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L1 Everyday Acids and Alkali

Introduction to Acids and Alkalis

In KS3 science, understanding acids and alkalis is fundamental to grasping how many chemical reactions occur. These
substances are all around us, in the foods we eat, the cleaning products we use, and even within our bodies. Let’s
dive into what acids and alkalis are, their properties, and how we can identify and use them safely.

What Are Acids?

Acids are substances that have certain properties:

e They taste sour (although you should never taste chemicals in the lab).
e They can corrode metals.
e They turn blue litmus paper red.

Common acids include hydrochloric acid (found in your stomach), sulfuric acid (used in car batteries), and citric acid
(found in citrus fruits like lemons and oranges). Acids release hydrogen ions (H*) when dissolved in water, which is
why they have these properties.

What Are Alkalis?

Alkalis, also known as bases, have different properties:

o They feel slippery to the touch.
e They can neutralize acids.
e They turn red litmus paper blue.

Common alkalis include sodium hydroxide (used in drain cleaners), potassium hydroxide (used in soap making), and
ammonia (used in household cleaners). Alkalis release hydroxide ions (OH~) when dissolved in water, which gives
them their properties.

Neutralization Reactions

When an acid and an alkali react together, they neutralize each other, forming a salt and water. This reaction is
called neutralization. The general word equation for this reaction is:

Acid + Alkali = Salt + Water

For example, when hydrochloric acid reacts with sodium hydroxide, the products are sodium chloride (table salt) and
water:

Hydrochloric acid + Sodium hydroxide - Sodium chloride + Water

Neutralization reactions are important in everyday life, such as in treating indigestion with antacids, which neutralize
excess stomach acid.

Everyday Uses of Acids and Alkalis

Acids and alkalis have many practical uses:

e Acids: Vinegar (acetic acid) is used in cooking and cleaning, citric acid adds sourness to candies and drinks,
and sulfuric acid is used in car batteries.

e  Alkalis: Baking soda (sodium bicarbonate) is used in baking and cleaning, ammonia in household cleaners,
and sodium hydroxide in soap making.
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Independent practice
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Describe what happens during a neutralization reaction and give an example with a word equation.

What are some common properties of acids and alkalis?

How do acids and alkalis play a role in everyday life? Give two examples of each and explain their uses.

Why is it important to handle acids and alkalis with care in the laboratory? List some safety precautions you
should take.

Explain the importance of neutralization reactions in everyday life. Provide an example where neutralization
is used and describe the chemical reaction involved.

Extended writing

6.

Describe an experiment to test the reaction between an acid and an alkali. Include the steps, observations,
and safety precautions you would take.

Explain why different acids and alkalis might react differently with each other. Provide examples of a strong
acid and a strong alkali, and a weak acid and a weak alkali, describing their reactions.
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L2 Indicators and pH scale

Introduction to Acids, Bases, and the pH Scale

In science, substances can be classified as acids, bases, or neutral. One way to figure out which category a substance
falls into is by measuring its pH. The pH scale is a way to measure how acidic or basic a solution is. The scale goes
from 0 to 14:

1. Acidic substances have a pH less than 7.
2. Neutral substances have a pH of exactly 7.
3. Basic (or alkaline) substances have a pH greater than 7.

What are Indicators?
Indicators are special chemicals that change colour when they come into contact with an acidic or basic substance.
They help us determine the pH of a solution. Here are some common indicators you might encounter:

Red litmus paper turns blue in a basic solution.
1. Blue litmus paper turns red in an acidic solution.
2. Universal Indicator: This is a mixture of several different indicators and can show a range of colors depending
on the pH of the solution. It changes colour more precisely and covers the entire pH scale.
3. Phenolphthalein: This indicator is colourless in acidic and neutral solutions but turns pink in basic solutions.

Understanding the pH Scale

Let's dive a bit deeper into what the pH scale actually means:
e pH 0-3: Strong acids (e.g., battery acid, stomach acid).
e pH 4-6: Weak acids (e.g., vinegar, lemon juice).
e pH 7: Neutral substances (e.g., pure water).
e pH 8-10: Weak bases (e.g., baking soda solution).
e pH 11-14: Strong bases (e.g., bleach, drain cleaner).

How Do Indicators Work?
Indicators change colour because they undergo a chemical reaction with the substance they are testing. This
reaction depends on the concentration of hydrogen ions (H*) in the solution:

e Acids release more hydrogen ions, increasing the H* concentration.

e Bases release hydroxide ions (OH™), which decrease the H* concentration by neutralizing hydrogen ions.

Practical Applications of pH and Indicators

Understanding pH is important in many fields. Here are some examples:

e Agriculture: Farmers test soil pH to ensure it’s suitable for growing crops. Different plants need different pH
levels to thrive.

e Medicine: Our stomach acid is very acidic, with a pH around 1-2, which helps in digestion. However, if the
stomach produces too much acid, it can cause heartburn. Medicines called antacids neutralize the excess
acid.

e Environmental Science: pH levels in water bodies like rivers and lakes are monitored to ensure they are safe
for wildlife. Pollution can change pH levels, harming aquatic life.
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Independent practice
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Comprehension Questions

What is the pH range for acidic substances?
How does red litmus paper react when it comes into contact with a basic solution?
What colour does phenolphthalein turn in a basic solution?

Why is the pH scale important in agriculture?

What are the pH levels for strong acids and strong bases?

Understanding Questions

Explain why universal indicator is more precise than litmus paper.

Describe the chemical reaction that occurs when an indicator is used to test a substance.
Why is monitoring the pH level of water bodies important for environmental science?
How do antacids help relieve heartburn?

Sentence Completion Questions

Farmers test soil pH to ensure it’s suitable for growing crops because
Phenolphthalein turns pink in basic solutions but
The pH scale ranges from 0 to 14 and
Stomach acid is very acidic, with a pH around 1-2, which helps in digestion, but
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L3 Reaction of metals with acids

Introduction to Metals and Acids

In KS3 science, you learn about many exciting chemical reactions. One important type of reaction is between metals
and acids. Understanding this reaction helps explain many everyday phenomena, from how rust forms to how we
produce hydrogen gas.

What Are Metals?

Metals are elements that are typically hard, shiny, and good conductors of heat and electricity. Common metals
include iron, copper, zinc, and magnesium. They are often used in construction, electronics, and manufacturing
because of their useful properties.

What Are Acids?

Acids are substances that taste sour, can dissolve some metals, and turn blue litmus paper red. They have a pH less
than 7. Common acids include hydrochloric acid (found in stomach acid), sulfuric acid (used in car batteries), and
citric acid (found in citrus fruits like lemons and oranges).

The General Reaction

When a metal reacts with an acid, a chemical reaction occurs that produces a salt and hydrogen gas. The general
word equation for this reaction is:

Metal + Acid = Salt + Hydrogen gas

For example, when magnesium reacts with hydrochloric acid, the reaction produces magnesium chloride (a salt) and
hydrogen gas. The word equation is:

Magnesium + Hydrochloric acid ->Magnesium chloride + Hydrogen gas

What Happens During the Reaction?

When a metal reacts with an acid, several things happen:

e Dissolution: The metal starts to dissolve in the acid.

e Hydrogen Production: Bubbles of hydrogen gas form and are released. You can often see these bubbles if
you observe the reaction closely.

e Salt Formation: A new substance, called a salt, is produced. The type of salt depends on the metal and the
acid used.

Observing the Reaction

Let’s look at a specific example: the reaction of zinc with hydrochloric acid.
Materials: Zinc granules and hydrochloric acid.
Procedure:

1. Place a few zinc granules in a test tube.
2. Add hydrochloric acid to the test tube.
3. Observe the reaction.

Observation:

e You will see bubbles of hydrogen gas forming on the zinc granules.
e The zinc granules will gradually dissolve.
e The reaction produces zinc chloride (a salt) and hydrogen gas.
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Safety Precautions

When working with acids and metals, it's important to follow safety precautions:

e Always wear safety goggles and gloves.

e  Work in a well-ventilated area or under a fume hood.
e Handle acids with care to avoid spills and skin contact.
e Dispose of chemicals properly after the experiment.

e Types of Reactions with Different Metals

Different metals react with acids at different rates. Here are some examples:

e Reactive Metals: Metals like magnesium and zinc react quickly with acids, producing lots of hydrogen gas.
e Less Reactive Metals: Metals like iron react more slowly.
o Non-Reactive Metals: Metals like gold and platinum do not react with acids under normal conditions.

Real-World Applications

1. Industrial Production: The reaction of metals with acids is used to produce hydrogen gas industrially.
Hydrogen is a valuable gas used in fuel cells, refining petroleum, and producing ammonia for fertilizers.

2. Metal Cleaning and Etching: Acids are used to clean metals by removing oxidation (rust) and to etch designs
onto metal surfaces.

3. Education and Research: Understanding these reactions helps scientists and students learn more about
chemical properties and reactivity.
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Independent practice
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Describe the general reaction that occurs when a metal reacts with an acid. What are the typical products
formed?

Explain why different metals react at different rates with the same acid. Use the example of magnesium and
iron reacting with hydrochloric acid to illustrate your answer.

What observations would you expect to make during an experiment where zinc reacts with hydrochloric
acid? Describe at least three observations.

Why is it important to wear safety goggles and gloves when conducting experiments with acids and metals?
Describe a real-world application of the reaction between metals and acids. Explain how this application
works and why it is important.

Extended Writing

1.

Describe the steps and observations in an experiment where magnesium reacts with hydrochloric acid.
Include the safety precautions you would take and the expected results.
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L4 Neutralisation Reaction

Hello, young scientists! Today, we're going to dive into the fascinating world of chemistry and explore a special type
of reaction known as a neutralisation reaction. This might sound complicated, but don't worry — by the end of our
lesson, you'll have a solid understanding of what neutralisation is and why it's important.

What is Neutralisation?

Neutralisation is a chemical reaction where an acid and a base react together to form a salt and water. This reaction
is called "neutralisation" because it makes the solution neutral. Let’s break down some of these terms:

e Acid: Acids are substances that taste sour and can be found in many everyday items like lemons (citric acid)
and vinegar (acetic acid). Acids have a pH less than 7.

e Base: Bases are substances that taste bitter and feel slippery. You can find them in things like baking soda
and soap. Bases have a pH greater than 7.

e Salt: In chemistry, a salt is not just the stuff you sprinkle on your food. It's a compound formed from the
reaction between an acid and a base.

e Water: We all know water! It's H20, a combination of hydrogen and oxygen.

The Neutralisation Process

When an acid and a base come together, they neutralise each other. This happens because the hydrogen ions (H*)
from the acid and the hydroxide ions (OH") from the base combine to form water (H20). The remaining parts of the
acid and base then form a salt. Here’s a simple equation to show what happens:

Acid + Base — Salt + Water

Let’s look at a common example:

Hydrochloric acid (HCI) reacts with sodium hydroxide (NaOH).

HCl + NaOH - NaCl + H,0

In this reaction, hydrochloric acid and sodium hydroxide produce sodium chloride (a common table salt) and water.

Why is Neutralisation Important?

Neutralisation reactions are very important in our daily lives and in the environment. Here are a few examples:

e Digestive System: Our stomachs produce hydrochloric acid to help digest food. Sometimes, this acid can
cause discomfort, known as indigestion. Antacids, which are bases, neutralise this excess stomach acid,
providing relief.

e Agriculture: Soil can sometimes become too acidic for plants to grow. Farmers use lime (a base) to neutralise
the acid in the soil.

e Environmental Protection: Factories sometimes release acidic gases into the atmosphere, leading to acid
rain. Neutralisation reactions can help treat these emissions before they cause environmental damage.

How to Test for Neutralisation

One of the ways to test if a neutralisation reaction has occurred is by using an indicator. An indicator is a special
substance that changes colour depending on whether it's in an acidic or basic solution.

e Litmus paper: This is a common indicator. Red litmus paper turns blue in a basic solution, and blue litmus
paper turns red in an acidic solution.

e Universal indicator: This can show a range of colours depending on the pH of the solution, giving a more
precise measure of how acidic or basic the solution is.
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Independent practice
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Explain what happens during a neutralisation reaction.

Describe an example of a neutralisation reaction that occurs in everyday life and its importance.

Why do farmers use lime in agriculture, and how does it relate to neutralisation?

How can you test if a neutralisation reaction has taken place? Describe the process and materials needed.
What role do neutralisation reactions play in protecting the environment?

How do our bodies use neutralisation reactions to maintain balance?

Why is water produced in a neutralisation reaction, and what does this indicate about the nature of the
reactants?
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L5 Naming Salts

Hello, young chemists! Today, we’re going to learn about how to name the salts that are produced in neutralisation
reactions. It might sound a bit tricky at first, but once you understand the rules, it’s quite simple and fun!

What is a Salt?

In chemistry, a salt is a compound that is formed when an acid reacts with a base during a neutralisation reaction.
The salt consists of two parts: one part comes from the acid, and the other part comes from the base.

How are Salts Named?

The name of a salt is made up of two words. The first part of the name comes from the base, and the second part
comes from the acid. Let's look at the process step by step.

1. Identify the Acid: The acid provides the second part of the salt’s name. Different acids form salts with
different names:

e Hydrochloric acid (HCI) forms chlorides.

e Sulfuric acid (H,S04) forms sulfates.

e Nitric acid (HNOs) forms nitrates.

e Acetic acid (CH3COOH) forms acetates.

2. ldentify the Base: The base provides the first part of the salt’s name. Bases often contain a metal or a
positively charged ion:

e Sodium hydroxide (NaOH) forms salts with the prefix sodium.

e Potassium hydroxide (KOH) forms salts with the prefix potassium.

e Calcium hydroxide (Ca(OH),) forms salts with the prefix calcium.

e Ammonium hydroxide (NH4OH) forms salts with the prefix ammonium.

3. Combine the Two Parts: To name the salt, combine the name from the base with the name from the acid.
Here are some examples:

e Hydrochloric acid (HCI) + Sodium hydroxide (NaOH) = Sodium chloride (NaCl)

e  Sulfuric acid (H,S04) + Potassium hydroxide (KOH) - Potassium sulfate (K,SO4)

e Nitric acid (HNOs) + Calcium hydroxide (Ca(OH),) = Calcium nitrate (Ca(NO3s)2)

e Acetic acid (CHzCOOH) + Ammonium hydroxide (NHsOH) > Ammonium acetate (NH4CHsCOO)

Why is Naming Salts Important?

Naming salts correctly is important because it helps scientists communicate clearly about the compounds they are
working with. It also helps us understand the properties of these compounds and how they might react with other
substances.

Common Examples and Uses of Salts

e Sodium chloride (NaCl): This is common table salt, which we use to season food.

e Calcium carbonate (CaCOs): Found in chalk, limestone, and marble, and used in building materials.
e Ammonium nitrate (NH4NOs): Used in fertilizers to help plants grow.

e Magnesium sulfate (MgS0,): Also known as Epsom salt, used in baths to soothe sore muscles.

12
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Independent practice
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Describe the process of naming a salt formed from a neutralisation reaction.

Explain why the base provides the first part of the salt’s name and the acid provides the second part.

Give an example of a neutralisation reaction and name the resulting salt, explaining each step.

Why is it important for scientists to name salts accurately in their work?

How does the type of acid used in a neutralisation reaction determine the type of salt formed? Provide
examples.

What is the significance of the metal or positively charged ion from the base in naming the salt?

Discuss how everyday items use salts formed from neutralisation reactions and provide specific examples.
Explain how the formation of salts through neutralisation reactions can help in environmental protection
efforts.
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L6 Acid Rain

Hello, young scientists! Today, we're going to learn about acid rain: how it forms, the pollutants that cause it, and
how these pollutants are also linked to global warming. By the end of this lesson, you'll have a good understanding
of the chemical reactions that take place in the atmosphere to form acid rain, and you'll be able to identify some key
sources of pollution.

What is Acid Rain?

Acid rain is a type of precipitation (rain, snow, sleet, or hail) that is more acidic than normal. It is harmful to plants,
aquatic animals, and infrastructure. Acid rain forms when certain pollutants in the atmosphere undergo chemical
reactions to produce acidic compounds that then mix with rainwater.

How Does Acid Rain Form?

The formation of acid rain involves several chemical reactions in the atmosphere. The primary pollutants that cause
acid rain are sulfur dioxide (SO2) and nitrogen oxides (NOy), which are released into the atmosphere by burning fossil
fuels like coal, oil, and gas.

e Sulfur Dioxide (SO): When coal and oil are burned in power plants, they release sulfur dioxide into the
atmosphere.
e Nitrogen Oxides (NOy): Vehicles, factories, and power plants also emit nitrogen oxides.

Formation of Acids:

o Sulfur dioxide reacts with water and oxygen to form sulfuric acid:

S+ 0; > SO,
e Nitrogen oxides react with water to form nitric acid:

N2+ O, —-2NO
2NO + O; — 2NO»

These acids then mix with rainwater, resulting in acid rain.

Sources of Pollutants

The primary sources of the pollutants that cause acid rain include:

e Power Plants: Burning fossil fuels such as coal and oil.

e Vehicles: Emitting exhaust gases from cars, trucks, and buses.

e Industrial Processes: Factories that burn fossil fuels or use heavy machinery.

e Natural Sources: Volcanic eruptions and wildfires also release sulfur dioxide and nitrogen oxides, though
these are less significant compared to human activities.

Pollutants That Cause Acid Rain

e Sulfur Dioxide (SO3): Produced by burning coal and oil.

e Nitrogen Oxides (NOy): Produced by vehicle emissions and industrial processes.

e Carbon Dioxide (CO,): While not a direct cause of acid rain, it contributes to global warming and can react
with water to form carbonic acid (a weak acid):

14
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Chemical Reactions in the Atmosphere

These pollutants can undergo various chemical reactions once they are in the atmosphere:

e Sulfur Dioxide: Combines with water and oxygen to form sulfuric acid.
e Nitrogen Oxides: React with water to form nitric acid.
e Carbon Dioxide: Reacts with water to form carbonic acid.

These acids lower the pH of rainwater, making it acidic and harmful to the environment.

Impact of Acid Rain

e Environment: Acid rain can damage forests, harm aquatic life in lakes and rivers, and degrade soil quality.

e Infrastructure: Acid rain can corrode buildings, monuments, and bridges, particularly those made of
limestone and marble.

e Human Health: While acid rain itself doesn't pose a direct health risk, the pollutants that cause acid rain (like
sulfur dioxide and nitrogen oxides) can lead to respiratory problems in humans.

Link to Global Warming

Many of the pollutants that cause acid rain also contribute to global warming:

e Carbon Dioxide (CO,): A greenhouse gas that traps heat in the atmosphere, leading to global warming.

e Methane (CHs): Another potent greenhouse gas from agricultural activities and fossil fuel extraction.

e Nitrous Oxide (N,0): Emitted from agricultural practices and burning fossil fuels, also contributing to global
warming.

15
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Independent practice
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What is acid rain?

What are the primary pollutants that cause acid rain?

How does sulfur dioxide form sulfuric acid in the atmosphere?
What chemical reaction forms nitric acid from nitrogen oxides?
Name three sources of sulfur dioxide emissions.

Explain how vehicle emissions contribute to acid rain.

What is the role of carbon dioxide in acid rain formation?
Describe the environmental impact of acid rain on forests.
How does acid rain affect aquatic life?

10. What type of buildings are most affected by acid rain?

11. How do sulfur dioxide and nitrogen oxides affect human health?
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12. What is the connection between pollutants causing acid rain and global warming?



