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Teacher’s Introduction

The aim of this resource is to provide your students with revision materials,

guidance and practice to help them secure a grade 5 in GCSE (9-1) AQA Always check the exam board
Combined Science (Trilogy) Chemistry Paper 1. FabshE e REi I aimaTIas

including changes to the
specification and sample
assessment material.

As teachers, we always want our students to attain the highest grades
possible. For many of your students entered for the Foundation Tier paper,
the challenge is to secure a grade 5. With the low grade boundaries on the
test papers, the focus of this resource is on some key and easily accessed areas of the specification for the
Chemistry Paper 1 topics. The ‘quick check’ questions are similar to the questions that appear on the exam
paper; the worked examples will guide you through how to answer such questions.

The specification for topics in Paper 1 has been divided into five chapters. Each chapter consists of the following:

e A student-focused background section, explaining and summarising the main points of the specification and
identifying core knowledge

e  Explanations and worked examples

e  Keywords highlighted in bold

e A set of quick check questions to check your understanding of the key concepts

¢  Answers to all questions

All of these photocopiable sections are designed to be used either in class, during a tutorial, during one-to-one
sessions or by the students working alone in self-study. They will be particularly useful as a short preparation
exercise before tackling exam-style questions. Although the primary focus is on securing a grade 5, Higher Tier
students will find valuable support in these materials given the knowledge-rich nature of the examinations and
looking to move from a solid grade 5 to a grade 6.

The activities are included within each chapter in non-write on format to reduce photocopying costs. However,
for those teachers who prefer students to write on the activities, they are additionally available in this format as
an appendix. Diagrams which are best printed in colour have been included as a PDF in the support files so that
teachers can print a colour copy for their students.

January 2025
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Chapter 1: Atomic structu:
periodic table

1.1 Atoms, elements, comnounds ax

g

Background information : o~

All substances are made of ve~ 1 ay'1 1 Siw€s called atoms.
b "

vy

Substances, e e dp of just one type of atom are called elements.

4
Elements are shown in the periodic table.

1 2 3 1
n 12 13} 14}
10
H
[
Kay 1
6.9 9.0 ~alative atamlz mass Jlaf 1507
Li Ee atomic symbol B
Ithimm Randimm name o et
b 1 stemic [profen) number 5
250 343 7L 2E1
Na vl . Al Si
Feicalill I (<) i i) 7 i3 %) (R 1 () | e | e
1 17 13 1e
EE [ 750 470 508 52L e X SEY TES [FE) 65.4 (2] 7iE
K Ca Sc Ti v Cr Mn Fe Ca Mi Cu Zn Ga Ge
potazrum | mlogm | rarcon | tmnem | sasadum | chromiom | menganess ron £zt kel 00030 zine F@ilm [ prmanim
19 20 1 2] 73 74 b 7 37 IR 19 30 31 3z
[TE) D) EEY 9L iE YEL ] WLL | 1028 1oes  L0/9 | 1324 | 1148 | 1137
Rb Sr ¥ Zr Nb Mo Tc Ru Rh Fd Ag cd In 3n
rubidium | stronfiom | yttrium | giconium | niobium tachnetium | rethenium | rhodicm | pallsdium | siber | advim | isdum tin
37 38 39 a0 a1 a2 a3 a4 a5 a6 a7 43 ag s0
1329 | 137.2 | 1389 | 1785 | 1809 | 1833 | 1862 | 190.2 | 1922 | 1951 | 197.0 | 2006 | 2043 | 207.2) |
Cs Ba La** HFf Ta w Re Os Ir P Au Hg Tl Ph
caesium | barium | betharum | befium | cantsum | tunpsten | rherism | osmium | iridium gokd mercury | thelliur kxd
55 56 57 72 73 M| 7 76 - | 79 Bl £l A
[223] [226] 1227] [267] [258] [271] [272] 27 g 6] 1 3a1] 1288] T2EE] (T [FER
Fr Ra | Ac"** Rf Db Sg Bh [ | S A Ds Rg Cn Uut® Fl
francium | radium | actinive iuf dubeiem | sesorgiure| B m | he - nentin 4 i jiom| zeasmizum| o ® | flerovium
&7 &8 a9 104 105 1020 10" 108 | 110 111 112 113 111
W - * B ;
1 J -
= A

5

Each element isreprc-t 1, * 0y o chemical symbol, e.g. He represents one atom ¢

["Exam tip: &S| be provided with a periodic table for your exam, you do not i

Note that the first letter of the symbol is always a capital letter and the second|li

Most symbols use the first (and sometimes second) letter of the name of the elg
potassium (K) are exceptions.

Compounds contain two or more different types of atoms. Compounds are form
elements react and join to form products.

‘ hydrogen ‘ + L - -‘_',_n _[ —_—

-

r

g - 4 .-/ =
Compounds can be represert. - fsmjg furmulae. Formulae are the symbols and nl
in a compound ng =

only one type of atom.

Water is a compound (two different types of atoms) and a molecule (more thani¢
water there are two hydrogen atoms and one oxygen atom, H0.
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Worked example — chemical equation

Using the formulae for hydrogen, oxygen and water, we can write a balanced eg

L | o [ %, | —

Wi\ il
Exam tip: There are ~:. “ M “eficals that are used in many chapters throught
familiar w hii «ames and the formulae. Note that the numbers are sub!

and small€ _/‘/the letters.

Mixtures contain two or more elements or compounds that are mixed. They have
Mixtures can be separated by physical processes:

*  Filtration; separates soluble solids/liquids from insoluble solids, e.g. salt wals

i EAREY \ @aker

sand, s:
sand
filter funnel
conical flask
—~=\ » & salt and water
= J _f X =
=
(: B
*  Crystallisation; separates sol": - . ic ) zom a solution, e.g. copper sulfate &
- .-/ £, -4

A '-‘,

=" . copper sulfate solution
-~ evaporating basin —g"’
>

| water""L

when cry!
form, leay

¢  Simple distillation; separates components in a mixture with a large differenc
e.g. ethanol and water

thermometer 1 water out
1 / water in
L
/ » F
| y .r;all o d_, »“TI'L
s condenser
ethanolfmd % ‘_/&/- ' N
water mixture . ¢ ) \\__J)——-
W ” S |
y :/ _/'
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*  Fractional distillation; separates components e  Chromatography;

of a mixture with similar boiling points, components of a't
e.g. crude oil
THE FRACTIONAL _
DISTILLATION OF CRUDE OIL _Lb P
- N ﬂ =3¢ Sl .. F
" i
- . s
- ~1 fojtc{qs in ) '/. g
L S =, e ;Qn@:

.+ ['Naphta
Y _JoatC
= . Paraffin i =
~ 4 T

Diesel

220 - 20 °C
CRUDE OIL Fucloil
250 - 300 °C

Exam tip: Descr
Visualise/sketch
and use this imz
procedure. Bull
structure your a
Do not be afraig
answer the 6-m

Lobricating 0il
300 -350°C

>380°C

Y

FURNACE

Quick check 11 |

1. (a) Chlorine reacts with potassium bromide to prodi:c> bromine and potass
Write the word equation for this reactlor‘ N '\ ¢
(b} Hydrochloric acid reacts with sodiv = hy '*,mué to produce sodium chlg
Write the word equahov; ST . < 2uction.

2. Balanceiamch ' v J,L'ajjaﬂ/ons for the following reactions: TN
(a) @+ Clh D> . NaCl
(b} ...... > /+ ...... Hz 9 ...... NH3
(c) ... Mg + L0 2 L MgO

3. Use the Internet to research the formula for each compound given in the tab
Copy and complete the table. The first one has been done for you.

name formula
water H.0
methane

ammonia COPYRIGHT
hydrochloric acid PROTECTED

sulfuric acid
carbon dioxide

e

|

.

o J =
=

>4
4. Which apparatus can be used t~ ar/\ 1 _ifferent food colourings? Select@
J -/ :’_/ ~ s qE____,_, I9
o | — Qg

Education

5. Describe how you would separate a mixture of salt and sand. Use diagrams{
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1.2 The periodic table

Background information

Substances that are made up of just one type of atom are called elements.

Alist of all known elements can be found in the periodi~ - ),

The development of the perior:- @ . .. Mendeleev
In early versions of the peried™ -t -’bI‘%, = arnents were placed in order of atomic w
number). The problem [ s were that the table was incomplete, and elemel
inappropri 10\ Yo '

)

Mendeleev chéﬁged the order of the elements and left gaps for elements not yet

Discovery of isotopes — explained why atomic weight was not correct.

Models of the atom:

Rutherford — nuclear m
The mass of an atom is
concentrated at the cer
(nucleus) and the nuclg
is charged.

Thompson - plum pudding
model. A ball of positive
charge with negative
electrons embedded in it.

Rutherford scattering experiment: ;

e positively charged alpha particles fired at thir,gcd 0

¢  most alpha particles went straight t¥ .= - cw..dlusion — atom mostly empty

* afew were scattered in diffe A A - -do’ns'; conclusion — mass of an atom is
g >

vV T

Chadwick —g NS1 _",..acleér model) evidence to show the existence of neutr

i
Bohr - (externsion of nuclear model) electrons orbit the nucleus at specific distang

neutron proton

electron

Exam tip: Remember the names of these scientists and their theories/experimel
time, and testing these theories can support or refute the ideas.

Nuclear model: st L

The currently accepted model of the atom is t-e Gcl. -~ nrodel; it consists of a nu
& i A

neutrons, and electrons in orbits surr2 1 ar ; « e nucleus.

— 4
- - 4 s / 28
Subatomic partirl -« 1
relative charge
+1
neutron 0
electron -1

Elements in the periodic table are currently arranged in order of atomic (proton} |

How to Pass GCSE AQA Combined Science: Chemistry Paper 1 Page 5 of 64
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Elements in the same group
¢ have the same number of outer electrons
®  have similar chemical properties.

27— mass|
element symbol Al
Alim™o )
- ¢ O
atomic number = proton number ————— — - =~

/

g o J® -

All atoms of aluminitvi, 1 & 15 positive protons. In an atom, number of elec
f <4 raiim also have 13 negative electrons and are neutral.

The atom of aluminium in the above example has 27 — 13 = 14 neutrons.

I Exam tip: The higher number is always the mass number (protons + neutrons).

Isotopes: Atoms of the same element with the same number of protons but diffel
Aluminium (Al) has two isotopes: 26;3Al (13 protons and 13 neutrons) and ?33Al (1

Electron configurations:

23
Na
Sodium

atomic {proton) humber ——11

2 ®)!
Electron configurations can be represent ', di_gfam or in number format. T¢
diagram for sodium (Na) is showr a0, v . ZAe circles represent energy levels and

This can also be writterj -« “a i JSrmat as 2,8,1.

J =

[ Exam tip: pid 2 +8+1 =11 = number of protons (atomic number) = numb

of sodium.

Drawing electron configurations:

e  Write the element symbol in the centre of your paper and draw a circle arou|

e  |ocate the element in the periodic table.

e  Sodium is in period 3; therefore, draw three circles around your original cif¢
the last.

e  Sodium is also in group 1. This means you should draw one dot somewhere ¢

e |astly, complete the inner circles. The first circle contains a maximum of 2/
circles should contain 8 electrons (dots).

We can write the number format using the diagram v . » & 'rawn; just count th
circle working from the innermost circle to the ot ”eF;. st Circle.
For sodium thisis 2,8,1 (=11 =atomi~.0 M 1,0

= >

a7 -_— - 7 = - - -
S0P aceron configuration diagrams, think of the circles as
1.e first circle represents period 1, which has two elements

eight elements; therefore, the maximum number of electrons (dots) we can dra
us how many electrons to draw in the outermost circle, i.e. group 6 = 6 electron

How to Pass GCSE AQA Combined Science: Chemistry Paper 1 Page 6 of 64
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10.

11.

beam of alpha particles

7

~afle o d a’ﬂ?:uﬁa particles

Alpha particles are fired at gold f~i| ~

Write down two conclusi~s «rfa « 1i..de made from these results.
- ~ / -
) A

Name g bali bty F.ar’ti»c--l-(es
labelle D diagram to the right.

Copy and complete the element names and symbols that are missing from th
periodic table to help you.

48 28 16 20

22 14 8 10

How many protons, electrons and neutrons do atoms of the following eleme|

24 4 =
Mg He = (T )T A
magnesium heli','_"‘q /1 aluminium st
12 L0 ) e
A "‘J ~
Figuresom@ill 7 5 Jwsohr model of an atom
of two nt efements in the periodic table. 2T
- - \
(a) Whatis the number of electrons and [ o i
neutrons in Figure 1’s atom? "\\ =4 /
What is the name of the element? R /
(b) What is the number of electrons and e
neutrons in Figure 2’s atom? Figure 1

What is the name of the element?
What is meant by isotopes? (You should refer to subatomic particles in your

Draw the electron configuration diagrams for an atom of each of the followir

9 31 39
Be P K

beryllium =h sE Tuss potassiur
4 9 . 19

e

. AL\ A0 .
Write down each electr~ ﬁt; station from Q7 in number format.
4 / -

=]

What lid ‘eAtists use to arrange elements in early periodic tables?

Complete the sentence.

Mendeleev overcame the problem associated with the early periodic table by
had not yet been discovered.

State one similarity and one difference in the electronic structure of potassiu
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1.3 Groups, properties and trends

Background information

Metals and non-metals

1 2 - 3 a
@ , ir B 2] (21)
i 4 ;
Y
fydre, 4
K r
e . ) = :

6.3 2.0 | relati il i g~ 10E 120
Li Be - esmigls | B [
lithiurs Benglium ~ / - (e ©raan
3 4 4 b prowdn) number 5 6
— e L — = EE 7517

e w ow m m ® g gy gy | ML
magn gy T - anvmnipir f lean
1 11 12
0.1 aso 479 50.9 520 549 558 B 587 53.5 65.1 97 2l
e | Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn Ga Ga
posassium | celdum | scandium | otanium | vansdium | chromam | manganess [ cotalt Ricks! coppar T Thm | e aniun
19 20 21 22 23 24 25 26 27 28 29 30 31 3z
B5.5 BTE X Lz 925 SEL [E3)] 10LL | 128 106 1078 | 1124 | 11a8 | 1147
Ab Sr Y Zr Nk o Te Ru Rh Fd Ar cd In Sn
npdum | steatur | ytum | sreenum | nomwm |l tachnebiury | ritsram | modum pallidim Slvar Sdrum | mdum in
a7 4 =R 59 4n a1 az as 2z 25 26 47 42 ag =
1475 | l#e3 | 1380 | L/E5 | 1809 | 1838 | 1n2 | 1902 | 1d22 1051 1540 | 200e | 2oad | 202
Cs Ea La™* Hf Ta W Re [»}] Ir Pt Au He Tl Pk
Cas@um bamur | tantrarem | hammer | tavtawen | tngeen | rhenwm | osmiaw rOUT gatinem o martury | Aratiur ad
meta IS 55 56 57 7 75 74 75 7 77 ¥ T3 RN &1 RS
[Zza] | [2ze] | (22 | 12671 | [2e8] | (2711 | [/ | [=/d] | (/8]  [231 [Z=0] | [2=5] | [281] | [2&d]
Fr Ra AcHH* Ri Db 5 Bh Hs Mt Ds Rg Cn Lut® Fl
fancem | rodum | azivem fwthedseic| cobnism |seacargiem | bavioe | hewiam | meEneriur cormiedtivm recrtgzyum| soozmizum | srueeren® | ferovium ||
BT BE 53 104 105 108 107 103 118 110 L 112 113 114

Metals react to form positive ions. Non-metals react with metals to form negativ

Group 1: alkali metals

Physical properties

e soft .

e |ow melting points — melting points decrease ; £ iw/a _jﬁe grou p*
* |ow densities

d / ’
Chemical properties W
H
Li Group 1: 1 outer shell electron
Na increasing
K reactivity — .

: @ @ @
Fr

Group 1 metals react by forming positive ions with a +1 charge. They lose their si

© — @

e L
Liatem 7 )~ Liion (Li*)
% i 3 o (full outer shell = sta
" 55 r 1 /
Reactions with oxygen  * ~/ .

Alkali metay
is seen and

| metal | + | oxygen -
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Worked example — chemical equation

| 2M | + | 1/20, | = N

Exam tip: Insert any group 1 metal name or symbol into the above equations. §

metal, e.g. M — Na (sodium). e B
R B
> = 4
Flame tests =t r/- s
Alkali metals also burn in ~ / - {rj).aduce different coloured flames,
e - E _
group 1 metal fla
- Li
Na
K

Reactions with water
Alkali metals react vigorously with cold water to produce metal hydroxide and hy

Worked example — word equation

| metal | + | water | & | metal hydrg

v + 2H,0 | Y 2MOH

%

- -
| Exam tip: Substitute th--5 - i " inthe above equations for any group 1 meta

)
Observatio@. o
_/

metal add H:0O add
Li fizzes steadily (H2 gas produced);
slowly becomes smaller and eventually disappears
fizzes rapidly and forms a ball;
Na . i
quickly becomes smaller and disappears
fizzes violently; sparks;
K ) . . .
disappears rapidly with small explosion

Exam tip: You will be expected to describe the observations. The key describing
bold in the table.

Reactions with chlorine o {{ J e
Alkali metals react vigorously with chlori- <1 rocuce chlorides (white solids). Tl

to form colourless solutions. Thr . % v /become more vigorous going down t|

A4 L o

TR ord equation
* - + ‘ chlorine -

| Exam tip: Note the change in the ending of the halogen name from ine to ide.

How to Pass GCSE AQA Combined Science: Chemistry Paper 1 Page 9 of 64
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| 2M | + | Cl, >

| Exam tip: Insert any group 1 metal in place of M into the = yve equations.

= 7
—

Explaining the trend in reactivity > v

Atoms lose their 1 outer electrop o0 -_positively charged ion. Going down g
e  atoms become larse v E o )

®  outer g n. - ;..er’frém nucleus

e force o@@;tiﬁﬁ between nucleus and outermost electron decreases

. electron®s easier to lose.

& -

| Exam tip: Remember the observations; you can find clips of the reactions to wat

Group 7 — halogens (non-metals)

Physical properties

e  exist as simple molecules Cl3, Bry, |3

° increase? in molecular mass going down the group‘

*  melting point and boiling point increasefgoing down the group‘

element colour
chlorine (Cl3) greer.
bromine (Br;) l"'r W A-r.d
iodine(l.) pcrrple
iy
W—a\\ " Al
Exam tip: Note the ch1 WA s /gomg down the group. Mass |2 >Bra>Clo. H
higher boig ad 2 pomts as they have stronger intermolecular forces. |
overcome

) tr‘iese forces.

Chemical properties

F

a Group 7: 7 outer shell electrons

Br Increasing

| reactivity NN AN
2 ... r’"_-\-. ' 4| -‘ N & -\‘.

At % (D Fox I\._FI,/I. r .‘. (\._?1/" .’. .o*.' \

Group 7 halogens react by forming negative ions with a-1 - rge. They gain a sif

- ¥ B
- and 4o °
* 7 °
ol 2 L «?
~
)
g L _i):”, o090 Cl')ooe
S "
o o ﬁ
- = ‘: ® -

@ Cl atom Clion (CID)

full outer shell = stabli

How to Pass GCSE AQA Combined Science: Chemistry Paper 1 Page 10 of 64
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Reaction with metals
The halogens react with metals to produce ionic salts.

Worked example — word equation

‘ metal ‘ + ‘ chlorine , | 2

a\ &

-

f——
Exam tip: You can replace the word ‘chl;‘fi RRTTR ‘j,my’ﬁalogen and the word ‘m
from the periodic table and the A ‘v tan'is the same.

P St *

L

Worked ~ —~uiid9temical equation

The chemica quations vary depending on the metal used. Reactions with group

the group 1 section. The equation for the reaction with a group 2 metal is shown

\ Me \ + | Cly | >

Exam tip: You can replace Me with any group 2 metal symbol and the equation
chemical equation is different than for a group 1 metal. The reason why will bec
bonding in Chapter 2.

Reaction with non-metals
When a halogen reacts with hydrogen a hydrogen halide is produced.

Worked example — word equation .'

-~

s ‘
| hydrogen ‘ + = F_Zr%ine | -

- |
o '

Hz ‘ + [ Br: | -

All hydrogen halides are gases at room temperature and they dissolve in water ta

Displacement reactions
A more reactive halogen can displace a less reactive halogen from solutions of it

Worked example 1 —- word equation

chlorine + potassium ‘ ey potassiumm
. N B .
bromide L‘;' Js chloride
Worked example 2 @ Aﬂ',‘ al equation
-
. & =
Br, A5 \ 2KI \ > | 2kBr |

Exam tip: Remember reactivity decreases down the group (Cl > Br > |). Chloring
iodide. Bromine will displace an iodide. The name endings change.
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Explaining the trend in reactivity

Atoms gain 1 outer electron to form a negatively charged ion. Going down group
¢ atoms become larger

e outer electron is further from nucleus

e force of attraction between nucleus and outermost electron decreases

e electron is harder to gain.

Exam tip: The explanations for trend in reactivit 7ot '+ up 1 and group 7 are ver
electron and group 7 gain 1 electron  Fug, _tom{lose electrons more easily ai
electrons for the exact same = suh | s

‘,-

Group 0- e, ;_&:s(hon-metal)

Physical prd s

e exist as single atoms

e |ow boiling points — boiling points increase fgoing down group‘

Chemical properties

He

Ne inert (unreactive)

Ar full outer shell (2 (He) or 8 electrons)
K stable electron configuration

Xe

M%\

Lithium, sodium and potassium are gro-l: 1. i’er;‘ _{s” What is the name give

-~

2. Lithium reacts with water to .-< \ .~ "ddum hydroxide and hydrogen. Copy
equation forthisrea=t'~ )~~~
> i L F H.0 2> ... LIOH +
3. Group __/Is élf react with water. Compare what is seen when lithium rea

reacts wicn water.

4, Sodium reacts with chlorine to produce sodium chloride.
(a) Write a word equation for this reaction.
(b) Describe what happens when a lithium atom reacts with a chlorine atofn
transfer in your answer.

5. An atom of chlorine is represented as 35C1
(a) Determine the number of protons and the number of neutrons in one al

As well as i?CI, chlorine atoms can be of the form 3.Cl COPYRIGHT
(b) What is the name given to these different atoms of chlorine? PROTECTED
6. Which types of element react when Mg reacts with "I/:
7. The halogens Cl, Br; and I, all react with .ilv T’/ Acn halogen is the least re
Explain your answer. =t r ) ) S 3
8. Givetwo trendsint*; '-"'-.."L‘ - properties of the halogens. |9
ts }_t.f‘pétésgium iodide solution. 09

Education

(b) What is the name of this type of reaction?

10. (a) What is the name of the group that contains neon?
(b) What is the electronic structure of a neon atom?
(c) Explain why no products are formed when neon is burned in oxygen.

How to Pass GCSE AQA Combined Science: Chemistry Paper 1 Page 12 of 64



Checklist: Atomic structure and the periodic t:

| can...

understand the difference between an atom, an element, a compound and a mi

use the names and symbols of the first 20 elements i~ + - . ‘riodic table (H to C:

~ = 5

= i\ T )
know the names and formulae of some -~ ci.zmical compounds

ot '\ '\
write word equations feor ). i~ pechemical reactions

balance s 2q\ = 2luhs for some simple chemical reactions

2
describe how to separate simple mixtures

understand how scientific models and theories develop over time

describe the scattering experiment and draw conclusions from the results

describe the difference between the plum pudding model and the nuclear mode

locate elements in the periodic table

calculate the number of protons, neutrons and electrons in an atom

describe the atomic structure of an atom in terms of its protons, neutrons and &

represent the electronic structure of elements in the periodic table in both numl
and diagrams

" J
~ L e

describe the steps in the development of t' = 7e fn/'uh cable

balance simple chemical equatic s 5 .réactions of group 1 (alkali metals) an

elements B Y A A e
explain hcg pt v ogroperties of group 1 (alkali metals), group 7 (halogens
gases) ele lepend on the outer shell electrons

explain how*tne chemical properties of group 1 (alkali metals), group 7 (halogen
gases) elements depend on the outer shell electrons

describe what will be observed when the first three group 1 (alkali metals) elem
oxygen, chlorine and water

describe the nature of the compounds formed when group 7 (halogens) elemen!
and non-metals

predict properties of group 1 (alkali metals), group 7 (halogens) and group 0 (nal
trends down the group

COPYRIGHT
PROTECTED

) o - 09
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Chapter 2: Structure and |

There are three types of strong chemical bonds:

. ionic
e covalent
¢  metallic )

RS

Formed bet _/Iefals and non-metals.

2.1 Ionic bondjr '’

& =

group 1 group 7 N
metal atom non-metal atom pos|

Note the transfer of 1 electron from the outer shell of a gr~ |1 atom to the oute
Both ions now have a stable electron configuratic=, m  foup 1ion will have 0 ¢
(sometimes shown as 2 or 8 depending on t ~ e =1 1ﬁfetal). The group 7 ion w
outer shell, e\l )%™

Worked example

group 2 grogeill )5
metal atom = AL “atom
0 .»"J P e L
Note the tracgm 0. . > junsfrom the outer shell of a group 2 atom to the out

' 'at.‘e'e'iectron configuration. The group 2 ion will have 0 electr
shown as 2 @ epending on the group 2 metal). The group 6 ion will have 8 ele

Exam tip: The metal atom will always lose electrons and form a positive charget
always gain these electrons and form a negative charged ion. The number of el
equivalent to the charge on the ion.
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lonic compounds

e giant structure of oppositely charged ions

* ions held by strong electrostatic forces of attraction which act in all directioi
¢  high melting and boiling points — large amounts of energy required to break
¢ do not conduct electricity when solid because ions are fixed

¢  conduct electricity when molten or aqueous because iors are mobile

lonic models & -

space-filling ball and stick

Representing ionic structure using models has advantages but it also has limitatio

model advantage li

. clearly shows the arrangement of no information abg
space-filling ; ;

ions in one layer does not sh

shows arrangement of ions in a no information abo

ball and stick larger section of the crystal than sticks for b

space-filling model =0 hows free space bel

dot and cross shows transfer of eleri <0/ § *j /] = does not show ho

-

i

Exam tip: You will be ex~¢ 2 g/euogni_se models of ionic compounds. The pe
The negativzgmni. . > _henon-metal. To work out the empirical formula cc
's cquivalent to Na;Cl; (NaCl).

| =
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Quick check 21853

1. The diagram shows a dot and cross diagram for potassium fluoride.

i oe L

~a% 3 "

. 7 p /AL . |—q~3

What type of bonding * >} /;’;,:: A po'éls;ium fluoride? IJEM'E,‘

)]
2. Compi@ g5 (@) — (f) in the paragraph below. Use words from the box.

strong melting molten attraction mobile

Beryllium oxide forms a (a) structure of oppositely charged ions (ionic lattice) —
(c). It has a high (d) point and conducts electricity when in (e} state due to (f} O

3. Describe how a calcium atom and a sulfur atom would react to form calcium st ="
structure of each atom and the electronic structure and charges of any ions ”ﬁ’
A

4. Calcium reacts with bromine to produce calcium bromide. Copy and complée
from this reaction. ~~

VAL RO O

‘. .. - -TJ

. ;f

5. %
COPYRIGHT
6. Solid ionic compounds do not conduct electricity. PROTECTED

(a) Explain why. N
(b) How can you make an ionic compound r .4 ic Jecricity?
(c) Explain how this makes the ion’- = - ho.d conduct electricity.

5 -

“adl 7~

A7 /; ~ s I9
\ 3 0t ag
Education
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2.2 Covalent bonding

Generally formed between non-metals.

non-metal atom non-metal atom

Note the sharing of 2 electrons to form the covalent bond. This bond is represen
outer electron shells. One electron is from the outer shell of hydrogen (dot) and |
shell of chlorine (cross). Both atoms now have a stable electron configuration an

Background information

Dot and cross diagrams for small covalent molecules

How to Pass GCSE AQA Combined Science: Chemistry Paper 1
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4 g H 2 hydrog a1« *e_hsreact to forma
: dgynicien iolecule, H, EX
o @A \ ) - Ne
/s J Chlorine cht
‘ 4 /Cl 5 2 chlorine atoms react to form a
\, / ; chlorine molecule, Cl; In
" % at|
o S ;‘ co
/ /&) Oxygen
\ O L_; ) O | 2 oxygen atoms react to form an Th
oxygen molecule, O, (g1
W o h |
o T~ R fal
S ad N
/ /B Nitrogen (& COPYRIGHT
' x| i tri
. N e ) N ;I 2ln|trogen atoms react to form a PROTECTED
\9/ ./ nitrogen molecule, N,
\._ B e \,_“ o » ;
;o= -,
2 >4 4
"l v~ .
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Hydrogen chloride
e 1 hydrogen atom reacts with Exam tip
1 chlorine atom to form a These ar:
_ hydrogen chloride molecule, HCl | and cros:
different
Water Nl bond to ¢
2 hydrogen atem -, A\ ith
“ ﬂ 1 oxyse~ <*0.1 t5 [ofm a water Clisingr
WP\ complee
/»\ N - ) A formsas
- Ammopa . Oisin gn
3 hydrogen atoms react with complett
1 nitrogen atom to form an formps -
ammonia molecule, NH3
N is in gri
complete
formsas
Methane
4 hydrogen atoms react with Cisin gft
1 carbon atom to form a methane compleft
molecule, CH; ornsall
Exam tip: You will be expected to complete dot and cross . fams for the molecul
expected to draw outer shell electrons. If the ator s 6¢ _jéd <o H atom(s) you will
1 dot and 1 cross in the crossover of the ="~ L _disfor every H atom and do n
the H atom. You can now draw €'~ © 4, i e other atom to make the number (

e

vV T

Covalent

r
x®
. . X 9 °
HE N % G B
“

s
H—i}'l—H
H

dot and cross displayed formul:
(with circles) (2D)

X
H

dot and cross
(without circles)

As for ionic structures, representing covalent structures using models has advantz

model advantage
dot and shows sharing of electrons .
.g &)\ ¢ does not show |
Cross shows lone pairs of elact orfe. ) =
2D ] - v
: shows that the atr2 =« ~ aaectted via bonds
displayed o = " does not show |
shon - 4 _iwuble, triple bonds
formula _ alSy =
3D ball ar | 2wshow the atoms are connected no information |
ctick @shows how atoms are arranged in space sticks f¢
il shows the angles between bonds shows gaps bet!

Exam tip: You will be expected to recognise models of covalent compounds. To
formula count the number of each atom, e.g. N;Hs = NH3
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Giant covalent structures: examples

diamond Y ¢ \ ] graphite
r 4 / =

1| 3 € are same structure.

"] the atoms are carbon and there is an extensive network of bg
Each carbon atom is bonded to 4 other carbon atoms.

® |Insilica the atoms are silicon and oxygen. Oxygen is the smaller atom. Each
oxygen atoms in an extensive network. Each oxygen atom is bonded to 2 silil

Polymers: examples
Polymers are long-chain covalent molecules.

H\ XH
C=C HHHHHHH
5 HHEd
HHHHHHH
ethene polyethene repe
monomer polymer 1

(small molecule) (long-chain r lecule)

J
- -~
J

r J - i
Many small ethene monomers will join to fc v ti > * tiymer. The double bond br
with a second monomer. This har=_« iN”/-l wuously and a long chain is formed.

A2\ ot

I Exam tip: Vog@o ! . ' 70 draw polymers, just recognise the structures.

o

Covalent cor®®®unds
® share electrons
®  can be small or giant or long-chain molecules (polymers)

molecule size small giant

state gas or liquid solid

melting a['ld boiling it high
point

forces/bond broken weak intermolecular forces | strong covalent bonds

energy needed to

break bond/force low high

= '.-L

do not condict ¢ / A~
zeror. ‘fe | o ged

-x 5

T a.tictes

conduction of
electricity
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Structure and bonding of carbon
Carbon has four different covalent structures.

Carbon

Diamond

% )

b B |

‘@

3!

~ ~

Giant covalent

side view

Each C atom bonds
to 4 other C atoms

Layers of
hexagonal rings

Graphene

top view

Each C atom bonds
to 3 other C atoms to

Single layer of
graphite

Fullerenes — based on hexagonal rings.

Cao

Exam tip: You will be -

-

Each C atom bond!

3 other C atom:

.

)
.3'4-:
g = )
ot *®
A,
»

€ ae » ‘L, vecognise the structure and bonding in these g

them to th Dp i

—F

Exam tip: Notathe ' x,

physical property
carbon structure
general melting point electrical ct
high — giant structure
. hard - strong Eh—8 no — zero
diamond strong covalent bond
covalent bonds charged p
broken
soft/slippery — low — weak
. / Pp Y ; yes — delo
graphite layers slide over intermolecular forces .
mobile el¢
each other between layers
strong — strong High — strong covalent yes — delo
raphene
Brep covalent bonds bonds broken mobile el¢
hollow shape, ~{ yes — nanotL
fullerene e.g. tubes, balls, @ * Ad delocalised
cages et electh

. 4

, Ze -1 the melting point of graphite. Melting points ai
e g
an, - au'are low if intermolecular forces (between molecules/lal
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(Quick check 22 RSN

1.

2

The diagram on the right shows a model of a nitrogen molecule. N =
What do the lines between the atoms represent? |
(a) Copy and complete the dot and cross (b) The diagram bel
diagram on the right for a molecule of water. . of a water moleg
Show only the electrons in the outer she’.ct © ) = Give one limital

4 model of water ¢

¢

(c) Give one limitation of using the dot and cross model of water over the b

A

Give the molecular formula of the molecule below.

hydrogen atom ]

-

-

Sulfur is below oxygen in the periodic table.

(a) What type of bonding is present in molecules of sulfur?

(b) Deduce the dot and cross diagram for a molecule of sulfur, So. Show only

(c) Complete the sentences by choosing the correct.», lon of the words in |
The boiling point of sulfur is (a) low/high 7 is ) secause sulfur contains
between its molecules. g J

-
r

J =
¥ . -
The diagram below sh¢ - j v >iadcture of Ceo.

Lo )L
m"@;o .~ 7 Select the correct answer. Cepis...
L2 = £ S PRI ; ;
ot 3o Tt b ‘ giant ionic graphite metallic
<
el

Graphene is a single layer of graphite.

What type of bonding is present between the carbon atoms in graphene?

Complete the sentences.

The atoms in a polymer molecule are held tor i 2t '; (a, bonds. The polyme
forces. When a polymer melts or boil= ((. - e ofoken.

55 r 4 /

Complete the sentenr~. =0, =~
‘.7 rbon atom forms bonds with (i) other carbon atoms.

(c) Suggé;{ why graphite can be used as a lubricant.

Complete the sentences.
The structure of a fullerene is based on (a). The fullerene molecule is made fr
One use of the fullerene molecule is (c).
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2.3 Metallic bonding

Background information

Giant structures of metal atoms arranged in a regular pattern.

Electrons in outer shell of each atom delocalise and mov-*, bHughout structure.

7

A 2w @ ©
delocalised (mobile} [~ ) =~ ‘ . . . .
electrorg ) 5 = ® ® ®
- 0000

©_©_6©_6©_6o_6
©

properties
good electrical conductors delocalised electronsy
cart
delocalised electrons «
good thermal conductors
transf
. . - . strong met
high melting and boiling points i\ highf
bent and shaped easily = )%
~ A=A
Alloys s (™ \ Sl
Mixtures of twa or o s e A s ~ at least one is a metal.
Metals are |t Jwxe them harder.
—J
- pure metal
S @ ®
@ _ & & 6 _6e _ e
® _ & _ & & _0 o
® & _6_¢©
@ @ ®@ & @ >
atoms arranged in layers, \ o™ ] atoms ¢
layers canslide ~cs y - i layers distd
A\ harde|

1. Explain how alloying a metal improves its properties. Draw diagrams to help
2. Explain why a copper alloy is harder than pure copper metal.
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2.4 Bonding, structure and properti

Background information

The three states of matter are:

e solid
e liquid oo )
® pgas AN

4
-

These three states of matter ¢ 2 -ht';-:. Al |ée"depending on the amount of energy

-4

@ = energy supplied

melting
. el ——
eoeeees S
freezing condensi

solid liquid

energy remn .
The amount of energy required for - 4! ;t=/1 eto change state depends on the st

the particles. R\ ¥ Lk

-

' Exam tip:@?&ha Eoiling points
4

type of compound | forceis between what is broken strong
- . electrostatic attraction
ionic ions . stry
(ionic bond)
small covalent molecules intermolecular forces Wi
giant covalent atoms covalent bond stri
metals atoms metallic bond str|

The odd one out is the small covalent molecules. To melt or boil these moleculs
between molecules. These are weak and require low amounts of energy. To m
bonds between atoms/ions are broken. These are stre:.° . id require high amo

r 4

A

State symbols el / \ Sl
In chemical equation- t .« “ & _states of matter are shown as (s), (1) and (g). You
means that zace is dissolved in water and is therefore an aqueous soluti

=

Exam tip: Note the brackets and small letters used as opposed to capitals. We \
chapters. Water is always H,0(l).
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Quick check 24 S

1. Copyand complete the chemical equation using state symbols. Sodium met:
solution of sodium hydroxide and hydrogen gas.

Na(....) + H.0(....) —_— NaOH(....)

pe S

2. A gaseous molecule is cooled to form a licuir ’df}. "~ Jun experiment. Name tl

3. The melting point of lithium is 180 °C. What is the state of lithium at 150 °C?

4. (a) Whatisthe general term used for the letter(s) given in brackets in an eqg
or compound?
(b) What does (ag) mean?

Checklist: Structure and bonding

| can...

name the three types of strong chemical bonds

__ g

explain ionic bonding in terms of transfer cf ¢ 'ec "rr/'._,xbr’mation of ions and stft
= l,-'_ -y —

complete dot and cross diagr=r 510 ‘¢ 5. sent ionic compounds and some small

' v -

deduce thatggamy '~ sionic or covalent from a diagram of its structure

describe tt ______,fati'ons of using dot and cross, ball and stick and space-filling mg
jonic compounds and covalent compounds

work out the empirical formula of an ionic compound from a model or diagram

explain covalent bonding in terms of sharing of electrons and formation of strong

work out the molecular formula of a covalent compound from a model or diagra

explain metallic bonding in terms of giant structure of atoms, arranged in regula
delocalised electrons moving throughout structure

COPYRIGHT
recognise metals and alloys from diagrams PROTECTED

compare physical properties of metals and alloys in term< * structure and bond|
r 4 ’1_,.
state and explain the physical properties of ic nic ér{;. Jvalent (small and giant) ¢
in terms of their structure and bon-’, 3 7 '

= s

-

explain changes of sta*¢ « "4 "*;, m’e'nérgy transfer and types of bonding |9

Ly~
recognise lu.e appropriate state symbols in chemical equations 09

Education

recognise dirterent structures of carbon from diagrams or descriptions

explain the properties of the different structures of carbon in terms of their strui

give examples of the uses of different structures of carbon based on their propé!
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Chapter 3: Quantitative c!

3.1 Balanced equations and conser:

Background information P

Chemical equations provide a way of represer*in ‘ch. ~_cdl reactions and commt
4

'/.z-

— SR
L\: I~ &en + oxygen

Word equation

—p
Symbol eque®®n
IETT ——

Symbol equations must be balanced in terms of the number of atoms of each elel
the equation. This is due to the law of conservation of mass.

Left Right
atom (reactants) number atom (product
H 4 H
0 2 0

The law of conservation of mass states that no atoms -~ = *_s. 2r made during a ch
r - /, -

(s L _oducts = mass of reactants

= —_—
=4

e .true when gases are produced as the gas may escapt

o

This rule cang

24 g of magnesium reacted with 71 g of chlorine to produce magnesium chloride.
chloride was produced?

Mass produced=71+24=95g

Quick check 31 ESY

1. Potassium reacts with water to produce potassium hydroxide and hydrogen.
Copy and balance the equation for this reactlon

-

= K |+ = —>| 2KOH

,..f

2. 4.1 g of potassium 4 4 .fj’__‘... -rluorme to produce 9.6 g of potassium fluoridi

AU
3. Solid calfum  carbonate (CaCO3) decomposes to produce calcium oxide solid

(CO3). 100 g of calcium carbonate was heated during an experiment and 56 g
(a) Why is the mass of calcium oxide less than the mass of calcium carbonal
(b) What mass of carbon dioxide is formed?
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3.2 Relative atomic mass (A))

Background information

A: = the average mass of atoms of an element that takes into account thi

This can be found using the periodic table (the number al. s the element).

—

Worked examples g
r F __/ i
% 16
)8 0
/ oxygen
g
Relative atomic mass (A:): 12 16

The mass numbers and percentage abundance of two isotopes of Cl are shown.

mass humber percentage abund;
35 @ 75
37 ~ )Y 25
Ry =

\ 5. il (35 x75) +(37 x25)=35.5¢
| WD 100

As you can see from the worked example, mass number will always be a whole nu
number — it depends on the percentage abundance of each isotope.

Quick check 32 ESN

1. The mass numbers and percentage abundance of three isotopes of oxygen al

mass number percentage abund;
15 P 15
16 =)%Y * 50
17 ool 7 35
55 r 4 / =

Calculate the relat & '_j_"“ .wrass of oxygen.
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3.3 Relative formula mass (IM,)

Background information

M, = the sum of the relative atomic masses of the atoms in the number

Y,
Calculate the relative formula mass of 7 Cu, =
= e e —
1 2"
A:Cu=635,C=12 Q455§ >
__‘/ M, =635+12+(3x16)=123.5¢g

The percentage by mass of an element in a compound is found using the followiny

relative atomic mass X number of atoms x 10
relative formula mass

Magnesium reacts with chlorine to produce magnesium chloride, MgCl,. Calculat
magnesium in magnesium chloride.

A of Mg =24, M, of MgCl, =95 'd P )

=

: 4
F71/ 24x1 x100=25.3%
A°d Al 95

1. Calculate the relative formula mass of MgS0,.
A:Mg=24,5=32,0=16

2. The relative formula mass of XCO3is 123.5

Relative atomic masses A;: C=12,0=16

(a) Calculate the relative atomic mass of X COPYRIGHT
(b) Name X PROTECTED

3. Magnesium reacts with oxygen to produce magne<it - )« tide, MgO. Calculate

P

oxygen in magnesium oxide (A: O =16, M: T.gC = Ly
"

r -
g P

aEls’® ig

e h
Education

How to Pass GCSE AQA Combined Science: Chemistry Paper 1 Page 27 of 64



3.4 Chemical measurements

Background information

Whenever a measurement is made, there is always some uncertainty in the resul|

The uncertainty in a set of measurements is + half the ra~_ -

A

Athermometer with a mark every 1.0°Cha. ~ u - _,ndfﬁt\'y' of 0.5 °C.

A measuring cylinder with 2 ~, ~ ‘@2 y-1.0 cm® has an uncertainty of £ 0.5 em®.

4 :

f & 5 ‘L o measurements is the average of all the numbers.

mean = sum of all measurements
number of measurements

The range of a set of measurements is defined as

range = biggest measurement — smallest measurem

Calculate the mean volume and the uncertainty for the experiment below.

experiment 1 2 | 3

volume (cm?) 25.5 24.0 o f W % 240

7

Mo [T J ¢ 24.0 +24.0 + 26.0 + 23.0 = 24.5 cm
Y oAy -

@ '\ I Range = 26.0 —23.0=3.0 cm?

Uncertainty =3.0=1.5cm?
2

Final answer =24.5cm®*+ 1.5 cm?

Quick check 34 RSN

1. Table 1shows the results of three experiments when solid calcium carbonat¢
calcium oxide solid and carbon dioxide gas.

-

m-s. o Ea"';_irizn oxide produced (g)
2 3
55.4 56.1

'

| @
.-"i‘;"-‘
" 4

< A

Table 1

(a) What is the mean value?
(b) Calculate the uncertainty in the range of measurements.
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3.5 Concentration of solutions

Background information

The concentration of a solution can be measured in mass per given volume, e.g. g

< \\
4 el

@ Diluted < » Concentr:

The more concentrated the solution, the more grams of solute that are dissolved

Worked example

A copper sulfate solution consists of 500 g/dm? of CuSQ, dissolved in 1 dm? of w
Calculate the mass of solid copper sulfate used in 50 cm? of the solution.
(NOTE 1 dm? = 1000 cm3) 500 g in 1000 cm?

We have 50 cm? of solution, therefore we must divide the original 1000 cm? by £

1000 =20

50
50 cm? is 1/20 of 1000 cm?, therefore we need t ,w ©t & “e 1/20 of the original &

/ S

s o 500=25g
Gl »8° 20
- - ‘,“ 7

' Exam tip: _e;_‘a;'n '{;du may be expected to rearrange an equation to calculz
familiar wiNG### to rearrange an equation. You may also be given information

the exam, e.g. gold (Au). The numbers may be different but the calculations foll|
are allowed a calculator.

Quick check 35 RSN

1. A copper chloride solution contains 6 g of copper chloride in 200 cm? of solut
copper chloride in 50 cm? of this solution.

Checklist: Quantitative chemistry

I can...

balance chemical symbol equations gy =
— = b =

calculate the reacting masses in /X « “nent

calculate the relativa . % /1 _ssof an element when given the percentage abu

calculate ¢ tiv2formula mass of a compound

calculate th'®3ercentage by mass of an element in a compound when given the /

calculate the mean and uncertainty when given the values in an experiment

explain the changes in mass in an experiment

calculate the mass of a solute in a given volume of solution of known concentrat
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Chapter 4: Chemical chb

4.1 Reactivity of metals

Background information ,

Oxidation C ot
Metals react with oxygen to producr . < 7@ . 1wes. In this reaction the metal gain

J

Word equatior

—

Reduction — extraction of metals using carbon
Most metals are found in Earth’s crust combined with other elements such as oxy
contains enough of the metal compound to make it worthwhile extracting.

If a metal is less reactive than carbon (see below), it can be extracted from its ore

Word equation
metaloxide |+ —_—

In this reaction, carbon is oxidised as it gains oxygen from the metal oxide. The n
loses oxygen.

The reactivity series oY A
Metals can be arranged in order of th2'r 7e. . y. ty. The reactivity of a metal is reli
positive ions. T oA\ hud

=
- 4

@ o reaction with wate (at reaction with dilute ac
* room temperature)
potassium very violent very violent
sodium violent very violent
lithium less violent violent
calcium fast rapid
magnesium slow rapid
carbon
zinc no reaction slow
iron no reaction slow
hydrogen
copper no reaction no reaction

Carbon and hydrogen are not metals but are inclu .« in ;. e reactivity series. Me
reactivity series do not react with water -* - m . _perature. Metals below hyt
not react with dilute acids. =\ J>"

@~
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Worked example

172 dbis of gas
" 4

— Metal sample
U i
D

Place the metals in order of their reactivity from most reactive to least reactive.

Answer: B, A, D, C

Exam tip: You will be expected to recall and describe the reactions of the above
dilute acid. When a reaction takes place, a gas (hydrogen) is given off; therefore
You will also be expected to place these metals in order of reactivity. Use amne
reactivity of the metals, e.g. people say little children must change zebras into b

Reaction of metal with water

Word equation =4
>
metal + Wt ] e —- metal hydroxide
| | _ voe\ )% y
M

AZ A i
In this reac@. L' v joxide is formed. Metal hydroxides are alkaline (see b

-
-

Reaction c&®ctal with dilute acid

Word equation
+ | acid ‘ e———/ metal salt

This reaction produces a metal salt which is neutral. A metal chloride is producet
Sulfuric acid would produce a metal sulfate and nitric acid would produce a meta

In both reactions (water and dilute acid), hydrogen gas is produced and therefore
The more reactive the metal, the more violent the bubbling.

Worked example 0%
Calcium sulfate can be produced by reaction kv éé;. = ./utid with a metal. Namg¢
produce calcium sulfate. s @ Y
o Js
Acid: Sulfuric arid — =i - -}és.:'fon{the sulfate.
Metal: Calc rhe |, accal is always the first word of the metal salt.
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Displacement reactions
We can deduce the order of reactivity of metals based on the results of displacem
metal can displace a less reactive metal from its compounds.

Worked example

Three metals, X, Y and Z, were added to separate solu.. - .01 zinc chloride, and th

change measured. g =

metal P\ T X Y

temperaturgghar ;v S : - 9 no change
Use the reaﬁ%«%eries to suggest identities for metal X, Y and Z. Give a reason f
Answer: Metals Z and X both displace zinc from the zinc chloride solution and the

reactivity series. Metal Z has the biggest temperature change and therefore must
the reactivity series. Metal Z could be lithium and Metal X could be magnesium.

Metal Y does not displace zinc from the zinc sulfate solution and therefore must b
series. Metal Y: iron or copper.

Exam tip: The key to answering questions about displacement reactions is to krit
the reactivity series. Metals above the metal contained in the solution will disp!
will take place causing a temperature change. The more reactive the metal, the
change. Metals below the metal contained in the solution will not displace it, ai
occur. Highlight the metal contained in the solution 3'1{-/'1\ 1 use your mnemor
series in the correct order. i '

Quick check .1 RS

1. (a) A@eads with zinc to produce zinc nitrate and hydrogen. Which ac
zin\@®ate?

(b) What type of substance is zinc nitrate?

2. Calcium and an unknown metal X were added to separate solutions of zinc st
was recorded.

metal temperati

calcium
X

Suggest the name of metal X.
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4.2 Reactions of acids

Background information

Neutralisation
Acids are neutralised by alkalis/bases to produce a salt and water.

7

Word equation

= e J -
* _ __?"r_ﬂ'l__‘;:./—' 0| — salt
y ) v =

Acids are n@e Vo, aal é-a.l.rbonates to produce salt, water and carbon dio
4 |
Word equati®y
. + +

acid metal carbonate | == salt |:
The pH scale
The pH scale is a measure of the acidity or alkalinity of a solution.

3 | 4 | 5 | 6 7 8 | 9 |1
red orange— yellow green light blue
acidic
most « least | neutral | least

v

The pH scale can be measured using universal in¢ ©€@. -~ 4ird a colour chart or a pk

Acids produce H" ions in aaue fsc'\j} t.)ns/(riH 0-6) and alkalis produce OH™ ions

-

Universal ir@t _];—or’aﬁge/red in acidic solutions, blue/purple in alkaline so

neutral solu

Symbol equation (acid)
—>| Hfaq) | + c
Symbol equation (alkali/base)

— [ NG ] + [of

In neutralisation reactions, the H' ions (from the acid) react with the OH™ ions (fro
water (H;0). The pH of the solution will be approximately 7 (neutral).

r @

Symbol equation /

1" G —_—

"4
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1. The pH of a solution is 9. Some sulfuric acid is added to the solution. Sugges

Answer: pH = 6 (any number below 9 is acceptable as sulfuric acid would mal
hence lowering the pH)

2. Describe a method that could be used to identify which of the solids, A, B or
(NaOH), which is sulfuric acid (H,504) and which is se''c 1 sulfate (Na;S04).

—
==

solid S pH when

A ) - = -
Answe@ =
. Dis®%e solid A in water.

1

2. Add universal indicator into the solution.
3. Record the result.
4
5

Repeat for solids B and C.

i)  Solution A will turn purple - this is sodium hydroxide as it is an alka
ii)  Solution B will turn red - this is sulfuric acid as it is an acid.

iii) Solution C will turn green —this is sodium sulfate as it is a neutral sg

Soluble salts
Soluble salts can be made by reacting acids with metals or metal oxides/hydroxid

Practical activity — Preparation of a pure, dry, soluble salt from an insoluble solit
Dissolve powdered solid in acid in a beaker.

Stir the reaction mixture and continue adding solid until ‘t is in excess.

Filter the mixture to remove excess solid. =

Heat gently in an evaporating dish until czys ﬁls g “‘,m'to appear (saturated),
Leave the saturated solution in ¢ m. . ze Tor a few days.

Dry the crystals between * - rsh\ £l of filter paper.

Ok wWwNR

./

correct or -hioride crystals are made, e.g. copper chloride, then hydrochly
crystals are™ rddé e.g. copper sulfate, sulfuric acid is used. If nitrate crystals are
then nitric acid is used.

[Exam t|p:®l L \_ :,._cfed to recall this method of preparation so make sur¢

Metal + acid usually produces flammable hydrogen gas; therefore we tend to us
hydroxide/carbonate.

W%

Which ion is found in all acids?

2. (a) Givethe colour change when hydrochloric acid is added to a solution of COPYRIGHT
(b) What happens to the pH of a neutral solution when hydrochloric acid is | PROTECTED

3. Which ion in aqueous solution causes alkalinity?

4. When hydrochloric acid is added to sodium b i ixi ;\-fa reaction occurs to p

(a) What type of reaction is this? . e
(b) Name the salt produced ., © J> - 3
(c) Descrlbe how ar | / . >rzan be used to show when all the sodium hyd |9

) Q
5. W ate reacts with sulfuric acid to produce copper sulfate, water : 9
hat would be seen when copper carbonate is added to sulfuric : EdUCO‘tIOﬂ

Plan a method to produce a pure, dry sample of zinc nitrate from an acid and

Universal indicator is added to separate solutions of nitric acid, ammonia ant
Suggest the pH and colour of each solution.
i) Nitric acid solution ii)  Ammonia solution iii)  Ammonium nit
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4.3 Electrolysis

Background information

Liquids and solutions that can conduct electricity are called electrolytes.

lonic compounds that are molten or dissolved in wate~ ( - ) re electrolytes beca
When we pass an electric current throyg 100« 2cu dlyte:
*  positive ions move to the 3 ndc » ncgative electrode)
® negativeionsmrv . { e ,',’Aod/e tpositive electrode)
%) e

lons are dis\ Wi at the electrodes, producing elements. The whole process is |

Exam tip: Use the mnemonic PANIC: positive (is) anode, negative is cathode. Tl
on the electrodes. Remember — opposites attract!

Worked example — molten ionic compounds

power
supply

inert
electrodes

Electrolysis E m’é!ten lead bromide, PbBr:

Split lead bromide into ions — Pb* and Br~

Positive ion will move to the negative electrode (cathode — NIC)
Lead ions are discharged at the cathode, creating lead (Pb)
Negative ion will move to the positive electrode (anode — PA)
Bromide ions are discharged at the anode, creating bromine (Bry)

mpo

LA

Exam tip: Note that at both electrodes the ions lose their charge and become atg COPYRIGHT
pair up to form a bromine molecule as this gives bromine a stable electron config PROTECTED

In aqueous solutions things become slightly more ror " ‘(e as water also splits
r

J =

ions can also be discharged. g =
. .
T T J -
At the cathode (NIC), we ne.y = 1< Che reactivity series of metal to decide whicl I9
metal ion. If tkamct ' s “e reactive than hydrogen, H* is discharged and H, is
\a ag
At the anod\gg#¥ oxygen is produced unless the solution contains halide ions. In EdUCO‘tiOﬂ
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&

* I 4 ¥ h\
inertaedlf0dey B =" |

sodiu
soluti

Electrolysis of aqueous sodium chloride, NaCl

=

Split sodium chloride into ions = Na* and CI-

Recall that solution means dissolved in water (aq); therefore the solution alst
— H*and OH~

Positive ions (Na* and H*) will move to the negative electrode (cathode — NIC
H+ ions will be discharged, creating H,, as sodium is above hydrogen in the re
Negative ions (OH™ and CI") will move to the positive electrode (anode — PA)
Chloride ions are discharged, creating Cl,, as CI"is a hali<2 ion

Lt

o v kW

Exam tip: Key ideas — electrolysis r
The ionic compound mi:=: e o teor dlssolved in water (aq) to ensure it
Molten compo'ii = 7 A (e ions of the compound only.

Solu’g g, ~ _ath both ions from the compound and ions from water,

Use F Yo remember which electrode is positive and which is negative.

Opposites attract.

H; produced if metal is above hydrogen in reactivity series, otherwise met:
Halogen gas produced if halide ion present, otherwise oxygen gas is produ

N Uk W

Electrolysis and extraction of metals
If a metal is above carbon in the reactivity series it can be extracted using electrol

Aluminium is manufactured by electrolysis. A molten mixture of aluminium oxid
Cryolite is added to lower the melting point of aluminium oxide and reduce energ

The electrodes are made from carbon.

1. Split aluminium oxide into ions —AP*and 0>~ .

2. Positive ions, AI**, will move to the negati‘e 'rer "Ae.—’(cathode - NIC)

3.  Al*ions will be discharged, creatingrm

4. Negative ions, 0%, W]|| Mmoo To 10 po/ltlve electrode (anode — PA)

5. Oxideionsare di~ci. s fd, ,reatmg 0;

The positive o electrode must be continually replaced. The oxygen gas prod

reacts with the carbon electrode producing carbon dioxide gas. This increases the

Exam tip: Electrolysis is expensive due to the energy costs involved in heating th
The costs of replacing the carbon electrodes must also be factored in if oxygen ¢
carbon is a preferred method of extraction if the metal is less reactive than carbi
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Quick check 13 &

1. A student investigates the electrolysis of copper chloride solution.
(a) Which gas is produced at the positive electrode?
(b) Which ion is discharged at the negative electrode?

2. Name the products formed at each electrodr wi “Sr*/,a » aqueous solution of pi

undergoes electrolysis. , =
i) Anode Wad\\ o
ii) Cathode A4~
3. Namen _,dubts formed at each electrode when an aqueous solution of &
undergoes electrolysis.
i)  Anode
ii) Cathode

4. Aluminium is produced by the reduction of aluminium oxide.
(a) What is meant by the term reduction?
(b) Why is the anode continuously replaced during this reaction?

Checklist: Chemical changes

| can...

explain oxidation and reduction in terms of loss or g='= * 0. vgen

F

identify substances which are oxidisod s1 ¢ . zea d

¥ = N /

describe the reactionc« . 4 " with water (at room temperature)

v

describe ti /tio'h; of metals with dilute acids

explain how this reactivity is related to the metal’s tendency to form positive ior

deduce an order of reactivity of metal based on experimental results (displacem

evaluate the best method of extraction for a metal from information given

predict the products of neutralisation reactions when given the reactants

describe how to make a pure, dry sample of a soluble salt for information given COPYRIGHT
PROTECTED
describe the use of an indicator to measure the pH of a sol't*jon
r - -/_
use the pH scale to identify acidic or alkalir= ol "tir;a._./ -
4y — j - .
predict the products of the ="~ foy i.-of molten ionic com pounds |9
predict th C 3 D1 e 'électrolysis of aqueous ionic compounds 09

T

explain why a mixture is used as an electrolyte in the extraction of aluminium

Education

explain why the positive electrode must be continuously replaced in the extracti
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Chapter 5: Energy cha

5.1 Exothermic and endothermic re:

Background information ,

Conservation of energy C ot

Energy cannot be created or destrov-.  he , 1ure, energy is conserved during a ¢l
v

Exothermlc reactions t, 1« ¢ _ergy to the surroundings. The temperature of t
A5 céctaons include combustion, oxidation and neutralisatic

L8 i p

Endothermic reactions take in energy from the surroundings. The temperature ¢
An example of an endothermic reaction is thermal decomposition. Sports injury pi

NG d o
¥ A . 3

@ ¥ hara
4 ) 3

| Exam tip: Exothermic energy exits. Endothermic energy enters.

Investigating the variables that affect temperature changes in react
This procedure is identical for the following reactions which we have met in previ
e acid plus metal

e  acid plus carbonates

e neutralisations

e  displacement reactions of metals

- - - - ) A r -
It is also valid for other reactions that involve terr set 1 e changes.

/
>
e

Procedure e J >

1. Place a polystyrene =, - . e ' _/glass beaker to make it stable.
2 © > Adl solution.

3. _ MAMerature.

4, " i g of the metal/carbonate/alkali.

5. Record highest/lowest temperature reached.

6. Repeat

If the temperature increases — exothermic reaction.
If the temperature decreases — endothermic reaction.
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Variables
To ensure an experiment is a fair test we must control all the variables except the

*  Control variables: All the variables we keep the same during the experiment,
* Dependent variable: The variable we are measuring —temperature change.
* Independent variable: The variable we are changing.

Example of variables that you might change di'rir st | r/f..gre'ht experiments:
*  mass of metal/carbonate added Y a5 ) e.g./l gor2g

e surface area of the carbo=1 5, &. . huwder or lumps

e volumeofalkali~cy 4 ¢ e acid, e.g. 25 cm? or 10 cm?

e typeo 2L _,ya'rdchloric acid or sulfuric acid

® typeot @ e.g. zinc oriron

® typeof metal solution, e.g. copper sulfate or zinc nitrate

In all experiments we are trying to determine how changing the independent vari
affects the dependent variable (temperature).

Temperature changes in reacting solutions - displacement reactions
Four different metals were added to separate solutions of copper sulfate. The terr

metal magnesium zinc in
temperature change (°C) +38 +24 +

a) How do the results show the reaction with tt ee :-F/.-:,:e metals is exothermic
g

Answer: The temperatur=.r cré: S s w5 energy is transferred to the surround

4 =

b) How cj en Lo ure experiment is a fair test?
2
Answer: Add the same mass of each metal and use the same amount/volum
Temperature changes in reacting solutions — thermal decomposition
Magnesium carbonate decomposes to produce magnesium oxide and carbon diay

temperature decreases from 27 °Cto 18 °C. Carbon dioxide is released as a gas.

a) What is the temperature change in this reaction?

Answer: 27-18=9 COPYRIGHT
Temperature decreases by -9 °C
PROTECTED
b) What type of reaction is happening when the tempe- . e decreases?
r o ;
Answer: Endothermic > " o
A\~ 4dn

g

Exam tip: Yorgnay [ ° '1«;}. j’a procedure on the exam and asked to improve the
al. 1, tne examiner is looking for you to understand about variat 09

experime. %
Education

dependem G Whdependent variables for the procedure given. Make sure the ¢
amount/volume/mass. Next, decide the most appropriate way to change the in
information given.
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Quick check 5.1 SN

1. The diagram shows a reaction profile for a combustion reaction.

What @reaction is shown in the diagram?

2. State the missing word in the sentence below.
In an exothermic reaction the energy of the reactants is (a) than the energy 6

3. The diagram shows the energy change for a decomposition reaction.

a 3

products

energy

2170 k)

reactants

A J

r & =
 ~eaction progress

-

-

What \ée L;.ergy'value 2170 kJ represent?
_d

4. The reaction between an acid and an alkali is exothermic.

Copy and complete the energy profile diagram for the reaction. Label the atl
energy change of the reaction.

F 3

il COPYRIGHT
. PROTECTED
j/L.-: Al : 9

reaction progress 09
Education
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5.2 Reaction profiles

Background information

Reactions occur when particles collide with sufficient energy.

Activation energy — the minimum amount of energy th~1 - ), ‘cles must have to it
— _,-”' L -
Reaction profiles are used to show the r ac ', . 2nergies of the reactants and prot

the overall energy change of 2“2 ctic1 . 7 -

activation energy

overall ener:

energy

products

v

reaction progress

Note that the energy of the products is less than t", m¢ j y crthe reactants. Ene
reaction and there is a rise in temperatur= < * e. - soundings.

-

— ¥ -

Endothermic reactii~ — -/~

A R
@ : activation energy
_

overal

reactants

A J

reaction progress COPYRIGHT
PROTECTED

Note that the energy of the products is more than the energy of the reactants. Er
reaction and there is a decrease in temperature of the sur. 1dings.

-
il

Education
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I 3

roducts

F 3

reactants

v

reaction progress
a) Which letter represents the activation energy for the reaction?
Answer: A — activation energy is the energy from the reactants to the highes

b) Which letter represents the overall energy change for the reaction?

Answer: B — overall energy change is the energy difference between reactan|

(Quick check 52 RSN 0

-
' g ) =

1. Inareaction between an acid and 2 .« . the cemperature increases. What

when the temperature inczs see? 7/
L) A ™ A
= " - ~ £ B &
2. Astudentgaves”. - < 11echange in temperature when different masses of

3. Name an item that uses:
(a) an exothermic reaction (b) an endothermic

4. A student wants to investigate the reactivity of different metals with nitric ac
(a) Name two variables that must be kept constant.  (b) What is the inde}

5. A metal carbonate takes in energy to break down (decompose).
What type of reaction takes in energy from the surroundings?

Checklist: Energy change

I can... = )
A

distinguish between exothermic and endo*e nr ' zactions based on temperatt
the surroundings 1 -

_ o )\

P "« ~-orexothermic and endothermic reactions

evaluate the uses and a-+ -

ar 1 . s nat affect temperature changes in reacting solutions

Z@¥tion profile diagrams for exothermic and endothermic reaction!

show the activation energy and overall energy change on a reaction profile diags
exothermic and endothermic reactions

use reaction profile diagrams to identify reactions as exothermic or endothermig¢

explain that activation energy is the energy needed for a reaction to occur
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Answers

Chapter 1: Atomic structure and the pe:

Quick check 1.1: Atoms, elements, compounds and mixtures

1. (a) chlorine + potassium bromide - potassium chloz’"< - by imine
(b) hydrochloric acid + sodium hydroxide = sor un. *P/a.-.de'ir water

2. (a) 2Na+Cl, > 2NaCl e

(b) N2+3H; > 2NH; Wad\\ 4

() 2Mg+0:>2Mp5 ) ~ o/~

3. J
_ri‘a";*le formula
water H:0
methane CHa
ammonia NHs
hydrochloric acid HCI
sulfuric acid H:S04
carbon dioxide CO:
4. B

5.  Place the mixture of salt and sand in a beaker, add water. The salt will dissolve. Filte
filter paper. The sand will remain in the filter paper. The salt and water will pass thr
conical flask.

Quick check 1.2: The periodic table

1. Two conclusions:
L] atoms are mostly empty space
e the mass of an atom is concentrated a*i's ¢ ntre ./ ~
v

2
neutron
proton

3.

48 28 16 20

Ti Si (o) Ne

titanium silicon Oxygen neon
22 14 8 10

4. Mg - protons = 12, electrons = 12, neutrons 24— 12 =12
He —protons = 2, electrons = 2, neutrons4-2=2 .~ o
Al - protons = 13, electrons = 13, neutrons ?7 -1 (:/;L =
S — protons = 16, electrons =16, neo i 4s . - 16=16
Ca — protons = 20, electrone " j, ne ‘l..;orfs/ 40-20=20

5. (a) Numberofel~y & 2 = ’

(b) Nur®®er of electrons: 3
Number of neutrons: 4
Name of element: lithium
6. Isotopes: atoms of the same element with the same number of protons but different
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10.
11.

Be: 2,2

P:2,8,5

K:2,8,8,1 s
Atomic weight A4
gaps pe =
Similar  both have three electron shells. / They both have an incomplete outt
Differend _,fufassium has one electron in its outer shell and bromine has seven.

r
- g =

Quick check 1.3: Groups, properties and trends

1
2
3

Lo

10.

Alkali metals
2Li + 2H20 > 2LiOH + H.
Lithium fizzes steadily (H: gas produced); slowly becomes smaller and eventually dis:
addition of universal indicator)
Sodium fizzes rapidly and forms a ball; quickly becomes smaller and disappears |
addition of universal indicator)
(a) sodium + chlorine = sodium chloride
(b) Lithium atom loses one electron and forms a positive ion. Chlorine atom gains or
(a) Number of protons: 17

Number of neutrons: 35-17 =18
(b) Isotopes
Metals and non-metals PN B
lodine. Atoms gain one outer electron to feri a -’é;;a "dly’charged ion. Going dow|
outer electron is further from nucle’: . ‘or. = . attraction between nucleus and oute
electron is harder to gain. .~ 7~ 7~

Melting points, boili « 4 4. g ﬁolecular mass all increase going down the group

N

(a) chyg () SRR o fodide - iodine + potassium chloride
(b) Di _enf :

(a) NoN#¥Edses

(b) 2,8

(c) Neonisinert as it has a full outer shell of electrons and a stable electron configi

Chapter 2: Structure and bondi

Quick check 2.1: lonic bonding

1
2

lonic
Beryllium oxide forms a giant structure of oppositely charged ions (ionic lattice) held
attraction. It has a high melting point and conducts electricity when in molten state
Ca2,8,8,2 $2,8,6 Ca** 2,88 6§7288 f

Ca atom has 2 electrons on its outer shell. The Ca at- ... 4 .ns 2rs these 2 outer eleg
Ca* ion. The S atom accepts these 2 electrni 5a d he _Mmes a S*"ion. Bothions nol

- - ~
and are stable. This is called ionic b~ v in,

-3 ) ) )
2+ e '
. |
| ® x o
‘e Br e e B o

= o0 o0

Electrostatic attraction
(a) lons are fixed

(b) Melt it/ Dissolve it
(c) lons are mobile
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Quick check 2.2: Covalent bonding

1. (covalent) bonds
2. (a) allow dots/crosses either way around

(58 oF

.
(b) No information about shari=:, « 2'r/'.,.n:;'
(c) Does not show how. . = "nr/ ~rranged in3Dspace 0
3.  GH:Clz = CCly : / =
4. (@ ¢ \ Judeid
5. (b) )

(c) The boiling point of sulfur is low. This is because sulfur contains weak forces b
6. afullerene
7. Covalent
8. The atoms in a polymer molecule are held together by covalent bonds.
The polymer chains are held together by intermolecular forces.
When a polymer melts or boils, the intermolecular forces are broken.
8. (a) Ingraphite, each carbon atom forms bonds with four other carbon atoms. Graj
delocalised electrons.
(b) Soft/slippery, low melting point :
(c) Itissoft/slippery and the layers can slide over 3 ch ) der -
9.  The structure of a fullerene is based on hey o ne’ 7
The fullerene molecule is made f*f}_ A A carbon.

One use of the fullerene = = "Ié/"; J.mo't/ubes / nanotechnology / materials / elec
S / iy —
| ;
Quick che! v. :allic bonding
1 il
Metal Alloy

®_© & _o_0_@©

®_©_0_6_6_@0

e_© _©_©e_©e_@

e_© _©_@e_@e_@

00000
e 0000 COPYRIGHT

Alloys are harder and strongi

Pure metals are soft because their atoms are of atoms of different sizes. Tl PROTECTED
arranged in layers and can slide easily when a force | disri'n’ad and require a large
is applied. ¢ ~a 2 them slide.

o J =
2.  Copper alloy is a mixture of copper andr"\- ' sr (' pent. The atoms of each eleme|
the regular arrangement of cop. - 1 . »< r.d makes it harder for the atoms to slide

g

e
Quick checs@\- E . ' ;, structure and properties ee!
1. % ’ + H20(1) — NaOH(aq) ,
2. Condens'®g/condensation EdUCOt|On
3. Solid
4. (a) State symbol
(b) Agqueous
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Chapter 3: Quantitative chemis

Quick check 3.1: Balanced equations and conservation of mass

1. 2K+ 2H;0->2KOH + H:

2. 4.1+X=9.6;rearrangethisto9.6-4.1=X
Therefore X=5.5¢g

3. (a) Two products are formed and the sum of both prod': =

nasses is equal to the
(b) 100-56=44g¢g { =

A

/
Quick check 3.2: Relative ater ;i1 .~ A)

1. (15x15)+ (16 x SN i¥, 4 7 =162
T\ T

Quick check sﬁi/Relative formula mass (M)

1. 24+32+(4x16)=120

2. (a) 123.5-12-(3x16)= 635
(b) Cu, copper

3. 16 /40 x 100 =40 %

Quick check 3.4: Chemical measurements

1. (a) Mean=543+554+56.1=553¢
3
(b) Range=56.1-54.3=1.8
Uncertainty=1.8/2=0.9g¢g 55.3g+0.9¢g

Quick check 3.5: Concentration of solutions
1. 200/50=4;6/4=15g

J =
vy
v

- |

"S;i.aptér 4: Chemical change

Quick che@ﬂeat{iv'ity of metals
1 (a) Nite®®ed

(b) Salt
2. Magnesium

Quick check 4.2: Reactivity of acids

1. H
2. (a) Greentored
(b) Decreases
OH~
4. (a) Neutralisation
(b) Sodium chloride
(c) Add indicator to sodium hydroxide and it will turn dark bl:ie. When adding the
change from dark blue to light blue to green {nel':'"q “lv ve add more acid, the
orange/red, indicating the solution is now a mic
5. The solid will remain at the bottom of t'< 3 . =2r«s1tis in excess.

W

Bubbles of carbon dioxide gac) it .=/
6. Dissolve powdered zir . - ) . 41€ acid.
Stir the Zzg@lon - - and continue adding zinc oxide until it is in excess.

A\ re o remove excess zinc oxide.
Heat ge \gs ¥:n evaporating dish until crystals begin to appear.
Leave solution in a warm place for a few days.
Dry the zinc nitrate crystals between two sheets of filter paper.
7. i)  pH2-3,red/orange
ii) pH11-14, blue
iii) pH 5-7, yellow/green
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Quick check 4.3: Electrolysis

1. (a) Chlorine
(b) Copper/Cu®*
2. i) Bromine

ii) Hydrogen
3. i) Oxygen

ii) Copper ;
4, (a) Lossofoxygen / Gain of electrons o (i 4

(b) Oxygen produced during the reacti=n = = sts ="n trie Earbon anode producing ¢

' 7 “hapter 5: Energy changes
Quick che! /Exb"’cﬁérmic and endothermic reactions

1. Exothermic

2.  Higher/more

3.  Activation energy
4.

activation energy

reactants

=

20

@

c

@

overall energy
products
reactic rore s
y v / '/ :

Quick check 5.2: Rea. L 4 p “mes
1. Exothe \ St
2. Placea| @ ene cup inside a glass beaker to make it stable.

Add 25 cm° of copper sulfate solution.

Record the temperature.

Add 1 g of the magnesium metal.

Record highest/lowest temperature reached.

Repeat with different masses of magnesium.
3. (a) Hand warmer / Self-heating can

(b) Sports injury pack

(There are alternatives but these are the examples listed in the specification)
4, (a) Volume of nitric acid, mass of the metals

(b) Type of metal COPYRIGHT
5. Endothermic PROT ECTED

gy A v - } .
, > |9
ST 09
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Appendix: Write-on quick chec

Quick check 1TIRSN

1. (a) Chlorine reacts with potassium bromide to produce sromine and potass
equation for this reaction. W\ 4

=

(b) Hydrochlori~ ¢ «a with sodium hydroxide to produce sodium chlo
e ) fu 1 his Teaction.

.-/.

2. Balance the chemical equations for the following reactions:

(a) ... Na + ... Cl, = .. NaCl
{b} ...... Nz . R e Hz = NH3
(c) ... Mg + .02 2 Ll MgO

3. Use the Internet to research the formula for each compound given in the tab
The first one has been done for you.

name formula

water 30 ) 5 H.0

oA £ |. -.-/a -

S

=~ ammonia
@ - hydrochloric acid

sulfuric acid

carbon dioxide

4. Which apparatus can be used to separate different food colourings? Circle o

COPYRIGHT
PROTECTED

g

=9
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Quick check 12 RSN

1. Alpha particles are fired at gold foil.

thin gold foil

beam of alpha particles

ol d T deflected al e
@ \ deflected alpha particles )
4

Write down two conclusions that can be made from these results.

2. Label the subatomic particles on
the diagram on the right.

3. Complete the element names and symbols tk - fe ; j’ssmg from the exampli
to help you. » ”

16 20

4. How many protons, electrons and neutrons do atoms of the following eleme

24 4 27 N |
Mg He Al
magnesium helium aluminium sl
12 2 13
COPYRIGHT
Protons ... L
PROTECTED
Electrons b
N
Neutrons ... F " s

5. Figures1and 2 showa®: -

-

~ et L-or'/a;n atom of two different elementsin tl

~ e

Figure 1

Figure 2
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(a) What is the number of electrons and neutrons in Figure 1's atom?

Number of electrons: .............. Number of neutrons: .............. !

(b) What is the number of electrons and neutrons in Figure 2's atom?

Number of electrons: .......eoov... Number of neu*rins: .....cove. !

s ~

6. What is meant by isotopes? (You shf_\u.' 'afy :f, sabatomic particles in your

7. Draw the electron configuration diagrams for an atom of each of the followir

10.

11.

9 31 39
Be P K
beryllium phosphorus potassiut
4 15 19
== { ()%
/ o
Waa \\*" 4
A = 4
- N
Write down each electron configuration in number format.
B csnunsssinsmsmsirsiens P sisnssissipmmsviman |

What order did scientists use to arrange elements in early periodic tables?

Complete the sentence.

Mendeleev overcame the problem associated with the early periodic table by
for elements that had not yet been discovered.

-\ ;
State one similarity and one difference in the < tr)dc structure of potassiu

Similarity: ... s N R TR A |
./ = oy "
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Quick check 13 BSN

1.

Lithium, sodium and potassium are group 1 elements. What is the name give

Lithium reacts with water to produce lithium hve' ¢ - & . ad hydrogen. Balan

this reaction. ’ g =
— A & - I )
p .2 LI * H,O -2 ... LIOH +
. ~ ¥ =
Group als 1 st with water. Compare what is seen when lithium rea
reacts ! ghter.

Sodium reacts with chlorine to produce sodium chloride.

(a) Write a word equation for this reaction.

(b) Describe what happens when a lithium atom reacts yith a chlorine aton
transfer in your answer. :

An ato@lor"iﬁe is represented as 32Cl
(a) Determine the number of protons and the number of neutrons in one al

Number of protons: .......cccoeeveeeeennne,

Number of neutrons: ......c.cecveeevrennes

As well as i?CI, chlorine atoms can be of the form i?m

| ‘ _ ‘ COPYRIGHT
(b) What is the name given to these different atoms of chlorine? PROTECTED

g

=9
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7. The halogens Cl, Br; and |; all react with silver. Which halogen is the least re

...................................................................................................................

9. Chlorine reacts with potassium iodide solution.

(a) Complete the word equation.

chlorine + potassium iodide = ......cococuveureeene. S . |

(b) What is the name of this type of reaction?

10. (a) Whatis the name of the group that contains neon?

(b) What is the electronic str. - "o/.-‘ _teon atom?

(c) E@h\;no products are formed when neon is burned in oxygen.

COPYRIGHT
PROTECTED

0OV i9
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Quick check 2.1 oy

1.

2.

3.

4.

The diagram shows a dot and cross diagram for potassium fluoride.

+

. A7 ee
W o |

! g - .
What type of bondine *. - =% ar .a potassium fluoride?

.-/
Compiete""c"he paragraph below. Use words from the box.

strong melting molten
attraction mobile giant
Beryllium oxide forms a structure of oppositely charged iol
forces of . It has a high
when in state due to ions.

Describe how a calcium atom and a sulfur atom w.,. " ez :t to form calcium st
structure of each atom and the electro=ic sti ic* . “and charges of any ions £

— & -

Calcium reacts with bromine to produce calcium bromide. Complete the dot

this reaction. COPYRIGHT

_L — — PROTECTED
XX T R
X g 7 rea Y “

x X xx $/ =y -

Se ) | | (H(GD oy
x o ~, 'S n’ >
- X e ﬁ“ -~ i
— ol 9

SP o
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5. The diagram shows the structure of an ionic lattice. Which force holds the par

6. Solid ionic compounds do not conduct electricity.

DILO4dSNI

(a) Explain why.

................................................................. N\ @ ,I‘
i | 5
4 / _/
(c) Explain how this makes * = © \ = ompound conduct electricity.
AT ; 7
e
COPYRIGHT
PROTECTED
S\
F e N9
; S > 4
- r 4 \ -] / : i 1
<A ; /= I9
3 o ag
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Quick check 2.2 oy

1. The diagram shows a model of a nitrogen molecule. I
N N
) —
What do the lines between the atoms represent?
2. (a) Completethedotandcrosszgc: . ra molecule of water. Show only

(b) The diagram shows a ball and stick model of a water molecule.

Give one limitation of using the ball and stick model of water (
over a dot and cross model.

4. Sulfuris below oxygen in the periodic table. -

(a) What type of bonding is present in molecules of sulfur?

..................................................................................................................... COPYRIGHT
PROTECTED

(b) Deduce the dot and cross diagram for a molecule of <ulfur, S;. Show only

&
4 i/

g

=9

Education

The boiling point of sulfur is low/high. This is because sulfur contains we
between its molecules.
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5. The diagram shows the structure of Ceo.

LG B 0 ]
e @ *
S e? o ¥e
Gt P of *w
g ” .‘ »Y
S £
Circle the correct answer. Cg is o { J
; 4
giant’z ad | graphite metallic a fulll

a 3
> 3 ¥
3 = 3 o ]
- t e ) g 2
J.l e a
. e &
@ ; . 2 . B >
e a8 7P *
> ».. L 'L > >
I = i = ; E =
i ® . T ; "
) i E 2
» >

7. Complete the sentences.

P

The atoms in a polymer molecule are b¢ > oy ~Aer by

AV \"
The polymer chains orc /\ 'f_',__-fnf zter by force
When 3 DeAlS or boils, the are broker
_

8. Complete""c'he sentences.

(a) In graphite, each carbon atom forms bonds with other carbon ato

electricity due to

(b) Give two other physical properties of graphite.

The fullerene molecule is made from atoms of

One use of the fullerene molecule is

How to Pass GCSE AQA Combined Science: Chemistry Paper 1 Page 56 of 64

COPYRIGHT
PROTECTED

g

=9

Education




Quick check 23 BS8

1. Explain how alloying a metal improves its properties. Draw diagrams to help

Metal

2. Explain why a copper alloy is harder than pure copper metal.

1. Complete the chaj . 4, .q .uon L]S-Ing state symbols. Sodium metal reacts w
of sod; dros oo and hydrogen gas.

- 4 H,0(....) —_— NaOH(....)

2. A gaseous molecule is cooled to form a liquid during an experiment. Name {l

COPYRIGHT
PROTECTED
3.
g
4.

=9

Education

How to Pass GCSE AQA Combined Science: Chemistry Paper 1 Page 57 of 64



Quick check 3.1 2SN

1. Potassium reacts with water to produce potassium hydroxide and hydrogen.

Balance the equation for this reaction.

A
...... K + 24,00 > 2KOH
_gm i e
2. 4.1 gof potassium r=3'- 'lrr_}_ _tuorine to produce 9.6 g of potassium fluorid

that rezg

3. Solid calcium carbonate (CaCO3) decomposes to produce calcium oxide solid
(CO3). 100 g of calcium carbonate was heated during an experiment and 56 g

(a) Why is the mass of calcium oxide less than the mass of calcium carbonal

S

1. The mass numbers and percentage abundance of three isotopes of oxygen ai

mass number percentage abund;
15 15
16 50
17 35
COPYRIGHT
Calculate the relative atomic mass of oxygen. PROTECTED
IRTTrE -,4’ ..................................
TP, 1 . & A
Y ol A | i .
4.5 .’:," B i B e e e sws s savss I9
=" 09
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Quick check 3.3 RSN

1. Calculate the relative formula mass of MgSQO;,. A:Mg=24,5=32,0=1|

.......................................................................................................................

2. The relative formula mass of Y& « i "1 Jo5~ Relative atomic masses A
(a) Calculate th= < % & _omic mass of X

(h) NAME X unmmmsmsmnn i

3. Magnesium reacts with oxygen to produce magnesium oxide, MgO. Calculatg
oxygen in magnesium oxide (A;: O = 16, M,: MgO = 40).

Quick check 3.4 N ~ )%

4
1. Table 1shows the results of the <« '?o/.-r tents when solid calcium carbonate
calcium oxide solid anr'.~ = n 1 hxide gas.

X h J 2 mass of calcium oxide produced (g)
) 1 2 3
543 55.4 56.1

Table 1

(a) Complete the table to show the mean value.

~Tisf 1 ./ B
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Quick check 4.1 KBS

1. (a) Anacid reacts with zinc to produce zinc nitrate and hydrogen. Which ac
zinc nitrate?

(b) What type of substance is zinc nitrat 2 ./

metal tempera

calcium

X

Suggest the name of metal X: ..ttt sissassassassasian s B

J J
—
~
— A
A
-~
~
-
Vi
-
d A
d ~
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W%

Which ion is found in all acids?

2. (a) G@Give the colour change when hydrochloric acid *. = Jed to a solution of

4. When hydrochloric acid is added to sodium hydroxide, a reaction occurs to p

(a) What type of reaction is this?

(c) Describe how an indicator can be used to show when all the sodium hyd
hydrochloric acid.

5. Coppe@qace’ reacts with sulfuric acid to produce copper sulfate, water ¢

observ\a@#®that would be seen when copper carbonate is added to sulfuric ¢
Lo cermsasmss A R T R s I
7 SO PO O U RTROPRNRUSTOTTORRYRPRURRRRPROR |
6. Plan a method to produce a pure, dry sample of zinc nitrate from an acid and COPYRIGHT
PROTECTED
R, 1 W, & U
Y ad A = } .
........................... A~ .,.:_ _/..'.’..:................................................................... |9
7.  Univel : 'ca o 1§ added to separate solutions of nitric acid, ammonia ant¢ 09
Sugges X% and colour of each solution. EdUCOtiOﬂ
i) NItric acid SOIULION: ovuviiiciiec e s s
i) AmMMONIa SOIULION: oottt et e er bbb e e bbb beeeeren b
iii} Ammonium nitrate solUtion: ... i s sisieesess I
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Quick check 13 &SN

1. A student investigates the electrolysis of copper chloride solution.

(a) Which gas is produced at the positive electrode?

i) Cathode! wswmmnmsmsimmmisnnnssmamiamismmanrsasnnaa i

3.  Name the products formed at each electrode when an agueous solution of &
undergoes electrolysis.

[} X4 Lo T L= OSSO UPPPURRRROPRRPRIY o
i) Cathode; .cuiummsiamnsiinisii gl ...............................

4.  Aluminium is produced by thast 3 L""_,h-of'aluminium oxide.
- J — _/ . =

(a) Wy mu s Lpethe term reduction?
-

COPYRIGHT
PROTECTED
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Quick check 5.1 KSN

1. The diagram shows a reaction profile for a combustion reaction.

What @reaction is shown in the diagram?

2. Complete the sentence.

In an exothermic reaction the energy of the reactants is

the products.

3. The diagram shows the energy change for a decomposition reaction.

1

[
|

o0 cts

> 2
e »
>
> 5
reaction progress

What does the energy value 2170 kJ represent?

energy
=

4, The reaction between an acid and an alkali is exothermic.

Complete the energy profile diagram for the reaction. Label the activation et
change of the reaction. COPYRIGHT
P PROTECTED
reacau i = -‘
, (P AL A .
i - ‘ I9
o = 09
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reaction progress
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Quick check 5.2 RSN

1. Inareaction between an acid and a metal, the temperature increases. What
when the temperature increases?

- S

2. Astudent investigated the change in temu ar. "u:;; .nen different masses of it
sulfate solution. f -

— & -

Plan a six-

AZA = . .
—op v e ar«nis investigation.

B orenms svmatisehro s b TR S R S ST PR S S D S AN e s e a s

3.  Name anitem that uses:

(a) an exothermic reaction

4. A student wants to investigate the reactivity of different metals with nitric ac

(a) Name two variables that must be kept constant.

(b) What is the independent variable in this reaction? COPYRIGHT
PROTECTED

5. A metal carbonate takes in energy to break d .z (¢ & ‘onrpose).

/
>
-

What type of reaction takes & ¢ \,,fom the surroundings?

g

- L T ————— 09
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