PEARSON ALWAYS LEARNING

Heinemann Chemistry 1 5e

Unit 1

Area of study 1 How can knowledge of elements explain the
properties of matter?

Multiple-choice questions
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D. In an atom, there are forces of attraction between the positively charged nucleus and the negatively charged
electrons. Also there are forces of repulsion between positively charged protons in the nucleus and between negatively
charged electrons surrounding the nucleus.

C. All atoms of the same element have the same number of protons in their nuclei.

B. All atoms of copper have the same atomic number. However, isotopes differ in the number of neutrons in the
nucleus. The number of neutrons is the mass number minus the atomic number, so an atom of copper could have
either 34 neutrons (63 — 29) or 36 neutrons (65 - 29).

C. Elements in the same group of the periodic table have similar properties as they have the same number of valence
electrons. Only N and P belong to the same group.

D. Mass number is the sum of the number of protons and neutrons. So for this ion the mass numberis 11 + 12 = 23,
The ion has 1 fewer electrons than protons, so it has a charge of +1.

D. For main group elements, the group number is equal to the number of valence electrons, i.e. number of electrons
in the outer electron shell.

D. In general, for the first series of transition metals, the 4s-subshell fills before the 3d-subshell. However, Cu and Cr
are exceptions. Cr is more stable with a half-filled 4s-subshell and 5 electrons in its 3d-subshell.

C. A sulfur atom has 16 electrons so a S* ion has 18 electrons. D is not correct because the 3p-subshell contains
6 electrons in the ground state.

C. Any d-subshell is made up of 5 orbitals. Each orbital can contain a maximum of 2 electrons. So a d-subshell can
contain a maximum of 10 electrons in total.

B. Isotopes have the same atomic number but different mass numbers.

B. X has an atomic number of 19 so it has 19 protons in the nucleus. Its electronic configuration is 1s?2s22p®3s23p®
so it has 18 electrons. Therefore, as it has 1 more proton than electrons, it will have a positive charge.

B. The reactivity of metals increases down a group and decreases across a period.
A. Transition metals are dense and hard.

A. The electrostatic forces of attraction between ions will determine the melting point of an ionic solid. These
electrostatic forces of attraction are proportional to the charge on the ions. MgO is the only compound listed in which
both ions are doubly charged (Mg?* and 0%) and these will exert the strongest attraction. So MgO will be expected to
have the highest melting point.

C. lonic bonding involves the transfer of electrons, not the sharing of electrons, from a metal to a non-metal.
B. 1 mol of NaOH contains 2 mol of ions (1 mol of Na* ions and 1 mol OH- ions).

1 mol of K,PO, contains 4 mol of ions (3 mol of K* ions and 1 mol of PO,* ions).

So 0.5 mol of K,PO, contains the same number of ions as 1 mol of NaOH.

A. Emission spectra involve the release of energy. When electrons at higher energy levels fall back to a lower energy
level, the excess energy is emitted and can be observed as lines of light of particular frequencies on an emission
spectrum.

A. 1 mole of CO, hasamass of 44 g (12 +2 x 16 =44 g)

S0 6.02 x 102 molecules have a mass of 44 g

44
And 1 molecule has a mass of o

e x1oE 7.3 x 1023 g The contents of this box has changed.
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19 A m(urea) in 125 g fertiliser = % x125=73.1¢g

M(N) _ 280 _
Mures) x 100 = o0 x 100 = 46.7%

% of N in urea =

So m(N) in 125 g fertiliser = % x731=341¢g

20 B.6.02 x 10% is equivalent to 1 mol of CI- ions. The formula for calcium chloride is CaCl,, so 0.5 mol CaCl, contains
1 mol of CI ions.

The molar mass of CaCl, is 111.1 g mol™. So 0.5 mol will have a mass of 55.6 g.

Short-answer questions

* Represents 1 mark

21 a K,PO,
b ALO,
¢ NaNO,
d Fe,S,
22 a Calcium nitrate
b Copper(ll) carbonate
¢ Magnesium hydroxide
d Chromium(lll) oxide
23 a One mark for correct formula, one mark for appropriate use; e.g. NaCl preserving food, NaHCO, as baking soda,

NaF in toothpaste to harden tooth enamel.
b i Although charged particles are present, they are held in fixed positions in the lattice and so cannot move to carry
a current.
ii If a strong force is applied to a crystal of the compound, the layers of ions will move relative to one another,
causing ions of like charge to be adjacent and hence repel. The crystal thus shatters.
iii A large amount of energy is needed to overcome the electrostatic attraction between oppositely charged ions.
24 a Mass spectrometer
b A = (37.30 x 190.97)18562.70 x19297) _ 192.2%

(Answer to 4 sig figs consistent with data to the smallest number of sig figs.)

25 a For example: aluminium is extracted by electrolysis of molten alumina. Huge amounts of electricity are required.
b i Harder and more brittle
ii Harder
iii Softer and more ductile
¢ Quenching is heating the metal to a moderate temperature and then cooling very quickly. Tempering involves first
quenching a metal and then heating it again to a lower temperature.
d In annealing, larger crystals forms and in quenching tiny crystals form.
26 a 1s?2s°2p3s?
bi 1pm=10*m,1nm=10°m,so 160 pm =0.160 nm
ii Na atom would have a larger radius as there are fewer protons in the nucleus and so the attraction for the outer
shell electron would be weaker, pulling it less strongly toward the nucleus.
c i Itisa lattice of positively charged magnesium ions surrounded by a ‘sea’ of valence electrons. The lattice is held
together by the electrostatic attraction between electrons and cations.
ii The electrons are not localised/are free to move and so can conduct an electric current.
iii The model cannot explain the differences in melting points/densities/electrical conductivities/magnetism
between metals.
d i Observations: bubbles of gas evolved or increase in temperature
Mg(s) + 2HCl(aq) — MgCl,(aq) + H,(g)
or Mg(s) + 2H"(aq) — Mg*(aq) + H,(g)
ii Any suitable example such as K, Na, Ca.
e Transition elements have an incomplete d-subshell of electrons.
f An alloy is a substance formed when other materials, usually carbon or other metals, are mixed with a metal.
Alloying increases the hardness of a metal.
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When atoms absorb or emit energy, a spectrum is obtained.

Emission and absorption spectra are not continuous but contain discrete lines corresponding to discrete amounts
of energy emitted or absorbed as electrons move from one energy level to another.

Bohr proposed that electrons can only move in fixed orbits or shells of particular energy and could only jump from
one orbit to another without stopping in between; thus, only certain energies can be emitted or absorbed.

It does not explain why electrons move in circular orbits or why shells have particular energies. The mathematical
model does not hold well for larger atoms.

Electrons behave as waves around the nucleus. There are no definite orbits, instead electrons are thought to move
in regions of space called orbitals. Electron shells can be further divided into subshells.

Sodium has 11 electrons, which are distributed in 3 main shells or energy levels: 2 electrons in the first shell
closest to the nucleus, 8 electrons in the second shell and one in the third shell.

Shells are divided into subshells labelled s, p, d and f. Two of sodium’s second-shell electrons are in the s-subshell
and the remaining 6 in the p-subshell.

s-, p-, d- and f-subshells are further divided into orbitals, which are regions of space in which electrons may

be found. The s-subshell consists of only one orbital, the p-subshell has 3. The 6 electrons of sodium in the
2p-subshell are distributed in pairs in the 3p-orbitals.

An orbital can hold a maximum of two electrons.

¢ An excited atom because the 3d-subshell is a higher energy subshell than 4s, which should be filled first.

29 a

30

O 0O o 60 T o

31

32 a

i Ca

i Ar

iii C

iv Na or Mg

v Li

vi N

vii F

Chemical reactivity increases because the outer-shell electrons are further from the nucleus as one moves down
the group and so are more readily released in a reaction.

The total number of protons and neutrons in an atom

The total number of protons in an atom

The mass of an atom of the isotope relative to the mass of an atom of 2C taken as 12 units exactly

6.02 x 10%, which is the number of particles in a mole

An atom, or a group of atoms, that has either gained or lost one or more electrons and so carries a charge
Chlorine is on the right side of the periodic table and sodium is on the left. Atomic radius decreases across a period
because the increasing core charge pulls the outer-shell electrons more tightly to the nucleus causing the volume
of the atom to decrease.

Fluorine is further to the right on the periodic table than lithium and core charge increases from left to right across
the periodic table. As core charge increases, the electrons are held more tightly to the nucleus and more energy is
required to remove the first one.

Ba and Be are in the same group with Be higher than Ba. Going down a group the atom size is increasing, meaning
the outer-shell electrons are further from the nucleus. The outer electrons of Be are, therefore, held more tightly
and are less readily released.

The s-block elements have an s-subshell as their outer occupied electron subshell. The s-subshell can take 1 or 2
electrons, so the block is only 2 groups wide.

A(AINO,),) = 7 = 305 = 0.143 mol

b n(N) = 3 x 0.143 = 0.430 mol

33 a

Total number of mol of atoms = 13 x 0.143 = 1.86
Total number of atoms = 1.86 x 6.02 x 1022 =1.12 x 10%*

16
%O=9xmx 100 =67.6%

m(0) in compound = 2.127 - 1.704 = 0.423
. _ 1704 0423 _ . .
n(Cu) : n(0) = VIETE 0.0268 : 0.0264 = 1:1
So empirical formula is CuO.
If the sample was a mixture of CuO and Cu,0, the ratio of Cu to O would be greater and so the mass of Cu

extracted would be greater than 1.704 g.
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34 a m(O) in the compound = 1.368 -0.753 = 0.615 g
n(0) in the compound = “22 = 0,03844 mol
As the empirical formula is XO,:

n(M) in the compound = % x 0.03844 = 0.01922 mol

= ﬂ = w = —0'752 = -1
Asn= " M(X) 00 001922 39.1 g mol

b The metal must be potassium.

. _ 14 _

35 % Nin KNO, = 011~ 100=138%

So m(N) in 65.0 g KNO, =9.00 g

. 28.0
% N in (NH,),S0O, = T30 % 100=21.2%

So m((NH,),S0,) that contains 9.00 g N = % x 100 =424 ¢g
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Unit 1

Area of Study 2 How can the versatility of non-metals be
explained?

Multiple-choice questions

1

2

10
11
12

13

14

15

16

D. Element X would have 4 valence electrons so needs 4 electrons to achieve a stable outer shell configuration.
Element Y has 6 valence electrons hence needs 2 to achieve stability. Hence one X atom would bond with 2 Y atoms.

C. The structure of HCN is H-C=N:. There is a triple bond between C and N. Therefore 6 electrons are shared between
these two atoms.

C. By definition, the empirical formula shows the simplest mole ratio of each element in the compound.

D. The molecular formula for the compound is C,;H ,OH.

3.5 mol of C,H, ,OH = 3.5 x 6.02 x 102 = 2.1 x 10** molecules
As each molecule of pentan-1-ol has 18 atoms:
total number of atoms = 18 x 2.1 x 10%* = 3.8 x 10%®

B. Crude oil is a mixture of alkanes.

C. If 0.235 mol has a mass of 16.0 g, then 1 mol will have a mass of e 68 g. So the molar mass of the

0.235
compound is 68 g mol™. The only compound with this molar mass is C.,H,.
D. n(C) : n(H) in the compound = % : % =6667:20 =1:3

So the empirical formula is CH,. This cannot be the molecular formula as carbon needs to form 4 bonds. C,H, is the
only formula to represent a molecule with empirical formula CH..

A. It is an alkane with 3 carbons, so propane. There is only one way to arrange 3 carbon atoms, so there are no
isomers. Therefore no number prefix is used.

C. All alkynes have names ending in -yne. All alkynes have a triple bond between two carbon atoms, so the smallest
alkyne must have two carbons. A two-carbon hydrocarbon has a name with the prefix eth-.

B. The general formula for alkynes is C H B is an alkane.

2n-2°
C. There are 3 compounds: but-1-ene, but-2-ene and methylpropene.

A. Diatomic molecules, e.g. HF, can only be linear. CO, is also linear because it has 2 bonding regions (each a double
bond). These repel and so are oriented as far from one another as possible, i.e. at 180°.

H,S is V-shaped. The sulfur atom has two bonding pairs of electron and two non-bonding pairs. The four pairs of
electrons take on a distorted tetrahedral arrangement that results in a V-shaped structure. CH, has 4 C-H bonds in
a tetrahedral structure.

D. HF, OF, and NF, are all polar molecules due to the polar nature of the bonds with fluorine. So there are dipole-
dipole attractions between molecules. In CF, the polarising effects the individual C-F bonds are cancelled out due
to the symmetrical tetrahedral structure of the molecule, so it is a non-polar molecule so there are only dispersion
forces between molecules.

A. F, is a non-polar molecule and so only has dispersion forces between molecules.

CH,F has a polar C-F bond, so it has intermolecular dipole-dipole interactions. However, these are not as strong as
hydrogen bonds in this case because the F is not bonded directly to the H atom as in HF.

A. Alcohols contain the polar —-OH group, so molecules are attracted to each other by hydrogen bonds as well as by
dispersion forces. Therefore, alcohols have a higher boiling point than similar-sized alkanes.

So ethanol has a higher boiling point than propane.

The strength of dispersion forces between molecules depends on the size of the molecules. The forces are weaker
between ethane molecules than between propane molecules, so ethane has a lower boiling point than propane.
Similarly, ethanol has a lower boiling point than propan-1-ol.

A. The double bond breaks and the monomers join together.
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17 D. In general, ionic compounds have a high melting temperature and covalent molecular compounds have a lower
melting temperature. However, there are exceptions; e.g. in diamond, the C atoms are held together by covalent bonds
and diamond has a very high melting temperature. This is also the case for hardness and brittleness.

In ionic compounds in the solid state, the ions are held in fixed positions and so cannot carry a charge. However, in
the molten state, the ions are free to move and so the compound is an electrical conductor in that state. Covalently
bonded compounds have no charged particles and so are non-conductors.

18 B. Higher density is the result of closer packing of polymer chains. Polymer chains can pack more closely if they have
little or no branching. The closer the chains are packed, the more significant the dispersion forces between the chains
and so the higher the softening temperature.

19 B. Crystalline regions are formed when polymer chains line up parallel to one another. This allows closer packing of
the chains and more significant dispersion forces between them. So, the greater the percentage of crystalline regions,
the stronger the polymer and the higher its softening temperature. Crystalline regions scatter light passing through
them. So the greater the percentage of crystalline regions, the more light is scattered and the less transparent the
polymer becomes.

20 B.1 nm=10°m, so IV is correct.
1 mm=103m,so 10 mm =10°m so | is also correct.

Short-answer questions

21 a V-shaped/bent and polar
H H
Ny

b Triangular pyramid and polar

¢ Tetrahedral and non-polar There are no non-bonding pairs shown on Cl atoms
:6|T:
oo ..C oo
CRPANL
. .l:
d Linear and non-polar
ri=c=%
e Tetrahedral and non-polar
H

- Sie_

Ry

H

H

22 a Crude oil is fossilised organic material, mostly of plant and microbial origin.
i Itis a mixture of hydrocarbons, mostly alkanes from C1 to about C70.

i Any correct formulas of two hydrocarbons; e.g. C,H,, C.H,,.

o

23 But-2-yne

Heptane
2,2,3-Trimethylpentane
Butanoic acid

2-Methylpropan-1-ol

o o 0 T
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T
H H H H H H
b H H o

| 7
H—C—C—C
] No—n
H H
c H H 0
| /7§ w
H—C—C—C ‘ ‘
R
H H
" 1
H—C—H
11 ]
H—C|—C—C|—H
H H
(0]
|
H
e H H H

H H H
CH,(CH,),CO0H or CH,CH,CH,CH,CH,COOH
CH,C(CH,),CH,CH(C,H,) CH,CH,CH, or (CH,),CCH,CH(C,H,)CH,CH,CH,
CH,CH(OH)CH,CH,
CHCCH,
CH,C(CH,)CH,C(CH,)CH,CH,
The bonds between the molecules of ice are hydrogen bonds. The bonds between the atoms within the water
molecules are covalent bonds. Covalent bonds are much stronger than hydrogen bonds and so require much
more energy, and thus a higher temperature, to break.
In ice, each water molecule forms hydrogen bonds with four other water molecules. This arrangement is very
open, causing ice to have a lower density than liquid water.
Ethyne has the structure CHCH. The C atoms have a triple bond between them, each using three of their four
valence electrons to form the triple bond. The fourth valence electron of each carbon atom forms a covalent
bond with a hydrogen atom. There are no lone pairs and only two bonding regions on the carbons. So these
adopt a linear arrangement.
Hydrogen peroxide has the following structure:

25

O O o 60 T o

26

o

(2]

..O..

H
N

Each oxygen has 6 valence electrons. Two are involved in bonding leaving 2 pairs of non-bonding electrons.
So there are 4 regions where electrons are present. These assume a tetrahedral arrangement to minimise
repulsion. So the molecule is not linear.
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LN ]
27 a HEN ZH
o X
H
b The four electron pairs form a tetrahedral arrangement around the atom due to the repulsion of the electron pairs.
The result is a pyramidal shaped molecule.

covalent bond

°® ,’.. H

N TN
/| HT N
Hpy H

i o e
.9=C=O..

d i N, has no polar bonds so the intermolecular bonds are weak dispersion forces.
Although the bonds within CO, are polar, the molecule overall is symmetrical so the dipoles cancel and the
overall molecule is non-polar. So the only intermolecular forces are dispersion forces.

ii Nitrogen is a highly electronegative element and consequently the bonds between the atoms of nitrogen and
hydrogen are highly polarised. The ammonia molecule is a dipole because its shape is not symmetrical. There
is an electrostatic attraction between the nitrogen atom of one ammonia molecule and the hydrogen atom of
a nearby ammonia molecule. These attractions between these dipoles are known as hydrogen bonds.

28 a ..O..
° . H
0=0, N N
(] O LJ H

b The intramolecular bonds in oxygen are stronger because they are double covalent bonds as opposed to the single
covalent bonds in hydrogen peroxide.
c i Dispersion forces
ii Hydrogen bonds, which are significantly stronger than the dispersion forces between oxygen molecules.
Dispersion forces also exist between molecules of hydrogen peroxide. Because the hydrogen peroxide molecule
is larger than that of oxygen, the dispersion forces between hydrogen peroxide molecules are stronger than
those between oxygen molecules.
d Oxygen has six valence electrons so achieves stability when it forms two covalent bonds. Nitrogen only has five
valence electrons so forms three covalent bonds to achieve stability.
HCI, HF, H,0, H,S
HCI, H,S
HCI, HF, F,, H,, O,
H,0, HF
02
H, as it is the smallest non-polar molecule in the list.

N
©

w
o
O T -0 o0 T o

Allotropes are different physical forms of the same element.

Both consist of carbon atoms covalently bonded to other carbon atoms.

Diamond is a three-dimensional lattice in which each carbon atom is covalently bonded to four other carbon atoms

in a tetrahedral configuration. So strong bonding extends throughout the lattice.

Graphite consists of layers of carbon atoms in which each atom is covalently bonded to three other carbon atoms,

making strong layers. There are weaker dispersion forces between the layers. The one electron not involved in

bonding is delocalised.

d The delocalised electrons in graphite are free to move and conduct electricity. In diamond, each carbon atom is
bonded with four other carbon atoms so there are no free electrons.

e Because of the weak bonding between the layers of graphite, the layers can slide over one another and thus can

slide onto a page.
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b i The plastic will char and blacken.
ii Thermosetting polymers have strong cross-links between polymer chains so the layers cannot slide past each
other and melt.
¢ i They are polymers designed for a specific purpose.
ii Use two different monomers
32 a A monomer is a small molecule that is able to bond with other monomers to form a long chain molecule called
a polymer; e.g. ethene molecules are the monomers that join together to form the polyethene polymer.
b A thermoplastic polymer is one that softens on heating but becomes hard again when cooled, e.g. polyethene.
A thermosetting polymer is one that doesn’t soften on gentle heating but if heated sufficiently it will char, e.g.
melamine.
¢ A branched polymer is a linear polymer that has some of the atoms forming branches attached to the polymer
backbone, e.g. low density polyethene. Relatively weak intermolecular forces exist between chains.
A cross-linked polymer has covalent bonds linking polymer chains, resulting in a rigid polymer that does not soften
on heating, e.g. melamine.
d Crystalline regions occur when atoms in chains are arranged in a regular pattern thus strengthening the polymer.
Non-crystalline regions occur when the atoms in the chain are randomly arranged.
33 9% by mass of oxygen in the compound = 100 - 59.7 = 40.3
In 100 g of compound:

m(0) =40.3 gand m(X) =59.7 g
403

SO, n(O) = m =252

As ratio of X:0 = 2:3, n(X) = % x 252 =1.68

So 59.7 g of X is equivalent to 1.68 mol.

The element must be CI.
34 a In 100 g of compound, the mass of hydrogen = 100 — 54.54 - 36.36 =9.10 g
=n(C) : n(H) : n(O)
_ 5454910 3636
120 © 1.0 160
=455:9.10: 227

=2:4:1
So empirical formula is C,H,0.
=m =m_ 308 _ -
b n= M,soM 0350 88 g mol

¢ Relative formula mass of C,H,0 = 44
Molar mass = 2 x formula mass
So molecular formula is C,H;0,,.
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d Compound 1 Compound 2
butanoic acid methylpropanoate
H H H H H
(0] (0]
7 "
H—C—C—C—C H—C—C—C |
L Nos |l No—cw
H H H H H |
H
or
or
methylpropanoic acid
0 ethylethanoate
7 H o
CH:; im;—c | J -
O—H H—C—C | |
CH, i \\O__T__T__H
H H
or
propylmethanoate
(0]
/ H H H
H—C

N

0—C—C—C—CH,

H H H

35 a m(H) in the compound = 4.738 - (0476 + 4.22) =0.042 g

50, n(C) : n(H) : n(Cly = 01"2‘.706 : Ofgz : 345?325 =0040:0042:0119=1:1:3

So the empirical formula is CHCI,.

b n= ﬂ, so molar mass of compound = 2= % =120 g mol!
Formula mass of CHCI, is 119.5 g mol™, so the molecular formula is the same as the empirical formula.
c H
/C\
Cl / Cl
Cl

d There are three polar C-Cl bonds in the molecule; the molecule is not symmetrical so it is polar overall.
The interactions between the molecules are dipole-dipole interactions (as well as dispersion forces).
72x10% _ 7.2 x 10%
= =12
N 6.02 x 10

e n(Cl) in the sample =

n(CHCL) = % x 1.2 = 0.40
Som(CHCL)=nxM=0.40x 120 =48 g
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Unit 2

Area of Study 1 How do substances interact with water?

Multiple-choice questions

1 D. Water has a high specific heat capacity and so is able to store heat energy effectively. The temperature of large
bodies of water does not change as much as that of surrounding land, thus moderating extremes of temperature.

2 C. Sucrose is a solid that dissolves in water by forming hydrogen bonds with water. It does not dissociate or ionise,
but forms an aqueous solution with hydrogen bonds between sucrose molecules and water molecules.

3 D. Hydrogen chloride is a covalent molecular compound. Its atoms are held together by covalent bonds that break
when HCI dissolves in water. The new bonds formed are ion-dipole bonds between the chloride ions and water. The
protons released from HCI covalently bond with water molecules to form H,0* ions.

4 A Reaction A would form a precipitate of BaSO,.
Reaction C would form a precipitate of CuCO.,.
In reaction D, Cu metal would precipitate out of solution as Cu?* ions are reduced to Cu metal by Zn.

5 C. Lemon juice, hydrochloric acid and ammonium ions are all acidic so have a pH of less than 7. Sodium hydroxide is
a base and has a pH greater than 7.

6 A.CH,COOH is a weak acid and so is only partially ionised in solution, unlike HCI. 6.0 M indicates a more concentrated
solution than 0.01 M.

7 B.When OH- acts as an acid, it donates a proton and forms its conjugate base 0%

8 A. To act as either a Bronsted-Lowry acid or base, a species must be able to accept and to donate a H*(ag). NH,*
has a positive charge and so is unlikely to attract a H*(ag). CO,2(aq) has no H*(aq) to donate and CH, has no acidic
hydrogens.

9 B. Polyprotic refers to an acid that can donate more than one proton.
CH,COOH donates only one proton to form its conjugate base CH,COO".
NH,* also only donates one proton to form its conjugate base NH,.

H,S0O, can donate one or two protons to form HSO,~ or SO,> respectively.

10 D. Both solutions have the same concentration and volume but nitric acid is a strong acid whereas ethanoic acid is
a weak acid. So statement | is not correct.

As nitric acid is a stronger acid, it is ionised more fully in water releasing more H*(aq). So, the pH of the nitric acid
will be lower than that of ethanoic acid and it will have greater electrical conductivity. So statement Il is incorrect but
statement Ill is correct.

Statement IV is also correct as both solutions contain the same number of moles of acid, which will react fully with
a strong base such as NaOH.

11 D. For a change of 1 unit in pH, the concentration of H*(ag) changes by a factor of 10. So a change of pH of 2 units
means a change of H*(aq) concentration of a factor of 100. The pH of beaker A is higher, so the H*(ag) concentration
will be 100 times lower.

12 C.pH=13so0 [H*] =10"' M and [OH] = 10" M =0.10 M = [NaOH]
So n(NaOH) =c¢ x V' =0.10 x 0.500 = 0.050 mol
And m(NaOH) = n x M =0.050 x40.0=20g¢g

13 A Anincrease in the level of atmospheric carbon dioxide since the Industrial Revolution has resulted in an increased
amount of dissolved carbon dioxide in the oceans. CO, is an acidic gas that forms carbonic acid with water.

CO,(g) + H,0() —» H,CO,(aq)
and H,CO,(aq) — HCO,(aq) + H*(aq)
so causing the pH of the oceans to drop.

14 C. A reductant donates electrons to another species causing them to be reduced. Mg?* and Ag* are positively charged
and so are unlikely to donate electrons. Mg is more reactive than Ag; it donates its electrons more readily and so is
the stronger reductant.
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15
16

17

18

19
20

D. There is no exchange of electrons between Ag* and CI~. This is a precipitation reaction.
A. Cu is less reactive than Mg so will not displace magnesium from a solution of its ions.
Fe is also less reactive that Al so there will be no reaction here either. Substitute Pb2*(aq) for Al¥*(aq)

C. There is no proton transfer so the reaction is not an acid-base one. There is a transfer of electrons from Mg to H*
to form Mg?* and H,. The Mg loses electrons so is oxidised by the H*, which is therefore the oxidising agent.

B. The reaction tells us that metal X is more reactive than Pb as it displaces Pb from a solution of its salt. So A and D
are not correct. As Pb is sufficiently reactive to react with HCI to produce hydrogen gas, X, being more reactive than
Pb, will also react similarly with HCI, so B is correct. We don’t know how much more reactive X is than Pb or whether
it is more or less reactive than Mg, so C could be true, but one cannot deduce from the data that it must be true.

B. A reducing agent causes reduction in another substance by donating electrons to it.

A. Each Ni atom loses two electrons to form a Ni%*(aq) ion, so Ni is oxidised. The electrons are accepted by a Cu?*(aq),
so Cu?*(aq) causes the oxidation and hence is the oxidising agent.

Short-answer questions

21

23 a

The stronger the intermolecular bonds, the higher the boiling point of a substance.

a Water molecules are highly polar, since hydrogen is bonded to oxygen. So between water molecules, there are
hydrogen bonds as well as weak dispersion forces.

H.,S is much less polar, so between H,S molecules there are dipole-dipole interactions and weak dispersion
forces. As H,S molecules are larger than water molecules, the dispersion forces between H,S molecules are more
significant than those between water molecules. However, hydrogen bonds are much stronger than dipole-dipole
interactions, so, overall, the intermolecular bonds between H,S molecules are weaker than those between water
molecules and the boiling point of H,S is consequently lower. This statement is correct but the polarity of the O-H
bond is the reason hydrogen bonds form. Perhaps this should be worked into the first two sentences.

b The polarity of H,Se is about the same as that of H,S. However, H,Se consists of much larger molecules so the
dispersion forces between them are more significant. Therefore, overall, the intermolecular forces between H,S
molecules are weaker than those between H,Se molecules and the boiling point of H,S is consequently lower.

xmx AT =4.18 x 250.0 x (100 -18) =8.6 x 10*J

xm X AT =0.39 x 250.0 x (100 - 18)=8.0 % 10%J

8x 102

3 = . =~ = °©
¢ 80x103=24x 250 x AT; AT >4 % 250 13°C

d The high heat capacity of water is due to the relatively strong hydrogen bonds between water molecules.
e e.g. as a coolant in factories
The specific heat capacity of a substance is a measure of the energy required to raise the temperature of a certain
amount of the substance (usually 1 g) by 1°C.
b The bonds between water molecules are relatively strong hydrogen bonds whereas those between hexane
molecules are weaker dispersion forces.
Water has a higher specific heat capacity than ethanol because of the greater strength of its hydrogen bonds.
hydrogen bond

a Heatenergy =C

water

b Heatenergy =C

copper

covalent bond

¢ Heat absorbed by water = mCAT = 100 x 4,18 x 12.0 = 5016 J
The same amount of heat is provided to the hexane.
So, for hexane, 5016 = mCAT = 100 x 2.29 x AT
So AT = 21.9°C and final temperature of hexane is (20.0 + 21.9) = 41.9°C.

24 a The water molecule is very polar. It is an asymmetrical molecule with a large difference in electronegativity

between the H atoms and the O atom. It forms ion—dipole interactions with the positive and negative ions of ionic
compounds, thus allowing them to dissolve in water. Polar covalent compounds in which H atoms are bonded to
N, O or F atoms are able to form hydrogen bonds with water. Some polar covalent compounds are dissolved by
ionising in water.
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26

27

28

29

30
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Necessary substances for metabolic processes include ionic compounds such as NaCl and molecular compounds
such as glucose. These readily dissolve in water and are carried to the various parts of the body dissolved in the
blood stream. Are the parts of the body dissolved in the blood stream? | did not try to correct this sentence because
| was not sure to what depth you wanted to go. Waste products such as urea are also water soluble and can be
excreted as a solution.

Because of its excellent solvent properties, water in nature contains dissolved mineral salts and some soluble
organic matter. Many salts are leached from rocks or result from the decay of plant and animal matter. In nature,
gases dissolve in water which explains why rain water is slightly acidic due to the dissolution of CO,,.

H,0(l
i MgClis) “22 Mg2*(aq) + 2CI(aq)
ii lonic bonds

iii lon—dipole interactions

. H,0()
i C,H.OH()) = C,H.OH(aq)

ii Hydrogen bonds and dispersion forces

iii Hydrogen bonds and dispersion forces

The magnesium chloride solution would be the better conductor as lots of charged particles in the form of Mg?*(aq)
and CI(aq) ions are present in the solution after the MgCl, has dissolved; the dissolved ethanol does not contain
charged particles.

2HCI(aq) + Zn(s) = ZnCl(aq) + H.(8)

2HNO,(aq) + Ca(OH),(aq) — Ca(NO,),(ag)+ 2H,0(!)

H,S0,(aq) + Na,CO,(ag) — Na,SO,(aq) + CO,(g) + H,0(l)

Cu(s) + 2AgNO,(aq) — Cu(NO,),(aq) + 2Ag(s)

Ba?*(aq) + SO,*(aq) — BaSO,(s)

H*(aqg) + OH(aqg) — H,0(l)

2H*(aq) + CO,>(aq) — CO,(g) + H,0()

Zn(s) + Cu?*(aq) — Zn?*(aq) + Cu(s)

A strong acid is an acid that readily donates protons. Or, an acid that completely ionises in water.

H,CO, or H,SO, or H,PO, (or other correct polyprotic acids)

i HCO,(aq) + H,0(l) = H,CO,(aqg) + OH(aq)

ii HCO,(aq) + H,O0(l) -» CO,*(aq) + H,0*(aq)

H,0*
i [OH] =2 x [Ca(OH),] =2 x 0.050 = 0.10 M
= 1.00 x 104 _ 1.00 x 1014 _ 13
[H,0] o e 1.0 X 103 M

pH = —-log ,[H,0"] = -log, (1.0 x 1071%) = 13.0 if you must but not 13.00
i n(HNO,) = cV/=0.125 x 0.400 = 0.0500
Total volume of solution after dilution = 500 mL

so concentration of diluted HNO, = % = % =0.100 M = [H,0"]
pH = -log, ,[H,0*] = -log, ,(0.100) = 1.00

i n(HCI) = 7+ = ;i: = 0.0671 mol
cHeh = - = % =1.03 M = [H,0"]

pH = -log ,[H,0"] = -log,(1.03) = -0.014
[H,07] = 10" = 1009 =0.891 M
¢(HNO,) = 0.891 M
n(HNO,) = ¢V =0.891 x 0.300 = 0.267 mol
m(HNO,) =nM =0.267 x 63.0 =168 g
C. It is the only solution with a pH above 7.00 and sodium hydroxide is a base.
B. As it is an acid, the pH must be less than 7. So it cannot be C.
A and B must both be acids (pH less than 7 or turns litmus red). B has the higher conductivity and, as they all
have the same concentration, B must ionise the most and so must be the stronger acid.
The pH of A must be greater than 1.5 but less than 7. It is an acid as it turns litmus paper red, but it will have
a higher pH than solution B because it has a lower conductivity.
i [H07=10"=10'=0.03M
i [H,0]=10""=10"=3x10"M
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Propanoic acid is a weak acid so it is partially ionised. The concentration of H*(aqg) ions in a propanoic acid solution
will therefore be lower than in solution of nitric acid or sulfuric acid, strong acids, of equal concentration. As the
concentration of H*(aq) ions is lowest, the pH of the propanoic acid solution will be highest.
Sulfuric acid is diprotic. In water, one hydrogen ion is completely donated to water. In addition, there is partial
ionisation of the HSO, (aq) ion to release a second hydrogen ion. So the overall concentration of H*(aq) ions is
higher than in a solution of the monoprotic nitric acid of the same concentration, and the pH of the solution will
be lower.
Pb(NO,),(aq) + 2KCl(aq) — PbCl,(s) + 2KNO,(aq)
Pb?*(aq) + 2Cl-(aq) — PbCl.(s)
i Lead(ll) chloride
ii Potassium ions and nitrate ions
. m 3.15
I n(Pb(NO3)2) = M = m =0.00951 mol
i n(PbCl,) formed = n(Pb(NQ,),) reacted = 0.00951 mol
So m(PbCl,) formed = n x M = 0.00951 x (207.2 + 2 x 35.,5) =2.65 g
0,(g) + 2H,0(l) + 2Fe(s) — 40H(aq) + 2Fe* (aq)
The oxidising agent is the reactant that causes the other reactant to be oxidised. Fe loses electrons so it is oxidised.
Oxygen is therefore the oxidising agent and Fe is the reducing agent.
i Zn(s) is more reactive than iron and so will lose electrons in preference to Fe. So when there is some Zn attached
to the Fe, the Zn is oxidised and the Fe is protected.
ii Sn is less reactive than Fe so if Fe were to be in contact with oxygen, it is the Fe that will preferentially corrode.
If the Sn completely covers the Fe, the oxygen is prevented from reaching the Fe and the Fe is thus protected.
i 2Br(aq) - Bry(aq) + 2e
ii H,0,(aq) + 2H*(aq) + 2e- - 2H,0())
Oxidation half-equation is Ag(s) — Ag*(aq) + e~
The reduction half-equation is the same as in part a (ii).
In order to balance the charge, the oxidation half-equation needs to be multiplied by 2.
The overall equation is:
H,0,(aq) + 2H*(aq) + 2Ag(s) — 2H,0(l) + 2Ag*(aq)
i VandVI
i InV, there is a proton donation from HCOOH to H,O().
In VII, there is a proton donation from HCI to NH,.
iii Any of HCOOH/HCOO-, H,0*/H,0, NH,*/NH,, HCI/CI-
i Any two of Il, lll and VI
ii Inll, electrons are transferred from Ca to H*.
In lll, electrons are transferred from Mg to O,
In VI, electrons are transferred from Brto Cl..
iii Any one of Ca**/Ca, H*/H,, MgO/Mg, 0,/MgO, Cl./CI-, Br,/Br-
i land IV
i In |, a precipitate of PbCl,(s) forms when two soluble compounds react
In 1V, a precipitate of Fe(OH),(s) when two soluble compounds react.
iii In IV, Na* ions and NO," ions are spectator ions.
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Unit 2

Area of Study 2 How are substances in water measured and
analysed?

Multiple-choice questions

1 C.25% of the water on Earth is drinkable. Most of this water is not accessible as it is locked in the icecaps, glaciers
or in the soil. Only 0.5 % of all the water on Earth is both drinkable and accessible.

2 A Heavy metals are usually described as metals with high density which have a toxic effect on living things.
Cadmium, lead, arsenic are included in lists of heavy metals. Potassium is not considered to be a heavy metal.

3 C. The solubility of gases decreases as the temperature increases but that of solids increases
4 B.At0°C, 28 g dissolves in 100 g water.
So, at 0°C, 7.0 g dissolves in 25 g water.

As there is a total of 8.0 g solute, 8.0 - 7.0 = 1.0 g crystallises out.

5 C.n(Al)= % = 0.0200 mol

n(H,S0,) = % x 0.0200 = 0.0300 mol

V(H,S0,) = % =00273L=273mL
6 A.n(Na,CO,) in the dilute solution = 0.150 x 0.750 = 0.113 mol

V(3.0 M Na,CO,) needed = % =0.0375L =375 mL

7 A. n(NaCl) to be diluted = 0.50 x 0.020 = 0.010 = n(NaCl) in the diluted solution
V(diluted NaC) = = = 9019 _ 70500 L = 50.0 mL

So 30.0 mL of water needs to be added to the 20 mL of the more concentrated solution.

8 A If the acid had been a strong acid and therefore completely ionised, the initial pH would have been -log 0.1;
i.e. 1.0. However, the initial pH is approximately 4, an indication of only partial ionisation and hence a weak acid.

The final pH of the mixture is close to 13 and the pH at equivalence point is higher than 7. Both these observations
point to the base being strong.

9 C. The indicator must change colour at a pH range within the sharply changing pH of the reaction mixture.

10 B. The average titre is calculated from the three concordant results. That is, the three titres that only differ by
0.10 mL from smallest to largest are averaged.
20.75 + 20.65 + 20.75

So average titre is = 3 =20.72 mL

The first result is not concordant and so is not included in the average titre.

11 D. Electrical conductivity in solution is due to the presence of ions. The higher the concentration of ions, the higher
the conductivity.

H,CO, is a weak acid and so the concentration of ions in 0.01 M H,CO, is less than 0.01 M.

NH,CI dissociates into NH,* ions and CI" ions, a total of 2 ions, so the solution will have an ion concentration of
0.02 M.

NaCl dissociates into Na* ions and CI- ions, so the solution will also have an ion concentration of 0.02 M.

Na,SO, dissociates into 2Na* ions and one SO,* ions, a total of 3 ions, so the solution will have an ion concentration
of 0.03 M and thus have the highest electrical conductivity.
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12 B. Option A is correct, as the average speed of ions is lower at lower temperature and so the conductivity is lower.
B is incorrect because if some of the water evaporated from Y, the concentration of ions would be higher and so
would the conductivity.

C and D are correct as the closer to the ocean the greater the salinity, and acidic wastes increase the concentration
of ions in solution.

13 D. Dissolved carbon dioxide reacts with water to form the weak acid carbonic acid.

14 A. ppb is equivalent to mg in 1000 L

1.75 kg in 500 ML is equivalent to 1.75 mg in 500 L or 3.50 mg in 1000 L, i.e. 3.5 ppb.
15 C. n(AgCl) —ﬁ— 0.1421 = n(CH
m(CI) in 250 mL = 0.1421 x 35.5=5.05¢g
5.05

m(CI)mlOL—m—ZOZg

16 D. AAS is used for measuring metal ion concentrations.

17 B. AAS is used for measuring metal ion concentrations; UV-visible spectroscopy is applicable for coloured compounds
and gravimetric analysis relies on the formation of precipitates.

18 C. Very little of the green light is absorbed, so the compound will appear green.

19 B. Analysis is best performed at the wavelength of greatest absorption, so at about 460 nm.

20 D. An absorbance of 3.0 is equivalent to 16 ppm from the graph. As the dam water had been diluted by a factor of 4,
the concentration of the water in the damis 4 x 16 = 64 ppm.

Short-answer questions

21 a A chemical contaminant is an element or compound that may be harmful if consumed. It can occur in nature or be
synthetic (i.e. man-made).
b Examples: lead or cadmium from mining, fungicides or herbicides from agricultural runoff

22 a The solubility of gases increases as temperature decreases. More carbon dioxide is therefore dissolved in cold
lemonade than in lemonade at room temperature.

b When the temperature of waterways is increased, gases come out of solution because their solubility has decreased.
The decrease in oxygen concentration, in particular, may make the waterways unsuitable for some forms of aquatic
life.

¢ Dissolved ionic compounds, principally NaCl, are the cause of salinity. In water, soluble ionic compounds dissociate
into ions. The greater the salinity, the more ions there are in solution. As ions are charged and free to move in
solution, they conduct an electric current. So, the electrical conductivity is related to the concentration of ions in
solution and hence the salinity.

23 ai 110g

i Crystals of NaNO, would precipitate out of the solution.

iii Solubility at 10° C is 80 g/100 g water, so to produce a saturated solution containing 110 g, E x100=138¢

water at 10°C is needed.

b At 20°C, the solubility of sucrose is 200 g in 100 g water, so in 200 g water, 400 g sucrose can dissolve.

¢ i Asolution containing 30 g KNO, in 100 g water is unsaturated because up to 80 g can dissolve in that quantity

of water at 50°C. The solution conta|n|ng 87 g of KNO, is saturated; it contains the maximum amount of KNO,
that can dissolve at that temperature. The one Containing 90 g of KNO, is supersaturated; it contains more than
the maximum amount of KNO, that can dissolve at that temperature and would be an unstable solution.

ii The three solutions can be identified by observing what happens when a small amount of solute is added to
each solution. A small amount of solute added to an unsaturated solution will dissolve. A small amount of solute
added to a saturated solution will not dissolve. A small amount of solute added to a supersaturated solution or
even knocking the solution will cause the excess solute to crystallise out of the solution.

On cooling the solutions to 30°C, crystals will precipitate out of the saturated and supersaturated solutions but
not from the unsaturated one, because even at 30°C the solution can hold more than 30 g KNO, in 100 g water.
d The solubility of CuS0,.5H,0 at 20°C is 18 g in 100 g water. So to make a saturated solution containing 35 g

CuS0,.5H O x 100 = 194 g water is needed.
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24 a 16 gsodium chloride dissolving in 50 g water is the same as 32 g dissolving in 100 g water. This less than the

solubility of sodium chloride therefore all 16 g would dissolve.

b i The solubility of potassium sulfate is 12 g in 100 g water at 20°C. This equates to 6 g in 50 g water. If 9 g

potassium sulfate is added to 50 g water, only 6 g will dissolve (and 3 g will remain undissolved).

ii At 80°C the solubility of potassium sulfate is 10.5 g in 50 g water. All the 9 g will dissolve 80°C.

¢ Since graphite is insoluble none will dissolve.

d Molar mass of K,SO, = 174.3 g mol™
Assuming the density of water is 1.00 g mL!
Volume of 100 g water = 100 mL
Mass of K,SO, that dissolves in 100 mL water = 12.0 g
So:

. _ 120 _
n(K,SO,) in 100 mL water = —= = 0.0688 mol

S0, = 2 = 228 _ 688 mol L
e i Add the mixture to 50 g water and heat to 80°C. Both salts are soluble at this temperature but graphite is

insoluble. The graphite can be separated by filtration of the hot solution, leaving both K,SO, and NaCl dissolved
in the hot solution.
Allow the filtrate to cool to 20°C. Some of the K,SO, will precipitate as the solution is saturated with respect to
this salt at 20°C. The precipitated potassium sulfate can be recovered by filtration. The filtrate should be dried
in an oven to obtain a pure sample of potassium sulfate.

ii At 20°C, as calculated in part a, 6.0 g will remain dissolved and 3.0 g will therefore precipitate out of solution.
So the maximum amount of K,SO, that can be obtained is 3.0 g.

f Sodium chloride is soluble at both 20°C. and 80°C and the solution is unsaturated at both temperatures, so NaCl
will not precipitate out of solution. The filtrate solution contains both sodium chloride and potassium sulfate, so a
pure sample could not be obtained even if it was evaporated to dryness.

25 a i Acolourless, odourless gas is produced.

ii  No change

iii A white precipitate is formed.

iv A green precipitate is produced.

v No change

vi No change

vii No change

viii No change

ix No change

x No change

b i CO,*(aqg) + 2H*(aq) — COL(g) + H,0())
i Mg?*(aq) + CO,>(aq) - MgCO,(s)

iv Cu®(aq) + CO,>(ag) — CuCO,(s)

¢ Sodium carbonate solution will react with three of the other solutions. It will form a gas with one solution, a white
precipitate with another solution, and a green precipitate with the third. No reaction will be observed with the
fourth solution.

The sulfuric acid solution will react with only one other solution producing gas bubbles.

Potassium nitrate solution will not react with any of the other four solutions.

Magnesium nitrate solution will only react with one of the other solutions, forming a white precipitate.

Copper(ll) nitrate solution will only react with one of the other solutions to form a green precipitate.
26 a pH=4s0[H,07=10"*mol L

[OH] = T2+ = 1070 mol L!
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n(HCI) = 0.100 x 0.0100 = 0.00100 mol = n(H*)

n(NaOH) = 0.100 x 0.0120 = 0.00120 mol = n(OH")

The OH-ions are in excess by 0.00120 - 0.00100 = 0.00020 mol

The volume of the mixture is 200 mL = 0.200 L

c(OH") = % =0.0010 = 1.0 x 10 mol L-!

1.00 x 104 _ 1.00 x 10
[OH] ~ 10x10°

pH = -log, ,[H*] = -log,,(1.0 x 107'*) = 11.00

n(Pb(NO,),) = 7 = 280 _ 0,0296 mol

[H*] = = 1.0 x 10! mol L

0.296
c(Pb(NO,),) = 00500 0.592 M
New volume of solution is 80.0 mL.
So ¢(Pb(NO,),) = =0370 M
i Pb?'(aq) + 2I(aq) — Pbl.(s)
ii n(Pb?") =0.0296 mol
From the equation, this would require:
2 x 0.0296 = 0.0592 mol I to react
n(Nal) = ¢V = 0.650 x 0.0500 = 0.0325 = n(I)
So there is not sufficient |- to react with all of the Pb?".
I=is the limiting reagent and will limit the amount of product that forms.

n(I") reacting = 0.0325 and n(Pbl, ) formed = % x 0.0325 = 0.0163 mol

m(Pbl,) formed = m x M =0.0163 x 461.0=749 g
Fe**(aq) + 30H(aq) — Fe(OH),(s)
2Fe(OH),(s) — Fe,0,(s) + 3H,0(g)

i n(Fe,0;) = =15 = 0006861 mol

So n(Fe*") = 2 x n(Fe,0,) = 0.01372 mol

and m(iron ions) = 0.01372 x 55.8 = 0.766 g
i c(iron ions) =2 = 221372 _ 50106 M
A sample of a solution containing Ni?* ions is scanned in a UV-visible spectrophotometer to determine its
absorbance across a range of wavelengths. The wavelength that gives the highest absorbance is then chosen.
Prepare a series of standard solutions containing nickel ions. Measure their absorbance at an appropriate
wavelength and plot a calibration curve. Measure the absorbance of the unknown solution and determine its
concentration from the calibration curve.

_ _ 200 _
n(NaHCO,) = ¢V = 0.0500 x == = 0.0100 mol

m(NaHCO,) = nM = 0.0100 x (23.0 + 1.0 + 12 + 3 X 16.0)
=0.0100 x 84.0=0.840 ¢

i NaHCO,(aqg) + HCI(ag) — NaCl(aq) + CO,(g) + H,0())

ii n(NaHCO,) = ¢V = 0.0500 x 0.02000 = 0.00100 = n(HCI)

c(HCl) = % (V=35.05mL = 0.03505 L)

0.00100
0.3505
NH,(aqg) + HCl(ag) — NH,Cl(aq) or NH (aq) + H*(agq) - NH,*(aq)
n(HCI) = 0.0950 x 0.01740 = 0.001653 mol = n(NH,) in the 20.00 mL titre
n(NH,) in 100 mL diluted cleaner = 5 x 0.001653 = 0.008265 mol = n(NH,) in 10.00 mL original cleaner

. _ 0.008265 - _ 3
¢(NH,) in cleaner = 001000 0.8265 = 0.827 mol L
m(NH,) in 1 L cleaner = 0.8265 x 17.0 =14.05 g

m(NH,) in 750 mL bottle = 14.05 x 0.75 =105 g

=0.0285 M
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The observed colour change will be from yellow at the start of the titration when the indicator is added to the

ammonia solution, to orange at equivalence point and pink when excess acid is present.

i The result would be the same because the amount, in mole, of ammonia in the flask is unchanged by the
addition of water, so the same titre of HCI would be needed for the reaction.

ii It would be lower because phenolphthalein indicator would change colour before equivalence point is reached.
So the titre of HCI would be smaller than it should be. Hence, the calculated concentration of ammonia would
be lower than the actual one.

iii Higher because the flask would contain some drops of diluted cleaner as well as the 20.00 mL of it measured
out. More HCI would be needed to reach equivalence. Hence the calculated concentration of ammonia would
be higher than the actual one.

n(NaOH) = ¢ x V=0.790 x 0.0234 = 0.01849 mol

Succinic acid is diprotic, so:

n(succinic acid) in the 20.00 mL sample that reacted with the NaOH

- % x 0.01849 = 0.00924 mol

i Concentrationinmol L1=—=—"=—=0462M

ii Molar mass of succinic acid is 118.1 g mol™!
Concentration of succinic acid in g L' =0.462 x 118.1 =546 g L!
iii %(m/v) is equivalent to grams of solute in 100 mL of solution
As there are 54.6 g in 1000 mL solution
%(m/v) of succinic acid = 5.46 %(m/v)
The most likely reason would be that the solution was in fact not saturated. Another possibility is that the solution
cooled during handling and so the solubility decreased.

n(S,0,>) = 0.0155 x 0.01725 = 2.67 x 10~ mol
So from the equation, n(0,) = % x 2.67 x 10 = 6.68 x 10 mol
i This was present in 300 mL water, so concentration

_ 668x10° _ 9 N
0300 2.23 x 10" mol L

ii ppm is equivalent to mgin 1 kg solution
1 L of water has a mass of 1 kg
Som(0,)in1L=223x10%x320=0.00713g=7.13mg
So concentration is 7.13 ppm.

% saturation = % x 100 = 78%

It would be less than 9.2 as gases become less soluble as the temperature rises.

i The concentration of oxygen may vary at different locations and depths. So samples from different depths and
locations are analysed to obtain a reliable estimate of the overall oxygen level.

ii They were stoppered immediately to prevent dissolved oxygen from escaping into the atmosphere.

From the calibration curve, an absorbance reading of 0.25 is equivalent to a concentration of mercury of 20 mg L.

So, the 3.0 g of fish that was ground up into 100 mL water must contain

0.100 x20=2.0mg

0x1

As a % by mass of fish, this represents % x 100 = 0.067%

ppm is equivalent to mass in mg per kg
S0 2.0 mgin 3.0 gfishis % x 1000 = 6.7 x 10> mg Hg in 1 kg fish, i.e. 6.7 X 10? ppm.

Insecticides, pesticides, oil, dioxins

i Xtravelled fastest as it had the smallest retention time.

ii Y is present in the highest concentration because it has the highest peak area.

i A calibration curve is necessary to relate the concentration of a substance to the area of the peak.

ii A solution of X of precise concentration is made up. This solution is used to prepare a set of standard diluted
solutions of various concentrations. Analyse these diluted solutions by HPLC under the same conditions as the
analysis of the pond water.

Plot the area under the peak against the concentration of each standard.
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Chapter 1 The atomic nature of matter

Section 1.1 Nanomaterials and nanoparticles

Worked example: Try yourself 1.1.1
CONVERTING KILOMETRES TO NANOMETRES

Convert 2.43 km into nanometres.

Thinking Working

Write the length in metres. 243 km =2430 m

Write the length in scientific notation. 2430 m =243 x 103 m
Multiply by 10° to convert to nanometres. (Hint: to do this, | (2.43 x 10%) x 10° = 2.43106+?
you just need to add 9 to the index on the number 10.) =243 x 102 nm

1.1 Key questions

1 835cm=0.0835m
0.0835 m =835 x 102 m
(835 x10%) x 10°=8.35 x 102?*
=835 x 10" nm
2 a 135cm=135x%x102m
1.35x 10?2 m x 10° = 1.35 x 107 nm
b 42mm=42x10°m
42 x 103 x10°=4.2 x 105 nm
3 0050 mm=5x%x10°m
5x105x10°=5.0x 10* nm
5.0 x 10% + 20 = 2500 times larger
4 a

Shape Surface area Volume Surface area
Volume

Cube 24 cm? 8 cm? 3
2cmX2cmX2cm

Sphere of radius 1.38 cm 23.9 cm? 11 cm? 2.17

Tube (cylinder) 19 cm? 6.3 cm? 3
Radius of 1 cm
Height of 2 cm

b Sphere

¢ Sphere

d Alarge SA: Vratio is required for rapid cooling (e.g. on a hot day people spread out). A small SA : V ratio is
required to minimise loss of heat when cold. Hence, people huddle or wrap their arms around themselves to
keep warm.

5 There are two reasons why their size makes nanoparticles useful for transporting medicine. First, their small size
makes it easy for the nanoparticles to get into the body by inhalation, injection or absorption through the skin.
Second, their small size gives nanoparticles a large surface area compared to their volume. This means that a
large number of molecules can be adsorbed onto the surface of a relatively small volume of nanoparticles.
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Section 1.2 The atomic world

1.2 Key questions

1 Noble gases
Element
Element
Compound
Compound
Element
Compound
Element
Compound
3 An element is made up of just one type of atom and these atoms are identical. A compound is a molecule that
contains at least two different types of atoms in a definite proportion.
4 a Iron
b Potassium
¢ Tungsten
d Lead

S0 0 o 60 T o

Section 1.3 Inside atoms

1.3 Key questions

1 10000-100000 larger depending on the element
2 Protons and neutrons found in the nucleus

3 The electrostatic attraction of the protons; the negative electrons are attracted to the positive protons and pulled
towards them.

Section 1.4 Classifying atoms

Worked example: Try yourself 1.4.1
CALCULATING THE NUMBER OF SUBATOMIC PARTICLES

Calculate the number of protons, neutrons and electrons for the atom with this atomic symbol: 233 U

Thinking Working
The atomic number is equal to the number of protons. Number of protons = Z =92
Find the number of neutrons. The number of neutrons =A-Z7
Number of neutrons = mass number — atomic number =235-92
=143
Find the number of electrons. The number of electrons = Z = 92
The number of electrons is equal to the atomic number
because the total negative change is equal to the total
positive charge.

Copyright © Pearson Australia 2016 (a division of Pearson Australia Group Pty Ltd) ISBN 978 14 8861 126 |



PEARSON ALWAYS LEARNING

Heinemann Chemistry 1 5e

1.4 Key questions

Mass number
Z = 15. Protons = 15, electrons = 15. Neutrons =31 -15=16
7 is its atomic number as it has 7 protons. The element that contains 7 protons is nitrogen.

A W N R

Isotopes of the same element have the same atomic number and therefore the same number of protons and
electrons. The number of neutrons is different between isotopes of the same element; therefore they have different
mass numbers.

5 Carbon-14 has a mass number A = 14. The number of neutrons is:

mass number - the atomic number = 14 -6 =8

Carbon-12 has a mass number of 12 and therefore has 6 neutrons.

Therefore the difference in the number of neutrons is 8 — 6, which is 2 neutrons.

Section 1.5 Electronic structure of atoms

1.5 Key questions

1 Each line in an emission spectrum corresponds to a specific amount of energy. This energy is emitted when electrons
from higher-energy electron shells transition to a lower-energy shell. Different lines indicate that there are differences
in energy between shells. This is evidence that electrons are found in shells with discrete energy levels.

2 Electrons revolve around the nucleus in fixed, circular orbits.
Electrons’ orbits correspond to specific energy levels in the atom.
Electrons can only occupy fixed energy levels and cannot exist between two energy levels.
Orbits of larger radii correspond to energy levels of higher energy.

3 Energy is emitted as light or electromagnetic radiation.

Section 1.6 Electronic configuration and the shell model

Worked example: Try yourself 1.6.1
ELECTRONIC CONFIGURATION FOR UP TO 36 ELECTRONS

Apply the rules of the shell model to determine the electronic configuration of an atom with 34 electrons.

Thinking Working
Recall the maximum number of electrons that each shell Shell (n) Maximum number of electrons
can hold.

1 2

2 8

3 18

4 32
Place the first 18 elect'rons in the shells from the Shell (n) Electrons in atom
lowest energy to the highest energy. Do not exceed the
maximum number of electrons allowed. 1 2

2 8

3 8

4
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Place the next two electrons in the fourth shell. Shell (n) Electrons in atom
1 2
2 8
3 8
4 2
Continue filling the third shell until it holds up to 18 Shell (n) Electrons in atom
electrons. Put any remaining electrons in the fourth shell. ) 5
2 8
3 18
4 6

The 10 remaining electrons from the previous step have
gone into the third shell.

Write the electronic configuration by listing the number of | 2,8,18,6
electrons in each shell separated by commas.

Worked example: Try yourself 1.6.2
CALCULATING THE NUMBER OF VALENCE ELECTRONS IN AN ATOM

How many valence electrons are present in an atom of sulfur, which has an atomic number of 167

Thinking Working
Recall the maximum number of electrons that each shell Shell (n) Maximum number of electrons
can hold.

1 2

2 8

3 18

4 32

Place 16 electrons in the shells from the lowest energy to Shell (n)
the highest energy. Do not exceed the maximum number

Electrons in atom

of electrons allowed. 1 2
2 8
3 6

Write the electronic configuration by listing the number of | The electronic configuration is: 2,8,6.
electrons in each shell separated by commas.

Determine the number of electrons in the outer shell or The number of electrons in the valence shell is 6.
valence shell.

1.6 Key questions

1 Each shell (n) can hold up to 2n? electrons. The fourth shell always accepts 2 electrons after the third electron has
received 8 electrons. Once the fourth shell has 2 electrons, the third shell will continue to fill.

2,3

28,2

2,882

2,8,18,7

2,2

28,6

2,88

2,8,2

2,8

N
® o 0 T O O o6 T o
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Sc 2,8,9,2

4 a Helium, He
b Fluorine, F
¢ Aluminium, Al
d Nitrogen, N
e Chlorine, Cl
5 The electronic configuration is 2,8,18,7. Therefore the number of valence electrons is 7.

Section 1.7 The Schrédinger model of the atom

Worked example: Try yourself 1.7.1
WRITING ELECTRONIC CONFIGURATIONS USING THE SCHRODINGER MODEL

Write the Schrodinger model of electronic configuration for a vanadium atom with 23 electrons.
Thinking Working
Recall the order in which the subshells fill by listing them | 1s, 1 orbital
from lowest energy to highest energy and the number of | o5 1 orbital
orbitals in each. 2p, 3 orbitals
3s, 1 orbital
3p, 3 orbitals
4s, 1 orbital
3d, 5 orbitals
4p, 3 orbitals
Fill the subshells by assigning two electrons per orbital, Subshell Electrons in Progressive total
starting from the lowest energy subshells until you have subshell of electrons
reached the total number of electrons in your atom. 1s > >
2s 2 4
2p 6 10
3s 2 12
3p 6 18
4s 2 20
3d 3 23
Write the electronic configuration by writing each 1522522p%3523p®3d34s2?
subshell with the number of electrons as a superscript.
Remember to group subshells from the same shell.
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1.7 Key questions

1 Element (atomic number) Electronic configuration using | Electronic configuration using the subshell model
the shell model

Boron (5) 2,3 1s22s22p!
Lithium (3) 2,1 1s22s!
Chlorine (17) 2,8,7 1522522p®3s23p°
Sodium (11) 28,1 15%2522p®3s!
Neon (10) 2,8 1s22s?2p®
Potassium (19) 2,881 15%2522p®3s23pf4s!
Scandium (21) 2,892 1522522pf3s23p®3d4s?
Iron (26) 28,16 15%2522p®3s23p®3d°4s?
Bromine (35) 2,8,18,7 1522522p63s?3p®3d104s24p°

2 The subshell model is a refinement of the shell model. The shell model proposed that all electrons in the one shell
were of equal energy. Evidence from emission spectra indicated that there were different electronic energy levels
(called subshells) within a shell.

CHAPTER 1 REVIEW

1.1 NANOMATERIALS AND NANOPARTICLES

2 ab5cm=005m=50x%x102m=50x10?x10°=5.0% 10" nm
b 12mm=0012m=12x102m=12x102x10°=1.2x 10’ nm
c 2km=2000m=20x%x10°m=2.0x10%3x 10°=2.0 x 102 nm

3 Zinc oxide nanoparticles are colourless.

1.2 THE ATOMIC WORLD

4 Atoms are hard, indivisible structures.

5 Monoatomic = helium, neon, krypton.
Molecules = sulfur, oxygen, nitrogen.
Large network = copper, gold, diamond, tin

1.3 INSIDE ATOMS

6 The nucleus

7 The protons and neutrons form the nucleus. The electrons are grouped in shells and occupy the space around the
nucleus.

8 The mass of a proton is approximately equal to the mass of a neutron and is about 1840 times the mass of an
electron. The proton and electron have equal but opposite charges and the neutron has no charge.

1.4 CLASSIFYING ATOMS

9 a Atomic number is 24; mass number is 52
b 24 electrons, 24 protons, 52 - 24 = 28 neutrons

10 No. Isotopes have the same number of protons (atomic number) but different numbers of neutrons (and therefore
different mass numbers). These atoms have different atomic numbers and different mass numbers.

11 Atoms are electrically neutral. The positive charge on one proton balances the negative charge on one electron.
Therefore, for electrical neutrality, there must be an equal number of protons and electrons.
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12 Most elements have more than one isotope, so they will have more than one mass number. All bromine atoms have
35 protons in their nuclei. No other type of atom has 35 protons in its nucleus (i.e. no other atom has an atomic
number of 35). Isotopes of bromine, however, differ in their mass numbers, so mass number is not fixed for an
element (except for those elements such as sodium, which have only one naturally occurring isotope). In addition,
an isotope of one element may have the same mass number as an isotope of another element.

1.5 ELECTRONIC STRUCTURE OF ATOMS

13 n=1

1.6 ELECTRONIC CONFIGURATION AND THE SHELL MODEL

14 n = 3. The first 2 electrons fill the first shell, the next 8 the second shell, the next 8 the third shell. The next 2 electrons
go into the fourth shell and the remaining 10 electrons go into the third shell.

15 Magnesium. Total of 12 electrons means the element has 12 protons. The element with 12 protons and atomic
number 12 is magnesium.

1.7 THE SCHRODINGER MODEL OF THE ATOM

16 1s?

1s22s22p?

1s?2s22p°

1522522p%3s23p!

1522522p®3s23p®

1522522p®3s23p63d84s?
g 1522s22pb3s23p®3d104s24p°

17 A fluorine atom contains nine electrons. The electrons are arranged in energy levels called shells; two electrons are in
the first shell and seven electrons are in the second shell, which has higher energy. The electron arrangement in the
shells can be written as 2,7.

- 0 o 06 T o

Shells are regarded as being made up of energy levels called subshells. The first shell contains an s-type subshell,
which is labelled ‘1s’. The second shell contains both s- and p-type subshells, labelled ‘2s’ and ‘2p’ respectively.

Within subshells, electrons occupy regions of space known as orbitals. An orbital can hold up to two electrons.
Subshells of an s-type contain one orbital, whereas p-type subshells contain three orbitals. The electron arrangement
in the subshells of a fluorine atom can be represented as 1s?2s%2p°.

18 1s22s5%2p®3s23p*

19 In the Schrédinger model of the atom, electron shells are divided into subshells, and each subshell can have a
different energy level. According to the Schrodinger model, the 4s-subshell is lower in energy than the 3d-subshell.
Therefore, the 4s-subshell begins filling after the 3s- and 3p-subshells but before the 3d-subshell.

20 There is very little difference between the energy levels of the 3d- and 4s-subshells. As orbitals fill in sequence, one
electron at a time, it is more stable for chromium to have all d-orbitals exactly half-filled than to have one empty
d-orbital. Likewise for copper, it is more stable to have all d-orbitals completely filled than to have one half-filled and
a full 4s-orbital.

CONNECTING THE MAIN IDEAS

21 Nothing

22 a Until Rutherford’s work, the plum pudding model of the atom was widely accepted. However, his discovery that a
beam of alpha particles directed at thin gold foil caused a few particles to deflect through high angles led to the
development of a new atomic model.

b Although Rutherford’s atomic model accounted for a number of atomic properties, it was not able to account for
the characteristic emission spectrum of each element. The model was also in conflict with the principles of classical
physics, which suggested that electrons moving in circular orbits should continuously lose energy and spiral into
the nucleus.

¢ The Bohr model of the atom did not adequately explain why electrons adopted some energy levels but not others.
In addition, calculated frequencies for lines in the emission spectra of atoms with more than one electron gave poor
agreement with measured values.
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Chapter 2 Electron arrangements and the
periodic table

Section 2.1 The periodic table

2.1 Key questions

1 Groups1,2and13-18

2 al
b 15-10=5
c 17-10=7
d 2

3 The elementis in period 3 and therefore has three occupied shells. As the element is in group 2, it will have two
valence electrons. This gives an electron configuration of 2,8,2.
4 a i Group13
ii Group 17
iii Group 1
iv Group 18
v Group 14
vi Group 14
bi 4
i 2
iii 1
iv 1
v 7
vi 3
c i Silicon, Si 2,8,4 or 15?2s?2p®3s23p?
ii Beryllium, Be, 2,2 or 1s?2s?
iii Argon, Ar, 2,8,8 or 1s225?2p®3s23p®
5 Atoms are listed in the periodic table in order of atomic number because the atomic number determines the number
of electrons, and this in turn sets the properties that make each element unique. Relative atomic mass does not relate
directly to either the atomic number or the electron number.

Section 2.2 Trends in the periodic table—Part 1

Worked example: Try yourself 2.2.1
CORE CHARGE

Determine the core charge of an atom of fluorine.

Thinking Working
Determine the number of electrons in an atom of the The atomic number of fluorine is 9. Therefore, an atom of
element, using the periodic table as a reference. fluorine has 9 protons and 9 electrons.

Use the number of electrons to determine the electronic With 9 electrons the electronic configuration is 1s22s22p®
configuration.

Determine the core charge. There are 2 inner-shell electrons.
Core charge = number of protons — number of inner-shell | Core charge =9 -2 = +7
electrons
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2.2 Key questions

1 Carbon has 6 protons and 6 electrons. Its electronic configuration is 1s22s22p2. Carbon has two inner-shell electrons.
Core charge = 6 -2 = +4.
2 As core charge increases, electronegativity increases.

3 ai F
ii Fr
b i Groupl1l7
ii Group 1

¢ Elements in group 18, the noble gases, have a very stable electronic configuration and so are unreactive.

Section 2.3 Trends in the periodic table—Part 2

2.3 Key questions

1 a lonisation energy is the least amount of energy needed to remove an electron from an atom or ion in the gas
phase.
b The factors that affect ionisation energy across a period are the size of the atom (i.e. the distance of the outermost
(highest energy) electron from the nucleus), and the charge on the nucleus.
2 A metalloid is an element that exhibits both metallic and non-metallic properties.
3 Across a period, the number of occupied shells in the atoms remains constant but core charge increases. The valence
electrons become more strongly attracted to the nucleus, so more energy is required to remove an electron from an
atom. Therefore, the first ionisation energy increases across a period.

CHAPTER 2 REVIEW

2.1 THE PERIODIC TABLE

1 a Period 1, s-block
b Period 2, p-block
¢ Period 3, p-block
d Period 4, d-block
e Period 7, f-block
2 a Period 2, group 2
b Period 3, group 14
¢ Period 4, group 13
d Period 1, group 18
a Elements in the s-block are filling an s-subshell. As an s-subshell accommodates a maximum of two electrons,
there are only two groups of elements in the s-block. They have outer-shell configurations of st and s2.
b Elements in the p-block are filling a p-subshell. As a p-subshell accommodates a maximum of six electrons, there
are six groups of elements in the p-block. They have outer-shell configurations of s?p! to s2p®.
¢ Elements in the d-block are filling a d-subshell. As a d-subshell accommodates a maximum of 10 electrons, there
are 10 elements in each transition series.
d The lanthanides and actinides are filling an f-subshell. As an f-subshell accommodates a maximum of 14 electrons,
there are 14 elements in each of these series.
4 a Silicon
b Potassium, caesium
¢ Bromine
d Nitrogen, arsenic
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2.2 TRENDS IN THE PERIODIC TABLE—PART 1

5

As one moves from left to right across groups 1, 2 and 13-17, the charge on the nucleus increases. Each time the
atomic number increases by one, the electrons are attracted to an increasingly more positive nucleus. Within a period,
the outer electrons are in the same shell—that is, they have the same number of inner-shell electrons shielding them
from the nucleus. Therefore, the additional nuclear charge attracts the electrons more strongly, drawing them closer
to the nucleus and so decreasing the size of the atom.

a Magnesium and phosphorus, with outer electrons in the third shell, are in the same period. Magnesium has a
nuclear charge of +12 but, with completed inner shells of 1s22s?2p*®, the outer electrons experience the attraction
of a core charge of +2. The outer-shell electrons of phosphorus, which has a nuclear charge of +15 and the
same number of inner shells as magnesium, are attracted by a core charge of +5. The stronger attraction of the
phosphorus electrons to the core means that more energy is required to remove an electron from a phosphorus
atom than from a magnesium atom.

b Both fluorine and iodine are in group 17, so the outer electrons of each atom experience the attraction of the same

core charge. Because the outer-shell electrons of a fluorine atom are closer to the nucleus than those of an iodine

atom, they are attracted more strongly and so more energy is needed to remove one.

1s22s22p3

Period 2 and group 15

5

+5

o 0 T o

2.3 TRENDS IN THE PERIODIC TABLE—PART 2

8

10

11

12

As you move across period 2 from lithium to fluorine:

the radius of the atoms decreases as the core charge increases

there is a trend from metals (lithium, beryllium) to non-metals (boron, carbon, nitrogen, oxygen and fluorine)
electronegativity increases as the core charge increases and size of the atoms decreases.

Lithium, sodium, potassium, rubidium

The reactivity of metals increases down a group. This is because the number of electron shells increases down a
group, so the valence electrons are further from the nucleus and more easily lost. Since metals lose electrons in
their reactions, those that lose electrons most easily will be most reactive.

oo 60 T o

a Fluorine

b Aluminium and magnesium are metals. Fluorine has the highest core charge (it is located furthest right on the
periodic table) while also containing the least number of electron shells. This means that fluorine attracts an
electron more strongly than other elements and is therefore the most reactive non-metal.

a Nitrogen
b Chlorine
¢ Chlorine

The reactivity decreases then increases. Metal atoms lose electrons in chemical reactions. It is easier for atoms with a
low core charge to do this. These atoms are found on the left-hand side of the periodic table. Moving across the period
from left to right, core charge increases and reactivity decreases. For the non-metals, which are located on the right-
hand side of the period, electrons are gained or shared by their atoms in chemical reactions. So as the core charge
increases from left to right across the periodic table, the reactivity of non-metals increases.

CONNECTING THE MAIN IDEAS

13

Students’ own answers.
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Section 3.1 Properties of metals

Worked example: Try yourself 3.1.1
DETERMINING CHARGES

Determine the charge of an aluminium cation.

Thinking

Working

Unreacted aluminium atoms have the same number of
protons and electrons.

Atomic number (2) of aluminium is 13:
number of protons is 13, number of electrons is 13

The electrons in an atom are in shells.

Shell configuration of calcium:
2,83

Only the outer-shell electrons will be lost.

Outer shell contains 3 electrons, 13 — 3 = 10 electrons
remaining

Cation charge = number of protons — number of

Cation charge = 13 -10=+3

electrons

3.1 Key questions

1 a Liatoms have 3 electrons. The electronic structure is 1s22s!. There is one electron in the outer shell. The charge of
the cation will therefore be 1+.

b Mg atoms have 12 electrons. The electronic structure is 1s22s22p®3s2. There are two electrons in the outer shell.
The charge of the cation will therefore be 2+.

¢ Ga atoms have 31 electrons. The electronic structure is 1s?2s?2p83s23p®3d1°4s24pl. There are three electrons in the
outer shell. The charge of the cation will therefore be 3+.

d Ba atoms have 56 electrons. The electronic structure is 1522s22p®3s23p®3d194s24p®4d105525p°6s2. There are two
electrons in the outer shell. The charge of the cation will therefore be 2+. Another way to approach this is to notice
that barium is in the same group as magnesium. All alkali earth metals form 2+ cations by losing their two outer-
shell electrons.

2 a Both potassium and gold have good thermal and electrical conductivity. However, gold has a higher density, and

higher melting and boiling temperatures than potassium.

Sodium

Silver

Sodium and potassium are in group 1. Gold and silver are transition metals.

Silver, copper, gold, aluminium

Availability and cost need to be considered; also properties such as malleability and ductility.

4  Sodium belongs to the alkali metals which have relatively low melting and boiling points, relatively low density and are
relatively soft. Iron is a transition metal, which have relatively high melting and boiling points, relatively high density
and are relatively hard.

T o9 o o6 T

5 Tensile strength, cost, availability
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Section 3.2 Metallic bonding

Worked example: Try yourself 3.2.1
ELECTRONIC CONFIGURATION OF MAGNESIUM

With reference to the electronic configuration of magnesium, explain why solid magnesium can conduct electricity.

Thinking Working

Using the atomic number of the element, determine the Mg has an atomic number of 12. This means a neutral
electronic configuration of its atoms. (You may need to atom of magnesium has 12 electrons.

refer to a periodic table.) The electronic configuration is 1s22522p%3s2.

From the electronic configuration, find how many outer- Mg has 2 electrons in its outer shell (the 3s? electrons).

shell electrons are lost to form cations that have a stable, | Mg atoms will tend to lose these 2 valence electrons to
noble gas electron configuration. These electrons become | form a cation with a charge of 2+.

delocalised. The outer-shell electrons become delocalised and form
the sea of delocalised electrons within the metal lattice.

An electric current occurs when there are free-moving If the Mg is part of an electric circuit, the delocalised
charged particles. electrons are able to move through the lattice towards a
positively charged electrode.

3.2 Key questions

1 a Positive calcium ions
occupy fixed positions
in the lattice

QI 00
P00
9000

'Sea' of
delocalised electrons

b Strong electrostatic forces of attraction between Ca?* ions and the delocalised valence electrons

2 Barium has a high melting temperature because there are strong attractive forces between the positive ions and the
delocalised electrons. Barium conducts electricity because the delocalised electrons from the outer shell are free to
move.

3 a Both graphite and metals are lustrous and conduct heat and electricity.
b These properties are explained by the presence of free-moving electrons. Both graphite and metals must contain
delocalised electrons.

Section 3.3 Reactivity of metals

3.3 Key questions

1 2K(s) + 2H,0(l) — 2KOH(aq) + H,(g) potassium + water — potassium hydroxide + hydrogen
2 a Metals react more energetically further down the group.

b Metal atoms further down the group have more electron shells which cause shielding of the valence electrons from
the core charge, reducing the electronegativity and allowing more spontaneous reaction.

3 Zn>Fe>Au
4 Calcium. Of the three metals, calcium is the highest in the series so most reactive.
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Section 3.4 Extraction of iron from its ore

3.4 Key questions

1

False. Slag is less dense and floats on top of the molten iron.

False. Iron ore contains impurities such as silica, alumina and manganese oxides.

True

True

False. The reaction between carbon in the coke and oxygen to produce carbon dioxide releases a considerable
amount of heat energy to maintain the high temperatures required in the furnace.

Fe,0,() + 4CO(g) — 3Fe(l) +4C0,(g) magnetite + carbon monoxide — iron + carbon dioxide

Carbon dioxide is the main environmental pollutant from the production of iron in a blast furnace. The carbon dioxide
is formed by the reaction of carbon from the coke with oxygen at high temperatures.

C(s) + 0,(8) — CO,(8)

The production of iron requires large amounts of coke, which is usually produced on site from coal. Proximity to a coal
mine is required.

O o 0 T

The production of iron may generate local environmental pollution. Iron furnaces should be located away from
residential populations, agriculture and conservation areas.

The production of iron requires many workers. A site must have suitable accommodation and support for workers.

The iron produced must be able to be processed and shipped from the production site. Access is required to
transport networks such as ports or railways.

Section 3.5 Modifying metals

3.5 Key questions

1

a A 20-cent coin contains copper and nickel. High-carbon steel contains iron and carbon.

b The 20-cent coin is a substitutional alloy similar to Figure 3.5.3. High-carbon steel is an interstitial alloy, similar to
Figure 3.5.2.

The metal in the hooks becomes work hardened and brittle.

a Aluminium contains small areas of regular metallic lattice called crystals. When the aluminium is annealed, the
crystal structure is changed to contain more large crystals. Larger crystals are more flexible and easier to shape
than smaller crystals and the metal is less likely to break along crystal boundaries during shaping.

b Quenching the aluminium by heating to the critical temperature and then rapidly cooling causes the growth of
small crystals. These crystals make the metal stiffer and do not allow the metal to deform as easily.

An alloy with properties appropriate to the task is selected. The metal is annealed to allow shaping of the chisel. The

chisel is tempered to make the shaft flexible and strong. The tip of the chisel could then be hardened either by work

hardening or local quenching.

Section 3.6 Metallic nanomaterials

3.6 Key questions

Gold nanoparticles are not large enough to have a ‘sea’ of delocalised electrons or a consistent surface to reflect light.

Ais a nanoparticle. B is a nanowire, as the length is more than 5 times the diameter. C is a nanorod, as the length is
between 3 and 5 times the diameter. D is not a nanoparticle as all of its dimensions are above 100 nm.

iron + oxygen — iron oxide
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CHAPTER 3 REVIEW

3.1 PROPERTIES OF METALS

1 Mg Ca, Sr
2 a Silver
b Itis too expensive and tarnishes readily.
¢ Aluminium, copper (combined with stainless steel)
3 Electrical conductivity
4 a Low density
b High electrical conductivity
¢ High tensile strength
5 20inCa, 18 in Ca?*
6 Al 1s22s22p83s23p!; AlF*: 1s22s22p°
7 ltis able to be drawn into a wire.
3.2 METALLIC BONDING
8 a When a current is applied to the copper wire, the free-moving, delocalised electrons move from one end to the
other and so the copper wire conducts electricity.

b The delocalised electrons in the metal spoon obtain energy from the boiling mixture and move more quickly. These
electrons move freely throughout the spoon, colliding with other electrons and metal ions, transferring energy so
that the spoon becomes warmer and, eventually, too hot to hold.

¢ Alot of energy is required to overcome the strong forces of attraction between the iron ions and the delocalised
electrons in the metal lattice, so that the iron changes from a solid to a liquid.

d Because of the strong forces of attraction between them, the lead ions and the delocalised electrons form a closely
packed three-dimensional structure. Also, the lead atom itself has a highe