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1.1.1Elements, Compounds & Mixtures

Elements & Compounds

= Elements are substances made fromonekind of atom

= Compounds are made fromtwo ormore elements chemically combined

= Elements take partinchemicalreactions inwhichnew substances are made inprocesses that
mostofteninvolve anenergy change

= |Inthesereactions,atoms combine togetherinfixed ratios that will give them fullouter shells of
electrons, producingcompounds

= The properties of compounds canbe quite different from the elements that form them

The properties of sodium chloride are quite different from sodium and chlorine

Page 1 of 12
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

Mixtures

= |namixture,elements and compounds are interspersed witheach other, but are not chemically
combined

= This means the components of a mixture retain the same characteristic properties as when they
areintheirpure form

= So,forexample, the gases nitrogenand oxygen when mixed in air, retain the same characteristic
properties as theywould have if theywere separate

= Substances willburnin airbecause the oxygenpresentinthe airsupports combustion

Mixtures at the molecularlevel

Homogeneous or heterogeneous

= Ahomogeneous mixture has uniformcompositionand properties throughout

= Aheterogeneous mixture has non-uniformcomposition,so its properties are not the same
throughout

= |tisoftenpossible to see the separate components inaheterogeneous mixture, butnotin
ahomogeneous mixture
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1.1.2 Equations

Balancing Equations

Asymbolequationis ashorthand wayof describingachemicalreactionusingchemicalsymbols
to show the numberand type of eachatomin the reactants and products

Aword equationis alongerwayof describingachemicalreactionusingonlywords to show the
reactants and products

Balancing equations

Duringchemicalreactions,atoms cannot be created ordestroyed
The numberofeachatomoneachside of the reactionmust therefore be the same
= E.g.thereactionneeds to be balanced

When balancing equations remember:
= Notto change anyof the formulae
= To putthe numbers used to balance the equationinfront of the formulae
= To balance firstlythe carbon, then the hydrogen and finally the oxygenincombustion
reactions of organic compounds

Whenbalancing equations follow the followingthe steps:
= Write the formulae of the reactants and products
= Countthe numbers of atomsineachreactantand product
= Balance the atoms one atatime until allthe atoms are balanced
= Use appropriate state symbolsinthe equation

The physical state of reactants and productsinachemicalreactionis specified byusing state
symbols

= (s)solid

= ()liquid

* (g)gas

= (ag)aqueous

lonic equations

Inagueous solutionsionic compounds dissociate into theirions

Many chemicalreactions inaqueous solutions involve ionic compounds,howeveronlysome of
theionsinsolutiontake partinthe reactions

Theions that do not take partinthereactionare called spectatorions

Anionic equationshows only the ions orotherparticles taking partinareaction, without showing
the spectatorions
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1.1.3 State Changes

State Changes

= Changes of state are physical changes that are reversible

= These changes do notchange the chemical properties orchemical makeup of the substances
involved

= Vaporisationincludes evaporationand boiling

= Evaporationinvolves the change ofliquid to gas, but unlike boiling, evaporationoccurs onlyat
the surface and takes place at temperatures below the boiling point

= Boilingoccurs at aspecific temperature and takes place whenthe vapour pressure reaches the
external atmospheric pressure

State Changes

= Therelationshipbetweentemperature and energyduring state changes canbe represented
graphically
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The relationship between temperature and energy during state changes

Between1& 2, the particles are vibrating and gaining kinetic energy and the temperature rises
Between?2& 3, allthe energygoesinto breakingbonds - thereis no increase inkinetic

energy ortemperature

Between 3 & 4, the particles are moving around and gaining in kinetic energy

Between 4 & 5,the substance is boiling,so bonds are breakingand there is no increase inkinetic
energy ortemperature

From5 & 6,the particles are moving around rapidly and increasing in kinetic energy

O Exam Tip

Be carefulto match the bond breaking orbond making processes to the flow of energyduring
state changes.

Remember:To breakbonds, energyis always needed to overcome the forces of attraction
between the particles
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1.1.4 The Mole Concept

The Mole

= The Avogadro constant (NyorLl)is the numberof particles equivalent to the relative atomic mass
ormolecularmass of asubstanceingrams
= The Avogadro constant applies to atoms, molecules andions
= Thevalue of the Avogadro constantis 6.02 x1023 gmol-!

= The mass of asubstance with this numberof particlesis called the molar mass
= One mole of asubstance contains the same numberof fundamental units as there are atoms
inexactly12.00 gof2C
= Ifyouhad 6.02x10%23atoms of carbon-12inyourhand, youwould have amass of exactly12.00

g
= Onemole ofwaterwould have amass of (2x1.01+16.00)=18.02g

@ Worked example

Determine the numberofatoms, molecules and the relative mass of Imole of:

1.Na
2.Hy
3.NaCl

Answerl:

= Therelative atomic mass of Nais 22.99
= Therefore,1molofNahas amass of22.99 gmol-!
= TmolofNawillcontain6.02 x1023 atoms of Na(Avogadro’s constant)

Answer2:

= Therelative atomic mass of His 1.01

= Sincethereare 2Hatoms inHy,the mass of ImolofHyis (2x1.01)2.02gmol!

= ITmolofHs,willcontain 6.02 x1023 molecules of Hs

= However,since there are 2Hatoms ineachmolecule of Hy,1molof H, molecules will contain
1.204 x1024 Hatoms

Answer 3:

= Therelative atomic masses of Naand Clare 22.99 and 35.45 respectively
= Therefore,TmolofNaClhas amass of (22.99 +35.45)58.44 gmol!
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= TmolofNaClwillcontain 6.02 x1023 formula units of NaCl
= SincethereisbothanNaand aClatominNaCl,1molofNaClwillcontain1.204 x1024 atoms in
total
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Relative Mass
Relative atomic mass, A,

= Therelative atomic mass (4) of anelementis the weighted average mass of one atom compared
to one twelfththe mass of acarbon-12atom

= Therelative atomic massis determined byusing the weighted average mass of theisotopes ofa
particularelement

= The A,has no units as itis aratio and the units canceleach otherout

weighted average mass of one atom of an element

F’=

1
1; mass of one atom of carbon—12

Relativeisotopic mass

= Therelativeisotopic massis the mass of aparticularatomof anisotope compared to one
twelfththe mass of acarbon-12atom
= Atoms of the same element with adifferent numberof neutrons are calledisotopes
= Isotopes are represented by writing the mass number as 2°Ne, orneon-20 orNe-20
= To calculate the average atomic mass of anelement the percentage abundance is takeninto
account
= Multiplythe atomic mass by the percentage abundance foreachisotope and add themall
together
= Divide by100 to get average relative atomic mass
= Thisis knownas the weighted average of the masses of theisotopes

X(isotope abundance X relative isotopic mass)
100

Relative atomic mass =

Relative molecular mass, M,

= Therelative molecular mass (M) is the weighted average mass of amolecule compared to one
twelfththe mass of acarbon-12atom
= The M.has no units

weighted average mass of one molecule of a compound

r

1
I; mass of one atom of carbon—12
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= The M,canbe found byaddingup the relative atomic masses of allatoms presentinone
molecule

= Whencalculating the M,the simplest formulaforthe compoundis used, also knownas the
formulaunit

= E.g.Silicondioxide has agiant covalent structure, but the simplest formula (the formula unit)
is SiO»

Relative formula mass, M,

= Therelative formulamass (M)isused forcompounds containingions
= |thas the same units and is calculated in the same way as the relative molecular mass

= |Inthe table above, the M, forpotassiumcarbonate, calciumhydroxide and ammonium sulfate are
relative formulamasses
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1.1.5Moles-Mass Problems

Moles, Particles & Masses

= Since atoms are so small,anysensible laboratory quantity of substance must containahuge
numberofatoms

= Suchnumbers are not convenient to work with, so usingmoles is abetterunit to deal withthe sort
of quantities of substance normallybeing measured

= Whenwe need to know the numberof particles of asubstance, we usually count the number
ofmoles

= The numberofmoles orparticles canbe calculated easilyusing aformula triangle

The moles and particles formula triangle - cover with your finger the one you want to find out and follow
the directions in the triangle

@ Worked example

How manyhydrogenatoms are in 0.010 moles of CHzCHO?

Answer:

= Thereare4HatomsinImolecule of CHzCHO
= So,thereare 0.040molesofHatomsin0.010 moles of CHzCHO
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= The numberofHatomsisthe amountinmoles xL
= Thiscomesto 0.040x(6.02x1023)=2.4 x1022 atoms

@ Worked example

How manymoles of hydrogenatoms arein 3.612x1023molecules of H,O5?

Answer:

» In3.612x1023molecules of H,O, there are 2x(3.612x1023) atoms of H
s So,thereare7.224x1023atoms of H

= The numberofmoles of Hatoms is the number of particles = L

= Thiscomesto 7.224x1023+(6.02x1023) =1.20 moles of Hatoms

Molesand Mass

= We countinmoles byweighing the mass of substances
= The numberofmoles canbe calculated byusing aformula triangle

The moles and mass formula triangle - cover with your finger the one you want to find out and follow the
directions in the triangle

Page 11 of 12
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

@ Worked example

Whatis the mass of 0.250 moles of zinc?

Answer:

= Fromthe periodic table the relative atomic mass ofZnis 65.38
= So,themolarmassis 65.38 gmol!

= The massis calculated bymoles xmolar mass

= Thiscomesto 0.250molx65.38gmol'=16.3g

@ Worked example

How manymoles arein2.64 gofsucrose, CioHnO2, (M,=342.3)?

Answer:

= Themolarmass of sucroseis 342.3 gmol”!
= The numberofmolesis found bymass + molar mass
= Thiscomesto 2.64g+342.3gmol'=7.71x10-3mol

O ExamTip

Always show yourworkings in calculations as its easierto check forerrors and youmay pick up
creditif youget the finalanswerwrong.
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