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The behaviour of matter can be explained by the kinetic
molecular theory and atomic theory
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How can we
describe and explain
the states of matter?
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Topic 2.3: How can we describe and explain
the states of matter?

 The skier shown here Is
experiencing water in all of
Its forms:

— Drinkable liquid (water)
— Skiable solid (snow)

— Invisible gas that he
breathes in an out (air)

Why does water in its different states (solid,
liquid, gas) have such different properties?
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Concept 1: Matter can be solid, liquid, or gas.

* What are some examples of liquids, solids, and
gases in your everyday life?

* What are some key characteristics that
distinguish liquids, solids, and gases from each
other? (How would you define these words?)
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States of Matter: Solid

« Solid:
—Holds its own shape
—Has a constant volume
—Examples: wood, silver, stone, plastic
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States of Matter: Liquid

* Liquid:
—Takes the shape of its container
—Has a constant volume
—Examples: oll, juice, antifreeze, gasoline
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States of Matter: Gas

* GGas:
— Takes the shape and volume of its container
—Can be compressed
—Examples: air, helium, hydrogen
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The Fourth State: Plasma

 Plasma:
— Does not have a defined shape and volume (similar to gas)
— Have different electrical properties than gases

— Examples: the Sun; visible fork of a lightning bolt;
glowing gas of a neon sign

Figure 2.13 Examples of plasma.
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Discussion Questions

 Gives two examples of
solids, liquids, and
gases.

« Which state of matter
does plasma most
resemble and why?
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Concept 2: Matter is made of particles in
constant motion.

 Scientists used a model
to develop a theory
about the behaviour of
all states of matter.

* What i1s the difference
between a model and a
theory?

Figure 2.14: A model of
the Sun and planets.
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Models and Theories

 Model:

— A verbal, mathematical, or visual representation
of a scientific structure or process

A

Figure 2.14: A model of the Sun and planets.
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Models and Theories

* Theory:

— A scientific explanation that has been supported
by consistent, repeated experimental results

—Can be modified If new experimental data arise
—Never considered to be proven
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EVOLUTION s JusT A

THEORY!

Actually, dear, evolution itself is an observed
scientific facr. The “theory™ of evolution is just
the current best exelanation for that observed
fact. You know — just like the theory of gravity
explains the observed fact of gravity and is not
just some wild guess that gravity exists.

And remember, Dad — a scientific theory is a
coherent group of tested general propositions,
commonly regarded as correct, that can be used
as princirles of explanation and prediction for a
class of phenomena. It's not just some wild

guess or baseless assertion
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Explaining Properties of the States of Matter

 Particle Model of Matter:
— All matter is made up of very small particles

—Particles are so small, they cannot be seen even
with the help of a light microscope

—Scientists used this model develop a theory of
the behaviour of all states of matter: Kinetic
molecular theory of matter (KMT)
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The Kinetic Molecular Theory of Matter (KMT)

 All matter is made up of very small particles.
 The particles exist in empty space.
* Particles are constantly moving.

* Energy makes particles move.
— More energy -> faster movement > move farther apart
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States of Matter and the Kinetic
Molecular Theory

properties of solids, liquids, ooooogcoo_
and gases. Q09999999
9090090909009
Q0990990999
. . _ Q900909999
e Particles in a Solid: :3:888888
—Very close together 000000000
—Vibrate but do not move R -
around Figure 2.15:
_ Attract one another Particles in a Solid

strongly in a rigid structure
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States of Matter and the Kinetic
Molecular Theory

* Particles in a Liquid:
—Very close together

—Slip and slide past and
revolve around one
another

— Attract one another less
strongly than in solids

Figure 2.15: Particles
In a Liquid
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States of Matter and the Kinetic
Molecular Theory

e Particles in a Gas: °

—Very far apart
compared to their size

—Move randomly and
quickly in straight lines ¢ .
— Attraction to one >
another is effectively

ZEIO Figure 2.15:
Particles in a Gas
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Discussion Questions

* In what ways does a
model differ from a
theory?

« Summarize the Kinetic
molecular theory of
matter.
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Discussion Questions

* Describe the particles of
the three states of matter
In terms of how they
move and the spaces
between them.

* It is easy to compress
(reduce the volume of) a
gas, but solids and liquids
cannot be compressed
very much. Use the KMT
to explain why.
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Concept 3: Changes in state result from
changes in particle motion.

 Changes of state:

—QOccur when matter transforms from one state
to another

—Example: liquid (water) to solid (ice)
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energy gained

Changes of State e &
@ ¢ O energy lost
Figure 2.16: Yool G
Specific terms
are used to
describe
changes of
state.

freezing '
1‘ “J ,l < ’ .

oLLLe : '

SOLID LIQUID
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What Is Temperature Really?
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Changes of State and Temperature
e Temperature:

largallgr / A
= >
— A measure of the average

‘ e
. . ] ] BT e
Kinetic energy of particlesina «= /I

subst_anc_e e oy
» Kinetic energy: energy of ™5™ & o8
\o e || ®=
movement e
T g
LN V%

Predict what will happen:
a) To temperature If you increase or decrease energy?
b) To energy If you increase or decrease temperature?
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Changes of State and Temperature

e Temperature:

—Adding or removing energy from matter
Increases or decreases Its temperature

—Increasing temperature of matter means that
particles are gaining energy

Eﬁ:

3 ir
>

E, = kinetic energy of atom or molecule in Joules

k=138x10"J/K
T =Temperature of gas in Kelvin

(Do not memorize
(or panic)! FY1 only.
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NoStupid ti “ Parker Ormonde
@ e .Qqes e . As your friendly neighborhood physics
maijor, | decided to calculate this with a
If kinetic energy is converted into few assumptions.

thermal energy, how hard to I have to The formula for converting between

slap a chicken to cook it? kinetic energy and thermal energy is
: 1/2mv*2=mcT

The average human hand weighs about
0.4kg, the average slap has a velocity of
11m/s (25mph), an average rotisserie
chicken weighs 1kg (2Ibs), has a specific
heat capacity of 2720 J/kg*c, and let's
assume the chicken has to reach a
temperature of 205C (400F) for us to
consider it cooked. The chicken will start
off frozen, so 0C (32F)

1 average slap would generate a
temperature increase of 0.0089 degrees
Celsius. It would take 23,034 average

9 slaps to cook the chicken.

(Do not memorize
(or panic)! FY1 only.

To cook the chicken in one slap, you
would have to slap it with a velocity of
1665.65 m/s or 3725.95 mph.

Like Reply

LIAC
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Changes of State and Temperature

« Once matter reaches a certain temperature, the particles have
gained enough energy to change state.

— Example: Melting point is the temperature at which
substance melts

« Melting point of water: 0°C

* When ice (water in a solid state) reaches 0°C, it melts
and changes to a liquid state
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The Kinetic Molecular Theory and Changes
of State

« Why do substances change
from one state to another
when they are heated or
cooled?

* Why does a heated solid
melt instead of just
becoming a very hot solid?

Figure 2.17 Solid mercury
Is formed by cooling it to
below -38.8°C, the
melting point of mercury.
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Changes of State: Mercury

 Solid mercury

—Particles are very
close to one
another and ==
vibrate %

—Particles strongly T ey

attract one another

A sample of mercury absorbs
energy (orange arrows)
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Changes of State: Mercury

« Melting mercury

— As temperature of solid
mercury increases, Kinetic
energy of particles
Increases

— Increased kinetic energy
allows them to overcome
attractive forces and
break free

— Particles begin to revolve
and slide past one another
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Changes of State: Mercury

 Liquid mercury

—Particles move freely
around one another

—Particles are still
close together and
strongly attracted

—Take shape of their
container

A sample of liquid mercury
absorbs energy (orange arrows)
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Changes of State: Mercury

 Boiling mercury

— As temperature
Increases, kinetic energy
Increases

— Particles move more
vigorously

— Some particles gain
enough energy to :
overcome attractive

forces and escape Into
the air A sample of mercury absorbs

energy (orange arrows)
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Changes of State: Mercury

» (Gaseous mercury

— Particles are highly
energetic and move
freely to fill container

— Increasing temperature
Increases speed of gas
particles

— Sealed container:
particles collide with
each other and with
container, increasing the
pressure of the gas

A sample of gaseous mercury
absorbs energy (orange arrows)
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Changes of State and Temperature

« Once matter reaches a certain temperature, the particles have
gained enough energy to change state.

A

Boiling point
T Lol S =

¢
e
= - . : :
e Melting point o 4 The energy that is added during a change of
é- L D2 ol " state is used to break the attractions between
o particles. So, the temperature does not change
D until the change of state is complete.
St >
Time
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Changes of State and Temperature

« Warming: heat energy converted to kinetic energy: makes
particles move faster

 Phase change: heat energy used to overcome attraction
forces

1| Phase Change
Diagram
o°°

/ condensation
-
o)
3

=
evaporation

N S &
ooo Freezing ’\@
Q/

cesee o8 LIQUID
° | BPPE Melting
2| IBE .
E ....... 9‘&
é soLp &
"

Heat Energy ——=
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Discussion Questions
 Define temperature.

* What Is the melting
point of a substance?

» Use the KMT to explain
how a liquid changes
Into a solid.
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Simulation

Collapse

' .

dumedia-sciences
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https://www.connectschool.ca/mod/mheresource/view.php?id=923271

How can we describe and explain the states of matter?
Practice Questions (1)

1. What is the name of the process where a liquid changes into a gas?
a) condensation
b) vaporization
C) transmission

2. The molecules in a substance remain the same, no matter what
state they are in.
a) True
b) False

3. Matter looks and behaves differently when it changes from one
state to another.
a) True
b) False

4. What is the energy of motion?
a) potential energy
b) matter energy
c) Kinetic energy
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Practice Questions (2)

5.  What does the Kinetic Theory of Matter state?
a) All particles of matter are in constant, random motion.
b) All particles of matter are motionless.
c) Energy can be transferred but not destroyed.

6. Which particles have the most Kinetic energy?
a) water particles
b) ice particles
C) water vapour particles
7. Which particles have the least kinetic energy?
a) water particles
b) ice particles
c) water vapour particles
8. Particles in hot water have
a) more Kinetic energy than cold water
b) the same kinetic energy as cold water
c) less kinetic energy than cold water
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Concept 4: The kinetic molecular theory explains
physical changes and properties.

« The KMT can explain: il [ wmter
—Dissolving a solid in a gLzt o water
liquid sugar "
— Diffusion
—Thermal expansion
oo [
solution —<-
of sugar
in water
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KMT: Dissolving a Solid in a Liquid

* Dissolving: a solid completely
mixes with a liquid to form a
solution

— Particles in a solid are in
constant random motion due to
their kinetic energy

* Particles move randomly
and constantly into the
empty areas between the
liquid particles

Figure 2.18 Why does sugar
dissolve faster in hot water?

sugar liquid
particle ‘ water
solid 4[ — water
sugar particle
dissolved _“=.
sugar
solution —<-
of sugar
in water
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KMT: Explaining Diffusion

« How does the smell of toasted
bread travel through a room to
your nose?

— Odours come from gases that
have specific smells

— During cooking, gases are
released

— GGas particles move freely and
spread throughout the room
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e Diffusion:

— The movement of one material
through another

— (Most obvious when a
concentrated substance diffuses
outward)

 High concentration = lots
of particles in a small
volume
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KMT: Explaining Diffusion

dye
molecules water molecules
%
L 9@ * * » ..0 . e
Be o ¢ ¢ » #-.... 9 e+ +
o&‘o L 0.:00 o ¢/ Fn
L R D o0 ¢ o o0
.L... . ..J t.’. » ..J

https://socratic.org/questions/what-are-the-similarities-and-differences-between-diffusion-and-osmosis
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KMT: Explaining Diffusion

« Examples:

—Tea

—Food colouring

—Perfume ‘

—Smoke

—Body Odour SRS
—Flatulence ;ﬁ- = |
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KMT: Explaining Thermal Expansion

« What does the KMT tell us about the relationship
between temperature and states of matter?

—Increase temperature - change of state

« What does the KMT tell us about the relationship
between states of matter and volume?

—Change of state = change in volume

* What can we conclude?
—Increasing temperature causes volume change!
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A e

» What can we predict
will happen to a slab
of concrete on a
warm day?

Why do construction
workers tend to lay
smaller slabs of
concrete together
with gaps between
them rather than
single large pieces?

KMT: Explaining
Thermal Expansion
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KMT: Explaining Thermal Expansion

« Solids, liquids and gases: expand when heated, and
contract when cooled

* Thermal expansion: the expansion of heated
materials
 Heating increases Kinetic energy of particles
— Causes particles to vibrate faster and move
slightly apart
—Material as a whole expands
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KMT: Explaining Thermal Expansion

Figure 2.19 (A) Expansion
joints prevent damage by
allowing material to expand
and contract with changes
In temperature.

(B) When a solid is heated,
Its particles gain energy

| l Thenm) and vibrate faster. They
energy
LY added move farther apart and the
63%83—3,5 solid expands as a result.
gsses
00000090
90000
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Discussion Questions

» Use the KMT to explain
why a balloon in a hot
car will expand and
may eventually pop.

* Use the KMT to explain

what happens when salt
dissolves in water.
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Discussion Questions

» Use the KMT to explain why a balloon in a hot car
will expand and may eventually pop.

In a hot car, the temperature Is higher. According to the
KMT, the particles in the balloon will have more
Kinetic energy and move faster at a higher temperature.
Thermal expansion will occur, as more kinetic energy
In the gas will cause It to expand and take up more
space. If the gas expands too much, the balloon may

Pop.
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Discussion Questions

» Use the KMT to explain what happens when salt
dissolves In water.

The KMT states that all particles exist in empty space,
and that all particles are in constant motion. (In a solid
such as undissolved salt, particles vibrate; in a liquid
such as water, particles slip and slide past each other.)
DIssolving occurs when random motion causes the salt
particles on the outside to enter into the empty space
petween the water molecules. Random motion
continues until all the salt particles have entered into,
and spread themselves out between the water
molecules.
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Learning Check-in

Pick one of the following questions to write down and answer on your
sheet of paper. Put your name, date, and block, for handing in.

1) Use the KMT to explain why
salt will dissolve faster in hot water
than in cold water. ® o0,

2) Use the KMT to explain why T:-;-./.
dissolving Is different than melting. WIeses

3) Use the KMT to explain why large
chunks of rock sugar will dlssolve
slower than
granulated sugar.
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Discussion Questions

 The thermometers you
use in a lab likely contain
a narrow column of red-
dyed alcohol. Use the
KMT to explain how this
type of thermometer
works.

« What might happen if a
bridge were build in B.C.
without an expansion
joint? Explain.
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Summary: How can we describe and explain the
states of matter?

* Matter can be solid,
liquid, or gas.

« Matter is made of
particles in constant
motion.

« Changes in state result
from changes in particle
motion.

 The kinetic molecular
theory explains physical
changes and properties.
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