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IGCSE Chemistry Topic 1: States of Matter

Topic [: States of Matter

- Matter ig anything that hag mass & occupies a gpace ‘volume’.
- Subgtances exict in one of 3 states of matter at room temperature.
Solid or Liquid or Gas

Solid Liquid Gas
Mase All have definite magg
Volume Fixed volume Fixed volume No fixed volume
Shape Fixed chape No fixed chape No fixed chape
“Takes the shape of the | Takes the ghape of the
bottom of the container’ container’
Kinetic particle Theory:

- [¥'e a theory that stateg that matter is made of tiny particles called atome or moleculeg.
- Darticles are attracted to each other by forceg which might be weak or gtrong.
- Darticles are always moving.
- Darticles move faster when substances are heated.
- Lighter particles move faster than heauy particles.
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IGCSE Chewmistry Topic 5: Electrolysis

Topic 5: Electrolysis

Electrolysis: [t ig the breakdown of an ionic compound, molten or in aqueoug golution,
by the paseage of electricity.

Components of the electrolytic cell:

ﬁ Battery: Bower Supply (Source of electrone) \
2) Copper Wire
3) Electrodes: Connection between the battery &the Electrolyte.

E}[{eefri)deg can beinert/ unreactive: made of Carbon “Graphite” or Platinum
etal.

O[r they can be Active Electrodes that react: made of other metals rather than
platinum.

PANiC
® Anode: The Pogitive Electrode  Doctive Anode Neg;aﬂve ie Cathode
® Cathode: The negative Electrode

4) Electrolyte: Molten/Aqueous subgtance that

Qdergoeg electrolysia. J

How it Works?
electrons

) Electrone flow from negative terminal of the battery to Cathode.
+ —_
2) In the Electrolyte, + & - long flow to the oppogitely charged electrode. ‘ |

* DPositive lons (Cations) are attracted to Negative electrode (Cathode) | +. —~
where they and are digcharged into atome. g :

Oxidation Reduction
* Negative lons (Anions) are attracted to Positive electrode (Anode) | ... b B
where they and are digcharged into molecules.

3). Electrong flow from the Anode to the Cathode through the external circuit.

Electrong carry the current through the wire & the electrodes,
Positive & Negative lons carry the current through the electrolyte.
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IGCSE Chewmistry Topic 5: Electrolysis

Electrolysis Using [nert electrodes

Electrolysis of Molten ionic compounds

Example [: Molten Lead (ll) Bromide
- Lead Bromide i¢ heated till it melts giving Lead (Pb*2) ions & Bromide (Br-) ions.

- Pb2*iong are attracted to the cathode where they gain electrong & become
reduced into Ob atomg.

- Br-iong are attracted to the anode where they loge electrong & become oxidized into
Br2 molecules.

Lead Bromide — Lead + Bromine

® Product at Cathode: Lead
o Half ionic equation:
Pb2++ 2e- - Pb (reduction)

® Product at Anode: Bromine
o Half ionic equation:

Br-—Br+le-
(Bromine ig a diatomic molecule g0 we have to multiply the equation x 2)

2Br-— Bro + 2e-  (oxidation)

Observations:
1) Silvery Grey Solid deposit at the Cathode.
2) Bubbleg of Orange “Reddigh brown” gag at the anode.
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IGCSE Chemistry Topic 6: Chewical Energetics

Topic 6: Chemical Energetics

® All chemical reactiong & changes of stateg of matter involve energy changes.

® Energg[ ig either taken in or releaged. [+ can be in the form of light, sound but most
probably energy change ig in the form of heat.

® Accordingly, we clagsified chemical reactiong into: E xothermic & Endothermic

© We can defermine if a reaction ig Exothermic or Endothermic by:
[.  Caleulating the enthalpy change of the reaction:
AH = energy needed in bond breaking - Energy released in bond making

2. Dractically by measuring the temp. change taking place during the reaction.
Temperature Change = Final Temperature - Initial Temperature

E xothermic Endothermic

Reactiong that releage thermal energy to the Reactiong that take in thermal energy from the

aurrounding leading to an increase in the aurrounding leading to a decrease in the
temperature of the surrounding. temperature of the surrounding.

Examples: Examples:

Combugtion (burning) of fuels - neutralization - Thermal decomposition - Electrolygie - reaction of
reaction of alkali metalg with water - Regpiration ~ ammonium ealt with water - Bhotogynthegie
Examples of Physical Changes: Examples of Physical Changes:

Condensation - freezing melting - evaporation - boiling

Energy Level diagrams:

Energy of the reactants is greater than Energy of the products is greater than energy of
energy of the products the reactants
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IGCSE Chemistry Topic 6: Chewical Energetics

Energy changes in a chemical reaction:

® [n a chemical reaction, bonde between reactantg are firet broken down, then new
bonds are formed to make the products.

® Bond breaking needs energy, it’s an endothermic process.
® Bond Making releases energy, it’s an exothermic process

Enthalpy Change (AH) = Energy needed in bond breaking - Energy released in bond making

® Endothermic reactions: Energy needed for breaking bondg in reactantg is greater
than energy releaged in bond making in products.

® E xothermic reactions: Energy needed for breaking bonds in reactants ig less than
enerqy releaged in bond making in producte.

® AH ig positive for Endothermic reactions & Negative for E xothermic reactions.

® Activation Energy (Ea): The minimum energy needed by the colliding particles to react.
® Uging a catalyst will lower the activation energy needed and epeed up the reaction

Energy Profile diagrams

E xothermie Reaction with and
without catalyst

Endothermic reaction with

and without catalyst

Potential Energy —

Potential Energy ——>»

Reactants

Y

Reaction Progress ——>

A 4

Reaction Progress —>
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1GCSE Chemistry Topic 72: Redox reactions

Topic 7.2: Redox reactions

Redox reactions: reactiong that involve reduction & oxidation eimultaneougly.

Oxidation Reduction

Baining oxygen Loging Oxygen
Losing Electrong (Gaining electrong
(Increage in the oxidation number)  (Decreage in the oxidation number)

Oxidizing agent (oxidant) Reducing agent (Reductant)

[’s 9 substance that oxidizes another [+ a substance that reduces another

substance and itself is reduced substance and itself is oxidized
Examples: Examples:

Acidified Potaggium manganate KMnO4  Hydrogen, Carbon, Carbon monoxide,
Acidified potaggium dichromate KoCraO7  Potassium iodide, Reactive Metalg
Chlorine , Oxygen, Hydrogen peroxide

Redox in termg of Oxygen transfer

[) Reduction of Hematite (Iron oxide to [ron)

Fe203+3CO -2 Fe+3CO2
Fe20slogt oxygen go [t'e reduced, it’s the oxidizing agent
CO gained oxygen <o it’s oxidized, it' e the reducing agent

2) Burning “Combustion” of Magnesium

2Mg+ O2—2Mg0
O ig reduced, it’s the oxidizing agent
Mg ie oxidized, it's the reducing agent
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1GCSE Chemistry Topic 72: Redox reactions

3) Pasging Hydrogen over hot Copper (Il) Oxide
Ha+ CuO — H20 + Cu
CuO logt oxygen <o [t'e reduced, it's the oxidizing agent
Hy gained oxygen o it’e oxidized, it’e the reducing agent

Observations:

. Black golid (CuO) turng reddigh brown (Cu).

2. Colorless droplete of HzO appear at the end of
the tube.

3. A flame due to burning of excess unreacted Ho.

Explain why : it is important to relight
Hydrogen at the end of the tube if the flame
goes out i?

To prevent its escape 1o the lab. ag Hydrogen ig
flammable .

E xplain why it is important to continue passing Hydrogen into the tube after
reaction finigshes and burning the hydrogen at the end of the tube until the
contents have cooled?

To prevent oxygen from entering the tube .

Ag it will react with the metal again/ oxidize the metal back into metal oxide.
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1GCSE Chemistry Topic 8.1: Acids, Bases & salts

Topic 8.[: Acids, Bases & Salts

Types of solutions
Acids are Proton donors Neufral Bages are Proton acceptors
(H+ donors) (H+ acceptors)
A colution that is
neither acidic or bagic
Weak € :Dure ) Strong Weak
Acid ure Water,
l Alcohol Qalt soluﬂons S %
sugar solution
An acid that is An acid that is A bage that is A bage that is partially
completely dissociated partially dissociated completely dissociated in dissociated in water
in water giving Hi h in water giving low water glvm‘g( High giving low
concentration of concentration of concentration of OH-ions  concentration of OH-
iong H+ ions
E.g.: Hydrochloric acid,  E.g.: Ethanoic acid E.g.: Sodium Hydroxide, E.g.: Ammonia,
sulfuric acid, nitric acid (vinegar), Carbonic acid potassium hydroxide ~ ammonium Hydroxide
Properties of acids: Properties of Bases:
- Have sour tagte - Soft & slippery
- HavepH <7 - HavepH>7
: 2‘"‘ blue l“l{""s paper ;\":_? Red = Turn red litmug paper into Blue
fhzld:sa::l:\?)ny s{;i';;}";ﬂ de:r - Bages are metal oxides or metal hydroxide or
) ammonia.
- Bageg that are goluble in water are called alkali
Most commonly used acids: Most commonly used bases:
= Huydrochloric acid HCI = Sodium Hydroxide NaOH
= Nitric acid HNO3 - Potassium Hydroxide KOH
- Sulfuric acid H2804 - Calcium Hydroxide CalOH),
= Ethanoic acid CHsCOOH = Ammonia NH3
HCl> H++Cl NaOH > Na*+OH-
HNOs > H*+NOs" CalOH)2 > Ca2*+2OH
2-
H2804 > 27 +304 NHs+H20 = NH4*+OH-
CH3COOH = CH3COO + H*
Pr. Nouran Rostom Page 1 of 15
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1GCSE Chewmistry Topic 8.1: Acids, Bases & salts

Using the pH- scale

@ Acids: have pH from (- 6)
> A strong acid has pH of [-3

| 2

@ Neutral: hag pH 7

@ Bages: have pH from (8- [4)

> A weak Bage has pH of 8-10
> A Strong Base has pH of 12-[4

How can we meagure the pH of a solution?
[- Using pH meter:
¥’ a digital ingtrument that meagures the exact pH of the golution.

2. Uging univergal indicator:

[+'s a mixture of different plant dyeg that ?iveg a different color for every pH.
W? oar;] determine the exact pH of the golution by comparing the color produced to the
color enhart.

> Ag pH decreases, concentration of H+ ions increase & acidity increases &
color of the indicator gete darker (Yellow — orange — red)

> Neutral: pH 7 (green color)

> Ag pH increases, concentration of H+ ions decrease & alkalinity increases
& color of the indicator gete darker (blue — dark blue — purple)
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1GCSE Chemistry Topic 9: The periodic table

Topic 9: The Periodic Table

® Allknown elementg are arranged in a table, called: The periodic table of Elements.

® Elemente are arranged in order of increacing their proton number.

® Elemente are clagsified according to their propertieg into: Metale & Non-metale.
® Metale can be found in the left and the middle of the periodic table.

® Non- Metale can be found in the right of the periodic table.

® The Vertical columng are called: Groupe (8 groups)

® The Horizontal rowg are called: Periode (7 periods)

Group No. = No. Of outer ghell electrons (valence electrons).
Period No. = No. Of oceupied electron shells.

Trends in the periodic table
© A Trend ig a gradual change in a property

© Elements in the game Group have similar chemical reactiong ag they have the same
no.of electrong in their outermost chell (eame valence electrong).

© Elements down a group show a trend
Ag We go down the groups:
> Metals become more reactive and Have lower melting points
>Non- Metals become less reactive and Have higher melting points.

e Elements Across a period show a trend
Ag we go 1o the right:

» number of outer shell electrons
increase, metallic character decreases
£ non- metallic character increases.

> Bonding between the element in the group
with another non metal changeg from ionic
to covalent
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1GCSE Chemistry Topic 9: The periodic table

Group [: Alkali Metals

® They are called Group ! elemente ag they all have [ electron in their outer shell.

® They are called: Alkali Metals as they react with water forming alkaline golution.

Physical Properties:
®Good conductors of heat and Electricity
® Shiny

* Special Physical Properties:
© Soft
© Low melting points
© Low Dengity

Trends in Physical Properties down the group:
® Melting point decreages
® Dengity increageg

® Softneqg increages

Chemical Properties:

® They are the most reactive metals ag they need to loge only [ electron to
become stable & have a full outer ghell of electrons.

® Ag we go down the group, they become more reactive.
® They form: White compounds that dissolve in water forming colorless solutions.
® They react with halogeng forming galte

2 Na+Clo - 2 NaCl

® They are gtored under oil in lab to prevent reaction with air & water.
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1GCSE Chemistry Topic 11: Air & Water

Topic [I: Air & Water

Test for purity of water “Physical test”

() Measure boiling point.
Recult: pure water boils at [OO%% sharp.

2)Measure freezing point.
Regult: pure water freezes at Oc sharp.

Test for presence of water “Chemical test”

) Using Anhydrous Copper(ll) Sulfate
Water changes color of Anhydroug Copper(ll) Sulfate from White to Blue.

2) Using Anhydrous Cobalt(ll) Chloride
Water changes color of Anhydrous Cobalt(ll) Chloride from Blue to Pink.

Domestic:
Drinking, cooking, washing, showering, watering plante & flushing toilets.

Industrial:
. Solvent. 2. Coolant for engines.

3. Raw material in production of Ethanol from Ethene.
4. Generate Electricity in hydroelectric power stationg.
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IGCSE Chewmistry Topic 11: Air & Water

: Distilled water is used in practical chemistry rather than tap water as it contains
+ fewer chemical impurities.

+ Tap water containg disgolved subgtanceg that may;

+ [~ interfere with the experiments giving unwanted gide reactions.

+ 2- inferfere with the regults of teste for iong analysie.

- Water from natural regourceg euch ag regervoirg, riverg, or the gea contain many
diesolved qubstances. Some of them are beneficial and others are potentially
harmful.

Substances in natural | Advantages for the water | Disadvantages for the

resources of water supply water supply

Dissolved oxygen Needed to support plants, -
fich & other aquatic life

Metallic compounds | Source of eagential minerals ~ Some metal compounds are
toxic euch ag lead & mercury

Plastice - Harm aquatic life
Sewage / microbes = Sewage containg harmful
microbeg that can cause
diseageg

Nitrates from fertilizers - Lead to deoxygenation of

& Dhosphates from water & damage to aquatic
fertilizers & detergentse life
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IGCSE Chewmistry Topic 12: Organic Chewmistry

Topic [2: Organic Chemistry

- Organic Chemistry ie the chemistry of Carbon containing compounds.

» Al Organic compounds contain Carbon & Hydrogen and may contain other atome
a¢ Oxygen or Nitrogen etec.

- According to the type of atome joined to Carbon and how they are bonded, organic
compounds are clagsified into families called: Homologous ceries.

- The 4 Homologoug geriee of Concern are:
[.  Alkanes
2. Alkenes
3. Aleohols
4. Carboxylic Acids

Comparing Homologous series:

Organic Homologous  Conmments
compound sereig

[’ g Hydroearbon
Alkane Becauge it'e made of C & H only

[t'e an alkane becauge all C-C bonds are cingle
bonde

-[t'e a Hydrocarbon
Alkene Because it’s made of C & H only

‘[¥’e an alkene becauge it containg C=C bond

‘[t ie not a Hydroearbon
Aleohol Becauge it containg O not only C & H

‘[’e an Aleohol becauge it containg OH

‘[t ie not a Hydroearbon
Becauge it containg O not only C & H

Carboxylic acid

[¥'e a carboxylic acid because it containg COOH
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IGCSE Chewmistry Topic 12: Organic Chewmistry

- Homologous Series; ['e a family of imilar compounds with similar chemical

propertieg due to the pregence of the game functional group.

- Functional Group: [t is an atom or a group of atomg that determine the chemical

propertieg of a homologoug gerieg.

Homologous series | Functional group

Alkanes C — C (all c-¢ bondg are gingle)
Alkeneg C=C
Aleohol OH

Carboxylic Acid COOH

145

( )
General Characteristics of a homologous series:
They have:
. Same functional group.
2. Same general formula.
3. Similar Chemical Properties.
4. Each member differs than the next one by a CHz unit.
5. show a trend in their physical properties.
Ag the chain gete longer:
> Melting and Boiling Pointg increage.
> Dengity [ncreages.
> Vigcosity increages (Compounds flow legg eagily)
. Compoundg become lese flammable. )
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IGCSE Chewmistry Topic 12: Organic Chewmistry

Chemical Method

Manufacture of E thanol

Biological Method

Catalytic addition of steam on Ethene Fermentation of Aq. Glucose

CaHa (g + H20 ( = C2HsOH ) CeHi206 (aq) = 2 CoH50H (2) + 2 CO2 (g)
Conditions: Conditions:

Temperature: 300 ¢ Temperature: 25 - 359¢

Catalyst: phosphoric acid Catalyst: yeast enzymes

Pressure: 60 atm / 6000 kPa Anaerobic conditions “absence of oxygen”
How to make Aleohol from Crude oil? — égfﬁ)k;‘";;‘gi

and prevents air

Cracking Catalytic addition to enter.

ot steam

Alkene Aleohol

Large
Alkane

Catalytic addition of steam on E thene Fermentation of aq. Glucose

Advantages: Advantages:

- Fagt “ continuoug procese” - Glucose ig renewable

- Makes pure Ethanol - Lower temperature and preseure go
lower energy cogte

Disadvantages: Disadvantages:

= Crude oil ig non renewable - Slow “Batch process”

- Higher temperature and preseure 5o = Makeg impure Ethanol

higher energy coste
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1GCSE Chewmistry Topic 12: Organic Chemistry

Q.[ What’s the purpose of yeast?
[t containg enzymeg that act ag catalyst.

Q.2 Why the temperature shouldn’t exceed 35 0¢?
To avoid denaturing of yeast enzymes.

Q.3 Why Should Fermentation be carried out in absence of Oxygen?
|. To prevent oxidation of ethanol into Ethanoic acid (Vinegar).
2. To allow yeast to regpire anaerobically &produce ethanol ingtead of CO2 ¢, H20.

Q.4 Why does the reaction mixture turn eloudy? Ag yeast multiplies

Q.5 Why does the fermentation rate increase initially?
. Ag yeagt reproduces / multiply 2. Ag the reaction ig Exothermic

Q.6 How is yeast removed from the fermentation mixture? By Filtration

Q.7 How to obtain pure Ethanol from the fermentation mixture? By Fractional Digtillation

Reactions of Aleohols:
[. Combustion

CoHsOH+3 02> 2C02+3 H0

2. Oxidation

+ Aleohols are oxidized into Carboxuylic acids by bacterial oxidation or in pregence
of oxidizing agente euch ag: acidified Potagsium Manganate (V1)

i
CH,CH,OH CH;— C—OH + H,0
H*/K,Cro,

ethanol Ethanoic acid

3. Dehydration

+ Dehydration meang removal of water
+ Conditione needed: Heat & catalyst: cone. Sulfuric acid Thie reaction ic reversible

» Dehydration of aleohol — Alkene

H*/KM,0,
or

+ Hydration of alkene — Alcohol

4. Egterification

+ [¥'e a reaction between aleohols and carboxuylic acids to make esters.
Discugged later in the topic
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1GCSE Chewmistry

Colors in chemistry

Colorg in Chemistry

Compounds of Group [ metals e.g. NaCl, KNOs, NapSO4, Li2CO3 ete.
Compounds of Magnesium, Zine, Aluminum and Caleium

All metalg except Gold & Copper
lodine Solid

Black:
Copper Oxide CuO

Manganege OxideMnO2
Carbon C
Actatine At

Ootagium dichromate (K2Cr207)

Fluorine Gag F2

Gold Au

Lead lodide Pbl2
Silver lodide Agl
Qulfur 8

Green:
Chlorine Gag Cla
Copper Carbonate CuCOs3

Compounds of lron [l
Compounds of Chromium (Il

Blue
Hydrated copper ([lsulfate

Copper [l galts
Anhydroug Cobalt Chloride CoCla

Pr. Nouran Rostom

Reddish Brown:
Copper Cu

Bromine Bra
Rugt Fe203.5 H20
Compounds of [ron (Il

Brown

Nitrogen dioxide NO2
lodine golution

Hydrated Cobalt chloride CoClz. 6H20

Purple

Potasgium VIl Manganate KMnO4
lodine gag
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