
Core Chemistry UNIT 1:  Matter & Energy
Section  1:  The Law of Conservation of Mass

Section  2:  States of Matter & Intro to Thermodynamics



UNIT 1 Synapsis
In our first unit we will explore matter & energy and how they relate to one another.  The key 

concepts we address are the law of conservation of matter/energy and energy transfers during phase 
change.



Section 1:  The Law of Conservation of Mass



Section 1:  The Law of Conservation of Mass / Objectives

After this lesson I can…

• …State the Law of Conservation of Mass

• …distinguish system and surroundings”

• …distinguish open and closed systems”

• …explain how the Law of conservation of matter applies to open and closed systems.”

• …design an experiment to test the law of conservation of mass.” (Core Lab 1)



Matter & The Law of Conservation of Matter
• Matter is anything that has mass and takes up space.

• Mass is one way to measure how much matter we have.

• All matter is made of atoms, and we will look at atoms in depth later on.

• The law of conservation of mass states that in any type of change, matter cannot be created or 
destroyed.  Another way of saying this is that the total amount of matter in the universe is constant.

• So when matter undergoes a change the mass is conserved.  

• Matter can be converted into energy but this does not happen very often.  It mostly takes place inside 
the sun and stars.  We won’t worry about matter-energy conversions in this class.



Video Time !!!

• TedED Video:  “The Law of Conservation of Mass”
• Crash Course Engineering Video:  “#7:  The Law of Conservation”

• Note:  Only play to 5:17.  Accumulation, percent yield, steady state, and several 
other vocabulary terms discussed in this video are NOT in our objectives.  It’s 
doesn’t hurt to listen but students will not be assessed on these objectives.

• Crash Course Kids Video:  Episode 23.1:  “Vacation or Conservation”

https://www.youtube.com/watch?v=2S6e11NBwiw&vl=en
https://www.youtube.com/watch?v=VxCORJ8dN3Y&t=318s
https://www.youtube.com/watch?v=3lHHOiTdmK4&t=112s


System & Surroundings
• When looking at a physical change, it’s often important to evaluate the change in terms of the 

“system” and “surroundings”.  (this can be helpful when looking at other types of changes too)

• The system is what you identify as important.  It’s what you are trying to study.

• The surroundings is what is outside of the system (basically the rest of the universe).



System and Surroundings Model

Image Credit:  chem.libretexts.org



Open & Closed Systems
• In a closed system, matter cannot escape.  So the mass inside a closed system should be the same 

before and after a chemical or physical change.

• In a open system, matter can escape.  Often times in open systems matter escapes in the form of gas 
like carbon dioxide when something burns.  Keep in mind the total amount of matter in the universe 
remains the same if matter escapes an open system, but the system itself has lost matter to the 
surroundings.

• You can think of the surroundings as anything outside the system.

• Energy can move in and out of both open and closed systems.  No matter how well you insulate 
something heat will escape sooner or later.



Open vs Closed Systems Model

Image Credit:  www.iftwiki.com



Practice Problems:  Open & Closed Systems
Give two examples of a change that takes place that involves a closed system.  It could involve physical or chemical 

change.

Give two examples of a change that takes place that involves a open system.  It could involve physical or chemical 
change.



Section 1 Additional Resources & Links…
• The Organic Chemistry Tutor Video:  “Open, Closed, and Isolated Systems in Thermodynamics”

https://www.youtube.com/watch?v=TFP6SvWPOQc


Section 2:  States of Matter & Intro to Thermodynamics



Section 2:  States of Matter Intro to Thermodynamics / Objectives

After this lesson I can…

• …draw particle diagrams for solids, liquids and gases.”

• …describe particle motion for matter in the solid, liquid, and gas phase.”

• …give the science definition of temperature.

• …define heat and recall the direction it flows.”

• …distinguish heat from temperature.”

• …distinguish exothermic and endothermic change.”

• …draw a heating curve and label all lines including the x & y axis.”

• ...draw arrows and label all directions on a heating curve diagram as exothermic or endothermic.”

• …identify locations on a heating curve diagram where heat is…

• …being absorbed/released and results in the breaking or forming of intermolecular attractions.”

• …being absorbed/released and increasing or decreasing the Kinetic energy of the particles.”

• …State the Law of Conservation of Energy and explain how it applies to open and closed systems as 
well as phase change.”



Physical States & Particle Motion
• The particles that make up a substance never stop moving (the word “particles” may refer to atoms or 

molecules)

• They do however do…

• Get closer or further apart.

• Separate or connect 

• Speed up or slow down

• All of these things depend on the temperature that a substance is at and how strongly the particles are 
attracted to one another

• Here are the basic descriptions for particle motion when a substance is in it’s solid, liquid, or gas 
phase:

• Solids:  vibrating particles are packed closely together in a orderly arrangement

• Liquids:  particles flow freely under, over, and around their neighboring particles

• Gases:  Particles are in constant, random, strait line motion



Physical States/Particle Motion Visual Aid #1

Image Credit:  The Fuse School



Physical States/Particle Motion Visual Aid #2

Image Credit:  prenhall.com



Physical States/Particle Motion Visual Aid #3

Image Credit:  Boise State University



Video Time !!!

• Crash Course Kids Video:  Episode 3.1:  “What’s Matter”
• Crash Course Kids Video:  Episode 3.2:  “Particles of your World”
• Fuse School Video: “States of Matter”

https://www.youtube.com/watch?v=ELchwUIlWa8
https://www.youtube.com/watch?v=npv74D2MO6Q
https://www.youtube.com/watch?v=bMbmQzV-Ezs


Intermolecular Forces
• You are already aware that water can exist in any of the three physical states under the right 

temperature and pressure conditions.  The same is true for almost any substance (some substances 
decompose and undergo a chemical change at high temps and can’t be gasses). 

• Thus, the things you think of as “solids” like an iron rod could be a gas at a high enough temperature.  
Likewise, the things you think of as “gases” like the air you are breathing right now can turn into a 
solid if the temperature is low enough.

• Physical state is a property of matter that depends on three things:

• Temperature

• Pressure

• Intermolecular forces

• Intermolecular forces are the forces of attraction between particles..

• The particles in substances are attracted to each other on some level, what needs to be considered are 
the strengths of those attractions.  

• If the attractions are very weak, a substance will only take on it’s solid form at low temperatures.

• If the attractions are very strong, a substance will only take on it’s gas form at very high temperatures.



Video Time !!!

• Veratisium Video:  “States of Matter”

https://www.youtube.com/watch?v=KCL8zqjXbME


Temperature
• You are used to thinking of temperature as how hot or cold something is and that is not necessarily 

wrong.  Science, of coarse, has a much more accurate and somewhat more complicated definition of 
temperature.

• Temperature is a measure of particles motion;  literally, how fast or how slow the particles of a 
substance are moving.

• As the temperature of a substance increases, particles move faster, and as it decreases they move 
slower.

• In other words, high temperatures mean fast moving particles & low temperatures mean slow moving 
particles.

• Kinetic Energy is the energy of an object in motion.  This is true for bullets, busses, and particles like 
molecules and atoms.

• Since temperature is a measure of particle motion, then by extension it is also a measure of kinetic 
energy.  More specifically, it’s a measure of the average kinetic energy of the particles in a substance.



Heat & Temperature
• Heat is a measure of how much energy is transferred, between the system & its surroundings.

• Heat is a flow.

• Heat only flows or transfers in one direction:

HOT → COLD

• The higher temperature object ALWAYS transfers heat to the lower temperature object.

• Thus, cold objects never transfer their “coldness.”  When a person holds an ice cube for too long the 
pain they feel results from the heat lost from their hand & not the “coldness gained”

• When heat is absorbed by the system from the surroundings the process is endothermic.

• When heat is released by the system to the surroundings the process is exothermic.

• As mentioned previously, heat can flow into or out of an open or closed system.  When it does so the 
total amount of heat gained by the surroundings will be equal to the total heat lost by the system and 
vice versa.  We are not going to get into the math in this class but heat has numbers and can measured 
in joules just like matter can be measured in grams.

• This concept is generally referred to as the Law of Conservation of Energy.



Heat Diagram

Image Credit:  http://chem-guide.blogspot.com/2010/04/some-thermodynamical-terms.html



Video Time !!!

• TedED Video:  “The invisible motion of still objectives”
• Note:  This video talks about things like “degrees of Freedom” and “zero point 

energy” which are not apart of our objectives.  It doesn’t hurt to pay attention but 
don’t worry if these concepts do not make sense to you because you will not be 
assessed on them.

https://www.youtube.com/watch?v=b0IbXG0hnOk


Heat & Phase Change
• As the previous diagram shows, when the system (when we say system we mean an object or a 

substance) undergoes an endothermic change it absorbs heat from the surroundings and it’s 
temperature goes up.  Like the seats of your car on a hot afternoon.

• Likewise, when a system undergoes a exothermic change it releases heat to the surroundings and it’s 
temperature goes down, like when you leave hot water on the counter and it cools to room 
temperature.

• BUT NOT ALWAYS!!!

• Sometimes, when a substance undergoes endothermic or exothermic change, it’s temperature remains 
constant!

• This happens during a phase change like melting, freezing, condensation, vaporization (boiling or 
evaporating).

• During an endothermic phase change, the heat that is absorbed is “used” to break or weaken the 
intermolecular attractions between the particles.

• Likewise, during an exothermic phase change, the heat loss is accounted for by the formation of 
intermolecular attractions.

• These processes are modeled using a heating curve diagram.



Heating Curve Diagram #1

Image Credit:  :   http://www.kentchemistry.com/images/links/matter/HeatCool.gif



Heat Curve Diagram #2

Image Credit:  http://ohhs.ohsd.net/~brick/psc/pscr_phase_change_notes.htm



Heat Curve Diagram #3

Image Credit:  www.birdvilleschools.net



Practice Problems:  Heating Curve Diagram
Directions:  Explain what is going on at every letter including what is happening with heat, temperature, the 
Kinetic Energy of the particles, and the intermolecular forces between the particles.



Section 2 Additional Resources & Links…
• Chem Academy Video:  “Heating Curves Explained”

https://www.youtube.com/watch?v=XEgQ2ToXRhw

