whose feedstock is derived from starch-rich crops
such as sugarcane, maize or wheat. It has gained popularity as a suitable plastic to replace

polystyrene to make disposable plastic cups and plates.

The monomer of PLA is lactic acid, and the monomer of polystyrene is styrene. Their structures

are shown below.

H O
H—D—(|3—(|?|:—D—H H
H—C—H (J‘,:C
.L [
lactic acid styrene

(@) Describe a chemical test, including observations, to distinguish between lactic acid and

styrene.

(b) Outline one similarity and two differences between the polymerisation of lactic acid and
styrene.
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(c) Draw the structure of the polymer PLA, showing one repeat unit.

[1]
(i) A polymer of PLA has an M, of 1,800,000.
Calculate the number of repeat units in this polymer.
number of repeat units = .......................... [1]

(d) Explain, in terms of the impact on the environment, why polystyrene is being replaced by
PLA to make disposable plastic cups and plates.

[Total: 8]
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EITHER

B10 Ammonium nitrate is commonly used in fertilisers as it contains nitrogen, which is essential for
plant growth.

The following flow diagram shows how ammonium nitrate is manufactured from nitrogen,
hydrogen and nitric acid.

- reaction 1
nitrogen
ammonia
hydrogen dissolves in water
aqueous reaction 2
ammonia
ammonium

nitrate

dilute nitric acid

(a) Describe the conditions required for reaction 1 to take place.

..................................................................................................................... [2]
(b) Construct the ionic equation, with state symbols, for reaction 2.
..................................................................................................................... [2]
(c) Calculate the percentage of nitrogen by mass in ammonium nitrate.
percentage by mass of nitrogen = .................o [1]
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(d) Draw a dot-and-cross diagram to show the bonding in ammonia.

Show outer-shell electrons only.

[2]

(e) Ammonium nitrate can also be produced from the following reaction.
Ca(NOs)2(aq) + 2NHsz(g) + CO2(g) + H20(l) — 2NH4NO3(aq) + CaCOs(s)

Describe how a pure and dry sample of ammonium nitrate crystals can be obtained from
the products of this reaction after all the aqueous calcium nitrate has reacted.

[Total: 10]
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OR
B10 Methanol, CHsOH, is a member of the homologous series of alcohols.

(@) Methanol can be made from methane in a two-step process.
step 1 Methane is reacted with chlorine gas to produce chloromethane, CHsCI.

step 2 CHsCl is reacted with sodium hydroxide to produce CHsOH and one other product.

0] State the type of reaction occurring in step 1, and the condition needed.
type of organic reaction: ............cooiiiiiii i

condition needed: .......coiiiiii [2]
(i)  Write the chemical equation for the reaction which occurs in step 1.
(iii) Complete the chemical equation for step 2.

CHsCl + NaOH — CHsOH + ......cccvveeiiieeee [1]

(b) Complete the dot-and-cross diagram to show the electron arrangement in a molecule of
methanol.

Show outer-shell electrons only.

key
. ‘ . X Celectron
@ H electron

& O electron

[2]
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(c) Methanol reacts with propanoic acid to form a small molecule and an ester with a
molecular formula CsHsO:s.

) Name the products formed when methanol reacts with propanoic acid.

(i)  Draw the full structural formula of an ester which is an isomer of the ester named in

(©)).

Show all the atoms and bonds.

[2]

(iii) Compare the esters in (c)(i) and (c)(ii).

[Total: 10]
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