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€arnin Outcomes:

achieveq

Changes of State

Add labels to the arrows th

particles.

solid

1) Describe, using partic|

€nergy of the particle
2) State the names of th

T

S

ement and
n ement; movi
® diagrams, the three states of matter in terms of the arrang

3 they are
describe how
& interconversions between the three states of matter and

3) Identify, from making observations, 3 physical change

liquid

ment of the
: : iagrams, the arrange

t show the change of state and describe, using particle diagra

a

gas

0@ o
@)

@)

O

=1

r t t S 1||l r 1 rrangement, m ent alld ellelgyofﬂle paltldes
-

Solid Liquid - C::;
TNy \"‘éﬁ“\w ancongemink
\’.Arrangement
vibrose oF Pows e
Movement ?“.Q'd' POS\‘\DM |
AT i
low
Energy

©
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Practical

(AN

Physical Changes

Safety Heating solids

3 an 2 minu
o Collect a labelled test-tube from the front and carefully heat for no more th

tube rack.
¢ Carefully record your observations

\ E)stance

’

)

r<\
<
1)

\

©

tes. Leave to cool in a test.

\ Appearance
| beforeheating | during heating aisccolls
Ice : ¢
soloch goo Ugpad
Wax G
Solo Uiy st o bAD) J
Sodium chloride (common salt)
soucd solo solid
Zinc oxide \ \
lodine
Teacher demo

—-____-_m||||||||ll|IIIIIIIlIIII|||||||“'im

Solid carbon dioxide (dry ice)
Teacher demo

2

\
1. Sodium chloride did nothing when heated with a Bunsen burner. What does this tell you about the melting .

temperature, T, of sodium chloride?

2. Lliquid water stays liquid at room temperature but liquid wax freezes. Room temperature is about 20°C. What does

this tell you about the melting temperature, Tr, of water and of wax?

e NABAE G, AL B ONK L NAGIASL. DA O NS O AR

3. Solid carbon dioxide is called dry ice.
(a) Why is solid carbon dioxide called dry ice?

(b) Give two uses of dry ice.
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Using State Symbols

Tymm Stat.e symbols can be used to show the changes in state
el e during physical or chemical processes.
# Example: When ice is heated above its melting point.
U " H00) D HO()
(&)

Using chemical formula and state symbols, show state changes for the below physical processes.

1) Wateris cooled below 0°C. M40 5 H20(9)
W

' 2) Liquid bromine (Br,) is vaporised. — Y2 (g

B, )

3) Nitrogen gas (N;) is cooled below its boiling point of -196°C

4) Carbon dioxide (CO;) changes directly from a solid to a gas when heated.
tO, () 7 CO2(9

5
S
M

l
l
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Atomic Structure

Learning Outcomes:

et

1) Define the terms atom, atomic number and mass number
2) Describe the structure of an atom
3) Deduce the number of protons, electrons and neutrons fro

m an atom’s atomic number

and mass number

9

/

L‘” Describe how elements are arranged in the PeriodicTable

Key definition

Structure of a atom

Nucleus holding
protons and
neutrons.

i Subatomic particles

All substances are made up of atoms. There are over 100 different sorts of at
one type of atom is called an element.

An atom is the smallest part of an element

Space occupied by
electrons. This space
is really big
compared to the size
of the nucleus

Particle Position ‘ Charge Relative mass
Proton S WAL +\ | pos. {
Neutron RS B “"U‘Wdl,\:;z \
Electron S\AOAN — 1| ney. \/\3 5‘;

4

Use the following words to complete the word fill: electrons, energy levels, neutrons, nucleus, protons, and shells.
(Words can be used more than once).

An atom consists of a central ... nar ) €343 . composed of ....prp.k.\).f.\.S». .. and ....084A NS,
This is'surrounded by ....8J &.9vems., orbiting in ... STARAS. . ((20809y .. . \ean),

Atoms are neutral because the numbers of .. freren.s..... and ... eARsyv.ma s, are equal.

12
11

oms. A substance which consists of only

9

.".unulllllllllll|||I”HI”||””””"“"i‘“

i
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Using the period;
Periodic table th
& number of protons, electrons and neutrons of an atom can be deduced
Example - sodium (Na): '

Key definition

This is the mass
number

This is the chemical
symbol
Na-—

Thisis the atomic —_|
number

Atomic number: The number of protons in an atom.

’Ilass number: The number of protons and neutrons in an atom.

For an electrically neutral atom, the number of electrons equals the number of protons.

Again, this makes sense from the table above, since the total positive charge from all the protons balances the total
negative charge from the electrons.

So, by looking at the symbol on the periodic table we know that this sodium atom has:
¢ 11 protons (number of protons = atomic number)
¢ 12 neutrons (number of neutrons = mass number — atomic number = 23-11 = 12)

e 11 electrons (number of electrons = number of protons)

For an atom of bromine, deduce the number of protons, neutrons and electrons.

80

Br

35

Check out these resources:

o Tyler DeWitt - https://www. youtube.com/watch ?v=NSAgLVKOPLQ
Brian Cox - https://www.youtube.com/watch?v=-FWxd7850Z8

Number of protons = 3%

Number of neutrons = 45

Number of electrons = 35

13
12
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B
.—E q
Q‘é ‘
(®)
Using the Periodic table complete the table “q\—
e ; 3
Chemical f Number of Number of -
svmbo7 Atomic number | Mass number '::':::::,: protons electrons
\ R —
o 13 23 14 13 I3
\
5 6 12 c 6 6
\
R 1 1 o \ \
,\
QO g 16 8 ] 8 ’
\.
N 7 14 q ? 7
- A TR o R
% I 23 1 I I
L L6 32 16 16 16
P 15 31 16 'S s
Pb 82 207 125 22 g2
- ’*c‘ e ne 0 9 |9
L 353 {2 74 33 53
P 61 144 53 61 61
Fr 8% 223 136 &3 g3

14
13
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Properties of metals and non-metals

Property Metal Non-metal

Appearance at room temperature .
PP P Mostly silvery sold, lustrous but | Gaseous, mostly colourless or dull

often tarnished or often coloured solid

Electrical conductivity Non-conductive / Poor
- uctiv

Good conductivity conduction

Mechanical strength
Strong, Malleable Brittle

Feel
Cool, dense Warm, light

Position of metals and non-metals in the periodic table

__— Nonmetal

Metalloid 5

Task: Tick the elements in the table below which are metals:

calcium (4 sulfur silicon

manganese v magnesium 4 potassium 4
carbon francium v argon

mercury v iodine hydrogen

e Tom Lehrer song https.//www.youtube.com/watch?v=SmwlzwGMMwc
e How elements get their names http://www.bbc.co.uk/science/0/24460393
e University of Nottingham Periodic Table http.//periodicvideos.com/

16


Michael
Mostly silvery sold, lustrous but often tarnished

Michael
Gaseous, mostly colourless or dull or often coloured solid

Michael
Good conductivity

Michael
Strong, Malleable

Michael
Cool, dense

Michael
Non-conductive / Poor conduction

Michael
Brittle

Michael
Warm, light

Michael
✔�

Michael
✔�

Michael
✔�

Michael
✔�

Michael
✔�

Michael
✔�
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Compounds

L i

Learning Outcomes:

\

‘I

1) Define the term compound

2) Identify, using particle diagrams, an element, compound or mixture
3) Name different compounds

L 4) Define the term exothermic reaction

Key definition

ically joined together.
A compound is a substance formed when 2 or more elements (different types of atoms) are chemically J

The compound, iron sulfide, is made by heating a mixture of iron and sulfur.

—HHIIIIHHIIH””””Hl”|HHH\

e o R L
i e
Substance iron sulfur iron and sulfur iron sulfid
mixture compound
Appearance .
With magnet
In water
With acid
Particle model
|
Results

What happens when the iron and sulfur are heated together?
Word equation
E€ fom + suifur —> tron sw Rde
Chemical equation
Fe + S, — FeSy
Particle diagram

— —
~]®
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\dentify whether the particle diagram represents an element, compound or mixture

e
®
&G eb oe 0,0 % 0%(0
@ 0 0 0.0
o L o0 i
@ 8 ¢ 8 Co g O 0#
e 0 Op _—___,__;_umf
: 1) _compound 2)_cosort 3) wﬂa
A -——-———.. o0 L2 o vants
*D% @ .o:’..... ?5 &3
& o ® o0 @
? @%(ﬂo o000, ﬁ“?.
4)_cerpound §)_elemenk b) compoundt
. 8
g © 03’06.0 8? o*
Q o8 L 3
amd’m .8’0906' G ©e8
7). ciament :8);;&&_ T, s
EXIAL R 5 K& 00; o 2
® |s 96@9 %O%Oc&% 8; (’Cﬁg
> 6 o R W 0o’ o
10) TR T
s @
8 op & (|4 3% |18eV g
o I s 8% %
apg o[G0k || & ¢ ©
\ 13) ik Of 14)"‘““‘“’“’1@ 3 15) Xk o Of
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Naming compounds

ound is the name of the

me

art of the
Rule 2: When a metal is combined with a non-metal and also oxygen, the ﬁth :| e -
& metal element. The second part is the name of the non-metal element,
und of iron, sulfur & oxygen

name of th

a)
b)
0
d)
e)
f)

g

h)

‘ i)
j)
k)
1)
m)
n)
o)
p)
q)
r
s)
t)

e.g. iron + sulfur = iron sulfide (FeS)

of the comp
Rule 1: When a metal is combined with a non-metal, the first part of the qa:ltt; s i
tal element. The second part is the name of the non-metal element, wit

€.8.iron + sulfur + oxygen = iron sulfate (FeSO:)

. Name the elements in the following compounds. The first has been done for you.

iron chloride

zinc bromide
magnesium sulfate
lead phosphide
sodium nitrate
lithium nitride
iron iodate

barium carbonate

Name the following compounds:

CaCO;
CdS
Ca3(POs);
MgsN.
Mn;0s
HgCl,
Sn(NO3)s
K:Cr,0;
HCI
H,S04
NaH
CaC

iron and

com

compo

chlorine

e + o

Mogne W/

\eadl ¥ évtwﬁ"’“"‘”

&QM l
Lot ¥
von

Yo oY

Alvogen * oA

nvogEn

Gdian + oyt
conls M =G M‘dw

pound of iron & sulfur ONLY

name of the compound is the

“.ate.”
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Name the following molecules:

1) CO;

C& n Q‘-\G)(\d.l_
2) co

Coﬂ)b\ Monoxide
3) SiO;
D'\\\(.CY\ D\C"L\CL‘L

4) SO,
Sdphes chori e

5) SO;
Quihes Thewsdla
6) H.S "
Wydsoyen Sulphicka
7) H0
woke/
8) TiO
) T Tokoaarn Do‘m(ﬁg
9) NH; -
“(\\(\‘\LY\\C\
10) CHq :
Melhane

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

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

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

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

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

20



Chemica| formyla

The chem;

EMical for

Mula of 3

of COmpoyn

atoms of &ach gle b=l dtells you how many atoms of each element the compound contains. The number
. ment js Writte ) p

Omitteq, N353 subscript an

d when only a single atom of an element is present, the subscript is

So
me formulae have brackets in them,

E’(ample: Magnesium

hydroxide has the formula Mg(0
the tota) number of e i

A G The 2 outside the brackets tells you that you must multiple
SO 31 hydmzzn ::: :\Slde the bracket by 2. So in Mg(OH); you have one magnesium atom, two oxygen
- % [

Compound formula carbon sulfur nitrogen | hydrogen | oxygen iron atoms
= atoms atoms atoms atoms atoms
carbon dioxide o, l ¢] O o 2 o
?hYdngeTlﬁde HzS | 2 o o
iron hydroxide Fe(OH); o) 3 3 |
iron nitrate Fe(NOs) 0 0 3 0 9 I
ammonium sulfate | (NH.),S0, 0 | 2 o+ O
hydrated iron sulfate | Fes0..7H,0 o) \ 0 |4 1\ \
Oy 0
(&N

Relative formula mass-M, (1)

Using the Periodic table and its values for relative atomic mass it is possible to work out the relative formula mass of any

compound given its chemical formula. It is calculated by adding up the relative atomic masses (A;) of all the atoms
present in the formula.

z\(amgle:
The relative formula mass (M,) for water (H.0) is 18.
Water =H;0

Atoms present =(2 x H) +(1x0)
M, =(2x1)+(1x16)=18

Hydrogen chloride - HCL Calcium hydroxide - Ca(OH), Hydrated copper sulfate - CuS04.5H,0

Atoms =(1xH)+(1xCl) | Atoms =(1xCa)+(2x0)+(2xH) | Atoms=(1xCu)+(1xS)+(4x0) +(5xH;0)
M. =(1x1)+(1x355) | M, =(1x40)+(2x16)+(2x1) |M, =(1x635)+(1x32)+(4x16) +(5x18)
=365 =74 =249.5

|

A
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Culate the relative formy/, Mass (M, ) for the following elements or compounds:
IO, =12 ©,=lbx2 =32
12+ 32= 4
2. CH,
C=\1. AL =TRG=E
3. I, \Z+ 4 -.g
=123 %2 = 254
& Mg
2 S =589
i 5. 5 S 35,
SE3%, OF=37
6 Med, IL38= .&"__
E Myezr  uy = g5.5 2Tl ®
5| 7. cuso, 2% + F =93
C"\=63.S S=32 o] - =|Erl = 6
| 8 hoico 3.5 + 32+ 6% = 49.5
3
I Ne, = 23x 2 =244 C=172 O,s=\f>"3=%2
, b Yo + \2+ 43 =\Q0
| & 2 r—
| ’ 2= %220 Hocingeol OGRHE|
J, o 4 t5 +lb+t!| = Yo
s - Fe(on), .
,‘ Fe = s6 Op=lex2=32 U,=Ix2<=2
:/ bk {NH)CO 56 + 32’1’2:@
/_ - Ne=lbx 2 =95 Hg = 8 C=12 O5 = lbx3= 43
/ 9.8+8+|1«-Lt—8'=.c£_6_=
2. p
bt M3 Ne-wxsewr  0-16x9- 1wy P
LAt RT P
13; CaHs(Nos)g 03 el2x3 = 36 HS =5 NS =& x3 O°1 = WY
=42
36 €S € k2 T lul = 295%
{V\a: % H’LO c (_'Z)C\) 116
=232 =18
O, = 16x% L0 = 18 xF
e €32+ 6% | =126

120 + 126 = 246
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/ NHs

Fluorine J
s 2 Ant = (24 /
h\
e 0s 6 %3 = 4% J
x =
Ethane CoHs 7 le l'l) + (6x1) =24 t6 30 /
QSulfuric acid Hy504 (2x\) + 32+ (Jloxy) =2+ 32+ 6%
= qg
= o1
Iron hydroxide Fe(OH)s 56 + 3% (\6t\) =56+
= [C*
Calcium carbonate CaCo; 4o+ 2+ (3x 16) = Lo+ 12+48
= 100
Ammonia %+ (3x1) = &

Ammonium iron

/ NHsFe (504)2

& + 4 +56 +[ox (32+6t9:|

sulfate = 266
\%Glucose CsH1205 | Cex 12) + 12+ (16x8)=F2+12+ 964
=180
Hydrated colbalt Coche0 | 54+ H =130 H.O0 =18 5
chloride 6HL O = |&Xx 6 @
130 + IO’ = 238
Hydrated vanadium VBr,.4H,0 V=S| 6, =10 H,0 =18
bromide S1+ 0= 21\ W0 = 18x %= =25
2\\ + 32 = 283
Hydrated copper Cus(AsOq).4H,0 | Cug= 63 $x3=190.3 H,0=18

arsenate

L

(AsQpz FS+ (4x\6)

= 139%Z

4R.0 =72

= 238
190.5 + 238 = ‘-\-63-5 UeE.S + 12 = S%O.g

23
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Chemical reactions
Learning Outcomes: )’//——\ L
4 mass changes in chemical reactions

nin chemical reactions
s changes

1) Accurately use a mass balance to recor
2) Accurately make and record observatio “
3) Identify a synthesis and decomposition reaction from m

4) Define the term exothermic and endothermic reactionzbtly — Seemmmm e

@L///

Practical 1 Mass changes

e
—
-
-
; ore weighing.- =
O Safety Heating solids, take great care that crucibles have cooled bef =
1. Collect a metal crucible and add 1 spatula measure of the solid. =
2. Weigh the crucible and solid and record the mass
3. Heat strongly .
4. Allow crucible to cool and then reweigh
l 5. Carefully record your observations.
L NS Ry
Observation
! Mass (g)
’ Subst
\ N before heating | after heating change
S : , Colous CJ'\-OJ\-Q&
: Copper —Cu—> | 2.65 3.40 (x0-15) —brown Fo Lol
l croAQe
| e ducead  fom soldl
Sodium hydrogen > 3 &4 50 3.35 ("‘\5) g T
carbonate — NaHCO; - 405
eme coloss
x Zinc oxide — ZnO srogh ms- )
l 3.40 2. 4C *0
—0.5 - oachk
! Zinc nitrate — Zn(NO _ , co. D.'*\ W ‘uod-mﬁld- :
| '_? 3 N0k * 1y 96 3.92 \D&\A@QJ gu;{m grasnig Splak—>
| —Oxygen oxyern
| | f %M gV
Conclusion .,
] There are three possible results when heating a solid:
1. There is no change because the solid does not react.
2 The solid gets heavier because it takes something from the air. It usually reacts with oxygen to make an

oxids . Thisis a chemical reaction in which the substance builds up: S 5,@&@_9_

3 The solid gets lighter because it loses something to the air; gases like ¢ cdoen d_tomnclg orwales .

This is a chemical reaction in which the substance is broken down by heat: Thamal D mm_

Cotper ¥Vt — = 2 o
fodulsm Wydogen corboviode —2 B SR e

2ine  oxidL 2§
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P (NO 4 . |
5)3_'+ /)»K\ g Flola —f‘K_JO?

Practical 2 Mass conservation

1. Collect th i ini
s e conllcal flask containing potassium iodide (KI) and lead nitrate (Pb(NO3)2)
3- eigh the conical flask and record the mass

. Placi i
e ".8 your thumb over the bung, invert the conical flask so that the two solution mix

+ Reweigh the conjcal flask and record the mass
> Carefully record your observations

\
—
Mass (g) [ Observation

Substance
before mixing J after mixing [ change I :
] solvcl (,FPC)

potassium iodide (K1) W =
and lead nitrate—> 2 0 foms
(Pb(NO),)

‘onclusuon

1) When potassium iodide (KI) and lead nitrate (Pb(NO);) were reacted, how do know that a chernica!
reaction had occurred?

2) Comment on the mass change for this reaction

Further Questions

The table below gives the results of another experiment in which some more substances were heated.

( Substance } Mass before heating (g) Mass after heating (g) J
Zinc j 6.01 ( 10.02 7
Sodium chloride ; 5.49 } 5.49 ]
a ! Potassium permanganate ! 4.47 I 4.08 !
; Ammonium carbonate { 5.73 { 0.00 7

| know this because CY\Q..mQSSCLQQAx\QﬁCJr\nAgD ..........

b) Which of these substances decomposes to form a mixture of gases only?... aMEAMYA.... COAL Criade,

| know this because ......MAGSS..... R L\Jfﬂ'uivﬁ doortares O O

¢) Which of these substances decomposes to form a gas and a solid?..... pobaS‘S’\%HaanO/\gm
I know this because MJWW\N\@WKI\QV\"L\;(OW\

25
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magnesium  + oxygen > magnesium oxide

S § 0000

hydrogen + oxygen S water

w
Skl T D, LG

%% eSO = S
Z~&

Balancing chemical equations practice

Balance the equations by inserting numbers as necessary.

1l calcium + oxygen > calcium oxide
2Ca + 0 2> 2C0
2, nitrogen + oxygen 2 nitrogen oxide
N; + 0 - 2NO
3. magnesium  + hydrochloric acid 22 magnesium chloride + hydrogen
Mg + 2 HC = MgCl, + H,

30

%\b/'

A )

<

I——————t T, FCCCLCRRRRRRRRE)

finm

N

N




EEERRERRRRRRERRRLTIED

SEEERRRR R

4. nit
rogen + hydrogen ) ammonia

N, + 3H > 2NHs

- hydrogen + sulfur 9  hydrogen sulfide

8 H, By 5> 9HS
6. potassium + oxygen - potassium oxide
%k G (Y >  2K0
7. hydrogen + chlorine - hydrogen chloride
. H + cl; > ZHd
8. aluminium + iron oxide 2> aluminium oxide + iron
2 Al + Fe,0; ~ 2 v AJzOs " " + 2Fe
9. magnesium  + iron oxide 57 magnesium oxide + iron
3 Mg + Fe:0; > 3 Mgo + 2Fe
10.  chlorine oxide 2 chlorine + . oxygen
2¢O, > 20, + 30,
31

h '




lmlj]l—* -

| || [

15.

|

flin

: water
joxide +
11.  ethane + oygen > Gror g 3
C . é + ﬂJ—hO
x CiHs + ' 0 -) COI
6n
% 2¢ | SSE a0
2C 2% o 4O P S )
(4] =R B a2
&+
12, aluminium oxide + sulfuric acid - aluminium sulfate + water
3
Al,0; v @HSO, > AL(SO)+ ZHO
2A\ 2% 2 A\ 2h
30 'S 35 \0 »
4o - \2%0 .
L
30, 23S
W, W 30,18 2
13.  copper(ll) nitrate -  copper(ll) oxide + nitrogen dioxide + oxygen
Cu(NO3), - Cu0 + 2NO; & VZOZ
z 2 or & )
Lea lea INga e 5
2N 1o 20%2
60
14. calcium phosphate + silicon dioxide + carbon = calcium silicate + phosphorous + carbon monoxide
2 mPO), +6 S0, +10 C 36 Casi0; + P +10 O (or WotdeS)
3Le=% 2 \,s:\«rs \Lrl0  Lees™b T \ox\O
2exZ 20%k 1o \0¥810 @
30 x2 HO * 6
\6 +12.= 2%0 §O
sulfur + 4 nitric acid 2> sulfuricacid  + nitrogen dioxide + Water
S + ( HNO; =2 H,S04 + & NO; + 2.H,0
i 233
e VHE 2% ;jg L OFE
Lol s
30x%E wO
1Y \S
, \S
VWY v .\g0 80 2Me0 . O
Y 1] Kbl 210 wee
30% % =\20 20 32
pe 6 i G
N=6 N‘Gs
Oc\® 2L




16. When pentane (CsHi,) completely combusts (combines with oxygen) the reaction produces water and carbon
dioxide only. Write the word equation and the chemical equation with state symbols.

P ekene + O Mgen —2 Waks + (oo Dionide

CS\/\\I %OL 3'%(«;}’( O "rS CO C\‘D

17 Fluorine (F2) reacts violently with calcium bromide (CaBr.). This is a halogen displacement reaction. The products
are bromine (Brz) and calcium fluoride (CaF;). Write the word equation and the chemical equation.

R'UO‘(\M' + Caloium @(?)Nnch il ga”bm;vu % C(ﬂ(\ LI Huoncle

r')_ - CC\ B 5 s B(‘l % C(.x : y

18. When one molecule of propanoic acid (C;HsCOOH) reacts with one molecule of ethanol (C;HsOH) the reaction
produces one molecule of an ester called ethyl propanoate (C;HsCOOC;Hs) and one other common molecule. Write the
word equation and the chemical equation.

Roporoic G + Ethanot — Ey) Roposcate + WakeS”
C Mg Cook  C H OR = CH 000, Hy H“LO

19. A white precipitate (solid) of barium sulfate (BaS0O4) and one other product (which is soluble) are produced when
solutions of potassium sulfate (K;SQ.) and barium nitrate (Ba(NOs),) are mixed in a beaker. Write the word equation and
the chemical equation with state symbols.

Po\'c«%\m u}\?\ﬁc\)(t ¥ 6&(\% N}( ke — gmm S\“\?\’\L{*’» ki ﬁfmss;w ‘\’\’m;tt

lr < v S (NO . SO
k‘LgOLt (9‘\/\ g (N 3)1@L9 E 1< U 2 Q‘V)

33



