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Some Like it Hot
Chilli peppers are fruit from plants that belong to the capsicum genus. The
word capsicum comes from the Greek word ‘kapto’ which means ‘to bite’.
Capsicums are part of the nightshade family which also includes tomatoes,
eggplant and potatoes. Some members of this family contain strong
alkaloid compounds which can cause death when eaten. Fruit doesn’t
just mean sweet edible plants like apples or oranges, it means any part of
the flowering plant that encases seeds and is used as a way for plants
to spread their seeds. Even pea pods and corn kernels are classed as
fruits. It is thought that chillies originated in Central America and that
is why Mexican cooking relies heavily upon them and there are now over
400 different chillies grown across the world. India is the biggest grower,
consumer and exporter of chillies.
Chillies may vary in their flavour but they all have a similar nutritional
composition. They usually contain around 9% carbohydrates like sugars
and starches, 2% protein, 0.5% fat, 1.5% fibre and no cholesterol. The
largest component in a chilli is water at around 86.5%. There are also
micronutrients found in chillies; Vitamins make up 0.149% and most of
this is vitamin C, salts at 0.322% with potassium being greatest, 0.029%
is minerals with half of this being phosphorus.
There are three main categories that chillies fall into – bell, sweet and hot. The burning heat of the hot chilli peppers is due to
a group of chemicals called capsaicinoids (alkaloid compounds), with the main irritant being capsaicin. Many people think
chillies contain acid and that is why they ‘burn’ in your mouth but this isn’t correct. Your mouth, throat, eyes and nose (as
well as any other parts of the body that have mucus membranes) contain receptors that normally respond to hot things or
abrasions. The capsaicin compound attaches to these receptors and tricks your brain into thinking that something physically
hot is touching you. It isn’t actually on fire but your body responds as if it is. Your body releases a rush of hormones called
endorphins which make you feel like you are under attack and this in turn makes you get sweaty, feel pain and your heart
rate increases. Some people eat chillies to feel this rush and there are even competitions to try and eat the hottest or most
chilli peppers (the current world record for eating jalapeños is 16 in one minute set by an American man in 2006).
The best way to alleviate the pain or burning sensation is by using
something fatty or oily. These are effective because the capsaicin (fatty
compound itself) is hydrophobic (hates water) so is attracted to the fat
(which is also hydrophobic). The fat absorbs the capsaicin and then it can
be removed. Vaseline, cooking oil or moisturiser can be used on the skin
surface and in cold milk in the mouth. The milk works because the fats and
some proteins in the milk remove the capsaicin chemicals.
Chilli peppers have this hotness to try and prevent damage by fungus.
When insects poke holes in the chillies to eat the seeds, they also let in
a type of fungus that attacks the fruit, damages the seeds and stops the
plant from reproducing. Over time, spiciness has increased in chilli plants
because it slows the growth of the fungus and so protects the seeds. This
is why most of the capsaicin is found in the white membrane around the
seeds. The plants that had the capsaicin compounds didn’t get attacked by
the fungus so reproduced and passed on the genes for capsaicin, making
all the chillies hot and as the fungus became used to the hotness, the
chemicals had to get stronger and hotter. This is why some chilli pepper
varieties are getting hotter and hotter.
Mammals are the only group of animals that feel the heat of a chilli. Birds
don’t. The receptors in a bird’s mouth are slightly different to a mammal’s
and so when capsaicin compounds attach, they don’t send the signals to
the brain saying ‘your mouth is on fire’. This helps the chilli plant because
mammals’ teeth are flat and have a grinding motion that destroys seeds
when chewed. However, birds don’t chew, so when birds eat the chillies,
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they defecate out the whole seeds. This spreads the seeds away
and means that there is less competition between the chilli plants for
light, water, nutrients and space.
Chilli peppers are useful in cooking and there are some very famous
dishes that have chilli as a key ingredient such as chilli con carne,
jerk chicken, curry and hot wings. As well as eating chillies, humans
have found other uses for them and the chemical capsaicin that they
contain. Some of these are:
• Medicine: Creams and patches containing capsaicin are used to
treat arthritis pain, back ache and joint pain.
• Weapons: Pepper spray is concentrated capsaicin that is used
as a non-lethal weapon as it irritates the skin, eyes, nose and
mouth, and helps to subdue criminals or rioters.
• Crop Protection: In India and Asia, elephants are common
pests. They destroy crops and grain stores. Because elephants
have such large noses, they are very susceptible to the effects of
capsaicin. Farmers use a potent smoke that is made from burning
dried chillies and dung to deter the elephants.
• Bird Seed: Because birds aren’t affected by capsaicin, ground
dried chillies are sometimes added to bird seed to stop rodents like mice and rats from eating it.
Chillies vary in their hotness and this is measured using the Scoville scale. This scale was created by Wilbur Scoville in
1912. Wilbur was a chemist who worked at a drug development company. He was working on the piquancy of different chilli
peppers. Human testers are used to determine the hotness of the chillies. The chillies are dried, crushed and soaked in ethanol
to remove the capsaicin. This is then given to five panel members in increasing concentrations until three members can detect
the hotness. The quicker it is detected, the hotter the chilli. This is not a perfect way of measuring as people’s sensitivities
differ but it does give a good idea of a chilli’s hotness.

Name of Chilli

Scoville Heat Units

carolina reaper

2 200 000

infinity chilli

855 000 – 199 999

scotch bonnet pepper

225 000 – 350 000

bird’s eye chilli

100 000 – 225 000

piri piri

50 000 – 100 000

cayenne pepper

30 000 – 50 000

peter pepper

10 000 – 23 000

chipotle

3 500 – 10 000

jalapeño pepper

1000 – 4000

pimento

100 – 900

bell pepper (capsicum)
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Cleaning With Acids and Alkalis
Soap is a salt made when fatty acids react with a strong
H H H H H H H H H H H H H H H
O
alkali. Fatty acids are carboxylic acids with a long
H
C–C–C–C–C–C–C–C–C–C–C–C–C–C–C–C–H
carbon and hydrogen chain attached. These fatty acids are
H–C–O
H H H H H H H H H H H H H H H
in groups of three attached to a glycerol molecule (also called
glycerine which is a sweet tasting chemical sometimes used
H H H H H H H H H H H H H H H
O
as a sweetener and thickener in things like low-fat cookies
C–C–C–C–C–C–C–C–C–C–C–C–C–C–C–C–H
and cough syrup) and are called triglycerides. We have
H–C–O
H H H H H H H H H H H H H H H
triglycerides in our bodies and beef fat is a commonly
H H H H H H H H H H H H H H H
used soap fat. The alkali used is called lye which is also
O
known as sodium hydroxide. This word can also refer to
C–C–C–C–C–C–C–C–C–C–C–C–C–C–C–C–H
H–C–O
potassium hydroxide. When the strong alkali is added to the
H H H H H H H H H H H H H H H
triglycerides, it causes a process called saponification to
H
occur. Saponification is when the triglycerides split into
Figure 1: Triglyceride
the fatty acid chains and glycerol. The fatty acids then
combine with the alkali to form a soap from the salts made, remaining alkali and fat, water and the now free glycerol. The glycerol
can be removed and used for other things; the more glycerol left in, the softer the soap.
Because soap is made from sodium or potassium ions from
the alkali and fatty acids, it is able to dissolve in both water
The grease molecules
and fats. Most things can only dissolve in one or the other.
are secured by the
This makes it especially good for cleaning as it removes the
lipophilic tails of the soap
fats that wouldn’t normally dissolve in water. If you mix
molecules crowding in
some oil into water, it sits on the water and doesn’t dissolve
the centre of the micelle,
in. However, if you add some dish washing liquid or liquid
away from the water.
hand soap, the oil appears to disappear.
Humans use soaps for lubricating grease in machinery and
for cleaning. Cleansing soaps work because they have
The hydrophilic heads of
hydrophobic (water hating) parts and hydrophilic (water
soap molecules on the
loving) parts. These cause the individual chains within the
outside allow the micelle
soap to clump together, forming a ball like object called a
to be suspended in the
micelle. Dirt, fats and oils then get caught inside these
water.
micelles and can be washed away with water.
Other cleaning products commonly used are detergents,
such as dishwasher powder, laundry powder and even
Figure 2: Soap micelle at work.
shampoo. They are similar to soaps because they are made
from salts created through a reaction between fats and strong alkali but they also differ because they are less attracted to ions like
magnesium and calcium (commonly found in water). When soap reacts with magnesium or calcium ions, they form a crust known
as soap scum which can be found around your bath or bottom of the shower. This soap scum is an insoluble salt. Detergents
don’t form this scum so are very good at cleaning the scum off bathrooms which makes them a common part of household cleaners.
While they are both made from fats, soaps are produced from plant or animal fats but detergents usually come from petroleum
based oils. Detergents also work by having hydrophobic and hydrophilic components that engulf fats and oils, making them able
to be washed away with water.
A third type of cleaning product is bleach, which is a base. It is commonly made of sodium hypochlorite, which contains chlorine in
a hypochlorite ion. The hypochlorite ion is effective at killing microbes such as bacteria and viruses as well as removing coloured
dyes or pigments. The bleach quickly reacts with the microbes, kind of like a pin popping a balloon and breaks them up so they can
no longer function. Bleach is found in swimming pool cleaners, bench top sprays and toilet cleaners. Because they contain chlorine,
they can produce dangerous gases if mixed with acids like vinegar or other cleaning products
that contain ammonia.
Ammonia itself is a common cleaning product and is a weak alkali. Ammonia has the formula
NH3 and is composed of nitrogen and hydrogen. Concentrated ammonia irritates the lungs, nose,
mouth and eyes, and can be quite painful. However, it is also an inexpensive and effective way
to clean your home. Many household cleaners that we use contain small amounts of ammonia
mixed with water which forms ammonium hydroxide. Even so, it should only be used in well
ventilated areas as even in low concentrations, the fumes can be irritating. It is very effective at
cleaning glass and shiny surfaces because it doesn’t leave streaks, which is why many window
cleaners contain ammonia. It also cleans off soap scum and mildew in bathrooms and can be
used as a disinfectant on kitchen benches, refrigerators and other appliances. Ammonia is also
Figure 4: Warning on some
very good at removing stains and dirt build-up. If you read the labels from some of the cleaners
ammonia-based cleaning products.
you have in your house, you might recognise the names of the chemicals given in this article.
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pH, Acidity and Basicity
The word acid comes from the Latin ‘acidus’ which means sour and alkali from the Arabic word ‘al qalīy’ which means calcined
ashes which are ashes from burnt plant material. The ashes were seen to reverse the effects of acids and also made salts when
combined with acids, so alkalis were seen as the opposite of acids. However, it was also noticed that some substances which were
not alkalis (insoluble substances) also acted like alkalis by reversing acids and making salts. Guillaume François Rouelle (a French
chemist) was the first person to use the term ‘base’ (to encompass all substances that acted upon acids to neutralise them). He saw
that substances that combined with acids formed a ‘base’ for the salt to be made. He used the word in terms of its English meaning
which is ‘the bottom support of anything; that on which a thing stands or rests: a metal base for the table’.

Hydrogen Chloride
(A molecular compound
and a gas. Very soluble in
water.)

Cl

H

pass the gas
through water

+

H

Cl

hydrogen ions
chloride ions

Hydrochloric Acid
Sodium Hydroxide
(An ionic compound and
a solid. Very soluble in
water.)

OH–
Na

+

dissolve
in water

Na+

+

OH–

Figure 1: Dissociation of Acids and Bases

When acids and alkalis are put into water, the compounds break down and release hydrogen ions or hydroxide ions, depending on
whether they are an acid or alkali. This breaking apart is called dissociation because the components of the compound separate
and are no longer associated with each other.
Acids and bases/alkalis can vary in their strengths due to the number of H+ or OH– ions they dissociate into when they are
dissolved in water. This is simply illustrated in the diagram below for acids and bases of the same concentration.
Strong acids dissociate
completely and release a lot
of hydrogen ions (H+) when
placed in water.

Weak acids dissociate
incompletely and release
fewer hydrogen ions (H+)
when placed in water.

e.g. hydrogen chloride (HCl)
– a molecular gas.

e.g. ethanoic acid (CH3COOH)
– a molecular liquid.

hydrogen ion (H+)

ethanoate ion (CH3COO–)

chloride ion (Cl–)

hydrogen ion (H+)

water (H2O)

water (H2O)
undissociated ethanoic acid
(CH3COOH)

Strong bases dissociate
completely and release a lot
of hydroxide ions (OH–) when
placed in water.

Weak bases dissociate
incompletely and release
fewer hydroxide ions (OH–)
when placed in water.

e.g. sodium hydroxide (NaOH)
– an ionic solid.

e.g. ammonia (NH3)
– a molecular gas.

sodium ion (Na+)

hydroxide ion (OH–)

hydroxide ion (OH–)

ammonium ion (NH4+)

water (H2O)

water (H2O)
undissociated ammonia (NH3)

Figure 2: Strong and Weak Acids and Bases
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If the acid/alkali doesn’t dissociate (separate) fully when placed in water, then it produces fewer ions in solution . So for example,
hydrogen chloride dissociates very easily and so is a relatively strong acid producing many hydrogen ions. Ethanoic acid (present in
vinegar) doesn’t produce many H+ ions compared to hydrochloric acid.
The differing strengths of acids and bases are measured by the pH scale.
The term pH was first described by a Danish biochemist called Søren Peter Lauritz Sørenson in 1909. It was while he was
studying the effect of ions on proteins that he realised the importance of hydrogen ions and so created the pH scale. While it
is commonly disputed what it stands for, this author believes it is an abbreviation for the power of hydrogen with the p being
power and the H for Hydrogen. The reason the H is a capital letter is because the element symbol for hydrogen is capital H.
pH is essentially a measure of the number of hydrogen ions (H+) in a solution. Because of the mathematics involved in working out
pH, the lower the pH number, the more H+ ions so the more acidic the solution. The higher the pH number, the less H+ ions so the
more alkaline or basic the solution is. The scale usually goes from 0 to 14 and most substances that we encounter fall within this
range. However, it is thought that the pH can go below 0 (even as low as -5) and above 14. It is calculated that each number below
7 on the scale is ten times more acidic than the value above it. For example, a pH of 3 is ten times more acidic than a pH of 4 and
the difference between 2 and 4 is that pH 2 is 100 times greater. Whereas each pH number above 7 is ten times more alkaline
than the one before it, so a pH of 12 is ten times less acidic than a pH of 11. If the pH is 7, then it is classed as neutral because
the H+ and OH– ions are in equal concentrations. The pH scale can be written with colours that correspond to the indicators that
are used to show what pH a substance is when tested.
The diagram below illustrates the colours, the pH numbers and the strengths of the acid or base. The wider ends of the bow tie
symbolise the stronger acid or base and the narrower end nearer neutral symbolises the weaker acids and bases.

0 1 2 3 4 5 6

highly acidic

mildly acidic

7

neutral

8 9 10 11 12 13 14

mildly alkaline

highly alkaline

Figure 3: pH Scale Bow Tie (Universal indicator colours)

tomatoes

bananas

milk

8

9

neutral

Figure 4: pH of Common Substances

10 11 12 13 14

bases

oven cleaner

grapes

acids

7

bleach

6

ammonia

5

soap

4

baking soda

3

eggs

2

pure water

1

lemon

0

stomach acid

Water we get from rivers, streams and the oceans is mildly acidic because carbon dioxide from the air is absorbed and dissolved into
it forming carbonic acid (H2CO3) which is what is found in fizzy drinks. As well as fizzy drinks and water, many other substances
are either acidic or basic and the diagram below gives a few examples of things you probably encounter on a daily basis.
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Dental Caries
Dental caries are also known as cavities or tooth decay and it is what we have when we need a filling.
They are caused by acid destroying the enamel and dentin of a tooth. The acid is a waste product of bacteria that live in your mouth.
We all have many different types of bacteria in our mouths and some produce acid when they break down sugar and carbohydrates in
the foods we eat.

Stages of Tooth Decay
enamel
dentin

Stage 1: Healthy tooth with plaque.

Stage 2: Decay in enamel.

Stage 3: Decay in dentin.

Stage 4: Decay in pulp.

The acid attacks and weakens the outer protective layer (enamel) of the tooth. Over time, it causes
cracks called fissures in the tooth, so then the acid can get into the inner softer part of the tooth (the
dentin) and corrode that part very quickly. This causes a hole underneath the enamel and if it is left
without treatment, the enamel collapses, leaving a visible hole. Some people are more susceptible to
cavities due to the shape of their teeth but they can help prevent and reduce the occurrence of dental
caries by reducing the amount of bacteria in their mouths through proper brushing and flossing daily.
Mouthwash is sometimes helpful and also chewing sugar-free gum between meals instead of snacking on
sugary foods has been shown to have a positive effect. If we eat less sugary foods in between brushing
our teeth then this doesn’t provide the bacteria with the fuel that they need to make the acid. Another
simple way to limit tooth decay is by having a tooth-friendly diet. Some of the foods we eat can have
an effect on the pH of our mouths and so make the corrosion of the enamel even worse, which when
combined with the damage the bacteria is doing, increases the chances of tooth decay and permanent
damage.
Extracted tooth with a cavity.
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Natural Indicators
Red Cabbage Indicator
Equipment
• mortar and pestle
• 1 heaped teaspoon of
sand
• 25 mL boiling water
• pipette
• beaker
• chopped cabbage
pieces

Method
1.
2.
3.
4.
5.
6.
7.

Place cabbage, sand and boiling water into the mortar.
Use the pestle to grind the cabbage until a purple liquid forms.
Use the pipette to extract the liquid from the mortar and put it in the
beaker.
Put the left over cabbage and sand into the bin and wash the mortar
and pestle.
Put away the equipment.
If making indicator papers from the solution then soak strips of filter
paper (1 cm x 3 cm) in the cabbage liquid for at least 20 minutes.
Allow to dry on plastic wrap over night or use a hair dryer to dry.

Note: This can also be done using a blender or food processor without the sand. It is a good way to
make a large batch.

Beetroot Indicator
Equipment
• mortar and pestle
• 1 heaped teaspoon of
sand
• 25 mL boiling water
• pipette
• beaker
• grated beetroot

Method
1.
2.
3.
4.
5.
6.
7.

Place the grated beetroot, sand and boiling water into the mortar
Use the pestle to grind the beetroot until a reddy-purple liquid
forms.
Use the pipette to extract the liquid from the mortar and put it in the
beaker.
Put the left over beetroot and sand into the bin and wash the mortar
and pestle.
Put away the equipment.
If making indicator papers from the solution then soak strips of filter
paper (1 cm x 3 cm) in the beetroot for at least 20 minutes.
Allow to dry on plastic wrap over night or use a hair dryer to dry.

Note: This can also be done using a blender or food processor without the sand. It is a good way to
make a large batch.

Turmeric Indicator
Equipment
•
•
•
•

3 spatulas of turmeric
25 mL boiling water
stirring rod
beaker

Method
1.
2.
3.
4.
5.
6.

Place the turmeric into the beaker with the boiling water.
Stir for 2 minutes until the mixture is well combined.
You should have a beaker of yellow liquid.
Wash and put away the equipment.
If making indicator papers from the solution then soak strips of filter
paper (1 cm x 3 cm) in the turmeric liquid for at least 20 minutes.
Allow to dry on plastic wrap over night or use a hair dryer to dry.

Note: This can also be done in a saucepan by boiling the turmeric in water for a few minutes.
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Curry Powder Indicator
Equipment
• 3 spatulas of curry
powder
• 25 mL boiling water
• stirring rod
• beaker

Method
1.
2.
3.
4.
5.
6.

Place the curry powder into the beaker with the boiling water.
Stir for 2 minutes until the mixture is well combined.
You should have a beaker of yellow liquid.
Wash and put away the equipment.
If making indicator papers from the solution then soak strips of filter
paper (1 cm x 3 cm) in the curry powder liquid for at least
20 minutes.
Allow to dry on plastic wrap over night or use a hair dryer to dry.

Note: This can also be done in a saucepan by boiling curry powder in water for a few minutes.

Blueberry Indicator
Equipment
•
•
•
•
•

mortar and pestle
6 blueberries
20 mL of ethanol
pipette
beaker

Method
1.
2.
3.
4.
5.
6.
7.
8.

Cut the blueberries up into 4 pieces.
Put the blueberry pieces, sand and ethanol into the mortar.
Grind the blueberries until they form a paste and you have a
bluey-purple coloured liquid.
Use the pipette to extract the liquid from the mortar and put it in the
beaker.
Put the left over blueberries and sand into the bin and wash the
mortar and pestle.
Put away the equipment.
If making indicator papers from the solution then soak strips of filter
paper (1 cm x 3 cm) in the blueberry liquid for at least 20 minutes.
Allow to dry on plastic wrap over night or use a hair dryer to dry.

Notes: This can also be done using a blender or food processor without the sand. It is a good way
to make a large batch.
Frozen blueberries work just as well as fresh.

Blackberry Indicator
Equipment
•
•
•
•
•

mortar and pestle
6 blackberries
20 mL of ethanol
pipette
beaker

Method
1.
2.
3.
4.
5.
6.
7.

Place the blackberries, sand and ethanol into the mortar.
Grind the blackberries until they form a paste and you have a dark
blue-purple coloured liquid.
Use the pipette to extract the liquid from the mortar and put it in the
beaker.
Put the left over blackberries and sand into the bin and wash the
mortar and pestle.
Put away the equipment.
If making indicator papers from the solution then soak strips of
filter paper (1 cm x 3 cm) in the blackberry liquid for at least
20 minutes.
Allow to dry on plastic wrap over night or use a hair dryer to dry.

Notes: This can also be done using a blender or food processor without the sand. It is a good way
to make a large batch.
Frozen blackberries work just as well as fresh.
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Tea Indicator
Equipment
• 1 tea bag or loose leaf
tea
• mortar and pestle
• 25 mL boiling water
• pipette
• stirring rod
• beaker

Method
1.
2.
3.
4.
5.
6.
7.
8.

Put the tea leaves into the mortar (rip open the tea bag and tip in the
contents).
Add the boiling water.
Grind the tea leaves until they form a dark brown liquid.
Use the pipette to extract the liquid from the mortar and put it in the
beaker.
Put the left over tea leaves into the bin and wash the mortar and
pestle.
Put away the equipment.
If making indicator papers from the solution then soak strips of filter
paper (1 cm x 3 cm) in the tea liquid for at least 20 minutes.
Allow to dry on plastic wrap over night or use a hair dryer to dry.

Notes: This can also be done in a saucepan by boiling the tea leaves in water for a few minutes.
You will need to sieve the tea leaves out.

Flower Petal Indicator
Equipment
• mortar and pestle
• 8 large petals
• 1 heaped teaspoon of
sand
• 25 mL boiling water
• pipette
• beaker

Method
1.
2.
3.
4.
5.
6.
7.

Place the petals, sand and boiling water into the mortar.
Use the pestle to grind the petals until a coloured liquid forms.
Use the pipette to extract the liquid from the mortar and put it in the
beaker.
Put the left over petals and sand into the bin and wash the mortar
and pestle.
Put away the equipment.
If making indicator papers from the solution then soak strips of
filter paper (1 cm x 3 cm) in the petal liquid for at least 20 minutes.
Allow to dry on plastic wrap over night or use a hair dryer to dry.

Notes: This can also be done using a blender or food processor without the sand. It is a good way
to make a large batch. Any brightly coloured petals seem to work, but the darker colours are
better. Rhododendron, camellia, rose and pansy/violet petals work well.

Rhubarb Indicator
Equipment
• mortar and pestle
• piece of rhubarb
• 1 heaped teaspoon of
sand
• 25 mL of boiling
water
• pipette
• beaker

Method
1.
2.
3.
4.
5.
6.
7.
8.

Slice the rhubarb finely.
Place the rhubarb, sand and boiling water into the mortar.
Use the pestle to grind the rhubarb until a red liquid forms.
Use the pipette to extract the liquid from the mortar and put it in the
beaker.
Put the left over rhubarb and sand into the bin and wash the mortar
and pestle.
Put away the equipment.
If making indicator papers from the solution then soak strips of filter
paper (1 cm x 3 cm) in the rhubarb liquid for at least 20 minutes.
Allow to dry on plastic wrap over night or use a hair dryer to dry.

Notes: This can also be done using a blender or food processor without the sand. It is a good way
to make a large batch.
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Copper Beech Indicator
Equipment
•
•
•
•
•
•

copper beech Leaves
knife
mortar and pestle
1 teaspoon of sand
25 mL boiling water
beaker

Method
1.
2.
3.
4.
5.
6.
7.
8.

Chop the leaves into small pieces.
Place the leaves, sand and boiling water into the mortar.
Use the pestle to grind the leaves until a coloured liquid forms.
Use the pipette to extract the liquid from the mortar and put it in the beaker.
Put the left over leaves and sand into the bin and wash the mortar and pestle.
Put away the equipment.
If making indicator papers from the solution then soak strips of filter paper (1 cm x 3 cm) in the leaf
liquid for at least 20 minutes.
Allow to dry on plastic wrap over night or use a hair dryer to dry.

Notes: This can also be done using a blender or food processor without the sand. It is a good way to make a large batch.

Other Possible Indicators
Substance/Item

Basic Method

red onion

Use pieces of red onion.

onion skin

Blend down with boiling water.

red apple skin

Peel apples and crush with sand or blend.

elderberries

Crush berries.

cherries

Crush berries.

cranberries

Crush berries.

red or purple grapes

Crush berries.

peaches

Crush with sand or blend.

carrot

Extract juice.

plums

Crush with sand or blend.

radishes

Crush with sand or blend.

strawberries

Crush with sand or blend.

tomato leaves

Crush with sand or blend.

turnips

Crush with sand or blend.

dahlias

Crush with sand or blend.

daylilies

Crush with sand or blend.

geraniums

Crush with sand or blend.

hibiscus

Crush with sand or blend.

hydrangeas

Crush with sand or blend.

blue iris

Crush with sand or blend.

morning glories

Crush with sand or blend.

peonies

Crush with sand or blend.

petunias

Crush with sand or blend.

poppies

Crush with sand or blend.

HB
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Ion Formation

When brought together, atoms of elements in Groups 1 and 2 (e.g. Li and Na) of the Periodic table, can react with atoms of
elements in Groups 16 and 17 (e.g. O and Cl) to form new particles called ions. Ions formed from groups 1 and 2 elements have
a positive charge and ions formed from groups 16 and 17 elements have a negative charge.

Positive Ions

• If an atom has 3 or less electrons in its outer electron shell it will lose electrons and form a positively charged ion.
- e.g. Sodium (Na), atomic number is 11, electron arrangement is 2,8,1.
- A sodium atom will lose 1 electron to get a full outer shell. Full shells are more stable.
- It will then have one less electron than protons, so sodium will have an overall positive charge of +1.
- The symbolic way of representing this is Na+.

Negative Ions
• If an atom has 5 or more electrons in its outer electron shell, it will gain electrons and form a negatively charged ion.
- e.g. Chlorine (Cl), atomic number is 17, electron arrangement is 2,8,7.
- A chlorine atom will gain 1 electron to get a more stable full outer shell.
- It will now have one more electron than protons, so chlorine will have an overall negative charge of -1.
- The symbolic way of representing this is Cl–.

Polyatomic Ions
• Sometimes, ions are made up of more than one element.
• For example, the hydroxide ion, OH–, consists of one hydrogen atom bonded to one oxygen atom and the whole particle has
a surplus of one electron which gives it a –1 charge overall.
• Here are some other examples of polyatomic ions – Learn their names!
ammonium ion
nitrate ion
hydrogen carbonate ion
carbonate ion
sulfate ion
phosphate ion

NH4+

overall charge +1

NO

overall charge –1

–
3

HCO3

–

overall charge –1

CO3

2–

overall charge –2

SO42–

overall charge –2

PO

overall charge –3

3–
4

Question
What do all the polyatomic ions with the ending -ate have in common?

12
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Mystery Powder Identification
You buy a box of mystery powders from a Garage Sale. It is only 50 cents and you know that with your amazing
Chemistry knowledge you will be able to work out which powder is what substance.
Unfortunately you can’t taste or smell them to work it out because you are allergic to Cream of Tartar – if you eat or
smell it, you will swell into a big pus ball.
Below are the things that you know about each product. Use them to work out which powder is which.
• Talcum Powder: Doesn’t dissolve in water or react with acid. Has no effect on pH paper. Settles over time. Does
float on the surface of water if it isn’t mixed in.
• Milk Powder: Does dissolve in water BUT turns the water into a white-ish liquid.
• Baking Soda: Doesn’t dissolve in water BUT when mixed in water it increases the water’s pH (makes it more basic
pH paper goes green, purple or blue). Does react in acid. Lots of gas is made.
• Custard Powder: Doesn’t dissolve in water but when mixed with water, it turns into a yellow liquid which settles
out to the bottom when left.
Make sure you read
• Cream of Tartar: Doesn’t dissolve in water BUT when mixed in water, it decreases the water’s
this information
pH and makes it more acidic. The pH paper goes slightly orangey-pink. Sinks in water if not
carefully. Once you
mixed in.
have your results, it
will help you identify
• Table Salt: Dissolves in water and doesn’t change the colour of pH paper. Has smallish
which powder is which.
crystals.
• Citric Acid: Dissolves in water and causes the pH of water to drop (makes it acidic so turns the
pH paper red or pink). Has smallish crystals.
• Icing Sugar: Dissolves in water BUT does change the colour to slightly white. Doesn’t react in
acid or alter the pH paper’s colour.
• Cornflour: Doesn’t dissolve in water and settles to the bottom over time, doesn’t react in acid
and doesn’t change the pH paper’s colour.
• Raro Powder: Does dissolve, water goes a slight orange colour, changes the pH slightly so pH
paper goes orangey/reddish in colour.
• White Sugar: Does dissolve in water and doesn’t change the colour of the water. Doesn’t react
with acid and doesn’t alter the colour of pH paper. Does have comparatively large crystals.

Method for Working Out the Mystery Powders
Equipment
Test Tubes (x 11), Stirring rod, dilute hydrochloric acid, pH paper (x 11 pieces), Forceps, Spatula, Watch glass,
200 mL beaker of water, spotting tile, square of paper with a small cross drawn on it, test tube rack, cloth.

Method
1.

Label all the powders as A-K.

2.

Using the watch glass and spatula, collect 8 spatulas of Powder A.

3.

Add 4 spatulas of Powder A to a test tube. Add 5 cm of water to the test tube and stir well using a stirring rod.
Hold the small square of paper with the cross on it behind the test tube to see if it has dissolved or not. Write
down in your results table (next page) whether or not the powder dissolves.

4.

Use the forceps to hold a piece of pH paper in the solution and note down the change in the
colour of the pH paper in your results table. Throw out the pH paper.

5.

Put the test tube in the test tube rack and leave it to see if the powder settles over time.
Record this in your results table.

6.

Wash the test tube and put it away.

7.

In the spotting tile, add the rest of Powder A to one of the spots.

8.

Add a small squirt of hydrochloric acid and note what happens in your results table.

9.

Wash out the spotting tile and dry the spotting tile, forceps and stirring rod with the cloth.

10. Repeat steps 1-7 for the other Powders B-K.
11. Wash and put away all of your equipment.
12. Use the information above about each powder and your results to work out which powder is
which and write these in the final column of your results table.

Make sure you follow
the instructions
carefully and keep
the equipment clean
and dry between each
different powder.

K

J

I

H

G

F

E

D

C

B

A

Mystery
Powder

Can You See
Through the
Test Tube?

F = particles floating then
settle to the bottom
over time.
D = particles completely
dissolved, don't settle.
X = particles not
dissolved, don't float.

Observations
in Water

What colour does it go?
(includes colourless)

Does it
Change the
Colour of the
Water?
Colour of pH
Paper When
Mixed With
Water
Does it disappear and/or
fizz when acid is added?
(yes/no)

Reacts with
Acid
2

3

5

violent

4

Write the number for the
reaction.

little

1

Scale of
Reaction
We Think the
Powder is . . .
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Acid and Alkali Remedies
1.

2.

Alfie has a new white T-shirt. He is fixing the chain on his bike and getss a rust (iron(III)
oxide) stain on it. He searches 'how to clean rust stains off clothes' on the internet and the
most popular answer is to soak the stain in white vinegar.
a.

Write the chemical formula for rust:

b.

The acid is

c.

Explain how the white vinegar would work to remove the stain.

and the base is

.

The sink in the kitchen is blocked because someone tipped the fat from last
night’s roast pork down it. No amount of water is able to shift it. Jordan rings
his nana to ask her for a homemade remedy. She suggests that he puts the
plug in and fills the sink with hot water then adds two cups of baking soda
(NaHCO3), stirs and pulls the plug. He does as she says and within seconds
the sink is unblocked.
a.

What is the scientific name for baking soda?

b.

Baking soda mixed in water would be: (Circle your answer.)
ALKALINE

c.

3.

Remember: the salts
made from acids and
alkalis are often soluble.

ACIDIC

NEUTRAL

Jordan decides to ask his science teacher how the baking soda works
and he replies by saying “the alkaline solution reacts with the fat to
produce soluble salts”. Explain what this means.

When working in the garden Valcia notices that on the bag of lime, it suggests washing your hands in white
vinegar (water and acetic acid) after use to prevent damage to the skin like drying and splitting.
a.

Based on this information, we can assume that lime is: BASIC ACIDIC NEUTRAL (Circle your answer.)

b.

Explain what happens to the lime when the vinegar is washed onto it.

DOWNLOADABLE EXTRAS Acids and Bases
4.

When wet, human hair has a pH of around 4.5 to 5.5. Each strand of hair
has an outer cuticle full of tiny pores that open at higher pH and close
at lower pH. When open, the moisture in the hair escapes and the hair
can become dry, brittle and damaged. Many websites and videos on the
internet are suggesting that a natural way to clean your hair is by using
baking soda (pH 9).
a.

Explain why this is not a good idea.

b.

Shampoo is slightly alkaline and conditioner is slightly acidic. Why do
you think this is?

15
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Word Games
1.

Terminology Tornado

Using the following science term, see how many words of 3 or more letters you can make in 10 minutes.

alisa

n

tio

Points
3-4 letters = 1 point
5+ letters = 2 points

Neutr

Scores
0-5 points = awful
6-10 = average
10+ = amazing

2. Six Word Scramble
Use the clues to work out what the 6 key science words are and then spell the word in the grid by colouring in the
squares that make up the word. Use different colours for each answer.

ROS

ALK

CID

NITR

ALI

ICA

MUS

IVE

DROG COR

IND

ATOR

EN

LIT

IC

HY

a. The ions present in acids. (8)

Clues

__________________

b. HNO3 (10)

__________________

d. Indicator made with lichen. (6)

__________________

c. Changes colour in acids and bases. (9)
e. The name for a soluble base. (6)
f.

__________________
__________________

Acid or base property where it reacts with and
wears-away what it comes in contact with. (9) __________________

Cross out each of the words that fit with one of the clues. You will be left with one word that doesn’t fit; this is your
answer.
citric
nitric

acetic

phenolphthalein
NaCl

three
litmus
four
fourteen

MgO

bromothymol blue

CaCO3

eight

sulfuric

NaOH

formic

universal

carbonic

seven

CuCO3

FeO

hydrochloric
NaHCO3
KOH

Clues

a. types of indicators

b. base/alkali formula
c. pH numbers

d. names of acids
Answer

DOWNLOADABLE EXTRAS Acids and Bases

4. Crossword
Across
The colour universal indicator turns in a strong base.
Acids and bases are this. They eat away other
substances.
The colour acids turn many indicators.
These yellow fruit contain citric acid.
The salt made when calcium hydroxide and nitric acid
react.
An acid that doesn’t dissociate very well.
NaHCO3
The most common neutral liquid.
Made in muscles and makes milk go sour.
Measures acidity from 1 – 14.
A solution with a lot of acid but not much water.
The gas made when a carbonate and acid react.

1.
6.
7.
9.
11.
13.
17.
20.
21.
22.
23.
24.

1.
2.
3.
4.
5.
8.
10.
12.
14.
15.
16.
18.
19.

Down
KOH
This indicator turns bright pink in alkali.
An edible acid that is a mixture of water and acetic
acid.
Can dissolve in water.
The salt made from hydrochloric acid.
pH 7
How acids taste.
When the parts of an acid separate in water.
How bases/alkalis taste.
These produce acid in your mouth.
The salt made when NaOH and HCl react.
Acid found in apples.
The name for soluble bases.

1

2

3

4
5

7

8

6

9

10

11

12

13
14
17

15
18

19

20
21
22

23

24
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5. Topic Word Find
The following word find contains…
• 9 pH scale numbers.
• 7 names of acids.
• 5 names of bases/alkalis.
Find each of these in the word find below then write their names in the correct column in the table that follows.

I

L

E

S

I

E

U

U

C

E

T

S

C

L

R

L

G

T

D

U

N

O

E

L

R

F

Y

U

N

L

I

O

Y

W

I

L

I

H

R

U

R

I

C

H

R

S

O

U

L

E

X

F

I

Y

R

T

O

G

N

I

D

C

I

U

I

L

O

U

O

D

R

T

H

E

L

U

O

S

E

H

F

V

R

R

C

R

R

R

M

R

M

R

E

E

E

W

O

E

D

I

X

O

M

U

I

S

E

N

G

A

M

R

U

N

Y

C

O

C

I

I

U

E

O

E

I

R

I

E

R

I

H

I

R

H

O

C

C

I

T

E

C

A

X

L

T

N

M

L

I

L

E

X

E

C

M

T

I

I

R

R

E

I

U

A

M

O

N

M

I

N

E

R

S

O

U

D

E

D

I

X

O

R

D

Y

H

M

U

I

D

O

S

S

N

R

H

O

N

I

T

R

I

C

X

H

F

A

U

H

C

I

T

R

I

C

T

O

X

N

I

T

E

N

N

F

E

D

I

X

O

R

D

Y

H

M

U

I

C

L

A

C

C

A

L

C

I

U

M

C

A

R

B

O

N

A

T

E

pH Scale Numbers

Acid Names

Base/Alkali Names

