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Preface

This study guide is intended for use by students preparing for entry to upper
school chemistry courses. It covers fundamental chemistry concepts as well as
calculations.

The book is designed so that it can be used as part of a whole classes learning
program or by individual students. Chemistry concepts are clearly explained and
well illustrated. All questions have detailed answers in order to provide students
with immediate feedback and help improve understanding.

Checkpoint questions are used frequently to help students clarify their
understanding of new concepts. These are ideal as in class exercises and
discussion items.

Raoxrionr Aieabana tha and ~F nnnL Alanmtan ara gradad v AL Al Tha anwlsr
NEView \i\.«LCDLlUL L> ﬂl. e ena or eacin < I.CllJ LCl dl sxqucun J.J.l \J.J..I.,I.J.\.bl.l.l.y 111 CCIJ.J._)’
questions in each set (there are thirty two sets in all) will help to reinforce

essential concepts while the remainder present students with a greater challenge.

The trial tests will provide students with a convenient means of self assessment

PR IS 1) PR B
to monitor their progress.

Michael Lucarelli, David Proctor
October 2002.
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The Structure -

Elements

Some substances cannot be made into simpler substances. These simplest ' Elements* éf'g he
substances are called ELEMENTS. Chemistry is the study of these simplest - :_szmples,t Sz{bsxfmﬂes -

substances and of how they combine/react with each other to form more
complex substances (COMPOUNDS). One of the first tasks of a chemistry

Sti‘dﬂnni- is to learn the names apd symbols of nnmmnn]v used n]amnq{-c

SYLOULS UL LUV Y LBt Caliiity

LI R A O Lwis ¥ 0 N H § Ll

You should learn the names and symbols for the following elements:

 They cannot be
broken down to
. simpler substance ’
by cheermica mieans.

Element Symbol
Nitrogen - .

Oxygen

Phosphorus

Potassium

Sodium

Sulfur

Tin

Element Symbol Element
Aluminium | Helium
Barium Ba | Hydrogen
Bromine Bt

Calcium

Carbon

Chlorine

Chromium : | Magnesium
Cobalt Co | Manganese
Copper - Cu | Mercury
Fluorine F | Neon
Gold _Au_ | Nickel

Uranium

Writing the symbols for the elements
1. The symbol is always printed e.g. Al not /.

2. If an element’s symbol has more than one letter, the first letter must
be in CAPITALS and the others in lower case.

Atoms are

the smallest
narticle

ﬁ
,‘—.
D

Atoms

—is called an ATOM.

smaller parts.

Zinc

The smallest part that an element can be
broken down into — without changing it

Initially scientists thought that atoms were
the smallest pieces of matter but they have
since learnt that atoms could be split into

What about
‘ﬂ protons, neutrons




- 'I'ntr;bdl:‘.ic.“t;bt‘.y.: Cﬁemistry Study Guide

Structure of the atom
Atoms consist of 3 basic particles - PROTONS, NEUTRONS and ELECTRONS.

Atowms are mostly
_emply space through
which the light and
 negatively charged
electrons move.
The beavy nuclens
 nypically makes up
move than 99.9%
of the atoms mass.

Protons and neutrons are extremely tightly packed in the centre or NUCLEUS
of an atom. They are so tightly held they can only vibrate about fixed positions.

Electrons are moving in the region of space around the nucleus. Because of their
extremely small size and wave like properties it is not possible to say exactly
where an electron is and how fast it is moving. Instead we describe a region of
space where the electron is likely to be — this is called an ELECTRON CLOUD.
The properties of the particles that make up atoms are summarised

in the table below.

PROTONS nucleus 1 1.67 x 10-27 kg +1
NEUTRONS nucleus 1 1.67 x 10-27 kg 0
ELECTRONS electron cloud 1/1836 9.11 x 10-31 kg -1

oo



The structure of a particular atom is often summarised using;:

~ . .mass A
- A
number = 14X

: = syt_nbol of

_atomic
_number Z

Isotopes

These are atoms of the same element that contain different numbers of neutrons

in the nucleus.

ie. 3 different atoms of hydrogen.

. the element

e

 Each element has
it own, unlque

= mass number
= number of
. protonsand
 neulronsin
the nuclens.

~ Z = atomiic number

No. of No. of Atomic Mass Svmbol
protons neutrons number number ymbo
1
Isotope 1 i 0 1 i H
Isotope 2 1 1 1 2 iH
Isotope 3 1 2 1 3 i’ H

Note: The 3 isotopes have the same chemical properties as they are the same
element. They differ in mass only.

3
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Question 1.1 - Complete the following table.

il (Atomic number)  (Mass umber) pgt.ocrzs nt.(l)t-rt())ns
C carbon 6 12 6 6
35Cl
Ca
chromium 24 52
Cs caesium 55 78
copper 64 29
Cm curium 96 151
Ce cerium 140 82
Cd cadmium 48 112
Cf californium 98 251

in each of the following.

protons ,
protons ,
protons ,
protons ,
protons ,
protons ,

protons ,

neutrons

neutrons

neutrons

neutrons

neutrons

neutrons

neutrons

neutrons

Question 1.2 - Give the number of protons and the number of neutrons




7, Review Gt

1 Namethefollowmgelements - ..

2 Co g) i .‘h} N | . D Hg

_“Give- the.‘sy}%hbol' fﬁf'thé 'fibﬂéﬁﬁig é'leméﬁ.ts;r. ...
- :a) Lead . ‘b) 'Cérbcm - n) Chlorme d)i(ibppér- g PctaéSiuni -
"._f) Gold @ Soditm h) "’ ‘_-13- _I&:-fding i) Chromium

3. State if each of the followmg statements are frue or false -

‘ If they are false alfer the statement 50 that lt becnmes true

i a) Protons and neutrons have apprommately the same mass. : “

- b) ]n a neutral atam the number of promns equals the number of neutrons

. g) An element 13 the su:nplest substam‘e It cannot be braken down to enmplerl - ‘: ‘
substances by chemmal reactlons - . -

' h) A comvound contams 2 or more elemen‘:s mlxed toszether -
4 Grve the number Of protons, neutrons and electrons n‘ eaf:h of the fallnwm
';'neutralamms.f . . -

. 7,.
53'

5. UseCoand CO to explain the differences between elements and compounds.

- | For the experts

- B Deuterlum and trmum are 1sot0pes of hydrogen Haw are these 1sot0pes
' sumlar’? How are they dlfferent? - '




a)

: EZéetrb}éx cén Oﬂlj '

be m an energy level

7 ﬂaey bave ﬁXdL‘l‘ly
the e carreczf czmauﬂt :

- af energy

‘:‘Eﬂergy Zez)els .
contain sub-levels

called ORBITALS,

Any one orbital can

_conlain a maximur
of fwo electrons.

. '3'intﬁbdﬁcﬁbt‘fzﬁﬁemistr‘y Study Guide

H b) He c)

Electrons

Number of electrons

Normally an atom will contain the same number of electrons and protons.
This makes the atom neutral in charge.

The chemical properties of an atom are controlled by its electrons. The nucleus
(protons and neutrons) does not affect and is not changed in chemical reactions.

Question 2.1- How many electrons are there in a neutral atom of each of

the following?

4 127

53

—t

2

Where are they?

Although they cannot say exactly where an electron is and how fast it is travelling,
scientists can determine the arrangement of electrons around the nucleus.

A simple model that shows how electrons exist around the atom is shown below
for an atom of calcium. The electrons occupy ENERGY LEVELS.

First energy level contains
a maximum of 2 electrons

Second energy level
contains a maximum
of 8 electrons

\\Thlrd energy level

contains 8 electrons
(not a maximum)

.‘=

- O 3 \Fourth energy level

contains 2 electrons

O (not a maximum)

An abbreviated way of writing this electron structure for calcium would be:
Ca 2,8,8,2
This is called its ELECTRON CONFIGURATION.




 Depld
| diggamsare
. sometimes draion
 with electrons in.

- pairs, showing they
owupy thesame
-~ orbital. This is only
done if an energy
 level contains more
 than 4 clectrons.

CHECKPOINT!

Question 2.2 - Write the electron configuration for each of the following

elements: l -

a) 2He b) 4Be

) Ca d) N

e) Al f)

g o8 h) > Na

i) 15P ) 8 O

Nl
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Question 2.3 - Draw the electron energy level diagrams and state the
electron configuration for each of the following elements.
a) is completed for you

19 - 39
Eos P b) K

Question 2.4 - How many electrons in the outermost energy level of:

32
8 b) 16 5
9 7 ..
1 Be d) 3 Li




Electron configurations and the periodic table

The position of an element in the Periodic Table can tell us the number of
electrons it has in its outermost energy level. This is important because an
element’s chemical properties are controlled by how many electrons are in its
outermost energy level.

;’ o R OUP NUMBERS
| Hogen |

~ Group numbers
(1o VIID) give

2 N - == .= _____ _ _____ _ m & 7 8 s . . . .
Li|Be, - - . . . B|C|N the numberof |
| dtium | Berylium - = L . : Baron Carbon Nitrogen Oxygen Flusrine - 1 - S b e
s  ____ _ ___ - w1 K| 15| 8 17| 18| clections tn the
Mg, ~ |m|si|P|s o Ar s
Magnagm = : L Auminium | Siicon  [Phosohorous|  Suplur Chiorne | Argon - oulerinost Eﬂ_g?’gy e
18 20 2 2 23 2 25 2 27 28 29 30 3 32 33 34 35 % | 3 f 7 J éwl € 7
74 a Cr Ti y r | Mn | Fa Cn Ni i 7n za Lo Aec | Qa Ry {3 : : ef/'el- 9 ﬂ! em :ﬁ S -
L va ) s 1 v Gr Mn re o NOLU I G2 Ge AS | se  Br | Al
1 Potassium | Calcium | Scandium  Titanium | Vanadium | Chromium | Manganese Iron Cobalt Nickel Copper Zine Gallium | Germanium | Arsenic Selenium Broming. Kryptan j'_ z'ﬁ f/ﬂ g f . g}ﬁ Qﬂp. e
7 ] 39 40 4 42 1 4 5 L' L 48 29 50 51 52 53 54 .= =
Rb | Sr | Y Zr |[Nb Mo | Tc Ru | Rh Pd Ag Cd|Im Sn | Sbh Te | | Xe - '
Rubidium | Strontium Ytrium Zirconium Niobium | Molybdenurm | Technetium | Ruthenium | Rhodium Palladium Silver Cadmium Inciium Tin Antimony | Tellurium lodine Henon
55 56 57 72 73 74 75 7% 77 78 79 80 81 82 83 84 8 86
Cs | Ba Hf | Ta Re |Os | Ir Pt |Au Hg T (Pb| Bi | Po At | Rn
Caesium Barium Lanthanum - Hamium Tantalum Tungsten Rhenium Osmium Iriciium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
87 88 89 105 | 106 | 107 | 108 | 19 110 | 111 | 112
| Fr | Ra | Ac Db | Sg | Bh | Hs | Mt Uun|Uuu|Uub
] Francium Radium Actinium Dubnium | Seaborgium | Bohrium Hassium | Meitnerium  Ununnilium | Unununium | Ununbium
. S (LANTHANIDES) -
58 59 60 61 62 63 84 65 86 67 68 [ 7 7
Ce | Pr | Nd [ Pm | Sm Eu ([ Gd Th Dy Ho | Er | Tm | Yh | Lu
Cerium ium| Neodymium | Promethium | Samarium ‘ Europium | Gadolinium  Terbium ‘Dyspmsium‘ Holmium Erbium Thulium Yiterbium Lutetium .
91 92 ;3 % 9% % 97 9 99 100 | 101 102 | 103
Am | Cm Bk Fm Md | No Lr
Protactinlum | Uranium Neptunium Plutenium | Americium Curlum Berkellum | Callfornium | Elnstelnium Fermium Nobelium | Lawrenclum

. -

The column number (from left to right) is often referred to as the Group Number.
This Group Number tells us the number of electrons in the outermost energy
level of each element in that column (group).

Because they have the same number of electrons in their outermost energy level,
elements in the same group have similar chemical properties.

CHECKPOINT!

Question 2.5 - How many electrons in the outermost energy level of:
a) nitrogen b) aluminium

¢) helium d) potassium

e) phosphorus f) Li

g) B h) Kr

i) As i) Rb

-

9
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_ configuration -
datoms havea

 tendency to get the
‘same copfiguration

_as the newrest

 noble gas.

 Nearest means
noble gas with

- the most similar

- atowiic mimber

S o

e

Noble Gases: Chemistry’s role models
The Noble Gases are very unreactive, they are inert gases.
The reason why noble gases are inert is found in their electron configuration.

He 2

Ne 2 8

Ar 2 8 8

Kr 2 8 18 8

Xe 2 8 18 18 8

Rn 2 8 18 18 32 8
Pattern

All noble gases have 8 electrons in their outer energy level. The exception is
helium which has only 2 electrons.

When elements react the atoms involved must collide. This collision causes the

R N Ry [ R IS SO TP I L V.V PP [N IR S T PR IR [RI T 1) PR
QULCTINUSL CIECLIOULS 1O HIEIaCl. VVIICIC CICHICTIW [€all, ULy Uy ditu gt UIe ddllle
electron configuration as the nearest noble gas. For most elements, this means
they try to get 8 electrons in their outermost energy level.




CHECKPOINT!

Question 2.6 - Complete the following table to decide how each element
could get the same configuration as the nearest noble gas.
Hint: refer to the periodic table to check Atomic Numbers.

Element Elfectror? Configuration of Change to element’s l
configuration nearest noble gas configuration
_ Potdssiufn . lose 1 electron
: I\:/[agnesium. - 28 "
; ) .

_Fluarme '

_Ph():sph(:)mu:é :

:Chl:orin«:a : .

P

Electron dot diagrams B dat cfzagmm -
A simple way to show the outermost electron energy level is to draw an  forNiogen. =
‘electron dot diagram’. -
Rules for electron dot diagrams | . . .o_ ® o

1. Maximum number of 8 electrons in the outermost energy level. . . ’: Q :

2. Electrons are represented by a dot (or a cross).

3. Electrons are placed in 4 regions (orbitals) around the symbol for the element.
A maximum of 2 electrons in each orbital.
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Question 2.7 - Draw the electron dot diagrams for each of the following

elements
a) Li b) Ca
B d) Kr
Cs f) Mg
Rb h) i
F j) Ra




3 lee the number of electrené in the outermast energy level of each of the
fcllowme atoms (uermdu: table will heln§

a) Pcft_assgium‘: b} Ni_t_fdge_ri

O Strontdum &) Aluminium

8 Hehum ) Hydrogen

g) Oxygen ‘ h) Bromine
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3. Bonding |

 Abondisaforce  Elements react with each other to become more stable and to have less energy.

' holds aioms Reactions involve the interaction between the outermost electrons of the elements
involved. When the outermost electrons of atoms interact and cause atoms to join

together a new CHEMICAL BOND is formed.

together.
 Thetbreepmain
bpesofbonds  |onic bonds
_are IONIC,
 COVALENT mnd
-y

These form when a metal with a nearly empty outer shell (energy level) reacts
with a non-metal with a nearly full outer shell.

lons

Ions form when atoms gain or lose electrons.

Positive Ions - form when atoms lose electrons.
The number of electrons the atom loses gives the amount of positive charge.

i.e. AI3* : aluminium ion. It forms when an aluminium atom loses 3 electrons.
Aut : gold ion. It forms when a gold atom loses one electron.

N egative Ions — form when atoms gain electrons.
F

- @ fluoride ion. It forms when a fluorine atom gains one electron.
02 : oxide ion. It forms when an oxygen atom gains two electrons.




_ ' Important pomts about ions .

) Metal anS keep the name of the metal atom. _
ii) When non-metal atOms form negatlve ions, the name changes to end n "1de"

 iii) Tons never occur alone in a substance. In any substance cantammg ions,
the total positive charge always equals the total negatlve charge so that the
substance is neutral.

-
o
3
3
Sl
o
2
=}
=
W

iv) Ions h;n?p a charee because h umber of electrong
T 5 EAARL LA/ NE AR R RS A LD L

Mhlo G Ve Q Saalpt o

the number of protmns _
v) The charge on an ion is called its valency
Valency table

The valency of some common ions are shown below. You should memorise these.

Positive ions

Negative ions

: _ Multiple valencies
Hydrogen H+ Fluoride F- - : .
: : Some metals bave
Sodium Nat Chloride Cl- - .
wore than one valency
Potassium K+ Bromide Br- ﬂﬂd f})g_g ZX zndzcﬁf@d
Silver Ag* Todide I- B mmm numerals.
Lithium Lit Hydrogencarbonate HCO5~ - e’g Imn(ﬂ) Imzfz(ﬂf) -
nnnnn s Ot Hvdrogensulfate ren - - .F'nr h«mnm:}; el
\..UP[JCJ. \L) U iy l.y UL 5 LouLlalc Lio/4 -~ prennraseE Renarl
Ammonium NH4*+ Hydroxide OH- . ‘eleme?zts this s ot
- ﬂece.fmm zmd bence
Magnesium Mg2+ Ethanoate CH3COO~ 3 ” at . b own,
Calcium CaZt Nitrate NO;- ‘
Barium Ba2+ Oxide ora
Iron (II) Fe2+ Sulfide 52
Cobalt Co2+ Sulfate SO,%
Zinc Zn2+ Sulfite SO32
Lead (II) Pb2+ Carbonate CO3%
Tin (IT) Sn2+ Nitride N3-
Copper (1) Cu?+ Phosphide p3-
Aluminium A3+ Phosphate PO,3-
Chromium (III) Cr3+
Iron (III) Fe3+
Tin (IV) Sné+
Lead (IV) b+
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Covalent bonds
These form when two non-metal atoms with nearly full outer shells share
electrons so that both atoms end up with full outer shells.

Metallic bonds

Metal atoms have nearly empty outer shells. To get full outer shells, metal atoms

lose these electrons. The metal atoms become positive ions. The valence
electrons are distributed throughout the lattice of positive metal ions. They are
not held to any one ion but move randomly throughout the lattice. They are
often described as forming a sea of mobile electrons.

Summary - Bonding types

General guide for deciding how to identify the bonding type in an element or
compound is as follows:

'Subs_tar'x'ce composed of metals only - METALLIC BONDING
'_Subs_tant:e composed of metals and non-metals — IONIC BONDING
'Sﬁbst:a:n_ce'comp(.)séd .of- ﬁbn~iheta1‘s onl}:f - COVAL;ENT BONDiN G

ey o



The periodic table is often used to classify elements as metals or non-metals.

He

Hehary

3 4 ) o8 o 7ol 8 L8 10
Li | Be | CI N O | F|Ne
METALS L | | |
1 12 T 8
Na | Mg AllSI P | S |Gl |Ar
Sodium | Magnesium Alurninium [ SifiGor: F Phosphiorau - Syl Chiorne of o
19 | 2 7 2 B | % | 2 27 8 2 | 3 3 2 | | » | 5| ®»
w o P -z 1Y} N LY . - .. H N - o ~o R o o
R |Ca|S5¢c | Ti| V OF Mn| e |Go | Ni |Gu|Zii|Ga|GejAs - RI
Potassium Calcium Scandium Titanitan Vanadium Chromium | Manganese Iron Cobalt Mickel Copper Zine Gallian Germanitin Heaenic: Brimin: Kyplaly
w7 [ a8 | 39 | a | m 2 [ a3 | & | &5 | 8 | @7 | 8 | @ | 50
Rb (Sr| Y |Zr ([Nb |Mo | Tc | Ru (Rh |Pd ([Ag | Cd | In | Sn
Rubsidium Strontium Ytrium Zireonium Niohium Molyhdenum | Technetium | Ruthenium Rhadium Palladiurn Silver Cadmium Indium Tin Antimony
5 |66 | 7 | 2 | B | a5 w | 7| w]|w| w0 ]|« B2 | 8
Cs |Ba|La|H | Ta| W |Re | Os | Ir [Pt |Au|[Hg | Tl | Pb | Bi
Cagsiym Rariym Lanthanym Hatnium Tantalym Tungsten Rheniym Osmiym Iriclinrn Platinum Gold Mergury Thalliym Lead Bigmyth
57 | oo | so | toa | 105 | 106 [ 107 | 108 | 102 | 110 | 111 [ 112
Fr |Ra | Ac | Rf | Db | Sg | Bh | Hs | Mt |Uun | Uuu | Uub
Francium Radlium Actinium Rutherfordium]  Dubnium Seaborgium Bohrium Hassium Meitnerium | Ununnilium | Unununium Ununhium
~p o~ DOIN

Question 3.1 - Use a periodic table to
metals or non-metals.

classify the following elements as

b) Xe

d) F

Question 3.2 - For each of the following compounds name the type of
bonding involved.

'
90



 Introductory Chemistry Study Guide

Review Questior

- Set' 3 ,-‘-J Valencies

‘l Name the fnllowmg p051t1ve 1ons ... -
- a} H+ b) Mg2+ c) Cu2+:‘:. - d) Ee:2+5
:e) A13+ - :f) = ‘Ba:2+‘5] . o

Name the follawmg negaﬁve mrrs -
*-\"e); a - f_)- o _-g),PS' .o
3. Write the formula showing the valency of the following ions,
. a) silver :3_: b} mj:ipér;(i} e} f_’Iﬂﬁ'Dride 4 ammomum :_
9 .sﬁlfafé: f) zine “:_g):‘ barmm h) phd’sphaté_ .
i hiﬁaié_.. i mtnde W odde .‘5"',:51)"imn (|
. Give the valenaes of the pc)slt.we and negatlve ions m each of fhe follnwmg
.;'compounds - . ...
@, w0 ?Fézsévf e
ig:‘.e) Mg3N2 "f')-‘fA:legf .
- 5 Gwe the valenmes of the pomtwe and negatwe mns m each c}f the follnwmg
compounds ‘ -

 oaro wzeoy o e
| :_“_':For the experts .

_G chhromate (Crz()y) is an ion Contalmng oxygen and :‘:hrommm If potas,smm - :,. .
_ dichromate has the formula K,Cr,O7, what is the valency of the dichromate ion? =




3f7‘:‘5"'5et.4 Bundlng

- 1 Classﬂy the followmg elements as metals or non—metals
A Zn -‘-':: b)Se ‘-: . d)W
e}:N f)K g)Kr h)Tl

“ - 2 Complete the followmg table to determme the type Of bondmg between
the afoms ( or mns) -

Element type
Formula (metals or non-metals)

Bonding type

non-metals only covalent

metal with non-metal ionic

. ; 3. State ’rhe type of bondmg that weuld EXISt n the fallowmg substances
| A . BAM c) K25 ) RbyN
e}_HCl. f) CH4 g) PeBrs h) P205

: Cra ey s
s o Utﬂic; \.J.Lc ]«l

thefollowmgmns .. .. . -
2 Fe3+ B SZ- . 9P ot . o
o 9 Cr3+ . i-(i)i-LiJf:’“_} e

5 Draw the electron dot dlagrams to show how the follcwmg non—metal atz)ms =
- combme to form covalent bonds. ' - =

“‘3:' a} PC13' - ‘b).lf—,__ - c) ImCH». d) CF4 -
- \_‘ For the experts

 ; B Draw the electron dot dlagrams for the followmg

90 .m0, an
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4. Writing Correci

Writing the correct formula and giving the correct name to compounds is an

essential skill learnt by all chemistry students. The rules for writing the correct

formula or name depend on the type of bonding holding the substance together.

Metallic substances

‘Ill

Metallic elements: name - that of the element

formula - single symbol that does not indicate the
number of atoms present i.e. Na, Al, Fe

Mixtures of metals: These are alloys, they are given names by the inventor.
They do not have a particular formula.

e.g. solder - a mixture of tin and lead
brass - a mixture of zinc and copper

sterling silver - a mixture of silver and copper

Covalent molecular substances

These are composed of non-metal atoms covalentily bonded to other non-metal
atoms. The formula and name indicates the number and type of atoms present in
a molecule of that substance.

Rules for nammg

B The element that is closer to the left snde Df the perlodlc table is named
first and it keeps its normal name. (If two elements are in the same
- group - the element further towards the bottom i is named first. 1

ii) The element closer to the right hand s1de Gf the penodle table is named
second and has the end of its name changed toend in -ide.

iii) Prefixes are used to mdlcate 1f more than one atom of that element is

g R P

Plb‘hﬁ‘lll 111 U.lt! LllUlt?LLUJ:l
Prefixes used _mono - 1 cl1 2, tri- 3; tetra - 4 penta 5
| :1v) If there is only one atom of the flrst element the preflx mano is not usecl
. v) Molecules composed ot one element only, get the name Ql? that element
e g [ 2 nitrogen atoms : - [ iijaspharous m‘ams
- Ngoa ” ﬁinitregen tetraoxide Pch DhOSDhoruS trichloride

: l&%wgygén atb%rz;s_'i L 3 _ : _ [\ S'Cklarihé ato}ns; -




CHECKPOINT!

Question 4.1 - Name the following molecules that are made of non-metal

atoms only.
a) CO; b) Bry
¢) PO d) S0,
e) HCl f) SO,

Question 4.2 - Use the name of the following covalent molecules to write
their correct formula.

a) Chlorine b) Oxygen dichloride
¢) Nitrogen trifluoride d) Nitrogen dioxide
e) Sulfur trioxide f) Carbon tetrachloride

Question 4.3 - What is unusual about the names given to:

a) H,0 b) CO

lonic substances

These are composed of metal ions bonded to non-metal ions. These substances
form immense lattices with countless numbers of ions. The formula of ionic
substances provides the ratio of ions present NOT the actual number of ions
present.

To write ionic formulae or to name ionic compounds you must memorise the
valency table on page 15.

 sodium b

_Rules fnr wrltmg formulae for ionic substances
1) The posmve ion (usually a metal 1011) is wntten first.
11) The negatlve ion (non-mef:al ion) is wrltten seca:nd

iii) The number of each ion is ad]usted so that total posmve charge equals
me ’thal neganve cnarge buDSCI'lpIS are USE(I IO mcucare me nummer OI
_each ion present .- - -
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Question 4.4 - Complete the following table to produce the
for each of the named ionic substances.

—_
Z
o

+
g ‘
s |
&
=
(9]
(4]
w
Y
=
=

|

correct formula

NaBr

zinc nitride

zine oxide

aluminium sulfide

aluminium nitride




Note: Some metals can have more than one valency. This is indicated in the
name by using roman numerals to state the valency.

ie.  iron (Ill) oxide Fe3+ combines with O2- to give Fe,Oj
tin (IV) sulfide Sn** combines with $2- to give SnS,

CHECKPOINT!

Question 4.5 - Combine the following ions to give the correct formula
(Step 2 still needs to be done — but mentally).

Cut
Mg2+
BaZ+
Fe2+
Cu2t
Al3+
Cr3+
Fe3+
gnd+

Pb4+

Question 4.6 - Complete the following table by writing the correct formula
for each combination of ions.

| bromide | iodide | oxide | sulfide | nitride

potassium

copper (I)

calcium

iron (I11)

cobalt

chromium (III)

tin (1)
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e

 NO;is the _

- formula and z‘im '
st never be

- alrered The
 negalive sign wves
 the valency of the
 whole jon, which
 is used to work out
 correct formula.

] Remember- -

‘:Do Hot

Polyatomic ions

These are a combination of several atoms to form an ion. The formula for a
polyatomic ion indicates the number of atoms of each element present in the ion.

' eg mtrate 10n

NO - <—— valency of 1(f0r whole 10n) '
5

1 mtrogen ——>
: v:\

_ atom 3 oxygen ato.ms

When writing the formula for an ionic compound containing a polyatomic ion
you MUST NOT change the formula of the ion. This includes the subscript used
to indicate the number of atoms of a particular element present. If more than one
of that polyatomic ion is needed to balance the charge brackets must be used to

indicate that the number affects all paITb of the pUlyaIOIIllC ion.

Question 4.7 - Complete the following table to give the correct formula

for each combination of ions.

wa:fzge t/:se -

” farmula of t]oe :
; poiyatomzc '

don.

' Bmaéez‘s azre -

:‘ anly med

- :wf)er«z more
_ _zbr:m one

: polwmm .

ton s needed.




CHECKPOINT!

Question 4.8 - Write the correct formula for each of the following -
compounds. .
copper (II) chloride ammonium. carbonate - |
aluminium oxide magnesium iodide | -
iron (II) phosphate aluminium nitride - ,
gold (I) sulfide barium ethanoate :‘ . .
potassium sulfate potassium hydrogencarbonate L ‘-
copper (I) carbonate copper (II) sulfite -
calcium hydroxide lead (II) nitride |
tin (I) chloride tin (IV) nitride :
chromium (I1I) oxide cobalt sulfate ;‘ : |
lead (IV) oxide copper (IT) hydroxide ;‘
ammonium chloride zinc phosphate '
iron (IIT) chloride ammonium hydrogensulfate .
Rules for nammg mmc compounds - ' ’
~ Note: The

1. The metal, or posﬂwe ion is named first a:nd it keeps its n(}rmal name.

2. The non—metal or negative ion is named second and has the end of 1ts = dre- on zy" " 5&*
~_name written as .;.'.a.lde ..;....ate or... 1te (refer to valency table Of ions -

. pgld).

3. Ifthe metal jon has several valen(:les p0531ble, mdlcate its valency usmg - . Jor z_amc G
~ roman numerals. e
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a) NaCl

Question 4.9 - Name the following ionic compounds.

b) NH4NO;,

c) Ag,O

d) FGSO4

E) Fez(SO4)3

=
METALS ONLY

metallic substance

Formula is the
symbol of the
element.

Name is that of

element present.

eg.Na, AL K, Fe,
Cu, Ag.

NON-METALS ONLY

covalent substance

Formula gives the number
and type of atoms present
in the molecule.

Name provides prefix
indicating number of each
atom present, first element
keeps normal name,
second element has name

altered toend in ..... ide.

eg. Hz, COz, Hzo,
P205, N204

\
METALS & NON-METALS

ionic substance
Formula gives the ratio of

ions present in the substance,
metal ions written first.

Z,
a3
3
4]
192]
=
3
o]
=5
9]
-+
o]
—+
9]
93]
3

written first. Roman
numerals used if metal ion
may have more than one
valency.

eg. NaCl, MgO, Ca(OH),,
Zn(NOg)y, (NH)50y




Review Questi

1. Name the following compounds (composed of non-metals only).

Write the correct formula for the following covalent substances,
& cabon tetmafluoride  b) hydrogenchloride |
'5‘.-@:55."-1‘11"?1.1:1”: ,’t_I_i'O'Xi_dé‘f::. d) dmltrogen tetraomde . .

9 nitrogen trilodide f) ammoma -

.: .‘:‘a) hydrogen - :b) hydregencarbonate .
 : .‘.c)‘ammomum - . 4 Phosphate -
"ethaﬂoa;e:vm: . _:"‘ﬂ "

@ritmte b copper M

"'H::ﬁi:"c:_ride: _‘ - *‘_:.g} ‘5)) alun:umum

4. State the rlame of the follawmg 1ons -
i e ome an
"ﬁ-f’ ﬁFé*?* '«“--"-'gmo‘z- b Snft. :i[' i)*'szfw

- 5 QWmte the correct formula for the followmg 1omc compounds

.::-;;a) copper (II) ox1de - -~ ‘:'b) iron (II) carbonate -

. ;’c) magnesitim lj;t;ate_:":‘_ "d) zmc hvdromde :. -
o) am:momumsulfate - tm (I;V) chlqnd;a_. .

. ,_g)f 'Sﬂvefychléridé . h) alumlmum sulﬁde ,:
:For the experts

: 33 erte ’che correct formula for the followmg
' a) tetraphosphorus -deca-oxlde . b) oxygen dlﬂuorlde
c) calcmm hydmgencarbonate ,: d) m:)n (III) sulﬁde

‘ ‘e:): aluminium carbo_r_lyate__‘ - ﬂ barlum phc)sph&te




e ...

au‘j_- =

 Introductory cﬁe-rﬁisw _s,zg;gycm-;zé -

Set £ Wmtlng Formulae [II]}{_V‘ -

‘1 Name the ff:)llmwmg wmc Cﬂmpoun ds -  ‘: =

- f.-;a) 705 B Ca(HSO4)2

O BeNOg; MMgow,
O NHNO; P ALO,
o0 oo

D ALsOj, \.-,.Cé(cﬂgmg

- 2 Name the followmg compounds .

:':(‘;‘.i-a) 0. 1 NI—I3 -

_‘_'.-::‘::c) Mgs :;d) HgO

_ 'V""‘;‘_f&e’ Fe203 ﬂ Cu(NOB)Z _
9RO B Al(::l3

. ‘,1) BaSQB‘ . "‘f]} N02

" 3 :erte the cmrect fcxrmula for each of the i"ollcwmmzr

. _a) potassmm hydromde “ b) alummmm hydmmde

. C) tll’\ (IV) mtrate .; - “‘d) sulfur dlomde -

- 4 "Whlch of the followmg have been ertten mcurrectly'? For those that are:‘ .

: :mcorrec’c erte the carrect name or fc:}rmula

‘ _‘\ ...1 - Loy '.'7*.1\’7(“\' . ..\ 'l" AT T
d) 611 Ull.lu.u.l LlluuUllut‘ v} Ll”ﬁUBZ- o K I“ \}1_13

0 Cu12 :__'35_;_,: r:e)ﬁmg(sr}g?, f) A1504

" 5. erte the carrect formula for the foﬁawmg compounds

a) alumlmum sulﬁte - . b) chmmlum carbonate .

c) lead (IV) sulfate - : ‘;;‘ ‘_d_) cc_abal_t r_11t1_.~_1d_e- .

a il e .
Of ti€ expeins

- :"B erte the correct f()rmula fe:zr the follcwmg compounds . -

a) mt:rogen tr10x1de b) SlllCOI‘l dxomde

. :c) barmm hydrogensulfate d) ll‘OIl (III) sulﬁde

3 :e) 1ron (III) ethanoate - f) ammomum phosphafe . -



Chemical Reactio

Collision theory

When substances are mixed together a chemical reaction sometimes occurs.
Chemical reactions always involve the collision of particles.

0O, and H, molecules are mixed together
but no reaction occurs

Beaker 1

mixture of Hy
and O3 gases

Beaker 2

mixture of Hp
and O; gases
and a spark

loud bang heard as O, and H,
molecules mix and then react

For any particles to react: 1. Particles must collide with sufficient

oneroy to hvnn]{ n]r:l hnﬂrqe QﬂA

CIiCigy W LItan Uil DULLS aiil

form new ones.

2. Particles must collide with correct
orientation to allow particles to

anoo and maka new comnoiimd
allmn T allild LIAaRT 1ICW LU (9]

is summarised in a chemical equation.
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Law of conservation of mass

Law of conservation of mass: In all chemical reactions, the number of atoms of
each element involved must remain constant.

- TOTAL MASS OF REACTANTS = TOTAL MASS OF PRODUCTS

Reactants Products

2H, = 4atomsofH = 4 atoms of H
10, = 2atomsofO 2 atoms of O

 To write cdrrecit chemicial'eqﬁations: ;

1 erte correct formula for each substance mvnlved Once the correct '
= IOI mma lb errren l[ must HU[ De cnangeu

2 _BALANCE the equatmn to make sure it obeys the Law of conservahon of _
~_mass. To balance an equation a COEFFICIENT (number) is written in front
of each formula to make the number of atoms of each element on the '
_ reactants side is the same as the number of atoms of that element on the
product side. REMEMBER: Do not change the formula — only change the
- _caefflment If the caefflment is one, no number is written. .

=y i



NOTE: 6 Na,O = (6x2)Na and (6x1)0O
OR 12 Na and 6 O

4 KyCryO7 = (4x2) K ; 4x2)Cr and 4x7)0O
OR 8 K ; 8 Cr and 28 O

3Fe(NO3g)3 = B3x1)Fe ; 3x3)N and (3x3x3)0
OR 3 Fe ; 9 N and 27 O

CHECKPOINT!

Question 5.1 - Use the coefficient to determine the humber of atoms
of each element in the following compounds.
a) 3 H,S0, i H , - and 0
b)4KMnO;, :__ K , __ Mn and __ O
c) 2 PbO, :_ Pb and ___ O
d)5KCI0, :____K ¢ and ___ O L
e)6NaHCO; : _ Na , _____H ; _C and _ O ‘:;:H

W
gy
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Question 5.2 - Use the coefficient to determine the number of atoms of
each element in the following compounds.

a) 2 Cu(OH), Cu , O and H
b) 3 Al5(SOy4)5 Al , S and O
c) 4 PFey(COz)5 Fe , C and O
| dy3Mg(NOy), Ms;, N  and o)
- ' e) 4 Ca(HSOy), Ca , H , S and O
TIP: When balancing equations, leave O and H until last.
- NOTE: Formulae for acide.
- . H2504 - sulfuricacid
T—INTH- - = ﬁh-m'r» i
J-LJV\Jj T .I.LL_L.,I..L’L uu.tu : > e
- HA - hydrochloric acid
CH,COOH - ethanoicacid
- H3PO,; - phosphoricacid
_ “ - - - HyCO3 - carbonicacid
| CHECKPOINT!
. Question 5.3 - Balance the following equations
a) F8203 (s) + C (s) —> Fe (s) + C02 (&)
FEZ(CO3)3 (s) + H3PO4 (aq) —> FEPO4 (s) + COz (®) + Hzo )
Na (s) + Oz (g) — NaZO (s)
SH(N03)2 (aq) + KOH (aq) — SH(OH)2 (s) + KNO3 (aq)
NaHCO3 (aq) + H3P04 (aq) —> Na3PO4 (aq) + Hzo L + COz (g)




Review Quest

| 1. Balance the followmg equatlons . :
@) Nag = HOg — NaOH o * Hy g .
b) Cu(N03)2 (aq) + NaOH (aq) '—P Cu(GI—I)z aq) <+ NaNOS (aq)

C) CaCO3 (5) + HCI (aq} ~—~> CaClz (aq) + HZO (1) + COQ (g} - . -

- e a} Mg(.ﬂ 1 szm . Mg%NQ{e;\ : _
; b) NaOH (aq) + H3PQ4 (aq) —-? N33PQ4 (a q)' + H20 U)
C) CH(OH}z (aq) + HCl (aq) ""’* CuC12 (aCj) ¥ HZO (D

'"_. 3.2 LaLU?, (S) + HPO, g —* La3(1~'u4)2 (S) + nzu 0 + LUZ (g) -

b) ZHO (S) + HQS (g} """b‘ ZI‘IS (S) o+ Hzo {1)

c) Hzoz (aq) —-0 02 (g) + HzO (1} :

o 4. a) KHC@B (aq) —IP KzCDg (aq) + HQO (1) + COZ (g}
b) Na?_Oz {aq} & Hzg (1} -—-F NEIOH (aq) 1 02 (g) . :
Y Cl‘(OH)'—*s o * H2304 (aq) — Cl‘z(SOzL)z ram . HzC’ m
5 a) Mg } 3 HCl (aqj -—l“ MgClz aq) + H2 (g)

- - b) Al (s) + HCE (aq) """ A1C13 (aq) + HZ (g)

",c)‘:'I*‘OH :(;aq) + n31 u4 (aq) — Na31 u4 (aq) : nzu (1)
For ihe experts .

g,u (S} o ngDU4 {aq) -—r 1v15au,4 (aq) + B2U (1) .
b) AI(OH)3 (S) + HZSO4 (aq) -—-P* A12(504)3 (aq) + Hzo (1)
C) Fe203 (S) + HNOB (aq) “"" FQ(NO3)3 (aq) + HzO {1}




-
rTy @ o
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Set B Balanclng equatmn [ ]

‘1 Convert the fc)llmwmg ward equatwns to symbol form arid then balance . .

- a) s::rdlum carbonate + calcmm mtrate s sndmm nitrate. + calcmm

carbonate

b) a@dmm hydrogencarbonate —» scdmm carbnnate + water -+ ca:rbon - ;
dlo)qde . - ' *

;(;:)‘_z_mic suua’ce?§+ ‘a‘lﬁunﬁnium“-—_—fb” :aiuminium suifa'tie, + 3zinc3 '

i2 a) patassmm hydmmde + sulfuﬂc ac1d —» po’cassmm sulfate * water o

b) alumm:lum -t oxygen gas —k alunfumum 0x1de

c) magnesmm 0x1de 4 phosphonc amd ——> magnesmm phmsphate .
'wa’cer',--- . . ‘

" ".3. a) potassmm hydrogencarbonate + phosphomc ac1d . potassmm

phesphate + water + carbon dm;ade

b) sodmm hydromde - phnsphomc ac1d —+ SOdll;lm phosphate E water .

- c); .lead.(II) .mtrate . 'Sodlum .1od1de —k so:dlum mtrate + 1ead (H)‘lomde .

":4 a) chrormum (III) carbonate + sulfunc ac1d u—» chrcmmm sulfa’ce - water .

- carbon d10x1de o

b) sodlum ethanoate - hydmchlorlc aad -—» sadm;m c:hlorlde + -

tf[lkﬂl(}l{, auu :

- c) ﬂalcmm hydmmde + ethanmc amd —» calcmm ethanoa’ce + water

- 5 a) ammonmm hydrogencarbonate * mtrlc ac1d —» ammomum mtrate *

water + car DOH ﬂlOXlﬂe

b) potassmm hydrox1de = hydrochlonc ac1d ——b patassmm chlorlde +
- water . '

. :For the experts

B. a) 1ron + sulfunc ac1d - 1r0n (III) sulfate + hvdrogen gas

b) 1r0n (III) ox:lde + rutrlc amcl —b iron (IH) mtrate o+ Water

c) Copper(II) hydmx1de + hydmchlorlc amd —> capper(ﬂ)chlonde + water. . -



Writing Equatic

CHECKPOINT!

Predicting the outcome of a reaction

The outcome of many chemical reactions can be predicted if the general nature
of the reactants is known. This section looks at some of these general reactions.

Reactions between acidic and basic substances
[neutralisation)

Acids:

These can be classified as substances that produce hydrogen ions (H*) when

Aol ad G ol
CLISHOLIVEU LI wWadlll.

Common acids: Hydrochloric Acid . .HCI

Nitric Acid ........ HNOg
Sulfuric Acid ...... H,S0,
Phosphoric Acid ...HzPOy,
Carbonic Acid ... .. H,CO4
Ethanoic Acid . .. ... CH3COOH

Most non-metal oxides are acidic. (HO and CO are two exceptions.)

Bases:

Bases are classified as substances that produce hydroxide ions (OH ") when
dissolved in water. Metal oxides, metal hydroxides, metal carbonates, metal
hydrogencarbonates and ammonia are basic substances.

Question 6.1 - Classify the following substances as acidic or basic
substances by placing them into the table below.

List of substances: HCI, NaOH, NH3, NaHCO3, Mg(OH),, K5O,
HNO3, Fe203, 503, CH3COOH, NazCO3, H3PO4

Acidic substances

Basic substances

 Most non-metal
 oxides are acrdic,
- Jor example: -
0w .
NO, and P05

 Mostmetal
- oxides are basic.
.. .
- U LRG o
' :“ C‘ZQ).MQO; BsO
- andFeO;
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Question 6.2 - Give the formula and name of the salt produced when the
following acids and bases react.

a) HC 4) + NaOH () Nac/ Sodiwm Chloride

b) HzSO4 (aq) + KZO (aq)

c) CaC03 (s) + HN03 (aq)

d) NaOH (aq) + HN03 (aq)

ey H
e) I

f) 503 (g) + KOH (aq)

There are 5 main reaction types involving acidic substances.

Reaction 1: Acid & Metal Hydroxide

Amd + Metal I—Iydroxide_ ——b Salt + .Water

| Question6.3 - Complete and balance the following reactions between acids
and metal hydroxides.

a)  _ HgPOy(q + _ MgOHppg — — — +
__CHsCOOH () + __Ba(OH)ypq) —> __ _ +
_ HpSOqpq + _ Cr(OH)zq — _  +
_ HyCO3(q + _ KOHgy — _  +

_ HCl (aq) + _ FE(OH)Z (aq) —> +




Reaction 2: Non-metal Oxide & Metal Hydroxide

:Ndn Metal Oxide__ =+ '3M_e_ta1 I—_Iydrpxide- —» Salt +  Water '

CHECKPOINT!

Question 6.4 - Complete and balance the following reactions between
non-metal oxides and metal hydroxides.

a) _SOZ (g) + _Ca(OH)2 (aq) - 4+

b) P05 + __MgOH)yoqp = +
) _ S04 @ * __ Cu(CH), (aQ — — +
d) _ COy @ T _Ba(OH)z(aq) -
e) — SOy + _AlOH)3(qq) &> — _ + __

Reaction 3: Acid & Metal Oxide

Acid + Metal Oxide —> Salt + Water

CHECKPOINT!

Question 6.5 - Complete and balance the following reactions between acids
and metal oxides.

o

a) _CH3COOH (aq) + _BaO (s) - +
b) _H3PO4 (aq) + _ CuO (s) o A

C) - H2C03 ( o Kzo (aq) - +

aq)

d) . HN03 (aq) + A1203 (s) —» +

e) - H2804 (aq) + CI‘(OH)3 (S) — +
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Reaction 4: Acid & Carbonate

Acid + Metal Carbonate —»  Salt + Water + Carbon Dioxide

Reaction 5: Acid & Hydrogencarbonate

'Acid :4—: Hydrogencafbohate: — :'.Salzt o Water + Carbon Dioxide

Question 6.6 - Com

HCL @q T KHCO;, (aq) —>

N CH3COOH (aq) + ZI’[CO3 (S) —>

d) _ HN03 (aq) + Fez(CO3)3 (S) —>

lete and balance the fnllnwmn reactions between acids

nl
and metal carbonates or metal hydrogencarbonates.

Sumrﬁalfy: of Re;é_

A. 1d+ Metal vgm_de -—-k QAH + Wa 1'

Vi tad "‘J Lrleax’el il

Amd + Metal Ox1de -% Salt + Wate:r

= A,.-A i e :C!.'lx., ." pac
: LU. T \.(Cll .lelk —% odll + vvdier “l' \.ﬂﬂ

- - ' e) _ H5504 (aq) + ___ Mg(HCO3), (aq) D p—

" Ncn-Metal 0x1de + Metal Hydramde —P Salt . Water

Ac1d+ Hydmgencaﬂjdﬁé’ce . ‘Salt ,-1;' 'Watér _+.Cérbbh_Di'qxide




'- 1 Ccmplete the followmg general equahons
.y _‘.F_f-‘me’tal hydr(}mde .
'é—i-m‘, ;al..a thon ate —»
i _‘_’ {F_‘_‘metal 0x1de : -
- ‘.‘metal hydmgencarbonate —-b

- :e) non—metal axlde = metal hvdromde —b -

. C(}mplete and bala_nce the f0110w1ng equatmns:.:‘;f :'
 a) H,50, ot AI(OH)g o = .
b) Hl‘wz&(aq) o
9 CH3@OH (aq) +Mg(HC03)2 (aq) .....
d) 803@ i Na.OH(aq) -—» ' 

:a) Fe(OH)S (S i st04 () —
Do e, s
‘ :‘c) Ca(OH)z(aq) - COg(g) — .
4.3 HCl o) + FeCOS o> |
‘b) HNO3 (o) | NaD (5)
- c) H,50; (aq) . Cr(OH)B (s

" :‘a) hYdrochlonc acad . mm (II"D hYdrox1de . -

. ;-b) mtnc amd . barmm carbonate —-> -
- o) ethanmc ac:ld i calcmm hydromde —-»
"d) sulfurlc ac1d + h’chmm hydrox1de -—b

:e) carbomc acld - magnesmm hydrax:lde -—P
6. a) phosphoricacid + iron (Ill) oxide —»
b) ‘sﬁl_fﬁr ﬁ-iind_e . + barium ‘hyd'r‘o:xi'de —

': f‘d) sulfurlc amd - 1r011 (III) carbonate —b-

:'e) hydrochlomc amd o+ chrﬁmmm hydmgencarbonate —* =
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7. Reactions Invol

Activity Series
 vanking abillty
to féfm -
'jwzm masmzce
 mentio ed

Metals have a wide range of uses. Understanding and predicting the ways metals
react is very important to reasons why metals have so many uses. The extent and
speed with which metals react with metal ions, acids, oxygen and water is
summarised by the metal activity series.

Reactions of metals with acids

NaAct ratale react writh Aili1ta anide 4 vradi1oa A calf and hoydeAacon one
AVIUDL LLITLWALD LTAdLUL VWILLL ULLIULT duluud v tJJ.U\/LLlL.C L Dall dliul ll-y ULUXCIL BC[D
Nitric acid, HNOj3, and concentrated HySO,4 do not react in this way.

Reactive Metal  + et _ Hydrogen Gas

From the activity series; metals below (and including) Cu do not react with dilute
acids to produce hydrogen gas. As you proceed up the activity series the metals
react more vigorously with dilute acids. Ca, Na and K react explosively. It should
be noted that some metals have oxide layers that limit the reactlon w1th ac1ds This

' Y

=
(¢4
)
=
(E:

PR I
ox1ae

Question 7.1 - Write halanced

Where no reactlon occurs write “no reaction”

o
E
5
=

1ations for the follo

a) - Al (s) + HCl (aq) - __ .+
b) Sn ()t H,»S0, (aq) - +
c) Zn (S)+ HCl (aq) i +

d) iron + phosphoric acid
- o+ 00— 4+ _

e) copper + hydrochloric acid

+ — +




Reaction of metais with water

Reactive metals, those above Cu, can react with water to form hydrogen gas.
- LK, Na, CaJ + H,O —» metal hydroxide + hydrogen gas

M’g:, Al Zn Fe, | supetheated o) guide 4 hydrogén. gés -
| Ni,S5n, Pb | seg;e. . ...
L s :

| [Cu,_Hg, Ag, Py, Au]: - DO NOT REACT WITH WATER OR STEAM

CHECKPOINT!

Question 7.2 - Write balanced equations for the following reactions.
a) aluminium + superheated steam

_ +_ =
b) sodium + water

_ + — +
C) copper + superheated steam

-+ o+
d) nickel + superheated steam

-+ = o+ __
e) lead + superheated steam

S e S

e~
=
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Reaction of metals with oxygen

Most metals react with oxygen gas to form an oxide. The higher up the activity
series, the more rapid the reaction. Ag, Pt and Au do not react with oxygen, even
if heated.

Metal +  Oxygen Gas - ~ Metal Q;x_idé;_ '

. CHECKPOINT!

Question 7.3 - Write balanced equations for the following reactions.

a) aluminium + oxygen gas

L —_—
_ - _ L

sodium + oxygen gas

+ —>

copper + oxygen gas

+ _>

nickel + oxygen gas

+ -

gold + oxygen gas

1. Reactive metal + Dilute Acid —» Salt + Hydrogen Gas
2. [KNa,Ca] + Cold water — Metal Hydroxide + Hydrogen Gas

]
+ Super heated steam —» Metal Oxide + Hydrogen Gas

W

4. Metal + Oxygen Gas —» Metal Oxide [Exceptlons Ag, Pt, Au]

K Na Ca Al Zn Fe Ni Sn Pb = Cu Hg = Ag Pt Au
: - reacts with oxyge% ﬁ ;

reacts with dilute acid
9 ¢

veacts with or super beated steam i

U‘l

cold water




Reactions between metals and metal ions

A copper (II) sulfate solution contains Cu?* ions and
S0,2" ions. When a strip of Alis placed into the

anlittinn tho Al dianlacoe tho (1124 iana to form A13+
DQULULLIVUL L, LLIC a1 L/llDlJlCl\_CD LLLC U AWVLLD LS LVL AL £x)

ions and Cu solid. The sulfate ion takes no place in
the reaction and so is not included in the equation.

Unbalanced equation:
Al (s) + Cu2+ (aq) — A113+ (aq) + Cu (s)

This equation IS NOT balanced. Atoms are balanced but charges are not.
To balance an ionic equation: i) balance atoms

ii) balance charges by increasing the number of ions

iif) repeat (i) and (ii) until atoms and charges are
balanced.

iLe. 2 Al (s) + 3Cu2+ (aq) —> 2A13+ (aq) + 3Cu (s)

The activity series provides a predictive tool to determine if the metal will
displace the metal ion from solution.

The metal will displace the metal ion from solution if the metal is higher up the
activity series than the metal the ion comes from.

atows more reactive.

.

_ lons more redc
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water simply c_'ame's:; ‘
 the 1ons to separate.

- L
ry .

Reactions producing precipitates

Many substances form ions when they dissolve in water.

DISSOCIATION occurs when ionic substances (metal ions bonded to non-metal

Not all ionic solids dissolve in water. A set of solubility rules as shown below
can be used to determine if an ionic solid is soluble, slightly soluble or insoluble
in water.

Ionic solids that are soluble in water:

Exceptions
_ Insoluble | Slightly soluble
Mosf chlorides AgCl Hg,Cl, - PbCl,
Most bromides AgBr, Hg,Br,, HgBry PbBr,

Most iodides Agl, Hg,l,, Hgl,, Pbl,

All nitrates Nil
SI'SO4, BaSO4, HgSO4, PbSO4

Most sulfates

CaSO4, Ag2804

Ionic solids that are insoluble in water:

Insoluble Exceptions

Soluble - | Slightly soluble

Most hydroxides NaOH KOH, Ba(OH),

(NH4OH does not exist)
N812CO3, K2C03, (NH4)2CO3

Ca(OH),, Sr(OH),

Most carbonates

ANTIT

A [ 1 1 [l nNT T T/ T T
Y1OST pnospnates INazl\ g, K3y, (NI )30

Most sulfides Na,S, K»S, (NHy)»S

Soluble _ = more than 0.1 mol dlssoives per lltre

Slightly soluble = between 0. 01 mol and 0.1 mol dlssolves per htre -
Insoluble = less than 0. 01 mol d1ssolves perl litre




CHECKPOINT!

Question 7.4 - Use the solubility rules to determine if the following ionic
solids are soluble in water.

a) CuCO;4 b) MgCl,

¢) Zn(OH), d) Cas(POy),
e) Ca(NOs), f) AI(OH);
g) K50, h) FeCl,

Question 7.5 - Use the solubility rules to determine if the following ionic
solids are soluble in water. For those that are write equations
to show the ions produced. Assume that 0.15 mole of the
solid is being dissolved in one litre of water.

C) Cu(N03)2

d) Aly(COg)3

Note: Nearly all substances will dissolve to some extent eg. AgCl is listed as
insoluble (less than 0.01 mole per litre dissolves) yet one litre of saturated
AgCl solution contains in excess of 1020 ions of Agt and CI-.

e i

e) Fe(OH)3 .
f) Ca(OH), 3

=45
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Reactions between ionic solutions

On some occasions when two ionic solutions are mixed, the combination of ions
present will produce a pairing of two ions that are not soluble. When this occurs,
the large numbers of ions available combine to form an insoluble ionic solid.

| CHECKPOINT!

Question 7.6 - Use the solubility rules to determine which of the following
combinations of solutions will result in a precipitate forming.
Write an ionic equation to show the reaction that produced

any precipitate. If no precipitate forms write "no reaction”.
a) CuSOy aq) T NaOH (aq) (List the ions present: )
Ionic Equation:
b) NagS (4q) + CalNO3)p (5q) (List the ions present: )

[onic Equation




Review Questio

‘I LlSt each of the foilowmg group of metals in order of reactwﬂy
- ‘(most reactlve first) ~

) ch gold Dotassmm, alummmm
b) Lead lron m __ury,sﬂ_

:“c) Ccpper, sodlum, mckel calmum :

Name a metal which
. a) Reacts W1th cxygen but nnt Wlth dllute ac1ds 4
- b) Does not react w1th any ac;td even if concentrated
‘ <) reacts wn:n cold water
f d) reacts .w1th steam but n_cst _i&ith ﬁatéi -
3 Wnte a balanced equa‘aon for the follawmg reactmns Df metals Wlth dllute
acms. if no reacmm oceurs wrlte moreaction.
,' a) calcmm 4 hydrochlonc amd b) mm + hydmc:hlomc ac1d
‘ :‘c) sﬂver + sulfurlc ac1d . ; d); sodmm + -carbom_c aci_d o
: Wi‘lte a balanced equaﬂon for the followmg reactwns of metals W1th d1lute -
ac1ds‘ Ifno reaction oceurs erte no reactlon . - - "
a} sodmm + cold Water ' b) zmc + steam .
Cl p1atmum -+ bteam | | CU magneblum + CULQ Waﬂ.ﬂ‘ . . .
. _ Wrxte a balanced equa’aon for the follawmg reactlons of metals w1th dxlute
- amds If no reactmn occurs wrlte no reactmn '

) alummum + oxygen “: d) copper exygen

- For the experts

- E Jenny was given a small rod made of shmy sﬂver metal and asked o
_ determine the. identity of the metal. She decided to test it by placing it in
different solutions to see if it would react. She found that it reacted with
copper (1) sulfate soiuhon but not Wlth zine mtrate soluhon

. ‘,a) wlruch metal (or metals) could the rod be made 0f'7

termme thc—:- 1de‘t1ty ofth. me ; -
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Set 'i:"‘l "| mc:snmtinnsv '

' _1 For each ionic compaund named gwe the catmns (posﬁve mns) and amans .
(neganve jons}itis a compased of: ‘

,::_ a) _.Ca(QH)_z . b) Fez(CQs)s 5 C)A1P04 -
. ; _2 lee the catlcms and amons for each of the follawmg compgunds - :: ‘
2 Cak’“m PhOSPha"e . B Cabalf mtra_te . ¢ Nlckel br,omidej -

. 3 Complete the table belnw to mdmate the formuia {)f any prec:lpitate formed - ‘
‘ when the solu’aons llsted are mlxed o -

AgNO3 CU(NO3) Fe(NO3)2 Ba(NO3)2

- 4 erte ionic equatxons fc:r each of the followmg p:rec1p1tate formmg reactlons . :
. _If 110 prempﬂ:ate forrns, Wr1te No Reachon , . - -

:\(“‘.-. i

) “4 (aq) = Dduz (aq) - ) He(N Uzuz {aq) + Znhy (aq)
- 5 Write ionic equahons for each of the foﬂowmg prec1p1tate f()rmmg reactmns “: . f “: : -
; ij no precipltate forms Wﬂte No Reac:tmn ‘ . '

Ty

‘::aJ l\llng (aq) + Nazb \aq) - m 'Alz\aull;g (aq) + DagDn)z‘ (aq) -

. - ' .C) Ag2504 {&q) + FeBrB (aq} - ;‘ d) AJC]B {aq) + Ba(GH)z (aq)

'::For the experts -

- G A lab@ratory asmstant had prepared 0 20 mol L“1 solutmns of banum mtrate, -
“iron (1) chloride and sodium nitrate. However, when left over mght the 1abels
ell from the bottles onto the floor. Use y'our knowledge of solubility rulesto
esta senes‘ﬁf tests that could be used to identify and correctly label each .
ottle. Your answer needs fo explain what test y«au would use on each solutlon . -

= ' and what result you would expeci'
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9. The Mole
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12. Gases







Relative Mas .

Relative atomic mass (A;)

The mass of individual atoms is very small and hence it is more convenient to
use relative masses. This means that the mass of each atom is compared to a
standard which is an isotope of carbon, carbon-12.

The relative atomic mass (A,) of an element is the average mass of one atom
of it compared to 1/12 of the mass of an atom of carbon-12.

N ntor Tha rmace Af 1 carlhan atam ic falean ac lhaing avactls 19
ANWULT, 11T 1LIIKAOO Ul 1L VCALIUULL AdWULLL 1D LAaAnNTLL Aad UC1116 CAQLLL)’ L.
ATH] - 1 ; ] ) Thecarbon-12
= mass of 12 H atoms = mass of 1 carbon atom ' - .-
r (H) atom is used for
.mass of 1H atom = 1 : .
R “the comna of
LA (H) =1 -

all atomic mass

Ar [Mg) =~ 24  mass of 1 Mg atom ~ mass of 2 carbon atoms . il

Ay (Mg) ~ 24 .
r (Mg)  magnesium

‘sz’smeam that an
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Table 1: Relative atomic masses (A;) of some elements

 Relative atomic METALS NON METALS

. mﬂ:‘” ;]7‘!?‘9 no Element 1

units _faécéu,ge - Aluminium .

:t,.fqey.are. ?m?m. 5 Barium . - : . Boron
. ; Calcium _ Ca Bromine
. - . Chromium - Cr Carbon
- - - Copper Cu Chlorine
. Gold - Ay Fluorine
- ;‘ ' Iron . Fe Helium
| - : - Lead . )Z. Hydrogen
. Magnesium Mg Krypton
- :‘_ ; - Mercury  Heg lodine
: .  - Potassium Kk Neon
- :' Silver A - Nitrogen
: _“‘ - Sodium _ - N ' Oxygen
- | . Tin Sn Phosphorus
. . Titanium iy Silicon
; - Zinc .y Sulfur

Question 8.1 - Use Table 1 to determine the following.

a) Approximately how many times heavier than a carbon-12 atom is an atom of:

i) Chlorine iii) Titanium

ii) Silver iv) Krypton

Approximately how many times heavier than a hydrogen atom is an atom of:

FANE i i F 333 (T awlaaan
1) I'IC1IulLr 11} Ldalbull
ii) Oxygen iv) Iron

Approximately how many atoms of aluminium have the same mass as 1 atom of Silver?

List in order of size, the three lightest:

i) metal atoms ii) non-metal atoms

Which metal atom is approximately 40 times heavier than hydrogen?




Relative molecular mass (M)

The atoms of non-metals, such as those listed in Table 1, are able to combine to
form molecules. The mass of these molecules can also be compared to the mass
of carbon-12 atoms to find their relative molecular mass.

The relative molecular mass (M, ) of an element or a compound is the mass of
one of its molecules compared to 1/12 of the mass of an atom of carbon-12.

 Moleculor masses
__are also compared to
. the carbon-12 atorm.

Mp [Ho0) = 18 mass of 2 water molecules = mass of 3 carbon atoms

Relative formula mass (M)

Ionic compounds such as sodium chloride (table salt) are not made up of discrete
molecules and hence it would be incorrect to refer to their relative molecular
mass. Instead, for ionic substances, we refer to their relative formula mass (M,).
You will notice the same symbol, M, is used and it is defined in the same way as
relative molecular mass.

Calculating relative masses

The relative molecular mass (or relative formula mass) can be calculated by
simply adding the relative masses of all the atoms shown in the formula.

The following two examples show the main steps involved in calculating relative
formula mass for compounds.
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Question 8.2 - Complete the following:
a) M; (CO») =(1x___ H)Yy+@2x___ )=

b) M; (Cl2) = (2x ) =

¢} M, (CuSOy) = (1x Y+ (1x Y+ (4 x ) =

d) My (Pb(NO3)2) = (1x Y+ (2x Y+ (6x ) =

e) M; (Mg(OH)z) = ( )+ ( )+ ( ) =

Question 8.3 - Write down the formulae for the following and determine their
relative molecular mass.

a) sulfur dioxide

b) aluminium chloride

c) chlorine gas

d) ammonia gas

e) barium chloride

f) ammonium sulfate

- g) iron (II) hydroxide
- ' h)zinc carbonate




Percentage composition

The proportion (or percentage) by mass of each of the elements in a compound
can be determined from the formula by comparing relative masses.

Percentage (%) by mass _total A, for that element .
 (of an clemeny) - C

M, forthecompound

CHECKPOINT! |
Question 8.4 - Use the data in example 3 above to determine the percentage
of hydrogen and oxygen in ethanol.

x 100

i) % (by mass) of hydrogen

ii) % (by mass) of oxygen x 100

N
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Question 8.5 - Determine the M, of the following compounds and their
percentage composition.

a) carbon dioxide (COp) M, (CO2) = (1 x ) + (2x )y =

. % carbon = x 100 =
. % oxygen = x 100 =
b) lead sulfate (PbSQOy)
M, (PbSOyg) = Ix__ )+(Ix__ )+@#x ) =
S%lead = x 100 =
% sulfur = x 100 =
Y%ooxygen = ____ x 100 =
Total % =

Question 8.6 - Determine M, for the following compounds and their
percentage composition.

a) silver nitrate (AgNO3)

My (AgNO3)

% silver

% nitrogen

% oxygen

b) sodium sulfate ( )

c) ammonium sulfate ( )




7. Review Questio

: 1 Llst the followmg elemen’ts in order of relatwe atomic r
- (fmm lowest ta hlghest) ‘ -

a2 oxygen mtmgen necm
'_,b) alumlmum carbcm chlorme

_‘c) 1rcm zmc chronuum

The relatwe atomlc masses of sorne element‘s are whole numbers Whﬂe for
many others they are not. . :

_ Explam hcrw 1t is possﬂole to have fractwnai masses.
- (Hmt you maV need to refet to the sectmn on ammm structure

_"":gFortheexperts ‘ .. .
- - 6. A group of chemlsts decu.ied that it m:tght be better to use oxygen—_lé as a’
~ standard instead of carbon-12 They would define the relative ator '

_ an element as "the average mass af one atom r)f that element campared to 1/15 af tke
. massofan oxygen~16 atom

_ ‘Camment on their idea and discuss how thls would affec’c the relatxve masses
of the elements hsted in Table 1




- .
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| *'I'nté'adiici;ob?;:G‘Herﬁi'stﬁySiiéé!yi“Gai&ZézZs:"

‘ . Set. 1 3 HEIBT.WE mulecular mass

_1 Determme the relatlve malecular mass (Mr) for each czf the follmwmg

: molecular compounds

- a) mtrogengas ﬁﬁ“ Ng b) clﬂorme gas Clz

c) carbon dmxlde CQQ f- d) sulfur dmmde SO;;; _
e) sulfur’rrmmde 5(33 . . f) methane - ;CH'4‘;>” ”
i ; “2 Wmte the correct formla and determme the rela’tlve formula mass (Mr)
for the followmg ' '
a) sodmm chlande  : : ‘.‘b) calc':iium“ éxi?:ie ‘. _ .
c) alummm;m chlorlde - E: a0 zmc sulflde _ -
- _e_): m_agnegmm ,Q:mde;_ = - f) potassmm hydmxtde .
-3 A’ne be goﬁ.;cti .erxhula an;&étf.crmdne the relam*e.‘omnhla mass (M:{} Larﬁ‘:e
~ following. -~ : ‘ e
. a) ZHTC Ihtrate b) alummmm sulfate -
'7 ;¢); ammomum féafbbﬁé’feﬂ"_ a magnesmm hydmmde -
‘:’ e) :ééppréf (11)5 éarbana"te‘ .::’ . f) 1ron (II) 0x1de

“ ‘_ 34 Fm‘ each of fhe followmg sets of molec:ules determme Wthh is the heav:test

- 1—12 - N2 . Uz - b) bUz - ;.Ug NO;

c) Clg , Brg 5 b 503 ! _C4H10 . C?.HsOH

: 5 Determme whlch of the fo]low:mg molecules .

HO,co, CH3;COOH , GHSOH NH;», CgHg

- a) has the same mass as 5 carbcm atoms, - : f

b) has the same mass as 17 hydrogen atoms

E . 'For the experts

‘ :G For compounds such as those n queshctn (1) abeve we refer ta thelr relatwe

- molecular mass whereas for those hsted in questlen (2) we refer o thezr

. relatlve I()rmula mass. J:xplam t['le CllIIE‘I’ ence DEYWEE‘I'I relatlve molecmar mass_

and relatwe fc;rmula mass



’:.Set 14 Percentage cnmpusﬂ:mn

Detemune the percentage by mass of each element Wlthm the followmg

: mmpaunds

. a) sulfur d1ox1de ‘f . - bj:cgrb‘on mjc‘mqkide"

?)

;}c)‘ sodinn chloride :' - d)magnes1umhydrox1de .

°) éilvgrhifc_raté_ .

f ;Determme the percentage by mass of

-a) hydrogen in water _‘: - b) Carbon m pmpane (CgHg)

.c) sodlum in sedlum sulfate , d) lead in lead (II) mtrate -

: 'e) carbrm in ammomum carboﬁate

‘Determme the percentage by mass of water in the followmg hydrated

. campounds ' - - ,

‘_a) bamum chloncle 2 water _‘ b) calcmm sulfate 2 water.‘ -

‘_‘c) magnesmm sulfate 7 water 4 sodlum carbonate 10 Water ‘. - .

. e} m:m (III) ch]orlde 6 water o

An essent1al element for pla:m: gmwth is mtrogen Calculate the percentage by

- _ mass of mtrogen in the f0110w1ng commonly used ferhhsers .

- _‘_"53) llqmd ammonia ,‘ii‘ - b) ammomummtrate

- c) am:mcmum-sulfqté - ‘:d) urea‘(CO_(NH_z)g)‘

Most metals are reccvered from mlnerals whlch are found in ﬂres
The mmerals are actuallv compounds of the deswed metal

- ;For each of the follawmg mmerals calculate the percentage by mass Of the 5

- 3‘_ _ _metalhc element ‘ -
. _a) iron m haematlte (u‘on (III) 0x1de)

- .b) alumlmum m alumma (alurmmum 0x1de)

- - ‘:c) coppermchalcopynte (CuFeSz}

- _‘ ‘:d) calcmm m pure hmestmne (calcmm carbenate)

- e) Tead i n galena (1ead (II) sulﬁde)

Fur the experts -
B

-

Alﬂrr'nnn T malw:u] e varnuarad
AXARL LR LI R 0 SR Vo Lot

(alummlum 0x1de)

Calculate the perceintage by mass of alumnnu;m in a typtcal sample of bauxlte are

59



| Mole =6.02x10%

 Counting very
- hmy particles is
 impractical but we .
an achieve the same
' _z‘bzzzg,by weighing -
 substances. The
- relative atomitc mass
(A or relative
moleculor Mﬂjsi‘(M,;) -

meamred 1 grans;

- always contains
L mole of particles.

. '3'intﬁbdﬁcﬁbt‘fzﬁﬁemistr‘y Study Guide

Moles

Chemical reactions involve very large numbers of extremely small particles.
These particles, such as atoms, molecules and ions are simply too small to count
or weigh individually.

The mole (1) is a number that chemists use to count large numbers of particles.
Just as we can refer to a dozen eggs (12), or a ream of paper (500 sheets),
chemists speak of a mole of atoms (6.02 x 1023 atoms).

The mole is the amount of substance containing Avogadro’s number (Na) of
particles. This number, named after the Italian scientist Amadeo Avogadro is
approximately 602,000,000,000,000,000,000,000 or more simply 6.02 x 10%3.

Chemists don’t actually count out a mole of atoms but instead do so by
weighing. Just as a bank teller would weigh out $100 of 5¢ coins, a chemist can
weigh out a mole of, say, aluminium atoms by weighing out its relative atomic
mass in grams (27g).

i

Avogradro’s Number Na) :‘6 02 x 1023

:_'u

‘il.i‘niélé.;cf s:ubsz’cé‘méé - ;“r:-‘: b 02 X 1023 partlcles of that substance

il,

Molar ma"sS:(M) - mass of one mnle of a substance

e
=
Il

TAass O f “e muole nf atoms of an o]
DI O at0ns OF afl

SRR L A1 NAVES : o FILCOO

~ mass of one mole of ole::ules of element 3,
- ﬁr compaund ‘

'.'n_ .

Molecular mass (M)

Anz

- mass of one mole of formula um*ts of an mmcf: -

";'Forﬁi'ula mass M) .
.. _compaund

Figure 1 — Counting particles using mass

18ml of water ~18¢g

12g of carbon powder 18g of water 63.5g of copper metal
contains contains contains

6.02 x 1023 carbon atoms ~ 6.02 x 1023 water molecules 6.02 x 1023 copper atoms
(1 mole) (1 mole) (1 mole)




Calculations — moles and particles

The number of particles that make up one mole of a substance is 6.02 x 1023.
Hence if we wish to convert the number of particles to moles we use the
following relationship.

N o —molesofpartiles

602x10% N =numberof particles

- 61
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Question 9.1 - In Figure 1 you can see that 12 g of carbon contains
the same number of atoms as 63.5 g of copper.

What does this tell us about the mass of copper atoms
compared to the mass of carbon atoms?

Question 9.2 - If you were given 1 mole of 5¢ coins would you be a
H - D alarilakas lhoine svmme- Al e v lel bmy g
IIIIIIIUII!:III (= wadiCuigee Nnow ma 1y uundaio yuu WOuia nave.

Question 9.3 - How many atoms of oxygen are there in:

mal of ~
11U UL

Ay 1
aj 1

b) 1 mol of oxygen molecules (O)

¢) 2 mol of water molecules (H>O)

d) 5 mol of carbon dioxide molecules (CO»)

e) 5 mol of glucose molecules (CgH120¢)




Molar mass (M)
The mass of one mole of a substance is called its molar mass. This mass is simply
the relative atomic mass (A;), or relative molecular mass (M), expressed in grams.

oo A (Na) = 9273 - M N2 = 23 o mol-l
e.g. A; (Na) 23 .M (Na) 23 g mol
M, (COy) = 44 M (COp) = 44 g mol!

Calculating molar mass

Molar mass can be calculated in the same way that we calculated relative
molecular mass. Simply add the individual masses of the atoms in the formula.

CHECKPOINT!

Question 9.4 - Complete the following ( (a) is completed for you).

a) M (SO») (32.1) + 2 x 16.0) 64.1 g mol-!

b) M (NaCl)

) M (H0)

d) M (ZnCly)

e) M (AOs)

Question 9.5 - Write the correct formula and calculate molar mass for
the following compounds ((a) is completed for you).

calcium chloride M (CaCly) = 401+ (2x355) = 1111 mol-1

o
VIhaly)y = WL T LeARd, = 111.2 o

()
e’

b) zinc sulfate

c) lead (IV) oxide

d) iron (III) chloride

e) tetraphosphorous decaoxide




TS 4 L
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Calculations — mass to moles

The number of moles of a substance in a given mass of that substance can be
calculated using the following relationship.

- ~ n =numberofmoles
B= - o Hasofaolanee
- M -=molar mass of substance

One hundred grams
worth please




CHECKPOINT!

Question 9.6 - Calculate the number of moles in 135 g of each of the
following substances [ (a) is completed for you).

mo 135 = 0.846 mol of FeyOs

M (55.8x2) + (16.0 x 3.0)

a) 1 (FeoOa)

b) 1 (CuSOy)

¢) n(CuSO4.5H0) =

d) n (H3POy)

e) n (BaClp)

Calculations - moles to mass -

We can rearrange the moles / mass formula in order to convert moles to mass.

- . ngiddetomole
e = Z:{ecanftgs - o - - M _ m = mass of substance

M = molar mass of substance

I would like five moles How many grams
of glucose please would that be?
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Question 9.7 - Calculate the mass of each of the following
((a) is completed for you).

a) 2.45 moles of aluminium nitrate

M (AI(NO3)3) = 27.0 + [14.0 + (16.0 x 3)] x 3 213 g mol -1

m (Al(NO3)3)

n.M = (245)(213)

522 g of aluminium nitrate

b) 4.62 moles of calcium oxide (lime)

M (CaQ)

m (CaQ) =

¢) 3.70 moles of calcium carbonate (limestone)

M (CaCOs)

m (CaCO3)

d) 0.015 moles of iron (II) sulfate
M ( ) =

m ) =

e) 3.70 moles of aluminium phosphate
M ( ) =

m ) =

f) 1.15 moles of sodium sulfate




Moles/mass - constituents

The formula of any given substance indicates the number of atoms (or ions)
present in a molecule (or formula unit) of that substance.

e.g. nolecu I
—> 2 atoms of hydrogen
—> 1 atom of sulfur

—> 4 atoms of oxygen

We can use the same logic when considering moles of a substance.

e.g. 5 moles of Al»(504)3 contains:

—> 10 moles of AI3+ ions, —> 15 moles of SO42%" ions
—> 15 moles of S atoms, —> 60 moles of O atoms
1 mole of NHj contains:

e A
¢ 0

o

2w
L X

* 6.02 x 1023 atoms
of N (1 mol)

e 18.06 x 1023 atom
of H (3 mol)

has a mass of:

17.0g of NH3

14.0g of N
3.0g of H

CHECKPOINT! I .

Question 9.8 - Complete the following:
10 molecules of phosphoric acid (H3POg4) contains:

atoms of hydrogen atoms of phosphorus and

atoms of oxygen

Question 9.9 - 2.0 moles of ethanol molecules (CH3CH20H) contains:

mol of C atoms mol of H atoms an

67
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Question 910 - A sample of Mg(NO3s)> has a mass of 296.6 g.
Determine for this sample the number of:

a) moles of Mg(NO3)2

b) moles of NO3 ions

- l c) mass of Mg atoms

Calculations — No. particles/moles/mass

The following overview of mole relationships is useful in dealing with
calculations such as those shown below.




Review Questio

Calculate the number of moles of -
3 calclum atoms in 6.02 x 10 a‘coms ef calcmm
. .‘ ,b) zinc atoms in 2 41 x 10*“L a’cnms of zmc _
‘:c) water molecules in 3 Ql X 1024 molecules of water ‘

- d) hydrogen molecules in 1 20 x 1025 melet:ules of hydrogen

2 -Calculate ’che number of
a) sﬂver a’cem > in 0 25 moles Of sﬂver
b) lead atom n 2 G moles of lead . - _
‘ r:) carbon monemde malecules m 0. [l5 moles of carbon monomde -

. d) ammoma molecules in 20 moles of ammonia. gas

- 5} -ﬁltfo:g‘ell:méleéﬁles m2 5 mcﬂes of mtrogen gas (Ng)
. 'b) mtrogen atoms in 2.5 moles of mtmgen gas (Nz)

.‘Ln,:lw—‘nnm
> ator

i d) ell' eten{s,i_ﬁﬁ o5 moles of sulfunc acn:l (HZSG4)
T

s
D

f d that 24, 0 g ef carben ccmtams exactly the same number of atems ‘
Fet ﬁ nt-' ; . :

is
A o
rati 5.

Fﬂ 1han it e e

nnfll i e i
DUAICLE G s N UllD MllulLllﬂLlULl ut:tcxuuu’c

) wluch a’mme (earbon or sodlum) ate heawer -

- - ﬂlb) by what factor

:Wluch Qf the lelowmg contams the greatest number of atoms? : :
‘: a) 2 moles of hydrogen gas (Hz) - - .

‘ ": b) 6 moles of zmc metal (Zn)

g 2 moles of ammoma gas (N Hg)

. d) 1 mole ef ammomum chlonde (NH40H)

. G. Samantha wants enough one dollar coins to become “ bllhonanfe
How many m@les of dollar coins Wlll she need'? - -
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| Set 'IB Nlular mass; - '

‘1 Determme the molar :mass of':'f_ -

a) s::rdlum . - ;_"fb_)_ S(.).r:.li‘uh'lchloridelq

.ci“mtmgen = 'f‘ . d culbedionde.

- f '2 Determme the molar maﬁs of:: - -

a) socuum hydromde o

c) lead (II) oxide . :‘ . _ d) ma’g’neslum'chloﬁcle,l

. '3 Detenmne the molar mass of_: -

a) alunumum sulfate . Ir:la.g:nés:iﬁm‘l:xyd'gogei'lcarbénatéf‘: - .

c) tetraphaspherus decaox1de .d)"S{:«\diﬁm:éarbcjﬁate%lﬂf—x}l}éter;

- a) relatwe atomlc mass (Ar) and relatwe molecular mass (Mr)

b) relatwe molecular mass (Mr) and molar mass (M)

- 5. Determme each of the follcwmg

a) relahve atomlc mass (Ar) far c:xygen atoms .

b) rela’clve molecular mass (Mr) for oxygen gas

. c} melar mass (M) for exygen gas -

Be sure to mclude the correct umts w1th yﬂur answers .

“':‘}_ror the experts | = ..
__B.In researclmng two elements (X and Y) Iahn found that the Ar for X was 14 0 -

- ancl the Ar for Y was 19, O Use thls mformahcm te determme

- :' a) molar mass ( Ml for dxatemlc molecules of X

b) melar mass (M) for diatmmm molecules of Y

c) molar mass (M) for a e:ompound made up of one atom of X and 3 atoms of .



":"‘:‘E"Set. '|7 I‘Vlass to males

‘..,1

Calculate the nu;mber of moles Df

2 calcmtm m 80 . z of calcmm .

_ b) carbc)n d10x1de in 8 8 g of carb@n dmxmle

9 hydrochlonc acad in 10. 0g of hydrochlmrm a(:ld -

dl ethsmnl in 25 ﬂ g nF ethannl (C nH:DH‘l

.inalculate the number of moles of -
a) hydroge:n molecules in 20 Og of hydrogen gas (Hg) - | - -
: b) hydrogen atomﬁ in 20 O g of hydrogen gas (Hg) .

o hyclrogen atoms in 1 20. O 8 of ammonia gas (N Hg,)

) hydrogen atoms m 20 0 g of ethyne gas (Csz}

‘ Calculate the nu:mber of moles of

a3 sﬂver chlorl.de in 125 g of sﬂver chlonde

. b) alummmm :mtra’ce ndb g of alummlum m’crate ‘_ f‘ -

' c) ammomum carbonate in 25 O g of ammomum carbanate -

:‘d) potassmm hyclroxmle in 240 g of potassmm hydroxlde

A sample of carban dmmde gas has a mass of 2 20 g For tlus sample calculate -

the moles of each of the followmg

_}" _arban'dmx;de m@lecul_es: " b) carbcm atoms ‘: ‘:‘ -

. A sample of copper II :mtrate has a mass of 20 g g For ‘chls sa;mple calculate
'.zthemolesof .. . ,
E_a; mpper (II) nu:rate - b copper {n ions.‘

: ;c). mtratemns f:f_‘_ .- 5 ;oxygenatoms; -
. For the experts

. Louise dissolved a tabIESpoon (30 0 g) Of sugar (sucr‘ose C17_H22011) mto . |

. ‘100 O g of Water (HQO)

Wlnch substance con’camed the greatest number of oxygen atoms, the sugar or -

irabas?

ke
: uu:: VLS
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Set 18 MOIES l'.CI mass

_1 Calculate the mass, of 1 0 mal ef
‘_.:a) Water molecules - :'_ - b) Oxygen atoms

, .’.C) carbon ledee molecules d) Phﬂsphoms atc)ms. ;: -

. e “l;Calculate the mass Of each of the f0110ng

Ly
- J

: . 3. ;Calculate the mass . of each of the followmg - .
_‘;,a) 0. 025 mol of c0pper (II) sulfate . b) 0025 rnol of sﬂver mtrate -

- c) 15.{) m{)l of'ammomum ch'londe d) 15 0 mol of ammomum su.lfate

A “;Calculate in each case wlfuch has the greatest mass M . - -
‘ a) 1.0 mol of sulfur d1ox1de ,c:as (SOQ) or i G mol of chlnrme gas (Clz)
b b} 20 mol of ammoma gas (NHS) or 1 Q mol of hydrogen chlﬂmde gas (HCl) - .
| c) - .5. mol of zmc carbonate (ZnCOg) or 1.0 mcl of lead (lI) oxmle (PbQ) =
- d) 3 0 mml of sodzum hvdrogencarbonate ( NaHCOa,) or 1 0 rmol of magnesmm ‘3 .
hydmgen sulfate (Mg(HSD@g)
' :Calculate the mass of each of the followmg
' :a) 0 60 mnl of alum1mum sulfate .
" - 'b) L 25 mol of ammamum carbona .
. J 0. 55 mol of petassmm hydrogencarbonate :,33 .

'-‘:'_y'd) 3.20 mol uf so.dlum carbonated{)-wat_er, . .

For the experts

- E Iason made up an. alphabetlcal hst of all the common gases he had heard of
- ‘ I’llS 115[ 15 as IG.LLQWS ammoma, EEI'DOII CIIOXICIE, Cﬂ]’.' DOH monoxme, CmDTlIlE o .
‘ hydmgen, mtmgen, Oxygen, sulfur dmxxde

- .a) Caleulate the mc}lar mass (mass of one mole) of each 0f these gases and
rellst them from l1ghtest to heamest ‘

- . E’b) Whlch twa gases have exactly the same molar mas

- :c) Whmh gas has exactly tw:tce the molar mass of another?




7"‘:‘5"Set. 'IB Mnles general

‘..,1

Determme the numbf:r of males af hydmgen amms m | 0 mol of each of the -

_fo]lowmg .- _
2) hydrogen gas _ :’;  ; - f‘ b) sulfurlc ac1c1 .
.:c)‘ ethanmc aCId. - ‘: - ‘_ d) gluwse (C6H1206)

. Determme the number of moles Of oxvgen atoms in each of the fo]lowmg

2 50molofSO,  b) 150molof cuﬂzzou
0 125 mol of Ba(NOg)g - d) 002 mol of MgSO4 ’7H20
3 Determme the number of meles ef each elernent n each cxf the followmg

‘ a} 2 25 mal of carbon dmxwle ' b) 3 40 mol of mtrm ac1d

<) 0.50 mol of. sadmm ‘sulfate; | d) 40 mol of calmum hydmgencarbonate: ‘: .

. Determme the number Of mnles of Oxygen atoms in each of the foﬂowmg

' a) 500g0fwater

- b) 2 50 o of sulfurm ac:td .

: c) 1 tenne (IGGU kg) of alumma (alum1mum made)

- ‘d) 100 g of ammomum carbonate . :'

| Determme the number of males of each of the mns in the follc)wmg xomc
. compaunds - - . .

a) 60 0 g mf sadmm chlorlde

LY. b3 & §
g 6 AR L _§L‘l..vll‘! u\; <

i‘c) ZOGOnglead an mtrate -
i.d) 100g0f1r0n(ﬂ1)9x1de

For the experts

B

Paula noted that the balsarmc vmegar she was usmg hsted its ethanmc acn:l: - |

f (CHgCOOH) c::)n’cem as 6.0% (by mass)

. | 1f she used 50 0 g of thls vmegar on her salad calculate

‘a) the ;moles of ethanmc acid used

. ‘3‘ b) the mass of carbmn atoms used (Hmt fmd m()les of ¢ flrst)

=



.55:3

a. .

 Introductory Chemistry _s,zg;gycm-;zé -

Set ED Nlules partlcles/mass

2*_1

1y
50}

Determme how many atoms in total are mntamed m -

."3_‘_.:a) lﬂﬂgofsﬂver .

. ',_b} 100 g Qfalumlmum - .

j:c) Zﬂﬁgofwater

".‘d) 20 0 g of ethanom (acetlc) ac1d (CH3CQOH)

; Detertmne ’the number of molecules in each of the followmg

- - a) 7iﬁgofch10r1ne gas

f’r!‘\{\ St e e
EU dl lUld.S 5

. _c} 6 0 g of hydrogen gas

"

- _d) 400 gof carbcm monoxlde gas .

Determme the total ﬂumber of atﬂms in each of the followmg

a) 125.0 g @f CaC03

b) 106g0fCuS0y

g 22 5g of NH4NQ3

O BADgofNaOH

 Determine the number of stoms of:

- - a) chlc)rme in 17 6 o of hydrochlonc amd .
: :b} 1eac1 in 155 0g of lead. (II) sulfate -

- o oxvgen m 22 2 g of mag;nesmm carbenate? -

d) mtrogen in 6 8 g of copper (II) m’crate -

-, ‘Determme the mass of eac:h of the followmg.- -

- a) 6 Uz x 10‘0 molecules ot sulmr choxme =

b) 3 ﬂl X 1024 atoms of zmc
‘_ | 0 2 6(} X 1022 mclecules of actane (Cngg)

- ‘d) an ionic compound contaunng 4 5 x w“i (,a£+ ions and 9.0 x 104‘* Ul—r wns._

. _:'i‘For the experts -
- -:5

A sample of sulfuric acid contams 20x 1024 atoms of sulfur

What s the mass of thlS sample of sulfunc ac1d? ..



Chemical reactions can be represented by chemical equations if all the substances
involved are known. The equation will tell us in what proportion (mole ratio) the
reactants and products are involved.

. .é'.g.‘_‘ We_ canrepresent fh"e’ combushon of 'hyd:ogér} 1th :Q)&jfg&ﬁ as ;f'el:lows:; -

‘ ‘l:‘ly“df;)‘eﬁ as + ‘.‘éx‘ “eﬁ as . .Wétér«}a' our
etzzmtzmr- ' Yg - - yg g ; —> - P .

| pelads ® * O -~ A0

visal

. molecules of hydmgen gas
-~  reactwith -
1 molecule c)f Qxygen gas -

; to gwe 2 malecules
= 0f water Vapour

equation -
' z‘slls W

U]

.. 2 moles Qt hydrogen gas
e anitoth ‘
lllsps  1moleof oxyge_n;gés -

logie  2moles
=* ofwatervapour

1.
7L (JM;’

Mole - mole calculations

| Themoler

famf»rn) 'f/w a
Seiuy SO0 G

= mbsmrzce m
' ‘reactzmz
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Question 10.1 - The reaction between propane gas and oxygen gas to
produce carbon dioxide gas and water vapour is illustrated
diagrammatically below. Complete each line as indicated.

word equation:

balanced equation:

+ —> +

mole ratio: n (C3Hg) : n(Oy) : n(COy) : n(HyO) =

Question 10.2 - Camplete the following statements which are based on the
reaction shown above (question 1).

a) One mole of propane gas reacts with moles of to produce

moles of carbon dioxide gas and moles of water vapour.

b) 4.5 mol of propane gas requires moles of oxygen gas for complete

combustion.

5.

1o

[ewn]

arbon dioxide

b=
(@]

mn] 0O
BA LGN

of propane gas.

When 9.0 mol of carbon dioxide gas are produced, mol of water vapour

are also produced.

Question 10.3 - Sodium metal reacts with water as follows.
2Na) + 2HpOqy —» 2NaOH@q) + Ha (g

a) If 0.15 mol of sodium is reacted, determine the moles of sodium hydroxide produced.




Mole - mass calcuiations

Mass - moie calcuiations

’ G4
 Jerst convert 1
 tomoles to d
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Mass - mass calcuiations

This type of calculation involves two extra steps. The known is given as a mass and
must firstly be converted to moles for calculating the unknown. The mole ratio will
help us find the unknown (in moles) and this must then be converted to mass.

Question 10.4 - Complete the following statements relating to the steps

in calculationg from eauationg
In calculations from equations.

Step 1: Write a balanced

Step 2: Indicate the and

Step 3: Determine the ratio (from the coefficients of the unknown

and known).

Step 4: Determine

Step 5:

Extra: If masses are involved we use the relationship (n = ).




CHECKPOINT!

Question 10.5 - Calcium carbonate reacts with hydrochloric acid as indicated
in the balanced equation given below. Complete the steps
shown beiow to determine the mass of HCi required to

STEPS consume 2.6 mol of CaCOs.

1. Write a balanced equation. CaCOj3 (5) + 2HCI aq —» CaCly@aq) + H20 ) +COz ()

Indicate known and
unknown quantities.

Determine mole ratio
(unknown/fknown).

Determine moles of
unknown.

5, Convert unknown to mass.

Question 10.6 - Complete the steps shown below to determine how many
moles of carhon dioxide gas are produced when 120.0 g
EPS of sodium hydrogen carbonate react as shown.

Indicate known and
unknown quantities.

Determine mole ratio
(unknown/known).

Sl

Convert mass of known
to moles

5 Determine moles of
unknown.

Question 10.7 - Determine the mass of silver metal produced when 10.0 g
of copper are reacted as shown.

1. Write a balanced equation.  2NaHCOj3 5y — NapCO3 (5) + CO2 (g) + H20 (g l :" :‘

Balanced equation.  Cu gy + 2AgNO3 aq) —* Cu(NO3)2 (aq) + 2A8 (s)

~J S
O

l
N
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3Methane (CH4) cmnbmes _1th_ oxygen gas to farm carbon d10x1de gas. and
_water vapour. Usmg a balanced equatmn for the reaction determine how
~ many moles of carbcm d10x1de gas wculd be produced from one mole of
_ methane gas - - -

. E When magnesmm burns in air 1t forms magnesmm oxu:le as shown in the -
foliowmg equatmn -
ZMg & 02 (g} ——* ZMgO (S) | ‘ ‘
Detefnune the number of moles of oxygen gas mnsumed m producmg

' 2 0 mc:)l Qf magnesmm ox1de
: - _3 Determme ’che number of moles of hydmchlonc ac1d needed to consume .

' D 15 mDI Df zing n the followmg reactlon *

Zn (s) + QHCl (aq) -—I* ZnClz (aq) . Hg {g)
- 4_ Calculai:e the number (}f moles of sodlum mtrate produced When 0.05 mol
- sochum carbonate s reacted w1th excess nitric acid as. shown below ;‘

NazCOg (S) a QHNOg (aq) > 2NaN03 (aq) + H?_O (1) + C@g (g)

‘:‘5 Determme fhe number of moles of potassmm chlora’re requlrecl to produce

" 450 mol of Qxyge:n gas usmg the follc:wmg reac’cmn -

ch103 @ — 21<Cl (g) + 302 (g}

;'“For the experts :':* -~

- ; ‘: :6 Carbon dmxn:ie gasc can  be pmduced “frc)m calcmm carbenate ar:c:ﬂrdmg to the -
. _‘followmg reactmn - : - : -

.:‘CaCOg (S) 2HC1 (aq) —> CaClz (aq) - HQO a + COZ (g)

. Isg mol af hydrochlonc amd is added to 5.0 mol Of calcmm carbonate what .

= the mammum number Gf moles Df carbon dmx1de that can be pmduced? -

e

. ‘ l\ 1[1( CQHSIQEI’ tne reaCtam Wmel 1S i llmlt{i‘ﬂ supply )




Set. 22 Galculatlans fmm equatluns male/mass .

- 1 Determme the mass of water that wcmld be pmduced by the complete .

o combustmn of 1 0 m01 of hydrogen gas

2. De’cermme the ‘mass of mercury that would be produced by hea’cmg 0 55 mol
- Of rnercury () OX.IdE 'The reactlon 1s as follows .

- heat ‘
?-HgO (s} . ZHg 0 + 02 rg*)

- _3 Determme the mass Df sodlum chlorlde requlred to react w1th 12 0 mol

of silver mtrate ar:cordmg to the fallowmg equatlon -

- AgNO% (aq) * NaCl aq) —* NaNO% {aa) - AgCl (qx

. ‘: 4 When capper (II) carboaate is heated it breaks down to copper (II) made and s

carbon dioxide gas as shcwn below

- heat
' LuLUg (3) — CuO (3) +L,U2 (g)

Determme the mass of copper (II) oxu:le and Carbon d10x1de gas preduced

. by the decampasltmn of 0. 40 mol {}f copper (II) carbanate

. 5 (,alculate the mass of carbon dIOXIdE gas pmduced when 1.5 mc)l ot .

propane gas (Cg,Hg) are burnt 1n a plenhful supply of oxygen -

. 3 For the experts

B Calculate the tgtal mass of gases released in the atmosphere by ’che burnmg of
10 0 mol of octane (petml) aceordmg to the f0110w1ng reactlon -

- 2C3H13 (g) + 25()2 {g} -+ 16C(32 (g) + 18H20 (g)

L i
= D
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Set 23 - Calculations from equations - mass,/mole

1. Determme the number of mcles of water ”.mduced by the complete
mmbustmn of 1.0 g of hyclmgen gas ‘

_2 Calculate the number of moles of hyclmchlom: ac:ld necessary to completely

jconsume 4. 86 g ()f magnesmm metal. The equatlon for the reactlon i as follows
Calculate the number of mcles of sulfunc amd needecl to pmduce 80 O g of .
ammemum sulfate when it reacts with ammonia gas as follows

QNHg {g) i HZSO4 (aq) —> (NH4)ZSO4 (aq)
'Calcula ¢ the number of meles of .arbon dmmde gas produced when 24 g of _
coppes carbﬁnate are reacted w1th excess hydrochlarlc acid as shown below.

‘ .CuCOg (5) # 'HCl (aq) —-’ CuClz (aq) + H;gO (1) + COZ (g)

-Calculate the number Of meles of magnesmm metal requlred ’co form 1 56 g
of magnesmm mtnde by the followmg reactmn.

6. When butane gas (comm(mly used as 1garette llghter fuel) burns in air,
the gases producecl are carbcm dmmde and water va“pour as fo]lows '

.'..2C4H10 (g) +1302 (g} ‘—b 8C02 (g) + ]OHzO (g)

. _ Calculate the total number C"f moles of gaseous pmducts from the combustmn
of 0. 50 g of l:mtane ga




. Set. 24 Galculatmns fmm equatmns mass/mass

- 1 Calculate the mass of Water pmduced by the complete cc:mbustlon of 1 0 g
o Qf hydrogen gas - . - -

2 Calculate the mass of sﬂver me’cal pmduced when 6 = g of copper are
, dlssalved m 511ver mtrate ac«:ordmg to the followmg reactmn

Cu (s) + ZAgNOS (aq) ——" CU(N03)2 (aq) + ZAg (s)

' : 3 Sodlum perox1de reacts Wlth water accordmg to the followmg equatmn
| 2Na2c>2 © + szo o — 4NaOI—-I (aq) . 07_ (g} '
= 25 0 gof NaaOv are reacted calculate _

. _a)‘:‘ the mass of sadlum hydr0x1de pmduced

b) the mass of oxygen gas evolved .

- ‘4 Determme the mass of 1ead (II) mdlde prec1p1tated by addmg excess .‘ - -
: potassmm mdlde t07.50 g of lead (II) mtrate The reachon is as fﬂllows -

- Pb(NOg}g (aq) 4 ZKI (aq) ——P Pblg (S) . ZKNOg (aq)

5. Nltrlc ac1d reacts wﬁh calcm:m hydr0x1de as follows : _

ZHN C)g (aq) + Ca(DH)z (aq) —-b Ca(NOg)g (aq) - 2H20 (1)

- Determme the mass of nitric ac1d reqmred to mmpletely neutrahse 50 0 g
. OI Ca_lClum HYQI'DXlQe : . e
- Tor the experts

. 6. Calcmm metal reacts W1th hydmckﬂanc ac1d tc) produce calcmm chlonde -
. (CaClz) and hydrogen gas (Hz) , -

- :_a): ‘ Wntg a balanced equatmn for the reactmn o
. b)_" - If 4, 0 g of hydrochlorlc acid are adcled to 4 D g of calcmm metal
; - @ whzch reactant w111 be completely used up?

.  : : (11) what mass Of hydrogen gas Wlll be produced’
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11. Calculations from Equatic s,/Va

Avogadro’s hypothesis and molar volume

Avogadro’s hypothesis states that "equal volumes of gases at the same temperature
and pressure contain equal numbers of particles”

This means, for example ab L balloon hydroge g contains exactly the

conditions.

Molar volume of a gas is simply the volume occupied by 1 mole of a gas.
From Avogadro’s hypothesis it follows that this is the same for all gases.

The molar volume of all gases is taken as 22.4 L at S.T.P. (standard temperature
and pressure: 0°C, 101.3 kPa).

This means for example,

ezl p)

1 mole (2 g) of Hp gas occupies 22.4 L at S.T.P.
1 mole (28 g) of Ny gas occupies 22.4 L at S.T.P.
1 mole (44 g) of CO; gas occupies 22.4 L at S.T.P.

Avogadro’s hypothesis

Avogadro’s hypothesis: “equal volumes of gases at the same temperature
and pressure contain equal numbers of particles”.




CHECKPOINT!

Question 11.1 - Complete the following table. The first row is done for you.

_ | conditions | no. of moles _ no. of particles |

Oy | | S.T.P. o 1.0‘ ] ‘6:02 ‘X‘l.O.23‘ o 320¢g
07 S.T.P. 0.5

NH; STP. 2.0

COy S.T.P 3.01 x 1023

Ne S.TP 303 g
50, STP 1.5

Question 11.2 - Two similar balloons are filled at room temperature so that
each holds 10.0 L of gas. Balloon A is filled with hydrogen
(Hz2) gas and balloon B with helium (He) gas.

Which balloon (if any):

a) has the greatest number of molecules of gas?

b) has the greatest number of moles of gas?

c) has the greatest mass?

Molar volume calculations

N RER R P I A O A S S SN PEToTr Y P ROy
1O Cdlluldle LIC ITULTIDCL UL LITUICES UL gad 11OULL

following relationship.

,_
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- n = number of moles
V.V =volume of gas at S.T.P.

- 224 - S.T.P. = standard temperature
- and pressure

=0"C, 101.3kPa

The following summary relationship between mass, moles and volume of a gas
is also very useful in calculations.

ﬁfl{
e

g

T
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Question 11.3 - Calculate the volume at S.T.P. of:

Y R

fTT P
INnol 01 rip gas

b) 0.15 mol of CO, gas

Question 11.4 - Calculate the volume at S.T.P. of:

a) 8.0 g of Op gas
b) 550 g of NH3 gas

Question 11.5 - Calculate the mass of:

a) 20.0 L of SO gas at S.T.P.

. l b) 760 m. of CHy gas at S.T.P,




_ Calcul
~ fro

Calculations from equations - volume / volume

Since the molar volume is the same for all gases it follows that in chemical . Tgm ‘fééﬁlﬂ.f,'

reactions involving gases the following applies: example b
mole ratio = vohime ratio 2001, of sull
nuie ruiiv —_ VULKITLE FULLiv - "’: -’
_ dioxide gas
The following example illustrates the ratios involved. o
202(5 + O2(9 —> 2503y 100 Lof oxygen
o Lo o - gas (at the
2 mol 1 moi 2 moi ; i
emperdiure
2 volumes 1 volume 2 volumes -

- pressure).

CHECKPOINT!

Question 11.6 - For the previous example (Eg11.4) determine the volume
of hydrogen gas consumed.

Balanced Equation: Np (g + 3Ha(g) —» 2NHjz(g)

EERE

w
Ny
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Question 11.7 - Determine the volume of carbon dioxide gas produced when

25.0 litres of propane gas (C3Hg) are burnt in air as
shown. All volumes are at S.T.P.

1. Write a balanced equation. CHgg) + 502(59 —> 3CO2 (g9 + 4H2O (g

Indicate known and
unknown quantities.

Determine mole ratio
(unknown/fknown).

Hence volume ratio.

Determine volume
of unknown.

volume/ mass

Calculations from equations always require the use of the mole ratio, except

of course, where only gas volumes are involved. Hence if the amounts of the
substances involved in a reaction include both volume and mass it is necessary
to convert these quantities to moles. The mole ratio from the equation can then
be applied, moles of the unknown determined, and, if necessary, converted back

to mass or volume.

Calculations flowchart

The following flowchart helps us visualise the three main steps involved.

| moass - L INnass. -

o ¥ moles | moles o

- (knawrz} e | ldown) |




- 89




- 'I'ntr;bdl:‘.ic.“t;bt‘.y.: Cﬁemistry Study Guide

Question 11.8 - Determine the volume of hydrogen chloride gas at S.T.P.
produced when 12.0 g of hydrogen gas reacts with excess
chlorine gas.

1. Write a balanced equation. Hy@ + Chg — 2HCl (g

Indicate known and
unknown quantities.

Determine mole ratio
(unknown/fknown).

Convert known to moles.

Determine moles
of unknown.

6. Convert known to volume

Question 11.9 - Determine the mass of sodium carbonate required to
produce 400 mL of carbon dioxide gas at S.T.P. when it is
reacted with excess hydrochloric acid.

Indicate known and
unknown quantities.

Determine mole ratio

(unknown/fknown).

Conwvert known to moles.

Determine moles
of unknown.

Convert known to mass

=
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_ 1. Calculate the number af moles of each af the followmg gases Volmnes are at S T P
. _ a) 11 2 L @f hehu:m gas (He) - ": b) 560 mL of chlmrme gas (Clz)
- c) 20{} L of carbon monox1de gas (CO) d) 384 L af methane gas (CI—I4}

- 2 Calculate the volume at s I P of each of the followmg gases -
- a) 2 0 mol of sulfur dloxlcle gas (SO;;} b) 0 15 mol of ammoma gas (NHg)
- c) 125 nml of oxygen gas (02} d) 0 042 m@l of butane gas (C4Hm) 5

: : 3 Calculate the volume at S TP of each of the falluwmg gases
' a} 24 0 g c;zt hydrogen gas (1-12) - . b) zUU g of Qxygen gas {Uz) _
:‘ c) 1 25 g of sulfur dloxzde gas (SOQ) d} 60 O g of carbon mmnomde gas (CD)

. 4. Wha‘c is the. mass of each of the followmg’ V@Iumes are at S T L
a) 20 0L of Qxygen gas (02) . b) 20 0 L of chlerme gas (Clz) _
o 56() mL ﬂf ‘_‘arbon dwmde gas (CO_’)_) d} 3500 L of ammoma gas (N H3)

= X e e ';;M fn,\'.n s
W LTAD }ﬂ LOLELCLELED: N )'J.LL-‘ U.l U )’B 5“5 \\J ) L? .I. Aw VVJ.LLIU 551 E & H
t

_contains 300 mL of ammoma gas (NH3) at 5. TP De etermine wlu hg S]ar
contamsthegreatest - ‘ -

- a) riumber of‘mqler:ule‘s‘ ‘: ‘:‘ - .‘b)‘.‘r:hasé't‘)f:ga_s‘.f

. 'For the experts

6 As an approx:lmatlon we can cons1der
1.0 litre of dry air to be made up of 780 :mL -
_of nitrogen gas, 210 ml of Qxygen gasand 2
10 mL of argon gas. Determme the approx'mate .
_mass of a litre of -
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! Set EB Galculatlons fmm equatmns vulume/ volume

. _Assume the valumes af all gusrzs in each prablem are measured uﬂde?‘ fhe same
- cond:t:ons of tempemture and, pressure Assume wuter ﬂbﬂ’i‘]ﬁ IGO C isa gas .

_ _1 Deterrmne fhe volume of carbon dlo}ode gas (COZ) produced when carbon -

_ combines with 50 L of oxygen gas

- _2 Carbou dlDXIdE‘ gas combmes w1th oxygen gas as follows

. ZCO (g) = Oz (&) — ZC();Z (g)
If 60 mL of COQ is produced deterrmne - |

' ‘ a) Volume of CO oonsumed

b) volume of Og reqmred

- '3 Water can be electrolysed to glve hydrogen and oxygen gases . -

- a) Write a balanced equatlon

b) Determme the volume of oxygen gas produced When 125 mL of hydrogen .
gas are also produced : ‘

- 4 Determne ’che volume of hydrogen chlorl,de gas produced when 450 mL of

hydrogen gas combmes Wl’[h suff1c1ent chlorme gas .

- ‘: 5 A mixture in a combusuon chamber made up of 200 mL of mé’ciiéue gaé .

LRy .. . St

Tiendiiw
i1 J.Q] €hiisa A-U\J i Ux’\y B 5&0 \UZ; LD Dl-’ali\’ﬁu ia \,\uuu MD U,V,ll, Lk lﬂ.lLUJCJ.— ;

- The followmg reacﬁcm ocaurs.

CH4. (o) * 202 @ > COz {g) . 2H20 (g)

Assum_mg temperature 1s above 100 C deterﬁune

- ) which reactant 15 completeiy consumed
. b) the total volume of gases produced

ﬂ! fh t 1 _gl,__m‘_ f. qu _,ma inino Aﬁ' or the ’_é_ag’fwi. n

For the experts

- G. Two commonly used fuels are pmpane gas (CgHg) an d Ethyne gas, -

S e e Soely

. Luiluumuy Ldllt!u att:rywnc \&,21—.12 .

. a) erte separate balanced equat:lons for the combushon of each of these

Bases Assume a plentlful supply of oxygen

:b) Determme Whle:h gas creates the greatest mcrease in Volume when _
_comparing total volume of reactants w1th total volu:me of products .
 Assume temperature 1s above 100 C .



. Set. 27 Calculatmns fr'um equamuns mass / volume
- Assumé the volumes of aIE gases in mch ;:mblem are at S TP

. a . i 1 af = ‘L\ J a0
| R u«cum.ululc: LG vuxuuu: U.I. Carooil QioXiae Eaa Eyvoivia

500 g ot calcmm carbonate (CaCOg) to 1ts mmde

Ty A ey i
Uy Lll’CJM‘Z_«L ALLPUDILIVL L)

. 2 Determme the mass of potassmm metal required ’to produce 100 0 mL of
- hydrogen gas usmg the followmg reactlon ' -

.EQK (S)- + ZHQO (1) —P ZKOH (aq) + Hz( )

- :3.5‘ Detennme the volume of hydragen chlor1de gas Wthh can be produced by
= reachng 24, O & of sedlum chlende as shewn -

NaCl (5} + H28Q4 (aq) —b NaHSO4 (aq) +HCI (g)

. : 4 Determme the vc:lume of carbon d10x1de gas praduced by heatmg 20 0 g of
- potassmm hvdmgen carbcnate The reachcn ipas follows _ ‘-

‘ . heat : - _
:“ ZKHCC)g (5} " KgCOg (S} + HzO (1) + COZ (g)

- &b De‘cermme the volume of mtrogen gas requlred to produce 60. 0 1 of -
‘ mdgneblum I\lﬂ.’luﬁ fly IHE IUIIDWlﬂg I'Ect(,tl()n

. 3Mg (s} - Nz (g) — MgsNz o

For the experts .

- B Hydrogen gas can be p:mduced by addmg hydrochl(mc -
~ acidtoan active metal Such as .
__aluminium or magnesium, -
- Determme which of these metals
. would produce the greatest volume
= ol hydrogen gas per g of metal
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Set 28 Galculatmns fram equatlans voiume/mass .

_Assume the volumes of all gases in eack pmbiem are at S T P :‘ '

a4 T1h. 'L. £ - ol B v T
ll UCH:L.I..LUJIC Lhe 1iass ol \.CU.UULI LGLiHlI.';‘M |.U Pl L L

gas frorn 1t5 combustron w1th Oxygen gas -

AAOORT o b de
UG 1_, U1 Carpuit aioxiae

’ f '2 Deterrmne ’che mass of copper (II) 0x1de (CuO) produced When 500 ﬁ mlL of .

arbon dmmde gas is glven off by the hea’cmg Of copper earbonate (CuCOg)

3 Determme the mass Qf magnesmm metal necessary' to produce 40 O L of .

hydrogen gas by the reachcm shc)wn -
Mg (s) + 2HCE (aq‘; — MgClz <aq> * H:z ®

- -4 Determme the mass of sc}dmm peroxrde necessary to produce 2 5 L of oxygen

- gas by the reactlon shown

ENazC’z (s) + 2H20 ) -—P 4Na0H (am + 02 &)

'5 Determine the mass of mtmc ac1d consumed to produce 5 Q L of carbon - :
cho)ade gas by the faﬂowmg reaction. - -

S smy = o oy + O + Oy

For the experts

6 Two gases commonly used as fuels are: |
- methane (CH4) and pmpane (CgI—Ig)

- Va) Write separate equatmns for thelr

af oxygen -

- ',b) Determme Wh;lch gas creates the -
gre&test mass of carbon dioxide gas
per litre of gaseous fuel burnt -

combusﬂon ina p]enhful supply : “;: .



. Set. 29 Calculatmns fmm equamuns mlscellaneaus
- 4Assume tke volumes of a:H gases n euck ;@mblem m'e at S TP

4 C- i i LT("‘["\ g an lhnntias S
1. oG uy MLUECL[\.GIU\?J- ate \J.wcu A\-\-ﬂj} ucguull.luac:b o ulza 1 8 24

- carbanate (NaZCOg) carbon dioxide gas and water vapour

- -‘a) Wnte a balanced equa’tmn fm' tms reactwn
b Calculate the Volu:me of carbon dmxu:ie gas produced from the

decomposxtmn of 5 O kg of sodmm hydmgencarbonate
- 2 Ammoma gas can be produced accardmg to the followmg reactlon
- :Ng (g} . 3H2 (&) --—b ZNHg(g) = _
- order to pmduce 4(} 0 L of ammc:oma gas determme
- " a) the Volume of hydrogen gas needed . ;j‘ -

- b) the mass of mtmgen gas requlred

= Molten 1r0n is produced in a blast furnace accardmg to the frollowmg reachmn .
- | Fez()g (s} + BCO © —-> ZFe D + ?:COz {g} ' .

. Tf 1 tnnne (1 OOQ kg’l of iron is nmduc‘ed bv thw. feaofmn de\termme

: a) the volume of carben dmmde gas pmduced

b the mass of 1ron (III} 0x1de requlred

Aluminitm metal reacts with nydrocmonc acid o "pr(:)d‘;.ité L

_chloride and hydrogen gas. Determine. the mass of alummlum requn‘ed o
‘pmduce 200 0 mL of hydmgen gas ‘

5 A mlxture made up Of 4.0 g of ethyne gas (CzHg) and 5 O g of oxygen gas is -
~ sparked in a combustion chamber. The rouowmg reacnon occurs ' -

:‘2C2H2 (g) + 502 (g) —-—b 4(:02 (g) + ZHzQ (1)

- Determme

~ a) the nu‘mner of I‘noies of each of the reactant gases befure ihe reaction -

| b) wlruc:h Qf the reactant gases 15 cempletely consumed

::“;‘;‘ For the experts -

- B Ammomum sulfate and ammomum m’crate are two ferhhsers Wthh can be _ -
produced from armnama as follows. .

. 2NH3 {g) . HzSOg (aq) --I» (NH4)QSD4 (aq)
. V 15{ ) -r leug, (aq) —‘p_ B Hgﬁ‘vu‘ﬂ (aq)

- ‘Determme whlch reaction requires the greatest volume of ammoma gas tﬁ ‘
i-pmduce 1 0 kg of ferhhser - .. . _ @
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Kinetic theory of gases

The behaviour of gases is best explained by the kinetic theory as it applies to
gases. Some important assumptions of this theory are as follows.

i) Gases are made up of very tiny particles (atoms or molecules).

- -G.f particles m,,é -‘ :‘ - ii) The volume of the gas particles is negligible compared to the total volume

 alwaysin _C‘m:z‘.fﬁz-f_zi"' . taken up by the gas.
i moé;'mz"and tgz/ée _Z?P ~iii) The gas molecules move rapidly in random straight-line motion. Hence
:‘?Zl nglqb!e e molecules are constantly colliding with each other and with the walls of their
= ‘ container.

quid
iv) The greater the temperature, the greater the average kinetic energy of the
particles.

Gas pressure

Pressure is exerted by gas particles as they constantly collide with each other and

, i = the walls of their container. The standard unit of pressure (force per unit area) is

Liguyds t@,ée the the Pascal (Pa). However for gases we commonly use the units kilopascal (kPa)
shape of their - or atmospheres (atm).

 comtainer but

. Atmospheric preésui:é atsealevel = 1.0 atm = 1013 kPa.
 volume is constant. e s e

Question 12.1 - Select one of the kinetic theory assumptions (i, ii, iii or iv)
which best explains each of the following.

a) Gases are easily compressed.

b) Gases completely fill any container.

IAT~ v srnr b It hannrmnaa kb 1t +n ca11aa T
YV.OED yOu D [ At L WO 5(uasi.

\
}

d) You can smell perfume from a distance.

Question 12.2 - Suggest a reason, in terms of movement of gas particles,
for each of the foliowing.

a) Pressure in a car tyre increases when we pump air into it.

b) Pressure in a car tyre increases when it becomes hot.




Eoyie’s Law

" Fora gwen mass ()f gas a‘c constant temperature, the valume is mversely -

pr@portlonal to its pressure

Pressure 1.0 atm 2.0 atm 4.0 atm 8.0 atm

Volume 10L 5.0L 2.5L 1.25L

Boyle's Law calculations

Boyle’s Law can be expressed as:

 Pa—  or DPY=k  wherekisaconstant

For calculations it is more convenient to use the followmg express1on:

. = mlhal pressure
V4 = initial volume
P, = final pressure

- Ve final volu:me

GAS LAWS
- For gases, Cbmgev
in pressure, vamme -
- _cmd_ temperature are 5

all fm‘e?réZateaf A

- cfmn gem one wzll

= c‘awe a cbange n arze?
 orbothof the other.

 The vas laws give us

the mathematical

- re!az‘zombzp bez‘we@ﬂ
o tbe*se gzmﬁzztzes

 When gas particles
 are squeered mto a
! "’:mz'allef volume they
 bit the walls of z‘iae
fconmmer Hmore
. ]Offen .rmd hence
. : preswre s gmzte?

 Boyle'sLaw isan

_ inverse re[aﬁombzp
 As volume ¢ is '

- déﬁéﬂ&‘é’d pres;mre’

; . inereases and
vice-versa.

- 97
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CHECKPOINT!

b) What type of relationship does this graph indicate between pressure
and volume?

)
St
m

d) Use the graph to determine the volume at 3.0 atm.

Question 12.4 - A 20.0 L volume of gas has its pressure increased from
1.0 atm to 7.5 atm. Find its new volume assuming no
change in temperature.

g
[y
Il

PiVy =

Vi = Vy =

Question 12.5- A 5.0 L balloon filled with air at 100 kPa is forced under
water to the bottom of a swimming pool. Its new volume is
estimated to be 4.0 L. Determine the air pressure inside
the balloon assuming no change in temperature.

D n 17
1 = 1 v

VZ —

Nel Lot
-y
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Charies’ Law

" Fora glven mass Of gas at constant pressure, ’rhe volume is du‘ecﬂy
pmportmnal to 1ts Kelvm temperature -

As tempemtwe
'rzse,r, s parfzcles - Charles’ Law investigation Typical results
‘:maveﬁzster 1y - aliave ial
cantses the gas - thermometer m fine capillary tube Bp o ylinont
particles 1o collide 0 3.50
more often and 20 3.76
3 wz t}) gk@_t@f Gme'" ' mercury bead 40 4.00
60 427
trapped gas at
atmospheric 80 4.52
pressure 100 4.76
Charles’ Law calculations
Charles” Law can be expressed as
o VaTtk) o oor . — =k - wherekisaconstant
... . .. . =

For calculations it is more convenient to use the following expression:

. T, - intialfemperatwe .
Important note: . 1

: , V4 = initial volume

Kelvin mmpemtme T, = final temperature

(a!;?salute tempemtme)_ = fma] vciume =

mustbe used for all
205 law cglp‘ulgz‘zm& .

= o .-
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Question 12.6 - a) Graph the temperature-volume data included in the

diagram on the previous page.

i) Vversus T (CC); ii) Vversus T (K).

5

5

W

W

indicated?

temperature?

-300 -200 -100 0 100 200 300 0 100 200 300 400 500

b) Extrapolate the first graph to a volume of zero. What temperature is

c) What relationship does the second graph indicate between volume and

This temperature is referred to as absolute zero.

d) Express this relationship mathematically.

1 l

L
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Question 12.7 - A 4.0 L balloon is inflated on a warm day at a temperature

of 35°C. It is then taken into an airconditioned room where
the temperature is 20°C. Calculate the new volume of the
balloon assuming no change in pressure.

vy = £ V,
I = T
v, = v, =

T, =

Question 12.8 - A sample of gas occupies 400 mL at 25°C. To what

foarmnanatima (M) et i+ bha analad in Aandan +a nadiies iFe
UGIIIPGI ALUI T | W) T1IUODL 1L DT LUDITU 111 VI UG WU | CUUWVE 1Vo

volume to 300 mL? Assume no change in pressure.

vy = Vi WV
T, = T; 1
vV, = T, =

T, =

Question 12.9 - The volume of a balloon increased in size by 10% when

it was taken from a refrigerated room to a sunny area
outside. If the temperature outside was 36°C, what must
have been the temperature in the refrigerated room?

Vi = Vi V,
T = T i T
V, = =
T, = -

=




Combined Gas Law
Boyle’s Law and Charles” Law can be combined to give an equation which relates
pressure, volume and temperature as follows.

P If we. know the change in any two mrmbles '
we can cczlcul&:ie the third. -

~ * Note thzzt the temperamre is always in Kelzzm

CHECKPOINT! i =

Question 12.10 - Rearrange the combined gas formula to give an expression
for each of the following (the first is done for you).

- P PV, PV T
aj = SV = X —
T, T, T P,

b) similarly P,

) similarly

53
Il

d) similarly P=

T
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Question 12.11 - A 240 L weather balloon is filled at ground level where the
pressure in the day is 102 kPa and temperature 15°C.
Caicuiate the volume of this balloon at an altitude of 5 km
where the temperature is -18°C and pressure 54.0 kPa.

Py = P,V P,V,

T7 _— _—

V1= Iy i)

H
P2
Il

- VZ —

N
I

new volume =

N
I

Question 1212 - A cylinder of compressed air has a volume of 4.5L at
a temperature of 15°C and a pressure of 16,500 kPa.
If all the gas is released into the atmosphere at a
temperature of 25°C and pressure of 101.3 kPa,
what will be the total volume of gas released?

PI = PIVI P2V2

V] = TI TZ

l
l
.




1(:‘ to r*nmnr S8

A bu:ycle pump has 85 mL of trapped air at 101 3 kPa Paula compresses

‘ :’rhp air inside fhe numn to a volume of 20 ml. De ermmp th mf-w

: ‘ In an experun nt de51gned to study the p "Ssu ' Hon
= the follewmg esu_ 5 Were ob_ ined. The tempe ature was kept constant

Pressure (kPa)

Volume (L) ‘ 4.00 ‘ 2.00 | 1.33 | 1.00

b What is the relaﬂonskup bel tween P and V’?
.

. ‘c) Calculate the Value af

Determme the new Vclume m each of the followmg cases. Assume no change -
m temperature : _ - ‘ ‘ T

' a) RﬂﬁT nfcr;w.;a

W temperature

- : a) 2500 L of air at 98 kPa is mmpressed mto a volume of 24 (} L

F or the experts

B ]asan has just completed the repalr of hlS flat tyre whmh now requlre ‘ i His

hand niimn oan r\mn’ﬁ'_‘bae 1”“ il nf 411‘ a':r‘]ﬁ ‘-‘mm 1+ ic 11&\&(“ Aocirﬁ‘\;ﬁn‘ i
e et t/uJJ. tl Lare \—\Jl_llt}l. NN LR L ) _\,u\.LL LELLIC: b 10 XLy o dsooued Litig, fiio

‘ . ,bzke tyre has a volume of 160 I calculate the number Qf times Jason - -
 tousethe pump in order to achieve the required pressure of 160 kPa. Assume :
- alr in the pump is 1mt1a11y at 1{)1 - kPa and there isno change m‘ emperature




- Temp (K)

| *'I'nté'adiici;ob?;:G‘Herﬁi'strySiiéé!yi“Gai&ZézZs:"

it Set 3’| - Gharles Law

_1. a) Convert the foliowmg to Kelvm umts (I()

_ hoe = a0 100"C ' w) -50(:
b) Conver’c the foﬂawmg to Celsrus umts ("C)
o 1OUK f..u) 273K - f 111) 3001{ _ w) 4OOK

':., _ : 'd. H; 1s tound that the pressure mslcte Car tyres increases when they b&come -

warmaftera long journey. Explam in terms of kinetic theory, why the
pressure of the a1r msrde the tyre iz greater ata hlgher temperature

- ‘3 In . an exverlment clesmned to studv the valume—temoeramre relatlonshm f0r S
_gases the fallowmg results were ob’ramed "[The pressure was kept constant .

 3 Temp (°C)

| Volume (mL) 3.60 3.87 413 440 4.65

a) Complete the table by convertmg temperarures to Kelvm umts
b k:rapn v versus T u&) usmg graph paper or your grapmc Calculator
c} What is the relahonshlp berween V and I (K)?

d) Use graph to determme volume of tlus mass of gas at 200"(3

34. uetermme tne HEW Vmume in eacn OI IIIE‘ l'OllQWlﬂg CESBS Assume 1'10 cnange .

in pressure -
‘ a) 85.0. Lot gas at 100 Cis heated ’co 200°C

b) A 20 0 L balloon is moved from an outsuie temperature Of 35 C to a cmol
 room at 5 0 C ' - -

3 35 Determne ’che new temperature (“’C) ;m each of the fellcxwmg s:ases

Assume no c:hange in pressure o

e

ay A Sample of gas occuples 220 inL at 80°C ana is comeu until 1ts new -
volume is 200 mL . - , .

b) A 25 0 L helmm fllled ballocxn at 15 0°C is heated unhl 1ts volume is 35 0 L .

- : Q A sample of gas a’c 120“C has 1ts Volume reduced from 34() mL to 200 mL

"‘]For the experts .-

- 6. a) Assummg no chang& in pressure, determme the percentage (%) v:hange in = -

valume 1f a mass of gas is. heated fmm ‘ -
)300CH0600C  {)300K o 6001( -

b Explam any dlfferenee in results



":-"'Set. 32 Gomblned Gas Law

- 1 ]ehr\ has an air fllled belloen whoee velume is 15. fL ata temperature ef 18 C
- and mternal pressure of 112 kPa. Suggest three dlfferent Ways by Wluch ]ohn

rw'n;'i inerancn tho mvacciive 11‘10144(1 1—1-1n hallann
Lall Hiltabl Bk PUUSoLIL BIDINE wll Jduii L

2, A weather balleen is fﬂled to 149 L at a temperature of ‘ _ C and pressure of
1.0 atm and then released 1t rises to a height of 4 km where the temperature
= -11°C atnd pressure 0. 62 atm Determme the balloon s new volume at ﬂ"llS _ :‘
- helght - - - -

s A scuba d1ver releases a 15 mL bubble of gas at a :" ‘
- depth of water where the pressure is 250 kPa and

- 'bubble just befure 1t reaches the surface where the
‘ pressure is. 105 kPa end temperature 17z C

Durmg an experlment 400 rnL of gas is collec:ted in ai‘
syringe at 21°C and 98.5 kPa. Calculate the volume .
of this gas at S TP ' ~ -

; A b 0 1 eample of gas ats TP is sub)ected to Varmus' -

r“hﬁngpc‘e as Fnﬂnmm Plete

. a 1ts uew velume if; temperature is mcreasecl tcx 50“(3 and pressure doubled,
‘ b) 1ts :new pressure if velume is doubled and temperature mcreased te 100"

c) its new temperature 1f volume is mcreaeed to 8. 0 L and pressure reduced o

. . For the experts

8. Michelle is usmg a small cyunaer of cempressea balloon gas (nenum/ ar
_ mixture) to fill some party balloons. The cylinder centams 2 4L of gas ata
pressure of 14 5@0 kPe and temperature of 20 c - -

How manv balleuns Wﬂl Mlche}le be able to fill Wlth -
_this gas if we assume that the average size of the .
~ balloons is 10 L at a pressure of 115 kPaand
temperature of 32 C? Assume also that Mlchelle
15 gomg to be able to use all the gas :
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.. % .

2. Gas Laws

Boyle'sLaw Combined Gas Law

| o

3. Mole calculations flow chart

| Numberof | |
| paitges .
- s e

“mnles

—-—} a0 .': Or
- yolumel




Chemistry Fundamentals
- Multiple Choice
- Written Test

Chemistry Calculations
- Multiple Choice
- Written Test

The following tests are designed to extend your
knowledge and find out what you have learnt







The smallest part Qf an element that stlﬂ has the propernes of that element is
called - .

- The fcrmula CO represents

5 a) an atom of the element cobal’c
‘b) a molecule of the element cobalt
zc) an atom of the cgmpound carbcm ma *omde

| ';d) a malecule of e' comp@und c:arbcm monox1de :

| , :Whmh of the follewmg are 1sgt0pes of the samé el

AN AL e
Cl} - Iut.v

%

Wi 11 combme w1th O te form XZQ

{ Wi 11 mmbme w1th Na tO form NaX

'_The element Y can be mvnlved in chemlcal reachons that cause it to gam
. _two elec‘crons Which of the elements 11sted is most hkely be Y?

DJ

- Si L ,
a0 d) Fe 'ﬁ .
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The t:orrect tormula tor the compound calcmm hydrogenr:arb{mate 135*‘ - 5 _ ;‘ .

' -a) Ca(HCO)S b) CaCQ3 . :‘
"-‘.c)‘ CaHCO; _  5 f a4 Ca(HC03)2 ..

. Z'IhecorrectnameforBagsz -
. a} barmm nltrlde b) trlbarmm dlmtnde -

c.) barium_ mtrate - d)‘.tnbamum‘dlmtmgen -

. Whlch of the followmg groups of mns all have the correct formula and | ‘: .
1 'valency7 ‘ - - :

gt W

1 BB xr s02 07

o CuZt, St o

. Ba2+ sop g2

. ‘fa) I'on]y - - ; b) IIandIIIonly

- ', o 1, 111 and IV only _ d).III and Iv.onlyf’

. ‘10 The Valency of copper in the campound that has the correct formula _‘ .
"--CUHSO4IS o - -

- b) 2 c) 1 ’ﬁdi -3zﬁ .

11 :The reactwn betweem potassmm permanganate and Dxallc ac1d c:an be _
. represented by the equanon below - -

- .j:‘ :2Mn04 (aq) + 5H2C204(aq) i xw(aq) —> 2Mn2+(aq} o 1‘3"3‘3’2(5) < 8H20(1) .

- :To balance the equatlon, the number of H’f 1ons (represented by X in the
. equatmn above) neeaea wot;ua be: . - - . - ‘

a) 3 V. b) 5 C) 6 d)8 -

_12. .The reacnon between ammomum thmcyanate and barmm hydmmde is - -
_endothermic (absarbs energy trom the surmundmgs) and can be represented -

‘ _;}\bytheequatmn ... -
”f}a NH4SCN - bBa(OH)2 —_ cBa(SCN)Z NH:;;" _FEZEHQJQ“‘:;_



""i.a

Wthh Dif the tollawmg equ_atlons is correctly balanced’? .

- Cu(N03)2 + 2NaOH — 2NaN03 + ZCu(QH)z
- :_‘-:b) (NH4)2C03 "" NH3 + COZ + HZO :

e )Pb(NOg)g + NaCl > PbCl, + 2NaNC}3 - |

. d) 3Cu . SHNOS —» SCu(N03)2 * NO + 4H20

14, When an mmc substance 1s dz&solved in water

- a) the water causes the molec:ules to separate to form ’che ongmal atems n

the pmcess called d1ssoc1atmn

: _ ‘b) the water causes the ums fo separate m the process called dlssomatmn

; c) the water and the 1Qn1c substance react to form d1ssoc13ted molecules

. 'd) the Water dlssor:lates to form hydrcmde mns and hydmgen molecules

_‘15
- :mwater‘?

wmn rn‘f 0

. 2 NaNO3, CuSO4, CuC03

_ B) CaCl,, AgBr, PbSO,

r fc) K3P04, Ba(OH)z, (NH4)ZS
0 FeCOa, Pb504, AgCI

. Which of the muowmg paurs 01 smunons upon Imxmg, w111 react ana Iorm- .

= 2 whﬁe precipitate? .
2001 malLiNaN03 and 001 molLlKZSO4 5 ~  .
 moo mol 1.1 Cuso; nd ‘no mo 1L“1Naﬂ ‘

‘ -‘c) 0.01 mol Ll Na2804 and 0. 01 mol L1 Ba(NOg)z
- d) 001 molL 1 K3P€I)4 and 001 mal L~1 NHQCI

g

When a Wlute puwder was Imxed with a 1 00 mol L'1 solutmn of ‘
_hydrochloric acid, bubbles of a colcurless gas were formed The whxte” .

:f‘ powder mlght have been -

. l':a). sodmm.hydromde :

. b calcmm carbonate

. "c) calcmm metal

- :d) calcmm nhosnhate .

113
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A chem1st de(:ldes ’ca store ‘a series ct solu’aons in contamers made otif . 5 _ ;‘ -
different metals Whlch Qf the followmg combmatmns would not be

- "smtable?

' "a) 1m01 11 HCI in anFecontamf:r .

- b) 1 mol L"1 Mg(NO?,)g in an Fe Cantamer;' -

c) 1 mo] L L H2804 inan Au contamer :.

. d) 1 mal L'1 Zn(NQ3)2 ina Sn contamer .

18w

When a pehshed strlp of unknown metal X was placed na solutlon of Iead (II) -

- mtrate it tumed black and sﬂvery cc:lcured crystals began to grow on the metal . ‘

_ : "When a pohshed strlp Qf zinc was placed ina solutmn of X mtrate" it tumed_ - . -
. black am:i silvery mloured crystals began i:o gmw on the zmc -

- 'When a pohshed str:{p of zinc was placed ina so]utmn of 1ead mtrate 1t

- 3turned black and sﬂvery ml()ured crystals began to gmw on the zinc.

The. m‘der of reactlv:tty ot the 5 metals (trom least reactlve to most reactlve) s _ -

Jm A bx in

20,

c) Pb X ZII - d)_Pb Zl’l X ,:f .

Whmh of ’che followmg ccmbmatmns Wauld no’c pmduce a gas When :tmxed? -

| :”:‘a) magnesmm ribbon + sulf-unc ac:ld

| :b) hyclmch]orlc ac1d . sodmm hydmgencarbona’ce .

- c) scdmm metal + water

::'_ . ’fd) scsdmm hydmmde + sulfumc amd - - f “: f : :“: - :‘:(ﬁ():mérks)t -

";‘.;21
- ._ .22

=

:‘aa

. f"’Wmtten Sect:mn

Use Cng_ and 02 to explam the dlfferehces between elements and"_ .
compounds - - .. =
The structure of element X can be descnbed usmg the symbohc .
format AX Explain how the number of protons and neutmns -
_canbe determmed for a neutral atom of elementX. _‘ . Cmarks)

Use the examples ' C and C to explam What 1sm'opes are il mark) .‘ -

Correctly name the fellowmg elements and compounds . ;  .

4 CaCla - moa 7 Fe(NOQ)Q _ _,3 d) Pa@q

. e) C12 _ B Mg?:NZ (3 marks) H



| - .25 erte the carrect mrmuja mr each fai the touowmg comp.oundé.
-a) magnesmm ﬂuorlde b) zmc phosphate -
. '-“c) d:tmtmgen tetraox1de d) chmmmm (III) hydromde
: fe) sndiumsulfate f) amm@mumcarbonate (3mgrks) -
: - 25 Copy and balance the follewmg equatmns
H:'l‘:‘a)Fe?Oq+CO ;-+ Fe+co,-. -
u'_"jb) C4Hm;+ oo cc'2 . HZO . ...
. 27 E..Copy and c:omplete the fallnwmg general equahons .
‘ ”‘a)‘ acui b hydrox1cie —» . '
.‘ ,:b) ac:ld - carbonate .
"“”‘_‘:":c) aCId < reactwe metal —p . _:‘ :  - . - :: ‘;‘; (3 marks}.t
EE:‘28_‘_..&"\5‘1*1te balamed equa‘cmns for the reachons ’chat occur when the fellowmg . .
- chermcals aremmed ‘ . =
"‘a} sodmm hydromde + hydroc:hlorlc acld -—»
":-b) sodmmmetal - water -—» - ’ .
'*‘sc) potassmm hydmgencarbanate + sulfum: acn:l —> :‘ -:-.7:.(6 iina;jffés)
- ‘: 29 Name ’chree metals ‘cha’t W1ll not react Wlth dﬂute hvdrochlorlc ac1d - -
- ‘ .. ' - (1 mark) ;
:erte balanced mmc equaﬂons for the reactmn& ﬂ\a’c occur when the _ |
fc:lluwmg solutlons are rmxed If no reaction occurs, write “no r_eact_mn ;

a) AgNQS(aq) + NaCl(aq) —-+ ::;  - '_::
. n FeCls fag) + NaOH(S) — .

_‘ff;-c) K,CO3 (ag + CalNO), (aq) - .
] ;Ed) MgClz (aq} i (NH4)3PO4(aq) —h» .    ; (:,3'@_1—'1‘;@)'5" '

 Endof Test, Total Marks:50

Iy :
.
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2, Whlch ()f the followmg has the greatest relatwe molecular mass (Mr)

" Q.a) H20 , b) CC)2 . c:12 d) Ar

3 :Whlch element in CuSO4 BHZO conshtutes the greatest percentage by mass?_ | : :“ .
‘ ”'_a) Cu ; b) s c) 0 d H . -
. 3 VVI'IlCﬂ of me IOllmeg Statemems is CDI‘I'EC[ Wﬂﬁﬂ rerefrmg EO o mmé OI .
. substance? - - . -
- “a} Its a very small amoun’c of substance _ .
- bl Its Avagadro s number of Dartlcles of that substance |
= :;c) Its exactly 12 0 g of :my substance -
d) Its exacﬂy 6. 02 x 1023 g Gf that substance

,thh of the follr}wmg ccm’cams the greatest number of molecules7 .
- _a) 1 0 mﬁl of COQ molecules - b) < 0 mol of HQO molecules

. _c)_f 2_.(} II}Ul; of N_H3 ;r_nolecules - d) 3 0 mol of H2 molecules : -

5 The molar mass of a substance is: ,
. ‘a) the mass of one mole of the substance ,
- 'b) the atormc number af each of the atoms exvressed in szram&
- E‘c) the tatal mass of each of the atoms ina molecule of that substance . -

- }d) the mass of one mglecule of ’che subs’cance
- ‘ :Wluch of the followmg has tha greatest mass'?
- *»la) leolefClz . ZOmolafCOZ
 930m0lst0, | d d0mdolEO




Wthh ot the tcruow;mg has the greatest number c:t axygen atoms? |

:a) 1Dmolobe(N03)2 b) 20molofH28C34 -

'_u:c) SOmolofSOg d)40m010fH20

. The combustmn of hydrogen gas can be represented by

2H2 (g) + 02 ® "” 2H20 (g}

Whl(:h of the follawmg statements is Correct fﬂr thls reactmn’?

. a) 2 moles Of hydrogen :molecules react Wﬁh : mole of oxygen molecules

- b) 2 D grams of hydmgen gas react W1th 1 O 4 of oxygen gas

ot

-'chammq Fh v_ungﬁ. eact w1fh2mnm<z f 1 ﬂmaq

. . “zd) 2 molecules of hydmgen gas react Wrth 1 ato f xygen gas . .

,ENZ {g) + SHZ (g) —I» 2NH3 (g)

1f90 male of hydmgen gas is completely reac’ted as m the reactlon shown |
 above then . ' :

- a) 1 O mol of N2 is cnmsumed and 2 D mc:l ()f NH3 are prmduced = -

\i”l CONTET

"1 D) £ 0 mUl UI L\Iz lb LUHBLIHU:ZU dflu Q U IIIUL UI 1‘4[‘13 are PIUUULEQ -

- ,' - -c) 3 0 mﬂl of Nz 1s wnsumed and 6 0 mol of NH3 are pmduced -

. d) 9 0 mol Df Nz is consumed and 18 D mo] of N H3 are pmduced

- n

:Propane gas {botﬂed gas) bums as follews :
CiHgg) + 502 o > 3(302 @)« 4H20 & . -
K 1. 5 fmal of CSI—IS are burnf: then the mass af COZ pmduced Would be - -

f”;a) 440g - 660g o 132g 9 19Sg

'-:-'ﬁ152.'

Methane gas (natural gas) bumsasfnllgws -

- .If 32 D g of methane are bumt, how many m@les Of Water wﬂl be Produced?

f:‘*‘.:‘.a} ZDmol b) 40m01 . c) 60m01 d) 640ma}.

o

-Magnesmm metal reacts w1th hydrochlorlr: amd as follows

:Mg (s) - 2Hc1 (aq) —+ Mg(?lz o H2 @

i 10 0 g of magnesmm react what mass of HCI ac1d wﬂl be cansumed?

“‘ff‘,:‘a) 150g f b) 200g . c) 3093 d) 730g
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’il'l ‘Which 01' the tollowmg statements is CORRECT when reterrmg 0 gasea.‘“ 5 _ ;‘ .
- Assume same cond1t10ns of ’femperature and pressure in all cases.

- a) Equal Volumes af gases contam equal number of partlcles -

 : _ :‘c) Equal Volumes of gases contam equal number Df atums -

- ;‘ ‘d) The number of moles Of gases can only be determmed from thElli’
. molecular formula . : - -

:‘::‘15.;'%\9 volume Qccupled at S TP by 3 0 mol of COZ gas is:
‘ f-:a)BGL b 224L | c) 672L . @ 13201,

| 186. For the f(.')llowmg reactmn assume all volumes are at S TP CGI'[dlthI‘lS . .
“::'_:2co(g) . oz(g) _—+ 2c02{g) - .
. ,.If 100 mL ofCD are bumt then - .
. 2a) 50 mL of O, gas are consumed and 100 :mL of COZ are produced
- _' b) 200 mL of O; gas are C_onsumed and 100 mL of CIOz are prod_uced - .
0 100 mL of O, gas are consumed and 200 mL of CO; are produced
- @ 2 of ozfgas gre mmgd and 88 ml af Cca‘z‘afe pmaugea .
3‘1‘7, :“Calcmm carbonate react& Wlth hydmchlarlc ac1d as follows
.LaLu3 (S) - znu (aq) —> LaL,12 (aq) + n_?_u (1} + LUQ (@

o ‘. The mass of CaCD?, reqmred to pmduce 56 E of COZ gas a’c S TP would be
- apprommately - ‘ ‘ -

«5 :”‘:.03 e d) _25@ _"7'

L2 1

:131

j;n 25g " b

. ‘13 Wthh of the fcllowmg statements about gaseg 1s FALSE?

- - _‘a) The Volume occupled by gas partmles IS neg11g1ble compared to the total

Vm]nmn taken un by the oag

e e e u] Lk @Mu

- f‘b) Gas pressure mcreases 1f temperature decreases -
- ::c)‘ As volume is mcreased -pressure is decreased ;f -

AN

: _- ] L hﬁb paruaeb IIHJVE I'Eiplﬂly anu [:’:IKJ:‘ HP all avaname apace lﬂ a CUIT[amt‘l‘ .

-
= T S S



- : ' 19 Wthh ot the lcrllow;mg graphs best represent Lharles Law7

e

. _ ED A200 mL sample of hydrogen gas at ZOOK and 100 kPa is changed to 4DGK .

and 251(1’3 Its :new volume will be

- a}mﬂmL ‘ ;_b) %l_O.U_mL c) 800mL d) 16(JmL - :(zb'ma'ziks)“"_-

. ‘_‘Wr'ltten Sectlnn

: 21 Wn‘ce clown {the correct formula and calculate the relatlve molecular mass - -

- E(Mr) Of

: - cl*nlorme gels_. . . b):talciiim hydmx;de@marks) :"’;:;:'

22 ‘Determme the percentage (%) by Welght of each Qf the elements .

;fm the compouncl sodlum sulfate (Na2804) - - = marks) .

- '2‘.‘?".i Calculate the mass of

ia; 25molofNa0H . b) Q40:mol ofAl(ND3)3 . owe

24 :Calculate the number of moles of -

- Za) water m 50 O g of wa,ter

: :b) nyclrogen atoms in AU U g of ammoma gas {1\4113) . ek

. :2:5._ Pcﬂ:as:aium metal reacts Vialfently withWafef as foll’awS'f : .
- XK <5> + 21—120 (1) —> 2KOH (o) + Hy )

- Calculate the mass Qf Hz gas procluced 1f 6. O mol of poi:assmm

'::f-lsconsumed ... :,:: ':‘(Siymﬁfké):_ . -

‘ZZ‘ 26

_ 2NHy (g) + 2H2504 o —* (NH4>2504 s

"Calczulate the mass of ammonia needed to produce 80 0 g of

gammomumsulfate - .. . (3mzzrfcs)

: T(K) =

‘_The fertlhser ammonium sulfate can be praduced frem ammema as follows -

-, =
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:‘;“ a) 15 mol of Hz gas
- :‘ c) 3 01 X 1023 molecules of COz gas
-

. fiNazCC):; (aq) + ZHCI (aq) -—b .?.NaCI (aq} + HZG {1) + C02 (g)‘:”- .

Lalculate the Volume occupleci at b T F’ by

b) SSOgofSOQ gas .

-Sodmm carbonate reac’rs Wlth hydmchlorlc aad as follc;ws

. Gmaks)

. :Determme the volume of carbon dlmade oas at STP that would ; -

- . be pmduced usmg 12 Og of sodmm carbc»nate
28
- :Fef;Oq m =+ SCO & > ZFe (s) - 3C0r> m

. }\ If 1 tc)nne (lﬁﬂﬁkg) of 1ron (IH) ox1de is reduced calculate

. ‘; a) the mass of 1ron produced

o

_Iron 1s produced by reducmg :m:m. (III) lede as follows -

3 compressed to 450 kPa (assume no change in temperature)

kY hr\"-f\v‘m-iﬂh l«n Ao .Y1n1 1mn Ay l’lnﬂ -~ n ¥ nl: % 2 Qn (‘ ic .

A7
U[ LJCLC.LJ.LIJJ.LC LB LI VY VU.lLl,l.I.LC ¥V AMCI A LA r s A 6“3 CI.L g, e Y

heated to 60°C (assume no change in pressure)

. ) A Weather ba]loon is fllled to 85 L at 25 C and 101 kPa and

 EndofTest, Total Marks:50

_ then released. Find its new volume when it rises to a he1ght

Frea J-.n«». o v abiaas AP e A eiinnay ey “R I,Dp\ L

WiIieie uic '.Cl)«ly’clﬂkulc lb Tl ’ka ﬂllu FLCDQMLE lb Ud .!\.l Cl

- Gk

A marks)

.a) Determme the new volume when 200 L of gas at 200 kPa 15 . _ . -
U marks)
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Checkpoints




NaCH,COO

CUNO3

CuOH

CaCH,COO

CU(NO3)2

Cu(OH),

Cu(CH,CO0),

Fe(OH),

Fe(CH;CO0),

Ca(CH;CO0),

KNO;,

KOH

KCH,COO

Sn(NOz),

Sn(OH),

Sn(CH,COO0),

ZD(NO3)2

Zn(OH),

Zn(CH;CO0),

AI(NO3),

AI(OH),

Al(CH,COO0),

NH,NO;,

NH,OH

NH,CH,COO

Na3PO4

CU3PO 4

ALL(SO,)5

Al (COg)5

(NH),50,

(NH4),CO4

(NH4);PO,
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Nil
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5 | Fe
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AgOH | Cu(OH
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2 Test 2 - Cher




Atomic Relative Atomic Relative

Elemeat Sibe) Number Atomic Mass Eeneat el Number Atomic Mass
Actinium Ac 89 (227) Molybdenum Mo 42 95.94
Aluminium Al 13 26.98 Neodymium Nd 60 144.24
Americium Am 95 (243) Neon Ne 10 20.18
Antimony Sb 51 121.76 Neptunium Np 93 (237)
Argon Ar 18 39.95 Nickel Ni 28 58.69
Arsenic As 33 74.92 Niobium Nb 41 9291
Astatine At 85 (210) Nitrogen N 7 14.01
Barium Ba 56 137.33 Nobelium No 102 (259)
Berkelium Bk 97 (247) Osmium Os 76 190.23
Beryllium Be 4 9.01 Oxygen @) 8 16.00
Bismuth Bi 83 208.98 Palladium Pd 46 106.42
Bohrium Bh 107 (264) Phosphorus P 15 30.97
Boron B 5 10.81 Platinum Pt 78 195.08
Bromine Br 35 79.90 Plutonium Pu 94 (244)
Cadmium Cd 48 112.41 Polonium Po 84 (209)
Caesium Cs 55 132.91 Potassium K 19 39.10
Calcium Ca 20 40.08 Praseodymium Pr 59 140.91
Californium Cf 98 (251) Promethium Pm 61 (145)
Carbon C 6 12.01 Protactinium Pa 91 231.04
Cerium Ce 58 140.12 Radium Ra 88 (226)
Chlorine cl 17 35.45 Radon Rn 86 (222)
Chromium Cr 24 52.00 Rhenium Re 75 186.21
Cobalt Co 27 58.93 Rhodium Rh 45 102.91
Copper Cu 29 63.55 Rubidium Rb 37 85.47
Curium Cm 96 (247) Ruthenium Ru 44 101.07
Dubnium Db 105 (262) Rutherfordium Rf 104 (261)
Dysprosium Dy 66 162.50 Samarium Sm 62 150.36
Einsteinium Es 99 (252) Scandium Sc 21 4496
Erbium Er 68 167.26 Seaborgium Sg 106 (266)
Europium Eu 63 151.96 Selenium Se 34 78.96
Fermium Fm 100 (257) Silicon Si 14 28.09
Fluorine F 9 19.00 Silver Ag 47 107.87
Francium Fr 87 (223) Sodium Na 11 22.99
Gadolinium Gd 64 157.25 Strontium Sr 38 87.62
Gallium Ga 31 69.72 Sulfur S 16 32.06
Germanium Ge 32 72.64 Tantalum Ta 73 180.95
Gold Au 79 196.97 Technetium Tc 43 (98)
Hafnium Hf 72 178.49 Tellurium Te 52 127.60
Hassium Hs 108 (277) Terbium Tb 65 158.93
Helium He 2 4.00 Thallium Tl 81 204.38
Holmium Ho 67 164.93 Thorium Th 90 232.04
Hydrogen H 1 1.008 Thulium Tm 69 168.93
Indium In 49 114.82 Tin Sn 50 118.71
Iodine I 53 126.90 Titanium Ti 22 47.87
Iridium Ir 77 192.22 Tungsten W 74 183.84
Iron Fe 26 55.85 Uranium 8] 92 238.03
Krypton Kr 36 83.80 Vanadium A% 23 50.94
Lanthanum La 57 138.91 Xenon Xe 54 131.29
Lawrencium Lr 103 (262) Ytterbium Yb 70 173.04
Lead Pb 82 207.2 Yttrium Y 39 88.91
Lithium Li 3 6.94 Zinc Zn 30 65.41
Lutetium Lu 71 174.97 Zirconium Zr 40 91.22
Magnesium Mg 12 24.30
Manganese Mn 25 54.94 () = mass number of the isotope with the longest half life.
Meitnerium Mt 109 (268) Data as published by IUPAC Commission on Atomic
Mendelevium Md 101 (258) Weights 2001.

Mercury Hg 80 200.59
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