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AREA OF STUDY 2
WHAT IS THE CHEMISTRY OF FOOD?

13 Energy content of food

13.1 Overview
Numerous videos and interactivities are available just where you need them, at the point of learning, in
your digital formats, eBookPLUS and learnON at www.jacplus.com.au.

13.1.1 Introduction

FIGURE 13.1 When exercising, muscles convert
glucose into energy using oxygen in the blood
in the process of respiration.

The food we eat supplies the energy we need to power
all of the billions of chemical reactions happening in
our bodies every second. Where does this energy come
from, how do we get it and how can we measure the
energy in food?

The energy in food can be traced back to the sun,
where the process of photosynthesis converts the sun’s
energy into simple carbohydrates like glucose. Through
condensation reactions these glucose molecules are
turned into starch, a carbohydrate, and cellulose.
Carbohydrates, fats and proteins in the food we eat
provide the energy our bodies need. Carbohydrates are
broken down to provide glucose, which releases energy
in the process of respiration. The amount of energy a
person needs depends on how active the individual is and whether the person is still growing. This energy
is used for digestion, maintaining the heartbeat, breathing, brain function, nervous system movement, heat
generation and maintaining constant body conditions. But how much energy is supplied by each food type
and how readily available is it?

This topic explores the amount of energy in major food groups and demonstrates how the energy in
foods can be measured using a process of calorimetry. Simple solution calorimeters will be investigated,
as will bomb calorimeters. Associated calculations to measure energy content will be explained.

13.1.2 What you will learn

KEY KNOWLEDGE
In this topic, you will investigate:
• the comparison of energy values of carbohydrates, proteins and fats and oils
• glucose as the primary energy source, including a balanced thermochemical equation for cellular respiration
• the principles of calorimetry; solution and bomb calorimetry, including determination of calibration factor
and consideration of the effects of heat loss; and analysis of temperature-time graphs obtained from
solution calorimetry

Source: VCE Chemistry Study Design (2016–2021) extracts © VCAA; reproduced by permission.

PRACTICAL WORK AND INVESTIGATIONS
Practical work is a central component of learning and assessment. Experiments and investigations, supported by
a Practical investigation logbook and Teacher-led videos, are included in this topic to provide opportunities to
undertake investigations and communicate findings.
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Resources

Digital documents Key science skills (doc-30903)

Key terms glossary – Topic 13 (doc-31424)

Practical investigation logbook (doc-31425)

To access key concept summaries and past VCAA exam questions download and print the studyON: Revision and practice
exam question booklet (doc-31426).

13.2 Energy values of carbohydrates, proteins and
fats and oils

KEY CONCEPT
• The comparison of energy values of carbohydrates, proteins and fats and oils

13.2.1 Comparing energy values of foods
The food and drinks that we consume provide energy. In Australia, this energy is measured in
kilojoules (kJ). Another measurement that you may see on labels is calories.

1 calorie (cal) = 4.184 Joule

The energy that we obtain from food depends on the amount of carbohydrates, proteins and fats and oils
in the meal and how much of each nutrient is eaten. Different nutrients have different energy values. The
available energy content when used in the body is measured in kilojoules per gram.

The energy values of food are:

• carbohydrate: 17 kJ g−1

• protein: 17 kJ g−1

• fat: 37 kJ g−1.

FIGURE 13.2 What type of foods
provide the most energy? What else
must be considered when choosing
food?

Not all of the energy in the food ingested is available to the
body because it is not completely digested and absorbed, and
some is converted to heat. The energy values given above have
been adjusted to reflect this. Not all food molecules are a source
of energy, including water, minerals, vitamins and fibre, but
they are all necessary for good health. While carbohydrates,
fats and proteins are a source of energy, some produce energy
more readily than others. Carbohydrates are easily broken
down to glucose, which is converted into energy using oxygen
in the blood. Excess carbohydrates are stored as glycogen
(see topic 12). Once all carbohydrates in the body, including
glycogen, are consumed, the body starts to break down fat. Fat
is not as efficient at providing energy as carbohydrates. Protein
is not stored and is usually only used as an energy source in
situations of starvation. The body can break down excess amino
acids to produce glucose or fat if required.
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Not all energy in food is available for bodily functions because some food is not completely
digested or absorbed, or not oxidised, and some energy is converted to heat.

Fats provide about 80% of the body’s energy storage in adipose (fatty) tissue. They are used when food is
scarce, when you haven’t eaten for a while or when you are ill and don’t feel like eating. While the brain is
dependent on glucose, the liver, muscle and fat cells derive their energy from fat.

Fats are broken down in a complex series of steps that break the bonds in the long fatty acid carbon
chains and separate the oxygen atoms in the oxygen molecules; the atoms then recombine to produce
carbon dioxide and water. The overall reaction is an exothermic oxidation process in which the fats react
with oxygen to produce carbon dioxide and water. This reaction is similar to a combustion reaction. An
example would be the oxidation of linoleic acid (LA), a polyunsaturated omega-6 fatty acid.

C17H31COOH+ 25O2 → 18CO2 + 16H2O ∆H = −8382 kJmol−1

TIP: Always check that the oxygen atoms are equal on both sides of the equation. There are 2
oxygen atoms in the fatty acid. If you require half an oxygen molecule on balancing an oxidation
reaction, just double all coefficients.

Fats are a more concentrated energy reserve than carbohydrates but do not break down as easily. To break
down fat molecules, more oxygen and more time is required than to break down carbohydrates, but more
energy is released per gram. You can find out the energy in different foods by checking the nutrition labels
on packaged foods.

FIGURE 13.3 Energy production from food molecules
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Nutrition labels
All packaged foods must feature a nutrition label, which lists how much of each nutrient is present in the
food. The ingredients on nutrition labels are listed in descending order according to mass. The overall value
of food energy stated on packaging is obtained by multiplying the energy values by the mass of protein, fat
and carbohydrate, and then adding all these results together.

For example, the ingredients for 100 g of tomato sauce are:

Protein: 1.6 g
Fat: 0.20 g

Carbohydrate: 30.2 g.

Therefore, the energy content per 100 g of the sauce is:

Protein: 1.6 g × 17 = 27.2 kJ
Fat: 0.20 g × 37 = 7.4 kJ

Carbohydrate: 30.2 g × 17 = 513.4 kJ
Total energy in 100 g = 548.0 kJ

FIGURE 13.4 Learning how to read and understand
food labels can help you make healthier choices.

A serving size is how much of a food the
manufacturer recommends consuming in a
serving, but it is important to remember that these
are often not based on dietary recommendations
and may not be the amount that you consume. It
is better to compare the quantity per 100 g when
making food choices. Official standard serves
vary depending on the type of food but in general
you should aim for:
• less than 10 g of total fat, which includes all

of the different types of fats (it is healthier
to choose less saturated fat where possible)

• less than 10 g of sugar. The total
carbohydrate figure includes starches
and sugars, but be aware that sugars may be
listed under other names, often ending in -ose. Foods with no added sugar could contain a large
amount of natural sugar, and low-fat foods can also contain large quantities of sugar.

• less than 400 mg salt
• 3–6 g of fibre in breads and cereals.

13.2 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question go to
your learnON title at www.jacplus.com.au.

1. List five uses of the energy that is received by the body from cellular respiration.
2. In 100 g of tomato sauce, the energy was determined to be 548.0 kJ. The suggested average serve is 15 g.

Calculate the amount of energy supplied in this serving.
Questions 3 to 7 refer to the ingredients of a nut bar containing 27.1 g protein, 25.7 g fat and 30.6 g
carbohydrate per 100 g.
3. Calculate the total energy provided per 100 g.
4. Included in the fat component in the ingredients list is 5.0 g of saturated fat. Explain what a saturated fat is

and give an example.
5. Also present is 10.3 grams of dietary fibre. Name the compound most likely to be contributing to this

ingredient.
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6. The carbohydrate ingredients include 11.7 g sugar. What type of compounds would be included in this
11.7 grams?

7. (a) On the front of the packet is a label stating that the sugar content is less than 4 g per bar. Confirm if this
is a correct statement, given that each bar is 33 g.

(b) A similar product includes berries in the bar and contains 24.1 g protein, 29.8 g fat and 28.6 g
carbohydrate per 100 g. How does the energy content of this bar compare with that in the original bar?

8. A food that is a solid has the following composition per 100 g: 0.5 g protein, 78.0 g fat and 0.6 g
carbohydrate.
(a) Suggest what food it might be.
(b) The sum of these masses does not amount to 100 g. What could account for the remaining mass?

9. Oleic acid makes up 55–83% of olive oil, and is also found in many other animal and vegetable fats and
oils. Its chemical formula is C18H34O2.
(a) It is described as a monounsaturated fatty acid. Explain the meaning of this term.
(b) Explain why olive oil is a liquid rather than a solid.
(c) Write a balanced equation showing the full oxidation of oleic acid.

10. Michael eats a hamburger for lunch. The amount of energy supplied by the hamburger is about 3020 kJ.
Going for a run uses about 48 kJ per minute. How long would Michael need to run to use up the energy
supplied by the hamburger?

To answer past VCAA exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.
studyON: Past VCAA exam questions

Fully worked solutions and sample responses are available in your digital formats.

13.3 Glucose—the primary energy source

KEY CONCEPT
• Glucose as the primary energy source, including a balanced thermochemical equation for cellular
respiration

13.3.1 Cellular respiration

FIGURE 13.5 The brain uses more
energy than any other organ in the body.

As described in topics 11 and 12, our main source of energy
is glucose. The brain is the most energy-demanding organ,
consuming about half the glucose in the body. The huge task
of controlling all of the body’s functions, including thinking,
memory and learning, all rely on glucose levels and how
the brain utilises this monosaccharide. Although the brain
needs a good supply of glucose, too much can cause cognitive
problems and other health issues, including diabetes. Muscles
also demand a large amount of energy but unlike the brain,
which cannot store glucose, muscles have some stored energy
for their own use. Glucose is obtained through the catalysed
hydrolysis of glycogen and starch. The glucose passes from the
digestive system into the blood and then to the cells of the liver
and other tissues.
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FIGURE 13.6 Cellular respiration
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The process by which energy is
obtained from glucose is a remarkable
and complicated series of biochemical
steps and is called cellular respiration.
This occurs in the cells of all living
organisms. The cells release energy from
the chemical bonds of food molecules,
providing energy for the essential
processes of life. In chemical terms it
is an exothermic, redox reaction and is
similar to a combustion reaction where
glucose reacts with oxygen to form
carbon dioxide and water. It is also
an aerobic process because oxygen is
required. The energy released in this
process is 2860 kJ mol−1.

The overall thermochemical equation for cellular respiration is:

C6H12O6(aq)+ 6O2(g) → 6CO2(g)+ 6H2O(l) ∆H = −2860 kJmol−1

This equation is the reverse of the equation for photosynthesis although the chemical pathway involved is
very different.

Remember to include the ∆H value and sign when asked to write a thermochemical
equation.

FIGURE 13.7 The burning,
cramping pain felt in muscles
during intense exercise is caused
by a build-up of lactic acid.

Anaerobic respiration occurs when there is no oxygen present,
and results in less energy being obtained. This occurs in tissues
where there is a high demand for fast energy, such as in working
muscles, but there is a shortage of oxygen to satisfy the energy
needed by just using aerobic respiration. The product of anaerobic
respiration is lactic acid, which must be oxidised to carbon dioxide
and water at a later stage so that it doesn’t build up. Lactic acid
can cause muscle soreness because the cells cannot process waste
products fast enough. The oxygen must be replaced and that is why
you breathe deeply after exercise.

The chemical equation for anaerobic respiration is:

C6H12O6(aq) → 2CH3CH(OH) COOH(aq)

Anaerobic respiration also occurs in plant cells and some
microorganisms. This process is called fermentation. Anaerobic
respiration in yeast is used during brewing and bread-making, where
sugars are broken down into ethanol and carbon dioxide.

C6H12O6(aq) → 2C2H5OH(aq)+ 2CO2(g)

Ethanol is the alcohol used in beer and wine production, and is
also added to petrol to be used as a fuel. In bread-making, bubbles of
carbon dioxide gas form in the dough and cause the bread to rise.
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Aerobic respiration occurs in the presence of oxygen and anaerobic respiration occurs in
the absence of oxygen.

13.3 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question go to
your learnON title at www.jacplus.com.au.

1. (a) Name and write the formula for the monosaccharide that is referred to as ‘blood sugar’.
(b) Where is it stored in the body?
(c) In what form is it stored?

2. When glucose is low, which part of the body will be affected first?
3. How much energy is provided by 1.00 g of glucose?
4. What type of reaction is occurring as glucose is broken down to carbon dioxide?
5. What functional group(s) is/are found in monosaccharides such as glucose?
6. Draw the structure of lactic acid (CH3CH(OH)COOH) and label the functional groups.
7. An athlete is running on a treadmill. After running for some time, the athlete’s legs started to cramp. What is

the possible cause of this discomfort? Provide an equation to support your answer.
8. (a) Write the balanced equation showing anaerobic respiration of glucose to ethanol.

(b) What is the name of this process?
(c) How is anaerobic respiration useful in bread-making?

To answer past VCAA exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.

studyON: Past VCAA exam questions

Fully worked solutions and sample responses are available in your digital formats.

13.4 Principles of calorimetry

KEY CONCEPT
• The principles of calorimetry; solution and bomb calorimetry, including determination of calibration factor
and consideration of the effects of heat loss; and analysis of temperature-time graphs obtained from
solution calorimetry

13.4.1 Measuring the energy content of food
The amount of energy produced by a food can be measured by a process called calorimetry. This is
the measurement of the amount of heat released or absorbed in a chemical reaction, change of state or
formation of a solution. The change in temperature in a calorimeter can be related to the heat generated
by first calibrating the calorimeter.

A simple method of measuring the heat content in food is to ignite a weighed sample of food and use it
as a fuel to heat a particular volume of water, and measure its increase in temperature. The specific heat
capacity (c) of water can then be used to determine the heat energy provided by the food sample. The
specific heat capacity (c) is the energy needed to raise the temperature of 1 g of a substance by 1 °C. The
energy being transferred to the water can be calculated using the heat energy released in the combustion of
fuel equation. This can be found in table 3 of the VCE Chemistry Data Book.
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Energy = mass of water× specific heat capacity of water× temperature increase

q = mcΔT
where:

q is the energy measured in Joule (J)
m is the mass of water (not the food) in grams (g)
c is the specific heat capacity of water, 4.18 J°g−1C−1

∆T is the change in temperature in °C.

The apparatus used to measure the heat content in food is shown in figure 13.8. If a larger volume of
water is required, a can may be used instead of a test tube. The food sources should be burnt at a constant
distance from the water to ensure reliability of results.

FIGURE 13.8 Measuring the energy in food
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This method is very inaccurate because of the considerable heat loss from the flame and the water
container to the environment, but it can be used to do a comparison of the heat content of different foods.
Increased accuracy can be obtained by using a heat shield around the apparatus to confine the heat
produced. A solution or bomb calorimeter can provide more accurate results, but they must be calibrated
so that the energy content can be calculated using the temperature changes.

To compare the energy obtained from different foods per gram:

Energy released from food per gram (J) = mass of water (g)× 4.18× temperature rise (∘C)
mass of food sample (g)

TOPIC 13 Energy content of food 481

UNCORRECTED PAGE PROOFS



“c13EnergyContentOfFood_print” — 2019/8/10 — 3:05 — page 482 — #9

TIP: If the volume of water is provided, the mass can be calculated using the density formula

d = m
v
. The density of water is 0.997 g mL−1.

SAMPLE PROBLEM 1

A 1.71 g sample of a food is burned, heating 50.0 g of water. The temperature increased from
20.0 °C to 59.0 °C. Calculate the energy transferred to the water, and then estimate the energy
present per gram of food.

THINK WRITE

1. Calculate the energy that is going into the water
using the equation q = mcΔT and substituting the
specific heat capacity of water (c = 4.18 J°g−1C−1)
and mass of the water.
TIP: Take care to use the mass of the water to
calculate the energy going into the water, not the
mass of the food.

q = mcΔT
= 50.0 × 4.18 × (59.0 − 20.0)
= 8151 J

2. Convert to kilojoules. 8151 J = 8.15 × 103 J
= 8.15 kJ

3. To calculate the energy per gram of food, divide the
energy by the mass of food.

Energy per gram of food = 8.15
1.71

= 4.77 kJ g−1

PRACTICE PROBLEM 1
A 1.08 g sample of almonds is completely burned, heating 150.0 g of water. The temperature
increased from 20.0 °C to 33.0 °C. Calculate the energy transferred to the water, and then estimate
the energy present per gram of almonds in kJ g−1.

This method is very inaccurate because of the considerable heat loss from the flame and the water
container to the environment but it can be used to do a comparison of the heat content of different foods.
Increased accuracy can be obtained by using insulated containers to confine the heat produced. A solution
or bomb calorimeter can provide more accurate results, but they must be calibrated so that the energy
content may be calculated using the temperature changes.

A calorimeter is an instrument used to measure energy changes in chemical reactions.

Resources

Digital document Experiment 13.1 Calculating the energy in food (doc-31282)

13.4.2 Calibrating a calorimeter
As explained in topic 2, the enthalpy or heat content (H) is the total energy in a substance. The change in
enthalpy in a chemical reaction is known as the heat of reaction, and it is denoted by the symbol ∆H.

482 Jacaranda Chemistry 2 VCE Units 3 & 4 Second Edition

UNCORRECTED PAGE PROOFS



“c13EnergyContentOfFood_print” — 2019/8/10 — 3:05 — page 483 — #10

A calorimeter is an instrument that can be used to determine the energy changes that occur when a chemical
reaction, such as burning food, takes place. There are different types of calorimeters, including solution
calorimeters and bomb calorimeters. Because the temperature rise for a reaction depends on the substance
itself, the amount of substance used and the nature of the immediate surroundings, the value of the
conversion factor, called the calibration factor, must be established for each calorimeter before determining
an enthalpy change. The calibration factor must be calculated for individual calorimeters before heat of
reaction is calculated.

In all calorimeters, a reaction takes place inside an insulated container with a fixed amount of liquid
(usually water), and the temperature rise or fall is recorded using an accurate thermometer. This temperature
change (in °C) must be converted to an energy change (in J or kJ) before a value of energy or ∆H can be
determined.

Resources

Interactivity Calibrating a calorimeter (int-1253)

Electrical calibration
Electric calibration is achieved by calibrating the calorimeter using an electrically heated coil to supply a
measured quantity of electrical energy, which is converted to heat energy. The heat energy is transferred to a
known mass of a substance, usually water, and then measuring the temperature rise.

The energy released to the calorimeter is given by:

E = VIt

where:
E = energy released (joules)
V = potential difference (volts)
I = current (amps)
t = time (s).

If a current of I amps flows for t seconds at a potential difference of V volts, the calibration factor may be
calculated as follows.

Calibration factor (CF) = energy released during calibration
temperature rise

= VIt
∆Tc

The calibration factor (CF) is measured in joules per degree, J °C−1.
The temperature rise (∆Tc) during calibration is: Final temperature (Tf) – Initial
temperature (Ti).

SAMPLE PROBLEM 2

A calorimeter is filled with 100 mL of water and its temperature recorded as 19.50 °C. A current
of 2.52 A at a potential difference of 5.68 V is passed through the water for 2.00 minutes. The
final temperature was measured at 24.25 °C.

Teacher-led video: SP2 (tlvd-0724)
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THINK WRITE

1. Calculate the electrical energy that is going into the water using
the equation E = VIt. Remember to convert time from minutes to
seconds.

E = VIt
= 5.68 × 2.52 × 120

= 1.72 × 103 J

2. Calculate the calibration factor (CF) by dividing the energy
released by the change in temperature using the equation
ΔTc = Tf – Ti
TIP: The calibration factor equation can be found in table 3 of the
VCE Chemistry Data Book. Give your answer to the smallest
number of significant figures in the question.

CF = energy

ΔTc
= 1.72 × 103

24.25 − 19.50
= 362 J °C−1

PRACTICE PROBLEM 2
Tim calibrates a calorimeter for an experiment he is about to perform. He uses 100 mL of water in
an electrical calibration. The current supplied was 1.80 A and the voltage was 5.60 V over a period of
150 seconds. The temperature rose from 20.00 °C to 24.56 °C. Determine the calibration factor of the
calorimeter in J °C−1.

Remember ‘Rules in Joules’. Both rules q = mc∆T and E = VIt give answers in joules so
care must be taken with units if answers are required in kilojoules.

13.4.3 Solution calorimetry
A solution calorimeter is the simplest type of calorimeter and is used to find the energy change occurring in
aqueous solutions. This type of calorimeter consists of an insulated container and lid. Inserted through the
lid is a stirrer to ensure even distribution of heat energy, a thermometer to measure changes in temperature
and a heating coil to allow electrical energy to be converted to thermal energy for calibration.

FIGURE 13.9 In a solution
calorimeter, experiments are usually
carried out in aqueous solution.
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The steps for using a calorimeter are:
1. Calibrate the calorimeter (this step can also be done at the

completion of the reaction).
2. Measure the masses or volumes of the chemicals that

are required for the reaction, ensuring that the volume of
water or solutions used is the same as the volume used
for calibration.

3. Measure the temperature of the water or solutions.
4. Add the solid or solutions to the calorimeter.
5. Record the highest or lowest temperature reached.
6. Perform the calculations.
7. If ∆H is required, remember to use the appropriate sign.
The heat of solution (when 1 mole of any substance dissolves

in water) and the heat of neutralisation (when an acid reacts
with a base) for a reaction may be determined using a solution
calorimeter.

In an exothermic reaction, the heat produced by the reaction is
released into the solution, which increases its temperature.
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In an endothermic reaction, the heat required is absorbed from the thermal energy of the solution, which
decreases its temperature.

In a solution calorimeter, experiments are usually carried out in aqueous solution. The change in
temperature caused by the reaction (∆Tr) is measured and then multiplied by the calibration factor to
determine the heat change for the reaction.

In solution calorimetry, the energy change is calculated using the equation:

Energy change = CF×ΔTr

The ∆H is the energy change per mole. To find the ∆H divide the energy change by the
number of mole, n.

ΔH = energy change
n

TIP:
Make sure that you label the temperature change in the calibration as ∆Tc and the temperature
change for the reaction as ∆Tr so that you are not confused about which temperature to use.

The equation ∆H = energy change
n

can also be adapted from table 3 of the VCE Chemistry

Data Book, utilising the equation for the enthalpy of combustion, ∆H =
q
n
, because q is the

variable for energy and n is the number of mole.

SAMPLE PROBLEM 3

A pure sample of sulfuric acid with a mass of 0.231 g was combined with 100 mL of pure water in
a solution calorimeter. The temperature increased from 19.90 °C to 20.42 °C. The calorimeter
was previously calibrated with 100 mL of water and found to have a calibration factor of
463 J °C−1. Calculate the ΔH and write the thermochemical equation of the reaction.

Teacher-led video: SP3 (tlvd-0725)

THINK WRITE

1. The calibration factor is provided so it does not
need to be calculated.

CF = 463 J °C−1

2. Calculate the energy change by multiplying the
calibration factor (CF) by the temperature
change of the reaction (ΔTr).

Energy change = CF × ΔTr
= 463 × (20.42° − 19.90°)
= 241 J

3. Find the number of mole (n) of H2SO4 by
using the equation n = m

M
.

n (H2SO4) =
0.231
98.1

= 2.35 × 10−3 mol

4. ΔH is the energy change divided by the
number of mole using the equation:

ΔH = energy change

n
.

ΔH = 241 J

2.35 × 10−3

= 1.02 × 105J mol−1

= 102 kJ mol−1
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5. Write the thermochemical equation.
Remember that it is an exothermic reaction so
the sign of ΔH is negative.

H2SO4(l)→ H2SO4(aq) ΔH = −102 kJ mol−1

PRACTICE PROBLEM 3
A sample of potassium nitrate with a mass of 5.378 g was combined with 100 mL of pure water in
a solution calorimeter. The temperature decreased from 20.34 °C to 20.10 °C. The calorimeter was
previously calibrated with 100 mL of water and found to have a calibration factor of 620 J °C−1.
Calculate the ΔH of the reaction.

TIP: If there are quantaties provided for two reactants it is necessary to use the moles of the
limiting reactant to calculate ∆H.

SAMPLE PROBLEM 4

A solution calorimeter containing 100 mL of water was calibrated by passing a 4.00A current
through the instrument for 35.0 s at a potential difference of 3.00 V. The temperature rose by
0.700 °C. When 6.60 g of calcium chloride hexahydrate, CaCl2 · 6H2O, was added to the
calorimeter and dissolved by rapid stirring, the temperature dropped by 0.895 °C.

Determine ΔH for the reaction:

CaCl2 · 6H2O(s)CaCl2 · 6H2O(s)
H2OH2O

Ca2+(aq) + 2Cl−(aq)Ca2+(aq) + 2Cl−(aq)

Teacher-led video: SP4 (tlvd-0726)
THINK WRITE

1. Calculate the calibration factor for the
calorimeter from the relationship using

CF = VIt

ΔTc
.

CF = VIt

ΔTc
= 3.00 × 4.00 × 35.0

0.700
= 600 J°C−1

2. Calculate the energy change during the
reaction by applying the equation:
Energy change = CF × ΔTr

Energy change = CF × ΔTr
= 600 × 0.895
= 537 J

3. To calculate the energy per mole first find
the number of moles using n = m

M
, where

M(CaCl2 ·6H2O) = 219.1 g mol−1

n (CaCl2 · 6H2O) =
m

M

= 6.60
219.1

= 0.0301mol

4. The energy per mole can be calculated using

ΔH = energy change

n

ΔH = energy change

n

= 537

0.0301
= 17819 J
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5. Because energy was absorbed during the
reaction, the reaction is endothermic and the
sign of the ΔH value is positive. Write the
thermochemical equation, converting the ΔH
value to kilojoules.

ΔH = +17.8 kJ
CaCl2 · 6H2O(s)

H2O⃯ Ca2+(aq) + 2Cl−(aq)

ΔH = +17.8 kJmol−1

PRACTICE PROBLEM 4
A calorimeter was calibrated electrically. The potential difference through the heating coil was
5.23 V, producing a current of 1.83 A for 2.00 minutes. During this time the temperature rose from
19.40 °C to 22.85 °C. Then, 5.10 g of sodium hydroxide was added and the temperature rose to
37.33 °C. Determine ΔH for the reaction:

NaOH(s) H2O⃯ Na+(aq) +OH−(aq)

Resources

Digital document Experiment 13.2 Solution calorimetry (doc-31283)

Teacher-led video Experiment 13.2 Solution calorimetry (tlvd-0769)

13.4.4 Bomb calorimetry
A solution calorimeter cannot be used to measure the energy obtained from foods or reactions involving
gases. The heat of combustion (when a substance burns in oxygen, according to a particular equation) for
a reaction in these situations may be determined using a bomb calorimeter. The ‘bomb’ is a container that
is designed to withstand high pressure; its volume does not change, and it has valves for adding gases and
an ignition source for combustion reactions. It can be used to measure enthalpy of combustion of other
chemicals, such as fuels, as well as food samples.

FIGURE 13.10 Features of a bomb calorimeter
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Use of bomb calorimeters follows this sequence:
1. The calorimeter is calibrated as described

in section 13.4.2 or by chemical calibration
(as described following practice problem 5).

2. The mass of the sample compound is measured
and then the sample placed in the inner chamber
of the calorimeter.

3. This chamber (the ‘bomb’) is filled with oxygen
at high pressure. A wire leads into the sample
from outside the calorimeter and an electrical
discharge is sent through the ignition wires.

4. The sample is ignited and reacts with
oxygen. The heat from this reaction passes
through the walls of the chamber into the water
in the reservoir, which is stirred constantly.
A thermometer measures the change in
temperature of the water in the insulated water
bath. This temperature change is then used to
calculate the heat of combustion of the sample.
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The combustion of food is chemically similar to breaking down food in cellular respiration, and this
combustion reaction involves oxygen. However, the reaction occurs more quickly in a bomb calorimeter
compared to a solution calorimeter, and the energy content of a food, as determined by bomb calorimetry,
usually differs from its energy content from a nutritional point of view. Less energy is available in the body
because fruits and vegetables contain indigestible carbohydrates in the form of cellulose, and some energy
is converted to heat in the body. Bomb calorimeters may be used to measure the energy content of foods. In
the human body, energy is obtained from the combustion of glucose using the equation:

C6H12O6(s)+ 6O2(g) → 6CO2(g)+ 6H2O(l)

When the combustion of glucose reaction is carried out in a bomb calorimeter, it is found that 1 mole of
glucose evolves 2083 kJ of heat in a rapid reaction. However, in the body glucose reacts in a sequence of
steps to produce a slower release of energy. This gives the cells in the body a continual supply of energy for
their needs. When calculating the energy in food it is necessary to calculate the energy per gram because
food is a mixture of components and as such does not have a unique molar mass.

SAMPLE PROBLEM 5

A bomb calorimeter was calibrated by passing a current of 3.55 A at a potential difference of
6.40 V through a heating coil for 123.7 s. The temperature of the calorimeter rose from 21.82 °C
to 26.13 °C.
After calorimeter had cooled, a dried biscuit weighing 2.34 g was then burned in the

calorimeter in the presence of excess oxygen. The temperature of the calorimeter rose from
22.75 °C to 24.98 °C. Calculate the energy content of the biscuit in J g−1.

Teacher-led video: SP5 (tlvd-0727)

THINK WRITE

1. To find calibration factor, first calculate the
electrical energy input using E = VIt.

E = VIt
= 6.40 × 3.55 × 123.7
= 2810 J

2. Find the temperature change for calibration using
ΔTc = Tf − Ti

ΔTc = 26.13 − 21.82
= 4.31°C

3. Calculate the calibration factor using CF = VIt

ΔTc
CF = VIt

ΔTc
= 6.40 × 3.55 × 123.7

4.31
= 652 J°C−1

4. The change in temperature due to combustion of
the biscuit is ΔTr = Tf − Ti

ΔTr = 24.98 − 22.75
= 2.23 °C

5. The energy released by the biscuit is determined by
Energy change = CF × ΔTr

Energy from biscuit = CF × ΔTr
= 652 × 2.23
= 1454 J

6. The energy content per gram of the biscuit is
determined by the total energy of the biscuit
divided by the biscuit’s mass.

Energy per g
energy

mass of food (g)
= 1454

2.34
= 621 J g−1
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PRACTICE PROBLEM 5
A bomb calorimeter was calibrated by passing 1.35 A through the electric heater for 60.0 s at a
potential difference of 6.44 V. The temperature of the water in the calorimeter rose from 22.85 °C
to 23.30 °C.
A 2.25 g piece of Margarita pizza was completely burned in the calorimeter in excess oxygen. The

temperature of the calorimeter rose from 22.30 °C to 39.68 °C. Calculate the energy content of the
pizza in kJ g−1.

Chemical calibration
Chemical calibration uses a combustion reaction with a known ∆H. This means that, instead of electrical
energy, chemical energy is converted to thermal energy. Tablets of benzoic acid are widely used for this
purpose because benzoic acid is readily available, stable, not hygroscopic and has an accurately known
value of molar heat of combustion. The molar heat of combustion of benzoic acid at constant pressure is
3227 kJ mol–1, that is, ∆H = –3227 kJ mol–1.

SAMPLE PROBLEM 6

When a sample of benzoic acid, C6H5COOH, with a mass of 1.18 g was ignited in a bomb
calorimeter, it produced a temperature rise of 2.43 °C. Given that ΔH(benzoic acid) =
–3227 kJ mol–1 andM(C6H5COOH) = 122.0 g mol–1, calculate the calibration factor of the
calorimeter in kJ °C−1.

THINK WRITE

1. Find the moles of benzoic acid using n = m

M
. n(C6H5COOH) = m

M
= 1.18

122.0
= 0.00967mol

2. Calculate the energy produced by this amount of
benzoic acid. Remember that ΔH(benzoic acid) =
–3227 kJ mol–1.

Energy change = n × ΔH
= 0.00967 × 3227
= 31.2 kJ

3. To determine the CF, the temperature change must
be calculated using ΔTc = Tf − Ti.

ΔTc = Tf − Ti
= 2.43°C

4. Calculate the calibration factor CF = energy

ΔTc
= 31.2

2.43
= 12.8 kJ °C−1

PRACTICE QUESTION 6
A 2.48 g sample of benzoic acid was placed in a calorimeter and ignited. The initial temperature
was 18.50 °C and a temperature of 27.37 °C was reached after combustion. Given that ΔH(benzoic
acid) = –3227 kJ mol–1 andM(C6H5COOH) = 122.0 g mol–1. calculate the calibration factor of the
calorimeter in kJ °C–1.
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13.4.5 Temperature–time graphs

FIGURE 13.11 Determining ∆Tc for a poorly insulated
calorimeter
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Using a bomb calorimeter delivers very
accurate results. If a calorimeter is well-
insulated, there is little heat loss, and the
temperature of the contents decreases slowly.
This is demonstrated by figure 13.11, which
is a plot of temperature against time as
the reaction proceeds. Temperature–time
graphs can be used to obtain a more accurate
temperature change (∆Tc) for a poorly
insulated calorimeter.

In solution calorimetry we assume
that there is a negligible heat loss and
that all of the heat from the reaction
is used to heat the water. However,
a small amount of heat may be lost
through poor insulation, a poor fitting
lid, through holes for the thermometer and stirrer, or absorbed by parts of the calorimeter. In a
perfectly insulated calorimeter, the final temperature remains constant after the current is turned off
(as demonstrated by the blue line in figure 13.11). However, in a poorly insulated calorimeter, the
temperature rise would be less than that in a well-insulated calorimeter. While the current is flowing
in a poorly insulated calorimeter there would be heat loss throughout that time and once the current
is turned off, the temperature would fall rather than remain stable. This is demonstrated by the green
line in figure 13.11. The theoretical ∆H for the reaction can be calculated by extrapolating the graph
to when the reaction commenced. The temperature change (∆Tc) is the measurement from when
the current was turned off in the calibration to the extrapolated line. This compensates for the error
caused by loss of heat from the water to the surroundings during the time when the current was
turned on.

Temperature–time graphs can be used to obtain a more accurate temperature change (∆Tc)
for a poorly insulated calorimeter.

13.4 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question go to
your learnON title at www.jacplus.com.au.

1. Calculate the energy, in kJ, required to heat 1.00 L of water from room temperature (25.0 oC) to boiling point
(100 oC) given the density of water is 0.997 g mL−1.

2. (a) Consider the apparatus shown in figure 13.8, which was used to measure the energy in a corn chip.
Imagine that the test tube was replaced by a can containing 250 g of water. A biscuit of mass 2.55 g was
burnt, leaving a mass of ash of 2.25 g and a temperature increase from 21.32 °C to 27.23 °C. Estimate
the energy of the biscuit in kJ g−1.

(b) A large amount of heat escapes using this set up of apparatus. Suggest a modification to improve the
accuracy of this experimental design.

(c) Explain why the answer is given in kJ g−1 and not kJ mol−1

3. (a) What is calorimetry?
(b) Why do calorimeters need to be calibrated?
(c) Explain the difference there would be to the calibration factor, if any, if kelvin (K) was used instead of °C.
(d) Explain the difference there would be to the calibration factor, if any, if 50.0 mL of water was used for

calibration instead of 100.0 mL.

490 Jacaranda Chemistry 2 VCE Units 3 & 4 Second Edition

UNCORRECTED PAGE PROOFS



“c13EnergyContentOfFood_print” — 2019/8/10 — 3:05 — page 491 — #18

4. Determine the temperature change in a solution calorimeter when 5.00 g of CaCl2·6H2O dissolves in 200 mL
of water according to the equation:

CaCl2· 6H2O (s)
H2O (l)⃯

Ca2+(aq)+ 2Cl−(aq) ∆H = +17.8 kJmol−1

The calibration factor for the calorimeter under these conditions was found to be 825 J °C–1.
5. A student used a simple calorimeter to determine the heat of neutralisation of a strong acid with a strong

base according to the reaction:

H+(aq)+OH−(aq) → H2O(l)

After calibrating the calorimeter, the student calculated the calibration factor to be 343 J °C–1. The student
then carefully added 50.0 mL of 0.100 M HCl to 50.0 mL of 0.110 M NaOH in the calorimeter. The
temperature in the calorimeter rose from 20.4 °C to a maximum of 21.2 °C.
(a) Explain how the student determined the calibration factor.
(b) Calculate the heat of neutralisation for the reaction.
(c) Suggest why a higher concentration of base than acid was used.
(d) How would the heat of neutralisation have been affected if the student had added 50.0 mL of

0.100 M NaOH to 50.0 mL of 0.110 M HCl in the calorimeter?
(e) Identify the sources of error in the experiment and suggest how these could be minimised.

6. (a) In what circumstances would a bomb calorimeter be used instead of a solution calorimeter?
(b) Describe the features that are found in a bomb calorimeter to cater for these differences in use.

7. Daniel calibrated a bomb calorimeter by passing a current of 3.20 A at a potential difference of 5.40 V
through a heating coil for 1 minute and 15 seconds. The temperature of the calorimeter rose from 19.4 °C to
20.5 °C. A sample of breakfast cereal weighing 1.37 g was then burned in the calorimeter in the presence of
excess oxygen. The temperature of the contents of the calorimeter rose from 19.2 °C to 22.7 °C.
(a) Calculate the calibration factor.
(b) Calculate the heat content of the breakfast cereal in J g–1.
(c) Explain why this experiment was performed in a bomb calorimeter rather than a solution calorimeter.
(d) Why is the energy content calculated per gram instead of per mole?

To answer past VCAA exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.

studyON: Past exam questions

Fully worked solutions and sample responses are available in your digital formats.

13.5 Review
13.5.1 Summary
Energy values of carbohydrates, proteins and fats and oils

• On average, proteins and carbohydrates provide 17 kJ g–1, and fats provide 37 kJ g–1 of energy.
• Fats provide more energy but take longer to breakdown.
• Water, minerals, vitamins and fibre are not sources of energy.
• Glucose is the primary energy source and provides 2860 kJ mol−1.
• Not all of the energy in food is available for bodily functions because some food is not completely

digested or absorbed, or not oxidised, and some energy is converted to heat.
• The brain is dependent on glucose; the liver, muscles and fat cells get energy from fat.
• Fats are broken down in an exothermic oxidation process, similar to combustion, producing carbon

dioxide and water.
• Energy content on nutrition labels is calculated by multiplying the mass of proteins and carbohydrates

by 17 kJ g–1, and fats by 37 kJ g–1.
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Glucose—the primary energy source

• Glucose is obtained through the catalysed hydrolysis of glycogen or starch.
• Cellular respiration is how energy is obtained from glucose. It occurs in the cells of all living

organisms.
• Cellular respiration is an exothermic, redox reaction, similar to combustion, where oxygen reacts with

glucose to form carbon dioixde, water and energy.
• The reaction of cellular respiration is:

C6H12O6(aq)+ 6O2(g) → 6CO2(g)+ 6H2O(l) ∆H = −2860 kJmol−1

• Anaerobic respiration breaks down glucose in the absence of oxygen, producing lactic acid and less
energy than cellular respiration. The reaction of anaerobic respiration is:

C6H12O6(aq) → 2CH3CH (OH)COOH(aq)

Principles of calorimetry

• Calorimetry is the measurement of the amount of heat released or absorbed in a chemical reaction,
change of state or formation of a solution.

• A simple device to measure heat content in food uses the heat capacity of water.
• Energy = mass of water × specific heat capacity of water × temperature increase:

q = mc∆T

• If the volume of water is provided, the mass can be calculated using the density formula d = m

V
. The

density of water is 0.997 g mL−1.
• A calorimeter is an instrument that can be used to determine the energy changes that occur when a

chemical reaction takes place.
• The energy released to the calorimeter is given by E = VIt, where: E = energy released (joules),
V = potential difference (volts), I = current (amps) and t = time (s)

• A calibration constant (called a calibration factor) for a calorimeter may be calculated by electrical
calibration according to:

Calibration factor (CF) = energy released during calibration

temperature rise
= VIt

∆Tc

• Enthalpy of reaction can be calculated using Energy = CF × ∆Tr
• To find ∆H use ∆H = Energy change

n
, where n is the number of mole.

• Solution calorimeters can be used to determine the energy changes occurring in aqueous solutions.
• Bomb calorimeters can be used to determine energy changes determined for combustion reactions.
• A calibration factor for a calorimeter may also be calculated by chemical means using a reaction with

a known ∆H.
• A temperature–time graph can be used to improve accuracy of measurement when using a poorly

insulated calorimeter.

To access key concept summaries and past VCAA exam questions download and print the studyON: Revision and past VCE
exam question booklet (doc-31426).
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13.5.2 Key terms

anaerobic respiration breakdown of glucose in the absence of oxygen
bomb calorimeter an insulated steel container enclosed in water used to perform measurements of heat of

combustion
calibrating finding a relationship between two quantities
calorie a measurement of heat energy needed to raise 1 g of water. 1 °C = 4.18 joule
calorimeter apparatus used to measure heat changes during a chemical reaction or change of state
calorimetry a method used to determine the changes in energy of a system by measuring heat exchanges with

the surroundings
carbohydrate general name for compounds including sugars, starch and cellulose
cellular respiration process that occurs in cells to oxidise glucose in the presence of oxygen to carbon dioxide,

water and energy
chemical calibration calibration of a calorimeter using a combustion reaction with a known ∆H
combustion rapid reaction of a compound with oxygen
electric calibration calibration of a calorimeter by supplying a known quantity of electricity
enthalpy heat content; the total energy in a substance
ethanol an alcohol with two carbons produced from fermentation of glucose by yeast
exothermic a reaction or process where heat is released to the surroundings
fat a triglyceride formed from glycerol and three fatty acids
hygroscopic something that absorbs moisture from the air
kilojoule (kJ) a unit of energy
lactic acid organic acid, C3H6O3, present in muscle tissue as a by-product of anaerobic respiration
protein large molecule consisting of one or more chains of amino acids
serving size recommended amount of food on nutrition label for one serving
solution calorimetry an insulated device used to measure heat changes in a solution, for example, heat of

dissolution and neutralisation reactions
specific heat capacity (c) energy needed to change the temperature of 1 g of a substance by 1 °C
thermochemical equations chemical equations that include the ∆H value

Resources

Digital document Key terms glossary Topic 13 (doc-31424)

13.5.3 Practical work and investigations

Experiment 13.2
Solution calorimetry
Aim: Part A: To determine the calibration factor of a solution calorimeter

Part B: To determine the heat of reaction for zinc metal and copper ions

Digital document: doc-18832
Teacher-led video: eles-xxxx

Resources

Digital documents Practical investigation logbook (doc-3145)

Experiment 13.1 Calculating the energy in food (doc-31282)

TOPIC 13 Energy content of food 493

UNCORRECTED PAGE PROOFS



“c13EnergyContentOfFood_print” — 2019/8/10 — 3:05 — page 494 — #21

13.5 Exercises
To answer questions online and to receive immediate feedback and sample responses for every question,
go to your learnON title at www.jacplus.com.au.

13.5 Exercise 1: Multiple choice questions
1. A can of chicken noodle soup provides 10 g of protein, 14 g of carbohydrate and 5 g of fat. The total

number of kilojoules provided by one can of soup is:
A. 659
B. 827
C. 692
D. 593

2. Excess energy from the diet is most likely to be stored in the body as:
A. fat
B. fibre
C. salt
D. sugar.

3. Glucose is a monosaccharide that is essential in metabolism because it:
A. is formed in anaerobic respiration
B. polymerises in the body to form starch
C. is produced by the reaction of CO2 and H2O, releasing energy
D. is readily available to react with oxygen to provide energy.

4. Which one of the following statements concerning glucose is incorrect? Glucose:
A. polymerises to form proteins
B. releases energy when it reacts with oxygen to form CO2 and H2O
C. is the main energy source for all living organisms
D. is a monomer of cellulose.

5. Lipids in the diet can be:
A. hydrolysed to glycerol and fatty acids
B. broken down into energy for the body
C. stored as triglycerides for later use
D. all of the above.

6. Annabel measured the heat of combustion of ethanol by burning
some ethanol in a spirit burner and a can containing 250 g of
water as shown below. She used the ethanol to heat the water until
the temperature rose 20 °C. The heat absorbed by the water was
calculated and then Annabel used this calculation and the mass of
ethanol used to determine the heat of combustion of the ethanol.
The result was less than the value stated in the VCE Chemistry Data
Book. Which of the following alternatives could NOT account for
this result?

Constant

height

A. Some of the ethanol evaporated
B. Heat escaped into the atmosphere
C. Heat was absorbed by the can and thermometer
D. The mass of the water was 240 g, not 250 g

7. Bomb calorimeters can be used to measure the energy released by burning a small piece of food. Before
the bomb calorimeter can be used to determine heat of combustion of any compound, it must be
calibrated. The following steps in random order are taken to perform the calibration.

Step 1. Supply a measured amount of electricity to the calorimeter for a particular time interval.
Step 2. Record the highest temperature obtained.
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Step 3. Fill the calorimeter with a measured volume of water.
Step 4. Connect the calorimeter to a power source.
Step 5. Measure the initial temperature.
Which of the following presents an appropriate sequence of steps?

A. Steps 5, 1, 3, 2, 4
B. Steps 3, 1, 5, 4, 2
C. Steps 3, 4, 5, 1, 2
D. Steps 4, 3, 1, 5, 2

8. 2.31 × 10–2 mol of a compound is burned in a bomb calorimeter. The calorimeter factor is 4700 J °C–1,
and the temperature of the calorimeter increases by 5.75 °C when the compound is burned. Calculate
the molar heat of combustion of the compound in J mol–1.
A. +18.9
B. –18.9
C. 1.17 × 106

D. –1.17 × 106

9. A bomb calorimeter measures the energy:
A. released in a reaction in solution
B. absorbed in a reaction in solution
C. released by a combustion reaction
D. absorbed by a combustion reaction.

10. The temperature rises from 25.00 °C to 27.90 °C when 2.55 g of sucrose undergoes combustion in a
bomb calorimeter. Calculate the molar enthalpy of combustion of sucrose. The calibration factor of the
calorimeter is 4.90 kJ °C–1. The molar mass of sugar is 342.0 g mol–1.
A. 1.91 × 103 kJ mol–1

B. –1.91 × 103 kJ mol–1

C. –1.51 × 100 kJ mol–1

D. 1.45 × 101 kJ mol–1

13.5 Exercise 2: Short answer questions
1. Calculate the energy content of one slice of bread with a tablespoon of peanut butter on it which

contains 17 g carbohydrate, 7.0 g protein and 9.0 g fat.
2. ‘Mates’ savoury biscuits contain 14.7 g carbohydrate in 11 biscuits (25 g), which is described as a

standard serve. What is the energy available from 100 g of biscuits?
3. Name the type of chemical reaction that produces the major part of the energy used by the body.
4. Describe one similarity and one difference between the way in which fats and carbohydrates provide

energy in the body.
5. The thermochemical equation for the combustion of glucose is:

C6H12O6(s)+ 6O2(g) → 6CO2(g)+ 6H2O(l) ∆H = −2860 kJmol−1[1]

The thermochemical equation for the combustion of ethanol is:

C2H5OH(l)+ 3O2(g) → 2CO2(g)+ 3H2O(l) ∆H = −1360 kJmol−1[2]

Use this information to calculate ∆H for the fermentation of glucose:

C6H12O6(s) → 2C2H5OH(l)+ 2CO2(g)

6. The heat of combustion of lauric acid, C11H23COOH, can be determined by burning it in a bomb
calorimeter. Write an equation for the complete combustion of lauric acid in excess oxygen.
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7. The molar heat of combustion of glucose is 2860 kJ mol–1. Estimate the approximate heat of
combustion of sucrose and explain how you arrived at your answer.

8. The graph below displays the lactic acid level in an athlete’s blood while doing a training run for a race.
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Use the graph to describe and explain the changes in the athlete’s blood.
9. A solution calorimeter containing 100 mL of water was electrically calibrated by recording the

stabilised temperature for 90 seconds and then turning on the current recording the temperature every
30 seconds for 210 seconds. The current was then turned off while still continuing to record the
temperature. The temperature–time graph below was obtained.

The potential difference applied was 6.30 V and the current recorded was 3.55 A. Calculate the
calibration factor for this calorimeter.
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10. A calorimeter was calibrated by passing an electrical current through a heater and measuring the rise in
temperature that resulted. When a current of 133 mA from a 23.1 V source was passed through the
heater for 264 s, the temperature of the calorimeter rose by 2.65 °C. Determine the calibration factor of
the calorimeter.
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11. A simple calorimeter was used in a school laboratory to determine the heat of reaction when
magnesium filings were added to hydrochloric acid according to the equation:

2HCl(aq)+Mg(s) → MgCl2(aq)+ H2(g)

The calorimeter was calibrated by filling it with 100 mL of deionised water and then passing a current
of 1.85 A at a voltage of 4.70 V through a heating coil for 1 minute and 17 seconds. The temperature
rose by 3.8 °C. The calorimeter was then emptied and 0.766 g of magnesium filings was added to it.
Subsequently, 100 mL of 2.00 M HCl was added to reach the 100 mL calibration mark in the
calorimeter. The temperature in the calorimeter rose from 19.8 °C to a maximum of 21.1 °C.
a. Calculate the calibration factor for the calorimeter.
b. Calculate the heat of reaction.
c. The experimentally determined heat of reaction in question b is much lower than the actual heat of

reaction. Suggest reasons for this discrepancy.
d. What assumptions are made in this experiment?

12. A bomb calorimeter is used to measure the energy content of a ‘Crispy’ biscuit. The calibration factor
of the calorimeter is 2.03 kJ °C–1. When 2.50 g of the biscuit was burned in the calorimeter, the
temperature of the water rose from 24.2 °C to 45.5 °C.
a. Calculate the heat energy in kJ g–1 of the biscuit.
b. Why is the energy measured in kJ g–1 and not kJ mol–1?
c. The energy obtained by the body is actually less than this calculated value. Excluding experimental

error, what might be the reason for this?

13.5 Exercise 3: Exam practice questions
Question 1 (4 marks)
A brand of processed meat is advertised as being 85% fat free. One hundred grams of this meat provides
1.25 × 103 kJ of energy.
a. Calculate the mass of fat in 100 g of the meat. 1 mark
b. How many kilojoules are provided by this fat? 1 mark
c. Assuming that protein is the only other nutrient present, what mass of protein is present in 100 g of this

meat? 1 mark
d. What mass is remaining and what substance might account for the remaining mass of

the meat? 1 mark

Question 2 (6 marks)
Palmitic acid is a very common fatty acid that is used to produce soaps and cosmetics. It has a heat of
combustion of 1.00 × 104 kJ mol–1.
a. Write a thermochemical equation showing the oxidation of palmitic acid,M(CH3(CH2)14 COOH) =

256.4 g mol−1 2 marks
b. Is palmitic acid a saturated or unsaturated fatty acid? 1 mark
c. Calculate the energy released by the combustion of 20.0 g of palmitic acid. 2 marks
d. Calculate the mass of glycerol (M(C3H8O3) = 92.0 g mol–1) required to form a triglyceride using

20.00 g of palmitic acid. 1 mark

Question 3 (3 marks)
Two almonds of total mass 2.41 g are burned. The heat released raises the temperature of a 100 g sample
of water from 19.5 °C to 33.4 °C. The mass of the almonds remaining after burning is 1.83 g. Calculate the
energy content of the two almonds in joules per gram. Assume that the water is only able to absorb 30% of
the heat released by the burning almonds. 3 marks
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Question 4 (2 marks)
The calibration factor of a bomb calorimeter was determined to be 26.3 kJ °C−1. When a marshmallow
weighing 0.870 g was placed in the calorimeter with excess oxygen and ignited, the temperature of the
water bath increased by 1.32 °C. Calculate the heat of combustion of the marshmallow in kJ g−1. 2 marks

Question 5 (6 marks)
A bomb calorimeter was calibrated by passing a current of 4.15 A at a potential difference of 3.680 V
through a heating coil for 2 minutes and 15 seconds. The temperature of the calorimeter rose from 21.5 °C
to 23.7 °C. A sample of a high-energy bar weighing 2.50 g was then burned in the calorimeter in the
presence of excess oxygen. The temperature of the contents of the calorimeter rose from 20.9 °C to 35.2 °C.
a. Calculate the heat content of the bar in J g−1. 3 marks
b. Identify the sources of error in the experiment, explaining how they may have affected

the results. 3 marks
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