
Chapter 2  Energy and Matter



Energy
makes objects move
makes things stop
is needed to “do work”

Kinetic Energy

Work is done when 
you climb
you lift a bag of groceries
you ride a bicycle
you breathe
your heart pumps blood

Potential  and Kinetic Energy.
When one increases, the other decreases



Each of the following is either potential 
energy or kinetic energy

A.  roller blading
B.  a peanut butter and jelly sandwich
C.  mowing the lawn
D.  gasoline in the gas tank



Heat is measured in joules or calories.
4.184 joules (J) = 1 calorie (cal)  (exact) 
1 kJ = 1000 J
1 kilocalorie (kcal) = 1000 calories (cal)

A regular soda typically reports about 
160 Cal in a 12 oz can. Almost all of 
these are in the form of sugar. 

How many Joules are there?

Calories in foods are reported in 
calories but are actually kcals. This is 
indicated by using a capitol C

1 can soda = 160 kcal

160 kcal*4.184 kJ/kcal =669 kJ 

Energy is manifested in different forms, heat, work, electrical, light

A calorie is defined as the amount of 
energy needed to raise 1 g of water 1 ° C





The amount of energy 
needed each day depends 
on age, gender, and level 
of physical activity.
If food intake exceeds 
energy use, a person gains 
weight.  
If food intake is less than 
energy use, a person loses 
weight.



How many calories would you consume if you ate 14 crackers?

total fat 4 g
sodium (as sodium chloride) 0.31 g
carbohydrate 19 g
protein                                       2 g

total fat 4 g * 9 kcal/g =  36 kcal
sodium (as sodium chloride) 0.31 g * 0 kcal/g =    0
carbohydrate 19 g * 4 kcal/g = 76 kcal
protein                                       2 g  * 4 kcal/g =   8 kcal

Total  =   36 + 0 + 76+ 8 = 120 kcal 



How are calories in food measured?

What are the final products of most of the food we eat?   

for the most part: CO2 + H2O

A calorimeter is used to measure 
heat transfer
The calorimeter contains a reaction 
chamber and thermometer in water. 
The temperature change indicates 
the heat lost by the sample and the 
heat gained by water. By knowing 
how many calories it takes to raise 
the temperature of water 1 ° C 
(1 cal/g), and of the calorimeter 
(depends on the calorimeter), the 
heat content of the food can be 
determined. The heat content of all 
the elements at 25 °C are defined as 
zero.



The calorimeter introduces a very important concept in science: the conservation of 
energy; “energy can not be created or destroyed”. The calorimeter simply converts 
potential energy into heat energy. Whether this occurs in one step: burning, or in a series 
of steps: digestion, the overall amount of energy released is the same as long as the 
products formed are the same: CO2 and H2O.



Temperature: How do we measure temperature?

Temperature: 
is measured using a thermometer

is a measure of how hot or cold an object is 
compared to another object

heat flows from the object with a higher 
temperature to the object with a lower 
temperature 

What does temperature measure?

Temperature is a measure of the kinetic energy of molecules:  ½ mv2  

If you vigorous stir a liquid, its temperature will slowly rise

Can heat be transferred through a vacuum?



Temperature scales 

Fahrenheit: F
Celsius: C 
Kelvin: K

reference points for the boiling and 
freezing points of water

freezing point: 0 °C; 32 ° F; 273 K

boiling point: 100 °C; 212 ° F; 373 K



A person with hypothermia has a body temperature of 34.8 °C. 
What is that temperature in °F? 

°C

°F

32

212

0 100

100

212-32 = 180

y = mx + b

°F = 180/100 °C + 32

°F = 1.8 °C + 32

°F = 1.8 *34.8 + 32 = 94.6 

m = rise/run



Helium (He): Why is the boiling temperature of He significant?

Magnetic resonance imaging (MRI) uses a high field magnet to align the nuclei in the 
body, usually hydrogen (in water (blood) although some other nuclei as well). To 
achieve these high fields, the magnets must be cooled to liquid helium temperatures.

At these low temperatures, certain metal alloys become superconducting, they offer no 
resistance to the flow of electrons. By allowing an electric current to pass through and 
then closing the loop, a high current of circulating electrons flow indefinitely. They 
produce a very strong magnetic field.



Specific heat 
is the amount of heat that raises the temperature of a 
fixed amount of a substance, usually 1 g of a substance 
by 1 °C. Different substances have different specific 
heats.



When ocean water cools, the surrounding air 
1) warms
2) cools 
3)  stays the same

Sand in the desert is hot in the day and cool at night. Sand must have a
1)  high specific heat      
2)  low specific heat

How many calories are needed to heat 100 g of water from 25 °C to boiling?

Calories = amount of material*specific heat*temperature change

specific heat has units of cal per gram per °C

Cal = m*spht*(T2-T1)

Cal = 100g *1 cal/(g °C) * (100-25)° C

Cal = 7500 cal



Classifications of matter

A pure substance is classified 
as matter with a specific 
composition:
an element when composed of 
one type of atom (Cu, copper)
a compound when composed 
of two or more elements 
combined in a definite ratio
(H2O, water)



Compounds 
contain two or more elements in a definite ratio

Examples:
Salt (NaCl)
Table sugar (C12H22O11)
Water (H2O)

Fay: sodium and chlorine



Physical States of matter

Gases have an indefinite 
shape, an indefinite volume
They have the same shape and 
volume as their container. The
gas particles are far apart and 
move very fast

Liquids have an 
indefinite shape but a 
definite volume
They take the same 
shape as their container
The particles that are 
close together but 
mobile

Solids have  a definite shape,
a definite volume
The particles are packed close 
together in a fixed 
arrangement



Many materials exhibit all three phase or states of matter

melting ice water

water vapor

These arrows mean that if 
solid and liquid are both 
present, some liquid water 
solidifies and some ice 
melts

These arrows mean that 
some ice vaporizes and some 
water vapor solidifies 



Let’s examine what happens to the temperature of 1 gram of pure ice at 0 ° C as we 
continuously add some heat . 

° C

0

100

added heat/ cal

0             80      180                                       720

ice + water, 80 cal

water, 1 cal/(g ° C), 100 cal

boiling water + vapor, 540 cal

Summary

heat of melting (fusion)      80 cal/g

heat of vaporization            540 cal/g

heat capacity of liquid        1 cal/(g °C)

vapor

0.45 cal/(g °C)



Let’s examine what happens to 1 gram of water vapor at 100 ° C as we continuously 
remove heat. 

° C

0

100

added heat in calories

0             80      180                                       720

ice + water, 80 cal

water, 1 cal/(g ° C), 100 cal

boiling water + vapor, 540 cal
vapor

This behavior is typical of 
physical properties in that they 
are reversible



Sublimation
occurs when a solid changes directly to a gas
is typical of dry ice, which sublimes at −78 °C
takes place in frost-free refrigerators
is used to prepare freeze-dried foods for long-term storage

How much energy do you think it would take to sublime 1 g of ice (freeze drying) at 0 °C

heat of melting            80 cal/g
heat of vaporization  540 cal/g

∼620 cal



Notice the magnitude of these energies for water in comparison to the other 
substances

Heat of fusion is the energy to disrupt the packing of molecules in the crystal; the 
structure of the molecules remain unchanged

Heat of vaporization is the energy to disrupt weak interactions between molecules in the 
liquid; the origin of these interaction will be examined later; the structure of the 
molecules remain unchanged







Chemical properties describe the ability of a substance to change into a new substance

During a chemical change, 
reacting substances form new substances 
with different compositions and properties;
a chemical reaction takes place;
heat is usually evolved

Iron            Rust, iron (III) oxide
Fe Fe2O3



Classify each of the following as a 1) physical change or 2) chemical change or 3) both.
A.  ____ burning a candle
B.  ____ ice melting on the street
C.  ____ toasting a marshmallow
D.  ____ cutting a pizza


