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1.1.1 Elements, Compounds & Mixtures

Elements & Compounds

Elements are substances made fro m o ne kind o f ato m

Co mpo unds are made fro m two  o r mo re elements chemically co mbined

Elements take part in chemical reactio ns in which new substances are made in pro cesses that

mo st o ften invo lve an energy change

In these reactio ns, ato ms co mbine to gether in fixed ratio s  that will give them full o uter shells  o f

electro ns, pro ducing co mpo unds

The pro perties o f co mpo unds can be quite different fro m the elements that fo rm them

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

In a mixture, elements and co mpo unds are interspersed with each o ther, but are no t chemically

co mbined

This means the co mpo nents o f a mixture retain the same  characteristic pro perties as when they

are in their pure fo rm

So , fo r example, the gases nitro gen and o xygen when mixed in air, retain the same characteristic

pro perties as they wo uld have if they were separate

Substances will burn in air because the o xygen present in the air suppo rts co mbustio n

Mixtures at the molecular level

Homogeneous or het erogeneous

A ho mo geneo us mixture has unifo rm co mpo sitio n and pro perties thro ugho ut

A hetero geneo us  mixture has no n-unifo rm co mpo sitio n, so  its pro perties are no t the same

thro ugho ut

It is o ften po ssible to  see the separate co mpo nents in a hetero geneo us mixture, but no t in

a ho mo geneo us mixture
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1.1.2 Equations

Balancing Equations

A symbo l equatio n is a sho rthand way o f describing a chemical reactio n using chemical symbo ls

to  sho w the number and type o f each ato m in the reactants and pro ducts

A wo rd equatio n is a lo nger way o f describing a chemical reactio n using o nly wo rds  to  sho w the

reactants and pro ducts

Balancing equat ions

During chemical reactio ns, ato ms canno t be created o r destro yed

The number o f each ato m o n each side o f the reactio n must therefo re be the same

E.g. the reactio n needs to  be balanced

When balancing equatio ns remember:

No t to  change any o f the fo rmulae

To  put the numbers used to  balance the equatio n in f ro nt o f the fo rmulae

To  balance �rstly the carbo n, then the hydro gen and �nally the o xygen in co mbustio n

reactio ns o f o rganic co mpo unds

When balancing equatio ns fo llo w the fo llo wing the steps:

Write the fo rmulae o f the reactants and pro ducts

Co unt the numbers o f ato ms in each reactant and pro duct

Balance the ato ms o ne at a time until all the ato ms are balanced

Use appro priate state symbo ls in the equatio n

The physical state o f reactants and pro ducts in a chemical reactio n is speci�ed by using state

symbo ls

(s) so lid

(l) liquid

(g) gas

(aq) aqueo us

Ionic equat ions

In aqueo us so lutio ns io nic co mpo unds disso ciate  into  their io ns

Many chemical reactio ns in aqueo us so lutio ns invo lve io nic co mpo unds, ho wever o nly so me o f

the io ns in so lutio n take part in the reactio ns

The io ns that do  no t take part in the reactio n are called spectato r io ns

An io nic equatio n sho ws o nly the io ns o r o ther particles taking part in a reactio n, witho ut sho wing

the spectato r io ns
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1.1.3 State Changes

State Changes

Changes o f state are physical changes  that are reversible

These changes do  no t change the chemical pro perties o r chemical makeup o f the substances

invo lved

Vapo risatio n includes evapo ratio n and bo iling

Evapo ratio n invo lves the change o f liquid to  gas, but unlike bo iling, evapo ratio n o ccurs o nly at

the surface and takes place at temperatures belo w the bo iling po int

Bo iling o ccurs at a speci�c temperature and takes place when the vapo ur pressure  reaches the

external atmo spheric pressure

State Changes

The relatio nship between temperature and energy during state changes can be represented

graphically
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The relationship between temperature and energy during state changes

Between 1 & 2, the particles are vibrating and gaining kinetic energy and the temperature rises

Between 2 & 3, all the energy go es into  breaking bo nds – there is no  increase in kinetic

energy  o r temperature

Between 3 & 4, the particles are mo ving aro und and gaining in kinetic energy

Between 4 & 5, the substance is bo iling, so  bo nds are breaking and there is no  increase in kinetic

energy  o r temperature

Fro m 5 & 6, the particles are mo ving aro und rapidly and increasing in kinetic energy

Exam T ip

Be careful to  match the bo nd breaking o r bo nd making pro cesses to  the �o w o f energy during

state changes.

Remember: To  break bo nds, energy is always needed  to  o verco me the f o rces o f  attractio n

between the particles
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1.1.4 The Mole Concept

The Mole

The Avo gadro  co nstant (N  o r L) is the number o f particles equivalent to  the relative ato mic mass

o r mo lecular mass o f a substance in grams

The Avo gadro  co nstant applies to  ato ms, mo lecules and io ns

The value o f the Avo gadro  co nstant is 6.02 x 10 g mo l

The mass o f a substance with this number o f particles is called the mo lar mass

One mo le  o f a substance co ntains the same number o f fundamental units as there are ato ms

in exactly 12.00 g o f C

If yo u had 6.02 x 10  ato ms o f carbo n-12 in yo ur hand, yo u wo uld have a mass o f exactly 12.00

g

One mo le o f water wo uld have a mass o f (2 x 1.01 + 16.00) = 18.02 g

Worked example

Determine the number o f ato ms, mo lecules and the relative mass o f 1 mo le o f:

�. Na

�. H

�. NaCl

Answer 1:

The relative ato mic mass o f Na is 22.99

Therefo re, 1 mo l o f Na has a mass o f 22.99 g mo l

1 mo l o f Na will co ntain 6.02 x 10 ato ms o f  Na (Avo gadro ’s co nstant)

Answer 2:

The relative ato mic mass o f H is 1.01

Since there are 2 H ato ms in H , the mass o f 1 mo l o f H  is (2 x 1.01) 2.02 g mo l

1 mo l o f H  will co ntain 6.02 x 10 mo lecules o f  H

Ho wever, since there are 2 H ato ms in each mo lecule o f H , 1 mo l o f H  mo lecules will co ntain

1.204  x 10 H ato ms

Answer 3:

The relative ato mic masses o f Na and Cl are 22.99 and 35.45 respectively

Therefo re, 1 mo l o f NaCl has a mass o f (22.99 + 35.45) 58.44 g mo l
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1 mo l o f NaCl will co ntain 6.02 x 10  fo rmula units o f NaCl

Since there is bo th an Na and a Cl ato m in NaCl, 1 mo l o f NaCl will co ntain 1.204  x 10 ato ms  in

to tal

23 

24  
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Relative Mass

Relat ive at omic mass, A

The relative ato mic mass  (A ) o f an element is the weighted average mass o f o ne ato m co mpared

to  o ne twelfth the mass o f a carbo n-12 ato m

The relative ato mic mass is determined by using the weighted average mass o f the iso to pes o f a

particular element

The A  has no  units as it is a ratio  and the units cancel each o ther o ut

Relat ive isot opic mass

The relative iso to pic mass is the mass o f a particular ato m o f an iso to pe  co mpared to  o ne

twelfth the mass o f a carbo n-12 ato m

Ato ms o f the same element with a di�erent number o f neutro ns are called iso to pes

Iso to pes are represented by writing the mass number as Ne, o r neo n-20 o r Ne-20

To  calculate the average ato mic mass o f an element the percentage abundance  is taken into

acco unt

Multiply the ato mic mass by the percentage abundance fo r each iso to pe and add them all

to gether

Divide by 100 to  get average relative ato mic mass

This is kno wn as the weighted average  o f the masses o f the iso to pes

Relat ive molecular mass, M

The relative mo lecular mass (M ) is the weighted average mass o f a mo lecule co mpared to  o ne

twelfth the mass o f a carbo n-12 ato m

The M  has no  units

r
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The M can be fo und by adding up the relative ato mic masses o f all ato ms present in o ne

mo lecule

When calculating the M  the simplest f o rmula fo r the co mpo und is used, also  kno wn as the

f o rmula unit

E.g. Silico n dio xide has a giant co valent structure, but the simplest fo rmula (the f o rmula unit )

is SiO

Relat ive f ormula mass, M

The relative f o rmula mass (M ) is used fo r co mpo unds co ntaining io ns

It has the same units and is calculated in the same way as the relative mo lecular mass

In the table abo ve, the M fo r po tassium carbo nate, calcium hydro xide and ammo nium sulfate are

relative fo rmula masses
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1.1.5 Moles-Mass Problems

Moles, Particles & Masses

Since ato ms are so  small, any sensible labo rato ry quantity o f substance must co ntain a huge

number o f ato ms

Such numbers are no t co nvenient to  wo rk with, so  using mo les  is a better unit to  deal with the so rt

o f quantities o f substance no rmally being measured

When we need to  kno w the number o f particles o f a substance, we usually co unt the number

o f mo les

The number o f mo les  o r particles can be calculated easily using a fo rmula triangle

The moles and particles formula triangle – cover with your �nger the one you want to �nd out and follow

the directions in the triangle

Worked example

Ho w many hydro gen ato ms are in 0.010 mo les o f CH CHO?

Answer:

There are 4 H ato ms in 1 mo lecule o f CH CHO

So , there are 0.040 mo les o f H ato ms in 0.010 mo les o f CH CHO

3

3

3
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The number o f H ato ms is the amo unt in mo les x L

This co mes to  0.040 x (6.02 x 10 ) = 2.4  x 10  ato ms

Worked example

Ho w many mo les o f hydro gen ato ms are in 3.612 x 10  mo lecules o f H O ?

Answer:

In 3.612 x 10  mo lecules o f H O there are 2 x (3.612 x 10 ) ato ms o f H

So , there are 7.224 x 10 ato ms o f H

The number o f mo les o f H ato ms is the number o f  particles ÷ L

This co mes to  7.224 x 10 ÷ (6.02 x 10 ) = 1.20 mo les o f  H ato ms

Moles and Mass

We co unt in mo les  by weighing the mass o f substances

The number o f mo les  can be calculated by using a fo rmula triangle

The moles and mass formula triangle – cover with your �nger the one you want to �nd out and follow the

directions in the triangle
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Worked example

What is the mass o f 0.250 mo les o f z inc?

Answer:

Fro m the perio dic table the relative ato mic mass o f Zn is 65.38

So , the mo lar mass is 65.38 g mo l

The mass is calculated by mo les x mo lar mass

This co mes to  0.250 mo l x 65.38 g mo l  = 16.3 g

Worked example

Ho w many mo les are in 2.64 g o f sucro se, C H O  (M  = 342.3)?

Answer:

The mo lar mass o f sucro se is 342.3 g mo l

The number o f mo les is fo und by mass ÷ mo lar mass

This co mes to   2.64 g ÷ 342.3 g mo l  = 7.7 1 x 10  mo l

Exam T ip

Always sho w yo ur wo rkings in calculatio ns as its easier to  check fo r erro rs and yo u may pick up

credit if yo u get the �nal answer wro ng.
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