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A chemical reactien can be recognised by one of the following:
= A eolour change &g blve = red (always give start and end colowr)
= Anenergy change e.g. arise or foll in temperature
= A gas being given off
= A zolid being formed.
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In all chemical reactionz a new substance iz formed. This is called the preduct. The
substances you started with are called the reactants.

Reactants = Products

€.g. magnhesium + oxygen -> magnesium oxide

An EXOTHERMIC reaction is one in which energy EXits, which means the temperature of the
surrogundings increases.

An EMDOTHERMIC reaction is one in which energy EMters, which means the temperature of
the surroundings decreases.

The rate of a reaction is a measure of the speed of the reaction.

There are 4 ways we can change the rate of a chemical reaction:
= Changing Particle Size
= Changing Concentration
= Changing the Temperature
= Using a Catalyst
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Changing Particle Size

If you decrease particle size, the rate of reaction will increase. This is because more surfaces

are available for reactions to take ploce on

If you increase particle size, the rate of reaction will decrease.

O
O

Changing Concentration

If you increase cencentration, the rate of reaction will increase. This is because there are more
reactant particles present to react.
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If you decrease concentration, the rate of reaction will decrease. This is becouse there are
fewer reactant particles present to react.




Changing Temperature

If you increase temperature, the rate of reaction will increase. This is becouse particles have
gained more energy and are more likely to collide and react.

If you decrease temperature, the rate of reaction will decrease. This is because particles have
less energy and as a result are less likely to cellide and react.
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Using a Catalyst @ (b

In some reactions another chemical can be added to the reaction which will speed up the
reaction. This chemical is called a catalyst.

Catalysts do not get used up in the reaction so can be used again. For example if you put 273 g
of catalyst into the reaction, you would be able to get 273 g of the catalyst back at the end of
the reaction.

e.g. Platinum iz used az a catalyst in catalytic converters in car exhausts.

Enzymes are biclogical catalysts. They catalyse reactions in living things.

The rate of a reaction can be measured by menitoring the mass less of reactants or the volume
of gas produced in a reaction.
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Meazuring Mazz Lozz of Reactants

You could use the following apparatus to carry out this experiment.
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The reading en the balance decreases with time as a gas is being produced.

Meazuring Veolume of &az Produced

You could use the following apparatus to carry out this experiment.
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&raphs can be plotted showing the change in mass or velume against time. This gives you curves
with the following shapes. The steeper the line is, the faster the reaction is. The graphs level
eff eventually as the reactants are used up.

1. Masz of reactants or productsz against time

Graph 1: Mass of Reactants with Time Graph 2: Mass of Products with Time
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2. Velume of gas produced against time

Volume of Gas Produced with Time
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The results from a mass loss or volume of gas produced experiment can be used to calculate the
average rate of reaction.

Caleulating Average Rate

Change in Mass or Volume

Average Rate = - -
Change in Time

Unitz of Average Rate

1. Masz and Time
In this case rate is a measure of the mass loss over time therefore the unit of rate is g 2

{grams per second).
_.i —fie j % |

2. Velume and Time
In this case rate is a measure of the change in volume of gas over time therefore the unit of

rate is em® 27! (cubic centimetres per second).
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Learning Statement

Red

The Periedic Table was devised by the Russian chemist Dmitri Mendeleey in 1869. It lists all the
known elements. As of 2013, there are 118 known elements.

The Periodic Table lists these elements in order of increasing atomic number.

The Periodic Table is arranged into vertical columnz called groups and heorizental rows called
periods.
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Elements can be classified in dif ferent ways:

Classification Type Examples
naturally occurring/made by sciertists All elements with atomic number above 92 are made by scientists
and are not found raturally on Eorth.
salid/liquid/gas The majority of elemernts are selid. There are 11 gases (mainly

found on the right of the Periodic Table). Two elements exist as
liquids, they are bromine and mercury.

metal/ non-metal Metals are found on the left of the zig-zig line.

FMon-metals are found on the right of the zig-zog line.
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Some groups have specific names:
&roup Mame Examples
1 Alkali Metals lithium sodium potassium
2 Alkaline Earth Metals calcium magnesium strorntium
Between 2 and 3 Transition Metals gold iran COpper
T Halogens fluorine chlorine broming
Qord Moble or Monatomic Sases helium neon argon

Elements in the saome group in the Periodic Table have similar chemical properties.

Group 1 - The Alkali Metals

The alkali metals are soft metals which are shiny when freshly cut but lose their shininess when
exposed to air as a layer of metal oxide forms.

metal + oxygen 3 metal oxide
For this reasen alkali metals are stored under oil to prevent contact with the air or water.

Alkali metals react violently with water. When they react with water they form alkaline
solutions, this is why they are called the Alkali Mefals.
€.g. sodium + water & zodium hydroxide + hydrogen
(an alkali)
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&roup 7 - The Halogens

The halogens and their compounds have mamy uses. Fluorine compounds are used in foothpaste
to help avoid tooth decay. Chlorine is used in drinking water and swimming pools as it can kill
harmful bacteria. Bromine is used in dyes and medicines. Todine can be used as an antiseptic.

Astatine is a radicactive element that does net occur naturally on Earth.
Like hydrogen, nitrogen and oxygen, the halsgenz are diatemiz melezulez. This means they exist

in a molecule of two atoms. This means that we can write a chemical formula for them: F., Cl;,
E'r'z. Ig. A*z.
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Group O (or B) - The Makle (or Monatemic) Gases

The gases in this group are all colourless. They are unreactive and ferm almost ne known
chemical compounds. These gases can be used in lasers and lighting.

Every element is made up of small particles called atems.

Each element contains one type of atom only, e.g. sulfur contains only sulfur atoms and copper
contains only copper atoms.
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Atoms have the following structure:

electron shell

{gneﬂg-,' lewal]
protoen
(=)e——electron
rucleus
asitively charged
neutran (b Y ged)

Atoms are made up of 3 different particles.

Particle Location Charge Mass
proton nucleus 21 1 amu
neutron nucleus 0 1 amu

electron out=ide nucleus -1 approximately zero

Atomz are neutral becauze they have the zame number of protonz and electrenz. The
positive charge of the nucleus is equal to the sum of the negative charges of the electrons.

Electrons are held in electron shells which are sometimes called energy levels.

1" energy bevel holds 2™ energy level holds 3™ energy level holds 4" energy level holds

2 electrons B electrons B electrons 8 electrons

** Electron arrangements for the first 20 elements can be found on page 6 of the data booklet™

Elements in the same group have the same number of outer electrons e.g. Group 1 - The Alkali
Metals.

Lithium Sodium Potassium
2.1 281 2881

Elements with the same number of electrons in their outer shell have similar chemical properties.

Each element in the Periodic Table has its own atomic number.
atomic number = number of protons

The mass of atom is due te the particles found in the nucleus, the protens and the neutrons.
masz number = no. of pretenz + no. of neutrens

The symbel of an element can be written showing the mass number and atomic number. This is
called nuclide notation.

mass number——» 273 o
atomic number ——» 11 NC{ +———Symbo

O 000 o O O] O

O 1000 O] O O] O

O 000 O] O O] O

The number of protons, neutrons and electrens in neutral atems can be calculated by doing the
following:
mass number——» 23

. — symbaol
atomic number———» 11 Nﬂ v
Mumber of protons = atomic number =11

Mumber of neutrens = mass number = atomic number =23-11 =12

Mumber of electrons = number of protons (For neutral atoms anby) =11




Anion is a charged particle. For example, ¢a®, &I°, Ma™ or &F.

An ien is formed when a neutral atom loses or gains electrons.
o Metals always lose electrons to form positive ions eg Na', Mg
= Mon-metals gain electrons to form negative ions eq. F. &
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Muclide notation can also be drown for fons. The charge is written at the fop right of the

symbol.

_—charge __—charge

mass number——= 23 — mass number——» 18 3_
atomic number—— & anJ *— symbol atamic number——e g O *—_ symbal

The number of protons, neutrons and electrons in charged iens can be calculated by doing the
following:

mass number——» 23 e charge

atomic number—— {1 Nﬂ. +——  symbol

Mumber of protong = atemic number =11
Mumber of neutrons = mass number - atomic number =23i-1 = 1e
Mumber of electrons = number of protons - charge = 11 - [+1) =14
charge

mass number—— 18 —cnarg

i 2-
atomic number——» 8 O +—  symbol

Mumber of pretons = atamic number = E
Mumber of neutrons = mass number - atormic number =1B-8 = 10
Mumber of electrons = number of protons - charge zg-{=2) =10

Isotepes are atoms of the same element which have:
o the sameatomic number but a gifferent mass number
= the same number of protens but a different number of neutrons.

i5 7
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The relative atomic mass (RAM) is the average mass of all the isotopes of an elements
o RAM is rarely a whole number because it is an average.

e.g. The RAM of chlorine is 355
= The two isotopes of chlorine are *Cl and *'¢l
o Asthe RAM is closer to 35 than 37. there must be more ¢l atoms in the sample than
a7,
Cl.




Learning Statement

Red

The chemical formula of a substance tells us which elements are present and how many of each
element we have, e.g. CHy, HBr.

O Amber

The valensy method can be used o work cut a chemical formula. The valency of an element is
how mamy bonds it can form. Valency is the number of unpaired electrons in the outermost shell.

Group

4

1]

7

8 (or O)

Valeney

4 3

2

1

]

The valensy methed invelves doing the following:

Write down

Write down Valensy Put in

Follow arrows and
concel down if

below each

. Cross-over Arrows
elemert's symbol

O s 0O s 0O
N
4 2 4 2 Sio,

element symbeols

Si

necessary to get
farmuls

Si; 04

Some chemical names centain a prefix in them, eyg. mono, di. tri, tetra, which tells us how many
of the each element we have. This means we can write the formula for these without having to
use the valency methed.

Compound | carbon menexide | carbon dioxide | sulfur trioxide | carbon tetrachloride
Formula co C0; 504 cCly
Meaning mong = 1 di=2 tri=3 tetra=4

Some formulae invelve greup iens. Sroup ions are ions that contain mere than one element. A list
of group ions can be found on page 8 of the data booklet.

lan Farmula I Farmula lan Farmula lan Farmula
AFTHTROTIUT HH,” ethancate CH,CO0™ carbonate o, phosphate PO
hydregencarbonate | HDO, chromate Crof
hydrogensulfats HE0,” dichromate cr0,*
hydregensulfite HE0, sulfate 504
hydrexide OH sulfite 50.%
nitrate M3, thiosulfate S0
pETmMAanganate MmO~

The valency of a group ion is the number value of its charge. e.q. sulfate 50,* has a valency of

2 as the charge is 2-.

The isnie formula of an ionic compound is a formula that contains iens, therefore has charges in
it, e.g. Na™Cl™ is the ienic formula for sodium chloride.
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Reactions can be described using werd and fermula (or chemical) equations.

o Woerd Equations
Describe chemical reactions using words. For example:

calcium + nitric acid 2 calcium nitrate + hydrogen
o Fermula (er chemical) Equationsz

Describe chemical reactions using the chemical formuloe for the substances involved.
For example:

Ca + HNO; > Ca(NOs) + H;

Formula (or chermical) equations can be balanced using the fellowing methed.

Write down cerrect chemical formula of all reactants before the arrow and all
products after the arrow.

Na + Og > Nﬂzo

There are 2 oxygen atoms on left hand side but only 1 oxygen atom on right hand
side. As the formula of Na;O cannot be changed, double the number of Na;O
molecules by adding the number 2 /n front of the formula

Na + oF 2Na.O

Y

There is 1 sodium atem on the LHS but 4 sodium aterms on the RHS. As the fermulas
of Ma and Na:O are set and cannet be changed, we must add the number 4 in front
of the Ma on the LHS to balance the number of Ma atoms

4Na + @F > 2Na,O

Formula Mass

The formula mass of a substance is the relative atomic masses of all the elements present
added together. A list of relative atomic masses can be found on poge 7 of the data booklet.

C3Hg

- IxC=3x12=36

- BxH=8x1:=8
a4

Formula mass has no units.

Gram Formula Maszz (GFM)

The gram formula mass of a substance is the relative atomic masses of all the elements present
added together. A list of relative atomic masses can be found on poge 7 of the data beoklet.

Ca(OH),

 IxCazlxd0= 40
- 2x0=2x16=32
- 2xH=2x1=2

Td g

The unit of gram formula mass is grams, g.




The gram formula mass (6FM) of a substance is also known as 1 mole of a substance.

1 &FM = 1 male

Caleulations Invelving Ne. of Meles, Mazz and GFM

The number of moles, mass and GFM have the following relationship.

GFM =
gram formula mass

_9

g g = no. of grams | mol = no. of moles

~9

=mol x gfm| mol = fm =
mol Qfl"l'\ 9 9 gfrn 9 mol
Caleulations Invelving Me. of Meles, Volume and Concentration
The number of moles, volume and concentration have the following relationship.
’A\ ¢ = concentration v = volume
mol = no. of moles i
mol {mal/1) (litres)
ol . . mol y mol |
VX = =
vV Cc Y c

N.B. Concentration has the unit mol I (moles per litre) this means the volume in this equation
must be in litres as well.

To convert from cm? to litres. divide by 1000.

e.g. 45 cm’ = 45/1000 = 0.045 litres

Worked Example

Caleulations invalving concentration and number of grams of 2olid:
e.g. Caleulate the concentration of a zelution when 5859 of NaCl is dizsolved in 50em’ water,
. _ no of moles
Caleulate the gfm of Nall no. of mal =L':"F|‘w concentration = volume
Na 1 x 23 =23 grm ool
€ 1 x 355 = 355 : _g:: “T0.05 litres
gfm = 58.5 | 2 2 molf
= 0. 1mel
MB Valume must be in litres|
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There are 3 types of bonding:
o Metallic
o Tonic
o Covalent.

O

Metallic Bonding
o Oceours in metals. fran elactrens knm ol

o Results from an electrostatic attraction between positively Sl of mestal o
charged metal ions and a sea of delocalised (free) electrons.

o Metallic bonds are strong.

o Most metals are solids. Mercury is the only liquid metal.

ikl i

o  As electrons can move from metal ion to mefal ion, metals
conduct electricity.

Ionic Bonding

o  Tonic bonds are the electrostatic forces of aitroction between positive ions and
negative ions.
Tonic bonds are strong.

Ionic compounds have a lattice structure. ey T W
Tonic compounds dissolve in water. When they dissolve in _x_ﬂ*ﬂm“.b.;“ _J;__J-'-'_";j
water the lattice breaks up. e __F: *“ :;’-._
o Tonic compounds conduct electricity as a melt or a solufion as Sl Al it H_+ :E" ™
the ions are free to move. As sclids they do not conduct as s s .‘;.. __:""' -
the ions are not free to move. :"'t:. ‘a-f_ et uh,_
o Tonic compounds have high melting and boiling points. This = “Se 5ar T 2
' O i

means they are solids are room temperature.
o The colour of an ionic compound comes from the ions present. A list of jons colowrs can
be found on page & of the dafa booklet.

When an ionic compound is dissclved in water a solution called an electrelyte is formed.
Electrolytes conduct electricity as the ions are free fo move.

O

Solutions of ionic compounds can be broken down using a process called electralysis.

Electrolysiz is the breaking down of compound using electricity.

Molten
-~ Leadil] Bromide




Cevalent Bending

= A covalent bend is a shared pair of electrons between atoms. Pieahive suchi
o Atoms share electrons to gain a full. stable outer shell of
electrons.
= The atoms are held together in a covalent bond by the
electrostatic attraction between the positively charged nuclei E E
of each atom and the negatively charged electrons. : :
o Covalent substances do not conduct electricity. The exception a4 4

to this rule is carbon in form of graphite.

o Most covalent substances do net dissolve in water. However, there are substances they
do dissolve in e.g. acetone (nail varnish remover).

o Covalent molecules tend to be liguids or gases at room temperature as they have low
melting and boiling points.
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A muelecule is a group of atoms held together by covalent bonds.

O
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A diatemic melecule is one which is made up of two atoms.

di atomic molecule
b S ! e —
2 atams atoms joined by covalent bond
Several elements exist as diatomic molecules.
Hydrogen Mitrogen Oaeygen Fluoring Chlorine Bromine Lodine Astatine
H: s O Fs Ch Br: Ix Aty
Diagrams can be drawn to show how the outer electrons in atoms are shared to form a covalent
bond.
H':,rdm-slen Ha molecule ﬂx',lgzn 2 molecule
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Shapes of Molecules

Linear Bent | Pyramidal | Tetrahedral
H
G. o H L™ c|:
H_ |:| -".’_.-"I b H.—-' s H - Illllil.l H
H.- \\-‘H H_
H H
HCl H-0 NH: CHa
Also with same shape: | Also with same shape: | Also with same shape: Also with some shape:
HF PH; CCls
Har od NC3 CFs
HI - PCla SiHs

Covalent substances can also exist as giant networks. We call these covalent networks.

Examples of covalent networks are: diamend (carben) and zand (zilicen diexide).

They only contain strong covalent bonds
melting and boiling points.

and therefore are solids and have extremely high

Mame Cyimermeined Sand
Elemernts present Corbon Silicon and oxygen
Structure
Ca
Mehting point (°C)
Boiling paint (*C)
Bending Summary
State at Room Temp Salid Liquid Bas
Type of Bonding Tonic or Covalent Covalent Covalent

Type of Bonding | Conduction as a Selid | Conduction as a Liguid | Conduction as o Solutien
. metals do not
Metallic ‘/‘ y/‘ oD
(M tals cnby) diz=zalve in water
[Mon-maetals onby)
Tonic ” v v
{Metals + Mon-metals)
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The pH scale is a continuous range of numbers.

o | 1] z2]3]la]s]|e 7 8 [oflw|nf12]13]

«——— Acids —— | MNeutral €———— Basgs ——————————>

o it is possible to get values below O and above 14.

O
O

pH belew 7 pH equal 12 7 pH abeve 7
. Meutral
Acid {including pure water) Base

An alkali iz a seluble base.

O | O

O

Examples of common heusehold and laboratory acids and alkalis.

Acids Alkalis
Household Laboratory Household Laboratory
Vinegar Sulfuric acid Baking soda Sodium kydroxide
Lemon juice Hydrechloric acid Caustic soda Ammonia solution
Fizzy drinks Mitric acid Chwen cleaner Potassium hydroxide

Examples of bases include metal oxides, metal carbonates or metal hydroxides.

Making dcids
o Mon-metal exides disselve in water to preduce acidic solutions.
o Carbon dioxide + water = carbenic acid
o Sulfur dioxide + water = sulfurous acid
o Nitrogen dioxide + water = nitrous acid

Problems with Acids
Sulfur dioxide reacts with water in the atmosphere to produce acid rain.

The damaging effects of acid rain include:

o domage to building rocks

o damage fo structures like metal bridges

o acidifying soil which reduces crop growth
damage to the habitat of plant and animal life.

=}

Making Alkaliz

Alkalis are soluble bases that are mode by dissolving metal oxides or metal hydrexides in water.

e.g. lithium oxide, sodium oxide, potassium cxide or magnesium oxide.

e.g. potassium hydroxide, sodium hydroxide or calcium hydroxide.

Acids and alkalis contain fons.
o Acids contain the hydrogen ion, H(ag)
o Alkalis contain the hydroxide ion, OH {aq)
This means that solutions of acids and alkalis can conduct electricity.




Acidic and alkaline selutions contain the fellowing ions:

Type Lon{s) Present Mumbers of Lons

Acid H'{oq) and OH{ag) H{aq) » OH[ag)
Meutral H'{oq) and OH{ag) H'{aq) = OH{oq)

Alkeali H'{aq) and OH{ag) H*'{aq) «OH{aq)

Giluting selutions of acids or alkalis has the following effects.

Type of Salution Effect of Dibution Effect of Dilution Effect of Dilution on Ions
on pH on Solution
Acid - Acidity decreases | Decrease in the concentration of H'(ag) jons
Meutral T37 Mo change Mo change in the concentration of

H{og) or OH{ag) ions.
H'(og) = OH"(ag)

Alkali 147 Alkalinity Decrease in the concentration of OH(og) ions
decreases.

wWhen an acid reacts with a base a reaction called neutralization occurs.

Meutralisation changes the pH of acids and bases.

Type of Substance Effect on pH Example of pH Change
Acid Increases to 7 pH=0-3pH=7
Baze becreases to 7 pH=14 3 pH=7F

There are many everyday examples of neutralisation reactions.
o Reducing soil acidity by adding lime.
o The use of lime to reduce acidity in lakes coaused by acid rain.
o Treatment of indigestion.
= Treating wasp or bee stings.

In neutralisation the hydrogen ions in acids react with the hydroxide iens found in alkalis to
form water.

H'(aq) + OH"(ag) > HzO(l)
hydrogen ion + hydroxide ion + water

In reactions involving metal corbonates, carbon dioxide gas is alse formed.
2H'(aq) + COs% (aq) > COx(g) + H20(1)
hydrogen ions + carbonate ion # corbon dioxide + water

Acids react with bases and metals to form salts.

Ikali
acid + alkal ) —_— salt +  water
(metal hydroxide)
tal
acid + metd E— salt +  water
oxide
metal ,
acid + E— salt + water + carbon dioxide
carbanate
acid + metal ——* salt + hydrogen

The chemical test for hydrogen gas is that it ignites with a squeaky pop.

The chemical test for carbon dioxide is that it furns lime water chalky.

0|0
0|0
0|0

A salt is a substance in which the hydrogen ion of an acid has been replaced by a metal ion.
o Ammonium iens (MH,") can also replace hydrogen ions (H') to make salts.
= Most ionic substances are salts (except oxides and hydroxides).




To name the salt formed in reactions, we have to use the name of the acid and base.

o The neutraliser provides the first name of the salt formed.
Meviraliser Mome Sodium hydroxide Fotassium oxide Calcium Carbonate
First Mame of Salt Sodium Potassium Calcium

o The acid provides the second name of the salt formed.

Acid Name Hydrachloric acid Sulfuric acid Mitric acid
Second Mame of Salt ...chloride —sulfate _nitrate
. + = — Sodium sulfate & Water
.

There are 2 ’r;:,rp-as of salt: seluble and inssluble.

Making Seluble Salts

Soluble salts are made by (1) Meutralization, (2) Filtration and (3) Evaperation.
1 Mewtralization 2. Filtration 3. Evaporation
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Making Inzoluble Saltz
Insoluble salts are made by a precipitation reaction. This invelves mixing two solutions
forming a powdery solid called a precipitate.

**The precipitate iz the inzoluble zalt™™

Wit 2 aslution ace mined There con be o chemil reastion whiete rctare
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A special technigue can be carried out to accurately work out how much base is needed to
neutralise an acid. This technique is called a titration. -

Titration experiments involve using the following apparatus:

Fiprisr
1. A Pipette !
A pipette is used to accurately measure out a volume of solution into a
conical flask.
|
2. A Burette
x|
A burette is a graduated piece of glassware with a tap at the bottom of it. i
Tt can be used to release small volumes of a selution inte a conical flask. i
Using small volumes of solution, sometimes drop by drep, allows a high 1
degree of precision in this technigue. E
; Hureise
o
Camp stand - ""H g
Burette ——| =
Thtration flask g

e

An indicater is also added to the titration flask, which will change colour when the
neutralisation has taken place. In this technigue you should always swirl the titration
flask as you are running selution from the burette into it, this ensures thorough mixing
of the chemicals. A white tile should also be placed under the titration flask to allow the
colour change to be clearly seen.

In a titration experiment results must be eencerdant. This means that volume readings
from the burette should be within 02 cm3 of each other.

Results should be recorded in a table like the following.

Rough Fun 1 Run 2

Start Volume (cm?) o 12 2=
End Vaolume (cm™) 162 223 485
Titre (cm®) 162 161 162

Runl+ Runl

Average Titre = 2

*=*Never use the rough titre value in any calculation™




