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Introduction

The focus of the module is to assist you to analyse trends and patterns in relation to the
properties of pure substances and use these to predict the properties of other pure
substances. This knowledge is used to determine the ways in which substances can be

separated from each other and those that allow them to remain together.

Matter can be either pure substances with distinct measurable properties (eg melting and
boiling points, reactivity, strength, density) or mixtures with properties that are dependent
on the identity and relative amounts of the substances that make up the mixture. The
analysis of these properties has led to the expansion of the periodic table of elements and the
advancement of atomic theory. This understanding has allowed for the development of
complex models that have been subject to extensive peer review, and has contributed to

advances in many disciplines over time.

You will use knowledge obtained from the study of the periodic table to examine trends and
patterns that exist between chemical elements and atoms in order to discover that
fundamental particles, and their role in the structure of an atom, give all chemicals their

properties.
There are four main areas of content:

Properties of Matter

Atomic Structure and Atomic Mass
Periodicity
Bonding

Ll o e

Through these areas of content, you will have the opportunity to explore the following

questions:

1) How do the properties of substances help us to classify and separate them?
2) Why are atoms of elements different from one another?
3) Are there patterns in the properties of elements?

4) What binds atoms together in elements and compounds?

Last Updated: 5 Jan 2018 by Col Harrison Page | 5
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Inquiry question 1

* How do the properties of
substances help us to
classify and separate them?

Concept Map

Last Updated: 5 Jan 2018 by Col Harrison Page | 7
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Homogeneous and heterogeneous mixtures

I cam ex Fl-ln-'rl.- hn:_:-rnl_lgq_-nq-l_u.ls i xiares and l'-l_-l'n,_-r\-q_'u_gl.-nl.ﬂjl..l:; miaxkinres 1'hn_1|..|5|1 Fl-r.':l.1:i|;.':|
imvestigations using separation technigues based on physical properties.

Watch video - PSM#1 Mixtures video

Properties and Structures of Matter

PSM#1 Mixtures

How do we classify matter?

Name the four types of mixtures.

Video: How to separate solution, mixtures and emulsions.

https://www.youtube.com/watch?v=XC1RxloVOMo

Last Updated: 5 Jan 2018 by Col Harrison Page | 8
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Heterogeneous mixtures

Watch video - PSM#2 Separation Techniques

Properties and Structures of Matter

PSM#2 Separation Techniques

Complete the table to identify different methods of separation and the physical properties

upon which they are based. The first one has been done for you.

Separation Method Physical properties Example
Distillation Differences in boiling points  Alcohol (ethanol) and
of miscible substances water in solution

Last Updated: 5 Jan 2018 by Col Harrison Page | 9
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Problem
How could we separate the components of ONE of the following mixtures:

e iron filings, sand, salt, ethanol and water

e iron filings, calcium carbonate and potassium nitrate

e milk

Select an appropriate sequence of steps which you could use to separate the
mixture identified above into its component substances. Justify each step.
Carry out the experiment and record your results. (P Outcome, PI Content

Statement 2)

Additional Scaffold: Study ladder

https://www.studvladder.com.au/games/activity/separating-mixtures-29427

Last Updated: 5 Jan 2018 by Col Harrison Page | 10
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Examine some starch grains, eg. rice suspended in water,
using a light microscope. Add some iodine to the suspension

and record your results.

& Heat the starch grains and during the boiling process,

~ withdraw a sample of water and test the starch solution once
more with iodine. “When starches are heated, the long polymer chain is broken into shorter
lengths, called dextrins, which react differently with a solution of iodine” (Selinger, 2002, p.
77).

Properties and Structures of Matter Review Set 1

1. Explain the difference between a homogeneous mixture and a

heterogeneous mixture, using an example of each (4 marks).

Last Updated: 5 Jan 2018 by Col Harrison Page | 11



3. Suggest an appropriate separation technique for each of the following mixtures: (7
marks)

a) Two solids with different sized particles ................c.cooiiii
b) Aninsoluble solid inaliquid ...
c) Asolublesolidinaliquid L.
d) Twoimmiscible liquids
e) Twomiscible liquids
f) Two gases which differ in molecular mass .........................o

g) The componentsin humanblood ...

Last Updated: 5 Jan 2018 by Col Harrison Page | 12
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Gravimetric analysis

I can explore homopeneous mixtures and heterogenecus mixtures through practical
investigations calculating percentage composition by weight of component elements
and/or com pounds.

Watch video - PSM#3 Gravimetric Analysis

Properties and Structures of Matter

PSM#3 Gravimetric Analysis

To separate the parts of a mixture is one thing, but very often in industry or science it is

important to measure the quantities or percentages of each fraction of the mixture.

Examples of where this might be important:

o

Problem
Which is the saltiest beach on the northern beaches? How could we investigate

this problem?

Last Updated: 5 Jan 2018 by Col Harrison Page | 13
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Properties and Structures of Matter Review Set 2

1. BHP has discovered a new deposit around Broken Hill believed to

e

contain silver. They decide to carry out some tests to find out &

whether there is enough silver in the area to make it worthwhile
mining. How could gravimetric analysis be helpful to BHP? In what other situations

might gravimetric analysis supply useful data for chemists? (4 marks)

2. A dry mixture of soluble potassium sulfate and insoluble manganese dioxide was

analysed gravimetrically as follows:

A weighed sample was thoroughly stirred into pure water, then filtered through a

pre-weighed filter paper. The collected residue was oven dried and weighed.

Meanwhile, the filtrate was boiled in a preweighed evaporating basin until a dry

solid formed, then weighed.
Results:
Mass of mixture sample = 4.96g
Mass of filter paper = 0.16g
Mass or paper + dried residue = 3.04g
Mass of evap.basin = 28.62g

Mass of basin + dry solid = 30.70g

a) Name the substance collected in the filter paper. (1 mark)

Last Updated: 5 Jan 2018 by Col Harrison Page | 14
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b) Calculate the mass of this substance collected. (2 marks)
) Gl oot o 0ot
5 Namethe b i in e oo (1 )
) e msot s atoet Gt
U
5 Wit viene s et iyt my b e s k)
1) Descrivone it not meniond e utin sbove which might have e

done by the experimenter to help ensure accuracy. (Keep It Simple Science, 2007, p.

8) (2 marks)

Last Updated: 5 Jan 2018 by Col Harrison
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Nomenclature of inorganic substances

I cam in -.'u_':ﬁ'ig.:ll:l.' et moameeneclahare af i:n|1r_!-_l;.||n1|.'.-;| 1B bamices Ll'\iing International Linioes odf
Muare ancd .-fl\.]jplil.-l.‘l I'.:Hn.—-mi-:l:r_-.-' .:ILJI%.{'] rl..'ll.'l'l'il.'l.H comventioas.

Watch video - PSM#4 Inorganic Nomenclature

Properties and Structures of Matter
PSM#4 Inorganic Nomenclature

All chemists around the world need to be in communication with one another, especially as
new elements are discovered. To improve communication and collaboration between

chemists, the International Union of Pure and Applied Chemistry (IUPAC) produces sets of
rules for naming chemical compounds which ensures their consistency. In their own words

(International Union of Pure and Applied Chemistry, 2017):

“As one of its major activities, ILIPAC develops Recommendations to establish
unambiguous, uniform, and consistent nomenclature and terminology for specific

scientific fields, usually presented as: glossaries of terms for specific chemical

disciplines; definitions of terms relating to a group of properties; nomenclature of
chemical compounds and their classes; terminology, symbols, and units in a
specific field; classifications and uses of terms in a specific field; and conventions

and standards of practice for presenting data in a specific field”

It is important to begin the process of familiarising yourself with these rules. The following
examples have been based on the ‘Nomenclature for Inorganic Compounds’ published by
the University of Sydney (School of Chemistry, University of Sydney, 2014). You can follow

the tutorial if you need a refresher.

Last Updated: 5 Jan 2018 by Col Harrison Page | 17
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J binary ionic compounds
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Figure 1: https://scilearn.sydney.edu.au/firstyear/videos/tutorials.cfm?video=ichem_inorganic_nomenclature

IUPAC have a presence on the internet and continue to update their site to ensure only the
most up-to-date information is available. Here is a link to the most recent version of the

Periodic Table: https://iupac.org/what-we-do/periodic-table-of-elements/

If all else fails, here are a few tips to help you naming inorganic (non-carbon based)

compounds.

e Always name the metal first. It keeps its whole name, eg magnesium,
sodium, copper, etc.

e If there is 1 non-metal, its ending is changed to ‘ide’. So we have
chlorine/chloride, oxygen/oxide, bromine/bromide.

e If the are 2 non-metals with a metal, one of which is oxygen, the other
non-metal gets an “ate” ending, eg nitrogen + oxygen = nitrate,

carbon + oxygen = carbonate and so on

There are always exceptions to rules in Chemistry. It's one of the frustrations of
Chemistry. So the 3rd rule sometimes gets varied to ‘ite” and for the special case of

hydrogen and oxygen to “hydroxide’. Accept it now, worry later. ©

Last Updated: 5 Jan 2018 by Col Harrison Page | 18
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Properties and Structures of Matter Review Set 3
1. Write the name of each radical shown below and indicate what charge

it would have. The first one has been done for you. Z

Radical (polyatomicion) IUPAC Name Charge
SO,” Sulfite ion -2
SO/~
SO,
NO,*
CO,”
PO,”

NH,'

2. Complete the table below to show the correct IUPAC name for each of the

following inorganic substances. https://quizlet.com/_48cbtt (14 marks)

Name of Substance Molecular Formula
CuSO,
CO,
Fe,O,
Na,S
K;N
Mg(NO;),
N,O,
CaCO,

Sr3(PO,),

Last Updated: 5 Jan 2018 by Col Harrison Page | 19
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MgO
FeF,
Na,CO;
Cu(OH),

NiSO,

Classifying elements based on physical properties

I cam classify the elements based om thesir PrOpeTines 3 ich ]'lll:-::ll:inn i the= p-e-'rinn.'l i bl

th r|.|-1:|t:;_:h i ]’.‘"I:.".'\liil:'ill properiies.

Watch video - PSM#5 Classifying elements based on their physical properties

Properties and Structures of Matter

PSM#5 Classifying elements based on physical properties

All chemical substances are either pure or impure. Impure substances, mixtures, have

varying proportions of components and hence their properties can change.

Pure substances include elements and compounds. They contain only one type of atom
(elements), or different atoms in a fixed ratio (compounds). This means they have

predictable, and often measurable, physical and chemical properties.

There are around 90 naturally occurring elements (and a few more we’ve made in
laboratories). Some of these elements occur naturally in either solid, liquid or gaseous state
on earth. Most of the elements do not occur naturally. There is a simple rule to help us

remember whether we are likely to find an element in an uncombined state.

Last Updated: 5 Jan 2018 by Col Harrison Page | 20
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The (more/less) reactive an element is, the (less/more) likely it is to be found as an

uncombined element.

Carry out an experiment to confirm this observation and identify the physical

property which accounts for these observations. (Arbor Scientific, 2016)

The Periodic Table groups elements together based on similarities between their

physical and chemical properties. We can investigate the properties and uses of

different elements using the following interactive TED Ed link:

http://ed.ted.com/periodic-videos

Last Updated: 5 Jan 2018 by Col Harrison Page | 21
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A lesson about every single element on the periodic table
Created by the Periodic Videos team using the TED-Ed platform.

Properties and Structures of Matter Review Set 4
1. One way of making it easier to work with substances is to classify

elements into one of three categories based on their physical

properties. Complete the table on the following page: (24 marks)

Physical Property Metals Semi-metals Non-metals

Melting Point

Boiling Point

Hardness

Conductivity

Lustre

Last Updated: 5 Jan 2018 by Col Harrison Page | 22
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Malleable

Ductile

Density

2. Rubidium (Rb) is located in the left column, and Neon (Ne) in the right-hand column
of the Periodic Table.
For each of the elements named predict its properties, including: (8 marks)
i) general appearance and state at SLC,
ii) electrical conductivity and

iii) malleability and ductility, in the solid state.

Classifying elements based on chemical properties

I cam classify the clements based on their propertics and position in the periodic tabbe
th nn:ﬁ]‘. ihvedr chermical FI‘TLI!]'.!I:'I_I'iI:'.'\lG.
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Watch video - PSM#6 Classifying elements based on chemical properties

Properties and Structures of Matter

PSM#6 Classifying elements based on chemical properties

All elements listed in the Periodic Table have been grouped on the basis of their physical and
chemical properties. The elements in the same group exhibit a similar and predictable trend

of properties.

One good example is the alkali metals in Group 1.

What are the members of this group and how can we describe the trends in their reactivity?
Period 2 Alkali metal:

Period 3 Alkali metal:

Period 4 Alkali metal:

Period 5 Alkali metal:

Period 6 Alkali metal:

Period 7 Alkali metal:

Trends in chemical activity within the group I elements.

Last Updated: 5 Jan 2018 by Col Harrison Page | 24
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Properties and Structures of Matter Review Set 5

1. Gold is commonly found (I wish) in its elemental state. How does this

relate to the reactivity of gold? (2 marks)

/

2. Sodium is very rarely found in its elemental state. How does this relate to the

reactivity of sodium? (2 marks)

3. Colour the regions of the periodic table below as indicated. Describe the chemical

reactivity for each group: (5 marks)

o Alkali metals — red

e Alkaline Earth metals — orange
e Transition metals — yellow

e Halogens —blue

e Nobel gases - violet

Last Updated: 5 Jan 2018 by Col Harrison Page | 25
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*Why are atoms of
elements different from
one another?

Concept Map
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Atomic structure

I can investigate the basic structure of stable and unstable isotopes by examining the
distribution of electrons, protons and neutrons in the atom.

Watch video - PSM#7 Atomic structure

Properties and Structures of Matter

PSM#7 Atomic Structure

What is an atom?

http://science.sbcc.edu/physics/solar/sciencesegment/bohratom.swf

An atom has a positively charged nucleus
which is surrounded by negatively charged
electrons. The total positive and negative Silicon
charge is equal so the atom as a whole is / . . B

electrically neutral.

How do we define the atomic mass of an

element?

The modern photovoltaic cell consists primarily of silicon
atoms. An atom of Silicon has 14 protons. Of its 14 electrons,
2 fill the first shell, 8 fill the second shell, leaving 4 in the third
shell.

o9 .

Atomic number = number of protons +

number of neutrons

Last Updated: 5 Jan 2018 by Col Harrison Page | 28
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NOTE: the electrons have almost no mass: 1/1800 that of a proton, so we do not consider

them in a calculation of the mass.

What are isotopes and what makes some unstable?

Properties and Structures of Matter Review Set 6

1. Complete the following: (25 marks)
The atom consists of a nucleus containing positively charged _ v

and , which do not have a charge.

Around the nucleus are orbiting . These have a

charge.
The electrons do not just roam about anywhere but appear to be confined to

particular regions around the atom called . In order to move

away from the nucleus from one level to a higher ( state), they need to

state) closer

to thenucleus, they _ _ energy

Almost all of the mass in an atom is contained withinthe _ . The electrons
have very little mass (relativeto _ _ _ _ __ _ and ).

The numberof define the atom, ie it is unique for every atom. We call the

number of protons, the number. Hydrogen has an atomic number of _ .

This means that there is _ proton in its nucleus.

a) How many protons has carbon? ...........

b) What is the name of the element with 12 protons? ........................
Since all of the mass of the atomisinthe , we can work out the mass

number of an atom by adding the number of protons and neutrons together. Carbon

has _ protons and _ neutrons in its nucleus. Hence, its mass numberis _ _

Last Updated: 5 Jan 2018 by Col Harrison Page | 29
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¢) What element has a mass number of 17 ..............
d) How many neutrons are in a typical sodium atom? ......................

2. What is an isotope? (1 mark)

4. Identify the atomic number, the mass number and the name of each element for the

following atoms: (15 marks)

Atomic
Number

Last Updated: 5 Jan 2018 by Col Harrison Page | 30
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Mass
Number

Name of
Element
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I can investigate the basic structure of stable and unstable isotopes by examining their

position in the periodic table.

Watch video - PSM#8 Isotopes

Properties and Structures of Matter

PSM#8 |sotopes

Isotopes are atoms with the same number of protons, but with different numbers of

neutrons.

As a result, isotopes have the same atomic number and hence are the same element, but they

have different mass numbers. Because of this, isotopes are generally named by their mass

numbers, such as rubidium-85 and rubidium-87.

A stable isotope is an isotope that has a stable nucleus

and does not emit radiation.

A radioisotope is an isotope that has an unstable

nucleus and emits radiation.

The nucleus of an isotope can be unstable for several

reasons:

Last Updated: 5 Jan 2018 by Col Harrison
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Properties and Structures of Matter Review Set 7

1. Locate the elements which have only unstable isotopic forms on the

Periodic Table below. Shade them in grey. (2 marks) >
| PERIODIC TABLE OF THE ELEMENTS -
H He
1.008E 4,008
Hydmges KEY Hebam
3 4 Armis Mams b 79 5 (] T i 9 1}
Li Be Syl Au B C N (1] F Ne
6941 Q012 Saarded e Weght 1970 1081 12.01 14.01 16.00 12.00 2018
Lithiem Banylliam Hame Gl [ Crten Iormzn e Haorine Pz
11 12 13 14 15 16 17 18
Na Mg Al Si P 5 [} Ar
1299 2471 A 9R e 10 30087 3207 3545 3595
Saditen Mlapresi zee Aluriniien Silime Prmpheras Eubir Clabsring A
19 il 21 ¥z 23 M 25 6 7 I8 i} k- 1] il 32 33 ad a5 30
K Ca Sc T W Cr Mo Fe Co M1 Cu Zn Ga Ge As Sa Br Kr
3910 4008 44 96 47.87 5094 52.00 5494 5585 5893 5868 6355 65.38 6972 T264 7492 TE96 T9.90 83806
Fosmiom | Cadsom | Scmdisn | Teses | Vesden | (dowis | Massesc - [y Midd Copper Tinc Callism | Comanion | Anmic Selesizn Eeumize [—
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Bb gr Y I Mb Mo Te Ru Rh Pd Agp Cd In Sn &b Te I Xe
547 8761 EE.D1 91.22 9291 0506 101.1 1029 1064 1079 1124 1148 1187 1218 1276 1269 1313
Hubidiar L T ] MNaslaun Molytslemen | [echmasem Foissmmnm Hasdem Fallmimn S Carmsy | pchmmy ] Asumeny Teiruen =ime Xmm
55 56 57-71 T2 73 74 75 6 7 TE T B0 &1 E2 k] Bd a5 B6
Cs Ba Hif Ta w Re Os I Fi An Hg Tl 131 Bi Fo At En
132.9 1373 1785 1809 1839 1862 1902 1922 1%5.1 1970 2006 2044 2072 209.0
Camseen. Hareee: [ artbarevide Hafeim Tareadeen Tommus Fresiars Chuziz Inidiem Fhtirars Oald Mooy Thaizr L Amrmuh Belepew e Fadew
a7 B8 39-103 104 105 106 17 108 109 11 111 112
Fr Fa Rf Db Sg Bh Hs Mt Ds Rg Cn
Foocan | Padiem | Actised [Reetefos| Dubves | Sebapes | Bdesn | Sk | Mo | Db | Rt | Copesizis
Lanthanoids
57 58 59 &0 6l 2 63 6d 65 66 a7 68 ] 70 71
La Ce Pr MNd Pm Em Eu Gd Th Dy Ho Er Tm Yb Lu
1389 14001 1409 1442 150.4 1520 157.3 1539 1625 1649 1673 1689 173.1 1750
Lanttanen Corien s Mocdymizm | Procctbios S emarier i Cadolimices Terbiam Dryprgmn Holnmmn Exbicem Thubem Yierbiam Nasctionn
Actinnids
&9 B0 a1 92 93 g 95 Oy 97 o8 Oy 100 11 W2 13
Ag Th Pa u Np Pa Am Cm Bk Es Fm Md No Lr
2320 2310 2380
At Thorian. Protactinisn [15S Nepamiun Pliosi o trmerician [ Berbclion Califorminm [Eadczie Famiun Mcrdcacvios Nobelun Lawrmcun

Elements with siomic nambers 113 and sbove have been reparted bt mot fully suthenticated.
Starcdard atomic weights are abridged o four sigrificant figues.

Elemenes with ne repores] values in the wble have me sabk noclides,
Thee Ienermationa] Unica of Pure and Applied Chemisry Pericdic Table of te Elemems (Febmaary 2010 version) is the principal source of datm, Some data may ba ve been modified.

2. Describe the conditions under which a nucleus can be unstable. (3 marks)

3. Which of the following isotopes would you expect to be radioactive; U-235, U-238,

U-239? Explain your answer. (2 marks)
Last Updated: 5 Jan 2018 by Col Harrison
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5. Mark the position of the transuranic elements on the Periodic Table in question 1
using red shading over the grey. (2 marks)

6. Describe the method of formation of a transuranic element and its use. (4 marks)

Last Updated: 5 Jan 2018 by Col Harrison Page | 34
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Symbol Notation for atoms and isotopes

I can investigate the basic structure of stable and unstable isctopes by examining
representation of the symbol, atomic number and mass number (nucleon number ).

Watch video - PSM#9 Symbol notation for isotopes

CHEN 300

Properties and Structures of Matter

PSM#9 Symbol notation for isotopes

Once we acknowledge the existence of both stable and unstable forms of an element, we
need a method for symbolising the different isotopes.
We can represent isotopes using the symbols: AZ M

where: M is the chemical symbol for the element, A is the mass number and Z is the atomic

number.
Hence oxygen-16 could be represented as 16 8 O, while oxygen-18 would be 18 8 O

Mass number is often referred to as nucleon number. This is the sum total number of
particles (protons and neutrons) in the nucleus. The electrons do not contribute significantly

to the mass of the atom, hence they do not form part of the calculation of its mass.

Properties and Structures of Matter Review Set 8

1. Hydrogen exists in three isotopic forms; hydrogen-1, hydrogen-2

(deuterium) and hydrogen-3 (tritium). Use symbol notation to <

represent these three isotopes. (3 marks)

Last Updated: 5 Jan 2018 by Col Harrison Page | 35
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2. Use the periodic table to write down the symbol notation for the most likely stable
isotope for each of the first 20 element. (20 marks)

3. Radioisotopes have been used in dating rocks and fossils. Research two different
radioisotopes which are used by palaeontologists and identify the atomic notation,
the decay product, the half-life and the types of rocks/fossils most commonly aged

using each one. (8 marks)

Last Updated: 5 Jan 2018 by Col Harrison Page | 36
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Electron configuration

I can model the atom’s discrete energy levels, including elecironic con ﬁgu ration and .5F|-::|.'I"
notabion.

Watch video - PSM#10 Electron configuration

Properties and Structures of Matter

PSM#10 Electron configuration

The diagrams below represent the atoms of neon, fluorine and sodium respectively.

We can represent the electron configuration of each element as follows:

neon: 2.8 fluorine: 2.7 sodium: 2.8.1
=4
~
"~
oW
j-’ - .".-._2““.-.-...- -‘\. . ll.'-“.- .r’__,_-dz--- .--..‘ '\\‘-... .II,'-. .-._,," -'..____ v __...\ “‘_l
2.8 2.7 2,81

Rules for the Bohr model:

1. Each shell contains a maximum number of electrons. This can be found using the

formula 2n?, where n is the shell number, ie the first shell has a maximum of 2 x 1> =2
electrons.

2. The lower energy levels fill before the higher levels (Aufbau Principle). #

Last Updated: 5 Jan 2018 by Col Harrison Page | 37
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3. Electrons fill in a particular order.

Pittwater House

# One of the many frustrating things about the study of Chemistry is the exceptions to the

rules. The second of these rules works up to element 18. After 18, we need a more precise

model to help us explain what is happening.

spdf notation

Subshell electron numbers (maximum per
subshell) are:

s=2,p=6,d=10and f =14. Now we can
examine how we remember the order in which
they are filled. The diagram right may prove
useful. How can we link this order to the

organisation of elements in the Periodic Table?

So for the examples above, if we expand the electron configuration to include spdf notation,

it becomes:

fluorine: 1s* 2s* 2p° neon: 1s®2s* 2p°

sodium: 1s 2s* 2p°® 3s'

Last Updated: 5 Jan 2018 by Col Harrison
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Properties and Structures of Matter Review Set 9

1. Complete the table by writing the electron configuration using subshell

notation for the listed elements. The first one has been completed for you.

(5 marks)
Element Electron configuration
Copper 1s® 25* 2p° 3s” 3p° 3d” 4s°
Aluminium
Calcium
Iodine
Uranium

Rubidium

Last Updated: 5 Jan 2018 by Col Harrison

Pittwater House
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I can calculate the relative atomic mass from isotopic composition.

Watch video - PSM#11 Relative atomic mass

CHEN o

Pittwater House

Properties and Structures of Matter

PSM#11 Relative Atomic Mass

The existence of multiple isotopes of a particular element can create issues when we are

trying to work out the atomic mass.

To overcome this, we use the concept of relative atomic mass.

the relative proportions of each.

To calculate the relative atomic mass of a particular isotope, we need to take into account

Eg. If 95% of hydrogen exists as H-1, 4.5% as H-2 and just 0.5% as H-3, what would be the

relative atomic mass of hydrogen?

To answer this we use the following steps:
Contribution of H-1 to the mass:
Contribution of H-2 to the mass:
Contribution of H-3 to the mass:

Total relative atomic mass of hydrogen

095x1 = 0.95
0.045x2 = 0.090
0.005x 3 = 0.015
1.055 amu

Last Updated: 5 Jan 2018 by Col Harrison
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Properties and Structures of Matter Review Set 10

1. Look at the relative atomic mass of hydrogen in the Periodic Table. How does it
compare to the one calculated above? What does this tell you about the relative

abundance of the three naturally-occurring isotopes of hydrogen? (3 marks)

2. Chlorine has a large number of isotopes with mass numbers ranging from 28 to 51.
However the two most common, stable isotopes of chlorine are chlorine-35, which
has a relative abundance of 75.78% and chlorine-37 which has a relative abundance
of 24.22%. Use these two isotopes to calculate the relative atomic mass of chlorine. (3

marks)

3. Titanium is a metal which can be mined from certain beach sands and has some
extremely useful properties. It has been used in the manufacture of light but strong
structures ranging from dental implants to golf clubs and prostheses. There are a
number of radioactive isotopes of titanium, however there are five stable forms. In a
common sample of titanium, the relative abundance of each of these isotopes would
be titanium-46 - 8.25%, titanium-47 7.44%, titanium-48, the most common isotope is
73.72%, titanium-49 is 5.41%, while titanium 50 is 5.18%. Use these abundances to

calculate the relative atomic mass of titanium. (3 marks)

Last Updated: 5 Jan 2018 by Col Harrison Page | 41
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Flame tests

I can investigate energy levels in atoms and ions through collecting primary data from a
flame test using different ionic solutions of metals.

Watch video - PSM#12 Flame Tests

Properties and Structures of Matter

PSM#12 Flame Tests

7 A spectacular example of what happens when electrons get excited is fireworks.
@ Make a note of the number of different colours you can see next time you are

watching fireworks.

Last Updated: 5 Jan 2018 by Col Harrison Page | 43
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\"#

|1

sodium potassium caleium strontium or lithium

A4 4
11

birinm of MANGANSEE coppar, thalliuem, laad, arsenic, coppar (copper (1) chiarida)
(manganese chionide) of boron {borc acid) or antimony

Properties and Structures of Matter Review Set 11

1. Complete the table below to show the dominant flame

colour for each of the following metals. (10 marks)

Element Flame Colour
Sodium

Potassium

Calcium

Strontium

Barium

Copper

Lithium

2. Look at the spectroscopy chart for various elements shown below (from the

following website:

https://www.auburn.edu/academic/classes/scmh/1010/Flame clip image002.jpg).

Last Updated: 5 Jan 2018 by Col Harrison Page | 44
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a) Use this data to explain the colour of the sodium flame. (2 marks)

b) Explain why each element has more than one coloured line. (3 marks)

Flame Spectra for Various Elements
Black Body

1l LR TR
......................................................... Hg _.I._
- | 1 1 (11000

400 500 600 700
nanometers
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Schrodinger model of the atom

I can investigate energy levels in atoms and ions through examining spectral evidence tor the
Bohr model and introducing to the Schridinger model.

Watch video - PSM#13 Schrddinger model of the atom

Properties and Structures of Matter

PSM#13 Schrodinger Model of the Atom

Bohr’s atomic model

Schrdédinger’s Model
While Bohr’s model explained the properties of the hydrogen atom, it was less successful
in explaining the behaviour of multi-electron atoms. A better explanation was provided
by Schrddinger’s “wave-particle” model.

He treated the electron as a wave-form and was able to devise mathematical equations to

describe it in terms of probability functions.

Last Updated: 5 Jan 2018 by Col Harrison Page | 46
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Evidence from the study of spectra and chemical bonds suggests that the electrons are in
distinct sub-shells within each shell. In Bohr’s theory, each shell is labelled with a number
representing the principal quantum number, so in Schrodinger’s wave equations, integral
values are a fundamental component of solutions to the wave equations. We now recognise

the following pattern of subshells:

*s (spherical shape) (sharp) (classifications used
P (polar shape) (principal) by spectroscopists
*d (diffuse) in referring to
*f (fundamental) spectral lines.)

Shell Number of sub-shells = Symbols for sub-shells

n=1 (K) 1 1s

n=2 (L) 2 2s,2p

n=3 M) 3 3s, 3p, 3d
n=4(N) 4 4s, 4p, 4d, 4f
n=5(0) 5 5s, 5p, 5d, 5, 5¢

The symbols used to denote sub-shells includes a number referring to the shell and a letter
referring to the shape of the orbital within the sub-shell. There is a limit of two electrons in
each orbital (the limit is known as the Pauli exclusion principle). Each orbital has a
particular shape. The s orbitals are spherical, p are dumbbell shaped (aligned along x, y and

z axes). The shapes of the other orbitals are more complex and not a part of this course.

The 3s orbital occupies a larger space than the 2s (> 1s). The p orbitals overlap the s orbitals,

but the electrons within the orbitals do not interact with one another.

The third shell
(n=3)

3s 3p 34

“ .
H i s [ Py > e ~¥
¥ Q g - 3 ,- -~
D, " :
—o = x . ¥
B . dy I s I de
P o —
"

g b,
& subshell v 4 ¥ ~

:

O
£ subshel| & subshel
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In the hydrogen atom, the sub-shells have the same energies as the principal energy shell.
However, in multi-electron atoms, the energy pattern is not as simple. There is some overlap

between upper sub-shells and lower sub-shells.

Properties and Structures of Matter Review Set 12

1. What is the major difference between the Bohr model and the

Schrodinger model of the atom? (1 mark) 7

2. What was the limitation in the Bohr model which led to the development of a

different model of the atom? (2 marks)

3. Orbital configurations help us explain elements with variable valencies. Sulfur may
have a valency of -2, +4 and +6. Explain how sulfur might be able to exist is all three

forms. (3 marks)

Last Updated: 5 Jan 2018 by Col Harrison Page | 48
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Radiation and radioisotopes

I can investigate the properties of unstable isotopes using natural and human-made
radivisotopes as examples, including types of radiation.

Watch video - PSM#14 Radiation and radioisotopes

Properties and Structures of Matter

PSM#14 Radiation and radioisotopes

The three different types of radiation all have the ability to ionise gases:

Radioactive particles are also energetic. They have the ability to penetrate both air and
different materials. However like ionising ability, they also differ in terms of their

penetration power.

Radioisotopes can be used to generate electricity. While this occurs in other parts of the
world, there is currently a bipartisan agreement in Australia not to use our nuclear
technologies for power generation. How does this ongoing decision impact on our

sustainable use of resources?

Last Updated: 5 Jan 2018 by Col Harrison Page | 49
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Properties and Structures of Matter Review Set 13

1. What are the key differences between the three types of
radiation? (3 marks) Z

2. What are the most important properties associated with radioactive isotopes and/or
radioactive particles? Discuss the three type of radiation in relation to these two

properties. (6 marks)

3. Construct a table to compare the methods of detection for the three types of

radiation. (3 marks)

Last Updated: 5 Jan 2018 by Col Harrison Page | 50
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Nuclear reactions

I can investigate the properties of unstable isotopes using natural and human-made
radivisotopes as examples, including types of balanced nuclear reactions.

Watch video - PSM#15 Nuclear reactions

CHEN 300

Properties and Structures of Matter

PSM#15 Nuclear Reactions

A Radioisotope is an isotope that has an unstable nucleus and emits radiation.

The nucleus of an isotope can be unstable for several reasons:

Last Updated: 5 Jan 2018 by Col Harrison Page | 51
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What conditions are likely to trigger gamma decay? Write a nuclear equation to represent

this process. (Hint: use Tc-99m)

Properties and Structures of Matter Review Set 14

1. Which of the following lists contains ONLY unstable isotopes? (11,
Q7)

A) 20782 Pb,9943 Tc,127 N

B) 21482 Pb, 46 20 Ca, 9943 Tc
C) 23892 U,4020 Ca,127 N
D) 23892 U, 40 20 Ca, 9943 Tc

2. Which of the following is an important factor in predicting the nuclear stability of an
isotope? (09, Q1)
(A) Atomic radius
(B) Nuclear radius
(C) The ratio of neutrons to protons
(D) The ratio of electrons to protons
3. Which set contains only stable nuclei? (06, Q3)
A) 21 H,126 C,23892 U

B) 168 O,3919 K, 126 C
C) 6530 Zn, 188 O, 2412 Mg
D) 146 C,168 0,11 H

4. Describe the conditions under which a nucleus is unstable. (02, Q19 a), 2 marks)
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5. The following is a flow diagram showing the sequence of products released during the
decay of uranium. (02, Q19 b) 3 marks)

238 //U
Th Pa_ i

-
230 /Th
/‘Rﬂ
222
- /Rn
/ ro
714 - Bi Po

Pb'—"'/"&"‘
206 Ph =

T T T
82 L] &6 &8 a0 92
Atomic number

Mass number

Use examples from the flow diagram to describe processes by which an unstable
isotope undergoes radioactive decay.
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Applications of radioisotopes

I can investigate the properties of unstable isotopes using natural and human-made
radivisotopes as examples including applications of radioisotopes.

Watch video - PSM#16 Applications of Radioisotopes

Properties and Structures of Matter

PSM#16 Applications of Radioisotopes

Commercial radioisotopes are radioisotopes that are used in medicine, industry and/or

scientific research.

Commercial radioisotopes are produced in two main ways

One common example of a commercial radioisotope is Am-241. This was widely used in
smoke detectors. It has subsequently been replaced in many modern smoke detectors by a

photoelectric device.

Case Study Report
1. Am-241 was produced through bombardment of Pu-239

with

neutrons. Show how Pu-239 could be used to produce

7,

Am-241. (3 marks)

Last Updated: 5 Jan 2018 by Col Harrison Page | 54



2. The reason Am-241 was widely used is based on three properties; its half-life and the
penetrating power and ionising ability of its decay particle. Use this information to
write a balanced equation of the radioactive decay of Am-241. Identify the decay
product and any other product(s). Explain how the three key properties of Am-241

are linked to its use. (6 marks)

3. There have been significant issues with radiation as a result of incidents at Chernobyl

and Fukushima. Evaluate the efficacy of nuclear power as an energy generator for the

21* Century. (5 marks)
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Melting and Boiling Point Trends
[ can demonstrate, explain and predict the relationships in the observable trends in the

physical and chemical properties of elements in pericds and groups in the periodic
table, including state of matter at room temperature.

Watch video - PSM#17 Periodic Trends

Properties and Structures of Matter

PSM#17 Periodic Trends

Melting point

Last Updated: 5 Jan 2018 by Col Harrison Page | 57
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Element Melting Point
(°C)

Hydrogen -259
Helium -272
Lithium 180
Beryllium 1278
Boron 2300
Carbon 3550
Nitrogen -210
Oxygen -219
Fluorine -220
Neon -249
Sodium 98
Magnesium 650
Aluminium 660
Silicon 1410
Phosphorus 590
Sulfur 113
Chlorine -101
Argon -189 From the SI Chemical Data
Potassium 63 Book 6™ Ed. (Aylward &
Calcium 842 Findlay, 2008)
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Boiling point

Element

Hydrogen
Helium
Lithium
Beryllium
Boron
Carbon
Nitrogen
Oxygen
Fluorine
Neon
Sodium
Magnesium
Aluminium
Silicon
Phosphorus
Sulfur
Chlorine
Argon
Potassium

Calcium

Boiling Point
O

Pittwater House

Properties and Structures of Matter Review Set 15

1. Plot the melting points of the first 20 elements on a grid,

the values provided on the previous page. Prepare a brief

report describing the trends you observe, taking into

account both group and period trends. (10 marks)

using

2. Plot the boiling points of the first 20 elements on a grid. Prepare a brief report

describing the trends you observe, taking into account both group and period trends.

Last Updated: 5 Jan 2018 by Col Harrison
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(10 marks)

I can demonstrate, explain and predict the relationships in the observable trends in the
physical and chemical properties of elements in periods and groups in the periodic
table, including electronic configurations and atomic radii.

Electronic Configuration and Atomic Radius
Watch video - PSM#18 Trends in Electron configuration

Properties and Structures of Matter

PSM#18 Trends in electron configuration

Electron configuration

The arrangement of electrons around the nucleus of an atom is called the electron
configuration. As discussed earlier, the electrons are in distinct sub-shells within each
shell. An examination of the electron configuration can help us identify patterns across

a period and also down different groups. For example, have a look at the electron

configuration for the Group I active metals.

Lithium: 1s* 2s'
Sodium: 1s® 28* 2p° 3s'

Potassium: 1s® 2s” 2p°® 3s” 2p° 4s'

Rubidium: 1s®2s* 2p°® 3s* 3p°® 3d" 4s” 4p° 55

Note the pattern for this group. The valence shell (or highest number) has just 1 electron in

an s orbital. This is an important feature as it helps chemists understand how and why
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these metals are so reactive and tend to form ionic salts.

Last Updated: 5 Jan 2018 by Col Harrison
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Atomic radius

Element Atomic Radius

(pm)
Hydrogen

Helium
Lithium
Beryllium
Boron
Carbon
Nitrogen
Oxygen
Fluorine
Neon
Sodium
Magnesium
Aluminium
Silicon
Phosphorus
Sulfur
Chlorine
Argon
Potassium

Calcium

Properties and Structures of Matter Review Set 16

1. Write the electron configurations, using subshell notation for

the elements of Period 4, Group II and Group VIII (or 7

XVIII). Prepare a brief report describing the trends you
observe, taking into account either group or period trends. (10 marks)

2. Plot the atomic radius of the first 20 elements on a grid. Prepare a brief report

_ Jst Updated: 5 Jan 2018 by Col Harrison Page | 62
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describing the trends you observe, taking into account both group and period trends.

(10 marks)

I can demonstrate, explain and predict the relationships in the observable trends in the
physical and chemical properties of elements in periods and groups in the periodic table,

including first ionisation energy and electronegativity.

First ionisation energy and electronegativity

Ionisation Energy

Ionisation Energy refers to the amount of energy required to remove an electron from an

atom or ion in its gaseous state.

First Ionisation Energy refers to the energy required to remove the first electron from a

stable atom, turning it into an ion.
Element

Hydrogen
Helium
Lithium
Beryllium
Boron
Carbon
Nitrogen
Oxygen
Fluorine
Neon
Sodium
Magnesium
Aluminium
Silicon
Phosphorus
Sulfur

Last Updated: 5 Jan 2018 by Col Harrison
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Chlorine
Argon
Potassium

Calcium

Last Updated: 5 Jan 2018 by Col Harrison
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Electronegativity is a measure of the tendency of an atom of an element to attract electrons.

Element

Hydrogen
Helium
Lithium
Beryllium
Boron
Carbon
Nitrogen
Oxygen
Fluorine
Neon
Sodium
Magnesium
Aluminium
Silicon
Phosphorus
Sulfur
Chlorine
Argon
Potassium

Calcium

Electronegativity

(Pauling units)

Properties and Structures of Matter Review Set 17

1.

Contrast the term “ionisation energy’ with ‘electronegativity’. Is it

reasonable to think about one term as representing the reverse of

the other term?

Last Updated: 5 Jan 2018 by Col Harrison
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2. Complete the following;:
The reactivity of metals increases as their first ionisation energy

In other words, the lower the ionisation energy the it is to remove an

electron and hence the _ _ _ _ active the metal is.

. 1 electron removed

Sodium
atom
The energy needed to do this is for sodium is called the first _ __ ___ __ _ _
energy.

3. How is ionisation energy related to the activity of different metal species? Use an

example to explain your response.

4. How is electronegativity related to the chemical activity of different elements? Use

an example to explain your response.

6. Plot the first ionisation energy of the first 20 elements on a grid. Prepare a brief report

describing the trends you observe, taking into account both group and period trends.

(10 marks)

7. Plot the electronegativity of the first 20 elements on a grid. Prepare a brief report
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describing the trends you observe, taking into account both group and period trends.

(10 marks)

I can demonstrate, explain and predict the relationships in the observable trends in the
physical and chemical properties of elements in periods and groups in the periodic table,
including reactivity with water.

Reactivity with water
Watch video - PSM#19 Trends in chemical reactivity

Properties and Structures of Matter
PSM#19 Trends in chemical reactivity

The previous examples focussed on the observable trends in many of the physical
properties of elements. How they behave with other elements can also provide information
which can be interpreted on the basis of trends across a period or down a group. One such

example is their reaction with water.

Element + water example: sodium + water

Observations:

Products of the reaction: / \

It is important to note the difference between a chemical reaction (chemical change) and the
formation of a solution (physical change). If the substance neither dissolves nor reacts, it is

more easily classified.
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Properties and Structures of Matter Review Set 18

1. Using specific examples of both metals and non-metals,
construct word equations and balanced formulae equations to 7

represent the reactions between an element and water. (4

marks)

2. Prepare a brief report describing the trends in chemical reactivity with water, taking

into account both group and period trends. (10 marks)
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Other periodic trends

I can demonstrate, explain and predict the relationships in the observable trends in the
physical and chemical properties of elements in perioeds and groups in the periodic table.

Watch video - PSM#20 Oxides and the Periodic Table

CHEA 300

Properties and Structures of Matter

PSM#20 Oxides and the Periodic Table

Reactions involving oxygen
Reaction of an element with water is one example of a chemical property which can be

examined for elements in the same group or period. Two other chemical properties include

reaction with oxygen and reaction with dilute acid.

Element + oxygen example: magnesium + oxygen

Observations:

Products of the reaction:

Oxides of metals have different chemical properties to the oxides of non-metals. We can
demonstrate the difference by dissolving the elemental oxide in some water and testing its

pH using universal indicator.

Reactions involving dilute acids
Another chemical property which we can investigate involves the reaction of an element

with dilute acid.

Element + dilute acid example: zinc + hydrochloric acid
Observations:

Products of the reaction:
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Combing power (valency)

The combining power or valency is the same for each element in a group, however it
increases by one as we go across a period. The first group (active metals) have a valency of
+1, the second (alkaline earth metals) +2, then +3, +4, -3, -2, -1 (halogens) and the noble gases
have a valency of 0. (Skip the transition metals, they will be dealt with separately later).

Reactivity

For the metals, reactivity increases down the group and decreases across the period.
However, after Group 1V, reactivity decreases down the group and increases across the
period up to the noble gases, which are inert). This means the two most reactive elements
are Fr (bottom of Group 1) and F (top of Group VII).

Properties and Structures of Matter Review Set 19

1. Using specific examples of both metals and non-metals,

construct word equations and balanced formulae equations to

4

represent the reactions between an element and oxygen. (4

marks)

2. Using specific examples of both metals and non-metals, construct word equations and
balanced formulae equations to represent the reactions between an elemental oxide and

water. (4 marks)
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3. Describe the regions of the Periodic Table in terms of the types of oxides formed in

water. Include the terms; ‘acidic oxide” and “basic oxide” in your response. (3 marks)
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together in elements
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Electronegativity and Chemical Bonds

1 can investigate the role of electronegativity in determining the ionic or covalent nature of
bonds bebween atoms.

Watch video - PSM#21 Electronegativity and chemical bonding

Properties and Structures of Matter

PSM#21 Electronegativity and Chemical Bonding

Electronegativity, the measure of the ability of an atom to attract an electron, is a key
determinant in helping us identify the nature of the bond which may form between two

atoms.

Ionic bonds

Covalent bonds
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As electronegativity differences increase between neighbouring atoms in a compound, the

percentage ionic character of the bond increases.

(a)

Nonpolar covalent bond

Bonding electrons shared
equally between two atoms.
No charges on atoms.

(b) (c)
o+
Polar covalent bond lonic bond
Bonding electrons shared Complete transfer of one or more
unequally between two atoms. valence electrons.
Partial charges on atoms. Full charges on resulting ions.

Figure 3: Nature of bonds between atoms
https://chem.libretexts.org/Textbook Maps/General Chemistry Textbook Maps/Map%3A Chemistry%3A _The Central S
cience_(Brown et al.)/08. Basic Concepts of Chemical Bonding/8.4%3A Bond_ Polarity and Electronegativity

This can be demonstrated using the elements in period 3. Values obtained from
(Aylward & Findlay, 2008, p. 126)

Bond Elej;;::f:iﬁty Percentage ionic character (approx.)

Na-Cl 3.16-0.93 = 2.23
Mg - Cl 3.16-1.31 = 1.85
Al-Cl 3.16-1.61 = 1.55
Si-Cl 3.16-1.90 = 1.26
P-Cl 3.16-2.19 = 0.97
S-C1 3.16 -2.58 = 0.58
Cl-Cl 3.16-3.16 = 0
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Note: If the electronegativity differences >1.5-1.7, then the bond is considered to be ionic. eg.
Na — (], has an electronegativity difference of 2.1 and is considered to be ionic. The highest
value for this difference is 3.3 (between Cs and F, making CsF the most ionic compound

which may be formed).

Properties and Structures of Matter Review Set 20

1. How do we determine which type of bond is likely to form

between two atoms? (2 marks)

/

2. Given the electronegativity values for the Period 2 elements, construct one ionic
compound and one covalent compound. Justify your decisions and evaluate the

degree of polarity of your covalent substance. (6 marks)

Electronegativity values (Pauling Scale):
Li-0.98, Be-1.57, B-2.04, C-2.55 N-3.04, O-3.44, F-3.98 (Aylward &
Findlay, 2008, p. 126)
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I can investigate the differences between ionic and covalent compounds through using
nomenclature, valency and chemical formulae (including Lewis dot diagrams}),

Watch video - PSM#22 lonic and covalent bonding

Properties and Structures of Matter

PSM#22 lonic and covalent bonding

Ionic Compounds

This is fluorine. It has one

This is sodium. It has one

==

2.8

E\\‘t

@

2,7

—

T

281

This is neon. It is a stable
atom. It does not form an

ion.

2.8

less electron than neon. It

will gain an extra electron,

giving it a negative charge
(anion).

2.8

more electron than neon. It

will lose this extra electron

giving it a positive charge
(cation).

2.8

If a metal bonds with a non-metal, like sodium and oxygen, there is an exchange of

ist Updated: 5 Jan 2018 by Col Harrison
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electrons and both atoms become charged (ionised). The bond between these two new

Pittwater House

oppositely charged ions is called an ionic bond. We can also use Lewis diagrams to show

how this happens.
Metal Nonmetal lonic Compound
Na - :Cl- — Na*[:CI:
sodium chloride
sodium atom chlorine atom (sodium ion and chloride ion)
s ve 12—
Mg~ 10- — Mg®* [: O:

magnesium atom

oxygen atom

magnesium oxide
(magnesium ion and oxide ion)

Ca-

calcium atom

2:F.

fluorine atoms

—_—

(calcium ion and two fluoride ions)

ca?

:'|=_:|2

calcium fluoride

AX)/07%3A_Chemical Bonding and Molecular Geometry/7.3%3A Lewis Symbols _and Structures

The periodic table can be used to help us predict which type of ions will form.

+1 +2 +3 +4 -3 -2 -1 0

H He
Li Be B C N @) F Ne
Na Mg Al Si P S Cl Ar

If you label every periodic table this way, it may help you during an exam. It provides a

quick guide to the types of ions which will form. The transition metals are not included as

they are not as straight forward. Many have a valency of +2, however there are exceptions

and many species with multiple valencies, eg Fe** and Fe™".

Covalent Compounds

What type of bond forms if two non-metals combine together, and they both want to gain

electrons, eg. Water (H,0)?

H@) +

0 (2.6)

H1Q) -

This is also easier to see with Lewis diagrams.

Last Updated: 5 Jan 2018 by Col Harrison
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In this case, the electrons are shared. It’s like there is a tug of war over the electrons (in this
case, oxygen would win) because neither the hydrogen nor the oxygen wants to lose any
electrons. We can quantify the size of this victory using the differences in electronegativity,
as we did in earlier. When they share two electrons, the hydrogen “thinks” it has 2 outer
shell electrons (like helium) and the oxygen “thinks” it has 8 outer shell electrons (like neon).
So they are both “happy”. However, because no electrons have actually gone anywhere, no

ions are formed this time.

Despite this, sometimes the oxygen pulls harder on the electrons, becoming temporarily
negative, while the hydrogen becomes temporarily positive. At other times the hydrogen
pulls harder, so it becomes slightly negative and the oxygen slightly positive. This is a
general description and what we will see later is that in the tug of war, there is often one
winner and one loser. When this happens the slightly negative or positive nature of the atom

remains producing a dipole.

This sharing of electrons between two atoms produces a bond between the atoms called a

covalent bond. Covalent bonds form when atoms electrons.

Properties and Structures of Matter Review Set 21

1. Write the names of three single atom molecules. (3 marks)

/

4. We can use Lewis diagrams to help us understand the differences between ionic
and covalent substances in terms of what is happening with the electrons. Draw

Lewis diagrams to show the contrasting formation of MgCl, and PCl;. (4 marks)

Last Updated: 5 Jan 2018 by Col Harrison Page | 78



ve

2 2

Pittwater House

Bonding Spectrum

I can investigate the differences between jonic and covalent compounds through examining
the spectrum of bonds between atoms with varying degrees of polarity with respect to their
comstituent elements” positions on the periodic table.

Watch video - PSM#23 Bonding spectrum

Properties and Structures of Matter

PSM#23 Bonding spectrum

non-polar polar

covalent covalent

Polarity

Last Updated: 5 Jan 2018 by Col Harrison Page | 79



2 2
e

Pittwater House

For F,, the fluorine atoms have the same electronegativity value, hence they will each
have a 50% share of the electron pair.

For H(C], the Cl is more electronegative than the H. As a consequence it will have >50%

share of the electron pair.

If the imbalance is carried to the extreme (one atom has a 100% share of the electrons) then
we have an ionic bond. Few bonds are totally ionic or totally covalent, most have a

proportion of each.

Different compounds with a partial ionic character (such as HCl or H,O) are said to be polar.

HCI creates a dipole as the H will be slightly positive and the Cl will be slightly negative.

Properties and Structures of Matter Review Set 22

1. Draw two diagrams to show why we would regard the Cl-Cl
bond as non-polar, but the C-Cl bond as polar. Suggest a /
reason why we would not classify the C-Cl bond as ionic. )
marks).
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Shapes of Molecules

1 can investigate the differences between ionic and covalent compounds through modelling
the shapes of molecular substances.

Watch video — PSM#24 Shapes of molecules

Properties and Structures of Matter

PSM#24 Shapes of molecules

Bonds may be considered to be polar or non-polar and so can molecules. The polarity of a

molecule is determined by its shape and or symmetry.
Molecules are non-polar if the sum of their bond dipoles in three dimensions is zero.
Molecules are polar if the sum of their dipoles in three dimensions is non-zero.

Molecules such as F, and O, are non-polar, because the covalent bonds within the molecules
are non-polar. Likewise simple diatomic molecules of compounds, such as HCl will be polar
as one atom will always have a larger electronegativity than the other. For larger molecules
composed of more than two types of atoms, we must examine the 3-dimensional geometry

of the molecules to determine degree of polarity.
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We can predict the symmetry of a molecule from a knowledge of the atomic valence orbitals.

The geometrical arrangement of atoms around a central atom is determined by the repulsion

of electron pairs in the valence shell of the central atom (VSEPR theory).

The stable arrangement for four pairs of electrons is a tetrahedral shape with bond
angles equal to 109° 28’.

e Four bonding pairs eg. methane. Tetrahedral shape, bond angle 1090 28'.

e Three bonding pairs / one non-bonding pair eg. ammonia. Trigonal pyramid shape,
H-N-H bond angle 107°.

e Three bonding pairs eg boron triflouride. Trigonal planar shape, F-B-F bond angles
120°.

e Two bonding pairs / two non-bonding pairs eg. water. Bent shape H-O-H bond
angle 104° 30".

There are a few more complex forms (eg trigonal bipyramid — 5 bonding pairs eg PCl;, and
octahedral — 6 bonding pairs eg SF,), but we won’t deal with them at this point in the course

as they break our stable octet rules.
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Properties and Structures of Matter Review Set 23

1. Show how non-polar molecules like CO,, may still contain polar

bonds. Classify the shape of this molecule. (4 marks) 7

2. Show how polar molecules like HCN, H,O and NH; have non-zero molecular

dipoles. Classify the shapes of these molecules. (10 marks)

3. Covalent Bonds and Shapes of Molecules. Instant Lessons in Chemistry Bk 2, pp.
28-29.
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Allotropy

I cam imwvestigate clemments that paossess the physical propserty of allobropsy

Watch video - PSM#25 Allotropy

Properties and Structures of Matter

PSM#25 Allotropy

Diamond and graphite are different forms of carbon. Two substances with the same
chemical formula but which exist in two or more distinctly different forms are called

allotropes.

Though both substances consist of carbon atoms, the bonding arrangement between the
atoms is different and this is what gives diamond and graphite their distinctive physical and

chemical properties.

Allotropes of carbon
Allotropes are different forms of the same element
in the same physical state.
Carbon has 4 allotropes — graphite, diamond,
» Fullerene C,,and graphene.
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https://i.vtimg.com/vi/XvZmILUGVGW4/maxresdefault.j

A third allotrope of carbon exists. It is called fullerene. The most famous fullerene is

buckminster fullerine, also known as a bucky ball.

A recent fourth allotrope is being heavily researched. Graphene is an allotrope of carbon
which was first isolated in 2004. It consists of a single layer of carbon atoms arranged in an
hexagonal lattice. It is wafer thin, incredible strong but flexible and a great conductor and
has potential uses in everything from membrane filters through composites to medical
applications.

GRAPHENE IN BODY ARMOR

Layers of carbon one-atom
thick can absorb blows that
would punch through steel.
Recent tests suggest that pure
graphene performs twice as
well as the fabric currently used
in bulletproof vests, making it
an ideal armor for soldiers and

Whilst all four allotropes of carbon contain the same types of atom, the arrangement of these
atoms is quite different and accounts for the differences we see in their physical properties.

Properties and Structures of Matter Review Set 24

1. Oxygen exists as two gaseous allotropes. Identify these

allotropes and draw the structural formula for each

/

allotrope. (4 marks)
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2. Sulfur exists in the solid phase in several allotropic forms. Distinguish between two

of these allotropic forms. (4 marks)
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Ionic Networks

1 can investigate the different chemical structures of atoms and elements, including ionic
networks.

Watch video - PSM#26 lonic networks

Properties and Structures of Matter

PSM#26 lonic networks

Opposite charges

When one chlorine atom accepts one electron from one sodium atom, the chlorine atom
becomes a negatively charged ion while the sodium becomes a positive ion. These two ions
attract one another. However the chlorine ions will also attract any other positively charged
ions and the sodium ion will also attract any other negatively charged ions. The result is a

solid network made up of alternating positive and negative charges, as shown below.

i |
Sodium ions
P = KEY Chloride ions
U
http://www.bbc.co.uk/bitesize/higher/chemistry/ener sp/revision/3
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Properties and Structures of Matter Review Set 25

are

1. Ionic compounds are held together by ionic bonds. These
repeating three-dimensional lattices of both positive and

negative ions. Construct a ball and stick model, using

polystyrene balls and skewers, or other materials, to
represent an ionic network. Draw a labelled diagram to demonstrate this in the space
below. (3 marks)

2. Begin a comparison table for different atomic arrangements of solids and the relevant
physical and chemical properties of each (8 marks)
Structure of solid Physical properties Chemical properties

Ionic network
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Covalent Networks

1 can investigate the different chemical structures of atoms and elements,
nebworks (including diamond and silicon dioxide).

Watch video - PSM#27 Covalent networks

Pittwater House

including covalent

Properties and Structures of Matter

PSM#27 Covalent networks

covalent structure is the one we see for carbon. Carbon atoms share electrons with 4

= There are two ways in which covalent substances can bond to form solids. One type of

other carbon atoms. This gives them great strength and allows them to bond in a

continuous array, like those of the ionic networks.

Last Updated: 5 Jan 2018 by Col Harrison

KEY

N Silicon atoms
Oxygen atoms

Page | 90



o 2
AN

Pittwater House

http://www. .co.uk/bitesize/higher/chemistrv/ener revision

Properties and Structures of Matter Review Set 26

1. Covalent substances are held together by covalent bonds.

They
may exist either as discrete molecules or as networks (or

lattices). Construct a ball and stick model, using polystyrene balls

and skewers, or other materials, to represent a covalent
network. Draw two diagrams in the space below to show the difference between
these types of covalent arrangements. (4 marks)

2. Complete the column on covalent network solids in your comparison table. See
Review Set 25.
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Covalent Molecular Substances

I can investigate the different chemical structures of atoms and elements, including covalent
molecular,

Watch video - PSM#28 Covalent molecular solids

Properties and Structures of Matter
PSM#28 Covalent molecular solids

The second way in which covalent compounds can be organised is the one with which we
are most familiar: water, H,O. Water is a discrete molecule. Even in a solid structure, such as
ice, there are discrete molecules of water linked to one another. These substances can readily

be melted as the bonds between molecules is much weaker than those within the molecule.

Weak

® /. ®
Stror%—ﬂr—r/\ .............
O O

The strong bonds within the molecule are the result of the atoms involved sharing their
electrons. The bonds between the molecules are weaker as they are based on the weaker

interactions between slightly negative and positive charges created within the molecule.
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d@

500

_ 1
Weak intermolecular
e e

30a

Strong covalent
intramolecular

% a IR

http: itesize/higher/chemistrv/ener revision

Properties and Structures of Matter Review Set 27

1. Not only compounds exist as covalent substances. Many

elements do too. Identify 4 common elements that exist as

discrete molecules and draw the organisation of atoms in a solid

in the space below. (8 marks)

2. Construct a ball and stick model, using polystyrene balls and skewers, or other
materials, to represent a covalent molecular network. Draw two diagrams in the space

below to show the difference between these types of covalent arrangements. (4 marks)

3. Complete the column on covalent molecular solids in your comparison table. See
Review Set 25.
4. Worksheet 1.7 The inside story on molecules. Pearson Skills and Assessment pp. 22-23.
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Metallic Network

1 can investigate the different chemical structures of atoms and elements, including metallic
structure,

Watch video - PSM#29 Metallic networks

Properties and Structures of Matter
PSM#29 Metallic networks

Metals are similar to ionic networks. Whilst the do not contain negative ions, the electrons
are so loosely held by the individual atoms that they tend to roam around the structure
leaving positively charged particles around them. We refer to this structure as islands of
positively charged metal ions in a sea of electrons. It has the same type of structure as the

ionic network.

@ Metalion

The Metallic bond is the electrical attraction between the (+ve) ions and the surrounding ‘sea’
of negative charges. This bond can be very strong in some metals, so the metal is strong,
with a high melting point. (e.g. iron melts around 1500°C) In other metals the bond is
weaker, so some metals are softer and melt at lower temperatures. (e.g. lead melts around
320°C)
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However, while the metallic bond can be very strong, it is not rigid. The sea of electrons
shifts and flows, so the ions can be pushed or pulled to different places without breaking the
substance. This is why metals are malleable and ductile, unlike the hard, but brittle ionic or
covalent lattices. Metallic lattices are good electrical (solid and molten) and thermal

conductors, with high melting and boiling points. They are lustrous and vary in hardness.

Properties and Structures of Matter Review Set 28
1. Metals are held together by metallic bonds. These are

networks of positive ions (or a three-dimensional lattice) 7 ina

sea of electrons. Make a drawing of a particular metallic
lattice. (3 marks)

2. Worksheet 1.5 The inside story on Metals Pearson Skills and Assessment p. 20.
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Intermolecular vs intramolecular forces

I can explore the similarities and ditferences between the nature of intermolecular and
intramolecular bonds and the strength of the forces associated with each, in order to explain
the physical properties of elements.

Watch video - PSM#30 Intermolecular vs intramolecular forces

Properties and Structures of Matter

PSM#30 Intermolecular vs intramolecular forces

Intramolecular forces are the forces involved in chemical bonds, such as ionic and covalent.

These are the bonds within molecules. They are relatively strong bonds.

Intermolecular force
(weak)

Intramolecular force
(strong)

https://chem.libretexts.org/Textbook Maps/General Chemistry Textbook Maps/Map%3A Chemistry (OpenST

AX)/10%3A Liquids and Solids/10.1%3A Intermolecular Forces

By contrast, intermolecular forces (the forces of attraction between molecules) are weaker.
They are not chemical, but physical bonds, and are the ones affected by physical changes of

state. There are three main types:

e dipole-dipole forces.
e dispersion forces (also called van der Waals forces).
e hydrogen bonds.
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Dipole-dipole forces:
Dipole-dipole forces occur between molecules which themselves are polar, generally polar
covalent molecules such as water, and gaseous HCI. Polar bonds are the result of permanent
dipole-dipole interactions. They have the effect of raising the relative m. p. and b. p., as they

are quite strong forces.
sSeeee
.. o .
LE L RN

Dispersion forces:

Some covalent substances exist as solids and liquids at room temperature, eg. iodine and
bromine. Molecules such as these which are neither ionic, nor polar covalent, still must have
some force of attraction holding them together, or they would be gases. These forces are
called dispersion forces. They result from temporary induced polarity within the molecules
(a result of uneven electron distribution within atoms and between neighbouring atoms and
molecules). Whilst there is no permanent polarity, at any given time, the shared electrons
may be closer to one atom than the other. During this time, the molecule will have an
induced polarity (a temporary dipole or charge separation). Dispersion forces are the result
of temporary dipole-dipole interactions. They are generally weaker forces than those
induced by polar bonding. Experiments (on boiling points) suggest that larger atoms

display stronger dispersion forces than smaller atoms.

Unequal distribution
of electrons Afttractive force

\ ) \ J
il E

“— Temporary dipoles —/
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As relative molecular weight increases, so do m. p. and b. p. This is the result of an increase
in the attractive strength of the dispersion forces between molecules (extra protons and
electrons in the larger atoms.) This has also been observed in polymers (large molecules
consisting of long chains of repeating units (monomers). Plastics are a common example of a

man-made polymer.

Dispersion forces hold noble gases in the liquid state.

Hydrogen bonds:

Hydrogen bonds are a special case of polar bonds. It involves the bonding of hydrogen to a
highly electronegative atom, such as oxygen, nitrogen, chlorine or fluorine. Hydrogen
bonding occurs after the hydrogen's electron has bonded with another atom. As a result, the
hydrogen becomes slightly positive, attracting the non-bonding electron pair of other atoms
through electrostatic forces. Hydrogen bonding is a significant force in molecules such as
DNA and proteins.

The bonding in water is strong hydrogen bonding, as this results in waters high b. p. and its
ability to dissolve many substances. In ice, the molecules arrange themselves so that the

oppositely charged ends line up opposite one another.
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The m. p. and b. p. of hydrogen-bonded molecules is quite high relative to other molecules

of similar weight.

Properties and Structures of Matter Review Set 29

1. From the following data of m.p., b.p. and electrical
conductivity listed in the table below for some elements, /

predict:

a) their physical state at SLC, and

b) whether each is a metal or non-metal.
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ELEMENT Melting point | Boiling point Electrical
("O) O Conductivity

P 119 445 Poor

Q 1769 3825 Excellent

R -7 58 Poor

S 30 2400 Very good

T -219 -183 Poor

Pittwater House

(Keep It Simple Science, 2007, p. 11)

2. Draw a comparison table to highlight the physical properties of substances which

can be linked to their intermolecular and/or intramolecular forces. In your table,

include hardness, melting and boiling point and conductivity.
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3. 2 Bonding and physical properties. Instant lessons in Chemistry Bk 2 pp. 30-31.
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Bond strength and chemical properties

I can explore the similarities and differences between the nature of intermolecular and
intramolecular bonds and the strength of the forces associated with each, in order to explain
the chemical properties of elements.

Watch video - PSM#31 Bond strength and chemical properties

Properties and Structures of Matter

PSM#31 Bond strength and chemical properties

Now that we know about the intermolecular forces, we can adjust our bond spectrum to

reflect the strength of the forces between the molecules.

covalent-cov
alent
network

dipole-dipol hydrogen ion-ion
e interaction bonding network

dispersion forces

Last Updated: 5 Jan 2018 by Col Harrison Page | 101



2 2
£y

Pittwater House

As we progress along this spectrum, it take more energy to separate the particles (atoms,
molecules or ions) from one another. This primarily affects the physical properties, such as
melting and boiling point, hardness and conductivity.

However when we put different substances together, it may be possible to completely
reorganise the particles to form new arrangements. This is the definition of a chemical
process. An understanding of electrostatics — what is happening to the valence shell
electrons in particular, can help us predict whether a chemical reaction will take place and

what the product(s) of the reaction may be.

Properties and Structures of Matter Review Set 30

1. Explain the particle processes involved in the reaction

between hydrogen gas and oxygen gas to form liquid water. 4

.

marks)

2. Explain the particle processes involved in the reaction between solid calcium and

chlorine gas to form solid calcium chloride. (4 marks)
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