Chemical and Physical Change 

The changes we see happening around us can be divided into two main types: physical changes and chemical changes. In this unity you explore various changes, and learn how to classify them as either chemical or physical. You also explore the three phases of matter, and why changes occur between these different phases.

SO, ask yourself: What is the difference between a physical and chemical change? What do you think you would see if a physical change happened to something? And how would this be different from a chemical change?
When you have thought about this a bit, do 
[icon] Ask yourselves 

What do you think the difference is between a physical change and a chemical change? What would you observe if an object underwent a physical change, and how would this differ from a chemical change? Discuss these questions in your group.

Activity 1 Using a candle to observe physical and chemical changes   [H4]

Assessment Standards

1.1 Conducting an investigation: conduct a scientific investigation to collect data systematically with regard to accuracy and reliability. (LO1)

You will need

matches

a candle

a saucer or a testube  

1. Work in pairs. Light the candle. As the wax begins to melt, tilt it to one side. What do you observe? You may notice the liquid wax dripping over the edge of the candle. This change of state is a <physical change>[ital] from a solid to a liquid state.

2. What happens when the dripping wax moves further away from the flame and down the side of the candle?

3. Can you smell anything? What else do you observe? 

Check yourselves

Peer/Teacher

Complete the following checklist. Your teacher will observe you during the activity. 

[insert table 6 rows, 3 columns]

row 1:Did you observe some of the following results?  Yes No

row 2:The reaction produced gas. 

row 3:There was a change in colour

row 4:There was a change in the smell.[ital]

row 5:The reaction of two liquids resulted in a solid (precipitate). [ital]
row 6:The reaction caused a change in temperature. The temperature could increase (get hotter) or decrease (get colder).

If you did not notice any of the above, light the candle again and observe carefully what happens. These points give you a clue that a chemical reaction has taken place. 

The flame represents a release of heat and light energy which happens when the wax combusts [footnote – combusts: burns in the presence of oxygen (O 2[sub]). The wax breaks down carbon dioxide (CO 2) and water (H2O) when the energy is released.

The candle shrinks and disappears when the solid wax breaks down to gas CO2 and water H2O which disappears into the environment. [Photo of 2 kids one colour and one white lighting a candle]

There are guidelines that we can follow to help us tell the difference between  chemical and physical changes.

[icon] Got it

<A physical change> [ital] is a change in which the substance changes its form or appearance, but keeps its same chemical composition. No new materials are formed.  Physical changes can usually be reversed, although the substance might not look exactly the same as it did before.

[icon] Got it

In a <chemical change> [ital], the starting materials change into a different substance, or substances. This new substance has a <different chemical composition> [ital] to the original materials.

In the next activity, you see substances undergoing a variety of changes and you investigate reasons for these changes. From your observations, you will be able to work out which characteristics identify changes as being either chemical or physical. 

Some of these experiments can be carried out using equipment that is already available to you. Others can only be done as thought experiments, where you imagine the results and observations of the experiment.

Activity 2 Classifying changes as physical or chemical  [H4]
Assessment standards  [bold]

1.1 Conducting an investigation: conduct a scientific investigation to collect data systematically with regard to accuracy and reliability. (LO1)

1.2 Interpreting data to draw conclusions: seek patterns and trend in the information collected and link it to existing scientific knowledge to draw conclusions. (LO2)

2.1 Recalling, stating and discussing prescribed concepts: recall and state basic prescribed scientific knowledge. (LO 2)

Work in pairs. Draw the following table in your workbooks, and record your responses in this table when you have completed the experiments. Your teacher will discuss possible answers with the class.

[insert table: 7 rows; 4 columns]

Row 1 Col 1: Experiment [bold]   Col 2: Description [bold] Col 3: Chemical or physical change? [bold] Col 4: Explanation [bold]
Row 2: Col 1: 1   Col 2:   blank  Col3:  blank  Col 4: blank 

Row 3: Col 1: 2   Col 2:   blank  Col3:  blank  Col 4: blank

Row 4: Col 1: 3   Col 2:  blank  Col 3: blank  Col 4: blank

Row 5: Col 1: 4   Col 2:  blank  Col 3: blank  Col 4: blank

Row 6  Col 1: 5   Col 2:   blank  Col3:  blank  Col 4: blank

Row 7: Col 1: 6   Col 2:  blank  Col 3: blank  Col 4: blank

Experiment 1 [bold]
You will need 

a glass beaker or jar 

some ice cubes

1. Place the ice cubes in the jar.

2. Leave them to stand in the room for a while.

Experiment 2 [bold]

You will need 

a piece of paper 

a pair of scissors

1. Cut the paper in half.

2. Take one piece and cut it in half again.

3. Continue doing this until the piece of paper becomes too small to cut.

Experiment 3 [bold]

You will need

a piece of paper 

a lighter or match

1. Carefully burn a small piece of paper.

2. Observe how the end product is different from the starting product.

Experiment 4 [bold]

You will need 

a glass beaker or jar 

150 ml of vinegar (about half a cup) 

10 ml of baking powder (about 2 teaspoons)

1. Pour the vinegar into the beaker.

2. Add the baking powder to the vinegar.[Photo – kids pouring baking powder into vinegar]

Experiment 5 [bold]
You will need 

a glass beaker or jar 

150 ml of water (about half a cup) 

10 ml of sugar (about 2 teaspoons)

1. Pour the water into the beaker.

2. Add the sugar, and stir until the sugar has dissolved.

Experiment 6   [bold]

You will need 

a glass beaker or jar 

150 ml of water (about half a cup) 

a Bunsen burner or hotplate

1. Pour the water into the beaker.

2. Warm the water over your burner or hotplate for a short while. (Do not let the water boil.)

[icon] Ask yourselves

Can you think of a way of reversing the dissolving process described in Experiment 5?

[icon] Got it 

[start bullets]

In a chemical reaction, the new material that is formed has a different chemical composition to the old material.  

The process of dissolving is not a chemical reaction, but a physical one because the chemical composition of the dissolved substance has not changed. This dissolving process is reversible.

[end bullets]

[icon] Check yourselves
Group / Teacher

Answer the following questions in a group of four or five.   

1. If you put a slice of bread in a toaster, will you observe a physical or a chemical

change? Explain your answer.

2. If you dissolve salt in water, is this a chemical or a physical change? Explain your

answer.

3. An iron nail is left outside in the rain for a few days and starts to rust. Is this a

chemical or a physical change? Explain your answer.

4. Think of a few daily examples of physical and chemical changes. Explain how you

can tell what kind of change they are.

Discuss your answers with another group. Use the 6-point rating scale to evaluate your group’s responses after your teacher has discussed them with the class.

[Insert following in a block]6 – Excellent 5 –  Very good 4  - Good 3 – Satisfactory 2 –Need help 1 – Struggling

[insert table 3 rows ; 2 columns]

Column 1:The group was able to: Column 2: Rating Code

Row 1: identify changes as chemical or physical

Row 2; explain reasons for our answers

Row 3; think of interesting daily examples of chemical or physical changes.

In which areas did you notice particular strengths and weaknesses? Help each other where necessary.
2 Does matter only come in one form? [H3]

In Activity 2 you investigated the change of phase that occurs when ice becomes water. Ice is an example of matter in its solid phase. Water is matter in its liquid phase, and the third phase of matter is gas.

[icon] Think about this

If you leave a kettle boiling for a while, what do you observe? What will happen to the water if you leave it boiling for a long time? Is this a chemical or a physical change? Discuss this with a partner.

[icon] Got it 

The solid phase of water is called ice [ital].

The liquid phase of water is just called water [ital].

The gaseous phase of water is called <water vapour> [ital].

A single molecule of water is made up of two hydrogen (H) atoms, and one oxygen (O) atom, bonded together into a molecule by very strong bonds. One molecule of water has the chemical symbol, H20. Figure 1: Structure of a water molecule 

[A/W LB 4.1.1]

When ice melts to form water, or water evaporates to form water vapour, this is classified as a physical change because the state (condition) of the matter has been changed, and not the chemical composition of the water molecules. What has actually changed is the way in which the water molecules are bonded together.  

In its solid state, strong bonds hold the water molecules together and the molecules are not free to move around freely within the solid. The atoms jiggle around a little bit in their fixed positions, but are not free to move from those positions within the solid. Figure 2: Water in its solid phase [AW LB 4.1.2]

The diagram in figure 2 shows ice as we see it at the <macroscopic level >[ital] [footnote - macroscopic level: the level that is easily visible to our eyes], and then the<microscopic level >[ital] [footnote –microscopic level: the level of the individual molecules of the substance, which is much too small for our eyes to see].
When the solid melts, these strong bonds are broken, and replaced by much weaker bonds, which allows the water molecules to slide past each other. This gives the water its liquid form. The bonds are strong enough to keep the water molecules from flying apart, which is why they stay together if the water is in a container. Figure 3: Water in its liquid phase [LB 4.1.3]

[icon] Got it 

When ice changes to water, the  process is called melting [ital]. When liquid water changes back into ice, we call this process freezing [ital]. This happens at a temperature of 0(C. 

When water is allowed to boil for a while, the bonds between the molecules are broken, and the water molecules are free to move away from each other. The water changes phase from a liquid to a gas. The term we give to water when it is in its gaseous phase is <water vapour> [ital]. The molecules of water in this phase are much further away from each other than in the liquid or solid phase. Figure 4: Water in its gaseous phase [A/W LB 4.1.4]

[icon] Got it 

When water changes to a gas, we call the process vaporisation [ital]. This happens at the boiling point of water, which is 100(C. When gas changes back into water, we call the process condensation [ital]. Figure 5: The three phases of water [A/W LB 4.1.5] 

[icon] Check yourselves

Peer/Self

Test your understanding of the different phases of matter by discussing the following questions with a partner:   

1. If you hold a glass object in front of the mouth of a boiling kettle, what will you observe on the glass? Explain this in your own words.

2. Why does mist form in front of your face if you breathe through your mouth on a very cold day?

3. Explain why ice remains in a fixed shape, while water takes the shape

of the container that it is poured into.

4. Explain what happens when you light a candle, and you see the wax dripping 

down the side of the candle. What happens to this wax after a while?

Your teacher will go through the answers to these questions  with you. Use the following checklist to evaluate your performance. Your teacher will monitor your progress.

[insert table 4 rows; 3 columns]

My partner and I were able to: Yes  No

understand the  three phases of matter

apply our scientific knowledge to everyday situations

recall scientific knowledge to explain our answers

If you struggled with these questions, ask your teacher for help.

Activity 3   Exploring temperature changes   [H4]

Assessment Standard [bold]

1.1 Conducting an investigation: conduct a scientific investigation to collect data systematically with regard to accuracy and reliability. (LO1)

In Experiment 6 of Activity 2 you changed the temperature of water. The change in this experiment is a physical change. There is no change to the chemical composition of the water because it still consists of H2O molecules. In the following activity you will explore the change that does take place as the temperature of water increases.

You will need 

two glass beakers or jars 

a jug of water (room temperature)

a jug of hot water

food colouring

1. Work in small groups. Put the hot water into one beaker, and the water at room temperature in another.

2. Place two or three drops of food colouring into each beaker and observe what happens. Record your observations.

In this activity, the movement of the food colouring tells us something about the speed of the molecules moving in the beakers. You will notice that the food colouring diffuses [footnote – diffuses: travels, mixes]through the hot water more quickly than it does through the colder water. On a microscopic level, we can deduce that the molecules move faster in hot water than in cold water.

[icon] Think about this

If the temperature of a solid substance is increased, what effect do you think this will have on the molecules in the substance?  

Activity 4  Summative Assessment [H4]

Assessment Standards        [bold]
2.1 Recalling, stating and discussing specified concepts: recall and state basic prescribed scientific knowledge (LO2)

All the other Learning Outcomes and Assessment Standards for the unit are covered in this assessment activity.

Answer these questions on your own. Your teacher will record your progress on a 6-point rating scale.

Question 1 [bold]
Classify each of the changes below as either chemical or physical changes. Give an explanation for each of your answers.

1. Sugar and flour are mixed together in a mixing bowl.

(3)

2. Vinegar and baking powder are added to the mixture of sugar and flour, and these are

all mixed together. The vinegar and baking powder start to fizz. (3)




3. An apple is cut into quarters.





(3)

4. This apple is baked in the oven until it is browned.


(3)

5. Copper carbonate (CuCO3) is heated, and decomposes into copper oxide (CuO) and carbon dioxide (CO2).




(3)

6. Copper sulphate (CuSO4) is dissolved in water.


(3)

Question 2   [bold]

The melting points and boiling points of four chemical elements are shown in the table below:

[insert table: 3 columns; 5 rows]

Row 1: Col 1: Element [bold] Col 2: Melting point ( (C) [bold] Col 3: Boiling point ((C ) [bold]

Row 2: Col 1: Bromine   Col 2:    -7        Col 3:  59

Row 3: Col 1: Chlorine   Col 2:    -101    Col 3: -34

Row 4: Col 1: Iodine       Col 2:     114    Col 3: 184

Row 5: Col 1: Flourine    Col 2:    -220    Col 3: -188

1. In which physical state will each of these elements be at room temperature? (about

24(C)?







(4)

2. What state would iodine be in at a temperature of 200(C ?

(1)

3. Explain in your own words what happens to the particles of bromine if it is cooled to 

7(C, and continues to lose heat.



(3)

Question 3    [bold] 

The melting point of chocolate is 30(C . Explain what happens on the microscopic level when a piece of chocolate at 20(C  is put into your mouth, and melts on your tongue.  (Your body temperature is 37(C ).




(4)

Total: 30

Insert table: [3 columns; 7 rows]

Row 1: Col 1: Rating code [bold] Col 2: Description of competence [bold] Col 3: Marks [bold]

Row 2: Col 1: 6   Col 2:  Outstanding    Col 3:  24 – 30

Row 3: Col 1: 5    Col 2:  Meritorious    Col 3:  18-23

Row 4: Col 1: 4    Col 2:  Satisfactory    Col 3:  15-17

Row 5: Col 1: 3    Col 2:  Adequate        Col 3: 12- 14

Row 6:  Col 1: 2    Col 2:  Partial            Col 3: 9-11

Row 7:  Col 1: 1    Col 2:  Inadequate     Col 3: 0-8

Reflection 

[insert table 5 rows,  columns]

row1;column 1:Now that I have completed this unit I understand that: column 2: Yes column 3: Need help

row 2 there are two types of change: chemical change and physical change column 2: 

 blankcolumn 3: blank

Row 3: in a <physical change> [ital] the substance changes its form or appearance, but not its chemical composition  column 2 blank column 3: blank

Row 4: in a <chemical change> [ital] the chemical composition of the substance is changed. This is shown when there is a change in the colour, temperature or smell, when a gas is given off, or when a solid precipitate is formed column 2: blank column 3: blank

Row 5: the process of <dissolving> [ital] is a physical change column 2: blank column 3 blank

Row 6: when a substance <changes phase> [ital], this is a physical change column 2: blank column 3 blank

Row 7: the three phases of matter are solid, liquid and gas column 2: blank column 3 blank

Row 8: the change of phase from a solid to a liquid is called melting [ital].The reverse process is called freezing [ital] or (fusing). The temperature at which this happens is called the <melting point> of the substance.

column 2: blank column 3 blank

Row 9: the change of phase from a liquid to a gas is called vaporising [ital]. The reverse process is called condensing [ital]. The temperature at which this happens is called the <boiling point> of the substance.  column 2: blank column 3 blank

Needing help? Speak to your teacher or a friend.

