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Atoms, elements, compounds and mixtures
A Atoms, elements and compounds
A Word and symbol equations
A Separation technigues

Atomic model
A History of the atomic model
A Size and mass of atoms
A Atomic structure

Periodic table
A History of the periodic table
A Group 0, group 1 and group 7
A Transition metals (chemistry only)
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All substances are made afomsthat || There areabout different elements
cannot be chemically broken dowh. | * - ‘ = S
IS the smallest part of aelement

Elementsare made of only one type 0g
atom. Each element has its own
symbol.
e.g.Na is sodium.

Compoundscontain more than one type You need to:

of atom. Theyare formed from elements A Know the names and symbols for
by chemical reactionswhich always the first 20 elements and albf
Involve the formation of one or more new group 1, 7 and O
substance, often involving anergy A Name compounds when given the
change formulae or symbol equations

The components of a compoumdnnot M g CIQ

be separatedby physicalmeans. Thegan
be separated only bghemicalmeans.
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Compounds contaitwo or more elementschemicallycombined infixed
proportions and can be represented by formulae using the symbols of atoms
from which they formed.

Naming a compound wittwo elements Forexample:
(usually a metal and a non metal) apply these Na,S= sodium suitle
rules: K,O = potassium e

A The metal name does not change

A The noametal's name ends inle Whenacompound contains a

transition metal, the names
become a bit more
complicated. To distinguish
them, Roman numerals
indicate the charge on the
metal ion

Naming a compound with a metal
that reacts with ions that consist of
two or more non-metal atoms

covalently bonded together apply

these rules: . .
A The metal name does not change e.g iron(ll) chloride.
A The normetal's name ends For example: NE&Q = sodium carboate

In ate If oxygen Is present KNQ = potassium nitate
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Chemical equationsShow thereactants(what we start with) You need to:

and theproducts(what we end with). A Write word
Noatomsarelost or made. Themassof the productsequals equations
the massof the reactants A Balanced
. symbol
methane + oxygenA carbon dioxide + water equations
CH + 20, A CQ +7H0
There are 4 There are 2 molecules| | There are 4 hydrogens here.
hydrogens here, of oxygen not bonded | | You multiply the big number
bonded together together. by the little number.
Equations balance
A We can add numbers to the front of a substance

A We can tell elements within a compound Ly Cletters
A We can check an equation is balanced by counting the number of each type

atom on either side
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We can addtate symbolgo a symbol Solid =

equation to show whether the reactants an Liquid =
products in a chemical reaction are solids, Gas =
gases, liquids or dissolved in water. Aqueous (dissolved in water) =

sodium+ water A sodium hydroxide + hydrogen
2Nas)+ 2HO()Th + HbF hi

The reaction between coppeulfateand sodium hydroxide is
coppersulfateb & 2 RA dzY K & R N&ulkate R®ppébhyaraxike

CuSQaq) +  2NaOH{y ,SQadb +  Cu(Qif)

You can tell that the copper hydroxide forms a solid (the precipitate) because its
state symbol is (s) for solid, rather thaag) for agueous (dissolved in wajer

HT onlyg write balanced half equations and ionic equations

Thereaction can also be shown by mmic equation
Cuf(ag) +20H@qu TIb /(20 h 1 ©
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1. Around how manylifferent types ofelement are there in the
periodic table?

2. What does it mean if a compound endscide?
3. What does it mean if a compound endscate?
4. What does a chemical reaction invoke

5. Name the following substances:

A NaCl
A NaSQ
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6. Whyis it useful to have symbols for atoms of different eleménts

/7. What is the difference between an element and a compound?

8. Explain why it is difficult to separate a compound, compared to
element.
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9. Solid sodium reacts with water to form a sodium hydroxide (Na
solution and hydrogegas.

a) Write a word equation to represent thieaction.
b) Give the balance symbol equation for tieaction.
HT only:
10. When magnesium reacts with sulfuric acid, the hydrogen ions i

the acid will be displaced from the solution by magnesium.

Balance the following ionequation.

Mg(s) +H(ag) A Mgaa) + HKo)
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1.

Around how manylifferent types ofelements are there in the

periodic table?

1000

What does it mean if a compound endscide?

Contains 2 elements; usually metal and nometal.

What does it mean if a compound endscate?

Contains 3 or more elements, 1 of which is always oxygen.

What does a chemical reaction involve?

The formation of one or more new substances; usually with an
energy change.

Name the following substances:

A NacCl Sodium chloride.

A NaSQ Sodiumsulfate.
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6. Whyis it useful to have symbols for atoms of different elements
When elements join together to form a compound, it tells you
how many atoms theraare.

7. What is the difference between an element and a compound?
Elements contain one type of atom and compounds contain
more than onetype.

8. Why is itdifficult to separate a&ompound?
A compounds elements are chemically joingafether.
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9. Solid sodium reacts with water to form a sodium hydroxide
solution and hydrogegas.

a) Write a word equation to represent thieaction.
Sodium + wated sodium hydroxide + hydrogen

b) Give the balance symbol equation for tie&action.

2Na(s) + 25D()) A 2NaOH&q) + H(g)

HT only:

10. When magnesium reacts with sulfuric acid, the hydrogen ions i
the acid will be displaced from the solution by magnesium.
Balance the following ionequation.

Mg(s) + 2H'(@q) A Mg*(ag) + K9
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A mixture consists dfvo or more elements or compoundsot chemically
combined together. The chemical properties of each substance in the mixture .
unchanged

Solvent | the liquid in which a solute dissolves

the substance that dissolves in a liquid | Mixtures can be separated by
form a solution physical processeiscluding:

is the mixture formed when a solute h:
dissolved in a solvent

Solute

Solution

Soluble ' describes a substance that will dissolve

describes a substance that will not

Insoluble .
dissolve

These physical processes do no

Involve chemical reactions and
FILTRATIQI\Thlstechanue Separates Nno new substances are made.

substances that are insoluble in a solvent from
those that are soluble
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This technique separates a soluble
substance from a solvent by

W

evaporation

_-solvent vapour

evaporating —_,

oasin

This technique separates a liquid fra
a mixture by evaporation follow by
condensation

thermometer

distillation flask

cooling water

clamp ——855

Liebig condenser

steam

salt water
condensed water

Bunsen
burner

receiving flask

distilled water
clamp stand

N
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This techniqueseparatesa mixture into
anumber of different parts, calletiactions.
Substances withigh boiling pointscondense

at the bottom and substances witlow boiling
pointscondense at the top

Fractionaldistillation works because the

different substances in the mixture have

different boiling points.

This technique separates smal
amounts of dissolved substance
by running a solvent along
absorbent paper

mixture of ethanol

anti-bumpinggranules

S (forsmooth boiling)
distillate
(ethanol)

W

pin ——]

pigg‘cl of ! ! ! !

paper

beaker —f

ink spot

water

t -

Start

I
) water |

End

) ink
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1. What is the difference between a compound and a mixture?

2. Describe the method used to collect the salt fratmixture of
sand andsalt.

3. What process is used to purify seawater to obtain usable water
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4. Describe how the following equipment is used to separate wate
andethanol.

—thermometer

water out

condenser
fractionating
column

_—JI////I/I/

cool water in

mixture of ethanol

and water

anti-bumping granules
(for smooth boiling)

‘ ’ distillate
j L (ethanol)




PlXL QuestionIT

5. A mixture and six colours are tested using chromatographs.
following chromatogram wagroduced.

e

a) What can you conclude about the mixture?

b) Why do the inks separate?
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1. What is the difference between a compound and a mixture?

The substances in a mixture are not chemically bonded togeth
but they are in acompound.

2. Describe the method used to collect the salt from a mixture of
sand andsalt.
Add water and stir to dissolve the salUse filtration to remove

the sand Heat the water (gently) to allow the salt to crystallise
(to avoid dryness.

3. What process is used to purify seawater to obtain usable water
Simpledistillation.
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4. Describe how the following equipment is used to separate wate
andethanol.

The ethanol and water mixture are heatedthanolhas a bolling
point of 78°C and will vaporise firstThegas passes over the
fractionating column and into the condensegriere it will condense,
GdzNYy Ay 3 Ol Ofstatd. y 12 A0 Qa f AljdzA R
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5. A mixture and six colours are tested using chromatography. Th
following chromatogram was produced:

— — —— p—

a) What can you conclude about the mixture?
The mixture is made up from substance 1 a#d

b) Why do the inks separate to produce a chromatogram?
The separation depends on how soluble the chemical is in th
solvent and how strongly the chemical is attracted to tipaper.
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Early 1800s
ST2NBE (KS RA&AZO20OSNE 2F St SOUNRyaz V
atoms weretiny spheresthat couldnot be divided.

Spherical cloud
© )~ of positive charge

End of 1800s
Theelectron was discovereby JJ ThomsorScientisthelieved [
that atoms werespheresof positive chargewith negative

charges spreathroughout-the W LI-ldlVR RA V 3.Q Y 7 <&

Electron

19081913
Ernst Rutherforddesigned an experiment carried out @eigerandMarsden.

Theyfired alphaparticlesat a piece of very thigold foil (only a few atoms thick)

whichscattered leading to the conclusion that the oapaices | pancesar  pussstoun
. are significantly slightly deflecte through foi
mass of an atom was concentrated inacleus geam of de"em\
. a particles
which wascharged e —

It proposed that:lectronsorbited
aroundthe nucleus
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1914

Niels Bohmoticed that thelight given out when atoms were
heatedonly hadspecificamounts ofenergyand he adapted tr
nuclear model by suggesting thatctronsorbit the nucleus a
specific distances certainfixed energy levelgor shellg. The
energy must be given out when excited electrdaléfrom a
highto low energy level.

Later experiments led to the idea that tp@sitive chargeof the
nucleus could bsubdividedinto awhole numberof smaller
particles each particle having theameamount ofpositive
charge Thenameproton was given to these particles

1932 -
James Chadwickombardedberyllium atoms withalpha
particles. An unknown radiation was produced. Chadwick e L @’ f
Interpreted this radiation as being composed of particles witt S W e
neutral electrical chargand the approximatenass of a proton :

This particle became known as theutron.



I . X L
partners in excellence

wJohn Daltorx tiny spheres that could not be divided
1800s

wJJ Thomsoq electrondiscoveredPlum pudding modet spheres of
1890s positive charge with negative charges spread evenly though.

w E. Rutherford, Geiger and Marsdempha particle scattering
1908-1912  experiment. Nuclear model mass of atom concentrated incziarged
nucleus,with orbiting electrons

wNiels Bohrg electrons orbit nucleus at specific distances in fixed
1914 energy levelqshells). Energy giverut when electrons change level.

w Positive charge of nucleus could be subdivided into particles of positiv
[} chargeg protons.

wJames Chadwicg provided evidence for the existence wfutrons
1932  within the nucleus.
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1.

2.

What was the earliest model of the atom?
Whichsubatomic particle did JJ. Thomson disc@ver

Which early atomic model does the following diagrsinow?

cccccccccccccc
of positive charge

bl YS wdzi KSNF2NRQa SC°% Sy

Statetwo ways in whictw dzii K S NJF 2 NR @kang&dE LIS N.
¢cK2YazyQa ¥wienkRSt 2F GKS

How did Bohr adapt the nuclear model?

Explang Ké . 2KNJ NBYJAASR wdnmkK S NF 2
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A Development of the atom
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C
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1. What was the earliest model of the atom?
Tiny spheres that could not be divided.

2. Whichsubatomic particle did JJ. Thomson discover?
Theelectron

3. Whiclearly atomic model does the foIIowmg dlagratmow’P
The plum puddingnodel.

4. bl ' YS wdzil KSNJF 2 NRQa SELISNRYSVYI
Alpha particle scattering.
5. Statetwo ways in whiclw dzii K S NJF 2 NR @iang&dE LJS N.
¢ K 2 Y anoge{)ydthe atom.
He said the positive charge was concentrated into very small

volume at centre of atom (nucleus) and the electrons orbit
nucleus.
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6.

7.

OELX Ay 6K& . 2KNJ NBOA atR wdzi
Suggesting electrons orbit the nucleus at different distances.

OELX Ay 6K& . 2KNJ NBOAaSR wadz
Energy emitted from electron transitions can onIy have certain
FAESR SYSNHAS&Z a2 KS NBFTAYS
wdzi KSNF 2 NRQ& Yy dzOf SI NJ Y2RSTE
62N aKStfaov G FAESR RA&Gl yO
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Subatomic particles

Mass Charge Location

Proton 1 + nucleus

Neutron 1 0 nucleus
Electron Very small shells

A An atom containg@qualnumbers ofprotons andelectrons
A Atomshaveno overall electrical charge because the number of
positive protons equals the number of negative electrons.

Number of protons = atomic number.

A Allatoms of arelementhave thesamenumber ofprotons.
A Atomsof different elements havalifferent numbersof protons.
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Atoms are very small, having a radius of ab@dnm(1 x 101°m),
Protons and Neutrons are found in thecleus Electrons orbit the nucleus ghells

Nucleus - almost all of the
mass of an atom is here

The first shell (energy level) can
hold 2 electrons

The second can hold 8 electrons

The third can hold 8 electrons

Electrons =3
Neutrons =4

To calculate the number of neutronsl#ass Numbeic Atomic Number

Mass number= Number oprotons andneutrons =8| 7, .| Protons =3
L

Atomic number = Number of protons =)




partners in excellence

Atoms sometimes$ose or gairelectrons €.g.when a metal reacts with a none
metal). When they do this they become a charge atom oran

If an atom loses one or more If an atom gains one or more
electrons, it gains positive charge  electrons, it gains aegative
because it has less electrons than charge because it has more

protons. electrons than protons.

e.g.lf sodium atom loses one e.g.If an oxygen atom gains tw
electron, it forms aNa" ion. electrons, it forms &~ ion.
It has 11 protons, 12 neutrons It has 8 protons, 8 neutrons
and 10 electrons. and 10 electrons.
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Atoms are tiny the radius of a typical atom @ne tenth of a billionth of a meter.

®§
Animal
cell |

Human Chicken
25 e e
7 Protein g o
U
Atom Q
i; !:f; L: Frog
Lipids €ag Ostrich Adult
Bacteria €gg female
Relative sizes on a logarithmic scale
| | | | | | [ i | | |

0.1 nm 1nm 10 nm 100 nm 1pum 10 uym 100 pm 1 mm 10 mm 100 mm 1m
l

1
Naked eye

1
Light microscope

Electron microscope
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Atoms of thesame elementan havalifferent numbersof neutrons¢ anisotope.

Isotopes of Hydrogen

Therelative atomic mas®f an element is aaveragevalue that takes account of
the abundanceof the isotopes of the elementamples oflifferent isotopes of an
element have differenphysical propertieqe.g.different density), however, they
always have theamechemical propertieslit is calculated by working out the
relative abundanceof each isotope.

The relative atomic mass is therefore calculated using the equation:

(% of isotope Ix mass of isotope 1) + (% of isotopexanass of isotope 23 100

| KE 2NAY SQa
iIsotopes of chlorine.

For example, in any sample of Chlorine 25% willF&l and 75%°CI.
(25 x 37) + (75 x 35)100 = 35.5

NB DfI3nSNgAS avérage of theOnadses dfihe differen
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The electrons in an atom occupy the lowest availalergy levelginnermost
available shells). The electronic structure of an atom can be represented by
numbers or by a diagram.g.

Calcium has 2 electrons on its lowest energy level

8 on the second energy level

8 on the third energy level

and 2 on the fourth (the highest) energy level.

So the electron configuration for Calcium = 2,8,8,2
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A Relative electrical charge:
subatomic particles.

A Size and mass of atoms

A Atomic structure
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1. Name three subatomic particles and their charges.

2./ 2YLX SGS OKS aSyaSyoS writ |
alYS ydzYOSNI 2FXQ

3. What does the atomic number tell us about an atom?
4. What does the mass number tell us about an atom?
5. How is an isotope different to an atom?

6. What is the electron configuration for sodium?
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7. Why is the overall charge of an atom zero?
8. Draw the electron configuration for a chlorine atom.
9. Write the electron configuration for potassium.

10.How many electrons does potassium have on its highest energ
level?
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11. Calculate how many protons, electrons and neutrons therdrare
a) A silver atom with atomic number 47 and mass number 1

E

12. The atomic radius of a bromine atom is 9 xtM
a) Give its atomic radius manometres
b) Calculate the radius of the nucleus (in nm), given that it will |
about 1/10,000 the radius of the atortsive your answer in
standardform.
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A Relative electrical charges of
subatomic particles.

A Size and mass of atoms

A Atomic structure
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1.

2.

Name three subatomic particles and their charges.
Proton ¢ positive; neutron¢ no charge; electrort negative.
] 2YLIX SGS 0KS aSyaSyos w tt |
alYS ydzYoSNJ 2FXQ

Protons.

What does the atomic number tell us about an atom?
Number of protons.

What does the mass number tell us about an atom?
Number of protons + number of neutrons.

How Is an isotope different to an atom?

Different number of neutrons.

What is the electron configuration for sodium?

2,8,1
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7. Why is the overall charge of an atom zero?
Number of protons (positive) = number electrons (negative).
8. Draw the electron configuration for a chlorine atom.

9. Write the electron configuration for potassium.
2,8,8,1

10. How many electrons does potassium have on its highest energ
level?

1
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11. Calculate how many protons, electrons and neutrons there are
a) A silver atom with atomic number 47 and mass nunilfsy
Protons =47 Electrons =47 Neutrons =61

bSEI
) ¢+

19

Protons = 19 Electrons =18 Neutrons = 20

12. Theatomic radius of a bromine atom is 9 x3®n

a) Give its atomic radius in nanometres.
0.09 nm

b) Calculate the radius of the nucleus (in nm), given that it will |

about 1/10,000 the radius of the atom. Give your answer in
standard form.
9 x 10°6nm
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