Exercise walk-through

Formulae, equations and amount
of substance (Topic 1)
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Unit 1: Structure, bonding and organic introduction

Count pairs before naming shape

1 NH4* and CHy: four bonding regions, tetrahedral, 109.5°.

2 NHs: three bonds and one lone pair, pyramidal, about 107°. H5O: two bonds
and two lone pairs, bent, about 104.5°.

3 Lone pairs repel more strongly; the angle reduction is not a fixed amount per
pair.



Unit 1: Structure, bonding and organic introduction

Compare fuels using their whole pathway

1 Cracking makes smaller hydrocarbons including alkenes; balance atoms in
proposed products.

2 CO reduces oxygen transport; nitrogen /sulfur oxides can contribute to acid
pollution.

3 Bioethanol growth can absorb COs, but processing and transport still emit.
Hydrogen production also matters.



Unit 1: Structure, bonding and organic introduction

Choose reagents and conditions

1 Hy/Ni adds hydrogen; steam/acid catalyst adds water; Bro adds bromine across
C=C.

2 Cold dilute acidified manganate(VIIl) gives a diol. Bromine decolourisation
supports unsaturation, not a unique identity.

3 Addition polymerisation opens C=C, retains side groups and loses no small
molecule.
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Exercises 2.1:2.2

2.1 Calculate the number of atoms in 10 g of methane, CHy. (A,: H = 1.0, C = 12.0;
L =6.02 x 10%) 2]

2.2 What volume of oxygen, measured at RTP, is needed for the complete combustion of
0.25 mol of butane? [2]
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Exercises 2.1:2.2

2.1 Calculate the number of atoms in 10 g of methane, CHy. (A,: H = 1.0, C = 12.0;
L =6.02 x 10%) 2]

2.1 Methane has five atoms per molecule. Its molar mass is 16 gmol .

m 10g
n=—

Natoms = 5nL =5 x 0.625 mol x 6.02 x 10%> mol™* = 1.88 x 10*

Molecule count alone does not answer this question.

2.2 What volume of oxygen, measured at RTP, is needed for the complete combustion of
0.25 mol of butane? 2]

2.2 C4Hqp + 6.505 — 4CO5 + 5H50. Oxygen amount follows the 1:6.5 coefficient ratio.

V(03) = nV,, = 1.625 mol x 24 dm®mol™' = 39 dm?
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Exercise 2.3

2.3 State what is meant by the term atom economy.

3 Exam-style questions
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Exercise 2.3

2.3 State what is meant by the term atom economy. 2]

3 Exam-style questions

2.3 The balanced desired-product mass contribution divided by the sum of balanced mass
contributions of all products, x100 %.
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Exercise 3.1

3.1 A 2.50 g fertiliser sample contains ammonium sulfate, (NH4)2SO4 (M, = 132), and
inert sand. Excess sodium hydroxide releases all the ammonia from the salt. The ammo-
nia reacts exactly with 48.0 cm?® of 0.250 mol dm~2 sulfuric acid. No ammonia escapes.
Use (NH4>QSO4 + 2NaOH — NaQSO4 + 2NH3 + QHQO and H2SO4 + 2NH3 — <NH4>QSO4
to calculate the percentage by mass of ammonium sulfate. [5]
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Exercise 3.1

3.1 A 2.50 g fertiliser sample contains ammonium sulfate, (NH4)2SO4 (M, = 132), and
inert sand. Excess sodium hydroxide releases all the ammonia from the salt. The ammo-
nia reacts exactly with 48.0 cm?® of 0.250 mol dm ™3 sulfuric acid. No ammonia escapes.
Use <NH4>QSO4 + 2NaOH — NaQSO4 + 2NH3 + QHQO and HQSO4 + 2NH3 — <NH4>QSO4
to calculate the percentage by mass of ammonium sulfate. [5]

3.1 HySO,4 + 2NH3 — (NHy)2SO4. One mole of ammonium sulfate releases two moles of
ammonia, which consume one mole of sulfuric acid.

n(HyS0,) = ¢V = 0.250 moldm ™ x 0.0480 dm® = 0.0120 mol

Thus n((NH,)2SO4) = 0.0120 mol.

m = nM = 0.0120 mol x 132 gmol ™" = 1.584 g

m(salt)
m(sample)

1.584
% 100% = &« 100% = 63.4%
250 g

mass percentage =

The salt mass is smaller than the sample mass, as required.
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Exercise 3.2

3.2 Copper(II) nitrate, Cu(NO3)s (M, = 188), can be made by reacting copper(II) oxide
with nitric acid. Calculate the maximum mass of copper(II) nitrate that can be produced
from 4.0 g of copper(II) oxide with excess nitric acid (M, = 80), and the atom economy
of the reaction if water is the only other product. [5]
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Exercise 3.2

3.2 Copper(II) nitrate, Cu(NO3)s (M, = 188), can be made by reacting copper(II) oxide
with nitric acid. Calculate the maximum mass of copper(II) nitrate that can be produced
from 4.0 g of copper(II) oxide with excess nitric acid (M, = 80), and the atom economy
of the reaction if water is the only other product. [5]

3.2 CuO + 2HNO3; — Cu(NOj3), + H20. Nitric acid is assumed in excess. The oxide and
salt have a 1:1 mole ratio.
m 4.0 g

Hence n(Cu(NO3)3) = 0.050 mol.

m(Cu(NO3)y) = nM = 0.050 mol x 188 gmol ™' =9.4 g

Both product coefficients are one.

M (salt) 188
100% = ——° % 100% = 91.3
M (salt) + M(water) < 100% = Tgg 115 * 100% %

atom economy =
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Exercise 3.3

3.3 A 0.050 cm?® drop of water is analysed. Calculate the number of molecules in the
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Exercise 3.3

3.3 A 0.050 cm?® drop of water is analysed. Calculate the number of molecules in the

3.3 The volume and density give the mass; the water formula then identifies the number
of oxygen atoms per molecule.

m=pV =1.0gem > x 0.050 cm® = 0.050 g

m 0.050 g
n=—

_ _ -3
M 18.0 gmolT 2.78 x 107 mol

N =nL =2.78 x 1072 mol x 6.02 x 10%> mol™" = 1.7 x 10%! molecules

There is one oxygen atom per molecule, so N(O) = N(H,0) = 1.7 x 10%.



