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PHYSICAL STATES OF MATTER 

 

 

 

 

 

 

 

Question:  

The lower the energy of a substance, the ________________ interaction between 
its atoms and molecules. 

weaker    stronger 

Energy and states of matter 

How does this produce different states of matter? Atoms that have 
low energy interact strongly and tend to "lock" in place with respect to other 
atoms. Thus, collectively, these atoms form a hard substance, what we call 
a solid. Atoms that possess high energy will move past each other freely, flying 
about a room, and forming what we call a gas. As it turns out, there are several 
known states of matter; a few of them are detailed below. 

Solids are formed when the attractive 
forces between individual molecules are greater 
than the energy causing them to move apart. 
Individual molecules are locked in position near 
each other and cannot move past one another. 
The atoms or molecules of solids remain in 
motion. However, that motion is limited to 
vibrational energy; individual molecules stay 
fixed in place and vibrate next to each other. As 
the temperature of a solid is increased, the amount of vibration increases, but the 
solid retains its shape and volume because the molecules are locked in place 
relative to each other. To view an example of this, click on the animation below 
which shows the molecular structure of ice crystals. 

Kinetic Molecular Theory 
To understand the different states in which matter can exist, we need to understand 
something called the Kinetic Molecular Theory of Matter. Kinetic Molecular Theory has 

many parts, but we will introduce just a few here. One of the basic concepts of the 
theory states that atoms and molecules possess an energy of motion that we perceive 
as temperature. In other words, atoms and molecules are constantly moving, and we 
measure the energy of these movements as the temperature of the substance. The 
more energy a substance has, the more molecular movement there will be, and the 
higher the perceived temperature will be. An important point that follows this is that 

the amount of energy that atoms and molecules have (and thus the amount of 
movement) influences their interaction with each other. Unlike simple billiard balls, 

many atoms and molecules are attracted to each other as a result of various 
intermolecular forces such as hydrogen bonds, van der Waals forces, and others. 

Atoms and molecules that have relatively small amounts of energy (and movement) 
will interact strongly with each other, while those that have relatively high energy will 

interact only slightly, if even at all, with others. 
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Liquids are formed when the energy (usually in 
the form of heat) of a system is increased and the 
rigid structure of the solid state is broken down. 
In liquids, molecules can move past one another 
and bump into other molecules; however, they 
remain relatively close to each other like solids. 
Often in liquids, intermolecular forces (such as 
the hydrogen bonds shown in the animation 
below) pull molecules together and are quickly 
broken. As the temperature of a liquid is increased, the amount of movement of 
individual molecules increases. As a result, liquids can "flow" to take the shape of 
their container, but they cannot be easily compressed because the molecules are 
already close together. Thus, liquids have an undefined shape, but a 
defined volume. In the example animation below, we see that liquid water is made 
up of molecules that can freely move past one another yet remain relatively close 
in distance to each other. 

 

Gases are formed when the energy in the system 
exceeds all of the attractive forces between 
molecules. Thus gas molecules have little 
interaction with each other beyond occasionally 
bumping into one another. In the gas state, 
molecules move quickly and are free to move in 
any direction, spreading out long distances. As 
the temperature of a gas increases, the amount 
of movement of individual molecules increases. Gases expand to fill their 
containers and have low density. Because individual molecules are widely 
separated and can move around easily in the gas state, gases can be compressed 
easily, and they have an undefined shape. 

Solids, liquids, and gases are the most common states of matter that exist on our 
planet. If you would like to compare the three states to one another, click on the 
comparison animation below. Note the differences in molecular motion of 
water molecules in these three states. 

Plasmas are hot, ionized gases. Plasmas are formed 
under conditions of extremely high energy, so high, 
in fact, that molecules are ripped apart and only 
free atoms exist. More astounding, plasmas have so 
much energy that the outer electrons are actually 
ripped off of individual atoms, thus forming a gas of 
highly energetic, charged ions. Because the atoms in 
plasma exist as charged ions, plasmas behave 
differently than gases, thus representing a fourth 
state of matter. Plasmas can be commonly seen 
simply by looking upward; the high energy conditions 
that exist in stars such as our sun force individual 
atoms into the plasma state. 
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Question: 

___________ have an undefined shape and expand to fill their container. 
Liquids    Gases 

 

 

 

 

 

 

 

 

 

 

 

 

PHASE TRANSITIONS 

The transformation of one state of matter into another state is called a 
phase transition.  

 

 

 

 

 

 

 

 

 

Other states of matter 
As we have seen, increasing energy leads 
to more molecular motion. Conversely, 

decreasing energy results in less molecular 
motion. As a result, one prediction 

of Kinetic Molecular Theory is that if we 
continue to decrease the energy 
(measured as temperature) of a 

substance, we will reach a point at which 
all molecular motion stops. The 

temperature at which molecular motion 
stops is called absolute zero and has 

been calculated to be -
273.15 degrees Celsius. While scientists 
have cooled substances to temperatures 
close to absolute zero, they have never 

actually reached absolute zero. The 
difficulty with observing a substance at 

absolute zero is that to "see" the 
substance, light is needed, and light itself 
transfers energy to the substance, thus 
raising the temperature. Despite these 

challenges, scientists have recently 
observed a fifth state of matter that only 

exists at temperatures very close to 
absolute zero. 

Bose-Einstein Condensates represent a 
fifth state of matter only seen for the first 
time in 1995. The state is named 
after Satyendra Nath Bose and Albert 
Einstein who predicted its existence in the 
1920s. B-E condensates are gaseous 
superfluids cooled to temperatures very 
near absolute zero. In this weird state, all 
the atoms of the condensate attain the 
same quantum-mechanical state and can 
flow past one another without friction. Even 
more strangely, B-E condensates can 
actually "trap" light, releasing it when the 
state breaks down. 

Several other less common states 
of matter have also either been described 

or actually seen. Some of these states 
include liquid crystals, 

fermionic condensates, superfluids, 
supersolids, and the aptly named strange 

matter.  

solid particles vibrate 
(jiggle) but generally 

do not move from 
place to place. 

 
Solid particles are 

tightly packed, 
usually in a regular 

pattern. 

liquid particles 
vibrate, move about, 
and slide past each 

other. 
 

Liquid particles are 
close together with 

no regular 
arrangement. 

Gas particles vibrate 
and move freely at 

high speeds. 
 

Gas particles are well 
separated with no 

regular 
arrangement. 
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Summary: 

Liquids and solids are often referred to as condensed phases because the 
particles are very close together. 

Some Characteristics 
solid liquid gas 
retains a fixed volume 
and shape  
rigid - particles locked 
into place 

assumes the shape of the 
part of the container 
which it occupies  
particles can move/slide 
past one another 

assumes the shape and 
volume of its container  
particles can move past 
one another 

not easily compressible  
little free space between 
particles 

not easily compressible  
little free space between 
particles 

compressible  
lots of free space 
between particles 

does not flow easily  
rigid - particles cannot 
move/slide past one 
another 

flows easily  
particles can move/slide 
past one another 

flows easily  
particles can move past 
one another 

 

Heating graph of a Pure Substance 

 

 

 

 

 

 

 

 

 

I: t increases è K.E. increases, P.E. doesn’t change è Q1 = m . csolid . ∆t 
II: t doesn’t change è K.E. doesn’t change, P.E. increases è Q2 – Q1 = m . Lmelting 

III: t increases è K.E. increases, P.E. doesn’t change è Q3 – Q2 = m . cliquid . ∆t 
IV: t doesn’t change è K.E. doesn’t change, P.E. increases è Q4 – Q3 = m . Levaporation 

0 

temperature (t) 

Heat 
I II III IV 

melting 

boiling 

Solid 

Solid 
Liquid 

Liquid Gas 

Q1 Q2 Q3 Q4 

M.P. 

B.P. 

From solid to gas 
- Total energy of matter increases. 
- Molar volume generally increases. 
- Density generally decreases. 
- Intermolecular forces decrease. 
- Randomness increases. 
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Q: Heat (cal or Joule) 
m: Mass (gram) 
c: Specific heat (cal/g.°C or J/g.°C) 
∆t: temperature change (°C) 
L: heat of phase change (cal/g or J/g) 

Heating a sample of ice: 

(cice= 2,09 J/g°C, Lmelting= 334,4 J/g, cwater= 4,18 J/g°C, Levaporation= 2257,2 J/g) 

-20°C ice/0°C ice 

Q1 = m . cice . ∆t 
Q1 = 100 . 2,09 . 20 
Q1 = 4180 J  

0°C ice/0°C 
water 
 
Q2 = m . Lmelting 
Q2 = 100 . 334,4 
Q2 = 33440 J 

0°C water/100°C 
water 
 
Q3 = m . cwater . ∆t 
Q3 = 100 . 4,18 . 100 
Q3 = 41800 J 

100°C water/100°C 
vapor 
 
Q4 = m . Levaporation 
Q4 = 100 . 2257,2 
Q4 = 225720 J 

 
QTOTAL = Q1 + Q2 + Q3 + Q4 
QTOTAL = 4180 + 33440 + 41800 + 225720 
QTOTAL = 305140 J 

EVAPORATION AND VAPOR PRESSURE 

The pressure produced by balanced liquid with its vapor is called vapor pressure. 

• Volatile liquids have high vapor pressure, 
• Non-volatile liquids have very low vapor pressure at room temperature. 

The volatilities of liquids are inversely proportional to the intermolecular attraction, 
and the volatility decreases when the IMF is getting strong. 

Factors Affecting Vapor Pressure 

1- Type of liquid: Liquids with a small intermolecular attraction tend to 
evaporate more easily and the evaporation rates and vapor pressures of these 
liquids are high. However, boiling points are low. 

 Ethanol Water 

Boiling Pt. (°C) 78 100 
Vapor pressure  
(mmHg at STP) 11.9 4.6 

 

2- Temperature: If the temperature 
of the liquid is increased, the 
evaporation rate increases, so the 
vapor pressure increases.  
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3- Purity: If a non-volatile solid is 
dissolved in a pure solvent, the 
resulting solution is lower than the 
vapor pressure of the pure solvent. As 
the amount of dissolved substance 
(concentration) increases, the vapor 
pressure decreases. 

 
 

NOTE: The amount of liquid, external pressure and volume of container have no 
effect on vapor pressure!!! 

RELATIVE HUMIDITY 

Dry Air: It is air that does not have water vapor inside. 

Moist Air: It is a mixture of water vapor and dry air. 

Humidity: Water vapor that can be found in the air. 

Humidity is proportional to temperature. As the air heats up, the humidity of the 
air increases. 

The maximum amount of moisture that an air mass will have according to the 
temperature it is in is called the saturation point of the air. 

When it reaches saturation in the direction of humidity, it starts to rain when it is 
low. 

 
Factors Affecting Evaporation Rate 
1. Temperature: As the temperature of the material increases, the average 

kinetic energy of the molecule increases. 
2. Surface area: As the evaporation takes place on the surface, the expansion 

of the surface area accelerates the evaporation. 
3. External pressure: If the atmospheric pressure of the medium in which the 

liquid is present increases the evaporation rate. 
4. Impurity: When the non-volatile substances are dissolved in the liquid, the 

evaporation rate of the formed solution becomes lower than that of the pure 
solvent. 

5. Relative humidity of air: If the humidity of the air increases, the evaporation 
becomes slower. 

6. Wind: The wind accelerates the evaporation because it allows the water vapor 
to easily move away from the surface. 
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Boiling and boiling point 

Vapor pressure increases when a liquid is heated in an open container. The liquid 
begins to boil when the liquid is equal to the external pressure of the environment 
in which the vapor is present. The temperature at which boiling starts is called 
boiling point. 

• The boiling point depends on the external pressure and is proportional to it. 
So; the boiling point of the liquid increases as the external pressure 
increases. 

 

 
 

 

 

 

 

• Boiling and evaporation are not the same. Boiling occurs at a single 
temperature and throughout the liquid. Evaporation occurs at each 
temperature and at the surface of the liquid. 

 
 
 
 

 
 
 
 

 
 
 

Question: 

As heat is turned up under a pot of boiling water, the temperature will __________ 
until all the water has become gas. 

• remain constant 
• increase 

 

As you go out from the heights, 
the outside pressure decreases 
and the liquid boils at lower 
temperature. Therefore, it is more 
difficult and more time-consuming 
for meals to be cooked when the 
boiling temperature is low as the 
temperatures rise. 
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QUIZ 

1. Different states of matter were first described by the Romans. 
o true 
o false 
2. One key point of the Kinetic Molecular Theory is: 
o ice freezes at 0ºC 
o atoms are solid billiard balls 
o atoms possess an energy of motion 
o molecules form solids 
3. Intermolecular attractive forces include which of the following? 
o hydrogen ions 
o van der Waals forces 
o Bose-Einstein attraction 
o solids 
4. The solid state of matter is unique because all molecular motion stops. 
o true 
o false 
5. Liquids 
o have a defined shape and volume 
o have a defined shape but undefined volume 
o have an undefined shape but defined volume 
o have both undefined shape and volume 
6. Gases can be compressed because: 
o molecules of a gas are spread out and can be squeezed together 
o molecules of gas can be compressed 
o gases do not contain molecules 
7. All molecular motions cease at 
o absolute zero 
o -273.15ºC 
o both of the above 
8. Phase transitions occur at precise temperatures. 
o true 
o false 
9. Why does temperature remain constant during a phase transition? 
o because no energy is exchanged in the process 
o because frozen substances always keep their surroundings cold 
o because the energy gained or lost is all used by molecules transitioning from one 

phase to another 
o because Albert Einstein predicted it 
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ANSWERS FOR TEACHERS 

1. Different states of matter were first described by the Romans. 
o false 

It was the ancient Greeks who first described three states of matter based on their 
observations of water. 

2. One key point of the Kinetic Molecular Theory is: 
o atoms possess an energy of motion 

One of the basic concepts of the Kinetic Molecular Theory is that atoms and 
molecules are constantly moving, and we measure the energy of these movements 
as the temperature of the substance. The more energy a substance has, the more 
molecular movement there will be, and the higher the perceived temperature will 
be. 

3. Intermolecular attractive forces include which of the following? 
o van der Waals forces 

Many atoms and molecules are attracted to each other as a result of various 
intermolecular forces. These include as hydrogen bonds, van der Waals forces, and 
others. 

4. The solid state of matter is unique because all molecular motion stops. 
o false 

The atoms or molecules of solids remain in motion. However, that motion is limited 
to vibrational energy. Individual molecules stay fixed in place and vibrate next to 
each other. 

5. Liquids 
o have an undefined shape but defined volume 

Liquids can “flow” to take the shape of their container but they cannot be easily 
compressed because the molecules are already close together. Thus, liquids have 
an undefined shape, but a defined volume. 

6. Gases can be compresed because: 
o molecules of a gas are spread out and can be squeezed together 

Gases expand to fill their containers and have low density. Because gas molecules 
are widely separated and can move around easily in this state, the molecules can 
be squeezed together. 

7. All molecular motions ceases at 
o both of the above 

All molecular motion stops at absolute zero, a temperature calculated to be -
273.15ºC. 
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8. Phase transitions occur at precise temperatures. 
o true 

Phase transitions, such as melting and freezing, occur at precise temperatures. At 
0ºC, water transitions from liquid to solid. After transitioning to this new phase, 
water will stay in its solid form (ice) as temperatures get lower. 

9. Why does temperature remain constant during a phase transition? 
o because the energy gained or lost is all used by molecules transitioning from one 

phase to another 

Once a phase transition begins, a change in energy will not change the 
temperature of the substance. During a phase transition, energy introduced into 
the substance will be used to send molecules into the other state. For example, 
when boiling water, excess heat will accelerate the liquid-to-gas transition, but it 
will not change the temperature of the water. 

 


